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= Computational Proteomics

= CBMS: Management and Analysis of
Proteomics Data

= PSB: High-Throughput Analysis for Systems
Biology
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Precision proteomics: The case for high resolution and
high mass accuracy
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Protsormics has progresed adically intha last S years and 13 on par with most ganomic tachnalogies i throughgut and com-
ma:

MALDL, and protain arrays are playing nicha rodas. MS-based protocmics 13 rapidly becoming quantttative through bath labal-froa
and stabls lsotope laboling Tha latast g of mass
mass accuracy, and wery hi specd In routing p Paptida Is mastly
rezalution but vary sansithe and fast linaar lon traps. Howavar, altarmativa fragmanta tion matheds and high-rasclution fragmant
analysts are bacaming much mors practical. Recant stvances in computational g the data snalysts

Thus, In a fow “pracison unmldwmfyardmmfyalmalfmgmudpopndopnn
Hugs challangas and cppartunitics ramain In technalogy devalopmant for proteamics thus, this bs not “tha baginning of tha and”

but sursly “the snd of the beginning -

nalysis of individual proteins by
«classical methods and by mass
spectrometry (MS) has been an
indispensable comersone of
biochemistry for many decades. Large-
scale analysis af the whele proiein com-
plemeent of cells, tisues, and body Fluids
{ proteamics) would additiomally cnable
ihe unbiased comparison of differeat
cellular states in biology and medicine
ala “systems-wide” lovel, Howower,
techackgical challenges associated with
proteamics have long prevented its
widespread adoption. Two-dimensional
(2D} gel clectrophoresis was conceived
more than 3 years aga (1), This tech-
naokgy has been uschul far low-comples-
ity protein mixtures but never matured
into a comprehensive and accurste pro-
teomics The of

of their successful use. MS techaology
with low resalbving power, espedally in
the form of the so-called S| 1

method (T}, caught the imagination of
clinicians a fow years ago. This approach
imvalves measuring 2 MALD spectrum
of proteins from the bady fluid of a pa-
ticnt and then employs mackine bearning
to differentiate discase and h:alkh)’
states. However, from a mass-spec

mictric peint of view, SELID hulLl dDm:
1o simple MALI spectra. of very com-
plex mixtures and would be expocted i
cnly yicld 2 subsct of the most abundant
low-mass peptides and protein frag-
mcnis Such specics could sl have
proven sulficieal o clasify paticnl sam-
ples. Hawever, 25 the scicniific commu-
nlky demanded identification of the

bigh-sensitivity protein ideatification by
MS at first seemed 1o help 2D gel 2naly-
sis, bul in fact it revealed that the thoa-
sandk af spals seen in the gel maps are
actually varisnis of a few bundred of the
most abundant proteins (Z). Recontly, it
buas alsa become clear that quantitaticn
of even these proteins is fr from acoi-
rale bocause of spot overap (3). Ac-
cordingly, “biomarkers™ found by these
techaologics tead to be the mme re-

s af the system under
Envestigation (4).

In principle, protein arrays might be
applicable to prolcamics in a similar
way thal gonc chips have been Lo the
measurement of RNA. However, the
challenge amociated with exprosing
thousands of fulldengih proteins and
immabilizing them in a native state on 2
chip is daunting {3, 6). In practice, the
rale of protein armys bes been limited,
and the litsrature contains frw cxamples

wevesepremm vy i e V. T e OBCOTRE 1OE.

the SELDI patterns,
mm wsually troed cut o belong ko the
same nanspecific protsins ualikely o be
directly associated with the discasc.

In comtrast to the above approaches,
which were discussed as promising pro-
Leomics Lechnologies as ke as a fow
years agn, MS-based protoomics has
Laken great strides in development. M5-
based proscin scicnce has always been
extremely useful in studics focused on
indiwidual protcins, but large-scale pro-
Lecemics is increasingdy realizing its urn-
of-the-millenn fum promiscs, Loo. In per-
ticular, technological improvements. in
the last § years have dramatically in-
creased the routing availability of oc-
tremcly high-performance MS. In mamy
but not all cases, thess lechnologies al-
ready existed but could only be applicd
in specialired siuations by cxpert labo-
ratorics and itk low (Broughpul. Ih:

of this

curacy can and should now be applicd
routinely in most protecmics conterts,
and that there is mo penalty for their
usc. In Fact, we argue thal precise and
comprehensive analysis of complex pro-
\eames is best achisved by using high-
resclution proteomics techaokgios.
There are many other important aspects
of M3-based profeomics that have boen
the subjects of recent reviews and that
will oot sorve as focal points hore, For
example, the remarkable inroads of pro-
\comics strategics into the quantitative
analysis of postiranslaticaal modifica-
tioms (), the determimtion of protcin
inlcractions (9), and the onging inte-
gration of M5 techaology with other
powerful tools of molecular biclogy (10)
are not discussed bere.

The Importance of Being Highly Resobed
The curreal mainstream format in kge-
scale protocmics imvalves the analysis of
wery complex peptide mixsres. In this
“shatgun approech” (11, tems of thou-
sands of peptides with very |

namic range {i.c., the concentration dif-
ference between the most and loast
abundant peptides) have Lo be analyeed
in several chromaingraphic runs. I
these mixlures are measured wilh jon
iraps or ather MS instruments of kewer
resciving power, cocluling peptides with
similar miz ratics frequontly overlap,
Thiis precludes accurate mass analysis,

susthar corrbustion: MM and AL wrsts the paper.

Tha msthon declars n confliet of interme.

Thin arscls i 8 PRAS Dot Scbrminscn.

Tis when commponderes may b sdinmssd. Cnak
ot

main purpase
shiow that MS techniques with Iugh ac-
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HUPO (Human Proteome Organisation):
» We distributed an equimolar test sample,
comprising 20 highly purified recombinant
human proteins, to 27 laboratories.

» Each protein contained one or more unique
tryptic peptides of 1,250 Da to test for ion
selection and sampling in the mass
spectrometer.

* Only 7 labs initially reported all 20 proteins
correctly, and members of only 1 lab reported
all tryptic peptides of 1,250 Da.

Bell, AW. et al. (2009) "A HUPO test sample
study reveals common problems in mass
spectrometry-based proteomics."

Nature Methods 6(6): 423-30.

TR A RA: FBI

© 2009 Nature America, Inc. All rights reserved.
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A HUPO test sample study reveals common problems
in mass spectrometry-based proteomics

Alexander W Bell!, Eric W Deutsch?, Catherine E Au', Robert E Kearney?, Ron Beavis?, Salvatore Sechid,
Tommy Nilsson®, John J M Bergeron' & HUPO Test Sample Working Group’

We performed a test sample study to try to identify erors
leading to including of peptide
sampling. in liguid chrematography-mass spectrometry-based

that ther is both a lack of reproducibility between different
lsborstorie: & well s a general inability to identify purified
pmelm|nzzmpimcflamoomplmr\#mn

protesmics, We distributed an equimelar test sample,
20 highly purified recombinant human proteins, to 27
laboratories, Each protein contained ane ar more unique tryptic
peptides of 1,250 Da to test for fon selaction and sampling in
the mass spectrometer. 0f the 27 labs, members of only 7 Labs
initially reported all 20 proteins corectly, and members of
anly 1 Lab reported all tryptic peptides of 1,250 Da. Centralized
analysis of the raw data, however, revealed that all 20 prateins
and mest of the 1,250 Da peptides had been detactad in all 27
labs, Our analysis missed

Groups/P sroup/EPasters/ABRFsPRG
Study2{06posterpdf). This i in part due to the stochastic nature of
peptice sampling by the mass spectrometer and the inberent biss
toward peptides of higher consentrations, which also confounds the
statistical challenges and pitfalls associated with MS-hased analyses,
particulady when samples are rich in protein complexity. Protein
solubiization, protein separation, protesse digestion, peptide separa-
tion and peptide selection, all imvalve steps and protecals that vary
greatly amang labs, and differant commereially availshle tander mass
Iave different mass accuracies and different rates of

(false database
matching and curation of protein identifications as sources of
problems. Improved search engines and databases are needed for
mass spactrametry-based proteomics.

Liquid chromatography—mass spectrometry (LC-MS) has become
the most popular technique for proteomics analysis. In this
strategy, proteins of 3 sample are typically separsted by PAGE
and then digested with trypsin. After extraction from the gel,
peptides are separated by liguid chromatography and upon elution
are fonized via electrospray into the mass spectrometer for clar-
acterization by mass analysis. The mass spectrometer subsequenty
selocts peptides for fragmentation to vield mass values that are then
used to identify the peptide and the corresponding protein by
searching sequence databases. This techrique, termed tandem mass
spectrometry (MS), is repeated to cominuowly select jonized
peptidas from the ligud dhormstogeaphy colnnn Depanding on
protein abundar v the rass sy type and
its satup, up to sbout 12000 peptices and up ta sbour 4,00
proteins can be identified in a single experiment’.

Deespite the high mass accuracy of modern mass spectrometers,
the general parception of the relability of MS-based protaomics is
that it is Jow. Previous test sample studies have damonstrated

peptide selection for fragmentation, The use of different search
engines to decode tandem mass spectra and natch them to databases
of thentetical tryptic peptides is also a source of variability?, because of
differences in the search engines themselves as well as differert false
discovery rates**. Furthermare, the matching of high-quality tandem
muass spectra to differert databases may lead to imeproducibility as
protein databases vary greatly in terms of their curation, completensss
and comprehensiveness™. Despite varishility in instruments, search
engines and datshases, the high mass acsumey of modern mass
spectrometens?® should assure a 100% success rate of protein identi-
fication for those tryptic peptides that readily jonize and for which
high-quality tandem mass spectra can be abtained.

Prior wok in analytical chemistry and genomics®'4 has
demonstrated the benefits of standardized test sample efforts for
testing the reproducibility of technalogy platforms. To address the
question of reproducibility in LC-MS-based protecmi
Human Proteome Organization (HUPO) created a test sample
warking group to carry outa controlled study [nvalving 27 diflerent
labs. We produced 2 test sample made up of 20 human proteins of
high purity and at equimolar ratios To test for any potential
stochastic bottleneck & a consequence of current data-dependent
acquisition methods, all 20 proteins were selected to contain at least
one unique tryptic peptide of 1,250 = 5 Da each with a different
aming acid sequence. The primary tak ghen to members
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RECOMB Satellite Conference on

Computational Proteomics 2010
March27-28,2010 Calit2 Auditorium, Atkinson Hall, UC San Diego
http://proteomics.ucsd.edu/recombcp2010
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In collaboration with Journal of Proteome Research

RECOMB Satellite Conference on
Computational Proteomics 2011

March 11-13, 2011 Calit2 Auditorium, Atkinson Hall, UC San Diego
http://proteomics.ucsd.edu/recombcp2010

In collaboration with Journal of Proteome Research
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