Week 10: Proteomics and Protein Function
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Pawson Group: Cell Signaling and Cancer

Cell-Specific Information Processing in
Segregating Populations of Eph Receptor
Ephrin—Expressing Cells

Claus Jergensen,® Andrew Shemnman,™? Ginny 1. Chen,™? Adrian Pasculescu,! Alexei Poliakov,?
Marilyn Hsiung,® Brett Larsen,” David G. Wilkinson,? Rune Linding,*™ Tony Pawson®**

e This paper is concerned with cell signaling, particularly
‘clumping’ and ‘unclumping’ signals initiated by cell-to-cell
contact.

e These interactions are governed by ‘Ephrin’ transmembrane
proteins that become phosphorylated on the inside of the cell
alter interacting with each other on the outside of the cell.



Ephrins

e Ephrins are receptor tyrosine kinases, meaning they are
receptors that directly phosphorylate proteins in the cell when
they are phosphorylated.

e Ephrins are expressed at very low level in adult cells. Their
primary role is in development:

e Embryonic development (segmentation)

e Neuronal development (axon guidance)

e Cell migration (mainly during development)
e Angiogenesis (formation of blood vessels)

e Cancer (survival factor, help initiate metastisis?)



Qu antitative P r0teOmiCS With Stable Isotope Labeling of Amino Acids in Cell Culture (SILAC)

¢ The study is designed to map phosphorylation on all proteins
regulated by ephrin-Bl — ephrin-B2 interaction

e To do this, they use a quatitative proteomics technique called
SILAC in which Arg and Lys residues are labeled with heavy
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Ephrin Experiment Setup

e This is the experimental worktlow tor studying cell/cell

interactions. MS =
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Ephrin Signaling Results

e In typical proteomics tashion, you end up with a huge map ot
proteins that are more-or less phosphorylated after cell/cell
interations (Eph-B2+ cells):
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More Ephrin Signaling Results

¢ And an even broader map:
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Computer Modelling

e To make a good guess at
how phosphorylation
atfects activity, they used
a computer model based
on known function:




Example 2: The Siu Group

e Why stray far from home? A
pertectly good example of large scale
proteomics is right here in the Siu
group, looking for biomarkers in

various cancers...

e The Siu group is linked to ABSciex
and so they use their iTRAQ or
mTRAQ labeling technology for

quantitation.

8]

; : C\C/O\N
SN

o

Peptide Reactive

Group (PRG)

B “cH, A "N € "CH, @ "N

Figure 1: Chemical Structure of mTRAQ® Reagents

Brain tissue
isolation

Extraction

of amygdala
and protein

s«—gg«—g«—@

e
Voo
F &
Lol
il

Clk
|
&
R
i

Trypsin
digestion
~N Ve AN AN S
M\{,\/’V A~ A~ A~
iTRAQ
belng | 114label|  [HiSisbel| [ t1Giabel| | 117 label|
AN S
Y
I combine l
A
A~
| Strong Cation Exchange (SCX) HPLC fractionation l
| Reversed Phase (RP) HPLC fractionation |
| MALDI 4800 MS/MS analysis - identify and quantify |
£
2
;
=z iTRAQ reporter ions
2 H miz -7
2 i a2
= : L’
: 4" i
1 ni
I | | MS/MS fragmentation pattern
m/z



Cancer Biomarker Dsicovery with iTRAQ

Differential Protein Expressions in Renal Cell Carcinoma: New
Biomarker Discovery by Mass Spectrometry

K. W. Michael Stu,’ Lerol V. DeSouza,’ Andreas Scorilas,? Alexander D. Romaschin,*”
R. John Honey,* Robert Stewart," Kenneth Pace,* Youssef Youssef,* Tsz-fung F. Chow,* and
George M. Yousef*s/

e Here’s a quick example of iTRAQ use to discover biomarkers
for renal cell carcinoma
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Renal Cancer Cont.

¢ One of the challenges of

quatitative proteomics is

significant run-to-run

fluctuations in protein ‘intensity’:
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e Agreement with other studies,
however... would anything agree?

12



I ots of Proteins

e Over 937 proteins
were identified... a
partial list of
‘dysregulated’ ones is
shown here:

o, peotain nacce gens syrabol Swiise -Prot ID fold change® ragubtion™
1 KIAALEES pmotein Cl4orfd QHIBT 40624 up

2 tymosine 3/ayptophan S-racrocsggenase activation protein Q04917 42912 up

3 CAPNS] pmtein CAPNS]1 POd4ER 39777 up

4 Coraplercent wm arent 1 inhibitor Gl %DSFED 366508 up

H UDP ¢luos: 6 UGDH 01 33497 up

& L-lactate delgdrogenase A chain LDHA POG38 332008 up

7 Niootmamide N-reethyitransterase NNMT P4afeel 32572 up

& thetical in DXFZpeLcH13163 GSTOL 86'.%312 3.1252 up

] Po ®O- protein 2, isofomn b PCBF2 KGS up

10 ADP- nboqda.um factor 3 ARFS Pel204 30783 up

1 CAINK P27824 24414 up

©z 3‘2'), S’ hsphosphaue kotidase 1 EPNT1 Q95861 2.7758 up

13 Hypothetical ptotemDml)S'i?I?SB FABPT7 QBHMT 2.7722 up

14 Catechol O-roethytmansgrass, reerabrane -bound fomo COMT P21964 2.7812 up

15 Clyoeraldehyde-3 -phosphate dehydmgenase, testis-specific GAPDHS 014556 28716 up

1 Hypothetical protein ANKA4 452 26156 up

17 Hypothetical protein DXFZp6S6104222 SERPINES TZ2XT 2.5934 up

18 Eohinoderma raicrotubulke -associated pmtein-lke 4 ENML4 QIHC3S 2575 up

JC] wirce ntin- haroan Vo POLs™ 25615 up

20 CytoplasToéc dymedn intemnediate chain 2C DYNC12 QTZ4x1 25234 up

21 Calpain staall suburit 1 CAPNS] PO4eR2 25198 up

2 Clutathione S-trarsferase GSTR2 PO9210 2497485 up

23 ha Crystallin CRYAB PCes1l 240045 up

24 iBDOC PIOten ’ QEP 24321 up

a5 Rab GDP dissociation inhdbitor alpha GDIl P31l 24198 up

%6 PRKARZA protein PRKARZA QBUBL 24146 up

27 Chloride intracelhalar charnnel protein 1 CLIC1 QCOoeag 24112 up

28 Pre-B-cell colorg enhancirg factor 1, isoforra b PEEF1 QEWTNIE 24046 up

2 Armesdn AS ANKAS POSTSS 2367 up

k) @iyoeraldehyde-3-phosphate dehydmgenas: GAFDH PO44E 23475 up

31 Endothelial cell growth factor 1 (platelet-cderived) ECGF1 P19971 1434 up

= Major wmult protein MVP Ql4764 16083 up

= Adipose differentiation-related pmtein ADFP Q9541 16629 up

4 €0 kDa heat shock protein HSPD1 Plo&m 04296 DOWN
35 ATP synthase dela chain ATPSD P30040 04879 DOWN
% Corondn 14 CORO1A P3lle 04878 DOWN
37 GCSH proten GCSH QEIATZ 04873 DOWN
38 TRGLN protein TRGLN QEFIS2 04862 DOWN
] -cadherin CDHlé U3 04818 DOWN
a0 factor, arginine /serine -rich 2 SFRRIP 9590 04802 DOWN
41 Zine finger protein 207 ZNRO7 Q43670 04726 DOWN
2 405 ribosoreal protein S17 RPSI7 POSTR n4me DOWN
L Secreted cercent gland protein XAG-2 horologue AGR2 CA5994 046395 DOWN
44 ThyTrosin beta-4 TSB4X Pez32s 04631 DOWN
4% CKB pmtein KB QEF 04589 DOWN
-] Calrnodulin CALM]1 13942 4562 DOWN
47 Hypottetical protein FLJ46684 Qloxfsé 04479 DOWN
4 Hongation factor Ta P49411 04476 DOWN
k] Tarcor protein p53 inducible protein 3 TPS3ull3 QIBWES 04383 DOWN
Rl ulin CALM]I PEz1s8 14245 DOWN
51 Hypothetical pronem DXFZpsesrzzzz TPML Qav42? 04187 DOWN
e creatine kinase-B CKB Pl227? 04162 DOWN
<] ATP synthase beta chain ATPSE POES® 041455 DOWN
54 Hemoglobin beta HEBE TH2 04127 DOWN
58 Histone H2A HIST3H2A TL7LO 04112 W
% AP endonuclease 1 APEX1 P27605 04085 DOWN
57 Acyl-Col delgdrogenase, roedivrn ¢ hain specific ACADM P11210 03938 DOWN
58 Nonhéstore chrorcosoraal protein HMG-17 HMGN2 POS204 039295 DOWN
L] HES] protein Qlorf33 P300e 03925 DOWN
1] Bukaryotic translation initiation factor 3 subunit 3 EIFGH Q15372 03804 DOWN
&l Calreticulin CALB2 QIEBK4 03772 DOWN
& ngnm:redcel! death protein § PDCDS Q14737 3623 DOWN
= 100open mading frarce 65 Cl0orfes 036le DOWN
€4 aderr,rlame kinase 3 alpha AK3 QU7 03613 DOWN
= LOC112817 protein Cl EEV! 03554 DOWN
=3 Ubiquirol-cytochmrae ¢ mductase coraplex cor protein I UQCRCL P31930 03531 DOWN
&7 PLS3 03394 DOWN
=] Merabrane asscciated protein SLP-2 STOML2 QUL 03341 DOWN
& MHC class II antigen HLA-DRE1 03294 DOWN
0 Reticulocalbin 1 precursor RCHN1 15293 0312 DOWN
n DHNA.] bmdmg protein B YEX1 PE740 031 DOWN
R Cyrtochrorne C¥Cs R2 02901 DOWN
B NADH- ubiqmmme oxidoreductase 13 kDa-A suburit NDUFRSS 75380 02759 DOWN
™ Lupus La protein SSB PO5455 il DOWN
I Pymuvate delgrdrogenase El coraponert beta subunit PDHE P111T7 02662 DOWN
® FERM, RheGEF, and pleckstrin doraain protein 1, isoforra 1 FARP1 QI¥4F] 02628 DOWN
™ Mitochondrial aldehyde debgrdmogenas: 2 ALDH2 QEINT1 D2e03 DOWN




Siu Group Example...

Discovery and Verification of Head-and-neck
Cancer Biomarkers by Differential Protein
Expression Analysis Using iTRAQ Labeling,
Multidimensional Liquid Chromatography,
and Tandem Mass Spectrometry*s

Ranju Ralhani§"l||, Leroi V. DeSouzat§, Ajay Mattaf]**, Satyendra Chandra Tripathif],
Shaun Ghanny§&it, Siddartha Datta Gupta&§, Sudhir Bahadur{]],
and K. W. Michael Siut§|||

e This is a similar study with a better representation of the data
as a ‘heat map’.
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The Head and Neck Cancer Heat Map

Accession #
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=pl|P14625
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Protein name
Stratifin
YWHAZ
S100A 2
S100A 7
Prothymasin Alpha
Fascin
Calgizzarin
Maspin Precursor
Annexin AB
CGalmodulin-like protein 5
Glutathione S Transferase-P
LOH A
PPIA
APG-binding protein EB1
Superoxide dismutase [Mn]
L Plastin
Beta Actin
Tubulin beta2
PAGAP
Histone H3
Histone H4

Alpha 1 Anti-Trypsin Precursor

KSPG Lumican

Mast cell tryptase beta Il
Histone H2B.1
Vimentin
Peroxiredoxin 2
Garbonic Anhydrase |
Flavin reductase
Cytokeratin 14
Polybromo-1D

PKM2

Annexin A1
Nucleophosmin 1
Hsp27

Cystatin B

GRP 94

MARGKS
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128 095
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oz LYF] o022 oB6 106
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ooe0EE 108
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Histological Proof

e Immunohistochemistry was used to stain cells for the tirst three
overexpressed proteins on the list...

NCRMAL

A YWHAZ

e But are these proteins specitic
to head and neck cancer? Or are
they upregulated in other
cancers?

B Stratifin

C S100A7
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Head and Neck Specitic Biomarkers

e So lets do the same immunohistochemistry on other cancers:

Breast
Cancer

Ovarian
Cancer

S100A7

TeeLe Il
Recaiver oparating charactaristics from the IHC scoras of & panel of
the threa bast parforming biomarkers, YWHAZ, stratifin, and ST100-A7,

indhidually and as a panel

Biomarkers Sensitivity Specificity PPV NPV AUC
YWHAZ 1.00 0.71 071 1.00 0.90
Stratifin 0.92 0.60 062 081 085
S100-A7 0.96 0.7 071 096 0.90
YWHAZ, stratifin, 0.92 0.87 083 094 0.91

S100-A7

TapLE IV

Comparison of raceiver operating charactanstics from the ITRAQ

ratios of the panel of the threa bast parforming biomarkars: non-

paired non-cancerous tssueas giva battar sensitivity and specificity as
& comparator than pairad non-cancerous tissues

Comparison Sensitivity Specificity PPY NPV AUC

Cancer varsus 0.92 0.83 085 092 0.89
paired normal
Cancer versus 0.96 0.96 098 090 0.97

non-paired normal
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And Now tor Something Completely Ditferent:

¢ So we’ve talked about tinding proteins - ie which ones are
there and to what extent...

e We might subsequently ask -~ How do these proteins do what
they do. How do they function or mis-function?

e It turns out that integral to the question of how proteins
function is the question of how proteins move, which is called
conformational dynamics.

e Don’t believe me? Try getting an enzyme from a
hyperthermophile to work at room temperature!

e We might also be concerned with protein aggregation diseases,
which are associated with conformational dynamics.

18



Hydrogen Deuterium Exchange (HDX)

e How do we learn about protein structure, folding and
conformational dynamics using MS? HDX!!

e The idea behind HDX is simple: Amide protons on the peptide

backbone are constantly exchanging with solvent...

O-H

H-
I

Amino- Carboxyl-

terminal end terminal end
19



HDX and Protein Structure

e So if we put the protein in D20 instead of water, exchange of
backbone and side-chain protons for deuterium will make the
protein heavier..which I can measure with MS...

e So what? No structural info there... but here’s the kicker: In
order for H/D exchange to occur we must first break any
hydrogen bonds that might be present.

e What holds protein secondary structures (helices and beta-
sheets) together? H-bonds!! That means, where there is a lot of

secondary structure, HDX is going to be slow...

20



HDX Cont.

e Here’s an example on a small protein called ubiquitin:

e Note that where there is
secondary structure, there
tends to be a low level of
exchange. Where there are
loops, there tends to be a
level of exchange...

21



Spatially Resolved HDX

e But HDX would increase the mass on the whole protein. How
do we know where the D is going?

e Time to break out the ‘spatially resolved HDX by mass spec’
workflow:

3 CEPK
D20
= pH 2.3) e
: D pepsin —LY )
D

e We cannot simply label the protein and do CAD due to proton
srambling. Structural info is lost!

22



Global HDX: EX1 and EX2 exchange

o Just for the sake of completeness, HDX generally occurs in one

of 2 regimes, called EX1 and EX2.

EX1: Protein motion is slow relative to

exchange. Motion occurs, ALL exchangeable
sites opened up undergo exchange at once.

F =330 ms
]

t=21s

| t=1.5h

17700 17800 17900

Mass (Da)

EX2: Protein motion is fast relative to

exchange. Motion occurs, there is a
probability of available sites exchanging.

t=7ms

A

14+

aMb

=40 ms

t=12s

t=15h
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Protein Folding by HDX: Example 1

e When we’re doing HDX, we have to study protein folding

(because we can’t study folding in acid). The ultimate objective is
to have a time-resolved ‘movie’ of how the protein folds up.

e We’re not there yet, but this paper comes pretty close:

Characterizing Short-Lived Protein Folding
Intermediates by Top-Down Hydrogen Exchange
Mass Spectrometry

Jingx1 Pan,! Jun Han,! ¢hr stoph H. Borchers,t and Lars Kenerm ann®

Department of Chemistry, The University of Western Ontaria, London, Ontario, NEA SB7, Canads, and Unihersity of
Victoria-Geneme BC Proteomics Oentre, ictoria, British Columbia, V82 7X8, Canads
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Spatially Resolved Protein Folding

e The crux of this paper is that they don’t use the proteolysis:
Instead they use ‘top-down’ ECD of the whole protein...

e They are also using a ‘pulse labeling’ approach in which you let
the protein fold to a certain extent, then label, then use ECD to
get your peptides:

aMb, pH 2
| tfold f;q_‘)x tqum.\:h
S pL min variable 20 ms 1s
A > Gemememmene O - >
H 10 H* 10 H* 2
p p P MS
M1 M2 M3
|
5 uL min™'
NH;OH |
D,O Acid
40 pL min™ Quench
25 uL min™
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Time-resolved Protein Folding Cont.

22°C 0°C
Native: /Intermediate
i f;lntermediate :

e They also had to cool
down their aparatus to
get the folding within
their available time-
window.

10 ms

Native:
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Protein Folding HDX Time-resolved...

e Here are some of the D-labeled peptides that they are getting
from their ECD

c5* z13% 225" z55%*

Il
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U]l .,ﬂthm_

452 458 718 723 928 933 1022 1026
m/z

10 ms

Al

1h

¢ The resolution is so good here because they’re doing this on an
FT-ICR
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The Bottom Line

e The ‘bottom line’ results from this paper are as follows:

Residue Number
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Example 2: Ligand Binding

e Many proteins function
through binding of small
molecules. This binding,
and in some cases the

binding surface can be
studied by HDX-MS.

e This shows a
substantial difference in
global dynamics when
the protein binds: It’s
natural substrate,
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Calcium Binding to Calmodulin

e Here’s a neat example of Calcium binding to Calmodulin in the
pressence and absence of a target peptide:

Calcium-Induced Structural Transitions of the Calmodulin—Melittin System Studied
by Electrospray Mass Spectrometry: Conformational Subpopulations and
Metal-Unsaturated Intermediates’

Jingxi Pan and Lars Konermann*

target
peptide
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Head and Neck Specitic Biomarkers

e Calcium binding in the

absence of target peptide: NP
[Ca®*]~0 M
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Dl o El o
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More Calcium Binding

e Calcium binding in
the presence of target
protein

e Calmodulin showing
higher attinity for

calcium...

e Denatured Cam
doesn’t bind calcium or
the target peptide...
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Calcium Binding and Folding Kinetics

e Kinetic folding of
Calmodulin in the
presence of Ca?* and target

peptide...

e Allows us to watch
binding and folding at the
same time, which is pretty
cool...
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