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1| Introduction

1 Introduction

PepSlide® AnalyzgPSA)supportsmicroarray dataanalysisand is particularly suited for peptide
arrays and peptidemicroarrays.In addition the softwareprovidesstatisticaldata mining toolsfor

discoveringparameters influencing the study and their relation

Furthermore PSAfacilitatesanalysis of pptide libraries.The software can refer thquantified data
to the peptide library design and the intended applicatipthus it is able to provide meaningful
information with respect tothe application If e.g. a target protein or antigen is translated into
overlapping peptides for epitope mapping, PSA can suggest gpeapolist of peptides which

represent an epitope or consensus matffan antibody or serum sample

PSA is parof the PepSlide®oftware suite. The other prograns PepSlide@®esigner(PSD. PSD
facilitates the design of peptide arrays and peptide microartageoviding tools for interactive

peptide library design and graphiaatraylayout

1.1 Installation

PSA is nativg supported onWindows and Mac OSpfatforms, thus the software is able to run with

high performance and native look. Installation of PSA requires rights of a sydmemistrator.

Hardware Requirement

Minimum hardware: 1.5 GHz Processor, 1GB RAM.
Recommended &rdware: 2.0 GHz Duélore or faster Processor, 2 GB or more RAM.

Windows Platforms

PSA works on Windows X®/indows 7, and Windows. &imply runthe PSA setup. If the current
Windowsaccountis not an administratorthe user will be asked to input an administrative account

and its password.

Mac OS X platforms

The software runs on Mac OS X 10.7 and 10r&ipthe packageand doubleclick on the.pkg file to
launch the installe During the installation the user will be prompted to provide a system

FRYAYA&GNT G2NDa I 002 dzy YR LI 24362 NRD L2y
/Applications/PepSlide/Analyzéslder.

PepSlid®Analyzer & SN A D dzA R&sion 1.4 Pagel



1| Introduction

1.2 Product A ctivation

After installing PSAn Windows the user needs tactivate PSAwith atrial serial numbeiobtained
from the software provider oits distributors. This enables the use of P&#&h full functionalityfor
30 days for freePlease refer tahe product activation stepin Setion 6. The trial time forPSA on

Mac OS X platfornis handled automaticallythus the usedoes notneed this step.

When the free trial time has expiredhe user can continue using PSA by purchasingeetual
licenseor aterm licensefrom the software provideor its distributors. Upon the purchase, the user

receives aserialnumberand useit to activatethe license Thesestepsare describedn Sectiong.

1.3 Concepts

In the remaining of this manual, the terarray is used to mean botlarray and microarray unless
otherwise stated.

Thediagram ofa typicalpeptide arrayanalyzedoy PepSlide® zutlined inFigurel.
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Figurel: Peptide Array Diagram
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2 | Preparation of Array Data

A spot represents a single peptidgpot located in one cell on the arrait. can also be a control spot
made of e.ga known epitope In the diagram, lhe spotsare drawn as circlefor the explanation
purpose.Depending on theeptide array synthesizer, thapay haverectangular or circular shape

asimages oksomeactualspots shown inFigure 2

A spot family (SH consists okpots generated from the same souré®r peptide arrayan SF can be
a peptide libraryor a control A blockis a group of spotfocated next to each otherjust likeits
definition in GAL filesThe distinction between a block (contains only spots and their annotation) and

an SF (a peptide library and may consist of multippeks) enables a convenient use of GAL files.

A marker ontrol is a group otontrol spotsarrangedon either the same row or the same column of
the array. It isused forthe purpose ofmarkingor orientation. A background ontrol is used for the
background correctiorduring the data quantificationlts elements arevirtual spots, i.e. neither
peptide spot nor control spotdeingused solely fodefining the imageegionsfrom which the signal

for background values is obtained.

1.4 Peptide Array Data Analysis

A PSA analysis project, includihg analysis resultandthe paths to theinput data, can be saved
a PepSlid®@Analyzerfile (*.psa)and reopenedwith the Projectmenu. Typical tasks of peptidarray

data analysignclude:

1. Quantificationof arraydata
1 Load the scanned images and the array.
9 Align the array tdhe images.
1 Quantify the array data.
2. Analysis of peptide librarigse select peptides of interest.

3. Discovey of parameterdnfluencing the studyand their relationwith data mining tools

The following sectionexplain how to ddahese tasks with PSA.

2 Preparation of Array Data

2.1 Loading Data

Two input data are required f@nalyzing a peptide array:
I Scanned images of tharayin the TIFF formatPSA support8-bit or 16-bit grayscalemages
or 24-bit color imageskFor the best image qualiti6-bit grayscale TIFEse recommended.

1 Thearraydesign Either a GAlfile (*.gal) or aPepSlid®Designefile (*.psf).
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2 | Preparation of Array Data

The input data is loaded as follows:

1 Images:Choosethe Images> Openimagemenu. For grayscale images, select either Bed
channel or theGreenchannel to display the signal of each image.

1 Array designChoosehe Arrays>Open Arraynenu

All the image editing and data quantification tasks can be handl¢deitmagingsheet After being
loaded, theimages and the arragre shown in the graphical canvas on the rigiie of this sheet To
obtain an appropriate view, the user can use thean Inand Zoom Outbuttons on the toolbar or
select a predefined zoortevel in theZoomcombobox. Alternatively, an arbitrary value can be
entered directly into this combdox. A control panel is located on the lefideof the Imagingsheet.
It showsproperties of the image andelected objects in tharray, in addition to options for image

processing and data quantification tasks.

If the array file is of PSF formapats are grouped int@pot FamiliegSF) To vew the information
aboutan SF, first activate th8pot Familyab in the Design Informatiorsectionof the Imagingsheet,

and then click on the SF in the canvas.

In case the array file is of GAL format, the software shows properties of a GAL blocBiadktab,
which is located next to th&pot mily tab. When theBlocktab is activated, the user can select a

block, align it by moving and rotating, and quantify its spots.

The information about a peptide spot, such as its unique positiotthe array and the sequence of
amino acids, can be viewed similarly: First activate Spettab and then click on that spotVithin
each spot, thespottedregionis bounded by alashedrectangleor circledepending ompeptide array
synthesizer During the array alignment, the user will reallocate the array such that the spotted

regions as close to the spots in the images as possible.

(a) Rectangular Spot (b) Circular Spot

Figure2: Spot Imagesn PepSlide@nalyzer
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2 | Preparation of Array Data

2.2 Editing Images

Aligning arraysan bedifficult if the spot visibilityin the images poor. This may be due tow signal
intensities ornoiseof the image In the Imagingsheet >Image Processingection >Pixelstab, the

user can finditilities to improve the spot visibility

Adjustment of Brightnesand Contrast

Adjusting brghtnessand contrastcan makethe spots more visible for the array alignmeriVhen
the Contrastcheckbox is selected and th&utomaticEnhancemenbption is chosenPSAexamines

the image data and adjust the pixel intensity values such that sratasvisibleas possible.

Brightness and contrastan also be manually adjusted, either by setting ambitrary valid value
directly in the combobox or using the up/down control to change one unitie validrange of

brightnessand contrastvaluesfor manual adjustmenis [99, 99].

NoiseFltering

Noise in the loaded image(s) can be reduceddigctingthe Noise Htering checkbox.

Inversing

An arayimage can be converted to a ndiy@ image byselectingthe Inversioncheckbox

2.3 Rotating Images and Arrays

PSA supports a comprehensive set of tools for rotaitimgges and array These tools are located in

the Imagingsheet >Image Processinggction >Rotationtab.

To rotatethe images selectthe Imagetab to displayoptions as shown ifigure3(a). One can flip the

images and/or rotate thenat angles of 90°, 180°, or 270°

If the array slightly deviates from the imagatsa small angle, it is recommended that the arag.
related SFs or blockbg rotated, since image rotation maghange thémage data. Talo that, select
the Array tab to display parameters as shown ifigure 3(b). SelectedSFsor blockscan then be

rotated at anarbitrary anglein clockwise or counterclockwise directiomith arotation center

1 Global the topleft of the image.
1 Local thetop-left of each SEnd block
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2 | Preparation of Array Data

Imaging Imaging Results Peptide Library Analysis

K-means CI

Images

Red Channel
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Resolution: 472,33 x 472,50 pixelsfom

Pixel Dimensions: 1417 x 3730 pixels

Green Channel

Image Processing

chow imaging rezult
Show imaging results

Combined
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(C) 0®Rotation @ 90°Rotation
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Image Array

(a) Rotatinganimage

Images

Red Channel Combined
Physical Dimensions: 3,00 x 8,00 centimeters
Resolution: 472,33 x 472,50 pixels/cm

Pixel Dimensions: 1417 x 3780 pixels

Green Channel

Image Processing

Show imaging results

Rotation Pixels | Quantification

Center of Rotation

@ Global ) Local
Direction

) Clockwise @ Counterdockwise
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0520 -0.20

Image Array |

(b) Rotatingan array

Figure3: Rotation of Images and Array

2.4 Aligning Arrays

Before aligningil KS | NNJ & X

If a PSF array file is loaddiuist select the spot familySF) containing the spots and then adjust the

{coa

cannotmove or rotatespots;insteadthis is done by means of the SF containing th&herefore, in

iKS

dza SNJ YI &

the Imagingsheet >Design Informatiorsection the Spot lamily tab must be activated.

1 SelectingSFs

0 UseCtrlAto select all SFim the array.

0 To select individual SFs, click on the respec@Fm the canvasHold down the Ctrl key

for selectng multiple SFs simultaneously.

1 Moving SFs: Click on the selection and dir&g the desiredposition.

When a GAL file is loaded, bloadan be selectedmoved, and rotated like SFs. Please remember to

activate theBlocktab before using functions on blocks.

The alignedarray filecan be saved with Ct8 orthe Arrays> Savemenu. It carbe saved toanother

array file using thérrays > Save Array Asienu.

yad@dRghtileddo make dza i

the spots more visibldn addition the rotation ofthe images or the arragnay benecessary

Lsi? thak tile&pdtygd regionsnatch their counterpart on the imagePlease note that one
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3 | Quantification of Array Data

2.5 Adjusting Spot and Grid Size

In addition toreallocatingSFs or blocks, the user mi  Design information
y‘ S S F’z L:l 2 | F’Q 8 dZé L] l:l K é é LJ2 | Spat Family Block Spot | Configuration |_

Unit Micrometers -
between them, so that thespots and their spottec _

Spot-to-Spot Distance
regons in the array fit their counterpart in the Horizontal 332 -

Vertical 332 =

Image(s)' Spot Diameter 200 =
These parameters can be changedtive Imaging
sheet > Design Informationsection > Configuration Figure4: Circular SpoSize

tab. The softwarereads(i KS & LJ2 (i Q afrom |

the array fileand displagthe corresponding settings.

Design Information

Spot Family | Block | Spot | Configuration |_

Figure 4 shows the spot diameterand the
unit Micrometers distancebetween them for circular spot©n the

other hand, Figure 5 displays the settings fo

Spot Width 254.004  Height  508.008

Printed Region rectangular spots.These parameters can k&

Start Point X a i 0
changedpermanently wha the user saves the
Width 190,503 Height  359.839

array fie.

Figure5: Rectangular Spot Size

3 Quantification of Array Data

3.1 Quantifying Array Data

The user needs toctivatethe Imagingsheetto perform the array data quantification.

1 Rightclick at a point within the image but outside any@mblock ChoosdmageProcessing
(entirearray)to quantify all spos of the array.

1 Toquantifyselected SFsr blocks rightclick on the selection and choobaageProcessing

For each spoin the array the median and the mean afs raw, background andforegroundvalues
in each channel (Red and/or Green) are calculatedwrepresentsthe intensity value of the sp@
signal Backgrounds the estimated value of the signalused by nosspecific bindingThe value of

interest isforeground it is computed by subacting the background from the raw value.
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3 | Quantification of Array Data

In the Imagingsheet the user can view thepots and their quantified data simultaneoushigure6).

The image region corresponding to the selected spot and its neighbors are displayed Spdhe
Imagewidget. In addition, selecting a spot in the array highlights its quantified data in the table and
vice versa. Please remember that in timagingshed > Design Informatiorsection, theSpottab

must be activated for browsing spots and their data.

A PepSlide Analyzer

[= [ e

Imaging | Imaging Results | Peptide Library Analysis
Images
O
GreenChannel  Red Channel Combined
ions: 2,16 x 4,91 centimeters
Resolution: 1,000,00 x 1.000,00 pixels/em
Pixel Dimensions: 2160 % 4910 pixels

Physical Dimensi

Image Processing

V] Show imaging results

Rotation Fixels Quantification

Change of the images’ intensity value
@ Exduded Induded
Spot Detection Method

@ Fixed-Spot Nermed-Spot

Hybrid
Background Correction

Local Method ©) Background Controls

Design Information
SpatFamiy | Block Spot Configuration

Block Block1

m

Name

Position

PPNWHVPEASDVTIO

106

Vertical
22763 8465
(bm)

ow |5 Local )

Column

|Exporttocsv |

Spot Family
103 Overlapping Library 1 Blockl

104 Overlapping Library1 Blockl
105 Overlapping Library 1 Blockl

|106‘Uvev\appmg Library1 Blockl

Block Local Row Local Column D

5 7 PAPAVAAQLPPNWHV

8 AVAAQLPPNWHVPEA

10 PPNWHVPEASDYTIQ

Name Red Raw Mean Red Background Mean Red Foreground Mean Red Raw *

103

104

105

106

000
53.498,09
50.206,65

59.511,05

000

0,00
53.498,09
59.206,65

59.511,05

5
3 9 AQLPPNWHVPEASDV
5
5

.

1g7 Overlapping Library 1 Blockl 11 WHVPEASDVTIQGPA 107 54.328,42 0,00 5423843
«

Data Files

Ready

Figure6: Quantified Results

The usercam f &2 0 NP ¢ dgBantified Satadnlhi? lihagifg Resultssheet whichshows only
the table of quantified datand theSpotimagewidget In bothimagingand Imaging Resultsheets,

the user can export the quantifiedatato a CSV file for further analysis.

Aggregatingresults of replicas

When a peptide is replicated the software also provides the intensity value of the peptide calculated
by aggregating signals from its replicated spots. If e.g. P1 and R2eaeplicas of a peptide P, then

the quantifiedresults include the intensity vads for P, in addition to those for P1 and FPakingthe

raw median value of P for exampli¢is the median value afignaldrom both P1 and P2 spqtahich

cannot be calculatelased orthe median values of P1 and.P2

This providesthe user with an addtional view to the replicated dataTo control whetherthe

aggregatediata is calculated and shownsethe Aggregate resultsf replicascheckbox.
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3 | Quantification of Array Data

Customizing theQuantified Data

Click theConfigurationgnenu and choosémaging Result Valugs show the setup dialog. Here, the

user can add or remowaluesto be calculated during the data quantification.
3.2 Change of Intensity Values

During the array alignment, the user may have adjusted ¢batrastand/or the brightnessof the
AYIF3Sa G2 YIS GKS alLlRiéa gAandaiersihe andlysis tesul@fsk y 3Sa
recommended thathe original image datdbe usedor the quantification.Theefore, by defaulthe
quantification N2 OS RdzNB dza S & ( K S i.edthfcladesshangesyA: YRIST Si@a  (18KAST yAl Yl
signaldue to inversion, noise filtering, or the adjustment of contrast anddoightness.This option
can be intentionally changed as follows the Imaging sheet >Image Processingection >

Quantificationtab, selecthe Includedoptionbelowthe/ K y3S 2F GKS A Yabel SaQ Ay

To use the origal image data for the data quantitation again, select #xecluded optionPlease
note that when the this option is chosen, ti8pot Imagewidgets in the Imaging Imaging Resulis
and Peptide Library Analysigheets showd KS & L322 1 Qa Ozusimii SSIILIR NBE IAWI EFSA
signd> S@Sy G(K2dzaAK (GKS AYlF3ISQcehange8 Yy G NI a0 2NJ ONRIKGY!

3.3 Spot Detection Methods

In the Imaging sheet >Image Processingection >Quantificationtab, the Spot Detection Method

defines how the raw and background values of a spot are calculated.

I FixedSpot The software uses the signal in the spotted redmoompute the raw value. The
background value isalculated from the signal of the remaining region within the spot. This is
the default method. It is recommended if the spatsthe imagedook consistent and match
well with the spotted regions in the array.

1 Other methods The softwarecombinesthe known informationabout the spotted region
with the detectedsignals withireach spot. It then flexibly separatédse regionconsisting of

signaldor the raw value from the one for thdackgroundvalue.

The default method for calculating the background value is cdllechl Method, it uses only the
alLkRrdQa airdylfteo . & YShEya 2F ol Ol 3INRBdzyR O2yGNRf &X
from other regions of the image. Background correctioethods can be selected ithe Imaging

sheet>ImageProcessingection> Quantificationtab.
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3 | Quantification of Array Data

3.4 Background Correction using Background Controls

Instead ofhaving the background valudscally calculated agxplainedin Section3.3, the user can
use background control® explicitly specify image regiorisom whichthe background valueare
calallated. One may choose to have global background valudor the entire arrayusing a

background control as follows.

i1 Rightclick at a point in the image where the signal may represent the backgrourtthdor
spots. Choos€reate Background Contr@pecify the shape and the number of spots.

1 Perform the data quantification. All spots in the array now have the same background value
which is obtained from the background contrdl.S O f f asfokiatidd |oyS Gw SSy

SFs and the background control.

Highlight Associated Control
Import Peptide Mapping File [ e I
Establish Association

Image Processing

Peptide Library Analysis

Figure7: Associated Background Control

In addition to a global background value for the entire array, one can flexibly ctamoselividual
background value faa spot family This is done bgreatinga background controjust for the SF and

establishing the assaociation between them.

1 Rightclick on theSF to popup thecontext menu. Choos®ackground Contrab Remove
Associatiorto release the SF from the first background control.

1 Rightclick on theSF again and choo&ackground Controt Establish AssociatiorClick on
the background control with whicbne wantsto associate this SEne can check with which

control an SF is associated using iighlight Associated Controbntextmenu Eigure?).

For GAL files, having a lgid background value or an individual background value fooekcan be

done similarly; the user creates a background control for the blocks and associates them.

Please note thathe background correctiomethod is automaticallgetto Background @ntrolsafter
the creation of the first background contrdin the Imaging sheet > Image Processingsection >

Quantificationtab, the usercanswitchback touse theLocal Method
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4 | Analysis of Peptide Libraries

4 Analysis of Peptide Librar ies

After having the peptide array data quantifiettie usermaywant to examine itand select peptides
of interest with respect to thepeptide array application. E.g. if an antigen is translated into
overlapping peptides for epitope mappinthe user may be interested ia list of peptides which
represent an epitope¢ KA a OFy 0SS R2yS O2y@SyASyidte ByAGK t{
referencingthe quantifieddatato the peptide library design, whidkeepsi KS ' yGA ISy Qa | YA

sequenceand the overlapping stef®?SAs able tolocate thepeptides representing the epitope.

The softwaresupportsanalysis opeptide library otthe followingtypes

1 Overlappindibrary. Overlapping peptides translated from a protein.
1 Randonlibrary: Peptides generated stochastically.
9 Substitution(also calledpermutation or positional scanninglibrary. Variants of a known

peptide created by replacings residues with other amino acids

As mentioned, PSA regsents goeptide library as a spotamily (SF)If the array file is of PSF format,
the user simply slects the relevantspot families, ight-clicks on the selectionand choose$eptide

Library AnalysisThe results are shown in theeptide Library Analysiheet

Analysis ofa peptide libraly cannot be performed with GAL filé@s the first place. However, the user
can easily specify theeptide library design for related GAL blocksThe analysis can then be

precededas with SFsThese steps are detailed 8ectiord.4.

4.1 Overlapping Peptide Library Analysis

This analysis aims at selecting peptide spots with strong signals. It is also able tcadmtesénsus

motif shared by overlapping peptides.

A two-dimensional chart in the center of the sheet depicts tpeptide spots (Figure 8). Their
coordinates can be selected among the quantified intensity values. By moving the lower and upper
threshold bars, the chart facilitates the selection of spots séhimtensity values being within the two

thresholds. Selected spots are then populaieth the table below the chart.

By clicking on a spot in the chart or selecting the corresponding row in the table, the user can view
the spot information such as the pgde and its counterpart image. The information is shown in the
Spot Detailswidget located on the right of the sheet. The chart, the table, and $ipet Details

widget thus provide the user with different angles to look at the data of the peptide library
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4 | Analysis of Peptide Libraries

A PepSlide Analyzer

Project Images Amays Analysis Configurations  Help

& zoomIn @ ZoomCut | 25%

Imogng | ImagngResulls | Peptide Library Analyss | Komeans Clustering | Hierarchical Clustering. | Principal Component Analysis
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RB.Mean Red Mean A R.F.Mean Red Raw Median A “
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Export to CSV.
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41 VITLRRGHRIQM 1411735 ] § . Y 1567280

[ i ]

Ready

Figure8: Overlapping Peptide Library Analysis
The user can export the data in the table to a CSV file. The chart can also be saved to an image file.

Identifying Consensuotifs

In the table below the charverlapping peptides sharing a consensus matf highlghted with an
individual colorlin Figure 8, rows corresponding to these peptides are in.dseong them, he one

beingselected for review ikighlightedin blue its infomation is shown in th&pot Detailsvidget

r_*_ Consensus Motif uﬂ R|ght'CI|Ck On the hlghhght and ChOOE
o, o) PRG2_Ler Show Consensus Motifo view the
ow, Column, ‘eptide
(30,40) DVITLRRGHRIQ . . . . .
(20,41) VITLRRGHRI QM information (Flgure 9) Data in this
(90,42) ITLRRGHRI QMG
o T ein mene dialog can be copiednd pasted ito
(a0,45) RRGHRI QMGDE A .

other software, e.g. a word processin
program

Figure9: Consensus Idtif.

In thesample data packagéhe overlappingifolder contains dest dataset for this analysis.
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4.2 Random Peptide Library Analysis

4 | Analysis of Peptide Libraries

This analysis facilitates browsing and selecting peptide spots with strong signals for further

optimization. Except for the detectivof cons@sus motifs, the user interfacend functionsof this

analysiqFigurelQ) are the same as those in the analysis for overlapping peptide libraries.

Red Foreground Median
8
1

Green Channel

A PepSlide Analyzer = | B S
Project Images Amays Analysis Configurations Help
@ ZoomIn @ Zoom Out [ 50%
Imaging | ImagingResulls | Peptide Library Analysis | Komeans Clustering | Hierarchical Clustering | Principal Component Analysis
Spot Families
- 2 - v———— - Spot Detals
Al s ST TS I 19¢
* Spot Family Q28
180 "o 2 ly Q:
X-ads LA Row 2 Column %
ET— 160 . -
ol M . S Local Local
2 7 6
3 .~ - Row Column
Min: 0 40 ore "
Peptide  VKLYVNSSSGGWRYR
x:

s
e ] BEE
- o ]
e [35 B
Spots of Interest Red Channel
Number in Range: 206 .-.
Selectad: 0 80 100 120 % %0 20 .‘.
Red Foreground Mean ..-
Export to CsV Green Background Median Green Foreground Median Red Raw Mean Red Background Mean Red Foreground Mean Red Raw Median Red Background Median Red Foreground Median Green =
R = 7,00 15,00 24923 59,46 ¢ 18677 255,00 59,00 196,00
® Gy Spots ) 7,00 1400 2977 5946 18031 255,00 59,00 196,00
3 7,00 11,00 23928 58,46 179,82 255,00 59,00 196,00
R 7,00 9,00 B 5946 17852 255,00 59,00 196,00
5 7,00 7.00 23676 5946 17730 255,00 59,00 196,00
6 7.00 10,00 23529 59,46 17583 255,00 59,00 196.00
7 7,00 6,00 22488 538,46 16542 255,00 59,00 196,00
« v
Reacly

Figurel0: RandomPeptide Library Analysis

In thesample data packagéhe randomlfolder contains a test dataset for this analysis.

4.3 Substitution Peptide Library Analysis

Peptides of asubstitutionpeptide library are created by replacimgsiduesof a known peptide, the
so-called parent peptide with some otheramino acids The purpose of this analysis is thus to

SEIFYAYS LI NB y (iFigurid 1 displagsS

It €

S NR L Y&

27

iKS

the analysis results of a substitution peptide librafyose parenpeptideis NYGKY.E

Thevariantsof the parent peptideand their intensity value are simultaneously shown in a three

dimensional chdr Here, the (RAXxis lists residues of the parent peptide and theAs¥y contains

YAy 2

variant isrepresented bythe height ofthe corresponding bar alanthe ZAxis.The user can choose

to evaluate another quantified valu@ the ZAxissection in the left panelThe perspective of the

I OARA

by R

F2NJ NB LI | Qlang eatured &adizint The intehdByivglumEa Ay G

chartcan be changed hyolding-down the left-button of the mouse andanovingit.
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4 | Analysis of Peptide Libraries

A PepSlide Analyzer = | )

Project Images Amays Analysis Configurations  Help
& ZoomIn & Zoom Qut | 100%

Imogng | ImagngResulls | Peptide Library Analyss | Komeans Clustering | Hierarchical Clustering. | Principal Component Analysis

Spot Family

{P}: Farent Peptide
NYGKYE Analoging - o

Spots with Parent Peptide

Spot Details

Spot Family NYGKYE Analoging

Row &  Coumn 14

[ show ol o Local “
Raw Column

2-Axis Peptide NYGKYQ

Red F. Mean -

win: [0 Spot Image:

e

Spots of Interest.
Upper Threshold: 255
Lower Threshold: 127

Number in Range: 10

Selected E0)
] show
Export to CSV SpotFamily  Row Column Peptide Red RawMean Red Background Mean Red Foreground Mean Red Raw Median Red Background Median Red Foreground Median Flag Anmotation
e s e — — — — — —
Entre Table
5 NYGKYEAnsloging 6 25 NYGKVE 20984 4161 168,23 242,00 4200 200,00
@ only Spots L _
6 | NYGKYE Anzloging 6 14 NYGKVQ 194,00 4161 15239 211,00 4200 169,00
; NYGKYE Analoging 6 18 NYGKVY 19314 4161 151,54 212,00 4200 170,00
5 MYGKYE Analoging 6 6 NYGKYG 18941 4161 1781 207.00 4200 16500 A
g NYGKVEAnsloging 6 16 NYGKYS 18242 4161 140,82 19500 4200 153,00
1o NYGKYE Anzloging 6 9 NYGKVK 177,01 4161 13540 190,00 4200 148,00
Ready

Figurell: Substitution Peptide Library Analysis

Spots are selected by entering the lower and/or upper threshold values irSgws of Interest
section in the left panel. The selection will be populated into the table below the chart. Similar to
other analyses, thaiser can view information about a spot in ti$pot Detailsvidget. Selecting a

spot in the table highlights its version in the chart and vice versa.

The chart can be saved to an image file. In addition, the data in the chart and the table can be

exportedto a CSV file.

Quiality Control withParent
Peptide Spots

The user can choose to display only spi
having the same amino acid sequence
those ofthe parent peptide. Since these spc
are the same peptide, their intensity valu
should not be considerably different. Tk

option is found in theSpots with Paren

Peptidesection in the left panel.

Figurel2: Parent Peptide Spots

In thesample data packagéhe substitutionlfolder contains a test dataset for this analysis.
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4 | Analysis of Peptide Libraries

4.4 Peptide Library Analysis with GAL Files

The user can conveniently useray files of GALformat, even for the analysis of peptide library
Whether the peptides of peptide library(PL)are spotted into one block or different blocks, the user
can easily reconstruct the PL andeth analyze itas explained in the previous section§he

reconstruction can be done in two steps:

1 Specify a peptide library desifpr the blocks. This creates a PL consisting of these blocks.
 If the GAL file does not containK S LIS LJG A RS ripgrt thie heptida rhapping fle L 5> A

Each step is described in detail beldvor reading convenience,erassume that an overlappiriLis

beingreconstructed. The procedure is the same for substitution and random pelitideies.

Specify a Peptide Library Design for G&lbcks

1 Hold down the Ctrl kewhile clicking orthe blocks to select thersimultaneously
1 Rightclickon the selectiorandchooseType> Overlapping Peptide Library

1 Enter the design of thepeptide libary (Figurel3) includingthe protein, the shift step, and
the peptide length.

._j“‘- Design of Overlapping Peptide Library &J

Name QOwerlapping Library 1
Protein Sequence MGPGIAAVLLSLAVALARVPAGGGEYVPVERSLTR.
VNPGRFRGAHLAPLEGKTDPPDVRRVYHVQPFVE
NPFQTPSVPVAVYYAVLERACRSVLLWAPTEAVQY
VRGAPEATRPDARYNLTVAWYRTSDDCAIPILVME

Qverlapping Shift Step 3

Peptide Length 15
Replication Mode Single-Spot A

o | [Comea ]

Figurel3: OverlappingPeptide Library Design

An overlappig peptide library consisting of tlse blocks representedby PSAas a spot familyhas

been createdThe user can activate tH&pot Familyab and review the information of thEL

Import the Peptide Mapping File

Please note thathis step is only necessary if thel.J2 ID fiel@ in the GAL filedoes not contain the
peptide yet, adllustratedin Figurel6(a).
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4 | Analysis of Peptide Libraries

9 Activate theSpot Familyab to work on peptide libraries

1 In the canvasselect the PL bglickng on one of itsblocks. Rightclick on the selection and
chooselmport Peptide Mapping Fifeom the contextmenu(Figurel4).

1 Specify the linker whictvill be excluded from th@eptides. Leave it blank if no linker is used.

1 Selecthe file which maps the peptides of the PL to their spot ID in the blocks

Spot_ID Peptide

A, Impoart Peptide Mapping File ) 1 CXMGPGIAAVLLSLAVA
Linker Cx 2 CxGIAAVLLSLAVALAR
Mapping File 'epSlideAnalyzer fPeptideMappingFile_2Columns.bdt] | Browse... 3 CxAVLLSLAVALARVPA

ok | [ caneel | X
10 CxPPNWHVPEASDVTIQ
X
Figurel4: Import the Mapping File Figurel5: The Peptide Mapping File

The peptide mapping fileis a Takdelimited text file or CSV file. It has two columns; the first one
containsthe ID of thepeptidesin the blocks and the second column contains fheptides. The first
line of the fileis reserved forthe column headersand will be skippedAn exa L)t S 2 F (KS

contentis shownin Figurel5. In this example, the linker is Cx.

Design Information Design Information
Spot Family Block Spot Configuration Spot Family Block | Spot Configuration
Black Block1 Block Block1
D 106 D PPNWHVPEASDNTIOQ
Name 106 Name 106
Position Position
Horizontal Ver tical Horizontal 55728 viertical 5470
m 7 um) 547 ) Gm)
Local . Local
Local Row 5 Column 10 Local Row 5 Column 10
(a) SpotIDfrom the Criginal GAL File (b) SpotIDwith the Peptide

Figurel6: Assigninghe Peptide toa Spot

After importing the peptide mapping file,ctivate the Spottab in the Design Informatiorsection
Now, the user can viethe peptidein the IDfield when clicking om spotin the canvasasillustrated
in Figure 16(b). The overlappingoeptide library has beencompletely reconstructedand can be
analyzedas described in Sectiert.1 to 4.3. Please note thasaving the GAL filalso keepghe

information about the peptide library design

In the sample data packagéhe overlapping3older contains a test dataset for thisnction.
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5 Statistical Data Mining Tools

Statistical data mining toobsssist the user tadiscover useful information fromomplexdatasets. For
exanple, in this study' the researchers were able to distinguish the patients before and after the
medical treatmentwith the assistance oPrincipal Component Analysis and Hierarchical Clustering
AnalysisThesestatistical analysitools are available ilPeSlide® Analyzerhe usercan use them in

the following applicationsincluding but not limited to:

Statistical Analysig ool PossibleApplications

Principal Component Analy§ 91 Find parameters or variables thatost likely determine

(PCA the variance of the data.

1 Search foviewsthat are likelyto separatethe data and
showthe variance direction

1 Reduce the dimension of the dataset and identify n

influential variables.

Hierarchical Clustering Analyy 1 Find posible association or relatiofbetween inpus
(HQ and/or outpus of the data

1 Identify similarity between features and/or samples.

K-Means Clustering Analysis 1 Classify data with similarityr association into groups.

By combining thebove statistical analysethe uses havepowerful tools to look into their data and

to determineinfluential factors of their study.

Notes on data sourc&he data from thisvork’ is usedo illustrate the analysis results this section

! Le Moyec, et al. (2005): Serum *H-nuclear magnetic spectroscopy followed by principal component analysis and hierarchical
cluster analysis to demonstrate effects of statins on hyperlipidemic patients. NMR Biomed., 18: 421-429.
2 Schroder et al. (2010): Dual-color proteomic profiling of complex samples with a microarray of 810 cancer-related antibodies,

Molecular & Cellular Proteomics 9(6): 1271.
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5 | Statistical Data Mining Tools

5.1 The Input Dataset

This section explains how to prepare and load the datasethf®Principal Component Analysaad

the Hierarchical Clustering Analysiginput dataset can be:

1 compiled fromalist of PepSlid®@Analyzefiles (*.psa);
1 compiled froma list ofGenePix Result files (*.gpr)

1 aCSV filexported from a dataset.

The PSA and GPR filesust containthe quantified array data for the same set offeatures (for
peptide arraysa feature can be geptide). In other wordsthey all based oratemplate array file In
the dataset, thesamples (experiments | NB (G KS FTAfSaQ ylIYSd ¢KS
list of quantified intensity value®.g. Red Foreground Meaim the Evaluation Parametesectionof

the analysis sheet

Block Column Rew Name D E014_CS Olo_073108_1224_CyanineS  EOL7_CS_030_073108 1243 Cyanine5  E017_CS_03u_073108_1248_CyanineS  E020_CS_1lo_073108 1417 Cyanine5  E020_*
1 1 ps_ldu "0106.0111" 0735 1529 0958 1630

1 ps_103 "01_06.01_10" 5423 5576 5017 5.740

1 ps103 "01 0601 10" 5839 5980 5339 6.496

igenvectors
Export to CSV

1
1
1 1 ecd04 "01_010404" -0.484 -1667 -0.408 1821
1

1 hs_104 010301 04" 0.402 1450 -0.504 1635

o= [w ™[~
Show e w e e

Figurel?: The Input Dataset

After being loaded, the dataset is shown in the table at the bottom of the analysis dfigat€17).
Inthe case the dataset is compiled from PSA or GPR tlile$paded datacontains onlythe selected
guantified valuesand thus has small siz€herefore,if the user plans to analyzthe datasetagain,
exportit to a CSV file. It is much fast® load this CSV file than the whole setR8A or GPR files in

each andyysis.

5.2 Principal Component Analysis
Click theAnalysismenu and choos®@rincipal Component Analysisactivate the PCA sheet.

1 Click theLoad Databutton to load the input dataset.Please efer to Section5.1 for the
preparation ofthe dataset

1 Soecify the evaluation parameter if necessary.

1 Chooségo reduce the dimension deatures or samples.

i Clickthe Start PC/Mutton.
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5 | Statistical Data Mining Tools

A, Pepslide Analyzer o) e S

Project Images Amays Analysis Configurations Help

Imaging | ImagingResults | Peptide Library

Load Datz
Start PCA

Companents

sic | Kemeans Clustering | Hierarchical Clustering | Principal Component Analysis

@ Features
Samples

Projected Dataset onto

@ 3 Princpal Components

2 Frindipal Components

Table
Block Column Row Neme ) £014_CS 0lo_073108 1224 Cyanine5  EO17_C5.030_073108 1243 CyanineS  E017_C5_03u_073108 1248 Cyanine5  E020_CS 1o 073108 1417 Cyanine5  E020(
@ origal Dataset - 1 1 1 psldu '01.060111" 0735 1529 0958 1630
Eigen
1 21 ps103 "01060110" 5423 5576 5017 5740
Eigenvectors 2
. 1 31 ps103 "01060110" 5839 5980 5359 649
' 1 41 ecd04 "010104 04" -0.484 1667 -0.409 1821
5 1 5 1 hs104 '010301 04" 0.402 1450 0504 1635
« ,

Figurel8: Principal Component Analysis

The projection of theinput dataset to the three componentsthat most probably describethe
variance of thedata isdepicted in thePCAchart (Figurel8). The user cant@angethe viewangleto

the databy holding-down the leftbutton of the mouseand movingt.

The chartis threedimensional initially anc

90 can be switched tawo-dimensional views
® (Figurel9).
30

R S : The eigenvaluesand the eigenvectors are

shown in the tableThey can be exported ti

a CSV file. In addition, PCA charts can

=60

-a0

saved to an image file using tHexport to

Imagecontext—menu.
Figurel9: Projection onTwo Principal Components

In thesample data packagéhe schroeder201@older contains a test dataset for this analysis.
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5 | Statistical Data Mining Tools

5.3 Hierarchical Clustering
Click theAnalysianenu and chooselierarchical Clustering activate theHC sheet.

1 Click theLoad Databutton to load the input datasetPlease refer to SectioB.1 for the
preparation of the dataset.

Jecify the evaludbn parameter if necessary.

Choose ¢ construct the clustering trefor features or samples, or both.

Select the desire®istance Metriand Algorithm Type

= 4 =4 =

Click theStart HGutton to begin analysis.

A, PepSlide Analyzer S | B |
Project Images Arrays Analysis Configurations Help
& zoomin & Zoom Out [ 100%
Imagng | ImegingResults | Peptide Lbrary Analyss | Komesns Clustering | Hierarchical Clustering | prindipal Companent Analysis |
Losdbato e
-8.97 -0.31
Starthc 9 09 9 9 g 8 4 8 8 9 9 8 9 9 09 4
Clustering Trees H g g g g g g g g g H H H g g g
5 5 5 5 [ [ [ [y [y [on & & 5 5 [ [
Features = = = = < o o = o o w o o o o <
Samples Fo T 532 5033 S 33 S 3 3
s 2 2 2 s s s 1 1 E 1 1 s 2 2 2
| | | | | |
Pearson Correlation > 2 & 2 8 2 2 8 2 &8 3 2 8 & £ & £
[ 4 4 u a a4 PO O S 9 4
g g g 8 8 ¢} 8 8 8 8 3 3 s} 8 g g
Algorithm Type < S = o P = = 5 o 5 = = . s 2 =

©® Complets Linkage

© single Linkage
(© Unweighted Average Linkage
© weighted Average Linkage

b

< D

O Datacet Block Column Row Name D E014_CS_01o_073108_1224_CyanineS E017_CS_030_073108_1243_Cyanine5 E017_C5_03u_073108_1248_Cyanine5 E020_CS_110_073108_1417_CyanineS E020
1 1 4 1 ec 404 0101 04 04 -0.484 -1667 -0.409 -1821

2 1 5 1 hs 104 0103 01 04 0.402 -1.450 -0.504 -1.635

3 1 6 1 ec 196 010101 96 -0.248 -1184 -0.009 -0.946

a 1 7 1 sp 102 0104 01 02 -0.120 0829 0031 2221

5 1 8 1 ec 036 01090936 -0.234 -1.062 0.080 -1.427

Figure20: Hierarchical Glstering Analysis

The clustering tree(s) are then constructed. The values in the dataset, each represents a feature in

one sample, are graphically represented by means of a heat map.

The clustering trees with the heat map can be sat®dn image file using th&xport to Image

contextmenu.

In thesample data packagéhe schroeder201f@older contains a test dataset for this analysis.
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5.4 K-Means Clustering

5 | Statistical Data Mining Tools

After analyzingoverlappingor random peptide libraries, the user can usé&-means dustering to

classify peptides intdifferent groups based on their quantified intensity values.

91 Click theAnalysisnenu and choos&-Means Clusteringp activate the setup dialog.

91 Enter thedesirednumber of clustersi.e. groupsandcustomizetheir color if necessary.
f QickOKTKS OKI NJIi

iKSy

aKz2ga

4L 0 aFiguemKt AIKGSR Ay

In the Clusterssectionin the left pane] select the cluster of interest. The table then shows only spots

of that cluster.

Data in the table can be exported to a CSV Tilee chart can be saved to an image file.

Cluster 1 -
Update Clusters

Red Foreground Mean

180

A, Pepsiide Analyzer = | O S|
Project Images Arrays Analysis Configurations Help
Imaging | ImogingResults | Peptide Library Andlysis | Kmeans Clustering | Hierarchical Clustering | Prinipal Component Andlysis
Spot Families
Laad Spot Detais
oCluster 1 | SpotFamiy Q28
«Cluster 2
Hebidis JCluster 3 Row 70 Colmn a6
= Cluster 4
Rediltey * Local Local
7 6
Column
W o 5
O Peptide VKLYYNSSSGGWRYR
g
Max: 190 z
°
g2
Yotodis 8 Green Channel
&
o
£ DR
b
Min: 0 o
am
Clusters Red Channel

Export to CSV

o e = W e [

Green Background Median Green Foreground Median Red Raw Mean Red Background Mean Red Foreground Mean Red Raw Median Red Background Median Red Foreground Median Green Foregroun *
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17583
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I

25500
25500
255,00
255,00
255,00
255,00

255,00
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59,00
59,00
59,00
59,00
50,00

59,00

196,00
196,00
196,00
196,00
196,00
196,00
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Ready

Figure21: K-Means Clustering Analysis.

In thesample data packagée dataset inthe randomifolder can be used to teghis analysis.
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6 Product A ctivation

6 | Product Activation

The product activation requires anternet connection The user neeslto have a serial umber

obtained from thesoftware provider oits distributors.

(1) In the Evaluation Time Has Expirdidlog dickthe Nextbutton.

-
.:‘-4 PepSlide Analyzer

==

use.

Fvaluation Time Has Fxpired!

The product needs to be activated with a valid Serial Mumber for further

Click here to purchase a Serial Mumber,

Net | | End

Figure22: Starting theProduct Activation.

(2) Enter the srialnumber andthe licenseeinformation in theProduct Activatiomialog Gick Next

.;_ﬁ_} PepSlide Analyzer

2]

Serial Mumber
First Name
Last Mame
Organization

Email Address

Product Activation

Click here to purchase a Serial Mumber.

BgCuH-hDTS8-Miih 3-Dpcon-KGC]-386kU|
Dales

Jones

AZ Pharma Inc.

dale.jones@az-pharma.com

| Bak || mext || End

Figure23: Enteiing the licenseeinformation.
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6 | Product Activation

(3) Ifthe internet connection is ready, click tihetivatebutton and wait for the activation tdinish.

-
.;‘4 PepSlide Analyzer [ﬁ

Product Activation in Progress

The product will be activated online, Please prepare an internet connection
and dick Activate.

Proxy setting

Figure24: Product Activation in Progress

Please checkhe internet connectionin the casePSAcould notreach theactivation server.If
your system usea proxy serveto connect,specify itusingthe Proxy settindink. Otherwise,
contact the software provider for support.

(4) A completion message is shown to the user when the product is successfilgted.ClickNext

to use PSA immediately &ndto use it later.

A PepSlide Analyzer [ﬁ

Product Activation is completed

Congratulation! You have successfully activated PepSlide Analyzer.

next ||  End

Figure 25: Completion ofthe Product Activation.

Please note thatidensescan be reviewedor renewed in the case oftarm license,by clicking
onthe Helpmenu and choosingiicense Informatian

PepSlid®Analyzer & SN A D dzA R&sion 1.4 Page23



7 | Sample Datasets

7 Sample Datasets

Thesampledata packageonsists osampledatasetsthat can be usedo get familiar withPepSlid®

Analyzersoftware

Theoverlappind., randonil, and substitutionl folderscontainthe data ofpeptide arrays whose array
file is of PSKFormat. The overlapping3folder also contains peptide array data, but the array fie
prepared in theGAL formatThe user can perforrdata quantification(Sections2 and SectiorB) as

well as analysis of peptide libraf$ectiord) on these datasets.
Adataset fortestingdata mining toolgSectiorb) is storedin the schroeder201@older.

Further informationof the datasesis described below.

overlappingl

The peptide arrayconsistsof overlappingpeptide libraries.The signa arerecorded in a 1&it

grayscale TIFF image.

Referenceto Analysis Functig Sectiord. 1.

random1

Thepeptide arrayconsists ofrandom peptide libraries ThearrayQa & Ol Y \is% R4-bik ¢6lbra S

TIFHile, havingthe control signals in the green channel and the peptide signals in the red channel.

Reference to Analysis Funct®i$ectiord.2 and Section5.4.

substitutionl

The peptide arraycontains a substitution peptide library The signa are recorded in an -Bit

grayscale TIFfnage.

Reference to Analysis Funct®i$ectiord.3.
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7 | Sample Datasets

overlapping3

This peptide arraycontainsan overlappingpeptide library Since the array file is @ALformat, the

usercantry creatinga peptide library for GAL blocks with this dataset.

In this folder, ile overlapping3designtxt stores the design information of the peptide library, while
file PeptideMappingFile.txtontains the peptide mapping datdhe signals are recorded in a it

grayscale TIFF image.

Reference to Analysis Funct®iBectiond.4 and Sectiord. L

schroeder2010

This folder contains a dataset compildm this work. The originh GenePix Result (GPR) files can

be downloadedere.

The user can testthe Hierarchical Clusterindnnalysisand Principal Component Analysidth this
dataset In this folder, fle schroeder2010.csstores the Log Ratio (549/649) values of the GPR files.
The same data is stored in fdehroeder2010 _filtered.csexcepted thapositionalcontrols (starting

with ps_) have beeriiltered out.

Reference to AnalyskEunctions Sectiorb.2 and Section5.3.

3 Schroder et al. (2010): Dual-color proteomic profiling of complex samples with a microarray of 810 cancer-related antibodies,

Molecular & Cellular Proteomics 9(6): 1271.
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8 | Customer License Agreement
8 Customer License Agreement

Customer License Agreemefur User of PepSlidéAnalyzer

PEPSLIDE ANALYZER IS THE PROPERTY OSCHTWRRE GMBH (SICASYBE USE OF THIS
SOFTWARE IS GOVERNED BY THE TERMS AND CONDITIONS OF THE AGREEMENT SET FORTH B!
¢l19 ¢9wa a{hC¢2!w9é ! [{h Lb/[!59{ w9[!¢95 5h/ |
ELECTRONIC FORM) AND ANY UPDATES OR UPGRADES OF THE SOFTWARE PRGV/IDED BY SICA

BY INSTALLING THE SOFTWARE, AND/OR BY USING THE SOFTWARE, YOU AGREE TO BE BOUN
THE TERMS AND CONDITIONS OF THIS SOFTWARE LICENSE AGREEMENT.

License SICASYS grants to you (USER) aexduosive, nosiransferable license of use for the
SOFTWARE@ number of computers stated in the license contract. A separate license is required
for use on any additional computer.

Copy RestrictionThe SOFTWARE may not be copied either in full or part by USER, with the exception
of making copy for security or blup purpose. Copies must include all copyright and trademark
notices.

Use RestrictionsThis SOFTWARE is licensed to USER for internal use only. USER shall not (and shall
not allow any third party to):

0] decompile, disassemble, reverse engineer or attenopteiconstruct, identify or discover any
source code, underlying ideas, underlying user interface techniques or algorithms of the
SOFTWARE by any means whatever, or disclose any of the foregoing;

(ii) modify, incorporate into or with other software, or createdarivative work of any part of
the SOFTWARE;

(iir) attempt to circumvent any user limits, or other license, timing or use restrictions that are
built into the SOFTWARE.

Ownership of the SOFTWAREICASYS retains all titles of ownership, all ownership rightsalan
intellectual property rights of the SOFTWARE. SICASYS reserves all rights not expressly granted to
USER.

Termination SICASYS may terminate this Agreement immediately if USER breaches any provision.
Upon notice of termination by SICASYS, all rightsitgd to USER under this Agreement will
immediately terminate, and USER shall cease using the SOFTWARE and return or destroy all copies of
the SOFTWARE.

Limited Warranty and DisclaimetUSER is aware of the fact that technical errors in the program in
acordance with the accompanying documentation cannot be excluded. If USER claims deviations in
the program from the specification/description, USER has the right to request a fix, patch, work
around, or replacement of the SOFTWARE that does not meet sutddlwarranty. If a rectification

of the errors is not possible or if such rectification is not successful, USER has the right to request a
rescission of the contract, where USER must destroy all copies of the SOFTWARE.
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8 | Customer License Agreement

EXCEPT AS EXPRESSLY SET FORTHNSBOVEIER WARRANTIES OR CONDITIONS, EITHER
EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, ARE MADE BY SICASYS WITH RESPECT T
SOFTWARE AND THE ACCOMPANYING DOCUMENTATION, AND SICASYS EXPRESSLY DISCLAIM
WARRANTIES AND CONDITIONS NOT EXPRESSLY SHINTBICHERING BUT NOT LIMITED TO

THE IMPLIED WARRANTIES OR CONDITIONS OF MERCHANTABILITY, NONINFRINGEMENT, A
FITNESS FOR A PARTICULAR PURPOSE. SICASYS DO NOT WARRANT THAT THE FUNCT
/hbe¢! Lb95 Lb ¢19 {hC¢2!w9 2L[[ a9 9UPTED{OR BRROR WO Vv !
FREE, OR THAT ALL DEFECTS IN THE PROGRAM WILL BE CORRECTED. USER ASSUMES THE |
RISK AS TO THE RESULTS AND PERFORMANCE OF THE SOFTWARE.

Limitation of Liability IN NO EVENT SHALL SICASYS BE LIABLE FOR ANY INDIRECT, SPECIAI
CONSEQUENTIAR INCIDENTAL DAMAGES WHATSOEVER (INCLUDING, WITHOUT LIMITATION,
DAMAGES FOR LOSS OF BUSINESS PROFITS, BUSINESS INTERRUPTIONS, LOSS OF BUS
INFORMATION, OR OTHER PECUNIARY LOSS) ARISING OUT OF THE USE OF OR INABILITY TO US
SOFTWARE, EVEN IF SISASAVE BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
FURTHER, IN NO EVENT SHALL SICASYS BE LIABLE FOR ANY DIRECT DAMAGES ARISING Ol
rfowQ{ '{9 hC ¢19 {hC¢2!lw9d Lb bh 9x9b¢ 2L[[ {LJ
AMOUNT GREATER THAN THE P& FOR THE USE OF THE SOFTWARE.

Intellectual Property Right Infringementlf a claim alleging infringement of an intellectual property
right arises concerning the SOFTWARE (including but not limited to patent, trade secret, copyright or
trademark righs), SICASYS in its sole discretion may elect to defend or settle such claim, and/or
terminate this Agreement and all rights to use the SOFTWARE, and require the return or destruction
of the SOFTWARE, with a refund of the fees paid for use of the SOFT®$ARE réasonable
allowance for use and shipping.

Miscellaneous This Agreement is the entire agreement between USER and SICASYS with respect to

the license to the SOFTWARE, and supersedes any previous oral or written communications or
documents (including, ¥JSER isbtaining an update, any agreement that may haveréncluded

with the initial version of the Software). This Agreement is governed by the laws of Germany. If any
provision, or portion thereof, of this Agreement is found to be invalid or unenforceable, it will be
enforced to the extent permissible and themainder of this Agreement will remain in full force and
STFTSOUP CILAEdNBE (2 LINRP&aASOdziS F LI NLIEQa NARIKGE o,
waiver of the right to enforce rights with respect to the same or any other breach.
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license - 2
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overlapping - 11
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Q control spot - 3
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