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Spectrometer Format Conversion

1D-4D Fourier Transform and Signal Enhancement

N2 Spectral Visualization
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1D-4D Peak Detection and Quantification: Position,
Amplitude, Width and Modulation/Evolution

N Spectral Assignment

Extraction of Structural Parameters

Molecular Structure Calculation
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Spectral Processing Function
as a UNIX Filter

fourierTransform < in.fid » out.ft

s A gy

Spectral Processing Scheme
as a UNIX Pipeline

sineBell « in.fid | fourierTransform > out.ft

/\/\m}f\/\/\:_J\/ -~




NMRPipe: Spectral Processing as a UNIX Pipeline

1D-4D FT, LP, MEM, ML, PCA

Parallel Processing

1D-4D Peak Detection and Quantification
Spectral Graphics, Strips, Projections

Extensively Customizable
Molecular Structure Calculation

NMR Parameter Calculation (Shifts, Dipolar
Couplings, PCS, etc)

Customization is via standard scripting languages
(C-shell, TCL)

Created and Maintained by one developer, with
contributed modules

Solaris, IRIX, HP/UX, DEC OSF, IBM AIX, IBM Blue
Gene, Convex OS, Cray OS, Mac OS X, Linux,
WindowsXP Interix, VMWare Player

Bottom-up Software Design
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Multi-Axis

Processing Schemes
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NMRWish

Customized version of
TCL/TK “wish” interpreter

Script-based Interactive
Spectral graphics (multi-
window and PostScript)

Generic Database Engine
(GDB)

Manipulate Peak Data,
Assignments, NMR
Parameters, and Molecular
Structure



Yersion 97.027.12.56

MMRFipe Conversion Utility

Spectrometer Input: Input Protocol: Eiruker (MIH) »

Output Protocol: MKRPipe 4
Output Template: fid/test 303 fid Dimension Count: M b
(SRS e [LEEEA Temperature (K):  [323.000 2

Digital Oversampling Correction: During Conversion During Processing

H-axis y-axis Z-axis
Total Points R+l: 1024 M |82 M |76 4
Valid Points: 512 L JBCY M |38 4
acquisition Mode: DED M |Complex M |Complex »
Spectral VAdth Hz: G992.606 b 5952351 b 1457726 4
Observe Freq MHz: BO0.141 M |BD.515 M |600.130 »
Center Position PPM: 4.534 M |115.039 M |50.000 4
Axis Label: 1H M 15N M |1H 4
Read Parameters Save ScHpt Execute Script Hide Script Clear Script Update Script Quit Help

] Conversion Script Text

#!/kinfcsh

gocat | brukZpipe —bad 0.0 -noaswap -DMX —decim 16 —dspfvs 12
—xH 1024 —yN 82 -zN TH
-xT 912 —yT 41 -gT 38
—=MODE DD —yMODE Camlex -zMODE Camlex
—xSH 29882 806 -ySW 2952 381 -zsW 1457 . T30
—xCBS 600,141 -yoBS 60.81%9 -z0BS a00. 130 o
—xCAE, 4 534 -—yCAR 118.085% -zCAR a0.000 o
—xLAE 1H -yLAB 158 -zLAR 1H
—ndim 3 —agiD States h
—out fidrtesti03d. fid —wverbh -ov

zlesp 3




Analyze Titration Curve to Estimate K,

B [ Titrview [Left: Adjust Peak Position] [Middle: Insert Peak] [Right: Delete Peak]

Save Quit | @ Show Peak ID Show Assignment

1D: 130 Delta: 0.116 +- 0.000ppm A: 2.454e-04 +/- 3e-05
T T T T

T
"R 30 k" e
0z - Model - b

01 F P

4000 6000 8000 10000
C UM

i tab chi2fM: 11.004

A3187e-09 +4- 6.03551e-11

beta: 6.06054e-05 +/- 6.70265e-07
C: -0.00150 +i- 0.00092

1 L L
0 2000 4000 6000 8000 10000
Congcentration












Bax Group NMR Calculation Servers

http://spin.niddk.nih.gov/bax/nmrserver



NMRPipe: Related
Programs and Features

TALOS+: prediction of protein
backbone phi,psi torsions From
chemical shifts.

SPARTA+: prediction of protein
backbone chemical shifts from
structure.

PROMEGA: prediction of PRO
cis-trans conformation from
backbone chemical shifts.

DYNAMO/PDBUTIL: simple
structure calcuation, utilities to
add protons, create extended
structures, etc.

DC: manipulation of Dipolar
Couplings and NMR Homology
Search (MFR).

AXES: prediction of Small-Angle
X-Ray Scattering from PDB



Chemical Shifts
HCu‘ 1 h:jl'ﬂc‘ : ‘H“, 1 H". 1|5N

ANN b/

distribution Tri-peptide ——
prediction (i-1.5,i%1) P
Tri-peptide
Database
—»| Calculate similarity [¢— (i-14.+1)
chemical shifts, sequence
l ¢ and y angles}

(-1,4,j+1),, k=1..10

average (¢,y)
& std .dev.

"“-l-_.__l_‘_._'_,_,.--"'"
/ matched triplets / Pradennad

TALOS+ predicts protein backbone torsions from chemical shifts.
It can form predictions for 88% of residues on average, with an
RMS of better than 15 degrees.
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Dr = -3.22e-04 +/- 9.80e-08

DC Error Analysis Coordinates Randomized by 0.1 Angstroms, 100 Trials

-3.08-04 | . 144
31604 . Lo 124
32044 . . D 104
. R M = |
-3.30.04 38
A . . Q
. 6
-3.4804 | .
. 49
35804 |
N | |
-3.6e-04
—— ol LBV L)
71e04 70eD4 60004 68004 BFel4  -66e04 3.80 390 4.00 410 420 430 440 450 460 470 4.80
Da =-6.75¢-04 +/- 9.41e-06 DC RMS =4.26 +- 0.14 Hz
16 o 16 o 16 o
14 14 14
12 4 124 12
10 104 10
3 i H
5 2 3 8-+ 2 84
s} S 3]
6 6 6
44 44 44
24 24 24
0+ 0+ 0+
170 175 120 185 100 195 200 205 200 285 -280 -275 270 265 260 -255 575 -570 565 56.0 55 550 545 540

Rotation RX = 18.55 +/- 0.85 Degrees

Rotation RY = -27.51 +/- 0.52 Degrees

Rotation RZ = -55.71 +/- 0.72 Degrees



Tensor and NMR Homology Search Utilities

* Rotate PDB onto Tensor Frame
» Molecular Fragment Replacement
« Amino Acid Type by Chemical Shift

cach.tab

_‘ug

I| E




* Create Extended Structure

 Add Protons

* Transformations of PDB Coordinates
* List Secondary Structure, H-Bonds
* Mass, Volume, Surface Area

» Simple simulated annealing
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+~ NMRPipe Conversion Utility  Version 2012.090.10.35
— Input Protocol: |Varian I3
Spectrometer Input:  |/dev/fs/C/space/delagliosyjS/pipe_data_ | :
— Output Protocol:  |NMRPipe »
Output Template: |fdeuffsf(3fspac efdelagliofva/pipe_data_
Dimension Count: |N M
Output Script: [fid.com
2D Mode: |States M
Other Options: |-noaswap
Temperature (K):  |295.000 M
X-AXIs y-axis Z-axis
Total Points Re+l: 2048 M |64 » |54 »
Valid Points: 1024 LIk M |3z M
Acquisition Mode: Camplex » |Rance-Kay »| |Complex »
Spectral Width Hz: 13020.500 P |8031.720 M |Z106.600 M
Observe Freq MHz: 799.597 M 201069 M |&nEz ¥
Center Position PPM: 4773 M 56117 » 1200144 »
Axis Label: HM LIR(HE LRNE M
Read Parameters | Jave 3chpt | Execute Schpt | Hitde Schpt | Clear 3chpt | Update Script | Quit | Help |
> Conversion Script Text _ o] x|
#1 /hinfocsh I

wvar2pipe -in Jdev/Es/C/space/delaglio/v]5/pipe data sets/HMNCA 30. fid fid
—noaswap -ag0RD 1 %
—-xH

2043 -yH g4 -zN B4 N
=T 1024 -%T 32 -zT a2
—*MODE Complex -wHMODE Rance-Kay -zMODE Complex
-=5 13020.800 -y5W B031. 720 -z5W 2106. 600
-*0ES 799597 —y0OBES 201.069 -=z0DBES B1.032
—#CAR 4.773 -yCAR 56.117 -=zCaR 120.144 &
-xL&E HI-I -yL&E C13 -zLAB H15 &
—ndim —agZh States h,

q
—out ;’dew’fs,fCfspace;’delagllaquE,fplpe data_sets/HNCA 3D. fid/data/test203d.fid -verh -owv

sleep &

- Agilent Technologies




-

Manually Select Acquisition Mode
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+~ NMRPipe Conversion Utility Version 2012.090.10.35 _ ol x|
Input Protocol: Warian 4
Spectrometer Input:  |./fid O s ) : L
Output Protocol:  |NMRPipe M
Output Template: | fdatastest¥03d fid %
Dimension Count: |N M
Output Script: |fidt.com &0
2D Mode: |States » :
Other Options: |-noaswap
Temperature (K): |295.000 I3
H-axis y-axis Z-axis
Total Points R+l: 2045 el ﬂ
valid Points: 1024 32 »
Acquisition Mode: Camplex Complex 12
Spectral Width Hz: 13020.800 2106.600 ﬂ
Observe Freq MHz: 799.537 81.032 M
Center Position PPM: 4773 799 597 (sfrg) H1
Axis Label: HM 201. 069 (dfcqgy c©13
81.032 (dfrg?) W15
Read Parameters | Save Script | Execute Script |  Hide Script Quit | Hep |

Manually Select Nucleus

Agilent Technologies




Manually Select Axis Label

Agilent Technologies



#!'/bin/csh

xyz2pipe -in fid/test%03d.fid -x -verb \

| nmrPipe -fn SOL \
| nmrPipe -fn SP -off 0.5 -end 0.98 -pow 2 -c 0.5 \
| nmrPipe -fn ZF \
| nmrPipe -£fn FT \
| nmrPipe -£fn PS -p0 43.0 -pl 0.0 -di \
| nmrPipe -fn EXT -x1 10.5ppm —-xn 5.7ppm -sw \
| nmrPipe -fn TP \
| nmrPipe -fn SP -off 0.5 -end 0.98 -pow 1 -c 1.0 \
| nmrPipe -fn ZF \
| nmrPipe -fn FT \
| nmrPipe -fn PS -p0 -90.0 -pl 180.0 -di \
| nmrPipe -fn TP \
| nmrPipe -fn POLY -auto \
| pipe2xyz -out ft/test%03d.ft2 -x -to 0

xyz2pipe -in ft/test%03d.ft2 -z -verb \
| nmrPipe -fn SP -off 0.5 -end 0.98 -pow 1 -c 0.5 \
| nmrPipe -fn ZF \
| nmrPipe -fn FT \
| nmrPipe -fn PS -p0 0.0 -pl 0.0 -di \
|

pipe2xyz -out ft/test%03d.ft3 -z

Traditionally, NMRPipe scripts are manually edited to set parameter values

.,
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#!'/bin/csh

xyz2pipe -in inName -x -verb \

xXyz2pipe -in auxName -z -verb

nmrPipe
nmrPipe
nmrPipe
nmrPipe
nmrPipe
nmrPipe
nmrPipe
nmrPipe
nmrPipe
nmrPipe
nmrPipe
nmrPipe
nmrPipe

nmrPipe
nmrPipe
nmrPipe

-fn
-fn
-fn
-fn
-fn
-fn
-fn
-fn
-fn
-fn
-fn
-fn
-fn

-fn
-fn
-fn

SOL \
SP -off 0.5 -end 0.98 -pow 2 -c xCl \
ZF \
FT \
PS -p0 xPO -pl xPl1 -di \
EXT -x1 xEXTX1 -xn xEXTXN -sw \
TP \
SP -off 0.5 -end 0.98 -pow 1 -c¢ yCl \
ZF \
FT \
PS -p0 yPO -pl yPl1 -di \
TP \
POLY -auto \
pipe2xyz -out auxName -x -to 0

\
SP -off 0.5 -end 0.98 -pow 1 -c¢ zCl \
ZF \
FT \
PS -p0 zPO -pl zPl -di \

nmrPipe

-fn

pipe2xyz -out outName -z

Now, values determined in VnmrJ can be automatically inserted into any NMRPipe script

.,

Agilent Technologies



Automatically Create and Run
NMRPipe Scripts

Agilent Technologies



The VnmrJd “Do it All” Button

Agilent Technologies



Strip display overview of processed result is created automatically
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. NMRPipe/VNMRJ Strip Parameters _ ol x|

Strip 1 l Stip 2 l Stip 3 l Strip 4 l Strip 5 l Strip 6 l Strip 7 l Strip @ l Strip 9 l Strip 10 I Strip 11 l Strip iz I

Spectrum vffsfcfspace.v‘delaglinfvjsfpipe_J Hi |1.268+04 ﬁ Peak Table |None J

Type |CBCANH M Pos Levels |16 = HH-Axis Var [_PPM >
Class [HNCA M Meg Levels [16 = H-Axis Var [Z_FFM M

£l

. Z-fis Var [\_PPM
HH-foxis [N ¥ xw [ETzpEm ] Pos Color [rufi ¥ s var Y L
H-Awis [ M ovw[120ppm M Neg Color |—mum ﬂ HN-Axis Tol [0.03 M
2Z-fwis |CACE M awjo ¥ cursor Calor itz ﬂ N-Axis Tol |0.15 ¥
Z-Axis Tol [0.25 »
71 IﬁS 36appm | B Cursors l‘—ﬂ L
=
ZN |s.597ppm 1|
Coord Table |/dev/fs/C/space/delaglioryjS/pipe_data_sets/CBCANH_3DAd/pra, |

Shift Left | Shift Right | Reset Page | Save | Quit

Strip display schemes for multiple spectra can be created automatically

- Agilent Technologies




Original Data Y, Resolution NUS
| s |

CBCA(CO)NH FT LP ML MEM FT LP ML MEM FT ML MEM
NUS Sampllng SCthUle FT LP ML MEM FT_4TH LP_4TH ML_4TH MEM_4TH FTNUS ML_NUS MEM_NUS

25% Density

00 e o e

(wiopun) Ner

13C (10% Decay)

ITT mOPRo

T T T T
8,863 1133 8,863 1133 8,063 1133 8863 113.3 8,863 1133 8,063 1133 8863 113.3 8863 1133 8,863 1133 8,863 1133 8,063 1133

HM il HN M HN M HM M HN M HN M HM M HM M HM il HN M HN M







Signal Processing and NMRPipe
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exp( -i 2nft ) = cos( 2xnft) - i sin( 2xnft) ...

n=l)

exp( i 2nft ) = cos( 2nft ) + i sin( 2nft)
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A One-Dimensional
Absorbtion-Mode Time-Domain Signal

x(t) = c w(t) exp(2nigt) + €

exp (—-2rat)

\

cos (2nqgt)

i sin(2nqgt)



X(f)= D x(t)[cos(2nft/N)-isin(2xft/N)]

Fourier Term - Time Domain - Real Part

Fourier Term - Time Domain - Imaginary Part

Fourier Term - Frequency Domain - Real Part




Time Domain Data to Fourier Transform




Time Domain ( Real Part)

Fourier Term
Multiplied with Time Domain Data

Forms the Product

Sum Over Product to Form a Frequency Point:

Frequency Domain ( Real Part)



/* Fourier transform of complex data tR,tI to produce fR,fI. */

void ft( float *tR, float *tI, float *fR, float *fI, int size )

{
float vR, vI, twoPI;

int mid, k, n;

twoPI = 4.0*acos( 0.0 );

mid = size/2;
for( k = 0; k < size; k++ ) /* For every output freq point .. */
{
fR[k] = 0.0;
fI[k] = 0.0;
for( n = 0; n < size; n++ ) /* Sum over input times sinusoid. */
{
f = twoPI*(k - mid)*n/size;

vR = cos( £ );

vl = sin( £ );

fR[k] += tR[n]*VR - tI[n]*vI;
fI[k] += tR[n]*vI + tI[n]*vR;



Truncated Time Domain Data to Fourier Transform




Time Domain ( Real Part)

Fourier Term

Multiplied with Truncated Time Domain Data

Forms the Product

Sum Over Product to Form a Frequency Point;

Frequency Domain (Real Part)
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32-Point Data 8-Point Data

No Window

Sin Bell

I

|
A
J AN

Adjusted Cos Bell
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Time Domain

Original Time-Domain

AN _——

T Ny ot Tt

Inverse Exponential Applied

V\/\,\/\/\/J\/

Original Noise

Amplified Noise

ﬂ\/—Nv\,f\/\/'\/

Frequency Domain

Original Freg-Domain

M

Inverse Exponential Applied

Original Noise

— . - B

Amplified Noise

AN AR~



Time Domain

Shifted Convolution Kernel

Multiplied With

T

Forms the Product

Sum Over Product to Form a Convolution Point;

Frequency Domain

Fourier Transform of Kernel

o

Multiplied With

L

Forms the Product

|




Time Domain

Shifted Convolution Kernel

Multiplied With

T

Forms the Product

Sum Over Product to Form a Convolution Point;

Frequency Domain

Fourier Transform of Kernel

o

Multiplied With

L

Forms the Product

|




initial Domain

Shifted Convolution Kernel

Multiplied With

M

Forms the Product

Sum Over Product to Form a Convolution Point;

Inverse Domain

Fourier Transform of Kernel



. | N-1 .
X(1)= [ o)™ a Yo=Y ze " k=0, N-1
—X n=l)

exp( -i 2nft ) = cos( 2nft) - i sin( 2nft)



. | N-1 .
X(1)= [ o)™ a Yo=Y ze " k=0, N-1
—X n=l)

exp( -i 2nft ) = cos( 2nft) - i sin( 2nft)



. | N-1 .
X(1)= [ o)™ a Yo=Y ze " k=0, N-1
—X n=l)

exp( -i 2nft ) = cos( 2nft) - i sin( 2nft)



Special Methods in Signal Processing
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Linear
Prediction

197 92 g3 g4

197 G2 q3 g4




- T Forward LP

le | Backward LP

Forward and Backward Coefficients
Can be Averaged for Stability

Mirror Image LP - Zero Delay Time
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vV VYV

Original FID Points 1...N
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Mirror FID Points N...2 | = Original FID Points 2...N
Mirror Point 1

Mirror Data Original Data Predicted Data

Extending the Length of the Input Data Allows More
LP Coefficients, Hence More Signals
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xyz2pipe -in fid/test%03d.fid -x -verb

| nmrPipe -fn SOL

| nmrPipe -fn SP -off 0.5 -end 0.98 -pow
| nmrPipe -fn ZF -auto

| nmrPipe -fn FT

| nmrPipe -fn PS -p0 43 -pl 0.0 -di

| nmrPipe -fn EXT -x1 11.5ppm -xn 5.5ppm
I

pipe2xyz -out 1lp/x%03d.ftl -x

xyz2pipe -in 1p/x%03d.ftl -z -verb

| nmrPipe -fn SP -off 0.5 -end 0.95 -pow
| nmrPipe -fn ZF -auto

| nmrPipe -fn FT

| nmrPipe -fn PS -p0 0.0 -pl1 0.0 -di

| pipe2xyz -out 1lp/xz%03d.ft2 -z

xyz2pipe -in 1p/xz%03d.ft2 -y -verb

| nmrPipe -fn LP -fb -ord 12

| nmrPipe -fn SP -off 0.5 -end 0.98 -pow
| nmrPipe -fn ZF -auto

| nmrPipe -fn FT

| nmrPipe -fn PS -p0 -135 -pl 180 -di

I

pipe2xyz -out 1lp/xyz%03d.ft3 -y

xyz2pipe -in 1lp/xyz%03d.ft3 -z -verb

nmrPipe -fn HT -auto

nmrPipe -fn PS -inv -hdr

nmrPipe -fn FT -inv

nmrPipe -fn ZF -inv

nmrPipe -fn SP -inv -hdr

nmrPipe -fn LP -fb

nmrPipe -fn SP -off 0.5 -end 0.98 -pow 1 -c 0.5
nmrPipe -fn ZF -auto

nmrPipe -fn FT

nmrPipe -fn PS -hdr -di

pipe2xyz -out lp/test%03d.ft3 -z

2 -¢c 0.5
-sw

l -¢ 0.5
l -¢c1.0

P Al P

P

P A A A

*H *

*H *

# Process the Directly-detected X-Axis.

Process the Indirectly-detected Z-Axis.

Linear Predict and Process the
Indirectly-Detected Z-Axis.

Inverse Process, Linear Predict,
and Re-Process the Z-Axis



Linear
Prediction

Original Spectrum

Inverse-Processed FID

FID Extended by LP

Reprocessed Spectrum

125

N ppm

120

|
125

FT with LP

N ppm

120

WO I=M

3TT



Time Domain

Full Time Domain Data

Non-Uniform Sampling on a Uniform Grid



Time Domain

NUS Time Domain Data

Non-Uniform Sampling: Skip a Fraction of the Points



Time Domain

NUS Time Domain Data

Non-Uniform Sampling



Time Domain

NUS Time Domain Data

Non-Uniform Sampling:
for Fourier Transform, Replace Missing Points with Zeros



NUS Time Domain Data to Fourier Transform




Time Domain

Fourier Term

Multiplied with NUS Time Domain Data

Forms the Product

Sum Over Product to Form a Frequency Point:

Frequency Domain



Time Domain

NUS Time Domain Data

Frequency Domain




Time Domain

NUS Time Domain Data

Frequency Domain




Time Domain

NUS Time Domain Data

' Discrete Fourier Transform

Frequency Domain




Time Domain

NUS Time Domain Data

' Discrete Fourier Transform

Frequency Domain




Time Domain

NUS Time Domain Data

' Discrete Fourier Transform Exponentially Amplified Fourier Transform

Frequency Domain

\ O 4

Maximum Entropy Methods




Time Domain

NUS Time Domain Data Inverse Transform of Amplified Data

' Discrete Fourier Transform Exponentially Amplified Fourier Transform

Frequency Domain

\ O 4

Maximum Entropy Methods




Time Domain

NUS Time Domain Data

' Discrete Fourier Transform

Frequency Domain




Time Domain

NUS Time Domain Data

' Discrete Fourier Transform Clipped Fourier Transform

Frequency Domain

\ O 4

Threshold Methods




Time Domain

NUS Time Domain Data Inverse Transform of Clipped Data

' Discrete Fourier Transform Clipped Fourier Transform

Frequency Domain

\ O 4

Threshold Methods




Time Domain

Inverse-Transformed MEM

\\-__._____

Multiplied by Distortion

Original Time-Domain

N~

Original - Distorted MEM

N~

Frequency Domain

Proposed MEM Spectrum
MEM Spectrum with Distortion

Original Spectrum

J/L

Transformed Residual

N

Residual with Threshold

Ny

Exponential Amplification

.

N ppm

N ppm




Maximum Likelihood Frequency Map
Model: Fourier Term (A)

AB
Model Scaled by ¢ to Minimize RMS ( scalec= ), _AA )

Subtracted from this Time Domain Data ( B )

Forms the Difference (B —CA)

Find RMS to Form a Frequency Map Point:




Maximum L ikelihood Frequency Map of NUS Data
Model: NUS-Adjusted Fourier Term (A)

AB
Model Scaled by ¢ to Minimize RMS ( scalec= Z AA )

Subtracted from NUS Time Domain Data ( B)

Forms the Difference (B —CA)

Find RMS to Form a Frequency Map Point:




Fourier Transform vs Maximum Likelihood Frequency Map

Discrete Fourier Transform

|

SN A AN AN AN\

Offset-Adjusted Maximum Likelihood Frequency Map

|

Frequency Domain



Original Data Y, Resolution NUS
| s |

CBCA(CO)NH FT LP ML MEM FT LP ML MEM FT ML MEM
NUS Sampllng SCthUle FT LP ML MEM FT_4TH LP_4TH ML_4TH MEM_4TH FTNUS ML_NUS MEM_NUS

25% Density

00 e o e

(wiopun) Ner

13C (10% Decay)
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CBCA(CO)NH 15N 38* Points, 13C 41* Points
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Matrix Decomposition: Each Multidimensional NMR Signal is the Product of 1D Vectors

1+ =




NUS — Missing Information in a Deleted Point is Also Contained
in the Same Row or Column
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Spectral Matrix Decomposition by
Principal Component Analysis (PCA)




Spectral Matrix Decomposition by
Principal Component Analysis (PCA)

— +




O

:—30
:—35
}40
:*45
:—50
:—55
:—60

[~ 65

130

l-Neok-Nel

ITT




PCA1

0 o

:—30
:—35
}40
:*45
:—50
:—55
:—60

[~ 65

130

110

130

l-Neok-Nel

ITT




PCA 2

:—30
:—35
}40
:*45
:—50
:—55
:—60

[~ 65

130

110

130

l-Neok-Nel

ITT




130

PCA3
~30
~35

o @ s ] o
~40
O g3 © L
~45
~50
~55
i = [
=) =
(= ® s 1= @ - 60
= L
- 65
T | T T T T | | T T T | |
125 120 115 110 130 125 120 115 110
N ppm N ppm

l-Neok-Nel

ITT




130

PCA 4 :
& ~30
5 I
] I
-35
Q o [
- 40
i - & L @
" A
i @
45 B
e - — ]
r p
[ m
~50
- 55
8 o i I
=3} @ I
Qe Qs N é - 60
@ N - 65
T | T ‘ T T T ‘ T T T ‘ | | T T T T | T T T | T
125 120 115 110 130 125 120 115 110
N ppm N ppm




PCAS

By

g

ap

130

115 110 130 125 120

l-Neok-Nel

ITT




130

PCAG -
= L] -30
@ © @ i
~35
- & _*40 c
. F a
I @
a5 B
- F p
r p
r m
- 50
55
fi=, = =)
) b= L
- 60
i o T L
i P L
i [
@ O 65
T | ‘ T T T ‘ T T T ‘ | | T T T T | T T T | T
125 120 115 110 130 125 120 115 110
N ppm N ppm




PCA7

o]

e

125

130

l-Neok-Nel

ITT




PCAS

l-Neok-Nel

ITT

115 110 130




Original Data

O

Sum of PCA1to 8

:—30
:—35
}40
:—45
:*50
:*55

[ 60

[ 65

130

130

WOE0

CE-E-1




FT LF PCALP MEM ML FT LF PCALP MEM ML FT LF PCALFP MEM ML
74 a0 g1
00 o ¢ @ ¢ 0 0 & @
00 oo © 06 00 0 ®
00 o8 0ee¢ ( 0 0 @
0 ® 0 © @ I+ ¢ ¢ 9
() ¢ 6 0 ¢ ( 0 b ®
00 o6 00 00 0 o
7289 1181 7283 1181 7283 1181 7283 1181 7283 1181 2870 1143 2870 1143 2870 1144 8.a70 1144 2870 1143 T.a58 1146 Ta58 1146 TaAgg 1146 T.Aa58 1146 758 1146
HM M HM M HM M HM M HM M HM M HM M HM M HM M HM M HM M HM N HM M HN M HM M



Page 101 ~£%- Agilent Technologies



Structural Data from NMR
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Alternate Approaches to NMR Structure
Chemical Shifts






Residue Type Probability from Chemical Shifts

Use chemical shifts directly rather than
secondary shifts (SS).

For a given residue in the target:

For a given residue type in the database:

Compute chemical shift distance.

Use Gaussian to estimate a P value

Find avg P value for residue type

Normalize over all residue types

DINI Direct Method 81 Residues:
64 11 3 2 1 0
79.0% 13.6% 3.7% 2.5% 1.2% 0%
FBP 170 residues:
129 20 10 6 2 (3)
75.9% 11.8% 5.9% 3.5% 1.2% (1.8%)
V-Alpha 114 residues:
66 18 14 2 3 (11)
57.9% 15.8% 12.3% 1.8% 2.6% (9.6%)
Gamma Crystalin 170 residues:
87 24 20 12 8 (19)
51.2% 14.1% 11.8% 7.1% 4.7% 11.2%



Subtract Residue-Specific Random Coil Shift to
form Secondary Shift
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Ca_SS



Chemical Shift and Backbone Structure Motif
Alpha Helix
Beta Sheet

Alpha Helix
‘ Beta Sheet

5 4 -3 2 -1 o 1 2 3 4 5 B 5 4 -3 2 -1 0 1 2 3 a4 5 B
CA Secondary Shift {ppm) CB Secondary Shift {ppm)

Match database triplet with target, based on sum-of
squares difference in chemical shifts, plus residue type
homology term.

Use central residue as predictor of phi and psi.
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The SPARTA Program of Shen and Bax ...
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Alternate Approaches to NMR Structure
Residual Dipolar Couplings



Alignment by Liquid Crystal
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TH-1SN HSQC spectra of ubiquitin
isotropic 5% wi/v bicelles 8% wi/v bicelles

Alignhment. 0 % 0.1% 0.16%



1
4
B

J Active:

X Loc:

X Width:

X Passive A™1:
% Passive B*1:
X Passive C*1:

Signal 1 I Signal 2 I Signal 3 I

g.442 i Hi"1:
32.335 i ¥ Loc:
F.235 i ¥ Width:
8167 T ¥ Passive A™:
0.000 1 ¥ Passive B™1:
0.000 1 ¥ Passive C*1:

AsSS: |GLU15,H.-°-.—HE=

Signal 4 I Signal 5 I

[ie74000
Ez m
74 m
[aizs  m
CEITI
CETTI

El Simulate | Reset | Draw | Read | Accept |[1.0e+6 = =]




Dij=D rmx|:Da(3COSZ 0-1) +g Drsin * @ cos 24

Dab = Dmax[ (s1)*0.5%(3.0*zlJ*zlJ - 1.0)
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Molecular Fragment
Replacement (MFR)

« Search PDB for small fragments whose
simulated dipolar couplings and shifts
match the observed values.

 Use the fragment information to
reconstitute larger structural elements.

o Also: Sequential NOEs, J values, etc
 Nucleic Acid Applications

lubg.pdb 2 -17
1bii.pdb 189 - 204
1cel.pdb 15 -30
1gtm.pdb 40 - 55
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1ubq vs MFR phi/psi
refined structure

R72

Initial Structure from Average
Phi and Psi of Fragment
Ensemble




MFR Estimation of Tensor Parameters
 Magnitude

 Rhombicity

e Orientation (Euler Angles)

GROUP_AWG

mfr.tab, 700 entries (D_RES1) vs (GROUP_AVG)

mifr.tab

mir.tab

T T T T T
20 40 60

T
-0.0006

Quit

T
-0.0004




MFR Fragment Tensor Magnitudes Reveal Dynamics



CETUINERS

177 Residues, two similar domains,
homologous structure is known.

179 Amide-Amide NOEs, 70 Methyl-Methy!
NOEsSs, including 6 inter-domain

DC Medium 1: 144 HN-N, 111 CA-CB, 150 CA-
C’, 134 N-C
DC Medium 2: 147 HN-N, 135 CA-CB, 153 CA-
C’, 139 N-C

Side-chain y1 angles from 3JNCy and 3JC'Cy
couplings, x2 from 3JCyCd



« Conduct MFR Search with SVD (free tensor)

e Conduct second MFR Search with fixed tensor
Da, Rh, and relative orientation

* Refine all fragments with fixed tensor Da, Rh to
yield Phi and Psi for 90% of residues; 50% have
better than 5 degree RMS consenus; 33% are 3
degree RMS or better.



* MFR Torsions Preserve Secondary Structure During High Temperature Phase
* During Cooling, MFR Torsion Restraint Force Constant is Decreased
* DC Force Constant is Increased as Ideal Fold is Approached

dynReadGMC -gmc $gmcDir -pdb $pdbName
for {set i 1} {$i <= $count} {incr i} \

{
dynSimulateAnnealing -graph -print 50 -rasmol 500 \

-sa stepCount init 100 \
stepCount high 24000 \
stepCount cool 8000 \
timeStep all 3\
temperature all 4000 \
temperature coolEnd 0\

-fc dc coolEnd 2.0 \
torsion all 50 \
torsion coolEnd 10 \
noe all 25 \
noe coolEnd 100 \
radGyr all 0.0

set outName [format SoutTemplate $i]

dynWrite -pdb -src $dynInfo(gmc,pdb) -out $outName -rem $dynInfo (energyText)
dynRead -pdb -src $dynInfo(gmc,pdb) -in $pdbName

incr iseed 111
srand $iseed

}



Backbone RMSD yS(NMR) and yB-crystallin (X-ray)
C-terminal domain: 1.09 A N-terminal domain: 0.63 A




Consistent blind protein
structure generation from NMR
chemical shift data

Proc Natl Acad Sci USA, (2008) 105,
4685-4690

Yang Shen

Oliver Lange

Frank Delaglio

Paolo Rossi

James M. Aramini
Gaohua Liu
Alexander Eletsky
Yibing Wu

Kiran K. Singarapu
Alexander Lemak
Alexandr Ignatchenko
Cheryl H. Arrowsmith
Thomas SzyperskKi
Gaetano T. Montelione
David Baker

Ad Bax


http://www.pnas.org/cgi/doi/10.1073/pnas.0800256105
http://www.pnas.org/cgi/doi/10.1073/pnas.0800256105

Using SPARTA Chemical Shift Prediction to Improve
ROSETTA Scoring Function






CS-ROSETTA performance on nine structural genomics proteins

. Number of RMSD A RMSD A % NOE
Protein Residues PDB ID backb I Peak
(backbone) (all) Agreement

PsR211

NeR45A

StR82






Structures of two designed proteins with high
sequence identity

al ol al
..... RocaooDo0n 0o0pog00 DoS00000RO0000
1 10 20 T +0 so
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Bl B2 al B3 B4

NMR structures of Ga88 and Gb88 vS csRosetta models

Patrick A. Alexander, Yanan He, Yihong Chen, John Mean-to-mean baCKb(:noe7§MSD

Orban, and Philip N. Bryan 1.31A
PNAS, 2007, 104:11963-11968
PNAS, 2008, 105:14412-14417



NMR Applications in Drug Discovery



Button: Display Coupling Assignment RasMol Version 2.6

Y0&8.pdh DC RS 5.663 Rank: 12 of 14 Scaled by DI file  Display Colours  Optiens  Export

B P e o] P s
5 10 15

INDEX

Previous




Left Button: Display Coupling Assi L RasMol Version 2.6
L¥13.pdb DC BhS: 4867 Rank: & of 14 Scaled by DI Hie Displfay Colours Oplions  Export

Previous




Left Button: Display Coupling Assic RasMol Version 2.6

LY 12.pdh DC RS 2,262 Rank: 4 of 14 Scaled by D file  Display Celours  Options  Export

] By ey e e e B e ey o
5 10 15

INDEX

Previous




Left Button: Display Coupling Assignment RasMol Version 2.6
L% 14.pdb DC BMS: 0.412 Rank: 1 of 14 Scaled by Dl Hie  Display Colours Oplions  Exporl

10
INDEX

Previous




Applications of NMR in the Drug Discovery Process

NMR Spectral Series:
Two Approaches

SAR by NMR (Abbott Labs)

Screen Optimize
Binding Surface

Link
Kdyo = Kdq X Kdp

Observe Ligand Signals

Observe Protein Signals
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Analyze Titration Curve to Estimate K,

B [ Titrview [Left: Adjust Peak Position] [Middle: Insert Peak] [Right: Delete Peak]

Save Quit | @ Show Peak ID Show Assignment

1D: 130 Delta: 0.116 +- 0.000ppm A: 2.454e-04 +/- 3e-05
T T T T

T
"R 30 k" e
0z - Model - b

01 F P

4000 6000 8000 10000
C UM

i tab chi2fM: 11.004

A3187e-09 +4- 6.03551e-11

beta: 6.06054e-05 +/- 6.70265e-07
C: -0.00150 +i- 0.00092

1 L L
0 2000 4000 6000 8000 10000
Congcentration



Multivariate Navigation by Principal Component Analysis (PCA)

Entire spectrum is a single
object in multdimensional
space.

Coordinates of the object
are the spectral intensities.

Similar spectra cluster
together.

Spectra with similar
features lie along lines and
curves
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B [ PCAView 1999.306.12.15 (c) Frank Delaglio
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B E PCAview 1999.306.12.15 (c) Frank Delaglio
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Draw Spectrum
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Clear Spectrum
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E [ PCAView 1999.306.12.15 (c) Frank Delaglio
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Draw Spectrum

Spectrum: 173

Clear Spectrum
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E [ PCAView 1999.306.12.15 (c) Frank Delaglio
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Useful Graphics Strategies
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SECOND EDITION
The Visual Display

of Quantitative Information

EDWARD B, TUFTE

i B Vigge

Envisioning Information
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Graphics Strategies of Edward Tufte
www.edwardtufte.com
Above all, Show the Data
Show Cause and Effect
Represent Data and Scale Faithfully
Maximize “Data Ink” and Data Density, Minimize “Chart Junk”
Shrink Graphics - Integrate Text, Values, and Graphics
Be Multivariate

Use Layers — Use Macro and Micro Interpretations - Clarify by
Adding Detail

Conserve Color Space
Use Small Multiples
Find Ways to Show All of the Data

Treat Design as a Solved Problem, then Find the Best Examples



Microsoft PowerPoint “with new and improved tools for ~Adobe Photoshop “redefines digital imaging with powerful
video and photo editing, dramatic new transitons, and New photography tools and breakthrough capabilities for
realistic animation, you can add polish to presentations that ~complex image selections, realistic painting, and intelligent
will captivate your audience.” - from microsoft.com retouching.” - from adobe.com

In the content-creation arena, amazon.com lists Microsoft Office and Adobe Photoshop as
highest-sellers. It could be claimed, Photoshop is about the content, while PowerPoint is often
about the scaffold ...



“Impress your audience with these professional and pre-designed 3D
PowerPoint Graphics” - from presentationload.com

We rely on PowerPoint to communicate. But there are many enticements to abuse PowerPoint.
Beautiful 3D graphics can be used to decorate a presentation and help unify its contents. But in some
cases, presentation graphics are used to hide lack of content, or in the worst case, to disguise or
misrepresent data. The presentation graphics themselves often have no actual relation to the
information being conveyed — they are just ways of dressing up a list or a sequence.

Its useful for us to be able to detect this sort of problem when we see it, avoid this in our own
presentations, and avoid it in the User Interface design of our software.



Avoiding inappropriate presentation modes and unneeded 3D effects

Microsoft PowerPoint — “as you can see, the blue-
greenish quarter was about the same as the blue one.”

There are no numbers given, and the trend over time,
which shows falling sales, is hidden. Also, the 3D
perspective might actually distort the apparent values:

_ Quarterly Sales as a Percent of Year Totals
(1]

Estimated by Eye from Obscure 3D Pie Chart

22%

9% I3
Q3

Q1 Q2 Q4

Apple Keynote — “as you can see, our maple year
was only 1% different than our teak year.”

The segments are at least nicely labeled with
numbers, but the wood textures, while really cool, are
impossible to decipher. Likewise, the trend with time is
hidden, and 3D perspective potentially distorts the
apparent values.

The wrong graphical paradigm can make data hard to interpret, or even misleading.




Debate on the Challenger Launch

Morton Thiokol engineers debated the problem of O-ring failure
due to low temperature for several hours the night before the
launch, and made the company’s only no-launch request in 12
years. Their presentation of evidence did not convince NASA
management. The shuttle blew up 73 seconds after ignition.
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Bax Group Figure: 18 values



Weather Statistics: 1,800+ Values, Four Variables, Notations
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