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Protein Variants

Alternative splicing

mMRNA

translation
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Protein Variants(lsoforms)
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Example of the Clinical Relevance of Protein Isoforms in Cancer

Diagnosis : PSA isoforms

Staging : CD44v3 for breast cancer

Treatment : Specific Tubulin isoform - Ineffective for Chemo therapy
Systemic effects : Myosin Isoforms - Muscular Atrophy in cancer patients

Drug toxicity : Patient specific Drug Toxicity - Cytochrom p-450 isoforms

'Mikolajczyk et al. (2004), Clin. Biochem. 37:519-528.
ZRys, et al. (2003), Pol. J. Pathol. 54, 243-247.
3Dozier et al, (2003), Breast Cancer Res., 5:R157-69.
“Nakagawa et al. (1997), J. Urol., 157:1260-1264.
‘Diffee et al. (2002), Am. J. Physiol. Cell Physiol., 283:C1376-82.
Piver et al. (2004), Biochem. Pharmacol., 68:773-782.
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denalor

Biological challenge - revealing the true in vivo profile
E@FY T L Oin vivo TAITFAILERBICIE?

e Proteins and peptides degrade/change rapidly post-
sampling due to endogenous enzymatic activity

e Degradation products interfere with analysis such
as 2D-gels, mass spectrometry or Western blot

e Results not representative of in vivo state




Post sampling changes in samples
EEGIOTINDOYT)THEDEIL

“The sample is alive”

denalor

15 seconds

— 25-50% less ATP, |
— 50% less glucose,|50% more lactatet

45 seconds

— 75% less glucose, 150% more lactate?

1 min
— 50% less ATPY,
— pH drops due to lactate accumulation |
— 100% less glucose,) 200% more lactatet
— NA/K ATPase stops working
— K-depolarisation
— Cytoslic Ca increase

Switch from aerobic to anaerobic metabolism
FREKHICEIBMRHIRIYF




Nano-LC MS
denalor

Protein degradation -> peptides post sampling
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denalor

Degradation

e Rapidincrease of peptides -> the
result of degradation

e “New” peptides are fragments
from high abundant proteins
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Number of detected peptides
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Skold, et al., Proteomics 2007, 7(24), pp 4445
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denalor |
Stabilization thru Thermal Denaturation

RICES5EBEHEHOREIE
Maintainor®Tissue Stabilizor®T1

Treatment/Storage Stabilization
N LR REIL



denalor

Stabilizor workflow RELMBOT—HTO—

Stabilize (<560 s)
under standardized

conditions = no additives

Improve analytical
resolution - eliminate

Stabillity maintained
interference from

during analyses

Time: (sec)

Preparation history tracked from moment of samipling

Risk of further degradation at every step

Conditions difficult to standardize




denalor Multiple downstream applications
RBHEOF T r—ay

MD LCMS MALDI MS Imaging

ELISA -

LCMD Western blot

LCMD-Laser Capture Micro Dissection



denalor

RTFFEHR

e Bioactive peptides as
potential drugs

o Peptides of interest not seen
when using conventional
sample preparation

e “Several potentially bioactive
peptides where found when
Stabilizor was used”

Data courtesy: Sanofi-Aventis, France

Peptidomics: Discovery and potential drugs
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Post translational modifications
HERR &0

* Phosphorylation
7.4 73

* Sumolation
Sumoikt
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nature

COMMUNICATIONS

ARTICLE
Received 22 Nov 2011 | Accepted 25 Apr 2012 | Published 6 Jun 2012

Quantitative maps of protein phosphorylation sites
across 14 different rat organs and tissues

Alicia Lundby'2*, Anna Secher'3*, Kasper Lage!4>:6, Nikolai B. Nordsborg’, Anatoliy Dmytriyev],

Carsten Lundby® & Jesper V. Olsen!

Deregulated cellular signalling is a common hallmark of disease, and delineating tissue
phosphoproteomes is key to unravelling the underlying mechanisms. Here we present the
broadest tissue catalogue of phosphoproteins to date, covering 31,480 phosphorylation sites
on 7,280 proteins quantified across 14 rat organs and tissues. We provide the data set as an
easily accessible resource via a web-based database, the CPR PTM Resource. A major fraction
of the presented phosphorylation sites are tissue-specific and modulate protein interaction
networks that are essential for the function of individual organs. For skeletal muscle, we find
that phosphotyrosines are over-represented, which is mainly due to proteins involved in
glycogenolysis and muscle contraction, a finding we validate in human skeletal muscle biopsies.
Tyrosine phosphorylation is involved in both skeletal and cardiac muscle contraction, whereas
glycogenolytic enzymes are tyrosine phosphorylated in skeletal muscle but not in the liver. The
presented phosphoproteomic method is simple and rapid, making it applicable for screening of
diseased tissue samples.




denalor

IARITF7RA—EDARFEE

4 B Snap frozen
M Stabilizor T1

Phosphatase activity
(Abs 405 nm)
n

I I * 1 = 1

No inhibitors + Inhibitors No inhibitors Background

TARIT7A—EEE

Svensson et al., Journal of Proteome Research 2009, 8(2), pp 974-981




denalor
Phosphorylations change rapidly

JOBIEDRELEIL
Western Blot - Brain tissue Western Blot - HT29 Xenografts
b0 1 3 10 ""Time(min) 0 0 5 15 30 60 120 180 O

Phospho-MAPK “ - - oSer' Akt

e Seses - NG

Western Blot

Source: Source:
Skold, et al., Proteomics 2007, 7(24), pp 4445 Baker et al., Clin Cancer Res 2005, 11(12), pp 4339




denalor
Number of identified phosphopeptides
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In collaboration Jesper Olsson, Denmark




Western blot

Stability after stabilization
JoREEBRE—VNEBEROREN

O Denator
B Denator+2h RT
W10 min RT + SF

Level of phosphorylated protein
o
o
o
o

n=5

In collaboration with Prof. Per Svenningsson, Karolinska Institutet



Western blot
denalor

Stabilization of Protein Sumolation
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PCREB visualized with IHC from FFPE in coronal sections of mouse brain

-2 mm -1 mm Surface

0 min

15 min

120 min

Stabilizor T1




H2JI)ILDEAE{E



UPX™ Unaversal Protein Extraction Kit

Extract Membrane Proteins and Soluble Proteins for Mass Spectrometry Analysis

UPX™ KIT

“TRACTION BUEFER

Companson of Exfracted Proteln Concentration vwith
LFX Frotein Extraction Kit vs Conventonal Lysis Buffer
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’:7' protein

discovery

PPS Silent® Surfactant

- MS-Compatible Detergent for Solubilizing Membrane Proteins -



PPS SILENT'SURFACTANT

PROTEIN PREP REAGENTS

THE SURFACTANT

Intact PPS Silent Surfactant disrupts cell membranes
and solubilizes hydrophobic proteins.



PPS SILENT'SURFACTANT

PROTEIN PREP REAGENTS

THE CLEAVAGE

Add acid to reduce the pH and cleave PPS.
The reaction products are soluble and have no surfactant properties.
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protein
discovery

(

E. coli Lysate
Soluble

Proteins

\“x

Hri‘l #m'

Each Sample Diluted 1:1 Each Sample Diluted 1:1
in 0.2% PPS _ in 0.2% Rapigest

T _-
Reduction, Alkylation, and Reduction, Alkylation,
Tryptic Digestion ~ Tryptic m

Each Sample (N = 6) Analyzed 3x 'I.Islng al H-nur pLE-HSJHS
(1 pg protein/run)




protein
discovery
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PPS Silent™ Surfactant shows an
increase in the overall number of
proteins identified from E. coli.
Results shown are the number of
proteins identified in replicate analyses
of E. coli extract using LC/MS/MS.
Proteins were identified with <1% false
discovery rate.

Prodain Identfications

Faplicaba 2

Different Cleavable Detergents Provide

Complementary Information:

Monredundant Protein
Identifications from 9 PPS
Runs and 9 Rapigest Runs

PPS =571 Prr:rtem IDs

-— ™
nigest A% e
':L-\"..-" ]€ = 428 P

Total = 644 Prﬂtem IDE |




PPS SILENT'SURFACTANT

PROTEIN PREP REAGENTS

ADVANTAGES

 Improves MS analysis of complex protein mixtures
* Disrupts cell membranes

e Solubilizes hydrophobic proteins

 Improves enzymatic digestion

* C(Cleaves readily at low pH

 C(Cleavage products have no detergent properties and stay in solution for
easy removal
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® NVoy Technology — What?

] T te hay ]

Polysaccharide Backbone

PRI

Hydrophobic modifications

= Specially chosen carbohydrate backbone with

— Linesr

— My, = 5kDa (Ryyg ~ 18kDa) = Does not accase binding sites

— MuliSpoint, regio-specifc modification == Hydrophobic face

— Unicharged, UV transparent and pH Stable (pH 2 to 11)
= Dymamic interaction with protein
— ky= 28 pM (GFP) & 12 uM (Hex oxinase)
— is eagy to remove from protean sample
—interachon can be contralled




@ NVoy Technology - How?

HIF-H:IJ-H-I.II:
it e I
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. drophobic interaction: cited as the cause for in aggregation in ~75% of casas
[I-EEEI'HIJ-EIFH’EEEHTEEHIHPEEEM maaing

= NV oy associstes with surface exposad hydro icity and presents the hydrophobic
hanlﬂlhnmhlmamrarrt Pydrophobiciy b

Hydrophotic
Falchas

= Prevents hydrophobic interaction betwesn the target protein and

— target proteins == pravents aggragation and promotes a heterogensacus sample
— process surfaces (resin, membranes, eic.) = ncreasng yields

— other proteins = increased purity & yielkd




® NVoy Technology - Overview

T e ]

Increased protein solubility

+ Improved protein stability

* Process at high
ConCEntratons

= Retain profein structune and
functianality

Protein Purification

+ Reversible binding means
palyrmer is removable

+ Higher protein yields due to
reduced non-specific binding

« Powerful tool for the
remaval of endotoxin




@ Membrane Proteins

Replacing detergents M Wy Wim

Can be used to completely S
replace detergents in membrane HP':?I.?ELT —"’-’-'—ﬁ
protein preparabon Raceptor B. & A
Optimal NV oy concentration for = & &

extraction is 15 mg/'ml although
up to 25 mg'ml has been used.

Tenzyrmd Hamp

E. col IMP tapged with GFP

www.expedeon snnl:hxﬁ

=



Protein Purification
Increase Purity & Stability

] P te i ] .
u !- E i -T-: :|:I:I 1 E-'iJ I.il:.m::l:.1liﬂ_l.-
. Lar%amamtlm_as.ﬂn:iatad protein et
{1800z} that requires co-factors for actvity - e . -
Using Detergents: E S =S mee

results in unstable enzyme preparations o
containing large number of contaminants

= At 4%C loss of activity within 24h - Emzyme processad from E. cofi ysates

= AL-BORC after one freezafthaw cycle . Calis cultured at 37*C, inducad with IPTG
- and cultured for further 72h.
Using Moy Polymer; «  Caells harvestad then lysad with buffer
. ; : ; containing co-factors and NV oy polymer /
) Elaanar protein pﬁmiﬁu?ﬂd de Lysate clasiiad by A
HEE fiy sl e and purified on ADP Sepharose using NV oy
- Erzyme activity stable at-B0°C for 4 polymer

freezafthaw cycles

—




@ Membrane Proteins

Cell Free Biosynthesis of GPCR's

H I HLE

= [Family A and B GPGH's expressed
CF Cormeentionally and with NVoy

=  Fouwnd that NVoy works as in Mode B

= Concluded that NVoy does not
interfere with CF expression
= NVoy enables soluble expression of ] :
actwve GPCGH'S (10 nM bgand Bffinily)  Fumy, A Bodosnlie  Fami B Secein i Farrily G- Maisotophic
Fuizrme | Therzmora




Protein Purification

Increased Yields & Recovery

« Transcription Factor R
+ Batch Binding to magnetic - NV10 !'\; < _-aww— Target
beads - ——

+ Improved binding to the beads

l Target
— less target in Flow Through + NV10 :@7 9°

— higher recovey & yields | -

Data by courtesy of Dr Ana Villegas-Mendaz, HumProTher Laboratory, France




Ultrafiltration

Improving protein recovery

T T T ]

+ 4 kDa RsbT protein kinase E”“;;ﬂﬂ;fﬁ:ﬁrm
— Purified 2 mg at 0.2 mg/mi 25
— Wanted 10x concentrated (i.e. E B
10 ml-=> 1 ml final) g 15
— Only soluble to 0.7 mg/'mi E i
« + NVoy E 05 . &
) E;ﬁ;ﬂdﬂﬂlid oy In protar ’ Omgiay  1mghVoy  5mgNVoy

— Achieved 10x Concentration ?ﬁﬁm%lﬂrﬂummﬁsﬁgﬂamz

u Newcastie
— Effectve at low concentration el e
— Optimum ratio: 2:1 — 5:1

~—
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Novel Nanotechnologies for
Cancer Research and
Drug Discovery



Need for new technologies for phosphorylation

detection and identification
a% TYMORA

Current phosphoprotein detection methods have limitations

1) Antibodies J%

- pTyr are most effective for general detection Y
- Difficult to find, expensive

2) P labeling
- Radioactive
- Not easy to use for in vivo phosphorylation

3) Phosphoprotein stains I

(Y
Yy

- Effective typically for in-gel staining

4) Mass spectrometry

- Low stoichiometry of phosphorylation



Phosphorylation assays category map

A% TYMORA

Market Need
(Our technology space)

antibodies

Scope of Use (universality)

Effectiveness



Tymora nanotechnology products

A% [YMORA

Application
. For enrichment of
Mass Spec Analysis | phosphoryiated
proteins

L )
%%; ELISA Assay

Imaging

For detection and
guantitation of
phosphorylation

- Western Blotting



Nanotechnology platform

A% [YMORA

Foundation

Soluble Nanopolymer (dendrimer)

Nanoscale size offers numerous advantages

Greatly reduces test result variability

Multi-functionalized (Multiple groups)

Higher Signal Strength (Sensitivity)

PolyMAC
&
pIMAGO

Greatly Reduces Off-target Effects (Selectivity)



Introduction to two novel technologies

A% [YMORA

1. PolyMAC — for phosphopeptide enrichment

Goal - To develop a phosphopeptide enrichment method with better selectivity,
reproducibility and recovery



Replaced solid phase with soluble hanopolymer

Others:
Metal oxide
beads

Us:
Dendrimer
foundation




Technology 1:
PolyMAC for phosphopeptide enrichment

A% [YMORA

PolyMA C - Polymer-based Metal Affinity Capture

PolyMAC Solid-phase beads
Mixture of peptides

AR

AN

Phosphopeptide enrichment (isolation) 1s carried out in homogeneous environment using
soluble nanopolymer foundation, resulting in improved specificity, higher phosphopeptide
recovery, and better sample-to-sample reproducibility.

lliuk et.al. (2010) Mol. Cell. Proteomics 9: 2162-2172.



PolyMAC-Ti demonstrated superior selectivity

and recovery compared to TiO2 .
A% TYMORA

100 ng of cell lysate digest

Yield Selectivity
= =z
A 1003 % 62 = 96 * 0.6 %
= o 77 £ 7.5 %
3 800 2 5 .
‘@ 600 498 + 39 @
2 =
.g 400' g 40_
=, 200 S 20
S 0 - E 0 . .
= PolyMAC TiO, 8 PolyMAC TiO,

Average of 3 separate experiments

* Error bars represent standard deviation Data obtained using LC-LTQ-Orbitrap Velos



PolyMAC-Ti demonstrated better reproducibility

A% TYMORA

PolyMA C-Ti

Run 1

~18% variability of PoOlyMAC-Ti (other 10% can be attributed to variability of MS)




Increasing phosphopeptide #s with other metals
A% TYMORA

Can use other metals for
PolyMAC-based enrichment
to increase coverage

362

177 / 234
PolyMAC-Fe /PolyMAC Zr

Used a combination of PolyMA C technologies to uncover B cell signaling:

In total, identified 13.009 unique phosphopeptides, containing 18,511 phosphosites



Introduction to two novel technologies

A% [YMORA

2. pIMAGO - for phosphoprotein detection

Goal — To develop a method for unbiased selective detection of protein
phosphorylation independent of sequence microenvironment



Development of kinase inhibitors is expensive
al TYMORA

Radioactive labeling:

- Toxic
- Limited usefulness

\ b Antibodies:
:Y% - Very expensive ($400-600 per site)
A r - Limited availability

Inhibitor screening:

- Expensive (>$3,000 per compound)
- Artificial results




Technology 2:
PIMAGO for phosphoprotein detection

A% [YMORA

pIMAGO (phospho imaging) strategy

/\Awdln -HRP
® ad

Phosphoprotein N "\ /Biotin

PIMAGO permits highly specific binding to phosphate groups based on titanium
metal ion, independent from amino acid sequence.

Multiple biotin or fluorescent molecules can be used for detection.

lliuk et.al. (2011) Anal. Chem. 83: 2767-2774.
lliuk et.al. (2012) Mol. Cel. Proteomics (Epub ahead of print).



PIMAGO detection in microarrays (on plate)

A% TYMORA

Unbiased detection of any phosphorylation event in array format

A

v

@000 QOO0 @000
QOO ® o)XY Q00 @
@000, Incubation /© © © ©/ QOO O®
with pIMAGO
Unphosphorylated Phosphorylated

lliuk et.al. (2011) Anal. Chem. 83: 2767-2774.



PIMAGO utility for in vitro Ser/Thr kinase assays

A% TYMORA

pIMAGO-ELISA pIMAGO-ELISA
Cdk-Acml1 Kinase assay Cdk-Cdh1 kinase assay
g 1.6 0.7
E 14 = 0.6 —»
g 1.2 il © yx /
z 10 il = /
© os el 8 0.4 /
§ 0.6 / § 0.3 /
\‘é 0.4 A £ 02 /
< 0.2 rah 3 0.1 5
§ 0.0 / § 0.0 /
@) : (@) .

0 10 i 20 30 0 10 20 30
intes Minutes




Sample OD415

PIMAGO use for kinase profiling

A% TYMORA

W

I
tn

N

-
o

—

=
en

Abl Cdk1 Syk Plk1 BRAF
mControl mSubstrate + ATP = Substrate + Kinase



PIMAGO use for kinase inhibitor screening

A% TYMORA

Test of Syk Kinase Inhibitor - Piceatannol

No + inhibitor
Inactlve Syk |nh|b|tor 10ug/mL 20ug/mL 100ug/mL

|

Kinase assay




PIMAGO Capability for Multiplexed Detection

A% [YMORA

Multiplexed detection of phosphorylated protein Band3
using pIMAGO and anti-Band3 antibody

pBand3
amount 100ng 50ng 25ng 12. 5ng 6. 25ng 3.13ng

Multiplexed
(overlay)




PIMAGO detetion in Western Blots (on-membrane)

A% TYMORA

L . —
- - L >
Electric - - =
—_ ) -
/i - pIMAGO T avidin-HRP s
7 - and detection R
SDS- PVDF
polyacrylamide membrane
gel sheet

lliuk et.al. (2012) Mol. Cel. Proteomics (Epub ahead of print).



PIMAGO shows good selectivity toward phosphoproteins

A% [YMORA

Imaging of 6 proteins (2 phosphorylated)

7z N
o, &,
aﬁo %9 %‘o ’&o a?so \%9 %;) ,ao
Protein amount  [— © E———
BSA
catalase |
P ovalbumin = e
Y - @ ¢ ,
P-casein | s
pD § -

B-lactoglobulin

a-lactalbumin

SDS-PAGE Dot-blot




Syk tyrosine kinase with its substrate band 3

YOS
L RS 7
% % %0 %9 %0
@,
A —
pIMAGO - e —- S hand3
pIMAGO was a-pTyr
successfully
eys . . Coomassie
utilized for imaging
of in vitro
Kinase assay Cdk serine kinase with its substrate Cdc6
VR N RS
Z
%V} % % % %
2 —
pIMAGO S e l<— Cdc6




PIMAGO-based multiplexed detection on membrane

PIMAGO detection
of 5 protein mixture
(1 phosphoprotein)

IR detection

A% [YMORA

Detection in Western Blot format

(1)
=]

R-squared = 0.997

\

2
o

/

ated Intensity
=
w

/

Integr
=
o

—

wn

o

o

o 25 50 75 100 125 150 175 200

Amount of Proteins

Multiplex of Cdk1-RBER and
Cdk1-RB-CTF kinase assays

Total protein




Potential applications of pIMAGO

A% [YMORA

In vitro kinase and phosphatase assays
Kinase/phosphatase profiling and inhibitor screening

Determination and relative quantitation of protein
phosphorylation

Analyses of kinase/phosphatase effects on in vivo protein
phosphorylation

Analyses of stimuli effects on in vivo protein
phosphorylation

Determination of phosphorylation status of proteins in a
complex
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