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What does a mass spectrometer do?

1. It measures mass (m/z) better than any other
technique.

2. It can give information about chemical structures.

What are mass measurements good for?

To identify:
metabolites, synthetic organic chemicals
peptides, proteins, recombinant proteins,
oligonucleotides, polymers, drug candidates
=—» sequencing!

What are the essential parts of a mass spec?
lon source / Analyzer / Detector (databases)

Joseph Joln Thomson
1906 Nobel Prize for
Physics

“in recognition of the
great merits of his
thearetical and
exparimental
investigations on the
canduction of elactricity
by gases"

The History of Mass Spectrometry

The Five Mass Spectrometry Nobel Prize Pioneers

Francis William Aston
1922 Nobel Prize for
Chemisty

Yor his discovery, by
means of his mass
apeciregraph, of isotopes,
in @ darge number af nan-
radioactive elements, and
Jar his anunciatian af the
whole-number rule"

Wolfgang Paul
1989 Nobel Prize for
Physics

"for the development of
the ion trap technique"

Jolm Benmet Fenn
2002 Nobel Prize for
Cliemistiy

Koichi Tanaka

2002 Nolsel Prize for
Chemistry

Yor the pmant of
saft desorption ionisation
methods (BS]) for mass
spactromatric analyses of
biolagical

Yor the pment of
soft desarption ionisation
mathods (MALDI) for
mass spactrometric
analyses of biological

~1897 1919 1946 1953 1956 1968 1985
Isotopes TOF Quad GC/MS ESI MALDI
MS Timeline - http://masspec.scripps.edu/mshistory/timeline/timeline.php
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Mass Spectrometry — Focus on Proteomics

Source: produces charged particles (ions)

« Electron Impact (EI) - Hard (fragments) / 1000 Da

» Chemical lonization (CI) — (methane / isobutane / ammonia)

» Fast Atom Bombardment (FAB) — 6keV xenon atoms

« Electrospray lonization (ESI) - Soft /200,000 Da (200 kDa)
» Matrix-Assisted Laser Desorption lonization - Soft / 500kDa

Mass Spectrometry

Introductory Example: mass spectrum of water
 Electron Impact (EI) - Hard (fragments) / 1000 Da
H,O + fast electron > [H,O]+ + 2 electrons

+ fragments ([OH]+, O+, H+)
Fragmentation pattern

How is mass defined?
Assigning numerical value to the intrinsic property

of “mass” is based on using carbon-12, 12C, as a
reference point.
One unit of mass is defined as a Dalton (Da).

One Dalton is defined as 1/12 the mass of a
single carbon-12 atom.

Thus, one 12C atom has a mass of 12.0000 Da.

Dalton - atomic mass unit (symbol: Da) : A unit of mass used to express the mass
of atomic and subatomic particles, equal to 1/12 the rest mass of an unbound atom
of carbon-12 atom in its nuclear and electronic ground state and has a value of
1.660538782x10727 kg. One Da is approximately equal to the mass of a proton or
aneutron. Note: a Dalton is a “non-SI” unit whose value must be measured.

[HZO]+ 18 qé Molecular lon
L : (“fingerprint”)
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' Mass-to-charge ratio *** *°
Isotopes

Most elements have more than one stable isotope.

For example, most carbon atoms have a mass of 12 Da, but in
nature, 1.1% of C atoms have an extra neutron, making their
mass 13 Da.

Why do we care?

Mass spectrometers can “see” isotope peaks, if their
resolution is high enough.

If a MS instrument has resolution high enough to resolve these
isotopes, better mass accuracy is achieved.




Stable isotopes of most abundant elements of

peptides

Element Mass Abundancle

H 1.0078 99.985%
2.0141 0.015

C 12.0000 98.89
13.0034 1.11

N 14.0031 99.64
15.0001 0.36

0] 15.9949 99.76
16.9991 0.04
17.9992 0.20

Average mass

100% 7]

\ Average mass corresponds

to the centroid of the
unresolved peak cluster
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When the isotopes are not resolved, the centroid of the envelope
corresponds to the weighted average of all the the isotope peaks in
the cluster, which is the same as the average or chemical mass.

Mass spectrum of peptide with 94 C-atoms
(19 amino acid residues)

“Monoisotopic mass”

\ No 3C atoms (all 12C)
1981.84

1982.84 One®C atom

1983.84
~——Two 8C atoms

Mass spectrum of insulin

2x13C

o \
AN

12C: 5730.61

N

Insulin has 257 C-atoms. Above this mass, the monoisotopic
peak is too small to be very useful, and the average mass Is
usually used.




Mass measurement accuracy depends on resolution

(Mass assignment is easier with higher resolution)
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How do mass spectrometers get their names?

Types of ion sources:
* Electrospray (ESI) - Soft/200kDa

» Matrix Assisted Laser Desorption lonization (MALDI) ~ 500kDa
Types of mass analyzers:

* Quadrupole (Quad, Q)
* lon Trap
* Time-of-Flight (TOF)

-Either source type can work with either analyzer type: “MALDI-
TOF,” “ESI-Quad.”

-Analyzers can be combined to create “hybrid” instruments. ESI-
QQQ, MALDI QQ TOF, Q Trap

lon Sources make ions from sample molecules
(lons are easier to detect than neutral molecules.)

Electrospray ionization:

Partial

Sample Inlet Nozzle
vacuum

(Lower Voltage)

Pressure = 1 atm
Inner tube diam. = 100 um
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High voltage applied Charged droplets
to metal sheath (~4 kV)

Very gentle / solvent evaporates / multiple charges
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ESI Spectrum of Trypsinogen MALDI: Matrix Assisted Laser Desorption lonization
@4—7 M + 15 ¢ Sample plate
M + 16 H* Vs 14 b '
\ 1499.9
’ 1. Sample is mixed with matrix (X)
s M+ 13 H* and dried on plate.
m, = (M+nyn 2. Iﬁigﬁ: ionizes matrix
my = (M+n+1)/(n+1) '
14119 3. Sample molecules (M) are
ionized by proton transfer:
XH* + M > MH* + X.
m/z —— Mass-to-charge ratio +/- 20 kV Grid (O V)
MALDI-TOFMS MALDI (Matrix Assisted Laser Desorption lonization)
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Summary: acquiring a mass spectrum

i lonization Mass Sorting (filtering) Detection
i 5
- D
e lon
=
Form ions
:  (charged molecules) S s by e () Detect ions :
Magnetic Sector Microchannel Plate
Qulsgr%g‘;le Electron Multiplier
e Time of flight Hybrid / photojnultiplier
« Liquid (TOF) l
« Vapor J/\J\/\—\'
El i
Cl .
FAB Mass Spectrum
ESI
MALDI

Mass analyzers separate ions based on their
mass-to-charge ratio (m/z)

o Operate under high vacuum (keeps ions from bumping
into gas molecules)

o Actually measure mass-to-charge ratio of ions (m/z)

o Key specifications are resolution, mass measurement
accuracy, and sensitivity.

o Several kinds exist: for bioanalysis, quadrupole, time-of-
flight and ion traps are most used.

Magnetic Sector Mass Analyzer
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Mass Analyzers: The Quadrupole Mass Filter

A potential of -100-1000 V i applied aliernately to the opposing pairs of rods at a frequency of a few MHz, At
a specific combination of DC & RF, an m/z has a stable trajectory through the rods, and all other m/z are lost.
The maxss range s scanned as the valtages are swept from min (o max, but at constant DC/RF ratio.

Faster S ing than sector & (but not as fast as ion traps or TOF).
Mass Range generally miz 0-2000 or 0-4000,

Facile MS/MS using Triple Quadrupole (Q-q-Q) analyzer.

Exquisitely itive in selected jon itoring (both anal parked at one miz).
Largely replaced by the lon trap and hybrid Q-q-TOF for biopolymer analysis.
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Quadrupoles have variable ion transmission modes
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single mass transmission mode

Time-of-flight (TOF) Mass Analyzer

Source Drift region (flight tube)

* lons are formed in pulses.
* The drift region is field free.
» Measures the time for ions to reach the detector.

» Small ions reach the detector before large ones.

Time-of-flight (TOF) Mass Analyzer

- L
v 7 ,
my 2 mL m  2Vi?
zV= = — of |— = —
2 22 2 12
Detactor
Linear TOF o l e & e .
III |
Jon Source Anayzer Regon
Detector Rehecon (lom Merer)
([T
Reflectron TOF " ki
] aiiee: LRI

fon Source Anafyzer Regon

The mass spectrum shows the results
MALDI TOF spectrum of 1gG

40000 1 M H+
]
(]
c
<
e)
c 30000 4
3
< (M+2H)%*
g
E 20000 -
]
x

10000 -

(M+3H)3* L\A
0 1E - - T T ?
50000 100000 150000 200000
Mass (m/z)




| MS/MS in the Q-Tof Hybrid Quadrupole-TOF Instrument |
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What is MSMS?

MS/MS means using two mass analyzers (combined
in one instrument) to select an analyte (ion) from a
mixture, then generate fragments from it to give
structural information.

Mixture of Single Fragments
ions ion
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the pieces give an
MS/MS spectrum




Interpretation of an MSMS spectrum to derive
structural information is analogous to solving
apuzzle

Use the fragment ion masses as specific pieces of
the puzzle to help piece the intact molecule back
together

Peptide Fragmentation

175.10

459.25
556.30
670.35
799.39
928.43
985.45
1132.52
1279.59
1366.62
1423.64
1552.69

E=Glu
G=Gly
S=Ser
F=Phe
N=Asn
P=Pro
V=Val
A=Ala
R=Arg

24614 = -
34521

Cleavages Observed in MS/MS of Peptides

— - =~ low energy

.............. high energy

CID (Collision InDuced) Spectra — adds sequence data to
mass mapping for improved database identification!

Tandem Mass Spectrometry (MS/MS)

1. “Parent” lors are selected and isolaed
2, Collision-Induced-D Resuksin
3. ughter” lons are rt mdnmmmlmbur
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Another way to
label an MS/MS
spectrum is to
draw lines
through the
structure, with
pointers
indicating

which part of
molecule is
being detected
following
fragmentation.

These markers
may be labeled
with masses.

MS/MS of Angiotensin III:
selection and fragmentation of the (M+H)* molecular ion at m/z932

832 669 784 915
HMW-M%
400
669
532 784
. i . A L " . .|_l -t mass
600 700 800 900
NHz ||
Phe—
Phe-Pro-H,0
Phe-Pro-His-H,0
Arg-Val-Tyr-lle
Micramass “Back to Basies™ hsp: chasies index himd

NATURE |VOL 422| 13 MARCH 2003 | www nature com/nature

insight review articles

Mass spectrometry-based proteomics

Ruedi Aebersold" & Matthias Mannt

*Institute for Systems Biology, 1441 North 34th Street, Seattle, Washington 98103-8904, USA (e-mail: raebersold @systemshinlogyorg)
+ Center for Experimental Biolnformatics(CERI), Department of Biochemistry and Molecular Biology, University of Southern Denmark,
Campusve] 55, DK-5230 Odense M, Denmark (e-mail: mann@bmb.sdu.dk)

Recent successes illustrate the role of mass spectrometry-based proteomics as an indispensable tool for
molecular and cellular biology and for the emerging field of systems biology. These include the study of
protein-protein interactions via affinity-based isolations on a small and proteome-wide scale, the mapping of
numerous organelles, the concurrent description of the malaria parasite genome and proteome, and the
generation of quantitative protein profiles from diverse species. The abiIiF[ of mass spectrometry to identify
and, increasingly, to precisely quantify thousands of proteins frofi Complex samples can be expected (o
impact broadly on biology and medicine.

Note: HT Proteomics is restricted to those
species where a sequence database exists!

Report

Committee

EuPATutorial Program (prelil

inary draft)

Fundamentals and Core Techniques

Protein Chemistry

Protsin-protin Intsraction

DNA/RNA Teshniques

Separation Seisnce

Peotin Expreasion

Amins acid chemistryfunctionality
hemicalianzy matic modifications

PTM un-natural chemicalienzymatic modifications
Frotsin function families: E.C: GO classification
Xeray principles

NMR principies

Frotsin substructurs principles

Protsin structura familiss

Membrane protein strustursifunction
Extracellular protein structure/function

Protsin complex isolation & xamples
MS-TAP approach to complexes
Twa-hybrid approach

Biacors, mis ocalorimetry 8 CD, FT,

DNA cloning & sequencing
RNA structurs dstarmination
Microarray farmats

sAGE

SNE, methylation, CGH analysis

Affinity chromategraphy
Free flow electrophoresis
cze

Centrifugation

HPLC

20-PAGE

Antibody generation and use
Phage display

Protein arays

Tissus arrays

HT cloning & expression library structure
HT

Practical Proteomics 1-2/2008
Proteomics Education, an Important Challenge tor the Scientific
Community: Report on the Activities of the EuPA Education

European Proteomics
Association (EuPA)

MS Basics

Matabolomics.

Applied Technologies

Bisinform atics/Systems Biology

MALDI ionisation
ES1 ioni sation

ToF

Quads

lon-trap, linear & 3D
FFICR, Orbitrap
Detectors

Scan modes

GC-MS approaches & derivatisation chemistry
ESI-MS approaches & derivatisation chemistry.
NMR approache
Pattway analysis & modelling EcoCYC

Microfluidics
Automation
Fluorescent labeling, DNA sequencing, microar]

Sequence homology searching
Protsin id by MALDI

Protsin id by MS/MS

D veri

ion principles, Prophet, etc.

Advanced data mining techniques
Web databases
Experimental design principles

All an organism’s cel].fz carry the same ON\M?W .

Genome, and it is Static. Genomes do | | ananananana

not describe function. They are a parts ~ “J* e

list. ' % LS
- |

Different cells express different proteins. S A—————
The type and quantity of this expression

changes. H Rt
Povtain

The Proteome is Dynamic. It is the total

of all proteins expressed by a particular R e i s

cell at a given fime, under specific

conditions.

A Proteome cannot be studied the way a Genome is sequenced.
There has to be a specific biological question behind an experiment.
The questions may be either very broad or strictly defined.
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“Old Method”
| Differential Expression Proteomics
CONTROL DISEASE

DIGESTION OF
SELECTED GEL
‘ SPOTS
2D GELS
o €=
“a T mm-'ro;m! MASS MAPPING
s z DATABASE SEARCHES
P s PROTEIN IDENTIFICATION
‘ - DATA-DEPENDENT LC/MS/MS
IMAGE COMPARISON DATABASE SEARCHES
QUANTITATION
SPOT PICKING PROTEIN IDENTIFICATION

“Old Method”
Two Dimensional Gel EIectrophoresisJ

Isoelectric focusing is performed on
precast gel strips using cal
instruments. Many pH ranges are
available. Multiple strips can be run in
parallel.

An immobilized pH gradient Is created in
a polyacrylamide gel strip by
incorporating a gradient of acidic and
basic buffering groups when the gel is
cast.

Resolution is determined by the slope of
the pH gradient and the field strength.

Loading capacity depends on gel size and
thickness.

In 2D IEF/PAGE, the gel strip from IEF
is loaded into a single large well.

| Figure from BioRad Produet Literatare |

Generic Mass Spectrometry-based Proteomics
(1) Sample SDS- Excised (2) Trypsin  Peptide

fractionation PAGE proteins dig?st)ion mixture
+

e =

7

0

- ‘«:&J -
(3) Peptide
chromatography
and ESI

D
D

e,
e

With the new genomic data bases of model species, such as Esherichia
coli, Saccharomyces cerevisae, mouse, and human, the sequences of
many/most proteins of biological interest will in principle be known, and the
problem of characterizing a protein primary structure will be reduced to
identifying it in the data base.

Within the past few years research groups have demonstrated how MS
can be used for identification of proteins in sequence data bases. One
approach is to cleave the protein with a sequence-specific proteolytic
enzyme, measure molecular weight values for the resulting peptide
mixture by mass spectrometry, and search a sequence data base for
proteins that should yield these values. Search algorithms can utilize
low resolution tandem mass spectra of selected peptides (<3 kDa) from the
protein degradation. Yates and coworkers compared the MS/MS sequence
data to the sequences predicted for each of the peptides that would be
generated from each protein in the data base. In the PEPTIDESEARCH
sequence tag approach of Mann and Wilm, a partial sequence of 2-3
amino acids is assigned from the fragment mass differences in the
MS/MS spectrum. This partial sequence and its mass distance from each
end of the peptide (based on the masses of the fragment and molecular
ions) are used for the data base search. Often, a single sequence tag
retrieved only the correct protein from the data base.
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MS-Fit (by Peter Baker and Karl Clauser) Instructions

A peptide- ing tool from the UCSF Mass Spectrometry Facility that tries to fit a user's mass spectrometry data to a protein sequence in an existing database and thus suggest the
identiy of the users profein. The MS input data should be gencrated by analyzing the peptides produced by the enzymatic digestion of  user's proein.

ProteinProspector Home | MS-Tag | MS-Seq [MSEdman [MS-Fit at UCSF (San Francisco)

MS Digest [MSProduct [MS-Comp | DB Stat |

MS-Tsotope

Database: [SwissProt012601 #] Instrument: [MALDITOF 3] Report MOWSE Scores: F Pfactor: [04

DNA Frame trauslation: [3 7|

Search Hits: T From:[msfit ] Filename: [sties |
Save Hits to file: I Filename: Jastes

species: [T 7§

MW of Protein: (fmm [1000 " Da to[150000 Day A1l ~

Protein pI: (from [3. o [10.0 )xllr

Digest: [Trypsin

Peptide masses are: [monsisotopic

Min. # peptides required to mateh: B |

6735183

1007.4908

Mass accuracy
tolerance = 15 ppm

This means that the
mass is within
0.015 Da at

1024.4374 m/z 1000

1025.4959

Max. # of missed cleavages: W

Cysteines modified hy: [umodified E 10257433
N terminus: [Hydrogen *] € terminus: [Free Acid ] 13422222
Sample ID (comment): [Unknown A 1030.5471
1106.5649
Max. Reported Hits: [15 1139.5205
Fossi 1154.5909
ossible 11655664
Modifications 1179 6002
Maode (default) 1184.5958
1193.6111
1233 5011
12
12
1267.7001
Homlogy Made (slec any mods but denity) 12177065 =

Search mode: |identity
Min. # matches with NO AA substitutions: [

Peptide Mass shift: [ Z1[01  Da

MS-Fit Search Results

Press stop on your browser if you wish to abort this MS-Fit search prematurely.
Sample ID (comment): Unknown A

Database searched: SwissProt.012601

Molecular weight search (1000 - 150000 Da) selects 90539 enries;

Full pl range: 92236 entics.

Combined molecular weight and pI searches select 90539 entries

MS-Fit search selects 858 eniries (esults displayed for top 15 matches).

Considered modifications: | Peptide N-terminal Gin to pyroGiu | Oxidation of M | Protein N-terminus Acetylated | Acrylamide Modified Cys |

Min #Peptides Peptide Mass Peptide Masses Digest Max. #Missed Cysteines  Peptide Peptide Input #
toMatch  Tolerance (+)  are Used  Cleavages Modifiedby Ntemmims — Cterminus  Peptide Masses
3 15.000 ppm  monoisotopie  Trypsin 1 wmodified Hydrogen (H) Free Acid (O H) 46
Result Summary
#(%) . "
MOWSE Protein SwissProt.012601
e M]fi’[’(;f:‘ MW @aypl S pcopqgion  FrotelnName

2.86¢10039/46 (19%) 16930.2 /4 SGHUMAN  P16475  MYOSIN LIGHT CHADN ALKALL NON-MUSCLE ISOFORM (MLC3NM) (LC17A) (LC17-NM)

2.86e+005 9/46 (19%) 16961.2 / 4.46 HUMAN P24572 MYOSIN LIGHT CHAIN ALKALL SMOOTH-MUSCLE ISOFORM (MLC3SM;} (LC17B) (LC17-GI)

2.860+005 946 (19%) 16975.3/ 44 RAT Q84119 MYOSIN TIGHT CHAIN ALKALL SMOOTE-MUSCLE TSOFORM (MLC3SM)

17704004 /46 (15%) 157309/ 480MOUSE Q60605 MYOSIN LIGHT CHAIN ALKALL NON-MUSCLE ISOFORM (MLC3NM)
T mﬂwnmosmrml(cwomm 1) (K1) (CK 1) (67 KDA CYTOKERATIN) (HAIR ALPHA.
L196H03 4146 (5%) 152824 /610STRPU 2005 PROFILIN

20 546 (10%) 169853 (463 CHICK  PUs206  MYOSINLIGHT CHAIN ALKALL NON-MUSCLE ISOFORM (FIBROBLAST) (G2 CATALYTIC) (LCL7-NM)
419 546 (100%) 169874/ 452CHICK  PO267  MYOSINLIGHT CHAIN ALKALL SMOOTH-MUSCLE ISOFORM (GIZZARD) (G2 CATALYTIC) (LC17-Gl)

391 446 (%) 39453 /BSOXENLA  P2T00G gf&&%ﬁm&é%ﬁfﬂ;ﬁw (T (TR ) (X13) (TR
286 546 (10%) 221563 SISRAT PI6409  MYOSIN LIGHT CHAIN 1, SLOW-TWITCH MUSCLE B/VENTRICULAR ISOFORM

2 3/46 (6%) 19590.2/9.34 BGMV PO5174 'AL2 PROTEIN (19.6 KD PROTEIN)

0 5746 (10%)21932.2/SOSHUMAN PSS90 MYOSIN LIGHT CHAIN 1, SLOW-TWITCH MUSCLE BVENTRICULAR ISOFORM (MLCISE) (ALKALL)

1 3/46 (6%) 16990.5 / 6.92 ECOLI P37052 HYPOTHETICAL 17.0 KDA PROTEIN IN HNR-PURU INTERGENIC REGION

2 346 (6%) 179473/ 54 ARATH GLYCINE CLEAVAGE SYSTEM HPROTEIN 1, MITOCHONDRIAL PRECURSOR

6 3/46 (6%) 16613.9 / 4.63RAT P02601 MYOSIN LIGHT CHAIN 3, SKELETAL MUSCLE ISOFORM (A2 CATALYTIC) (ALKALI) (MLC3F)

e e e e

[~
2EERER

The MudPIT Breakthrough

Traditional proteomics methodologies separate complex protein samples by
isoelectric point and molecular weight using 2-dimensional gels. Patterns can be
compared between samples, but to determine which protein is changing requires
isolating individual protein spots, proteolyzing these, and analyzing the mass of
each peptide by Matrix-assisted laser desorption/ionization-time of flight (MALDI-
TOF) mass spectrometry. The measured peptide masses are searched against the
predicted mass values for theoretical digestion of proteins in a sequence database,
and the protein is identified by a statistically significant number of matches.

Multidimensional Protein Identification Technology (MudPIT) eliminates gel
separations. Instead, biochemical fractions containing many proteins are directly
proteolyzed and the enormous number of peptides generated, are separated by
2-dimensional liquid chromatography before entering the mass spectrometer.
Instead of MALDI-TOF, the procedure employs tandem mass spectrometry so that,
after the mass of a peptide is measured, the peptide is fragmented using a
collision-induced dissociation cell and the masses of the fragmentation
products are determined. Considerable computational effort can typically
transform this datainto an amino acid sequence. Thus one peptide is often
sufficient to identify a protein, a sensitivity advantage that enables identification of
minor proteins in a biological fraction that can not be visualized on 2-dimensional gels.
Recent studies have identified 1,000 to 2,000 proteins in a single fraction with
MudPIT.

Collision
7 El Photon
L ESI Surface

MS/MS | A

4 miz
P m separation
X
MS1 MS2
Precursor Product
ion ion

Internal diameter: 100 um

MUDPIT A

6cm 22'“
Enzymati ‘t_—_
m.’x..'—.s =Tip ~ 5 ym
- SCX RP-18

High voltage ~ 2.5 kV
B oh ot I Vacuum

THPLC}';:f*%Q ® :1 M *%
(-] | *.\

Peptide ions Database
search
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http://www.discoverymedicine.com/category/research-technology/protein/mudpit/
http://www.discoverymedicine.com/category/research-technology/protein/mass-spectrometry/maldi-tof/
http://www.discoverymedicine.com/category/research-technology/protein/mass-spectrometry/maldi-tof/
http://www.discoverymedicine.com/category/research-technology/protein/mass-spectrometry/maldi-tof/
http://www.discoverymedicine.com/category/research-technology/protein/mass-spectrometry/

A state of the art setup

e MudPIT (multi-dimensional protein identification
technology)

e Originally developed at Yates lab

MUDPIT
(Multidimensional Protein Identification Technology)

3. Purification
1. Sample preparation  of peptides

5. MudPIT
% 2. Digestion ’i \15

[ SCX [ RP |
4. Preparanon

of column
Protein Mixture Digested 2D Chromatographic
Peptides Separation of Peptides
Identify proteins EES Mass
in mixture = |l spectrometer

Modern mass spec based
proteomics

(Because nucleic acids are overrated)

From: http://www.stats.ox.ac.uk/

/__data/assets/pdf_file/0020/5960/Proteomics_final.pdf
Find pdf link on course web site - Proteomics - Syllabus and Lecture Note

What is proteomics?

Dictionary definition:

e Proteomics is the systematic characterization of all the
proteins in an organism, their abundance, localization
structure, modifications, function and interactions

e Most researchers take a narrower view
o Protein-protein interactions
o Quantitative proteomics
o Functional proteomics

e Various technogogies can be applied
o Our focus: LC-MS/MS

Development of the technology
(From the deflection of "canal rays" to MudPIT)

e Protein mass spectrometry
e Protein separation
e Data analysis

http://www.stats.ox.ac.uk/__data/assets/pdf_file/0020/5960/Proteomics_final.pdf
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Protein separation

e 2D gel based approaches
o low sensitivity (staining)
o extensive sample handling | S
o difficult to reproduce = S

o no sympathy for the gel b =
e Chromatography based approaces
o Washburn et al. (MudPIT), 2001
m on-line e
m semi quantitative PuTeSEE
m more sensitive S i
m high throughput — EEECE—

Mass Spectrometry and Complex Protein Mixture Sequencing (1-3000 proteins)

MUDPIT (multidimensional protein identification technology) is the method of choice for complex protein sample analysis in
which more elaborate separation techniques are needed. For MUDPIT analysis strong catien exchange resin (SCX), which
binds positively charged compounds, is packed in tandem te the RP-C18 resin. SCX resin first binds all peptides before they
encounter the C18 material. The peptides are then eluted off the SCX using ammonium salts in a stepwise manner, starting
at low salt concentration step and ending with a high salt concentration step. After each salt step some peptides will be
released from the SCX resin and will bind the RP-C18 material. This salt step is then followed by a cycle of organic gradient
to elute off the peptides from the C18 resin and into the mass spectrometer for sequencing. For more complex samples more
salt steps can be added to the methed to increase the separation capability of the setup.

Recent method developments in peptide separation are using alternative separation strategies to SCX to improve peak
separation and hence increase peptide identifications for Mudpit. One encouraging method is the use of "high-pH-reverse-
phase" separation. Similar to low pH reverse phase separation techniques currently used in LC-MS, the high pH equally
generates high peak resolution for peptides. We have observed that the use of this method in replacement of SCX in Mudpit
analysis increases peptide identifications in similar Mudpit runs by the factor of two.

Separation Matrix LC Profile

HPLC |

MUDPIT (SXC-RP)

%Salt

%organic
| F— |

180V SCX RP

Time

Methodological background
Quadrupole-TOF (MS/MS)

quadrupole collision time-of-flight

ESI  “analyser cell analyser detector
mass

argon

gas
sequence

Operates on either MS or MS/MS mode

Data Analysis

e Reducing raw data to manageable levels.
e Analysis

e Algorythms

e How to estimate the quality of data
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Reducing raw data to manageable levels

e Preprocessing
o Peak detection, peak labeling, baseline correction
o Data reduction
m noise removal, smoothing
o Normalization
o Deconvolution
m lon charge state recognition (isotope patterns)
o Peak alignment

Analysis

e Database search, Mann and Yates
e High throughput data

e High noise

e Computationally intense

e Variety of software

[

Algorithms

Examples:

e SEQUEST (Yates 1995)

e Mascot

e ProLuCID

e Specral network analysis (Bandeira 2007)

SEQUEST

Basic concept published by Yates et al. in 1995.
e Reverse pseudospectral library search.
e Protein sequences analysed sequentially through entire
database.
e Preliminary scoring equation:

Sy = Qim0+ AU +0)/n,
e Cross correlation by Fourier transforming gives final score.
e Detects modified amino acids by testing alternative masses

for all possible modification sites.
e Descriptive model.

2 1311.4 14726 15717

1482 201) W64 4915 2108 8208 M6Q 10813 1164 b-ions
PhelLeulAsplAsplAjiLeu LThrlAsp—LAsp-L lle -[_Meq_Cys l_Val_LLys
18707 14576 13425 12274 11123 9901 B9AQ 7669 GAZA 5547 4078 2463 1422 yWons
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Database
Input Mass
“:“ | DIGSESTEDQAMEDIKQMEAE .
Spectral Data
/ 2025 > 1928 \
® Modification Analysis
D'GSESéEDOAMED'KQ DIGSESTEDQAMEDIKQM
DIGSESTEDQAMEDIKQ MoBhed Sersencss 4 e
20e00an
DIGSESTEDQAMEDIKQ ®0 DIGSESTEDQAMEDI
DIGSESTEDQAMEDIK

1974 71928 ® ® 1876 7 1928
DIGSESTEDQAMEDIK

DIGSEWEDOAMEDIK
1928 = 1928

Preliminary Score

Cross-correlation
Comparison
Ranked List of Sequences

Figure 1. Schematic of the approach used by the computer algorithm to match tandem mass spectra of modified peptides to sequences in
the protein database.

Applications off protein mass spec

e Post translational modifications
e Protein interactions
e Disease genes and Biomarkers
e Stem cell characterization
e Alternative to microarrays
o mMRNA changes may not be physiologically relevant
o mMRNA may not be present in tissue of interest (blood)

o Field is young and moves fast

o MudPIT setups are becoming commercially available

o High demand (everybody wants so be friends with the
mass spec guy)

Mass spectrometry is an ideal method for protein mass determination. The two primary methods for ionization of proteins are
electrospray ionization (ESI) and matrix-assisted laser desorption/ionization (MALDI). In ESI ionization proteins are ionized in
solution and carry multiple charge state (see figure below which shows a ESI-QTOF scan of myoglobin protein). The
advantage of using ESI-QTOF analysis for protein mass determination is that due to the high charge state of proteins their
m/z measurements is typically less than 2000 and the TOF detector has a very good resolution and mass accuracy in this
scan range. This results in more accurate mass measurements for proteins in ESI-QTOF.

[ L0 e sk m o Sy ¢ S euid o1 spcmcn o0 o
L Pyt ~

senay.cnt

Mass spectrometry is an ideal method for protein mass determination. The two primary methods for ionization of proteins are
electrospray ionization (ESI) and matrix-assisted laser desorptionfionization (MALDI). In a MALDI source, proteins typically
carry a charge state of +1 and since mass spectrometers measure m/z {(mass/charge state) proteins typically appear with
their mass plus the mass of a single hydrogen ion in a MALD| TOF spectrum. The disadvantage of using MALDI TOF
analysis for protein mass determination is the limitations of the TOF detector in the high m/z scan range. TOF reading in high
m/z region have a lower resolution and mass accuracy

Mass Spectrometry and Protein Sequencing

Most mass spectrometers that are used for protein sequencing are equipped with collision cells that are ideal for sequencing
peptides that are under 4 KDa range. Mainly for this reason proteins need to be cut using proteases that will result in peptide
fragments that on average are less than 4KDa. Once these peptides are generated they need to be fractionated before
ionization into mass spectrometer. This is mainly to allow mass spectrometers time to analyze different peptides that are
present in @ mixture. The fractionation schemes can be carried out online or offline. The advantage of online schemes are
that they require very little sample material which ultimately increases sensitivity of the system. For MALDI-TOF peptide
sequencing, peptides will need to be fractionated offline for complex protein mixtures.

Reverse Phase (RP) C18 Resin Liquid Chromatography

The simplest fractionation strategy for low protein complexity samples is the reverse phase (RP) C18 resin liquid
chromatography. In this separation scheme peptides bind the C18 resin based on their hydrophobicity. They are then eluted
off the G18 resin using an organic reagent
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Modern Mass Spectrometry-Based Structural

Proteomics
Evgeniy V. Petrotchenko®,
Christoph H. Borchers

Abstract:

Recent developments in the modern mass spectrometry of proteins and peptides
have resulted in significant progress in structural proteomics techniques for
studying protein structure. A variety of protein structural questions, ranging from
defining protein interaction networks to the study of conformational changes
and the structure of single proteins, can be addressed using multiple mass
spectrometry-based structural proteomics approaches. Each technique
provides specific structural information which can be used as experimental
structural constraints in protein structure modeling. Here, we describe recent
developmentsin limited proteolysis, surface modification, hydrogen—
deuterium exchange, ion mobility, and cross-linking—all combined with
modern mass spectrometric techniques—for the studying protein structure.

Quantitate 1000-2000 organ-specific proteins to:
identify disease;
stratify disease;
progression of disease;
response of disease to therapy etc.

& ?Bl‘:": ;)|eCula[ y
handling measurements Our sensitivity: TNFa or MIP2.

50-100pg/ml in 1nl
Amount: 100pg*10-°ml

Fundamental Materials/Chemical Issues
- Scalable & Simple Detection Technologies
» Multiple Functions Integrated onto Microfluidics Chips
* Protein Capture Agents
« Manufacturability

Lee Hood
Institute for Systems Biology, Seattle

Dr. Leroy Hood
M.D.. Johns Hopkins School of Medicine, 1964
PILD., Biochemistiy, California Institute of Technology, 1968

Note: The following (blue) slides were edited from a presentation by Lee Hood of the
Inst. for Systems Biology to NIST on the P4 Medicine found at:
http://www.itl.nist.gov/Healthcare/conf/presentations/LH%20NIST%209-24-07.pdf

A similar lecture on P4 Medicine was presented by Dr. Hood at the 2007 Welch
Conference — “From Atoms to Cells”

What is Systems Medicine?

Non-Diseased Diseased
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DEAL for In vitro molecular diagnostics:
Integrated biology/chemistry/nanotech/microfluidics platforms

Separate plasma & rapidly quantitate protein biomarker panels to:
= Profile health status of individual organs
= Detect disease prior to clinical symptoms
= Select appropriate therapies or combination therapies
Profile positive & adverse responses to therapies

300 nanoliters of plasma

Assay region

Large panel of protein biomarkers measured in a single microfluidics channj
{15 min assay time)
Organ 1 Organ 2 Tox response inflammation
[ [ ]

Jim Heath, et al

DEAL = DNA-Encoded Antibody Library

Predictive:
— Probabilistic health history--DNA sequence
— Biannual multi-parameter blood profein measurements
— In vivo diagnostic measurements to stage and localize
disease
Preventive:
— Design of therapeutic and preventive drugs
via systems approaches

Personalized:

— Unique individual human genetic variation mandates
individual treatment

Participatory:
— Patient understands and participates in medical
choices

tient physician educati
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