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2 1 . 1  INTRODUGlON 

1.1 Introduction 

PAW, the Protein Analysis Workshop for 2D Nuclear Magnetic Resonance (NMR) 
Spectroscopy, is an X Window-based software package to process and analyse high­
resolution NMR spectra of proteins. 

This guide provides operational instructions on using PAW. It is organised in an 
introductory way with examples, beginning with the basic interface method and 
moving gradually to the 2D NMR data processing and spectral assignment. However, 
showing an example often requires a number of preliminary operations related to other 
topics. Therefore, when reading a section, the reader is recommended to concentrate 
on the topic of the section, and ignore any unfamiliar operations. 

Most of the nomenclature, notation and abbreviations employed in this booklet are 
commonly seen in many protein NMR articles. In addition, consistent visual-cues and 
documentation conventions are used to help identify the different types of information 
and achieve brevity in description. 

1.2 Abbreviations and Notation 

• nD 

• COSY 

• Dn 

n-dimensional, where n is a number, e.g., ID, 2D, 3D 

2D cOlTelated spectroscopy 

Dimension-n, e.g., DI ,  D2, D3 

• DQF-COSY Double-quantum filtered COSY 

• f-domain frequency domain 

• FFT fast Fourier Transform 

• FID (or fid) free induction decay 

• HN amide proton 

• HA a-proton 

• HB �-proton 

• HG y-proton 

• HD a-proton 

• HE E-proton 

• HZ s-proton 

• Iffi 'Y)-proton 

• lIFT Hilbert Fourier Transform 

• 1FT Inverse Fourier Transform 
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• LHS 

• MsB tn# 1 

• MsBtn#2 

• MsBtn#3 

• NMR 

• NOE 

• NOESY 

• PAW 

• ppm 

• SIN ratio 

• SD 

• SE 

• t-domain 

• TOCSY 

• tl 
• t2 
• t l ,t2,t3,t4 

• TI 
• T2 
• Y 
• I1w 

• 8 
• 1:11\ 

• Vo 

· � 
• Wrorate 

• .Q 

the left-hand side of an equation 

the left mouse button 

the middle mouse button 

the right mouse button 

Nuclear magnetic resonance 

nuclear Overhauser effect 

2D NOE spectroscopy 

the Protein Analysis Workshop, this package 

partes) per million 

signal-to-noise ratio 

standard deviation 

Schrodinger equation 

time domain 

2D total correlation spectroscopy 

evolution period in a 2D NMR experiment 

acquisition period in a 2D NMR experiment 

The time-domains corresponding to D 1 ,  D2, D3 and D4 

longitudinal relaxation time 

transverse relaxation time 

gyro-magnetic ratio 

offset of Wrotale from the Larmor frequency � 

chemical shift 

mixing time 

Larmor frequency in Hz 

Larmor frequency in rad/sec 

angular frequency of a rotating frame 

angular frequency offset of a Lamor frequency in a rotating frame 

3 
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13 Textual Conventions 

� Conventions for formatted text 

D Text like this signals a special term. 

1.3 TEXTUAL CONVENTIONS 

D Text like this is a command, a keyboard entry or a header in a dialog. 
D Text l i ke t h i s  i s  a mac ro- or program- sta tement . 

D Text in a macro or program headed with a hash like # this starts a note. 

D Text enclosed by a pair of square brackets such as [Emst et al. 1987] is a reference. 

D Highlighted text enclosed by a pair of square brackets such as ' is a button in 
a menu, toolbox or a dialog. 

D Two numbers separated by a comma enclosed by square brackets like [2000, 
2 100] defines a ID region. 

D Two words separated by a slash (f) within square brackets like �es/!!.o] is an 
exclusive-OR option for an entry. 

D A highlighted character-string like C represents a key on the keyboard. 

D A compound character-string like DataDir is a variable name used in PAW. 

D A boldface character-string containing a dot such as PA W.Init is a filename. 

D A boldface character-string ended with a slash (f) such as -IPA WI is a directory 
name, where -/ is the user root directory. 

� Conventions for mouse operations 

• To point or to position means to move the mouse cursor to a specific screen 
position. 

• To click means to position the mouse cursor, then press and release a mouse 
button without moving the mouse. 

• To double-click means to click a mouse button twice in rapid succession without 
moving the mouse. 

• To c1ick-and-drag means to press a mouse button, hold it down while the mouse is 
moving, and then release the button at a desirable position. 

• To choose means to click on a command button with MsBtn#l,  e.g., 'choose 

Convet1] ' .  

• To pick means to drag the mouse cursor with MsBtn#2, then release the button 
after pointing to a desirable position, e.g., 'pick a peak' . 

• To select an item means to click an item in a name list with MsBtn#l,  e.g., 'select 
data7noesy150.2Ddata. 

• To block or select a region means to define a rectangle region in a plot by dragging 
the mouse pointer with the MsBtn#1 after clicking on a position in a window then 
release the button at a desirable position. During the process, an expanding (or 
contracting) rubber rectangle is drawn while the mouse is  moving. Note that the 



1 .4 INSTALLATION 5 

edges of a rubber rectangle must not be less than five pixels; otherwise, the 
operation is cancelled. 

• To load a file means to select a fi lename in the file list of a file-selection dialog, 
and then choose ] in the dialog, e.g., ' load data7noesy150.pdt' .  If the 
filename is not in the current list, you may need to select a sub-directory in the 
directory list then choose llte in the dialog to change the directory. (See 
Chapter 4.) 

• To tum on (or oft) a button means clicking on the button with MsBtn#1 so that j t  
looks as if it has been (or not been) ressed down after the mouse button is 
released. For example, 'turn off s B ] in the iD-display Toolbox' . 

In addition, if no button number is specified for: a mouse operation, the task is by 
default performed by MsBtn#1 .  

� Conventions for keyboard entries 

• The key names used in this booklet match the standard keyboard labels, e.g., 1 ,  

• A comma between two key-names indicates that two keys are to be pressed 
sequentially, e.g., 

• A plus sign between two key-names indjcates that the first key must be pressed 
and held down while pressing the second key, e.g., etr � . 

• To enter a command means to type the command then press the IEnte key while 
the mouse pointer (or cursor) is in a draw-window. (See Chapter 2.) 

1.4 Installation 

PAW is distributed on a compact disc that contains an executable file, various macros' 
and sample data. This section describes the installation procedure required. 

� Installing PA W 

1 )  Open an SOl UNIX shell as shown in Figure 1 . 1 .  

I A macro is a program containing PAW's macro statements. 
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Figure 1 . 1 :  An SGl UN IX  shell 

2) Check to see if there is enough disc space by typing 
df - k  

1 .4 INSTALLATION 

The available disc space will be shown in bytes. If it is  less than 1 80 mega-bytes, 
ask for more. 

3) Make a directory for PAW under the user's root directory as follows: 
cd 
mkdi r PAv-J 

l!f permission is  denied, ask for permission. 

4) Copy all fi les in the CD into the PAW di rectory by entering 
cd PAW 
tar -xf ! C DROM! 

5) Read the final release notes by entering 
more readme . f irst  

7)  Allow PA W.setup to become an executable file by entering 
c1u:nod +x PMv . setup 

6) Finally, complete the installation by entering 

PAW . setup 

� Initialising PAW 

Although several directories are made for initial installation, PAW, however, is not 
restricted to working with the directory names given in the installation instructions. 
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The way PAW understands details of the directory names is by reading a text file 
called PA W.Init stored in PAW's system directory called -/PAW/, Three of the 
statements given in the distributed file are as follows: 

Sys t: emD i r ", " / us r I pe op l e l  l i ew / PA�'J ! " 

Da t aD i r  = "  lusr Ipeop l e l  l i ew / PA\,-J / data ! " 

Nac roDir = " / us r I pe op l e l  l i ew/ PA�V ! macro s / " 

Here, the directory names are given as examples only. The content of the SystemDir, 

DataDir and MacroDir must be changed to match those in the computer in which 
PAW is installed. For example, if the root directory is Idisk21usr/marial, then, 
change the statements as follows: 

Sys t D i r 

Da t a D i r  

Hac roD i r  

" / d i s k 2  ! u s r  ! mar i a /  PAW/ " 

" / d i s k 2 ! u s r !mar i a / PAW / da t a ! " 

" / d i s k 2  ! u s r  / ma r i a /  PMv/macros ! " 

1.5 Starting PAW 

Assuming that PAW has been properly installed, it can be run as follows: 

• Open a Unix shell. 

• Move the Unix shell to the bottom-left corner of the computer screen. It will be 
used as a runtime console. 

• Type 
cd 
cd PAvJ 
PAW 

These operations will open PAW's main window2• If not, try to figure out the 
problem(s) in installation or contact the author for technical support. 

1.6 Leaving PAW 

� A normal method 

• Ei!her double-click on the window-control button of the Main Window or press 

:9trX+9 while the mouse cursor is pointing to the Unix shell from which PAW is 
run. 

Note: PAW does not check if the modified data have been saved when it is closed. 

� An unusual method 

As with all Unix applications, PAW can also be stopped unconditionally from other 
Unix Shell in the following way: 

2 See Chapter 2. 
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• Type 
ps -ef I grep PAW 

This command shows the ID number assigned by the operating system to PA W as 
the third item in the second line. 

• Type 
k i l l  - 9  < I D  f o r  PAW> 
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1 0  2 . 1 INTRODucnON 

2.1 Introduction 

This chapter describes different aspects of the PAW user interface. These include the 
menu bar, various windows, tool boxes , workbenches, dialogs, hotkeys, macros, 
commands, and help messages. 

The standard window-control features are illustrated in Section 2.3. These features are 
common to all framed objects, including the overview window, draw-windows, dialog 
boxes and toolboxes. 

2.2 The Main Window 

The ftrst window to appear when running PAW is the main window (Figure 2. 1 ), 
where the title bar displays the window's name and the main canvas serves as a shield 
to cover PA W from other applications. 

Figure 2.1 :  

Window-control 
button 

The main window. 

The following window-control operations are standard to all window-like objects. 

� To reposition the main window 

• Point to the Title Bar 

• Drag the mouse while holding down MsBtn#l ,  then release the button. 
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� To move the entire application to the top 

• Either click on the Title Bar or any of the window edges and window corners. 

� To change the size of the window 

• Point to any of the window edges or the window corners. 

• Drag the mouse while holding down MsBtn#l ,  then release the button 

� To shrink the whole application into a small icon 

• Click on the minimise button. 

� To expand the window into a fun screen window 

Alternatively, these tasks can be performed by the following operations: 

1 1  

• Click on the window-control button to open the window-control menu that 
contains a list of standard window-control options (Figure 2.2). 

• Click on any button therein. 

Pop 
Push 
Move 
Resize 
Stow 
Open 
Ful l  Size 
Close 
Quit 

(# same as clicking the title bar) 
(# send the application to the background) 

(# same as minimise) 
(# only active after being stowed) 
(# same as maximise) 
(# close the application) 
(# close the application) 

Figure 2.2: The window�ontrol menu 

2.3 The Menu Interface 

The menu bar, as shown in Figure 2. 1 ,  displays a list of menu headers for PAW's pull­
down menus. To open a pull-down menu 

• Click on a menu header with MsBtn#l .  

The content i n  the menu bar and the pull-down menus described below are set up in a 
user-definable macro called PAW.MenuBar. (See Chapter 3.) 

Six pull-down menus have been set up for the distribution package. These are the File 
Menu, Window Menu, Display Menu, Process Menu, Macro Menu, and Help Menu. 

Each of the menus consists of a number of options, as shown in the next figures. (Note 
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that the menus are defined in a macro, the contents in them are variable. The final 
release of this package may differ slightly.) 

Load 

Save 

Convert 

The File Menll 

IdProcTbox 

IdMiscTbox 
2dProcTbox 
PeakAssiTbox 

PeakPickTbox 

Dra wingTbox 

The Process Menu 

MyWorkbench 

Open ldWin 

Open2dWin 

OpenViewWin 

2x2dWBench 

3x2dWBench 

NewWBench 

SaveWBench 
CopyWinStruct 

The Window Menu 

Loadl dGMP 

LoadCrnCsy 
LoadCrnNsy 
LoadCmTsy 

LoadStem 

LoadImag 
=========== 

PAW.Colors 
PAW.Hotkeys 

PAW.Init 

The Macro Mel/u 

Figure 2.3: TIle six menus set up for the distribution package. 

IdDspTbox 

2dDspTbox 

PeakDspTbox 

ComDspTbox 

BkgrColor 

ColorMap 

Calibration 

The Display Menu 

IdDspTbox 

IdMiscTbox 
IdProcTbox 
2dDspTbox 

2dProcTbox 

BkgrColor 
Calibration 

ColorMap 
Colors 

ComDspTbox 

Commands 
Dialogs 
DrawingTbox 
DrawWins 
Files 

Hotkeys 

Macro 
MainWin 
Menus 
PeakAssiTbox 

PeakDspTbox 

PeakPickTbox 
ToolBoxes 
ViewWin 
WBenches 

The Help Menu 

As with any X-Windows application, a menu option can be selected by keyboard or 
mouse operation. 

� To execute a menu option 

• Choose a menu header to open a pull-down menu. 

• Choose a menu option in the menu. 
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2.4 The Draw-windows 

A draw-window is a window for plotting data and drawing other objects such as lines, 
rectangles and text. The title bar of a draw-window displays the filename of the data 
displayed on the window, if any. The size, shape and location of a newly opened 
draw-window depend upon the pre-set geometric values for the window. 

� To open a I D  draw-window 

• Type 0 1  w or choose [Open1 dWinJ from the Windows pull-down menu (Figure 
2.4). 

Window-control button 

Re-position icon 

Figure 2.4: A J D draw-window 

� To close a ID draw-window 

• Type cl  w or double-click on the window-control button. 

� To display the geometric values of a I D  draw-window 

• Type gl w or click in the window with MsBtn#3. The values will be shown in the 
Unix shell from which PAW is run . The values are useful for designing a 
workbench, as described in the next chapter. 

� To open a 2D draw-window 
---. 

• Type 02w or choose COpen2dWin] from the Windows pull-down menu (Figure 
2.5). 
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Figure 2.5: A 20 draw-window 

> To close a 2D draw-window 

• Type c2w or double-click on the window-control button. 

> To display the geometric values of a 2D draw-window 

• Type g2w or click in the window with MsBtn#3. The values will be shown in the 
Unix shell from which PAW is run. (This also clears the keyboard buffer.) 

PAW can open up to nine draw-windows (excluding toolboxes) to display different 
spectra. Among them, only one can be currently active for each type of draw­
windows, which are called respectively the active 1 D draw-window and active 2D 
draw-window. 

> To activate a draw-window 

• Click in the window with MsBtn#1 .  
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� To resume the initial size and position of a draw-window 

• Click on the round grey circle on the top-left corner (i.e., the reposition icon). 

� To change the background colour of a draw-window 

• Choose /I>is la ] in the menu bar to open the Display Menu. 

• Choose L;;' """"",:;;,,;;;;;..;;;0;,;;.;10=] in the menu to open the SetBkgrColor Dialog (Figure 2.6). 

1 5  

Figure 2.6: The SetBkgrColor Dialog. 

• Adjust the colour values with MsBtn#1 .  

• Click in the draw-window for which the colour is to be set. 

• Choose 0 ] in the dialog to change the background colour of the draw-window. 

Note that only the background colour of one draw-window is changed at a time. 

� The draw-windows and butlers 

In PAW, a data set is stored in a defined memory space called a buffer. Every 2D 
draw-window is linked to a file, which in turn is associated with a 2D buffer. Every 
ID draw-window, however, is  commonly associated with nine iD buffers, and is  not 
permanently attached to any file. Therefore, a 2D draw-window displays the content 
of the 2D buffer associated with a file that is linked to it. A I D  draw-window 
(selectively) displays the contents of nine ID buffers that can be loaded from any file 
or files. The nine ID buffers are named lDBuf #0, lDBuf #2, . . .  lDBuf #8, 
respectively. A 2D buffer is dynamically created and associated to a file, and is not 
named. (See also section 2. 1 2  on keyboard commands and buffers.) 
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2.5 The 2D View-window 

The 2D view-window shows the global locations of 2D region(s) that are currently 
displayed on a 2D draw-window. The locations are indicated by a number of 
rectangles on a full-view 2D plot. 

� To open a 2D view window 

indow] to open a menu then choose 

Figure 2.7 shows a view-window associated with the 2D multi-region plot. 

Figure 2.7: A 2D plot and a view window. 

In fact, if a view-window is not opened, PAW always opens it when drawing a 2D 
plot. The initial location and size of the view-window are defined in PAW.lnit. 
These can be re-defined in any other macros, as illustrated in the next chapter. 

To speed up the display, PAW redraws only the rectangles on the view-window for 
every new 2D display, and does not upgrade its background spectrum. 

� To redraw the plot in the view window 

• Choose �t;awViewWin] in the 2D-display Toolbox (see Chapter 6). 
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2.6 The Toolbox Interface 

A tool box is a window containing a number of command 
buttons. Different from the pull-down menu, a tool box 
does not close by itself. In addition, they can be moved 
and resized_ 

Some tool boxes contain checkboxes and/or radio-boxes 
with a number of switching buttons. For example, the 
Common-display Toolbox (Figure 2.8) for setting both ID 
and 2D common display parameters contains a radio-box, 
a checkbox and three command buttons. 

The last two command buttons are common for all 
toolboxes. 

Figure 2.8: The COmJllOIl-dLlplay Toolbox 

> To re-initialise parameters related to a toolbox 

• Choosing �esetParrns] . 

> To reset the size and location of a tool box 

• Choose esetBox]. 

> To display the geometric values of a toolbox 
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• Click on the toolbox with MsBtn#3. The values will be shown in the Unix shell 
from which PAW is run. (This also clears the keyboard buffer.) 

> To open a tool box 

• Either type an open-toolbox command or choose a name that contains the 
character string Tbox from the [pisplay] or �es menu. 

Toolbox, either type ocd or choose 

> To close a toolbox 

• Either double-click on the window-control button of the toolbox, or type a close­
tool box command' .  

For example, to close the Common-display Toolbox, simply type xcd. 

, See also Chapter 12 for a list of close-tool box commands. 
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2.7 The Workbenches 

A group of draw-windows and tool boxes that are opened for a task is called a 
workbench in PAW. 

}> To open a wod:bench 

• Choose [Window] on the menu bar to open a menu. 

• In the menu, choose a name that contains a character string 

Figure 2.9: A complex of 2x2dWorkBench 

Note that PAW does not close any existing window(s) before opening a workbench. It 
is recommended that all existing windows be closed before opening a workbench, 
unless they are to be kept. Otherwise, they may be covered without being noticed. 

The content and layout of a workbench are user-definable, as described in Chapter 3 .  
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2.8 The DiaIog Interlace 

PAW frequently uses dialog boxes (or simply dialogs) as an important means of user 
interface. There are three categories of dialogs in PAW. These are the keyboard-entry, 
dual-entry, and fi le-selection dialogs. 

» The keyboard entry diaJog 

An entry item in a keyboard-entry dialog is 
called a field, which can either be numeric or 
alphabetic. A box in which a value (or an entry) 
is to be entered for a field is called an entry box. 
Entries containing a mixture of both are 
considered alphabetic. For a numeric field, only 
numerical characters are allowed. For an 
alphabetic field, proper fonnat must be strictly 
followed. Some entries expect a single character 
or a string of non-separated characters; others 
may expect a macro statement or a string of 
separated characters. 

Note that a field that expects only a character is 
called a character field. In a dialog, its label 
contains a number of words separated by a slash 
(I) and enclosed in a pair of square brackets. An 
entry must be the first character of any enclosed 
words. 

For example, the 2D-processing dialog on the 
right has a combination of different fields. The 
entries for the matrix dimensions must be 
numeric. An entry for any of the linear 
prediction, apodisation, phasing, and baseline 
correction must either be a macro statement or a 
single character n for 'no operation' .  The entries 
for the last field must either be � for the States 
method or ! for the TPPI method. 

Ip (100,412,20,288, r, t) 

esb ( 1024, 80, 2, -100) 
...::=::=::tI 

Figure 2. 1 0: The 2D-processing DiIl/og. 
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� The dual-entry dialog 

A dual-entry dialog allows values to be set using either sliders or keyboard. To enter 
values with the keyboard, choose �n � in the dual-entry dialog. 

For example, the SetPhO Dual-entry Dialog (Figure 2. 1 1 ) contains three sliders to set 
PhO. 

Figure 2. 1 1  : The SetPh dual· entry dialog 

Here, the scales for the first two sliders is 1 .0 and, for the third, 0. 1 .  The total value is 
a summation of all three values. 

If nIDj in the dialog is chosen, it will be replaced by a keyboard-entry dialog (Figure 
2. 1 2) .  

Figure 2. 1 2: The SetPh keyboard·entry dialog 

� The file-selection dialog 

A me-selection dialog (Figure 2. 1 3) contains two entry boxes with two separate lists of 
directory names and fllenames for selection. Choosing a name in the me list 
automatically updates the content in the selection entry-box. Other details on the flle­
selection dialog will be discussed in the next chapter. 
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/ u s r 6 / w i l f o r d / P A W d a t a / * � 2 D d a t a  . . , ,,=��====:::::::!::===:::::===:#====!J 
D i r e c t o r i e s  

f o r d / P A Wd a t a / . 
. f o r d / P AWd a t· a /  . .  
. f o r d / P AWd a t a / c a e r i n  

Figure 2.13:  

� The exposure of a dialog box 

� 
F i l e s  
C a e r i n C o s y 2 . 2 D d a t a  
C a e r i n C o s y 3 . 2 D d a t a  
C a e r i n C o s y B . 2 D d a t a  
C a e r i n C o s yC . 2 D d a t a  
C a e r i n C o s yD . 2 D d a t a  
C a e r i n N o e s y 1 5 0 . 2 D d a  
C a e r i n N o e s y 1 5 0 B . 2 D d 
C � e r i� N o e s y 1 5 0 C . 2 D d  

' C a e r i n N o e s y 1 5 0 D . 2 D d 
C a e r i n N o e s y 2 5 0 B . 2 D d 
C a e r i n N o e s y 2 5 0 C . 2 D d 

TIle ti le-selection dialog 

2 1  

Due to limited space on a screen, text in the dialogs are often not fully shown, because 
they are less important once they are known. They can be viewed by extending the 
window using the click-and-drag technique described previously. 

A dialog's geometric parameters (including the size and location) can be re-defined, as 
described in the next chapter. 

2.9 The Macro Interface 

The macro interface is an efficient way of performing a sequence of operations. This 
section describes PAW's macro language, components and programming technique. 

� The macro language 

PAW's macro language has been designed to be as simple as possible. It mainly 
consists of three-character commands. A complete list of the available commands 
with explanation can be found in the last chapter of this booklet. 

!Note tnat �e macro commands in PAW are case sensitive. 
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� The macro components 

As with all other macro languages, the language is composed of six major 
components. These are the constants, variables, operators, commands, expressions, 
and statements. In brief, they can be described separately as follows: 
1 .  There are only a few predefined constants. For example, the value of PI is defined 

as 3 . 14 1 592654 in the system. In addition, any single character headed with an 
' @ '  is treated as a constant that equals the ASCn value of the character, e.g., @ 1 is 
the same as 49. 

2. There are a number of pre-defined variable names, e.g., DataDir, ProjNo. In 
addition, there are 36 general purpose variables, including 

• six integer type loop-variables: %1, %J, %K, %L, %M, %N; 

• 10 integer type variables: 

• 10 float type variables: 

• 10 string type variables: 

3. The valid operators are: 

• the arithmetic operators: 

• the equal-operator: 

• the negate-operator: 

ra, n ,  . . .  , 19 ; 

YO, VI ,  . . .  , Y9; and 

SO, S I ,  . . .  , S9. 

+, -, *, / and /\ 

= 

• the logical and-operato: & 

• the logical or-operator: 

• the not -operator: 

• the relational operators: >, <, >=, <=, == and !=  
4.  Every command in a macro consists only of either two or three lowercase 

characters. 

5. An expression in a macro statement is any valid combination of operators, 
constants, variables, and round brackets that follows the general rules of algebra. 

6. A macro statement is a line of ordered strings that follows strictly the macro 
statement conventions as described below. 

� The macro statement conventions 

• A statement must end with a linefeed without punctuation. Statement items must 
be separated by a Race or 'atl, e.g., 

S c r.nW i d t h  = 1 2 8 0  

• A hash '#' i n  a line signals a comment, e.g., 
Sc r.nHe i ght = 9 3 8  # screen height i n  pixe l s  

• An integer-type variable must be assigned a number, whereas a float type variable 
must be assigned a float value as shown below. 
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SpecFreq = 5 0 0 . 0  # spe c t rome t er frequency 5 0 0  Mega Hz 
• A logical-type vatiable must be assigned either T for true or F for false: 

DebugOn = F' # l o g i c a l  var i a b l e can �e Fa l s e o r  True 

• A numeric or an alphabetic character headed by an @ is treated as a number 
equivalent to its ASCII value. (The @ can be omitted for an alphabetic character.) 
For example, the fol lowing two statements print the same value on the Unix shell: 

prn ( 1 0 2 4 '* ( z - 9 6 )  + 3 2 * ( @ 1 - 9 6 ) ) 
prn ( 1 0 2 4 * ( 1 2 2 - 9 6 ) +3 2 *' ( 4 9 - 9 6 ) ) 

• A string item must either be enclosed by a pair double-quotes, or headed by a '$' 
sign, e.g., 

D a t aD i r  = "  l u s r 6 / wi l f o r d / da t a /  PAWdat a i " 

Da t a D i r  = $ / us r 6 /wi l f ord/data / PAWda t a i  

• The parameters for a command must be separated by comma and enclosed by 
round brackets, e.g., 

g l d  ( 0 ,  9 3 , 1 0 0 ,  6 3 0 )  # S e t  I dDsplBox 

• An if-else-condition statement block must end with an end command, e.g., 
i f  ( S i t eNo= l )  

DataDir 
Hac ro D i r  

" ! u s r 6 / wi l f o rd / da t a / PAWda t a / " 
" ! usr ! peop l e / l i ew ! PA�'i / mac r os / " 

e l s e 
Da taDir 
MacroD i r  

" ! di sk2 / peop l e /wi l ford / PAWdat a / "  
" ! d i s k2 / peop l e /wi l f o r d /  PAvl l mac ros ! " 

end 

• A for-loop statement block must end with a next command and the loop-vatiable 
headed by a '%' ,  e.g., 

for ( % I = l . 2 ,  1 )  
PI'S ( " - - - Te s t  1 - - - " )  
f o r  ( %J = l ,  1 2 , 3 )  

prs ( " - - - Tes t  2 - - - " )  
nex t 

next 

• A build-menu block (either bmm for 'build main menu' or bsm for 'build 
submenu')  must end with a bme command, e.g., 

bmm # bui ld main 
bmb ( "  F i l e "  • 

bmb ( " Window " , 
bmb ( " D i s p l ay " , 
bmb ( "  Proce s s "  , 
bmb ( " Nacro " . 
bmb ( " H e lp " . 

bme 

� Writing a macro 

menu 
F .  none , " smn : F' i l eHenu " )  
t·J .  none , " smn : WindHenu " )  
D ,  none , " smn :  Dsp lHenu " )  

'r , none , " smn :  ToolHenu " )  
U ,  none , " smn : Use rMenu " ) 

H ,  none , " smn : He lpHen1.l " )  

A macro is a collection of macro statements for defining variables and performing 
operations. Because macros are often run during varying stages of data processing 
and/or display, certain conditions must be met before running them. Run-time errors 
may occur if a macro is fUll with inadequate conditions. To avoid making mistakes in 
writing a macro, it is easier to start by copying an existing macro, and then modify it. 
Many macros are provided in the distribution package. They can be found in the 
system-macro directory and data directory. 
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Any text editor can be used for writing a macro. A macro written on a PC or a 
Macintosh must be saved in text format. These files may contain hard-return (ASCII 
# 13) characters that are not recognised by an SOl word processor. PAW's package 
contains a program called cv13tolO to convert all # 13  characters into # 10. To convert 
a file, type 

cv1 3 to l O  < OrgF i l eName> <Nev.;'F i l eName> 

For example, 

cv1 3 t.o l O  MyMac ro NewHacro 

2.10 The Hotkey Interlace 

� The hotkeys 

PAW allows users to set up a number of hotkeys to perform different tasks. These are 
the P to F 12  on the keyboard, and combinations of them with MsBtn#l ,  MsBtn#2 
and MsBtn#3. Hence, a total of 48 keys can be set. 

Since hotkeys can be set up to run a macro, they are capable of performing quite 
complicated tasks. The method used to define hot keys is described Chapter 3 .  

� To perform a n  operation with a combined hotkey 

• Press a function key while holding a mouse button. 

2.11 The Keyboard-command Interlace 

The keyboard-command interface allows the execution of commands without having 
to search for the buttons in the menus or tool boxes. A keyboard command is executed 
when three keys are typed sequentially. Almost all macro commands can be 
performed by keyboard entry. The available commands are listed in the last chapter of 
this booklet. 

� To enter a two-character command 

• Type the command fol lowed with either the S ace or Ente key. 

> To enter a three-character command 

• Type the three characters in sequence 

� To repeat the last command 

• Press the ' , key. 

� To clear the keyboard buffer 

• Click in a draw-window with the MsBtn#3. (This also lists the window's 
geometric parameters. )  
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� Keyboard commands and target draw-windows 

There are a few general points to remember regarding how commands affect draw­
windows: 
o A keyboard command that changes the data displayed on a draw-window must 

be entered after the window is clicked and whi le the cursor is posi tioned in it .  

o I f  a selies of commands are entered for the same draw-window, only one click 
at the begi nni ng i s  required. 

o A common zooming command (such as zf, zs or zm for zooming into a ful l­
single- or multi -region view) can change the di splay on either the I D  or 2D 
active draw-window, depending on which one is clicked last. 

� Keyboard commands that required more mouse operation(s) 

Some commands require that other mouse operation(s) be performed after entering 
them. In this case, the operation(s) required will be shown on top of the draw-window 
or the Unix shell .  

For example, the steps to zoom the display on a draw-window (say, Window #2) with 
the same pattern as that shown on another draw-window (say, Window #1)  are as 
follows: 

• Click in Window # 1 .  

• Type zsp (for zooming with the same pattern). 

• Click in Window #2. 

� Keyboard commands and changes to buffers 

There are two simple rules regarding which buffer a command acts on: 

• A ID-processing command always changes data in IDBuf#O and displays the 
result in the active ID draw-window. 

• A 2D-processing command always changes the buffer associated with the active 
2D draw-window. 

In addition, I DBuf #6 to #8 are also changed during some complicated operations 
such as curve fitting and baseline correction. Therefore, to backup a result in I DBuf 
#0, it must be saved into either I DBuf #2, 3, 4 or 5 before a new operation is 
performed, as described in Chapter 5 .  

� Keyboard commands and sizes of buffers 

A buffer is dynamically created before an NMR data file2 is loaded or created. The 
sizes of all I D  buffers are identical. The maximum I D  buffer size is  set to 32768 
bytes each by a macro-variable called Max lDDim in PAW.lnit. The need to reduce 

2 In PAW. there is no difference in the file formats between time-domain and frequency-domain NMR data 
files. The term 'NMR data files' is used for data in both domains. The time- and frequency domain data 
(sets) are also called respectively the raw data (sets) and spectra. 
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Max lDDim is rare unless memory space is very limited. It must not be less than twice 
the size of any I D  data set loaded, because some I D  processes require doubled size 
buffers. 

2.12 The Help Messages and Instructions 

Depending on the content of the message, text can appear in one of the following three 
panels. 
1 .  Runtime messages are displayed in the Unix shell from which PAW is run, which 

provides a hi story of operations. 

2. The cursor and any immediate action required are displayed in the active draw­
window. 

3. An important message is displayed in a pop-up shell, as shown In the next 
diagram. 

s e t t h e B a s e L e v e l  n o w .  

Figure 2. 14: A pop-up information shell 

If [HeIB] i s  chosen, another pop-up shell will appear, such as the one shown below. 

E i t h e r  t yp e  < s b r >  o r  c h o o s e 

Figure 2. 15:  A help shell 

Some help messages are kept in the help macros that can be viewed by choosing a 
menu button in the Help Menu. More details  on the help macros can be found in 
Chapter 4. 
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3.1 Introduction 

This chapter describes the methods used to build a working environment. These 
include changing system parameters, modifying the menu-bar, defining hotkeys, and 
creating customised workbenches. 

3.2 Initialising System Parameters 

System parameters are initialised in the macro file PA W.Init, which is run at start-up. 
The macro distributed with this booklet is as follows: 

# Program begi n s  
# - - - - - - - - - - - - - - - - - - - -

# F i l e  name : PAW . l n i t  
# - - - - - - - - - - - - - - - - - - - -

# - - - - - - - - - - - - - - - - - - - - - -
# Print we l c ome me s sage : 
LL 
r. - - - - - - - - - - - - - - - - - - - - - -

prs ' " * * * . * * * * * * * * � * * * * * . * * * * * * * * * * * * * * * * . * * * . * * * . * * * * * * * * " ) 
prs ( "  * * " ) 
prs ( " * 
prs ( " * 
prs ( " *  

prs ( " *  

\vELCOME TO PAl-v ,, "  ) 
i\n XtVindows based Protein Ana lys i s  t"Jorkshop * " ) 

f o r  Proc e s s ing and As s i gning * " 1 
High Reso l u t i on m1R Spec t ra o f  Pro teins ,. " I 

prs ( " * * " I 
prs ' " * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * " 1 

# - - - - - - - - - - - - - - - - - - - -
# As s i gn var iabl es : 
# - - - - - - - - - - - - - - - - - - - -
S i teNo 

Proj No 
Scrn�Vidth 
ScrnHe ight 
l'1ax lDDim 

DebugOn 

run PAW . C o l o r s  

i f  ( S i teNo= l )  

2 
1 

1 2 8 0  
9 3 8  
3 2 7 6 8  '# Maximum i s  3 2 7 6 8 , 

F 

# run another mac ro for c o l ou r  a s s ignment 

# At Ma s sey Un ivers i ty :  
Sys t D i r  $ / d i s k 2 /peop l e / wi l  o rd/ PAWI 
Hac roD i r  = $ / d i s k2 /peop l e / w i l  ord/ PAW / macro s /  
Da t a D i r  = $ / d i s k 2 /peop l e / w i l ord/ PAWda t a l  
prs ( " At Mas sey Un ive r s i ty " ) 

e l se 

end 

# At Wa l l acev i l l e :  
Sys t D i r  
HacroD i r  

Da taDi r 

prs ( " At 

$ / u s r ,!peop l e i l i ew / PAW/ 
= $ / u s r i peop l e i l i ew i PAW/macro s /  

= $ / u sr6 ! wi l f ord! PAtvda t a !  
tva l l acevi l l e "  ) 

i f  ( Proj No = l )  
# Caerin 4 . 1  
Sequence = $ GLi;'JQK I KS�.GDLASG I VEG I KSX 

end 
i f  ( Proj No= 2 ) 
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# C a e r i n  4 . 0  
Sequence = $GLWQKIKSAAGDLASGIVEGI KSX 

end 

# - - - - - - - - - - - - - - - - - - - -
# P r i n t  the va l ue s  o f  two va riab l e s : 
# - - - - - - - - - - - - - - - - - - - -
prn ( Pro j No )  
prn ( S i teNo ) 
p r s  ( Da taDi r )  

# - - - - - - - - - - - - - - - - - - - -
# S e t  t he geometry parameters ( i e ,  XYWH ) o f  1 dDt ProcShe l l ,  e tc . : 
# - - - - - - - - - - - - - - - - - - - -

g l d  ( 0 ,  9 3 , 1 0 0 , 6 3 0 ) # Set_1dDspl Box 
glm ( 0 ,  9 3 , 1 0 0 , 6 0 0 ) # Set_1dMnp l Box 
glp ( 0 ,  9 3 , 3 7 4 , 1 2 3 ) # Set I dProc Box -

glw ( 0 ,  9 3 , 6 4 0 ,  2 8 0 ) # Set. 1 dDra\'J�'h n  -

g 2 d  ( 8 , 3 2 , 1 1 6 , 8 8 0 ) # S e t_2 dDsp l BOx 
g2 p ( 0 ,  9 3 , 1 0 7 , 6 3 5 ) # Set 2 dProc Box -

g2v ( 6 4 3 , 5 8 , 1 6 0 , 1 6 0 )  # S e t  -2 dV i ew�v i n  
g2w ( 0 ,  9 3 , 6 4 0 ,  6 4 0 )  # Set 2 dDraw�'Jin -

gbc ( 0 , 9 3 , 1 0 0 , 2 0 0  ) # SetBsLineBox 
gft ( 0 ,  9 3 , 1 0 O ,  1 0 0 ) # Set. F l  t Box 
gph ( 0 ,  9 3 , 1 0 0 , 1 0 0 )  # S e t PhaseBox 

gcd ( 8 , 3 0 , 1 1 8 ,  2 2 8 ) # SetComDspBox 
gdr ( 0 , 9 3 , 1 0 0 , 8 0 0 ) # S e tDrawBox 
gpa ( 0 , 9 3 , 1 0 0 , 8 0 0 ) # S e t PeakAs s iBox 
gpd ( 0 ,  9 3 , 1 0 0 ,  8 0 0 ) # S e t P ea kDspBox 
g f s  ( 0 ,  9 3 , 6 0 0 , 5 0 0 ) # S e t F i leSel Box 
# Program ends 
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The meaning of each command in the file is briefly commented. Note that every 
variable must be assigned a valid value; otherwise, the program may be suspended if 
severe errors occur. 

The ProjNo is useful when PAW is used to assign more than one protein. 

� To add a new project 

• Add an if-block for the project, which must contain at least a statement that assigns 
the variable named Sequence. The block may also contain statements for setting 
the data and macro directories. 

� To switch from one project to another 

• Change the ProjNo before starting PAW. 

The SiteNo is only useful for running PAW on different computers to perform the 
same task. In this case, changing the SiteNo specifies different directories for PAW. 

� To add a new site 

• Add an if-block for the site, which must contain statements for setting the data and 
macro directories. 
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� To switch from one site to another 

• Change the SiteNo before starting PAW. 

� To set colours 

3.2 INITIALISING SYSTEM PARAMETERS 

Colours are assigned in a separate macro run by PAW.Init called PAW.Colors. The 
macro distributed with this version of PA W is as follows: 

# Program begi n s  

BkgrC o l o r  $ Grey 
TextC o l o r  $black 
D ra vlC o l o r  $navy 
C PeakC o l o r  $blue 
RPeakC o l o r  $black 
D PeakCo l o r  $ye l l ow 

P s t vC t o u rC o l o r = $ red 

Ngt vC t o u rC o l o r = $Fores tGreen 

# Curve 

C o l o r O I  
C o l o r 0 2  
C o l o r 0 3  

C o l o r 0 4.  
C o l o r O S  
C o l o r 0 6  
C o l. o r 0 7  
C o l o r 0 8  
C o l. o r 0 9  
C o l o r l O  

C o l o rl l 

C o l o r l 2  

C o l o r 1 3  
C o l o r l 4.  
C o l o r l S  
C o l o r I 6  
C o l o r 1 7  
C o l o r 1 8  

r s c  

c o l ou r s : 

# Program ends 

$na'v'Y 
$ Red 
$Orange 

$Hagenta 
$black 
$ Blue 
$ Brown 
$Vi o l e t  
$ Grey 
$Cyan 

$ Purple 

$ Ye ll ow 
$ Pink 
$Green 
$ Li meGreen 
$I'iheat 
$ Turqu o i s e 
$Wpres s e  

# a l s o  used f o r  I D  x - a xe s  

# a l s o  used f o r  f i l te r s  and ba s e l i ne s  

# upda t e  c o l ours 

Note that the colours set in this way does not affect the colour map. In addition, only 
valid colour names can be assigned to the colour variables. 

� To view the defined names for different colours 

• On a Unix, shell, type 
more / us r / l i b / X l l / rgb . txt 

• Repeatedly press the S aceB to view the list, as shown in Figure 3 . 1  
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Ftgure 3 . 1 :  The system colour definitions. 

To search for all colours of the same kind say, blue, type 

• Type 
more / us r / l ib / X l l / rgb . txt I grep lue 

3 1  

Here, the string 'lue' enable the display of all defined colour-names containing 
'Blue' or 'blue ' .  

� To change a colour 

• Replace the one in the set BkgrColor statement with a defined colour name. 

Note that all of the parameters and variables set in PA W.lnit and PA W.Colors can be 
reset in any other macros. PAW only keeps the settings defined in the most recent 
macro it runs. A simple way to have a few sets of parameters is to have a few macros 
built into the pull-down menus, as shown in the next section. 
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3.3 Modifying the Menu-bar 

This section describes the method used to modify the menu bar. An example to add a 
menu to the menu bar i s  given. It involves the addition of a statement and a build­
menu block to a system macro. 

� The macro that defines the menu bar 

The menu bar is built by the macro PAW.MenuBar, which is run immediately after 
PAW starts. The macro distributed with this booklet i s  as fol lows: 

# Program beg ins 
# - - - - - - - - - - - - - - - - - - - - - -
# F i l e name : PAt'J . Henubar 
# - - - - - - - - - - - - - - - - - - - - - -
# 

# The pa rame t ers f o r  each menu and '.-Ji ndo,,", mus t  be de f i ned 
# w i t h  the f o rma t s  shown in the examp l e s  b e l ow . 
# Each i t em in a l i ne HUST be s epara ted by e i t he r  a spa c e , 
# a co�na or a c o lon . 
# The mac ro c ommands i nvo lved in bu i l ding t.he menu -bar are : 

# b�n B l dI>1a i nHenu 
# bmb B l dI>1enuBt.n 
# bme B l cJl.1enuEnd 
# bsm B l dSubmenu 
# The c a l l back i ndi c a t o r s  in t he bmb s ta t ement a re : 
# c orn macro COlTunand indicat. o r  
# smn s ubmenu ind i c a t o r  
# me r mac ro i n d i c a t.or 

# * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * * * * * * * * * *  

# B l o c k  one : Bu i l ding HenuBa r * 

# * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * *  • •  * * * * * * * * * * * * *  

bm.'l1 # Menu bar 

bmb ( " Fi l e "  , 
bmb ( " �'ii ndow " , 
bmb ( " Di sp l ay "  , 
bmb ( " Proc e s s " , 
bmb ( " l'1acro " , 

bmb ( " Help " , 
bme 

F ,  A l t+F , 
�\i I Al t.+ltl,  
D ,  A l t. + D ,  
P ,  .'\1 t + P ,  

U ,  A l t. + U ,  
H ,  Al t. + H ,  

u 
SllU1 : 

" smn : 
II snm : 
" smn : 
" smn : 
" Slro, : 

? i l eMenu " ) 

',,] i ndMenu " ) 
Dsp lMenu " ) 
?rocJVlenu " ) 
!:!acr oi'1enu " ) 
H e l pMenu " ) 

# * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

# B l o c k  two : Bu i l di ng Henus * 

# Each bmb in t.he Henu HUST be bui l t  in order . * 

# * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * * * *  

bsm # F i l eMenu 
bmb 
bmb 
bmb 
bmb 

bme 

bsm # 

bmb 
bmb 
bmb 
bmb 
bmb 
bmb 
bmb 
bmb 

( " Load " , L ,  none , " sum : LoadHenu " )  
( " Save " , S ,  none , " smn : SaveMenu " ) 
( " C onver t " ,  C ,  .'\ I t. +C ,  " corn : ocv " ) 
( " Show n o t e s " ,  0 ,  none , " mc I' : n o t e s . mc r " ) 

WindMenu 
( " Open l dW i n " , 1 , 

( " Open2 dWi n "  , 2 , 

( " Open2dV i ewirh n "  , T ,  

( "  2 2 d  vJBenc h " , M ,  

( "  3 2 d  "I'1Benc h "  , M ,  

( " New vJBench "  , H ,  

( " Save\'iBenc h " , P ,  

( " C opy�'iinS t ruc t "  , T ,  

none , 
none , 
none , 
none , 
none , 
none , 
none , 
none , 

" corn : 
" c orn : 
" c orn : 
" mc I' : 

!l Iner : 
!l Iner : 
11 corn : 
11 corn : 

o l w " ) 
o 2 w " ) 
0 2 v "  ) 

vJBench_2 x2 d . mc r "  ) 
\"JBench_3 x 2 d . mc r "  ) 
WBench_New . mcr " ) 
swb " ) 
cws " ) 
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bIne 

bsm # DsplMenu 
bmb ( "  I dDsp'rbox " , 
bmb ( "  2 dDspTbox " , 

bmb ( "  PeakD spTbox " , 

bmb ( "  GenDsp'.l'box " , 

bmb ( "  BkgrCo l or "  , 

bmb ( " C o l o rNap " ,  H ,  

bmb ( " Ca l i bra t i on " , 

T) , 
D ,  

D ,  

D ,  

B ,  

none , 

e ,  
bme 

bsm # P rocMenu 

bmb ( "  I d  P rocTbox " , 1 .  

bmb ( "  Id M i s c Tbox " , M ,  

bmb ( " 2 d Proc1'box " , 2 ,  

bmb ( " PeakA s s i 'l'box " , p ,  
bmb ( " PeakPickTbox " , p ,  
bmb ( " Drawi ng'l'box " , D ,  

bme 

bsm # Mac roMenu 
bmb 
bmb 
bmb 

bmb 
bmb 
bmb 
bmb 
bmb 
bmb 
bmb 

bmb 

bmb 

bmb 
bmb 
bmb 
bmb 
bmb 

( " Re f  ineCosy ''j '' , 
( " Re f  ineCosy4 " , 

( " Re f ineCosy3 " , 

( " Re f  ineCosy2 " , 

( " Re f ineCosy " , 

( " Re f i neCosyD l " , 

( " Re f  i neCo syD2 " , 

1 ,  
1 ,  
I ,  

1 ,  
1 ,  
I ,  

( " ProeC r i nCosy " , 7 , 
( " ProcC r i n'l' sy0 7 0 "  , 7 , 

( " ProcC r i nNsy0 8 0 " , 8 , 

( " ProeC r inNsy1 5 0 "  , 5 , 
( " ProeC rinNsy2 5 0 "  , 2 ,  
( " ProeLSZeosyb " ,  I ,  
( " Load I d  GNP " , G ,  
( " Load S t e m " , S ,  
( " Load Imag " ,  I ,  
( " = = = = = = = = = = = = = " ,  I ,  

none , 

none , 

none , 

none , 

none , 

" c om : 

none , 

none , 

none , 
none , 

none , 
none , 

none , 

110ne I 

none , 
none , 
none , 

none , 

none , 
non.e t 
none , 

none , 
none , 

none , 

none , 

none , 
none , 
none , 
non.e , 

:none , 

" c orn : 

" c orn : 

" corn : 

" c orn : 

" corn : 

s em "  ) 

B eam : 

" corn : 

" corn : 

" c orn : 

" corn : 
" corn : 

" corn : 

" me r : 

" me r : 
"me r : 

" me r : 

" me r : 

" me r : 

" me r : 
" me r : 
" mer : 
" mer : 

" mer : 

Ti mer : 
" me r : 
" mer : 
" me r : 
tI me r : 
" me r : 

o l d "  ) 

0 2 d "  ) 
opd " ) 

ogd " ) 

sbg " ) 

ocb" ) 

o lp " ) 

o l m "  I 
02p " ) 

opa " ) 
opp " ) 

odr " ) 

Re f i neCrinCosy5 . mer " ) 
Re f i neCrinCosy4 . me r " ) 
Re f i neCrinCo sy3 . mer " ) 
Re f i neC r i nCo sy2 . mer " ) 

Re f i neCrinCosy . me r " ) 

Re f i neCrinC o syD l . mer " ) 

Re f i neCrinCosyD2 . mer " ) 
ProeC r i nC o sy . mer " ) 
ProcCrinTsy0 7 0  . me r " ) 
ProeCrinNsy 0 8 0 . me r " ) 

ProcCrinNsy 1 5 0 . me r " ) 

ProcCrinNsy2 5 0  . me r " ) 

ProcLSZcosyb . mer " ) 
LoadIdGHP . me r "  ) 
LoadS tem . mer " ) 
LoadImag . me r " ) 
PAVJ . Separa tor " ) 

bmb ( "  PA�'J . C o l ors " , 
bmb ( "  Pl\�'! . Hotkeys " , 

p ,  none , " me r : PAW . C o l o r s " ) 

bmb 
bme 

( " P.il,W . I n i  t " , P ,  

bsm # H e l pMenu 
bmb 
1 ' .)ffiD 

bIne 

( " C onten t s " ,  C ,  

( " Index " , 

p ,  none , " mer : PAVJ . Hotkeys " ) 
none , " mer : PA\"i . Ini t " l  

none , " Ine!: :  He lpCont . mcr " ) 

I ,  none , " mer : H e l p Indx . mer " ) 

# * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
# Maero b l o c k  t hree : Bu i l d i ng s ub- Menus 
# Each sub-Menu mIs t  a l s o  be bu i l t  in order . 

* 
* 

# * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
bsm # LoadMenu 

bmb ( "  Loa d l dDa ta " , 

bmb ( "  Load2 dDa ta " , 

bmb ( " LoadPkL i s t s " , 

bme 

bsm it S aveMenu 
bmb ( 'I Sa'le l dData 1 1  

I 

bmb ( "  Save2 dDa ta " , 

bmb ( " Save P K"L i s t s " , 
bIne 

# Program enClS 

1 .  
2 , 
P 

1 .  
2 , 
P 

A l t + l ,  " e om : l d l " ) 
Al t + 2 , " e om : Id2 " ) 
Al t + P ,  lI eorn : Ivp " ) 

none , " com : svl " ) 
none , " com : sv2 " ) 

none , " c om : SVp l1 ) 

33  
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Only four commands are involved in this macro; each of them is briefly commented. 
The macro starts with the bmm-block to build the menu-bar main items, fol lowed by a 
series of bsm-blocks to build submenus and sub-submenus in the order of appearance. 

Each of the build-menu blocks contains a number of bmb statements to build menu 
items as follows: 

bmb ( < l abe l > , <underl ined chara c ter> , <hot key> , 
<bu t t on comma nd» 

The second and third parameters are reserved for future development. The value for 
the fourth parameter must be a string, which can either be 

• a submenu indicator smn that i s  followed by a colon and a submenu name, 

• a command indicator corn that is fol lowed by a colon and a macro command, or 

• a macro indicator mcr that is followed by a colon and a macro filenarne. 

Note that when modifying the macro, the order of the build-menu blocks and the 
formats of the statements must be correct to avoid run time errors. 

)- To add a menu button 

• Add a bmb statement to a submenu building block. 

)- To remove a menu button 

• Remove a bmb statement from a submenu building block. 

)- To add a submenu button 

• Insert a bmb statement to the bmm-block. 

• Insert a submenu block with a number of bmb statements at an appropriate 
location. 

)- To remove a submenu button 

• Remove the related bmb statement from the bmm block. 

• Remove the bmm-block that builds the submenu. 

Example 

The following operations add a submenu called MyMacro Menu after the Macro Menu 
and build two buttons that run respectively MyMacrol.mcr and MyMacr02.mcr: 

1 .  In the bmm-block, insert a bmb statement after that for the Macro Menu as 
follows: 

bmb ( " HyMacros " ,  H ,  none , " srnn : HyHacros " )  

2. Add a build-submenu block after the MacroMenu block with two bmb statements 
as follows: 
bsm # HyMacros 

bmb ( " MyMac ro l " ,  1 ,  none , " run : Hyt'Ia crol . me r H  I 
bmb ( " MyHaero 2 " ,  2 ,  none , " run : Myt-iac ro2 . me r H I 
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bme 

3.4 Defining Hotkeys 

This section describes the method used to define a hotkey. It involves the addition of a 
statement that assigns a string containing a macro statement to a predefined key name. 

)0> The key-name conventions 

• All simple key-names in PAW's nUlcro starts with the word 'Key' , followed by a 
function-key symbol as shown on the keyboard, e.g. , KeyFl , KeyF2; 

• All complex key-names in PAW's macro starts with the word 'Key' ,  followed by a 
simplified word B l ,  B2 or B3, then a function key symbol as shown on the 
keyboard, e.g., KeyB IFl . 

Only a few hotkeys are set up in the distribution package. They are defined in a 
system macro called PA W.Hotkeys, in which the first two lines are: 

# - - - - - - - - - - - - - - - - - - - -
# De f ine h o t k ey s : 
# - - - - - - - - - - - - - - - - - - - -
KeyF2 $ z f  
KeyF3 = $dr 

)0> To define a hotkey 

• Open the PA W.Hotkeys using a text editor. 

• Add an assign statement to assign a key name with a string starting with a dollar 
sign ($). 

)0> To define a hotkcy that runs a macro 

The statement for setting up a hotkey to run a macro has a special fonnat as follows: 
(Note that the macro names are not enclosed in double quotes.) 

< key name> = $ run ( " " , <ma c ro r:ame» 

For example, to associate FS with the macro called PA W .zmlD: 
KeyF5 = �� run ( " " , l u s r ! peQp l e / l i ew / PA�'J! PAtiIJ . zml D )  

The content of PAW.zmlD is  as follows: 
swl # S e t  10 a c t i ve window t o  be the current window 
z f  # Z o om f u l l  
dr # Re - draw 1 0  p l o t  
z m  # S e t  up f o r  mu l t i - region z ooming opera t i ons 

The first statement is equivalent to clicking in the ID active window. 

)0> To define a combined key 

To define a combined key for changing the data directory, the statement can be as 
follows: 
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KeyB 3 F 5  $ O a t a O i r  ! u s r 6 / w i l f o rd / da t a / PAWda t a / c a e r i n  

Note that combined hotkeys are not suitable for performing tasks that require mouse 
operations. 

3.5 Designing a Workbench 

A group of draw-windows and toolboxes that are opened for a task or a project is 
called a workbench in PAW. The content of a workbench can be defined by a macro. 
This section describes the method used to design a workbench. 

� The workbench macros 

A macro that generates a workbench contains statements for setting the geometric 
parameters of the tool boxes and draw-windows, as well as statements for opening 
them. In addition, it may also contain statements for closing tool boxes and setting 
background colours for the draw-windows. For example, the macro below closes all 
toolboxes, and then generates a workbench containing a number of tool boxes with one 
I D  and three 2D draw-windows in a light-grey colour defined by the sbg statements. 

# �\!Bench_ 2 x2 d . roc r 
xab If C l o s e  a l l  t oo l  boxes 
g2v ( 6 4 3  5 8  1 6 0  1 6 0  ) # S e t  2 0  v i ew-wi ndow 
g 2 d  ( 8 2 8  5 8  1 0 0  6 4 8 ) If Set 2 D - d i s p l ay t o o l box 
gpa ( 9 4 3  5 8  1 0 0  2 8 4 ) # S e t  peak- a s s i gnment too l bo x  
gpp ( 9 4 3  3 3 2 1 0 0  3 7 5 )  # S e t  peak-pi ck i ng t oo l box 
gdr ( 1 0 5 7  5 8  1 0 0  6 4 8 ) If S e t  drawi ng t o o lbox 
g2p ( 8 2 8  6 0 4 2 8 5  9 8 )  # S e t  2D -proc e s s ing t o o l box 
g l d  ( 1 1 7 2  5 8  1 0 0  6 4 8 ) # S e t  1 D - di sp l ay t oo lbox 
glp ( 8 2 8  7 2 9  3 1 7  1 4 3 ) If: S e t  1D-proce s s i ng Toolbox 
g f t  ( 8 6 0  7 5 4  3 5 0  7 5 )  If S e t  f i l t e r i ng t o o l box 
gph ( 8 8 8  7 '"' 0 I ,  3 4 9  8 0  ) If: Set pha s i ng too lbox 
gbc ( 9 1 8  8 0 4  3 5 0 7 3 ) if S e t  ba s e l i n e - c orrec t i on t o o l box 
glro ( 8 2 8  9 0 0  4 3 0  1 1 6 )  # S e t  1 D  mi s c e l laneou s - func t i o�s too l box 
gcd ( 1 1 7 2  6 2 2  1 0 0  2 6 8 )  If: S e t  cormnon - d i sp l ay t o o l bo x  
gpd ( 1 1 7 2  9 9  1 0 0  7 7 2 ) If: S e t  peak - d i s p l ay t oo l box 

sbg ( 2 2 8 , 2 2 8 , 2 2 8 ) If Set background c o l or 
02v # open 2D v i ew-window 

glw ( 8  7 2 5 5 2 0  2 3 6 )  # S e t  1 D  draw-I.v i ndow 
0 1w If Open 1 D  draw-wi ndow 
sbg ( 2 2 8 , 2 2 8 , 2 2 8 ) If S e t  background c o l or 

g2w ( 8  9 3  5 2 0  4 7 0 )  If: Set 2 D  draw-wi ndow 
02w If: open 2D draw-wi ndow 
sbg ( 2 2 8 , 2 2 8 , 2 2 8 ) # Set background c o l or 

g 2 w  ( 2 8  1 3 3  5 2 0  4 7 0 ) If Set 2 D  draw-I.v i n dow 
o2w # open 2 D  draw -wi ndow 
sbg ( 2 2 8 , 2 2 8 , 2 2 8 ) If S e t  background c o l or 

g2w ( 4 8 1 7 3  5 2 0  4 7 0 ) If Set 2 D  draw- w i n dow 
02w If open 2 D  draw-wi ndow 
sbg ( 2 2 8 , 2 2 8 , 2 2 8 ) If Set background c a l or 

o 2 d  # Open 2 D - d i sp l ay t o o l box 
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opa it Open peak- a s s i gnmer:. t t o o l box 
opp # Open peak - p i c k ing t oo lbox 
odr # Open draw ing too lbox 

o2p # Open 2 D -prt)c e s s i n g  c o o l box 

o l d  # Open l D - d i splay t oo l  box 
o l p  # Open I D -proc e s s i n g  ::: o o l boY.: 
opd # Open peak - d i sp l ay i:: oo l bo x 

ocd # S e t  conunon - d i  splay c o o l box 

o lm # S e t  I D  mi sce l l aneoi..: s - f unc t i o n s  t oo l box 

Note that an object opened will cover (fully or partially) any opened objects if there are 
overlapped regions defined in the values of the geometric parameters. Also, if an 
object is opened immediately after its geometric parameters are defined, the SGI 
system manager may not respond correctly - a bug beyond control . That is why 
nearly all of the objects are opened at the end. 

� To design a workbench 

• Choose �Window] in the menu-bar. 

• Choose any of the pre-set workbenches. (Optional) 

• Open the draw-windows and tool boxes for the new workbench, and close those 
unwanted windows and tool boxes, if any. 

• Rearrange the sizes and the locations of the toolboxes and draw-windows with the 
mouse operations described in Section 2.3.  

• Either type swb or choose [SaveWBench] in the Window menu to save the 
workbench layout onto the macro called WBench_New.mcr in the macro directly. 

• Rename the macro. 

• Rearrange the opening order of the windows and re-align the objects by making 
simi lar values in the brackets identical. 

For example, an automatic created workbench macro may look like this: 

# IAJBench_new . me r 

g2v ( 6 4 3  5 8  1 6 0  1 6 0 )  

o 2 v  
( 8  5 7 2  4 9 0  2 3 2 ) 

( 8  9 3  4 8 6  4 4 5 ) 

( 4 4 5  9 4  4 9 2  4 4 5 )  

# S e t  I D  draw-wi ndow ( f i rs t  s ta t ement ) g l w  

o l w  

g2w 
o2w 
g 2 w  
o 2 w  
g l w  
o l w  

( 4 4 5  5 7 2  4 9 4  2 3 6 )  # S e t  ID draw-win dow ( s econd s t a t emen t ) 

x l d  # C l o s e  t he I D - d i s p l ay Too l bo x . 
g l d  ( 1 0 6 8  5 9  1 0 0  5 7 1 )  
o l d  

xlm 
glm ( 3 5 0  8 2 5  3 7 2  1 4 3 ) 

o lm 
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xlp 
g lp ( 9  8 2 5  3 2 6  1 4 3 ) 
o lp 

x2d 
g 2 d  ( 9 5 3  5 8  1 0 0  7 3 0 )  
o2d 

x2p 
g2p ( 7 3 7 8 2 5  3 2 0  1 4 2 ) 
o2p 

xbe 
gbe ( 1 5 4  8 8 2  3 7 7  8 2 ) 
obe 

x f t  
g f t  ( 9 1 8 2 7  3 6 6  8 0 )  
o f t  

xed 
ged ( 1 0 6 9  6 6 9  1 0 0  2 9 7 ) 
oed 

xph 
gph ( 1 2 3  8 5 4  3 7 1  8 8 )  
oph 

Here, a statement starting with an 'x' closes a toolbox. The reader may wonder why it 
closes every toolbox individually. This again is due to problems in the SGr system 
management. (Note that the macro created in this way may not open the draw­
windows and the toolboxes in a desirable order. Also, the alignment and the widths of 
objects in the workbench may not be perfect. For example, the four underscored values 
for the widths of the draw-windows can be made identical using a text editor.) 

? To modify an existing workbench 

Often, a small modification to an existing workbench is required. In this case, it is 
easier to obtain the geometric values of the objects to be changed, then modify the 
workbench macro using a text editor as follows: 

• Follow the first four steps for designing a workbench to open an existing 
workbench with a desired layout of a new workbench. 

• Display the geometric values of a modified draw-window or tool box by clicking in 
it with MsBtn#3. 

• Repeat the last step until the geometric values of all modified objects are printed. 

• Copy the values to the workbench macro using a text editor and save it. 
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4.1 Introduction 

PAW has ten types of macros that are user-definable. Except for the system macros, 
each of the macros has a specific fonnat and filename extension. This chapter 
describes different types of fi les (including macros) and the file-management 

operations. 

Note that, in PAW, there is no difference in the file fonnats between time-domain and 
frequency-domain NMR data files. The tenn 'NMR data' is used for data in both the 
time and frequency domains. Unprocessed NMR time-domain data (sets) collected 
from NMR spectrometers are also called the NMR raw data (sets), whereas processed 
frequency-domain data sets are often called the NMR spectra. 

4.2 The Macros 

� The system macros 

PA W has four system macros that are stored in the system directory (specified by a 
statement in PAW.Init). Each of them has been discussed in Chapter 2, and they are 

named by 'PAW.*', as listed below. 

• PA W.MenuBar - a macro to produce the menu bar 

• PA W.lnit - a macro to initialise basic variables 

• PA W.Colours - a macro to define colours for various objects 

• PAW.Hotkeys - a macro to define hotkeys 

The system macros are run by PAW's compiled routine, and hence their filenames 
must not be changed. 

� The basic-parameter macros 

These are named with an extension! of the fonn mDparm, where m indicates the 
spectral dimension, e.g., noesy150.2Dparm. The initial part of the filename must be 
consistent with that of the corresponding NMR data file, which in this case is 

noesy150.2Ddata. 

The mDparm macros are programs created in the file conversion process. They 
contain statements that define the basic parameters required for displaying and 
processing the corresponding NMR data. A typical example is as fol lows: 

# * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * �  

# * Pa rame t er ma c r o  for PAW data 
# * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * -

* 

# Thi s  f i l e can be edi t ed u s i ng a word proc e s s or . 
f Note : The [ Tab ] key c an be u s ed in thi s f i l e . 

# 

! A filename extension is a string of characters attached to the end of a filename after a period. 
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# Spe c Freq i s  i n  MH z .  
# Sweepll'Jidth i s  sw i n  VARIAN ' s  sys tem . 
# No f F I D s  = No fRea l F I D s  + N o f Imag F I Ds . 
# No fCmp P n t s  = np / 2  f or VARI AN ' s  da t a . 

# D 1 S truct , D 2 St.ruc t can e i ther be c omp l ex or real . 

# DataType c an e i ther be f l oa t  or l ong . 
# F i l eType can ei ther be bi nary or ASCI I .  
li F i l eFormat can be PAW , VARIAN , FEL IX , BRUKER e t c . 
# F i l e S t r u c t  c an e i ther be s e r i e s  or b l ock-ma t r i x . 
# B l ockS i z e  i s  used only i f  F i l e S truct i s  b l ock-ma t r i x . 
# 
SpecFreq = 6 0 0 . 0 0 0  

SweepW idth = 6 6 1 3 . 7 5 0  

No f F I Ds = 5 1 2  
No fCmp Pn t s  = 1 0 2 4  
D 1 S t ruct = c 

D2 S t ruc t = r 

DataType = f 

F i l eType = b 

F i l eForma t = p 

Fi l eS truct = s 
B l ock S i z e  = - 1  
XPPMo fC a l i bPn t = 4 . 7 0 0  

YPPMo f Ca l i bPnt = 4 . 7 0 0  

XofCa l i b Pn t  = 5 1 0 . 4 1 8  
Yo f C a l ibPn t  = 5 1 1 . 0 5 0  

4 1  

Here, the last four lines contain values set from a calibration process, as described in 
Chapter 5. Initially, they were 0.0. 

� The processing-parameter macros 

These are named with an extension of the form mDproc. The naming convention for 
them is the same as that used by the mDparm macros. 

The mDproc macros are user-created programs. They do not process data but define 
the parameters and commands required for processing the NMR data. Typically, they 
are similar to the following: 

n 2 d  
HD l 
MD2 

proc e s s ing parame ters for Caerin4 1noesy1 5 0  
= 1 0 2 4 ; 

ApodCom1 
ApodCom2 
Pha s eCom1 
Pha s eCorn2 

= 1 0 2 4 ; 
= " ns b  ( 5 1 2 , 9 0 , 2 ,  - 2 0 0 ) " 
= " n s b  ( 5 1 2 , 9 0 , 2 ,  - 2 0 0 ) " 
= " ph ( - 7 3 , - 2 1 9 7 6 , 1 0 2 3 ) " 
= " ph ( 1 2 ,  2 9 , 8 8 3 ) " 

B s LnCorrCom1 = " n "  
B s LnC orrCom2 " n "  
D irnNoTo'I'rans = b 
ExprrntType = t 
sbs ( 4 ,  3 4 0 , 4 8 0 ,  4 4 , 1 4 0 , 9 0 0 , 9 3 6 , 9 6 0 ( 1 0 2 0 )  
# S e t B s l i ne Segmen t s ( No f S egms , S egml L , Segrn1 R ,  . . .  ) 

Although the order of the statements is changeable, an mDproc macro must contain 
all the statements in the example. The values for the processing parameters in an 
mDproc macro are obtained from a series of interactive NMR data-processing 
operations, as will be described later in Chapter 8. The simplest way to create one is 
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to copy an existing macro and then change a few values therein. Detai ls on how to 
refine the values will be discussed later because of the complexity involved. 

) The peak-list macros 

PAW has three types of peak-list macros: 

• the raw-peak-list macros that have a common extension RPeaks, 

• the diagonal-peak-list macros that have a common extension DPeaks, and 

• the cross-peak-list macros that have a common extension CPeak.s. 

They are produced and modified by the four SavePkList commands in the Peak­

Assignment Toolbox, as explained in Chapter 7. They contain the lill-statements to 
load one peak item at a time. 

Note that the lpi-statement have two formats, as shown in the two examples below: 
I pi ( 7 . 1 6 4 , 7 . 1 7 9 ) ; 
Ipi ( 2 . 9 1 3 , 0 . 9 3 2 , " K " , 2 2 , " HE " , "V" , 1 8 , " HG " , 0 , 2 0 , " " , " " ,  0 . 0 ) ; 

The short format is used for the raw-peak-list and diagonal-peak-list macros, and the 
long format, for the cross-peak-list macros. 

The parameters, from left to right, are 

• the X and Y co-ordinates of a peak in ppm, 

• the AminoAcidCodel , ResNol, AtomCodel, 

• the AminoAcidCode2, ResNo2, AtomCode2, 

• the LabelDistX and LabelDistY in ppb (part per billion), 

• the SpecFlag, Notes, and Intensity. 

) The drawing-object macros 

There are three types of drawing object macros: 

• the line-list macros that have a common extension Lines, 

• the rectangle-list macros that have a common extension Reets, and 

• the text-list macros that have a common extension Text. 

A line-list macro is produced and modified by the SaveLines commands in the 
Drawing Toolbox, as explained in Chapter 7. They contain a number of lli-statements 
to load one line item at a time, e.g., 

l l i  ( 7 . 1 6 4 ,  7 . 1 7 9 , 7 . 8 6 4 , 7 . 8 7 9 )  

Here, the values are, from left to right, the co-ordinates (x l ,y l )  and (x2,y2) in ppm 
for two end points of a l ine. 

A rectangle-list macro is produced and modified by the SaveRects commands in the 
Drawing Toolbox, as explained in Chapter 7. They contain a number of lri-statements 
to load one rectangle item at a time, e.g., 

l r i  ( 7 . 1 6 4 , 7 . 1 7 9 , 7 . 8 6 4 , 7 . 8 7 9 )  
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Here, the values are, from left to right, the co-ordinates (x l ,y l )  and (x2,y2) in ppm 
for two opposite corners of a rectangle. 

A text-list macro is produced and modified by the Save Texts commands in the 
Drawing Toolbox, as explained in Chapter 7. They contain a number of lti-statements 
to load one text item at a time, e.g., 

l t i  ( 7 . 1 6 4 , 7 . 1 7 9 ,  " Thi s i s  the text . " ) 

Here, the first two values are the x and y co-ordinates of a text item in ppm. 

� The help macros 

These belong to a type of macros named with the extension help. They contain only 
the 00 statements that display help messages as follows: 

prs ( " <mes s age> " )  

The name of a help macro is self-explanatory. For example, DrawWin.help refers to 
the help macro for draw-windows. Typically, the statements in a help macro are 
similar to the ones below: 

prs ( " 1 )  
prs { " 
prs ( " 

prs ( " 2 ) 
prs { " 
prs ( " 

prs ( " 

A d raw-wi ndow can be re sumed to i t s  i n i t i a l  shape , " )  
s i z e  a nd loca t i on by c li c k ing on the grey c i rc l e  a t " ) 
t he top - l e f t  c o rner o E  the w i ndow . " )  

An opera t ion that requ i re s  mU l t ip l e  mou.se act ions " )  
s u ch a s  pea k -p i c king c an be cance l l ed by c l i c k i ng " ) 
on the third bu. t t on o E  the mOll se whi l e the curso r " ) 
i s  on the window . " ) 

The help macros are stored in the help subdirectory under the system directory. For 
example, if the system directory is /usr/peopJeIliewIPAW/, then the help subdirectory 
is /usr/peoplelliewIPA W/help/. Each of the help macros is associated with a menu 
button defined in PA W.Menubar and hence even their names can be changed. 

� Other macros 

Because the macro language can be used to perform any task, they are not restricted to 
the ten types described above. Other macros may contain a collection of any macro 
commands. The macros for building the workbenches (see Chapter 3) and processing 
NMR data (see Chapter 8), for example, have no restrictions in terms of their contents, 
formats and filenames. However, the maximum number of macro statements is 4096. 

43 The NMR Data Files 

� General format of the NMR data tile 

An NMR data file is, in general, composed of a file header, if any, followed by a 
number of records. The file header contains information such as the number of points 
per FID, number of records, etc. Each record may contain a record header, a sequence 
of NMR data, and a record Jooter. In addition, a complex FID containing both real 
and imaginary part is conventionally stored in one record. 
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Most NMR data are stored in a series that contains sequential signals from f1])#] to 
FID#2, . . .  to FID#n. Some NMR data are stored in block-matrix format that contains 
blocks of data in a 2D or 3D data matrix. 

� The NMR data-me format of PAW 

The PA W distribution package provides a number of NMR data files with the 
extension 'mDdata' in their filenames, where m indicates the spectral dimension, e.g., 
noesy150.2Ddata. 

A PAW NMR data file contains only 32-bit float-type data in binary format. This 
allows the file size to be calculated easily. For example, the size of a 5 1 2x1024 
complex 2D NMR data ftle must be 5 1 2x 1024x4x2 = 4, 194,304 bytes (or four 
megabytes) exactly. This format is exactly the same as that of Bruker NMR data ftles. 

The filename extension and the file format are used for both the raw (i.e. unprocessed) 
and processed NMR data files. 

� Othel' data formats recognisable by PAW 

PA W currently recognises two other NMR data formats by their extensions. These are 

• Bruker NMR data files with extension 'ser' , 

• Varian NMR data files that have an extension 'fid' , 

These NMR data files can be converted into PAW's format using a file-conversion 
option. These include also the ser-files, because the conversion routine also creates a 
parameter macro for PAW, as explained next. (Any other NMR data file must be 
converted into one of the above formats before it is readable by PAW.). 

Note that Varian and Bruker NMR data files are stored in different data directories, 
and are indistinguishably named fid and ser, respectively. They must be changed to 
names that are recognisable by PAW, e.g., noesy150.fid, or noesy150.ser. 

� To convert NMR data files of other formats 

• Choose [Converl] in the File Menu to open the File-conversion Dialog 1 (Figure 
4. 1 ). 
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VAR IAN d a t a  
, 

v B R UK E R d a t a  

" O t h e r d a t a  

b e  c o n v e r t e d : 

Figw'e 4. 1 :  The File-conversion Dia/og 1 .  

• Choose a fi le fonnat from the radio-box on top of the dialog. 

• Enter the name (including the path name) of the file to be converted. 
. , 

• Choose [OK1 ]  to open the File-conversion Dialog 2 (Figure 4.2): 

Figure 4.2: The File-conversion Dining 2. 

• Correct the entry items if necessary, then choose �xecute] . 
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(For Varian data, the default values in the second dialog are set by PAW according to 
the infonnation in the file header.) 

Note that the value entered for the NofFIDs to convert is not necessary the total 
number of FIDs collected. For example, damaged records at the end of a 2D data set 
can be removed by specifying a smaller number for the entry. For a Varian NMR data 
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file, entering Q for the NofFIDs to convert shows only the header infonnation, and 
entering -1  converts the whole file. 

� Files created during data conversion 

The conversion process creates an NMR data file with extension mDdata and a data­
parameter macro with extension mDparm. The original NMR data file will be 
unchanged. The created files will be placed at the same directory as that of the original 
NMR data file. 

To check this, 

• Change the directory to where the original file is, and then 

• Type a UNIX command 
1 5  - 1  

For example, i f  the original file i s  noesylS0.fid, then, after the conversion, two other 
files named noesylS0.2Ddata and noesylS0.2Dparm will be found. 

Note that any existing files with exactly the same filename as those to be created will 
be overwritten without warning. Different filenames must be used in the conversion if 
the existing files are to be kept. 

4.4 Loading and Saving Files 

Different types of files are loaded and saved by typing different commands or choosing 
different buttons. This section describes the standard method for loading and saving 
files. The keyboard-command methods are described individually in the related 
section because they are specific to different macro commands. 

� To load NMR data files and run macros interactively 

There are different commands for loading different types of files and macros, such as 
1d2 for loading 2D NMR data, kill for saving peak lists, and so on. However, the 
method for loading NMR data files and running macros interactively is the same 
regardless of the type. For running any macro that is not associated with any menu 
button, the corresponding load-file command is simply 'run' .  

The operations required are as follows: 

• Either type a load-file command (e.g., 1d2, kill, run, etc.) or choose an option from 
the Load Submenu of the File Menu to open a File-selection Dialog. 
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/ u s r 6 / w i l f o r d / P A Wd a t a / * . 2 D d a t a  

D i r e c t o r i e s  
f o r d / P A l'l d a t a /  . 

Figure 4.3: A File-selectioll Di1:zlog. 

F i l e s  
C a e r i n C o s y 2 . 2 D d a t a  
C a e r i n C o s y 3 . 2 D d a t a  
C a e � i n C o s y B . 2 D d a t a  
C a e r � n C o s yC . 2 D d a t a  
C a e  i n C o s yD . 2 D d a t a  
C a e r  n N o e s y 1 5 0 : 2 D d a t a  
C a e r i  R o e  � � D d a t a  
C a e r i n  o e The fi� � D d a t a  
C a e r i n N o e s y 1 5 0 D . 2 D d a t a  
C a e r i n N o e s y 2 5 0 B . 2 D d a t a  
C a e r i n N o e s y 2 5 0 C . 2 D d a t a  

c a n c e l l 
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• Double-click on a directory name on the directory list to select a directory if the 
filename is not in the file list. (Alternatively, change the string in the filter entry­
box then choose i lte ] . )  

• Repeat the last step until the filename is seen. 

• Double-click on the fi lename to load the file. (Alternatively, change the string in 
the filename entry-box then choose [Load] .) 

For example, to load a ID NMR data file 

• Type Idl to open a dialog. 

• Select a correct directory from the dialog, if necessary. 

• Select the filename and choose [J..Qad] from the dialog. 

Note that every NMR data file must have a correct parameter file; otherwise the data 
cannot be displayed properly. In addition, if the parameters for the data to be loaded 
are different from those of the current data, the ID buffers must be reset before the 
data is loaded. To do this, 

• Choose 
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� To run macros using a macro 

This requires one statement each for running a macro: 
run <macro name> 

4.4 LOADING AND SAVING FILES 

Note that PAW automatically attaches a path name to a filename. The rules for the 
automatic path selection are as follows: 

• If the filename or the path name contains 'PAW' ,  the default path is the system 
directory. 

• If the filename contains 'Dparm' or 'Ddata ' ,  the default path is the data directory. 

• If the filename contains '.mer' , the default path is the macro directory. 

• If the filename contains '.help',  the default path is the help directory. 

• If none of the above strings appears in the path name and the fi le name, no default 
path is given. 

For example, the statement below runs PA W.eolor in the system directory: 
run PAt-v . c o l or 

(See also Chapter 3 for setting up menu buttons to run macros.) 

� To load NMR data files using a maero 

This requires two statements for loading each NMR data file: 
run <mDpann f i l enaIne> 
ldl ( " <pa th name> " ,  " <mDda t a  f i l enarne> " )  

Here, the first statement runs the parameter macro associated with the NMR data file, 
and the second, loads the data set. The rules for the automatic path section described 
in the last subsection also apply to any load-file statement such as the Id! statement in 
the macro. 

For example, running the macro below loads and displays the CrnNsyRowOb.lDdata 
(Figure 4.4) found in the data directory. 

# LoadCrnNsyRowOb . rnc r 
run C rnNsyRowO b . 1 Dparm 
ldl ( " " ,  " C rnNsyRowOb . 1Dda ta " ) 
z f 1  
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i' -, i , 
5 . 1 25e+67 ''I 

Figure 4.4: A plot of 1 D NMR data loaded llsing a macro. 

Similarly, running the macro below loads and displays the CaerinNoesy150C.2Ddata 
(see Figure 9.2 in Chapter 9) in the data directory. 

# LoadCaerinNoesy1 5 0 C . mc r  
r u n  CaerinNoesy1 5 0 C . 2Dparrn # Run a parameter macro 
1 d2 ( " " , " CaerinNoesy 1 5 0C . 2 Ddata " )  # Load 2 D  da t a  
z f 2  

� To save any data 

The steps required to save a data set are as follows: 

1 .  Click in the draw-window that displays the data to be saved. This operation resets 
the current file parameter values. Otherwise, they may be incorrect. 

2. Choose ave] in the File-menu to open the Save Submenu. 

3 .  Choose an option from the menu to open a file-selection dialog that is similar to 
Figure 4.3 but contains a 

' 
ave] button instead of the [Load] button. 

4. Double-click on a directory name in the directory list to select a directory, if 
(Alternatively, change the string in the filter entry-box then choose 

5 .  Enter a filename in  the selection box with a proper fi lename extension, or choose a 
fi lename in the file list with a single click to copy the filename into the filename 
entry box. 

6. Change the fi lename if necessary. 

7. Choose [Save]. 

Note that: 

o Saving a fi le with an existi ng fi lename overwri tes the exi sting fi le. 
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o If necessary, an mDparm fi le can be modified using a text edi tor. 

o To avoid mistakes, N M R  data fi le w i l l  on ly be created i f  there i s  data in the 
buffer. 
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5.1 Introduction 

This chapter describes the management and display methods fOF ID data sets and ID 
buffers, including loading and displaying ID NMR data, as well as calibrating and 
plotting ID NMR spectra. 

Some examples given in this chapter requires both ID and 2D draw-windows. Also, 
the CaerinNoesy150C.2Ddata must have been loaded, as described in Chapter 4. 

5.2 Loading ID NMR Data 

A ID NMR data set can be loaded from either a 2D buffer or a ID NMR data file. The 
latter can be loaded either interactively or by running a macro, as have been described 
in Chapter 4 of this volume and will not repeated. 

This section discusses the manual method used to load ID NMR data sets from a 2D 
buffer that is associated with the active 2D draw-window. 

» To load one row (or column) from a 2D buffer using a macro 

This is often required in 2D data processing. The statements are: 
ldr « row numbe r> , <data type> , <bu f f er nuru)er» 

and 
l dc « column number> , <data type> , < bu f f e r  number» 

» To interactively load one l'OW (or column) from a 2D buffer 

Figure 5. 1 :  The LoadRow DiaLog. 

• Type ldr or choose ] in the 2D-
processing Toolbox to open the LoadRow Dialog 
(Figure 5 . 1 ). 

• Pick a row with MsBtn#2 then choose 
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To load a column, the first step above should be: 

• Type ldc or choose I adRow. (or adCol] for 
column) in the 2D-processing Toolbox to open 
the Loadeol Dialog (Figure 5.2). 

Figure 5.2: The Loadeol Dialog. 

� To load more than onc row (or column) into different buffers using a macro 

This can be similar to a macro below: 

# Load3 Rows . mc r  

l d r  ( 5 7 4. , r ,  2 )  
l d r  ( 5 8 7 , r ,  1 )  
l d r  ( 5 9 4 , r ,  0 )  
dr l 

# Load Ro'" 5 7 4  from a rea l 2 D  bu f f er 

# Displ ay ID da t a  
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Running the macro loads rows 574, 587 and 594 from a 2D buffer into 1 DBuf #2, #1 
and #0. However, it can only result in one buffer being displayed (Figure 5.3), because 
it requires a few other operations to display all three, as will be described in the next 
section. 

i 
1 . 5 9 4 e + El 9  

- 4 . S El 7 e + El 5  

Fi gure  5.3: The plO! for the data in I DBuf #0 loaded by a macro. 

To load columns of data, simply change the ldr statements into ldc statements. 
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» To interactively load more than one row (or column) into different buffers 

The following operations load two rows from a 2D buffer: 

• Type ldr or choose adRo ] in the 2D-processing Toolbox. 

• Click in the draw-window with which the 2D buffer is associated. 

• Type Ib 1 to set the buffer number to 1 .  

• Load a row. (See the first two subsections.) 

• Type IbO to set the buffer number to O. 

• Load another row. 

To load columns of data, simply change the ldr command into ldc. 

» To load a row of I D  data from an mD data file using a macro 

This requires two statements: 

£sk « f i le number> , < number of byt e s  to skip» 
f rd « f i l e  number> , < number o f  byt e s  t o  read» 

Here, the fsk statement skips to a position of the file specified by the number of bytes 
to skip, and frd reads a number of bytes from the file specified by the number of bytes 
to read. 

Since a file must at least be opened before it can be read, a macro must contain more 
statements, as shown in an example below. 

run caer i n / data7noesy . 2 Dparrn 
f c l  ( 2 )  
f op ( " H ,  " caerin/data7noesy . 2 Ddata H ) 
f s k  ( 2 ,  Dl * 3 ) 
f rd ( 2 ,  D1 ) 
f c l  ( 2 )  
z f l  
drl 

The macro performs the following operations: 

• Run the 2Dparm file that is associated with data7noesy.2Ddata. 

• Close File #2 before opening it for a new file. 

• Open the NMR data file for reading. (The default destination is File #2.) 

• Skip D 1 *3 bytes (namely, rows #0, # 1  and #2) from the beginning of the fi le. 

• Read D 1  bytes (i .e., Row #3) from the position after skipping. 

• Close File #2 again. 

• Set the zooming pattern as a fully zoomed view. 

• Display the full ID data set, as shown in the next diagram. 
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Note that, in PAW, File #1  is reserved for the program when loading data. 

- 7 . 5 6 e + El 5  

Figure 5.4: A row of NMR data drawn from a 2Ddata set. 

5.3 Displaying ID NMR data 

5.3.1 The toolboxes for ID display 

There are two tool boxes that are related to ID display: the ID-display Toolbox and 
Common-display Toolbox. 

The ID-display Toolbox (Figure 5.5) contains two checkboxes and a number of 
command buttons. The IDBufsDis l ed Checkbox contains switches for setting the 
buffers to be displayed if the sgBuf ] switch is on. The IDDisplayMode Checkbox 
contains switches for setting various ID-display modes. The command buttons 
provides tools to view different regions of ID data sets, and options to reset ID buffers 
and various parameters. (Information on displaying the ID buffers can be found in 
Section 5.3.3.) 



56 

figure 5.5: The 2D-display Toolbox. 

5.3 DISPLAYING 1 D NMR DATA 

The iD-display Toolbox (Figure 5.5) contains two 
checkboxes and a number of command buttons. The 
iDBufsDisplayed Checkbox contains switches for setting 
the buffers to be displayed if the s Bufs] switch is on. 
The i DDisplayMode Checkbox contains switches for 
setting various ID-display modes. The command buttons 
provides tools to view different regions of ID data sets, 
and options to reset ID buffers and various parameters. 
(Information on displaying the ID buffers can be found in 
Section 5.3.3.) 

The Common-display Toolbox (Figure 5 .6) contains 
switches for both I D  and 2D displays. 

figuref.6: The Commoll-displily Toolbox. 

> To open the ID-display Toolbox (old) 

The entries in the dialog are as follows: 

• Entry 1 specifies the name of the output postscript file. 

• Entry 2 specifies the plot header shown on top of the plot. 

• Entry 3 specifies the width of the output plot in mm. (The height will be calculated 
from the shape of the plot on the screen. 

• Entry 4 specifies if the output is to be sent to the printer. (Note that this option also 
produce a postscript file.) 
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� To close the ID-display Toolbox (xld) 

• Type x Id or double-click on the window-control button of the tool box. 
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The method used to open and close the Common-display Toolbox have been described 

in Chapter 2 of this volume and will not be repeated. Currently, the (iDspInLog] and 
[SwitchColor] buttons only affect 2D displays. They are there also for the future 
development of 3D modules. 

5.3.2 Viewing different regions of ID data sets 

In the iD-display Toolbox, there are three buttons for viewing different regions of ID 
data sets, and one for re-drawing. The fol lowing operations require a ID draw­

window be selected first (by clicking on it). If a series of ID operations are perfonned 

for the same ID draw-window, only one click is  enough. 

� To display the full extend of the I D  buffers � or ztl) 
• Type zf or choose [ZmFuI1 ID] in the ID-display Toolbox. 

� To display a zoomed single-region of the ID buffers @! or zsl) 

• Type zs or choose FZmSngl lD] in the ID-display Toolbox. 

• Block a region with MsBtn# l .  

� To display multi-regions of the I D  buffers (zm or zml)  

• Type zm or choose [ZmMultlD] in the 2D-display Toolbox. 

• Block a few regions with MsBtn#1 .  

• Type dr or choose [Draw ID] in the toolbox . 

Note that if any two blocked regions are overlapping, they are combined into one. 

For example, the fol lowing operations give different views of the three rows loaded in 
the last section. 

• Click in the ID draw-window. 

• Type zs. 

• Block the region from points 140 to 250 (approximately) with a rubber rectangle 
formed by the click-and-drag method using MsBtn# l .  

The plot wi ll be re-drawn to show the region (Figure 5 .7). 
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Fi gure  5.7: A single-region view of a ID spectrum 

Next 

• Type zf and then zm. 

• Block two regions, say, [ 120, 320] and [700,900] , respectively; 

• Type dr. 

5.3 DISPLAYING 1 D NMR DATA 

These operations display a multi-region view of the ID data (Figure 5.8). 

Figure 5.8: A multi-region view of a ID spectrum 
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5.3.3 Displaying ID buffers in different modes 

This section describes the use of switches in the IDDisplayedBuJ Checkbox and 
IDDspMode Checkbox of the ID-dispLay TooLbox. For simplicity, it is assumed that 
three rows of data have been loaded into ID buffers as described in the last section. 

� To display more than one ID buffer 

• In the IDDisplayedBuJ Checkbox, switch on the numbers corresponding to the 
buffers to be displayed (e.g., 0, 1 and 2). 

• Type dbf or choose s But: ] in the IDDspMode Checkbox to display the buffers 
(Figure 5.9). 

Figure 5.9: Three rows loaded from CrnNoesyI 5OC.2Ddata. 

The figures for the following examples are produced with the [DspBufs] switch 
toggled off. 

� To set ID display in the overlay mode 

• Type ovl or choose Overia)l] in the 1 DDspMode Checkbox to overlay the plots 
(Figure 5 . 10). 



60 

4 . 8 3 g e + El 7  

FIgure 5 . 1 0: An overlaying view of three rows loaded from CrnNoesyI 5OC.2Ddata. 

� To set I D  display in the Equalise mode 

5.3 DISPLAYING 1 D NMR DATA 

• Type � or choose ualis ] in the 1 DDspMode Checkbox. The message "Use 
MsBtn#2 to set a peak position." will appear on the Unix shell .  

• Pick a peak (say, the left most peaks centred at around point 1 50) with MsBtn#2 to 
scale the displayed plots so that they have the same height at that point (Figure 
5 . 1 1 ). 

FIgure 5. 1 1 : An equalised view of three rows loaded from CmNoesy 15OC.2Ddata. 

Note that, to avoid confusion, the I ualise] switch will be turned off automatically as 
soon as the display is performed. 
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The figures for the following examples are produced with both the 
�OverlayJ switches toggled off. 

> To set i D  display in the CentreY mode 

6 1  

• Type gy or choose [Centre Y] in the I DDspMode Checkbox to move the y origin 
to the vertical centre (Figure 5 . 1 2). 

Figure 5 . 1 2: A centralised view of three rows loaded from CmNoesy 1 5OC.2Ddata. 

> To display the imaginary data in the I D  buffers 

• Switch off the [RealOnly] button in the IDDspMode Checkbox. 

The imaginary data are all zeros in this case, as shown in Figure 5. 13 .  
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Figure 5 . 1 3: A real-<Jnly view of three rows loaded from CrnNoesy 1 5OC.2Ddata. 

5.3 DISPLAYING 1 D NMR DATA 

are used for ID processing, which will be 

5.3.4 Scaling and shifting ID Display 

This section describes the methods used to set the scale factor for the ID display and to 
position the x and y origins. 

The figures for the following examples are produced with the ealOnl)j] switch 
toggled on. 

� To set the YScale of the ID display 

• Type Y§f or choose liOOOO--.==. 

� To set the x-origin 

• Type shx or choose SetXS 
. 

] in the iD-display Toolbox. 

� To set the y-origin 

• Type shy or choose �,.;;,.;;.;;;.;;.;;;;;;..;> 

For example, the following operations set a scale factor for the display of the data: 

• Type Y§f to open the SetYScale Dialog (Figure 5. 14). 
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Figure S. 14: The SetYScale Dialog. 
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• Adjust the fine-tuning slider 1 in the dialog to 3. The plot in the I D  draw-window 
will be re-scaled (Figure 5 . 1 5). 

� 
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I 
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Figure S . I S :  A I D  plot with Yscale set to 3. 

Now, 

if 

• Reset the YScale to 1 by choosing 
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• Choose the �etXShift] option in the 2D-display TooLbox to open the SetXShijt 
DiaLog (Figure 5. 16). 
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Figure 5. 16: The 

• Adjust the sliders in the box to set the XShift value. 

The plot in the ID draw-window will be shifted horizontally (Figure 5 . 17). 

4 . 8 3 g e + El 7  
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Figure 5 . 17: A ID plot with the x origin shifted. 

Next, 

• Reset the XShift to 0 by choosing [Rese� in the SetXShift Dialog. 

• Choose the SetYShift] option in the 2D-display Toolbox to open the SetYShift 

Dialog (Figure 5 . 1 8) .  
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; VShift 

Figure 5. 18: == diaJog. 

• Adjust the slider in the box to set the YShift value. 

The plot in the ID draw-window will be shifted vertically (Figure 5 . 19) . 

• 
-5 . 1 1 6e+B5 '  

Fi gure  5. 19 :  A 10 plot with the y origin shifted. 

For consistency in display, reset the YShift to 0 by choosing '"= ....... � 

Dialog for the following operations. 

5.3.5 Displaying ID data in different units 

� To display NMR data in point units 

• Type ill!.! or choose P..Qint in the Common-display Toolbox. 
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� To display NMR data in Hz units 

• Type hz or choose [hZi] in the Common-display Toolbox. 

� To display NMR data in ppm units 

• Type llilli! or choose [ppm] in the Common-display Toolbox. 

� To switch on or off the grid display 

• Type gri or choose [il2s Grids] in the Common-display Toolbox. 

5.7 Calibrating ID Spectra 

5.7 CALIBRATING 1 D SPECTRA 

Although spectra can be calibrated by changing the calibration values in the mDparm 
macros, it is usually perfonn interactively. Tills is shown by example as fol lows: 

� To calibrate I D  data - example 

• Choose [LQad Id GMP] in the Macro Menu to load gmp01.1Ddata (Figure 5.20). 

Figure 5.20: A full-view plot of ID GMP. 

• Type ocb or choose C�ibration] in the Display Menu to open the Calibration 
Dialog (Figure 5.2 1 ). 
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Figure 5.21 : The Calibration Dia/og. 

The dialog is designed for 2D calibration, in which the entries are as follows: 

• The D IStruct and D2Struct are the data structures in D I  and D2, for which the 
valid entries are either r for real or c for complex. 

• The X in points and Y in points are the X and Y coordinates of the calibration 
point in units of points. If the values in the dialog are non-zero, they define the 
locations; otherwise the locations are the x and y coordinates of a point picked 
with MsBtn#2 on the ID draw-window. (Note that picking a point outside the 
frame at the bottom sets the Y location to zero.) 

• The X in ppm and Y in ppm are the X and Y coordinates of the calibration 
point in ppm. 

• The entry for Shift loaded peaks? [yln] is a flag that is only used for 2D 
calibration. Being able to shift loaded peaks in the calibration is very useful in 
spectral assignment, as will be described later. 

For ID calibration, the values for the Y in points and Y in ppm can be ignored. Now, 

• Type ZS, then block a region from points 2000 to 2100, as shown in the next 
diagram. 
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. . 

4 . 1 1 Se+8S 

2 . 7S 1 e+84 

Figure 5.22: An expanded plot for 10 calibration. 

• Pick the water peak centred at Point 2048 (approximately) with MsBtn#2. 

• Enter Q for the X in points, and 4.75 for the X in ppm; then choose �xecut ] in the 
dialog. 

• Switch on the I m] button in the Common-display Toolbox. 

The scale for the plot will then be in ppm, as shown in Figure 5.23. 

Figure 5.23: A I D spectrum displayed in ppm. 

� Auto-upgrade of the calibration values 

When manual calibration is finished, the associated IDparm macro is simultaneously 
upgraded. For example, the contents of gmp01.1Dparm after the above operation 
will become: 

SpecFreq 
Sweep\'Vidth 

5 0 0 . 0 0 0  

5 0 0 0 . 0 0 0  
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It is recommended that spectral calibration be done interactively to obtain better results 
with the corresponding mDparm macro automatically upgraded. Note that the 
previous mDparm file that contains previous calibration results will be overwritten 
following the above operation. So if the previous results are to be kept, the file must 
be backed up first. 

5.8 Plotting a ID Display 

In PAW, plotting produces a postscript file corresponding to the display on a current 
draw-window, along with any annotations. It can also send the result directly to a 
PostScript printer. 

» To plot a ID display 

• Type Iill or choose 10nD] i n  the iD-display Toolbox to open the iD-plotting 
Dialog (Figure 5.24). 

Figure 5.24: The ID-plaiting Dia/og. 

The entries in the dialog are as follows: 

• Entry 1 specifies the name of the output postscript 
file. 

• Entry 2 specifies the plot header shown on top of 
the plot. 

• Entry 3 specifies the width of the output plot in 
mm. (The height will be calculated from the shape 
of the plot on the screen. 

• Entry 4 specifies if the output is to be sent to the 
printer. (Note that this option also produce a 
postscript fi le.) 

Figure 5 .25 shows a printed plot of the gmpOI.IDdata. 
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Figure 5.25: A printout of a I D spectrum 

Note that 

5.8 PLOTIlNG A 1 D DISPLAY 

o PAW produces coloured plots with no colour in the background. With a mono­
colour printer, some colours may appear as dotted l ines. 

o Annotations (such as l ines, rectangles and text) must be created and displayed on 
the screen before plotting. 
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6.1 Introduction 

This chapter describes the methods used to process ID spectra with PAW. 

To avoid duplication, examples will only be given if none of the same kind are 
presented in Chapter 8. 

To provide examples, it is recommended that a ID spectrum stored in the 
GMPOlb.lDdata be loaded as follows: 

• Choose esetlDBufs] in the iD-display Toolbox. (Note: This step is required 
before loading a ID data set from a fi le. See Chapter 4 for the explanation.) 

• Choose 
dialog. 

• Choose GMPOlb.lDdata in the file list, and then choose 

Figul'c 60 1 :  Thl' real and imaginary plo� of the Gl\1POlh.lDdatao 

6.2 The ID-processing Toolbox 

}> The ID-processing Toolbox 

a file-selection 

ad] . 

The iD-proces ing Toolbox (Figure 6. 1 )  contains the command buttons for common 
ID-processing perations. 
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Figure 6.2: The iD-processing Toolbox 

� To open the ID-processing Toolbox 

• Type olp or choose [QDProcTBo from the 

� To close the ID-processing Toolbox 

• Type ill or double-click on the window-control button. 

63 The ID-MiscProc Toolbox 

� The ID-MiscProc Toolbox 

6.3 THE 1 D-MISCPROC TOOLBOX 

The ID-MiscProc Toolbox (Figure 6.2) contains the command buttons for unusual or 

seldom used I D-processing operations. 

Figure 6.3: The i D·MiscProc Toolbox 

� To open the ID-MiscProc Toolbox 

• Type o l m  or choose lDMiscTBoX! from the �ocess] menu. 

� To close the ID-MiscProc Toolbox 

• Type x l m  or double-click on the window-control button. 
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6.4 Generating ID Spectra 

� To generate a non-decaying t-domain data set 

• Type W or choose GenS�] in the lD-MiscProc Toolbox to open the 
GenSpectrum Dialog (Figure 6.4). 

Figure 6.4: The GenSpec/rum Dialog. 

• Adjust the slider to set the desired frequency, such as the one in the next diagram. 

Figure 6.5: A generated 1 D data set. 
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� To produce an exponentially decaying FID 
• Type oft or choose [Filter] in the ID-processing Toolbox to open the Filter 

Toolbox if it is not currently opened. 

• Type exp or choose cr:xp] in the toolbox to open a diaiog, as shown in the diagram 
below. 

• Adjust the slider to set a desired decaying parameter to produce an ideal Fill, such 
as the one in the next diagram. 

• Choose 

Figure 6.6: The Exp-filter dialog. 

Figure 6.7: An Ideal AD 

6.5 Changing the Size of ID Data Sets 

� To double the size of a t D  NMR data set (by zero-filling) 

• Type sup or choose [SizeUm in the ID-processing Toolbox. 



6.6 FILTERING 1 D SPECTRA 

� To half the size of a ID NMR data set (by trucation) 
�"t; I.' :-;�/,,' 

• Type sdw or choose [SizeDown] in the iD-processing Toolbox. 

6.6 Filtering ID Spectra 
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The Filter Toolbox (Figure 6.7) contains command buttons for filtering t-domain data. 

Figure 6.8: The Filter Toolbox 

� To open the Filter Tooibox 

• Type oft or choose I::tilteli] in the iD-processing Toolbox. 

� To close the Filter Toolbox 

• Type xft or double-click on the window-control button. 

� To apply a filter 

• Type a filter-command or choose a corresponding button in the Filter Toolbox. 

� To apply the enhanced sine-bell filter 

• Type esb or choose �r,lh�ineBeli] in the Filter Toolbox. 

� The macro statements 

In a macro, a filter statement i s  of the form 
<filter command> « par 1 >. <par '2> . . . .  ) 

A list of all fi lter commands can be found in Chapter 1 2. For example, to perform 
a 2nd order enhanced sine-bell fi lter that i s  shifted 90° with the EndPoint at 1 024 
and an enhancement of - 1 68 peu (PAW' s  exponential unit - see Appendix 6.d, 
Volume I), it wil l  be 

esb ( 1 024. 90, '2 .  - HiS) 

In a standard 2D processing-parameter macro (see Chapter 4) for interactive 
processing using a dialog, two filter statements are assigned to the macro variables 
fltCom1 and fltCom2, e.g., 

I1tCom l  = "esb ( 1 0'24, 90. 2, - l (8)" 
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6.7 The Fourier Transfonn and Its Inverse 

» To perform a FFf 
• Type fft or choose m] from the iD-processing Toolbox. 

» To perform an IFI' 

• Type ift or choose ] from the iD-processing Toolbox. 

6.8 The Real Fourier Transfonn 

» To perform a RFf 

• Type rft or choose . from the iD-processing Toolbox. 

Note that this operation transforms a single real function from the time domain to 
frequency domain, as described in Chapter 6, Volume I. Examples of the operation 
can be found in Chapter 8 of both volumes. 

6.9 The Hilbert Transfonn 

» To perform the HT(slow) 

• Type hts or choose 

» To perform the HT(fast) 

• Type ht or choose L=.;�f .... as=t.]] from the iD-processing Toolbox. 

To provide an example, it is recommended that the GM.POlb.lDdata be loaded (see 
Section 6. 1 )  and then copied to 1DBuf #1 as follows: 

• Choose �== ........ = 

The operation below generates real-only data: 

• Choose ===-/ 

The operation below re-generates the imaginary part: 

• Choose fast ] in the iD-processing Toolbox to reproduce the imaginary part. 

• Choose I etBase eve :] in the same toolbox and then use MsBtn#l to set a region 
between point #0 to point # 1000 as a baseline segment. 

• Choose '=�== 

• Switch on the GQ] and [ ] button in the IDBujDisplayed Checkbox of the iD­
display T oolbox. 
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• Switch on the L ........................ 

• button in the same toolbox. 

Figure 6.9 shows the result of these operations. 

1 , 244e�e6 

79 

Figure 6.9: An overlay of the real and imaginary pruts of the Hilbert tmnsfonn result along with the original data set. (I) The 
real paJts are exactly the same. (2) The imaginary paJt of the lIT result is only slightly higher in this case due to a 
significant decay in the time-dornain data. 

6.10 Phasing ID Spectra 

The Phasing Toolbox contains a number of command buttons as shown below. 

Figure 6.10: 

� To open the Phasing Toolbox 

• Type oph or choose �= 

The Phasing Toolbox 
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� To close the Phasing Toolbox 

• Type xph or double-click on the window-control button. 

� To set the zerou1-order phase correction 
-+{ 

• Type phO or choose SetPhO] in the Phasing Toolbox. 

� To set the pivot point at which the phase remains unchanged 

� To apply a small first-order phase correction 

� To apply a large first-order phase correction 

• Choose [SetPh l ] in the Phasing Toolbox. 

� To set all three phasing parameters in one dialog 

• Type ph or choose etPhO& ] in the Phasing Toolbox. 

� To set Bruker's first-order phase correction 

• Type phb or choose etBrukerPh ] in the Phasing Toolbox. 

Note that this does not require a pivot entry because it uses two predefined pivots in 

the correction (namely, 0 and centre of the spectrum). 

� The macro statement 

The single macro statement for phasing is 
ph « phaseO>, <phase !>, <pi vot» 

For example, 
ph (-72. -2 1 973.  1 023) 

In a standard 2D processing-parameter macro (see Chapter 4) for interactive 

processing using a dialog, two phase-correction statements are assigned to the macro 
variables phComl and phCorn2, e.g., 

phCom 1 = " ph (-72. -2 1973. 1023 )" 

6.11 Correcting Baseline of ID Spectra 

� The baseline tooJbox 

PAW provides a baseline toolbox for baseline correction as shown below. 
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Figure 6 .  J J :  The Baseline-correction Too/box 

� To open the Baseline-correction Toolbox 

• Type obe or choose [Baseline in the ID-processing Toolbox. 

� To close the Baseline-correction Toolbox 

• Type xbe or double-click on the window-control button. 

� To set the baseline level 

• Type sbl or choose [SetBslnLevel] in the Baseline-correction Toolbox. 

� To pick the baseline segments 

• Type QQr or choose [pickBslnSeWs] in the Baseline-correction Toolbox. 

� To remove the baseline segments 

• Type rbr or choose [RmvBslnSegms] in the Baseline-correction Toolbox. 

� To add the baseline segments 

• Type abr or choose [AddBslnSegms] in the Baseline-correction Toolbox. 

� To print the baseline segments on the Unix shell 

• Type QQr or choose [:I?:mBslnSe "ms] in the Baseline-correction Toolbox. (This is 
designed to ease the copying of parameters required for 2D processing.) 

� To correct the baseline 

• Type cb or choose Lc:orrectBslri] in the Baseline-correction Toolbox. 

Example 

To provide an example, it is recommended that the GMPOlb.lDdata be loaded (see 
Section 6. 1 )  and then displayed with the YScale enlarged and y-origin centred as 
follows: 
• Choose [SetYScale] from ID-display Toolbox to open a dialog. 

• Adjust the slider to 30, and choose [Save] . 

• Choose rr:entre Yl] in the ID-display Toolbox. 

Figure 6. 12 shows the result of the operations. 
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- 4 6 . il2  

figure 6. 1 2: The real and imaginary plots of the GMPOlb.lDdata when displayed \\-;th the ,Y-<login centred. 

� Step 1 :  Setting the baseline level 

• Type obe or choose [iBslnCo ] in the 1 D-processing Toolbox to open the 
Baseline-correction Toolbox. (fhis wi l l  automatical ly set RealOnly=YES, and 
DspBuf=NO.) 

• Choose �etBsLeveI] in the tool box. 

• Surround a baseline segment (say, from point 0 to 800) m the spectrum with 
MsBtn#l so that PAW can calculate the baseline level . 

(Note: This step is  essential for correctly picking the baseline segments.) 

� Step 2: Picking the baseline segment,;; 

• Choose �ickBslnSe ] to open a dialog as shown 
on the right, in which the fields are as fol lows: 

o The Noise Factor sets a base level that is equal to 
the factor' s value ti mes the noise SD. 

o The Min NofContPnts sets the minimum length of 
a ID segment in which no peak is  detected -
otherwise, the segment i s  excluded from the 
basel ine. 

o The Min PeakWi dth sets the mjnimum length of a 
region in which at least one peak is  detected -
otherwise, the segment is included in the baseline. 

• Simply accept the default values, and choose [Execute] .  

figure 6. 13: The PickBsPnts dialog 
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The detected baseline segments will  then be overlaid on top of the spectrum (with 
the detected baseline segments displayed in different colour on the screen) as 
shown in the next figure. 

I 
I 

, I 
I 
I 

-40 , 12 

figure 6. 14: 1 D spectrum overlaying with a red baseline display with Y Scale=50 

� Step 3: Refining the segments 

As you can see, not all segments detected are correct, because we did not use the right 
set of parameters to pick the baseline, It is, however, important to define the baseline 

segments properly, because PAW takes data sampled from the segments to fit to a 
polynomial for the baseline correction, Therefore, the next task is to remove those 
incorrect segments (or add some segments) so that PAW will have correctly defined 
baseline segments for the operation. 

• Choose ] in the Baseline-correction Toolbox; then use MsBtn# l 
to set a segment (say, from 1020 to 1080) to be removed. 

• Repeat the above process until the plot looks similar to the one below, 
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-40 . 72 

Figure 6.15: The same specnum with correct baseline segments 

To add more segments that have not been detected, you can use the [!AddBslnSegms] 
command in a similar way to the two steps above. Note that, 
• Not all baseline segments have to be included in the definition as long as there are 

sufficient for the cOITection; 

• If there are several ID spectra to process, the baseline segments do not need to be 
picked again (or redefined) as long as they are the same. This is useful in 2D­
processing because using the auto-pick process for baseline correction may produce 
incorrect results. 

� Step 4: Correcting the baseline 

Finally, we can start correcting the baseline as 
fol lows: 
• Choose CorrectBsl ] in the baseline tool box 

to open a dialog as shown on the right, where 
the default is to use a polynomial of degree 2 
in the fitting. 

• Choose [Execute] to accept the default. 
The result is shown in the next diagram. 

. '=' 'CorreCt Baseline 

, zype of function [p/; . 

; I p 

Execute f Close 1 

Figure 6. 1 6: The CorrectBsln dialog 
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""'t-t-I-r-I-r-r-t""l , , "T t-l..,..,� rl , , 8 , 862e+€J4 

� 
� 

� l- .-------1 
� ...... If I� -VVV1 

. 

-247 '
,
8 

, 1 I r:· 1 1 1 

Figure G. 1 7: A I D spectmm after baseline correction using polynomial of degree 5, where the arrowed curve was the baseline 
used in fitting. 

For comparison, the following figure shows the result of fitting the baseline with a 
cubic spline. This is obtained by the same operations but with the Type of function set 
to s. 

8 , 843e�€J4 , y ri I I 

V- J\ 
L 

_�V W I ........ :� � 

- 1 69 '19 
1 1 1 1 1 1 1 

Figure G. 1 8: A I D spectrum after baseline correction llSing cubic spline functions, where the arrowed curve is the baseline used in 
fitting. 

� The macro statement 

The macro statement for setting the baseline segments is 
sbs « number of segmen t s>, <Segm 1 >. <Segm 2> . . . .  )" 

For example, to set four baseline segments as [44, 140] ,  [340,480] , [900,936] ,  
[960, 1020] , the statement wil l be 

sbs l 4 .  44, 1 40. 340.480, 900,936, 960, 1 020) 
where the first segment is to be used for the calculation of mean, SD and standard 
base-level . 
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The macro statement for baseline correction is 
be ( <fitt ing. function>, <deg.ree of the function» 6.. d"�e-(' 

For example, to perform the baseline correction wit� thrP0lynomial fit, it will be 
be ( p. 5) 

In a standard 2D processing-parameter macro (see Chapter 4) for interactive 
processing using a dialog, two baseline-correction statements are assigned to the 
macro variables bcCom1 and bcCorn2, e.g., 

bcCom l = " be (p, 5)" 

6.12 Linear Prediction (LP) 

� To perform linear prediction 

• Type ill or choose I redict] in the iD-processing Toolbox. 

The macro statement for linear prediction is 

I p  ( % Firs t Pn t UsedForLP , %No f Pnt sUs edForL P , 
%No f P o l es ForLP , f/;No fPnt sTo P redi. c t , % Pa r t.To P red , SegmTo Pred ) 

Here, the meanings of the parameter names are mostly obvious. The PattToPrcd that 
specifies the data part to predict is either I (for real), i (for imaginary), or 12 (for both). 
The SegmToPred that specifies the segment to predict is either ! (for predicting the tail 
part or the future) or h (for the head part or the past). 

For example, to predict the future 288 point of a real data set using 4 12  points starting 
at point 100 with 20 poles, the ill command is 

Ip ( 1 0 0 , 4 1 2 , 2 0 , 2 8 8 , r , t )  

In a standard 2D processing-parameter macro (see Chapter 4) for interactive 
processing using a dialog, two linear-prediction statements are assigned to the macro 
variables IpCom1 and IpCorn2, e.g., 

IpCom l = " lp ( 1 0 0 , 4 1 2 , 2 0 , 2 8 8 , r , t ) "  

6.13 Water-signal Suppression 

The following operations produces a sample data set that is used to illustrate water­
signal suppression: 
• Load dataSdqfcosy.2Ddata. 

• Load Row 100 into 1DBuf#O (Figure 6. 
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Figure 6. 19: Row 1 00  of dataSdqfcosy.2Ddata . 

• Perform a left shift of 62 data points to remove the initial points caused by digitally 
filtering (Figure 6�). 

/J.-i) 

Figure 6.20: Row 100 of dataSdqfcosy.2Ddata after a left-shift of 62 data points 

� To suppress the water signal 

• Choose L$.o ....... ;",,;;;;,;;aa;� in the iD-processing Toolbox. 

Repeat this step if the water signal is still present. This results In a further 
improvement in the t-domain signal, as shown in the next diagram. 

" 
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2 . 752e+eJ4 

Figure 6.2 1 :  Th e  signal from the last figure after water suppression has been applied. Th e  data set on the top has been 
suppressed twice. 

� Processing the suppressed signal 

To obtain a better spectrum, the data can be filtered as follows: 
• Choose ilter in the ID-processing Toolbox to open the Filter Toolbox. 

• Choose nhSineBell] in the Filter Toolbox; set the parameters to be 960, Q, 1 and 
Q, respectively, from top to bottom; then, choose (Save] . (Note: the first parameter 
(i.e., 960) is to flatten the last 62 data points resulting from the circular shift; the 
second and third parameters determine a sine-bell fi lter that is often used when 
processing COSY spectra.)  

-7294 

• Choose 

Figure 6.22: The signal from the last figure after filtering with a shifted sine function. 

] in the ID-processing Too/box. 



6. 1 4  FITIlNG 1 D PEAKS 89 

In the following diagram are three spectra processed with and without water 
suppression. 

-6 . S'I8e+es 
3 , S8Se+f?JS 

-6 . S'I8e+f?JS 

1 . 77e+f?J7 

-3 . 2S 1 e+f?J7 

Figure 6.23: Three spectra processed \Vith and \\ithout water-signal suppression: .  TIle middle speclnun was obtained by 
suppressing the water signal once. and the top one, twice. The bonom spectrum was obtained without the 
suppression. 

6.14 Fitting ID Peaks 

In the following example, four isolated peaks will be fitted by applying a peak-fitting 
operation. 
• Load Row #573 of the CaerinNoesylS0C spectrum (see Chapter 5 or 9). 

• Choose lRealOnly] in the ID-display Toolbox. 

• Zoom into the region from points 140 to 250, as shown in Figure 6.24. 



90 6. 1 4  FITTlNG 1 0  PEAKS 
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Figure 6.24: An expanded region of Row #573 of the CaerinNocsylS0C spectrum, where the peaks arrowed are to be fitted. 

• Type f!g Or choose GaussianFit] in the ID-processing Toolbox to open the 
GaussianFit Dialog as shown below, where NofPntsToFit for each peak is the 
number of points used in the fitting operation. 

NofPntsTofi t for each peak: 

Estimate of h :  

Figure 6.25: The GallssiallFil Dialog 

• With MsBtn#2, pick the four peaks arrowed in Figure 6.24. 

• Choose ecut in the dialog to start the fitting. (Note: the original spectrum 
will be in buffer #8 after this step.) 

• Display buffers #0 and #8, which contain the fitted curve (Figure 6.26 a) and the 
original curve (Figure 6.26 b). 
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• 

Figure 6.26: Ca) The spectrum containing four fined isolated peaks. (b) The original spectrum . 

The result is shown in the next figure. 

3 , 1 1 8e+137 

Figure 6.27: An overlay view of the two plots in the last figure. 

9 1  

Overlap peaks can be fitted in  exactly the same way, but require better estimate of the 
parameter b, which can be obtained through isolated peak fitting. The parameter 
values of any fitted peak are always printed on the Unix shell, including the height, 
centre, b value, area and volume. 

"-

The next two figures show the outcome of an operation using 0.5 as an estimate for b. 
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2 , 3El6e+El7 I I � "'"-!r�'-i -rl I I I-I I I 

El /V V 1 
\. 

3 , 1 28e+El7 

-2 ,j 6<'Le+ElS ) \  Jl�� /\. A 
Figure 6.28: (a) The spectrum containing fitted overlap peaks. (b) The original spectrum. 

Figure 6.29: An overlay view of the two plots in the IaS! figure. 
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7.1 Introduction 

This chapter describes how to manage and display 2D data sets that are loaded in 
different buffers of 2D draw-windows. 

To provide a platform for the operations in this chapter, it is recommended that a 
workbench be opened after starting PAW as follows: 

• Start PAW . 

• Choose Workbenc ] from the Window Menu to open the workbench that 
contains three 2D draw-windows, one ID draw-window, a 2D over-view window, 
and a number of toolboxes, as shown in Figure 7. 1 to 7.4. 

Figure 7 . 1 :  TIle three 2 D  draw-windows i n  MyWorkbcnch. 
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Figure 7.2: The ID draw-window in MyWorkbench. 

Figure 7.3: Four of the toolboxes in MyWorkbench. 
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Figure 7.4: Other toolboxes in MyWorkbench. 

7.2 Loading 2D NMR Data 

Two-dimensional NMR data can be loaded either manually or by running a macro. 
The methods have been described in Chapter 4. 

To provide examples in this chapter, three processed spectra should be loaded as 
follows: 
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• In the Common-display Toolbox, switch on the [ppm] and [Ds InLOg] buttons. 

• Click in one of the 2D-windows that shows '(no file loaded)' on its title-bar. 

97 

• Choose ] in the 2D-processing Toolbox to open the file-selection 

dialog for loading NMR data (Figure 7.5). 

Figure 7.5: The file-selection dialog for loading NMR data file. 

• Double-click on the CaerinNoesy150C.2Ddata in the fi le list. The processed 
Caerin 4 . 1  NOESY spectrum will be loaded and displayed. 

• Repeat the above steps to also load the CaerinTocsy150C.2Ddata and 
CaerinCosyC.2Ddata. 

These three spectra will be called the CaerinNoesy150C, CaerinTocsy070C, and 
CaerinCosyC, respectively. 

Figure 7.6 shows the CaerinNoesy150C spectrum loaded without colour-map 
adjustment. The other two spectra are covered by this window. 
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Figure 7.6: Three spectra loaded without colour-map adjustment, with the CaerinNoesylSOC on top. 

7.3 Displaying 2D NMR data 

This section describes how to set various 2D-display options, including the use of 
buttons in the tool boxes for 2D display. 

The tool boxes for 2D display are briefly introduced in Section 7.3. 1 .  The operations to 
change the 2D-display colour scheme are then discussed, because they are required for 
the presentation of the following sections. The command buttons in the 2D-display 
Toolbox are described extensively in Section 7.3.3 to 7.3.5, followed by those in the 
Common-display Toolbox. Four of the buttons in the Common-display Toolbox have 
been described in Chapter 5 for the ID display, their functions are the same for the 2D 
display and will not be repeated. 
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7.3.1 The toolboxes for 2D display 

There are two toolboxes that are related to 2D display: the 2D-display Toolbox and the 
Common-display Toolbox. 

The 2D-display toolbox (see the one on the left in Figure 7.4) has a radio-box to set 
2D-plot fonnat, a checkbox to set 2D-display modes, and a list of command buttons 
for 2D display operations. 

The Common-display Toolbox (see the one on the right in Figure 7.3) can be used to 
set the parameters that are common to both 2D and ID displays. 

� To open the 2D-display Toolbox (02d) 

• Type 02d or choose [2DDs TBox1 from the [Dis lay,] menu. 

�. To close the 2D-display Toolbox (x2d) 

• Type x2d or double-click on the window-control button on the top-left corner of 
the toolbox. 

The methods used to open and close the Common-display Toolbox have been 
described in Chapter 2. 

7.3.2 Displaying 2D data in different colour schemes 

2D NMR data can be displayed in different modes as follows: 

• Choose SwitchColour] from the Common-display Toolbox. The SetColorMap 
Dialog (Figure 7.7) will be opened and the 2D-window will be re-displayed with a 
new colour scheme, as shown in Figure 7.8 .  

Figure 7.7: The SelC% rMap Dia/og. 

• Choose av�] from the dialog. 



1 00 

Figure 7.8: 
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The CaerinNoe;ylSOC displayed with colour scheme 2 and no colour-rnap adjustment The bright background of 
this scheme provides better contrast and is perhaps preferable for publications. 

• Choose 

Most of the 2D NMR data are presented with the colour scheme 2 in this thesis. 

7.3.3 Viewing different regions of 2D data sets 
There are many zooming options in the 2D-display Toolbox to view regions of 2D 
data sets in different ways. This subsection describes the zooming operations, 
many of them are presented with examples. 

� To display a full view of' a 2D spl'Ctrum � or zf2) 

• Click on the multi-region plot of the CaerinNoesy150C. 

• Type zf or choose rlrnFull2D] in the 2D-display Toolbox. 

So far, all the figures in this chapter were presented in the full view. 
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� To display a single region of a 2D spectrum � or zs2) 

• Click in the window for the CaerinNoesylS0C. 

1 0 1 

• With the mouse-pointer in the 2D-window, type zs or choose [e:mSng12d] in the 
2D-display Toolbox. The instruction 'Use Btn 1 to set a zoom-region. ' will appear 
on top of the 2D-window. 

• Use the left mouse-button to select the upper-left region from approximately [8 .65, 
0.54] to [6.75, 4.64] . (Note that all coordinates are measured in ppm from here 
on.) 

• Display the plot in the Intensity+Contour mode (see Section 7.3.5). 

The result is shown in Figure 7.9. 

Figure 7.9: The upper· left region of the CaerinNoesylSOC. 



1 02 7.3 DISPLAYING 20 NMR DATA 

» To display a transposed region of the current displayed region �) 

• Keep the cursor on the CaerinNoesy150C draw-window and type zt to zoom into 
the transposed fingerprint region. The contour plot in this region has a slightly 
lower base level, as shown in Figure 7. 10. (The First Level Threshold of this 
contour plot can be re-defined to 23 if desired.) 

Figure 7. 10: The transposed region of that shown in the last figure. 

» To display multiple regions of a 2D spectrum (zm or zm2) 

• Click in the window for the CaerinNoesylS0C again. 

• Type zf to zoom into a full-view plot. 

• With the mouse-pointer in the 2D-window, type zm. The instruction 'Hold and 
drag Btn 1 to set the regions . '  will be displayed on top of the 2D-window. 

• Select three regions from the diagonal as shown in Figure 7. 1 1 .  
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Figure 7 . 1 1 :  The rectangles on a 2D spectrum that set the regions for a 2D multi-region plot. 

• Type dr to display the regions in a multi-region plot (Figure 7. 1 2). 

1 03 
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2D Wlndow: lus16lWllfolfillJia WiJat;i/CaerinNoe�15()C.2Dilata 

8 7 4 3 2 

Figure 7. 1 2: A 2D multi-region plot of the regions set by the rectangles in the last figure. 

The 2D View-window (Figure 7. 1 3) can be re­
plotted with rectangles that shows the locations 
of the regions in the full spectrum. 

Figure 7. 1 3: The overview locations of the regions in the 2D View Window. 

Note that the fol lowing rules are followed when setting the regions for a multi­
region plot. 
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1 .  If a row of regions is enclosed, the top edge of the row in the multi -region view 
is set as the highest edge of the enclosed regions in the row; the bottom edge is 
the lowest edge of the regions in the row. 

2 .  If a column of regions is  enclosed, the left edge of the column in the multi­
region view is the left-most edge of the enclosed regions in the column; the 
right edge is  the right-most edge of the regions in the column. 

3. If any enclosed regions in two adjacent rows (or columns) are overlapping, the 
two rows (or columns) are combined into one. 

4. PAW does not require that all regions be enclosed as long as the regions that 
have been enclosed are enough to define a multi-region pattern. This was how 
the three rectangles in figure 7 . 1 1  defined a mUlti-region view in Figure 7 . 12 .  

The following nine simple operations are presented without example. 

� To display a smaller region of the current displayed region @) 
• Type zi or choose [ inInJ] in the 2D-display Toolbox. 

}> To display a larger region of the current displayed region @) 
• Type zo or choose mOu in the 2D-display Toolbox. 

Note that, in the last two options, the zooming factor for both contracting and 
expanding is set to 30% in the distribution version. This can be reset to any value 
between 0 and 100. 

� To redefine the zooming factor for the zi and zo commands (d� 

Figure 7. 1 4: The �fZmFactot dialog 

• Type dzf or choose [DetzmFacto ] in the 2D­
display Toolbox to open the DefZmFactor 
Dialog, as shown on the left. 

• Enter any value between 0.0 and 1 .0. 

� To display the lower region of t he current displayed region �) . . '%' • Type zd or choose ifil)own] i n  the 2D-display Toolbox. 

� To display the upper region of' the current displayed region @) 
• Type zu or choose mUBJ in the 2D-display Toolbox. 

� To display the next defined zooming-pattern (zn) 
• Type zn or choose [!ZmNex�] in  the 2D-display Toolbox. 
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� To display the previously defined zooming-pattern @) 

• Type .m or choose [ZmPrev] in the 2D-display Toolbox. 

� To display the left region of the current d isplayed region �) 

• Type zl or choose [ZmLeft] in the toolbox. 

7.3 DISPLAYING 20 NMR DATA 

� To di.,play the right region of the current displayed region @:) 

• Type zr or choose [ZmRi t] in the 2D-display Toolbox. 

� To display a multi-region plot that shows all peaks of a spin system �) 

An example of this will be given in Chapter 1 1  for the spectral assignment of Caerin 
4. 1 .  

� To assign a number to the current display-pattern (dZ#) 

i y .. . . • Type dz l ,  dz2, . . .  , or dz8. f:= Del2DZmPlernNo ::! . i! Alternatively, 

Figure 7. I S :  The DefZmPtrnNo dialog 

• Type dzp or choose efZmPtmNo] in the 2D-
display Toolbox to open a dialog, as shown on the 
left. 

• Enter any value between 1 and 8 .  

Note that the defined patterns are named Zm#l ,  Zm#2, and so on. The definitions 
allow any of the defined patterns to be easily recalled by a simple command such as 
z l ,  z2, etc. 

For example, to define the multi-region pattern defined in Figure 7 . 1 2  as Zm#8, the 
fol lowing two steps are required: 

• Keep the cursor in the CaerinNoesylS0C draw-window and type dz8 .  The 
message 'Click on a 2D window to set Zm#8. ' will appear on the Unix shell that 
runs PAW. 

• Click in the CaerinNoesylS0C draw-window to define the current zoomed 
pattern as Zm#8. The message 'Zm#8 set. ' will appear on the Unix shell .  

� To display other spectra with the same zooming-pattern (zsp) 

• Click in the window for the CaerinNoesylS0C again. 

• Type zsp. The message 'Click on another widow with Btn 1 . '  wil l  appear above 
the plot. 



7.3 DISPLAYING 2D NMR DATA 1 07 

• Click in  the window for the CaerinTocsy070C. The spectrum wil l  be re-plotted 

with the multi-region pattern as that for the CaerinNoesy150C. (Figure 7 . 16). 

• Define this multi-region pattern as Zm#8. (Optional) 

Figure 7 . 1 6: The CaerinTocsy07OC that is zoomed into the same multi-region view as the CaerinNocsylSOC in Figure 7 . 1 2. 

• Repeat the above operations for the CaerinCosyC to obtain the same multi-region 
plot for it, as shown in Figure 7 . 17. 
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= 2D Window: lusrolwi/foii/IPA WiJatalCaerinCosjIC.2Ddata 
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Figure 7.17 :  TIle CaerinCosy070C that is zoomed into the same multi-region view as the CaerinNocsylSOC in  Figure 7 . 1 2. 

};> To load a numbered zooming-pattern to the current 2D draw-window <J:!!.) 

Figure 7. 1 8: The ZmPlm Diolog 

• Type either z l ,  z2, . . .  , or z8. 

or 

• Type @ or choose [ZmPtro#n] in the 2D­
display Toolbox to open a dialog, as 
shown on the left. 

• Enter any value between 1 and 8 .  

};> To draw or re-draw the active 2D draw-window (dr2) 

• Type dr2 or choose raw2D] in the toolbox. 

Note that rectangles in the 2D view-window are always redrawn after every zooming. 
To speed up the drawing processes, the background spectrum of the view-window is 
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not redrawn automatically for each successive zooming. Minor confusion may arise if  
more than one spectrum is loaded. 

� To draw or re-draw the current 2D view-window (drv) 

• Type drY or choose [Draw2DView] in the toolbox. 

7.3.4 Viewing different parts of 2D data sets 

Displaying the imaginary part of 2D NMR data is mainly for checking the quality of 
2D time-domain data set. 2D frequency-domain NMR data sets usually contain only 
real data, and hence the operation is not required. 

Unlike the ID display, PAW's 2D draw-window cannot simultaneously display the 
real and imaginary parts of the data. Therefore, if a complex 2D data set is loaded, 
PAW displays only either the real part or the imaginary part of the data. 

� To display only real or imaginary data 

• Click in the 2D draw-window that currently ctisplays the data. 

• Either type dr2 or choose sp2DRealOnl ] in the 2D-display Toolbox. 

When the button is pushed down, the display is  real-only; otherwise, it is imaginary­
only. 

7.3.5 Displaying 2D data in different modes 

A 2D NMR data set can be displayed in a combination of different modes: 

• In terms of data intensities and contours, the data set can be ctisplayed either in the 
intensity-only mode, contour-only mode, or both. 

• In terms of the units used, it can be ctisplayed either in points, Hertz, or ppm. 

• In terms of the calculation of colours for ctifferent data intensities, it can be 
ctisplayed either in linear scale or the natural logarithrnic scale. 

In addition, the ctisplay can either be with or without grids. 

So far the expanded views of all figures in this chapter have been presented in the 
Intensity+Contour mode. The following operations change the 2D ctisplay to a 
different mode: 

� To set the Intensity-only mode 

• Click in a 2D draw-window. 
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• Choose [lo:tensih'.Pnly] in the 2D-display Toolbox. 

Figure 7 . 1 9: An expanded view of a 20 region in the intensity-only mode. 

� To set the contour-only mode 

• Click in a 2D draw-window. 

• Choose [ContourOnl ] in the 2D-display Toolbox. 
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Figure 7.20: An expanded view of a 2D region in the contour-only mode. 

� To set the intensity and contour mode 

• Choose [Intn.+Contour] in the 2D-display Toolbox. 

3 . 6  

3 . 8  

4 

4 . 2  

o 4 . 4  

1 1 1  

': 

Note that PAW does not produce full-view contour plots. To produce a full-view 
contour plot, it is required to zoom into a slightly smaller region that covers almost the 
entire spectrum. 

� To set the contour format 

This section describes the operations needed to set the contour format and define 
proper contouring parameters for displaying the Caerin spectra. 
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Figure 7.2 1 :  The ContourPIOl Dialog. 

7.3 DISPLAYING 2D NMR DATA 

• Choose [Intn.+Contour] In the 2D-display 
Too/box. 

• Click in the draw-window that displays the 

CaerinNoesylS0C data . 

• Choose �efContrs] in the 2D-display Toolbox to 
open a Contour-plot Dialog (Figure 7.23). 

• In the dialog, change the First-level Threshold to 
28. Then, choose [Execute] . 

Note that these operations only affect the contour 
display parameters for this particular draw-window. 

7.3.6 Displaying 2D data in different scales 

This subsection describes the scale-changing operations. The examples given in this 
subsection require that the upper-right region of CaerinCosyC be loaded as follows: 

• Click in the draw-window for the CaerinCosyC spectmm. 

• Type z8 to recall the defined multi-region pattern, if necessary. 

• Type zs to zoom into a region from approximately [0.50,0.49] to [4.64,4.64] . A 
bit more noise is shown in this region. If desired, redefine the First Level 

Threshold to be 28, which wi l l  make the contour plot much tidier, as shown in 
Figure 7.22. 
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Figure 7.22: The upper-right region of CaerinCosyC that is displayed using a natural-log scale and colour scheme 2 without 
colour-map adjustment. 

� To display in the natural-log scale 

• Switch on the [Rs InLog] button in the Common-display Toolbox. 

This operation will switch on the natural-log scale flag in the calculation for 2D colour 
displays. In fact, the last two plots are displayed in a natural-log scale. 

Note that, when switching to this scale PAW will automatically redisplay the plot in 
the intensity-only mode. After this, the plots will be displayed in the original mode. 

� To display in the linear scale 

• Switch off the §PInLog] button in the Common-display Toolbox. 

This operation will switch off the natural-log scale flag and result in the use of a linear 
scale for 2D colour displays. The following two plots are displayed using the linear 
scale. 
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Figure 7.23: The same NMR data displayed using a linear scale and colour scheme 2 without colour-map adjustment. 

The same data displayed using the l inear scale and colour scheme 1 without colour­
map adjustment is shown in the next figure (see section 7.3 .2). 
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Figure 7.24: The same NMR data displayed using a linear scale and colour scheme I without colour-map adjustmenL 

1 1 5 

Note that the background colour in each of the aboYf( display modes can be 
changed by adj usting the colour-map parameters. For example, a brighter 
background can be obtained when using the natural-log scale with colour scheme 
2 by setting the zero-intensity threshold of the colour-map parameters to a higher 
value, as shown in the next figure. This plot was obtained by applying the 
fol lowing operations: 

• Switch back to the colour scheme 2. 

• 

• Adjust the colour map by dragging the sliders in the dialog so that the values are, 
from left to right, 0, 1 8  and 255. 
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Figure 7.25: The same NMR data displayed in natural-log scale \\�th colour scheme 2 and the zero-intensity threshold set to 1 8. 

Two-dimensional NMR plots are often displayed in natural-log scale because this 
allows both weak and intense peaks to be viewed simultaneously. 

7.4 Calibrating 2D Spectra 

The calibration of 2D spectra is similar to that for ID spectra and the same spectrum 
calibration dialog is used. All parameters in the dialog must be set. An example will 
be gi ven in Chapter 8 after processing the Caerin 4. 1 NMR data. 



7.5 PLOTTING A 2D DISPLAY 1 1 7 

7.5 Plotting a 2D Display 

This is similar to the I D  plotting process described in Chapter 5 .  

� To plot a 2 D  d isplay 
• Type ill or choose [flot2D] In the 2D-processing Toolbox to open the 2D­

plotting Dialog (Figure 7.26). 

Filename : 

I plot-ps 

Ti tle :  

Figure 7.26: TIle 2D-p/oltillg Dialog. 

The entries in the dialog are as fol lows: 
• Entry I specifies the name of the output 

postscript file. 
• Entry 2 specifies the plot header shown on top 

of the plot. 
• Entry 3 specifies the width of the output plot in  

mm. (The height wi l l  be calculated from the 
shape of the plot on the screen .  

• Entry 4 specifies the number of contour levels 
(from 0 to 64). 

• Entry 5 specifies the first level threshold (from 
o to 64). 

• Entry 6 specifies the method of increment 
between levels, either in even or natural log 
scale. 

• Entry 7 specifies the sign(s) of peaks to be 

plotted, either +, - or b for both. � 
• Entry 8 specifies if the output is also seI1jl to the 

printer. 

Examples of ID plots can be found in Chapter 1 1 , Volume I. 
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8.1 Introduction 

This chapter describes the processing operations applied to three Caerin 4. 1 NMR data 
sets. The operations for the Caerin 4. 1 DQF-COSY data set are presented in detai l ; for 
the TOCSY and NOESY, only a brief description is given because the operations are 
similar. 

All 2D graphics in this section are intentionally presented without colour-map 
adjustment to display their intensity background on the actual screen. No comments 
on the results are presented in this chapter, as they can be found in Volume I of the 
thesis. In addition, it is expected that the reader is familiar with the basic ID and 2D 
operations described previously. 

The workbench for the operations in Chapter 7 is also used in this chapter. It contains 
three 2D draw-windows, one ID draw-window, and a number of toolboxes. 

During the process, the commands provided by the display and processing tool boxes 
for both ID and 2D operations are frequently used. Of these, only the 2D-processing 
Toolbox has not been described. 

;.. The 2D-processing Toolbox 

This contains command buttons for 2D processing, as shown in Figure 8. 1 .  

Figure 8. 1 The 2D-processing Toolbox. 

.. 1 . 

To open the toolbox, either type 02p or choose [2DProcTBox] from the Process 
Menu. To close it, either type x2p or double-click on the window-control button at its 
top-left corner. 

8.2 Processing the Caerin 4.1 DQF -COSy NMR Data 

This section describes the processing operations of the Caerin 4. 1 DQF-COSY NMR 
data. A conventional method is presented first to obtain a DQF-COSY spectrum, 
which, unfortunately, cannot be properly phased. This is followed by the high­
resolution processing method that produces a properly-phased and better-resolved 
spectrum. 



8.2 PROCESSING THE CAERIN 4 . 1  DQF-COSY NMR DATA 1 2 1  

8.2.1 Preliminary 

» Loading the raw data 

• Choose [Load2DData] In the 2D-processing Toolbox to open a file-selection 
dialog . 

• Double-click on the filename caerinldata5dqfcosy.2Ddata to load the data. 

Figure 8.2 shows the intensity plot of the Caerin 4. 1 DQF-COSY raw data. 

Figure 8.2 The intensity plot of the Caerin 4. 1 DQF-COSY raw data. The blocked area contains cut-off values due to 
recei ver overflow. 

The white area on the left contains data added by the digital ly fil tered and over­
sampled method in the experiment. The blocked area at the lower-left corner 
contains spurious values due to receiver overflow. Further details  of these unusual 
data features are discussed in the next subsection. 
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� Inspecting problems in the raw data 

The fol lowing operations load four rows of the DQF-COSY data into different ID 
buffers for inspection. (See also Chapter 5 for the loading method.) 

• Turn off the [psp lDRealOnly] button in the lDDspMode Check-box of the lD­
display Toolbox. This enables the display of both real and imaginary data in two 

ID slices. 

• Choose s But ] of the same check-box to display more than one ID buffer. 

• Turn on buttons ] ,  ] , �] and 1J2] of the 1 DDspBuJ Check-box in the 1 D-display 
Toolbox to display I D  buffers #0 to #3. 

• Type ldr to open the LoadRow Dialog (Figure 8.3). 

• Enter Q, f and Q for the three fields in the dialog. 
These are the row number, data structure Cf for 
complex), and buffer number, respectively. 

• Choose [Execute] in the dialog to load Row 0 into 
Buffer O. 

• Repeat the last three steps to load rows 200, 400 and 
5 1 1  into buffers 1 , 2 and 3 .  

Figure 8.3 The 2D-processing Toolbox. 

Figure 8.4 shows the result. 
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Figure 8.4 The real and imaginary parts of Row 0, 200, 400 and 5 1 1 of the Caerin 4. 1 DQF-COSY. The predominant 
water signal is characterised by a low-frequency curve in each FID . 

The fol lowing operation provides an expanded view of an initial part drawn from a 
row of the data. 

• Click in the ID draw-window. 

• Type zs. The message "Use Button 1 to set a region," will appear on top of the 
window. 

• Select a region from point 0 to around 70, 

Figure 8.5 shows that the first 62 values of a row form a zigzag-like curve. 
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c:::. 1D Window: lusrolwllfoli:iiPif Wilatalcaerlnldata5dqfcosy.2Ddata 
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Figure 8.5 An expanded view of a time-domain data set characterised by a filter response build-up curve at the 
beginning. The zigzag-like curves at the beginning characterise the filter-response data obtained using the 
digitally filtered and over-sampled method in the experiment. 

Similar loading operations can be used to inspect the damaged rows due to receiver 
overflow, as shown in Figure 8.6. 
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Figure 8.6 The real and imaginary plots of rows I .  1 1 .  2 1  and 3 1  of the Caerin 4. 1 DQF-COSY. The platform-like 
regions characterise the receiver-overflow problem. A total of 44 rows were damaged in the same way. 

8.2.2 Conventional processing operations and results 

This subsection describes the conventional operations for processing the Caerin 4. 1 
DQF-COSY data. It involves the removal of the unusual initial parts and the time­
domain water-signal suppression in D l ,  as well as conventional filtering and phasing 
in both dimensions. 

» Processing in D 1 

The following operation loads Row 100 of the Caerin 4. 1 DQF-COSY data, filters the 
row with a sine function, and applies a fast Fourier transform. 

• Disable ID buffer display by turning off the (jQsQ.,Bufs] button in the IDDspMode 
Checkbox of the 1 D-display Toolbox. 
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• Load Row 100. (See Chapter 8 of Volume I for the reason.) 

• Choose [ShiftLeft] in the iD-processing Too/box to open the ShiftLeft Dialog 

(Figure 8.7). 

Figure 8.7 The Shift Left Dialog. 

• Adjust the sl ider (using MsBtn#l )  so that the Number of Left-shjft Points is 62. 

• Choose [Save] in the dialog. 

• Choose -dWSURP.y] in the iD-processing Toolbox to suppress the water signal in 
time domain .  

The result is shown by Plot 1 in Figure 8 .8 ,  along with the original and left-shifted 
data. 

I � 

Figure 8.8 Row # I 00 and two processed results. The plots are, from bottom to top, the original, left-shifted, and 
water-signal-suppressed data. 
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Note that the GWrtBufX�Y] and [SwapBufX,Y] buttons in the ID-MiscProc Toolbox 
have been used to produce the figure. The operations are not necessary for the 
following processing, and hence are omitted. 

The following operations apply a filter and a Fourier transform to the data. 

• Choose [Filter] in the ID-processing Toolbox to open the Signal-filtering Toolbox 
(Figure 8 .9). 

Figure 8.9 The Signal· filtering Toolbox. 

in the tool box to open the dialog for the enhanced sine-bell 

Figwe 8 . 10  The dialog for the enhanced sine-bell filter. 

• Adjust the sliders (using MsBtn#l )  so that their values are, from top to bottom, 
960, 0, 1 and 0. The first three parameters are the end-point from which the filter 
becomes zero, the angle by which the sine function is left-shifted, and the degrees 
of the sine function. The last parameter is the degrees of exponential enhancement. 

• Choose [Savt{] in the dialog. 

• Type fft to apply a fast FoUtier transfOlm. 
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The first-order sine-bell filter with no exponential enhancement applies a full 
suppression to the initial part by setting the shift-angle to 0 degree. In addition, setting 
the end point of the sine-bell filter to 960 makes the end part gradual ly reduce to zero 
in order to suppress noise. 

The results are shown in Plot 1 and 2 of Figure 8. 1 1 . Also shown in the figure are the 
corresponding results without water-signal suppression. 
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Figure 8. 1 1  Second-stage results of processing Row # I 00. Plot 2 is the result after filtering, and Plot I ,  after Fourier 
transforming. Plot 4 and 3 are the corresponding results without water-signal suppression. 

The following operations determine the phasing parameters for the roW . 

• Disable the ID-buffer- and filter-display options by turning off [DspBufs] and 
[Qs !Flt in the iD-display Toolbox . 

• Choose hase in the iD-processing Toolbox to open the Phasing Toolbox (Figure 
8 . 12). The message "Please set the Baselevel if AutoPh* is  to be used." will appear 
in a pop-up window, where * is a wildcard character that can either be 0 or 1 .  

.- - - . . 

ToolligF;.(s'7:.sl.1Jg1e, M=multiple. l=large : r=alflJ!!.lls!lJil1 
i lSetPll()(S) IHSetPhl (L)I 'AutOPhO-il if::etPar:� .. i lSetPiVol - ir 2& , IJ SetPhO&l rAutDPhl(S) ResetBox 
i lSetPhi(S) IItBruKerPlil ! !AutoPhl(M) I 

, "". . " - .��-"''''''' .. . � 

Figw-e 8. 1 2  The Phasing Too/box. 

r 
I 
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• Choose [OK] in the pop-up window to close it, and ignore the base-level setting at 
this stage because there is no need to use the auto-phase commands in the 
conventional processing method for the DQF-COSY data. 

• Click in the I D  draw-window, then type zs. 

• Select a region from points 460 to 560 approximately. 

• Type phO or choose [SetPhO(S)] in the Phasing Toolbox to open the SetPhO Dialog 
(Figure 8 . 1 3). 

Figure 8.13 The SetPhD Dia/og. 

• Adjust the sliders so that the sum of their values is -10 degrees. Then, choose 
[Save] in the dialog. 

• Type py! or choose [SetPivo�] in the Phasing Toolbox to open the SetPivot Dialog 
(Figure 8. 14). 

Figure 8. 14  The SetPivot Dialog. 

• Enter 510 in the dialog, then choose xecute] .  
(Alternatively, use MsBtn#2 to select a point close to 
5 10 on the 1D plot.) The message "Pivot = 

5 10.000" wil l  appear on the Unix shell .  

• Type Phl or choose ......... ="'""-" ... 

(Figure 8. 15). 
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Figure 8. 1 5  The SelPhl Dialog. 

• Adjust the sliders so that the sum of their values is -200 degrees. Then, choose 
[Save] in the dialog. (Note that to check this value, smaller regions on both sides of 
the spectrum must be inspected. These operations are omitted here.) 

Figure 8 . 16 shows the results of the above operations. 
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Figure 8 . 16  The final processing result for Row 1 00. 

The operations above can be summarised into the following five macro commands: 
I d r  ( 1 0 0 ,  c )  # Load a comp l ex row 
s h l  ( 6 2 )  # Le f t - sh i f t  

tws # T i me - doma i n  wa t e r - s i gnal suppr e s s i on 
e s b  ( 9 6 0 , 0 , 1 , 0 ) # Enha n c ed s i ne -be l l  
f f t  # F a s t  Four i e r  t ra n s f o r m  

ph ( - 1 0 , -2 0 0 , 5 1 0 )  # pha s e  
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PAW provides a command called pc2 (or [Proc2D]) to perform a set of common 2D­
processing operations using a dialog. However, the dialog does not contain the 
uncommon shl (i .e., left-shift) and tws (i.e., time-domain water-signal suppression) 
operations. Therefore, a special treatment is required to suppress the water signals and 
convert the digitally filtered over-sampled 2D data set into a normal one. This can be 
achieved by running a macro as follows: 

# CrnCosyD1Sh i f t . mc r  

D 1  = 1 0 2 4  # 
D2 = 5 1 2  # 
D 1 S t ruc t = c # 
D2 S t ruc t = l' # 
for ( % 1 = 0 , 5 1 1 ,  1 )  

D imen s i on s i z e i n  D1 
D imens i on s i z e  i n  D2 
Da t a  s t ruc tu re in D1 
Da .a s t ru c ture i n  D2 

# S t a r t  a FOR- l oop 
ldr ( % T ,  c )  
shl ( 6 2 )  

# Load a row 
# Le f t - sh i f t  

tltJS #Time - doma i n  wa t er - s ignal supp re s s i on 
wr r ( % I ,  c )  # Wr i t e a row 

next # End a FOR - l oop 
dr1 # Draw a I D  p l o t  
dr2 # Draw a 2 D  p l ot 

To run the macro, 

• Type run to open a file-selection dialog, then double-click on the name 
CrnCosyDlShift.mcr. 

Figure 8 . 1 7  (next page) shows the result after running the macro. 

After this treatment, a standard macro format is required to perform the pc2 command. 
The macro for setting up parameter values for processing the Caerin DQF-COSY with 
the conventional method is as fol lows: 

# C rnCo sySh i f ted . 2 Dproc 
MD l 1 0 2 4  if Ha t r i x  s i  z e  i n  Dl 
MD2 1 0 2 4  If Ha t r ix s i z e  i n  D2 

lpCom1 
lpC om2 

Il n " 
II n 'l 

if 
# 

Dl l i near -predi c t i o n  
D2 l i near-predi c t i on 

c orrL1mnd 
c OllL'Tland 

£ l tComl 
£ l tCom1 

" e sb ( 9 6 0 ,  0 ,  l ,  0 ) " # D 1  f i l t e r ing c om ..  'T,and 
" esb ( 5 1 2 , 0 ,  l ,  0 )  " # D2 f i l ter ing c ommand 

phCom1 
phCom2 -

" ph 
" ph 

bcCom1 " n " 

bcCom2 " n " 

D inu'\Jo'!'o'l'rans 
ExprmtType 

( - 1 0 , 

( 8 8 , 

if 
if 

b # 
t if 

- 2 0 0 , 5 1 0 )  " # Dl pha s ing c ommand 
- 6 ,  5 1 2 ) " # D2 pha s ing cOITh'1lanc1 

Dl ba s e l i n e - c orrect ion c ommand 
D2 base l i ne- c orrec t i on c ommand 

D i mens ion t_ o t ra n s f o rm 
Expe r iment type ( t  f o r  TPP I ) 

# S e t  ba s e l i ne segment s 
s bs ( 4 ,  3 4 0 , 4 8 0 , 4 4 , 1 4 0 , 9 0 0 , 9 3 0 ,  9 6 0 , 1 0 2 0 )  
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Figure 8.17 A full view of the Caerin 4. 1 DQF-COSY spectrum after it has been left-shifted 62 points and water-signal 
suppression has been applied to each row. 
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PnJc2DData iJialog 

: 1 10�_ " 
, � 
; Matrix D2 : 

D2 Linear predZction : 

Dl Apodization : 

; I;!b (962� 2: 1, 0) 

Figure 8. 1 8 The Proc2DData Dialog. 
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The sbs statement in the macro sets four 
baseline segments, which are [340,480] , 
[44, 140] , [900,930] and [960, 1020]. These 
segments are selected from the ID spectrum of 
Row 100. (Ignore the commands for 
processing in D2 at this stage, for which the 
parameters will be obtained later.) 

Note that the 2D processing routine of PAW 
requires the baseline segments be correctly 
defined for correcting baselines and removing 
offsets. The first segment defined by the sbs 
command is used to calculate base-level 
parameters for every row and column of data, 
including the mean and standard deviation. 
The segment [340,480] is selected here to be 
the first simply because it is the largest baseline 
segment found in the ID spectrum, and is the 
best for the base-level calculation. 

To run the macro for processing in D 1 ,  
• Type � or choose in the 

2D-processing Toolbox to open a file­
selection dialog. 

• Double-click on CrinCosyShlfted.2Dproc. 
This will load the macro and open the 
Proc2DData Dialog (Figure 8 . 1 8) .  

• Change the 
dimension?' 
[Execute] . 

value for the 'Which 
entry to 1, then choose 

The operation produces an intermediate 2D data set, as shown in Figure 8 . 19, where 
the top half is filled with zeros to expand the D2 dimension. 
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Figw-e 8. 1 9  A whole view of the Caerin 4. 1 DQF·COSY spectrum after D I --processing with conventional sine filter. 

� Processing in D2 

Processing in D2 is similar to that in D l ,  except that it requires at least two columns of 
data be combined in order to obtain proper phasing parameters. 

The following operations combine columns 37 and 885 into one . 

• Type ldc or choose adCo ] in the 2D-processing Toolbox to open the Loadeol 

Dialog (Figure 8.20). 
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figure 8.20 The LoadCol Dialog. 

• Change the value for the 'ColNo' entry to 37, then 
choose [Execute] to load Column 37 into Buffer O. 

• Choose [WrtBuf0-71 ]  in the iD-MiscProc Toolbox 
to save the result into Buffer 1 .  

• Repeat the first two steps to load Column 885 into 
Buffer O. 

• Choose [AddBufO,l ]  in the iD-MiscProc Toolbox to 
add the data in Buffer 1 to Buffer O. 

The fol lowing operations process the combined data. 

• Apply the enhanced sine-bell filter with the parameters 5 1 2, 0, 1 and O. 

• Type rft or choose l!U:I(smth)] in the iD-processing Toolbox. 

• Phase the ID spectrum with the parameters 88, -6 and 5 1 2. 

Figure 8 .21 shows the combined column and the filtered result. 

figure 8.21 The combined column and the filtered result. 

Figure 8 .22 shows the FFT and phase results for the combined column. 
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Figure 8.22 The FFT result (bottom) and phase result (top) for the combined column. 
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Figure 8 .23 shows a multi-region view of the FFf and phase results. 
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Figure 8.23 A multi-region view showing some significant peaks. The bottom result is after FFT. and the top. after FFT 
with phase correction. 

Note that not all peaks can be phased to the desired shapes because of the problem in 
the shifted data. The criteria for choosing the above parameters are the acceptable 
anti-phase line-shapes for the peaks centred at points 285, 800 and 850. 

The operations above can be summarised into three macro commands: 

e sb ( 5 1 2 , 0 , 1 , 0 )  # Enhanced s i n e - be l l  
r r t  # Rea l  Four i e r  t ::- a. n s f o�m 
ph ( 8 8 , -6 , 5 1 2 ) # phas e  
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These commands have been embedded into CrnCosySbifted.2Dproc presented in the 
last subsection, where the ! for the ExprmtType defines the use of RFf for column 
processing. 

To load CrnCosyShifted.2Dproc for processing in D2, 

• Type ru or choose [Proc2Ddata] in the 2D-processing Too/box to open a file­
selection dialog. 

• Double-click on the filename CrinCosyShlfted.2Dproc in the dialog. This will 
load the macro and open the Proc2DData Dia/og (see Figure 8 . 1 8  in the last 
subsection).  

• Change the value for the 'Which dimension?' entry to 2, then choose "=;;.;;.;;..= 

The operation produces a processed 2D DQF-COSY spectrum, as shown in Figure 
8.24. 

Figure 8.24 A full view of the Caerin 4. 1 OQF-COSY spectrum after 02 -processing with conventional method. 

The following operations display an expanded view of the upper-left (fingerprint) 
region in the last figure: 
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• Click on the DQF-COSY draw-window. 

• Enable the intensity and contour plotting mode by turning on [Inten.+Contour] in 
the 2D-display Toolbox. 

• Type zs. 

• Select the fingerprint region. 

The result is shown in the next figure. 

Figure 8.25 The upper-left (fingerprint) region of the Caerin 4. 1 DQF-COSY spectrum processed by a conventional 
method. 

Comments on the results can be found in Chapter 8 of Volume I. 
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8.2.3 High-resolution processing operations and results 

This subsection describes the high-resolution processing operations for the Caerin 4. 1 
DQF-COSY data. It involves the application of an enhanced sine-bell filter and a large 
first-order phase correction in D 1 ,  as well as linear prediction and baseline correction 
in D2. 

To maintain a compact description, the reader is assumed to be familiar with the basic 
operations described previously, including those in the last subsection. Therefore, only 
the relatively unfamiliar operations such as linear prediction and auto-phase correction 
are described in detail .  

� Processing in D 1 

This sub-subsection describes the processing in Dl for the DQF-COSY spectrum. It 
involves loading and processing Row 100 of the data with an enhanced sine-bell fi lter, 
Fourier transforming, and the search for proper phasing parameters using automatic 
phase correction. The operations are then summarised and embedded into a macro 
containing commands used in the final processing. 

The following operation loads Row 100 of the DQF-COSY data, filters the row with 
an enhanced sine-bell function, and applies a fast Fourier transform. 

• Disable the ID buffer display. 

• Load Row 100 into Buffer O. (This is selected for the same reason mentioned in the 
last subsection.) 

• Apply the enhanced sine-bell filter with the parameters 1024, 70, 2 and -100. 

• Type fft to apply a fast FOUlier transfOtm. 

Figure 8 .26 shows the time-domain data of the row and the processed results. 
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Figure 8.26 Row 1 00 of the Caerin 4. 1 DQF-COSY and two intermediate processed results. Plot I is the raw data and 
the filter. Plot 2 is the filtered data. Plot 3 is the spectrum before phase correction. 

Figure 8.27 shows a vertically scaled ID NMR spectrum of Row 100. 
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Figure 8.27 The vertically scaled I D  NMR spectrum of Row 1 00 of the Caerin 4 . 1  DQF-COSY before phasing. (See 
Chapter 6 on lhe baseline correclion and Chapler 8 of Volume I for some comments.) 
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The following operations set a base region that is used to define base levels for PAW's 
auto-phase routines. 
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• Choose [phase] in the iD-processin.g Too/box to open the Phasing Too/box. The 
popup-message window will re-appear to remind the user to set a base level for the 
auto-phasing operations. 

• Choose [OK] in the popup-message window to close it. 

• Choose [ResetPanns] in the Phasin.g Toolbox to reset all phasing parameters. 

• Type sbs to open the SetBslnSegm Dialog (Figure 8 .28). 

Figure 8.28 The SetBslnSegm Dialog. 

• Enter 1 for the NofBslnSegms. and 
340,480 for the sbs parameters. 
(This is the largest baseline segment 
found in the processed ID and 2D 
spectra, as described in the last 
subsection.) 

• Choose [Execute] . 

An alternative way to set a baseline segment is as follows: 

• Choose [SetlDBase] to set a base level for ID processing. The message "Use 
button 1 to set a segment for calculating base-level ." will appear on the Unix-shell 
window. 

• Select a segment from points 340 to 480 by drawing a rubber rectangle in the ID 
draw-window using the click-and-drag technique with MsBtn# l .  

The fol lowing operations perform an auto-phase correction . 

Figure 8.29 The AutoPh 1 Dialog. 

• Choose utoPhl (S)] in the Phasing Toolbox to 
open the AutoPhi Dialog (Figure 8 .3 1 ). 

• With the pivot set to 0, choose [Execute] to start the 
single-loop auto-phase process. (It takes about 100 
seconds using a 1 33 MHz SGI Indy computer.) 

The message "Best PhO, Ph I = 1 10, -22021 "  are shown in the Unix shell ,  indicating 
that the best parameters found are 1 100 for the zeroth-order phase correction and 
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-22021 0  for the first-order phase correction. I The resulting spectrum contains isolated 
in-phase peaks (Figure 8 .30), which is what the auto-phase routine is designed to do. 
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Figure 8.30 The auto-phased result of Row 1 00 of the Caerin 4 . 1  DQF-COSY. 

An expanded view of the first 200 points shows two isolated peaks centred at around 
points 150 and 169 (Figure 8.3 1 ). 

1 ' M' 1 " '*'l'*' , Pi l  ,ay 

I - 1 . 9804e+€l5 I 

Figure 8.3 1 An expanded view of the first 200 points of Row 1 00 after auto-phase correction. 

The fol lowing operation uses the auto-phase results as starting points to obtaining 
proper anti-phase correction parameters. The following operations provide two 
zeroth-order phase values that can both produce anti-phase spectra. 

I Selecting the multi-loop auto-phase option [SetPh l (M)] gives no significant improvement. with the results 
being 1 1 1 .5 and -22024. 
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• Choose n.wrtBufO��] in the lD-MiscProc Toolbox to save the result in the Buffer 
1 .  

• Zoom the I D  plot into the region between points 0 to 200. 

• Choose [!B.esetRann�] and then [SetPhO(S)] in the Phasing Toolbox to open the 
SetPhO Dialog. 

• Adjust the slider to phase the peak centred at point 1 50 to an anti-phase shape. This 

should either be 66 or -104 degrees, as shown in Plot 1 and 2 of Figure 8.32. 

I 
I 
, , I 

���--���� 

Figure 8.32 · Two possible zeroth-order phase corrections for Row 1 00 of the Caerin 4. 1 DQF-COSY. Top: - I 04-degree 
correction. Bottom: 66-degree correction. 

Therefore, the total PhO value from the manual and the auto-phase operation is either 
+ 176 or --4 degrees, namely 1 10+66 or 1 10-104 degrees. 

It is necessary to find a new first-order phase-correction value using one of the total 
zeroth-phase values. The operations are as follows: 

• Re-load Row 100. 

• Apply the enhanced sine-bell filter with the four parameters being 1024, 70, 2 and 

-100. 

• Type fft. 

• Choose [ResetParrns] . 

-, • Choose [SetPhO(S)] in the Phasing Toolbox to open the SetPhO Dialog. 

• Apply + 1 76 degrees of zeroth-order phase correction. 

• Choose ['SetPivot], and set the pivot to 0.0. 

• Choose SetPh l (L)] in the Phasing Toolbox to open the large-range SetPhl Dialog. 
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• Adjust the slider to produce an anti-phase water peak, preferably \\'ith an expanded 

view. The result will be -21939 degrees, as shown in Figure 8.33.  (Here, 
producing an anti-phase water peak is merely a l oose cri telion. The relatively small 

difference from the value obtained previously (i .e., -2202 1 degrees) is not that 

critical . Any value in between the two, say, -2 1972, wil l  produce an equally  

satisfactory spectlUm.) 

Figure 8.33 An expanded view of the water peak in the final processing result for Row 100.  

The final row-processing operations above can be summarised into the fol lowing three 
macro commands: 
esb ( 1 0 2 4 , 7 0 , 2 , - 1 0 0 )  
E ft 

# Enha nced s i n e - be l l  
# Fa s t  Fou r i e r t ra n s � �rm 

ph ( 1 7 6 , -2 1 9 3 9 , 0 ) #: pha s e  

These commands have been embedded into CaerinDQF _COSY.2Dproc as follows: 

# ( Ca e r i nDQF_COSY . 2 Dproc ) 
MD1 1 0 2 4  # l'1a t r i x  D1 
t-1D2 1 0 2 4  # l'1a t r i x  D2 

IpCorn1 
IpCorn2 

ll n " # 01 l : �ea= pre�ic t i on 

f l t Com1 

f l tCom2 

phCom1 
phCom2 

bcCorn1 

bcCorn2 

" Ip ( 1 0 0 , 4 1 2 , 2 0 , 2 8 8 , :c t ) " if D2 L :1 e a r  pre-:: i c t i on 

" e s b  
" e s b  

Il ph 
Il ph 

Il n lt 

" n il 

( 1 0 2 4 , 7 0 ,  2 ,  - 1 0 0 ) " .4 :-'\ "1 
tr � ..L  

( 8 0 0 , 0 ,  2 - 1 0 0 )  " " 02 , tr 

( - 1 8 4 , - 2 1 9 7 2  , 0 )  " .. ; 0 1  tr 

( - 8 8 , 0 ,  0 )  " J� 02 tr 

# Dl bas e l i ne correc t i on 
# D 2  bas e l i n e  correc t i on 

L ::' t e r ing 
L ::' te r ing 

p:-. a s i r:9 
p:-.a s i r:.g 

D imNoToTran s 
ExpnntType 

b 
t 

# D imen s i on t o  t rans f o rm 
# Exp e r iment type 

sbs ( 4 ,  3 4 0 , 4 8 0 , 4 4 , 1 4 0 , 9 0 0 . 9 3 0 . 9 6 0 , 1 0 2 0 )  l' S e t  ba s e :" i n e  s e gmen t s  
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Processing the DQF-COSY in Dl with CaerinDQF _COSY.2Dproc by setting the 
DimNoToTrans to 1. results in the intermediate data shown in Figure 8 .34. 
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Figure 8.34 The 20 Caerin 4. 1 OQF-COSY spectrum after processing in 0 1 .  

See also Chapter 8 of Volume I for some comments. 

);> Processing in D2 

a a. 

Processing the DQF-COSY in D2 is similar to that in D l ,  except for the additional 
linear-prediction operation. 

This subsection describes the high-resolution processing in D2 for the DQF-COSY 
spectrum. It involves constructing and processing a combined column with the 
application of linear prediction, an enhanced sine-bell filter, Fourier transforming, and 
phasing. The process provides the command parameters used in D2-processing, as 
shown in CaerinDQF _COSY.2Dproc. The resulting 2D spectrum is then processed 
further with a baseline correction macro. 
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The following operations combine two columns from the intermediate data set and the 
application of linear prectiction. 

• Follow the instructions in the last subsection to combine columns 38 and 885. (By 
default, all results of I D  processing operations are applied to Buffer 0.) 

• Choose @j'redict] in the 1 D-processing Too/box One to open the LPredict DiaZog 

(Figure 8.35). 

, First data points used: , IIlOO 
NwfIher of points used: 

" 1 412 

Figure 8.35 The LPredict Dialog. 

• Fi ll in the dialog with the data shown in 
the figure. Then choose !Execute] in the 
ctialog. 

• Apply the enhanced sine-bell filter with 
the four parameters being 800, 0, 2 and 

-100. 

• Type rft. 

• Phase the data with ph(-88, 0, 0). 

The LPredict operation used 4 1 2  points starting from point 100 to prectict 288 points 
of the real part with a 20th -order linear prediction model . This resulted in a total of 800 

significant data points for each column of data. (The reason for precticting 288 points 
but not 5 1 2  was to avoid severe noise induced by incorrect prediction.) 

Figure 8.36 shows the results of the above operations. 
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Figure 8.36 The processed results of a combined column of the intermediate data set. Plot 1 is the raw data and the 
filter. Plot 2 is the predicted data. Plot 3 is the filtered data. Plot 4 is the transformed and phased data. 

The parameters obtained from the above operations have been embedded into 
CaerinDQF _COSY.2Dproc (presented in the last subsection), where the ! for the 
ExprmtType defines the use of RFf for column processing. 

Loading CaerinDQF _COSY.2Dproc for processing in D2 produces a 2D DQF­
COSY spectrum, as shown in Figure 8.37. 
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Figure 8.37 A full view of the Caerin 4. 1 OQF-COSY spectrum after 02 -processing with high-resolution method. 

Ignore the five Bad-LP error messages reported on the Unix shell ,  because none of 
these five columns has caused any serious problem. This can be checked by inspecting 
the small 2D regions containing them. 

The baseline correction macro below is written to suppress horizontal streaks in the 
spectrum. It is in the macro directory, and can be run by typing run. (See chapter 4.) 

# ( Correc t Bas e l ine . mc r )  

D1 = 1 0 2 4  # Dimens i on 2 
D2 = 1 0 2 4  # Dimen s i on 1 
D1 S t ru c t  r # D1 s t ru c t u re 
D2 S t ru c t  = r # D2 s t ru c ture 
DrawOn F # Not to draK 
sbs ( 4 ,  3 4 0 , 4 8 0 , 4 4 , 1 4 0 , 9 0 0 , 9 3 6 ,  9 6 0 , 1 0 2 4 )  # S e t  basel i ne se�nen t s  

f o r  ( % 1 = 0 , 1 0 2 3 , 1 )  # S t a r t  the f o r - l oop 
ldr ( % 1 ,  r )  # Load row % 1  a s  real data 

bc ( s ,  5 )  # Correct base l i n e 

wrr ( % 1 , r )  # Save row % 1  a s  rea l data 
next # C ont inue the f o r - l oop 
DrawOn = T # DraltJ now 
d r 1  # Draw t h e  I D  p l o :  
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dr2 I Draw the  2d plot  

Figure 8 .38 shows the DQF-COSY spectrum after baseline correction . 

• , ". ! , � oJ'o" ,./ .... �" . , . .... . .. "'\ . • ......... , •• " •. ••• ., • , "' • . • •  ! . • ", • • , .  • •  

(WilforolP,A W(iatalcaerinldata5dqfcosy.2Ddata 

eee 

aa 

Figw-e 8.38 Th e  Caerin 4. 1 DQF-COSY spectrum after baseline correction. 
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The expanded views of the significant regions can be found in Chapter 8, Volume I. 

Note that, to show the intensity background, all the contour plots above are 
deliberately  presented with a relatively low first level of 25 in PAW' s  threshold units 
for 2D contour and intensity plots. Figure 8.39 shows a cleaner plot produced by 
setting the First-level Threshold for the contour to 30. (See Chapter 7 for the 
operations required.) 
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Figure 8.39 A cleaner plot of the upper-right region (aliphatic) of the processed Caerin 4 . 1  DQF-COSY spectrum. 

� Spectral calibration 
The fol lowing operations calibrate the 2D spectrum with the water peak centred at 
(5 1 0 .3 , 5 1 1 . 5 )2. 
• Type zs to zoom into a small region containing the water peak (Figure 8.40). 

2 In points. 



8.2 PROCESSING THE CAERIN 4. 1 DQF-COSY NMR DATA 

- - - - - - - - - - - - - - - - - - - - - - 0- - - - -
I I I 
I I I 
I I I 
I 

I I 
_ _ _ _ _ _  L _ _ _ _ _ _ _ _ _ _ _  j _ _ _  _ 

I 

Figure 8.40 The contour plot of the small region containing the water peak. 
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• Select !mill from the ComDspUnit Radio-box of the Common-display Toolbox (See 
Chapter 7). 

• Choose [Calibration] from the Display Menu in the Menu-bar to open the Spectrum 
Calibration Dialog (Figure 8.4 1 ). 
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r;;;;;;;a Spectrum callbrat/on iJla/Or; 
DlStruct (r/c) : 

. D2struct (r/c) : 

(O if selected lli th I1sBtn2) : 

• 

Y in points (O i f  selected lli th I1sBtn2) : 

; Y in ppms : 

· �1 4.�1 ����====��1 � 
shift loaded peaks ? [y/n] 

Figure 8.41 The Spectrum Calibration Dialog. 

• Fill in the dialog with the data shown in the figure. 

• Select the water peak centre by clicking and dragging a crosshair using MsBtn#2 
(Figure 8 .42). 
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Figure 8.42 Referencing the water-peak centre by clicking and dragging a crosshair using MsBtn#2. 

7 . 2 
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• Choose [Execute] in the dialog. The plot will then be re-drawn with the calibrated 
scales shown on the axes. (Figure 8.43). 
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Figure 8.43 The calibrated plot of the water peak. 
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8.3 Processing the Caerin 4.1 TOCSY and NOESY NMR Data 

The operations to process the Caerin 4. 1 TOCSY and NOESY NMR data are similar 
to those presented for the high-resolution processing method for the DQF-COSY, 
apart from the few differences described below. 

1 )  The NMR data files involved are data6tocsy070.2Ddata and 
data7noesy150.2Ddata, where the numbers 070 and 150 refer to the mixing times 
used in the experiments. The time-domain data will be named the Caerin 4. 1 
TOCSY070 and NOESY I 50. The corresponding frequency-domain data set will 
be called the Caerin 4. 1 TOCSY070 or NOESY150 spectrum. 

2) The auto-phase operations are largely simplified in comparison with those for the 
DQF-COSY NMR data, because there is no need to search for anti-phase 
parameters. Only minor adjustments are required to improve the auto-phase 
results, and the criteria are the refined shapes of the small ID peak centred at about 
point 38 .  

3) The macro for processing the Caerin 4. 1 TOCSY070 NMR data is  as follows: 

# ( da t a G t oc sy 0 7 0 . 2 Dproc ) 
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MDl 1 0 2 4  
11m2 1 0 2 4  

# Ha t ri x  D J  
# Ha t r i x D 2  

1 ·pCornl n n 11 # D1 l i near pred i c t i on 
( 1 0 0 , 4 1 2 , 2 0 , 2 8 8 ,  r , t ) " # D2 l i n e a r  pre d i c t ion J pCom2 =: " I p  

f J tCom1 
f l t.C om2 

p hCom1 
phC om2 

bcComl 
bcCom2 

" e s b  ( 1 0 2 4 ,  8 0 ,  2 ,  -:L O O ) " 
" e sb ( 8 0 0 , 8 0 ,  2 ,  0 ) " 

# D1 fi l t e r i ng 
# D2 f i l t. e r i ng 

" ph ( 1  6 , - 2 1 9  8 8 , 0 ) " 
" ph ( 6 4 ,  6 ;:' , 0 ) " 

#- D1 pha s i ng 
#- D2 pha s ing 

It n l! 

" n "  

# D 1  ba s e l i ne c o r re c t i on 
# D 2  ba s e l i ne c o rrec t i on 

Di .. mNoToT rans " b 
ExprmtType t 

# D i me n s i on t o  t ra n s f orm 
# Exper imen t type 
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�bs ( 4 ,  3 4 0 , 4 8 0 ,  4 4 , 1 4 0 ,  9 0 0 , 9 3 0 ,  9 6 0 , 1 0 2 0 )  # S e t  ba s e l ine s e�nen t s  

4) The macro for processing the Caerin 4. 1 NOESY150 NMR data is as follows: 

# ( da t a 7 noesy1 5 0 . 2 Dp r o c ) 
HD1 1 0 2 4  # Hat r i x  D 1  
HD2 1 0 2 4  # Ha t r i x  D2 

I pC om1 
IpCom2 

" n "  # D 1  l i near predi c t ion 
" l p ( 1 0 0 , 4 1 2 , 2 0 , 2 8 8 , r , t ) " # D 2  l i near predi c t i on 

f l tCom 1  
f l t.Com2 

" e s b  ( 1 0 2 4 , 8 0 ,  2 ,  - 1 0 0 ) " 
" e s b  ( 8 0 0 , 8 0 ,  2 ,  0 ) " 

# D 1  f i l t e r i ng 
# D2 f i l t er i ng 

phC oml 
pbC om2 

" ph ( - 7 8 , - 2 1 9 7 8 , 0 ) " # D1 pha s i ng 
" ph ( - 1 2 , 2 7 , 3 7 . 8 ) " # D2 pha s ing 

bcCom1 
bcCom2 

11 rl l! 

11 rl l! 

D i rnNoToTrans 
ExprmtType 

b 
t 

# D1 ba s e l ine c o rrec t i on 
# D2 b a s e l i n e  correc t i on 

# D imen s i on t.O t ran s f o rm 
# Exp e r imen t type 

Sb8 ( 4 ,  3 4 0 , 4 8 0 ,  4 4 , 1 4 0 , 9 0 0 , 9 3 0 ,  9 6 0 , 1 0 2 0 )  # S e t  ba s e l ine s e gment s 

5) The baseline correction macro that corrects the vertical and horizontal streaks in 
both 2D spectra is  as follows: 

# ( Co rrec t Ba s e l i ne . mc r )  
D 1  = 1 0 2 4  # D i. me n s i on 2 
D2 ,, 1 0 2 4 # D i me n s i on 1 
D1 S t ru c t  r # D 1  s t ruc ture 
D2 S t ruc t = r # D2 s t ructure 
Dra wOn F # N o t  to cl ra\'Ii 

sbs ( 4 ,  3 4 0 , 4 8 0 , 4 4. , 1 4 0 ,  9 0 0 , 9 3 6 ,  9 6 0 , 1 0 2 4 ) # Se t. ba s e l i ne segme n t s  
f o r  ( % 1 = 0 , 1 0 2 3 , 1 )  # S t a r t  the f o r - l oop 

ldc ( �; 1 , r )  # Load co l u mn % 1  a s  rea l da ta 
bc ( s ,  5 )  # C o rrect bas e l ine 

wrc: ( �, 1 ,  r )  # S ave c o l u mn % 1  a s  rea l da t a. 
next # Con t i nue t he f or - l oop 
f o r  ( % 1 = 0 , 1 0 2 3 , 1 )  # S t a r t  t he f o r - loop 

Idr ( % T ,  r )  # Load row !iI T a s  rea l dat. a 
bc ( s ,  5 )  # C o r rec t. ba s e l ine 
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wrr ( % 1 ,  r )  • Save row % 1  a s  �ea l da - a 
next # C�nt inue t.he f o r - 1 :  r)p 
Dra.wOn '" T 
dr l 
dr 2 

• DJ.:aw nOltl 

# D r-a.w t.he ID p l o t  
# Draw t.he 2 d  p l o t  

Both macros can be found in  the data directory. 
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9.1 Introduction 

This chapter describes the peak-picking operations to create the peak lists used for the 
NMR spectral assignment of Caerin 4. 1 .  All the three high-resolution spectra obtained 
in Chapter 8 were used during the peak picking. 

� The Peak-picking Toolbox 

Figure 9. 1 The Peak-display Toolbox. 

9.2 Preliminary 

• Start PAW. 

The command buttons that are related to peak-picking 
operations are collected into the Peak-picking Toolbox, as 
shown in Figure 9. 1 .  

To open the toolbox, either type QJ;m or choose 
[PkPickTBo ] from the Process Menu. 

To close the toolbox, either type Ym or double-click on 
the window-control button at its top-left corner. 

To avoid unexpected errors, it is recommended that PAW 
is restarted and the workbench used in Chapter 7 is again 
loaded. 

• Choose [11:xWorkbench] from the Window Menu. (See Chapter 7.)  

buttons. 

� Loading spectra for peak-picking 

• Load the spectra CaerinNoesylS0C, CaerinTocsylS0C and CaerinCosyC as 
described in Chapter 7 .  

• Change to Colour Scheme 2 as described in Chapter 7. 

Figure 9.2 shows the CaerinNoesylS0C spectrum displayed in Colour Scheme 2.  
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Figure 9.2 The CaerinNoesy150C spectrum displayed in Colour Scheme 2 .  

� Defining contour parameters for peak picking 

The fol lowing operations turn on the intensity-and-contour display mode, and define 
proper contour parameters for displaying the CaerinNoesylS0C spectrum. 

• Click in the window for the CaerinNoesylS0C spectrum. 

• Turn on [futn.+contou ] in the 2D-display Toolbox. 

• Choose [DefContrs] in the 2D-display Toolbox to open a Contour-plot Dialog and 
set the First-level Threshold to 28, as described in Chapter 7. 

• Repeat the same operations for the CaerinTocsy070C spectrum. 

• Repeat the same operations for the CaerinCosyC spectrum, with the First-level 
Threshold set to 30 and the entry for the fu.gn set to Q. 
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>- Defining numbers to zoomed-patterns for peak picking 

To simplify the operations and description for the picking operations, seven zoomed 
patterns were defined as follows. 

• Click in the window for the CaerinNoesylS0C spectrum. 

• Zoom into the multi-region pattern shown in Figure 9.3, as described in Chapter7 . 

Figure 9.3 The multi-region display used in peak picking. 

• Use the dz# command to define this multi-region pattern as Zm#8, as described in 
Chapter 7. 

• Use the zs command to zoom into six other regions as shown in Figure 9.4, and 
define them as z l  to z6. 
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Figure 9.4 The six zooming patterns used in peak picking. 

1 6 1  
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These definitions allow the commands z l ,  z2, . . .  z6 and z8 to be used in the following 
sections. 

9.3 Picking Raw Peaks 

> Picking raw peaks in the upper-left region (Zm#l) 

• Choose Set2DBsL�] in the Peak-picking Toolbox. The message "Use MsBtn#l 
to set a region for calculating 2DBaseLev." will appear above the plot. 

• Use the left mouse-button to select a small region that encloses a small peak at 
around [6.828,2.078] , which is  the strongest peak on the right. The base-level 
parameters, of which the Mean+SD is around 1 .08x106, will be

· 
calculated and 

displayed on the Unix shell .  

• Choose [PickRawPeaks] in the Peak-picking Toolbox. The message 'Use 

MsBtn#l to set a region for picking raw peaks.'  will be displayed on top of the 
draw-window. 

• Select the entire zoomed region. The Peak-picking dialog (Figure 9.5) will appear. 
Retain all default values for the entries and make sure the BaseLev is set to Q so 
that the calculated base level wi l l  be used. 
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Bl3.seLev (0 if last BaseLev. is to he used) 

I.0.ooooo� 
l1inPeakW" in Dl 

. MaxPel3.kW in Dl 

MinPeakW in D2 

MaxPeakW in D2 

.. 

Figure 9.5 The peak-pickillg DiaLog for picking raw-peaks. 

9.3 PICKING RAW PEAKS 

• Choose xecute] . The picked peaks will then be displayed on the plot, as shown 
in Figure 9.6. 
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Figure 9.6 The raw peaks in the upper-left region of the CaerinNoesy150C. They are picked by setting a base level 
calculated from a small region at around [6.828.2.078]. 

• If the result is not satisfactory, remove all peaks in the region by choosing 
mveRPKs] in the peak-picking Toolbox and then selecting the entire region. 

After removing the peaks in the region, repeat the procedure above to reset a base 
level and pick another lot of raw peaks. 

Note: 

o To preserve potentially useful information in the spectral assignment process, it is often better 
to keep more raw peaks in the list than less. 

o Peaks symbols are only temporarily plotted on top of a spectrum in order to have the flexibility 
of displaying peak symbols onto any spectrum, including the DQF-COSY or TOCSY. When 
the X Window manager refreshes a window after any window-expose event, the peak symbols 
disappear, al lowing a quick display of a clean spectrum without having to switch off the peak 
display. To redisplay the peaks, simply click in the draw-window with MsBtn#3. 
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� Saving the raw-peak list 

• Choose [SavePkLists] in the Peak-assignment Toolbox. A small window (Figure 
9.7) with the question 'Save the peak list ? '  will popup to ensure that existing peak 
lists will not be overwritten by mistake. 

= lnfo..JJOpup 

• 

1 S A V E  t h e  p e a k l i s t s ?  

O K  

Figure 9.7 The popup message for saving peak lists. 

• Choose [O:£<.l] and you see afile-selection dialog as follows: 

F i l t e r I / U S � / W i l f o r d / P A�d a t a / * . R P e a k s  
IPIF 1 

D i r e c t o r i e s  
r 6 / w i l f o r d / P AWd a t a / . 

; r 6 / w i l f o r d / P A Wd a t a /  . .  
I r 6 / w i l f o r d / P AWd a t a / c a e r i n 

Figure 9.8 The file-selection window for saving peak lists. 

F i l e s 
c a e r i n 9 8 . R P e a k s  
c a e r i n 9 8 _ 2 . R P e a k s  
c a e r i n 9 8 a . R P e a k s  
c a e r i n 9 8 b . R P e a k s  
c a e r i n 9 8 c . R P e a k s  
t r y . R P e a k s  
t r y 2 . R P e a k s  
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• Choose Caerin98.RPeaks and change it to Caerin99.RPeaks or similar to avoid 

overwriting the list Caerin98.RPeaks. 

• Choose [Save] in the dialog. 

Note: that when saving peaks, PAW always save all peaks in one operation, including all diagonal peaks and cross peaks, 
if any. Nthough only raw peaks were picked so far, this operation also created two other empty files for the diagonal peaks and 
cross peaks. 

� Picking raw peaks in the transposed region (Zm#2) 

Because the base level is about the same as that set for Zm# l ,  there is no need to reset 
the base level for picking peaks in this region. The operation can be as simple as 
fol lows: 

• Choose [iPickRawPeakS] in the Peak-picking Toolbox to open the Peak-picking 
dialog. Select the entire region and keep the BaseLev displayed in the entry box. 
Choose [Execute] .  The display will  be refreshed with the newly picked peaks as 
shown in Figure 9.9. 

. 2  

. 4  

. 6  

. 8  

. 2  

--.Lr_--"u • 4 

. 6  

Figure 9.9 The raw peaks at the lower-right region of the CaerinNoesylSOC. They are picked with the same base level 
calculated for the upper-left region. 
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• Choose [SavePkLists] in the Peak-assignment Toolbox to save the result again. 

)- Picking raw peaks in the upper-right region (Zm#3) 

Because of the higher level of noise, picking peaks using the base level chosen for 
regions Zm#l and Zm#2 will result in too many peaks being picked in the upper-right 
region. A different base level must therefore be set, preferably with the first-level 
threshold for the contour plot set to 28. 

• Choose [Set2DBsLv] in the Peak-picking Toolbox. 

• Use the left mouse-button to select a small region that encloses a peak at around 
[4.368,0.696], which is the most intense peak at the top-left corner. The base-level 

parameters, of which the Mean+SD is around 3.66xIQ6, will be calculated and 
displayed on the Unix shell . 

• Choose Q?ickRawPeaks] in the Peak-pichng Toolbox. 

• Select the entire zoomed region. The Peak-picking dialog will appear. Retain all 
the default values in the entry boxes and make sure the entry for the base level is ° 
so that the value calculated previously will be used. 

• Choose �xecut�] . The picked peaks will be displayed on the plot as shown in 
Figure 9 . 10. 
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Figure 9.10 The raw peaks at the upper-right region of the CaerinNoesylSOC spectrum. They are picked by setting a 
base level calculated from a small region at around [4.368,0.696]. 

• Choose lSavePkLists] in the Peak-assignment Toolbox to save the result again. 

Note: 

o After the X Window manager will not be re-displayed the peaks symbols after removing the 
tile-selection dialog, To re-display the symbols, cl ick in the window with MsBtn#3, 

o It can be seen that some weak peaks were not picked with this base level. To avoid 
complication, these peaks can be considered at a later stage of the spectral assignment. 

» Picking raw peaks in the lower-left region (Zm#4) 

• Type z4. 

• Choose [Set2DBsLv] in the Peak-picking Toolbox. 

• Use the left mouse-button to select a small region that encloses a peak at around 
[8. 134,7 . 1 24], as shown by the rectangle in Figure 9. 1 1 .  The base-level 
parameters will be calculated and displayed on the Unix shell .  (The Mean+SD is 
around 2. 17x 106). 
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• Choose [pickRawPeaks] in the Peak-picking Toolbox. 

• Select the entire region to pick the raw peaks. The Peak-picking dialog will 

appear. Retain al l the default values in the entry boxes and make sure the base 
level is 0 so that the value calculated previously will be used. 

• Choose �xecute] . The picked peaks will be displayed on the plot, as shown in 
Figure 9. 1 1 .  
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Figure 9. 1 1  The raw peaks at the lower-left region of the CaerinNoesy150C spectrum. They are picked by setting a 
base level calculated from a small region at around [8. 1 34.7. 1 24]. 

• Choose SavePkLists] in the Peak-assignment Toolbox to save the result again. 
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9.4 Picking Diagonal Peaks 

);> Picking the diagonal peaks in the lower-left region 

• Type z4. 

• Type dr or click in the plot with MsBtn#3 to re-display the peak symbols if the X 
Wind0w manager has just refreshed the draw-window. 

• Choose ickDiagPeaks] in the Peak-picking Toolbox. The message "Use 
MsBtn#2 to select two terminal diagonal peaks for peak-picking." wi ll appear 
above the plot. 

• Use the middle mouse-button to select the two peaks at the two ends of the 
displayed diagonal segment. All the diagonal peaks in the plot wi ll be picked and 
displayed in different colours, as shown in a multi-region plot in Figure 9. 12.  The 
diagonal peaks in the entire region !Jpel' bren closely checked and refinement was 
not found to be necessary. W f).$ 

Figure 9. 1 2  The diagonal peaks a t  the lower-left region of the CaerinNoesylSOC. They are picked b y  selecting the two 
peaks at the two ends of the displayed diagonal segment 
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• Choose [SavePkLists] in the Peak-assignment Toolbox to save the result again. 

� Picking diagonal peaks in the upper-right region 

The procedure to pick the diagonal peaks in this region is as follows: 

• Type z3 . 

• Type dr to re-display the peak symbols if the X Window manager has just 
refreshed the draw-window. 

• Choose IJP.·ckDiagpeaks] in the Peak-picking Toolbox. The message "Use 
MsBtn#2 to select two terminal diagonal peaks for peak-picking." will appear 
above the plot. 

• Use the right mouse-button to select the two peaks that locate the two ends of the 
displayed diagonal segment. Since there are no serious Bloch-Siegert shifts in the 
spectmm, al l the diagonal peaks in the plot will be picked and displayed (Figure 
9. 13) .  

Ji"� 
.: 
> 

#J. X 
X 

Figure 9. 1 3  The diagonal peaks at the upper-right region of the CaerinNoesylSOC spectrum. They are picked by 
selecting the two peaks at the two ends of the displayed diagonal segment 



9.4 PICKING DIAGONAL PEAKS 

• Choose [SavePkLists] in the Peak-assignment Toolbox to save the result again. 

Note: 

1 7 1 

o When picking diagonal peaks, the operation will not be performed unless the two terminal 
peaks are quite accurately located. For this reason, it may be better to perform this operation 
with a larger draw-window. Repeat the process if the draw-window does not respond 
immediately after the second peak is selected. It may be that one of the locations selected was 
incorrect. 

o The colour for the diagonal peaks was set to yellow for the distributed package. To change the 
colour, use any editor to open the file PA W.colours and change the colour setting for 
DPeakColour to any of the X Window predefined colours, which can be found in the file 
/usr/lib/x l llrgb.txt. 

� Refining diagonal peaks in the upper-right region 

Having all diagonal peaks properly picked is essential for cross-peak picking and any 
other operation that requires a correctly calculated transposed location. For this 
reason, it is recommended that the diagonal-peak list be refined as soon as a segment 
of diagonal peaks is picked. To do this, it is necessary to zoom into individual smaller 
regions in which all the diagonal peaks can be clearly seen. It is also necessary to draw 
diagonal lines in a region in order to assess the alignment of the diagonal peaks. 

The fol lowing steps are required: 

• Type zs and use MsBtn# 1 to select a region that covers about one-third of the 
diagonal peaks in Zm#3, as shown in Figure 9 . 14. (The diagonal peaks in the other 
regions were verified and found acceptable.) 

• Choose [Dr / Line] in the Drawing Toolbox. Then, select the two diagonal peaks 
that are located at the two ends of the region. A diagonal line will be drawn, which 
connects almost all the diagonal peaks except four, as shown inside the two 
rectangles in Figure 9 . 14. 
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Figure 9. 14 A diagonal line drawn for assessing the correctness of the diagonal peaks that were automatically picked. 
Nearly all of the diagonal peaks picked are properly located except the four enclosed in the two rectangles. 

• RepeatedJy choose veDPkS] and use MsBtn# 1 to select the rectangles to 
remove the four peaks. The colour of the peak symbols will be changed (Figure 
9. 1 5), indicating that they have been removed from the diagonal-peak list. 
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Figure 9. 15  A set of carefully selected diagonal peaks after removing four peaks in the initial diagonal-peak lis!. The 
remaining diagonal peaks were sufficient to define the diagonal. 

• Choose ineS] in the Drawing Toolbox to remove the line. 

• Choose avePkLists] in the Peak-assignment Toolbox to save the result again_ 

Note: 

o A badly located diagonal peak is often associated with heavy overlap, and must either be 
removed or re-located. Often, the bad diagonal peaks can be simply removed as long as the 
line that joins the adjacent two diagonal peaks passes the approximate location of them. 
Caution must oply be taken when the diagonal curve is not straight due to the existence of 
severe Bloch- �gert shifts. 

9.5 Picking Cross-peaks 

At this stage, all raw peaks and diagonal peaks have been picked and saved. The next 
task is to pick the cross peaks in the four regions, as described below. The process can 
be started from any region once all diagonal peaks have been picked. 
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� Picking cross peaks in the lower-left region 
• Type z4. 

• Choose [PickCrossPeaks] in the Peak-picking Toolbox. 

PidkCPlis iiliiJog 

error [i.n ppm] ,' 

TranCPks ? [y/n] : 

Figure 9. 16 The PickCPks dialog. 

• Use the left mouse-button to select the 
entire region. Make sure that the entry is y 
for the second item in the PickCPks dialog 
(Figure 9. 16) so that only the peaks that 
have a transposed component in the raw­
peak list are to be picked. 

• Choose ecute] to start the operation. It 
can be seen from Figure 9. 17  that a 
significant number of the raw peaks are not 
picked. Most of them are noise. 

Figure 9. 17  The cross-peaks in the lower-left region of the Caerin 4. 1 NOESY 1 50 spectrum. Each picked peak is 
represented by an hour-glass symbol. 
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• Choose [SavePkLists] in the Peak-assignment Toolbox to save the result again. 

� Picking CI'OSS peaks in the upper-right region 

• Type z3 to zoom back to the upper-right region . 

1 75 

• Choose 'ckCrossPeakS] in the Peak-picking Toolbox. The message ' Use 

MsBtn# 1 to select a region for picking cross peaks. '  will appear above the plot. 

• Use the left mouse-button to select the entire region and wait for the PickCPks 
dialog (Figure 9 . 1 8) to open. Make sure that the entry is y. for the second item so 
that only cross peaks paired with transposed peaks will be picked. 

• Choose xecute] to start the operation. All paired cross peaks in the region will 
be picked and displayed with symbols that look like an hour-glass instead of a 

simple cross like x, as shown in Figure 9.6. It can be seen that only a small 
fraction of the raw peaks are not picked, and most of these are noise. 
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Figw'e 9. 1 8  The cross-peaks in the upper-right region of the Caerin 4. 1 NOESY 150 spectrum. 
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• Choose SavePkLisul] in the Peak-assignment Toolbox to save the result again. 
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>- Picking cross peaks in the upper-left and lower-right region 

This process is more easily done by cross-referencing to both regions. A typical 
process can be as follows: 

• Type z l  to zoom into the upper-left region. 

• Choose [PjckCrossPeakS] in the Peak-picking Toolbox. 

• Use the left mouse-button to select the entire region. Again, make sure that the 
entry is y for the second item in the PickCPks dialog. 

• Choose �xecute to start the operation. 

All the paired cross peaks in the upper-left and lower-right region will be picked and 
displayed on the plot, as shown in Figure 9. 1 9  and Figure 9.20. 
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Figure 9. 19 The cross-peaks in the upper-left region of the Caerin 4 . 1  NOESY 1 50 spectrum. 
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Figure 9.20 The cross-peaks in the lower-right region of the Caerin 4. 1 NOESY I SO spectrum. 

• Choose """"""""-'� 

� Assessing missing transposed cross peaks 
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When picking cross peaks with an automatic operation, there are always a small 
number of unpaired raw peaks that are not picked. Some of them are real, and some of 
them are noise. Missing transposed cross peaks are produced for a number of reasons, 
including the significantly lower resolution in D2, improperly phased data in one 
dimension, improperly picked diagonal peaks, heavily overlapped peaks, and local 
noise. The time that is required for refining a cross-peak list depends on the number of 
transposed-peaks that are missing or not properly picked. This is usually the most 
tedious and time-consuming part of the entire picking process because each case has to 
be judged individually. A better option is perhaps to pick the unambiguous peaks at 
the start, and then consider the ambiguous peaks individually at a later stage of the 
spectral assignment. 

In general, it is better to zoom into smaller regions so that all peaks can be observed 
properly. Cross-examination between transposed regions can be used as often as 
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necessary to find missing transposed-peaks. Each operation may also involve drawing 
transposed-rectangles to locate the corresponding transposed peaks. PAW provides a 
simple command to findl and add a pair of symmetrically located cross peaks in one 
operation. This requires the diagonal peaks be picked properly, as explained 
previously. 

The following example describes a process for picking missing pairs of peaks: 

• Type zs to zoom into a region from approximately [8.70,3.600] to [7 .60,4.60] , and 
define the region to be Zm#5 (Figure 9.2 1 ). This region contains all HN:HA cross 

peaks i n  the CaerinNoesylSOC spectrum. 

Figure 9.21 An expanded view of the region from approximately [8.70,3.600] to [7.60,4.60] that is defined as Zm#5. 

• Type zt to zoom into its transposed region, and define the region to be Zm#6 
(Figure 9.22). 
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Figure 9.22 The transposed region of Zm#5, which is defined as Zm#6. 

• While in Zm#6, type dtr (for drawing transposed rectangles) and use the middle 
mouse-button to click on a number of raw peaks that can be clearly identified as 
"un-picked" cross peaks. When finished, press the right mouse-button to stop the 
operation. For i l lustration, four transposed rectangles were drawn in Figure 9.23. 
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Figure 9.23 A smaller region with four transposed rectangles drawn for the assessment of possible missing transposed 
peaks. 

• Type z5 to zoom into the transposed region (Figure 9.24). Look carefully at the 
corners of each rectangle (shown in small rectangles) to check if any peak also 
appears in the transposed region. 
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Figure 9.24 The transposed region of the last plot. 

Often, additional evidence can be obtained by looking at a row or a column of data. 
For example, the ID spectrum in Figure 9.25 convincingly confirmed the existence of 
the peak: inside the small rectangle at the bottom of Figure 9.24. By contrast, the 
column at around 8.35 ppm does not shown any evidence of such a peak: (Figure 9.26); 
therefore, the transposed rectangle can be removed. 
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Figure 9.25 An expanded plot of a row drawn from Figure 9 . 1 6  at around 4.56 ppm. The arrow points to a peak that is 
inside the rectangle at the bottom of Figure 9 . 1 6. 
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Figure 9.26 A n  expanded plot o f  a column drawn from Figure 9. 1 6  a t  around 8.35 ppm. The arrow points t o  the 
insignificant peak that is inside the rectangle on the left of Figure 9 . 1 6. 
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• To remove the rectangle at 8 .35 ppm, type rlr and click on one of its corners with 
MsBtn#2. 

)0 Adding missing transposed cross peaks 

• Type z6 (figure not shown). There should be only three rectangles left. 

• Choose indT C �] in the Peak-picking Toolbox. The message "Use MsBtn#2 
to set the peak position for picking a pair of transposed peaks." will appear above 
the plot. 

• Click on every peak at each corner of the remaining rectangles with the middle 
mouse-button. 
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• Type z5 . There should be three cross peaks added, each of them at the corner of a 
transposed rectangle (Figure 9.27). 

. .• . 
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Figure 9.27 An example of three cross-peaks that were found and added. 

• Choose [RmAIlRects] in the Drawing Toolbox to remove all rectangles once the 
results are satisfactory. 

• Starting from Zm#5, repeat the last six steps to find the missing transposed cross 
peaks in Zm#6. 
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10.1 Introduction 

This chapter describes the spin-system identification operations for the Caerin 4. 1 
NMR spectra. 

The high-resolution spectra and refined peak lists obtained by the methods described 
in chapters 8 and 9 were used in the process, namely: 
• CaerinNoesy150C.2Ddata 

• CaerinTocsy150C.2Ddata 

• CaerinCosyC.2Ddata (optional) 

• Caerin98.RPeaks 

• Caerin98.DPeaks 

• Caerin98.CPeaks 

To avoid unexpected errors, it is again recommended that PA W is restarted, and the 
workbench used in Chapter 7 is again loaded. 

� The Caerin 4.1 sequence 

Getting familiar with the protein sequence of Caerin 4. 1 is obviously useful for the 
spin-system identification and spectral assignment. It is: 

GLWQKIKSAA GDLASGlVEG IKS -NHz 

where NH2 is the terminator. Accordingly, the amino acid list is : 

Amino Number in Number identified 
acid codes the sequence 

G 4 
L 2 
W 1 
Q 1 
K 3 
I 3 
S 3 
A 3 
D 1 
V 1 
E 1 
Total 23 

As can be seen, five of the amino acids appear only once each in the sequence. These 
are W3, Q4, D 12, V 1 8  and E19. 
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10.2 Preliminary 

� Loading spectra for spin-system identification 

• Start PAW and load the spectra CaerinNoesylSOC, CaerinTocsylSOC and 
CaerinCosyC as described in Chapter 9. 

Figure 1 0. 1  A full view of the CaerinNoesylSOC spectrum, with the other two spectra hidden below. 

� Defining zooming patterns for spin-system identification 

• Define five zoomed-patterns for the spin-system identification operations, as 
shown in Figure 1 0.2. 

The definitions wil l  be useful during the spin-system identification process, especially 
Zm#5. 
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Zm#1 Zm#2 

Zm#4 Zm#5 

Figure 10.2 The Zm#1 to Zm#5 defined for the spin-system identification of Caerin 4. 1 .  
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Zm#3 

The fol lowing steps describe the operations required to define the same pattern 
numbers for the CaerinTocsylS0C window: 

1 .  In the CaerinNoesy070C window, type zl and then � to zoom the 
CaerinTocsy070C window with the same pattern as that In the 
CaerinNoesy070C window. 

2. On the CaerinTocsy070C window, click on the title-bar to bring it to the front, 
and then click in the plot area of the CaerinTocsy070C window. 

3. Define this plot as Zm#l for the CaerinTocsy070C window. 

4. Repeat the last three steps to define Zm#2 to Zm#5 for the CaerinTocsy070C 
window. 

Finally, 

• Repeat similar operations above to define Zm#l to Zm#5 for the CaerinCosylS
'
OC 

window. 
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After these operations, the commands z l ,  z2, z3, z4 and z5 can be applied to all three 
windows. 

� Loading peak lists for spin-system identification 

• Type zf. 

• Type illl to load a set of peak lists. This will open a file-selection dialog, as shown 
in Figure 10.3. 

Figure 10.3 The file selection dialog for loading peak lists. 

• Double-click on the name Caerin98b.RPeaks in the file list. The three peak lists 
mentioned before will be loaded simultaneously. 

• Type dr to redraw the plot with the loaded peaks, as shown in Figure 10.4. CA 
quicker way to redraw peaks is to click in the draw-window with MsBtn#3.) 
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Figure 10.4 The CaerinNoesylS0C with the loaded peak lists displayed on top. 

Note that the peaks are often too crowded to be clearly seen in a small window. 
The fol lowing two useful operations for sizing a draw-window can be done as 
many times as needed in the identification and assignment process. 

• To display a full-screen view of a plot, type It-FlO. 

• To restore a draw-window to its default size and position, click on the grey circle 
on the upper-left corner of the window. 

10.3 Spin System Identification 

This process is more easily done by reference to the CaerinTocsy070C spectrum, as it 
contains only cross-peaks that represent correlations between protons of the same spin 
system. 
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As mentioned i n  Chapter 1 0  of Volume I ,  during the spin-system identification 
process, tables 7. 1 ,  7.2, 7 .4 and Appendix 7.b in Volume I have been frequently 
referenced. They contain the basic, but useful, infonnation on the primary-structures, 
spin-systems, average chemical-shifts and 2D cross-peak distributions of the 20 
common amino-acids. 

For the theory behind and comments on spin-system identification, see Chapter 10 of 
Volume !. 

» Identification of Ala residues 

• Click on the title-bar of the CaerinTocsy070C window to bring it forward, and 
then click on the plot. 

• While the cursor is on the plot area, type z5 to recall Zm#5 (Figure 1 0.5). 

Figure 10.5 The expanded view of Zm#5 of the CaerinTocsy070C spectrum. 

• Click in the plot to display the peak symbols. 

• Switch off the Ori ] button in the Common-display Toolbox. 
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The three Alanine spin-systems can be easily identified as follows: 

• Type dch to draw crosshairs. 

• Click on the peaks arrowed in Figure 10.6. 

FIgure 10.6 A multi-region plot that shows how one of the Ala spin-systems in Caerin 4. 1 was identified. The 
crosshairs were drawn from the arrowed cross-peaks. 

If desired, the three TOCSY -related cross-peaks can be assigned and aligned 
immediately after the system is identified. For a systematic presentation, the 
procedures for assigning and aligning cross-peaks will be described in Chapter 1 1 . 

Once the cross-peaks are assigned, type ral to remove all lines in the plot and then 
continue doing the search for the other two Alanine spin systems in the same way as 
fol lows: 

• Type ral to remove all crosshairs. 

• Type dch to draw crosshairs. 

• Click on the peaks arrowed in Figure 10.7. 
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Figure 10.7 A multi-region plot that shows how the second Ala spin-system in Caerin 4. 1 was identified. The 
crosshairs were dra wo from the arrowed cross-peaks. 

• Type ral to remove all crosshairs. 

• Type dch to draw crosshairs. 

• Click on the peaks an-owed in Figure 10.8. 
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Figure 1 0.8 A multi-region plot that shows how the third Ala spin-system in Caerin 4. 1 was identified. The crosshairs 
were drawn from the arrowed cross-peaks. 

The third Ala is only obvious after zooming into a much smaller region and comparing 
the ID peak-shapes with the other five TOCSY-related peaks in the same column 
(Figure 10.9). 
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Figure 10.9 A expanded 2D and ID view that shows clearly the HB cross-peak of an Ala residue. as arrowed in the 
plots. The six I D plots show the six rows indicated by the horizontal lines in the 2D plot. 

� Identification of Ser residues 

The Serine-related cross-peaks are also easily identified as fol lows: 

1 95 
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• Zoom into another multi-region pattern as 
shown in Figure 10. 10. 

• Type ral to remove all crosshairs. 

• Type dch and click on the three diagonal peaks 
arrowed in Figure 10. 1 1 .  

Figure 1 0. 1 0  An overview o f  the next multi-region plot. 

Figure 10. 1 1  An expanded view used for the identification of Ser spin systems. Three sets of crosshairs were drawn 
from the arrowed diagonal peaks that are associated with the twelve HA-HB and HB-HA cross-peaks 
inside the two rectangles on the right. From these, the Serine-related cross-peaks in the HN-HA region 
were located, as enclosed by the rectangle on the left. Note that the peaks were picked from a NOESY 
spectrum, and some adjustments of the cross-peak locations were performed at a later stage. 
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The Serine-related cross-peaks in the HN-HA region are then found inside the 
rectangle on the left. 

• Type rad to remove all lines and rectangles in the plot. Then, type dr to re-display 
the plot. 

� Identification of Lys, Asp and Trp residues 

The HE-related cross-peaks for the Lys residues and the lIB-related cross-peaks for the 
Asp and Trp residues can be found within the two rectangle in Figure 10. 12. 

Figure 10 . 12  A multi-region plot that shows the HE-related cross-peaks for the Lys residues and the HB-related cross­
peaks for the Asp and Trp residues. 

The Trp-related cross-peaks are identified by their obvious connection to the aromatic 
cross-peaks, as shown in Figure 10 . 13 .  

• Type ral to remove al l crosshairs. 

• Type dch to draw crosshairs. 

• Click on the peaks centred at the three intersections on the left, as arrowed in Figure 
10. 13 .  
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Figure 1 0. 1 3  The same regions a s  the last plot. The crosshairs were dra wn  from the arrowed cross-peaks. The unique 
Trp residue was identified by the connection with the aromatic cross-peaks in Tryptophan. 

The remaining two intense cross-peaks at the upper-left corner define the Asp-related 
cross-peaks, as shown in Figure 10. 14, which was obtained as follows: 

• Type ral to remove all crosshairs. 

• Type dch to draw crosshairs. 

• Click on the peaks arrowed in Figure 10. 14. 
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Figure 1 0. 1 4  The same regions as the last plot. The crosshairs, which were drawn from the arrowed cross-peaks, 
enable the unique Asp residue to be identified, because the Asp cross peaks are much more intense than 
the Lys HN-HE cross-peaks and they have no connection with any aromatic cross-peaks. 

The rest of the weak peaks in the upper area of the plot define three Lys residues, as 
shown in the next three figures, which were obtained as follows: 

• Type ral to remove all crosshairs. 

• Type dch to draw crosshairs. 

• Click on the peaks arrowed in the figures. 

Note that some cross-peaks have been picked by repeated use of the commands ml 
(for picking one raw peak) and W (for finding transposed-peak). The locations of the 
manually picked cross-peaks can easily be identified by drawing crosshairs from the 
strong peaks of the three spin-systems. 
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Figure 10 . 15  A multi-region plot that shows how one of  the Lys spin-systems was identified. Some cross-peaks in the 
plots were picked manually, as described in Chapter 1 0  of Volume n. The crosshairs were drawn from 
the arrowed cross-peaks. 
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Figure 10. 1 6  A multi-region plot that shows how the second Lys spin-system was identified. The cross hairs were 
drawn from the arrowed cross-peaks. 
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Figure 10. 1 7  A multi-region plot that shows how the third Lys spin-system was identified. Th e  crosshairs were drawn 
from the arrowed cross-peaks. 

� Identification of Gly residues 

Only two out of four Gly spin-systems can be unambiguously identified at this stage, 
as shown in the next figure, which was obtained as follows: 

• Type ral to remove all crosshairs. 

• Type dch to draw crosshairs. 

• Click on the peaks arrowed in the figures. 

No further correlation peaks can be found for the two RN-HA cross-peaks in the upper 
area of the fingerprint region, giving a very good identification of them. The HA !  and 
HA2 of all the Gly spin-systems, however, cannot be resolved in any of the spectra. 
(Identification of the remaining two Gly residues was only possible via the sequential­
specific assignment.) 
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Figure 10. 1 8  A multi-region plot that shows how two of the Gly spin-systems were identified. The crosshairs were 
drawn from the arrowed cross-peaks. 

}> Identification of Val, Glu and GIn residucs 

Each of these spin-systems only appears once in the Caerin 4. 1 sequence. The Val 
spin-system is identified by its unique peak-distribution pattern in the TOCSY 
spectrum (Figure 10. 19). The Gln system is identified by its connection to the unique 
HE2 protons (Figure 10.20). The Glu system is identified by its similar peak­
distribution pattern with GIn (Figure 10.2 1 ). The next three figures were obtained as 
follows: 

• Type ral to remove all crosshairs. 

• Type dch to draw crosshairs. 

• Click on the peaks arrowed in the figures. 
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Figure 1 0, 1 9  A multi-region plot that shows how the Val spin-system in Caerin 4, 1 was identified, Th e  crosshairs were 
drawn from the arrowed cross-peaks, 
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Figure 1 0.20 A multi-region plot that shows how the Gin spin-system in Caerin 4.1 was identified. The cross hairs were 
drawn from the arrowed cross-peaks. 
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Figure 10.21 A multi-region plot that shows how the Glu spin-system in Caerin 4. 1 was identified. The crosshairs were 
drawn from the arrowed cross-peaks. 



1 0.3  SPIN SYSTEM IDENTIFICATION 207 

� Identification of Leu and Ilu residues 

The two Leu residues in the sequence are identified from the remaining unidentified 
spin-systems by looking at their heavily overlapped peak-pattern that contains HB and 
HC (see the next two figures). 

Figure 1 0.22 A multi·region plot that shows how one of the two Leu spin·systems in Caerin 4. 1 was identified. The 
crosshairs were drawn from the arrowed cross·peaks. 
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Figure 10.23 A multi-region plot that shows how the second Leu spin-system in Caerin 4. 1 was identified. The 
crosshairs were drawn from the arrowed cross-peaks. 

The three nu are then unambiguously identified by their long side-chain structure, as 
shown in a typical example in Figure 10.24. 
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Figure 1 0.24 A multi-region plot that shows how one
· 
of the lie spin-system in Caerin 4. 1 was identified. The 

crosshairs were drawn from the arrowed cross-peaks. 

Again, the figures in the subsection were obtained using the method described in 
previous subsection. 
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11.1 Introduction 

This chapter describes the peak-assignment operations for the Caerin 4. 1 NMR 
spectra. Again, the high-resolution spectra and refined peak lists obtained by the 
methods described in Chapter 8 and Chapter 9 were used in the process, namely: 

• CaerinNoesy150C.2Ddata 

• CaerinTocsy150C.2Ddata 

• CaerinCosyC.2Ddata (optional) 

• Caerin98.RPeaks 

• Caerin98.DPeaks 

• Caerin98.CPeaks 

To avoid unexpected errors, it is again recommended that PAW is restarted and the 
workbench used in Chapter 7 is again loaded. 

� The Peak-display Toolbox and the Peak-assignment Toolbox 

The display-mode switches and command-buttons that are frequently used during the 
peak-assignment process can be found in the Peak-display Toolbox and the Peak­
assignment Toolbox, as shown in Figure 1 1 . 1 .  

To open the Peak-display Toolbox, either type opd or choose [fkDs ITBo ] from the 
Process Menu. To close the tool box, either type xpd or double-click on the window­
control button at its top-left corner. 

To open the Peak-assignment Toolbox, either type opa or choose [PkAssgyTBo ] 
from the Process Menu. To close the toolbox, either type xpa or double-click on the 
window-control button at its top-left corner. 
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Figure 1 1 . 1  (a) The Peak-display Toolbox. (b) The Peak-assignment Toolbox. 

2 1 3  



2 1 4  1 1 .2 PRELIMINARY 

» The cross-peak symbols 

PAW uses different symbols to indicate the completeness of the cross-peak 
assignment. The shape of a cross-peak symbol depends on how many fields have been 
assigned for the cross-peak. These fields are the amino-acid codes, residue numbers 
and proton codes in D 1 and D2. 

In short the rules are: 

o Unassigned cross-peaks are indicated by symbols like hour-glasses (see Figure 
1 1 .4). 

o Partially assigned cross-peaks are indicated by differently shaped small 
rectangles. 

o A smal l square indicates one field is assigned in each direction (see Figure 
1 1 .6). A medium-sized square indicates two fields are assigned in each 
direction . 

o A vertical oblong indicats the number of fields assigned in D1  i s  more than 
that in D2. Likewise, A horizontal oblong indica,W the number of fields 
assigned in D2 is more than that in D 1 .  

o Fully assigned cross-peaks are di splayed with the biggest squares. 

11.2 Preliminary 

The preliminary steps for starting PAW, opening the workbench, and loading the 
spectra as well as peak lists have been described in Chapter 7 to 10. 

• Define seven zoomed-patterns as shown in Figure 1 1 .2. (Zm#6 is perhaps too 
small to be clearly seen in the view window and will be defined later.) 
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Zm# 1  Zm#2 Zm#3 

Zm#4 Zm#5 Zm#6 

Zm#7 

Figure 1 l .2 The seven zooming patterns used during the peak-assignment process for the Caerin 4. 1 NMR spectra. 

2 1 5  
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11.3 Assigning Cross-peak Proton-codes in Groups 

At the initial stage, it is wise to concentrate on the peaks that are picked with the auto­
pick routine, and to ignore the ambiguous ones. More raw peaks and cross-peaks can 
be added interactively if their existence is obvious. 

> Assigning cross-peak proton-codes in the lower-left region (Zm#4) 

This process is done using the DQF-COSY spectrum as follows: 

• Click on the title-bar of the DQF-COSY window to bring it forward, and then 
click in the plot area. 

• With the cursor in the plot area, type z4 to display Zm#4 with the peak symbols. 

Figure 1 1 .3 shows the DQF-COSY spectrum, where the transposed rectangles are 
drawn from three W3-related peaks (arrowed, see Chapter 10). 

Figure 1 1 .3 The lower-left regions of the Caerin 4. 1 DQF-COSY spectrum. where the transposed rectangles have been 
drawn from the centres of three W3-related peaks. 

By referencing Table 7.2, a few clues can be obtained from Zm#4 of the DQF-COSY 
spectrum (Figure 1 1 .3): 
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1 .  It is known that W3:HD1 and W3:HE1 form a unique two-spin system i n  the 
Caerin 4. 1 DQF-COSY and that W3:HE1  has the highest chemical shift. 
Therefore, the four NOESY cross-peaks at the upper-left and lower-right regions 
must be related to the W3:HEl . Among them, the two cross-peaks at the corners 
of the largest rectangle are associated with W3:HD1,  because underneath them 
there are DQF-COSY cross-peaks. 

2. The peaks linked to the diagonal peaks at [7.43,7.43] ,  [7.36,7.36], [7. 12,7. 12] and 
[5 .99,6.99] are associated with W3:HE3, W3:HZ3, W3:IDI2, and W3:HZ3, 
respectively. These are the cross-peaks at the corners of the other two transposed 
rectangles. 

3. The two peaks that are linked to the diagonal peak at around [6.83,6.83] are 
associated with Q4:HE2, as shown in the two small rectangles on the top-right 
corner. 

The rest of the peaks, as shown inside the three rectangles in the next plot, can be 
assigned as follows: 

1 .  The peaks that are enclosed inside the largest rectangle are the HN:HN cross­
peaks. 

2. All the other peaks that are enclosed inside the other two rectangles are related to 
either W3:HE3, W3:HZ3, W3:HH2, W3:HZ3 or X24:HN, where X24 is for the 
telminator HN2. 
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Figure 1 1 .4 Zm#4 of CaerinCosyC spectrum. See the text above for explanation of the peaks in this plot. 

These clues led to the following examples of assignment operations: 

• Choose si CP in the Peak-assignment Toolbox. The message 'Use button 
1 to set a region for group assignment. ' wil l  appear on top of the plot. 

• Select a region in the plot to enclose al l peaks with their D l  chemical-shift from 
7.5 ppm to 8.7 ppm. The AssignCPks Dialog will appear (Figure 1 1 .5). 
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AssignCPks dia/og 

Atom code to assign leg, 

1 HI'II 
Direction to assign [v/hi : 

Figure 1 1 .5 The AssignCPks Dialog. 
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• In the dialog, enter RN for the item code to 
be assigned, and v for the direction to be 
assigned. Then, choose [iExecute] . 

• Repeat the last two steps to assign RN in 
D2. This time the entry for the direction to 
be assigned must be h .  

• Type <dr> to display the assigned peak 
symbols (Figure 1 1 .6). 

Figure 1 1 .6 The cross-peaks assigned as HN-HN in Zm#4. 

• Type W to save the peak list, preferably with a different name. 

• Repeat the operations above to assign all other peaks in Zm#4 according to the 
clues mentioned in Chapter 10. 
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• Click in the plot with the MsBtn#3 to refresh the display if necessary. 

Figure 1 1 .7 shows the results of the above operations. All the proton codes in Zm#4 
are assigned except two that are not linked with any of the significant diagonal peaks, 
as shown at the two corners of the transposed-rectangle in the middle. 

�HN 
ffil!8N 
)t(' 

Figure 1 1 .7 Other cross peaks assigned according to the clues mentioned in chapter 1 0. 

Note: 

o There is an ambiguity regarding the assignment of the W3:HD I -related peaks because their 
chemical shifts in D I  are almost identical with that of the W3:HH2. This is resolved by 
considering the fact that, within the TI--residue, HH2 and HZ2 are far away from the other 
protons beyond the ring, and hence their connectivities with others is less likely to be seen in 
the NOESY spectrum. 

o Because of overlap, there is not enough evidence to identify X24-related peaks at this stage. 
Four of the assignments, as enclosed by the two medium rectangles in the last figure, were in 
fact wrong and wil l  be corrected later. This is to be expected in any assignment process. 
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� Assigning cross-peak proton-codes in the upper-left region (Zm#l) 

This process is best done on the TOCSY spectrum, in which only intra-residue cross­
peaks that correlate protons in the same spin-system occur. 

• Click on the title-bar of the TOCSY window to bring it forward, and then click in 
the plot area. 

• With the cursor on the plot area, type z l  to draw the peak symbols onto the plot 
(Figure 1 1 .8). 
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Figure 1 1 .8 The upper-left region of the Caerin 4. 1 TOCSY070 spectrum with the NOESY cross-peaks superimposed. 

As can be seen, the NOESY cross-peaks fall into two categories. The ones that are 
associated with the intra-residue connectivities are overlapped on top of the TOCSY 
peaks, whereas those associated with the inter-residue connectivities are not. 

One useful fact observed from Figure 1 1 .8 is that those peaks enclosed inside the 
rectangle at around 7 .5 ppm in D 1 are not related to any of the NOESY peaks. These 
are the HZ3-related peaks of the Lys residues in the protein. Also, only the HZ3-HE 
(arrowed) cross-peaks are seen in the DQF-COSY spectrum. 

The operations to assign the proton codes for peaks in Zrn#l are as follows. 
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• Choose ssignCPks] in the Peak-assignment Toolbox. The message ' Use button 

1 to set a region for group assignment. ' wil l  appear on top of the plot. 

• Select a region in the plot to enclose all peaks with D1  chemical-shift from 7.5 
ppm to 8.7 ppm. 

• In the dialog, enter HN for the item code to be assigned, and v for the direction to 
be assigned. Then, choose [Execute . 

• Repeat the above steps to assign the proton-codes for the rest of the peaks on the 
right according to the peaks assigned in Zm#4. 

• Type dr to draw the peak symbols onto the plot (Figme 1 1 .9). 

. "' �-H 
�:'�_Hl. 

. 5  

Figure 1 1 ,9 The group assignment result for all proton codes along D 1 in the upper-left region of the Caerin 4, 1 
TOCSY070 spectrum. 

• Assign all peaks in Zm#1 that have chemical shifts in D2 larger than 3.6 ppm to 
HA (Figure 1 1 . 10), despite the fact that a small fraction of them are lIB. 
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Figure I \ .I  0 The group assignment result for all proton codes along D2 in the lower part of the upper-left region of the 
Caerin 4. 1 TOCSY070 spectrum. 

The proton codes in D2 for the remaining peaks are still unclear at this stage, and can 
only be assigned later. 

}o> Assigning cross-peak proton-codes in the lower-right region (Zm#2) 

The assignment of cross-peak proton-codes in the lower-right region is optional and 
can be done in a similar way to that for Zrn#l .  Perhaps, it is better to leave this area 
unassigned to keep a 'clean' reference in the assignment process. 

For the Caerin 4. 1 spectra, there is another reason why the assignment should not be 
done: some peaks appeared to be split, due to better resolution in D l .  

}o> Assigning cross-peak proton-codes i n  the upper-right region (Zm#3) 

This process can again be more easily done with the TOCSY spectrum. Because of 
the higher peak-intensities in this region, it is better to display the spectrum with a 

: higher First-level Threshold for the contour plot. The operations for the assignment 
process are as follows: 
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• Click on the title-bar of the TOCSY window to bring it forward, and then click in 
the plot area. 

• With the cursor on the plot area, type z3 to draw the peak symbols onto the plot 
(Figure 1 1 . 1 1) .  

• Choose ] in the 2D-display Toolbox and change the entry for the First-

level Threshold to 28. 

• Click in the plot with the MsBtn#3 to refresh the display if necessary. The 
TOCSY Zm#3 plot will be displayed with the NOESY cross-peak symbols. 

Figure 1 1 . 1 1  The upper-right region of the Caerin 4. 1 TOCSY070 spectrum, with the NOESY cross-peak symbols 
superimposed. 

At this stage, nothing much can be done in Zm#3 except for the group assignment of 
HA for all peaks that have chemical shifts larger than 3.6 ppm, despite the fact that 
some of them are lIB. The operations result in the plot shown in Figure 1 1 . 12. (Note 
that the assignment of peaks below the diagonal is optional.) 
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Figwe 1 1 . 1 2  The assignment results for HA in D lin the upper-right region. Some of them should in fact be HB. and 
they are corrected later 

• Type .m! to save the peak list, preferably with a different name. 

So far the group assignment has been done efficiently. The complete result may be 
viewed by typing zf. The ful l-screen view may be obtained by pressing <AIt-FlO> and 
then click on the plot with MsBtn#3 to draw the peak symbols. 



226 

OOiD l 
WiZ2 

.. 

" .  

1 1 .4 AsSIGNING CROSS-PEAK RESIDUE-CODES 

e 

or ·  HlIl),(WtEE l  
�������� .. __ ����� __ ����� __ ����l e 

Figure 1 1 . 13  The complete result of the operations in Section 1 1 .3 shown on a full view plot of the CaerinTOCSY0707 
spectrum. 

11.4 Assigning Cross-peak Residue-codes 

For the same reason mentioned in the previous section, this process is  also more easily 
done using the TOCSY spectrum. 

This process frequently requires the dtr and dch commands, which allow the drawing 
of transposed-rectangles and crosshairs, respectively. Be aware that these two 
commands are not tenninated until MsBtn#3 is clicked. These are two of the special 
operations that allow the drawing of more than one object. However, there could be 
some confusion since other commands will be ignored unless the dtr or dch command 
is cancelled. If this happens, just click in the draw-window with MsBtn#3 and reissue 
the next command. 

In the rest of this section, a few examples are given to show the assignment of residue­
codes for Group-C cross-peaks in the lower-left region (Zm#4). 
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� An example of cross-peak analysis using multi-spectral display 

The following example shows how to analyse and edit a number of NOESY cross­
peaks in Zm#4, which have been displayed on top of a TOCSY spectrum. 

• Click on the title-bar of the TOCSY window to bring it forward, and then click in 
the plot area. 

• With the cursor on the plot area, type z4 to display the pattern shown in Figure 
1 l . 14. 

Figure 1 1 . 1 4  Zm#4 of the CaerinTOCSY0707 specbum. 

• Type zs and select a region at the upper-right corner that includes all Group-C 
cross-peaks, as shown by the rectangle in the last plot. (See Table 7.4 for the 
definition of the Group-C cross-peaks.) 

• Define this pattern as Zm#6. 

• Repeat the last two steps for the NOESY and DQF-COSY window. 
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The three plots, as shown in Figure 1 1 . 1 5 ,  can be cross-referenced for the 
unambiguous assignment of protons in the aromatic ring of the Trp and the HE2 
protons of the GIn. Both amino acids are unique in the Caerin 4. 1 sequence. 
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Figure I \ . 1 5  An example of a multi-spectrum display used in the cross-peak analysis. 
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The four TOCSY cross-peaks enclosed in the bold rectangles are apparently missing in 
the NOESY and DQF-COSY. This is a good indication of a Trp ring-structure, 
because HE3 and HZ3 are far apart from each other in the ring structure. (See Table 
7 . 1  for the primary structure.) The two cross-peaks on the top and right (arrowed in 
Plot 2 of Figure 1 1 . 1 5) can only belong to GIn. 

The analysis above leads to the assignment of all cross-peaks in Zm#6. 

» Editing a cross-peak 

The following example leads to the assignment of a peak arrowed in Plot 3 of Figure 
1 1 . 1 5): 

• Click on the title-bar of the TOCSY window to bring it forward, if necessary. 

• Click on the plot. 

• Type z6 to zoom into Zm#6. 

• Type cpe or choose �tOneCPk] in the Pick-assignment Toolbox to start editing a 
cross-peak record. The message 'Use MsBtn#2 to select a peak to edit. ' will 
appear above the plot. 

• Click on the HZ3:HE3 peak arrowed in Plot 3 of Figure 1 1 . 1 5  to open the EditCPk 
Dialog, as shown in Figure 1 1 . 1 6  (a), where the coordinates in D1  and D2 were 
drawn from the peak position and the ResNol and ResN02 are set to -1 for any 
unassigned peaks. 
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(a) (b) 

Figure 1 1 . 1 6  (a) The dialog for editing a cross-peak record. where -I indicates an unassigned residue number. (b) The 
dialog for editing a cross-peak record with additional assigned values. 
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• Of the first eight items in the dialog, ignore the items for the PeakCoorl and 
PeakCoor2. Replace the other six items, starting from the AminoAcidCodel, with 
the values shown in Figure 1 1 . 1 6  (b). 

• Choose 

• Click on the plot with MsBtn#3 or type dr to refresh the display, if necessary. A 
noticeable change of the peak-label for the peak can be observed on the plot, as 
shown in the next figure. 

� Editing a transposed cross-peak record 

The following example leads to the transposed peak at around [7.50,7.04] being 
assigned. 

• Type dtr to draw a transposed rectangle. 

• Click on the cross-peak just edited in the last subsection. A transposed rectangle 
will be drawn onto the plot (Figure 1 1 . 1 7). 

• Click in the window with MsBtn#3 to stop transposed-rectangle drawing. 

• Type � or choose . TIaIl€P ] in the Peak-assignment Toolbox. The message 
'Use Button 2 to select two peaks (one to copy, one to edit). ' will appear on top of 
the plot. 

• Click on the peak centred at the lower-right corner of the rectangle first, and then 
click on the peak at the upper-left corner. The EditCPk Dia/og will appear with 
the correct content for the second peak selected. 

• Choose 

• Click on the plot with MsBtn#3 to see the second peak assigned (Figure 1 1 . 17). 

Figure 1 1 . 1 7  The result of a cross-peak assignment of W3:HZ3-HE3 after correction by using I D  spectral slices. (See 
Figure 1 1 . 1 4  for comparison.) 
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� Editing a cross-peak position 

Often, a cross-peak position needs to be shifted slightly because of overlap. It can be 
seen from the last plot that the two W3:HZ3-related cross-peaks on the right do not 
align vertically. Likewise, the corresponding transposed cross-peaks are poorly 
aligned in the horizontal direction. This is because there is an overlap with the 
tenninal NH2 cross-peaks, symbolised respectively as X24:NHl and X24:HN2. 

The approximate D2 coordinate can be set to 7JXJ7 ppm, which can be seen from the 

two ID spectra (figures not shown) that are drawn from the row (or column) that pass 
through the centres of the two cross-peaks. The following operations show the steps to 

shift a cross-peak position. 

• Type cpe and then click on one of the cross-peaks to be edited. This operation 
opens the EditCpkDlg. 

• In the dialog, change either the PeakCoorl or PeakCoor2 to 7.007, depending on 
the cross-peak selected. 

• Choose [Execute] in the dialog. 

• Type dr to redraw the plot, as shown in Figure 1 1 . 1 8. 

Figure 1 1 . 1 8  The result of a cross-peak assignment of W3:HZ3-HE3 after being refined. 

� Adding a pair of cross-peaks during the assignment 

When splitting a cross-peak into two, another pair of cross-peaks needs to be added. 
Two steps are required: picking a raw peak and then finding a transposed cross-peak. 
The approximate position of a cross-peak can be obtained by drawing crosshairs from 
related cross-peaks that are well defined. The following operations show the steps 
required for this purpose. 

To identify the peak position: 

• Type dch to start drawing crosshairs. 

• Click on the centres of two peaks inside the bold rectangles in Figure 1 1 . 19. 
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• Click in the plot with MsBtn#3 to stop the draw-line operation. 

Figure 1 1 . 19  A plot that shows two sets of crosshairs that were drawn from the two peaks arrowed. 
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The two crosshair intersections (circled) define the missing peak positions. The 
following two steps add two cross-peaks at the intersections. 

• Type ml to pick one raw peak, where the last letter is the numeral 1 that refers to 
one. Then, click on one of the intersections to add a raw peak. 

• Type !Qf to find a transposed peak. Then, click on the new raw peak to add a pair 
of cross-peaks. 

� Lining up cross-peaks during the assignment 

Once a cross-peak has been correctly assigned in one dimension, all other related 
cross-peaks can be lined up and assigned in the dimension using the LineUpCpk 
command. This process can largely reduce the necessity of entering individual 
records. It has been widely used in the entire assignment process. The examples below 
illustrate the steps required: 

• Type fill to line up cross-peaks, where the last letter is the alphabet 1 that refers to 
line-up. The LineUpCpk Dialog will pop up (Figure 1 1 .20). 

• Click on the W3:HZ3-HE3 peak at the bottom of Figure 1 1 .2 1 as the reference 
peak. Then, click on the unassigned new cross-peak above it. 

• Choose xecute] in the dialog. The new peak position will be vertically lined up 
with the reference peak and the plot will be re-displayed with the W3:HZ3 
correctly assigned for the new peak. 

• Repeat the last three steps using the W3:HZ2-HH2 peak as a reference. The new 
peak position will be horizontally lined up with the reference peak and the HH2 
will be correctly assigned for the new peak. 
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Figure 1 1 .2 1 shows the peaks assigned in Zm#6, where the false raw peaks around the 
new cross-peaks have been removed. 

�'HE22-HE2 1 � 

tJ-L � .. 3 : HZ2-HH2 

Figure 1 1 .21 A plot that shows a new pair o f  cross-peaks that have been picked and assigned based on the positions of 
the W3:HE3-HZ3 and W3:HZ2-HH2 cross-peaks. 
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PAW allows all peaks in a column or a row within a specified range to be lined up and 
assigned at the same time. This enables the assignment to be done without having to 
zoom into every region, as long as it is clear that no other peaks are within the range. 
It is recommended that the peaks be lined up with an isolated peak, for which a good 
estimate of the peak centre can be obtained. The fol lowing example shows how this 
can be done within Zm#6. 

• Type fill to line up cross-peaks. The LineUpCpk Dialog (Figure 1 1 .20) wil l  pop 
up. In the dialog, change the entry for the second item to y. 

• Click on the W3:HE3-HZ3 peak on the left of Figure 1 1 .22 as a reference. 

• Choose '=== 

• Repeat the same operation, from left to right, for Q4:HE22-HE2 1 and Q4:HE21 -
HE22. 

• Type z 1 to show all the peaks in these three columns that have been lined up and 
assigned (Figure 1 1 .22). 
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Figure 1 1 .22 A plot that shows three columns o f  peaks that have been properly lined up and assigned i n  the upper-left 
region of the Caerin 4. 1 NOESY 1 50 spectrum. 
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Note: 

o It is recommended that the peak l ists be saved before performing a lining up process, just in 
case some peaks may be lined up unexpectedly. 

o Peaks that have very similar chemical shifts can only be lined up individually by careful 
judgement, such as the W3 :HD 1- and X24:HN2-related peaks. 

o 1 27 cross-peaks can be lined up at one time. To line up more than one peak, c lick on a 
reference peak first and then keep clicking on all peaks to be l ined up before choosing 
[Execu@ in the dialog. 

� Moving cross-peak Jabels 

By default, the label for an assigned peak is centred at the upper-right corner of the 
peak. This arrangement may not be the best, especially in a crowded region. For 
example, the label arrangement in the last plot is not suitable for publication. The 
positions of the labels in Figure 1 1 .2 1  are acceptable, and they have in fact been 
shifted. 

One way to shift the positions is to follow the peak editing procedure described 
previously, and change the values for the LabelDistX and LabelDistY from the 
EditCpk Dialog. PAW also provides a graphic-interface method used to shift the peak 
labels, as i l lustrated in the following example. 

• Type z6. 

• Type mlb for moving a peak label. The message ' Use Button 2 to click on a peak 

then a position. '  will appear above the plot. 

• Click on the centre of any peak for which the label is to be shifted. A large cross 
wi l l  be drawn from the peak centre as a reference for the position selection, as shown 
in Figure 1 1 .23. 
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W3 :� Z3 
� � ' 

Figure 1 1 .23 A large cross that was drawn on a plot for the reference to select a new peak-label position. 

• Click on any position where the label is to be placed, not necessarily on the cross. 

• Repeat the above steps to shift other labels, if any. 

• Type d.r to show the new label positions, as shown in Figure 1 1 .24. 
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Figure 1 1 .24 A plot with a better label-display layout. The labels were moved using the graphic-interface method. 

11.5 Sequence-specific Assignment 

.:;' 

Sequence-specific assignment is a very time-consuming process, especially for larger 
molecules. 

Both the NOESY and TOCSY spectra are used during this process. Displaying the 
NOESY peaks on top of the TOCSY spectrum allows most inter-residue 
connectivities to be identified, except those in heavily overlapped regions. In addition, 
the comparison between the intensities of the NOESY inter-residue cross-peaks allows 
the sheet or helical structure to be recognised. Important information about the 
distances between protons in basic protein secondary structures can be found in Table 
7.5 .  

The fingerprint and HN-HN regions are usually two of the regions to look at first. 
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� Assignment for the unambiguously known residue" 

The example below starts with the assignment of all unambiguously known residues in 
the sequence. In Caerin 4. 1 ,  there are five of them. Figure 1 1 .25 shows their HN-HA 
cross-peaks in the fingerprint region of the CaerinTocsy070C spectrum. These are, 
from top to bottom, V 1 8, Q4, E19, W3 and D 12. 
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Figure 1 1 .25 The HN-HA cross-peaks of five unambiguously known residues in the sequence. The crosshairs were drawn 
to identify cross-peaks that are related to them. 

• Type rad to remove al l drawing items, including all lines and rectangles. 

• Click in the TOCSY draw-window. 

• Type z7 to zoom into the region shown in the last plot. 

• Assign the HN-HA cross-peaks of the five known residues. 

• Line up all cross-peaks that can be clearly separated vertical ly and horizontal ly, 
including those in the columns for V 1 8, Q4, W3 and D12, as well as those in the rows 
for D 1 2  and Q4. 

Figure 1 1 .26 shows the Zm#1 plot of the NOESY spectrum after the operation. 



240 1 1 .5  SEQUENCE-SPECIFIC AsSIGNMENT 

Figure 1 1 .26 The cross-peaks in the upper-left region of the CaerinNoesylSOC speClrum. The two fully-assigned cross­
peaks that are blocked are W3:HE3-HA (left) and W3:HD I -HA (right). and two inter-residue cross-peaks 
arrowed are W3:HE3-Q4:HA ( left) and Q4:HN-W3:HA (right). The peak labels are plotted later in larger 
plots. 

As can be seen from the symbols in the last plot, some peaks are partly assigned, and 
some are fully assigned. Apart from the five intra-residue RN-HA peaks that have 
been assigned individually, there are four other cross-peaks that are ful ly assigned by 
the lining up operations. These are the two W3 intra-residue cross-peaks W3:HE3-HA 
and W3:HD l-HA that are along the bottom row, and two W3-Q4 inter-residue cross­
peaks W3:HE3-Q4:HA and Q4:RN-W3:HA, as arrowed in the figure. 

� Identification of the adjacent residues 

Starting from the cross-peaks of a known residue, most of the adjacent residues can be 
found. 

For example, there are two Leu residues in the sequence. The following operations 
allow L2 cross-peaks to be identified from the assigned W3 cross-peaks. 

• Click on the TOCSY spectrum. 

• Type z7 to show mainly RN-HA-related cross-peaks. 
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• Type dch to draw crosshairs. 
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• Click on the HN-HA cross-peaks of W3, L2 and L13 residues. Then, hit the 
MsBtn#3 to stop the drawing operation. 

• Click in the NOESY draw-window and type z4, because the inter-residue cross­
peaks between W3:HN-HA and any of the two HN-HA cross-peaks of Leu 
residues cannot be unambiguously identified in Zm#7. 

From the plot in Zm#4, it is clear that the chemical shift of L2:HN is the one at 
approximately 8.6 ppm, as labelled in Figure 1 1 .27. (As a consequence, the chemical 
shift of L13 :HN is also identified to be about 8. 12  ppm, also as labelled in the same 
figure.) 

Note that the next three figures were produced by switching off the raw-peak display 
and with the label format set to "None". 

)( 

Note that the crosshairs were drawn from 
the HN-HA cross-peaks of W3 and two 
Leu residues in the fingerprint area 
located above this region. 

. 2  

. 4  

�--���------"r--------7�--------------------�� . 6  

Figure 1 1 .27 Three sets of cross hairs used to identify L2-related cross-peaks. The apparent cross-peaks at the 
intersections indicate clearly that the chemical shift of L2:HN is the one at around 8.6 ppm. 

Q4-related peaks can be found in the same way. The next two figures show all the L2, 
W3 and Q4-related cross-peaks in Zm#4 and Zm#1 .  The figures were obtained as 
fol lows: 



242 1 1 .5 SEQUENCE-SPECIFIC AsSIGNMENT 

• Type ral to remove all crosshairs. 

• Type dch to draw crosshairs. 

• Click on the peaks arrowed in the figures. 

The L2, W3 and Q4 HN-related cross-peaks 
are along the labelled lines. The remaining 
cross-peaks along other l ines are W3-related. 
The cross-peaks in the blocked area have 
been discussed extensively in Section 1 1 .4 . 

. 2 

. 4  

. 6  

, 8  

, 2  

, 4  

, 6  

Figure 1 1 .28 The crosshairs that highlight all the L2, W3 and Q4-related cross-peaks in the lower-left region. 
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The lined-up RN-related cross­
peaks are along the labelled 
l ines. The remaining cross­
peaks along the vertical lines in 
the blocked area are W3-
related, and they are aligned 
with the cross-peaks blocked in 
the previous figure. 

. 5  

. 5  

. 5  

Figure 1 1 .29 The crosshairs that highlight all the L2, W3 and Q4-related cross-peaks in the upper-left region. 
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Other inter-residue cross-peaks can be found and assigned in the same way. Most of 
them are assigned by the lining-up operation. Note that lining-up peaks is a powerful 
group assignment operation but is irreversible. To avoid unexpected mistakes, it is  
strongly recommended that the peak lists be saved before the operation. 
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� Using various peak-display options in the sequence-specific assignment 

Various peak-display options can be used in the sequence-specific assignment to assist 
the search for the inter-residue cross peaks. These include the switching of six 
drawing-object display modes, ten label display formats, 2 1  spin-systems, and three 
peak-lists, as shown in the Peak-display Toolbox, as shown in Figure 1 1 . 1  (a). (The 
code Z in the SpinSystem Checkbox is used for any unassigned spin systems, and is not 
a standard code.) 

A combination of peak-display options can be made through clicking on a number of 
buttons in the toolbox. To avoid unnecessary display operations, a plot will only be 
redisplayed after choosing xeCute] or typing dr. 

To i l lustrate the advantages of various peak-display options, an almost fully assigned 
peak list set is required to be loaded as follows: 

• Click on the CaelinNoesy1 50 draw-window. 

• Type z 1 .  

• Choose �acIPl.<I::Jists] in the Peak-assignment Toolbox to open a file-selection 
dialog. 

• Double-click on the data7noesylSOh.RPeaks. in  the file list. This will also load 
the corresponding diagonal peaks and cross-peaks. 

Now, 

sP£:Paks] in the Peak-display Toolbox. 

• Switch the label-display format to 

• Type dr. 

These operations will result in Figure 1 1 .30, where the simple crosses are raw peaks. 
The rectangles are assigned cross-peaks. 
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. 5  

. 5  

. 5  

. 5  

t I 

Figure 1 l .30 The upper-left region of the NOESY 1 50 spectrum. This is displayed with an almost fully assigned cross­
peak list and the raw peak list from which the cross-peaks were selected. The label format for both plots 
was set to "none" in order to have a better view of all peak symbols. 

In can be seen that numerous raw peaks were not selected as cross-peaks. Most of 
them are very weak: and are noise, but some are real, such as the two very weak raw 
peaks at about 3 . 1 5  ppm (in D2) on the left. (These two peaks were not assigned 
because they were less important in structure detennination, but they did provide extra 
information about cross-peak connectivities.) 

Now, 

• 

• Type dr to redraw. 

The result is shown in the next figure. 
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Figure 1 1 .3 1  The same region as in the last figure, but with raw-peak symbols suppressed. The plot clearly shows that all 
of the strong cross-peaks have been fully assigned, except for one arrowed at around 3.2 ppm. 

The plot gives a tidy overview that clearly shows the assigned and unassigned peaks. 
For example, the arrowed peak has a rectangle symbol, indicating that the assignment 
is incomplete. 

The next figure displays the intra-residue cross-peaks of Q and K in the HN-HA region 
of the NOESY spectrum, which is obtained as follows: 

• Type z7, then zs. 

• Select the region as shown in the figure. 

• Type ral to remove all lines. 

From the Peak-display Toolbox, do the following: 

• Switch on the IIntra.B ] button. 

• Switch on the �] and 
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• 

Figure 1 1 .32 The intra-residue cross-peaks of Q and K residues in the HN-HA region of the NOESY 150 spectrum. (Note 
that this is plotted at a higher first contour level in order to reduce the overlap.) 

This plot allows the K5-related cross-peaks to be unambiguously identified. 

Figure 1 1 .34 displays all K5-cross-peaks in the HN-HA region of the NOESY 
spectrum, which is obtained as follows: 

Figure 1 l .33 The SetResNo Dialog. 

• Switch on the CpksByNum] button from the 
Peak-display Toolbox to open the SetResNo 
Dialog, as shown below. 

• Enter }. 

• Choose -=== 
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Figure 1 1 .34 All K5-related cross-peaks in the HN-HA region of the NOESYI50 spectrum. 

. 6 

. 8  

. 2 

. 4  

. 6  

This plot provides a clear view of the KS-connectivities and the helical structure 
between K5 and S8.  The crosshairs and rectangles in the plot were drawn 
automatically for the display in this format to highlight the cross-peaks involved. 

The next figure displays the NOE connectivities from L2 to S8 in the RN-HA region 
of the NOESY spectrum, which is obtained as follows: 

.r. 

• Switch off the ...... """"--'-"-..... 

• Switch on the ' 
as shown below. 
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Residue no . begun a t :  

" ( , . . , 
, ,�, ,. 

ft. N I" .,,' M:'tfM':lf:� 
Figure 1 1 .35 The SetBegAndEndResNo Dialog. 
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• Enter � and �. 

• Choose [Execute] . 

3 . 6  

3 . 8  

- H A  

4 
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Figure 1 1 .36 The NOE connectivities from L2 to S8 in the HN-HA region of the NOESY I 50 spectrum. The arrow 
shows the connectivities between 16:HN-HA and K7:HN-HA (circled). 

This plot provides a clear view of the connectivities from L2 to S8 in the HN-HA 
region. The lines in the plot were drawn automatically for the display in this format to 
highlight the cross-peaks involved. 

The next figure displays the NOE connectivities from L2 to S8 in the HN-HN region 
of the NOESY spectrum, which is obtained as follows: 



250 1 1 .5 SEQUENCE-SPECIFI€ AsSIGNMENT 

• Switch off the 
. 

sRRPks] button from the Peak-display Toolbox. 

• Switch on the ffi-s�Connectn] button to open the SetBegAndEndResNo Dialog 

(Figure 1 1 .35). 

• Enter 2 and �. 

• Choose �xecute] . 

Figure 1 1 .37 The NOE connectivities from L2 to S8 in the HN-HN region of the NOES Y I 50 spectrum. 

This plot provides a clear view of the connectivities from L2 to S8 in the RN-RN 
region. Again,  the lines in the plot were drawn automatically for the display in this 
format to highlight the cross-peaks involved. 
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The next figure displays the NOE summary from G 1 to S24, which is obtained as 
follows: 

• Switch the label-display fonnat to [None] from the Peak-display Toolbox. 

• Switch on the [NOE SummarY] button to open the SetBegAndEndResNo Dialog 
(Figure 1 1 .35). 

• Enter 1 and 24. 

• Choose 

• Extend the window height. 

• Type clr to clear the window. 

• Type dr to draw. 

I 
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1 1 .6 CALCULATING PEAK VOLUMES 

5 1 0  1 5  20 

G L W Q K I K 5 A A G O  L A S G V E G I K S X 

G L· W Q K I K S A A G O  L A S G I V E G I K S X 

5 1 0  1 5  20 

FigW'e 1 1 .38 The N O E  summary from G I t o  X24. The notation i n  the left column correspond to the NOE distances 
listed in Table 7.S .  

Note that when showing an NOB summary, the spectral display is  switched off. To 
switch it back on, simply select any label display option then type dr. 

11.6 Calculating Peak Volumes 

The following example shows how to calculate a cluster of cross-peak volumes from a 
2D spectrum:  

• Click in the CaerinNoesylS0C window. 
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• Type z7. 

• Choose CalPkVols] in the Peak-assignment To@lbox to open the CalPkVol 
Dialog (Figure 1 1 .39). The message "Use MouseBtn# 1 to set a region for 
Calculating peak volumes." will be shown on top of the 2D draw-window . 

. . "" . 

',d; CaldPe8J{J/tils dialog 

< l1in . PeakHeight (say, 1 .  Oe6) : � � I �pOOOOO.OOOOOO 

l' . • . 

Figure 1 1 .39 The CalPkVol Dialog. 

• Select the region containing two 
columns of peaks as shown in 
Figure 1 1 .40. 

• Enter f for the last field so that the 
peak volumes will be calculated 
in column. 

• 
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Figure 1 1 .40 The NOE summary from G I to X24. The notation in the left column correspond to the NOE distances 
listed in Table 7.5.  

The calculated result will be reported on the Unjx shell as follows: 

LRTB= 8 . 6 1 4 7 8  8 . 2 5 4 0 4 . 3 . 6 0 9 9 6  4 . 2 9 2 0 2 

ColNo = 1 5 0  

_No f S e l ec tedPeaks = 3 

Peak [ O ] : Heig h t . Centre , b ,  Area , Vol = 

3 . 1 6 2 9 3 e + 0 7  5 7 3 . 8 5 9  0 . 9 9 9 8 6 3  1 . 1 2 1 0 7 e + 0 8  3 . 9 7 3 5 6 e + 0 8  
Pea k ! 1 ] : Heigh t , Centre , b ,  Area , Vol = 

2 . 6 1 5 6 3 e + 0 7  5 8 7 . 2 5 6  1 . 2 7 9 4 4  1 . 1 8 6 3 2 e + 0 8  5 . 3 8 0 5 7 e + 0 8  

Peak [ 2 ] : Heigh t , Centre , b .  Area . Vol = 

2 . 0 3 0 6 g e + 0 7  5 9 3 . 6 5 4  1 . 3 6 8 8 6  9 . 8 5 3 8 5 e + 0 7  4 . 7 8 1 5 6 e + 0 8  

C o l No =. 1 6 9  

_NofSe 1 ec tedPe a k s  = 5 

Peak [ O ] : Heigh t , Centre , b .  Area . Vo l = 

1 . 6 8 1 1 7 e + 0 6  5 5 9 . 0 1 2  1 . 2 7 0 9 9  7 . 5 7 4 5 g e + 0 6  3 . 4 1 2 7 7 e + 0 7  

Peak ! 1 ] : He i gh t , Centre , b .  Area . Vcl = 

8 . 5 1 8 0 1 e + 0 6  5 6 2 . 7 4 2  1 . 0 1 4 2 3  3 . 0 6 2 5 2 e + 0 7  1 . 1 0 1 0 8 e + 0 8  

Pea k [ 2 ] : Height , Centre , b .  Area , Vc l = 

3 . 4 0 4 0 7 e + 0 7  5 7 2 . 4 6 8  1 . 0 0 8 8 5  1 . 2 1 7 3 g e + 0 8  4 . 3 5 3 7 e + 0 8  
Peak [ 3 ] : Heig h t , Centre , b .  Area , Vcl = 

9 . 7 4 5 8 8 e + 0 6  5 9 2 . 7 9 9  1 . 0 7 5 1  3 . 7 1 4 2 7 e + 0 7  1 . 4 1 5 5 5 e + 0 8  

, 
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Pea k [ 4 ] : He i ght . Cen t re . b. Area . Vc l = 

4 . 9 9 7 1 S e + 0 6  6 0 8 . 4 1 3  0 . 9 8 2 8 9 9  1 . 7 4 1 1 S e + 0 7  6 . 0 6 6 6 6 e + 0 7  

11.7 Exporting Peak Lists 

The fol lowing example shows how to export a peak list: 

• Type z7. 

• Choose [fuY.QPkLists] in the Peak-assignment Toolbox to open a save-file dialog 
(see Chapter 4). 

• Enter a name (with the extension ".PkList") for the peak list to be saved as. 

• Choose [Save] in the dialog. 

The export file will be stored in the data directory. 
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12.1 Introduction 

This chapter provides the macro variables and commands used by PAW. Section 1 2.2 
presents a variables list sorted by name, along with a brief description for each 
variable. Section 1 2.3 provides a command list sorted by functionality, along with a 
brief description of the command. Whenever it is necessary, macro commands are 
also presented with syntaxes and examples. Section 1 2.4 provides a command list 
sorted by name. 

12.2 The Macro Variable List 

The fol lowing symbols are used for the variable types: 
0 B 
0 C 
0 D 
0 F 
0 F{ I 
0 S 

TYPE 
D 
D 
D 
D 
D 
D 
S 
S 
S 
D 
F{} 
F{} 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

= Boolean type (F for false or T for true) 
= character type 
= integer type 
= tloat type 
= arrayed-float type 
= character-string type 

Name Description 
%1 a loop variable 
%J a looR variable 
%K a loop variable 
%L a loop variable 
%M a loop variable 
%N a loop_ variable 
bcCom 1 Command for baseline correction in D 1 
bcCom2 Command for baseline correction in D2 
BkgrColor Background colour 
BlockSize Block size of an NMR data record 
BufO, Buf1 , . . .  1 DBufO, 1 DBuf2, . .  , 1 DBuf8 
BslnBuf The baseline buffer 
Color0 1 Defined colour 1 
Color02 Defined colour 2 
Color03 Defined colour 3 
Color04 Defined colour 4 
Color05 Defined colour 5 
Color06 Defined colour 6 
Color07 Defined colour 7 
Color08 Defined colour 8 
Color09 Defined colour 9 
Color 1 0  Defined colour 1 0  
Color1 1 Defined colour 1 1  
Color1 2 Defined colour 1 2  
Color 1 3  Defined colour 1 3 
Color1 4 Defined colour 1 4  
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S Color1 5  Defined colour 1 5  
S Color1 6 Defined colour 1 6  
S Color1 7 Defined colour 1 7  
S Color1 8 Defined colour 1 8  
C ColorScheme Colour-map scheme 
S CPeakColor Cross-peak colour 
D Curl DBufNo Current 1 DBuf No. 
D D l  Data size i n  D 1 
C D 1 Struct Data structure in D l  
D D2 Data size in D2 
C D2Struct Data structure in D2 
S DataDir Data d irectory 
S DataFile Data filename 
C DataType Data type 
B DebugOn Flag to switch the debugging mode on/off 
C DomNo ToT rans The domain to transform, either 1 ,  2 or both 
S DPeakColor Colour for the d iagonal-peak symbols 
S DrawColor Colour for the drawing objects 
B DrawOn Flag to switch the drawing on/off 
B DspGrids Flag to switch the grids on/off 
B DsplnHz Flag to switch the Hz-display on/off 
B DsplnLog Flag to switch the Log-display on/off 
B DsplnPnt Flag to switch the Pnt-display on/off 
B DsplnPPB Flag to switch the ppb-display on/off (NOT USED) 
B DsplnPPM Flag to switch the ppm-display on/off 
0 EnoughMemory Flag to indicate if there is enough memory (NOT USED) 
D Error Flag to tell if there was an error in any operation 
C ExprmtType Experiment type 
C FileFormat File format 
C FileStruct File structure 
C FileType File_typ_e 
F{} FltBuf The filter buffer 
S fltCom l Command for apodisation in 0 1  
S fltCom2 Command for apodisation in 02 
0 10 Integer-type variable 0 
0 1 1  Integer-type variable 1 
D 12 Integer-type variable 2 
0 1 3  Integer-type variable 3 
0 14 Integer-type variable 4 
0 15 Integer-type variable 5 
0 16 Integer-type variable 6 
0 17 Integer-type variable 7 
0 18 Integer-type variable 8 
0 19 Integer -type variable 9 
S KeyBl F l  The combined key of MsBtn# 1 and l= 1  
S KeyB 1 F2 The combined key of MsBtn# 1 and 

'
F2 

S KeyB l F3 The combined key of MsBtn# 1 and F3 
S KeyB1 F4 The combined key of MsBtn# 1 and f41 
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5 KeyB 1 F5 The combined key of MsBtn# 1 and F5 
5 KeyB 1 F6 The combined key of MsBtn# 1 and F6 
5 KeyB 1 F7 The combined key of MsBtn# 1 and F7 
5 KeyB1 FB The combined key of MsBtn# 1 and F8 
5 KeyB 1 F9 The combined key of MsBtn# 1 and F9 
5 KeyB 1 F 1  0 The combined key of MsBtn# 1 and F 1 0  
5 KeyB 1 F 1 1 The combined key of MsBtn# 1 and F 1 l 
5 KeyB 1 F 1 2 The combined key of MsBtn# 1 and F 1 2  
5 KeyB2F1 The combined key of MsBtn#2 and F 1  
5 KeyB2F2 The combined key of MsBtn#2 and F2 
5 KeyB2F3 The combined key of MsBtn#2 and F3  
5 KeyB2F4 The combined key of MsBtn#2 and F4 
5 KeyB2F5 The combined key of MsBtn#2 and F5 
5 KeyB2F6 The combined key of MsBtn#2 and F6 
5 KeyB2F7 The combined key of MsBtn#2 and F7 
5 KeyB2FB The combined key of MsBtn#2 and F8 
5 KeyB2F9 The combined key of MsBtn#2 and F9 
5 KeyB2F 1 0  The combined key of MsBtn#2 and F 1  0 
5 KeyB2F 1 1 The combined key of MsBtn#2 and F 1 11 

5 KeyB2F 1 2 The combined key of MsBtn#2 and F 1  � 
5 KeyB3F1  The combined key of MsBtn#3 and F l  
5 KeyB3F2 The combined key of MsBtn#3 and F2 
5 KeyB3F3 The combined key of MsBtn#3 and F3 
5 KeyB3F4 The combined key of MsBtn#3 and F4 
5 KeyB3F5 The combined key of MsBtn#3 and F5 
5 KeyB3F6 The combined key of MsBtn#3 and F6 
5 KeyB3F7 The combined key of MsBtn#3 and F7 
5 KeyB3FB The combined key of MsBtn#3 and FB 
5 KeyB3F9 The combined key of MsBtn#3 and F9 
5 KeyB3F1 0 The combined key of MsBtn#3 and F 1 0 
5 KeyB3F1 1 The combined key of MsBtn#3 and F 1 1 
5 KeyB3F 1 2 The combined key of MsBtn#3 and F 1 2 
5 KeyF 1 The function key F 11 
5 KeyF2 The function key Fli 
5 KeyF3 The function key 1=3 
5 KeyF4 The function key f4! 
S KeyF5 The function key F51 
5 KeyF6 The function key fa 
5 KeyF7 The function key · � 
5 KeyFB The function key g 
5 KeyF9 The function key f9; 
5 KeyF 1 0  The function key F 1 0  
5 KeyF 1 1 The function key Fl 1! 
5 KeyF1 2 The function key F l 2i 
5 IpCom 1 Command for linear prediction in 0 1  
5 IpCom2 Command for linear prediction in 02 
5 MacroOir Macro directory 
0 Max 1 00im Maximum size in 01 
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0 M0 1  Matrix size i n  0 1  
0 M02 Matrix size in 02 
0 M03 Matrix size in  03  (NOT USED) 
S NgtvCtourColor Colour for n�ative contours 
F OneK = 1 024.0 
S phCom 1 Command for phasing in 0 1  
S phCom2 Command for phasing in 02 
F PI = 3. 1 4 1 5925 . . .  
0 ProjNo Project number 
S PstvCtourColor Colour forQositive contours 
S RPeakColor Colour for raw peaks 
S SO String-type variable 0 
S S 1  String-type variable 1 
S 52 String:!YQe variable 2 
5 53  String-type variable 3 
5 54 String-type variable 4 
5 55 String-type variable 5 
5 56 String-type variable 6 
S 57 String-type variable 7 
5 58 String�e variable 8 
5 59 String-type variable 9 
F Sc1 Scale factor for 1 0 display 
0 ScrnHeight Screen height in pixels 
0 ScrnWidth Screen width in 2ixels 
S Sequence String of the amino-acid sequence for a project 
0 SiteNo Site number 
F SpecFreq Spectrometer frequency 
F SweepWidth Spectral width 
5 SystDir System directory 
5 TextColor Colour for the text objects 
F VO Float -type variable 0 
F V 1  Float-type variable 1 
F V2 Float-type variable 2 
F V3 Float-type variable 3 
F V4 Float-type variable 4 
F V5 Float-type variable 5 
F V6 Float-type variable 6 
F V7 Float-type variable 7 
F V8 Float-type variable 8 
F V9 Float-type variable 9 
F Xof(alibPnt X-coordinate of the calibration point in points 
F XPPMofCalibPnt X-coordinate of the calibration point in ppm 
F Yof(alibPnt Y-coordinate of the calibration �oint in J:>oints 
F YPPMofCalibPnt Y-coordinate of the calibration point in ppm 
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12.3 The Command List sorted by functionality 
Note: 

o The three i tems i n  each l ine are command type, name and descri ption. The 

type of a command can either be K (or I )  for interacti ve-only, M for macro­

only, and G for both .  
o ' lDBufO' means 'the data set i n  1 0  B uffer 0 ' . 
o 'by entry' means ' using a dialog ' .  
o 'geom-pars ' means ' the geometric parameters ' .  

o A ID operation modifies the contents of I DBufO i f  it is not specified. 

o For I D  processing, see also the fi lter, phasing and baseline-correction 

commands. 
o The commands dr, zf, zm and zs must fol low either sw 1 or sw2. 

The following symbols are used for the command types: 
o K = keyboard command 
o M = macro-programming command 

o G = both keyboard and m acro-programming command 

The following symbols are used for the parameter types: 
o @ = character type 
o % = integer type 
o = float type 

o � { } = arrayed float type 
o $ = character-string type 

� I D  d' I - ISP a� d comman s 
Type Name Description 

K cty Swi tch the CQ.Emt�l on / o f f  

K dIr Swi tch the ID [ DspReaJJ2E1] l -� 

K dbf Swi tch the ( IDspBuf1l , == . on / o f f  

on / o f f  

K dbl Swi tch the ( IDspBsr rne, l on/ o f f  

K d f t  Swi tch the [ �Fltter l on/ o f f  

G drI Draw I D  p l o t ( s )  

Syntax : drI 

K eql Swi tch the [ �qy;� � l , = ..... on / o f f  

K ovl Swi tch the [ :oYerlcf� l on / o f f  

K xsh S e t  XShi f t  

K ysc Set YSca l e  

K ysh Set YSh i f t  

G z l d  Zoom i n t o  a I D  region 

Syntax : z l d  

G z f 1  Zoom t o  I D  f u l l -view plot ( s )  

Syntax : z f 1  

K zml Zoom t o  I D  mu t i p l e - region plot ( s )  

K z s l  Zoom t o  I D  s ing l e - region plot ( s )  
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� ] D d -processmg comman s 
Type Name Description 

G add Add a c on s tant to lDBu f O  

Syn tax : add 

G avr Average every ( 2m+ l )  da t a  

Syntax : avr ( %m , %No fT imes , @ PartToAvrg ) 

Example : avr ( 1 0 ,  5 ,  r )  

G chl Change the s i z e  o f  l D  bu f f ers 

Syntax : chl ( %No f Pnts ) 

Examp l e : chl ( 2 0 4 8 ) 

G chk Check i f  there i s  da ta l oaded f o r  a draw-window 

Syntax : chk ( %DornNo ) 

Examp l e : chk ( 2  ) 

G c t c  Conver t  lDBu f O  t o  i t s c omp lex conj ugate 

Syntax : c t c  

G c tp Produce a power spect rum f rom l DBu f O  

Syntax : c tp 

G f f t  App ly a f a s t  Fourier tran s f orm 

Syntax : f f t  

G f lp Reverse the order o f  the c onten t s  i n  lDBu f O  

Syntax : f lp 

G f t g  F i t  lDBu f O  with Gaussian ( s )  

Syntax : f t g  ( %No f Pnt sTo f i t )  

Examp l e : f t g  ( 5 )  

G fws f - doma i n  wa t e r - s i gnal suppre s s i on 

Syntax : fws ( -Wa terPkCentre , %No f PntsTo f i t ) 

example : fws ( 5 1 1 . 9 ,  1 0 )  

G gsp Genera te a lD spectrum 

Syntax : gsp ( -Freq) 

example : gsp ( 8 8 . 0 ) 

G h f t  App ly a H i lbert t rans f orm 

Syn tax : h f t  

G h t f  App ly a H i lbert t rans f orm ( fas t )  

Syntax : h t f  

G hts App ly a H i l bert t rans f orm ( s low ) 

Syntax : hts 

G i f t  App ly an inverse fast Fourier trans f orm 

Syntax : i f t 

G imz As s i gn z eros to the imaginary part 

Syntax : imz 

G lp App ly l i near predi c t i on 

Syntax : lp ( % F i r s tPntUs edForLP , % No f PntsUs edForLP , 

%No f Po l esForL P ,  %No f Pn t sToPredi c t , 

% Par tToPred , S egmTo Pred ) 

examp l e : lp ( 1 0 0 , 4 1 2 , 2 0 ,  2 8 8  r ,  t )  
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G mul Mu l t ip ly lDBu f O  by a c onstan t  

Syntax : mul ( -Cons t ) 

examp l e : mul ( 3 0 0 . 0 ) 

G ncb Norma l i s e  current lD bu f f ers to 1 .  O e 6  

Syntax : ncb 

G neg Nega t e  lDBu f O  

Syntax : neg 

K ocb Open the Cal ibra t i on Dia log 

G ptc C onvert a power spec t rum into complex 

Syntax : ptc 

G r f t  App ly a real Fourier t rans f orm 

Syntax : r f t  

G rmo Remove an o f f se t  cal culated f rom sbs --

Syntax : rmo 

G shc Shi f t  data c i rcularly 

Syntax : shc ( %No f Pnts ) 

examp l e : shc ( 6 2 )  

G shl Shi f t  data to the l e f t  

Syntax : shl ( %No f Pn t s ) 

examp l e : shl ( 6 2 ) 

G shr Shi f t  data t o  the r i ght 

Syntax : shr ( %No f Pn t s ) 

examp l e : shr ( 9 6 2 ) 

G tws t -doma i n  wa t e r - s ignal suppre s s i on 

Syntax : tws 

» 2D d'  d - ISI} a, comman . S 
Type Name Description 

K d2 r Swi tch the 2 D  [ DSp�lOnlY l o n / o f f  

G dr2 Redraw 2D p l o t ( s )  

Syn tax : dr2 

K dz l Set a 2 DzmP t e rn to Zm# 1 

K d z 2  Set a 2 DzmPtern to Zm# 2 

K d z 3  S e t  a 2 DzmPtern to Zm# 3 

K d z 4  Set a 2 DzmPtern to Zm# 4 

K dz 5 Set a 2 DzmP tern to Zm# 5 

K d z 6  S e t  a 2 D zmPte rn to Zm# 6 

K dz 7 S e t  a 2 DzmP t ern to Zm# 7 

K dz 8 Set a 2DzmPt ern to Zm# 8 

G dz f Def ine ZmFactor ( in % )  for z o  and z i  operat i ons - -

Syntax : d z f  ( - ZmFa c t o r )  

examp l e : dz f ( 2 0 )  

K dzp Def i ne a 2 DZmP ternNo 

K plc Define 2 D  c on t our parame ters 

K rzp Zoom to a de f i ned 2 DzmPt ern by entry 
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K z l  Zoom t o  a pa t te rn set by Zm# l 

K z 2  Zoom to a pat te rn set by Zm# 2 

G z 2 d  Zoom i n t o  a 2 D  reg i on 

Syntax : z 2 d  

K z 3  Zoom t o  a pattern set by Zm# 3 

K z 4  Zoom t o  a pa t t ern set by Zm# 4 

K z 5  Zoom t o  a pa t t ern set by Zm# 5 

K z 6  Zoom t o  a pa t te rn set by Zm# 6 

K z 7  Zoom t o  a pa t te rn set by Zm# 7 

K z 8  Zoom t o  a pa t te rn set by Zm# 8 

K z d  Zoom down 

G z f 2 Zoom t o  2 D  f u l l -view plot ( s )  

Syntax : z f 2  

K Z l  Zoom i n  

K z l  Zoom l e f t  

K zm2 Zoom t o  2D mut ip l e - reg i on p l o t ( s )  

K zn Zoom to next pa t t ern 

K zo Zoom out 

K zp Zoom prev i ous pa t t ern 

K z r  Zoom r i ght 

K z s 2  Zoom t o  2 D  s ing l e - region p l o t ( s )  

K z sp D i sp l ay the same pat tern for next a c t ive draw-window 

K z t  Zoom t o  the t ransposed reg i on 

K zu Zoom up 

� 2D d -processmg comman s 
Type Name Description 

G l c  Load a c o l umn f rom a 2 D  bu f f er 

Syn t ax : l c ( %Co l No , @C o l S truc t , % Bu fNo ) 

examp l e : l c ( 1 0 0 ,  c ,  0 )  

K l c O  Load a c o lumn f rom a 2D bu f fer to 1 DBu f O  

K l c 1  Load a c o lumn f rom a 2D bu f fer to 1DBu f l  

K l c 2  Load a c o lumn f rom a 2D bu f f er to 1 DBu f 2  

K l c 3  Load a c o lumn f rom a 2D bu f f er to 1 DBu f3 

K l c 4  Load a c o l umn f rom a 2D bu f f er to 1DBu f 4  

K l c 5  Load a c o l umn f rom a 2D bu f f er to 1DBu f 5  

K l c 6  Load a c o lumn f rom a 2D bu f f er to 1DBu f 6  

K l c 7  Load a c o l umn f rom a 2 D  bu f f er to 1 DBuf7 

K l c 8  Load a c o lumn f rom a 2D bu f f er to 1 DBu f 8  

G l dc ( same a s  lc ) 

G ldr ( same a s  l d )  

K lp2 Load and proc e s s  2 D  NMR da t a  

G l r  Load a row f rom a 2D bu f f e r  

Syntax : l r  ( % RowNo , @RowS t ruct , %Bu fNo ) 

examp l e : l r  ( 1 0 0 , c ,  0 )  
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K l r O  Load a row f rom a 2 0  bu f f er to 10Bu f O  

K l r 1  Load a row f rom a 2 0  bu f f er to 1 DBu f l  

K lr2 Load a row f rom a 2 0  bu f f er t o  10Bu f 2  

K l r 3  Load a row f rom a 2 0  bu f f er t o  10Bu f 3  

K lr4 Load a row f rom a 2 0  bu f f er to 10Bu f 4  

K l r 5  Load a row f rom a 2 0  bu f f er to 10Bu f 5  

K l r 6  Load a row f rom a 2 0  bu f f er t o  10Bu f 6  

K lr7 Load a row f rom a 2 0  bu f f er to 10Bu f7 

K l r 8  Load a row f rom a 2 0  bu f f er to 10Bu f 8  

K pc 2 process 2 0  NMR da ta 

G wrc Wr i t e  a column to a 2 0  bu f fe r  

Syn t ax : wrc ( %ColNo , @ColS truc t )  

examp l e : wrc ( l O O , r )  

G wrr Wr i t e  a row t o  a 20 bu f f er 

Syntax : wrr ( % RowNo , @ RowS t ruc t )  

example : wrr ( l O O , c )  

» Baseline base-level commands -, 

Type Name Description 

G be Correct bas e l ine 

Synt ax : be ( @ FuncType , %Degree ) 

examp l e : be ( p ,  5 )  

K s 1 1  Set 10 base l evel 

K s 2 1  Set 2 0  bas e  l evel 

G sbs Set 1 0  bas e l ine segments ( in points ) and run s 1 1  

Synt ax : sbs ( %No fBs lnSegms , %X1 , %Yl , %X2 , %Y2 , . . .  ) 

examp l e : sbs ( 2 ,  3 4 0 , 4 8 0 , 9 6 0 , 1 0 2 0 )  

Note that the f i r s t  segment i s  used to calculate 10 
ba s e - l eve l s . 
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u er-managemen t d comman s 
Type Name Description 

G axy Add 1DBu f #Y t o  1DBu f #X 

Syn t ax : axy ( %BufNol , % BufNo2 ) 

examp l e : axy ( 0 , 1 )  

G c r 1  Create 1 D  bu f fers 

Syn t ax : crI ( %No f Pn ts ) 

examp l e : crI ( 1 0 2 4 ) 

G c r 2  C r e a t e  a 2D bu f fer 

Syn tax : c r2 ( %D 1 , %D2 ) 

examp l e : cr2 ( 1 0 2 4 , 1 0 2 4 )  

G lbO S e t  I dLoadingBuf = 0 

Syntax : IbO 

G lb1 S e t  1 dLoadingBu f = 1 

Syn t ax : lb1 

G lb2 S e t  1 dLoadingBu f = 2 

Synt ax : lb2 

G lb3 Set I dLoadingBu f = 3 

Syn t ax : lb3 

G lb4 Set 1 dLoadingBuf = 4 

Syntax : lb4 

G IbS Set 1 dLoadingBuf = 5 

Synt ax : lbS 

G lb6 Set 1 dLoadingBuf = 6 

Synt ax : lb6 

G lb7 Set I dLoad ingBu f = 7 

Synt ax : lb7 

G lb8 Set I dLoadingBu f = 8 

Syn tax : lb8 

G mxy C a l c u l a t e  dot product of da ta in two 1D bu f f ers 

Syn tax : mxy ( % Bu fNo l , % BufNo2 ) 

examp l e : mxy ( 0 , 1 )  

G s r i  Swap the real and imaginary part i n  IDBu f O  

Synt ax : s r i  

G sxy Swap 1 DBufX wi th 1DBu f Y  

Syntax : sxy ( % Bu fNol , % Bu fNo2 ) 

examp l e : sxy ( 0 , 1 )  

G s z d  halve the s i z e o f  I D  bu f f ers 

Syntax : s zd 

G s zu double the s i z e o f  1 D  bu f f ers 

Syntax : s z u  

G wxy Wri t e  the conten t s  o f  IDBufX to 1DBufY 

Syn t ax : wxy ( %BufNol , % Bu fNo2 ) 

examp l e : wxy ( 0 , 1 )  
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ommoll- Isplav comman s dO d 
Type Name Description 

K dgr Swi tch the [ DspGr i d )  on / o f f  

K dlg Swi t c h  the [ DsplnLog ) on / o f f  

G dr Redraw 1D p l o t ( s )  

Syntax : dr 

K hz Swi t c h  the [ Hz ) on/ o f f  

K pnt Swi tch the [ pn.§ ) on / o f f  

K ppm Swi t c h  the [ppiij) on / o f f  

G z f  Z oom c urrent window t o  full -view plot ( s )  

Syntax : z f  

K zm Zoom c urrent window t o  mu t i p l e - reg i on p l o t ( s )  

K z s  Zoom current window t o  s ingl e - region p l o t ( s )  

� D  rawmg comman d s 
Type Name Description 

K dal Draw a l ine 

K dar Draw a rectang l e  

K dch Draw a crosshair 

K dtr Draw a t ransposed rec t ang l e  

K dvl Draw a vert i c a l  l ine 

M l l i  Load a de f ined l ine ( in ppm ) f rom a l ine l i s t  

Synt ax : l l i  ( -XO , -Y O , -X1 , -Y 1 ) 

examp l e : l l i  ( 7 . 8 , 7 . 8 ,  7 . 8 , 4 . 3 )  

M l r i  Load a de f i ned rectangle f rom a rec t ang l e  l i s t  

Syntax : l r i  ( -L , - T , -W , -H )  

examp l e : l r i  ( 7 . 8 , 4 . 3 ,  3 . 5 , 3 . 5 ) 

M l t i  Load a de f ined text - s t r i ng f rom a text - s t ring l i s t  

Syntax : l t i  ( -L , -T , " s t ring " ) 

examp l e : l t i  ( 7 . 8 , 4 . 3 ,  " This i s  a peak . " )  

K r l l  Remove one l i ne 

K r 1 r  Remove one rec t angl e  

K rad Remove a l l  drawing obj ects 

K ral Remove a l l  l ines 

K rar Remove a l l  rec tangles 
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!.,x t por comman d s 
Type Name Description 

K p H  Open the P l o t l D Dia log 

K p 1 2  Open the P l o t 2 D  D i a l og 

M prb Print a l d  buf f er 

Syntax : prb ( $ Bu f e rName ) 

examp l e : prb ( Bu f O )  

M prn Print the result of a mathema t i c a l  expres s i on 

Syntax : prn ( $ expre s s i o n )  or prn ( $variab l e )  

examp l e : prn ( 3 *  ( 2 + 7 ) + 5 *  ( 7 + 5 / 6 ) ) ; prn ( Vl *V2 ) 

M prs Print a t ext - s tr ing 

Syntax : prs ( " s t ring " ) or prs ( $ s t r ing ) 

examp l e : prs ( " Proce s s  1 ends . " )  ; prs ( Da t aDi r )  

K swb S ave the workbench to WBench_new . mc r  

q e-mana !emen t comman< s 
Type Name Description 

M a f s  Alter F i l eS t ruct t o  current sett ing 
Syntax : a f s  

M f c l  C l o s e  a f i l e  

Syntax : f c l  ( % F i leNo ) 
M f op Open a f i l e  

Syntax : f op ( "path " , " f i l enarne " ) 
M frd Read a f i l e  

Syntax : frd ( % F i l eNo , %No f BytesToRead ) 

M f s k  Jump t o  a locat ion of a f i l e 
Syntax : f sk ( % F i l eNo , %No fByte sToSkip ) 

G Idl Load lD data 
Syntax : Idl ( " pa t h "  , " f i 1 ename " ) 
examp l e : Idl ( \\ "  I "LSZ . 1Dda t a " ) 

G Id2 Load 2 D  data 
Syntax : I d2 ( " pa t h "  , " f i l ename " ) 

examp l e : I d2 ( \\ 11 
I " LS Z . 2Ddata ) 

K ocv Open the F i l e - c onvers ion Dialog 

G run run a mac ro 
Syntax : run "macro f i l enarne " ) 
examp l e : run MyDa t a . 2 Dparrn 

G sdl Save lD data 
Syn t ax : sdl ( "path " , " f i l ename " ) 
examp l e : sdl ( \' It , " LS Z . 1 Ddata ) 

G sd2 Save 2 D  data 
Syntax : sd2 ( "path " , " f i l ename " ) 
examp l e : sd2 ( \\ /1 

, " LS Z . 2 Dda t a " ) 
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> Filter commands 
Type Name Description 

G c s  App ly a c o s i ne f i l t e r  
Syntax : c s  ( -EndPo int ) 
example : c s  ( 5 1 2 ) 

G c s 2  App ly a squared-cos ine f i l t er 
Syntax : c s 2  ( - EndPo int ) 

example : c s 2  ( 5 1 2 ) 

G esb RunSe tEnh S i neBe l l  

Syn tax : e s b  ( -EndPo int , -Shi f tAng le , -n , -a )  
example : e s b  ( 1 0 2 4 , 6 0 ,  2 ,  - 1 0 0 )  

G exp App ly a exponent i a l  f i l t er 

Syn tax : exp ( -a )  
examp l e : exp ( 2 0 0  ) 

G gau App ly a Gau s s i an f i l t er 
Syn tax : gau ( - a ,  - b )  
example : gau ( l O O ,  5 0 0 )  

G hm Apply a Hanuning f i l t er 

Syn tax : hm ( -a )  

example : hm ( ? ? ? )  

G hn App ly a Hanning f i l te r  

Syntax : hh ( -EndPoint , - Shi f tAng l e )  

example : hn ( ? ? ? )  

G sb App ly a s inebe l l  f i l t er 
Syntax : s b  ( - EndPo i n t , -Shi f tAng l e )  

example : s b  ( 1 0 2 4 , 6 0  ) 

G sb2 App ly a s quared - s ine -be l l  f i l ter 

Syn t ax : s b  ( -EndPo int , - Shi f tAngle ) 

examp l e : s b  ( 1 0 2 4 , 6 0  ) 

G xp ( same as � ) 

G xpO ( same as xp but is ended wi th z ero ) 

> Macro-directive commands 
Type Name Description 

M brk = ' break ' that breaks a cond i t i on block 

Syntax : brk 

M e i f = ' e l s e - i f ' that s ta r t s  an e l s e - i f - condi t i on b l o c k  
Syn t ax : e i f  « condi t i on» 

Example : e i f  ( V O > 3 ) 

M e l s  = ' e l se ' that s t a r t s  an e l s e - c ondi t i o n  block 
Synt ax : e l s  

M end = ' end ' that ends a b l ock 

Syntax : end 

M for = ' fo r ' that s tarts a for- l oop 
Synt ax : f o r  ( % LoopVariable = % Beg , % End , % S tep ) 
example : f o r  ( % 1 = 0 , 1 0 2 3 , 1 )  
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M i f  = ' i f '  that s t a r t s  an i f - c ond i t i on bl ock 

Syntax : i f  « c ondi t i on> 

Examp l e : i f  ( Error ) 

M nex = ' next ' o f  a for- l oop 

Syn t ax : nex 

» Menu-bar commands 
Type Name Description 

M bmb Bui l d menu -but ton 

Syntax : bmb ( " l abe l " , @Underl inedChar , $Ho tKey , 

" Ca l lback indi cator " ) 

Examp l e : bmb ( 11 LoadldDa t a  11 , 1 ,  Al t + l , " c orn : ldl " ) 

( See a l s o  Chapter 3 .  ) 

M bme End a bu i l d-menu bl ock 

Syntax : bme 

M bmm S tart a bui l d-main -menu block 

Syntax : bmm 

M bsm S tart a bu i l d- sub -menu block 

Syntax : bsm 

» P k ea -assIgnment conmlan d S 
Type Name Description 

K cpa As s i gn c r o s s -peaks in a group 

K cpc Copy one c r o s s -peak 

K cpe Edi t  one c r o s s  peak 
K cpl Line up c ro s s -peaks 

K cpv c a l c u l a t e  cross -peak vo l ume s from a 2D spec t rum 

K tpe Edi t a t ranspo sed cross -peak 

» Peak d" . - ISpJay comman d s 
Type Name Description 

K dpl Di splay peak l i s t s  

K z s s  Z oom t o  a mUl t i - region p l o t  that shows a l l  peaks o f  a 
spin - sys tem in an NMR spe c t rum 

» P  k ' ki ea -PlC d ng comman S 
Type Name Description 

K cpp Pick c r o s s -peaks in a reg ion 

K cpr Remove c ro s s -peaks in a region 

K dpp P i c k  di agonal peaks in a region 
K dpr Remove one diagonal peak 
K rp l p i c k  one raw peak 
K rpc Count the number o f  raw-peaks in a region 

K rpp Pick raw-peaks in a reg i on 
K rpr Remove raw-peaks 
K tpf Find a t ransposed peak 
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� P k Jj d ea - st-management COnmlan s 
Type Name Description 

K epl Export the a s s igned peak rec ords 

M lpi Load a de f ined peak f rom a peak l i s t  

Syntax 1 : lpi ( -X , -Y ) 

Synt ax 2 :  lpi ( -X , -Y , 

Res i dueCo de l , ResNo l , AtomCode l , 
Res i dueCode2 , ResNo2 , AtomCode2 , 
Labe l D i s t X , Labe l D i s tY , 

Spec t ra l F l a g ,  Note s , Intens i ty )  

Examp l e s : lpi ( 7 . 8 3 2 , 4 . 3 7 1 )  

Lpi ( 7 . 6 1 0 , 3 . 7 5 9 ,  \\ K " , S , " HN " , " Q "  , 4 , " HA "  I 

4 0 , 4 0 ,  " s trong " , 1 .  2 3 4 e 8 ) 

K lpl Load a set of three c o - re l a ted peak l i s t s , inc luding 
the raw-peak , di agonal peak and cross -peak l i s t s . 

K mlb Move a peak l abel 

K spl Save peak l i s t s  sorted by Res i dueNo i n  Dl 

K sp2 Save peak l i s t s  sorted by Re s i dueNo i n  D2 

K sp3 Save peak l i s t s  sorted by Dl -coordinate in ppm 

K sp4 Save peak l i s t s  sorted by D2 - c oordina t e  in ppm 

K spl ( s ame as �) 

� Phasino commands 
.� -

Type Name Description 

G ph Set z e roth- and f i r s t - order pha se 

Syn tax : ph ( - PhO , - Phl , -Pivo t ) 

example : ph ( 8 8 . 0 , - 2 1 9 . 0 ,  0 . 0 ) 

G phD Set zeroth-order phas e  

Synt ax : phD ( - PhD ) 

examp l e : phD ( - 8 8 . 0 ) 

G ph i Set f i r s t - order pha se 

Syn tax : phi ( - Phi )  

examp l e : phi ( - 2 1 9 )  

G phb Set Bruker ph1 

Syn t ax : phb ( - Ph1 ) 

examp l e : phb ( 7 8 )  

G pvt Set p ivot 

Synt ax : pvt ( - P ivot ) 

examp l e : pvt ( 0 . 0 ) 

� T  Ib 00 t ox-managemen comman d s 
Type Name Description 

M g l d  Set geom-pars o f  the iD-display Too lbox 

Syntax : g l d  ( %L ,  %T , %W , % H )  

example : g l d  ( 1 1 7 2 , 5 8 , 1 0 0 , 5 4 0 )  
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M glm Set geom-pars of the lD-Mi s c Proc Too lbox 

Syntax : ( same as that for g l d )  

examp l e : ( s ee that for g l d )  

M glp S e t  geom-pars of the lD-process ing Toolbox 

Syntax : ( s ame as that for g l d )  

examp l e : ( see that for g l d )  

M g2 d Set geom-pars o f  the 2D-di splay Toolbox 

Syntax : ( same a s  that for g l d )  

examp l e : ( see that for g l d )  

M g2p S e t  geom-pars of the 2D-process ing Toolbox 

Synt ax : ( same as tha t f o r  g l d )  

examp l e : ( see that for g l d )  

M gbc S e t  geom-pars o f  the Base l ine-corr . Too lbox 

Synt ax : ( same as that for g l d )  

examp l e : ( s ee that for g l d )  

M gcd S e t  geom-pars o f  the Common -disp l ay Too lbox 

Syn t ax : ( same as that for g l d )  

examp l e : ( s ee that for g l d )  

M gdr Set geom-pars o f  the Drawing Toolbox 

Syn t ax : ( same as that for g l d )  

examp l e : ( s ee that for g l d )  

M g f t  S e t  geom-pars o f  the F i l te r  Toolbox 

Synt ax : ( same as that for g l d )  

examp l e : ( see that for g l d )  

M gpa Set geom-pars o f  the Peak - a s s i gnmen t  Toolbox 

Syn t ax : ( s ame as that for gld)  

examp l e : ( s ee that for g l d )  

M gpd S e t  geom-pars o f  the Peak -display Toolbox 

Syn t ax : ( s ame as that for gld)  

examp l e : ( s ee tha t for g l d )  

M gph Set geom-pars o f  the Phas i ng Too l box 

Syn tax : ( same as that for g l d )  

examp l e : ( s ee tha t for g l d )  

M gpp Set geom-pars o f  t he Peak -pi cking Toolbox 

Syn t ax : ( s ame as that for g l d )  

examp l e : ( s ee tha t for g l d )  

G o l d  Open the lD-disp l ay Toolbox 

Syn tax : o l d  

G olm Open the lD-Misc Proc Tool box 

Synt ax : o lm 

G olp Open the lD -proc e s s ing Too lbox 

Syn tax : o l p  

G o 2 d  Open the 2D-di sp l ay Toolbox 

Syn tax : o 2 d  

G o2p Open the 2D -proc e s s i ng Toolbox 

Syn tax : o2p 
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G obe Open the Bas e l ine- c orre� t i on Toolbox 

Syntax : obc 

G oed Open the Common-di splay Toolbox 

Syntax : ocd 

G odr Open the Drawing Tool box 

Syntax : odr 

G o f t  Open the F i l t e r  Toolbox 

Syn tax : o f t  

G opa Open the Peak - a s s i gnment Toolbox 

Syntax : opa 

G opd Open the Peak - d i sp l ay Toolbox 

Syntax : opd 

G oph Open the Pha s ing Too lbox 

Syntax : oph 

G opp Open the Peak -pi cking Toolbox 

Syntax : opp 

K s l d  Res e t  parameters i n  the ID-display Too lbox 

K s l m  Re set parameters i n  the ID-Mi s c Proc Toolbox 

K sIp Reset parameters i n  the ID-proc ess ing Toolbox 

K s 2 d  Reset parame ters in the 2D-di splay Too lbox 

K s2p Re set parame ters in the ID -proc ess ing Toolbox 

G xld C l o s e  the I D - d i sp l ay Toolbox 

Syn t ax : xld 

G xlm C l o s e  the ID-Misc Proc Toolbox 

Syn t ax : xlm 

G xlp C l o s e  the ID -proce s s i ng Toolbox 

Syntax : xlp 

G x2d C l o s e  the 2 D - d i splay Toolbox 

Syn t ax : x2d 

G x2p C l o s e  the 2 D -proc e s s i ng Toolbox 

Syn t ax : x2p 

G xab C l o s e  a l l  too lboxes 

Syn t ax : xab 

G xbc C l o s e  Ba s e l ine - co rrec t i on Toolbox 

Syn t ax : xbc 

G xcd C l o s e  Common-di splay Toolbox 

Syntax : xcd 

G xdr C l o s e  Drawing Toolbox 

Syntax : xdr 

G x f t  C l o s e  F i l ter Toolbox 

Syn t ax : x f t  

G xpa C l ose Peak-as s i gnment Toolbox 

Syntax : xpa 

G xpd C l o s e  Peak - d i s p l ay Toolbox 

Synt ax : xpd 
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G xph C l o s e  Phas ing Toolbox 

Syntax : xph 

G xpp C l o s e  Peak-picki ng Toolbox 

Syntax : xpp 

In ow-managemen t comman d s 
Type Name Description 

K c l r  C l ear the display in a draw-window 

K cws Copy the s t ruc ture of a draw-window 

K g1w Set geom-pars of 1D draw-windows 

K g2v Set geom-pars o f  2 D  view-windows 

K g2w Set geom-pars o f  2D draw-windows 

G o 1w Open a 1D draw-window 

Syn t ax : o1w 

G o 2 v  Open the 2D view-wi ndow 

Syn t ax : o2v 

G o2w Open a 2 D  draw-window 

Syn t ax : o2w 

K sbg Set the background colour o f  a draw-window 

Syn t ax : sbg ( % Red , %Green , % B lue ) 

Syn t ax : Green 

examp l e : sbg ( 2 2 8 , 2 2 8 ,  2 2 8 ) 

K scm Set c o l our map 

G swl Set the ID ac t ive window to be the current wi ndow 

Syn t ax : swl 

G sw2 Set the 2D ac t ive window to be the current window 

Syn tax : sw2 

G xIw C l ose a ID Draw-wi ndow 

Synt ax : xIw 

G x2v C lo s e  the 2 D  view-window 

Syn t ax : x2v 

G x2w C l o s e  a 2 D  Draw-window 

Synt ax : x2w 

� Miscellaneous commands 
Type Name Description 

M l c i  Read the Chemi c a l - shi f t  Da t aba se 

Syn tax : l c i  ( @Res idue , $Atom, -Hel i x ,  - Be t a , -Coi l ,  

$ No t e )  

Examp l e : l c i  ( G ,  " HN " , 8 . 0 7 , 8 . 4 4 , 8 . 3 6 ,  "Wi shart 9 1 " ) 

K rsc Re s e t  i n i t i a l  colour s e t t ing 
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12.4 The Command List in alphabetical order 

Type Name Description 
G add Add a constant to 1 DBufO 
M afs Alter FileStruct to current setting 
G avr I Produce an avefa�e €UliVe from 1 DBufO 
G axy Add 1 DBuf#Y to 1 DBuf#X 
G be , Correct baseline 
M bmb Start a build-menu blo€K 
M bme , End' a build-menU! fulb€k 
M bmm Build main menu 
M brk = 'break' that breaks a condition block 
M bsm , build sub-menu 
G ch 1 , Cnan�e the size of 1 D buffers by entry 
G chk Check if there is data loaded for a draw-window 
K clr Clear the display in a draw-window 
K cpa Assign cross-peaks in a group 
K cpc Copy one cross-peak 
K cpe Edit one cross peak 
K cpl Line up cross-peaks 
K cpv Calculate cross-peak volumes from a 2D spectrum 
K cpp Pick cross-peaks in a region 
K cpr Remove cross-peaks in a region 
G cr1 Create 1 D buffers 
G cr2 Create a 2D buffer 
G cs Apply a cosine filter 
G cs2 Apply a squared-cosine filter 
G ctc Convert 1 DBufO to its complex conjugate 
G ctp Produce a power spectrum from 1 DBufO 
K cty Switch the [,CenterY] on/off 
K cws Copy the structure of a draw-window 
K d 1  r Switch the 1 D [pspReaIOnl�] on/off 
K d2r Switch the 2D [.DspReaIOnl�] on/off 
K dal Draw a line 
K dar Draw a rectangle 
K dbf Switch the [DspBuf] on/off 
K dbl Switch the LDspBsline,j on/off 
K dch Draw a crosshair 
K dtt Switch the fDspFiltenl on/off 
K dgr Switch the [DspGrid] on/off 
K d ig Switch the LDsplnlo9] on/off 
K dpl Display peak lists 
K dpp Pick diagonal peaks in a region 
K dpr Remove one diagonal peak 
G dr Redraw 1 D plot(s) 
G dr1 Draw 1 D plot(s) 
G dr2 Redraw 2D plot(s) 
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K dtr Draw a transposed rectangle 
K dvl Draw a vertical line 
K dz1 Set a 2DzmPtern to Zm# 1 
K dz2 Set a 2DzmPtern to Zm#2 
K dz3 Set a 2DzmPtern to Zm#3 
K dz4 Set a 2DzmPtern to Zm#4 
K dz5 Set a 2DzmPtern to Zm#5 
K dz6 Set a 2DzmPtern to Zm#6 
K dz7 Set a 2DzmPtern to Zm#7 
K dz8 Set a 2DzmPtern to Zm#8 
G dzf Define ZmFactor for zo and zi operations 
K dzp Define a 2DZmPternNo 
M eif = 'else-if' that starts an else-if-condition block 
M els = 'else' that starts an else-condition block 
M end = 'end' that ends a block 
K epl Export the assigned peak records 
K eql Switch the [Equalis�] on/off 
G esb RunSetEnhSineBell 
G exp Apply a exponential filter 
M fcl Close a file 
G fft Apply a fast Fourier transform 
G flp Reverse the order of the contents in 1 DBufO 
M fop Open a file 
M for = 'for' that starts a for -loop 
M frd Read a file 
M fsk Jump to a location of a file 
G ftg Fit 1 DBufO with Gaussian(s) 
G fws f-domain water-signal sUQQression 
M g1 d Set geom-pars of the 1 D-display T oolbox 
M g1 m Set geom-pars of the 1 D-MiscProc T oolbox 
M g 1p  Set geom-pars of the 1 D-processin� T oolbox 
K g1w Set geom-pars of 1 D draw-windows 
M g2d Set geom-pars of the 2D-display T oolbox 
M g2p Set geom-pars of the 2D-processing Toolbox 
K g2v Set geom-pars of 2D view-windows 
K g2w Set geom-pars of 2D draw-windows 
G gau Apply a Gaussian filter 
M gbc Set geom-pars of the Baseline-corr. T oolbox 
M gcd Set. geom-pars of the Common-display_ T oolbox 
M gdr Set geom-pars of the Drawing T oolbox 
M gft Set geom-pars of the Filter T oolbox 
M gpa Set geom-pars of the Peak-assignment T oolbox 
M gpd Set geom-pars of the Peak-diSQI� T oolbox 
M gph Set geom-pars of the Phasing T oolbox 
M gpp Set�eom-pars of the Peak-picking T oolbox 
G gsp Generate a 1 D spectrum 
G hft Apply a Hilbert transform 
G hm Apply a Hamming filter 
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G hn Apply a Hanning filter 
G htf Apply a Hilbert transform (fast) 
G hts Apply a Hilbert transform (slow) 
K hz Switch the [Hi] on/off 
M if = ' if' that starts an if-condition block 
G ift Apply an inverse fast Fourier transform 
G imz Assign zeros to the imaginary part 
G IbO Set 1 dLoadingBuf = 0 
G Ib1 Set 1 dLoadingBuf = 1 
G Ib2 Set 1 dLoadingBuf = 2 
G Ib3 Set 1 dLoadingBuf = 3 
G Ib4 Set 1 dLoadingBuf = 4 
G Ib5 Set 1 dLoadingBuf = 5 
G Ib6 Set 1 dLoadingBuf = 6 
G Ib7 Set 1 dLoadingBuf = 7 
G Ib8 Set 1 dLoadingBuf = 8 
G le Load a column from a 2D buffer 
K IcO Load a column from a 2D buffer to 1 DBufO 
K Ic1 Load a column from a 2D buffer to 1 DBuf1 
K Ic2 Load a column from a 2D buffer to 1 DBuf2 
K Ic3 Load a column from a 2D buffer to 1 DBuf3 
K Ic4 Load a column from a 2D buffer to 1 DBuf4 
K Ic5 Load a column from a 2D buffer to 1 DBuf5 
K Ic6 Load a column from a 2D buffer to 1 DBuf6 
K Ic7 Load a column from a 2D buffer to 1 DBuf7 
K Ic8 Load a column from a 2D buffer to 1 DBuf8 
M Id Read the Chemical-shift Database 
G Id 1 Load 1 D data 
G Id2 Load 2D data 
G Idc {same as Id 
G Idr {same as IdJ 
M lIi Load a defined line from a line list 
G Ip Apply linear prediction 
K Ip2 Load and process 2D NMR data 
M Ipi Load a defined peak from a peak list 
K Ipl Load a set of peak lists 
G I r Load a row from a 2D buffer 
K IrO Load a row from a 2D buffer to 1 DBufO 
K Ir 1 Load a row from a 2D buffer to 1 DBuf1 
K Ir2 Load a row from a 2D buffer to 1 DBuf2 
K Ir3 Load a row from a 2D buffer to 1 DBuf3 
K Ir4 Load a row from a 2D buffer to 1 DBuf4 
K Ir5 Load a row from a 2D buffer to 1 DBuf5 
K Ir6 Load a row from a 2D buffer to 1 DBuf6 
K Ir7 Load a row from a 2D buffer to 1 DBuf7 
K Ir8 Load a row from a 2D buffer to 1 DBuf8 
M Iri Load a defined rectangle from a rectangle list 
M Iti Load a defined text-string from a text-string list 
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K mlb Move a peak label 
G mul Multiply 1 OBufO by a constant 
G mxy Multiply dot product of data in two 1 0 buffers 
G ncb Normalise current 1 0  buffers to 1 .0e6 
G neg Negate 1 0BufO 
M nex = 'next' of a for-looR 
G o 1 d  Open the 1 O-display T oolbox 
G o 1 m Open the 1 O-MiscProc T oolbox 
G o 1p  Open the 1 O-processing T oolbox 
G o 1 w  Open a 1 0 draw-window 
G o2d Open the 20-display T oolbox 
G o2p Open the 20-processing T oolbox 
G o2v Open the 20  view-window 
G o2w Open a 20 draw-window 
G obc O�en the Baseline-correction T oolbox 
K ocb Open the Calibration Oialog 
G ocd Open the Common-display T oolbox 
K ocv Open the File-conversion Oialog 
G odr Open the Orawi�g T oolbox 
G oft Open the Filter T oolbox 
G opa Open the Peak-assignment T oolbox 
G opd Open the Peak-display T oolbox 
G o�h Open the Phasing T oolbox 
G opp Open the Peak-picking T oolbox 
K ovl Switch the [pverJa�l on/off 
K pc2 process 20 NMR data 
G ph Set zeroth- and first-order phase 
G phO Set zeroth-order phase 
G ph 1 Set first-order phase 
G phb Set Bruker ph 1 
K pl 1 Open the Plot 1 0 Oialog 
K pl2 Open the Plot20 OialoJl 
K plc Define 20 contour parameters 
K pnt Switch the [pn�l on/off 
K ppm Switch the [ppfTll on/off 
M prb Print a 1 d buffer 
M prn Print the result of a mathematical expression 
M prs Print a text-string 
G ptc Convert a power spectrum into complex 
G pvt Set pivot 
K r 1 1 Remove one line 
K r1 r Remove one rectangle 
K rad Remove all d rawing objects 
K raj Remove all lines 
K rar Remove all rectangles 
G rft Apply a real Fourier transform 
G rmo Remove an offset calculated from sbs 
K rp1 Pick one raw peak 
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K rpc Count the number of raw-peaks in a region 
K rpp Pick raw-peaks in a region 
K rpr Remove raw-peaks 
K rsc Reset initial colour setting 
G run run a macro 
K rzp Zoom to a defined 2DzmPtern by entry 
K s 1 d Reset parameters in the 1 D-display T oolbox 
G s 1 1 Set 1 D base level 
K s 1  m Reset parameters in the 1 D-MiscProc T oolbox 
K s 1p  Reset parameters in the 1 D-processing T oolbox 
K s2d Reset parameters in the 2D-display T oolbox 
G s21 Set 2D base level 
K s2p Reset parameters in the 1 D-processing T oolbox 
G sb Apply a sinebell filter 
G sb2 Apply a squared-si ne-bell filter 
K sbg Set the background colour of a draw-window 
G sbs Set 1 D baseline segments and run s 1 1 
K scm Set colour map 
G sd 1 Save 1 D data 
G sd2 Save 2D data 
G shc Shift data circularly 
G shl Shift data to the left 
G shr Shift data to the right 
K sp1 Save peak lists sorted by ResidueNo in D 1  
K sp2 Save peak lists sorted by ResidueNo in D2 
K sp3 Save peak lists sorted by D 1 -coordinate in ppm 
K sp4 Save peak lists sorted by D2-coordinate in ppm 
K spl (same as �) 
G sri Swap the real and imagina_rypart in 1 DBufO 
G sw1 Set the 1 D active window to be the current window 
G sw2 Set the 2D  active window to be the current window 
K swb Save the workbench to WBench new.mcr 
G sxy Swap 1 DBufX with 1 DBufY 
G szd half the size of 1 D buffers 
G szu double the size of 1 D buffers 
K tpe Edit a transposed cross-peak 
K tpf Find a transposed peak 
G tws t-domain water-siqnal suppression 
G wrc Write a column to a 2D buffer 
G wrr Write a row to a 2D  buffer 
G wxy Write the contents of 1 DBufX to 1 DBufY 
G x1 d Close the 1 D-display T oolbox 
G x 1 m Close the 1 D-MiscProc T oolbox 
G x 1p  Close the 1 D-processing T oolbox 
G x 1w  Close a 1 D Draw-window 
G x2d Close the 2D-display T oolbox 
G x2p Close the 2D-processing Toolbox 
G x2v Close the 2D view-window 
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G x2w Close a 20 Draw-window 
G xab Close all tool boxes 
G xbc Close Baseline-correction T oolbox 
G xcd Close Common-display T oolbox 
G xdr Close Drawing T oolbox 
G xft Close Filter T oolbox 
G xp (same as elill) 
G xpO Apply a eXRonential filter that ended with zero 
G xpa Close Peak-assignment T oolbox 
G xpd Close Peak-displ� T oolbox 
G xph Close Phasing T oolbox 
G xpp Close Peak-picking T oolbox 
K xsh Set XShift 
K ysc Set YScale 
K ysh Set YShift 
K z 1  Zoom to a pattern set by Zm# 1 
G z 1 d Zoom into a 1 0 region 
K z2 Zoom to ajlattern set by Zm#2 
G z2d Zoom into a 20 region 
K z3 Zoom to a pattern set by Zm#3 
K z4 Zoom to a pattern set by Zm#4 
K z5 Zoom to a£attern set by Zm#5 
K z6 Zoom to a pattern set by Zm#6 
K z7 Zoom to a pattern set by Zm# 7 
K z8 Zoom to a pattern set by Zm#8 
K zd Zoom down 
G zf Zoom current window to full-view plot(s) 
G zf1 Zoom to 1 0  ful l-view plot(s) 
G zf2 Zoom to 20 full-view plot(s) 
K zi Zoom in 
K zl Zoom left 
K zm Zoom current window to mutiple-reqion plot(s) 
K zm 1 Zoom to 1 0  mutiple-region plot(s) 
K zm2 Zoom to 20 mutiple-region plot(s) 
K zn Zoom to next 2attern 
K zo Zoom out 
K zp Zoom Eevious pattern 
K zr Zoom right 
K zs Zoom current window to single-reqion plot(s) 
K zs1 Zoom to 1 0  single-region plot(s) 
K zs2 Zoom to 20 single-region plot(s) 
K zsp Display the same �attern for next active draw-window 
K zss Zoom to a mUlti-region plot that shows all peaks of a spin-system in an NMR 

spectrum 
K zt Zoom to the transposed reqion 
K zu Zoom � 
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