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Protein Biomarker Development

e Precision medicine
o Validated biomarkers to better classify patients
- Disease risk
- Prognosis
- Response to treatment

o Critical need for better biomarkers, especially in oncology field

e Biomarkers
o Correlational (i.e., only associated with the disease)
o Functional (i.e., with identified mechanism of action)
o Single biomarker versus biomarker panel

o Systematic, accurate, and precise quantification in bodily fluids



Challenges of Biomarker Development

e Candidate biomarkers by discovery LC-MS/MS (data dependent acquisition)
o Numerous candidates, differential regulation in tissues / cell lines
v'Simple experimental design
v Fast, generate large data sets

Bias towards high-abundance components

Under-sampling issue (missing values)

e Validated biomarkers by immunoassays (ELISA)
o Limited set of validated biomarkers, precise quantification in bodily fluids
v Well established, robust technique
v"Very sensitive
Costly and tedious to develop (for each target)

Difficult to multiplex analytes



Biomarker Development Pipeline

e Challenge: reliable and high-throughput evaluation of the numerous candidates

e Evaluation stage to aid the transition between discovery and clinical stages

(Prior knowledge:
genomics, literature)
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Biomarker Evaluation Stage

e Systematic quant. of proteins in clinical samples (e.g., plasma) is challenging

e High performance LC-MS instruments
o Wide dynamic range (many orders of magnitude)
o High sensitivity (low amol range)
o Selectivity (to cope with the massive biochemical background)

e Current practice
o Targeted LC-MS/MS analysis
Predefined set of peptides surrogates for the proteins of interest
o Analytical performance o acquisition time
Trade-off sensitivity, selectivity, and scale -> fit-for-purpose approaches

Forresearch use only. Not for use in diagnostic procedures.



Fit-For-Purpose Targeted LC-MS approaches
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Analytes  Dataquality  Samples
e Detectionin bodily fluids > 100s -
e © Differential expression 10s
N
e Precise quantification (*) <100 S
VA e @ Statistical significance 100+
J
)
e Optimized quantitativeassays(**) < 10 et
Aty e Clinical utility 100s
J

(*) Use of internal standards, confirmation of identity

Domon and Gallien;
Proteomics Clin Appl., 2015

(**) Quantificationusing standard curves, calibrated amounts of internal standards



Targeted Proteomics

e Selected reaction monitoring (SRM): triple quadrupole instrument — ref method
o Reproducible quantification of proteins
o High sensitivity because of high duty cycle (Q1 and Q3 are static)
o Wide dynamic range of measurements

Source Q1 Q2 (coll. cell) Q3
'i. (] [ ' ‘ ( ° ° - ° o ! ‘
| | o I 7 0% e 1%,
) I ® 1 @ ¢ X0 ° .. Sl
\ ! Fixed == S N Fixed = -
t
Triple quadupole MS Serial acquisition

e Limitations

of transitions

o Complex and rigid workflow

o Selectivity driven by the two levels of mass selection (at low resolution)

Gallienetal.; J. Mass Spectrom., 2015
Forresearch use only. Not for use in diagnostic procedures.



Selectivity issue in SRM analysis

o Peptide SDLVNEEATGQFR spiked in different types of samples

o Transitions =—738.35[(M+2H)2+]->618.32 (y5+)
e—=738.35 [(M+2H)2+] -> 689.36 (y6+)
———738.35 [(M+2H)2+] -> 818.40 (y7+)

——738.35 [(M+2H)2+] -> 947.45 (y8+) Thermo Scientific™
e 738,35 [(M+2H)2+] -> 1061.49 (y9+) T75Q Vantage™
Amount 1) 50 amol ) 50 amol 500 amol
1200 - 4000
1000 - 3500
— 3000 -
£ 800 - 2
5 S 2500
g g
Z 600 - > 2000 -
é 400 é 1500
£ ~ 1000
200 - A As 500
0 T ‘ ; ‘ : N = == Y Y Y ‘ 0 T T : \
20.7 21.2 21.7 22.2 22.7 21.2 21.7 22.2 22.7 21.2 21.7 22.2 22.7 21.2 21.7 22.2 22.7 20.7 21.2 21.7 22.2 22.7
\ Retention Time [min] } \ Retention Time [min] }
Matrix Water Urine digest (0.5 ug)

Domon et al.; Proteomics Clin Appl., 2012
Forresearch use only. Not for use in diagnostic procedures.



Towards Advances in Biomarker Development

e Alternative to SRM: Parallel reaction monitoring (PRM)
o Keep key advantages of targeted acquisition

o Overcome limitations of SRM: low selectivity (unit mass resolution)

e Benefits of high resolution accurate mass (HRAM) targeted methods on
Quadrupole-Orbitrap

o High selectivity — high resolution: discriminate matrix / analytes

o Trapping capabilities: exquisite sensitivity

e Advanced PRM acquisition schemes
o Expedite the execution of biomarker evaluation stages
o Improved acquisition efficiency

o Progress towards the implementation of MS-based clinical assays

Forresearch use only. Not for use in diagnostic procedures.



Parallel Reaction Monitoring (PRM)

HRAM -> Thermo Scientific™ Quadrupole — Orbitrap™ instrument

Source Quad HCD cell Orbitrap I.

et |H ]

Fixed=D ¢ | N “ " | “ “

Immediate benefits of full MS/MS

@
o
VAN

——

m/; I

o Simplified experimental design | Data Analysis
Few parameters required (m/z, RT)

o Flexible processing method
Iterative analysis A

Fragment selected post-acquisition

Gallien et al.; Mol. Cell. Proteomics, 2012
Peterson et al.; Mol. Cell. Proteomics, 2012

For research use only. Not for use in diagnostic procedures.



PRM Analytical Workflow /1

Peptides
> Protein_1 1A

1B

Targeted Exp.

> Protein_2
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Selected peptides

\_/— >Protein_i

------- — =
Spectral :
Library
somseonr A I
Data Acquisition m/z | [min] [ms]

Pep_1A 35k
m/z, RT 7 Pep_1B 500 20 1 35 k 100 25
Pep_1C 550 35 1 35 k 100 25
SIL Pep 2A 700 17 1 35 k 100 25
peptides
Pep_iC 900 25 1 35 k 100 25

LC-MS: PRM

Gallien et al.; Methods, 2015
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PRM Analytical Workflow /2

SIL Method- |
peptides Data Acquisition Identity Confirmation
_>
m/z, RT Full MS/MS spectra Reference MS/MS spectrum
— 789
789 975
975 Spectral 827
Spectra[ _________________________ , 827 matChing 513 1018
. | 513 1018 |[" |
Library | | | m/z
LC-MS: PRM | m/z B 3
L A I
N\
N\
N
\\
ﬂ lon Chrom. °« X\
789 975 513 -
Method- Il A A
, Data Processing min min min

m/z, RT Quantification
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Reference Libraries

TN
S

Spectral

Library
S—

Reference Library
o Project specific (SIL peptides)

o MS/MS: Controlled fragmentation
patterns (m/z and rel. intensities)

(gas pressure, collision energy)

o LC: Defined elution times

o MS: Response factor (estimation)

Kim, Gallien, Van Oostrum, and Domon; Proteomics Clin Appl., 2013
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Intensity

PRM Measurements in Plasma Samples

o Higher sensitivity

o Betterconfidencein
measurements

o Improvedselectivity

Retentiontime

(SIL) SRM PRM
—s GDSVVYGLR (Osteopontin)
:i: in plasma samples
s )3
1 (ENDO) SRM PRM
(T75Q Vantage) | /\ (Q-Exactive) PRM

Domon and Gallien; Proteomics Clin Appl., 2015

For research use only. Not for use in diagnostic procedures.



Selectivity in Orbitrap HRAM PRM

SRM on Thermo Scientific™ TSQ Vantage™

PRM on Thermo Scientific™ Q Exactive™

ResQ3 =0.7 XIC 700 ppm
32'.5 3_3,'_5 34'_5 38.5 39I.5 4(;.5
RT (min) RT (min)
SQLAVI?SELALLKYK XIC 10 ppm
spiked in urine sample
Transitions: — 682.40->878.54
— 682.40->977.61
38.5 39I.5 40.5

Gallienetal.; J. Proteomics, 2013

RT (min)

Forresearch use only. Not for use in diagnostic procedures.




Interferences

Avg MS/MS Avg MS/MS
Spectrum Spectrum

| M . L M |
877 878 879 880 881 'S 976 977 978 979 980

682.40 -> 878.54, Target 682.40 -> 977.61, Target
XXX.XX -> 878.45, Interference yyy.yy -> 977.52, Interference
38I.5 39I.5 4(;.5

Forresearch use only. Not for use in diagnostic procedures.



Selectivity in Orbitrap HRAM PRM

PRM on Q Exactive Orbitrap MS

XIC 700 ppm XIC 10 ppm

38.5 395 40.5 385 395 40.5

RT (min)

RT (min)

SDLAVPSELALLKYK

XIC 10 ppm
spiked in urine samples

Transitions:

— 682.40 ->878.54

— XXX -> 878.45, Interference
— 682.40 -> 977.61

38I.5 395 40I.5
yyy > 977.52,

RT (min)

For research use only. Not for use in diagnostic procedures.



Quantification of SAA1/SAA2 in Lung Cancer Plasma

Analytical challenge for immunoassays and MS-based assays
o Serumamyloid A proteins (SAA1and SAA2)
o Elevated plasma levels in patients diagnosed with lung cancer

o Highly homologous proteins; several allelic variants

I MKLLTGLVFCSLVLGVSSRSFFSFLGEAFDGARDMWRAYSDMREANYIGSDKYFHARGNYD
1  MKLLTGLVFCSLVLGVSSRSFFSFLGEAFDGARDMWRAYSDMREANYIGSDKYFHARGNYD
200 MKLLTGLVFCSLVLGVSSRSFFSFLGEAFDGARDMWRAYSDMREANYIGSDKYFHARGNYD
23  MKLLTGLVFCSLVLGVSSRSFFSFLGEAFDGARDMWRAYSDMREANYIGSDKYFHARGNYD

Ia  AAKRGPGGVWAAEAISDARENIQRFFGHGAEDSLADQAANEWGRSGKDPNHFRPAGLPEKY
18  AAKRGPGGAWAAEVISDARENIQRFFGHGAEDSLADQAANEWGRSGKDPNHFRPAGLPEKY

20 AAKRGPGGAWAAEVISNARENIQRLTGHGAEDSLADQAANKWGRSGKDPNHFRPAGLPEKY
2  AAKRGPGGAWAAEVISNARENIQRLTGRGAEDSLADQAANKWGRSGKDPNHFRPAGLPEKY

Kim et al.; Proteomics, 2015

For research use only. Not for use in diagnostic procedures.



Development of PRM Assays

FFGHGAEDSLADQAANEWGR
FFGHGAEDSLADQAANEWGR

GPGGVWAAEAISDAR
PGGAWAAEVISDAR

SAA1 lo| SFFSFLGEAFDGAR
1B | SFFSFLGEAFDGAR

2a.| SFFSFLGEAFDGAR GPGGAWAAEVISNAR|/ LTGHGAEDSLADQAANK
2B | SFFSFLGEAFDGAR GPGGAWAAEVISNAR GAEDSLADQAANK

SAA2

FFGHGAEDSLADQAANEWGR — SAA1
SAA1+2 ¢ SFFSFLGEAFDGAR

GPGGAWAAEVISNAR — SAA2

For research use only. Not for use in diagnostic procedures.



PRM Assays: SAA1 and SAA2

>007 S, . FFGHGAEDSLADQAANEWGR
2
%
N §
55 ¢ :
= 00 -
N S— 3
OQ
0oos P < LOQ Control samples | NSCLC samples
. . Samples 20 27
Control NSCLC 51> 10Q 20 27
5007
S 5 S2>1L0Q 0 20
_EI o
35 &
E% Missing values: below quantification limit
Skt GREEEEEE EEEEEEEEEEE O < L0Q
0.05]
, , GPGGAWAAEVISNAR
Control NSCLC
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PRM Assays: SAA2 Isotypes (LOQ)

0.01 pg/mL

0.1 pg/mL

(Q-Exactive MS)

S2: GPGGAWAAEVISNAR

S2¢ LTGHGAEDSLADQAANK

2.5%3 x

33,2 33,6

GPGGAWAAEVISNAR
GPGGAWAAEVISNAR

34

3.5%4

y—-

33,5 33,9 34,3

S23 GAEDSLADQAANK

LTGHGAEDSLADQAANK
GAEDSLADQAANK
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PRM Assays: SAA2 Isotypes (LOQ)

S2: GPGGAWAAEVISNAR S2¢ LTGHGAEDSLADQAANK S23 GAEDSLADQAANK

2.5¢3
0.01 pg/mL x / ‘/

33,2 33,6 34 196 20 20,4 20,2 20,6 21

0.1 pg/mL 3.5%4

y— -

33,5 33,9 34,3 19,6 20 20,4 20,2 20,6 21

-Exactive MS - :
(@ ) Forresearch use only. Not for use in diagnostic procedures.



Quantification of SAA1/SAA2 in Lung Cancer Plasma

500
S1 >
)
‘% Controlsamples NSCLC samples
= —_—
% 57 ° % Samples 20 27
= oF o s1>L0Q 20 27 (1)
—_—— %
o® S2a+S2p3 > LOQ 20 27 (1)
_________ O oo -- <
0.05] LOQ
Control NSCLC
500 500
S2 S2at Sop )
y o 8,
= %
3 5 & 57 8
= oofJ ——e——
o K
------------------------- -1 L 0Q, &
0.05] 0.05] g .
, , A R < LOQ
Control NSCLC Control NSCLC
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PRM Parameter Settings and LC Constraints

Trapping ions
[ Sensitivity Fill time

. "
[ Selectivity ] =
Multiplexing Background interference: HR/AM - | 5]
Number of peptides (/cycle) Resolution (~transient time) Cycle time (2-3 s)
Resolution 17500 70000
Fill time [ms] 60 250 R
[Thermo Scientific™
Number of pep. / cycle 40 10  QExactive™ Plus MS]

Forresearch use only. Not for use in diagnostic procedures.



Acquisition Efficiency in Targeted Exp.

Monitoring window (2-3 min)

A

o Time-scheduled acquisition
o Longmonitoring windows
o Elution time drift

o Conventional PRM
Efficiency: 15-25%

46,5 47 47,5 48 48,5
—>

Actual Data (0.5 min)

Forresearch use only. Not for use in diagnostic procedures.



Acquisition Efficiency in Targeted Exp.

Monitoring window (2-3 min)

<

o Time-scheduled acquisition

A
A

A

o Longmonitoring windows
o Elution time drift

o Aim:

N\l Wasted resources

_ s e ws w ws
(¥ LC windows and acquisition time) —

. o Actual Data (0.5 min)
/1 Acquisition efficiency

Forresearch use only. Not for use in diagnostic procedures.



IS Triggered-PRM: a Two-Step Dynamic Process

e Rational
o Useinternal standards to drive acquisition
o Usetwo distinct modes of acquisition: WATCH and QUANT modes

e Controlthe monitoring windows (Gallien et al.; J Proteomics, 2014)

o Use a few reference peptides (landmarks)
o On-the-fly correction for drifts in targeted peptide elution times

o Narrow monitoring windows (60 - 90 s)

® Internal Standards (IS) used to trigger the acquisition of ENDO peptides

o WATCH mode: monitor IS (stable isotopically labeled peptide, SIL)
LoRes.; shortfill time; real time data analysis

o Switchto QUANT mode : measure ENDO and SIL peptides
HiRes; long fill time; actual elution

Gallien, Kim, and Domon; Mol. Cell. Proteomics, 2015

Forresearch use only. Not for use in diagnostic procedures.



IS Triggered-PRM: WATCH Mode (IS-PRM)

QUANT Mode
WATCH Mode < >
< >
DADPDTFFAK (2+)
SIL peptide
Scan#l,?2,...,6,7 l l

33,7 \ 341 345

(1) I (6) > (7)
x x x v
Spectral contrast
angle<11.5°
L o b bk

y3 Y5 y6 y7 y8 b3 y3 y5 y6 y7 y8 b3 y3 Y5 y6 y7 y8 b3 y3 y5 3 y7 y8 b3
W Library m Experimental
For research use only. Not for use in diagnostic procedures.



IS Triggered-PRM: QUANT Mode (IS-PRM)

QUANT Mode
< >

WATCH Mode
< >

DADPDTFFAK (2+)
SIL peptide

T A

Scan#l,?2,...,6,7
33,7 34,1 34,5

DADPDTFFAK (2+)
ENDO peptide

33,7 33,9 34,1 34,3 34,5

Acquisition efficiency: 90 %

For research use only. Not for use in diagnostic procedures.



IS-PRM: Dynamic Parameter Setting

Existing information

DB

v

Data evaluation

On-the-fly process

—

!

Modification of

Data extraction

para meters
API API

—  Parameters —

= —> LC-PRM

Method
Peptides
4
, Samples ,

Y 74 \J



Application: Screening of Biomarkers in Plasma

Experiment
o 93 pairs (ENDO + SIL) of peptides (55 lung cancer candidate biomarker proteins)
o IS-PRM, PRM, and SRM analyses
o Plasmasamples (digest: 0.5 ug/ulL)
o 10 patients (lung cancer) + 10 controls

o Acquisition parameters adjusted for cycletime < 3s

§ IS-PRM
Parameters PRM
QUANT WATCH
Orbitrap resolution 17500 70000 17500
Max. fill time [ms] 60 360 60

(*Q-Exactive Plus MS)

For research use only. Not for use in diagnostic procedures.



IS-PRM - Performance

LOQ determined on 558 fragments (6 per peptide)

[e)]
o
LN

0 95 %

o

O © SRM §

2~ m PRM 70 %

e

©) = IS-PRM

= 2

(V) —

Z

ESS “ " 10 % I

- B - B
2 5 15 50 150 400 lamol]
SRM PRM IS-PRM DGAGDVAFVK

150 amol/ulL
in plasma

2
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Sc reening Of BIOmarke rs Ex: PGK1 (Phosphoglycerate kinase 1)

1 ‘ ‘
SO B o
N C &7 & T N P 0
& SRR CNEIR \c‘? & & &L

QoQ QoQ QoQ & Qsz & QoQ Qsz S < -
. YAEVTR
10 controls 10 patients (lung cancer)
1 ALMDEVVK

015 “l |
NTaY Y G » AR A AR R :

SRM %
Low consistency

0,5

Fold change

Q
O QO

PRM
High consistency

Fold change
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Fold change

Screenlng Of Blomarkers Ex: PGK1 (Phosphoglycerate kinase 1)

PRM

0,5

0
e > > e > > "> > > > e e e e R > > > >
&I E G S S P N
SN SO R SR R S O S C N D A AN VN VAN N N NN
/,” \\\ .
B YAEVTR 0 ALMDEVVK ( [ VLPGVDALSNI Poor Consistency

~ -
S~ -
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Fold change

Screening of Biomarkers

0,5

PRM

y3*
Ya*
Yo©
bs*
b,*

& g <
L QPO

B YAEVTR

Ex: PGK1 (Phosphoglycerate kinase 1)

50,3 50,8

N "y Ny N N s N N N N N N N N N N
B q’. (,)‘ b. q). Q' (,). /\. %. 0 b" %. b" r)). (,). /\.
N N " N N YV 5 5 > N N N V i3 i3 ™
Q Q Q Q Q \3 C C C S S > S
S IS £ ¢ ¢ ¢ ¢ ¢ ¢
/,’ \\\ .
0 ALMDEVVK ( [ VLPGVDALSNI Poor Consistency

~ -
S~ -
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Fold change

Screening of Biomarkers

0,5

Ex: PGK1 (Phosphoglycerate kinase 1)

IS-PRM

Y

7N

Y

— b4+

— b7+

—_— b8+

48,9 49,4
N N s N N N N "y N N N N N N 2 N 0 N N
r». q Q' r». q/. f)). (,). b. ‘b' Q (,) cb. b‘. b. v. 0). (,). /\.
QOQ QOQ OQ'\' QOQ\' QOQ\' Qoq'\' QOQ'\r QOQ'\/ QOQ\/ QOQ% \9‘;) \55‘) \s:‘) \9?;\' \c"\' \gg;\r \gf?/ \Sg?) \9(?") \S(?V

B YAEVTR " ALMDEVVK " VLPGVDALSNI v Consistencyfor all peptides
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Screening of Biomarkers: Results Overview

Peptide SRM (54-% success) PRM (62-% success) IS-PRM (84-% success)

10 controls _ 10 patients

Duplicated analyses

B Quantifiable [0 Notdetected/ interferences

Forresearch use only. Not for use in diagnostic procedures.



Large Scale Screening

Plasma Urine Hela
#1

e Proof-of-principle: 600 pairs of SIL + ENDO peptides y——

il i

o Plasma, urine, and Hela cells digest samples

o IS-PRM analyses on Thermo Scientific™ Q Exactive HF
(WATCH: 15k / 20 ms ; QUANT: 60k / 110 ms)

o 1-hLCgradient

|

o Detection of a total of 525 peptides (300 proteins)

|

‘N

WPEPVFGR (m/z 494.256) in 0.5 ug/ul plasma #606
IS-PRM PRM (15k / 20 ms) PRM (60k / 110 ms)

CV:6 % CV:29 %

AA A

Forresearch use only. Not for use in diagnostic procedures.



Signaling Pathway Monitoring

® Proof-of-principle: 405 pairs of SIL + ENDO peptides (91 proteins)

o Samples: NSCLC cell lines (digest: 0.3 pug/uL); w/ or w/o resistanceto Erlotinib

o IS-PRM and DIA analyses on Q Exactive HF MS

IS-PRM: WATCH 15k / 20 ms ; QUANT 60k / 110 ms
DIA: 32 segments @ 25 Th; m/z 400-1200 (30k / 60 ms)

o 1-hLC gradient

o Quantification of 295 peptides (70 proteins) in IS-PRM mode
o Several peptides showed interferences in DIA mode

Proteins quantified

O IS-PRM only
[0 DIAandIS-PRM

Blank et al.; Proteomics, submitted

Forresearch use only. Not for use in diagnostic procedures.



Signaling Pathway Monitoring

IS-PRM
9.0E4
23,2 24,2
2.5E5
19,4 20,4

DIA
4.0E5
X
44,5 46
1.4E6
X
33 34,5

VGEAPGLQQPQPR
[ABL2]
(m/z 688.868, 2*)

VGLGPSPAGDGPSGSGK

[BAD]
(m/z670.826, 2*)
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Analysis of MAPK Signaling Pathway

Cellmembrane

Identified and quantified
@» DIA and IS-PRM

@» (S-PRM only

Cytoplasm

C-FOS peptide

(Control) (Resistant)

< Lo0Q

For research use only. Not for use in diagnostic procedures.
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Differential Phosphosite Occupancy

Peakarea Intensity A LASPELER
12E6 ] I 15E5 T ofp’lm
0 I I I l 0 } " >
. . . 21.6 22.3  Elutiontime[min]
Parent cell line Resistant cellline

@R LAspELER D

l ‘ Transcription FactorAP1 (JUN) s DNA
MAPK8

@O ASPELER D
" Lenospno |

Intensit
Peakarea LN 2 LASPELER
1.5t -+ 1.565 +
0 j o . I I l 0 /i\m N
25.4 26.0 Elutiontime[min]

Parent cellline Resistant cell line



Fast Liquid Chromatography

Configurations

Stationary phase
Particles

Column dimensions
Gradient

Flow rate

Analysis time

FastLC Regular LC

Syncronis C18

1.7 um 100A
150pumi.d. x45 mm
2-40% B* in 6 min
1500 nL/min

Pepmap C18

2 um 100A
75umi.d. x 150 mm
2-35% B*in 48 min
300nL/min

100%
FastLC Regular LC
Human plasma tryptic digest
A
0 20 40 60 [min]

For research use only. Not for use in diagnostic procedures.



Fast Liquid Chromatography

Chromatographic features

Stationary phase Syncronis C18 Pepmap C18
o Peakcapacity only moderately affected particles e — B ——
o Ana Iysis time significa ntly reduced Column dimensions ~ 150umi.d.x 45 mm = 75umi.d. x 150 mm
Gradient 2-40%B* in 6 min 2-35%B* in 48 min
o Decrease in peak Wldth (z 6 S) Flow rate 1500 nL/min 300nL/min
Fast LC Regular LC
21 SIL peptides

100% 100%

a\\ A | M k UMMJ\

2 3 4 5 6 [min] 10 20 30 50 [min]

Lesur, Gallien, and Domon; TrAC, 2016
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Fast LC / IS-PRM Analyses

Analytical throughput

o Short cycle time induced by fast LC separation (= 0.8 s)

o High acquisition efficiency of IS-PRM maintaining high selectivity/sensitivity

o Throughput capability: 50 peptides in 100 samples within one day

YSSDYFQAPSDYR (LG3BP_Human)

Endo
6E+4 5E+6
15k/20 ms
s ‘
o
a
4.25 4.45
6E+4 5E+6
60k/110 ms
=
o
(a
%)
4.25 | 4.45
oy -ey8t e y7?

SIL

Ny 15k/20 ms

4.25 4.45

15k/20 ms

4.25 4.45 [min]
y6 +—0—y5 +—0—y2 *

2.0

1.0

Cycle time [sec]

Analysis of 42 peptidesin plasmasample

—— IS-PRM === PR




IS-PRM for Accurate Quantification Experiments

e Additional constraints for “Quantification experiment”

o Accurate quantification of limited sets of peptides

o Calibrated amount of IS peptides (SIL)

o Balanced concentration of IS and ENDO peptides

e Amount of IS affects quantification accuracy (single-point quantification)

418.287

415.28
412.775
410.273
407.765
405.263
402.751
394.737

AALPAAFK
AALPAAFK
AALPAAFK
AALPAAFK
AALPAAFK
AALPAAFK
AALPAAFK
AALPAAFK

Amount
‘mol

0.004
0.01
0.03
0.08

0.3
0.82
2.4
7.9

50

Quantification Error [%]

N
il

o0 °
°
® —
® e
® ®
P ®
o® Zob
@ye ¢ @
R
(] e ° °.. °
-:-:’: 0e0 :.
— . - -
N v % 2 o © A

Relative Amount Difference Between Isotopologs [Log3]
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IS Triggered-PRM

QUANT Mode
< >
WATCH Mode
< >
DADPDTFFAK - 50 fmol
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IS Triggered-PRM V2.0 - Principle

QUANT Mode
< >

SIL peptides

WATCH Mode
< >

—— | DADPDTFFAK — 50 fmol (Trigger)
DADPDTFFAK — 100 amol
(DADPDTFFAK — 20 amol; LOQ)

Scan#l,?2,...,6,7

~— 100 fmol
7 DADPDTFFAK .
ENDO peptide 20 amol
50 amol
\ 4
33I,7 33I,9 34I,1 34I,3 34’5
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IS Triggered-PRM V2.0 - Proof of principle

Experiment

o 11SIL peptidesin 3 forms and amounts corresponding to five proteins, including
lung cancer biomarker candidates (e.g., ZYX, THBPS1, GSN)

o Differentamounts of unlabeled synthetic peptides (from 0.01to 27 fmol)

o QExactive HF MS
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IS Triggered-PRM V2.0 - Proof of principle

Experiment

o 11SIL peptides in 3 forms and amounts corresponding to five proteins, including
lung cancer biomarker candidates (e.g., ZYX, THBPS1, GSN)

o Different amounts of unlabeled synthetic peptides (from 0.01to 27 fmol)
o Q-Exactive HF
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IS-PRM V2.0 - Application to plasma samples

Experiment
o 11SIL peptides in 3 forms and amounts corresponding to five proteins, including
lung cancer biomarker candidates (e.g., ZYX, THBPS1, GSN)
o Proteins consistently quantify over a wide range of abundance
o Broadapplicability of the method

B DGAGDVAFVK 1 SASDLTWDNLK (Transferrin) M FIIPQIVK ™ LIAPVAEEEATVPNNK (L-lactate dehydrog. B chain)
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Plasma Sample Plasma Sample
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Conclusion

® Internal standard triggered - parallel reaction monitoring (IS-PRM)
o Useinternal standards to drive in real-time the acquisition
o Two modes of operation: WATCH mode and QUANT mode
o More effective use of instrument time
o Implementation in progress in standard method editor

e Figures of merit
o Expand the scale of PRM experiment (up to 600 pairs of peptides)
o Retain high analytical performance of conventional small-scale studies
o Portability across multiple instruments and applicability to a variety of samples

e Applications
o Moderate to large-scale screening (e.g., biomarkers, signaling pathways)
o Accurate quantification of more limited peptide sets (IS-PRM V2.0, multi IS)
o Large sample set studies (combined with fast LC separation)
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