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2 1.1 INTRODUCTION

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

e nD n-dimensional, where n is a number, e.g., 1D, 2D, 3D
e COSY 2D correlated spectroscopy
e Dn Dimension-n, e.g., D1, D2, D3

e DQF-COSY Double-quantum filtered COSY
® f-domain frequency domain
e FFT fast Fourier Transform

e FID (or fid) free induction decay

e HN amide proton

e HA O.-proton

e HB 3-proton

e HG Y-proton

e HD d-proton

e HE g-proton

e HZ C-proton

e HH 1-proton

e HFT Hilbert Fourier Transform
o IFT Inverse Fourier Transform
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e [HS

e MsBtn#l
® MsBtn#2
o MsBtn#3
e NMR

e NOE

e NOESY
® PAW

¢ ppm

® S/Nratio
e SD

® | BE

® t-domain

e TOCSY
o

e 1

o t1,t2,t3,t4
e T

e T,

® v

°* Aw

L ING)

o T,

° Vv

® Wy

®  Wroate

o 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
part(s) 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 D1, D2, D3 and D4
longitudinal relaxation time

transverse relaxation time

gyro-magnetic ratio

offset of Wyorae from the Larmor frequency ay
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
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1.3 Textual Conventions

» Conventions for formatted text

Q

0 0O O 0O

0O 0O O O

Text like this signals a special term.

Text like this is a command, a keyboard entry or a header in a dialog.
Text like this is a macro- or program-statement.

Text in a macro or program headed with a hash like #this starts a note.
Text enclosed by a pair of square brackets such as [Emst ez al. 1987] is a reference.

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

Two numbers separated by a comma enclosed by square brackets like [2000,
2100] defines a 1D region.

Two words separated by a slash (/) within square brackets like [yes/no] is an
exclusive-OR option for an entry.

A highlighted character-string like Ctel represents a key on the keyboard.
A compound character-string like DataDir is a variable name used in PAW.
A boldface character-string containing a dot such as PAW.Init is a filename.

A boldface character-string ended with a slash (/) such as ~/PAW/ 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 click-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
[Convert)'.

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#1, 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
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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 filename in the file list of a file-selection dialog,
and then choose [Load] in the dialog, e.g., ‘load data7noesyl50.pdt’. If the
filename is not in the current list, you may need to select a sub-directory in the
directory list then choose [ﬁ.sf_‘_r_;;f in the dialog to change the directory. (See
Chapter 4.)

To turn on (or off) a button means clicking on the button with MsBtn#1 so that it
looks as if it has been (or not een) pressed down after the mouse button is
released. For example, ‘turn off [DSpBuf§] in the 1D-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

° Thekeé&ames used in this booklet match the standard keyboard labels, e.g., ﬁ,

® A comma between two key-names indicates that two keys are to be pressed
sequentially, e.g., F3,F7.

® A plus sign between two key-names indicates that the first key must be pressed
and held down while pressing the second key, e.g., Ctrl+El.

® To enter a command means to type the command then press the Entéi' 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 PAW
1) Open an SGI UNIX shell as shown in Figure 1.1.

' A macro is a program containing PAW’s macro statements.
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[ E winterm

g totara 1%
8 totara 2%
totara 3% PAW

]

Figure 1.1: An SGIUNIX shell

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

The available disc space will be shown in bytes. If it is less than 180 mega-bytes,
ask for more.

3) Make a directory for PAW under the user’s root directory as follows:

cd
mkdir PAW

If permission is denied, ask for permission.

4) Copy all files in the CD into the PAW directory by entering

cd PAW
tar -xf /CDROM/

5) Read the final release notes by entering

more readme.first

7) Allow P AW.setup to become an executable file by entering
chmod +x PAW.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 PAW.Init stored in PAW’s system directory called ~PAW/. Three of the
statements given in the distributed file are as follows:

SystemDir = “/usr/people/liew/PAW/”
DataDir = “/usr/people/liew/PAVW/data/"”
MacroDir = “/usr/people/liew/PAW/macros/”

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 /disk2/usr/maria/, then,
change the statements as follows:

“/disk2/usr/maria/PAW/"”
“/disk2/usr/maria/PAW/data/"”
v /disk2/usr/maria/PAW/macros/”

SystDir
DatabDir
MacroDir

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 comer of the computer screen. It will be
used as a runtime console.

® Type

cd

cd PAW

PAW
These operations will open PAW’s main window? 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

e Either double-click on the window-control button of the Main Window or press
Ctrl+¢ 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 | grep PAW

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

Type

kill -9 <ID for PAW>
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2.1 Introduction

This chapter describes different aspects of the PAW user interface. These include the
menu bar, various windows, toolboxes, 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 first window to appear when running PAW is the main window (Figure 2.1),
where the ritle bar displays the window’s name and the main canvas serves as a shield
to cover PAW from other applications.

Figure 2.1: The main window.

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

» To reposition the main window

e Point to the Title Bar

e Drag the mouse while holding down MsBtn#1, then release the button.
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» To move the entire application to the top

e Either click on the Title Bar or any of the window edges and window comers.

» To change the size of the window

® Point to any of the window edges or the window comers.

® Drag the mouse while holding down MsBtn#1, then release the button

» To shrink the whole application into a small icon

® (Click on the minimise button.

> To expand the window into a full screen window
e Click on the maximise button or type Alt-F10.

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

® (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 (# same as clicking the title bar)

Push (# send the application to the background)
Move

Resize

Stow (# same as minimise)

Open (# only active after being stowed)

Full Size (# same as maximise)

Close (# close the application)

Quit (# close the application)

Figure 2.2: The window-control 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. Toopen a pull-down menu

® (Click on a menu header with MsBtn#1.

The content in 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



12 2.3 THE MENU INTERFACE

that the menus are defined in a macro, the contents in them are variable. The final
release of this package may differ slightly.)

Load MyWorkbench 1dDspTbox
Save OpenldWin 2dDspTbox
Convert Open2dWin PeakDspTbox
OpenViewWin ComDspTbox
2x2dWBench BkgrColor
3x2dWBench ColorMap
NewWBench Calibration
SaveWBench
CopyWinStruct
The File Menu The Window Menu The Display Menu
1dProcTbox LoadldGMP 1dDspTbox
1dMiscTbox LoadCrnCsy 1dMiscTbox
2dProcTbox LoadCrnNsy 1dProcTbox
Peak AssiTbox LoadCmTsy 2dDspTbox
PeakPickTbox LoadStem 2dProcTbox
DrawingTbox LoadImag BkgrColor
Calibration
PAW.Colors ColorMap
PAW.Hotkeys Colors
PAW.Init ComDspTbox
Commands
Dialogs
DrawingTbox
DrawWins
Files
Hotkeys
Macro
MainWin
Menus
Peak AssiTbox
PeakDspTbox
PeakPickTbox
ToolBoxes
ViewWin
WBenches
The Process Menu The Macro Menu The Help Menu

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

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 1D draw-window

e Type olw or choose [OpenldWin] from the Windows pull-down menu (Figure
2.4).

1 L) L a A I L) L L L) ] S | L) L] Ll l L L) L) L] l L) L T 1 l
“——— Window-control button

j \— Re-position icon i
g ._

F i 1 L 1 I 1 L 1 1 I 1 i i I I 1 1 1 1 [ 1 I 1 1 l :
. 200 408 600 §ga______ jess o}

Figure 2.4: A 1D draw-window

» To close a 1D draw-window

® Type clw or double-click on the window-control button.

» To display the geometric values of a 11D draw-window

® Type glw 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 [OpenQHinin] from the Windows pull-down menu (Figure
2.5).
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Figure 2.5: A 2D draw-window

» To close a 2D draw-window

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

» To display the geometric values of a 2D draw-window
e 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 1D draw-window and active 2D
draw-window.

» To activate a draw-window

® (lick 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 comer (i.e., the reposition icon).

» To change the background colour of a draw-window
e Choose [Display] in the menu bar to open the Display Menu.

® Choose [Bker far] in the menu to open the SetBkgrColor Dialog (Figure 2.6).

Figure 2.6: The SetBkgrColor Dialog.

® Adjust the colour values with MsBtn#1.
® (lick in the draw-window for which the colour is to be set.
® Choose [OK] 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 buffers

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 tumn is associated with a 2D buffer. Every
ID draw-window, however, is commonly associated with nine /D 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 1D draw-window
(selectively) displays the contents of nine 1D buffers that can be loaded from any file
or files. The nine 1D buffers are named 1DBuf #0, 1DBuf #2, ... 1DBuf #8,
respectively. A 2D buffer is dynamically created and associated to a file, and is not
named. (See also section 2.12 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
e Either type
i :

Figure 2.7: A 2D plotand 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.Init.
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 [Ww Win] in the 2D-display Toolbox (see Chapter 6).
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2.6 The Toolbox Interface

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

Some toolboxes contain checkboxes and/or radio-boxes
with a number of switching buttons. For example, the
Common-display Toolbox (Figure 2.8) for setting both 1D
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 Convnon-display Toolbox

» To re-initialise parameters related to a toolbox

® Choosing [irleséﬁ’armS]

> To reset the size and location of a toolbox
® Choose [ResetBox]

» To display the geometric values of a toolbox

® C(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 toolbox

e Either type an open-toolbox command or choose a name that contains the
character string Tbox from the [Display] or [Process] menu.

For example, To open the Common-display Toolbox, either type ocd or choose
x] from the [Display] menu.

» To close a toolbox

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

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

! See also Chapter 12 for a list of close-toolbox commands.
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2.7 The Workbenches

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

» To open a worlibench

e Choose [med(ﬁ-;] on the menu bar to open a menu.

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 Dialog Interface

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 file-selection dialogs.

» The keyboard entry dialog

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 format 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
(/) 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 s for the States
method or t for the TPPI method.

Figure 2.10:  The 2D-processing Dialog.
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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 [Entry] in the dual-entry dialog,

For example, the SetPhO Dual-entry Dialog (Figure 2.11) contains three sliders to set
PhO.

Figure 2.11: 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 [ﬂ] in the dialog is chosen, it will be replaced by a keyboard-entry dialog (Figure
2.12).

Figure 2.12:  The SetPh keyboard-entry dialog

» The file-selection dialog

A file-selection dialog (Figure 2.13) contains two entry boxes with two separate lists of
directory names and filenames for selection. Choosing a name in the file list
automatically updates the content in the selection entry-box. Other details on the file-
selection dialog will be discussed in the next chapter.
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Figure 2.13:  The tile-selection dialog

» The exposure of a dialog box

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.
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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 3.141592654 in the system. In addition, any single character headed with an
‘@’ is treated as a constant that equals the ASCII 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: %I, %J, %K, %L, %M, %N;
® 10 integer type variables: 10,11, ..., 19;
® 10 float type variables: Vo, V1, ..., V9; and

® 0 string type variables: S0, S1, ..., S9.

3. The valid operators are:
® the arithmetic operators: +,-, % /and *
® the equal-operator: =
® the negate-operator: -
® the logical and-operato: &
® the logical or-operator: |
® the not-operator: !

® the relational operators: », <,>F, <=5 =@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 Space or Tab, e.g.,
ScrnWidth = 1280

® A hash ‘# ina line signals acomment, e.g.,
ScrnHeight = 938 # screen height in pixels

® 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 = 500.0 # spectrometer frecuency 500 Mega Hz

® A logical-type variable must be assigned either T for true or F for false:
DebugOn = F # logical variable can 2e False or 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 following two statements print the same value on the Unix shell:
prn (1024*(z-96) +32*(@1-96))
prn (1024*(122-96) +32*(49-96))

® A string item must either be enclosed by a pair double-quotes, or headed by a ‘$’

sign, e.g.,
DataDir = “/usr6/wilford/data/PAWdata/”
DataDir = $/usr6/wilford/data/PAWdata/

® The parameters for a command must be separated by comma and enclosed by
round brackets, e.g.,
gld (0, 93, 100! 630) # Set ldDsplBox

® An if-else-condition statement block must end with an end command, e.g.,

if (SiteNo=1l)
DataDir “/usr6/wilford/data/PaWdata/”

MacroDir “/usr/people/liew/PAK . /macros/”
else
DataDir = “/disk2/people/wilford/PAWdata /"
MacroDir = “/disk2/people/wilford/PAW/macros/”
end

® A for-loop statement block must end with a next command and the loop-variable
headed by a ‘%’, e.g.,
for (%I=1, 2, 1)

prs (“--- Test 1 ---%)
for (%J=1, 12, 3)

prs (“--- Test 2 ---")
next

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 # build main menu

bmb (“File”, F, none, “smn: FileMenu”)

bmb (“Window”, W, none, ‘“smn: WindMenu”)

bmb (“Display”, D, none, “smn: DsplMenu”)

bmb (“Process”, T, none, “smn: ToolMenu”)

bmb (“Macro”, U, none, “smn: UserMenu”)

bmb (“Help”, H, none, “smn: HelpMenu’)
bme

» Writing a macro

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 run 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-retum (ASCII
#13) characters that are not recognised by an SGI word processor. PAW'’s package
contains a program called cv13to10 to convert all #13 characters into #10. To convert
a file, type

cvl3tol0 <«<OrgFileName> <NewrileName>

For example,

cvl3tol0 MyMacro NewMacro

2.10 The Hotkey Interface

» The hotkeys

PAW allows users to set up a number of hotkeys to perform different tasks. These are
the Fl to F12 on the keyboard, and combinations of them with MsBtn#1, 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 an operation with a combined hotkey

® Press a function key while holding a mouse button.

2.11 The Keyboard-command Interface

The keyboard-command interface allows the execution of commands without having
to search for the buttons in the menus or toolboxes. 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 followed with either the Space or Enter key.

> To enter a three-character command

® Type the three characters in sequence

> To repeat the last command

® Pressthe 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:

0 A keyboard command that changes the data displayed on a draw-window must
be entered after the window is clicked and while the cursor is positioned in it.

a If a series of commands are entered for the same draw-window, only one click
atthe beginning is required.

0 A common zooming command (such as zf, zs or zm for zooming into a full-
single- or multi-region view) can change the display on either the 1D 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).

® (lick in Window #2.

» Keyboard commands and changes to buffers

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

® A |D-processing command always changes data in IDBuf#0 and displays the
result in the active 1D draw-window.

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

In addition, 1DBuf #6 to #8 are also changed during some complicated operations
such as curve fitting and baseline correction. Therefore, to backup a result in 1DBuf
#0, it must be saved into either 1DBuf #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 file* is loaded or created. The
sizes of all 1D buffers are identical. The maximum 1D buffer size is set to 32768
bytes each by a macro-variable called Max1DDim in PAW.Init. 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 1DDim is rare unless memory space is very limited. It must not be less than twice
the size of any 1D data set loaded, because some 1D 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 history 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.

Figure 2.14: A pop-up information shell

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 PAW.Init, which is run at start-up.
The macro distributed with this booklet is as follows:

# Program begins
B e
# File name: PAW.Init

(":ﬁ*i—i-*i**:&ii*wi**“«xx**”tt**ki!‘i'*i*****i':&**i‘*iii‘*it*****")
pns (48 *n )
prs ("* WELCOME TO PAW k)
prs ("* --- An XWindows based Protein Analysis Workshop *")
prs ("* for Processing and Assigning L)
prs ("* High Resolution NMR Spectra of Proteins ")
prs ("* *")
prs (ll*****k****t**i***it*******t***************t*********ll)

# Assign variables:

I [ = —
SiteNo = 2

ProjNo = il

ScrnWidth = 1280

ScrnHeight = 938

Max1lDDim = 32768 # Maximum is 32768.

DebugOn = F

run PAW.Colors ¥ run another macro for colour assignment

if (SiteNo=1)
# At Massey University:
SystDir = $/disk2/peoples/wilford/PAW/
MacroDir $/disk2/peopleswilford/PAW/macros/’
DataDir $/disk2/people/wilford/PAWdata/
prs ("At Massey University")

i

else
# At Wallaceville:
SystDir = $/usripeopiesliew:PAW/
MacroDir = S$/usr/people/liew;PAW/macros/
DataDir = $/usr6/wilford/PAWdatars
prs ("At Wallaceville")

end

if (ProjNo=1)
# Caerin 4.1
Sequence = $GLWQKIKSAAGDLASGIVEGIKSX
end
if (ProjNo=2)
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# Caerin 4.0
Sequence = $GLWQKIKSAAGDLASGIVEGIKSX
end

e S R
# Print the values of two variables:
B e e e

prn (ProiNo)

prn (SiteNo)

prs (DataDir)

=

gld (0, 93, 100, 630) # Set_1dDsplBox
glm (0, 93, 100, 600) # Set_ldMnplBox
glp (0, 93, 374, 123) # Set_ldProcBox
glw (0, 93, 640, 280) # Set_ldDrawiin
g2d (8, 32, 116, 880) # Set_2dDsplBox
g2p (0, 93, 107, 635) # Set_2dProcBox
g2v (643, 58, 160, 160) # Set_2dviewWin
g2w (0, 93, 640, 640) # Set_2dDrawWin
gbc (0, 93, 100, 200) # SetBsLineBox
gft (0, 93, 10@, 2100) # SetFltBox

gph (0, 93, 100, 100) # SetPhaseBox
ged (8, 30, 118, 228) # SetComDspBox
gdr (0, 93, 100, 800) # SetDrawBox
gpa (0, 93, 100, 800) # SetPeakAssiBox
gpd (0, 93, 100, 800) # SetPeakDspBox
gfs (0, 93, 600, 500) # SetFileSelBox

# Program ends

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
SEevere errors occur.

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

» To add a new pro ject

® 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

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

# Program begins

BkgrColor = S$Grey
TextColor = S$black
DrawColor = $navy
CPeakColor = S$blue
RPeakColor = $black
DPeakColor = $Syellow
PstvCtourColor= $red

NgtvCtourColor= S$ForestGreen

# Curve colours:

Color01 = Snavy

Color02 = $Red

Color03 = S$Orange

Color04 = S$Magenta

Color05 = $black

Color06 = $Blue

Color07 = $Brown

Color08 = $Violet

Color09 = $Grey

Colorl0 = $Cyan # also used for 1D x-axes
Colorll = SPurple # also used for filters and baselines
Colorl2 = S$Yell ow

Coloril3 = $Pink

Colorlé4 = $Green

Colorls = S$iLimeGreen

Colorilé6 = SWheat

Colorl? = $Turguoise

Colorls8 = SWpresse

rsc # update colours

# Program ends

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 susr/lib/Xil/rgb.txt

® Repeatedly press the SpaccBar to view the list, as shown in Figure 3.1
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SlateGray
slate grey
SlateGrey 1
light slate gray
LightSlateGray
light slate grey
LightslateGrey
gray

grey

light grey
LightGrey

light gray
LightGray
midnight blue
MidnightBlue
navy

navy blue
NavyBlue
cornflower blue
CornflowerBlue
dark slate blue
DarkSlateBlue
slate blue
i5e SlateBlue
iha 123 104 238 medium sla

te

blue

Figure 3.1: The system colour definitions.

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

e Type

more /usr/lib/Xil/rgb.txt | grep lue
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 PAW.Init and PAW.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 is given. It involves the addition of a statement and a build-
menu block to a system macro.

» ‘I'he 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 is as follows:

# Program begins

B oo ey e — e — e

# File name: PAW.Menubar

# ______________________

#

# The parameters for each menu and window must be defined
# with the formats shown in the examples below.

# Each item in a line MUST be separated by either a space,
# a comma or a colon.

# The macro commands inwvolved in building the menu-bar are:
# bme --- BldMainMenu

# bmb --- BldMenuBtn

# bme --- BlcdMenuEnd

# bsm --- BldSubimenu

# The callback indicators in the bmpb statement are:

# com --- macro command indicator

# smn --- submenu indicator

# mcr --- macro indicator

#******i***i***************i*******,‘t*****t*******

# Block one: Building MenuBar &
#******i********************ft******************i*

bmm # Menu bar

bmb ("File", F, Alt+F, "sam: FileMenu")

bmb ("Window", W, Alt+¥W, "smn: WindMenu")

bmb ("Display", D, Alt+D, "smn: DsplMenu")

bmb ("Process", P, Alt+P, "smn: ProcMenu")

bmb ("Macro", U, alt+U, "smn: MacrodMenu")

bmb ("Help", H, Alt+H, "smn: HelpMenu")
bme

#**i***************i*******i*******k***#********

# Block two: Building Menus *
# Each bmmb in the Menu UST be buiit in order. *
#*ﬁk***k***************k***#*******k***ﬁ********

bsm # FileMenu

bmb ("Load", L, none, "smn: LoadMenu")
bmb ("Save", S, none, "smn: SaveMenu")
bmb ("Convert", C, alt+C, "com: ocv")
bmb ("Show notes", 0, none, "mcr: notes.mcr")
bme
bsm # WindMenu
bmb ("Openldwin", 1, none, "com: olw")
bmb ("Open2dwin", 2, none, "com: o2w")
bmb ("Open2dViewWin", T, none, "com: o02Vv")
bmb ("2 2d WBench", M, none, "mcr: WBench_2x2d.mcr")
bmb ("3 2d WBench", M, none, "mcr: WBench_3x2d.mcr")
bmb ("New WBench", M, none, "mcr: WBench_New.mcr")
bmb ("SaveWBench", P, none, "com: swb")

bmb ("CopyWinStruct", T, none, "com: cws")
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bme

bsm i
bmb
bmb
bmb
bmb
bmb
bmb
bmb

bme

bsm i
bmb
bmb
bmb
bmb
bmb
bmb

bme

bsm #
bmb
bmb
bmb
bmb
bmb
bmb
bmb
bmb
bmb
bmb
bmb
bmb
bmb
bmb
bmb
bmb
bmb
bmb
bmb
bmb
bme

bsm #
bmb
bmb

bme

DsplMenu
("1dDspTbox",
("2dDspThox",
("PeakDspTbox",

"GenDspTbox",
"BkgrColor",

(
(
("ColorMap", M, none,
("

Calibration",

ProcMenu
("1d ProcTbox",
("1d MiscTbox",
("2d ProcTbox",
("PeakAssiTbox",
("PeakPickTbox",
("DrawingTbox",
MacroMenu
("RefineCosy5h",
("Re 1reCosy’".
"RefineCosy3".
"Re ineCosy2",
"RefineCosy",
"RefineCosyDl",
"RefineCosyD2",
"ProcCrinCosy",
'ProcCrinTsyQ70",
"ProcCrinNsy080",
"ProcCrinNsyl50",
"ProcCrinNsy250°
"ProcL8zcosyb",
L ad 1d GMP",

.Colors",
qotkeys",

HelpMenu

("Contents", C, none,

("Index",

9,
iy,
D,
D,
B,

@,

i,
M,
2,
e,
23

By,

.Init", P, none

L,

none,
none,
none,
none,
none,

"com:

none,

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

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

"mcr:

mel

none,

"com:
"com:
"com:
"com:
"com:

scm

"com:

"com:
"com:
"com:
"com:
"com:
"com:

"mCr:
"mcr:
“mer
"mCr:
"mCcr:
"mcr:
"mCcr:
"mcr:
"mCcr:
"mcr:
"mcr:
"mcr :
"mcr:
"mer :
"mcr:
"mCcr:
"mcr:
"mer:
"mCr:

PAW

old")
o2d")
opd")
ogd")
sbg")
")

ocb")

olp")
olm")
o2p")
opa")
opp")
odr"}

RefineCrinCosy5.mcr")
RefineCrinCosy4.mcr")
RefineCrinCosy3.mcr")
RefineCrinCosy2.mcr")
RefineCrinCosy.mcr")
‘neCrinCosyDl.mcr")
RefineCrinCosyD2.mcr")
ProcCrinCosy.mcr")
ProcCrinTsy070.mcr")
ProcCrinNsy080.mcxr")
ProcCrinNsyl50.mcxr")
ProcCrinNsy250.mcr")
Proci.SZcosyb.mcr")
LoadidGMP.mcr")
LoadStem.mcr")
LoadImag.mcr")

PAW . Separator™")
PAW.Colors")
PAW.Hotkeys")

aw D TIRING! "'%)

HelpCont .mcr")

"mCr :

HelpIndx.mcr")

#*‘l‘*‘k*‘l‘*‘k'ﬁ’*"(‘k'k"l‘*‘k*‘l‘*‘k"K**‘.*"K*"‘.‘k"K**‘ki‘**‘k'k‘i‘*‘k*****i‘***i‘*******

# Macro block three:

# Each sub-Menu must

Building sub-Menus &

also

be built in

order. *

#*'A-*'k*i-***'A-*'k‘lr'A-***i-*'ir'A-i-*'k‘l't****i—***i—**'ir**‘k‘l‘:**'k*************

bsm #
bmb
bmb
bmb

bme

bsm i
bmb
bmb
bmb

bre

LoadMenu
("Loadldbata",
("Load2dbata",
("LoadPkLists",

SaveMenu
("Saveldbata",
("Save2dbata",
("SavePkLists",

f# Program ends

TN

Alt+1,
Alc+2,
Alt+P,

none,
none,
none,

"com: 1di")
"com: 1ld2")
“com: 1lvp")

"com:
"com:
"com:

svli")
sv2")
svp")
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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, followed 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 (<label>, <underlined character>, <hotkey>,
<button command>)

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

® asubmenu indicator smn that is followed by a colon and a submenu name,
® acommand indicator com that is followed by a colon and a macro command, or

® amacro indicator mcr that is followed by a colon and a macro filename.

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

® [nsert 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 MyMacro2.mecr:

1. In the bmm-block, insert a bmb statement after that for the Macro Menu as
follows:
bmb (“MyMacros *“, M, none, “smn: MyMacros “)

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

bsm # MyMacros
bmp (“MyMacrol”, 1, none, “run: MyMacrol.mcr”)
bmb (“MyMacro2”, 2, none, “run: MyMacro2.mcr”)
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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.

» The key-name conventions

® All simple key-names in PAW’s macro starts with the word ‘Key’, followed by a
function-key symbol as shown on the keyboard, e.g., KeyF1, KeyF2;

o All complex key-names in PAW’s macro starts with the word ‘Key’, followed by a
simplified word B1, B2 or B3, then a function key symbol as shown on the
keyboard, e.g., KeyBIFI.

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

# Define hotkeys:

B e e e e
RKey¥F2 = Szt

KeyF3 = S$dr

» To define a hotkey
® Open the PAW.Hotkeys using a text editor.

® Add an assign statement to assign a key name with a string starting with a dollar
sign ($).
> To define a hotkey that runs a macro

The statement for setting up a hotkey to run a macro has a special format as follows:

(Note that the macro names are not enclosed in double quotes.)
<key name> = Srun (", <macro name:>)

For example, to associate F5 with the macro called PAW.zm1D:
KeyFS> = Srun (“”, /jusr/pecople/liew/PAW,PAW.zmlD)

The content of PAW.zm1D is as follows:

swl # Set 1D active window to be the current window
zf # Zoom full

dr # Re-draw 1D plot

zm # Set up for multi-region zooming operations

The first statement is equivalent to clicking in the 1D active window.

» 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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KeyB3F5 = S$DataDir = susr6/wilford/data/PAa%data’/czerin

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 toolboxes and draw-windows, as well as statements for opening
them. In addition, it may also contain statements for closing toolboxes 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 toolboxes with one
1D and three 2D draw-windows in a light-grey colour defined by the sbg statements.

# WBench_2x2d.mcr

xab # Close all toolboxes

g2v (643 58 160 160) # Set 2D view-window

g2d (828 58 100 648) # Set 2D-display toolbox

gpa (943 58 100 284) # Set peak-assignment toolbox
gpp (943 332 100 375) # Set peak-picking toolbox
gdr (1057 58 100 648) # Set drawing toolbox

g2p (828 604 285 98) # Set 2D-processing tooclbox
gld (1172 58 100 648) # Set 1D-display toolbox

glp (828 729 317 143) # Set 1D-processing Toolbox
gft (860 754 350 75) # Set filtering toolbo:x

gph (888 772 349 80) # Set phasing toolbox

gbc (918 804 350 73) # Set baseline-correction toolbox
glm (828 900 430 116) # Set 1D miscellaneous-functions toolbox
gcd (1172 622 100 268) # Set common-display toolbox
gpd (1172 99 100 772) # Set peak-display toolbox
sbg (228,228,228) # Set background color

o2v # open 2D view-window

glw (8 725 520 236) # Set 1D draw-window

olw # Open 1D draw-window

sbg (228,228,228) # Set background color

g2w (8 93 520 470) # Set 2D draw-window

o2w # open 2D draw-window

sbg (228,228,228) # Set background color

g2w (28 133 520 470) # Set 2D draw-window

o2w # open 2D draw-window

sbg (228,228,228) # Set background color

g2w (48 173 520 470) # Set 2D draw-window

o2w # open 2D draw-window

sbg (228,228,228) # Set background color

o2d # Open 2D-displav toolbox
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opa
opp
odr
a2p

old
olp
opd
ocd
olm

=%

Open peak-assignment toolbox
Open neak-picking toolbox
Opnen drawing toolbox

Oven 2D-processing toolbox

3t 3 3

Open lD-display toclbox

Open 1lD-processing tnoolbhox

Open neak-disnlay zoolbox

Sef. common-display zoolbox

Set 1D miscellaneous-functions toolbox

3 3 3

3t 3t

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

For

# W
g2v
o2v
glw
olw
g2w
o2w
g2w
o2w
glw
olw

x1ld
gld
old

x1lm
glm
olm

Choose [Windbw] in the menu-bar.
Choose any of the pre-set workbenches. (Optional)

Open the draw-windows and toolboxes for the new workbench, and close those
unwanted windows and toolboxes, 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
similar values in the brackets identical.

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

Bench_new.mcr
(643 58 160 160)

(8 572 490 232) # Set 1D draw-window (first statement)
(8 93 486 445)
(445 94 492 445)

4

(445 572 494 236) # Set 1D draw-window (second statement)

4 Cloge the 1D-disgnlav Toolbox.
(1068 59 100 571)

(350 825 372 143)
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Xlp
glp (2 825 326 143)
olp

x24
g2d (953 58 100 730)
02d

X2p
g2p (737 825 320 142)
02p

xbc
gbc (154 882 377 82)
obc

xft
gft (21 827 366 80)
oft

xcd
gcd (1069 669 100 297)
ocd

Xph
gph (123 854 371 88)
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 SGI 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:

e 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 toolbox by clicking in
it with MsBtn#3.

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

e 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 format and filename extension. This chapter
describes different types of files (including macros) and the file-management
operations.

Note that, in PAW, there is no difference in the file formats between time-domain and
frequency-domain NMR data files. The term ‘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

PAW 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.

e PAW.MenuBar — a macro to produce the menu bar
® PAW.Init — a macro to initialise basic variables
e PAW.Colours — a macro to define colours for various objects

e 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 foorm mDparm, where m indicates the
spectral dimension, e.g., noesyl150.2Dparm. The initial part of the filename must be
consistent with that of the corresponding NMR data file, which in this case is
noesyl50.2Ddata.

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 follows:

IEEEEEREEEEEEEE R EEEE RS EEEEEE RIS SIS RS RIS E]

&3 Parameter macro for PAW data *
IR EEEEEEEEREREEEEEENEEEIEEREEEEEEESEEII IR

This file can be edited using a word processor.
Note: The [Tab] key can be used in this file.

EEE S

B

! A filename extension is a string of characters attached to the end of a filename after a period.
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SpecFreq is in MHz.

SweepWidth is sw in VARIAN’s system.

NofFIDs = NofRealFIDs + NofImagFIDs.

NofCmpPnts = np/2 for VARIAN’s data.

D1Struct, D2Struct can either be complex or real.
DataType can either be float or long.

FileType can either be binary or ASCII.
FileFormat can be PAW, VARIAN, FELIX, BRUKER etc.
FileStruct can either be series or block-matrix.
# BlockSize is used only if FileStruct is block-matrix.
#

FH s

SpecFreg = 600.000
SweepWidth = 6613.750
NofFIDs = 512
NofCmpPnts = 1024
D1Struct = C
D2Struct =
DataType = f
FileType = b
FileFormat =p
FileStruct = S
BlockSize = -1
XPPMofCalibPnt = 4.700
YPPMofCalibPnt = 4.700
XofCalibPnt = 510.418
YofCalibPnt = 5] [0S0

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:

# 2d processing parameters for Caerindlnoesyl50
MD1. = 1024;

MD2 = 1024;

ApodComl = “nsb (512, 90, 2, -200)"
ApodCom2 = “nsb (512, 90, 2, -200)~
PhaseComl = “ph (-73, -21976, 1023)"
PhaseCom?2 = “ph (12, 29, 883)~”
BsLnCorrComl = “n”

BsLnCorrCom2 = “n”

DimNoToTrans = b

ExprmtType = t

sbs (4, 340,480, 44,140, 900,936, 960,1020)
# SetBslineSegments (NofSegms, SegmlL,SegmlR, ...)

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. Details 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 CPeaks.

They are produced and modified by the four SavePkList commands in the Peak-
Assignment Toolbox, as explained in Chapter 7. They contain the ]pi-statements to
load one peak item at a time.

Note that the Ipi-statement have two formats, as shown in the two examples below:
1pi (7.164,7.179);

Ipi [(i2.973, 0R982), HK“ 22/ MHEK ,; “#V&, 118, 416", [0, 28 " ¥ #%8, [OR0) 5

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, AtomCode?2,

® the LabelDistX and LabelDistY in ppb (part per billion),
® the SpecFlag, Notes, and Intensity.

» The drawing-ob ject macros

There are three types of drawing object macros:

® the line-list macros thathave a common extension Lines,
e the rectangle-list macros that have a common extension Rects, and

e 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.,
111 ( 7.164, 7.179, 7.864, 7.879)

Here, the values are, from left to right, the co-ordinates (x1,yl) and (x2,y2) in ppm
for two end points of a line.

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 Iri-statements

to load one rectangle item at a time, e.g.,
lri ( 7.164, 7.179, 7.864, 7.879)
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Here, the values are, from left to right, the co-ordinates (x1,y1) and (x2,y2) in ppm
for two opposite comners of a rectangle.

A text-list macro is produced and modified by the SaveTexts 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.,

lti ( 7.164, 7.179, “This is 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 prs statements that display help messages as follows:

prs (“<message>")

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) A draw-window can be resumed to its initial shape,”)
prs (" size and location by clicking on the grey circle at”)
prs (" the top-left corner of the window."”)

prs (“2) An operation that reguires multiple mouse actions”)
prs (" such as peak-picking can be cancelled by clicking”)
prs (" on the third button of the mouse while the cursor”)
prs (" is on the window.”)

The help macros are stored in the help subdirectory under the system directory. For
example, if the system directory is /usr/people/liew/PAW/, then the help subdirectory
is /usr/people/liew/PAW/help/. Each of the help macros is associated with a menu
button defined in PAW.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.

4.3 The NMR Data Files

» General format of the NMR data file

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 footer. 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 FID#1 to
FID#2, ... to FID#n. Some NMR data are stored in block-matrix format that contains
blocks of datain a 2D or 3D data matrix.

>» The NMR data-file format of PAW

The PAW 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 512x1024
complex 2D NMR data file must be 512x1024x4x2 = 4,194,304 bytes (or four
megabytes) exactly. This format is exactly the same as that of Bruker NMR data files.

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

» Other data formats recognisable by PAW

PAW 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

e Choose [Géh&;'e’rt] in the File Menu to open the File-conversion Dialog 1 (Figure
4.1).
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Figure 4.1: The File-conversion Dialog 1.

® Choose a file format from the radio-box on top of the dialog.
e Enter the name (including the path name) of the file to be converted.

e Choose [OI@] to open the File-conversion Dialog 2 (Figure 4.2):

Figure 4.2: The File-conversion Dialog 2.

e Correct the entry items if necessary, then choose [Ex

(For Varian data, the default values in the second dialog are set by PAW according to
the information 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 O for the NofFIDs to convert shows only the header information, 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
ls -1

For example, if the original file is noesy150.fid, then, after the conversion, two other
files named noesyl50.2Ddata and noesy150.2Dparm will be found.

Note that any existing files with exactly the same filename as those to be created will
be overwritten without waming. 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.

» Toload 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, 1dp 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:

e Either type a load-file command (e.g., 1d2, 1dp, run, etc.) or choose an option from
the Load Submenu of the File Menu to open a File-selection Dialog.
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-box

Figure 4.3: A File-selection Dialog.

® 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 [Filter].)

® Repeat the last step until the filename is seen.

® Double-click on the filename to load the file. (Alternatively, change the string in
the filename entry-box then choose [L"@].)

For example, to load a 1D NMR data file
e Type ldl to open a dialog.

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

® Select the filename and choose [ﬁ] 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 1D buffers must be reset before the
data is loaded. To do this,

fs] in the 1D-display Toolbox.

® Choose [Reset1DI
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» To run macros using a macro

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

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

e If the filename or the path name contains ‘PAW’, the default path is the system
directory.

e If the filename contains ‘Dparm’ or ‘Ddata’, the default path is the data directory.
e If the filename contains ‘.mcr’, the default path is the macro directory.
e If the filename contains ‘.help’, the default path is the help directory.

e If none of the above strings appears in the path name and the file name, no default
pathis given.

For example, the statement below runs PAW.color in the system directory:
run PAW.color

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

» Toload NMR data files using a macro

This requires two statements for loading each NMR data file:
run <mDpar:m filename>
1dl (“<path name>", “<mDdata filename>")

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 Id1 statement in
the macro.

For example, running the macro below loads and displays the CrnNsyRowOb.1Ddata
(Figure 4.4) found in the data directory.

# LoadCrnNsyvRowOb.mcr

run CrnNsyRow(Ob.lDparm

1d1 (*”, “CrnNsyRowOb.1lDdata”)
zfl
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Figure 4.4: A plot of 1D NMR data loaded using a macro.

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

# LoadCaerinNoesyl150C.mcr

run CaerinNoesyl50C.2Dparm # Run a parameter macrc
1d2 (", “CaerinNoesyl1l50C.2Ddata”) # Load 2D data
zf2

» 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.

Choose an option from the menu to open a file-selection dialog that is similar to
Figure 4.3 but contains a [Save] button instead of the [Load) button.

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

[Filter].)
5. Enter a filename in the selection box with a proper filename extension, or choose a

filename in the file list with a single click to copy the filename into the filename
entry box.

6. Change the filename if necessary.
7. Choose [Save].

Note that:
o Saving a file with an existing filename overwrites the existing file.
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a If necessary, an mDparm file can be modified using a text editor.

o To avoid mistakes, NMR data file will only be created if there is data in the
butter.
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5.1 Introduction

This chapter describes the management and display methods for 1D data sets and 1D
buffers, including loading and displaying 1D NMR data, as well as calibrating and
plotting 1D NMR spectra.

Some examples given in this chapter requires both 1D and 2D draw-windows. Also,
the CaerinNoesy150C.2Ddata must have been loaded, as described in Chapter 4.

5.2 Loading 1D NMR Data

A 1D NMR data set can be loaded from either a 2D buffer or a 1D 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 1D 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:
1ldr (<row number>, <data type>, <bufifer number>)

and
ldc (<column number>, <data type>, <buffer number>)

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

e Type ldr or choose 1‘: dRow] in the 2D-
processing Toolbox to open the LoadRow Dialog
(Figure 5.1).

o Pick a row with MsBtn#2 then choose [

Figure 5.1: The LoadRow Dialog.
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To load a column, the first step above should be:
TR

® Type ldc or choose [Loadl{rﬁ] (or [LoadCol

column) in the 2D-processing Toolbox to open
the LoadCol Dialog (Figure 5.2).

Figure 5.2: The LoadCol Dialog.

» To load more than one row (or column) into different buffers using a macro
This can be similar to a macro below:

# Load3Rows.mCr

1ldr (574, r, 2) # Load Rcw 574 from a real 2D buffer
1dr (587, r, 1)

1ldr (594, r, 0)

drl # Display 1D data

Running the macro loads rows 574, 587 and 594 from a 2D buffer into 1DBuf #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.

1.594e+09

-4.607e+85
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Figure 5.3: Theplot for the data in 1DBuf #0 loaded by a macro.

To load columns of data, simply change the Idr statements into |dc 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 Idr or choose Row] in the 2D-processing Toolbox.

® (Click in the draw-window with which the 2D buffer is associated.
e Type Ibl to set the buffer number to 1.

® Load arow. (See the first two subsections.)

e Type b0 to set the buffer number to 0.

® L.oadanother row.

To load columns of data, simply change the ]dr command into Idc.

» To load a row of 1D data from an mD data file using a macro
This requires two statements:

fsk (<file number>, <number of bytes to skip>)
frd (<file number>, <number of bytes to 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 caerin/data7noesy.2Dparm

fcl (2)

fop (*”, “caerin/data7noesy.2Ddata”)
fsk (2, D1*3)

frd (2, D1)

fcl (2)

zfl

drl

The macro performs the following operations:

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

® C(lose File #2 before opening it for a new file.

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

e Skip D1*3 bytes (namely, rows #0, #1 and #2) from the beginning of the file.
e Read D1 bytes (i.e., Row #3) from the position after skipping.

® Close File #2 again.

e Set the zooming pattern as a fully zoomed view.

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

5.3 Displaying 1D NMR data

5.3.1 The toolboxes for 1D display

There are two toolboxes that are related to 1D display: the I/D-display Toolbox and
Common-display Toolbox.

The 1D-display Toolbox (Figure 5.5) contains two checkboxes and a number of
command buttons. The IDBustzsplayed Checkbox contains switches for setting the
buffers to be displayed if the [DspBufs] switch is on. The IDDisplayMode Checkbox
contains switches for setting various 1D-display modes. The command buttons
provides tools to view different regions of 1D data sets, and options to reset 1D buffers
and various parameters. (Information on displaying the 1D buffers can be found in
Section 5.3.3.)



56 5.3 DISPLAYING 1D 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 [mnfs] switch is on.
The IDDisplayMode Checkbox contains switches for
setting various 1D-display modes. The command buttons
provides tools to view different regions of 1D data sets,
and options to reset 1D buffers and various parameters.
(Information on displaying the 1D buffers can be found in
Section 5.3.3.)

The Common-display Toolbox (Figure 5.6) contains
switches forboth 1D and 2D displays.

Figure 5.5: The 2D-display Toolbox.

» To open the ID-dl.spIay Toolbox (01d)
® Type old or choose [I

The entries in the dialog are as follows:

® Entry 1 specifies the name of the output postscript file.
e Entry 2 specifies the plot header shown on top of the plot.

e 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.

e 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 1D-display Toolbox (x1d)

e Type x 1d or double-click on the window-control button of the toolbox.

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 [DspInLog] 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 1D data sets

In the 1D-display Toolbox, there are three buttons for viewing different regions of 1D
data sets, and one for re-drawing. The following operations require a 1D draw-
window be selected first (by clicking on it). If a series of 1D operations are performed
for the same 1D draw-window, only one click is enough.

» To display the full extend of the 1D buffers (zf or zf1)
e Type zf or choose [ZmFulllD] in the /D-display Toolbox.

> To display a zoomed single-region of the 1D buffers (zs or zsl)
® Type zs or choose [ZmSngl1D] in the /D-display Toolbox.

® Block aregion with MsBtn#1.

» To display multi-regions of the 1D buffers (zm or zm1)
e Type zm or choose [ZmMultlD] in the 2D-display Toolbox.

® Block a few regions with MsBtn#1.

® Type dror choose [DrawlD] in the toolbox.

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

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

® (lick in the 1D draw-window.
e Typezs.

® Block the region from points 140 to 250 (approximately) with a rubber rectangle
formed by the click-and-drag method using MsBtn#1.

The plot will be re-drawn to show the region (Figure 5.7).
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Figure5.7: A single-region view of a 1D spectrum

Next

e Type zf and then zm.
e Block two regions, say, [120, 320] and [700,900], respectively;
e Typedr.

These operations display a multi-region view of the 1D data (Figure 5.8).
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Figure5.8: A multi-region view of al D spectrum
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5.3.3 Displaying 1D buffers in different modes

This section describes the use of switches in the /DDisplayedBuf Checkbox and
1DDspMode Checkbox of the 1D-display Toolbox. For simplicity, it is assumed that
three rows of data have been loaded into 1D buffers as described in the last section.

» To display more than one 1D buffer

® In the /DDisplayedBuf Checkbox, switch on the numbers corresponding to the
buffers to be displayed (e.g., 0, 1 and 2).
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Figure 5.9: Three rows loaded from CmNoesyl50C.2Ddata.

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

» To set 1D display in the overlay mode

e

® Type ovl or choose V

(Figure 5.10).

] in the /DDspMode Checkbox to overlay the plots



60 5.3 DISPLAYING 1D NMR DATA

Figure 5.10:  An overlaying view of three rows loaded from CmNoesy 1 50C.2Ddata.

> To set 1D display in the Equalise mode

® Type eql or choose [éqﬁ] in the IDDspMode Checkbox. The message “Use
MsBtn#2 to set a peak position.” will appear on the Unix shell.

e Pick a peak (say, the left most peaks centred at around point 150) with MsBtn#2 to
scale the displayed plots so that they have the same height at that point (Figure
5.11).

FigureS.11:  Anequalised view of three rows loaded from CmNoesylS0C.2Ddata.

Note that, to avoid confusion, the [Equa?é%] switch will be turned of f automatically as
soon as the display is performed.



5.3 DISPLAYING 1D NMR DATA 61

The figures for the following examples are produced with both the [E
[Overlay] switches toggled off.

> To set 1D display in the CentreY mode

® Type cty or choose [CentreY] in the /DDspMode Checkbox to move the y origin
to the vertical centre (Figure 5.12).
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Figure5.12: A centralised view of three rows loaded from CmNoesy150C.2Ddata.

» To display the imaginary data in the 1D buffers
e Switch off the [RéalOnly] button in the / DDspMode Checkbox.

The imaginary data are all zeros in this case, as shown in Figure 5.13.



62 5.3 DISPLAYING 1D NMR DATA
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Figure 5.13: A real-only view of three rows loaded from CmNoesy150C.2Ddata.

described in Chptcr 7

5.3.4 Scaling and shifting 1D Display

This section describes the methods used to set the scale factor for the 1D display and to
position the x and y origins.

The figures for the following examples are produced with the [RealOnly] switch
toggled on.
» To set the YScale of the 1D display

® Type ysc or choose [§ ale] in the 1D-display Toolbox.

» To set the x-origin

® Type shx or choose [SE in the 1D-display Toolbox.

» To set the y-origin

® Type shy or choose I

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

® Type ysc to open the SetY Scale Dialog (Figure 5.14).
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Figure 5.14:  The SetYScale Dialog.

® Adjust the fine-tuning slider 1 in the dialog to 3. The plot in the 1D draw-window
will be re-scaled (Figure 5.15).
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Figure 5.15: A 1D plot with Yscale set to 3.

Now,

® Reset the YScale to 1 by choosing [Reset] in the SerYScale Dialog.

._] option in the 2D-display Toolbox to open the SetXShift

® Choose the [SetXShi:
Dialog (Figure 5.16).
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Figure 5.16:  The SetXShift dialog.
® Adjust the sliders in the box to set the XShift value.

The plot in the 1D draw-window will be shifted horizontally (Figure 5.17).

-5.116e+085

Figure 5.17: A 1D plot with the x origin shifted.

Next,
e Reset the XShift to 0 by choosing [m in the SetXShift Dialog.

® Choose the L”

el

¢Shift) option in the 2D-display Toolbox to open the SetYShift
Dialog (Figure 5.18).
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Figure 5.18:  The SetYShifi dialog.
® Adjust the slider in the box to set the Y Shift value.

The plot in the 1D draw-window will be shifted vertically (Figure 5.19).

4.839e+087

Figure5.19: A 1D plot withthe y origin shifted.

For consistency in display, reset the YShift to 0 by choosing _] in the SetYShift
Dialog for the following operations.

5.3.5 Displaying 1D data in different units

» To display NMR data in point units
e Type pnt or choose [ﬂ] in the Common-display Toolbox.
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> To display NMR data in Hz units
® Type hz or choose [hﬁ] in the Common-display Toolbox.

» To display NMR data in ppm units
e Type ppm or choose [ppm] in the Conumon-display Toolbox.

» To switch on or off the grid display
e Type gn or choose [QépGriﬁj_s] in the Common-display Toolbox.

5.7 Calibrating 1D Spectra

Although spectra can be calibrated by changing the calibration values in the mDparm
macros, it is usually perform interactively. This is shown by example as follows:

» To calibrate 1D data — example
® Choose [Load 1d GMP] in the Macro Menu to load gmp01.1Ddata (Figure 5.20).

Figure 5.20: A full-view plotof 1D GMP.

® Type ocb or choose [Caliﬁiiation] in the Display Menu to open the Calibration
Dialog (Figure 5.21).
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Figure5.21:  The Calibration Dialog.

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

e The D1Struct and D2Struct are the data structures in D1 and D2, for which the
valid entries are either r for real or ¢ for complex.

e 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 1D draw-window. (Note that picking a point outside the
frame at the bottom sets the Y location to zero.)

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

e The entry for Shift loaded peaks? [y/n] 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 1D 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.



68 5.7 CALIBRATING 1D SPECTRA

4.115e+06

Figure 5.22: An expanded plot for 1D calibration.

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

e Enter 0 forthe X in points, and 4.75 for the X in ppm; then choose [Execute] in the

dialog.

e Switch on the [E)p'g%] 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 1D spectrum displayed in ppm.

> Auto-upgrade of the calibration values

When manual calibration is finished, the associated 1Dparm macro is simultaneously
upgraded. For example, the contents of gmp0l.1Dparm after the above operation
will become:

li

500.000
5000.000

SpecFreq
SweepWidth

I
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NofFIDs
NofCmpPnts
D1Struct
D2Struct
DataType
FileType
FileFormat
FileStruct
BlockSize
XPPMofCalibPnt
YPPMofCalibPnt
XofCalibPnt
YofCalibPnt
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2
4.700
0.000
2048.139
0.000

o ouwonn

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 1D 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 1D display

® Type pll or choose
Dialog (Figure 5.24).

tﬂ:p] in the I D-display Toolbox to open the 1D-plortting

The entries in the dialog are as follows:

e Entry | 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.)

Figure 5.24: The ID-plotting Dialog.

Figure 5.25 shows a printed plot of the gmp01.1Ddata.
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/disk2/people/wilford/PAWdata/gmpl1d01.pdt
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Figure 5.25: A printout of a 1 D spectrum

Note that

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

O Annotations (such as lines. 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 1D 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 1D spectrum stored in the
GMPO1b. lDdata be loaded as follows:

Reset1] ___u}fg_ in the ID-display Toolbox. (Note: This step is required
before loadmg a 1D data set from a file. See Chapter 4 for the explanation.)

in the ID-processing Toolbox to load a file-selection
dialog.

® Choose GMP01b.1Ddata in the file list, and then choose [E)éd].
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Figure 6.1: The real and imaginary plots of the GMP01b.1Ddata.

6.2 The 1D-processing Toolbox

» The ID-processing Toolbox

The 1D-processing Toolbox (Figure 6.1) contains the command buttons for common
1 D-processing operations.
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Figure 6.2: The ID-processing Toolbox

» To open the 1D-processing Toolbox
X] from the [F

® Typeolp orchoose ss] menu.

» To close the 1D-processing Toolbox

® Type x1p or double-click on the window-control button.

6.3 The 1D-MiscProc Toolbox

» The ID-MiscProc Toolbox

The 1D-MiscProc Toolbox (Figure 6.2) contains the command buttons for unusual or
seldom used 1D-processing operations.

Figure 6.3: The 1D-MiscProc Toolbox

» To open the 1D-MiscProc Toolbox

e Type olm or choose [IDM

» To close the 1D-MiscProc Toolbox

e Type x1m or double-click on the window-control button.
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6.4 Generating 1D Spectra

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

e Type gsp or choose [@g_&&] in the ID-MiscProc Toolbox to open the
GenSpectrum Dialog (Figur e6£)

Figure 6.4: The GenSpectrum Dialog.

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

e
g
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Figure6.5: A generated 1D 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 1t is not currently opened.

® Typeexp or choose [ﬁxp] in the toolbox to open a dialog, as shown in the diagram
below.

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

Save] in the dialog box.

Figure 6.6: The Exp-filter dialog.

Figure 6.7: An Ideal FID

6.5 Changing the Size of 1D Data Sets

» To double the size of a 1D NMR data set (by zero-filling)
® Type sup or choose [§1zeUp] in the 1D-processing Toolbox.
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» To half the size of a 1D NMR data set (by trucation)
® Type sdw or choose [Slchown] in the 1D-processing Toolbox.

6.6 Filtering 1D Spectra

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

Figure 6.8: The Filter Toolbex

» To open the Filter Toolbox
® Type oft or choose [leter] in the 1D-processing Toolbox.

> To close the Filter Toolbox

e 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

e Type esb or choose ,;_‘j?ﬁSinéBell] in the Filter Toolbox.

» The macro statements

In a macro, a filter statement is of the form

<filter command> (<par 1> <par 2>. ..)
A list of all filter commands can be found in Chapter 12. For example, to perform
a 2" order enhanced sine-bell filter that is shifted 90° with the EndPoint at 1024
and an enhancement of —168 peu (PAW’s exponential unit — see Appendix 6.d,

Volume I), it will be
esh (1024.90, 2. -168)

In a standard 2D processing-parameter macro (see Chapter 4) for interactive
processing using a dialog, two filter statements are assigned to the macro varnables

fltComl and fltCom2, e.g.,
ftComl ="esb (1024, 90. 2, -168)"
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6.7 The Fourier Transform and Its Inverse

» To perform a FFT
® Type fft or choose [EFT] from the /D-processing Toolbox.

» To perform an IFT
® Type ift or choose [IFI'] from the /D-processing Toolbox.

6.8 The Real Fourier Transform

» To perform a RFT

® Type rft or choose [R ] from the 1D-processing Toolbox.

Note that this operation transforms a single real function from the time domain to
frequency domain, as described in Chapter 6, Volume 1. Examples of the operation
can be found in Chapter 8 of both volumes.

6.9 The Hilbert Transform

» To perform the HT(slow)
® Type hts or choose [Ifl‘?slo“f)] from the 1D-processing Toolbox.

» To perform the HT(fast)
e Type ht or choose [HT(fast)] from the 1D-processing Toolbox.

To provide an example, it is recommended that the GMP01b.1Ddata be loaded (see
Section 6.1) and then copled to 1DBuf #1 as follows:

( hl] in the 1D-MiscProc Toolbox.

e Choose [W

The operation below generates real-only data:

e Choose [Zerolmag] in the 1D-MiscProc Toolbox. (If the imaginary part is not
shown, choose [l,(eai@ﬁly] again to set the display mode to complex display
mode.)

The operatlon below re-generates the imaginary part:

] ] in the 1D-processing Toolbox to reproduce the imaginary part.
T T
° Basele e]] in the same toolbox and then use MsBtn#l to set a region
between pomt #0to point #1000 as a baseline segment.
° ( ) _._.T_et] in the same toolbox.

e Switch on the [0] and [1] button in the IDBufDisplayed Checkbox of the 1D-
display Toolbox.
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® Switch on the [DSp

e Switch off the [I

-2,929¢+84

1.244e486

-1.236€+86

Figure 6.9: An overlay of the real and imaginary parts of the Hilbert transforn result along with the original data set. (1) The
real parts are exactly the same. (2) The imaginary part of the HT result is only slightly higher in this case due to a
significantdecay in the ime-domain data.

6.10 Phasing 1D Spectra

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

Figure 6.10: The Phasing Toolbox

» To open the Phasing Toolbox
[Phase

e Type oph or choose [Phase] in the ! D-processing Toolbox.
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» To close the Phasing Toolbox

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

> To set the zero™-order phase correction

® Type phO or choose [SctPhO in the Phasing Toolbox.

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

® Type piv or choose [SéﬁPi\{ot] in the Phasing Toolbox.

» To apply a small first-order phase correction

® Type phl or choose [Sé;fPh 1] in the Phasing Toolbox.

» To apply a large first-order phase correction

® Choose [SefPhI(L)] in the Phasing Toolbox.

» To set all three phasmg parameters in one dialog
® Type ph or choose [SetPhO&l] in the Phasing Toolbox.

» To set Bruker’s first-order phase correction

® Type phb or choose [SétBrukefB}rl] in the Phasing Toolbox.

Note that this does not require a pivot entry because it uses two predefined pivots in
the correction (namely, O and centre of the spectrum).

» The macro statement

The single macro statement for phasing is
ph (<phase0>, <phasel>, <pivor>)

For example,
ph (-72. -21973. 1023)

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 phCom! and phCom2, e.g.,
phComl = “ph (-72.-21973. 1023)"

6.11 Correcting Baseline of 1D Spectra

> The baseline toolbox

PAW provides a baseline toolbox for baseline correction as shown below.
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Figure6.11: The Baseline-correction Toolbox

» To open the Baseline-correction Toolbox

® Type obc or choose [Baseliné] in the /D-processing Toolbox.

» To close the Baseline-correction Toolbox

® Type xbc or double-click on the window-control button.

» To set the baseline level

® Type sbl or choose [SetBsinLevel] in the Baseline-correction Toolbox.

» To pick the baseline segments
e Type pbr or choose [PickBs'li‘fS'égms] in the Baseline-correction Toolbox.

» To remove the baseline segments

® Type rbr or choose [RmvleﬁSeéfns] in the Baseline-correction Toolbox.

» To add the baseline segments

® Type abr or choose [AdstlE_chms] in the Baseline-correction Toolbox.

» To print the baseline segments on the Unix shell

e Type pbr or choose [PmleffSchs] 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 [CdrrectB_tsln] in the Baseline-correction Toolbox.

Example

To provide an example, it is recommended that the GMP01b.1Ddata be loaded (see
Section 6.1) and then displayed with the YScale enlarged and y-origin centred as
follows:

e Choose [SetYScale] from / D-display Toolbox to open a dialog.
® Adjust the slider to 30, and choose [Save].

® Choose [CentreY] in the /D-display Toolbox.

Figure 6.12 shows the result of the operations.
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Figure 6.12: The real and imaginary plots of the GMP01b.1Ddata when displayed with the v-origin centred.

> Step 1: Setting the baseline level

e Type obc or choose [lenGQ&LE] in the ID-processing Toolbox to open the
Baseline-correction Toolbox. (This will automatically set RealOnly=YES, and
DspBuf=NO.)

e Choose [S@fB&Leveﬂ] in the toolbox.

e Surround a baseline segment (say, from point 0 to 800) in the spectrum with
MsBtn#1 so that PAW can calculate the baseline level.

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

> Step 2: Picking the baseline segments

e Choose [P};@;@lnSéﬁ] to open a dialog as shown |5 p—r Pn tsl‘i& 1
on the right, in which the fields are as follows: k o~ i

o The Noise Factor sets a base level that is equal to
the factor’s value times the noise SD.

a The Min NofContPnts sets the minimum length of
a ID segment in which no peak is detected —
otherwise, the segment is excluded from the
baseline.

0 The Min PeakWidth sets the minimum length of a
region in which at least one peak is detected —
otherwise, the segment is included in the baseline.

Figure 6.13: The PickBsPnts dialog

e Simply accept the default values, and choose [Execﬁ'{e].
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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.
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Figure 6.14: 1D 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 ﬁ‘Bsﬁlchms] in the Baseline-correction Toolbox; then use MsBtn#1
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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Figure 6.15: The same spectrum with correct baseline segments

To add more segments that have not been detected, you can use the [Adstlrf§¢g1ns]
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 correction;

If there are several 1D 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
follows:

The result i1s shown in the next diagram.

Choose [CorrectBsIn] in the baseline toolbox
to open a dialog as shown on the right, where
the default is to use a polynomial of degree 5
in the fitting.

Choose [E&i&ie] to accept the default.

Figure 6.16: The CorrectBsln dialog
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Figure 6.17: A 1D spectrum after baseline correction using polynomial of degree S, 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
tos.
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Figure 6.18: A 1D spectrumm after baseline cormrection using 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 segments>, <Seagm 1>, <Segm 2>. .
For example, to set four baseline segments as [44,140], [340,480], [900,936],
[960,1020], the statement will be

sbs (4, 44,140, 340.480, 900,936, 960,1020)
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 (<fitting function>, <degree of the function>) ordexr
For example, to perform the baseline correction witwth/polynomial 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 bcCom?2, e.g.,
becConmil = “be (p,

6.12 Linear Prediction (LP)

» To perform linear prediction

dict] in the /D-processing Toolbox.

e Type Ip or choose

The macro statement for linear prediction is

1p (%FirstPntUsedForLP, $NofPntsUsedForLP,
g¢NofPolesForLP, $NofPntsToPredict, $PartToPred, SegmToPred)

Here, the meanings of the parameter names are mostly obvious. The PartToPred that
specifies the data part to predict is either r (for real), i (for imaginary), or b (for both).
The SegmToPred that specifies the segment to predict is either t (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 412 points starting

at point 100 with 20 poles, the Ip command is
lp (100,412,20,288, 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 IJpComl and IpCom2, e.g.,
jpComl ==1p (100,412,20,288, r,t)"

6.13 Water-signal Suppression

The following operations produces a sample data set that i1s used to illustrate water-
signal suppression:

® ] oad dataSdqfcosy.2Ddata.
® LoadRow 100 into IDBuf#0 (Figure 6. Lﬁ).
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Figure 6.19: Row 100 of dataSdqfcosy.2Ddata.

e Perform a left shift of 62 data points to remove the initial points caused by digitally
filtering (Figure 6,18).
20

-1.26e+85

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

» To suppress the water signal

e Choose [1 t] in the /D-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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Figure 6.21:  The signal from the last figure after water suppression has been applied. The 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 [ﬁfter] in the /D-processing Toolbox to open the Filter Toolbox.

Choose f"m'j '._“Bell] in the Filter Toolbox; set the parameters to be 960, 0, 1 and

0, respectlvely, 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 filter that is often used when
processing COSY spectra.)

6199

A.‘[’J![N'Im I
At

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

FFT] in the ID-processing Toolbox.
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In the following diagram are three spectra processed with and without water
suppression.

-6.948e+05

3.585e+05

-6.948e+05

1.77e+07

-3.251e+07

Figure 6.23: Three spectra processed with and without water-signal suppression:. The middle spectrum was obtained by
suppressing the water signal once. and the top one, twice. The bottom spectrum was obtained without the
suppression.

6.14 Fitting 1D Peaks

In the following example, four isolated peaks will be fitted by applying a peak-fitting
operation.

® Load Row #573 of the CaerinNoesy150C spectrum (see Chapter S or 9).
e Choose [RealOnly] in the D-display Toolbox.
® Zoom into the region from points 140 to 250, as shown in Figure 6.24.

M
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Figure 6.24: An expandedregion of Row #573 of the CaerinNoesy150C spectrum, where the peaks arrowed are to be fitted.

e Type ftg or choose [Gauss
GaussianFit Dialog as shown below, where NofPntsToFit for each peak is the
number of points used in the fitting operation.

Figure 6.25:  The GauwssianFit Dialog

® With Mthn#2, pick the four peaks arrowed in Figure 6.24.

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

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



6.14 FITTING 1D PEAKS 91

3': 1 lJBeI*BI? ! L) Ll T L) l L) L) L)
4]\8 JA

PSRRI IR R TR

3.128e+87 (b)
i -Zglk% M
148 160 : 200 s

Figure 6.26: (a) The spectrum containing four fitted isolated pcaks (b) The original spectrum.

curve is fi tted to the ori gmal spcctrum

The result is shown in the next figure.
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Figure 6.27: An overlay view of the two plots in the last figure.

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.
: AN

The next two figures show the outcome of an operation using 0.5 as an estimate for b.
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Figure 6.28: (a) The spectrum containing fitted overlap peaks. (b) The original spectrum.

Figure 6.29: An overlay view of thetwoplots in the last 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:

e Start PAW.

i

® Choose [M ] from the Window Menu to open the workbench that
contains three 2D draw-windows, one 1D draw-window, a 2D over-view window,
and a number of toolboxes, as shown in Figure 7.1 to 7.4.

i
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Figure 7.1: The three 2 D draw-windows 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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R

® In the Common-display Toolbox, switch on the [p;

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

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

® Double-click on the CaerinNoesyl50C.2Ddata in the file list. The processed
Caerin 4.1 NOESY spectrum will be loaded and displayed.

® Repeat the above steps to also load the CaerinTocsylS0C.2Ddata and
CaerinCosyC.2Ddata.

These three spectra will be called the CaerinNoesylS0C, CaerinTocsy070C, and
CaerinCosyC, respectively.

Figure 7.6 shows the CaerinNoesyl50C 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 CaerinNoesy150C 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 toolboxes for 2D display.

The toolboxes 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 1D 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 format, 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 1D displays.

» To open the 2D-display Toolbox (02d)
® Type 02d or choose [2DDsp§H3%§!] from the [Df*ﬁiy] menu.

> To close the 2D-display Toolbox (x2d)

® Type x2d or double-click on the window-control button on the top-left comer 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 [ﬁltchéolour] 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 SetColorMap Dialog.
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Figure 7.8: The CaerinNoesyl50C displayed with colour scheme 2 and no colour—map adjustment. The bright background of
this scheme provides better contrast and is perhaps preferable for publications.

® Choose I-ii:-' .j in the Colour-map dialog.

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 spectrum (zf or zf2)
® Click on the multi-region plot of the CaerinNoesy150C.

® Type zf or choose [ 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 (zs or zs2)

e Click in the window for the CaerinNoesy150C.

e With the mouse-pointer in the 2D-window, type zs or choose [: Sn
2D-display Toolbox. The instruction ‘Use Btn 1 to set a zoom-region. w1ll 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.)

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

The result is shown in Figure 7.9.
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» To display a transposed region of the current displayed region (zt)

e 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 CaerinNoesy150C 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 7.11.
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Figure 7.11:  The rectangles on a 2D spectrum that set the regions for a 2D multi-region plot.

e Type dr to display the regions in a multi-region plot (Figure 7.12).
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Figure 7.12: A 2D multi-region plot of the regions set by the rectangles in the last figure.

The 2D View-window (Figure 7.13) can be re-
plotted with rectangles that shows the locations
of the regions in the full spectrum.

Figure 7.13: The overview locations of the regions in the 2D View Window.

Note that the following rules are followed when setting the regions for a multi-
region plot.
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L.

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.

. 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.

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

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 pattem. This was how
the three rectangles in figure 7.11 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 (zi)

Type zi or choose [ZmIn] in the 2D-display Toolbox.

» To display a larger reglon of the current displayed region (zo)

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 (dzf)

k5

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

e Enter any value between 0.0 and 1.0.

Figure 7.14:  The DefZmFactor dialog

» To display the lower reglon of the current displayed region (zd)

e Type zd or choose [Zm

Jown] in the 2D-display Toolbox.

» To display the upper region of the current displayed region (zu)
e Type zu or choose [fmUp] in the 2D-display Toolbox.

» To display the next defined zooming-pattern (zn)
e Type zn or choose [ZmNext] in the 2D-display Toolbox.
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» To display the previously defined zooming-pattern (zp)
® Type zp or choose [ZmPrev] in the 2D-display Toolbox.

» To display the left region of the current displayed region (zl)
® Type zl or choose [ZmLeft] in the toolbox.

» To display the right reglon of the current displayed region (zr)
® Type zr or choose [ Zmeght] in the 2D-display Toolbox.

» To display a multi-region plot that shows all peaks of a spin system (zss)
® Type zss or choose [ZIﬁSpinSyS] in the 2D-display Toolbox.

An example of this will be given in Chapter 11 for the spectral assignment of Caerin
4.1.

» To assign a number to the current display-pattern (dz#)

® Typedzl,dz2, .., or dz8.

—| Def2DZ mPternNol
Altematively,

e Type dzp or choose [DefZmPtmNo] in the 2D-
display Toolbox to open a dlalog, as shown on the
left.

e Enter any value between 1 and 8.
Figure 7.15:  The DefZmPmmNo dialog

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
zl, z2, etc.

For example, to define the multi-region patten defined in Figure 7.12 as Zm#8, the
following two steps are required:

e 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.

® (lick in the CaerinNoesyl50C 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)
e C(lick in the window for the CaerinNoesy150C again.

e Type zsp. The message ‘Click on another widow with Bin 1. will appear above
the plot.
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® (Click in the window for the CaerinTocsy070C. The spectrum will 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 7.16:  The CaerinTocsy070C thatis zoomed into the same multi-region view as the CaerinNoesy150C in Figure 7.12.

® 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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Figure 7.17:  The CaerinCosy070C that is zoomed into the same multi-region view as the CaerinNoesy150C in Figure 7.12.

» To load a numbered zooming-pattern to the current 2D draw-window (z#)

e Typeeither z1, z2, ..., or z8.

Zoom2DDefPtern dialog |

AT or

e Type rzp or choose [ZmPtm#n) in the 2D-
display Toolbox to open a dialog, as
shown on the left.

e Enter any value between 1 and 8.
Figure 7.18:  The ZmPtm Dialog

» To draw or re-draw the active 2D draw-window (dr2)
s

e Type dr2 or choose [Dr 2D] in the toolbox.

Note that rectangles in the 2D view-window are always redrawn after every zoomin
To speed up the drawing processes, the background spectrum of the view-window

g.
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 (dry)

® Type drv 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 1D 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
® (lick in the 2D draw-window that currently displays the data.

e Either type dr2 or choose [Dsp2DRealOnly] in the 2D-display Toolbox.

When the button is pushed down, the display is real-only; otherwise, it is imaginary-
only.

Note that you can also explicitly convert a complex 2D data with the
[2DCmplxToReal] or [2DCmplxTolmag] command. Both commands perform an
irreversible process. The only way to regain the complex data is to reload it.

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 displayed either in the
intensity-only mode, contour-only mode, or both.

® In terms of the units used, it can be displayed either in points, Hertz, or ppm.

e In terms of the calculation of colours for different data intensities, it can be
displayed either in linear scale or the natural logarithmic scale.

In addition, the display 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 display to a
different mode:

» To set the Intensity-only mode

® (lick in a 2D draw-window.
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Figure 7.19: An expanded view of a 2D region in the intensity-only mode.

» To set the contour-only mode

® (lick in a 2D draw-window.

: in the 2D-display Toolbox.

N1y
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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

e Choose (Intn .4-Cof1tour] in the 2D-display Toolbox.

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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e Choose [fﬁﬁi&Cohtou'r] in the 2D-display
Toolbox.

e C(lick in the draw-window that displays the
CaerinNoesy150C data.

e Choose ﬂg@gntrs] 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.

Figure 7.21: The ContourPlot Dialog.

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 spectrum.
® Type z8 to recall the defined multi-region pattern, if necessary.

e 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 will 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
e Switch on the [DSpIrﬂ.Qg] 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
e Switch off the [DspInLog] 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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The same data displayed using the linear scale and colour scheme 1 without colour—
map adjustment is shown in the next figure (see section 7.3.2).

Figure 7.23: The same NMR data displayed using a linear scale and colour scheme 2 without colour—map adjustment.
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Figure 7.24:  The same NMR data displayed using a linear scale and colour scheme 1 without colour—-map adjustment.

Note that the background colour in each of the abo\iﬁ’ display modes can be
changed by adjusting 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
following operations:

e Switch back to the colour scheme 2.
® Switch on the [DSpIﬁLog] button in the Common-display Toolbox.
® Choose [éBlourMap] from the Display Menu to open the SetColourMap Dialog.

® Adjust the colour map by dragging the sliders in the dialog so that the values are,
from left to right, O, 18 and 255.

e Choose [Save] in the dialog.
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Figure 7.25: The same NMR data displayed in natural-log scale with colour scheme 2 and the zero-intensity threshold setto 18.

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 1D spectra and the same spectrum
calibration dialog is used. All parameters in the dialog must be set. An example will
be given in Chapter 8 after processing the Caerin 4.1 NMR data.
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7.5 Plotting a 2D Display

This is similar to the 1D plotting process described in Chapter 5.

> ‘To plot a 2D display

e Type pl2 or choose [Plot2D] in the 2D-processing Toolbox to open the 2D-
plotting Dialog (Figure 7.26).

The entries in the dialog are as follows:

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

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

e 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.

e Entry 4 specifies the number of contour levels
(from O to 64).

e Entry 5 specifies the first level threshold (from
0 to 64).

e Entry 6 specifies the method of increment
between levels, either in even or natural log
scale.

e Entry 7 specifies the sign(s) of peaks to be
plotted, either +, — or b for both.

o Entry 8 specifies if the output is also send to the
printer.

Figure 7.26:  The 2D-plotting Dialog.

Examples of 1D plots can be found in Chapter 11, Volume 1.
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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 detail; 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 1D 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 1D draw-window, and a number of toolboxes.

During the process, the commands provided by the display and processing toolboxes
for both 1D 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.

To open the toolbox, either type 02p or choose [ZH,EbcTBbx] 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.
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8.2.1 Preliminary

» Loading the raw data

® Choose [ﬁ&ﬁd2DData] in the 2D-processing Toolbox to open a file-selection
dialog.

® Double-click on the filename caerin/dataSdqfcosy.2Ddata to load the data.

Figure 8.2 shows the intensity plot of the Caerin 4.1 DQF-COSY raw data.

Figure 82  The intensity plot of the Caerin 4.1 DQF-COSY raw data. The blocked area contains cut-off values due to
receiver overflow.

The white area on the left contains data added by the digitally filtered 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 following operations load four rows of the DQF-COSY data into different 1D
buffers for inspection. (See also Chapter 5 for the loading method.)

e Tum off the [ésplDf%qa'l@nly] button in the /DDspMode Check-box of the 1D-
display Toolbox. This enables the display of both real and imaginary data in two
1D slices.

- ro g

® Choose [DspBufs] of the same check-box to display more than one 1D buffer.

® Tum on buttons [é] [@] @] and [5] of the IDDspBuf Check-box in the 1D-display
Toolbox to display 1D buffers #0 to #3.

® Type Idr to open the LoadRow Dialog (Figure 8.3).

e Enter 0, ¢ and O for the three fields in the dialog.
These are the row number, data structure (c for
complex), and buffer number, respectively.

it !
ot

® Choose [ ',jﬁs] in the dialog to load Row 0 into
Buffer 0.

® Repeat the last three steps to load rows 200, 400 and
511 into buffers 1, 2 and 3.

Figure 83  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 511 of the Caerin 4.1 DQF-COSY. The predominant
water signal is characterised by a low-frequency curve in each FID.

The following operation provides an expanded view of an initial part drawn from a
row of the data.

® (lick in the 1D 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 O to around 70.

Figure 8.5 shows that the first 62 values of a row form a zigzag-like curve.
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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.

Figure 8.5

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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Figure86  The real and imaginary plots of rows 1, 11, 21 and 31 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 D1, as well as conventional filtering and phasing
in both dimensions.

» Processing in D1

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.

e Disable 1D buffer display by tuming off the [DspBu’Ps] button in the /DDspMode
Checkbox of the 1D-display Toolbox.
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® Joad Row 100. (See Chapter 8 of Volume I for the reason.)

® Choose [Shlftﬁéft] in the ID-processing Toolbox to open the ShiftLeft Dialog
(Figure 8.7).

Figure 87  The ShifiLeft Dialog.

® Adjust the slider (using MsBtn#1) so that the Number of Left-shift Points is 62.
® Choose [fz&"_éf'i(e] in the dialog.

e Choose [Ig—dWSﬁ’fgjr] in the 1D-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.

|

Figurc88 Row #100 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 [WrtBufX—Y] and [SwatiBuff@Y] buttons in the 1D-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.

Figure 8.9  The Signal-filtering Toolbox.

® Choose wineBell
filter (Figure 8.10).

Figure 8.10 The dialog for the enhanced sine-bell filter.

® Adjust the sliders (using MsBtn#1) 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 [ﬁ] in the dialog.

e Type fft to apply a fast Fourier transform.
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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 gradually reduce to zero
in order to suppress noise.

The results are shown in Plot 1 and 2 of Figure 8.11. Also shown in the figure are the
corresponding results without water-signal suppression.

;_ : T T L) T l T L) L L I L] L) L L) T ]
| 3.58534-6?‘ e 3 i : (1)
| < L S | |
| : : : I
-6.948e+05 A : : g
‘ ! ‘ @)
E | it ‘
E | 1 1)
:1. (] 1 1
1 1 ]
; -1.032e+04 : : : ]
E 1.77e+87 ! [ s : ; 3) “
! } I i o '
: 1 1 1 ]
' : : i ¢
-3.251e+07 1 1 1 ! i :
- ' v ' v (1
3.166e365 ,-.\ : : : | @ :
e ; : : i
] 1 1 1 ]
3 -1.226e+85 1 e 1 1 i
E i I 1 1 l 1 1 |w 1 1 i l 1 1 i i l i 1 I . l
4 @a 268 400 600 8aQ __1@@8
prrr—y e . At - IR SR,

Figure 8.11  Second-stage results of processing Row #100. Plot 2 is the result after filtering, and Plot 1, 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 1D-buffer- and filter-display options by turning off [Dsp]}{;ﬁs] and
[@t] in the 1 D-display Toolbox.

e Choose [Phs se] 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 O or 1.

Figure 8.12 The Phasing Toolbox.
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b
® 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 1D draw-window, then type zs.

® Select aregion from pomts 460 to 560 approximately.

® Type phO or choose [S_et
(Figure 8.13).

Figure 8.13  The SetPhO Dialog.

® Adjust the sliders so that the sum of their values is —10 degrees. Then, choose
[Save] in the dialog.

e Enter 510 in the dialog, then choose
(Alternatively, use MsBtn#2 to select a point close to
510 on the 1D plot) The message “Pivot =
510.000” will appear on the Unix shell.

Figurc 8.14  The SetPivot Dialog.

® Type phl or choose '
(Figure 8.15).

S)] in the Phasing Toolbox to open the SetPhl Dialog
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Figure 8.15 The SetPhl 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.

3.585e+05

-6.948e+0

Figure8.16 The final processing result for Row 100.

The operations above can be summarised into the following five macro commands:
ldr (100, c¢) # Load a complex row

shl (62) # Left-shift

tws # Time-domain water-sigral suppression

esb (960,0,1.,0) # Enhanced sine-bell

ffe # Fast Fourier transform

ph (-10,-200,510) # phase
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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:

# CrnCosyDlShift.mcr

D1 = 1024 # Dimensien size in D1
D2 = 512 # Dimension size in D2
D1Struct = c # Data structure in D1
D2Struct = r # Data structure in D2
for (%I=0, 511, 1) # Start a FOR-loop
ldr (%I, c) # Load a row
shl (62) # Left-shift
tws #Time-domain water-signal suppression
wrr (%I, c) # Write a row
next # End a FOR-loop
s ! # Draw a 1D plot
drz # Draw a 2D plot

To run the macro,

® Type run to open a file-selection dialog, then double-click on the name
CrnCosyD1Shift.mcr.

Figure 8.17 (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 follows:

# CrnCosyShifted.2Dproc

MD1 = 1024 # Matrix size in D1

MD2 = 1024 # Matrix size in D2

1pComl = "n" # D1 linear-prediction command

1pCom?2 = "n" # D2 linear-prediction command

f£fl1tComl = "esb (960, 0, 1, 0)" # Dl filtering commancd
£1ltComl = "esb (512, 0, 1, 0)" # D2 filtering command
phComl = "ph (-10, -200, 51Q)*" # D1 phasing command
phCom?2 = -"ph ( 88, -6, 512) # D2 phasing command
bcComl = "nt # D1 baseline-correction command

bcCom2 = "n" # D2 baseline-correction command
DimNoT'ol'rans = b # Dimension to transform

ExprmtType = t # Experiment tvpe (t for TPPI)

# Set baseline segments

sbs(4, 340,480,

44,140,

900,930, 960,1020)
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Figure 8.17 A full view of the Caerin 4.1 DQF

suppression has been applied to each row.
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Figure 8.18 The Proc2DData Dialog.

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 1D 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 1D spectrum, and is the
best for the base-level calculation.

To run the macro for processing in D1,

e Type pc2 or choose [Proc2Ddata] in the
2D-processing Toolbox to open a file-
selection dialog.

e Double-click on CrinCosyShifted.2Dproc.
This will load the macro and open the
Proc2DData Dialog (Figure 8.18).

value for
entry to 1,

® Change the
dimension?’

[Execute].

the ‘Which
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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Figure 8.19 A whole view of the Caerin 4.1 DQF-COSY spectrum after D1--processing with conventional sine filter.

» Processing in D2

Processing in D2 is similar to that in D1, 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 Idc or choose [u] in the 2D-processing Toolbox to open the LoadCol
Dialog (Figure 8.20).
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® Change the value for the ‘ColNo’ entry to 37, then
choose [Execute] to load Column 37 into Buffer O.

® Choose [WrtBuf0—1] in the 1D-MiscProc Toolbox
to save the result into Buffer 1.

® Repeat the first two steps to load Column 885 into
Buffer 0.

® Choose [AddBuf0,1] in the 1D-MiscProc Toolbox to
add the data in Buffer 1 to Buffer 0.

Figure 820 The LoadCol Dialog.

The following operations process the combined data.

e Apply the enhanced sine-bell filter with the parameters 512, 0, 1 and O.
® Type rft or choose [R—Bii(smth)] in the I D-processing Toolbox.

® Phase the 1D spectrum with the parameters 88, —6 and 512.

Figure 8.21 shows the combined column and the filtered result.

|

r - ryrrrerorre = _— ey rrvrTy T

Figure 8.21 The combined column and the filtered result.

Figure 8.22 shows the FFT and phase results for the combined column.



136 8.2 PROCESSING THE CAERIN 4.1 DQF-COSY NMR DATA

1.127!e+é7 1 ! T T T 1 ! T r T l_! all i e "“I“"'! T T 1"‘T'“*| (1}

E |
5 £ [ J\_J

o T ¥ ;! “'

-1.847e+07

i i
1 1
1 1
1 1
[} 1
1 I
1 1
1.763e+07 : ,| )
1 I
Jh : : 1
; 1 1 1y
! 1
I I
-1.486e+07 ; :
~ — lala ey !..E..'p'a_——'mr—'—'—

Figure 822 The FFT result (bottom) and phase result (top) for the combined column.

Figure 8.23 shows a multi-region view of the FFT and phase results.
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Figure 823 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:
esb (512,0.1,0) # Enhanced sine-kell

rit # Real Fourier transform
ph (88,-6,512) # phase
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These commands have been embedded into CrnCosyShifted.2Dproc presented in the
last subsection, where the t for the ExprmtType defines the use of RFT for column
processing.

To load CrnCosyShifted.2Dproc for processing in D2,

® Type pc2 or choose [Proc2Ddata] in the 2D-processing Toolbox to open a file-
selection dialog.

® Double-click on the filename CrinCosyShifted.2Dproc in the dialog. This will
load the macro and open the Proc2DData Dialog (see Figure 8.18 in the last
subsection).

® Change the value for the ‘Which dimension?’ entry to 2, then choose [Exé

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 DQF-COSY spectrum after D2 -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 [Intcn@(ﬁ’(gur] in
the 2D-display Toolbox.

o Type zs.
® Select the fingerprint region.

The result is shown in the next figure.

-J T x.-__.l!'

3
—

Figurc8.25 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 L.
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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 D1, 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 D1

This sub-subsection describes the processing in D1 for the DQF-COSY spectrum. It
involves loading and processing Row 100 of the data with an enhanced sine-bell filter,
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 1D buffer display.

Load Row 100 into Buffer 0. (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 Fourier transform.

Figure 8.26 shows the time-domain data of the row and the processed results.
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Figure 826 Row 100 of the Caerin 4.1 DQF-COSY and two intermediate processed results. Plot 1 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 1D NMR spectrum of Row 100.
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Figure 827 The vertically scaled 1D NMR spectrum of Row 100 of the Caerin 4.1 DQF-COSY before phasing. (See
Chapter 6 on the baseline correction and Chapter 8 of Volume 1 for some comments.)

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-processing Toolbox to open the Phasing Toolbox. 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 [RésetPaﬁhs] in the Phasing Toolbox to reset all phasing parameters.

Type sbs to open the SetBsinSegm Dialog (Figure 8.28).

® Enter 1 for the NofBsinSegms, and
340480 for the sbs parameters.
(This 1s the largest baseline segment
found in the processed ID and 2D
spectra, as described in the last
subsection.)

e Choose [Execute].

Figure 8.28 The SetBsinSegm Dialog.

An alternative way to set a baseline segment is as follows:

Choose [Se;alD’Bjége] to set a base level for 1D 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 1D
draw-window using the click-and-drag technique with MsBtn#1.

The following operations perform an auto-phase correction.

in the Phasing Toolbox to
open the AutoPhl Dialog (Figure 8.31).

® With the pivot set to 0, choose [Exee%ée] to start the

N e,

single-loop auto-phase process. (It takes about 100
seconds using a 133 MHz SGI Indy computer.)

Figure 829 The AutoPhl Dialog.

The message “Best PhO, Ph1l = 110, —22021” are shown in the Unix shell, indicating
that the best parameters found are 110° for the zeroth-order phase correction and
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—~22021° for the first-order phase correction.! 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 830 The auto-phased result of Row 100 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 8.31).
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Figure 8.31 An expanded view of the first 200 points of Row 100 after auto-phase correction.

The following 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.

! Selecting the multi-loop auto-phase option {[SetPhl(M)] gives no significant improvement, with the results
being 111.5 and —22024.



8.2 PROCESSING THE CAERIN 4.1 DQF-COSY NMR DATA 143

Choose [WrtBufO—-)l] in the /D-MiscProc Toolbox to save the result in the Buffer
1.

Zoom the 1D plot into the region between points O to 200.

Choose [ResetParms] and then [SetPhO(S)] in the Phasing Toolbox to open the
SetPh0 Dialog.

Adjust the slider to phase the peak centred at point 150 to an anti-phase shape. This
should either be 66 or —104 degrees, as shown in Plot 1 and 2 of Figure 8.32.

-5.528e+05

Figure 832  Two possible zeroth-order phase corrections for Row 100 of the Caerin 4.1 DQF-COSY. Top: -104-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 110+66 or 110—-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 [ResctParms]

Choose [SelPhO(S)] in the Phasing Toolbox to open the SetPhO Dialog.
Apply +176 degrees of zeroth-order phase correction.

Choose [SetPlvotI and set the pivot to 0.0.

Choose [SletPH'I(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 with 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 loose criterion. The relatively small
difference from the value obtained previously (i.e., —22021 degrees) is not that
critical. Any value in between the two, say, —21972, will produce an equally
satisfactory spectrum.)
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Figure 833  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 following three
macro commands:

esb (1024,70,2,-100) # Enhanced sine-bell

ffr # Fast Fourier transiorm

ph  (176,-21939,0) # phase

These commands have been embedded into CaerinDQF_COSY.2Dproc as follows:

# {CaerinDQF_CO0SY.2Dproc)

MDI = 1024 # Matrix D1

MD2 = 1024 # Matrix D2

1pComl = " # Dl l:near prediction
InCom2 = "1p (100,412,20,288, y,ti" % D2 l.near prediction
£lcComl = "esb (1024,70,2,-100)" # D1 fiiltering

£ltCom?2 = "esb (800, 0,2,-100)" # D2 fililtering

phComl = "ph (-184,-21972,0)" & D1l pEasing

phCom2 = "ph (-88, 0, 0)" # D2 phasing

pcComl s "n" # D1 baseline correczion

ncCom2 = "n # D2 baseline cerrection

DimNoToTrans = b # Dimension to transform
ExprmtType = t # Experiment type

sbs(4, 340,480, 44,140, 900,930, 96¢.1020) z2 Set base_ine segmants
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Processing the DQF-COSY in D1 with CaerinDQF_COSY.2Dproc by setting the
DimNoT oT rans to 1 results in the intermediate data shown in Figure 8.34.

Figure 834  The 2D Caerin 4.1 DQF-COSY spectrum after processingin D1.

See also Chapter 8 of Volume I for some comments.

» Processing in D2

Processing the DQF-COSY in D2 is similar to that in D1, 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 prediction.

e Follow the instructions in the last subsection to combine columns 38 and 885. (By
default, all results of 1D processing operations are applied to Buffer 0.)

® Choose [

=%

(Figure 8.35).

e Fill in the dialog with the data shown in
the figure. Then choose [Execute) in the
dialog.

e Apply the enhanced sine-bell filter with
the four parameters being 800, 0, 2 and
-100.

e Type rft.
® Phase the data with ph(-88, 0, 0).

Figure 8.35 The LPredict Dialog.

The LPredict operation used 412 points starting from point 100 to predict 288 points
of the real part with a 20™-order linear prediction model. This resulted in a total of 800
significant data points for each column of data. (The reason for predicting 288 points
but not 512 was to avoid severe noise induced by incorrect prediction.)

Figure 8.36 shows the results of the above operations.
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Figure 836 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 t for the
ExprmtType defines the use of RFT 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 DQF-COSY spectrum after D2 -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.)

# (CorrectBaseline.mcr)

D1 = 1024 # Dimension 2z
D2 =1 {024 # Dimension I
D1Struct = r # D1 structure
D2Struct = r # D2 structure
DrawOn = F # Not to draw
sbs (4, 340,480, 44,140, 900,936, 96%2,1024) #Set baseline segments
for (%I=0, 1023, 1) # Start the Zfor-loop
ldr (%I, 1) # Load row %I as real data
bc (s, 5) # Correct baseline
wrr ($I, 1) # Save row %I as real data
next # Continue the for-loop
DrrawOn = T # Draw now

drl # Draw the 1D plo:
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# Draw the 2d plot

Figure 8.38 shows the DQF-COSY spectrum after baseline correction.
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Figure 8.38 The Caerin 4.1 DQF-COSY spectrum after baseline correction.

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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Figure8.39 A cleaner plot of the upper-right region (aliphatic) of the processed Caerin 4.1 DQF-COSY spectrum.

» Spectral calibration
The following operations calibrate the 2D spectrum with the water peak centred at
(510738 51 L5072

® 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 151

Figure 8.40 The contour plot of the small region containing the water peak.

e Select ppm from the ComDspUnit Radio-box of the Common-display Toolbox (See
Chapter 7).

® Choose [Calibration] from the Displav Menu in the Menu-bar to open the Spectrum
Calibration Dialog (Figure 8.41).
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Figure 8.41 The Spectrum Calibration Dialog.

e 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 842 Referencing the water-peak centre by clicking and dragging a crosshair using MsBtn#2.

e 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 843 The calibrated plot of the water peak.

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
TOCSYO070 and NOESY150. The corresponding frequency-domain data set will
be called the Caerin 4.1 TOCSY070 or NOESY 150 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 1D peak centred at about
point 38.

3) The macro for processing the Caerin 4.1 TOCSY070 NMR data is as follows:

z (dataGtocsy070.2Dproc)
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MDL = 1024 # Matrix D1
MD2 = 1024 # Matrix D2
1pComl = "n" # D1 linear prediction
lpCom2 = "lp (100,412,20,288, xr.t )" # D2 linear prediction
= "egb (1024, 80, 2, -100)" # D1 filtering
= "esb (800, 80, 2, 0)" # D2 filtering
= "ph (16, -21988, 0)" # Dl phasing
= "ph (64, 62, 0" # D2 phasing
bcComl = "n # D1 baseline correction
bcCom?2 = g # D2 baseline correction

DimNoToTrans = b # Dimension to transform
ExprmtType = # Experiment type

sbs (4, 340,480, 44,140, 900,930, 960,1020) # Set baseline segments

4) The macro for processing the Caerin 4.1 NOESY150 NMR data is as follows:

# (data7noesyl50.2Dproc)

MDL = 1024 # Matrix D1

MD2 = 1024 # Matrix D2

1pComl @ # D1 linear prediction
1pCom2 = "lp (100,412,20,288, r,t )" # D2 linear prediction
fitComl = "esb (1024, 80, 2, -100)" # 21 filtering
filcCom2 = "esb (800, 80, 2, 0)" # D2 filtering
phComi = "ph (~78, -21978, 0)" # D1 phasing
pliCom2 = "ph (-12, 27, 37.8)" % D2 phasing

beComl = Uy # D! baseline correction
beCom?2 50" # D2 baseline correction
DimNoToTrans = b # Dimension to transform
ExprmtType = = # Experiment type

shs(4, 340,480, 44,140, 900,930, 960,1020) # Set baseline segments

5) The baseline correction macro that corrects the vertical and horizontal streaks in
both 2D spectra is as follows:

# (CorrectBaseline.mc)
ni = 1024 # Dimension 2
n2 = 1024 # Dimension 1
miSeRucE = 5 # D1 structure
D2SiERuel = 28 # D2 structure
Dirawn = R # Not to draw
sbs (4, 340,480, 44,140, 900,936, 960,1024)% Set baseline segments
for (%1=0, 1023, 1) # Start the for-loop
lde (%I, ) # Load column %I as real data
pc (s, bH) # Correct baseline
wre ($I, 1) # Save column %I as real data
next # Continue the for-loop
for (%I1=0, 1023, 1) # Start the for-loop
Idy (T, 1) # Load row %I as real data

!’
be (s, 5) # Correct baseline
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wry (%1, ) # Save row %1 as real daz
next # Continue the for-ioap
DrawOn = T # Diraw now
dE il # Draw the 1D plot
dr?2 # Draw the 24 plot

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
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 opp or choose
[PkPickTBox] from the Process Menu.

To close the toolbox, either type xpp or double-click on
the window-control button at its top-left comer.

To avoid unexpected errors, it is recommended that PAW
is restarted and the workbench used in Chapter 7 is again
loaded.

{ FinaTrancPk(tpf |

| RimveCPks [epr] |

l -
B
S NS T e

ResstBox

Figure 9.1 The Peak-display Toolbox.

9.2 Preliminary
e Start PAW.

e Choose [MSiWOrkbench] from the Window Menu. (See Chapter 7.)
® In the General-display Toolbox, turn on the [ppm] and [DsanIEg] buttons.

» Loading spectra for peak-picking

e Load the spectra CaerinNoesylSOC, CaerinTocsylS0C and CaerinCosyC as
described in Chapter 7.

® Change to Colour Scheme 2 as described in Chapter 7.

Figure 9.2 shows the CaerinNoesy150C spectrum displayed in Colour Scheme 2.
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Figure 9.2 The CaerinNoesyl1S0C spectrum displayed in Colour Scheme 2.

» Defining contour parameters for peak picking

The following operations tumn on the intensity-and-contour display mode, and define
proper contour parameters for displaying the CaerinNoesyl150C spectrum.

® C(Click in the window for the CaerinNoesylS0C spectrum.

e Tum on (Intn4+Contour] in the 2D-display Toolbox.

® Choose nt s] 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 CaerinTocsy(70C spectrum.

® Repeat the same operations for the CaerinCosyC spectrum, with the First-level
Threshold set to 30 and the entry for the Sign set to b.
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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 CaerinNoesy1S0C spectrum.

e Zoom into the multi-region pattern shown in Figure 9.3, as described in Chapter7.

e

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 z1 to z6.
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Figure9.4 The six zooming patterns used in peak picking.

These definitions allow the commands z1, z2, ... z6 and z8 to be used in the following

sections.

9.3 Picking Raw Peaks

» Picking raw peaks in the upper-left region (Znw1)

® Choose [Set2DBsLyv] 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 1.08x10°, 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 BaselLev is set to 0 so
that the calculated base level will be used.
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in Figure 9.6.
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Figure 9.6 The raw peaks in the upper-left region of the CaerinNoesylS0C. They are picked by setting a base level
calculated from a small region at around [6.828,2.078).

> i the result is not satisfactory, remove all peaks in the region by choosing
[R eRPks) in the peak-picking Toolbox and then selecting the entire region.
After removmg the peaks in the region, repeat the procedure above to reset a base
level and pick another lot of raw peaks.

Note:

Q To preserve potentially useful information in the spectral assignment process, it is often better
to keep more raw peaks in the list than less.

Q 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, allowing 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 [Eavel’l@isis] 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.

Figure 9.7 The popup message for saving peak lists.

® Choose [@] and you see a file-selection dialog as follows:

Figure 9.8  The file-selection window for saving peak lists.
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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. Although 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#1, there is no need to reset
the base level for picking peaks in this region. The operation can be as simple as
follows:

® Choose [PickRawPeaks) 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.
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Figure 9.9 The raw peaks at the lower-right region of the CaerinNoesy150C. 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#1 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 [Set2DBsLyv] in the Peak-picking Toolbox.

e 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 comer. The base-level
parameters, of which the Mean+SD is around 3.66x10° will be calculated and
displayed on the Unix shell.

® Choose [PickRawPeaks] in the Peak-picking Toolbox.

e 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 0
so that the value calculated previously will be used.

® Choose [Execute]. The picked peaks will be displayed on the plot as shown in
Figure 9.10.
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Figure9.10 The raw peaks at the upper-right region of the CaerinNoesylS0C spectrum. They are picked by setting a

base level calculated from a small region at around [4.368,0.696).

® Choose [SavePkLists] in the Peak-assignment Toolbox to save the result again.

Note:

Q After the X Window manager will not be re-displayed the peaks symbols after removing the
tile-selection dialog. To re-display the symbols, click in the window with MsBtn#3.

Q 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)

e Typez4.

Choose [Sé't?DBva] in the Peak-picking Toolbox.

Use the left mouse-button to select a small region that encloses a peak at around
(8.134,7.124]), as shown by the rectangle in Figure 9.11. The base-level
parameters will be calculated and displayed on the Unix shell. (The Mean+SD is
around 2.17x10°%).
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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 all the default values in the entry boxes and make sure the base
level is O so that the value calculated previously will be used.

e Choose [Execute]. The picked peaks will be displayed on the plot, as shown in
Figure 9.11.
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Figure 9.11 The raw peaks at the lower-left region of the CaerinNoesylS0C spectrum. They are picked by setting a
base level calculated from a small region at around [8.134,7.124].

® Choose [‘S?@'ethsts] 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
Window manager has just refreshed the draw-window.

Choose [Elc-la{-.'_r'-l ”.'] in the Peak-picking Toolbox. The message “Use
MsBin#2 to select two terminal diagonal peaks for peak-picking.” will 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 will 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 h,ad been closely checked and refinement was
not found to be necessary.

a
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Figure 9.12  The diagonal peaks at the lower-left region of the CaerinNoesyl50C. They are picked by 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:
® Typez3.

® Type dr to re-display the peak symbols if the X Window manager has just
refreshed the draw-window.

® Choose [PlcleagPeaks] in the Peak-picking Toolbox. The message “Use
MsBin#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
spectrum, all the diagonal peaks in the plot will be picked and displayed (Figure
9.113)-
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Figurc 9.13 The diagonal peaks at the upper-right region of the CaerinNoesyl50C spectrum. They are picked by
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.

Note:

QO 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.

Q 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 PAW.colours and change the colour setting for
DPeakColour to any of the X Window predefined colours, which can be found in the file
Jusr/lib/X1 1/rgb.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 following steps are required:

e Type zs and use MsBm#l 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.

® Repeatedly choose I j and use MsBm#l to select the rectangles to
remove the four peaks. The colour of the peak symbols will be changed (Figure
9.15), indicating that they have been removed from the diagonal-peak list.
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® Choose ePKLists] 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 only be taken when the diagonal curve is not straight due to the existence of
severe Bloch-ﬁégert 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
® Typez4.
e Choose [PickCrossPeaks] in the Peak-picking Toolbox.

e 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.

Xecute] 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.

s

Figure9.17 The cross-peaks in the lower-left region of the Caerin 4.1 NOESY150 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 cross peaks in the upper-right region
® Type z3 to zoom back to the upper-right region.

e Choose [R_i__dkCrossPe—aks] 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 9.18) 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 [Execute] 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 %, 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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Figure 9.18 The cross-peaks in the upper-right region of the Caerin 4.1 NOESY 150 spectrum.

® Choose [S£VePkf4sm] 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 zl to zoom into the upper-left region.
e Choose [PickCrossPeaks] 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.

e Choose [Bxecute] 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 9.19 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 150 spectrum.
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Figure 9.20 The cross-peaks in the lower-right region of the Caerin 4.1 NOESY 150 spectrum.
e Choose [SavePkLists] in the Peak-assignment Toolbox to save the result again.

> Assessing missing transposed cross peaks

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 find 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 9.21). This region contains all HN:HA cross
peaks in the CaerinNoesy150C spectrum.
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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.

e 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.

e  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 illustration, four transposed rectangles were drawn in Figure 9.23.
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Figure 923 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 1D 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 925 An expanded plot of a row drawn from Figure 9.16 at around 4.56 ppm. The arrow points to a peak that is
inside the rectangle at the bottom of Figure 9.16.
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Figure 9.26 An expanded plot of a column drawn from Figure 9.16 at around 8.35 ppm. The arrow points to the
insignificant peak that is inside the rectangle on the left of Figure 9.16.

e Toremove the rectangle at 8.35 ppm, type rlr and click on one of its comers with
MsBm#2.

» Adding missing transposed cross peaks

® Type z6 (figure not shown). There should be only three rectangles left.

ATr Cplq] 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.

e Choose [FindTm

® Click on every peak at each comer 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 comer 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 [ﬁthllRectS] 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:

e (CaerinNoesy150C.2Ddata

e CaerinTocsyl50C.2Ddata

e (CaerinCosyC.2Ddata (optional)
e (Caerin98.RPeaks

e (Caerin98.DPeaks

o C(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 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. Itis:

GLWQKIKSAA GDLASGIVEG IKS-NH;

where NHj 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

1 3

S 3

A 3

D 1

\% 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,D12, V18 and E19.
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10.2 Preliminary

> l.oading spectra for spin-system identification

e Start PAW and load the spectra CaerinNoesylS0C, CaerinTocsyl50C and
CaerinCosyC as described in Chapter 9.
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Figure 10.1 A full view of the CaerinNoesy150C spectrum, with the other two spectra hidden below.

> Defining zooming patterns for spin-system identification

e Define five zoomed-patterns for the spin-system identification operations, as
shown in Figure 10.2.

The definitions will be useful during the spin-system identification process, especially
Zm#5.
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Zm#4 Zm#S

Figure 102 The Zm#1 to Zm#5 defined for the spin-system identification of Caerin 4.1.

The following steps describe the operations required to define the same pattern
numbers for the CaerinTocsy150C window:

1.

In the CaerinNoesy070C window, type zl and then zsp to zoom the
CaerinTocsy070C window with the same pattem as that in the
CaerinNoesy(070C 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 CaerinTocsy(070C window.

3. Define this plot as Zm#1 for the CaerinTocsy070C window.

4. Repeat the last three steps to define Zm#2 to Zm#5 for the CaerinTocsy070C

window.

Finally,

e Repeat similar operations above to define Zm#1 to Zm#5 for the CaerinCosyleC
window.
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After these operations, the commands z1, z2, z3, z4 and z5 can be applied to all three
windows.

> Loading peak lists for spin-system identification

Type zf.

e Type lpl 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. (A
quicker way to redraw peaks is to click in the draw-window with MsBtn#3.)
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Figure 10.4  The CaerinNoesy150C 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 following two useful operations for sizing a draw-window can be done as
many times as needed in the identification and assignment process.

e Todisplay a full-screen view of a plot, type Alt-F10.

e To restore a draw-window to its default size and position, click on the grey circle
on the upper-left comer 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 in Chapter 10 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, information 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 I.

> 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 10.5).

16

Figure 10.5 The expanded view of Zm#5 of the CaerinTocsy070C spectrum.

Type Alt-F10 to get a full-screen view of Zm#5.
¢ Click in the plot to display the peak symbols.

e Switch off the [Grid] 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.

e Click on the peaks arrowed in Figure 10.6.

8.374, 4.832

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 11.

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
follows:

e Typeral to remove all crosshairs.
e Type dch to draw crosshairs.

e 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 drawn from the arrowed cross-peaks.

e Typeral to remove all crosshairs.
e Type dch to draw crosshairs.

e Click on the peaks arrowed in Figure 10.8.
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Figure 108 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 1D peak-shapes with the other five TOCSY-related peaks in the same column
(Figure 10.9).
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Figure 109 A expanded 2D and ID view that shows clearly the HB cross-peak of an Ala residue, as arrowed in the
plots. The six 1D 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 follows:
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Figure 10.11

e Zoom into another multi-region pattern as
shown in Figure 10.10.

e Type ral to remove all crosshairs.

e Type dch and click on the three diagonal peaks
arrowed in Figure 10.11.

B P T T T TR AT

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.

e Typerad to remove all lines and rectangles in the plot. Then, type dr to re-display
the plot.
» ldentification of Lys, Asp and Trp residues

The HE-related cross-peaks for the Lys residues and the HB-related cross-peaks for the
Asp and Trp residues can be found within the two rectangle in Figure 10.12.
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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.

e Type ral to remove all crosshairs.
e 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 10.13  The same regions as 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 comer define the Asp-related
cross-peaks, as shown in Figure 10.14, which was obtained as follows:

e Type ral to remove all crosshairs.
e Type dch to draw crosshairs.

e Click on the peaks arrowed in Figure 10.14.
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Figure 10.14  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:

e Type ral to remove all crosshairs.
e Type dch to draw crosshairs.

e Click on the peaks arrowed in the figures.

Note that some cross-peaks have been picked by repeated use of the commands rpl
(for picking one raw peak) and tpf (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 10 of Volume II. The crosshairs were drawn from
the arrowed cross-peaks.
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Figure 10.16 A multi-region plot that shows how the second Lys spin-system was identified. The crosshairs were
drawn from the arrowed cross-peaks.
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Figure 10.17 A multi-region plot that shows how the third Lys spin-system was identified. The crosshairs were drawn
from the arrowed cross-peaks.

» ldentification 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:

e Typeral to remove all crosshairs.

e Type dch to draw crosshairs.

e Click on the peaks arrowed in the figures.

No further correlation peaks can be found for the two HN-HA cross-peaks in the upper
area of the fingerprint region, giving a very good identification of them. The HA1 and
HAZ2 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 10.18 A multi-region plot that shows how two of the Gly spin-systems were identified. The crosshairs were
drawn from the arrowed cross-peaks.

> ldentification of Val, Glu and GIn residues

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 pattem in the TOCSY
spectrum (Figure 10.19). The GlIn system is identified by its connection to the unique
HE?2 protons (Figure 10.20). The Glu system is identified by its similar peak-
distribution pattern with Gln (Figure 10.21). The next three figures were obtained as
follows:

e Type ral to remove all crosshairs.
e Type dch to draw crosshairs.

e Click on the peaks arrowed in the figures.
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Figure 10.19 A multi-region plot that shows how the Val spin-system in Caerin 4.1 was identified. The crosshairs were
drawn from the arrowed cross-peaks.
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Figure 1020 A multi-region plot that shows how the Gln spin-system in Caerin 4.1 was identified. The crosshairs 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.
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» Identification of L.eu 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 1022 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 Ilu 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 1024 A multi-region plot that shows how one of the lle 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:

e CaerinNoesyl50C.2Ddata

e CaerinTocsyl50C.2Ddata

e CaerinCosyC.2Ddata (optional)
e (Caerin98.RPeaks

e (Caerin98.DPeaks

e 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 11.1.

To open the Peak-display Toolbox, either type opd or choose [PkDsplTBox] from the
Process Menu. To close the toolbox, either type xpd or double-click on the window-
control button at its top-left comer.

To open the Peak-assignment Toolbox, either type opa or choose [PkAssgnTBox]
from the Process Menu. To close the toolbox, either type xpa or double-click on the
window-control button at its top-left comer.
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Figure 11.1 (a) The Peak-display Toolbox. (b) The Peak-assignment Toolbox.
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» 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 D1 and D2.

In short the rules are:
o Unassigned cross-peaks are indicated by symbols like hour-glasses (see Figure
11.4).

o Partially assigned cross-peaks are indicated by differently shaped small
rectangles.

0 A small square indicates one field is assigned in each direction (see Figure
11.6). A medium-sized square indicates two fields are assigned in each
direction.

0 A vertical oblong indicats the number of fields assigned in D1 is more than
that in D2. Likewise, A horizontal oblong indica/fg the number of fields
assigned in D2 is more than that in DI.

0 Fully assigned cross-peaks are displayed 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-pattems as shown in Figure 11.2. (Zm#6 is perhaps too
small to be clearly seen in the view window and will be defined later.)
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Figure 11.2  The seven zooming patterns used during the peak-assignment process for the Caerin 4.1 NMR spectra.
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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.

e  With the cursor in the plot area, type z4 to display Zm#4 with the peak symbols.

Figure 11.3 shows the DQF-COSY spectrum, where the transposed rectangles are
drawn from three W3-related peaks (arrowed, see Chapter 10).

Figure 11.3 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 11.3):
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1.

It is known that W3:HD1 and W3:HEIl form a unique two-spin system in the
Caerin 4.1 DQF-COSY and that W3:HEIl 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:HE1. Among them, the two cross-peaks at the comers
of the largest rectangle are associated with W3:HD1, because undemeath them
there are DQF-COSY cross-peaks.

. 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:HH2, and W3:HZ3,
respectively. These are the cross-peaks at the comers of the other two transposed
rectangles.

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
comer.

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
terminator HN?2.
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Figure 11.4 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 _] in the Peak-assignment Toolbox. The message ‘Use button
1 to set a region for group assignment.” will appear on top of the plot.

e Select a region in the plot to enclose all peaks with their D1 chemical-shift from
7.5 ppm to 8.7 ppm. The AssignCPks Dialog will appear (Figure 11.5).
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e Inthe dialog, enter HN for the item code to
be assigned, and v for th_e I___dir.e_ction to be
assigned. Then, choose [Execute].

e Repeat the last two steps to assign HN in
D2. This time the entry for the direction to
be assigned must be h.

e Type <dr> to display the assigned peak
symbols (Figure 11.6).

Figure 11.5 The AssignCPks Dialog.

T R e

Figure 11.6 The cross-peaks assigned as HN-HN in Zm#4.

® Type spl 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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® (lick in the plot with the MsBm#3 to refresh the display if necessary.

Figure 11.7 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 comers of the transposed-rectangle in the middle.
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Figure 11.7  Other cross peaks assigned according to the clues mentioned in chapter 10.

Note:

Q There is an ambiguity regarding the assignment of the W3:HD1-related peaks because their
chemical shifts in D1 are almost identical with that of the W3:HH2. This is resolved by
considering the fact that, within the Tp;-rcsiduc, HH2 and HZ?2 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 will be corrected later. This is tobe expected in any assignment process.
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> Assigning cross-peak proton-codes in the upper-left region (Zm#1)
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.

® C(lick 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 z1 to draw the peak symbols onto the plot
(Figure 11.8).
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Figure 11.8  The upper-left region of the Caerin 4.1 TOCSY070 spectrum withthe 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 11.8 is that those peaks enclosed inside the
rectangle at around 7.5 ppm in D1 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 Zm#1 are as follows.
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® Choose [AsmgnCPks] in the Peak-assignment Toolbox. The message ‘Use button
1 to set a region for group assignment.’ will appear on top of the plot.

e Select a region in the plot to enclose all peaks with D1 chemical-shift from 7.5
ppmto 8.7 ppm.

e In the dialog, enter HN for the item code to be assigned, and v for the direction to
be assigned. Then, choose [E")_E_E'cut'é].

® 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.

® Typedr todraw the peak symbols onto the plot (Figure 11.9).
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Figure 119 The group assignment result for all proton codes along D1 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 11.10), despite the fact that a small fraction of them are HB.
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Figure 11.10 The group assignment result for all proton codes along D2 in the lower part of the upper-left region of the
Caerin 4.1 TOCSYO070 spectrum.

The proton codes in D2 for the remaining peaks are still unclear at this stage, and can
only be assigned later.

» 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 Zm#1. 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 D1.

> Assigning cross-peak proton-codes in 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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® (lick 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 11.11).

] D :{ ] in the 2D-display Toolbox and change the entry for the First-
level Threshold to 28.

® C(Click in the plot with the MsBm#3 to refresh the display if necessary. The

TOCSY Zm#3 plot will be displayed with the NOESY cross-peak symbols.
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Figure 11.11 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 HB. The operations result in the plot shown in Figure 11.12. (Note
that the assignment of peaks below the diagonal is optional.)
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Figuwre 11.12 The assignment results for HA in Dlin the upper-right region. Some of them should in fact be HB, and
they are corrected later

® Type spl 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 full-screen view may be obtained by pressing <Alt-F10> and
then click on the plot with MsBtn#3 to draw the peak symbols.
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Figure 11.13 The complete result of the operations in Section 11.3 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 terminated until MsBm#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 pattem shown in Figure
11.14.
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Figure 11.14Zm#4 of the CaerinTOCSY0707 spectrum.

e Type zs and select a region at the upper-right comer 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 11.15, can be cross-referenced for the
unambiguous assignment of protons in the aromatic ring of the Trp and the HE2
protons of the Gln. Both amino acids are unique in the Caerin 4.1 sequence.

HEZ1-HE2Z

@—NZS—H% 3[@

HE21-HE22
zs—m—:a& :

Figure 11.15 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 11.15) can only belong to Gln.

The analysis above leads to the assignment of all cross-peaks in Zm#6.

» LEditing a cross-peak

The following example leads to the assignment of a peak arrowed in Plot 3 of Figure
11.%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 [EdtOneCPk] 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 11.15 to open the EditCPk
Dialog, as shown in Figure 11.16 (a), where the coordinates in D1 and D2 were
drawn from the peak position and the ResNol and ResNo2 are set to —1 for any
unassigned peaks.
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(b)

Figure 11.16 (a) The dialog for editing a cross-peak record, where -1 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 AminoAcidCode 1, with
the values shown in Figure 11.16 (b).

Choose [Execute]

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 11.17).

Click in the window with MsBin#3 to stop transposed-rectangle drawing.
Type tpe or choose [Eﬁi GPI%] 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 comer of the rectangle first, and then
click on the peak at the upper-left comer. The EditCPk Dialog will appear with
the correct content for the second peak selected.

Choose [Eie‘cﬁt'é].

Click on the plot with MsBtn#3 to see the second peak assigned (Figure 11.17).

6,786, 7,179
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Figure 11.17 The result of a cross-peak assignment of W3:HZ3-HE3 after correction by using 1D spectral slices. (See

Figure 11.14 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
terminal NH; cross-peaks, symbolised respectively as X24:NH1 and X24:HN2.

The approximate D2 coordinate can be set to 7.007 ppm, which can be seen from the
two 1D 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.

e In the dialog, change either the PeakCoorl or PeakCoor2 to 7.007, depending on
the cross-peak selected.

e Choose [E)-E;acute] in the dialog.

® Type drto redraw the plot, as shown in Figure 11.18.
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Figure 11.18 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.

e C(lick on the centres of two peaks inside the bold rectangles in Figure 11.19.



11.4 ASSIGNING CROSS-PEAK RESIDUE-CODES 233

® (lick in the plot with MsBtn#3 to stop the draw-line operation.
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Figure 11.19 A plot that shows two sets of crosshairs that were drawn from the two peaks arrowed.

The two crosshair intersections (circled) define the missing peak positions. The
following two steps add two cross-peaks at the intersections.

® Type rpl 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 tpf 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 cpl to line up cross-peaks, where the last letter is the alphabet | that refers to
line-up. The LineUpCpk Dialog will pop up (Figure 11.20).

® (Click on the W3:HZ3-HE3 peak at the bottom of Figure 11.21 as the reference
peak. Then, click on the unassigned new cross-peak above it.

s eI

e Choose [Execute] 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 11.20 The LineUpCPks Dialog.

Figure 11.21 shows the peaks assigned in Zm#6, where the false raw peaks around the
new cross-peaks have been removed.
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Figure 11.21 A plot that shows a new pair of 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 following example shows how this
can be done within Zm#6.

® Type cpl to line up cross-peaks. The LineUpCpk Dialog (Figure 11.20) will pop
up. In the dialog, change the entry for the second item to v.

® Click on the W3:HE3-HZ3 peak on the left of Figure 11.22 as a reference.
® Choose [Execute] in the dialog.

® Repeat the same operation, from left to right, for Q4:HE22-HE21 and Q4:HE21-
HE22.

® Type zl to show all the peaks in these three columns that have been lined up and
assigned (Figure 11.22).
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Figure 11.22 A plot that shows three columns of peaks that have been properly lined up and assigned in the upper-left
region of the Caerin 4.1 NOESY 150 spectrum.
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Note:

Q It is recommended that the peak lists be saved before performing a lining up process, just in
case some peaks may be lined up unexpectedly.

Q Peaks that have very similar chemical shifts can only be lined up individually by careful
judgement, such as the W3:HD1- and X24:HN2-related peaks.

Q 127 cross-peaks can be lined up at one time. To line up more than one peak, click on a
reference peak first and then keep clicking on all peaks to be lined up before choosing
[Execute] in the dialog.

» Moving cross-peak labels

By default, the label for an assigned peak is centred at the upper-right comer 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 11.21 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 illustrated in the following example.

e Type z6.

e 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
will be drawn from the peak centre as a reference for the position selection, as shown
in Figure 11.23.



11.4 ASSIGNING CROSS-PEAK RESIDUE-CODES 237

7.481, 6.838 //

|1_ I L) L) L] L T L) L II Ll T L) 'l Ll T Ll L} I Ll Ll L L [ L] L} L} Ll I L T T L I L L .“l-
y J6.8
= L -
q - x =
3 X24 : HN2-HN1 6.9 ;
iy O] l :
/T W3:HER- N 2 F
e (ics 7 4
L P
. 172
s d7.3
- S 1
/ ? Jz.5
a A g ra g a by g g laag T T T 1 S WA EN N T MR R EN N _‘

Figure 11.23 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 dr to show the new label positions, as shown in Figure 11.24.
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Figure 11.24 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 residues

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 11.25 shows their HN-HA
cross-peaks in the fingerprint region of the CaerinTocsy070C spectrum. These are,
from top to bottom, V18, Q4, E19, W3 and D12.
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Figure 11.25 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 all drawing items, including all lines and rectangles.
® C(lick 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 vertically and horizontally,
including those in the columns for V18, Q4, W3 and D12, as well as those in the rows
forD12 and Q4.

Figure 11.26 shows the Zm#]1 plot of the NOESY spectrum after the operation.
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Figure 11.26 The cross-peaks in the upper-left region of the CaerinNoesyl50C spectrum. The two fully-assigned cross-
peaks that are blocked are W3:HE3-HA (left) and W3:HD1-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 HN-HA peaks that have
been assigned individually, there are four other cross-peaks that are fully assigned by
the lining up operations. These are the two W3 intra-residue cross-peaks W3:HE3-HA
and W3:HDI1-HA that are along the bottom row, and two W3-Q4 inter-residue cross-
peaks W3:HE3-Q4:HA and Q4:HN-W3:HA, as arrowed in the figure.

» ldentification 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.

e Type z7 to show mainly HN-HA-related cross-peaks.



11.5 SEQUENCE-SPECIFIC ASSIGNMENT 241

e Type dch todraw crosshairs.

® C(lick on the HN-HA cross-peaks of W3, L2 and L13 residues. Then, hit the
MsBtn#3 to stop the drawing operation.

® (lick 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 11.27. (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”.

7.381, 7.277
L2

W3

Note that the crosshairs were drawn from
the HN-HA cross-peaks of W3 and two

8 Leu residues in the fingerprint area
located above this region.

llllllllll'lll'llll'lllfl]llll'lllllll‘ll-"

LI I L2 I LA I

@

Figure 11.27 Three sets of crosshairs 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#l. The figures were obtained as

follows:
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® Type ral to remove all crosshairs.
® Type dch to draw crosshairs.

® (lick 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 lines are W3-related.

T Ry L8 1 ™1 The cross-peaks in the blocked area have
HW3 [Felas k] Q4 [l , g : 3
Fig ! - been discussed extensively in Section 11.4.
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Figure 11.28 The crosshairs that highlight all the L2, W3 and Q4-related cross-peaks in the lower-left region.
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Figure 11.29 The crosshairs that highlight all the L2, W3 and Q4-related cross-peaks in the upper-left region.

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, 21 spin-systems, and three
peak-lists, as shown in the Peak-display Toolbox, as shown in Figure 11.1 (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 [Execute] or typing dr.

To illustrate the advantages of various peak-display options, an almost fully assigned
peak list set is required to be loaded as follows:

® (Click on the CaerinNoesyl50 draw-window.

e Typezl.

e Choose [LOadeljsts] in the Peak-assignment Toolbox to open a file-selection
dialog,

® Double-click on the data7noesyl150h.RPeaks. in the file list. This will also load
the corresponding diagonal peaks and cross-peaks.

Now,

e Switch on the [DspRPks] and [DspCPaks] in the Peak-display Toolbox.
e Switch the label-display format to [None].
® Typedr

These operations will result in Figure 11.30, where the simple crosses are raw peaks.
The rectangles are assigned cross-peaks.
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Figure 11.30 The upper-left region of the NOESY 150 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 3.15 ppm (in D2) on the left. (These two peaks were not assigned
because they were less important in structure determination, but they did provide extra
information about cross-peak connectivities.)

Now,
e Switch off the [D,;;I;‘RPks] button.

® Type dr to redraw.

The result is shown in the next figure.
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Figure 11.31 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 27, then zs.
® Select the region as shown in the figure.

e Typeral to remove all lines.

From the Peak- dzsplay Toolbox do the following:

e Switch on the [Kj] and [@] buttons.
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Figure 11.32 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 11.34 displays all KS5-cross-peaks in the HN-HA region of the NOESY
spectrum, which is obtained as follows:

e Switch on the [_Cpks_%fum] button from the
Peak-display Toolbox to open the SetResNo
Dialog, as shown below.

e Enter35.

® Choose

Figure 11.33 The SetResNo Dialog.
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Figure 11.34  All KS-related cross-peaks in the HN-HA region of the NOES Y150 spectrum.

This plot provides a clear view of the K5-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 HN-HA region
of the NOESY spectrum, which is obtained as follows:

e Switch off the [Ii’ngP@] button from the Peak-display Toolbox.

i S bR
e Switch on the a?&’*
as shown below.

e ] button to open the SetBegAndEndResNo Dialog,
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e Enter2and38.

e Choose [Execute].
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Figure 11.36 The NOE connectivities from L2 to S8 in the HN-HA region of the NOESY 150 spectrum. The arrow
shows the connectivities between [6: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:
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® Switch off the [DSQRPks] button from the Peak-display Toolbox.

e Switch on the [NN%&&Connectn] button to open the SerBegAndEndResNo Dialog
(Figure 11.35).

e Enter 2 and 8.

e Choose [E}Zécﬁhté].

Figure 11.37 The NOE connectivities from L2 to S8 in the HN-HN region of the NOES Y 150 spectrum.

This plot provides a clear view of the connectivities from L2 to S8 in the HN-HN
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 Gl to S24, which is obtained as
follows:

Switch the label-display format to [None) from the Peak-display Toolbox.

Switch on the [NOE Summary] button to open the SetBegAndEndResNo Dialog
(Figure 11.35).

Enter 1 and 24.

Choose [Executc]

Extend the window height.
Type clr to clear the window.

Type dr to draw.
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Figure 11.38 The NOE summary from Gl to X24. The notation in the left column correspond to the NOE distances
listed in Table 7.5.

Note that when showing an NOE 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:

® C(lick in the CaerinNoesy150C window.
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CalPkVols] in the Peak-assignment Toolbox to open the CalPkVol
Dialog (Flgure ll 39) The message “Use MouseBin#l to set a region for
Calculating peak volumes.” will be shown on top of the 2D draw-window.

® Select the region containing two
columns of peaks as shown in
Figure 11.40.

Enter ¢ for the last field so that the
peak volumes will be calculated
in column.

TR T e e T
[ ]

Figure 11.39 The CalPkVol Dialog.
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Figure 11.40 The NOE summary from G1 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 Unix shell as follows:

LRTB= 8.61478 8.25404, 3.60996 4.29202
ColNo = 150

_NofSelectedPeaks = 3
Peak|[0]: Height, Centre, b, Area, Vol
3.16293e+07 573.859 0.999863
Peak[1l]: Height, Centre, b, Area, Vol
2.61563e+07 587.256 1.27944 1.18632e+08 5.38057e+08
Peak{2): Height, Centre, b, Area, Vol =
2.03069e+07 593.654 1.36886 9.85385e+07 4.78156e+08
ColNo = 169

.12107e+08 3.97356e+08

o

_NofSelectedPeaks = 5
Peaki(Oj: Height, Centre, b, Area, Vol =

1.68117e+06 559.012 1.27099 7.57459e+06 3.41277e+07
Peak{l): Height, Centre, b, Area, Vol =

8.51801e+06 562.742 1.01423 3.06252e+07 1.10108e+08
Peak{2]: Height, Centre, b, Area, Vol =

3.40407e+07 572.468 1.00885 1.21739e+08 4.3537e+08
Peaki3): Height, Centre, b, Area, Vol =

9.74588e+06 592.799 1.075%1 3.71427e+07 1.41555e+08
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Peakid]: Height, Centre, b, Area, Vol =
4.99715e+06 608.413 0.982899 1.74115%e+07 6.06666e+07

11.7 Exporting Peak Lists

The following example shows how to export a peak list:

e TypezT].

® Choose [ExpoPkLists] 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 12.2
presents a variables list sorted by name, along with a brief description for each
variable. Section 12.3 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 12.4 provides a command list

sorted by name.

12.2 The Macro Variable List

The following symbols are used for the variable types:

a B = Boolean type (F for false or T for true)
o C = character type

a D = integer type

@ F = float type

a F{} = arrayed-float type

a S = character-string type

TYPE | Name Description

D %l a loop variable

D %! a loop variable

D %K a loop variable

D %L a loop variable

D %M a loop variable

D PN a loop variable

S bcCom1 Command for baseline correction in D1
S bcCom2 Command for baseline correction in D2
S BkgrColor Background colour

D BlockSize Block size of an NMR data record
F{} Buf0, Buf1, ... 10Buf0, 1DBuf?, ... 1DBuf8
F{} BsIinBuf The baseline buffer

S ColorO1 Defined colour 1

S Color02 Defined colour 2

S Color03 Defined colour 3

S Color04 Defined colour 4

S Color05 Defined colour 5

S Color06 Defined colour 6

S Color07 Defined colour 7

k) Color08 Defined colour 8

S Color09 Defined colour 9

S Color10 Defined colour 10

k) Color11 Defined colour 11

k) Color12 Defined colour 12

S Color13 Defined colour 13

S Color14 Defined colour 14

12.1 INTRODUCTION
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S Color15 Defined colour 15

S Color16 Defined colour 16

S Color17 Defined colour 17

S Color18 Defined colour 18

C ColorScheme Colour-map scheme

S (PeakColor Cross-peak colour

D Cur1DBufNo Current 1DBuf No.

D D1 Data sizein D1

C D1Struct Data structure in D1

D D2 Data size in D2

C D2Struct Data structure in D2

S DataDir Data directory

S DataFile Data filename

C DataType Data type

B DebugOn Flag to switch the debugging mode on/off
C DomNoToTrans The domain to transform, either 1, 2 or both
S DPeakColor Colour for the diagonal-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 DspinHz Flag to switch the Hz-display on/off

B DspinLog Flag to switch the Log-display on/off

B DspInPnt Flag to switch the Pnt-display on/off

B DspInPPB Flag to switch the ppb-display on/off (NOT USED)
B DspinPPM Flag to switch the ppm-display on/off

D 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 type

F{} FltBuf The filter buffer

S fltCom1 Command for apodisation in D1

S fltCom2 Command for apodisation in D2

D 10 Integer-type variable O

D 1 Integer-type variable 1

D 12 Integer-type variable 2

D 13 Integer-type variable 3

D 14 Integer-type variable 4

D 15 Integer-type variable 5

D 16 Integer-type variable 6

D 17 Integer-type variable 7

D 18 Integer-type variable 8

D 19 Integer-type variable 9

S KeyB1F1 The combined key of MsBtn# 1 and 1

S KeyB1F2 The combined key of MsBtn# 1 and F2

S KeyB1F3 The combined key of MsBtn# 1 and F3

S KeyB1F4 The combined key of MsBtn#1 and F4
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S KeyB1F5 The combined key of MsBtn#1 and F5
S KeyB1F6 The combined key of MsBtn#1 and F6
3 KeyB1F7 The combined key of MsBtn#1 and F7
S KeyB1F8 The combined key of MsBtn#1 and F8
S KeyB1F9 The combined key of MsBtn#1 and F9
b KeyB1F10 The combined key of MsBtn#1 and F10
S KeyB1F11 The combined key of MsBtn#1 and F11
S KeyB1F12 The combined key of MsBtn#1 and F12
= KeyB2F1 The combined key of MsBtn#2 and F1
S KeyB2F2 The combined key of MsBtn#2 and F2
S KeyB2F3 The combined key of MsBtn#2 and F3
S KeyB2F4 The combined key of MsBtn#2 and F4
S KeyB2F5 The combined key of MsBtn#2 and F5
S KeyB2F6 The combined key of MsBtn#2 and F6
S KeyB2F7 The combined key of MsBtn#2 and F7
S KeyB2F8 The combined key of MsBtn#2 and F8
S KeyB2F9 The combined key of MsBtn#2 and F9
S KeyB2F10 The combined key of MsBtn#2 and F10
S KeyB2F11 The combined key of MsBtn#2 and F11
S KeyB2F12 The combined key of MsBtn#2 and F12
S KeyB3F1 The combined key of MsBtn#3 and F1
S KeyB3F2 The combined key of MsBtn#3 and F2
3 KeyB3F3 The combined key of MsBtn#3 and F3
S KeyB3F4 The combined key of MsBtn#3 and F4
S KeyB3F5 The combined key of MsBtn#3 and F5
S KeyB3F6 The combined key of MsBtn#3 and F6
S KeyB3F7 The combined key of MsBtn#3 and F7
S KeyB3F8 The combined key of MsBtn#3 and F8
S KeyB3F9 The combined key of MsBtn#3 and F9
S KeyB3F10 The combined key of MsBtn#3 and F10
S KeyB3F11 The combined key of MsBtn#3 and F11
S KeyB3F12 The combined key of MsBtn#3 and F12
S KeyF1 The function key F1

S KeyF2 The function key F2

S KeyF3 The function key F3

S KeyF4 The function key F4

S KeyF5 The function key F5

S KeyF6 The function key F6

S KeyF7 The function key F7

S KeyF8 The function key F8

S KeyF9 The function key F9

S KeyF10 The function key F10

S KeyF11 The function key F11

S KeyF12 The function key F12

S IpCom1 Command for linear prediction in D1

S IpCom2 Command for linear prediction in D2

S MacroDir Macro directory

D Max 1DDim Maximum size in D1
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D MD1 Matrix size in D1

D MD2 Matrix size in D2

D MD3 Matrix size in D3 (NOT USED)

S NgtvCtourColor Colour for negative contours

F OneK = 1024.0

5 phCom 1 Command for phasing in D1

5 phCom2 Command for phasing in D2

F Pl = 3.1415925...

D ProjNo Project number

S PstvCtourColor Colour for positive contours

$ RPeakColor Colour for raw peaks

S SO String-type variable O

S S1 String-type variable 1

$ S2 String-type variable 2

$ S3 String-type variable 3

S 54 String-type variable 4

S S5 String-type variable 5

S S6 String-type variable 6

S S7 String-type variable 7

5 S8 String-type variable 8

$ S9 String-type variable 9

F Sci Scale factor for 1D display

D ScrnHeight Screen height in pixels

D ScrnWidth Screen width in pixels

$ Sequence String of the amino-acid sequence for a project
D SiteNo Site number

F SpecFreq Spectrometer frequency

F SweepWidth Spectral width

b SystDir System directory

5 TextColor Colour for the text objects

F V0 Float-type variable 0

F Vi1 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 XofCalibPnt X-coordinate of the calibration point in points
F XPPMofCalibPnt X-coordinate of the calibration point in ppm
F YofCalibPnt Y-coordinate of the calibration point in points
F YPPMofCalibPnt Y-coordinate of the calibration point in ppm
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12.3 THE COMMAND LIST SORTED BY FUNCTIONALITY

12.3 The Command List sorted by functionality
Note:

Q

0O 0O 00D

Q

The three items in each line are command type, name and description. The
type of a command can either be K (or I) for interactive-only, M for macro-
only, and G for both.

‘1DBuf(’ means ‘the data set in 1D Buffer 0’.

‘by entry’ means ‘using a dialog’.

‘geom-pars’ means ‘the geometric parameters’.

A 1D operation modifies the contents of 1DBuf0 if it is not specified.

For 1D processing, see also the filter, phasing and baseline-correction
commands.

The commands dr, zf, zm and zs must follow either swl or sw2.

The following symbols are used for the command types:

a
Q
a

K = keyboard command
M = macro-programming command
G = both keyboard and macro-programming command

The following symbols are used for the parameter types:

o @ = character type
a % = integer type
a ~ = tloat type
a ~{} = arrayed float type
o $ = character-string type
» 1D-display commands
Type Name | Description
K cty Switch the [Center¥] on/off
K dlr | Switch the 1D (DspRealOnly] on/off
K dbf Switch the [DspBuf] on/off
K dbl Switch the ([DspBsline] on/off
K dft Switch the [DspFilter] on/off
G drl Draw 1D plot(s)
Syntax: drl
K eql | Switch the [Egualise] on/off
K ovl | Switch the [Overlap]) on/off
K xsh Set XShift
K ysc Set YScale
K ysh Set YShift
G z1d Zoom into a 1D region
Syntax: zld
G zf1l Zoom to 1D full-view plot(s)
Syntax: zfl
K zml Zoom to 1D mutiple-region plot(s)
K zsl Zoom to 1D single-region plot(s)
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» 1D-processing commands

Type Name | Description

G add Add a constant to 1DBuf0
Syntax: add

G avr Average every (2m+l) data
Syntax: avr (%m,%NofTimes,@PartToAvrg)
Example: avr (10, 5, r)

G chl Change the size of 1D buffers
Syntax: chl (%NofPnts)
Example: chl (2048)

G chk Check if there is data loaded for a draw-window
Syntax: chk (%$DomNo)
Example: chk (2)

G ctc Convert 1DBufO0 to its complex conjugate
Syntax: ctc

G ctp Produce a power spectrum from 1DBufO
Syntax: ctp

G EFit Apply a fast Fourier transform
Syntax: fft

G flp Reverse the order of the contents in 1DBuf0
Syntax: flp

G ftg Fit 1DBuf0 with Gaussian(s)
Syntax: ftg ($NofPntsTofit)
Example: ftg (5)

G fws f-domain water-signal suppression
Syntax: fws (~WaterPkCentre,$NofPntsTofit)
example: fws (511.9, 10)

G gsp Generate a 1D spectrum
Syntax: gsp(~Freq)
example: gsp (88.0)

G hft Apply a Hilbert transform
Syntax: hft
G htf Apply a Hilbert transform (fast)

Syntax: htf

G hts Apply a Hilbert transform (slow)
Syntax: hts

G ift Apply an inverse fast Fourier transform
Syntax: ift

G imz Assign zeros to the imaginary part

Syntax: imz

G 1p Apply linear prediction

Syntax: 1lp (%FirstPntUsedForLP, $NofPntsUsedForLP,
$NofPolesForLP, %NofPntsToPredict,
$PartToPred, SegmToPred)

example: 1lp (100, 412, 20, 288 r, t)
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G mul Multiply 1DBufO by a constant
Syntax: mul (~Const)
example: mul (300.0)

G ncb Normalise current 1D buffers to 1.0e6

Syntax: ncb

G neg Negate 1DBufo0
Syntax: neg

K ocb Open the Calibration Dialog

G ptc Convert a power spectrum into complex
Syntax: ptc

G HEE Apply a real Fourier transform
Syntax: rft

G rmo Remove an offset calculated from sbs
Syntax: rmo
G shc Shift data circularly

Syntax: shc (%$NofPnts)
example: shc (62)

G shl Shift data to the left
Syntax: shl (%NofPnts)
example: shl (62)

G shr Shift data to the right
Syntax: shr (%$NofPnts)
example: shr (962)

G tws t-domain water-signal suppression
Syntax: tws

» 2D-display commands

Type Name | Description

K d2r Switch the 2D [DspRealOnly] on/off

G dr2 Redraw 2D plot(s)
Syntax: dr2

dz8 Set a 2DzmPtern to Zm#8

K dz1l Set a 2DzmPtern to Zm#l
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

G

dzf Define ZmFactor (in %) for zo and zi operations
Syntax: dzf (~ZmFactor)
example: dzf (20)

K dzp Define a 2DZmPternNo

=

plc Define 2D contour parameters

K rzp Zzoom to a defined 2DzmPtern by entry
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K z1 Zoom to a pattern set by Zm#l

K z2 Zoom to a pattern set by Zm#2

G z2d Zoom into a 2D region
Syntax: z2d

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 pattern 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 zf2 Zoom to 2D full-view plot(s)
Syntax: zf2

K gl Zoom in

K z1 Zoom left

K zm2 Zoom to 2D mutiple-region plot(s)

K zn Zoom to next pattern

K z0 Zoom out

K zZp Zoom previous pattern

K zr Zoom right

K zs2 Zoom to 2D single-region plot(s)

K zZsp Display the same pattern for next active draw-window

K zt Zoom to the transposed region

K zZu Zoom up

» 2D-processing commands

Type Name | Description
G 1c Load a column from a 2D buffer
Syntax: 1lc(%ColNo,@ColStruct, ¥$BufNo)
example: 1c(100, c, 0)
K 1cO Load a column from a 2D buffer to 1DBuf0
K 1cl Load a column from a 2D buffer to 1DBufl
K 1c2 Load a column from a 2D buffer to 1DBuf2
K 1c3 Load a column from a 2D buffer to 1DBuf3
K 1c4 Load a column from a 2D buffer to 1DBuf4
K 1c5 Load a column from a 2D buffer to 1DBuf5
K 1c6 Load a column from a 2D buffer to 1DBufé6
K 1c7 Load a column from a 2D buffer to 1DBuf7
K 1c8 Load a column from a 2D buffer to 1DBuf8
G ide (same as 1lc)
G ldr (same as 1d)
K 1p2 Load and process 2D NMR data
G 1r Load a row from a 2D buffer

Syntax: 1lr (%RowNo,@RowStruct, $BufNo)
example: 1lr (100, c, 0)
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K 1r0 Load a row from a 2D buffer to 1DBuf0
K 1rl Load a row from a 2D buffer to 1DBufl
K 1r2 Load a row from a 2D buffer to 1DBuf2
K 1r3 Load a row from a 2D buffer to 1DBuf3
K 1r4 Load a row from a 2D buffer to 1DBuf4
K 1r5 Load a row from a 2D buffer to 1DBuf5
K 1r6 Load a row from a 2D buffer to 1DBuf6
K 1r7 Load a row from a 2D buffer to 1DBuf?7
K 1r8 Load a row from a 2D buffer to 1DBuf8
K pc2 process 2D NMR data
G wrc Write a column to a 2D buffer
Syntax: wrc (%ColNo,@ColStruct)
example: wrc (100, r)
G Wrr Write a row to a 2D buffer
Syntax: wrr (%RowNo, @RowStruct)
example: wrr (100, c)

» Baseline, base-level commands

Type | Name | Description

G bc Correct baseline
Syntax: bc (@FuncType, %Degree)
example: bc (p, 5)

K sll Set 1D base level
K s21 Set 2D base level

G sbs Set 1D baseline segments (in points) and run sll
Syntax: sbs (%NofBslnSegms, $X1,%Y1l, $X2,%Y2,...)
example: sbs (2, 340,480, 960,1020)

Note that the first segment is used to calculate 1D
base-levels.
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» Buffer-management commands

Type Name | Description

G axy Add 1DBuf#Y to 1DBuf#X
Syntax: axy (%BufNol, $BufNo2)
example: axy (0,1)

G crl Create 1D buffers
Syntax: crl (%$NofPnts)
example: crl (1024)

G cr2 Create a 2D buffer
Syntax: cr2 (%D1l,%D2)
example: cr2 (1024,1024)

G 1b0 Set ldLoadingBuf = 0
Syntax: 1b0

G 1bl Set ldLoadingBuf = 1
Syntax: 1lbl

G 1b2 Set ldLoadingBuf = 2
Syntax: 1b2

G 1b3 Set ldLoadingBuf = 3
Syntax: 1b3

G 1b4 Set ldLoadingBuf = 4
Syntax: 1lb4

G 1b5S Set ldLoadingBuf = 5
Syntax: 1b5

G 1b6 Set ldLoadingBuf = 6
Syntax: 1b6

G 1b7 Set 1ldLoadingBuf = 7
Syntax: 1b7

G 1b8 Set ldLoadingBuf = 8
Syntax: 1b8

G mxy Calculate dot product of data in two 1D buffers

Syntax: mxy (%$BufNol,$BufNo2)
example: mxy (0,1)

G sri Swap the real and imaginary part in 1DBufo0
Syntax: sri

G SXy Swap 1DBufX with 1DBufyY
Syntax: sxy (%$BufNol, $BufNo2)
example: sxy (0,1)

G szd halve the size of 1D buffers
Syntax: szd
G szu double the size of 1D buffers
Syntax: szu
G WXy Write the contents of 1DBufX to 1DBufY

Syntax: wxy (%$BufNol, $BufNo2)
example: wxy (0,1)
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» Common-display commands

Type | Name | Description

K dgr Switch the [DspGrid] on/off

K dlg Switch the [DspInLog] on/off

G dr Redraw 1D plot(s)
Syntax: dr

K hz Switch the [Hz] on/off

K pnt | Switch the (Pnt] on/off

K ppm | Switch the [ppm] on/off

G zf Zoom current window to full-view plot(s)
Syntax: zf

K zZm Zoom current window to mutiple-region plot(s)

K Zs Zoom current window to single-region plot(s)

» Drawing commands

Type | Name | Description

K dal Draw a line

K dar Draw a rectangle

K dch Draw a crosshair

K dtr Draw a transposed rectangle

K dvl Draw a vertical line

M 11i Load a defined line (in ppm) from a line list

Syntax: 1li (~X0,~Y0, ~X1,-~Y1l)
example: 11i (7.8,7.8, 7.8,4.3)

M 1ri Load a defined rectangle from a rectangle list
Syntax: 1lri (~L,~T,~W,~H)
example: 1lri (7.8,4.3, 3.5,3.5)

M lti Load a defined text-string from a text-string list
Syntax: 1lti (~L,~T, “string”)
example: 1lti (7.8,4.3, “This is a peak.”)

rll Remove one line

g Remove one rectangle

rad Remove all drawing objects

ral Remove all lines

R|IR[R|R|R

rar Remove all rectangles
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» Export commands

Type Name | Description

K pll Open the PlotlD Dialog
K pl2 Open the Plot2D Dialog
M prb Print a 1d buffer

Syntax: prb ($BuferName)
example: prb (Buf0)

M prn Print the result of a mathematical expression
Syntax: prn (S$Sexpression) or prn ($variable)
example: prn (3*(2+7)+5*(7+5/6)); prn (V1*V2)

M prs Print a text-string
Syntax: prs (“string”) or prs ($string)
example: prs (“Process 1 ends.”); prs (DataDir)

K swb Save the workbench to WBench_new.mcr

» File-management commands

Type Name | Description

M afs Alter FileStruct to current setting

Syntax: afs

M fcl Close a file
Syntax: fcl (%FileNo)
M fop Open a file
Syntax: fop (“path”, “filename”)
M frd Read a file
Syntax: frd(%$FileNo, %NofBytesToRead)
M fsk Jump to a location of a file
Syntax: fsk (%FileNo, $%$NofBytesToSkip)
G 141 Load 1D data
Syntax: 1dl (“path”, “filename”)
example: 1d1 (**, “LSZ.l1lDdata”)
G 142 Load 2D data
Syntax: 1d2 (“path”, “filename”)
example: 1d2 (“”, “LSZ.2Ddata)
K ocv Open the File-conversion Dialog
G run run a macro

Syntax: run “macro filename”)
example: run MyData.2Dparm

G sdl Save 1D data
Syntax: sdl (“path”, “filename”)
example: sdl (“”, “LSZ.l1lDdata)

G sd2 Save 2D data
Syntax: sd2 (“path”, “filename”)

example: sd2 (“”, “LSz.2Ddata”)
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> Filter commands

Type Name | Description

G cs Apply a cosine filter
Syntax: c¢s (~EndPoint)
example: cs (512)

G cs2 Apply a squared-cosine filter
Syntax: c¢s2 (~EndPoint)
example: cs2 (512)

G esb RunSetEnhSineBell
Syntax: esb (~EndPoint,~ShiftAngle,~n,~a)
example: esb (1024, 60, 2, -100)

G exp Apply a exponential filter
Syntax: exp (-~a)
example: exp (200)

G gau Apply a Gaussian filter
Syntax: gau (~a, ~b)
example: gau (100, 500)

G hm Apply a Hamming filter
Syntax: hm (-~a)
example: hm (22?)

G hn Apply a Hanning filter
Syntax: hh (~EndPoint,~ShiftAngle)
example: hn (?22?)

G sb Apply a sinebell filter
Syntax: sb (~EndPoint,~ShiftAngle)
example: sb (1024, 60)

G sb2 Apply a squared-sine-bell filter
Syntax: sb (~EndPoint,~ShiftAngle)
example: sb (1024, 60)

G Xp (same as exp)

G xp0 (same as xp but is ended with zero)

» Macro-directive commands

Type Name | Description

M brk = ‘break’ that breaks a condition block
Syntax: brk

M eif = ‘else-if’ that starts an else-if-condition block
Syntax: eif (<condition>)
Example: eif (V0>3)

M els = ‘else’ that starts an else-condition block
Syntax: els

M end = ‘end’ that ends a block
Syntax: end

M for = ‘for’ that starts a for-loop
Syntax: for (%LoopVariable = %Beg, $%$End, %Step)
example: for (%I=0, 1023, 1)
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M 1 = ‘if’ that starts an if-condition block
Syntax: 1if (<condition>
Example: if (Error)
M nex = ‘next’ of a for-loop
Syntax: nex
» Menu-bar commands
Type Name | Description
M bmb Build menu-button
Syntax: bmb (“label”, @UnderlinedChar, $HotKey,
“Callback indicator”)
Example: bmb ("LoadldData", 1, Alt+l, "com: 1d1")
(See also Chapter 3.)
M bme End a build-menu block
Syntax: bme
M bmm Start a build-main-menu block
Syntax: bmm
M bsm Start a build-sub-menu block

Syntax: bsm

» Peak-assig

nment commands

Type Name | Description

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 tpe Edit a transposed cross-peak

» Peak-display commands

Type Name | Description

K dpl Display peak lists

K ZSs Zoom to a multi-region plot that shows all peaks of a
spin-system in an NMR spectrum

» Peak-picking commands

Type Name | Description

K Cpp Pick cross-peaks in a region

K Cpr Remove cross-peaks in a region

K dpp Pick diagonal peaks in a region

K dpr Remove one diagonal peak

K rpl Pick one raw peak

K rpc Count the number of raw-peaks in a region

K rpp Pick raw-peaks in a region

K rpE Remove raw-peaks

K tpf Find a transposed peak
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» Peak-list-management commands

Type Name | Description

K epl Export the assigned peak records

M 1pi Load a defined peak from a peak list

Syntax 1: 1lpi (~X,~Y)

Syntax 2: 1lpi (~X,-~Y,
ResidueCodel, ResNol, AtomCodel,

ResidueCode2, ResNo2,AtomCode2,
LabelDistX, LabelDistY,

SpectralFlag, Notes, Intensity)
Examples: 1lpi (7.832, 4.371)
Lpi (7.610,3.759, “K”,5,"HN”, “Q”,4,"HA",
40,40, “strong”, 1.234e8)

K 1pl Load a set of three co-related peak lists, including
the raw-peak, diagonal peak and cross-peak lists.

mlb Move a peak label

spl Save peak lists sorted by ResidueNo in D1

sp2 Save peak lists sorted by ResidueNo in D2

sp3 Save peak lists sorted by Dl-coordinate in ppm

sp4 Save peak lists sorted by D2-coordinate in ppm

R|IR[RN|RNR|R|[=R

spl (same as spl)

» Phasing commands

Type Name | Description

G ph Set zeroth- and first-order phase
Syntax: ph (~Ph0,~Phl,~Pivot)
example: ph (88.0, -219.0, 0.0)

G phO Set zeroth-order phase
Syntax: phO (~Ph0)
example: ph0 (-88.0)

G phl Set first-order phase
Syntax: phl (~Phl)
example: phl (-219)

G phb Set Bruker phl
Syntax: phb (~Phl)
example: phb (78)

G pvt Set pivot
Syntax: pvt (~Pivot)
example: pvt (0.0)

» Toolbox-management commands

Type Name | Description

M gld Set geom-pars of the 1D-display Toolbox
Syntax: gld ($L,%T, %W, $H)
example: gld (1172,58,100,540)
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M glm Set geom-pars of the 1D-MiscProc Toolbox
Syntax: (same as that for gld)
example: (see that for gld)

M glp Set geom-pars of the 1D-processing Toolbox
Syntax: (same as that for gld)
example: (see that for gld)

M g2d Set geom-pars of the 2D-display Toolbox
Syntax: (same as that for gld)
example: (see that for gld)

M g2p Set geom-pars of the 2D-processing Toolbox
Syntax: (same as that for gld)
example: (see that for gld)

M gbc Set geom-pars of the Baseline-corr. Toolbox
Syntax: (same as that for gld)
example: (see that for gld)

M gcd Set geom-pars of the Common-display Toolbox
Syntax: (same as that for gld)
example: (see that for gld)

M gdr Set geom-pars of the Drawing Toolbox
Syntax: (same as that for gld)
example: (see that for gld)

M gft Set geom-pars of the Filter Toolbox
Syntax: (same as that for gld)
example: (see that for gld)

M gpa Set geom-pars of the Peak-assignment Toolbox
Syntax: (same as that for gld)
example: (see that for gld)

M gpd Set geom-pars of the Peak-display Toolbox
Syntax: (same as that for gld)
example: (see that for gld)

M gph Set geom-pars of the Phasing Toolbox
Syntax: (same as that for gld)
example: (see that for gld)

M gpp Set geom-pars of the Peak-picking Toolbox
Syntax: (same as that for gld)
example: (see that for gld)

G old Open the 1D-display Toolbox
Syntax: old

G olm Open the 1D-MiscProc Toolbox
Syntax: olm

G olp Open the 1D-processing Toolbox
Syntax: olp

G o2d Open the 2D-display Toolbox
Syntax: o2d

G 0o2p Open the 2D-processing Toolbox
Syntax: o2p
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G obc Open the Baseline-correction Toolbox
Syntax: obc

G ocd Open the Common-display Toolbox
Syntax: ocd

G odr Open the Drawing Toolbox
Syntax: odr

G oft Open the Filter Toolbox
Syntax: oft

G opa Open the Peak-assignment Toolbox
Syntax: opa

G opd Open the Peak-display Toolbox
Syntax: opd

G oph Open the Phasing Toolbox
Syntax: oph

G opp Open the Peak-picking Toolbox
Syntax: opp

sld Reset parameters in the 1D-display Toolbox

slm Reset parameters in the 1D-MiscProc Toolbox

slp Reset parameters in the 1D-processing Toolbox

s2d Reset parameters in the 2D-display Toolbox

s2p Reset parameters in the 1D-processing Toolbox

QR[R|R|RN|R

x1d Close the 1D-display Toolbox
Syntax: x1d

G x1lm Close the 1D-MiscProc Toolbox
Syntax: xlm

G x1lp Close the 1D-processing Toolbox
Syntax: Xlp

G x2d Close the 2D-display Toolbox
Syntax: x2d

G X2p Close the 2D-processing Toolbox
Syntax: x2p

G xab Close all toolboxes
Syntax: xab

G xbc Close Baseline-correction Toolbox
Syntax: Xbc

G xcd Close Common-display Toolbox
Syntax: xcd

G xdr Close Drawing Toolbox
Syntax: xdr

G xft Close Filter Toolbox
Syntax: xft

G xXpa Close Peak-assignment Toolbox
Syntax: Xxpa

G xpd Close Peak-display Toolbox
Syntax: xpd
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G xph Close Phasing Toolbox
Syntax: Xph
G Xpp Close Peak-picking Toolbox

Syntax: Xpp

» Window-management commands

Type Name | Description
K clr Clear the display in a draw-window
K cws Copy the structure of a draw-window
K glw Set geom-pars of 1D draw-windows
K g2v Set geom-pars of 2D view-windows
K g2w Set geom-pars of 2D draw-windows
G olw Open a 1D draw-window
Syntax: olw
G o2v Open the 2D view-window
Syntax: o2v
G o2w Open a 2D draw-window
Syntax: o2w
K sbg Set the background colour of a draw-window
Syntax: sbg (%Red, %Green, $%Blue)
Syntax: Green
example: sbg (228, 228, 228)
K scm Set colour map
G swl Set the 1D active window to be the current window
Syntax: swl
G sw2 Set the 2D active window to be the current window
Syntax: sw?2
G x1lw Close a 1D Draw-window
Syntax: xlw
G X2v Close the 2D view-window
Syntax: x2v
G X2w Close a 2D Draw-window

Syntax: x2w

> Miscellaneous commands

Type Name | Description
M lci Read the Chemical-shift Database
Syntax: 1lci (@Residue, $Atom, ~Helix, ~Beta, ~Coil,
$Note)
Example: lci (G, “HN”, 8.07,8.44,8.36, “Wishart 91")
K rsc Reset initial colour setting
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12.4 The Command List in alphabetical order

Name | Description

-
o
[57]

add Add a constant to 1DBuf0

afs Alter FileStruct to current setting

avr Produce an average curve from 1DBuf0

axy Add 1DBuf#Y to 1DBuf#X

bc Correct baseline

bmb | Start a build-menu block

bme | End a build-menu block

bmm | Build main menu

brk = 'break’ that breaks a condition block

bsm build sub-menu

ch1 Change the size of 1D buffers by entry

chk Check if there is data loaded for a draw-window

clr Clear the display in a draw-window

cpa Assign cross-peaks in a group

cpc | Copy one cross-peak

cpe Edit one cross peak

cpl Line up cross-peaks

cpv Calculate cross-peak volumes from a 2D spectrum

cpp Pick cross-peaks in a region

cpr Remove cross-peaks in a region

cri Create 1D buffers

arl Create a 2D buffer

cs Apply a cosine filter

cs2 | Apply a squared-cosine filter

ctc Convert 1DBufO to its complex conjugate

ctp Produce a power spectrum from 1DBuf0

cty Switch the [CenterY] on/off

cws | Copy the structure of a draw-window

dir [ Switch the 1D [DspRealOnly] on/off

d2r | Switch the 2D [DspRealOnly] on/off

dal Draw a line

dar Draw a rectangle

dbf [ Switch the [DspBuf] on/off

dbl | Switch the [DspBsline] on/off

dch Draw a crosshair

dft Switch the [DspFilter] on/off

dgr | Switch the [DspGrid] on/off

dlg | Switch the [DsplnLog] on/off

dpl Display peak lists

dpp | Pick diagonal peaks in a region

dpr Remove one diagonal peak

dr Redraw 1D plot(s)

dri Draw 1D plot(s)

oo | x| x| x|x|x|x<|x<|x<|x|x|x<|x<|x<|x<|x<|o|o||o|o || x| x<|x<|x<|x<|x<|x|x|o||=|=|=|==z|o|| | ==

dr2 Redraw 2D plot(s)
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K dtr Draw a transposed rectangle

K avl Draw a vertical line

K dzi Set a 2DzmPtern to Zm#1

K dz2 | Seta 2DzmPtern to Zm#2

K dz3 [ Seta 2DzmPtern to Zm#3

K dz4 | Seta 2DzmPtern to Zm#4

K dz5 | Seta 2DzmPtern to Zm#5

K dz6 | Seta 2DzmPtern to Zm#6

K dz7 | Seta 2DzmPtern to Zm#7

K dz8 | Seta 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’thatends a block

K epl Export the assigned peak records

K eql | Switch the [Equalise] on/off

G esb RunSetEnhSineBell

G exp | Apply a exponential filter

M fcl (lose a file

G fft Apply a fast Fourier transform

G flp Reverse the order of the contents in 1DBuf0
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 1DBufO with Gaussian(s)

G fws f-domain water-signal suppression

M gld | Set geom-pars of the 1D-display Toolbox

M gim [ Set geom-pars of the 1D-MiscProc Toolbox
M gip | Set geom-pars of the 1D-processing Toolbox
K giw | Set geom-pars of 1D draw-windows

M g2d | Set geom-pars of the 2D-display Toolbox

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. Toolbox
M ged | Set geom-pars of the Common-display Toolbox
M qdr Set geom-pars of the Drawing Toolbox

M gft Set geom-pars of the Filter Toolbox

M gpa | Set geom-pars of the Peak-assignment Toolbox
M gpd | Set geom-pars of the Peak-display Toolbox
M gph | Set geom-pars of the Phasing Toolbox

M app | Set geom-pars of the Peak-picking Toolbox
G gsp Generate a 1D spectrum

G hft Apply a Hilbert transform

G hm Apply a Hamming filter




278 12.4 THE COMMAND LIST IN ALPHABETICAL ORDER

hn Apply a Hanning filter

htf Apply a Hilbert transform (fast)

hts Apply a Hilbert transform (slow)

hz Switch the [Hz] on/off

if = 'if’ that starts an if-condition block

ift Apply an inverse fast Fourier transform

imz Assign zeros to the imaginary part

b0 | Set 1dLoadingBuf = 0

b1 Set 1dLoadingBuf = 1

Ib2 Set 1dLoadingBuf = 2

Ib3 Set 1dLoadingBuf = 3

Ib4 | Set 1dLoadingBuf = 4

Ib5 Set 1dLoadingBuf = 5

Ib6 Set 1dLoadingBuf = 6

b7 Set 1dLoadingBuf = 7

b8 Set 1dLoadingBuf = 8

Ic Load a column from a 2D buffer =
IcO Load a column from a 2D buffer to 1DBufO
Icl Load a column from a 2D buffer to 1DBuf1

Ic2 Load a column from a 2D buffer to 1DBuf2

Ic3 Load a column from a 2D buffer to 1DBuf3

Ic4 Load a column from a 2D buffer to 1DBuf4

Ic5 Load a column from a 2D buffer to 1DBuf5

Ic6 Load a column from a 2D buffer to 1DBuf6

Ic7 Load a column from a 2D buffer to 1DBuf7

Ic8 Load a column from a 2D buffer to 1DBuf8

Ici Read the Chemical-shift Database

Id1 Load 1D data

Id2 Load 2D data

Idc (same as Ic)

|dr (same as Id)

[li Load a defined line from a line list

Ip Apply linear prediction

Ip2 Load and process 2D NMR data

Ipi Load a defined peak from a peak list
Ipl Load a set of peak lists
Ir Load a row from a 2D buffer

Ir0 Load a row from a 2D buffer to 1DBufO

Ir1 Load a row from a 2D buffer to 1DBuf1

Ir2 Load a row from a 2D buffer to 1DBuf2

Ir3 Load a row from a 2D buffer to 1DBuf3

Ir4 Load a row from a 2D buffer to 1DBuf4

Ir5 Load a row from a 2D buffer to 1DBuf5

Ire Load a row from a 2D buffer to 1DBuf6

Ir7 Load a row from a 2D buffer to 1DBuf7

Ir8 Load a row from a 2D buffer to 1DBuf8

Iri Load a defined rectangle from a rectangle list

ZZRIXN|XNIX|X|X|X|XIXIDXIZNXNIDZDIDOIDDO|ZXR|XN|X|XN|XNIX|XIXXIX|DODDOD DO DD DD D|D|DD|Z|XN|D|D|D

Iti Load a defined text-string from a text-string list
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K mlb Move a peak label

G mul Multiply 1DBufO by a constant

G mxy | Multiply dot product of data in two 1D buffers
G ncb | Normalise current 1D buffers to 1.0e6
G neg | Negate 1DBufO

M nex | = ‘next’ of a for-loop

G old | Open the 1D-display Toolbox

G olm | Open the 1D-MiscProc Toolbox

G olp | Open the 1D-processing Toolbox

G olw | Open a 1D draw-window

G 02d | Open the 2D-display Toolbox

G 02p | Open the 2D-processing Toolbox

G 02v | Open the 2D view-window

G 02w | Open a 2D draw-window

G obc | Open the Baseline-correction Toolbox
K ocb | Open the Calibration Dialog

G ocd Open the Common-display Toolbox

K ocv_ | Open the File-conversion Dialog

G odr Open the Drawing Toolbox

G oft Open the Filter Toolbox

G opa | Open the Peak-assignment Toolbox
G opd | Open the Peak-display Toolbox

G oph | Open the Phasing Toolbox

G opp | Open the Peak-picking Toolbox

K ovl Switch the [Qverlap] on/off

K pc2 | process 2D NMR data

G ph Set zeroth- and first-order phase

G phO | Set zeroth-order phase

G ph1 | Set first-order phase

G phb | Set Bruker ph1

K pl1 Open the Plot1D Dialog

K pl2 Open the Plot2D Dialog

K plc Define 2D contour parameters

K pnt | Switch the [Pnt] on/off

K ppm | Switch the [ppm] on/off

M prb Print a 1d 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 ril Remove one line

K rr Remove one rectangle

K rad Remove all drawing objects

K ral Remove all lines

K rar Remove all rectangles

G rft Apply a real Fourier transform

G rmo | Remove an offset calculated from sbs
K rpl 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 sid | Reset parameters in the 1D-display Toolbox

G sl Set 1D base level

K sim | Reset parameters in the 1D-MiscProc Toolbox
K sip | Reset parameters in the 1D-processing Toolbox
K s2d | Reset parameters in the 2D-display Toolbox

G sl Set 2D base level

K s2p | Reset parameters in the 1D-processing Toolbox
G sb Apply a sinebell filter

G sb2 | Apply a squared-sine-bell filter

K sbg | Set the background colour of a draw-window

G sbs | Set 1D baseline segments and run sil

K scm | Set colour map

G sd1 Save 1D 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 D1

K sp2 | Save peak lists sorted by ResidueNo in D2

K sp3 | Save peak lists sorted by D1-coordinate in ppm
K sp4 | Save peak lists sorted by D2-coordinate in ppm
K spl (same as spl)

G sri Swap the real and imaginary part in 1DBuf0

G swi Set the 1D 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 SXYy Swap 1DBufX with 1DBufY

G szd half the size of 1D buffers

G szu double the size of 1D buffers

K tpe Edit a transposed cross-peak

K tpf Find a transposed peak

G tws t-domain water-signal suppression

G Wrc Write a column to a 2D buffer

G wIT Write a row to a 2D buffer

G wxy | Write the contents of 1DBufX to 1DBufY

G x1d | Close the 1D-display Toolbox

G x1m | Close the 1D-MiscProc Toolbox

G x1p | Close the 1D-processing Toolbox

G x1w | Close a 1D Draw-window

G x2d | Close the 2D-display Toolbox

G x2p | Close the 2D-processing Toolbox

G X2V Close the 2D view-window
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X2W Close a 2D Draw-window

xab Close all toolboxes

xbc (Close Baseline-correction Toolbox

xcd Close Common-display Toolbox

xdr | Close Drawing Toolbox

xft Close Filter Toolbox
Xp (same as exp)

xp0 | Apply a exponential filter that ended with zero

xpa | Close Peak-assignment Toolbox

xpd Close Peak-display Toolbox

xph Close Phasing Toolbox

xpp | Close Peak-picking Toolbox

xsh Set XShift

ysc | Set YScale

ysh Set YShift

z1 Zoom to a pattern set by Zm# 1

z1d Zoom into a 1D region

22 Zoom to a pattern set by Zm#2

z2d | Zoominto a 2D region

z3 Zoom to a pattern set by Zm#3

z4 Zoom to a pattern set by Zm#4

25 Zoom to a pattern set by Zm#5

26 Zoom to a pattern set by Zm#6

z7 Zoom to a pattern set by Zm#7

28 Zoom to a pattern set by Zm#8

zd Zoom down

zf Zoom current window to full-view plot(s)

zf1 Zoom to 1D full-view plot(s)

zf2 Zoom to 2D full-view plot(s)
Zi Zoom in

zl Zoom left

zm Zoom current window to mutiple-region plot(s)

zm1 | Zoom to 1D mutiple-region plot(s)

zm2 | Zoom to 2D mutiple-region plot(s)

Zn Zoom to next pattern

20 Zoom out

Zp Zoom previous pattern

zr Zoom right

zS Zoom current window to single-region plot(s)

zs1 Zoom to 1D single-region plot(s)

zs2 | Zoom to 2D single-region plot(s)

zsp Display the same pattern for next active draw-window

XN|XR|XR[|XR|XR|XN|X|XNIXRIXNIX|IX|IXN[XRIDODIO|O|X|X|X|IX|IXIXIXIDXNIDOD|IX|XIXIXDOO|DODDO|OIDODOD(DO|DO|D

2S5 Zoom to a multi-region plot that shows all peaks of a spin-system in an NMR

spectrum
K zt Zoom to the transposed region
K zu Zoom up
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