Miultiplexing Clinicall Protein Targets in
Dried Blood Spots
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Outline

* Selection of candidate proteins for the multiplex
analysis of DBS via targeted proteomics

* The currently employed strategies for the
selection of candidate peptides for targeted
proteomics

* An empirical refinement process for the
selection of optimal peptides and their
respective MS/MS transitions



Selection of Protein Targets for DBS Wellness Assay

. Lactate Dehydrogenase (heart)
Alanine Aminotransferase
Albumin . Haptoglobin . A Light Chains
Aldolase . Retinol binding protein
. Hemoglobin A1C (HBB)
a-1-acid glycoprotein . Ceruloplasmin . Hemopexin . Sorbital dehydrogenase
a -1-antitrypsin (SERPINA1)

a -1-antichymotrypsin . Complement C1 (C1R/" ")
(SERPINA3)*

. Complement C1 inhib.
a -1-antiplasmin (SERPINF2)
. Complement C1Q
a -2-HS-glycoprotein (FetuinA)
. Complement C3 *  Transferrin

. Complement C4

. C-reactive Protein . Plasminogen
Antithrombin 11l (SERPINC1)

Apolipoprotein Al
. Prealbumin (transthyretin) . Vitamin D binding protein*
Apolipoprotein B
. Vitronectin
Apolipoprotein C2*

Apolipoprotein C3*
Apoli in E£* . Zinc- a -2-glycoprotein
polipoprotein
. Properidin Factor B (CFB)
Apolipoprotein H*

Apolipoprotein J*
. Isocitric dehydrogenase

. Fibrinogen e klight chains

[ -2-microglobulin
. Fibronectin . Kininogen 1*

Adapted from: Tables 1&2 - N. Leigh Anderson. Clin. Chem. (2010), 56, 177-185.



Selection of Protein Targets for DBS Wellness Assay
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N. Leigh Anderson & Norman G. Anderson Mol Cell Proteomics (2002), 1, 845-867



Selection of Protein Targets for DBS Wellness Assay

PLTP

apoF

CETP LCAT apoc-|

apo(-ll
m
___ﬁ_,,. apoC-IV

apoD *"_"‘

Llpld metabolism —» PON3

Clusterin

|
apol-I .// \\ SAAZ ‘//\‘
apDAI AHSG HRP | SERAT| P

TALDO ZA2G VTDB
ALDOA MDHC IgG
KAD1  TTHY

SERF1
‘\ /’

Proteinase
inhibitor

APOB

apoA-IV [apoH| PONT

CP
CFAB
C1R

'\

KNG

V=

Complement

regulation

Acute-phase response

FIBa/p
FINC
HBB/Alc
LDHB
SYUA

Z NS

G
ITIH4 RBP ﬁ

HPX

Adapted from: Vaisar, T. et al., J. Clin. Inves. 2007 117(3); 746-756




How Does One Select an Optimal Set of Peptides for
a Targeted Proteomic Experiment?

Apolipoprotein B (P04114) — 516 kDa, Serum reference range (~0.5-2 g/L)
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ESPPredictor Score vs. SRM Signal Intensity: Apolipoprotein B100
ESPPredictor Rank vs.SRM Signal Intensity Rank !
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Mallick, P. & Aebersold, R. et al. Nature Biotechnology(2007) 25 (1): 125-131
Fusaro, V.A. & Carr, S.A. et al. Nature Biotechnology (2009) 27:190-198.
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Apolipoprote

Spectrum Counts vs. SRM Signal Intensity
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Our Approach..............



Workup of Recombinant/Native Protein Standard
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& Sequence
cDNA clone

In Vitro Enrichment via
Transcription Glutathione-
and Translation Sepharose Resin

http://dnasu.org

[EAIPQIDK
+

IEAIPQIDK

~25-500 femtomoles/25ul IVT
< $20.00/Protein

IEAIPQIDK Calibration Curve
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SRM Method Refinement Cycle

Insert Hypothesis Here

S

Build SRM Method

( Peptide Refinement Criterion:
. Intensity . Detectability in
. Product lon Matrix
Distribution . Digestion
. Stability Kinetics
= iRT Calibration = Precision
Accuracy

~\

Skyline

Run SRM Method

Evaluate SRM Results




Round 1 nanolLC MS/MS
SRM Signal Intensity Rank

Apolipoprotein B100 - SRM Peak Area
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Round 1 nanoLC MS/MS:
Relative Product lon Distribution

R.YEDGTLSLTSTSDLQSGIIK.N [1536, 1555]
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Round 2 nanoLC MS/MS:

iRT Calibration with 1°N-APOA1
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Round 2 nanoLC MS/MS:
Peptide Stability Analysis

| KTTLTAFGFASADLIEIGLEGK.G (674, 694]

Standard Standard
72hrs in A/S

; M i , | , B - :
: f ; ; ; ; | T ' ; ;
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File
Targets
1% splP02647IAPOAT_HUMAN

K. DLATVYVDVLK.D [36, 48]

@, RDYVSQFEGSALGKG [51, 63]

@, KLLDNWDSVTSTFSKL [69, 32]
?, KVQPYLDDFQKK [120, 129]

@ KWQEEMELYRQ [131,139]

@, RAELQEGARQ [147, 154]

@, KLHELQEK L [157. 163]

@, KLSPLGEEMRD [184,172]

@, RAHVDALRT[177.183]

@, RTHLAPYSDELRQ [184, 134]

@ KATEHLSTLSEKA[219,229)

@, KAKPALEDLRQ (230, 238]

@, RQGLLPVLESFKV [239, 249]

@, KVSFLSALEEYTKK [250, 251]
pIPO2652MPOAZ_HUMAN
pIP041141APOB_HUMAN

@, KLAIPEGKQ (132, 138]
REIFNMAR.D [427, 433]

K AAIQALR K [525, 5317

K SVSLPSLDPASAK | [641, 53]
K.GFEPTLEALFGK.Q [695, 706]
KVLVDHFGYTK.D [732, 7417
K.FIIPSPK.R (923, 329T"
RALVDTLKF [1027, 1033]
RVPQTDMTFRH [1215, 1223]'

R TPALHFK S [1317, 1323]'
KVSALLTPAEQTGTWK.L [1967, 1381]
- @ _#y 571.3093++ (dotp 0.96)
RITENDIGIALDDAK.| [2150, 2163]"

K LFLEETK A [2467, 2473]

K ALVEGGFTVPEIK. T [2578, 2550]"
KATFQTPOFIVPLTDLR. [2609, 2624]
KARIPILR M [3430, 34367
K.FIIPGLK.L [3729, 3735]"

K FPEVDVLTKY [3790. 3798]'

@, KSVSDGIAALDLNAVANK | [3829, 3845]
splPO2655APOC2_HUMAN
spIPO2656/APOCI_HUMAN
spIPOSOS0APOD_HUMAN
spIP02649APOE_HUMAN
spIP02649APOE_E2_HUMAN

a9 KCLAVYQAGARE 175, 184]

% =nlPIJRABAPOF FA HIIMAN

Apolipoprotein B100
Peptides
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Round 3 nanolLC MS/MS:
Validation of Peptides/Transitions in Matrix
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Round 4 nanolLC MS/MS:
Digestion Time Course

(15N)K.(1SN)W(2SN)Q(LSN)E(*SN)E(XSN)M(SN)E(1SN)L(ESN)Y(SN)R. (5N)Q [131, 139]
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Method Refinement Considerations

Empirical Peptide Refinement:

Round 1 -> peptides with non-existent or ambiguous chromatograms
Round 2 -> peptides that fail to meet minimum stability requirements
Round 3 -> peptides that were not observed in matrix

Round 4 -> peptides that gave a sub-optimal digestion characteristics

Normalization?
APOA1 Global Internal Standard (*>N Protein)?!

Table 1. Performance characteristics of a multiplexed LC-MRM/MS assay.

a
1Spep

,,,,,

~
A-l 0.79
B 0.67
c 0.90
c- 0.89
E 0.96
J 0.81

Imprecision, % CV

Linearity
0.9982
0.9983
0.9948
0.9962
0.9984
0.9994

LC-Ms®

2.6
6.4
4.1
9.5
2.2
9.3

Digest’

9.4
2.6
46
5.0
33
6.8

Total?

9.8
6.9
6.1
10.7
4.0
115

r

0.96
0.61
0.92
0.88
0.92
0.79

Imprecision, % CV

Linearity
0.9994
0.9975
0.9937
0.9992
0.9984
0.9991

LC-MsS
56
8.9
6.1

1.8
2.2
124

Digest
23
35
41
48
28
33

Total
6.1
9.6
14

12.8
BA
12.8

1) Hoofnagle, A.N. et al. Clin. Chem. 2012, 58(4); 777-781.

Apolipoprotein B100
Peptides

o241
o191
55
32
b ]

Calibration?

Single Point Calibrator? - Assign concentration
with clinical immunoassay & measure in
triplicate in each batch

2) Cox, B. et al. Clin. Chem. 2014, 60(3); 541-8.
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Interested in developing a similar targeted
assay?

* Let the MacCoss lab help!

* Services and consulting offered for development and
application of targeted proteomics assays:
— DIA
— PRM
— SRM

* Website: http://services.maccosslab.org
* Email: services@maccosslab.org

* |n Person: Jarrett Egertson or Mike MacCoss


mailto:services@maccosslab.org

