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Introduction

The HDX module analyzes mass spectrometry data acquired from hydrogen-deuterium exchange
experiments. HDX is available as a standard workflow in Byos®.

General Notes

¢ MS data should be located on the local computer (not on a network drive) and should not be in
read-only folders, because Byos writes cache files during project creation.

e Projects created with beta versions of the HDX software may not open properly. Beta version
projects should be re-created.

e Processing Waters .raw data (including data collected with ion mobility) is now fully supported.

o |If the *.blgc project is copied to another computer, it is best to also copy the data files/folders and
cache files to the new computer.

Creating a Project

To create a new project, go to the Byos Workflows tab and click the HDX workflow icon:

Y

£ v(n) B

,,a
"
i

HDX
Analyze hydrogen-
deuterium exchange
experiment

Figure 1: HDX workflow icon in Byos

A multi-tab workflow (e.g., Samples, Sequences and Processing nodes tabs) window allows the
analyst to designate one or multiple mass spectrometer files to be analyzed, each with one or multiple set
of MS/MS search results and other parameters, as well as a corresponding set of protein sequences.
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Launch Workflow... Save Workflow... Save As Portable Workflow... Workflow Properties... Basic Options -
Samples Sequences Processing nodes
Samples (drag and drop MS files)
Samples table j
Sample Sample MS file MS/MS search Digestion Condition ExchangeTime Replicate
name type
Add sample | |Remove sample(s) Add column...  Remove column...
Create Project...
Figure 2: HDX workflow showing Samples tab
Samples Tab

The Samples tab allows the user to load raw LC-MS sample files into the project. Drag-and-drop MS data
onto the Samples table. The order of files is important. Data for the reference condition should be
added first. (Note that the Sample type, which can be “Reference” or “NonReference” is ignored).

Tip — If dragging-and-dropping multiple MS data files/folders simultaneously, it is usually best to place
the mouse pointer at the top of your list of MS data files/folders. For example, during drag-and-drop of
these four files (e.g., file1.raw, file2.raw, file3.raw and file4.raw), if the mouse pointer is over the top file
i.e., file1.raw, then the Samples table will also have file1.raw at the top:

« HD... » For_B... v O Search For_Byos Samples table °
&~ Name - Date modified Type | Drag and drop | Sanmple Sample MS file MS/MS search Dig
) = - name type

filel.raw 11:30 AM File fol = > filel Reference D:/HDX_data/Fo...

l%ilez.raw 11:31 AM File fol file2 Reference D:/HDX_data/Fo...

file3.raw 32 AM File fol file3 Reference D:/HDX_data/Fo...
8 2 AN ile fo

- 3 = = ~ filed Reference D:/HDX_data/Fo...
* filed.raw 6/2/2021 11:30 AM File fol

juide
<

Add sample = Remove sample(s)
)

Figure 3: Drag-and-drop from the top file to maintain sample order

If the mouse pointer is not over the top file, then the file that the mouse is over will be on top. For
example, if it is over file3.raw — then the Samples table will have file3.raw at the top.

To load files by browsing for them, click the Add sample button, double-click on the new row under the
MS file header, click | and browse to the file. Click Open.

Sample table Columns

Make sure to fill in the Condition and Exchange Time columns. The others are auto-filled or optional.

o Sample name: defaults to the file name. To change the Sample name, double-click the name
and edit the text. The name can also be updated later in the Project table.
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MS/MS Search: To add an incremental MS/MS search result to a sample, double-click in that
sample row under the MS/MS Search header, click "/ and browse to the MS/MS search result
(*.byrslt or *.dat) file. Click Open. To attach additional Ms2 search result to that sample, click = to
add a new MS/MS Search row and repeat the addition steps.

To remove an MS/MS search file, double-click the file name and click ¥,
Digestion: This column is not used for HDX projects.

Condition: Different conditions in the HDX experiment should be assigned different labels (for
example, “Apo,” “Holo,” etc.). In the plots (XIC plots, Isotope plots, Uptake plot), each condition is
assigned a unique color. The reference condition should be listed first. Note that the reference
condition cannot be changed after project creation.

ExchangeTime: Fill in the exchange time as a number (for example, “30,” not “30 sec”).
ExchangeTime for all samples should have same units (i.e., “3600”, not “1 hr”, if rest of samples
are in seconds).

Replicate: Optional. Must be an integer number. Can be useful for filtering the data when
inspecting the project. For example, this can reduce clutter on the screen by restricting the results
to a single replicate.

Tip — To fill in multiple cells simultaneously: Select multiple rows using shift-left-mouse-click or
control-left-mouse-click. In the column of interest, right-mouse-click and select Edit selected
row(s), select or enter the value, and click OK.

An example of a completed Samples tab is shown below:

Launch Workflow... Save Workflow... Save As Portable Workflow... Workflow Properties... Basic Options

Samples Sequences Processing nodes

Samples (drag and drop M5 files)
samples table | - 7
Sample Sample M5 file M5/MS search Digestion Condition ExchangeTime Replicate
name type
CaM_mapping_... Reference P:/PMI-Dev/Sh...
CaM_mapping_... Reference P:/PMI-Dev/Sh...
apo-0s_1_01_769 Reference P:/PMI-Dev/Sh... apo o
apo-0s_1_01_770 Reference P:/PMI-Dev/Sh... apo 0
apo-30s_1.01_772 Reference P:/PMI-Dev/Sh... apo 30
apo-30s_1_01_773 Reference P:/PMI-Dev/Sh... apo 30
apo-60s_1_01_775 Reference P:/PMI-Dev/Sh... apo 60
apo-60s_1.01_776 Reference P:/PMI-Dev/Sh... apo 60
apo-14400s_1_0.. Reference P:/PMI-Dev/Sh... apo 14400
apo-14400s_1_0... Reference P:/PMI-Dev/Sh... apo 14400
holo-0s_1_01_797 Reference P:/PMI-Dev/Sh... helo 0
holo-0s_1_01_798 Reference P:/PMI-Dev/Sh... hole 0
holo-30s_1_01_... Reference P:/PMI-Dev/Sh... holo 30
holo-30s_1_01_... Reference P:/PMI-Dev/Sh... helo 30
helo-60s_1_01_... Reference P:/PMI-Dev/Sh... hole 60
holo-60s_1_01_... Reference P:/PMI-Dev/Sh... helo 60
holo-14400s_1_... Reference P:/PMI-Dev/Sh... helo 14400
holo-14400s_1_... Reference P:/PMI-Dev/Sh... hole 14400
Add sample | |Remove sample(s) Add column...  Remove column...

Close

Figure 4: Completed Samples tab

Sequences Tab

The Sequences tab allows the user to enter a protein sequence either by adding a FASTA file or by

typing it

in directly:
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Launch Workflow... Save Workflow... Save As Portable Workflow... Workflow Properties...

Samples Processing nodes

Basic Options i

Proteins (drag and drop FASTA files)

Protein Protein Protein
name alias name sequence

Browse for FASTA file... Add row... Remove selected

Create Project...

Figure 5: Sequences tab

To add a *.fasta or *.fa file, click Browse for FASTA file, locate the file to be added and click Open.

FASTA files also can be dragged into this dialog directly. An example of a sequence added from a
FASTA file is shown below:

Launch Workflow.. Save Workflow.. Save As Portable Workflow... Workflow Properties... Basic Options

Samples Seguences Processing nodes

Proteins (drag and drop FASTA files)

Protein Protein Protein
name alias name sequence
mVP35 - M... GHMSKPNLSAKDLALLLFTHLPGNNTPFHILAQVLSKIAYKSGKSGAFLDAFHQILSEGENAQAALTRLSRTFDAFLGV...

Browse for FASTA file.. Add row.. Remove selected

Protein Annotations T Textfilter ©-

Protein Start Length Annotation
name AA 9 value

Import CSV... Export CSV... Add row Remove rowl(s)

[ Create Project...
Figure 6: Sequences tab with protein added from a FASTA file

Processing nodes Tab

The Processing nodes tab is where the user sets experimental parameters.
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Launch Workflow... Save Workflow...

Samples  Sequences | Processing nodes

Save As Portable Workflow...

Workflow Properties...

Basic Options ~

MS/MS Ids (Byonic)

% Deuteration Analysis

* General

> Protein database options
> Instrument Parameters
> Digestion

> Modifications

> Glycans

> Inclusion

> MS/MS Filtering

> Spectrum Input Options
> Peptide Output Options
> Protein Output Options
> Multicore options

> Wildcard

> Report

> General N

> In-silico options (CSV import)
> MS extract options

> Advanced

> Report

> Ul Configurations

> Feature Finder

> XIC

Figure 7: Processing nodes tab

Create Project...

The left side of the Processing nodes tab holds parameters for the MS/MS database search for peptide
identification. The right side holds parameters for the % deuteration analysis of the MS* data. Most of
these parameters are described in 02 PMI Byos Manual.pdf in the PTM > Processing nodes section. A

few parameters are critical to HDX.

2,

Launch Workflow... Save Workflow... Save As Portable Workflow... Workflow Properties...

Advanced Options +

Samples Sequences Processing nodes
MS/MS Ids (Byonic) % Deuteration Analysis
+ General # | ¥ General ~
Samples *mapping* Samples =
Results Folder Name Byonic ~ In-silico options (C5V import)
* Protein database options In-silico peptides CSV
Add Common Contaminants — No * In-silico options (both)
; Add Decoys ~ Yes Skip if in-silico peptide is duplicate of M52 ~" Yes
* Instrument Parameters ~ MS extract options
Precursor Mass Tolerance 20,00 ppm Relevant Peptides All types
Fragmentation Type QTOF / HCD M/z Window (ppmj) 40,00
Fragment Mass Tolerance 1 20.00 ppm Apex Search Window (minutes) 0.50
Fragment Mass Tolerance 2 20.00 ppm XIC Area Window (minutes) 0.30
I Recalibration (lock mass) MNone | 0 1800
~ Digestion Isotope 1 3000
Cleavage Site(s) 2 5000
Cleavage Side C-terminal ~ Advanced
Digestion Specificity MNeon specific (slowest) Enable Lock-Mass Calibration — No
Missed Cleavages 2 Lock Mass (m/z) 1221.990637
« Modifications Mass Tolerance (ppm) 250.00
% Custom modification text below Centraid Smoathing Width 0.02
Madifications use_feature_finder = 1 Elution Prediction Score Min 300
Compute Fragment Coverage " Yes

Figure 8: Critical HDX parameters marked in gold, instrument-specific parameters marked in green

Critical Parameters

The parameters that are required for HDX workflows are highlighted in gold in the figure above:

o Samples: Specify a text pattern that matches the undeuterated MS/MS data to be used for

database search but does not match the MS' data. For example, "*mapping**

can be used if all

of the undeuterated MS/MS data contain “mapping” in their file names but none of the MS' data
of the deuterated samples contain “mapping” in their file names. (Note: Edit the sample file
names to fit to this criterion before running the HDX workflow)
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o Mass tolerances and fragmentation type: Choose appropriate settings for the data.
e Time tolerances: If the run-to-run chromatography is highly reproducible, the retention time
tolerance can be decreased.

Parameters Specific to Instruments

The following three lock mass parameters (highlighted in green in the figure above) should be set for
specific instruments (e.g. Waters):

o Recalibration (lock mass)
e Enable Lock-Mass Calibration

e Lock Mass (m/z)

Predefined Peptides Without Byonic Database Search

For predefined peptides (i.e., in-silico peptide list), the left side of the Processing nodes tab should be
deleted (i.e., the Byonic search), and an in-silico peptides CSV should be specified. For an example file
showing the format, see C: \Program Files\ProteinMetrics\PMI-
Suite\ExampleData\ImportExample.Byologic.csv.

To remove the Byonic search from the Processing nodes tab, right-click in the MS/MS Ids (Byonic)
header and click Remove:

Launch Workflow... Save Workflow... Save As Portable Workflow... Workflow Properties... Basic Options -

Samples Sequences Processing nodes

— MS/MS Ids (Byonic) % Deuteration Analysis
= Expandall

Ge ® move General

Pre Z 5 In-silico options (CSV import)

Ins & TEname In-silico options (both)

Dit Create copy MS extract options

M Move right Advanced

Ghy Report

In¢ Load byparms ... Ul Configurations

Figure 9: Removing the Byonic Processing nodes

To add an in-silico peptides CSV file, expand In-silico options (CSV Import), click in the In-silico
peptides CSV cell, click the “...” button, navigate to and select the CSV file, and click Open.

Launch Workflow... Save Workflow... Save As Portable Workflow... Workflow Properties... Basic Options -

Samples Sequences Processing nodes

% Deuteration Analysis

General ~
~ In-silico options (CSV import)

In-silico options (both)

MS extract options w

Create Project...

Figure 10: In-silico CSV file selection

Save Workflow and Create Project

The customized workflow can be used as a template for future HDX runs. To save the workflow, click the
Save Workflow button, assign a custom workflow name, and click Save.
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To generate the project, click Create Project, assign a project name, and click Save.

Project Inspection

An example of a completed project is shown below:

LI I

0 Workflaws ' B mvP3s____ 0" mvP3s, report ",
Prejects table {doukle click to dock / undock] 1| P——
frie =1 Rawt Validate e
Harme Type VSO WS S2SEARC o etim Cond R e
Type  Id 5 AVL T 5o - 116,
Dataza1s, 1 0 47 AQULSKIAYKSGRSGA
1 1 a8 ACQVLSKIAYKSGRSCAFL
) A 4 au
- Apo 50 OVLEKIAYKECKSGAF
st skar
2 Apo 52 SKIAYRSGKSGA
" 53 GKSGAF
8 500 Apo o e
s s s
Protein Coverage Visw ] 3 oK S S AN
57 SKIAYKSGRSGARL
[p— s
Satmple pratein Proteinca | » 53 SKIAYKSGKSGAFLDAF

60 SKIAYKSGKSGAFLDAFHOILSEGENAQAAL
61 FLDAF

6 LDAF

63 LDAFHOL

62 LDAFHOILSEGENAQWAL

- 010_mYP25_204-320 w H3_900s 3 VP35 - Marburg Virus Protein 55 11D
114 mVF35 204-329 w H2 2600 @ VP35 - Marburg Virus Protein 35 10 ¢

- 016_mVP35,_204-320 w H3_14400s a mVP35 - Marburg Virus Protein 35 11D
002 mVF35 204 329w HS H1a VP35 - Marburg Virus Protein 35 10 1
3 5052 VP35 - hearburg Virus Protein 35 11D 1

6 oaF
6 A
67 DAFHOILSEGENAQAA.
&8 DAFHQILSEGENADAAL =013 S07 438,
s nion fde-0r 1 e 615 e 0z
XIC plats fdeuble click to dock ¢ undeck) & % lsotape plots idouble elick to dock / undiock] # x| Uptake plot {double click to clack ¢ undacky o
3 & + e + @ T & AwgeErier
crss s e
R H
7r—‘—-7 t
= ] o —
-
.
- L} 1] .
. ] M H [] .
_A
i
A
.
A
A
b
e s -
. 2 - . - L - .

Figure 11: HDX project

A good column sort can greatly facilitate inspection. Click on the column headers of the Peptides
table in the reverse order from the field sort priorities. For example, to generate the following sort:

e Start AA
e EndAA
e Condition
e ExchangeTime
then click on ExchangeTime, Condition, End AA, and Start AA, in that order.

Other columns that may be helpful to sort/filter are XIC area summed and PEP 2D.

The XIC plots, Isotope plots and Uptake plot all contain the Sync filtering and sorting icon . When
the icon is active in the plots, the plots_apply the same filtering and sort orders set in the Peptides table

for the selected record by clicking the ! filter icon:

Column Filters Editor for "Peptides” View n

Show rows where: Help Remove all
|C0nditi0n Vl |C0ntains V| |.-5.|:0 Q | ®
Select column V| | = V| | |
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Figure 12: Example filter applied to Peptides table records

By default, the Peptides table filtering is synced to all the plots:

IC plots double dlick to dock / undack) # % isotope plots (double click to dock / undock} # % |Uptske plot (double dlick ta deck / undock)
g Errer

e jiprrs T oy

Figure 13: Synced filtered plots

To un-sync the filtered plots, de-select the sync button (shown in the orange boxes above).

Uptake Plot

Uptake plots estimate the percent deuterium uptake of each selected peptide:

Uptake plot (double click to dock / undock) =)
B @ e & @ T
L.SAKDLALLL.F
k] B
5
a
5
3 o
#
40 —
20 —
[
7 e O
0 —
- T T | T T T T | T T T T [ T T T T | T
10 100 ExchangeTime 1000 10000

Figure 14: Uptake plot
“100% Deuteration" is defined by the number of amino acids in the peptide, minus the number of proline
residues, minus 2 (for fast back-exchanging N-term residues).

When a project is first opened, the Uptake plot’s default y-axis range is -15% — 115%. After performing
any zoom operations on the Uptake plot (e.g., zoom in, zoom out, pan, reset zoom), the default zoom can
be restored using advanced commands, as described below.

The behavior of the Reset zoom button (1:1 button) can be altered with an advanced command that fixes
the y-axis range. For example, if you use the following advanced command:

[XY]
YRange = 0,50

and then you press the Reset zoom button (1:1 button), the plot’s y-axis range becomes 0 — 50.
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To restore the default y-axis range (i.e., the y-axis range when you first opened the project), use the
following advanced command:

[XY]
YRange = -15,115

and then you press the Reset zoom button (1:1 button). To add an advanced command, choose Edit >
Advanced configuration:

Advanced configuration X

Advanced configuration (from project creation):

[HDX]
IsHDXProject=1

Advanced configuration (editable):

[HDX]
IsHDXProject=1

oK Cancel

Figure 15: Advanced commands in the Advanced Configuration dialog

The y-axis variable can be changed by clicking on the " icon.

Plot Settings x |

ror pla =
E General
— General X-axis ExchangeTime
| Zoom options E .
n 731, Y-axis ‘% deuteration
|% deuteration |
| Center of m/z shift -
| Center of mass shift ,'E'I‘
|
|
|
| L.
183 | N
i of b d
OK Cancel
300, 00 v
Uptake plot (double click voiask £ undock) =)
A Y
L.SAKDLALLL.F
_ 60 —|
#
]
] .
2
5
3 [ ]
*®
40 —
L ]
e
20 —
]
1 e ©
o -
T T T T T T T T LI | T T T T T
10 100 ExchangeTime 1000 10000

Figure 16: Changing the y-axis variable

10
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The x-axis variable cannot be changed (it is always ExchangeTime). Y-axis options include %
deuteration, Center of m/z shift, or Center of mass shift. The Zoom options section controls the
same zoom and scrolling options available for other plots.

Isotope Plots

Isotope plots (double click to dock / undock) =3
-1} +) w oﬁ:— v
120e+1 — L.SAKDLALLL.F
H
A 1
H
7] ] 2 . . l | | L Apo 0 - t=6.24 - 6.42
- )
1
1.00e+1 — H
: | PN N I I L . L Apo10-t=6.15-6.33
— 1
H
. i ! S 1]_‘_1_111‘ | ,Apo30-t=6.10-6.29
SDOE+O_—4_K_LF_[_‘
H
: o o | I l I I L s 4 L ,Apo60-t=6.05-6.23
= []
1
1
z : H
M f L l I | Apo 360 - t=6.11 - 6.30
€ 6.00e+0 — P . - A |
[ H
T [
m H 1’ P [ L L H3 0 - t=6.05 - 6.23
- Dl
1
: 14
4.00e+0 —| H
I J_I e . | L L H3 10 - t=6.08 - 6.27
i .
1
—_ 1
H
. I _._I o . | l [L L L H3 30 - t=6.08 - 6.26
D1
2.00e+0 — :
1
i I j_I S | l U L, .. H360-t=6.06-6.24
_ -
;
;
1 o i 1
H ) S 1 L , H3360-t=6.10-6.28
0.00e+0 — T T T I T T T T I T T T T I T T = T T I T T T
945 950 mz 955 960

Figure 17: Isotope plots

The magenta dotted lines show the center of m/z, and the dots on the peaks show the isotopes used to
calculate the center of m/z. Show/hide of either of the magenta dotted line and/or the dots can be

configured by clicking on the *.* icon.

Plot Settings X

Annotations

General
Annctations ‘
Zoom options

8 Show center of m/z

8 show isotopes used to compute center of m/z

OK Cancel

11
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Figure 18: Isotope plot Annotation settings

XIC Plots

The XIC plots show the time range over which the center of m/z analysis was performed:

XIC plots (double click to dock / undock) =

i +) ) o?-p

120641 —| L.SAKDLALLL.F

Apo 0 -iso 1

1.00e+1 —
o Apo 10 -is0 2

| Apo 30 -iso 3

/|
A
/|
'
A
A
A
A

Apo 360 - iso 4

6.00e+0 —

H30-iso1

4.00e+0 — R
H310-iso 1

H3 30 -iso 1

2.00e+0 —

H3 60 -iso 1

H3 360 - iso 1

0.00e+0 —

Figure 19: XIC plots

Curating Peptides

Poor peptides can be excluded by marking them as false positives in the Peptide table’s Validate column
(or by using the keyboard shortcut Ctrl+F). Then apply a filter to exclude all false positives.

12
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Peptides = T8 | 4.

Row# PID
9 122;127; 300; ... 24
10 186; 154; 156; ... 25
1 155; 160; 302; ... 25
12 6;349; 474;59... 60
13 91;94; 350; 47 61
14 138; 351;476; ... 62
15 195; 199; 353; ... 63
16 193;198; 215; ... 63
17 201; 204; 312; ... 34
18 266; 254; 257; .. 35
19 227, 332: 457; .. 47
20 197; 200; 333; ... 48
21 202; 334; 459; ... 48
22 189; 336; 461, ... 49
23 187; 194; 335; .. 49
24 24R D51-252 &0

”?‘:'D‘ :i:ﬁ:}ﬁ PT:‘S Ms2 ‘?fmh Qry# Validate Comment Labels

24 123456.. 1

25 1,2 3456.. 1

25 12 3456. 1

60 123456.. 1

61 L2456 1

62 123456 1

63 123456.. 1

63 1,2,3456.. 1

34 1234:56. 1 True-positive ‘
35 123456 1 Uncertain

47 L2456 1

48 123456 1

48 1;23,456.. 1

49 1,2,3456.. 1

49 1RES Tk R 1

50 121456 1

Figure 20: Marking a peptide as a false positive

Click the Search filter button and check False-positive under Show:

&3

Peptides |E

Row#

> 46
> a7
> 48
> 49
> 50
> 51
> 52
> 53
> 54
> 55
> 56
> 57
> 58
> 59
> 60
> 61
> 62

ce Valid XIC area XIC
(unforma aldate ppm 2 cummad AllC
AQUL @ Search filter
AQVLSKIAYKSGKSGA Peptide filters  Peptide type filter
AQVLSKIAYKSGKSGAFL
QvL Minimum score (MS2 search): 15
QVLSKIAYKSGKSGAF Minimum alt_rank_score/primary_rank_score: 0.99
SKIAY Maximum precursor m/z error (+ ppm): 10
SRASIESER Maximum retention time deviation (+ mins): 190
SKIAYKSGKSGAF Y o o
SKIAYKSGKSGAF inimum ratio percent:
SKIAYKSGKSGAF Minimum modification mass shift: 0
SKIAYKSGKSGAFL . .
Show Peptide grouping method
SKIAYKSGKSGAFL
SKIAYKSGKSGAFLDA True-positive @ False-positive
Separate charge states ~
SKIAYKSGKSGAFLDAF Uncertain Unassigned
SKIAYKSGKSGAFLDAFHQILSECQ
FLDAF Load Preset.. Save Preset... Ok Cancel
LDAF - - e

Figure 21: Filtering out false positives

Updating Plots With Custom XIC Time Range

To change an XIC time window for a peptide of interest, select only that peptide row (e.g., peptide of a
specific sample). In the Peptides table, expand the tree view and select a single peptide (the XIC plots

pane as well as the Isotope plots pane should each display a single trace). Then, in the XIC plots pane,

Score
Rank

Calc.
m/z

. 430....

804....
934...
359...

| 842....

581....
598....

| 672....
| 448..

1343

| 728....
| 486....

821...
895....
1084...
612....
465....

Obs

m/z
430.26!
804.45!
934.53!
359.22i
84247
581.32!
598.83!
672.36!
448.58;
1343.7
728.91
486.271
821.94.
895.47i
1084.51
61230
465.23

Text filter P~

_prot.id

- oo © © = = =

<A

hold down the shift key and with the mouse key depressed, drag across the desired time window. A black
horizontal bar will indicate the selected time range.

13




HDX User Guide v5.12

Dotmatics

dp Protein Metrics

Projects table (double click to dock / u... &

Project |§ 18/ D
Protein X ares xc XC ApexTime  MS Mod Vor.Pos. Var.Pos St End  PEP
Text filter P+ Rowt o name. Sequnce summed AUC Ratio% (Posit) Akas name Summary ;|| Volldons) s Lohel, Proten AL AA 20 1000w
o 3| Bl 9,87:86;590:279;... splPISOTBTK.... EYMANGCLL 321646 0000e+0-3171e+5 371-387 WICCCGDA. 1 476 42 2183
Neme 2 436: 143,232 343, . spiP35991[BTK .. MWEIYSLGKMPYERF.T 319e+6 0.000e+0 - 3.208¢+5 527 - 544 WTCCCGIDA. 3 588 601 210e5
v ] WICCCGIDAS 3p0 UND1 avll? B 58; 526: 229,650; 7... spiP3S9ONBTK .. MYSCWHEKADERPSFK 31546 342-362 WICCCGIDA. 3 631 644 126e3 o
« N 34 52: 53 135: 219; 64.._splP3SNBTK... LVNDQGVVKVSDFGLS 305e-6 461- 478 WICCCGIDA.. 2 529 542 8405
v 24:105:186:625. 7. spiPISOSBTK ... LUIVHKLSY.Y 29%.6 284-314 WICCCGIDA.. 2 2 39 s3ed
B T . i 351 2% spiP3SOO1[BTK.... LLTVHKLSY.Y 3995 n WTCCCGIDA.. 2 2 39 oo i
Protein Coverage | (L) 352 105 SpIPISIDNBTK ... LLIVHKLSY.Y 3185 302 WICCCGDA. 2 2 3 oowst ||§
S 7 33 65 SPIPISOOBTI . LUTVHKLSYY 28te5 288 WICCCGDA 2 2 3 i
prehey 384 186 plPISOONBTK_.. LLTVHKLSY.Y 25645 288 WTCCCGIDA.. 2 2 39 0o .
Currently checked spIP3SI9TIBTK N, 355 728 spIP3SOONBT.... LLTVHKLSY.Y 238e+5 201 WICCCGIDA.. 2 2 3
WTCCCGIDAS _spo_UND?  sp|P3S991)BTK A 356 880 spIPISIOTBTK ... LLTVHKLSY.Y 217e+5 201 WTCCCGIDA-. 2 2 39
WICCCGIDAS spo_UND2 spiP3S99TIBTK 200000
WICCCGIDAS spo_UND3  splP3S991[BTK A 358 84 SpIPISOOTBTK .. LLTVHKLSY.Y 20545 205e+5 289 WTCCCGIDA.. 2 2
WICCCGIDAS apo_UNDA. pP35391]BTK N 389 133 SPIPISODNBTK .. LLIVHKLSY.Y ) 0 284 WICCCGDA. 2 2
'WTCCCGIDAS apo_10s_1  splP359911BTK A Y 3510 1488 spiP35991BTK ... LLTVHKLSY.Y 297e+5 297e+5 288 WTCCCGIDA.. 2 2 39 v 0.000es v
< il | > (<>
* | X1 plots (double chick to dock / undock) & Isotope plots (double cick to dock / undock) & Uptake plot (double click to dock / undock) L]
MAAVILES I¥ LKRSQOKKKT SPLNFIGRLE T &l a ¢ 0 0% ale ¢ @ O
s ] P12 LTS, Cotr v s027045 Jrowmsey
Select new time range -
sont
o]
cion 2%
i i ’
:
g H
3
L
aoes
§ 5]
20001
ITCVETVIPERNPPPERQIPRRGEESSEME
o
v PP, g0 600 - 504,22 A h]l l
fases T T T ey T T T T T T ¥
£ > 2 '§ . - - 10 100 EchengaTime 1500 10000

Figure 22: Selecting a new XIC time range

Upon releasing the mouse button, the Isotope plot and the uptake plots will update to reflect the new time

range selected in the XIC plot, as shown in the figure below:
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Figure 23: Updated plots to reflect new XIC time range

The change is immediately saved to the project. Note that an uptake plot exists for “deuterated samples”
only. NOTE: Instead of shift/drag option, the same mode can also be enabled by selecting Inspection

(this icon only appears after selecting a single peptide from a single sample from the tree
view). When selected, Inspection mode allows the user to mark a range within a XIC plot to inspect the

mode icon

Isotope plots for that range.
To revert the change, click the Undo button or select Undo from the Edit menu (see figure below).
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E = 0B

Undo Update Peptide (PID=1237, Sequence (unformatted)="AQVLSKIAYKSGKSGAFL", 2=2, XIC Start=4.9457, XIC End=5.9583) XIC time range from (4.94571 - 5.95834) to (4.59591 - 5.00536) |

File [Edit | Window Server Help

% Undo Update Peptide (PID=1237, Sequence (unformatted)="AQVLSKIAYKSGKSGAFL", z=2, XIC Start=4.9457, XIC End=5.9583) XIC time range from (4.94571 - 5.95834) to (4.59591 - 5.00536)

Reporting

Figure 25: Revert change with Undo from Edit menu

Figure 24: Revert change with Undo button

Morgan Vasas (Editor)
Ctrl+Z

While the HDX project inspection view is designed for inspecting peptides in detail one at a time, the
Report tab is designed to show information about all peptides in aggregate. The HDX workflow uses a
specialized report template designed for their unique features (the file is found in File > Presets > Report
presets > Blgc_HDX.rptc). The report tabs include:

e Protein Map — shows a peptide-level view

e Heatmap - shows a residue-level view

e Protein 3D - If the protein’s 3D structure is known, the residue-level data can be overlaid onto
the 3D structure

e Uptake plots — shows all the plots (uptake plot, MS? plot, MS" plot, XIC plot) all at once, allowing
for convenient export of all plots to PDF

The reference condition is the first non-null condition in the MS data list (as specified during project

creation).

Protein Map Tab (Peptide-Level View)

In the Protein map visualization, each horizontal line represents a peptide:

Help

] 5 -

£ Workdloms T wWP3s_eport £

He [t Tobe

5 mvpss

B Sron contgursian
Protein Map *

W PROTEIN

Protein Map
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200 oum. ~
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Cale. v
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Center of méz =
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oy st e m clpbeerd | Find: [ Erver et

Heatmap *

-

Protein 3D *

Average
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Sequence (unfarmatisd) ~

-
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Figure 26: Peptide-level protein map
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X-Axis

The protein residue number and sequence are on the x-axis. For long sequences, the window should be
made wider.

Current tab settings x
Chart settings: a
Font size of axis: 102
7 Label orientation: 90 2

Show line equation on chart
Show R2, slope and intercept

“ Auto resize chart to window
847 Height: 661
Grid lines
Custom y range

Numeric axis

Color settings:

Avg 10,60,600,3600,14400-CGI - Ap #FF0000
0:

Ok Cancel

Figure 27: Resetting the chart width for long sequences

Y-Axis

By default, the y-axis shows the difference in % deuteration between two conditions averaged over all
exchange times. % deuteration alternatives can be center of m/z shift or center of mass shift.

Filtering

The plot legend (or which Exchange time or conditions are visible) can be adjusted using the following
user interface controls:

e Exchange time

e Condition

Protein Map * Heatmap * Protein 3D * Uptake plots *

M PROTEIN METRICS

Average
Trwielin B . ET— ExchangeTime 7 B | || Condition ~T &
% deuteration ~ Start AA £
B
T End AA ~ 3
_arp num nd AA z
®
_mod ids ~ Sequence (unformatted) = o -fg —

orot id ~

Figure 28: User interface controls for adjusting the y-axis variable
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Visualization Types

An alternative visualization to the Protein Map is the Bar Chart, where each bar represents a peptide,
and the bars are ordered from N-terminus to C-terminus. Note that only the relative position of the bars is
meaningful; the distance of the bar along the x-axis is not meaningful in the peptide-level view bar chart.

e b Windew Pl

el REIGE.
{7 Wrorkdoms 8 wvPES_ [ £ m¥P35_peport £
et Iabs

B Shew eniursizn oy vt table o hpbosrd b [sreor P 4
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g e,
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Bar Chart . o deeEation . Exchangelime ~T B Candirion -7 &
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2p oum. ~ End AA -
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| ([T e i
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Figure 29: Peptide-level bar chart

Heatmap Tab (Residue-Level View)

Woods plot Heatmap * Protein 3D * Uptake plots *

@ Protein Metrics

R | Average v
Col Heatmap v| (55 deumras
TS v -

Colorby: % deuteration __~] eueretion ExchangeTime =T | Condition =%

% deut . = StartAA. ExchangeTime — Avg 10.30,60.360.900,3600.14400 I
o deuteration ~ art ~
Condition —
H3-Apo HS-Apo
_grpoum ~ EndAA ~ Residue

_mod ids ~ Sequence (unformatted) ~
_prot_id ~

Apex Int. (Posit) ~

3
4
H
6

Apex Time (Posit) ~
Byonic Comment ~
Cale. m/z ~ 28

Calc. time Var (min) ~

BIB|B|IB
sla|a|a

Cale. time Wild (min) ~ -

Figure 30: Residue-level heatmap

X-Axis
Same as the peptide-level view.
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Y-Axis

Same as the peptide-level view, except the calculation is done for each residue by averaging over all the
peptides that include that residue.

Visualization Types

The default visualization type is the heat map, but interesting alternative visualization types include the
Bar Chart and the Line Chart.

Woogs plat *

@ Protein Metrics

Heatmap *  Pretein 3D " Uptake plats *

|Average ~|
(b dewteravon  »| pcpomgerine <72 | Condiion < B¢

Figure 31: Residue-level bar chart
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Figure 32: Residue-level line chart

For the residue-level bar chart and line chart, it is best to enable the numeric X-axis. To do so, chose Edit
> Current tab settings, and check Numeric X-axis.
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Current tab settings %
Font size of axis: 102 -
O Label orientation: 90 :

0 Show line equation on chart

O Show R2, slope and intercept

Auto resize chart to window

Width: [1052.34 Height: |1163
0 Grid lines

() Custom y range

Numeric x-axis !
X-axis: O Log scale
Y-axis: [J Log scale

—Calar eatrinAer

Figure 33: Numeric X-axis

Protein 3D Tab

Woods plot * | Heatmap * | Proteln 30 * | Uptake plots *

@ Protein Metrics
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Figure 34: Protein 3D structure (gray regions of 3D plot indicate values near 0, as shown in legend)

The calculations and user interface controls for % deuteration alternatives, exchange time, and condition
are identical to the residue-level view.

A new 3D protein structure (PDB) file can be added by choosing Edit > Edit PDB in the main menu (see
figure below) and selecting a PDB file from your local device:
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File Edit Window Server Help

L} Undo Ctri+Z
(@ v Redc trl+Y |
File
B Label Manager.. Ctrl+M
®s| -
£+ Search Filter... Ctrl+R

Show undetected digest peptides in report
Attach Report Configuration..

In-silico Peptides >
Feature finder.. |
Add MS file(s).. i

Enable Deamidation Quantification
Protein annotations...

Show project creation options...

Show Byos project creation options.

Advanced configuration...

Adjust colors... H
Adjust MS paths...

Edit PDB...

Figure 35: Changing the PDB file

Once a new PDB file has been added, click on Tabs > Update tab content in the Report menu to view
the new PDB structure in the drop-down menu.

To adjust the alignment, click Edit > Current tab settings > Add chain configuration (within Protein 3D
settings) that opens a Add chain configuration pop-up dialog where Position offset field for the
selected chain can be adjusted.

File JEcil] Tabs
" Show canfiguration Copy pivot table to dlipboard | Find: -
Woods plot  *  Heatmap * Protein 3D * | Uptake plots *
Sh
Add chain configuration

Prc  position B

ch o
Chain name: | [A -
Chain field: Residus B 1

Soallvaluss & single value: |1 7] :

Pasitian offsat [

Ma .
Color -
Coler range Value Color
Minimum: @ Use data min [épeBare ] :

Fre ¥

- | Intermediate: 0.00 J [#EBERER ] .
Maximum: B Use data max 274801 u
Coler range count: 255 % 5
Use an absolute min/max Add color T

Edi . el "
Valug out of range color #FFFFFF -

Figure 36: Aligning Sequence to Protein 3D structure

Uptake Plots Tab

Uptake plots estimate the percent deuterium uptake of each peptide. Each colored dot represents a
sample. Also provided are the MS?, MS", and XIC plots. Options for plot rescaling and the order can be
set using the Resize plots checkbox and Plot scaling %.
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File Edit Tabs
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Figure 37: Plots

Managing ExchangeTime and Condition Values

Loz - Scan 422,2=1

" isﬁm 450,2=2

The Include/Exclude checkboxes determine which exchange times or condition values are included (e.g.,
in the average), The Show/Hide checkboxes determine which columns are shown.

ExchangeTime (8) ExchangeTime (18)
Select Al Select None Select Al Select None
contains contains -
T'ype of filters ¥ Include/Exclude I'ype of filters & Show/Hide -

Exact include mode:

10,30,60,360,900,3600,14400 ( Dynamic

0(492)
#10(369) 10(369)
30 (369) 30(369)
260 (246) 60(246)
2360 (2169) 360(369)
2900 (246) 900 (246)
Z3600(369) 3600 (369)
214400 (369) 14400 (369)

ZAvg

Standard Dessiotion 10
<
Apply  Cancel

)

>

Figure 38: Include/Exclude and Show/Hide for ExchangeTime

Like the exchange times, one can filter on the conditions of interest.
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Apply
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Figure 39: Include/Exclude and Show/Hide for Condition
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