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Targeted Protein Quantitation

Biological samples: bodily
fluids, tissue, cell lysate...

Sample Prep to reduce
complexity and enrich

targeted proteins

_ Protein digest

Pharma/Biopharma

* Biomarker validation Targeted MS based

« DMPK of biotherapeutics guantitative analysis of
peptides/proteins

Clinical

e Translational research
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MRM Based Quantitation Workflow Overview

* Selection of target proteins
» Selection of target peptides that represent the protein list

* Selection of best charge states and MRM transitions for
each targeted peptide

* Optimization of collision energy for each MRM transition

* Application of the assays to the detection and quantitation
of the proteins

Agilent Technologies



MRM Assay Development — Current Approaches

1. Data dependent acquisition (Auto MS/MS on a QTOF) = Database

search - Create MRM list or spectral library to use in Skyline

2. MS2 Scan followed by Product ion scans on a QQQ

3. Publically available databases (PeptideAtlas, the Global Proteome

machine Database, etc.).

4. Skyline MRM predictions.

Agilent Technologies



MRM Assay Development — Current Approaches
From Skyline Prediction

k MacCoss Lab Software

Skyline

Skyline Targeted Proteomics Environment

Join over 3500 other proteomics investigators:
Sign up now to get email notification of releases and events, and access to free support.
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* Open Source software |
* Multi-vendor software |

» Rapidly evolved using feedback
ted Reaction Support
from top-labs PO

» Widely used and highly regarded
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MRM Assay Development — Current Approaches
From Skyline Prediction

2-% sequencel
- 59 K.GLEWIGEISHSGTTNYNPS
@ i 1152.0688++
768.3816+++ £ o—
i G [y10] - 1094 5477+ Export Method =
| T [v9] - 1037.5262+ o
-~ T [y8] - 936.4785+ i':;;‘;;j:;’;m = ok | .
A N [y7] - 835.4308+ | Cancel ] 50
Y [y6] - 721.3879+ _ =
- U N [y5] - 558.3246+ ) Single method g 40 |
: i W [y18] - 1002.4947++ (") One method per protein 35 2 i 30 -
: i gﬂ‘:?ﬁi ?gg; g?g;: + @ Multiple methods || Ignore proteins E 20 -
| E [y15] - 824 4023++ |
; A [‘vﬁﬂ ]u 759 8810++ Max transitions per sample injection; n 4
. S [y13] - 703.3390++ 100 |
- &9 KGLEWIGEISHSGTTNYNPS Methods.
B i 1273.6353++ —— [ |
#- A 849 4260+++ o = 15 -
=9 KSRVTISGDK.S [66, 74] (mis i::;"":?"_”“gé = S 7
+ .JL 481?669""]’ ollision Cnergy %_‘
WA 321.5137+++ £ ]
=% R.VTISGDK.S [68, 74] Method type: Dwel ime (ms) =107
: 9 "L 360.2003++ |E.Isndard -r| 1EI |
| - A 240.4693+++
&% R.VTISGDKSKN [68, 76] (mi: I
B4 467.7638++ Template file: % T
: - A 312.1783+++ = |
- 29 KSKNQFSLELTSVTAADTAV b
| - A 1348.6472++ - 1
| @A 899.4339+++ 0 =
. IE 2 KNOFSI ||=| TSVTAADTAVYY
4 i 3

For this mADb, the entire list of > 40 peptides need to be evaluated. The number
can be even bigger if including peptides with miscleavages.
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CE Optimization Using Agilent Automation Tool

Ly S revts avosty o e

File Edt View Settings | Tools | Help
J L.? H * Fp lﬂ ) ~ SRM Collider

Targets QuacARt #UXY | opt [ Step-A_HSA-A1 |
Replicates: opt Agilent Automation v | | |
. - Step -2
=% HSA External Tools... —— Step -1
ot *3 AAFTECOQAADK — = AAFTECCQAADK - 686.2870++
@9 @ HPYFYAPELLFFAK immediate Window | Step 1
B9 ¥ LVNEVTEFAK : 43 Skyline Automation - D:\chris\HSA-Feb13-auto.sky E —— - o
Options... Dotees e - |
| -Project setting 1 [ (Step-A) > [Step-8} > (Step-C)

Template method D:\MassHunter\Methods\chns' 4 | Browse... I ] s °2 s
Folder D\MassHunter\Data\chris | Browse... | Skyline - =5..— i ] N &ikﬁi“ P =i'— % ] ti;h{iim > EK‘— -~ J

Name demo || Timestamp

(Step-A]  Sempleprefic  Standard Start position P1-Al [l All samples in same position

Automation tool automatically o e |

o1 Standardl P1-21 Demo.m Step-A_Demol.d

creates QQQ methods and R P

¥| Step-C (Export method, create worklist)

acquire data for CE optimization, s

Step-A | Step-B Etep-C|

reloads and analyzes the results, — e o - e

ot = v B T
export the final optimized QQQ o= ' MO SR
method (MRM, dMRM, tMRM) it

Multiole metho lanore oroteins

and use it to runS any real f;ﬂczttlﬂmiﬁmsntrﬂmmeinfectmn: ﬁ{!l?-ﬂl wm- Samples smpmam P1-Al uﬂmmmpmt
samples queued up in the R W

l TR = | 2 Sample P1-B1 Demo.m WorkhistData2.d
kl o =y Sample3 P1-B2 Demo.m WorklistData3.d
WOorklist e Dt i — s e
L‘Standird b l 5 : 5 Sample5s P1-B4 Demo.m WarklistData5.d = I
| Project is created at: D:\MassHunter\Data\chris\demo.s. (3/4/2013 7:57:09 AM). Total samples: 12
| = — | — E—
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Challenges

* No prediction for representative peptides/preferred charge
state.

* Questionable prediction for modified peptides.

 Numerous runs for collision energy optimization based on the
number of proteins and peptides.
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Simplified MRM Method Development:
Agilent All lons MS/MS on a QTOF + Skyline SW

Agilent All lons MS/MS :

* Data independent acquisition, no precursor selection, short cycle time
* Easy acquisition set up

« Stores MS and MS/MS spectra for all detectable peptides

Method Editor

) v bl W B |[FKAIM_4CE©0-10-20-40) 4Hz 5-98(11m).m - @ Apply O
Properties DA  HiPSampler  HiP Sampler Pretreatment  Binary Pump  Column Comp. | Q-TOF

“lon Source « lon Polanty-, — Data Storage; - LC Stream—  General Source |Amu‘rsitiun| Ref Massl Chrurrmtugraml
|Dual ESI ~] ‘ | Postive | | | Both | MS ~Dual ESI (Seg) 1 [ MS TOF [Exp)

— Stop Time Time Segment and Expenment # A Templatlﬂ i |3II.I £ GOREROR] 135 b
& No Limit/As Pump [ Time(min) /| | Expt /| Skimmer [65 Y
iy . 7 - EI [ [ 1" Drying Gas |11 /min 30 |/rmiiry OCT 1 RF Vpp | 750 v
" Stop Time [30 ol p d 2 Nebulizer {50 psig 15 psig

L J | .. }

] 4
— Dual ESI [Expt]-
'U’Eaﬂlﬁﬂﬂ v Capillary 10,044 ud,

Cycle Time |1

Chamber {267 ud,
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All lons MS/MS on Agilent QTOF
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All lons - Skyline Workflow
Step 1: Show p & y lons for Peptide Confirmation

* Precursors (p ions) from low energy channel and products (y
lons) from high energy channel are automatically extracted
and plotted together to easily confirm the identity of the

peptides. === = e = praor =7
— 0 - B55 4680+ s T y 351 —
—_ ] - 408 2306+ —_— - — 161 —_—
— y16 4440++ — y15 — 36 — vy
—u 9 — 11 — ¥ =
— y7 - p— = ¥
5
-4 : / P ions including M, M+1, M+2,
| extracted from low energy
] 5 fff#fﬁ"Channel
>3- / y ions extracted from high energy
: é channel
2 4 /
| - Contaminant
o - .
P 23 2410 245 2.50

Retention Time
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All lons = Skyline workflow
Step 2: Show only p lons to Select Best Charge State

Best charge state for each peptide is easily determined by comparing p ions only

—— precursor- 942 A073++ — ENWLTQSPGTLSLSPGER - 942 507 3++ — ENWLTQSPGTLSLSFGER - 628 6729+++
= precursor [M+1]- 943.0087++ 15 T
precursar [M+2] - 443 8101 ++
2.4
c +El-.-_jﬂppm
g:‘? 4
=
& 3
2
2
£
: mmm EIVLTQSPGTLSLSPGER - 942 507 3++
mmm EIVLTQSPGTLSLSPGER - 628 .6739+++
R e e . I B SR B S ——— —— 1 ! : 18____
2.30 235 | EI.IHII 2.45 10 L E E 15 s
Retention Time -+
=) ;f.a“ 14 3
= 24 S 12 I
o +2.6 ppm = T
2 8 - i g 10 %
D S g i
— precursor- 62867 349+++ (1) -=:|:
E— precursnr[hﬂ+1]-EEEI.EIEIEIE+++‘ ‘E — 5
— precursar M+ - 29.3425+++ = g
I 2.4 6 o 4
. +5 68 ppm 4
- . i
30 ' | +3
) | ' | 0
= 28 T :
= 4 | mAb-50ug in 1500ul-01
2 20
W »
5 15 Replicate
B Tl
05 2
0.0 iy ey
2.30 2.35 2.40 2.45
Retention Time
D ] ey i . ; : I I : : : —_— i | ; . ; I : ; ; ; I
2.30 2.35 240 245 2.50 255

Retention Time
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All lons - Skyline workflow
Step 3: Show only p ions to Compare Peptide Abundance

1 s . —— precursor- 7333870++
= wrewrso 2] 043 s1014: Peptides with the highest signal = Drecuraor [Vs2]. 734 3908+«
§ 2 are easily determined by 1
> Y comparing p ions from the best 20 1
=% /\ i charge state of all peptides. -
2 - S 15 -
z 3 - I
.."=3 E 10 -
E 2- z ]
1 0.5
0 : 0.0

274 276 278 280 282 284

Retention Time Retention Time

o

————

12 2

—
o
.

Skyline peptide
Rank Refine
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peptides

Intensity (1076)
o

Fa N
— N
SH S m— [ ()
TPE—— O E . CSK
——

) A SR

1.0 1.5 2.0 2.5 3.0 3.5 4.0

Retention Time
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All lons = Skyline workflow
Step 4: Show Only y lons to Select Top MRMs

—— y12-1200.6219+ y11-1113.5899+ y8- 8584680+ —— y7-745.3839+
[3 i I.F K EMTQSPGTLSLSPGERA o — G - 658.3519+ — D - 545 2678+ e 4 - 458 2358+ — 11 - 557 2086++
- B~ -aL |
"2 S[y12] - 1200.6219+[6] 0 -
- @ _JL P y11]- 1113.5899+[4] | | >
----- a L L [y8] - 858.4680+([7) -

@ J_ S [y7] - 745.3839+[3]
----- @ JU L [y6] - 658.3519+[5]

o ML S [y5] - 545.2678+[1] o
@ _JL P [y4] - 458.2358+[2] T 06
9L Py11] - 557.2986++[8] S
> 05
% 0.4
| o 0.3

Skyline Transition
- 0.2

rank refine tool

picks top n MRMs 3
0.0

2.42 2.44

Retention Time
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All lons = Skyline workflow

Step 5: CE Optimization

% mAb
- @9 KDTLMISR.T [245, 251]
=9 A 418.2207++
@ T [y6] - 720.4073+[4]
@ /U L [y5] - 619.3596+[2]
@ /. M [y4] - 506.2755+[1]
3 JL | [y3] - 375.2350+(3]
- -~ @ U L [y5] - 310.1834++[5]
= ? K EIVLTQSPGTLSLSPGER.A
- B9 A 9425073++
@l S[y12] - 1200.6219+[6
~aJJ_Py11]-1113.5899+[4
-~ @ L [y8] - 858.4680+([7]
@ M S[y7] - 745.3839+[3]
-~ @ _f_ L [y6] - 658.3519+[5]
@ _l_ S[y5]-545.2678+[1]
@ __ P[y4] - 458.2358+[2]
_j @ J_ P[y11]-557.2986++[8
=3 ? R.ASQSVSSSYLAWYQQKPC
- B9 A 813.7399+++
@ _IL P [yB] - 625.3416+[3]
@ L S[y19] - 1077.0424++]
@ ML V[y18] - 1033.5263++|
- @ M S[y17] - 983.9921++[1
@l S[y16]-9404761++[2
<
<

JUA [y12] - 715.3704++[6
JU P [y6] - 313.1745++[7]

—)

) Single method
(") One method per protein

Q@) Multiple methods

Max transitions per sample injection:

100
Methods: 2

Optimizing:
[Cailisinn Energy s |

Method type:
| Standard b J

Template file:

g —_— — B " i
Export Method o
Instrument type: 0K
Agilent6400 Series =
Cancel

[__I Ignore proteins

|

Intensity {10+ 3)

5

Dwell ime (ms):
10

Browse... I

]

25 T

20 4+

S by = W =

e ——— e o e =
- 20t o e

B e ]
W] e O R ey -
B — — ™ e o ——
N ] = e
N [re— ma — S —

I = | - [r—— 1 e eyl &

¥ oyt | LT [ S ] (R 1

i e [—— —————

1 e [ e a4

CE optimization process can be automated using new Agilent Automation Tool integrated

into Skyline SW
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Skyline Prediction Workflow vs. All lons-Skyline Workflow

mADb Tryptic Digest Skyline Prediction All lons — Skyline
Workflow Workflow

Number of peptides for CE 40 3

optimization (Selected by All lons run)
Injections required for CE 40 3

optimization (One Inj. for one peptide)

Total time required for 40%10 =400 min (3+1)x10=40 min

MRM method development (1 is for All lons run)

Save up to 90% of time and 90% of samples needed for CE optimization
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Method Development for Multiple Proteins

Targm X — precursor - 582.3190++ —— precursor [M+1] - 582.8205++ precursor [M+2] - 583.3218++
[:' '?5 m%b — y8 - 951 4782+ — yf - B37 4353+ — y5 - 5953086+
B9y KDTLMISR.T [245, 251] 6 —

- @ A 418.2207++ (idotp 1)

» 9 KEINLTQSPGTLSLSPGERA [€
@ @ A 942 5073++ (idotp 0.99)

* ¢ KVVSVLTVLHQDWLNGK A [7( T
#- @ A 603.3403+++ (idotp 0.92) 0

2% sp|P02769|ALBU _BOVIN
 B2-e¥ — LVNELTEFAK.T [65. 741
| =59 A 582.3190++ (idotp 0.98) |
| @ U precursor - 582.3190++ (i 4
@ /_ precursor [M+1] - 582.82(
- @ _N_ precursor [M+2] - 583.32"
~a L N [y8] - 951.4782+[4]
o M E [y7] - 837.4353+[5]
- @M T [y5] - 595.3086+[6]
- =-99 RRHPEYAVSVLLR.L [359, 370
@ e _A 480.6088+++ (idotp 0.99)
- 599 RKVPQVSTPTLVEVSR.S [436,
@ @ A 547.3174+++ (idotp 0.99)

|"_1__| .

(]

Intensity (1046)
D

2.20 225 2.30 2.39 2.40

Retention Time

 Method development for multiple proteins can be done from the same All lons result,
simultaneously or at a later time.

* |Import a different protein sequence and load the same All lons data. Same procedure followed.
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Triggered MRM (tMRM) Analysis

Triggered cycle (above threshold)

Secondary MRM
m : Analyte 1 334.0 145.0
Transitions are “Triggered” i
Analyte 1 334.0 117.0
\ Analyte1 334.0 {6
x10 4 |Cpd 1: +ESI MRM Frag=120.0V CID@20.0 (334.0 -> 145.0) tMRM_02' Analyte 1 334.0 105.1
all Analyte 1 334.0 91.1
1.8 -
164 Analyte1 334.0 76.0
147 Analyte 1 334.0 119.0
1.9
1 i |
0.8 -
0.6 -
s G s i e Threshold
0.2
0- 7

I I I I I I I I I I I I I I I I I I I I I I I I I
1.9 2 2.0 22 23 24 25 20 2.7 28 289 3 3.1 32 34 35 36 37 38 39 4 41 42 43 44 45 46 47 48 49 5
Counts vs. Acquisition Time (min)

Primary cycle (below threshold)

Less cycle time comparing to product scan

Analyte 1 334.0 145.0 Secondary transitions only collected for compounds found
Analyte 1 334.0 117.0 to be present
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tMRM Example

cosQEY ¢ xA]loc 2-[ElLA s LM% % H
x10 4 Cpd 1: AEFVEVTK light: + tMRM CF=0.000 DF=0.000 (461.7477 -> 851.4509) 10f-r004.d

Minutes

2.5

2 -

1.54

1-

0.5+

] i I 1 L I !

138 14 142 144 146 148 15 152 154 156 158 16
Counts vs. Acquisition Time (min)

(2o 3 QEYC|xADC 1x/m||mRil[% %% B =P

i - §
e ———

x10 2 Cpd 1: AEFVEVTKlight: +ESI MRM (1.478-1.493 min, 18 Scans) Frag=379.4V CF=0.000 DF=0.000 (461.7477..

S |

3.9- 722.4083
3 -

2.5

1- —— 476.2715  575.3399
0.5- 347 2289
| 351.;1509
200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
Counts vs. Mass-to-Charge (m/z)
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All lons-Skyline Workflow Summary

With new All lons — Skyline method development workflow:

* MRM method development is much faster and simpler

» Agilent automation tool in Skyline SW automatically optimizes CE,

creates and exports final QQQ method and runs the worklist

» Database search or spectral library is not needed

* Can be used for single protein or multiple proteins method

development, as well as revisit for different proteins without more

sample runs

Agilent Technologies



6495 QQQ LC/MS - Premium Performance

Improved sensitivity (IDL / MDL) — Average 3x In
S/N specifications and applications

Improved precision and excellent accuracy
at the lowest levels — 4 to 5x in IDL spec

Proven 6 orders of linear dynamic range

8 Proven robustness in complex matrix —
e -0ood matrix and biological matrix (plasma)

Improved mass range, fast scan speed and MRM
acquisition rate

Agilent Technologies



Proven System Robustness in Complex Matrix:
Protein Quantitation in Plasma

140.00%
120.00% ¢ ﬁ ¢ Apolipoprotein E
100.00% i % w L-selectin
80.00% T , Plasminogen
60.00% o X Albumin_serum
40.00% +* Kininogen
® Transthyretin
20.00% |
-+ Hemopexin
0.00% | . | . . |
01/06/14 01/11/14 01/16/14 01/21/14 01/26/14 01/31/14 02/05/14

* Selected peptides from 42 peptides in the QC sample — normalized to Day 1 response
* Peptide QC samples analyzed daily after every ~25 plasma digest injections

* No significant signal degradation observed after 853 injections of 40 ug plasma
digest per injection and 3.5 weeks of continuous operation

* Response %RSD: 6-15

Agilent Technologies



Peptide Quantitation: Outstanding Sensitivity with
Standard Flow Chromatography

x10 1

3.0 amol
on-column

5.0 amol
on-column

N e il ™ o

/.5 amol
on-column

02 04 06 08 1 12 14 168 18 2 22 24 26 28 3 32 34 38 38 4 42 44
Counts vs. Acquisition Time {min)

Instrumentation: Agilent JetStream + 6495 QQQ + 1290 UHPLC (2.1mm column, 0.6ml/min)
Sample: synthetic peptide standard (LVNEVTEFAK) spiked into enolase tryptic digest

--------

Agilent Technologies




LVNEVTEFAK: Excellent Precision and Low Amol IDL

Amount measured Replicates %RSD t (99%)

5.0 amol (LLOQ) n = 10 injections 14.0 2.821 2.0 amol
IDL =t x (%RSD/100) x Amount = 2.821 x (14.0/100) x 5.0 amol = 2.0 amol

x10 1 x10 1
Peak
2.314
13 { 7 B
1 30.5
j 2.319 ﬂ 2 28 7
26
y N 3 304
*1p* 4 33.91
5 2.309
T _ Bﬂ . 5 39.1
yF 9
6 31.5
x10 !
j 2.308 1 7 34 5
a S0
<10 9 26.7
6- TR, " 2.315
i 26
A F 10 26.6
19 2 21 22 23 24 25 26 27 28 19 2 21 22 23 24 25 26 27 28 %RSD 14.0
Counts vs. Acquisition Time (min) Counts vs. Acquisition Time (min)
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Peptide Quantitation — 6 Orders of Linear Dynamic
Range

VNEVTEFAK - 11 Levels, 11 Levels Used, 110 Points, 110 Points LUised, 0 QCs

x10 7 | y = 5.884906 * x - 2.453268

34 R*"2=0.99761971
Type:Linear, Origin:Ilgnore, Weight:1/x
2.8

2.6-

241 LVNEVTEFAK

Responses L

2.2
"1 9 amol — 5 pmol on-column
151 6 orders of linear dynamic range Zoom-in 5 — 500 amol
-1 6 | LWMEWTEFRAK, - 11 Levelz, 11 Levels Uzed, 110 Pointz, 110 FPaintz Uzed, 0 QCs
: — % w10 2 - _';.-': 5._53-’-19|:|Ei Fw -2483268
1 4 . R2 i O - 9 98 % 2;: %fpze:_Lli]ﬁgegaiﬁl;gng:Igr‘u:nre, Weight:1fx
=
1.2- -
1- >
0.8- i
0.6- o
0.4 n.;—
0.5 1
0.2- 00
0 o
5I EI FI" é Ell '|I|:| 'II'I '|IE '|I3 1L1 '|I5 '|IEi 'IIF" 'IIE '|I9 EID EI'I EIE EIE EI-’-l EIE EIE EI?' EIE EIEl 3I|:| 3I'| EIE |
-D.E— Concen tration {amol an-co L)
0 500000 1000000 1500000 2000000 2500000 3000000 3500000 4000000 4500000 5000000
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Peptide Quantitation: Ultimate Sensitivity with
Nanoflow Chromatography
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Instrumentation: 1260 HPLC-Chip/MS + 6495 QQQ
Sample: synthetic peptide standard (LVNEVTEFAK) spiked into enolase tryptic digest
Injection volume: 1 UL
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Increased Mass Range Useful for Peptides
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MRM Spectrum for IgG Peptide: GFYPSDIAVEWESNGQPENNYK
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Summary

* The Agilent 6495 Triple Quadrupole LC/MS achieves low attomole
sensitivity for peptides.

» The calibration curves show excellent linearity with six orders of
dynamic range with great accuracy and reproducibility.

« With a complex plasma digest matrix, the 6495 QQQ showed
excellent response and retention time reproducibility over an
extended period (Total of 34mg of plasma digest injected over 3.5
weeks!)

* |Improved performance in peptide quantitation can be achieved by
the Increased precursor ion transmission, enhanced detection
efficiency (HED voltage up to -20kV) and extended m/z range of the

6495 QQQ
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THANK YOU !




