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Part I. Converting raw datafiles for use in various NMR analysis programs

Dataset: /data/t1
A. Getting started with NMRpipe: File Conversion
“nmrPipe” and “nmrDraw” are free software programs developed by Frank Delaglio at the National Institutes of Health.  “mmrPipe” is used to process the nmr data, that is to apply “window function” to a free induction decay (FID) data, to perform Fourier transform (FT), and to correct the phase.  All commands are written in the scripts “fid.com, all.com, and ft.com”.  “nmrDraw” is a software to display FID or FT data, and to perform further data analysis, such as spectral noise and peak-height measurements.  

t1 data set contains

ser: original free-induction decay (fid) data

acqus, acqu2s:
original parameters

fid.com, ft.com, all.com: processing parameters for nmrPipe (see appendix for examples)

fid.com = convert raw data to nmrPipe format


ft.com = processing parameters applied to data


all.com = separates one convoluted spectrum into individual spectra

assign.tab: an assignment file.

relax.list: a list used to make a table for intensity changes.

ser2quick.awk: an awk file.

time: contains the delay times used

(Note: If you are using a mac: type csh (in linux machines this is not needed))
Go to the directory where the original Bruker files (i.e. raw data) are stored, here /data/t1
Import bruker files into NMRpipe:

type 
bruker

A window will appear (Figure 1).
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Figure 1. NMRpipe window that allows selection of parameters from a list of possible parameters.

Click

Read parameters 

This reads as much as it can from the ser file. Usually, the first dimension can be trusted, but the second dimension often reads wrong parameters. So, the result is not reliable. Here are the things that need to be checked/changed in this dataset:

- dimension count N, change to 2, or select 2 from arrow menu (2 – for 2-dimensional)

- change axis label to 15N or select 15N from arrow menu

- check fn-mode (from pulse sequence)


in terminal window type


cat pulseprogram


in this case: fn-mode in 2nd dimension is Complex (1st dimension is usually DQD)

- check spectral width:

in terminal window type 

grep ‘SW’ acqu 


This will give you the value for SW_h


This information is also found in the arrow menu.

- check spectrometer frequency:


grep ‘SFO1’ acqu2
parameters: 4.770, ½*IN10, 117.5

Click 
save script

Window says “saved x lines in fid.com

What is saved here are the above specified parameters which are stored in the file fid.com 
Thus, fid.com contains the conversion script text. All of the above changes can also be made directly in the fid.com file by editing the text.
This text is also shown in the text box under the main editing window (Figure 2).

A.
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Figure 2. NMR pipe selection window with text box showing  the contents of the fid.com file. A. Before saving the script. B. After saving the script
Click


execute script

Click


Quit

B. Open NMRdraw to phase a spectrum and check the conversion and the data

Type nmrDraw
Right click 


File, Select File

Choose


test.fid

(Click on it and see that it is displayed in the top.)

Click


Read/Draw

Click


Done

Type 


H

This shows the horizontal cut through the spectrum. You can click on the up/down arrows to step up or down the horizontal slices. The cursor will display something like x:1 y:1 to indicate the current cursor position. Go to the first slice (x:1 y:1).
Click 



Proc, Autoprocess 1d

Click


Phasing on

Then phase the spectrum. Note down the PO value, and if needed the P1 value. In this case, PO is somewhere around 43.

Click


File, MacroEdit

Right click


Process2d, Basic 2d

Here change p0 0.00 to 43.00

Save, Executing this script will write test.ft2


Click 


Save, Execute Script

Click


Read/Draw

Note: this is a pseudo-3d experiment in which a series of 2d-experimetns were recorded as part of one pulse program. This is why we now have a mix of several 2d experiments on the screen. These are 7 experiments, they now need to be separated into individual files.

Quit the program.

The pseudo-3d nature of this experiment requires addition of two lines of code to the ft.com script. Next, we need to separate the convoluted experiment into individual experiments.

Type


vi all.com

Type in:

ft.com 
1   1 0 0 0 0 0 0 

ft.com 2    0 1 0 0 0 0 0

ft.com  3   0 0 1 0 0 0 0

…
ft.com 7   0  0  0 0 0 0 1

in a terminal window type


all.com

This will now create files B1.dat, B2.dat etc.

Please note that in the above file you would normally have used nmrproc.com instead of ft.com, but we changed a number of other parameters that are required to correctly process this spectrum. The new file is ft.com. In the appendix, you can compare the nmrproc.com with the ft.com file to see the changes that we made.
In ft.com file


- fn EXT –x1 6ppm –xn 11 ppm –sw -di

This command will display the spectrum only from 6 to 11 ppm.

Note: nmrproc.com is the default file that will be saved. Many other parameters can be specified, for example solvent suppression by adding the following command:


-fn SOL

C. Open NMRdraw and visualize an existing spectrum
Type “nmrDraw”.

You see a window (Figure 3).

Go to “FILE”, then “Select file” (Need, shift key (depending on the setting of the mouse) to pull down the menu)

Select “B1.DAT” (means the first data set), Click “Read/Draw”.

Now, you will see an nmr spectrum (Figure 4).  This is a 2D spectrum with a horizontal axis for amide proton and a vertical axis for amide nitrogen.  
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C. Intensity measurements by nmrDraw

Intensities changes in the manner of B1.DAT > B2.DAT > B3.DAT … 

Pull down “PEAK” menu (Need Shift key).  

     Then, open “Peak Detection” (Figure 5).

Change the name of the peak Table to “assign.tab”.

Click “Read”.  (Do not type “Detect”.  If you do so, your assign.tab is deleted.)

Then, you will see the number s on the spectrum

Open the pulldown menu at “Variables” (Need Shift key) in the “Peak Detection” window, and select “ASS”.  Then, the numbers you see should be changed (Figure 6).  

Note, ASS = assignment.  Therefore, you can see the assigned residue number.

[image: image6.png]+) Proc v ) File: /B1.DAT (732x1)(51

1 /7| Plus: 10 4[7| Minus: 10
—— oo

) 130

135




   [image: image7.png]Fil or

X1 ATl ¥ dlr| 1 elr A1 s]r] Plusi 1o cr| Minus: 10
—_— M= =}— P00 P 00

PO —

/B1.DAT (732x1)(512x1)

“None
“None

k Detection

Edit) Draw) UnD

i)

100

105

110

115

120

125

130

135






You can check whether the peak numbers are displayed really on the center of peaks, by expanding the spectrum by Pull down “MOUSE” (Need shift key) and select “2D zoom” (Figure 7). 

By clicking the mouse and move, make the squire regions small.  
Then, Shift key + click within the squire.

Pull down “PEAK” (Need shift key) and select “draw labels”. 

Then, you can see the numbers on the expended region (Figure 8).
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Close nmrDraw.

Pulldown menu “FILE”, and select “quit”.

D. Conversion of NMRpipe files to other data formats

For example:


Pipe2ucsf will convert nmrPipe file into Sparky file (Sparky is a program often used for peak assignment).

In our case, we will convert the nmrPipe file into an NMRviewJ file. Type


pipe2xyz

This will show you how to use this command. If you know what options you want, type them directly:


pipe2xyz –nv –out B1.nv < B_1.DAT


pipe2xyz –nv –out B2.nv < B_2.DAT

…

pipe2xyz –nv –out B7.nv < B_7.DAT

Part II. NMR Peak Assignment with nmrViewJ

nmrViewJ is a free software developed by Bruce A. Johnson originally while at Merck, now as founder and owner of One Moon Scientific. For tutorials and information, go to http://www.onemoonscientific.com/index.html

Data: We will use Ubiquitin Data, downloaded from the Ubiquitin NMR Resource

Dataset: /data/nvdatasets

Type

cd data/nvdatasets

A. Getting started with nmrViewJ

To start nmrViewJ, type


nvj

Click


Datasets, Open Datasets


Then open all datasets in the directory.

You can look at the available datasets by clicking on 

Datasets, Datasets Table

You can open specific datasets by clicking on it, e.g. hsqc.nv

Click


Draw, Create

To do assignment, we need to know what the sequence is. Select

Molecules, Read topology, sequence file

Select



ubiq.seq

Then type in the command window of nmrviewJ,


peakPickAll

This will execute a script that automatically picks peaks.

Select


Analysis, RunAbout

Click on Guesslist

Select


Mode, Edit Peaks


Actions


Cluster Peaks

To begin tidying up this cluster list, remove all clusters that are by themselves. In the field for it enter for example 


1


to remove all clusters of size 1

Click


Purge lonely clusters

Now check the clusters, select


Tools Tab, Mode, Edit Clusters

There are 6 experiments:

HNCO

HNCOCACB

HNCOCA

HNCACB

HNCA

HNCACO
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Figure 9. HNCO experiment. The magnetization is transferred (blue arrows) from the HN(i) proton via the N(i) atom to the directly attached CO(i-1) carbon atom and returns the same way to the HN(i) nucleus which is directly detected. The frequencies of all three nuclei (red) are detected. Image and description downloaded from http://www.cryst.bbk.ac.uk/PPS2/projects/schirra/html/3dnmr.htm
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Figure 10. HNCOCACB experiment. Image downloaded from http://www.nmr.chem.uu.nl/~aurelien/Assignement/assignment.html
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Figure 11. HNCOCA experiment. Image downloaded from http://www.cryst.bbk.ac.uk/PPS2/projects/schirra/html/trex.htm
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Figure 13. HNCACB experiment. Image downloaded from http://www.nmr.chem.uu.nl/~aurelien/Assignement/assignment.html
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Figure 14. HNCA experiment. The HNCA experiment is the prototype of all triple resonance experiments. Starting at an amide proton (H) the magnetization is transferred to the directly attached nitrogen atom (N) which is measured as the first spectral dimension. Then the magnetization is transferred to the Calpha nucleus (CA) which is measured as second dimension. Afterwards, the magnetization is transferred back the same way to the amide proton which is measured as the third (direct) dimension. Image and description downloaded from http://www.cryst.bbk.ac.uk/PPS2/projects/schirra/html/3dnmr.htm
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Figure 15. HNCACO experiment. In the HN(CA)CO experiment the magnetization is transferred from the HN(i) proton via the N(i) atom and the CA nucleus (Calpha(i)) to the CO(i) carbon atom and back the same way. The Calpha atom (yellow) acts only as relay nucleus, its frequency is not detected. It is only the frequencies of HN, N and CO (red) which are detected. Image and description downloaded from http://www.cryst.bbk.ac.uk/PPS2/projects/schirra/html/3dnmr.htm

Filter is applied through HNCO as the reference spectrum.

All of the 6 experiments are shown, for each of the clusters (Figure 16).
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Figure 16. Assignment of residues with nmrViewJ.

All C-beta-H peaks are shown in red (negative intensity) and C-alpha-H and Carbonyl-H are shown in black (positive intensity).

Click N Wings Off.

The resulting screen is shown in Figure 11 (only 6 windows for the 6 experiments).
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Figure 17. The six experiments that should be run to do semi-automatic assignment. 

Select Mode, Data Peaks

Select Edit Cluster, Neighbor

You expect to find 11 peaks per cluster, corresponding to the following signals (Figure 17): HN correlation to C-beta in HNCOCACB, to C-alpha in HNCOCA, to Carbonyl-carbon in HNCO, to C-beta in HNCACB (i and i-1), to C-alpha in HNCA (i and i-1), and to carbonyl-carbon in HNCACO (i and i-1). 

You can click on the little “i" next to the experiments listed in guess patterns and guess lists to help you identify which crosspeak you are looking for. This can also be edited if you have run different sets of experiments. 

Now you need to check the clusters and remove peaks that have been picked although they are noise, and look for peaks that may not have been picked automatically because of low signal intensity. You can use the fact that  you expect 11 peaks to guide you very quickly through all of the clusters.
For example, if you find a cluster that has more than 11 peaks, you can click 


Trim

This will remove the lowest intensity clusters and usually finds the 11 highest intense peaks.

If you have clusters with less than 11 peaks, increase the contour levels as follows. Right-click on the window where the peak is missing, click 


Attributes

Move the bar that increases the levels until you are at a level that shows the missing peak. Note that you can often see noise and also neighboring  peaks where you actually only have a shoulder in the specific cluster you are looking at, so you need to check with the crosshair cursor whether the peak that you think you have found new corresponds to any of the expected crosspeaks in the other windows.

B. Matching clusters and actual assignment of peaks
Now you are ready to use the i, i-1 connectivity between clusters to do sequential assignment. Click on 


Mode, Edit Links

Now you will see 12 windows (Figure , the 6 windows of the N-terminal cluster on the left, and the C-terminal cluster on the right (moving in sequence from N to C terminus).
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Figure 18. Matching clusters

For each cluster, you find the following information:
Cluster number, score, # of Carbons, to which cluster it connects, and what is the state of assignment. 


For the state of assignment, 



1 1 – means nothing found



0 1 – means it has assigned the previous cluster



1 0 – means it has assigned the next cluster



0 0 – both , left and right of the cluster have been matched

Now you need to watch for clusters that form a closed circle. If the cursor is on cluster 0 and in the window you see matching to cluster 0, the score is high and you find 3 Carbons, unless it is a Glycine, then there are only 2 carbons, then you can click 


Confirm

Then you can click 


Goto

And it will move to the cluster that connected to the one you were in previously. Here you watch for the same criteria. You can also click on 


Extend

and the software will automatically move along clusters until it reaches a Glycine (it uses the 3-Carbon criterion as a must to allow extending).

When you are happy with a unique assignment, click on 


Freeze

That way no other “confirm” can disrupt what you have assigned so far.

Part III. Quantifying dynamics with nmrViewJ: T1, T2 Relaxation analysis

Dataset in class: T1 relaxation of HIV protease

Dataset: /data/t1

Dataset for homework: T2 relaxation of HIV protease

Dataset: /data/t2

Select

Datasets, Table

Click on a dataset, then


Draw, Create

Use the level button to choose an appropriate contour level.

Make sure you do not see noise.


Right-click, peak pick

Analysis, Rate Analysis

Enter prefix for matrix, here B

Load Time File (in which the delay times are stored)
Fitpar

Choose Equation 1

Profile

Measure all

Fittable

Save table

Assignment (Homework Part II):
1. Convert the T2 dataset of HIV protease from Bruker raw files to nmrViewJ file. Provide your all.com file. 

2. Assign unambiguously at least one set of 5 consecutive residues in ubiquitin. Provide a list of resonance assignment or a screen shot of the frozen residues. For example you can use “the gimp” to take a picture of the screen that demonstrates your success or use the respective export functions.
3. Generate plots for T2 data for HIV protease as a function of residue number.

4. Think about what kind of error the relaxation measurement have. What does the error depend on? What would be a correct way to estimate the error?

5. Discuss the minima and maxima in the T2 plot with respect to the HIV protease structure. Download structure file 1A30.pdb from www.rcsb.org for visualization.
6. Compare T1 and T2 results for HIV protease.

Using the Gimp software:

Open Program selector, select graphics, the gimp

Under File, acquire select screenshot and then save it with extension jpg

Appendix:
Contents of the processing files for NMRpipe:
Content of fid.com

#!/bin/csh

bruk2pipe -in ./ser  \

  -bad 0.0 -aswap -DMX -decim 2000 -dspfvs 20 -grpdly 67.9862518310547  \

  -xN              1024  -yN              1792  \

  -xT               512  -yT               896  \

  -xMODE            DQD  -yMODE    States-TPPI  \

  -xSW        10000.000  -ySW         1913.876  \

  -xOBS         600.133  -yOBS          60.818  \

  -xCAR           4.865  -yCAR         117.674  \

  -xLAB              1H  -yLAB             15N  \

  -ndim               2  -aq2D          States  \

  -out ./test.fid -verb -ov

sleep 5

Content of nmrproc.com

#!/bin/csh

#

# Basic 2D Phase-Sensitive Processing:

#   Cosine-Bells are used in both dimensions.

#   Use of "ZF -auto" doubles size, then rounds to power of 2.

#   Use of "FT -auto" chooses correct Transform mode.

#   Imaginaries are deleted with "-di" in each dimension.

#   Phase corrections should be inserted by hand.

nmrPipe -in test.fid \

| nmrPipe  -fn SP -off 0.5 -end 1.00 -pow 1 -c 1.0    \

| nmrPipe  -fn ZF -auto                               \

| nmrPipe  -fn FT -auto                               \

| nmrPipe  -fn PS -p0 -43.00 -p1 0.00 -di -verb         \

| nmrPipe  -fn TP                                     \

| nmrPipe  -fn SP -off 0.5 -end 1.00 -pow 1 -c 1.0    \

| nmrPipe  -fn ZF -auto                               \

| nmrPipe  -fn FT -auto                               \

| nmrPipe  -fn PS -p0 0.00 -p1 0.00 -di -verb         \

   -ov -out test.ft2

Content of ft.com

#!/bin/csh

echo Processing experiment $argv[1].

nmrPipe    -fn COADD -cList $argv[2-8] -axis Y -time -in test.fid       \

| nmrPipe  -fn SOL                                              \

| nmrPipe  -fn SP -off 0.33 -end 0.99 -pow 1 -c 0.5             \

| nmrPipe  -fn ZF -size 2048                                    \

| nmrPipe  -fn FT -verb                                         \

| nmrPipe  -fn PS -p0 50.0 -p1 0.0 -di                      \

| nmrPipe  -fn EXT -x1 6.0ppm -xn 11.0ppm -sw                   \

#| nmrPipe  -fn POLY -ord 0                                      \

| nmrPipe  -fn TP                                               \

| nmrPipe  -fn LP -ord 8  -ps0-0                                \

| nmrPipe  -fn SP -off 0.35 -end 0.99 -pow 1 -c 0.5             \

| nmrPipe  -fn ZF -size 512                                    \

| nmrPipe  -fn FT -verb                                         \

| nmrPipe  -fn PS -p0 0.0 -p1 0.0 -di



\

#| nmrPipe  -fn POLY -auto                                       \

| nmrPipe  -fn REV -sw                                          \

| nmrPipe  -fn TP                                               \

   -ov -out B$argv[1].DAT -verb 

Content of all.com

#!/bin/csh

ft.com 1 1 0 0 0 0 0 0

ft.com 2 0 1 0 0 0 0 0

ft.com 3 0 0 1 0 0 0 0

ft.com 4 0 0 0 1 0 0 0

ft.com 5 0 0 0 0 1 0 0

ft.com 6 0 0 0 0 0 1 0

ft.com 7 0 0 0 0 0 0 1

If you run into trouble: The solution files are stored in MBIII_nmr.tar in 

/disk/dominator/nmr/jkslab/teach
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