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Make sure you read and understand the information in this chapter and

have the necessary instrumentation, software, solvents, and lab sup-
plies before you start the analysis.
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Introduction

The MacCoss Lab at the University of Washington has developed the Skyline soft-
ware package which provides an intuitive set of peptide-centric tools. Among its
many features, Skyline can create Agilent QQQ acquisition methods to run targeted
proteomics experiments. Skyline can also create transition lists. This software is
open source and is free for you to install on your computer.

This manual outlines how to use the Skyline software package to do the following
tasks:

+ Optimization of collision energies for peptides

* Review results

* Modify and export a report



Overview of the
workflow

This guide describes the workflow to use the LC/MS Data Acquisition software with
the Skyline software from the University of Washington to optimize the collision

energy. This guide also describes how to use Skyline to analyze peptides and create
reports that contain quantitative information.
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More information

If you need a general introduction to triple quadrupole (QQQ) mass spectrometry

before you begin, see the Agilent 6400 Series Triple Quad LC/MS System Concepts
Guide. The following sections are especially useful:

* “How a triple quadruple mass spectrometer works”

* “How Dynamic MRM works”

You can also view an online video that describes how a triple quad works.

For more information about Dynamic MRM, refer to the Triple Quadrupole Concepts
Guide or the online Help for the MassHunter Data Acquisition software for the Triple
Quadrupole instrument.

If you need a general introduction to Skyline software from the University of Wash-
ington’s MacCoss lab, you can watch the videos that are available online on the Sky-
line software website.


http://www.chem.agilent.com/en-us/products/instruments/ms/6410triplequadrupolelcms/pages/gp56595.aspx

Advantages of this The Skyline program is organized by proteins and then peptides and then transitions.

workflow The organization of this program is very intuitive to people working in proteomics.
What you cannot do with The Skyline program does not have all of the quantitative analysis functionality that
the workflow is available in the Agilent Quantitative Analysis program.

Safety Notes ] »
m When you disconnect LC columns or fittings, solvents may
leak. Use appropriate safety procedures (for example,
goggles, safety gloves and protective clothing), especially

when you use toxic or hazardous solvents. Read the material
data safety sheets supplied by the solvent vendors.

Read, understand, and meet conditions of all cautions in the
Maintenance Guide that you received with your
Triple Quadrupole instrument.



Required items

Required hardware and
software

Figure 1 The workflow requires an Agilent LC and an Agilent 6400 Series Triple
Quadrupole LC/MS System.

To do this workflow, you need:
* One of the following LCs:
+ Agilent 1220 Infinity LC
» Agilent 1260 Infinity LC
+ Agilent 1290 Infinity LC
» Agilent 1200 Series LC system
» Agilent 1200 Series Rapid Resolution LC system
+ Agilent 6400 Series Triple Quadrupole LC/MS System
» Agilent MassHunter Data Acquisition for QQQ version B.05.00
+ Skyline software version 1.1 or greater from the MacCoss Lab at the University of
Washington

The exercises in the next two chapters assume that:

« All instruments have already been installed and are working to specifications.

* You have been trained on the instrumentation and software. For example, you
have taken an operator course at an Agilent training center or you have been
trained on-site by an Agilent instructor (Application Engineer or consultant).






Q

« Peptide Optimization

Peptide Optimization W

Create QQQ method | t
in Skyline . ) 9
: Elilétstr: IIsn ‘ peptides into =
& Skyline
v
Review and run QQQ .
method in Data Acquisition Review QQQ
acquisiton = Run method
method

v
Review results and create
final QQQ method

in Skyline Load results
into Skyline
h 4 Review final
Review final QQQ method QQQ
in Data Acquisition acquisition
method

Review results
in Skyline

=P  Save method

Create QQQ method in Skyline

These exercises show you how to optimize the collision energy for the
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Create QQQ method in
Skyline

Edit Skyline settings

1. Start the Skyline program.

2. Edit Peptide Settings.

In this exercise, you first enter your proteins or peptides into Skyline. Then, Skyline
creates a list of precursor ions based on your settings and predicts the product ions.
From this list, you can select which precursor ions and product ions to include.
Then, you can create a QQQ Data Acquisition method. The LC parameters and the
other MS parameters are copied from the template method that you select.

You can also export a transition list that you can use to optimize the collision energy
for each transition. This transition list can be pasted into an existing QQQ Data
Acquisition method in the Data Acquisition program.

A
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Create QQQ method I .
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settings Skyline QQQ method

v
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v
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v

N
Review final QQQ method |
in Data Acquisition J

Before you enter your protein or peptide information, you need to verify that the set-
tings in Skyline are correct for your proteins or peptides.

For more information on installing the software, see “Installing Skyline” on page 50.

+ From the Start button in the All Programs list, click MacCoss Lab, UW > Skyline.

a Click Settings > Peptide Settings.

b On the Digestion tab, verify that the Enzyme is set correctly. In this example, the
Enzyme is Trypsin [KR | P]. See Figure 2.
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3. Edit the collision energy
settings in the Transition
Settings dialog box.

Peptide Settings == Peptide Settings =
Digestion | Prediction | Fiter | Library | Medifications Digestion | Prediction | Fiter | Library | Modifications
Enzyme Stnuctural modifications
[ Typsin (KR 1 P) - W] Carbamidomethyl Cysteine Edit st
Max missed cl g
=]
Background proteome: Max variable mods Max neutral losses
[Mone - 3 1
Isctope label type:
heavy -
Isctope modifications
[ Editlist..
Intemal standard type
heavy -]
(o] (oo | ] (o

Figure 2  The Digestion and Modification tabs in the Peptide Settings dialog box

c

a

On the Modifications tab, mark any Structural modifications. In this example, the
Carbamidomethyl Cysteine check box is marked. See Figure 2.

Click the OK Button.

Click Settings > Transition Settings.

On the Prediction tab, select <Edit list...> in the Collision energy box. The “Edit
Collision Energy Regressions” dialog box is opened.

Select Agilent in the “Edit Collision Energy Regressions” dialog box and click the
Edit button. If Agilent is not an option, then click Add.

The “Edit Collision Energy Equation” dialog box is opened.
Type Agilent for the Name.

Type 2 in the Charge column.

Type 0.036 in the Slope column.

Type -4 . 8 in the Intercept column.

In the next row, type 3 in the Charge column.

Type 0.036 in the Slope column.

Type -4 . 8 in the Intercept column.

Type 4 for the Step size. This step size is the number of volts to change the colli-
sion energy for each step.

Type 2 for the Step count. A step size of 2 means that when you are optimizing,
the collision energy is checked for 2 steps above and 2 steps below the specified
collision energy. In this example, the step size is 4, so the collision energy is
checked at +8, +4, 0, -4 and -8. For a precursor with m/z 1000, the collision ener-
gies would be 39.2, 35.2, 31.2, 27.2, and 23.2 V.

13



A set of standard peptides was reviewed. Given that the response tends to be
90% of maximum over 5 to 10 V, a step size of 4 V can quickly determine the opti-

mal value.
Edit Collision Energy Equation =
Agiert
[ cancel |
Regression parameters
Chage Sope Intercept
2 003 48
o3 003 48
*
Optimization:
Step size: Step count:
2 2

Figure 3  Edit Collision Energy Equation dialog box
m Click the OK button.
n Mark the Use optimization values when present check box.

o Select Agilent.

4. Edit the filter settings in a If necessary, click Settings > Transition Settings.
the Transition Settings b Click the Filter tab.
dialog box.

¢ Review the parameters. For this example, make the following changes:
+ Type 2, 3 for the Precursor charges.
« Type 1, 2 for the lon charges.
+ Select ion 2 under Product ions in the From list.
+ Select 4 ions under Product ions in the To list.

Transition Settings = Transition Settings =
Prediction |{ Fiter i Library [ Instrument | Ful-Scan Prediction | Fiter | Library |{ Insirument }| Ful-Scan
Brecursor charges: fon charges lon types Minm/z Mg m/z
23 12 ¥ 50 ) 1500 T
Dynamic min product m/z
Product ions
From: To: Match tolerance m/z Firmware transition limit
ion 2 +]  [4ions - 0.055 Th
Always add
9] Nieminalto Froline Edt Lt )
Ceminalto Gl or Asp ] M tine e e
min min
Precursor m/z exclusion window:
T
] Auto-select all maiching transitions
= Com

Figure 4  Two tabs of the Transition Settings dialog box
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5. Edit the instrument
settings in the Transition
Settings dialog box.

6. Save the settings for future
use.

Import peptides into Skyline

1. Copy your peptide to the
Clipboard.

2. Paste the peptide from the
Clipboard into Skyline.

If necessary, click Settings > Transition Settings.
Click the Instrument tab.

Enter a value in the Max m/z box that is not greater than the maximum m/z
value for the Agilent QQQ model that you own. You can find the maximum m/z for
your instrument in the Data Acquisition program in the Acquisition > QQQ tab in
the Method Editor window. If you right-click a Precursor lon or Mass value in the
Scan segments table, the Maximum value is displayed in the shortcut menu.

Click the OK button.

Click Settings > Save Current.

Type a Name and click the OK button.

In this example, a peptide from beta casein is typed into Notebook.

Highlight the entire peptide and press Ctrl and C. You can also highlight the entire
peptide and click Edit > Copy.
The example peptide is FRSEEQQQTEDELQDK.

Click Edit > Insert > Peptides.
Click the first cell in the Peptide Sequence column.
Press Ctrl and V to paste the peptide into this cell.

Type the Protein Name. In this example, the protein name is beta casein.

[ =l

#*

Peptide Lt |

Peptide Sequence Protein Name Protein Descrption
# | FQSEEQQQTEDELGDK beta casein

CheckforErors | [ Insst | [ Cancel

Figure 5  Insert dialog box

e Click the Insert button.

15



3. Make modifications to the
Peptide.

fu Skyline CESIESRIEAS N =S Ho |
File Edit View Settings Help

DEH *$ 2@ 9-

=%, beta casein
=88 FQSEEQQQTEDELQDK

B A, _591.4347s+ A -
I E 5] 63232505 Precursors before modifications
A Liy4] -503 2824+
L Q3]-390.1983+
I Diy2l-262.1397+
_A_ Efy5]- 316 6661++
A L] - 252 1448+
I Q3] 1956028+

A D [zZ - 131.5735++
= A 6612922+
L Ebol T =
A Liy4]-5032824+
i 03]-350.1883+
A Dy2]-262.1397+
I EB5]-316.6661+=
I Liyd1-252.1448++
I Q- 1956028+
A D2- 13157354+

Ready 1/1 prot 1/1 pep 1/2 prec 1/16 tran

Figure 6  Main window of the Skyline program before modifications

a Right-click the peptide and click Modify.

In this example, it is a phosphopeptide, so you have to modify the serine.

b Select Edit list from the serine (S) list. The “Edit Structural Modifications” dialog
box opens.

¢ In the Edit Structural Modifications dialog box, select Phospho (ST) in the Name
list. Click the Edit button. If Phospho (ST) is not available, click the Add button.

d Enter HO3 P for the Chemical formula.
e Type S, T in the Amino acid box.

f Click the Loss >> button.

g Click the sl button next to the Neutral losses list.

h Type H304P in the Neutral loss chemical formula box.

i Click the OK button in the Edit Neutral Loss dialog box.

i Click the OK button in the Edit Structural Modification dialog box.

Edit Structural Modification === Edit Neutral Loss ==
N ) Neutralloss chemicalfomula: o)
Phospho (ST) S H304P [»]
Cancel Cancel

fminozcd.  Teminus ponisicbu TN ~onhe
5T - »| [ Variable Lt ZESD)
Chemical fomua:
HO3F [»]
Manaisotapic mass Average mass
79.966331 79.579901 Loss <<
Neutral losses:
(97,3769 - H304P £y

£

x

Figure 7  Edit Structural Modification and Edit Neutral Loss dialog boxes

16



Export QQQ method

k Select Phospho (ST) for the S modification.
| Click the OK button in the Edit Modifications dialog box.

1y Edit Medifications ==
Structural Isotope heavy: [Cox ]
= . E=5
[Phospho (sT) -8 | -] [ Create copy
[ m £ =)
( o) B 5
[ -] oo | =)
[ S =)
[ m 9 | =)
( 5 T 5
[ o) B =
[ - o | =)
[ - E =)
( o ot =
[ o) o | =
[ m P =)
( o x| -] [ Ret

Figure 8  Edit Modifications dialog box

The protein name and the peptide are shown in the Skyline program. The Skyline
program uses the Peptide Sequence and the values in the Filter tab of the Transition
Settings to determine the precursors. Then, the Skyline program predicts the transi-
tions.

tu Skyline U (O = e |

File Edit View Seftings Help

NEH %B@E9-

%, beta casein
284 FOSEFQQATEDELGDK

EJ 1} 47

[ TR Precursors
U Lv4]-503.2824¢
/. Qy3]-390.1983+
L DIy2]-262.1387+
i EbS]- 3166661
P L4l 25214484
/. Q3] - 19560285+ R .
R Predicted transitions
£ 6878477+

—
|- A L b4l-503.2824+
A Qy3)-390.1983+
L DIy2]-262.1397+ 4—
L E[y5]-316.6661++
- I L 4] - 252 1448++
|- 1 Q13- 1956028+
M Dy2)- 1315735+

A

Ready 171 prot 1/1 pep 172 prec 1/16 tran

Figure 9  Main window of the Skyline program

You can either export a method directly from Skyline or you can export a transition
list that you can import into the MassHunter Data Acquisition program. Exporting a
method is the recommended option, but both options are documented here.

a Click File > Export > Method. The Export Method dialog box opens.

b Select Agilent 6400 Series as the Instrument type.

17



Export transition list

c¢ Click the Single method button.

d Select Collision Energy for Optimizing.

e Select Standard for Method type.

f Click the Browse button. The Browse For Folder dialog box is opened.

g Select the method to use as a template in the Template file box. This method is
an existing QQQ Data Acquisition method. All of the parameters in the existing
0Q0Q Data Acquisition method are copied to the new method except for the Scan
segments table. The Scan segments table is created from the information in Sky-
line. The Time segments table is taken from the template method’s first Time seg-
ment row.

h Click OK in the Browse For Folder dialog box.
i Click the OK button in the Export Agilent 6400 Series Method dialog box.

Export Method [=sal Expant Agilent 6400 Sesies Methed =
Instrument pe: Cox ] =) = masitnter + taetnods + skytinemetnoss ~[4s )
lert 400 Seies +
[Pgere 400 50t~ ) Organize *  Newickder - @
®) Single method ¢ Favornes
One method per protein
w LiGsaries
Mutiple methods
& Hemegroup
Maxt transtions per sample injection:
1B compul ter
Methods: 1 .
N et 'k
Optimizing
[Colision Energy =
— Fie game: | pih_Skyline_OptmizeCE =
Save 33 fype: | Method File *.m) z
Method type Dwell time: fms):
Standard = 2
[CETER— 3 Hide Foldars Sve | | Conenl
Template e
C:\MassHurter\Methods'defaut m

Figure 10  Export Method and Export Agilent 6400 Series Method dialog boxes

If you have not yet developed your template method, you can instead export a transi-
tion list. Then, when you create your method in the Data Acquisition program, you
can paste this transition list into the Scan segments table.

a Click File > Export > Transition List. The Export Transition List dialog box is
opened.

b Select Agilent as the Instrument type.

c Select Collision Energy for Optimizing.

d Select Standard for Method type.

e Click the OK button. The “Export Transition List” dialog box opens.
f Navigate to the folder where you want to save the method.

g Type a name for the new method.

h Click the Save button.

18



Save Skyline project

Export Transition List ==

@ Single method
(©) One method per protein
*) Mutiple methods

Max transitions per sample injection:

Methods: 1

Qptimizing

Colision Energy h

Method type: Dwel time ms):

g

Figure 11  Export Transition List dialog box
i Select Transition List (*.csv) for the Save as type.

i Enter a File name. You can create a folder in MassHunter to store your CSV files.

Export Transition List (=)

@Qv‘ « MassHunter b Skyline files b = [ 4 ||| search siptine es I

File name: FQS-CE-opt e

Save as type: [ Transition List (".csv) -

Figure 12  Export Transition List dialog box

k Click the Save button.

You can save this project; then, you can open this project at a future time.
a Click File > Save or File > Save As.
b Type a name in the “Save As” dialog box.

¢ Click the Save button.

19



Format of CSV file

The format of the CSV file that contains the Transition List is:

D) e 9 - ® FQS-CE-opt.csv - Microsoft Excel S == e
A Home Insert Page Layout Formulas Data Review View Add-Ins @ - =2 x
* s = P e | = o |20 l[cenen B conditional Formatting ~ || S=lnset - | E - %? \ﬁ
e = {35 Format as Table - I Delete - | [§] .
Pate (B 2 B-E-S-A (== =(F = | T e | I 5 Celt styes - B rommaty ||l Ga ot L
Clipboard = Font = Alignment = Humber = Styles Cells Editing
| a2 i £ | FaseeaaaTeDeLapK
A B & D E F G H 1 J K L
1 |Compound Name |STD? Precursor lon MS1Res Productlon MS2Res Dwell Fragment Collision £ Protein lon Name
2 |FQSEEQQQTEDELQDK _| FALSE 1031417871 Unit 632.304982 Unit 5 130 24.3 beta casein y5
3 |FOSEEQQQTEDELQDK =~ FALSE  1031.417871 Unit 632.314982 Unit 5 130 28.3 beta casein y5
4 |FOSEEQQOTEDELQDK ~ FALSE  1031.417871 Unit 632.324982 Unit 5 130 32.3 beta casein y5
5 |FQSEEQQQTEDELQDK  FALSE 1031.417871 Unit 632.334982 Unit 5 130 36.3 beta casein y5
6 |[FOSEEQQQOTEDELADK ~ FALSE  1031.417871 Unit 632.344982 Unit 5 130 40.3 beta casein y5
7 |FOSEEQQOTEDELQDK =~ FALSE  1031.417871 Unit 503.262388 Unit 5 130 24.3 beta casein y4
& |FQSEEQQQTEDELQDK =~ FALSE 1031.417871 Unit 503.272388 Unit 5 130 28.3 beta casein y4
9 |FQSEEQQQTEDELQDK =~ FALSE  1031.417871 Unit 503.282388 Unit 5 130 32.3 beta casein y4
10 |FQSEEQQQOTEDELQDK ~ FALSE  1031.417871 Unit 503.292388 Unit 5 130 36.3 beta casein y4
11 |FQSEEQQATEDELQDK ~ FALSE  1031.417871 Unit 503.302388 Unit 5 130 40.3 beta casein y4
12 |FQSEEQQQATEDELQDK ~ FALSE 1031.417871 Unit 390.178324 Unit 5 130 24.3 beta casein y3
13 |FQSEEQQQTEDELQDK ~ FALSE  1031.417871 Unit 390.188324 Unit 5 130 28.3 beta casein y3
14 |FQSEEQQATEDELQDK ~ FALSE  1031.417871 Unit 390.198324 Unit 5 130 32.3 beta casein y3
15 |FQSEEQQATEDELODK ~ FALSE  1031.417871 Unit 390.208324 Unit 5 130 36.3 beta casein y3 i
H 4+ M| FQS-CE-opt /¥J ) T m
Ready | Fixed Decimal (=a s

Figure 13  CSV file for the Transition List
« Each transition has five rows in the transition list. There are two steps below
the original collision energy and two steps above the original collision energy.
» The collision energy increases by the step size that you set in “Edit the colli-
sion energy settings in the Transition Settings dialog box.” on page 13.
» The Product lon also changes slightly. The Skyline program uses those slight

changes to keep track of which step it is on.

+ Skyline always exports the transition list using Unit for the MS1 and MS2 res-
olution. You can modify the MS1 and MS2 resolution before or after you paste
the transition list into the Scan segments table.

20



Create and run the
method in Data
Acquisition

Review QQQ acquisition
method

1. Start the MassHunter Data
Acquisition program.

In this exercise, you load the method created by Skyline and run it to optimize the
collision energy. You could also import the transition list from Skyline and run a
method that optimizes the collision energy. This task gives you the basic steps to set
up an LC/MS method with the MassHunter Data Acquisition program. If you need
more details and practice, see the Agilent MassHunter Workstation Software — Data
Acquisition for 6400 Series Triple Quadrupole LC/MS Familiarization Guide.

A
Peptide Optimization j

Create QQQ method
in Skyline

A 4

Review and run QQQ

method in Data Acquisition Review QQQ

acquisition =P Run method
method

v

Review results and create W
final QQQ method

in Skyline J

v

Review final QQQ method w
in Data Acquisition J

* Double-click the MassHunter Data Acquisition icon.

If you need help, see Step 1 in the “Getting Started” section of the Agilent 6400
Series Triple Quad LC/MS System Quick Start Guide.
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Load the QQQ acquisition
method from Skyline.

(optional) Prepare the LC
modules.

Prepare the Agilent 6400
Series Triple Quadrupole
LC/MS System.

Review values for all the LC
modules.

Review parameters on the
QQaQ tabs.

a Click Method > Open. The “Open Method” dialog box is opened.
b Navigate to the folder where you saved the method in Skyline.

¢ Select the method that you created in Skyline.

d Click the Open button.

a Switch the LC stream to waste (or disconnect it from the MS).
b Purge the LC pump.

¢ Install the column and condition it as described in the column instructions
included in the column package.

d Set up to view real-time parameter values (actuals).
e Set up to display real-time plots.

f Set the LC parameter values in the Method Editor window.

If you need help, see Step 2 in the “Getting Started” section of the Agilent 6400
Series Triple Quad LC/MS System Quick Start Guide.

It is very important to purge solvent channels A and B because trapped air causes
irreproducible retention times for analytes.

a Do a Checktune, or if necessary do an Autotune.
b Switch the LC stream to MS.
¢ Start the flow at initial method conditions.

d Monitor the MS baseline and spectral displays.

If you need help, see Step 3 in the “Getting Started” section of the Agilent 6400
Series Triple Quad LC/MS System Quick Start Guide.

+ In the MassHunter Data Acquisition program, review the parameters on each LC
tab.

If you need help, see Step 4 in the “Getting Started” section of the Agilent 6400
Series Triple Quad LC/MS System Quick Start Guide (Agilent publication G3335-
90077, Eighth Edition, January 2010).

a Review parameters on the Acquisition tab.

» Each transition has five rows in the Scan segments table. There are two steps
below the original collision energy and two steps above the original collision
energy.

» The collision energy increases by the step size that you set in “Edit the colli-
sion energy settings in the Transition Settings dialog box.” on page 13.

» The Product lon also changes slightly. The Skyline program uses those slight
changes to keep track of which step it is on.

b Review parameters on the Source tab.
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7. Review the parameters on
the DA tab.

8. Save the method.

Import transition list

1. Open the CSV file in Excel.

2. Copy the transition list to
the Clipboard.

¢ Review parameters on the Chromatogram tab. You can specify which chromato-
grams to show in the Chromatogram Plot window during a run.

d Review parameters on the Instrument tab. You can specify which instrument
curves to store on this tab.

You typically do not run Qualitative Analysis or Quantitative Analysis with this data
file because the software doesn’t know that these are the same compound since
the product ions are different. Skyline changes the product ion to a slightly different
value for each of the different collision energies as an internal way of keeping track
of the collision energy optimization.

a Click the DA tab.
b Clear the Qual Automation check box on the Qual tab.
¢ Click the Quant tab.

d Clear the Quant Automation check box on the Quant tab.

a Click Method > Save.

Or, to save with a different name:
a Click Method > Save As.

b Enter a name for the method and click OK.

If you created a transition list, then the contents of the CSV file can be pasted
directly into the Scan segments table using the shortcut command, Paste from Clip-
board. You can follow the steps in the “Review QQQ acquisition method” on page 21
and then follow these steps to modify the Scan segments table.

a Open the Excel program.

b Click the Microsoft Office button and then click Open.

o

Navigate to the folder containing the CSV file and click Open. See Figure 13 on
page 20.

a Select all of the cells in the transition list including the header.
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3. Import the transition list.

N s E-opt.csv - Microsoft Excel FerET=E - = x
A one [ Pagelayout  Formulas  Data  Review  View  AddIns @ - = x
T e Sp— | =im |5 e [ conditional Formatting ~ | S=lnset~ X v %? §}
3 3% Format as Table ~ 5% Delete - | (8]~
i il i’ Sl 8- % 0|58 = celn styles - [%Y Format = || 2+ E‘T{:,& ;Tf:t&v
Clipboard = Alignment = Number ] Styles Cells Editing
‘ Al - £ | compound Name
A B c D E F G H 1 J K L

1 [compoundName  ISTD?  Precursorlon MS1Res Productlon MS2Res Dwell  FragmentiCollisionEProtein  lon Name]

2 [FQSEEQQQTEDELQDK  FALSE 1031.417871 Unit 632.304982 Unit 5 130 24.3 beta casein y5

3 [FOSEFQOOTEDELQDK  FALSE  1031.417871 Unit 632.314982 Unit 5 130 28.3 beta casein y5

4 |FQSEEQOQTEDELQDK ~ FALSE  1031.417871 Unit 632.324982 Unit 5 130 32.3 beta casein y5

5 [FQSEEQOQOTEDELODK ~ FALSE 1031417871 Unit 632.334982 Unit 5 130 36.3 beta casein y5

6 [FQSEEQQQTEDELQDK  FALSE 1031.417871 Unit 632.344982 Unit 5 130 40.3 beta casein y5

7 |[FoseroooTEDELQDK  FALSE  1031.417871 Unit 503.262388 Unit 5 130 24.3 beta casein y4

8 [FOSEEQOQTEDELQDK ~ FALSE  1031.417871 Unit 503.272388 Unit 5 130 28.3 beta casein ya

9 [FQSEEQQQTEDELQDK  FALSE 1031.417871 Unit 503.282388 Unit 5 130 32.3 beta casein y4

10 [FQSEEQQQTEDELQDK  FALSE  1031.417871 Unit 503.292388 Unit 5 130 36.3 beta casein y4

11 [FQSEEQOQTEDELQDK ~ FALSE  1031.417871 Unit 503.302388 Unit 5 130 40.3 beta casein y4

12 [FQSEEQQQTEDELQDK ~ FALSE  1031.417871 Unit 390.178324 Unit 5 130 24.3 beta casein y3

13 [FQSEEQQQTEDELQDK  FALSE 1031.417871 Unit 390.188324 Unit 5 130 28.3 beta casein y3

14 [FQSEEQQQTEDELQDK  FALSE  1031.417871 Unit 390.198324 Unit 5 130 32.3 beta casein y3

15 [FQSEEQOQTEDELQDK  FALSE  1031.417871 Unit 390.208324 Unit 5 130 36.3 beta casein y3

ld-d4 > b | FQS-CE-opt #%J [ m

Ready | Fixed Decimal Average: 2712643722 Count:891  Sum: 1085059489 [ [ [T 400%

Figure 14  After selecting all of the cells in the transition list

b Click Edit > Copy. You can also press Ctrl and C.

In the Data Acquisition program, click the QQQ tab in the Method Editor window.

Make sure that you have saved your method before changing the Scan Type. The
Scan segments table is reset to one, default line when the Scan Type is changed.

Select MRM for the Scan Type in the first row of the Time segments table.

Right-click the Scan segments table and click Paste from Clipboard.

Select the first row in the Scan segments table. This row is the default row in the
Scan segments table.

Right-click the Scan segments table and click Delete row.

Tune fie Stop time Acquusiliun} Source | Chromatogram | hstrument | Diagnostics
[restunesnl (' No limit/#ss Pump S e
Bromse . ﬂ i il min Compaund Name ISTD7 | Precursarlon © MSTRes | Productlon ©| MS2Res | Dwell | Fragmentsr | Calison Enrgy | P/ peleeter g!
e e » | FOSEEQOOTEDELODK | [ 1031417671 |Unit 532.304362 Unit 5 130 243 7[Pos
EEEE —— FOSEEQQATEDELODE | T 1031 417871 |Unit 532.314382| Unit 5 130 23 7[Pos
FOSEEQQATEDELODK | [ 1031 417871 |Unit 532.324382| Unit 5 130 23 7[Po:
Time segments FOSEEQQETEDELGDE | I 1031417871 |Unit 532.334362 | Unit 5 130 %3 7[Por
a || 2= SenTpe | Divvabve | Dol | Doke gy FOSEEQQATEDELODK | [ 1031 417871 |Unit 532.314382| Unit 5 130 w03 7[Pos
v | ol tes | w| o @ | FOSEEQQQTEDELODK | [ 1681 17671 i 503.262398 | Unit 5 130 23 7[Pos
FOSEEQQATEDELADK | I 1031 417871 |Unit 503272388 Unit 5 D 283 7[Pos
FOSEEQQATEDELODK | | 1031 417871 |Unit 503.282388 | Unit 5 130 323 7[Pos
FOSEEQQQTEDELODK | I 1031417871 |Unit 503.232368 | Unit 5 130 %3 7[Pos
FOSEEQQATEDELODE | T 1031 417871 |Unit 503, 302388 Unit 5 130 w03 7[Pos
FOSEEQQATEDELODK | | 1031 417871 |Unit 390178324 | Unit 5 130 23 7[Foc 4|
[47  cocksls [eag  mefouck [«I o

Figure 15
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Run the method

1. Start the MassHunter Data
Acquisition program, if it is
not currently running.

2. Load your method.

3. Edit the information in the
Sample Run window.

i Sample Run
>

Sample
Name beta cassin

Injection Volume |As Method

* Double-click the MassHunter Data Acquisition icon.

If you need help, see Step 1 in the “Getting Started” section of the Agilent 6400
Series Triple Quad LC/MS System Quick Start Guide.

a Type a Name for the Sample.
b Type a Comment for the Sample.

¢ Type a Name for the Data File.

Commert oplimizing the colision energy for beta casein

Data Fie
[¥] Auto Incremertt

Name

Path

4. Run the method.

Figure 16 The Sample Run window

* Click Sample > Run.

betacasenid | View Data |

Addtional Information

Parameter Name
Sample (D

Parameter Value

Override DA Method

C:\MassHunter'Methods\defsult m

»  Sample Type

Sample

Hethed Type

Acquisition Only

Balance Override

No Override

Equilib Time (min)

0

RunType

Standard Run

+ Click the .' icon in the toolbar in the Sample Run window.

* Click the icon in the main toolbar.
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Review results and
export final method from
Skyline

Load results into Skyline

1. Start Skyline program.

2. Open the Skyline project.

3. Import results.

This section shows you how to create the final optimized QQQ method. You first
need to import the results from the data file you created in “Create and run the
method in Data Acquisition” on page 21. Then, you can graphically review the
results and then export a Dynamic MRM method.

A
Peptide Optimization j
P

N
Create QQQ method
in Skyline

v

Review and run QQQ w
method in Data Acquisition)

v
Review results and create
final @QQQ method X .
in Skyline Load results Review results Export final

into Skyline in Skyline QQQ method

v

Review final QQQ method w
in Data Acquisition J

+ From the Start button in the All Programs list, click MacCoss Lab, UW > Skyline.

a Load the settings that you saved in “Save the settings for future use.” on

page 15. A menu item with the name you used to save the settings is added to
the Settings menu.

b Click File > Open.

¢ In the Open dialog box, select the project you saved in “Export QQQ method” on

page 17.

a Click File > Import > Results.

b Click the Add one new replicate button.
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¢ Type a Name for the import. In this example, Name is set to FQS opt.
d Select Collision Energy from the Optimizing list.
e Click the OK button.

Import Results ==
7) Add single-rjection replicates in files
7 Add muliinjection replicates in direclories Cancel

@ Add one new repiicate
Name
FQS opt

Optimizing

Colision Energy -

Figure 17 The Import Results dialog box

f Inthe “Import Results Files” dialog box, select the data file you created in “Create
and run the method in Data Acquisition” on page 21.

g Select Agilent Data for the Sources of type box.

h Click the Open button.

Import Results Files |
Lockin: (3 Skyline files 5 o mE
(D gzip
y, Ehea
. |Dihsapep
My Recert
Documents =L
[ Sigma-FQs-4003 4|
‘_ (Dskyline
( [ TestExport 1.m
Deskiop
My Documents
58 _
My Computar | SOUTRRame:  SmaF5<003d
Sources of type: | Agient Data ] [ Cancel |

Figure 18 The Import Results Files dialog box

Review results in Skyline The graphical user interface contains a lot of information.

« A green dot next to a product ion means that the transition was found in the
data file.

« The numbers after the peptide represents the relative abundance of that tran-
sition compared to the other transitions for that peptide. This value helps
when you have optimized more transitions than you will use in the final
method which is the typical method development strategy.

+ If you place the mouse over the items in the list, a tooltip is displayed which
gives you more information.

* You can change the graphs that are displayed using the commands in the View
menu.
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1.

* You can right-click each graph to change how the graph is displayed. For
example, you can right-click the graph and click Transitions > Single to display
the transitions as a bar graph or click Transitions > Total to display the transi-
tions stacked together.

« Ifa green dot is beside a precursor ion, then all of the selected transitions
were found.

+ If a yellow dot is beside a precursor, then at least one of the selected transi-
tions was not found.

+ If ared dot is beside a precursor, that means that over half of the selected
transitions were not found.

T Shoyhe - FOS demouky
Fle Edt  View Seltings  Help
G H LR (-

Pesk feas I -x

- FOSEEQQOTEDELADK - 10314178+
m— FOSEEQQATEDELQAOK - 637 9477 ¢4+

Peak Area [1043)

FOS Opt 1=

—— FOSEROOOTRDRLO0 - 1037 4178+=
—— FUSEEQOUTEDELOUK - GET 8477 =+

4000 it
2000

5
g
£ +

Retention Time

Ready 171 pret L1pep 172 pree L/16 tran

Figure 19  Skyline program after importing results file

Select the transitions that a Click the arrow next to the precursor ion. This arrow is visible when you move the
were found. mouse over the precursor in the list.

b In the list that is displayed, mark the transitions that have a green dot next to
them. The transitions with a green dot next to them are found. Clear the check
box of the transitions that do not have a green dot next to them.

tu Skyline - FQS demo.sky *
File Edit View Setiings Help
S X Ga@|9-
eta casein
o @ FOSEEGGQTEDELGDK

Peak Areas

_J_E5]- 6323250+
I Livd1- 5032824411
a

[ = f_D2)-262.1397+]2)
L E[y5]- 31666614+
JL L iy4]- 2521448+

3] - 195.6028+

Aa
A

Figure 20 Marking the transitions that were found

¢ Click the green check mark icon to save the changes.

NOTE: In this example, only the transitions that were found are marked.
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2. Examine each transition to
see which collision energy
created the greatest peak
area.

tig Skyline - FQS demo.sky *

a

Right-click the Peak Areas graph and click Selection if it does not have a check
next to it. When Selection is marked, then a line is drawn from the maximum col-
lision energy to the y-axis.

Click a transition in the list.

Examine the Peak Areas graph to determine the collision energy that produces
the greatest peak area. In this example, the peak area is greatest for this transi-
tion for Step-1 or -4 volts.

Examine the FQS opt tab to see the overlay of the peaks and this graph is also
color coded.

O | en s )

File Edit View Settings Help
DEH %5@9-

£ %, beta casein
E-a'® FOSFEQQATEDELGDK
Bl @ 4 10314175
-3 _f_Qb1]-1361.61795]
2 _f_ QB101-12335594+14]
o /L Q b9~ 1105.5008+(3]
@ L Tiy81-977.4422+[1]
o/ Livel-503.2824P2]
~ 9 _f_ Dy2]-262.1397f6]
Bl 9 f 6879477
o TiyBl-5774422+2)
s _J_ Ely7]-876.3945+(3]
@ _J_ Dis]-747.361941]
w @ _J_ Liy4]- 503.2824+14]

Ready

3. (optional) Edit the
regression parameters to
change the initial equation.

Figure 21

Peak Areas 11 »X

WEm 1713616179+ W Step 1 == Step? ]

m Step -2
5000 ¢

4000 £
3000 ¥
2000
1000 £
0 X

FQs opt
Replicate

m Step -1

Peak Area

FQS Opt 1 -Xx
Step 1 — Step? ]

— y11-1361.6179+

[—Stp2
1500

1000 +

500 +

Intensity

o

t t t f } {
5 6 7 8 9 10
Retention Time

t t t t
0 1 2 3 4

171 prot 111 pep 1/2 prec 1410 tran

Comparing collision energies for the same transition

Typically, you only want to determine a new equation if you have a much bigger dis-
tribution of peptides. However, this example is included for demonstration purposes.

a

b

Click Settings > Transition Settings.

Select Transition for Optimize by.

Click the Prediction tab.

Select Edit list from the Collision energy list.

Click Agilent in the Edit Collision Energy Regressions dialog box and the click the
Edit button.

In the Edit Collision Energy Equation dialog box, click the Show Graph button.

Examine the different graphs. The slope and the intercept are shown for each dif-
ferent charge state. If you want to use the new information, click the Use Results
option.
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Export final method You do the following steps to use the optimal collision energies for a peptide or set
of peptides to create a final method. You can also export a final transition list. You
can use this transition list to create a method in the Agilent Data Acquisition pro-
gram.

a Click File > Export > Method.

b In the Export Method dialog box, select Agilent 6400 Series as the Instrument
type.

¢ Click the Single method button.

d Select None for Optimizing.

e Select Scheduled as the Method type.

f Click the Browse button. The Browse For Folder dialog box is opened.

g Select the method to use as a template in the Template file box. This method is
an existing QQQ Data Acquisition method. All of the parameters in the existing
QQQ Data Acquisition method are copied to the new method except for the Time
segments table and the Scan segments table. The Time segments table and the
Scan segments table are created from the information in Skyline.

h Click OK in the Browse For Folder dialog box.
i Click the OK button in the Export Method dialog box.

Export Method = Export Agilent 6400 Series Method =
Instrumert type: G‘ Jw| L o Massuntes ¢ Skywnefies » skpline ¢ = )
Agilent 6400 Series S o Mew i
e 640 Seen ] — Ovganize. = . New fokdas - @
@ Single method ¢ Favornes Nase e : - .

One method per protein skrling
@ Libvaries
Muttiple methods
& Homegroup
Max concurert transtions:
& Computer
Methods: 1 .
i Network
Optimizing:
None -
Fie name:
Method type: Save a3 type | Method File (".m) =
Scheduled -
= ide Fetders save | Cancel
Template fil:
C:\MassHunter\Methods defaut.m Erowse...

Figure 22  Export Method and Export Agilent 6400 Series Method dialog boxes

j Inthe Export Agilent 6400 Series Method dialog box, select Method File (*.m) as
the Save As type.

k Enter a name for the method and click the Save button.

Export final transition list If you do not have a method to use as the Template file, you can export a transition
list instead of a method. You can paste this transition list into the Scan segments
table in the MassHunter Data Acquisition program.

a Click File > Export > Transition List.

b In the Export Transition List dialog box, select Agilent as the Instrument type.
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¢ Select Scheduled as the Method type.
d Click the Single method button.
e Select None for Optimizing.

f Click the OK button.

Export Transition List 5 e o
Instrumen type: @Qﬂ « MassHunter » Skyline files b & ‘*,H Search Skyilne files £l
Agiert - —_—

Cancel File name:  [TNGNIEEE b

@ Single method

Save a5 type; [Transition List (csv) -]
One method per protein
BRI e ¥ Browse Folders | save | Cancel |

Max concument transitions:

Methods: 1
Optimizing
Nene -
Method type:
Scheduled -

Figure 23  Export Transition List - page 1 and page 2

g Inthe next Export Transition List dialog box, select Transition List as the Save As
type.

h Enter a name for the transition list and click the Save button.
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Format of the final The final Transition List contains only one line for each transition including the opti-
transition list file mized collision energy:

Ho-o- )= DMRM.csv - Microsoft Excel Tox
Home Insert Page Layout Formulas Data Review View Add-Ins @ - = x
% =¢ | Genera - || [E}conditional Formatting > S=Insert~ | X - ? iﬁ
Ee | -||$ - % | HEFomatasTable - P Deiete + || (@]~
%8 5% 15 Cell Styles - HElFormat~ | 2~ é.?(:,gf SF',TSH&.
|| Clipboard = Font G| Alignment | Number 1 Styles Cells Editing
[ H9 ~@ f| 22
[ 4| A B c o | E -1 (R - K|
1 CompoundName  ISTD?  Precursorlon MS1Res Production MS2Res Fragment Collision fRet Time (Delta ReProtein I
2 |FQSEEQQQTEDELQDK  FALSE 1031.417871 Unit 1361.617929 Unit 130 28.3 3.01 2 beta caseiy]
3 |FQSEEQQQTEDELQDK  FALSE 1031.417871 Unit 1233.559351 Unit 130 28.3 3.01 2 beta caseiy]
4 |FQSEEQQQTEDELODK  FALSE 1031.417871 Unit 1105.500774 Unit 130 32.3 3.01 2 beta caseiyY
5 |FQSEEQQQTEDELODK  FALSE 1031.417871 Unit 977.442196 Unit 130 32.3 3.01 2 beta caseiyy
6 |FQSEEQQQTEDELQDK ~ FALSE 1031.417871 Unit 503.282388 Unit 130 36.3 3.01 2 beta caseiy/
7 |FQSEEQQQTEDELQDK ~ FALSE 1031.417871 Unit 262.139747 Unit 130 32.3 3.01 2 beta casely|
8 |FOSEEQQQTEDELODK  FALSE 687.947673 Unit 977.442196 Unit 130 0.24 3.02 2 beta caseiyy
9 |FQSEEQQQTEDELQDK  FALSE 687.947673 Unit 876.394518 Unit 130| 14_| 3.02 2 beta caseiy]
10 |[FQSEEQQQTEDELQDK  FALSE 687.947673 Unit 747.351925 Unit 130 2 3.02 2 beta caseiy(
11 FQSEEQQQTEDELQDK  FALSE 687.947673 Unit 503.282388 Unit 130 2 3.02 2 beta caseiy«
12
13
14|
o i — -
M 4+ M| DMRM T3 T
Ready = Fixed Decimal

Figure 24  CSV file for the Final Transition List
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Review final QQQ
method in Data
Acquisition

Review QQQ acquisition
method

1. Start the MassHunter Data
Acquisition program.

2. Load the QQQ acquisition
method from Skyline.

This exercise shows you reviewing the final method. You can also review importing
the final transition list.

A
Peptide Optimization j

Create QQQ method
in Skyline

v

Review and run QQQ W
method in Data Acquisition)

v
Review results and createw
final QQQ method
in Skyline J

v

Review final
Rev!ew final QQ('I‘n?ethod QQQ M sve meidied
in Data Acquisition acquisition

method

* Double-click the MassHunter Data Acquisition icon.

If you need help, see Step 1 in the “Getting Started” section of the Agilent 6400
Series Triple Quad LC/MS System Quick Start Guide.

a Click Method > Open. The “Open Method” dialog box is opened.
b Navigate to the folder where you saved the final method in Skyline.

¢ Select the final method that you created in Skyline.
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3. Review values for all the LC
modules.

4. Review parameters on the
QQaQ tabs.

5. Review the parameters on
the DA tab.

Import final transition list

1. Open the method.

2. Open CSV file in Excel.

3. Copy the transition list to
the Clipboard.

d Click the Open button.

+ In the MassHunter Data Acquisition program, review the parameters on each LC
tab.

If you need help, see Step 4 in the “Getting Started” section of the Agilent 6400
Series Triple Quad LC/MS System Quick Start Guide (Agilent publication G3335-
90077, Eighth Edition, January 2010).

a Review parameters on the Acquisition tab.
b Review parameters on the Source tab.

¢ Review parameters on the Chromatogram tab. You can specify which chromato-
grams to show in the Chromatogram Plot window during a run.

d Review parameters on the Instrument tab. You can specify which instrument
curves to store on this tab.

a Click the DA tab.
b Review the parameters on the Qual tab.
¢ Click the Quant tab.

d Review the parameters on the Quant tab.

If you created a final transition list, then you follow these instructions to create a
final method.

+ Click Method > Open or click the Open Method icon on the main toolbar.

a Open the Excel program.
b Click the Microsoft Office button and then click Open.

¢ Navigate to the folder containing the CSV file and click Open. See Figure 24 on
page 32.

a Select all of the cells in the transition list including the header.
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N e B DMRM2.csv - Microsoft Excel FelE=8 - = x
- Home Insert Page Layout Formulas Data Review View Add-Ins @ - 7 X
‘:] M ion S PR | General - ElConditional Formatting - | S=lnsert~ X - %? }3

53 $ -~ % | HEiFormatasTable - 3 Delete - || [g]~
Faste g ||lBAE T [ O e EE (5 cell Stytes ~ (Bl Fomat~ || D= Fmars Coers
Clipboard Font ] Number Styles Cells Editing
| Al hd Je | compound Name ¥
A 8 c D E F s H | i K L

1 [compound Name ISTD?  Precursorlon MSLiProductlon MS2 F Fragment: Collision ERet Time ( Delta Ret Protein  lon Nam|-

2 |FQSEEQQQTEDELODK ~ FALSE 1031417871 Unit  1361.617929 Unit 130 283 3.01 2 beta caseiyl1

3 |FQSEEQQAQTEDELQDK FALSE 1031.417871 Unit  1233.559351 Unit 130 283 3.01 2 beta caseiyl0

4 |FOSEEQQQTEDELQDK ~ FALSE 1031417871 Unit  1105.500774 Unit 130 323 3.01 2 beta caseiy9

5 |FOSEEQQOTEDELQDK ~ FALSE 1031417871 Unit  977.442196 Unit 130 323 3.01 2 beta caseiyg

6 |[FOSEEQQQTEDELODK ~ FALSE 1031417871 Unit  503.282388 Unit 130 36.3 3.01 2 beta caseiya

7 |FQSEEQQAQTEDELQDK FALSE 1031.417871 Unit 262.139747 Unit 130 323 3.01 2 beta caseiy2

8 |FOSEEQQQTEDELODK  FALSE 687.947673 Unit  977.442196 Unit 130 24 3.02 2 beta caseiyg

9 |FQSEEQQQTEDELODK  FALSE 687.947673 Unit  876.394518 Unit 130 24 3.02 2 beta caseiy?

10 |FQSEEQQQATEDELQDK FALSE 687.947673 Unit 747.351925 Unit 130 24 3.02 2 beta caseiy6

11 |FQSEEQQQATEDELQDK FALSE 687.947673 Unit 503.282388 Unit 130 24 3.02 2 beta caseiyd
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14

15 =

W4 » | DMRM2 71 0| I I
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Figure 25 After selecting all of the cells in the final transition list

b Click Edit > Copy. You can also press Ctrl and C.

4. Import the transition list. a In the Data Acquisition program, click the QQQ tab in the Method Editor window.

i Method Editor
[ | v Wl bd | B |[peptideOptimize.m |« Apply |G
Properties DA | QQQ
T Stop time Acquisition ] Source | Chromatogram | nstrument | Diagnostics
[gunestanesm & Mo limit/As Pump o RS
Browse ﬂ cn o CompoundName 7 |1STD? | Precursorlon ©| MS1Res | Praductlon | MS2Res | Fragmentor |Colision Eneray EE"CS““:;?‘”’ Re[‘mwe DET“HE"Z‘E‘ Fz‘
Te— ——— y FOSEEUOGTEDEL| [~ | 1031417871 | Urit 31 517528 Uit 730 %53 A HEY
EEEmE e [ o FOSEEQOOTEDEL| [~ | 1031 417871 |Unit TEsaTERR Uri 130 83 T 3[Pos
FOSEEQOQTEDEL| [~ | 1031417871 |Unit 1105500774 | Urit 130 23 7 a0 2[Pes
Time: seqments FOSEEQQATEDEL| [ | 1031 417871 |Unit 977 442196 | Unit 130 23 7 am 2[Pes
y | 3 seanTupe | Divvie | Dot | Bote [ sigeg FOSEEQOATEDEL| [~ | 1031417871 |Unit 503 282388 | Unit 130 %3 T 2[Pos
ol e L B T FOSEEQOQTEDEL| [~ | 1031417871 |Uni 262139747 |Urit 130 23 7 a0 2[Pes
FOSEEQUUTEDEL| [ 537.947673| Unit 377 44219 | Unit 130 2 71 em 2[Pos
FOSEEQOATEDEL| [ 587.947673| Unit 576 354518 Unit 130 2 7 am 2[Pos _
L+l oin
Figure 26 The QQQ > Acquisition tab in the Method Editor window
5. Review parameters on the a Review parameters on the Source tab.

other MS tabs.

b Make sure that you have saved your method before changing the Scan Type. The
Scan segments table is reset to one, default line when the Scan Type is changed.

¢ Select Dynamic MRM for the Scan Type in the first row of the Time segments
table.

d Right-click the Scan segments table and click Paste from Clipboard.

e Select the first row in the Scan segments table. This row is the default row in the
Scan segments table.

f Right-click the Scan segments table and click Delete row.

b Review parameters on the Chromatogram tab. You can specify which chromato-
grams to show in the Chromatogram Plot window during a run.

¢ Review parameters on the Instrument tab. You can specify which instrument
curves to store on this tab.
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Save the method a Click Method > Save.

Or, to save with a different name:
a Click Method > Save As.

b Enter a name for the method and click OK.
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« Review Results in Skyline
@

These exercises show you how to use Skyline to review the proteins,
peptides and transitions. You can remove proteins, peptides and transi-
® @ °jons, and you can also add other proteins, peptides, and transitions.

You can also export reports which are CSV files. The CSV file contains a

® table with quantitative information for each data file that is opened. You

o can load this CSV file into Excel or another program to do further analy-
sis.

Review Results in Skyline }

Review results

Modify and
export reports

Refine list of
peptides,
Import results —e————— precursors
and
transitions

Modify and

E t T —
xportrepor share reports

Review results 38
Modify and export reports 44

Agilent Technologies



Review results

In this exercise, you learn several different techniques for reviewing and refining
your data in Skyline. When you refine your data, you change the proteins, peptides
and transitions that are included. Your data files and knowledge of your experiment
help you make changes to the proteins, peptides and transitions.

Q Review Results in Skyline J

Review results

Refine list of
peptides,
Import results =—p precursors
and
transitions

(

Modify report and
export reports J

-

Import results

1. Start the Skyline program.

2. Select previously saved
settings.

3. Paste list of proteins or
peptides.

* From the Start button in the All Programs list, click MacCoss Lab, UW > Skyline.

» In the Settings menu, click the name of the settings that you saved in “Save the
settings for future use.” on page 15.

In this example, human serum albumin is loaded by opening an existing Skyline proj-
ect.

a Clip File > Open.

b Select hsa-pep-demo.sky.

¢ Click the OK button.

It is possible to import proteins and peptides in several different ways:
» Open an existing project.
» Copy the protein or peptides into the Clipboard and paste them into Skyline.
* Click Edit > Insert > FASTA and select a FASTA file to import.

+ Click Edit > Insert > Proteins and specify the proteins to import.
+ Click Edit > Insert > Peptides and specify the peptides to import.
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4. Modify the peptides. If necessary, you can modify the peptides after loading the list.
a Right-click the name of the peptide and then click Modify.

b Click the arrow next to the amino acid that you want to modify. NOTE: If the
amino acid appears multiple times in the peptide, you need to apply the modifica-
tion to each amino acid.

¢ Click the modification if it is available. If not, do the following:
+ Click Add.
+ Enter the information for your modification.
+ Click the OK button.

Edit Structural Modification

5=
Name: Cox )
Cancel

Amino acid: Teminus:
C - - Variable

Figure 27 Add or Edit Structural Modifications dialog box
d Click the OK button.

1u Edit Modifications (==
st S ] Eachamino acid in the peptide is listed in
-] [ @w | order, soyou can modify any of the amino acids
d in the peptide. In this example, the first two

= amino acids are both alanine, and the last
=) amino acid is lysine. This peptide contains two
8 cysteines which are both modified.

= o ® =000 M AT =

<] [ e

Figure 28 Edit Modifications dialog box

5. (optional) Select a library. a Click Settings > Peptide Settings.
b Click the Library tab.

¢ Mark the library to use. If no libraries are listed, you can either click Cancel or see
“Downloading a library” on page 51 for information on getting a library.

6. Save the project. + Save the document. Click File > Save to save the current proteins/peptides in a
Skyline project. Type a File name and click the Save button.

39



Import data file or data files

7. Import one data file.

Refine list

T SaveAs ==
@vv\ |« MassHunter b Skylinefiles b hsa-pep b ~ [ 44 |[ searcn nsapep 2]
Organize = New folder g= - @

¥ Fevorites Mame Date modified Type Size
| hsa-seq-PFHZ.sky Skyline SRM Docu. 11 K8
9 Libraries || hsa-seq-PFHL.sky 19 KB =
| hsa-pep-PFH.sky 86 KE
% Homegroup || hsa-seq-PFH.sky 12k8
B Computer | hsa-seq-PFH.skh.sky 2/1/2012 242 PM 12¢8
| hsa-pep-demo.sky 1/31/2012 11156 PM 25 K8
Qg Network | hsa-pep-PAH.sky 31/2012 10:12 PM 45 KE
| hsa-pep-20min.sky S 404 KE
pfh TextExport BetaCa. File folder Al
File name: hsa-pep-demo -
Save as type: | Skyline Documents (*.sky) vI
= Hide Folders Cancel

Figure 29 Save As dialog box

To start reviewing the list of predicted transitions, you first load a data file. After
doing an initial review, you can import multiple replicates (see “Import replicate data
files.” on page 42).

a Click File > Import > Results.
b Click the Add one new replicate button.

c Select None from the Optimizing list. See “Review results and export final method
from Skyline” on page 26 for more information on using Skyline to optimize the
collision energy.

d Click the OK button.

Import Results ==
7) Add single-njection replicates in files
%) Add multinjection replicates in diectories Cancal

@ Add one new repiicate
Name

Chromatogram
Optimizing:
None ~

*) Addfiies to an existing replicate

Figure 30 Import Results dialog box
e Select Agilent Data from the Sources of type list.
f Navigate to your data file. Select one of the data files.

g Click the Open button.

Skyline has many tools to allow you refine the list of transitions. The following meth-
ods are described in this section:
« Remove peptides that are not present in the data file
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1. Remove peptides that were
not present in the data file.

2. Change selected
transitions for a peptide.

+ Change the transitions that are selected

Skyline can automatically refine proteins and peptides when you use the commands
in the Edit > Refine menu.

a Select a precursor in the tree view.

b If you see a green dot next to the peptide, then the specified transitions were
found in the data file. You probably will keep this peptide in the list. You can man-
ually review the transitions to make a final decision.

¢ Expand the precursor to show the predicted transitions.

d If no dot is shown next to the precursor, then none of the selected transitions
were found. Click the arrow next to the precursor and examine the list of transi-
tions.

e If none of the transitions have a green dot next to them, then no transitions were
found in the data file. Click the green check mark. You may decide to delete this
precursor.

= % splP0276BALBU_HUMAN P

= ) MS/MS Spectrum
= %, RFKDLGEENFKA[S, 18] missed 1) fank 33)

& A EEEA human atof consens
13 D681-5{ £ ] Trarsitions
AT O [ T ——
e Npao iy K9]~ 10795368+ fank 5)
© KoiherAl Y "l D Bi81- 9514418+ fank 1)
€ K ALVLIAFAGYL Ay L7]-836.4149+ fank 3)
@ @ KLVNEVTEFAK iy G [¥6] - 723.3308+ (ank 2)
, KTCVADESAEN(H fiy E1y5]- 686.3083+ fank 8)

_ly, E 4] - 537.2667+ frark 7)
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L KIy8]- 540.2720++
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€ K SLHTLFGOK L
@ KLCTVATLRE
@, RETYGEMADCL
1 RNECRLOKD

u KDDNPHLPRL
Q1 KKYLYEIAR R
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Figure 31 No transitions were found for this precursor

f If no precursors exist for a peptide, then delete the peptide. If you cannot expand
the peptide, then no precursors exist.

=% spIP0276BALBU_HUMAN
- 9
@ 3L K DLGEENFK AT, 18] fark 23)
- %, KALVLAFAQVLGGCPFEDHVKL (19, 3] anic 41)
i @ %) KLVNEVTEFAK.T [40. 48] fanic 18)
o S KTCVADESAENCDK S [50. 621 fark 21)
= G KSLHTLEGDK L 53, 71 fark 4
@ %) KLCTVATLRE [72. 73] fank 9)
@ gt RETYGEMADCCAK G [0, 31] fark 1)
@ %, RNECFLOHKD [37. 104] ark 23
@ %, KDDNPNLPRL [105. 112] fark 1)
o o

W, KCKYLYEIAR R [135. 142] {missed 1) {rank 7)
6" Uviveins b roe e 120

Figure 32 No precursors were found for this peptide

You can also change the transitions that are selected for a precursor. If the dot
before the precursor is orange, then one or more selected transitions were not
found.

a Select a precursor for a peptide in the tree view.
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Figure 33  This precursor is missing some of the selected transitions.
b Mark the check boxes next to the transitions that have a green dot next to them.

¢ Clear the check boxes next to the transitions that do not have a green dot next to
them.

o % splP02768ALBU_HUMAN S
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Figure 34 Only the transitions that were found are marked.

d Click the green check mark to keep changes in the Transitions list.

« A green dot is placed next to the precursor because all of the transitions are
found. If all of the precursors have a green dot next to them, then the peptide also
has a green dot next to it.

» The number in brackets at the end of the list of transitions shows the peak rank
by area of the coeluting peaks for a precursor. In this example, the three most
abundant peaks by peak area are found.

+ If you selected a library in the Peptide Settings dialog box, then the rank of that
peak in the library spectrum is also shown. The number in parentheses with the
word “rank” shows you how large that peak is in the library spectrum. If the rank
of the peak in the library spectrum is approximately the same as the peak rank of
the spectrum, that is an indication that the peptide is correctly identified.

3. Import replicate data files. If you have multiple replicates available, it may be useful to load the replicates
before deleting more peptides. The deleted peptides may be available in one of the
replicates.

a Click File > Import > Results.
b Click the Add files to an existing replicate button.
¢ Click the OK button.

d Select the replicate data files that you acquired. You can select a range of data
files by pressing the Ctrl key while selecting a file. To select a range of data files,
you select the first data file in the range. Then, you press the Shift key while
selecting the last data file in the range.
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Import Results == Import Results Files

() Add single-injection replicates infiles

Lookin: [Jhsa = Q2 E-
() Add muk-injection repiicates in diectories
ILEERG BT 1, HSA-ST-omel+001d 1L, HSA-ST-50amol001.d
() Add one new replicate e, LGSR IEREE] 1, HSAST-Tomel+002d 1l HSA-ST-50amak002.d
LGSR TERER] 1, HSA-ST-Tomel+003d Il HSA-ST-50amok003.d
My Recent
Documerts ILEEEE RN TEEER] 1, HSAST-Tomol+004d 1l HSA-ST-B0amol004.d

L EESEAR PR il HSAST-pmol005d L, HSA-ST-50amol+005.d
1 HSA-ST-10pmolr001d  1hl HSAST-202molr001.d  1hl HSA-ST-5pmol+001.d
'L bl HSA-ST-10pmol+002d  1hi HSAST-20amolr002d 1k HSA-ST-Somal+002.d
b HSA-ST-10pmol+003.d  1ht, HSAST-20amalr003d  1hL HSA-ST-5omalr003.d
1l HSA-ST-10pmol+004.d  1hl, HSA-ST-20amok004d 1Ll HSA-ST-5pmol+004.d
@ Add files to an existing replicate 1l HSA-ST-10pmol+005.d  1hl, HSAST-20amok005d  1hL HSA-ST-Spmol+005.d
) Name: 1l HSA-ST-1mol+001.d 1l HSA-ST-500amol+001 d
J 1, HSA-ST-tfmol+002.d 1hl, HSA-ST-500amol+002.d
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Sources of type: | Agient Data ) [ Cancel ]

Figure 35 Import replicates by clicking Add files to an existing replicate

e Click the Open button.

4. Display the retention time + Click View > Retention Times > Replicate Comparison.
graph. * You can rearrange the windows to different positions if the window has a tab. You
drag the window by the tab to reposition it.
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Figure 36 The MS/MS Spectrum, Chromatograms and Retention Times windows

5. Remove additional + In this example, these data files only contain one peptide, so all of the other pep-
peptides and transitions. tides can be removed.
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Modify and export
reports

Export report

1. Display the Export Report
dialog box.

2. Export a report.

In this exercise, you learn how to modify and export a report. A report in Skyline is a
CSV file. It contains a single table with many columns of information. Each row in
the table is a different sample. You can load the report file into Excel to continue to
review the data.

You can use the tools provided by Skyline to create and save new reports. You can
add many new columns to the existing reports, and you can remove the columns
that the report starts with. The output of a report is a CSV (comma separated vari-
ables) file.

Review Results in Skyline ]

Review results |

Modify and export report
v P g Modify and

E t 1 —
xport repor share reports

When Skyline is installed, three report definitions are installed:
» Peptide Ratio Results definitions
» Peptide RT Results definitions
+ Transition Results definitions

This exercise shows you how to export a report. The next exercise shows you how
to modify and save a new report definition. You also learn how to import a report def-
inition from a file.

Click File > Export > Report.

a Select the report that you want to export.

b (optional) Click Preview. The Preview Report dialog box is opened, and you can
review the report on the screen. You use this feature to make sure that the cor-
rect columns are included in the report and that all of the information is being dis-
played properly. Click the red X to close the Preview Report dialog box.

¢ Click the Export button.
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Open CSV file in Excel.

Modify and share reports

1. Modify a report.

d Type a new File name. The default name of the File name is the name of the cur-
rent project. If you do not type a unique name for the report, you are asked
whether or not to replace the file.

e Click the Save button.

You can open this CSV file in Excel or another program. Then, you can use additional
features in Excel to further process the data.

l?; = hsa-seq-PFH2.csv - Microsoft Excel Malsl=8 _ = x
-’ Home Insert Page Layout Formulas Data Review View Add-Ins @ - T X
=& n ==l == = i i) > || Sminset+ | X - s

Calibri Su (& x| [F=alw] |SiwepTet General - B E (
B =t Eag =" 3- 2 4
Paste A (REr T = g . = - o o |[%8 %| conditional Format Cell | ., Sorm & Find &
2 o || LB ona || S 5 Merge s Cemter ~| |5t [ 8128 Formatting - as Table ~ Styles~ | [SJFormat = (2~ Filter~ Select~
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‘ Al - J | PeptideSequence E
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4 LVNEVTEFAK  peptidesl HSA-ST-1C 1 2.82 #N/A

5 LVNEVTEFAK  peptidesl HSA-ST-1C 1 2.82 #N/A
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Figure 37 Excel Program with the CSYV file from a default exported report

Skyline allows you to customize a report. You can remove columns from the report
and add other columns. When you have created the report definitions, you can save
the report definition to a file and move it to other computers in your lab.

a Click File > Export > Report.

b Click the Edit list button.

¢ Select a report that closely matches the report that you want to create.

d Click the Copy button. The Edit Report dialog box is opened.

e Type a name for the Report Name.

f Remove any columns that you do not want to include in your report. Click the

item in the right column and then click the X button.

g Add values to the report. Select the value from the left column that you want in
your report. Click the Add > button. You can only add a value to the report one
time.

h Arrange the items in the report in the order that you want them to appear in the

report. You click the ‘I‘ button to move an item up in the list, and you click the
% button to move an item down in the list.

The first item in the list is the first item in the exported table.
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tu Edit Report ==
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Figure 38 Edit Report dialog box
i Click the Preview button. Examine the report to see if all columns are included.

Click the [3s] button to close the Preview Report dialog box.

i Preview Report = EoR =)
PeptideSequence  ProteinName _ ReplicatehName PeptidePeakFound PeptideRetentionT Producthlz Area Height ArealNomalzed
» mpamideﬂ HSA-ST-10pmol<001 |1 [282 937.462538 [187724m1 4166639
LVNEVTEFAK  |pepiides] | HSAST-10pmoled2 |1 |22 loa74e538 | 1690552 4171568
LVNEVTEFAK  |pepiides] | HSAST-10pmoled03 |1 |22 997462538 | 18499654 4107748
LVNEVTEFAK  |pepiides] | HSAST-0pmoledd |1 |22 937462538 |16298528 4033779
LVNEVTEFAK  |pepiides] | HSAST-10pmoled05 |1 |24 37462538 |15829972 3908214 733783%
IVNEVTEFAK  |pepiides] | HSAST-10pmoledD1 |1 |22 Toameg 2311871 573511 1008912
LVNEVTEFAK  |peplides] | HSAST-0pmoled2 |1 |22 82341961 2337780 578302 1010042
LVNEVTEFAK  |pepiides] | HSA-ST-10pmol«d03 |1 |22 823 41961 2273557 570863 1008132
LVNEVTEFAK  |peplides] | HSAST-10pmolbeD4 |1 |22 823 41961 2212378 551912 9.9579%
LVNEVTEFAK  |pepiides] | HSAST-10pmoled5 |1 |28 Toamee 2160283 538283 10,032
LVNEVTEFAK  |peplides] | HSAST-10pmol«d01 |1 |22 694377017 |3m09344 959020 1871
LVNEVTEFAK  |pepiides] | HSAST-10pmoled02 |1 |22 694377017 |3902016 573039 16.8587%
LVNEVTEFAK  |pepiides] | HSAST-0pmolbe003 |1 |22 64377017 |a7oesz 843441 18674%
[VNEVTEFAK  |pepiides] | HSAST-10pmoledd |1 |22 lesazor | ameees 505081 16.6828%
LVNEVTEFAK  |peplides] | HSAST-10pmoled05 |1 [224 694377017 |3579855 900873 1658912
Recerd Tof 15 5] fer ) )

Figure 39 Preview Report dialog box
j Click the OK button in the Edit Report dialog box.

A report with the name you entered is added to the list of possible reports in the Edit
Reports dialog box.

$u Edit Reports ==
Report
Pepiide Rafio Result
D h—
Trtion Foate
Reset

Figure 40 Edit Reports dialog box
k In the Edit Report dialog box, click the OK button.

| Inthe Export Report dialog box, click the Cancel button.
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2. Save the report definitions a Click File > Export > Report.

(share a report). b In the Export Report dialog box, click the Share button.

¢ Inthe Save Report Definitions dialog box, mark the check box next to the Report
Definitions that you want to save. Then, click the OK button.

Save Report Definitions ==
Select the report defiritions you wart ta save ta a file.
[] Peptide Ratio Results oK
[] Peptids RT Resuts o)
[ Transtion Resutts Cancel
Bl pearndtiegnt

[7] Select / desslect al

Figure 41  Save Report Definitions dialog box

d In the Save As dialog box, type the File name that you want to use to save the
report definitions. Reports have the extension “skyr”.

e Click the Save button.

Save As ===

P
-9 [+ Computer » KDHWin7 &4bit (C) » MassHunter b Skyline files b hsa-pep ~ [ #9 || search isa-pep ol

File name: Area_Height
Save as type: | Skyline Reports ("iskyr) -

) s e G

Figure 42 Save As dialog box
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3.

Import a report.

You can add a report to the list that you created and shared. Thus, you can move a
report from one computer to another computer in your lab.

a Click File > Export > Report.
b Click the Import button. The Open dialog box is opened.

¢ Select the report that you want to be able to use in this program. Reports have
the extension “skyr"”.

Open =
e[« skneties v nsape <43 | [ seorcn nsopez 1
Grl) « s oss [o]] »
Organize »  New folder - 0 @
| Area_Height.skyr
|| CopyPeptide Ratio Resuits.skyr
File name: Area_Height.skyr + [ Skyline Reports (*skyr) -

[ open |+ | Gonee |

Figure 43 Open dialog box
d Click the Open button.

The name of the report is added to the list of reports in the Export Report dialog box.

Export Report =22
Report
Peptide Ratio Resuts Preview
Peplide RT Resuts
Transtion Resuks
S Editlst...
[ shere.. ]
IM

Expot Cancel

Figure 44  Export Report dialog box

e Click Cancel if you do not want to print a report at this time.
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Reference Information
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. . This chapter includes the instructions on how to install the MacCoss
Skyline software. A list of reference manuals is also included.
ce0@® @0

A

Peptide Optimization J

B

Review Results in Skyline J

Create QQQ method

. . Review results
in Skyline Edit Skyline == Irr.lporF Export
settings B QQQ method
g Skyline
v
Review and run QQQ .
method in Data Acquisition Review QQQ
acquisition = Run method
method

Export and modify reports

v
Review results and create
final QQQ method . .

in Skyline I'_oad reSl'JIts Reylew rgsults Export final
into Skyline in Skyline

QQQ method
\ 4
Review final QQQ Review final
in Data Acquisition QQQ
acquisition =P Save method
method

Installing Skyline 50

Downloading a library 51
References 52

Agilent Technologies



Installing Skyline

1. Find the location of the
software online.

2. Download and install the
software.

Skyline software is developed at the University of Washington in the MacCoss lab.
You can download it from the internet for free.

a Start your internet browser.
b Start a search engine, such as Google.
¢ Type Skyline Peptide in the search box.

d Find the link to the proteome.gs.washington.edu site.

GO ,gle skyline peptide “
Search
I Everything Skyline: /home/software/Skyline

are/skyline
rk Continues! New features include: Integrated display of
MS1 chromategrams: Peak picking in ...

proteome.gs.washingto
Images Aug 8, 2011 — Skyline
Maps MS/MS peptide ID spe

« I b

Figure 45 Searching for Skyline Peptide using Google.

e Connect to that site.

a Find the Skyline Release button. This button also shows the version number. This
guide is written using version 1.2,

b Click the Skyline Release button.
c Click the I agree button to agree to the license terms.
The Name, Version and Publisher information is displayed.
d Click the Install button.
e The “Opening setup.exe” message box appears. Click the Save File button.

f In the Downloads dialog box, double-click the setup.exe program. Then, follow
the instructions to install the program. You may need to click OK in the “Open
Executable File?” message box and click Run in the “Open File - Security Warn-
ing” message box.

When the installation program finishes installing the software, the Skyline program
is started automatically.
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Downloading a library

1. Find the location of the
Skyline software online.

2. Download a library using
the links to the libraries at
the bottom of the home
page for Skyline.

You can download a library from the internet. The Skyline web site contains links to
allow you to download the following files:

* MacCoss BiblioSpec

* PeptideAtlas

* NIST - peptide.nist.gov

+ GPM

You can use the WinZip program to unzip files with the extension “tar.gz”. You can
also build a library using the Skyline software.

a Start your internet browser.
b Start a search engine, such as Google.
¢ Type Skyline Peptide in the search box.

d Find the link to the proteome.gs.washington.edu site.

GO ,gle skyline peptide “
Search
I Everything Skyline: /home/software/Skyline
proteome.gs.washington.edu/software/skyline/
Images Aug 8, 2011 - ine v1.2 Work Continues! New fatures include: Integrated display of

Maps MS/MS peptide ID spectra in MS1 chromatograms; Peak picking in ...
V

« I b

Figure 46 Searching for Skyline Peptide using Google.

e Connect to that site.

a Scroll to the bottom of the home page.
b In the Spectral Library Links section, click one of the links.

¢ Follow the instructions on the page that is opened to download the library.
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References The references in this list give valuable information that help you use Skyline soft-
ware with the Agilent 6400 Series Triple Quadrupole LC/MS System.

Manuals Agilent 6400 Series Triple Quad LC/MS System Concepts Guide
Agilent 6400 Series Triple Quad LC/MS System Quick Start Guide
Agilent 6400 Series Triple Quad LC/MS Maintenance Guide

Agilent MassHunter Workstation Software — Data Acquisition for 6400 Series Triple
Quadrupole LC/MS Familiarization Guide

Note: All MassHunter software includes online Help, in addition to manuals. See the
online Help for details about the software.
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