
HDXanalyzer User Manual 
 
The program HDXanalyzer is available for the analysis of the deuterium exchange mass spectrometry 
data obtained on high-resolution mass spectrometers. Currently, the program is available as a web-
based computer application and can be accessed at https://hdxanalyzer.kumc.edu/. 
 
This manual describes step-by-step instructions to perform basic operations for data analysis.  
 
Requirements 
 
For maximum functionality, the following applications must be installed on your browser: 
Jmol, Adobe flash … 
 
1. Log in 
In order to use the program the user must obtain a log in 
username and a password from the administrator. Please send 
an e-mail with the phrase “HDXAnalyzer access request” in the 
header to the administrator (dmiller5@kumc.edu). The same 
username and password might be used for multiple data 
submissions.  
 
It is recommended to submit one job at a time. 
 
After the initial log in, the main page will be displayed as shown on Fig 2.  
 
The main page is divided into three sections: 
 
1.1. Information bar (top of the page). This bar 

is common to all applications, it will allow the 
user to go back to the main page, and to 
logout of the system. This bar is used also to 
inform the user of the status of the jobs that 
have been submitted. 

 
1.2. Action column (left side), this column will 

allow the user to manage projects and files 
and upload new files. The option on the 
Action Column will change depending on the 
step of analysis. 

 
1.3. Main Window. If any projects have been 

submitted already, they will be displayed 
here. 

 
2. Uploading data 
  
HDXanalyzer accepts mzML and mzXML formatted data files for the experimental mass spectrometric 
data. File converters are available for the major manufactures of mass spectrometers. It is 
recommended that no tandem mass spectra are included, although, these data will be ignored if 
present.  
 
2.1. Create a project. Create a project by selecting “Projects” on the action panel. To create a new 

project, enter a description on the corresponding field and click “Create Project.”( Fig. 2). All 
projects associated with the user are displayed on the main window. 

 
 
Fig	  1.	  Login	  screen	  

 
	  
	  
Fig	   2.	   The	   Main	   Page	   of	   HDXAnalyzer.	   	   This	  
page	   is	   divided	   into	   several	   sections	   as	  
described	   in	   the	   manual.	   All	   projects	  
associated	   with	   a	   user	   are	   displayed	   on	   the	  
main	  window.	  The	  action	  column	  is	  on	  the	  left	  
side	  an	  the	  information	  bar	  on	  top.	  	  



 2.2. Upload data. To upload 
data select “Upload files” 
from the action column 
(Fig. 3). Browse to the 
folder on your computer 
containing the files of 
interest and click 
“Upload”. All mzML or 
mzXML data files and 
pdb files are uploaded 
here. All data files 
uploaded by the user are 
displayed on the File 
manager, independently 
of the project these files 
are associated to. The program will ask the user to provide the time points for the assignment. For 
convenience use the same format for all time points, e.g. if using minutes use minutes for the 
whole range. 

 
2.3. Upoad a pdb file. If the three dimensional structure of the protein is known, a pdb data file can 

also be uploaded. This can be used at the end of the analysis to map deuterium content and rates 
of exchange onto the protein structure. 

 
2.4. Submit data for analysis. Review your data for submission, check  As soon as this action is 

completed, the program automatically starts analyzing the newly submitted data, and proceeds to 
isotope detection, isolation and measurement of its centroid. 

 
2.5. Associate files to a project. Once files have been uploaded, they must be associated with a 

project. This is done using the File Manager option on the Action Panel (Fig 4.)  

 
2.5.1. Place a check mark on every file to be associated with a project. 
2.5.2. If the files are of data select “Upload and Associate With a Project.” 
2.5.3. From the bottom field, select the project to be used and press “Continue”. It will take some time 

to associate the files to a project. The progress can be viewed on the top of the page as current 
jobs and completed jobs. Note: To associate a pdb data file select the corresponding file, action 
and project. To remove a pdb file use the “Manage PDB” action from the “Project Home” menu 
(Fig 6). 

 
 
Fig	  3.	  Data	  submission	  page.	  The	  program	  accepts	  mzXML	  and	  
mzML	   formatted	   data	   files	   for	   the	   experimental	   MS	   data	   and	  
pdb	  data	  files	  for	  the	  three	  dimensional	  structure	  of	  the	  protein.	  

 
 
Fig.	  4.	  Associate	  files	  to	  a	  project	  



2.5.4. Deleting files and 
projects. Files that have 
been uploaded 
erroneously, or that are 
no longer needed, can 
be deleted by making 
the appropriate selection 
of file and action (Fig. 
4). We encourage the 
user to delete all files 
and projects from the 
server as soon as the 
analysis has been 
completed and the results retrieved. To delete entire projects go to “Projects,” and use the Delete 
button next to the project to be deleted (Fig. 5). This action will not delete the files associated 
with that project, only all data analysis performed. 

 
3. Working with a project 

 
3.1. Accessing a Project. From the Main Window select the project by clicking on the project name. 

The status page for that project will be displayed on the “Status Page.” Notice that the options on 
the action panel have changed (Fig 6). The availability of the actions shown in the “Action Column” 
depends on the stage of the analysis. The actions “Results” and “Peaks Only” are available once 
data analysis for the project has been completed.  

 

3.1.1. Upload amino-acid sequence: load a FASTA formatted file of the protein amino acid sequence 
and click “Submit.” Make sure that there are no spaces. 

3.1.2. The peptide list must be uploaded as a cvs formatted file. This file must contain for each peptide: 
its amino acid sequence, m/z and z. It can contain the confidence statistic scores used for 
peptide identification. If these data are present, they will be included in the final results page. 

3.1.3. Review the submitted data before submitting the entire data set to “Correlate Results”. 

	  
	  
Fig	  6.	  Status	  page.	  The	  page	  shows	  the	  status	  of	  the	  analysis	  of	  a	  project.	  Completed	  
actions	  are	  outlined	  in	  green,	  pending	  action	  in	  red.	  

	  
Fig.	  5	  Deleting	  projects.	  Completed	  projects	  can	  be	  deleted	  from	  
the	  “Projects”	  action	  on	  the	  action	  panel.	  Selected	  the	  “delete”	  
button	  next	  to	  the	  project	  to	  be	  deleted.	  



3.1.4. Once the data files are uploaded and assigned to a particular project and the amino-acid 
sequence and peptide list are loaded the data can be submitted for correlating. Correlate data 
takes time. HDXAnalyzer will automatically correlate isotope envelopes with peptide sequences 
and ranked them by retention time and mass. 

 
3.2. Results section: Once the program had finished with isotope detection, extraction, and 

correlation; the output can be seen in the results section. This section is where the user input is 
required.  
The user can inspect manually and validate every peptide in the data set. Select “Results” from the 
“Action Column” and the browser will display the results for the project (Fig. 7).  

 
The “Results Window” provides options, under different tabs, for which data will be displayed: 

 
- Everything: Every isotope envelope detected in the data set. 
- Matched envelopes: all envelopes that have been identified as potential match to a peptide are 

listed here. 
- Ignored envelopes: isotope envelopes that have been matched to a peptide, but are of low 

quality, and are ignored. This page contains isotope envelopes with a low number of counts. 
-   Unmatched envelopes: isotope envelopes with no match to a peptide in the submitted peptide 

list. It may contain peptides that have not been identified by the search program. 
 
The peptides can be arranged based on size, mass or charge or m/z or amino acid by clicking on 
the appropriated heading of each column. 

 
 

	  
Fig	  7.	  The	  results	  window.	  Detailed	  information	  on	  the	  analysis	  is	  displayed	  in	  this	  
window.	  The	  top	  section	  shows	  the	  peptide	  list	  with	  the	  different	  isotope	  envelopes	  
associated	  at	  each	  experimental	  retention	  time.	  The	  lower	  section	  shows	  detailed	  
information	  for	  the	  selected	  isotope	  envelope	  or	  peptide.	  



We recommend that non-experienced users work only with the matched envelope list. All other sets 
of data are used for special applications, such as to obtain higher protein sequence coverage or to 
design experiments using inclusion/exclusion lists. Peptide envelopes can be moved from the 
matched envelopes list to the non-matched envelope list (see below) 

 
3.2.1.  Validation of Peptide Isotope Envelopes. The user can select a data point, by clicking on the 

retention time, a new window will open with the details about the peptide and its isotopic 
envelope will be displayed at the bottom-half of the screen. A variety of visual aids are available 
to manually validate the isotope envelopes. These tools are displayed on the left-half of the page 
(Fig. 8): 
 
- Graph: 

 Default 
 Theoretical 
 Default w/the theoretical envelope. 

- 3D Graphs: 
 All 3D scans 
 3D Scans ## - ## (first half of the 

peptide chromatographic peak) 
- 3D Scans ## - ## (Second half of the 

peptide chromatographic peak) 
- Scatter plot: A top view of the peptide 

chromatographic elution peak 
- Zoom out: 1% to 25% 

 
Depending on the action selected, a 
different graph will be displayed on the 
right. These tools are there to help the 
user validate the peptide isotope envelope. 
Any isotope envelope can be removed 
from this list and moved to the “Ignored 
Envelopes” list, and vice versa by making 
the corresponding choice on the left panel. 
This visual inspection can be performed 
for each data point.  

 
3.2.2. Re-ranking and data submission for rate 

calculation. Once the data have been 
inspected manually, all validated isotopic 
envelopes can be selected for inclusion or 
exclusion on the final output and submitted 
for fitting. 

 
Select a peptide by clicking on the link associated with its amino acid sequence. The bottom half 
of the screen will show the time course deuterium/hydrogen exchange for that particular peptide 
and the location of the peptide on the protein primary sequence (Fig. 9). 

  

	  
Fig	   8.	   Isotopic	   envelope	   displays.	   Top:	  
Averaged	   isotopic	   envelope	   (orange)	   and	  
theoretical	   isotopic	   envelope	   of	   the	  
undeuterated	   peptide	   (back).	   Midle	   panel:	  
isotopic	   pattern	   over	   consecutive	   scans.	  
Lower	  panel:	  top	  view	  of	  the	  elution	  profile	  of	  
the	  deuterated	  peptide	  



 

There are options to: 
 
- Remove from the final output (the entire set will be moved to the Ignored envelopes tab) 
- Use data set # 
- Hide this peptide from the results view.  
- To display a graph of the time course of exchange as a 3D graph or average mass change 

(Fig. 10) 
 

 
Different matched 
envelopes will be 
displayed on the right side, 
and they will be ranked 
according to retention time 
and mass. The user can 
change the position on the 
rankings by selecting the 
set number displayed after 
the corresponding peptide. 

 
Notice that more than six 
independent 
measurements are 

	  
Fig.	  9.	  Time	  course	  of	  deuterium	  exchange.	  Top	  panel	  shows	  the	  peptide	  list	  and,	  for	  
each	  peptide	  and	  time	  point,	  a	  summary	  of	  retention	  time	  and	  average	  associated	  to	  
each	   peptide.	   The	   lower	   half	   of	   the	   screen	   shows	   the	   detailed	   information	   for	   a	  
particular	  peptide	  

	  
Fig	  10.	  Time	  course	  displays	  of	  the	  deuterium	  exchange	  profile.	  
The	  left	  graphs	  shows	  a	  plot	  of	  the	  average	  mass	  change	  versus	  
time	   plot.	   The	   right	   graph	   shows	   the	   change	   in	   the	   averaged	  
isotopic	  envelope	  over	  time.	  



required to form a set. Only one set is used to calculate rates of exchange. 
 

If any changes have been made to the ranking, all data sets must be resubmitted for re-ranking. 
Press the action button at the end of the page. Re-ranking will take time, and since HDXAnalyze 
will re-rank the entire data set, it is recommended to review all data before submission for re-
ranking.  
 
The progress of the job will be displayed on the information bar and also on the status window 
(Project Home). 

 
3.2.3. Rate calculation. Rate calculation will not be available until all data has been ranked. 

HDXAnalyzer fits the data using to a single exponential rise to a maximum or minimum, 
depending on the direction of the exchange ( H -> D  or  D ->H) 

 
 
4. Final Output. The final output is a table containing for every peptide (fig 11). 

 
- Amino acid sequence 
- Mass 
- Charge of the observed ion 
- m/z 
- maximum number of deuterium (theoretical) 
- position on the protein amino acid sequence 
- results of the fit (residual and rate) 
- for each data point: the retention time; the observed centroid of the m/z isotopic envelope; the 

total deuterium present (change in mass); and percentage of deuterium content relative to the 
theoretical. 

 
This output can be downloaded as either a csv or xls formatted data file. 
 

	  
Fig	   11.	  HTML	   table	   displaying	   the	   results	   of	   the	   analysis.	   For	   each	  peptide,	   the	  
table	   shows	   their	   corresponding	   characteristic	   parameters	   (sequence,	   z,	   m/z,	  
position	  on	  the	  amino	  acid	  protein	  primary	  sequence);	  the	  results	  of	  the	  fit	   to	  a	  
single	  exponential	  equation;	  and,	  finally,	  the	  experimental	  points	  (retention	  time,	  
observed	   m/z,	   and	   total	   and	   relative	   deuterium	   content).	   The	   results	   can	   be	  
saved	  on	  the	  user’s	  computer	  by	  making	  a	  selection	  using	  the	  corresponding	  link.	  



If a pdb data file has been uploaded, these rates can be mapped on the protein structure by 
selecting the link (Fig 12). The rates of exchange are color coded according to the code shown at 
the lower left corner. Different regions can be turn on and off by making the appropriate selection on 
the right side of the figure.  
 

 
 

	  
Fig.	  12.	  Deuterium	  exchange	  rates	  mapped	  on	  the	  protein	  3D	  crystal	  structure.	  	  	  
A	  jmol	  interface	  has	  been	  provided	  to	  map	  the	  deuterium	  content	  and	  rates	  of	  
exchange	  on	  the	  protein	  3D	  structure.	  This	  requires	  the	  initial	  submission	  of	  a	  
pdb	  data	  file.	  Deuterium	  content	  and	  rates	  of	  exchange	  can	  be	  turned	  on	  or	  off	  
by	  making	  the	  corresponding	  selection	  on	  the	  left	  panel	  



Appendix 
 
 
To be implemented: 
 
In the near future the following changes will be introduced: 
 

1. A bar diagram of the protein primary sequence with a map of the rates of exchange. 
2. Possibility to map total deuterium contend on the bar diagram or pdb file. 
3. A computer guided application for data reduction. 

 
 


