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* 1. Basics of proteomic mass spectrometry

« 2. Quantitative proteomics

* 3. New developmentss Case studies



Opinion
What does a worm want with 20,000 genes?
Jonathan Hodgkin

hictpi{genomebiology.com/2001/2/1 1f/comment/2008. |



Moving from genomics to proteomics
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de Hoog CL, Mann M Annu Rev Genomics Hum Genet. 2004;5:267-93




One Genome — Two Proteomes

Inachis io




Complexity of the proteome

What can happen

l Transcription
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The protein complex network in S. cerevisiae

*16830 proteins identified
*1140 distinct gene product
25 % ORF’s

«232 complexes

« Many complexes share components

« Complexes in related processes have the
same color

« Map provides information for generation
of hypothesis leading to further
experimental investigations

H
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Protein mass spectrometry develops in various stages

« What is the primary structure and the identity of the protein?

« What is the higher order structure of the protein, which structural
domains can be discerned

«  What is the subunit composition of functional protein complexes
« What is the topology of a protein and protein complexes

«  Which functional domains are present and what is the function of
proteins and assemblies of proteins

. How is the function of a protein regulated by post translational
modifications

. How is the function of a protein regulated by interaction with other
proteins

b7
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» 1. Basics of proteomic mass spectrometry

« 2. Quantitative proteomics

* 3. New developmentss . Case studies



The basics of MS

(1) Sample
fractionation

Excised (2) Trypsin Peptide
proteins digestion mixture
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ldentification

s1  s2  S3
W,ea_“_( weak strong What is this protein ‘band’???

- e

How would you solve this question?

Coomassie SDS-PAGE am@
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Principle of Biomolecular Mass Spectrometry

 transfer biomolecule into the gas phase
* |onize biomolecule

« apply electromagnetic fields

« analyse ion movements

« determine m/z of the biomolecule and the number of
lons

n Source |—p Separator |—»

b7
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What is a mass spectrometer?

A mass spectrometer is
an instrument wherein

> Ions are generated

> Ions are separated as a
function of mass over
charge ration m/z

> Ions are detected

» The mass over charge ratio
and the amount of ions are
determined

Swammerdam Institute for Life Sciences
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Ion source

Mass analyzer

Detector

Mass spectrum




Many types of Mass
spectrometers

Ilun :.:JurcL= Mass analyser R Pulsed laser
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Matrix-Assisted Laser Desorption lonization (MALDI)

Sample embedded in LASER-excitation of Sample desorption and
light-absorbing matrix matrix molecules protonation
LASER O
@] O

'a®
'S W)

I\ :] X L] ‘F.):
I 1 eeiorne

Matrix for Proteins: sinapinic acid, dihydroxybenzoic acid etc.
Matrix for Peptides: 4-hydroxy-a-cyanocinnamic acid, DHB

it co-crystallizes, absorbs laser energy, evaporates and acts as acid
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Principle MALDI-TOF-MS

Int Mass spectrum

Detector

Sample Target Clock

')
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MALDI-TOF MS

« Matrix-Assisted Laser
Desorption lonization
Time Of Flight ms.

« sample in UV absorbing
matrix hit by UV laser
pulse.

* peptideH™ desorbed,
accelerated, enters
field-free flight tube

« flight time = A.m?

* reflectron increases
mass accuracy



|dentical ions with slightly different kinetic energies are

focused by the reflectron

» 1ons with a relatively high kinetic energy travel deeper into the
reflectron than identical 1ons with a relatively low kinetic energy

» therefore, the faster “high energy 1ons” reside for longer times n
the reflectron then the slower “low energy 1ons™

» as aresult, identical 1ons with slightly different kinetic energy
reach the detector at the same time, under properly choosen
conditions
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MALDI-TOF-MS Resolution: lon trajectories in a reflectron time-of-flight

mass spectrometer, where U is the kinetic energy and dU the difference in
kinetic energy of two ions with mass m

lon source

F

reflectron

detector 5 J2mU +dU)

where t, is the flight time in the reflectron field E,

® U O U+du
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Mass spectrum of tryptic digest of aldolase

obtained by MALDI-TOF MS
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N.B. a mass spectrum like this contains enough information to identify the protein
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Lys C Digest of Bovine Serum Albumine
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Peptide mass finger printing

experimental ‘in silico’
2> spot excision 2> DNA/protein databases

VAL, INOFIDS . GP QENNFEED

miieeior Swiss-Prot/TIrEMBL/E

2K trypsin digestion ¢ virtual digestions

© mass sp.ectrometry © virtual mas! spectrometry
1 1

i |
L0 L
massm”“” — - “IIHII; LLLI—LLI—I—I—L

amount —»
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Mass Accuracy and PMF: database searching
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Suppression effect

# Different peptides have different propensitics to
10n1z¢e

# The ionization of some peptides is suppressed by
the presence of other, better 1onizable peptides

# So, the signal intensity of a peak in a mass
spectrum of a mixture of peptides 1s not a measure
of the concentration of the peptide concerned

')
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Mass analysis by MALDI-TOF-MS

F -y o o
J ; ! ;

F
i

-
)

Mostly singly charged analyte 1ons (M + H)", minor or no fragmentation
Mass range of analytes: 500-300000 Da
Resolution: m/Am; Am: “full width at half maximum” (fwhm)

Resolution with MALDI-TOF-MS ~20.000: no “1sotopic resolution” at m/z values >
10.000

Accurate mass measurements requires internal standards

Mass accuracy
» 500-3000 Da: ~ 30 ppm (~ 0.1 Da at 3000)
#» 3-10 kDa: ~ 100 ppm (~ 1 Da at 10000)
» 10-30 kDa: ~ 300 ppm (- 10 Da at 30000)
Peptide mass fingerprinting demands +0.2 Da mass accuracy

Sensitivity for peptides: < 10 fmol

ESC Summerschool 2011 Nice




Peptide mass fingerprinting

149 Protein
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Proteome analysis using
two-dimensional gel

electrophoresis and mass
spectrometry (2DE/MS)

“a major goal of proteomics is
the global and quantitative

measurement of the proteins
expressed in cells or fissues”

“the qualitative and
quantitative comparison of
proteomes under different
conditions to further unravel
biological processes”

ESC Summerschool 2011 Nice

QUANTIFICATION

IDENTIFICATION

Sample

l 2D gel electrophoresis

pl
mw =B ] ==
D R A WL T g
I S e
- i : 4
S f_',_
wrfe g

0 s : 2
l Excise a spot

and digest with trypsin

Peptide mixture from proteins in one spot

™

MALDI-TOF-MS ESI-MS/MS

l l

Peptide mass fingerprint Peptide sequences

Yo
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T

Protein sequence




Protein sequencing by mass spectrometry

» electrospray ionisation of proteins and peptides

» MSMS principles and instrumentation to
fragment gas phase ions

» amino acid sequence determination of peptides

Swammerdam Institute for Life Sciences (
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Electrospray ionisation

Taylor cone
\ ‘budding"” —~ =
.\ /I () ./
\ O
: -o; ® (
® o\
P s
N, W
droplet formation of
solvent fission at desolvated ions
evaporation Rayleigh by further droplet
limit fissian andior
ion evaporation

Figure 2. Droplet production in the electrospray interface. (/
[
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Normal flow rate electrospray (top) vs a lower flow rate

electrospray (bottom) that produces smaller droplets

Conventional electrospray

Nanoelectrospray gas flow

100-fold ionization - o
Friciene _—

(Not to scale)
Acc. Chem. Res., 37 (4), 269 -278, 2004 (fﬁ-—
o
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Electrospray ionisation

skimmer

counter electrodes

electrode
(near ground)

elecirospray

capillary VS analyzer
-
sample i —
> i "
solution | S ————
atmospheric high vacuum
pressure
+HV
pressure gradient
potential gradient
Swammerdam Institute for Life Sciences
a
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Simplified schematic drawing of an electrospray

lonization quadrupole time of flight mass spectrometer
(ESI Q-TOF MS) in the MS/MS or MS2 mode

HV
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Collision-induced Dissociation

Collisions between ions with a certain kinetic energy and noble gas atoms
or small molecules, such as N, and O.,.

Conversion of kinetic energy into internal energy results in dissociation of
the mass selected ion.

Swammerdam Institute for Life Sciences
b7
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Peptide fragment ions

Nomenclature: P. Roepstorff and J. Fohlman, Biomed. Mass Spectrom., 11
(1984) 601); K. Biemann, Biomed. Environ. Mass Spectrom., 16 (1988) 99.

Roepstorff, Fohlman:

Xz Y3 Z3 X2 Yo Zp Xi Y1 Z

Biemann:

non-capital letters : a,, b, C., X,,, ¥ns Zp,

Y,+o instead of Y.,"
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Assumed structures of ions formed by "backbone”

fragmentation
19 R0l |m QR

H,;N—CH—C—NH—CH-|-C—|NH| CH—C—NH—CH—COOH + Ht

— A2 Bz C2 =

X, I x, ions: N Rz O R4
O—C—NH-CH—C—NH—CH—COOH

) | ; R O R4
Y,"lY,.pi0Ns: NH5— CH—C—NH-CH—COOH

| s QP Ra
2,12y +CH—C—NH—CH—COOH

Other peptide fragment ions: a d.,v,and w,_ions

n+1? n+1’

(d,, v, and w_ ions formed by "sidechain” fragmentation)
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MS/MS spectrum of the [M + 2H]?* ion of GluFib
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Cleavage sites of trypsin in profilin

AGWNAYIDNL MADGTCQDAA
[VGYKDSPSY WAAVPGKTFV
NITPAEVGVL VGKDRSSFYV
NGLTLGGQKC SVIRDSLLQD
GEF SMDLI{lTKlSTGGAPTFNV
TVTKTDKTLV LLMGKEGVHG
GLINKKCYEM ASHLRRSQY

Swammerdam Institute for Life Sciences
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MS-MS spectra of protonated peptides
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Tandem mass spectrometry

Recording of mass spectra of ions selected according to their m/z ratio.

Swammerdam Institute for Life Sciences (,
')
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MSMS: classical sequence TAG

dBase

Format: 409,76-----TA,G;------- 528,13

mass1 internal sequence mass2

A 4

fCompare

PaN
990822 Sc band 8 Z 20% ACN v v
5c08_20_fa MaxEnt3 187 [Ev-30264,t20,En1] (0.036,187.07,0.169,1285.53,2,Cmp) 1: TOF 722.70ES+
(801.47) f—s——s——s v U)—— yMax
144478(MeH) +
100
»
f( »  tag shortlist
820.48
y
" CO mpare
7 1081.59
994.56 Y3I
907.52 y2
136.08 y1 (o464
Yo 20114 y4' 1443.93 v
] o 71547
b1 84650 "04557 144532 m t h
129, 1\0 } 25112 _389.21 583.28.602.37 ‘ / 95851 1147. 7\0 120862 196067 1400.88 50350 a C
o i1 \MM MIIHHM “hMMhm ‘u\\ m““ hl |MH\ 1T nhluwwh il il A hhhlhul \im I \‘M\ T i L Mz
AR AR & L) R LAY LAY AN LA ALY LA ALY RN AL R
100 200 300 400 500 500 700 800 900 1000 1 100 1200 1300 1400 1500 1600
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Quadrupole analyser

Detector

resonant ion

U VcosQt

Source N
| | dc and ac voltages
()
Swammerdam Institute for Life Sciences (f ﬁ-—
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Electrospray ionisation tandem mass spectrometry

Electrospray Q0 Q1 Q2] ‘Ar

Ton
Modulator

10 mTorr 4x10-5 Torr [ 10 Torr K L
e | o e | Bl 1/ e,

i i Lo
— W= = L 1o
F— 1 | w— | — ] -y
| . ) = [—
v A /- - —_
1:2 e = e
orr
Ton
' ' Optics
' Z Accelerating
Column
5x10"7Torr
Y
Turbo
Pump‘
X
|| | |
| | | |
("Liner) | = —
| | | |
| |
] ]
Swammerdam Institute for Life Sciences
e
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* 1. Basics of proteomic mass spectrometry

« 2. Quantitative proteomics

* 3. New developmentss Case studies



Quantitative proteomics

How much do you see?
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Suppression effect

# Different peptides have different propensitics to
10n1z¢e

# The ionization of some peptides is suppressed by
the presence of other, better 1onizable peptides

# So, the signal intensity of a peak in a mass
spectrum of a mixture of peptides 1s not a measure
of the concentration of the peptide concerned

')
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Proteomic comparison

- Are differences ‘real’ (gel to gel and stainingvariations) ?

Possible solutions: pre purification, more gels, DIGE
(D1ff. gelelectrophoresis, ‘cydyes’: increases sensitivity)

- Local stresses per gel differ....

Solution: DIGE (again.....)

A
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A method for quantitative
proteomics should ...

* Be reproducible

* Be reliable

* Be sensitive

« Cover many proteins
 Have a large dynamic range

ESC Summerschool 2011 Nice



ABSOLUTE vs relative

 Absolute :
— Concentration
— Copy number / cell

* Relative:
— up — down regulation
— comparison of states
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Methodology

» Gel based
— Staining + Image analysis
— Prederivatized proteins
« Without gels
— Isotope free vs isotope labeling
— Multi-dimensional LC
— Affinity separations

ESC Summerschool 2011 Nice



Gel based methods

1. Stain (CBB/Ag/Sypro)
2. Image analysis
3. Repeat for reproducibility

Alternatively:
Fluorescent derivatization prior
to 2D-GE

ESC Summerschool 2011 Nice



Proteome analysis using
two-dimensional gel

electrophoresis and mass
spectrometry (2DE/MS)

“a major goal of proteomics is
the global and quantitative

measurement of the proteins
expressed in cells or fissues”

“the qualitative and
quantitative comparison of
proteomes under different
conditions to further unravel
biological processes”
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QUANTIFICATION

IDENTIFICATION

Sample

l 2D gel electrophoresis
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0 s : 2
l Excise a spot

and digest with trypsin

Peptide mixture from proteins in one spot
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MALDI-TOF-MS ESI-MS/MS
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Peptide mass fingerprint Peptide sequences
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15t Dimension: Iso Electric Focussing

pHI0

o SN o -
d e [l

ESC Summersc hool 2011 Nice (-—"'




2"d Dimension: SDS Page
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CyDye DIGE fluor Structure

linker + protein
@ pH 8.5 Lysine NH
‘ NHS ester

active group o

Minimal labeling with Cy2,Cy3 or Cy5

Sensitivity: 125 pg/protein, linear response over 10° range.

Compare: Coomassie >100 ng and Silver >10 ng.
ESC Summerschool 2011 Nice
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Electrophoresis

Protein extract 1 - Protein extract 2
mempy. Mix labeled extracts g
Label with fluor 1 Label with fluor 2

Separate by 2-D PAGE I

Excitation
wavelength 2

Excitation
wavelength 1

Image analysis: Analysis of difference

overlay images Image analysis:

data quantitation (/ /
Y3



DeCyder procedure

protein extract 1
labelled with fiuor 1

peoteun extract 2

labelled wah fluoe 2
. ".; L =
P image gel e
cxentation at '# R -‘ ‘a:* excitation at
wavelength 1 "% i 2 : P, 40 o wavelength 2
o . 4." . A.‘.. “8 A i 'w.i?‘.;'-‘i ) gt
& < s L 4 L. T —
¥ LR AT
':._.‘... ! L - “-.‘ .
. co-spot detection

image analyvis: &
overlyy emapes i P

differontial analysis
a2 I nlerenie
' o ‘» quantification
R
k REL 0
e o™ =
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Gel based methods

Dynamic range

Stain: 103 (?)
Fluor: ?7?77?

Reproducibility

Stains: worse than 2
Fluor: up to 1.3 (ideal)

Separating power

Thousands of SPOTS
(not equal to proteins)

Bias

Soluble, abundant

ESC Summerschool 2011 Nice



Limitations of 2-D gel electrophoresis

o large proteins (> 100 kDa) are underrepresented
* hydrophobic membrane proteins (30% of entire
proteome) tend to aggregate during the first
dimension and do not enter the second dimension
gel

highly basic and acid proteimns are problematic

relatively low dynamic range 10° — 10% of 2-D gels
prevents detection of less abundant proteins

ESC Summerschool 2011 Nice



Limitations of 2-D gel electrophoresis

» relatively low dynamic
range 10° — 10 of 2-D
gels prevents detection of
less abundant proteins

ESC Summerschool 2011 Nice



Protein labelling

Isotpe labelling

Metabolic stable- Isotope tagging Stable-isotope incorporation
isotope labelling by chemical reaction via enzyme reaction

‘66 00 66

Drgest D|gest
omomam Q00200000 WWO Q00000008
Q00000 000000 000000 Q0000
QOo0000 Q000000 0000000 Q00000

0000000000 0000800000 Di 9'35t 0000000000 0000000008

Data collection

Data analysis
Intensity

a%ooaaaoa
/

Mass spectrometry iﬂ
¢ Light O

_ X Heavy @

Intensity
Intensity

m/z m/z m'z



Isotope labels or isotope free

Mass spectrometry is not quantitative
— lonisation propensity
— Co-suppression
— Co-enhancing

Use of (stable) isotopes serves as an
internal standard (chemically identical)
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|Isotope labels

Labels can be incorporated via:

1 Culture media
2 Proteolytic cleavage

3 Derivatization of reactive groups on the
proteins

ESC Summerschool 2011 Nice



Label introduction: techniques

el

L

MS

Isotope ratio for quantification

ESC Summerschool 2011 Nice
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Natural isotopic abundances of common elements

hydrogen H 1 99.985
D 2 0.015
carbon 2¢ 12 98.9
3¢ 13 1.1
hitrogen 14N 14 99.64
TN 15 0.36
oxygen 160 16 99.76
70 17 0.04
80 18 0.2
fluorine 19 19 100
phosphorus 31p 31 100
sulpher 32g 32 95.02
33g 33 0.76
34g 34 4.22
chlorine 35¢ 35 75.77
3¢ 37 2433
bromine 79y 79 50.5
81Br 81 495
iodine 127) 127 100
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Examples of isotope labels

H/D |ICAT; D-labeled amino-acids (SILAC)
Caution: D changes RP-HPLC retention

12C/13C | ICAT the sequel

14N/>N | Incorporated via growth media
Can be used to calculate # of nitrogens

18Q/180 |Incorporated by proteases
Can be combined with other procedures

F

"
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|Isotope labels

« Extracted ion chromatograms (XIC)
— Peak area of a selected m/z value

Extracted ion chromatogram (XIC)

L.

3

Relative abundance
Intensity (counts per sec)
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14N/T°N : LCMS

100 §41.5338
0410333 P41 5714 505290 os1.0047
A
| 942.0506 951.5228
% . B51.8479
L 541.5353
l, |' £52.0387

939 o941 943 Bﬁﬁmﬂi’ 948 851 953

Mass shift: number of nitrogen's in the peptide

')
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Yeast cell wall proteins labeled with
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Isotope label methods

Dynamic range

103 : > 10 both up and down

Reproducibility

Approximately 20% is
attainable

Separating Thousands of PEPTIDES
power (not equal to proteins)
Bias Less biased than gels

ESC Summerschool 2011 Nice



When to mix in the label?

Culture media:
-early in the procedure

-identical treatment throughout the preparation
process

-keeping standards standard may be difficult

Chemical probes/digestions
-irreproducibility’'s: check by inverse labeling

ESC Summerschool 2011 Nice



|ICAT structure

SH reactive

Spacer: X=HorD .

—

e - )\\

H

Afflnlty Tag
(Biotin)

DO:+C,,H,N,SO, /-H

mass change = 442.225/cystein (mono) ; 442.5799 (av).

D8:+C,,H,,DgN,SO./ -H
mass change = 450.2752/cystein (mono) ; 450.63 (av).
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ICAT procedure

Healthy
SampleProtein 100
Mixture | MS
Light Heavy
. . T ¢ -
Quantitation -9 | |
N
H “5&1{., 1
e T
Reagent- — A iz
laheled » =0 > g
Wm'"eﬁ 'ﬁ | i, EACDPLR-coon
Affinity | =
y Dlgest separation MS/MS
Diseased I
Sample Protein T 0l :
Mixture Identification > 200400 m;?““’ .
Quantitation and
Credit: Dr. Ruedi Aebersold protein identification

Institute for Systems Biology, Seattle, WA
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A Isobaric Tag
Total mass = 148
A
-

Reporter Group mass
114 -117 (Retains Chaege)

cnnh e

(o)

N 0 o N o o

ITRAQ

Amine specific paptide
reactive group (NHS)

~ PEPTIDE

o

, r\/\"/\ A b od Signal is
/“\/, o

mEta ey e vcUo () concentrated in

i miz 116 (+2) ''C, O (+2) .
Mass 31-28 (Newtral loss) miz 116 (+3) ¢, "N iC (+1) M S OverVIeW-
miz 117 (+4) “C, "N (+0)

. ?!PYBD!\
+* PEPYIDE

¢+ PEPTIDE

¢+ PEPTIDE
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High sensitivity

PEPTIOE

[
Mix ': toe Msmws ] E.E-l_ﬂ_;l_.rl.gli
@

Reporter-Balance-Peptide INTACT -Peptide fragments EQUAL
- 4 samples identical m/z -Reporter ions DIFFERENT



Quantification on
daughter ions in
MSMS:

Improved S/N ratio

ESC Summerschool 2011 Nice

ITRAQ
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ITRAQ
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insight review articles

Mass spectrometry-based proteomics

Ruedi Aebersold* & Matthias Mannt

198 © 2003 Nature Publishing Group MATURE | VOL 422 | 13 MARCH 2003 | www.nature. com/nature



* 1. Basics of proteomic mass spectrometry

« 2. Quantitative proteomics

* 3. New developmentss Case studies



Some recent developments

» Surface enhanced laser desorption/ionization time-of-
flight mass spectrometry (SELDI-TOF-MS): protein
profiling and biomarker identification

')
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SELDI-TOF-MS : Chemically modified MALDI targets are used

to retain a group of proteins

R ERIETNE i S e A0 LS 6 jy P N A
28 %f _Ef % “*,‘j-t:% T._;l,- *-I-"-_;M ol %’fm 2 [T }{.‘
% ___,_--‘/ | i -_- _—--*"'" i I i __..-'/
Hydrophobic Anionic Cationic Metal lon Hydrophilic
D N
~
1'.": * E_‘ '\&15-—@“&'- 'yri
S i |} R ;1‘?‘{:{ o - P =
" P — L Foal
- T = T

Activated Surface Antibody - Antigen Receptor - Ligand DNA - Protein
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SELDI-TOF-MS : The SELDI mass spectrometer

0 /‘ "LJA Laser )
8 ] Proteins

L & 8

0 ,. .

0 ---- Vacuum ----

¥ ;
IV—";‘ — Accelerating Potential

75
Spectra View 25
o A sy
xo:

"o 6 X9 [ =

ESC Summerschool 2011 Nice



Capture of glucocerebrosidase by antibody immobilized
on PS20 chips

100,000 150,000 200,000

Antibody Ab |

e ~ . e b S
‘ 60,389.4+H

[ Ab + glucocerebrosidase

,—4——-——————’//\ —

[ Ab + 50 pl lysed spleen tissue

|’ antibody + 100 pl serum |

100,000 150,000 200,000

%
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Gaucher Disease

Lysosomal storage disorder

Deficiency in lysosomal glucocerebrosidase

Substrate : glucosylceramide

Flux of glycosphingolipids is largest in
monocyte-macrophage system

These cells become major storage
sites (Gaucher cells >> mainly found in
liver, spleen and bone marrow)
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Treatment of lysosomal storage diseases
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Discovery of chitotriosidase

Gaucher disease : search for markers

Patient plasma : 1000-fold increased 4-MU-chitotrioside hydrolysis

Unfortunately 10-20 % of people deficient for this enzyme
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Search for novel surrogate markers

SELDI-TOF-MS

Surface enhanced laser disorption ionisation
Time of flight
Mass spectrometry

Chemical Surfaces — Protein Expression Profiling:

,
§§ 7§§ £, % iy \/_"V"A" AR

(Hydrophobic) (Anionic) (Cationic)

.CIPHERGEN NS

(,/r,,,/,
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SELDI-TOF mass spectrometry profiling of Gaucher plasma

A 3
(Weak Cationic) (Antibody - Antigen)

g | @ Patient before [ : d. amii CCLIS+ #00ngrec CCLIE W

, : | —

: /7856 Da :

E €. anti CCLIE + serum patient 1 *

1 1

o WW""‘ ;’ ,'I - k_,u—\ﬁﬂm

. b. Patient treated 1 . anti OCL18 + serum patient 2 J*

|
8 D e T —
E z E. anti CCLIE + serum condrol 1
E : L‘\{A\,-/\w 1 o i,
o
[ e ] e —ae—
i C. reconbiant COLIE ' h. amti CCL18 & serum contrel 2
3

F L andi THFax + semm pool padienia

1 st \s\r*"‘w.f"‘—qn.- 1

o T 2’

7000 7500 8500 T000 8000 8500
m/E m/z

Molecular mass and basic pI similar to CCL18 (PARC)
Identified to be upregulated in Gaucher spleen

(Moran ef al. (2000) Blood 96:1969-1978)
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Expression of CCL18 in Gaucher spleen

1

2

18 S =p

CCL18—»>

GAPDH —p
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Plasma CCL18 levels in controls and Gaucher patients

p < 0.0001
10000 ‘ ‘
=
HHEJZI O] 1000 ®esegytessee®
5 E .‘.W::.i'.-
= o] 7 "-
— E‘: »
& = 100-
ot “j‘lj
‘Al_“':l_i.l.l‘
‘ii:i:ii‘
F
10
control Gaucher type 1
(n=36) (n=55)

Sandwich ELISA:

ESC Summerschool 2011 Nice

Median control plasma level 33 ng/ml (10-72 ng/ml)
Median Gaucher plasma level 948 ng/ml (237-2285 ng/ml)

CCL18 levels on average 30 fold elevated compared to control

No Overlap with control values



Post-translational
modifications



frurmal of Molocular arsd Cellular Cadivlogy 33 (2012 354=-305

Contents listz available st SciVerse Sclencelireet

Journal of Molecular and Cellular Cardiology

jeurnal homepage: www. plsoevier.com/liogate/yymaa

Review article

Phosphoproteomics and molecular cardiology: Techniques, applications
and challenges

Zeyu Sun *, Karyn L Hamilton ™9, Kenneth F. Reardon ™"
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Phosphopeptide Enrichment

Peptide Mixture

—

Immunoprecipitation
(pTyr-, pSer/pThr-antibodies)

IMAC

(Fe*, Ni*,Ga*, Al*, Zr*) | (Ti0,, Fe;0,, ALO;, ZrO,, Nb,Oy)

MOAC

—J

Tandem MS Analysis
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MS/MS spectrum

MS/MS spectrum

Peptide Phosphosite
Identification Assignment
Sequest, OMSSA, Ascore
- Mascot, Spectrum Mill, Manual validation
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Control Sample

SILAC pooling

l,L ' | Disease sample

% et
Protein extraction
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Sample preparation
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Kinome analysis:

Symbol Phosphosite Bayes.p Fold Symbol  Phosphosite Bayes.p Fold
FAK Y576 0.0005 -3.02 PKCg T514 0.0036 2.24
FAK S732 0.0008 -2.81 Abl Y412 0.0048 1.62
CDK1/2 T14+Y15 0.0091 -1.67 RSK1/2 S363/S369 0.0117 3.16
Hsp27 S82 0.0150 -1.93 Src Pan-specific 0.0179 1.61
FKHRLA T32 0.0155 -3.65 HO2 Pan-specific 0.0267 2.04
Hsp27 S82 0.0169 -2.41 ATF2 T51+T53 0.0273 1.44
CDK7 Pan-specific 0.0203 -1.45 p38a Pan-specific 0.0336 1.48
HspBP1 Pan-specific  0.0217 -1.49 PKCb2  T641 0.0380 242
c-Jun S63 0.0324 -3.54 STAT5A Y694 0.0418 3.41
CrystallinaB S19 0.0351 -1.57 S6Ka T389 0.0462 2.53
IRAK4 Pan-specific 0.0426 -4.10 Bad S75 0.0506 1.42
PKCq S676 0.0472 -1.39 EGFR Pan-specific 0.0570 1.54
Ksr1 Pan-specific 0.0489 -1.68 PKCg Pan-specific 0.0575 2.04
Rb S780 0.0498 -1.62 FAK Y397 0.0667 1.81
PP6C Pan-specific 0.0586 -1.34 Erk4 Pan-specific 0.0668 1.33
Tau S518 0.0595 -1.28 Kit Y730 0.0690 1.20
EGFR Y1148 0.0602 -1.94

ERK5 T218+Y220 0.0618 -1.44

Boon, Blood 2010
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Glycomics using mass spectrometry

Mantred Wuhrer
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Glycosylation of IgG changes during disease: biomarkers
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Glycosylation structure determination using MS-MS
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2009 114: 723-732
Frepublished online Apr 15, 2009;
doi:10.1182/blood-2009-02-203930

Proteomic analysis reveals presence of platelet microparticles in
endothelial progenitor cell cultures

Marianna Prokopi, Giordano Pula, Ursula Mayr, Cecile Devue, Joy Gallagher, Qingzhong Xiao,
Chantal M. Boulanger, Nigel Westwood, Carmen Urbich, Johann Willeit, Marianne Steiner, Johannes

Breuss, Qingbo Xu, Stefan Kiechl and Manuel Mayr




Figure 1, Presence of platelst proteins in MPs of EPGC
cultures. (A) Transmission electron microscopy. Imagse
ol MPs harvested from the condifoned medium of EPC
cultures, (B) Proteornic analysis, Product ion specira of
doubly charged tryptic poaplides Idantlied as the plate-
tet infegrin ollb {GOVLVFLGOSEGLA) and mnfegrin 3
(SILYVVEEPECPR).




EPC = monocyte with ingested platelets!

Table 1. Membrane proleins dentified in microparticles derivéd from EPC cullures

Proloin nama

EWIEE PROT accassion name

MW, kDa Spectra, n
Integring. spha chain
Intagrin alpha-lib precursor, G041 antigan ITazB_HURAN 113 156
Inbegrin alpha-6 precursor, COL6 antigan ITas_HURAN 127 21
Intagrin alpha-M procursar, CO1 1k ansgen ITAM_HLUMAN 127 13
Intagrin alpha-2 precursar, CO400 anbigon ITAZ2_HUMAN 120 &
irtwgrin alpha-X precurser, CO1 1 antigen TN HLIAAMN 28 5
Integrins. beta chalin
Intagrin bela-3 precuntor, CDE1 antigen ITEA HUMAMN a7 T8
Integrin beta-2 precunsor, S0 8 antigen ITE2 HUMAMN 85 df
inbagrin beta-1 precurser, COEH antigon ITE1_HUMAN B8 18
Othar surlacs receplors
Platalal ghyooproten b alpha chain GPURA_HUMAN (1 21
Chdb-alpha/C042b antigen
Loukooyio anbgen MIC:S, CO0 antigen Cho HUMAN 26 i
Flatolat giycoprosedn X, CO4Za antigen GRIE HUMAN 18 190
4F2 apdl-surfacs anfigan hemsy ehain, COSE antigan 4F2 HUMAMN EA 18
Platolot ghycaprotem |b bela chien GO1BA_HUMAN 22 15
CD42b-bein/CO42c antigen
Hyaluronale eoaplor, D44 antigan GO HURARM B2 15
Intarceliular adhesicn molecule 3 ICAME_HUMAN 50 13
Translamin recepton prodaan 1, D71 antigan TFR1_HUKAKN a5 13
Pilasolat andothalinl coll adhasion molscule, COEN PECAT_HUMAMN B3 ]
artigan
Lsukacyle comman antigen, CO45 anligen CO45_HLUNAN 147 T
Leukocyle surlace anbgen, CO4T antgen CO4T_ HUMAM ag (]



DAY 1

DAY 3

DAY 5

DAY 7

EPC = monocyte with ingested platelets!

DAPI

Figure 4. Cellular uptake of platelet MPs. Intact platelets stained
positive for PAR-4 and integrin «llb (CD41) among the PBMNCs
counterstaened with DAP! (day 1), Over bme, the platelets desnle-
graled, bul platele! prolens remained delectable in EPC cultures
(day 3) and were taken up by the adherant cell population (day 5
insat). By day 7. most calls stained positive for platelat markers
(nsots: scale bar represants 25 um)



Jeniimal of Mokeculsr and Cellukir Cardrijogy B (2017) S-S

Contants lists available at ScenceDirect

Journal of Molecular and Cellular Cardiology

jeurnal heomapage: www.elsaviar.com/locate/yjmcc

Orignal article

Metabolic homeostasis is maintained in myocardial hibernation by adaptive changes
in the transcriptome and proteome

Manuel Mayr ¥, Dalit May ®, Oren Gordon ®, Basetti Madhu €, Dan Gilon 9, Xiaoke Yin*, Qiuru Xing *,
lgnat Dmozdov ®, Chrysanthi Ainali ®, Sophia Tsoka®, Qingbo Xu %, John Griffiths *,
Anton Horrevoets E. Eli Keshet cd
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metabolomics

CﬂPcr Lactate HIBERNATING
'I'aurlm l
Cr+Pcr
Succlnah TSP
Lacta Alanine
Gluumlm Glutamate ! '
‘L Glycine / I
AP —M“M —== .l. A \
CONTROL
4 3 2 1 [ppm]

Fig. 5. High-resolution '"H-NMR spectroscopy of cardiac tissue extracts. Representative spectra of the aliphatic region (— 0.05 to 4.2 ppm) from control (bottom) and hibernating
hearts (top). Quantitative metabolite data are presented in Table 2.



Nothing changed at metbolite level!!: Homeostasis

NrAamhinAaAd tri AMine iInAraAacAA cAncitiviihag

Table 2
Metabolite changes by 'H-NMR in cardiac tissue extracts.

Control Hibernating Fold change P (t-test)
n=3) (n=>5]
Leucine 0101 (00057 0075 (40005 074 006
lsoleucine 0414 (£0138) 0374 (40107 0,90 0828
Valine 0105 (00117 0086 (£0.008) 0.82 0214
lsovalerate 0123 (+£0034) 0143 (£0048) 1.16 0.774
Beta-OH butyrate 0145 (£0030) 0126 (+£0026) 087 0654
Lactate 10383 (£ 07847 11689 (L0648 1.12 0255
Alanine 1680 (£0273) 1.719 (40106 1.02 0878
Acetate 0337 (00537 0310(+00900 092 0835
Glutamate 3752 (+£0258) 2563 (+0126) 0.68 0.003
Succinate 1234 (+£0343) 1.087 (+0.119) 0.88 0638
Glutamine 2873 (40315 2000(4+0186) 0.69 0.042
Aspartate 0266 (+£0097) 0346 (+0073)  1.30 0.534
Choline 0077 (£0005) 0051 (4+0004)  0.66 0.006
Phosphocholine 0173 (0027 0129 (+0013) 075 0.145
Carnitine 0546 (£0091) 0562 (+0033) 1.03 0.845
Taurine 2211 (+£1.937) 1601 (+0936) 0.72 0.018
Glycine 0572 (00337 0704 (£0082) 1.23 0282
Creatine 8340 (0937 6051 (+0461) 0.72 0.047
Glyeolic acid 0583 (+£0026) 0572 (+0055) 098 0882
Glucose 0218 (+£01007 0309 (+0061) 1.42 0438
Fumerate 0085 (£0023) 0073 (+0012) 086 0622
Tyrosine 0134 (+£0068) 0036 (+0.004) 027 0098
Phenylalanine 0051 (£0005) 0043 (£0003) 084 0217
Adenosine pool 3419 (+£0357) 2808 (+0244) 0.82 0193
NAD + NADH 0344 (£0093) 0360 (00477 1.05 0875
Formate 0306 (+£0015) 0300(+0039) 098 0912

Data presented are given inumol/g wet weight {mean4 SE), n=3 orcontrol andn= 5
for hibernating hearts. P-values for differences between the two groups were derived
from unpaired t-tests (bold numbers highlight significant differences P<0.05).



transcriptomics

Mitochondrial

' Hypoxia regulated

Antioxidants &
Chaperones

uondNpuj pjo4

oelpsed ‘| uwiuodos |
fiojenbai ‘z apndadAjod ybi| ‘uisokpy
SSBU|Y 2UISOUBpY

apsnw ‘aseupy augeald

ureyo-6uoj ‘eseuaboipAysp yoo-ihoy

| asejesphy vy awAzusoo |Aou
aseusaboipAysp v swhzuson-|foefxospAy-g-
| @sejAxoqed y awAzuao)-|foucjosfyien
| eseusboipAysp sjewen|o
[eupuoyoolILL ‘asejelpAy s8jejuooy
[eUPUOYDO)IW ‘7 8SEUN BjejAuspy
aselajsuBNOUILE BUIYNWIQD

uleyo ewweb aseyuAs 41v

| eydje 13 aseuaboiphyap ajeaniid
uungns 219z ‘L u@joid x3jdwoo-|

g eydje ‘uyeislip

L-Bjaq uiajoid 3ooys jeaH

£ 9SBISWOoSI-apy|NSIp UIsjoid

Z uIxopalxolad

| UIXopauxolad

uleyd g-eleq uiingny

ulwseqg

8sSEjoNnpal asoply
aseueboipAyep ejeydsoud-g-ephyepieleakin

2 awAzos| ‘eseury ejeanuid
aselawosi ajeydsoydason

uleyo v aseuaboipAysp siejoer
v asejop|e ajeydsoydsiq-as0joniy

8.dHO



HIF

Combined tri-omics: increased sensitivity

Top 5 ranking pathways

Combined

Proteomics

Glycolysis Metabolomics

Proline
& Collagen Fructose .. . elial
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Transcriptomics W



Arteriosclerosis, Yoot
Thrombosis, and i< I
Vascular Biology

JourRNAL OF THE AMERICAN HEART ASSOCIATION

Local Atherosclerotic Plaques Are a Source of Prognostic Biomarkers for Adverse
Cardiovascular Events

Dominique P.V. de Kleijn, Frans L. Moll, Willem E. Hellings, Gonen Ozsarlak-50zer, Peter de
Bruin, Pieter A. Doevendans, Aryan Vink, Louise M. Catanzariti, Arjan H. Schoneveld, Ale

Algra, Mat J. Daemen, E.A. Biessen, W. de Jager, Hm:mingr Zhang, Jean-Paul de Vries, Erling
Falk, 5ai K. Lim, Peter . van der Spek, 5iu Kwan Sze and Gerard Pasterkamp



Patients undergoing 4

carotid endarterectomy

Plagque biobank

Patients undergoing
femoral endarterectomy

Plague biobank

~

~
»

Clinical Follow-up

Clinical Follow-up

Event No event
Plagque protein Plaque protein

v

\
TARGET DISCOVERY
Differentially expressed proteins
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Figure 1. Outline of the study design.
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Carotid OPN predicts all vascular events!
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Table 4. Comparison Plaque and Blood OPN Levels

OPN in Plague OPN in Blood
Vascular Event and N Patients at Risk N Patients N Patients at Risk N Patients
Intervention at Baseline With Event HR (95% CI) P at Baseline With Event HR (95% Cl) P
Q1 OPN 143 20 Ref 64 11 Ref
02 OPN 144 20 Ref 77 11 Ref
Q3 OPN 144 38 23(1.4-3.9) 0.001 76 17 1.4 (0.8-2.7) 0.255
04 OPN 143 59 4.0 (2.5-6.5) <0.001 88 29 2.2 (1.2-3.8) 0.006
Total 574 137 305 68




