Gel-based Technique for Phosphoproteins
Detection
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https://labchem-wako.fujifilm.com/asia/category/lifescience/proteomics/phostag/index.html




Microarray-based detection techniques for Phosphorylation
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Antibody microarrays

olymer coated

Anti-phospho serine, threonine and 91258 Slide
tyrosine antibodies immobilized on
array

Labeled protein
mixture added
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Specific binding of
phosphorylated
proteins




Antibody microarrays Microarray scanner

Array washing

Unbound proteins
removed
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LECTURE 6: TARGETED PROTEOMICS




Discovery vs Targeted Proteomics

Targeted Proteomics(hypothesis-driven

Discovery Proteomics ]
proteomics)

* often requires large sample * limit the number of proteins that
quantities and multi- are monitored
d|n?ens|.ongl.fract|onat.lc-m_,  Optimize the chromatography
which diminishes sensitivity instrument tuning and acquisition
and throughput e methods

=

: 2 * Achieve the highest sensitivity and

5 = throughput for hundreds or

il = thousands of samples. r——
= —
g S
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Discovery and Targeted Approaches

D'scovsRY { ----------------------------------- TARGETED
| :
Top-down Bottom-up Immunoassay SRM/MRM PRM
[ Westen [
MS-intensive — Shotgun (DDA) [++#+»+ ; blot
: Label-based [ Label-free
. - : ELISA
Integrative DIA |sscccccssscnces .
SiMoA .
e * According to the pre-
; selected range of proteins
+ Global proteome mapping IHC » Optimal protein/PTM
* Identification of proteins and PTMs - guantification results

Carbonara, K.; Andonovski, M.; Coorssen, J.R. Proteomes 2021, 9, 38.




Traditional Affinity-based Approaches For
Protein Quantitation

* Use “high-quality” antibodies to quantify

e substate /;g,,, proteins (even low-level proteins)
\ ) oxidized products
primary antibody e f}é d D ra W b a C ks :

* Antibodies do not exist for all proteins, vary
widely in quality

* Antibody validation may take months to years

to the membrane

to validate
Western Blot e Lack throughput (quantitative capacity)
- ...- * Fewer proteoforms—selective antibodies
ELISA available

i "6"".'0"‘0‘?"0’5’93@7 * Antibodies generally identify amino acid epitopes

8 O’O”OQAM 580 h\®\ on canonical protein sequences, so the PTMs or
RRRAARRRCER. 0 T 2N

neighboring will be likely to block the epitope and
800,86 @@ & prevent the binding/detection.
20000000

LAAO0000000 o * Proteins with high degree of sequence similarity
: @@W@@@~‘ can not be quantified.

Proteomes 2021, 9, 38




Mass Spectrometry-based Approaches
for Protein Quantification in Targeted Proteomics

* Selected Reaction Monitoring (SRM)/ Multiple Reaction Monitoring
(MRM)

* Quantifies specific, predetermined ions from peptide of interest

 Parallel Reaction Monitoring (PRM)
* Analyzes all fragment ions of the preselected peptides of interest

* Data Independent Analysis (DIA) (as known as SWATH)

* Analyzes all peptide mass ranges within the window without pre-selection




Selected Reaction Monitoring (SRM)/
Multiple Reaction Monitoring (MRM)

Conventional data-dependent (DDA)
MS/MS Operating Mode

* Triple Quadrupole acts as

ion filters

* Precursor selected in first
mass analyzer (Q1) with a
narrow window (e.g., +1
m/z)

* Fragmentation (g2)

* One or several of the
fragments are specifically
measured in the second
mass analyzer (Q3)

lonizeall
peptides

Mass-select Fragment Detect all
peptide ion peptide ion fragment ions
oty ey, | 1§ W %
B o] esv? 2
Q1 q2 Q3

MRM- or SRM-MS Operating Mode

lonizeall
peptides

i
— 53

Mass-select Fragment Monitor 3
peptideion peptide ion fragmentions
T ;@Eﬂ??&%:&i&é; oo |
Py oee” o0
Qi1 q2 Q3

ms/ms spectrum

AVTAAVEELR
i

2sec

MRM spectrum

10 msec



1. Selection of target 2. Selection of target
proteins to be quantified peptides to be quantified
3. Synthesis of 4. AAA and 5. Preparation

Wo rkflow unlabeled and LC-MS/MS of calibration
Of an labeled peptides optimization curve

SRM / MRM 7. Preparation of peptide sample:

: 6. Preparation . : :
Experiment : 1) Denaturation 2) Reduction/alkylation
p S LT 3) Enzymatic digestion 4) Mix with stable

sample Isotope labeled peptide mixture
5) Acidification 6) Desalting

9. Calculation of protein

8. Analysis by LC-MS/MS :
expression level

U .."-‘ uady Protocortor gud .V‘.:“I..Ol‘..‘. A
the blood—brain barrier in ddY, FVB, an." Fluids & Barriers of the Cns 10.1(2013):1-22.



Selection of Target Peptides

1. Selection of best representative (proteotypic) peptides per protein

» Select unique peptides for a given protein to achieve maximum selectivity

» Select best-flying peptides per protein to achieve maximal sensitivity

2. Selection of optimal transitions per peptide

* Transition: Precursor-Fragment ion pair are used for protein identification (sequence-specific)

* e.g., Peptide 1 (NYCGDFTSSK) and Peptide 2 (NYCGSDTFSK) has the same precursor mass but different fragmentation
patterns

e Select both Q1 and Q3 prior to run
* Q1 doubly or triply charged peptides

* Pick Q3 fragment ions based on discovery experiments or spectral libraries

* Typically, 3-5 fragment ions per peptide are measured.

* One to three unique peptides with good quantitative properties are used for protein quantification.



rel.int.

Precursor

N
7

NYCGDFTSSK l ‘

Fragmentation

(m/z=561.59, M+2H*)  (ib/cap)

561.59 (M+2H") iR

-

Fragmentation

I . . I

rel.int.

422.45
(M+H?)
234.27
(M+H")

Fragments
SK (m/z=234.27, M+H*)
TSSK (m/z=422.45, M+H*)
DFTSSK (m/z=684.71, M+H*)
NYCG (m/z=456.49, M+H*)

NYCGDF (m/z=718.75, M+H*)

GDFTSSK (m/z=741.77, M+H*)

684.71
(M+H?)

m/z

Precursor peptide ion

Transitions:

1) m/z=561.59, M+2H* = m/z=234.27, M+H*
2) m/z=561.59, M+2H* - m/z=422.45, M+H*
3) m/z=561.59, M+2H* - m/z=684.71, M+H*

Quantification
Fragment peptide ions

Intensity

Fragment lons

y6 y4 y2

NYCGDRTSSK

5

7

9 1 13 15
Retention Time (mins)

17



Selecting SRM/MRM Peptides,

* A few representative peptides will be used to quantify each protein

 Need to fulfill certain characteristics
* Have a unique sequence

Good ionization efficiency

Consistently observed by LC-MS methods with a good signal-to-noise ratio

m/z within the range of the instrument

No missed cleavages

8-25 amino acids

Not too hydrophilic (poorly retained) or hydrophobic (may stick to column)



Selecting SRM/MRM Peptides,

* Ensure complete proteolysis
* Avoid missed-cleaved or partly tryptic peptides

* Avoid tryptic peptides with two neighboring basic amino acids at either cleavage site
(KK, RR, KR, RK)

* Avoid acidic residues (D, E) close to the cleavage site

e Avoid N-terminal proline cleavage (KP, RP)

* Avoid peptides prone to chemical modifications
* W and M are prone to oxidation
* N-G or Q-G are prone to deamidation
e N-terminal cyclization of Q and E and carbamidomethylated C

* Avoid peptides carrying biological modification (PTMs)
e Check PTM repositories (UniProt etc.) or use PTM prediction tools
* Avoid known PTM-motif such as the N-X-S/T glycosylation motif
* Avoid N- and C-terminal peptides as they are more prone to degradation



Open Source MRM
Analysis Tools

* Target peptides for each target protein are
selected based on genomic information
and information stored in publicly
accessible proteomic data repositories or
computational prediction.

e Suitable SRM transitions for each target
peptide are empirically extracted from
mass spectrometry data (preferably
collected on triple quadrupole-type
instruments), or calculated using suitable
computational interfaces.

PeptideSieve STEPP
ESPPredictor
Genomic Detectability Predictor

information

theGPMDB GAPP Tranche
PeptideAtlas PRIDE SRMAtlas

Proteomic data

R PTP predictors
repositories

&=

)™ e
i Peptide Selection ’
Empirical Predicted
‘ !
MaRiMba l TIQAM MRMer
MRMaid SRMAtlas
Transition selection MRMaid
Peptide ) 7 [

libraries SpectraST Skyline

 —]

MRMaid SRMAtlas Assay sharing

[ |

AuDIT mProphet
TCorr  Skyline

Specific detection

¥ S|

Quantification

MRMer ATAQS
Skyline



Identifying Proteotypic Peptides

Proteotypic: describes a peptide sequence that is found in only a single known protein and
therefore serves to identify that protein.

Set of Proteins  [=======> Step 1: Full protein sequence in FASTA format

MPEEEPTPIQLNEPAPDGSAVNGI SSAETNLEALOKKLEELELDEQORERLEAFLTQEQEVGELKDDDFEE
ISELGAGHNGGVVFEVSHEPSGLVHMARKL.THLE IKPATRNQI TRELOVLHECNSEY IVGFYGAFYSDGEIS
ICHEAMDGGSLDOVLEFAGRI PEQILGEVSIAVIKGLT YLREKHE TMHRDVEPSHILVNSRGEIKLCDEFG

TrypSin VEeEQLIDSMANSFYGTRSYMSPERLOGTHY SV SDIWSMGLSLVEMAVGRYPIPPPFDAKELELMFGCOVE
etc_ GDARAETPFPRPRTPGREFLSSYGMDSREFFHATIFELLDY IVHEPPPELPSGVE SLEFQDEFVHNECLIENFAERA
!, DLEQIMVHAFTERSDAREVDFAGHLCSTIGLNQPSTETHARAGY
Peptides === Step 2: Tryptic Peptides
PTPIQLNPAPDGSAVNGTSSAETNLEALQK
PeptideManager LEAFLTQK
PSNIVLVNSR
\ etc. LEELELDEQQR
v DDDFEK.....

Proteotypic

' —=—=====> Step 3: Compare to reference database
Peptides




GPMDB (Global Proteome Machine DataBase)

- Compares peptides to a collection of previously observed results
- Determines how many times the peptide has been observed by others
- Most proteins show very reproducible peptide patterns

- We used this site to determine which peptides were most likely to be seen in our own MS
experimentation.

og® o mod
t = =t = L

**

1. -217.4 249 GIP|O B
2. -107.5 14.0 G|P|O == = =
3. -107.5 14.0 G|P|O ==t =i &
4. -107.5 14.0 G|IP|O = = =
5. -78.8 104 GIP|O : t = Ly B i
6. -64.8 10.1 G|P|O =t =
7. -50.8 10.7 G|P|O t
8. -48.6 7.1 G|P|O t L } i
9. -39 7.5 G|IP|O

10. -35.6 5.7 G|P|O

*black line: indicates the full length of the protein (all sequences are the same length in this display);

red bars: indicate observed peptides (the darker the red, the more confident the observations);

egreen bars: indicate regions of the protein that may be difficult to observe, using standard proteomics techniques; and
- indicate peptides with the motif for N-linked carbohydrates.



Skyline

1y Siyline - MAPK_FAMILY.sky * L

- freely-available and open

.
o el | MS/MS Spectrum

&8 A KLEELELDEQQR K [36. 46]fank 3)
Jo 01306t Spectrum: Human (NIST-QTOF)

source Windows client application i | P

fy EB71-3174303 fark 1) 12
fy Lb6]- 7883857 fark 3
A 75,3056+ fark 2)

D 5.
i
9, KUHLEKPAIRN (37, 107 fark 4)

- Builds SRM/MRM, Parallel Reaction =

& $4 KLCDFGVSGQLIDSMANSFVGTR S [2
® KLPNGVFTPOFQEFVNKC [332, 347 10

Monitoring (PRM), Data Independent e

#- ¥4 RNFEVEADDLVTISELGR G [85, 71] 2
#- ¥4 RHAQSGTIMAVKR [82. 92] fark &)

Acquisition (DIA/SWATH) and DDA L

@94 RFTLNPNPTGVONPHIERL [58, 74] f: 8 ¥8 frank 3
&9, RSSDCPYNOFYGALFRE [154, 169]
@ §4 RSOVWSLGITLYELATGRF [287, 303

with MS1 quantitative methods { S

& 9, RAGPSOHSSPAVSDSLPSNSLKK 12
39, KILANGQMNEQDIRY [154, 166] farkc
& 9, ROTLGHGNGGTVYKA[IES, 161] fan
2 9, KTYVGTNAYMAPER| (314, 26) frk

M % 2aenced

- ahalyzes the resulting mass e
3 9, RFPYDSWGTPROQLKQ 254 %7]fe

&9, KOWEEPSPQLPADKF 268, 281 or

4 9, KFSAEFVDFTSQCLKK 282, 298] fan Wit
3% sequence?
& 9, RHMLGLPSTLFTPRS 72,84 frk 7

. & 9, RYOAENDLENLGEMGSGTCGAWNK 4

&-¥4 KLCDFGISGR L [258. 266] fank 3)

Intensity (1043)
ES

R KTOFEVLTKV [333, 240] fark 4)
= % sequencet’
&V RTSQLSISTLLELCK G [697. 710] fank
R KGQAGELAVGREE [711, 720] fark 1)
. KLSASSEDISER L [919, 929 fark 3)
%9, RNTSSEQEEWEALRE 1278, 1291)(
5 % sequences’ 2
B :‘KASR?ALSNETRK[H 30 fark 2)
3 “ RAQSYPONHQEFSDYDNPIFEKF [231
® 5‘ KLGDFGASK R {498, 505} fark 4)
L3 i 9, KLRPSADELLR H [602. 611) fark 3) 7 fak®
- Compares peptides to MS/MS e
& 9, RHLSVSSQNPGRS [194, 204] fark 2
. z:ﬂmv.LFTL\’PSSRS}SN 33 fank |
& ¥, KLGDFGASKR [535, 542) fank 3)
. . s !:stu. KB 0 + + + + + t
spectral libraries Pt E
2 '," KNVOCSFMLDSVGGSLPKK 159, 17E +

Mz

- Predicts most abundant transitions

https://skyline.ms/project/home/software/Skyline/begin.view




Selecting Transitions: Skyline

e Can use it to find best transitions to pick
* Intensity (rank)
* Dot product (dotp, similarity to reference spectra)

Targets o x
=%, peptides1 -
Targets x : L
e . =SB | EAGGLDCDMENANSVVDALK g B

B @ _fy, 1160.5434++ (dotp 0.57)

----- @ _f Dy13]- 1405.6628+ rank 4)[11]
----- @ _fy My12]- 1230.6358+ frank 2)[10]
----- @ /L El11]-1159.5953+[9]

----- @ _fy N[y10]- 1030.5527+ fank 1)[4]
----- @l Aly]-916.5098+ frank 3)[7]

----- @ iy Ny8]- 8454727+ frank 5)[5]

----- @l S b7 - 731.4298+ frank 7)[E]

----- @ _fly VIy6] - 644.3978+ frank 9)[g]

----- @ _fly V5] - 545.3293+ frank 6)2]

----- @ _fly D [y4]- 446.2609+ frank 8)[1]

----- L Aly3]-331.2340+[3]

- @ B, WNTENQLGTVIEVNEGFGR

B @y 1117.5455++ (dotp 0.44) -

=%, peptides n
SEE R VL EAGGLDCDMENANSVVDALK 3
- @ _fyy, 1160.5434++ [dotp 0.57)
=~ @ B, WNTENQLGTVIEVNEQFGR
- @ _fy, 1117.5455++ (dotp 0.44)
= @ By, VILDSLYAPHAGK
- @ _fly 686.3670++ (dotp 0.87)
- @ 9y LDWALPTAR
- @ _fy 521.7876++ (dotp 0.90)
= @ B, VTADVGVTSAPVINAAGVFSR
- @ flg, 1016.0471++ {dotp 0.90)
= @ B, DGWLIGAAATFDSSSNK
. B~ @ _fy 870.4154++ (dotp 0.59) -

|
()

Want high rank and dotp close to 1



Selecting Transitions: SRMCollider

Hannes Rést 2012

* Input peptides of interest SRM Collider _—

.
 Determines the III/Z values for Colider Dowrload About Insructions
. .
t r a n S It I O n a I r T SO i O s (e e S e (e ol s (i 0 e e e mey
given backzround proteome and find int It will report these interferences on 2 perpeptide basis, allowing a researcherto
et e.

identify peptides that share many trans

Plea: iter the peptide sequenc
YDEDGMDCMDNER

e Simulates a typical SRM ot oeptid
. nput peptide
experlment sequence

. . L. Peptide YDEDGMDCMDNER
* Predicts fragment intensities and —_— _ T e
. . . . - . P |[YDEDGMDCMDNER|[796.768077374] [z 0.35 1582 [z 10 32 human  ||Gragh
retention time information for ) - |
. o ass wndor o Tn Transition Overview
input peptide N N 2 e e
b T High threshold for transitions L 04 [0 “@I
* Compares the transition to all - . I e
Genome Human tryptic) = [ 767.28 |[o |[Gragh]
other transitions in a background | : - -—
Missed Cleavages 0 =l = Grapt .
proteome : = Choose peptides that
Charge check: [¥] Check that interfering signal can actually hold charge (2.2, 2+ charze) b6 71123 |0 “@l h I
. - %62 == ave at least one
* Outputs the number of predicted [ D cmmnnn: S — L
) P P o ST = transition with zero
interferences for each transition T — interferences
. [ 88231 |1 |
for that peptide S — (==
3 41521 |1 |[Gragt
" 304.16 |1 Gragh)
b8 92927 |1 Graph|
[ 1060.31|/1 Graph|
12 1429.47|[2 Grach|
b11 1280.38()3 Graph)
12 1415423 [zt




Validating Transitions: AuDIT

MRM-MS Peptide Data

(Feakintegratec)  AuDIT: Automated Detection of
ALGORITHM- Inaccurate and imprecise Transitions
ASSISTED ANALYSIS
MANUAL 1
NG et » The orthogonal modalities allows a
] & H transition with either a significant P value
CV=0o/u : or an unacceptable CV to be marked as
Calculate Calculate.Relatlve »g
Feek Areathado Rai“ \’\) “bad” as a whole and thus be deemed
(r«t“\‘ . o .
unacceptable for quantification.
Analyte -~ Standard Analysis of ALL data . . . .
m by Expert 1. Apply t-test to determine if relative ratios of
e analytes are different from relative ratios of SIS

r W’, Test (Stable Isotope Standard)

2. CV measurements of replicate samples (either
technical replicate injections of the same

Flag BAD transitions. shiscassdase

Small subset analyzed Correct, sample or process replicates). Usually, CV > 20%
is deemed problematic.

by Expert. combine p-values




Validating Transitions: AuDIT

XICs for 3 transitions of analyte peptide and SIS

x Blue: Light

:; ESDTSYVSLK (analyte peptide) Red: Heavy SIS peptide
E 5% 3 meI 36ed 57ed
g ”! = 3
g 153 \ g [\ ;:

o e ——R’o—t:m‘lii l;n\;(min) o o g = fE:,

~ ESDTSYVSLK (SIS peptide) =

80
’ -
; \ 50 fl | IOI B } | l
! =" 0.0 : & oo
| T e 582 0o 4 864 80808 4 68400797 4
+ _—
i = QO BT 4 SO8.T0L 4 060 .0/605 5

Y5 Y6 Y7

Intensity (x10%)
B 2 & 8

107
’

e [ \Sgs o o — Interference
Retention time (min)

Relative product ions should have a constant relationship

Clin Chem. 2010 February ; 56(2): 291-305. doi:10.1373/clinchem.2009.138420.




Finding Interference: Simple vs. Complex Matrix

Complex = millions of peptides

* MRM/SRM are most useful when quantifying protein in a complex
matrix

* Tumor lysate
* Plasma/Serum
* Simple matrix (buffer) should have no interference — use this as
reference

 Compare the transitions in complex to those in simple matrix

* Transitions in complex should have the same relative intensities of
transitions

e Ratio close to 1 indicates low interference




Simple Example of Complex vs. Simple

Simple Matrix Complex Matrix Intensity
Transition Simple Complex
y3 y3
y2 200 200
z z v4
2 y2 a y2 y3 400 400
) Z GJ
= c y4 100 300
m/z m/z
Ratio of Transitions Simple Matrix Complex Matrix
y2 y3 y4 y2 y3 | v4 y2 y3 y4
y2 | y2/y2 | y2/y3 | y2/y4 y2 1 0.5 2 y2 1 0.5 | 0.67
y3 | y3/y2 | y3/y3 | y3/y4 y3 2 1 4 V3 2 1 | 1.33
v4 | y4/y2 | ya/y3 | yalys V! 05 | 025 | 1 V! 1.5 075 | 1
y2 y3 y4
y2 1 1 335 ., ; N
Transition Ratio Matrix y2 and y3 are “good” transitions

Complex/Simple y3 1 1 333 with no interference




Finding Interference: Simple vs. Complex Matrix

Heavy
Ratio of Ratios Heatmaps

-Matrix

Complex

Complex/Simple

List of “good” &

Light “bad” transitions

Complex
Complex/Simple

\
reference Simple /
\
/

reference Simple




1. Selection of target 2. Selection of target
proteins to be quantified peptides to be quantified
3. Synthesis of 4. AAA and 5. Preparation

Worktlow ‘ unlabeled and LC-MS/MS of calibration
Of an labeled peptides optimization curve

SRM / MRM 7. Preparation of peptide sample:

: 6. Preparation . : :
Experiment : 1) Denaturation 2) Reduction/alkylation
p S LT 3) Enzymatic digestion 4) Mix with stable

sample Isotope labeled peptide mixture
5) Acidification 6) Desalting

9. Calculation of protein

8. Analysis by LC-MS/MS :
expression level

U .."-‘ uady Protocortor gud .V‘.:“I..Ol‘..‘. A
the blood—brain barrier in ddY, FVB, an." Fluids & Barriers of the Cns 10.1(2013):1-22.



Absolute Quantification

e Use known quantity of isotopically labeled reference protein or
13C/15N labeled peptide analogs that are chemically identical to the
target peptide but with mass difference.

 Compare signals for the analyte (light) to the stable jsotope standard
(SIS, heavy) to calculate the concentration.

. lyte(light)peak
+ Peak area ratio (PAR) = LRayietlightpeak area

SIS (heavy) peak area

-Use at least 3 transitions
-Have to make sure no interference in those transitions



1 Precursor ion with
4 fragment ions for
both analyte (left)
and IS (right)

37 different proteins can be
simultaneously quantified
in a single analysis using the
currently available
maximum of 300
SRM/MRM transitions
(multiplexed SRM/MRM
analysis).

the blood—brain barrier in ddY, FVB, an." Fluids & Barriers of the Cns 10.1(2013):1-22.

Peak intensity (cps)

St peptide for mdria
(NTTGALTTR)

(A) 467.8/719.4
NTTGALTTR (y7 ion)

1.9e5 56.40 min
1.0e5
0

540 550 56.0 570 580

‘ 56.40 min

(B) 467.8/618.4
NTTGALTTR (y6 ion)

3.0e5

0L r - " -
540 550 56.0 57.0 580

(C) 467.8/561.3
NTTGALTTR (y5 ion)

5-0e4‘ ‘ 56.40 min
0

540 550 560 570 580

(D) 467.8/377.2
NTTGALTTR (y3 ion)

9.7¢4

56.40 min
5.0e4 - ‘
0

540 550 560 570 580

IS peptide for mdria
(NTTGAL(13C6,15N)TTR)
(E) 471.3/726.4
NTTGAL('3C6,'SN)TTR (y7 ion)
2.0e5 56.40 min

L

540 550 560 570 580

(F) 471.3/625.4]
NTTGAL('3C6,'SN)TTR (y6 ion)

‘ 56.40 min

2.0e5

0

540 550 560 57.0 58.0

(G) 471.3/568.3
NTTGAL('3C6,'5N)TTR (y5 ion)

‘ 56.40 min

5.0e4

0 &=

(H) 471.3/377.2
NTTGAL('3C6,'N)TTR (y3 ion)

6.8e4
‘ 56.40 min

5.0e4

540 550 560 570 580

0

Retention time (min)

540 550 560 570 580



SRM/MRM transition set 1 SRM/MRM transition set 2

St, 467.8/719.4; IS, 471.3/ 726.4 St, 467.8/ 618.4; IS, 471.3/ 625.4
- 0.3 - 0.3
2.5 703 25 193
0 4% Lﬁi 2.0 %% Z

2.0
5] 0 (5] 0 50 100
: 1.0 - 1.0 -
Typical G
] ] = o /= 0.00199x + 0.00098 0.5 - Y = 0.00209x - 0.0001
calibrationcurve 3 o —Fe0s, S
poif 0 500 1000 0 500 1000
for abSO|Ute E SRM/MRM transition set 3 SRM/MRM transition set 4
. o . © St 467.8/561.3;1S,471.3/568.3 St, 467.8/377.2; 1S, 471.3/ 377.2
quantification & 25 103 25 03
x . ]
S 20 4% Z 20 {%% Lé':
& q5d O 15 { °
1.0 - 1.0 -
0.5 y = 0.00205x - 0.00109 0.5 J = 0.00202x + 0.00043
5 R?=0.999 5 R?=0.998
0 500 1000 0 500 1000

Amount of St peptlde for mdria (fmol)

U U TAF) DY LY VIS, dPP dllO O d U

ad, 1. difgeled dDS0OIULE PToLle0 Prote XP O O DO cepPLlo dUUlIrn-=95, diMU TTidIrKeTr Prote

the blood—| braln barrler in ddY, FVB, an. F|UIdS & Barriers of the Cns 10.1(2013):1-22.



Workflow
of an
SRM/MRM
Experiment

1. Selection of target 2. Selection of target
proteins to be quantified peptides to be quantified
3. Synthesis of 4. AAA and 5. Preparation

unlabeled and LC-MS/MS of calibration
labeled peptides optimization curve

7. Preparation of peptide sample:

1) Denaturation 2) Reduction/alkylation
3) Enzymatic digestion 4) Mix with stable
Isotope labeled peptide mixture

5) Acidification 6) Desalting

5. Preparation
of protein

sample

8. Analysis by LC-MS/MS 9. Calcqlatlon of protein
expression level

U .."-‘ uady Protocortor gud .V‘.:“I..Ol‘..‘. A
the blood—brain barrier in ddY, FVB, an." Fluids & Barriers of the Cns 10.1(2013):1-22.



An example of
ambiguous
SRM/MRM
chromatograms
of a biological
sample

dd, Proteo

the bIood braln barrler in ddY, FVB, an. FIU|ds & Barrlers ofthe Cns 10.1(2013):1-22.
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Step 1: SKYLINE for creating targeted MS/MS methods

Skyline digests proteins, and fragments peptides, and uses spectral library to
find transition intensity

r = - N
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Step 2: Skyline for MRM - Method Building

r
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Step 3: Skyline for MRM - Method Building

* Helps generate proteotypic peptide lists using MS/MS spectral
libraries

* Find which peptides can be measured in specific matrix
* Find best transitions to measure for a peptide

 Creates transition lists and vendor-specific instrument methods for
MRM experiments




Step 4a: Skyline for MRM - Quantification

e Import raw files into skyline
* Pick peptide of interest
* Check standard peaks
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Fle fde  Yiew Settngs Help
Jdd sy 9-
Bephcates: Standad ) . Standard_1 Il «X Standard 2 Il « X Standard 3 Il « X Standard 4 1l «X
: :S:.Tmmu —— EAIPGIDK - 513 710514+ ] [—-— TEAPGIDR - 515 755 1++ ] [— EAFGIDR - 5137851+ j [— EAPGIOR - 515 7051++ ‘I
"a L 51 7951+ potsf i 21,45 i EAIPCIOK - 317.9022= (heavy) —— FAFQIK - go hepey) ——— IEAIPQIOX - 317 8023+ heavy) 800 L— JEAPQRIC - 317.8032+ heavy),
o A 5178022« hoavy) ) [ e 15 ( & -
e g4 e e 60
< - =10 -
z z? z Z 400
: s 2 g 05 £
< S 4 s $ 200
{ £ | £ z |
= ol - - - - 00 - - = 0 & -
200 208 210 212 218 220 222 224 220 222 224 226 228 230 208 210 212 214 6
Retention Time Retention Time Retention Time Retention Time
Standard S Il eX Standeed § 1l - X Standard 7 1l X Standard 8 1l eX
w— EAIPQIDK - 513 7951+ ] = IEAPOIDK- 5137951+ — EAIPCIDK - 511 7951+ [-—— IEAFQIDK - 5137851+
— EAPQIDK - 517 8022+ Neavy) & | EAPGIOK - 517 8022 ++ (haavy — EAIPQIDK - 517 8022+ (Doavy — EAFQOK - 517 80224+ (heavy)
- - 00 ¢ - 2% 4 - B
& 600 201 - I 208 g 2 5 o0 200
° = © 600 & ™ i e e
< 400 < i | i = 400 = 400
g §F | | g g
€ 200 € 200 & | | c 200 e 200
£ G W | | £ £
0 - + + = 0 iy + + weng ' y Sialel. + +
195 200 205 204 206 208 210 212 210 25 205 210 215
. . " Retention Time Retention Time Retention Time Retention Time
Readdy 171 peot 171 pep 172 prec 1710 tran




Step 4b: Skyline for MRM - Quantification

* Use the heavy standard PAR (Peak-Area-Ratio) to make calibration curve

* Determine sample quantity based on curve
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Advantages of SRM/MRM

e Rapid: faster than antibody-based methods — Relative or Absolute
Quantitation

* |deal for monitoring abundance of a set of predefined target proteins
or PTMs over many samples.

* Wide dynamic quantification range (4-5 orders of magnitude) and
high sensitivity

* High degree of reproducibility

* Well supported by public resources

e Efficient reduction of noise

* Rapid switch between transitions (<2ms)
* High sensitivity, multiplexing



Disadvantages of SRM/MRM

 Low resolution
* You need to know what to look for in advance!

* Prior knowledge about target proteins and PTMs required (SRM
assay)
* Need to know charge state, retention time and relative product ion intensities
before experimentation
* Peptide candidates need to be unique

 Limited multiplexing capacity that can be measured at once (ca. 1000

transitions per run)
* Physical limit to the number of transitions can get around this by using time-
scheduled SRM, monitor transitions for a peptide in small window near

retention time
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Parallel Reaction Monitoring (PRM)

* Quadrupole Orbitrap or Quadrupole TOF Q1: Filter mode with a narrow
. e . isolation window
Simplified method design Q2: Fragmentation
* Produce full MS2 spectra for each precursor Q3: Analyze all fragment ions
* Flexible data analysis simultaneously with Screening mode

* Don’t have to choose fragment ions beforehand

A) SRM/MRM Q1 Q2 Q3
Single peptide e} " Q
NIJ of interest °.: 0.:. P )
o /. ° 0' °
H\/\ ) S ) o...:.: o) ) ° = % ) ° . o ) ‘ ‘
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Detect single

B) PRM Pre-selected fragment ion |
peptldes of interest
N,J P . s . Orbitrap
o LN ) - : o = f\ h |
S 2 OO E DEEEE
o® "o ne ¥ N
[5) N

Proteomes 2021, 9, 38



Advantages of PRM

* PRM has flexibility in selecting the fragment ions, because it retrieves
the chromatographic peaks of those fragment ions that are most
suitable for peptide identification and quantification

* High resolution and high mass accuracy, which results in an increased
selectivity as compared to triple quadrupole instruments.

 PRM exhibits a high dynamic range, high signal-to-noise, and
excellent sensitivity and specificity for peptide and protein
guantification.

* PRM only acquires information for the pre-selected peptides of
interest.

 PRM provides both identification and quantification information.



Data-Independent Acquisition (DIA)/SWATH

* MS2 data-independent
acquisition methods are usually
implemented in guadrupole-

orbital ion traps, and quadrupole
TOF hybrid mass analyzers.

* These methods rely on the use of
one or several broadband
isolation windows that isolate all
peptide ions in a sample within
each cycle.

* 32 consecutive 25 Da precursor
isolation windows
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Data-Independent Acquisition (DIA)/SWATH
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Classification in Proteomics

* According to the information they can provide:

* Relative quantification
* peptide abundance ratio = relative protein abundances calculation
* Absolute quantification

 Comparing ion intensity of a peptide with the ion intensity of an identical chemically
synthesized heavy isotope labeled peptide spiked in with known concentration as an
internal standard.

* According to the underlying methodology:
e Label based proteomics
* Label free proteomics

* According to the pre-selected range of proteins
* Discovery proteomics
* Targeted proteomics
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