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Safe Harbor StatementSafe Harbor StatementSa e a bo State e tSa e a bo State e t

This presentation is not and does not form part of any offer invitation or recommendation inThis presentation is not and does not form part of any offer, invitation or recommendation in
respect of securities. Any decision to buy or sell NuSep securities or other products should
be made only after seeking appropriate financial advice. Reliance should not be placed on
information or opinions contained in this presentation and subject only to any legal obligation
to do so, the Company does not accept any obligation to correct or update them. This

t ti d t t k i t id ti th i t t bj ti fi i l it tipresentation does not take into consideration the investment objectives, financial situation or
particular needs of any particular investor.

To the fullest extent permitted by law, NuSep and its affiliates and their respective officers,
directors, employees and agents, accept no responsibility for any information provided in this, p y g , p p y y p
presentation, including any forward looking information, and disclaim and liability whatsoever
(including for negligence) for any loss howsoever arising from any use of this presentation or
reliance on anything contained in or omitted from it or otherwise arising in connection with
this.



NuSepNuSep Global LocationsGlobal Locations



Our Mission:Our Mission: Empower Proteomic Data AnalysisEmpower Proteomic Data AnalysisOur Mission: Our Mission: Empower Proteomic Data Analysis Empower Proteomic Data Analysis 



ProteoIQProteoIQ Provides a Comprehensive Feature SetProvides a Comprehensive Feature Setpp



ProteoIQProteoIQ -- LabelLabel--free quantification free quantification 
i t l kfli t l kflexperimental workflowsexperimental workflows

Liu et al1 -linear correlation between 
spectral counts and relative protein 
abundance over  2 orders of 

Spectral Counting Intensity Based
Integrated measurement of precursor 
peak areas across multiple LC-MS/MS 
analyses4. Chelius et al4–

magnitude. Spectral counting 
shows strong correlation with 
isotopic label2 based approaches 
such as 14N/15N and precursor peak 
area intensity measurements3

y
demonstrated linear correlation for 
proteins over concentration ranges of 
10fmol-1000pmol.

area intensity measurements3.

1. H. Liu, R. G. Sadygov, and J. R. Yates III, “A model for random 
sampling and estimation of relative protein abundance in shotgun 
proteomics,” Analytical Chemistry, vol. 76, no. 14, pp. 4193–4201, 2004.

2. B. Zybailov, M. K. Coleman, L. Florens, and M. P. Washburn, 
“C l ti f l ti b d ti d i d f tid i“Correlation of relative abundance ratios derived from peptide ion 
chromatograms and spectrum counting for quantitative proteomic analysis 
using stable isotope labeling,” Analytical Chemistry, vol. 77, no. 19, pp. 
6218–6224, 2005.

3. W. Old, K. Meyer-Arendt, L. Aveline-Wolf, K. Pierce, A. Mendoza, J. 
Sevinsky, K. Resing, N. Ahn “Comparison of label-free methods for 
quantifying human proteins by shotgun proteomics. “  Molecular & Cellular 
Proteomics vol. 4 , pp. 1487-1502, 2005.

4. Chelius, D., Bondarenko, P. V., Quantitative profiling of
proteins in complex mixtures using liquid chromatography
and mass spectrometry. J. Proteome Res. 2002, 1, 317–323.



Advantages of labelAdvantages of label--free quantificationfree quantificationd a tages o abed a tages o abe ee qua t cat oee qua t cat o

• Scalable for studies requiring large numbers of samples and q g g p
replicates. Label based technologies (SILAC, iTRAQ etc.) are 
limited.

• High dynamic range

• Relatively inexpensive compared with traditional label based 
approaches

• Amenable to biological specimens from non-culture conditions



ProteoIQProteoIQ –– XIC Label Free WorkflowXIC Label Free Workflowoteo Qoteo Q C abe ee o oC abe ee o o

Traditional Label Free

MS Alignment

Report Ratios

Targeted LC-MS/MS 
for identification

MS alignment and 
quantificationquantification



Label free Label free quanficationquanfication of human serum proteins of human serum proteins 
Results courtesy Dr. Kumar Kolli at Windber Research InstituteResults courtesy Dr. Kumar Kolli at Windber Research InstituteResults courtesy Dr. Kumar Kolli at Windber Research InstituteResults courtesy Dr. Kumar Kolli at Windber Research Institute

Biological specimens 30 ug 
proteing p

• 3 patients
• Serum collected at one month, three months, and one year time points
• High abundance proteins depleted via an Agilent MARS column
• Enzymatic digestion with trypsin

protein 
load

y g yp
• Peptides analyzed in triplicate via LC-MS/MS on an LTQ-FT (Thermo)

Data analysis
• 27 RAW files converted to mzXML
• Mascot search – Strict Trypsin and Semi Trypsin enzyme specificity
• Proteome Discoverer – Strict Trypsin and No Enzyme specificityProteome Discoverer Strict Trypsin and No Enzyme specificity
• Results assembled in ProteoIQ
• 1% Protein FDR, 0.9 Peptide Probability filter
• Quantification performed in ProteoIQ via spectral counting and XIC

Deep 
Purple



Robust data integration in Robust data integration in ProteoIQProteoIQ
Combine search results from multiple search enginesCombine search results from multiple search enginesCombine search results from multiple search enginesCombine search results from multiple search engines

Robust data integration

• Combine multiple search engine and 
instrument results. 
• Combine search parameters (enzyme, 
PTMs etc.)



Identifications from multiple search Identifications from multiple search 
i i d d tl lid t di i d d tl lid t dengines independently validatedengines independently validated

Validation via FDR1

Control stringency via 
statistical filters

Validation via probability2

1. Weatherly, DB et al. Mol. Cell. Prot. 2005, 4, 762-72.

2. Keller, A.,  et al. Anal. Chem. 2002, 74, 5383-5392



ProteoIQProteoIQ -- Visualizing Multiple Visualizing Multiple 
S h R ltS h R ltSearch ResultsSearch Results

Mascot IDs SEQUEST IDs



Unique peptide assignments by Unique peptide assignments by 
h ih i f llf ll t tit tisearch engine search engine –– fully fully tryptictryptic

Validation Methods

1% Protein FDR
0.9 Peptide probability

Mascot
(1238)

Proteome
Discoverer

(332)
(1384) 

0.9 Peptide probability
2 peptides/protein

Result
Combining multiple (332) g p
search engines 
increases the number 
of unique peptide 
assignmentsassignments

268 protein groups and 3530 unique peptides confidently p g p q p p y
identified



ProteoIQProteoIQ –– Combining search Combining search 
lt i lti l h llt i lti l h lresults using multiple search rulesresults using multiple search rules

• Biological samples are inherently complexBiological samples are inherently complex
• Traditional workflows utilize a database search strategy 

in which there is strict adherence to enzyme rule 
searching using only the enzyme utilized for the 
experiment
S h h i i d d i “• Such an approach ignores protein degradation, “non 
target” enzyme specificity and protein truncation

• A better approach is to search using “loose” enzyme• A better approach is to search using loose  enzyme 
specificity



Robust data integration in Robust data integration in ProteoIQProteoIQ
Combine search results from multiple search rulesCombine search results from multiple search rulesCombine search results from multiple search rulesCombine search results from multiple search rules

Robust data integration

• Combine multiple search engine and 
instrument results. 
• Combine search parameters (enzyme, 
PTMs etc.)

Strict 
Trypsin

No 
Enzyme

Strict 
Trypsin

Semi-
Trypsin



ProteoIQProteoIQ –– visualization of search visualization of search 
l d lti tid IDl d lti tid IDrules and resulting peptide IDsrules and resulting peptide IDs

Enzymatic Termini

Select for peptides
identified by different 

search rules

Did the addition of 
multiple enzyme 
cleavage rulessearch rules cleavage rules 
benefit proteome 
coverage and 
quantification?



The importance of multiple enzyme The importance of multiple enzyme 
l ll l A li t iA li t i CC IIIIIIcleavage rules cleavage rules –– ApolipoproteinApolipoprotein CC--IIIIII

Spectral counts range from 2-13 
across 9 samples. Difficult to 
quantify by SpCSingle semi-tryptic peptide ID accounts quantify by SpC.g yp p p

for 20% of the protein sequence 
coverage and 62% of the total SpC (39).



Unique peptide assignments by Unique peptide assignments by 
l d h il d h ienzyme rule and search engineenzyme rule and search engine

Mascot Proteome Discoverer

Semi-Tryptic
3173

No Enzyme
2259

Fully-Tryptic Fully-Trypticy yp
2623

y yp
1716

Validation Methods

1% P t i FDR

Result
Combining multiple enzyme 

1% Protein FDR
0.9 Peptide probability

cleavage rules yields an average 
21% increase in the number of
unique peptide assignments



Unique peptide assignments by Unique peptide assignments by 
l d h il d h ienzyme rule and search engineenzyme rule and search engine

All
(3530)

Validation Methods

1% Protein FDR
0 9 Peptide probability

Mascot + PD
Fully-Tryptic

(2954)

0.9 Peptide probability

Result
Combining multiple 

Proteome 
Discoverer 

(PD)

search engines and 
enzyme cleavage rules
yields a 48% increase 
in the number of unique(PD) 

Fully-Tryptic
(1716)

in the number of unique
peptide assignments



Increased protein sequence coverage adds Increased protein sequence coverage adds 
confidence to label freeconfidence to label free quantitationquantitationconfidence to label free confidence to label free quantitationquantitation

3.00

All Cl Spectral counting thresholds

2.50

All Cleavage 
Specificities

Fully-Tryptic

Spectral counting thresholds

Accurate quantification is not possible for 
proteins with very low spectral counts

Typical thresholds for spectral filters are 

1.50

2.00

g1
0 

# 
Sp

C

above 4 spectral counts for a single 
protein1

Does this mean that a protein with 8 
SPC is 2 fold over expressed when 
compared with the same protein with 4

SpC of 10

0.50

1.00

Lo
g compared with the same protein with 4 

SPC?   Maybe or Maybe Not?

1. W. Old, K. Meyer-Arendt, L. Aveline-Wolf, K. Pierce, A. 
Mendoza, J. Sevinsky, K. Resing, N. Ahn “Comparison of label-
free methods for quantifying human proteins by shotgun 
proteomics. “  Molecular & Cellular Proteomics vol. 4 , pp. 1487-
1502 2005

SpC of 1.0

0.00
-3 -2 -1 0 1 2 3

Log2 Rel E XIC

1502, 2005.

Log2 Rel Ex XIC



Increased protein sequence coverage adds Increased protein sequence coverage adds 
confidence to label freeconfidence to label free quantitationquantitationconfidence to label free confidence to label free quantitationquantitation

20
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ge Tryptic only

Validation Methods

1% Protein FDR5
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Semi - tryptic only

0.9 Peptide probability
3 or more peptides/protein

Result
Additi f lti l l200

250

0

Addition of multiple enzyme rules
Does not effect RelEx on highly abundant 
proteins. Proteins with low #SpC exhibit a 
shift in RelEx.
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ProteoIQProteoIQ –– XIC Label Free WorkflowXIC Label Free Workflowoteo Qoteo Q C abe ee o oC abe ee o o

Unlike spectral counting XIC based 
quantification only requires that a single 

precursor must have triggered and 
MS/MS event in order for a peak area 

to be calculated.

MS alignment and 
quantificationquantification



ProteoIQProteoIQ -- Visualizing XIC Visualizing XIC QauntQaunt

R lEProtein Centric

oteo Qoteo Q sua g Csua g C Qau tQau t

RelExProtein Centric

RelExIntensity
Peptide Centric

RelExIntensity



ProteoIQProteoIQ –– MS1 Quant Settings for MS1 Quant Settings for 
th h tth h tthe human serum proteomethe human serum proteome

Modify quantification settings onModify quantification settings on 
a global level or for individual 

peptides – get instant feedback

XIC Quant Methods

Precursor ppm tolerance = 100.00

Prealignment performed
2 most abundant precursors within each 
XIC used for ratios calculationsXIC used for ratios calculations

Max RT variation = 45 scans

S/N filter = 2.0



XIC based quantification across 3 XIC based quantification across 3 
ti t d 3 ti i tti t d 3 ti i tpatients and 3 time pointspatients and 3 time points



Correlation between Correlation between SpCSpC and XIC and XIC 
b d tifi tib d tifi ti

Validation Methods

based quantificationbased quantification
Number of proteins quantified by 

Validation Methods

1% Protein FDR
0.9 Peptide probability
2 tid / t i

either intensity based XIC or 
spectral counting (SPC)

XIC
(126)

SPC
(4)

(112)

2 peptides/protein
5 or more SPC

Results
Significantly more(126) (4) Significantly more 
proteins can be 
quantified by XIC 
approaches



Correlation between Correlation between SpCSpC and XIC and XIC 
b d tifi tib d tifi tibased quantificationbased quantification

4
Validation Methods

2

3

x

SpC of 10

Validation Methods

1% Protein FDR
0.9 Peptide probability
2 peptides/protein

0

1

0 0 5 1 1 5 2 2 5 3

Lo
g2

 R
el

Ex

2 peptides/protein

Results
High degree of 
correlation between XIC 
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SpC of 1.0

and SpC for 
highly sampled 
proteins. XIC preferred 
below SpC of 5.
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D
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Log10 # SpCLog10 # SpC



XIC XIC quantitationquantitation for peptides from proteins for peptides from proteins 
with no spectral counts in patient 427with no spectral counts in patient 427with no spectral counts in patient 427with no spectral counts in patient 427

20 Validation Methods

12

14

16

18

tr
al

 C
ou

nt
s

1% Protein FDR
0.9 Peptide probability
2 peptides/protein

Results
EMEDTLNHLK (8 SpC)

6

8

10

12

Pe
pt

id
e 

Sp
ec

t 1271 peptides were not 
identified in patient 427 that 
were identified in other 
samples and were quantified 
by XIC.

EMEDTLNHLK (8 SpC)
(Log RelEx -0.235) from IGFBP-3

0

2

4
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To
ta

l P by XIC.

-6 -4 -2 0 2 4 6

Log2 RelEx XIC



XIC quantification of IGFBPXIC quantification of IGFBP--3 (43 (4--5 Log5 Log1010 pg/ml*)pg/ml*)qq (( gg1010 pg )pg )

Zero SpC in 
patient 427.p

Two peptides 
in patient 344 
used for XIC

Two overlapping high 
confidence peptide 
assignments



Increased quantitative dynamic Increased quantitative dynamic 
range is achieved by XIC vsrange is achieved by XIC vs SpCSpCrange is achieved by XIC vs. range is achieved by XIC vs. SpCSpC

10
Quantifiable by XIC
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Serum protein concentrations derived from:
Anderson. Molecular Cellular Proteomics 1: 845-867, 2002
Qian. Molecular Cellular Proteomics 7: 1963-1973, 2008



ConclusionConclusionCo c us oCo c us o

• ProteoIQ supports spectral counting and XIC basedProteoIQ supports spectral counting and XIC based 
quantification

• Increased proteome coverage is achieved by combining 
multiple search engines and enzyme cleavage rules

• Spectral counting and XIC quantification correlate at 
hi h lhigh spectral counts

• XIC quantification provides reliable protein expression 
measurements for low abundance speciesmeasurements for low abundance species



Learn More TodayLearn More Todayea o e odayea o e oday

Free TrialFree Viewer Webinars and Videos

www nusep comwww.nusep.com




