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1  Xeasy files


Assignment of a biomolecule with Xeasy requires four files.  These files will hold all of the assignment information and should be handled with care.


In the end, the assignment of a specific peak is known only from the three files that are described later.  The peak list relates the chemical shifts of a peak to the atom numbers in the atom list.  The atom list correlates the the atom numbers to atom names and residue numbers.  The sequence list defines the residue type of associated with a residue number.

1.1  Residue library (xeasy.lib)


The Xeasy residue library is supplied with the program.  The covalent structure of each residue type (amino acids, nucleic acids, linkers, generic spin-systems, etc.) is defined in this file.  Below, you will find a section of the residue library file showing some of the atom definitions for the residue SRD (Reduced Dimensionality Spin-system) and the amino acid alanine.  The atoms used in assigning reduced dimensionality experiments are entered as the sum or difference of two atoms (i.e., "CA+HA" or "CA-HA").

RESIDUE   SRD      0   51    3   51   -1

.

.

.

  35 CA+HA   H_ALI    0

  36 CA-HA   H_ALI    0

  37 CB+HB2  H_ALI    0

  38 CB-HB2  H_ALI    0

  39 CB+HB3  H_ALI    0

  40 CB-HB3  H_ALI    0

  41 CA+HA2  H_ALI    0

  42 CA-HA2  H_ALI    0

  43 C+CA    C_ALI    3

  44 C-CA    C_ALI    3

  45 Cp+CAp  C_ALI    3

 .

 .

 .

RESIDUE   ALA      4   14    3   13  -18

   1 OMEGA   -1    2   10.0000    2    1    3    4    0

   2 PHI      0    0    0.0000    1    3    5   12    0

   3 CHI1     1    3    1.3500    3    5    8    9   11

   4 PSI      0    0    0.0000    3    5   12   14    0

   1 C    C_BYL    2    8.2024   -0.6824   -1.1357    0.0000    2    3    0    0    0

   2 O    O_BYL    2   -7.0004   -0.1723   -2.2550    0.0000    1    0    0    0    0

   3 N    N_AMI    2   -6.4912    0.0000    0.0000    0.0000    1    4    5    0    0

   4 HN   H_AMI    0    3.2103   -0.4226    0.9063    0.0000    3    0    0    0    0

   5 CA   C_ALI    3    1.1597    1.4530    0.0000    0.0000    3    6    8   12    0

   6 HA   H_ALI    0    0.3677    1.7849   -0.4925    0.9140    5    0    0    0    0

   7 QB   PSEUD    0    0.0000    2.0850   -0.9858   -1.4878    0    0    0    0    0

   8 CB   C_ALI    3   -1.6546    1.9637   -0.7966   -1.2023    5    9   10   11    0

   9 HB1  H_ALI    0    0.7354    3.0537   -0.7963   -1.2019    8    0    0    0    7

  10 HB2  H_ALI    0    0.7354    1.6006   -1.8224   -1.1392    8    0    0    0    7

 .

 .

 .


Using the information in the sequence list and the residue library, Xeasy creates an atom list (also called the "proton list" or "chemical shift list"), which are described in the following sections.

1.2  Sequence list (filename.seq)


The sequence list defines the primary sequence of the biomolecule.  In the initial phases of an assignment cycle, it is advantageous to use generic spin-system names such as "SS" for conventional spectra or "SRD" for reduced dimensionality spectra.  The sequence file will contain only the residue type and the residue number (shown below, left column).

SRD 501

SRD 502

SRD 503

SRD 504

SRD 505

SRD 506

SRD 507

SRD 508

SRD 509

SRD 510

.

.

.

ASP-   560    1

VAL    511    2

TYR    513    3

HIS    601    4

ASP-   675    5

GLY    550    6

ALA    609    7

CYS    527    8

PRO    634    9

GLU-   565   10

.

.

.

ASP-   1    560

VAL    2    511

TYR    3    513

HIS    4    601

ASP-   5    675

GLY    6    550

ALA    7    609

CYS    8    527

PRO    9    634

GLU-   10   565

.

.

.


The numbering of the residues should begin with a number that is higher than the number of residues in the protein and should contain additional resides.  For example, the sequence list of a protein with 100 amino acids, numbered 1 through 100, should contain spin-systems from 101 to 120.  The program "GenSeq" (written by Jeff Mills, located in /nsm/chem/cologne1/jlmills/group/programs) is an easy way to create a sequence list containing a user-supplied number of residues/spin-systems.


As the assignment process progresses, the generic spin-systems will be replaced by residue types and another column of "mapping numbers" will be added (shown above, middle column).  The mapping number defines a residue's position in the sequence (i.e., spin-system 560 corresponds to residue Asp1).


After all residues have been assigned, the user should "swap" from the mapping numbers to the actual residue numbers (shown above, right column).

1.3  Atom list (filename.prot)


The atom list is simply a database containing an arbitrary atom number, chemical shift, chemical shift error, atom name, and residue number (an example is shown below).  The atom list is one of the most important files and should be backed up regularly.

.

.

.

190 113.905   0.000 N      513

191   8.295   0.000 HN     513

192  58.246   0.000 CA     513

193   4.376   0.000 HA     513

194  63.386   0.000 CB     513

195   3.979   0.000 HB2    513

196   3.893   0.004 HB3    513

197 999.000   0.000 QB     513

199 999.000   0.000 HG     513

200 999.000   0.000 C      513

.

.

.

.

.

.

190 113.905   0.000 N      3

191   8.295   0.000 HN     3

192  58.246   0.000 CA     3

193   4.376   0.000 HA     3

194  63.386   0.000 CB     3

195   3.979   0.000 HB2    3

196   3.893   0.004 HB3    3

197 999.000   0.000 QB     3

199 999.000   0.000 HG     3

200 999.000   0.000 C      3

.

.

.


As with the sequence list, the atom list will initially contain only the spin-system numbers (left column, above).  After assigning a mapping number to each residue, the spin-system numbers may be swapped with the residue numbers (right column, above).

1.4  Peak list (filename.peaks)


While the atom list is a single file that contains the atom names and chemical shifts for every atom in a biomolecule, there is normally one peak list for each experiment.  Shown below is a section of a 2D [15N, 1H]-HSQC spectrum.  The peak list contains the peak number, chemical shift in dimension 1 and 2, peak color, peak volume, volume error, and the atom numbers in dimension 1 and 2, plus some unused information (i.e., "U", "-", and "0").  Extension to 3D and 4D experiments is achieved by adding additional chemical shift and atom number columns.

# Number of dimensions 2

#INAME 1 N15

#INAME 2 H1

   2 117.366  10.003 2 U          0.000e+00  0.00e+00 -   0    1    2 0

   3 128.011   9.717 2 U          0.000e+00  0.00e+00 -   0   49   50 0

   4 129.513   9.526 2 U          0.000e+00  0.00e+00 -   0   97   98 0

   5 127.738   9.526 2 U          0.000e+00  0.00e+00 -   0  145  146 0

   6 120.778   9.512 2 U          0.000e+00  0.00e+00 -   0  193  194 0

   7 128.694   9.416 2 U          0.000e+00  0.00e+00 -   0  241  242 0

   8 129.922   9.375 2 U          0.000e+00  0.00e+00 -   0  289  290 0

.

.

.

2  Sequence list creation


Before you can begin to assign resonances, you have to create a sequence list (which Xeasy will then use to create the atom list).  The sequence list should start with a number that is larger than the number of residues and contain more additional spin-systems.  For example, the sequence file for a 150 residue protein might contain spin-systems 300-500.  The spin-systems that you choose will depend on the type of spectra you will be using.  For reduced dimensionality spectra, "SRD" is the best choice, while "SS" or "SRD" is suitable for conventional triple-resonance spectra.  If you already have sequence specific assignments, you may put the actual residue type and number in the sequence list.  A simple program called "GenSeq" (written by Jeff Mills) is a simple way to create a sequence list suitable for "SRD" or "SS" type assignments.

3  Peak picking


Proper peak picking is the foundation for all of the work you will do over the next several months.  Manual peak picking in Xeasy is probably the best way to familiarize yourself with your data, although manually checking the output from an automatic peak picker (e.g., PICK, PIPP, AUTOPSY, etc.) should also be sufficient.  At this point it is essential that the peak picking is complete.  A good strategy is to completely pick the 2D [15N, 1H]-HSQC and use it as a starting point for the other spectra.  After picking the other spectra, the HSQC peak list should be updated so that it cottons any additional or degenerate peaks that were detected in the other spectra.


After all of the spectra have been completely peak-picked, load the sequence file and assign each peak to an arbitrary spin-system number.  The [ar] command is very convenient for this.  The commands to load the sequence, assign the peaks, save the peak list, and save the atom list are:  [ls], [ar], [wp], [ac], and [wc].

4  Building sequential assignments


Xeasy provides two commands for building sequential assignments.  The first command, [pc], assumes that all peaks are picked and displayed in the strips ("sort and delete duplicates" is off).  The second command, [cc], assumes that at least on peak representing a spin-system is picked.


In the initial phases of the assignment process, it may be easiest to keep all of your assignments on paper (i.e., "SRD 501 corresponds to Gln4").  After building a complete list of assignments, the user may wish to "swap" from generic spin-system numbers to residue numbers.

4.1  [rd] and [pc] commands


The [pc] command is useful for finding a single peak based chemical shift alone and has no options.


The [rd] command may be used to specify inter- or intra-spectral searches when using multiple spectra.  After creating the strips for one spectrum (a 3D HNCA, for example), the user would issue the [rd] command to copy the HNCA strip list into memory and then create the strips for the second spectrum (a 3D HN(CO)CA).  In this example, the resulting strips found by the [pc] command would contain only peaks in the HNCA spectrum.  If inter-spectral searches are not an issue, the [rd] command should be used immediately before [pc].


After typing [pc], the user is expected to click on a position in one of the strips displayed on the screen.  Xeasy will then search along the y-axis of all strips for peak markers that are close to the position chosen by the user.  The strips are sorted according to the deviations of the peak markers from the user defined position.  It is important to note that the [pc] command will not consider peaks that do not define a strip.  In other words, the user should not "delete duplicates" when creating the strips to be used with the [pc] command.


As an example, consider the strips from a 3D HNCA spectrum (shown below).  Using the [pc] command on the gray peaks would produce the following sequence of strips:
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In the example above, the [pc] algorithm correctly identified the sequential peak based on the chemical shift alone.  Notice that the last strips are sorted according to their deviation from the selected position (i.e., the third strip is "closer" to the selected position than the fourth).

4.2  [cd] and [cc] commands


The [cc] command is useful for matching peak patterns and has several options for suppressing water peaks, scaling TOCSY peaks, etc.


Given a series of N strips, the [cd] calculates the correlation coefficient for each pair of strips and stores the results in a NN matrix.  For two vectors, i and s, each containing k points, the correlation coefficient is the scalar product of i and s (i1s1 + i2s2 + ... + iksk).  Consider two sequential strips from an HNCACB (below, left).  The sequential peaks are indicated with a line.  For the sake of simplicity, the peak intensity is either 1 or -1 and the baseline is 0 which yields a non-zero scalar product for the pair of strips on the left.  However, the strips on the right have no correlation which results in a scalar product of 0. 
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After generating a strip list, the correlation coefficient needs to be calculated with the [cd] command (see below).


The [cd] command produces a pop-up window with the default values shown above.  Please see the Xeasy manual for specifics regarding these parameters.  The default parameters are sufficient for 15N resolved [1H, 1H]-NOESY and 15N resolved [1H, 1H]-TOCSY.  For searching other spectra (triple resonance, etc.) the "Factor to enhance peaks" and "Factor to reduce peaks" should both be set to "1.0 1.0".  The choices for inter- and intra-spectral searches and "use absolute intensities" should also be considered.

5  Switching from SRD to sequence specific assignments


At this point, the user should have nearly complete (>95%) backbone assignments.  For the remainder of the assignment procedure, it is advantageous to use the actual residue name and number rather than the generic SRD spin-system assignments.


The [15N, 1H]-HSQC is the most convenient for this task.  Start Xeasy, load the HSQC, sequence (containing only "SRD") and peaklist.  Using the [ed] command, enter the residue type (i.e., ARG+, ALA, etc.)  into the "Fragment" box and press [ENTER].  Next, enter the residue number (i.e., 1, 2, 3, etc.) into the "Mapping" box and press [ENTER].  Repeat this process for all assigned peaks.



If the backbone assignment is not 100% complete (which is almost always the case because of prolines, exchange, etc.), now is the time to add these residues to the sequence list.  Begin by picking a peak in the noise with [pp].  Assign this peak to an unused SRD number and repeat the procedure above to enter the residue name and number of any unassigned residues.  Repeat this process until the sequence list contains all residues and then delete the peak.  Finally, [wp], [ws], and [wc] to save the peak list, sequence, and chemical shift list.


Your current sequence list should resemble the sequence list show in section 1.2, containing the residue type, SRD number, and mapping number.  Additionally, your current chemical shift list should contain any additional atoms that are not part of the SRD spin-system (i.e., atom "HA2" should have been added to all glycine residues and atom "QR" should have been added to all phenylalanine and tyrosine residues).


The [sn] command allows the user to toggle between spin-system numbers and residue numbers.  Upon issuing the [sn] command, two operations occur:  (a) the columns containing spin-system numbers and mapping/residue numbers in the sequence list are exchanged and (b) the spin-system numbers in the chemical shift list are exchanged with the mapping/residue numbers.  The advantage of toggling between spin-system and residue numbers using the [sn] command is that the assignment in all peaklists can be changed from spin-system numbers to residue numbers.

6  Spscan


Spscan began as a helper program for Xeasy, but has evolved into its own separate program.  Spscan is useful for speeding up routine tasks such as peak picking a 3D spectrum starting from a 2D root peaklist, integrating 3D spectra or series of 2D spectra, handling reduced-dimensionality spectra, and extracting coupling constants.

6.1  Simulating peaklists from the chemical shift list


Spscan provides an algorithm to generate arbitrary peaklists from the chemical shifts found in the chemical shift list.  Simulating a peaklist requires four files:  chemical shift list (.prot), sequence list, Spscan project file (.spp), and a spectrum simulation library (spec_sim.lib).  The chemical shift list should contain shifts for the atoms of interest (i.e., to simulate an HNCA peaklist, the chemical shift list should contain entries for most HN, N, and CA atoms).  The Spscan project file should define the names of the chemical shift list and the sequence list (see below):

#PROJECT 1 

#BMOD 1

#ASKADD 0

#DATABASE

#DB_PROT FILENAME.prot

#DB_QSEQ FILENAME.seq

#DB_BASE_FR 300

#DB_DEF_RES     SSP

#END_DATABASE

#END_PROJECT

The spectrum simulation library is packaged with the Spscan program.  In theory, the currently library allows simulation of the following experiments:  3D HNCA (intra only), 3D HNCO, 2D HC (all 13C-1H correlations), 3D HC-TOCSY (3D HCCH-TOCSY including 1HN) and is easily modified to include additional experiments (i.e., HNCACB, etc.).  However, only simulation of the 2D HC peaklist is consistently reliable and stable.

To simulate a peaklist:


"Project" ® "Simulate peaklist"


Load spec_sim.lib


Choose the number of the spectrum to simulate

6.2  Extracting chemical shifts from RD peaklists


Spscan also provides tools required to convert a 3D peaklist from a reduced-dimensionality experiment, like the HACAcoNNH, into a 4D peaklist containing the shift encoded in the projected dimension.  This process is fairly time consuming but requires only the peaklists (experiments with central peaks and peak pairs in different spectra should have one peaklist for the central peaks and one peaklist for the peak pairs).  Currently, Spscan searches for the peak pairs based on chemical shifts only.  Consequently, the peaks do not have to be assigned in the projected dimension.


The example shown below has been used to convert 3D peaklists from  HACAcoNNH spectra into the corresponding 4D peaklist containing Ni, HNi, CAi-1, and HAi-1.  All of these commands can be executed sequentially by the user or could be copied into an Spscan macro (.spm), although running the commands in a macro is less stable and less reliable.  The general procedure is to read the add spectrum, integrate the peaks, save the peaklist, repeat for the subtract spectrum, find the pairs/central peaks, and extract the encoded shift.  In the example below, all of the filename should be changed to suit your needs.


There are several important points to follow:

1. The projected dimension should always be loaded as dimension 3 in Spscan.

2. Be sure to change the value of "Off_dc" in the parameter window to match the value of "projtof" in ppm.  The default values for all other parameters should be sufficient, although they may not be optimal.

3. Commands such as "read spec ..." can be typed into the command line or accessed through the pull-down menus.  Lines such as "action 'peaklist'" refer to the pull-down menu labeled "peaklist".

read spec HACAcoNH_add.3D.param 1 3 2

read scpa rd.scpa

read rdpa rd.scpa

action 'peaklist' 'read new list' hacaconh_add.peaks

action 'integrate' '3D'

action 'peaklist' 'write list standard' add.peaks 

read spec HACAcoNH_sub.3D.param 1 3 2

read scpa rd.scpa

read rdpa rd.scpa

action 'peaklist' 'read new list' hacaconh_sub.peaks

action 'integrate' '3D'

action 'peaklist' 'write list standard' sub.peaks 

read spec HACAcoNH_add.3D.param 1 3 2

read scpa rd.scpa

read rdpa rd.scpa

action 'get pairs' 'separate lists' add.peaks sub.peaks

rd_assign to_center y

action 'write red-dim' '4D' 4D.peaks

