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Proteonancial Advisor???



Deciding which tools work for you............



Shotgun Proteomics Works from the “Bottom Up”

Start with a mixture of proteins

Intermediary experiment?

Digestioi ESI |



The Guts of the Mass Spectrometer

Schematic of the LTQ Orbitrap Velos MS instrument with three new hardware
implementations.

Stacked Ring » Duallinear

Olsen J V et al. Mol Cell Proteomics 2009;8:2759-2769
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Pieces of Information

110919_GYogalingam_MochlyRosen_01_GAD... 9/19/2011 7:52:35 PM

110919_GYogalingam_MochlyRosen_01_GADPH_Trypsin #9932 RT: 50.17 AV:1 NL: 2.88E6
T: FTMS + p NSI Full ms [300.00-1800.00]
917.4673 9/19/2011 7:52:35 PM
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MANY tools- a small briefing
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SuperHirn

msConvert/proteowizard
Peptide Prophet

Protein Prophet

Saint

Gygi

A-score
RDDBS

Mann Smith Yates

SS0DJEN

MaxQuant DanteR Sequest
Andromeda DeconMSn Skyline
Perseus Viper ProLucic



Nature Methods
Nesvizhskii et. al 2007

35 programs!

nature comd natune methods
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| ‘ Identfying Peptides

MS/MS of tryptic peptide

GANLTSFR
QSTFNIR
LSGATGFGR

Theoretical Tryptic peptides
matching the precursor mass Create sequence tag
manual or automatic

/ SEQUEST \msco‘r l

Match tag to sequence,

LIS|GIAITIG|F|G|R add tryptic requirement

5]
Caleulate pradicted fragments

|

Match predicted frag ments
to experimental fragments
Experimental mass spectrum y
5

l autocorrelation [ !
calculate probability p of

Sequence Keorr AG, ' randam mateh
LSGATGFGR 2.1 :

Theoretical mass spectrum

Score = 10|
A = probabil random matsh




Critical Nature of Proteases Combined with
High Mass Accuracy for DB Searching

A Benefn‘s of Accurate Mass Measurements

Distin unshm 36.4 mDa):
With 1 ppm accuracy, K/Q can be distinguished in peptides up to 3.8 kDa.

Identification of post-translational modifications :

Tryptic peptide, m = 997.514 +/- 0.001 Da (1 ppm accuracy)
Did not match any peptide sequences predicted for methionine-tRNA ligase

Assumption: it is a N-terminal peptide with Met, removed and Ser, acetylated.

Testing: calculated mass m=997.5126 Da, agrees with the measured value
(Gibson, BW.; Biemann, K. Proc. Natl. Acad. Sci. U.S.A. 81 (1984)1956)

Data base search :

Tryptic peptide, m = 1513.794 +/- 0.001 (1 ppm accuracy)
Unique sequence, GAAFICAIHSPTLR, is found in the yeast genome.
Four sequences are found in a non-redundant database of 203 000 entries;
including TFHRIQQMLPDK with the same elemental composition.
With 1 ppm accuracy, tryptic peptides may be unique for a small genome
(Jensen, ON.; Podtelejnikov, A.; Mann, M. Rapid Commun. Mass Spectrom. 10 (1996) 1371)

From precursor mass measurement
we can provide suggestions
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Probability Based - 1e Mascot/Andromeda

Calculating a
probability that the
observed number
of matches between
calculated and
experimental
fragments could
have occurred by
chance.

Cox et. Al, J. Proteome Res. 2010



Mass accuracy helps p-values in a probability based model

%

15



Database Independent - sequence tag approach/ DeNovo

ID a “sequence

tag” from the MS/MS
spectra and
subsequently
perform a hybrid
search or attempt

to DeNovo




Determining a FDR

Target Decoy Database Approach
N

MAGPRPSPWARLLLAALISVSLSGTLANRCKKAPVKSCTECVRVDKDCAYCTDEMFRDRRCNTQAELLAAGCQRESIVVMESSFQITEETQIDTTLRRSQMSP
QGLRVRLRPGEERHFELEVFEPLESPVDLYILMDFSNSMSDDLDNLKKMGQNLARVLSQLTSDYTIGFGKFVDKVSVPQTDMRPEKLKEPWPNSDPPFSFKNV
ISLTEDVDEFRNKLQGERISGNLDAPEGGFDAILQTAVCTRDIGWRPDSTHLLVFSTESAFHYEADGANVLAGIMSRNDERCHLDTTGTYTQYRTQDYPSVPTLV
RLLAKHNIIPIFAVTNYSYSYYEKLHTYFPVSSLGVLQEDSSNIVELLEEAFNRIRSNLDIRALDSPRGLRTEVTSKMFQKTRTGSFHIRRGEVGIYQVQLRALEHV
DGTHVCQLPEDQKGNIHLKPSFSDGLKMDAGIICDVCTCELQKEVRSARCSFNGDFVCGQCVCSEGWSGQTCNCSTGSLSDIQPCLREGEDKPCSGRGECQC
GHCVCYGEGRYEGQFCEYDNFQCPRTSGFLCNDRGRCSMGQCVCEPGWTGPSCDCPLSNATCIDSNGGICNGRGHCECGRCHCHQQSLYTDTICEINYSAIH
PGLCEDLRSCVQCQAWGTGEKKGRTCEECNFKVKMVDELKRAEEVVVRCSFRDEDDDCTYSYTMEGDGAPGPNSTVLVHKKKDCPPGSFWWLIPLLLLLLP
LLALLLLLCWKYCACCKACLALLPCCNRGHMVGFKEDHYMLRENLMASDHLDTPMLRSGNLKGRDVVRWKVTNNMQRPGFATHAASINPTELVPYGLSLRL
ARLCTENLLKPDTRECAQLRQEVEENLNEVYRQISGVHKLQQTKFRQQPNAGKKQDHTIVDTVLMAPRSAKPALLKLTEKQVEQRAFHDLKVAPGYYTLTAD
ODARGMVEFOEGVELVDVRVPLFIRPEDDDEKOQLLVEAIDVPAGTATLGRRLVNITIIKEOARDVVSFEOPEFSVSRGDOVARIPVIRRVLDGGKSQVSYRTODG
TAQGNRDYIPVEGELLFQPGEAWKELQVKLLELQEVDSLLRGRQVRRFHVQLSNPKFGAHLGQPHSTTIIRDPDELDRSFTSQMLSSQPPPHGDLGAPQNPN
AKAAGSRKIHFNWLPPSGKPMGYRVKYWIQGDSESEAHLLDSKVPSVELTNLYPYCDYEMKVCAYGAQGEGPYSSLVSCRTHQEVPSEPGRLAFNVVSSTVT
QLSWAEPAETNGEITAYEVCYGLVNDDNRPIGPMKKVLVDNPKNRMLLIENLRESQPYRYTVKARNGAGWGPEREAIINLATQPKRPMSIPIIPDIPIVDAQSGED
YDSFLMYSDDVLRSPSGSQRPSVSDDTEHLVNGRMDFAFPGSTNSLHRMTTTSAAAYGTHLSPHVPHRVLSTSSTLTRDYNSLTRSEHSHSTTLPRDYSTLTS
VSSHDSRLTAGVPDTPTRLVFSALGPTSLRVSWQEPRCERPLQGYSVEYQLLNGGELHRLNIPNPAQTSVVVEDLLPNHSYVFRVRAQSQEGWGREREGVITI
ESQVHPQSPLCPLPGSAFTLSTPSAPGPLVFTALSPDSLQLSWERPRRPNGDIVGYLVTCEMAQGGGPATAFRVDGDSPESRLTVPGLSENVPYKFKVQARTT
EGFGPEREGIITIESQDGGPFPQLGSRAGLFQHPLQSEYSSITTTHTSATEPFLVDGPTLGAQHLEAGGSLTRHVTQEFVSRTLTTSGTLSTHMDQQFFQT

—

Elias et. al. Nat. Meth. 2007



FDR offers transparency

Independent of the search of choice, instrument, ect.
data can be filtered

Global peptide FDR known



Protein Inference:

A typical LC MSMS run of a complex mixture

Produces 15000 fragment ion spectra- of which
50-60+ % are ID'd-

Now decide which proteins they belong to



Protein Inference: highly homologous proteins and
redundant databases
Proteins with high degree of sequence homology
Alternative splice forms

Differentially processed proteins



Protein Inference: some strategies available

Generate a protein FDR _ _ _
Hierarchical grouping

_ sy
up by family
But.....

Reiter L et al. Mol Cell Proteomics Kall et al. Nat. Meth. 2007

2009;8:2405-2417



Databases

—O— Entrez Protein

—O— Swiss-Prot + TrEMBL
—— |PI

—O— Ensembl

—— RefSeq

—1— Swiss-Prot

unique)

p
S~
g2
=
=
(&)
©
|
)
C
0
(@)}
)]
©
()]
9
-—
o
Q
o

500 600 700 800 900 1000 1100 1200

peptide molecular weight




-
&
- o

Proteins

»

A

Similarity

Quantify

v
r
b
W
b
v
W
b
v
r
b
W
b
v
W
v

0% to 19%
Identified Proteins (276)

IPL:IPI00021369.1 Tax_Id=9606 Gene_Symbol=CRYAB Alpha-crystallin B c... IPI00021369
IPLIPI00298497.3 Tax_Id=9606 Gene_Symbol=FGB Fibrinogen beta chain IPI00298497
IPLIPI0O0022229.1 Tax_Id=9606 Gene_Symbol=APOB Apclipoprotein B-100 IPI00022229
IPLIPI00745872.2 Tax_Id=9606 Gene_Symbol=ALB Isoform 1 of Serum al... TPI00745872
IPLIPI00N032291.2 Tax_Id=9606 Gene_Symbol=C5 Complement C5 IPT00032291
IPLIPI00478003.1 Tax_Id=9606 Gene_Symbol=A2M Alpha-2-macroglobulin IPI00478003
IPLIPI00021885.1 Tax_Id=9606 Gene_Symbol=FGA Isoform 1 of Fibrinoge... IPI00021885
IPLIPIO0021891.5 Tax_Id=9606 Gene_Symbol=FGG Isoform Gamma-B of F..IPI0002189...
IPL:IPI00941961.1 Tax_Id=9606 Gene_Symbol 66 kDa protein IPID0941961
IPLIPI00423463.1 Tax_Id=9606 Gene_Symbol=L0C100290320;IGHV4-31;L... IPT00423463
IPLIPI00302592.2 Tax_Id=9606 Gene_Symbol=FLNA Isoform 2 of Filamin-A IPI0030259.
IPLIPI00892604.1 Tax_Id=9606 Gene_Symbol=C4A;C4B Complement com... IPI00892604
IPLIPI00291262.3 Tax_Id=9606 Gene_Symbol=CLU Isoform 1 of Clusterin  IPI0029126...
IPLIPI00021439.1 Tax_Id=9606 Gene_Symbol=ACTB Actin, cytoplasmic1 IPI0002143...
IPLIPI00654755.3 Tax_Id=9606 Gene_Symbol=HBB Hemoglobin subunit b... IPI00654755




Visualizing Your Data- Scaffold Tools and
Caveats

Samples 0% to 19%

Bio View:

Identified Proteins (276)

IPLIPI00021369.1 Tax_Id=9606 Gene_Symbol=CRYAB Alpha-crystallin B c... IPI00D021369
IPL:IPIO0783987.2 Tax_1d=9606 Gene_Symbol=C3 Complement C3 (Fragm... IPI007 83987
IPLIPI00022229.1 Tax_Id=9606 Gene_Symbol=APOB Apolipoprotein B-100 IPI0OD022229
IPLIPI00745872.2 Tax_Id=9606 Gene_Symbol=ALB Isoform 1 of Serum al... IPI00745872
IPL:IPI00941961.1 Tax_T 606 Gene_Symbol=- 66 kDa protein IPI00941961
IPLIPI00298497.3 Tax_Id=9606 Gene_Symbol=FGB Fibrinogen beta chain IPI00298497
IPLIPID0302592.2 Tax_I 606 Gene_Symbol=FLNA Isoform 2 of Filamin-A IPI0030259..
IPL:IPI00298994.6 Tax_Id=9606 Gene_Symbol=TLN1 Talin-1 IPI00298994
IPLIPIO0654755.3 Tax_1d=9606 Gene_Symbol=HBB Hemoglobin subunit b... IPI00654755
IPLIPIO0021439.1 Tax_I 606 Gene_Symbol=ACTB Actin, cytoplasmic1  IPI0002143...
IPLIPI00784842.1 Tax_Id=9606 Gene_Symbol=L0OC100290320;IGHV4-31;L... IPI00784842
IPLIPI00032291.2 Tax_Id=9606 Gene_Symbol=C5 Complement C5 IPI00D0D32291
IPLIPIO0021891.5 Tax_1d=9606 Gene_Symbol=FGG Isoform Gamma-B of F..IPI0002189..
IPLIPID0423463.1 Tax_I 606 Gene_Symbol=L0C100290320;1GHV4-31;L... IPT00423463
IPLIPI00785084.2 Tax_Id=9606 Gene_Symbel=L0C100290320;IGHV4-31;L... IPID0785084
TPT:IPTD0021885.1 Tax_T 606 Gene_Symbol=FGA Isoform 1 of Fibrinoge... IPI00021885
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Scaffold cont.



Scaffold and Spectral Counting
Spectral Counting

» Spectral count correlates well with protein abundance

FOiu bllallgc can UC bcllbUIaLUu allu bldllbllbally cvaluated

« Simple and straightforward implementation

« Sensitive to protein abundance changes — for abundant
proteins 2 fold change easily detected with high
confidence

Limitations
* The response to increasing protein amount is saturable

* Noisy data at low spectral counts — Iarge difference in
spectral count necessary to determine significant change



Statistics

Scaffold and Degenerate Peptides

ctrum/Model Error | Fragmentation Table

Prob SEQU... SEQU... N Modifications C 7 ActualMass  Charge Jelta ... Spectrum ID

1,470.74
1,470.74

MS/MS

100729_R



Statistics display experimental outliers

28



Number of peptide ID’s/protein and protein FDR

IPLIPI00745872.2 Tax_I1d=9606 Gene_Symbol=ALB Isoform 1 of Serum al... IPI00745872
IPL:IPI00941961.1 Tax_Id=9606 Gene_Symbol=- 66 kDa protein IPI00941961
IPL:IPI00298497.3 Tax_1d=9606 Gene_Symbol=FGB Fibrinogen beta chain IPI00298497
IPL:IPI00302592.2 Tax_Id=9606 Gene_Symbol=FLNA Isoform 2 of Filamin-A IPI0030259.
IPL:IPI00298994.6 Tax_Id=9606 Gene_Symbol=TLN1 Talin-1 IPI00298994 2
IPL:IPI00654755.3 Tax_Id=9606 Gene_Symbol=HBB Hemoglobin subunit b... IPI00654755
IPLIPI00021439.1 Tax_Id=9606 Gene_Symbol=ACTB Actin, cytoplasmic1 IPI0002143..
IPLIPI00032291.2 Tax_Id=9606 Gene_Symbol=C5 Complement C5 IPIO0032291
IPLIPIO0021891.5 Tax_I
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Other Tools for Post Processing re-analyzing .RAW data

MaxQuant/Andromeda/SILAC
Freel
Powerful
Works on your PC
Proficient with SILAC

http://maxquant.org/



Andromeda

MaxQuant's- Mascot

| Caveat-
: high mass

accuracy instruments
< 20ppm
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Cox et. al JPR 2011



MaxQuant

The panels show the distributions
of scores in the forward (blue) and
reverse (red) database with
peptide length (L) as the
parameter. MaxQuant filters
potential hits by a priori
information, which moves the
reverse hit distribution far to the
left. These distributions are used
to calculate the false-positive rate
for peptide identification as a
function of peptide length.

Cox and Mann Nat. Biot. 2008



Saint- significance analysis of Iinteractome

AP/IP
Freel

probabilistic scoring of affinity purification
mass spectrometry data

True interactors vs. non-specific binders

Choi et al. Nat. Meth. 2010



Saint relies on spectral count data

(a,b) Interaction data in the presence (a) and absence (b) of control purifications. Schematic of the experimental AP-MS
procedure is shown at the top and a spectral count interaction table is illustrated at the bottom. Ctrl, control; rep,
replicate; freq, frequency. (c) Modeling spectral count distributions for true and false interactions. For the interaction
between prey i and bait j, SAINT uses all relevant data for the two proteins, as shown in the column of the bait (green)
and the data in the row of the prey (orange) in a and b. (d) Probability is calculated for each replicate by application of
Bayes rule, and a summary probability is calculated for the interaction pair (i,j).



So many tools, so little tme, so much data

Ask questions-
Be proactive-

No one understands your research as well as you do
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