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1 Introduction

1.1 About this manual

This manual is a short description of non-uniformly sampled (NUS) multidimen-
sional NMR available in TopSpin 3 and its processing with ,MDDNMR”".

,MDDNMR” is a program especially for processing of NUS multidimensional NMR
data developed by Orekhov et al. and implemented in TopSpin. (MDD means Multi
Dimensional Decomposition)

For detailed information about this program please refer to the original
papers.1:2:3:456)

1.2 Conventions

Bold Arial: commands to type in command line
Cursive Arial: path names and directories

Courier new: web-server addresses

H9168SA_02_00 5



Introduction

6 H9168SA_02_00



2 General Concept

Traditionally multi-dimensional NMR-data sets are collected using a linear incre-
mentation of evolution times and require a FTT algorithm for processing. The data
points acquired in the indirect dimension(s) form a grid where the distance between
the points on the grid is given by the sweep width and the number of points by the
TD for each dimension respectively

The principle of NUS is to acquire only a subset of data points in a random manner
while still using the same grid. Such data are generally processed by other meth-
ods. These can be:

[1] Multi Dimensional Decomposition (MDD-NMR) by Orekhov et al. 1:34)

[2] Maximum Entropy (MaxEnt) methods
Rowland Toolkit by Hoch et al. 7:8:9:10)
Forward Maximum Entropy by Wagner et al.11)
Azara (CCPN) by Laue et al. 12

[3] Multidimensional Fourier Transformation (MFT) by Kozminski et al. 13:14.15)

Bruker decided to use the MDD-NMR. Among others this program produces quanti-
fiable results.

Recording of data in NUS mode can save a lot of time, especially for nD datasets.

After a spectrum is recorded and stored to a disk, it has to be processed. The pro-
cessing of a regular NMR spectrum includes the following steps:

a) Fourier transformation in the directly detected dimension

b) Fourier transformation in all indirect dimensions, viewing of the result and, if
necessary, fine tuning of the processing parameters

If a spectrum is recorded in the NUS mode, the indirect dimensions cannot be Fou-
rier transformed right away. Here ,MDDNMR' software intervenes after step a). It
replenishes the complete data matrix in all indirect dimensions with reconstructed
points, which means resorting of recorded data points and extrapolation of the miss-
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General Concept

ing ones. Then the steps b) is performed.

For a regularly acquired dataset one point after the other (from beginning to end of
the whole matrix) has to be recorded according to the sampling. Spectra recorded in
NUS mode may be obtained for two and higher dimensional experiments where
only a small amount of data points will be acquired which is randomly spread over
the whole data space (see figure 2.1). Therefore it is possible to process the dataset
after only a few percent of the data is recorded to obtain a spectrum with the final
resolution, provided S/N the is sufficient.

3D (t1t2 plane) complex points

traditional 25% NUS
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Figure 2.1  Distribution of complex points in traditional and NUS experiment
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General Concept

» Note: If prior knowledge about T2 or J-coupling is available, the position of the
sampling points can be optimized (attach more weight to the strong parts of the
FID)

2.1 Parameter setup for NUS experiments

First of all the parameters for the chosen experiment will be set as usually in the
,eda’ table. You can select the ,FnType' which will set the nD acquisition mode. For
a NUS experiment it is set to ,non-uniform_sampling' as shown in figure 2.2

* Note: Former TopSpin versions (all versions before TopSpin 3.0) require mod-
ified pulsprograms.

"1 test 1 1 C\Bruker\TopSpin3.0\examdata [ [ .
[ spectrum | procpars| AcquPars | Titie | PuiseProg [ Peaks | integras | sample [ structure | piot | Fid| |
] 4+ N
o IS ¥ [EFHi 2CcR Probe: 5 mm QNP 1H/15N/13C/31P
| Experiment PULPROG b_hncogp3d | .. | E | current puise program -
Width AQ_mod Dab >, Acquisition mode
Receiver FnMODE Echod —SratesFRR x_Acquisit for2D, 3Dete. |
Nucleus FnTYPE non-uniform_sampling = nD acquisition mode for 3D etc.
Durations . B = 5
Power
Program NS 8 Number of scans
Probe Ds 32 Number of dummy scans
Lists TDO 1 Loop count for 'td0’
NUS :
A
Wobble Width
Lock SW [ppm] 14.0019 38.5431 24 8500 Spectral width
Automation SWH [HZ) 7002 801 1953.511 3125617 Speciral width
Miscellaneous
it IN_F [psec] 511.90 319.94 Increment for delay
Routing AQ [sec] 0.0731850 0.0163808 0.0204760 Acquisition time
FIDRES [Hz] 13.664002 61.047211 48.837769 Fid resolution
FW [Hz] 125000.000 Filter width
(») Receiver =
L) m 13

Figure 2.2 ,eda’ table for setup of a NUS experiment
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General Concept

After setting the ,FNTYPE' to non-uniform_sampling, click NUS from the listing on
the left side of the ,eda’ table to get the additional acquisition parameters for a NUS
experiment. They are shown in figure 2.3

1 test 1 1 CABrukenTopspin3O\examdata s ol
| spectrum | Procpars| AcauPars |Titie | PuiseProg | Peaks | ntegrais | sample | structure | ot Fia|
+
msyEE vca Probe: 5 mm QNP 1H/15N/13C/31P
Experiment VTLIST I .“i_E ] Variable temperature list 2
width NUSLIST automatic Name of loopcounter list for NUS (Non Uniform
Recelver
Hucleus | Al NUS (Non Uniform Sampling) parameters
E“}‘;B;“"S NUSAMOUNT [%] 25 Amount of sparse sampling
Program NusPOINTS 512 HNumber of hypercomplex points in indirect dimension
Probe NusJSP [Hz] o 0 "] J-coupiing
Lists NusTZ [sec] 1 1 1 T2 relaxation
NusSEED 54321 Random generator seed
wm.:(me [ 'i' Calculate | Calculate point spread function
Loc
Automation ) Wobble
Miscellaneous
U;er WBSW [MHz] 10.0000000 Wobble sweep widih B
Routing WBST 1024 Number of wobble steps I
&l Lock
LOCHUC 2H hd Lock nucleus
SOLVENT > Sample solvent -
« il »

Figure 2.3  NUS acquisition parameter block

[1] Acquisition parameters:
NusAMOUNT[%] - percentage amount of sparse sampling, default is 25

NusPOINTS - number of complex data points to be recorded, for nD experi-
ment it is [(td1*td2 ...*tdn) *amount/100] / 2("1)

* Note: As a rule of thumb the number of hypercomplex points should be at
least the same as the number of frequencies (signals in the spectrum).

Jsp [Hz] - J coupling, default is 0. In the case of J evolution in an indirect
dimension the points acquired can be matched to the maxima of such a FID
by setting this coupling constant.

T2 [s] - T2 relaxation time, default is 1. For indirect dimensions with so
called real time evolution the FID in the indirect dimension will decay
according to the T2 relaxation time of the spins evolving in this dimension.
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General Concept

By setting the T2 parameter according to the relaxation time, parts of the
FID with more intensity will be strengthened (exponential weighting of sam-
pling scheme)

« Note: If an evolution period is implemented as constant time in the pulse
program, exponential weighting must not be used!

seed - random number generator seed, responsible for the different distribu-
tion of data points, default is 54321

Calculate - allows to calculate and then view the distribution of points with-
out starting the experiment.

Now make sure, that the NUSLIST is called ,automatic' (loopcounter list for NUS).
You will find it together with other lists above the NUS parameter block (Fig. 2.2).

The processing parameters for a NUS experiment will be found in the ,edp‘ table.
Click NUS in the listing on the left side and the edp parameter list is scrolled to the
NUS parameter block (Fig. 2.3).

1 test 1 1 CABrukenTopSpin3O\examdata (o & .
_SFIECWI'H: ProcPars .N:ql_.!ParslTnle]PulsePrqglPeaks]_inheg_lalsg_Smple Slmttufe_i Piot | Fid|
. ]
Sz M7 &8
Reference FT_mod no * no - :nu = Fourier transform mode for trf, xtrf™ &
;Vr:dw Mc2 'echo-antiecho ~ | States-TPPI * Acquisition mode (FnMODE) for 2D, 3D, etc
e §
Baseling ‘ 4] NUS (Non Uniform Sampling) parameters
Fourier
NUS MddCEXP FALSE ¥ FALSE ¥ | FALSE ¥ RMDD/MDD fiag
Peak MddCT_SP FALSE v FALSE v | FALSE = Constant time
Automation MddF 180 FALSE * FALSE | FALSE » Delayed sampling fiag
Miscellaneous MddNCOMP 0 Number of components
o MddPHASE 0 0 0 Phase
MAdSRSIZE [ppm] 0 Sub region size
A} Peak picking / plotting 5
M [rel] 0.1 Minimum intensity for pp
MAX] [ref] 10000.00 Maximum intensity for pp
PSIGN pos - Peak sign for pp
F1P [ppm] 0 0 0 Left limit for pp
F2P [ppm] 0 0 0 Right limit for pp
PPIPTYP none v Interpoiation type
PPRESOI 1 Resnliutinn Inaints] b

Figure 2.4  NUS processing parameter block

H9168SA_02_00 11



General Concept

MddCEXP - recursive MDD/MDD flag, default is false in all dimensions (true
= recursive), selecting true takes more time, for 2D spectra recursive MDD
is mandatory in F1

MddCT_SP - allows to specify constant time direction, used as in the origi-
nal MDD, false = non constant time direction, true = constant time direction,
default is false in all dimensions, in the case of being true mirror image pro-
cessing is used

MddF180 - delayed sampling flag, default is false in all dimensions; false =
no delayed sampling, true = delayed sampling (first value for delay = 1/2
increment or T1(0) = IN/2

MddNCOMP - number of components, default is O which uses the internal
default of 15 components, if peaks are missing NCOMP should be
increased

* Note: The increase of NCOMP leads to disproportional increase of calculat-
ing time
MddPHASE - zero order phase for correction for indirect dimension, default
is 0 in all dimensions

MddSRSIZE [ppm] - sub region size, for *H 0,15 ppm are sufficient, for
other nuclei the value might be larger. The default of O uses the internal
default of 0,15 ppm.
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3 Contact

Manufacturer:

Address: Bruker BioSpin GmbH
Service & Support Department
Silberstreifen
D-76287 Rheinstetten
Germany
E-mail: nmr-software-support@bruker.de
WWW: http://www.bruker-biospin.com
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Appendix A

A.l Warning Signs
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