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1. Introduction

RoWinPro is intended for an automated rolling windows deconvolution analysis of
intact protein mass spectra that were recorded following separation of the sample
e.g. on a C4 column. It is particularly useful for the analysis of complex protein
mixtures of purified protein complexes or cell extracts. Most commonly, there are
more species than peaks in the total ion current chromatogram in these samples
which makes the detection of all species by manual selection of spectra challenging.

The program therefore facilitates an automated, comprehensive data analysis that
covers all spectra, and provides data for an intuitive visualization of the results in the
form of a ,sample map®. This map plots all detected protein masses over their
respective retention times, with data points being color-coded according to the
deconvolution intensity. Groups of data points with the same mass can then be
clustered to describe the number of species in the sample. Moreover, overlay of
sample maps allows the qualitative comparison of these samples and enables the

analysis of sample integrity.

The analysis provides insights e.g. into the presence of truncation products, or the
stoichiometry of post-translational modifications that are hard to obtain through
conventional peptide-based mass spectrometric methods.

For each data file, a range of scans to be analyzed must be given. RoWinPro then
carries out the following two steps for all sets of scans (,windows*) to be analyzed:
1. Extract averaged spectra from a specified Xcalibur raw-file.

2. Run the Promass Znova deconvolution program on these spectra

After completion, all data are compiled in a single table that lists the Promass results

and allows for subsequent visualization or further processing (e.g. clustering).
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There are three different modes implemented for the selection of sets of scans
(,windows*) to be analyzed. These are schematically depicted in the following figure

with an exemplary ,window size“ of 10 scans.

Sequential window mode
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* Sequential window and overlapping window mode allow for a rather fast data
analysis, that is particularly suited for the analysis of data from ion trap
spectrometers that have a high scan rate and require a higher number of

scans (typically >30) to be averaged for analysis.

* The rolling window mode enables the deconvolution of all sequential sets of
scans. This mode is particularly suited for the analysis of data generated on
FT-ICR spectrometers with low scan rates. It is also recommended when low
abundance proteins are to be detected since it avoids any bias that could arise
from an unsuitable averaging of scans. However, this mode has the longest
analysis times, depending on the CPU performance of the computer.

See the scheme on the following page for a representation of the workflow of a
proteasome sample.
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Schematic representation of the workflow and follow-up analysis options:
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2. System Requirements & Installation

System Requirements:

* RoWinPro is compiled for Windows and has been tested under Windows 7
and Windows 8 (both 32 and 64 bit).

* _.NET Framework from Microsoft at Version 4.5.1 or higher is required.

* For data handling, Xcalibur 2.2 or higher including the Xcalibur developer kit
(XKD) are required, which can be obtained from Thermo Scientific.

* RoWinPro requires a licensed copy of Promass for the deconvolution step
which can be obtained from Enovatia:
http://www.enovatia.com/products/promass/promass-download/

Raw data

* RoWinPro works with data files of the 'raw’ file type as generated by Thermo
Scientific mass spectrometers. There are programs available on the internet
that convert other data files into the 'raw’ file format (e.g. OpenChrome).

* The software extracts consecutive full scans for averaging and further
processing. The software can therefore also be used to analyze full scans
from data files that contain more than one analysis step (e.g. MS? in top down

experiments).

Installation

* Visit www.oc2.ch.tum.de, click on “Research“ and then on “RoWinPro*

* Download the latest version of “RoWinPro.zip“ and unzip it at any location on

your hard drive — the exact path is not important

* There is no installation process necessary, simply click on “RoWinPro.exe" to

start the program

* If you would like to use RoWinPro in command line mode, use “rowinpro-

cmd.exe”.
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3. RoWinPro Analysis Procedure

This tutorial shows how a .raw file is analyzed by RoWinPro.

* Open the program by double-clicking on RoWinPro.exe
(=16 [

<« Lokaler Datentrager (C:) » RoWinPro » v | ¥4 | RoWinPro durchsuchen

Organisieren v Offnen Brennen Neuer Ordner =~ 0 @
i‘ Name . Anderungsdatum Typ GroBe
o init 09.11.2014 16:53 Dateiordner
%] Axdnterop. XRAWFILELib.dIl 27.10.2014 21:55 Anwendungserwe... 23KB
) Interop XRAWFILELib.dll 27.10.2014 21:55 Anwendungserwe... 21 KB
] logbt 09.11.2014 16:53 Textdokument 0kB
] ProteinScanLib.dll 09.11.2014 16:52 Anwendungserwe... 32KB
B ProteinScanLib.pdb 09.11.2014 16:52 PDB-Datei 48 KB
’ @ RoWinPro.exe 09.11.2014 16:52 Anwendung 50 KB
|7 RoWinPro.exe.config 27.10.2014 21:51 CONFIG-Datei 1KB
=] RoWinPro.pdb 09.11.2014 16:52 PDB-Datei 32KB
[57] RoWinPro.vshost.exe 09.11.201416:53 Anwendung 24KB
7] RoWinPro.vshost.exe.config 27.10.2014 21:51 CONFIG-Datei 1KB
|| RoWinPro.vshost.exe.manifest 17.03.2010 20:39 MANIFEST-Datei 1KB
RoWinPro.exe Anderungsdatum: 09.11.2014 16:52 Erstelldatum: 09.11.2014 16:53
Anwendung GroBe: 49.5 KB

* (1) Click on “Add” at the top right corner to add a new job. (2) Select the .raw-

file to be analyzed. This must be at a path were data can be written (e.g. no

read-only network drives). (3) Click “Open”.

@ RoWinPro
Common Parameters
B a JobID Fie Name
@ Offnen
& ()=[) » Computer » LokalerDatentrager (C) » dato [ 43| [ data durchsuchen
| Organisieren ~ Neuer Ordner = 0 @

Name . Anderungsdatum  Typ GroBe

(1] YCP.raw 03.07.2013 19:01 Xcalibur Raw File 445,884 KB

einame:

Notifications:

* The RoWinPro GUI consists of three main parts: A list of parameters on the

left, a list of jobs on the right and a notifications box at the bottom.
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Common Parameters

AI (=

=

4 Common Settings

‘ Logfile C:\RoWinPro\log txt
Number of parallel processes 4

ZNova path C:\Program Files (x86)\ProMassXcali\ZNova\xznova.exe
4 Job Settings
Analysi: First Scan 700
Analysis: Last Scan 2200
Background: Fist Scan 1
Background: Last Scan 10
Inpus fle path C:\data\YCP raw 2
Number Of Scans 27
Output fie path Ci\data
Processing Mode Rolling Window Mode
Window Size 10
4 Job Settings — ZNova parameters
Frstmz 500
Lastme 1800
Protein mass range from) 18000
Protein mass range {to) 36000
4 Job Settings — ZNova parameters (advanced)
Verge
Min Score
Noise Mut
Nomaize Scores
Num Smocths
Peak Width
Remove Baseine
Smooth Width
Threshold

ONOWN=NND
N

Analysis: First Scan
First scan to be analyzed

Notifications:

Concel || [ St || B2 ]
——J

(1) Select the job that you would like to configure by clicking on the Job ID in

the list of jobs on the right which will then turn blue.

(2) Configure parameters as needed (see below for a detailed list of
parameters).

If you want to analyze multiple samples, or the same sample with different
parameters, add jobs to the list with the “Add” button.

(3) Once all jobs have been configured, start the analysis by clicking “Start” in
the bottom right.

(4) You can track the status of the job in the “Status” column in the Current
Jobs list on the right. Once the field shows “Finished”, a results file has been
generated at the path under “Output file path”. Its filename consists of the
name of the .raw-file, followed by “ Job_X results.csv”, wherein X is the job
ID. Please note that while the analysis is running, no job can be added to the

queue.

Remove old jobs from the queue, before you start new jobs, otherwise they

will be executed again (which is intended for an easy correction of mistakes).
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4. List of parameters

Log file

Path of a log file which records the processing of all jobs.

Number of parallel processes
This number is detected from the number of CPUs available. Deconvolution

will be carried out in parallel if > 1.

Znova path

Path to Znova.exe (which is part of Promass from Enovatia).

Analysis: First Scan
The analysis starts from this scan in the .raw-file. Select a suitable analysis
range by looking at the total ion current of the .raw-file in Xcalibur.

Analysis: Last Scan

The analysis ends at this scan in the .raw-file.

Background: First Scan
For spectral averaging, a background signal must be established. Specify a
representative range of scans in the raw file where no protein was measured.
Default settings for a window size of 10 are scans 1 to 10. Make sure that no
protein was detected in these scans; otherwise adjust the background scan

range.

Background: Last Scan

See above

Input file path

This field specifies the .raw file to be analyzed.

Number of Scans

This field gives the number of scans that have been detected in the input file.

Output file path

This field specifies where the results file will be generated.
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Processing Mode
Select between “Rolling Window Mode”, “Sequential Window Mode” and
“Overlapping Window mode”. See the introduction in this document for a visual

depiction of these modes.

Window Size
This field specifies the window size, i.e. the number of sequential scans that

are averaged for analysis.

First mz

Specifies from which m/z value onwards the spectra are deconvoluted.

Last mz

Specifies until which m/z value the spectra are deconvoluted.

Protein mass range (from)
Gives the minimum protein mass in Dalton that can be detected (Promass
parameter).

Protein mass range (to)
Gives the maximum protein mass in Dalton that can be detected (Promass
parameter).

Znova parameters (advanced)

See the documentation of Promass available at
http://www.enovatia.com/downloads/presentations/ProMass_training_slides.pdf

for a detailed description of these parameters.
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5. Plotting data

The following tutorial shows how a sample map can be created by plotting the

RoWinPro results in Microcal OriginPro 9.1. Any other data plotting software may of

course be used.

* Open OriginPro 9.1 and select File -> Import -> Import Wizard

3] OriginPro 9.1 32-bit - \psfiHome\Docume:
[ File | Eit view Plot Column  Workshe
: New »

Open... -0
Open Excel.. ctil-E
Open Sample Projects »
Append...

Close

B save Project ctrl=s
Save Project As...
Save Window As..
Save Template As..
Save Workbook As Analysis Template...
Batch Processing...

Save Project without Data...
Duplicate Project without Data

& print.. Ctri+p
Print Preview
Page Setup...
Import »
Recent Imports »
Re-Import Directly ctri+4
Re-Import...
Database Import »
Export >
Recent Exports »
Recent Books »
Recent Graphs »
Recent Projects »
Exit

Import Wizard... Ctri=3
Single ASCII ... F
Multiple ASCIL...

Comma Delimited (CSV)...
Excel (XLS, XLSX, XLSM)...

Thermo (SPC, CGM)...
PCLAMP (ABF, DAT,AB?)...
Princeton Instruments (SPE)...
Sound (WAV]...

NetCDF (NQ)...
CDF (CDF)...
HDFS (HS, HES, HDFS)...

NIDIAdem (DAT)...
NITDM (TDM, TDMS)...
Famos (DAT, RAW)..

ETAS INCA MDF (DAT, MDF)...
190rPro (PXP, IBW)...

Prism (PZFX, XML)...

Matlab (Mat)...

Origin Project (OPJ...

Customize...

* Select the RoWinPro results file (XXX_Job_X_results.csv) and click through
the wizard. Make sure that ,tab“ is selected as the delimiter separating the

columns.

Import Multiple ASCI
port Multp

Lookin: )| data
Name

[ loglog

- 0 E
Anderungsdatum  Typ
021120142029 Tedtdokur

{LIYCP 1 results.csv

06052014 0015 CSV-Datel

Desktop

Bibliotheken

o

Computer

eu i

Fie name: YCP_1 _resuts csv

Fiesoftpe: (Al Fles ()

=] [Remove o ] [ cancel ]

File Name

Modiied
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Colurnn Separator
©) Delimiter Tab/Space

[_] Semicolon
© Fived Widh 9

Number of columns 0

[TJKeep target column format

[ Treat consecutive delimiters as one

TextQualfier  <None> v [] Remove

Remove leading zeroes fiom numbers
[ Force Rows to same size by fling missing value
[ Column Width Preview (Click and drag edge of column header to resize columns)

g s O oo i

Column Designations:
Comma

- <Unchanged>

Right click column heading to set format
and designation for indvidual column.

| Apply |

Custom Date Format <None>

Custom Time Format  <None>

Nureric Separator |1,000.00 -
Add Sparklines | Yeslif less than 50 columns) .

[ add Column | [ Delete Column |

- \ Apply

A I Apply |

« [ pply |

ACY) (TEN) B(Y)(T&N) () (TaN) D(Y)(TEN) E
39.93 27911.7 2.24E6 1.12394E10 3
39.93 28349.4 1.51E6 3.44295E9 3
39.93 27070.6 1.2366 1.86087E9

39.93 23266.5 495000 1.21287E8

39.93 27113.7 216000 1.080777E7

39.93 22558.14 124600 1.96662E6

39.96 27911.6 2.26E6 1.15432E10

39.96 28349.6 1.67E6 4.65746E9

39.96 27071.2 1.2E6 1.728E9

39.96 23266.8 463000 9.92528E7

39.96 27118.6 233000 1.26493E7

39.96 22558.6 163000 1.089273E6 -

Cancel [[«<Back | [(New>> | [ Finsh |
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The workbook created contains four columns:

Column 1 lists the retention time in min,

Column 2 lists the protein mass in Da,

Column 3 lists the deconvolution intensity (a.u.) and

Column 4 lists a transformed deconvolution intensity which can facilitate the

seeding step in k-means clustering.

Click on Column 3 and enable filtering by clicking on the grey funnel (filtering
is implemented in OriginPro 9 and newer versions only). Then select the
filtering mode by clicking on the filtering symbol in the column header, select
,Top 10“ and depending on the dataset start by showing the top 5 to 20 %.
This cut-off value must be optimized at the end to ensure that no low-
abundance species are omitted and filtering is only used to reduce scattered

background and peak tailing.

e 80 2L U 5 alih B [FIRE 0 x[Y]Z i wom YCPlresults - YCP_1 _results.csv o=
==L | Zp — BV i 200 | B L iier e =
Long Name
% Clear Filter
C | Enable Fitter
] veprresutts - YCP 1 results.csv Fix)
A0 [ Bm B Sparkiines . m Equals...
Long Name Less Than..
Units. Filter
Comments Greater Than...
F(X)
Sparkines ST
3993 279117
39.93 2 1.12394E10 3003 283494 Top 10...
39.93 3.44295E9 5
3993 270706 Bottom 10. )
39.93 1.86087E9 " Top N i:h
39.93 2 121287E8 39.93 232665 P
39.93 10077767 39.93 271137 Custom Filter,
3993 225 1.90662E6 39.93  22558.4 [l —-9UOTZED
e e 39.96 279116 1.15432E10
3006 " 730E0 39.96 283496 4.65746E9 Collecti T -
3996 9.92628E7 3996 270712 1.728E9 ollection op
19 1254057 39.96 232668 9.92528E7
39.9 1.09273E
39.98 515849.608 3096| 271106 1.26493€7 Items Percent v
2 300 oroens (NEEEEAI < s oos e
39.99 1.18524E10 . 00 1584!
3999 583269 3096  18616.4 14526.784 Number 12
o e Lo 3999 279117 1.18524E10
8] 3000 PptedE 39.99 283483 5.832E9
0| 3000 o791485857 = 3999 270707 152088E9 ~
[T\vcP . esus a= = L[ I\YCP_1_rests i Cancel

Select the first three columns and create the map by clicking on Plot ->

Symbol -> Color Mapped.

) OriginPro 9.1 32-bit - Wpsf\Home\Documents\OriginLab\UNTITLED * - fFolderl/

ool: Format Window Help
& o - QERE PSE & ABFg 4.
E M AL 22 Lk — =05 =

(PRTLLE

T
2
/.
0.
U]
)
2,
o
a

1.86087E9

avessa

Bhal

7.30138E9
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* Disable speed mode to ensure that all data points are displayed in the figure.

Click on the layer number (1) in the top left corner of the graph, select Layer

Properties and uncheck the options for maximum points per curve and

dimension (boxed).

Graphl

Hide Layer
Hide Other Layers

Show Active Layer Only

Delete Layer

Layer Contents...

Plot Setup...

Layer Properties...

Layer Management...

Set Active Layer By Layer Icon Only

Double dlick to open Plot Setup

4
1 [YCP_1_results.csv]YCP_1_results! C(C), AX), B(Y) [L~10497%] O

A

£ Plot Detal - Layer Propertes 1 —
Bockguund| See/Speed |Deplay [Stack|
Layer Are:

Lt 1786  Top 1158 Units [ciPege

4 Graphl
9] Layert

Widh 6824 Height 7177
[ Link A Length to Scale (sometric)

G e Cavog (N7
Sped a5 ovis et
[T Worksheet dat:

7] Matrx data, maimum points per dimension X [2

B [Ccancel | [ apely

* To change the color scale or the size of the dots, right-click on any data point,

select Plot Details and make changes under Symbol and Colormap.

= Hide Others
[E] Graph1.
= Go to YCPlresults
1
Display Caching
Ungroup
32000 -
oy Edit Range...
30000 4 - Copy Range
Set Display Range
Reset to Full Range
28000 H
| Mask
o
26000 Colormap
I
24000 4
- "
L8 |
22000 4 Save Format as Theme.
Paste Operation
20000
30 35 Plot Details...
j 1. [VCP_1_results.csv]YCP_1_results! C(C), ARX), B(Y) [1*:10497%

12 [t

* Make sure to manually adjust the filter level to include all species before

exporting the graph through File -> Export -> *.ai or *.eps

* Alternatively, the Plot -> Bubble + Color Mapped option can be chosen in

order to scale the size of the dots with the intensity of the detected species.
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6. Contact information

RoWinPro was developed at the

Technische Universitat Minchen,
Department of Chemistry,
Lichtenbergstr. 4,

D-85748 Garching, Germany.

www.oc2.ch.tum.de

In case of questions, comments and requests, feel free to contact

malte.gersch@mytum.de or stephan.sieber@mytum.de

If you find RoWinPro useful for your research, please cite:

Gersch M, Hackl M, Dubiella C, Dobrinevski A, Groll M, and Sieber SA':
Intact protein mass spectrometry of proteasomes reveals complex integrity,
phosphorylation stoichiometry and inhibitor specificity

Submitted, 2014
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