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Biological Mass Spectrometry

Peptides. Carbohydrate.
DNA......... and more




Evolution of Mass Spectrometry-1

Francis Aston Is awarded
the Nobel Prize in
chemistry for his discovery

of iIsotopes of “Iinactive The double-foucsing
elements.” mass spectrograph is
| developed

J.J. Thomson
Rays of Positive Electricity

.

3

1913 1922 1934 1946



J.J. Thomson

 J.J. Thomson observes a
liIne at mass 22 in the
spectrum of neon.

e J.J. Thomson delivers his
Bakerian Lecture, “Rays
of Positive Electricity” to
the Royal Society of
London.



Back to the history.........

The first mass spectrometer -
parabola spectrograph

1912 J. J. Thomson

Used magnetic field and
recorded the resultant spatial
dispersion of ions on
photographic plates.

H Slow
M instability of magnet

M |ow detection sensitivity
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 Francis Aston is awarded the
Nobel Prize in chemistry for his
discovery of isotopes of
“Inactive elements.”
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Advances in Modern Mass Spectrometry

Limitations of traditional MS on biological applications
) i )
High molecular weight >50,000 1
Amount of Sample <1012 - 101> mole

Iﬁ‘[a@t Molecule

PN

ElectroSpray lonization MS

Matrix Assisted Laser Desorption lonization MS

John B. Fenn Koichi Tanaka
ESI MALDI




Evolution of Mass Spectrometry-2

( Biomolecules .

lon-molecule reaction, unimolecular dissociation

[ Volatile organic molecules }

| | -

1960 1970 1980 1990 2000




Human genome Project
(planned in 1988, started in 1990)

SADDAM'S SONS: EVEN BADDER THAN YOU THOU
-

SPECIAL

2003, 4, 14

Lead by Department of
Energy, USA

B Estimated 30000 genes
B The genome is nearly the
same (99.9%) for individual



Genomics (& 7§ E)

1953: Watson and Crick: DNA double helix

Danio rerio

By — ——==E - =S

C. Elegans (1998)
Science

Homo sapiens (2001)

Drosophila melanogaster (2000)

Mus musculus {2002)



A FIRE T Bev AR R g

Genome Transcriptome Proteome
DNA RNA Proteins Modified Biological
Proteml Function
Bl “p&p & s .

Transcription Translation Post-Translation
Modification

PROTEINn complement to a genOME

Entire protein complement in a given cell,
tissue or organism
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Marc Wilkins Protein activity, modifications,
The University of New  |gcalizations, amd interactions

South Wales (UNSW), o
Sydney, Australia of proteins in complexes

Proteomics can be defined as the gualitative and
guantitative comparison of proteomes under
different conditions to further unravel biological

processes .



Protein chemistry and proteomics

T~

o

Protein Identification
( é'}E |V REAE)

Protein chemistry

Proteomics

Individual proteins
Complete sequence analysis

Emphasis on structure and function

Structual biology

Complex mixtures

Partial sequence analysis

Emphasis on identification
by database matching

Systems biology
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What is mass spectrometry?

lonization
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Mass-to-charge Ratio (m/z)

MS is an analytical tool that
measure the molecular
weight of molecules based
on the motion of charged
particle in an electrical or
magnetic field.

‘
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Two different ways of measurement

« Composition of analyte (MS)
e.g. Peptide mass fingerprinting

e Structure of analyte (MS/MS, tandem MS)
* Dissociation *

L *|\ m



Turbo pumps
g h VaC uum SyS Diffusion Pumps
Rough pumps

| | Rotary pumps

- etectc ata
n source — Mass Filter — I -

«Sample plate | *MALDI \_IOF 'f;ﬁfé?fé,?,amﬂ;ﬁe :gﬁnSSPARK
“Target -Electrospray( Quadrupole Hybrid” poosaton
*HPLC *FAB \wlon Trap

*GC L SIMS \ *Magnetic Sector

CE °El \LMS
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lonization Methods

e Electron Impact (El)
e Fast Atom Bombardment (FAB)
 Electrospray lonization (ESI)

« Matrix-Assisted Laser Desorption lonization (MALDI)
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Advances in Modern Mass Spectrometry

Limitations of traditional MS on biological applications
) i )
High molecular weight >50,000 1
Amount of Sample < 1012- 101> mole

Iﬁ‘[a@it Molecule

PN

ElectroSpray lonization MS

Matrix Assisted Laser Desorption lonization MS




Soft Laser Desorption (SLD)

A breakthrough for the laser desorption
method in its application to large
biomolecules was reported at a symposium
in Osaka in 1987, when Koichi Tanaka at
the Shimadzu Corp. in Kyoto presented
results of a mass spectrometric analysis of
an intact protein (12,384 Da).

In two publications and lectures in

Koichi Tanaka
Shimadzu Corp.

1987-1988, Tanaka presented
lonisation of proteins such as
chymotrypsinogen (25,717 Da),
carboxypeptidase-A (34,472 Da)
and cytochrome ¢

Rel. Intensity

2+

m+

1. Second Japan-China Joint Symposium on Mass
Spectrometry.

[
10000 20000

I | I
30000 40000 50000 60000

m/z

N

Mass Spectroscopy (Japan). 36, (1988) 59.
3. Rapid Commun. Mass Spectrom. 2 (1988) 151-153.



Matrix-Assisted Laser Desorption lonization (MALDI)

Time-of-flight
Mass Analyser

Extraction g

/

W Desorbed ‘plume” of

/ matrix and analyte ions
.
d e = Analyte

Matrix
Cation {e.g. Ma* or H*)

Fulzed laser beam

-

. .
Sample . » - .
plate * ‘ 45 . .
4 . b * s
- - - = L - -
« L
s U0 o s " e . A, L] '-'.-- ™
L | L Y L | -
. 4 - a» * .
- . M o . .- .
a4 . s A . « T « OB
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Matrix-Assisted Laser Desorption lonization (MALDI)

© Analyte
*  Metal lon
B Matrix

http://www.ionsource.com &
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Matrix selectio

o.-Cyano-4-hydroxy-
cinnamic acid (CHCA)

Peptides<10kDa

Sinapinic Acid

Proteins >10kDa

2,5-Dihydroxybenzoic
acid (DHB)

Neutral Carbohydrates,
Synthetic Polymers

“Super DHB”

Proteins,
Glycosylated proteins

3-Hydroxypicolinic acid

Oligonucleotides

HABA

Proteins,
Oligosaccharides

2-(4-hydroxyphenylazo)-benzoic acid

(HABA)

CH3O CH=CHCOOH

HO

CH_O
3

Sinapinic acid (3,5-Dimethoxy-
4-hydroxy cinnamic acid)

COOH
OH

3-hydroxypicolinic acid (3-HPA)

CH=C(CN)COOH
HO~ i

a-cyano-4-hydroxycinnamic acid

N/

A
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A typical mass spectra

A 12360
‘ IM+H]*
300 -
s0o  [IM+2H]?*
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Electrospray lonisation

the charged droplets evaporate to a point where the
number of repulsive electrostatic charges on the surface
becomes so large relative to the droplet size that an
explosion ("Rayleigh explosion™) occurs. This produces a
John Eenn number of smaller droplets that also have a surface
containing electrostatic charges.

47342

O The well-defined breakthrough
100 5‘1* of ESI came in 1988 at a
47000 4B o0o symposium in San Francisco,
" T e when John Fenn presented an
- identification of polypeptides
l and proteins of molecular

| weight 40 kDa
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Electrospray
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ElectroSpray lonization (ESI)

Reduction

Oxidation

Electrons

of -
S) (é Electrons

TDC

High Voltage
Power Supply




Charge Residue Model

fission

evaporation fission

~ ion evaporation

+ @+
+ +
Coulomb repulsion : Charge repulsion > surface tension
evaporation fission field-assisted ion desorption
+
. » - L@
+ +
lon Desorption Model lon desorption from the droplet surface

28
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Multiple-charged ESI spectra

Relative Intensity
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Deconvolution

190.1

relative intensity

3702

Step 1: assume 190.1 = mass/charge
379.2 = mass/charge

Step 2: assume the two peaks are related
190.1 = [m+(z+1)]/(z+1)
379.2=m+z/z

Step 3: solve mand z
m=378.2, z=1

Charge state
+1
+2

Calculation

(379.2-1)*1
(190.1-1)*2

Unprotonated mass
378.2
378.2

average 378.2
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Molecular Weight of Proteins

Tima-of-flight
Mass Analyser

Extraction grid

7

W Desor bed “plume’ of

/mamx and analyte ions
. 4 = fnalyte
.
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Mass Analysis

lons are separated according to their
mass-to-charge (m/z)

- R

FULL
SCAN
ION SPECTRA TO
THE DETECTOR

TRANSPORT of +/
- IONS TO
PARENT MASS

+ /- IONS AND
NEUTRALS

FORMED IN
ion SOURCE

ANALYZER

2
e A
%‘qmﬂpé I@]]]]]}‘%‘ ® S

ION SOURCE Transport Mass analyzer DETECTOR

optics
34



lon Mass
SOHTEE Filter —

eSector Instruments

B Time-of-flight Analyzer
‘

B Quadrupole Mass Filter @’

=
B |lon-Trap Instrument

—
€ N
 FT-ICR -—g i




Quadrupole Mass Filter (m/z -4000)

resonant ion §detected)

nonresonant ion
to detector

source slits

rentrance to quadrupole) quadrupole rods

analyte ions from source
of differing m#z ratios
) 2000 PALUL GATES

a, =a,=-a,=4zU/ mo alq = 2U/V, others fixed

dy =0y = -0, = 22V / mo r? o

Length, diameter, kinetic energy -->m/e range, resolution




Principles of Quadrupole Mass Filter

1. A potential of ~100-1000 V (DC) is applied alternately to
the opposing pairs of rods at a frequency of a few MHz
(RF).

2. At a specific combination of DC & RF, an m/z has a
stable trajectory through the rods, and all other m/z are
lost.

3. The massrange is vr
scanned as the voltages _%_
are swept from min m/z to max m/z,
but at constant DC/RF ratio.

(&)
)
, 4 i
“ B
ol S

VN A A
A N,

*
K ,
y @_,_) o —(U+V cosmt)

+(L+V cos af)




Elements of a quadrupole analyzer

———
bl

Positive rods

AT A

S Barnes-UAB 1/27/04
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lon-Trap Analyzer Cap electrode

e Principle very similar to Q

guadrupole

* lons stored by RF & DC fields

e Scanning field can eject ions of
specific m/z

MS"

Collisions with gas msec dissociation
\W /j \W /j
uf‘

% Q\E

Ring electrode R




Principle of lon Trap Analyzer

1. lons are focused using an electrostatic lensing system into
the ion trap.

2. An electrostatic ion gate pulses open (-V) and closed (+V)
to inject ions into the ion trap.

3. Collisions with helium dampens the kinetic energy of the
lons and serve to quickly contract trajectories toward the
center of the ion trap, enabling trapping of injected ions.

4. Trapped ions are further focused toward the center of the
trap through the use of an oscillating potential, called the
fundamental rf , applied to the ring electrode.

5. Anion will be stably trapped depending upon the values for
the mass and charge of the ion, the size of the ion trap (r),
the oscillating frequency of the fundamental rf ( w), and the
amplitude of the voltage on the ring electrode ( V).

See more details in
http://www.abrf.org/ABRFNews/1996/September1996/sep96iontrap.htMl



http://iwww.chem.wm.edu/dept/faculty/jcpout/faculty.html

lon path in a trap




Multiple MS/MS (fragmentation) Capability

v'Facile MSn | MS
v Very Sensitive | | ‘T
v'Fast Scanning |
vSmall o| MB2
v'Inexpensive | ‘ -<H| |
\

\ s

||I|‘ri]




Multiple MS/MS (MS") for Structural Determination

615.32 (M+H)* |*~

637.33 (M+Na)*

Full MS s
57:9; 3‘1 8417 i
400 5.!‘£] L= ] ;:-]mnwhz;:?sni
/ . 5796 (M-2H,0)
Y@, 597.6 (M-H,0)
561.2
MS?2 (M-3H,0)
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Time-of-flight Analyzer

lons are generated in the source zone of the instrument.

A potential (V) is applied across the source to extract and
accelerate the ions from the source into the field-free 'drift' zone
of the instrument.

lons travel with velocity v = d/t ; d:tube distance, t:time

All ions produced will leave the source at the same time with the
same kinetic energy (KE = Y2 mv?= 2V ), due to their having
been accelerated through the same potential difference (ideally).

The time-of-flight of the ions produced will only be dependent on
the mass and the charge of the produced ion.

m/z =[2 t2V]/ d?

The larger the ion, the slower its velocity and thus the longer it
takes to traverse the field-free drift zone.



Laser

2500 Volt
" """"""""""""""""""""""""""""""""""""""""""""""
‘ ___________________________________________________________________________________________
.8 _ _
electric field drift region
~3.6cm ~1lm
1
Mass spectrum m )2
™ t= D
27eEs
& & . t= 100 p second for mass 50 ( small moleculae)
‘ ‘ 1000 p second for mass 5,000 (peptide, polymer...)
> 3000 u second for mass 50,000 (protein, DNA....)
m/z

45



Calibration of Mass Spectrum

Flight time 1 D: drift length
m )2
- j b
27eEs
1
t= a(m)z +b

The mass Is independent of any
Instrumental parameters

B Internal calibration

B External calibration

46



Mass-to-Charge (m/z) is a Function of Flight Time

SOUvCe I drift recion

In a electric field — In drift region
[Potential Energy] [Kinetic Energy]
V' whereV = 1 27eEs \2
E= ; accelerating voltage Emv = C|V =zeEs—— v= m
1
—— Flight time m )2 Relation between m/z and t
t=| ——
27eEs

m 2eEs ).,
? = D? L 47



Fourier Transform lon Cyclotron Resonance
Analyzer, FTICR

Detectar ‘
plate
FAYAVAY ﬁ Lol
Trapping t Dia
plate K detection on — FT an —

— Excitation |frequency spectrum  mass spectrum
' plate

Z

Magnetic
field, By e

|._ o o o~ excitationan, ane frequency
— — (RF} excites one M/5

£ 1997 PALL GATES
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F=zvXxB

/ Vv F: Magnetic force on the ion
Z
z: Charge of the ion
\ F Vv: Velocity of the ion

A charged particle (ion) will rotate
around the magnetic field line of a

® B: Magnetic Field hompgeneous magnetic field in a circula
motion.
1. lons in a magnetic field move in circular orbits

characteristic of their m/z values.

If energy Is provided at a frequency equal to their
precession frequency, and in a direction
perpendicular to their plane of precession, the ions
will absorb the energy, enabling them to be

detected. i N
2am, Z 27w,




Step 1 Step 2 Step 3

Mo KR = Mo RF
o
= R~
Thermal lons cyclotron Applying a RF signal at  Without collisions, the
at a frequency the cyclotron frequency accelerated ions
dependent on their m/z resonantly accelerate continue to cyclotron at

at a smaller orbit radius  the ions to larger orbit the larger orbit radius at
radius the same frequency

50



v Extremely High Resolution
v'MS" capability

v'Superconducting Magnet

v'Difficult to operate

v'"Must Operate at very good

v'Becoming increasingly reliable
vacuum

+10
Bovine Ubiquitin

L o T ] T T 1
857.2 a57 4 457 6 837 E 553 II] 858 2 -355 4
Mass/Charge




Principle of Protein
|dentification and Quantification

52



Peptide and Protein Analysis

Gene

Expression Enzymatic

Digest

\ ”} Peptides
: Sy

P 'I"\I | I
L f
o
W+ E}'B-

Theurem :
Peptide or Peptide or

Fragment Fragment

mass MASS SPECTROMETRY mass

DNA



Mass Spectrometry Methods

9 Protein .
: _ Peptides
o2y 3? - i
> o
digestion v EHF
Molecular weight |dentification

Sequence information

v MALDI TOE MS v'Peptide mass fingerprinting

v ES| MS (MALDI TOF MS)

v'Peptide Sequencing
(Tandem MS)

54



Two Ways of Measurement—
1. Peptide Mass Fingerprint (by M.\W. measurement)

MALDI-TOF M
Mass spectrometer A oF M5

———

781.50
1081.55

¢ é £
g o%ce 0o o - . 3
s R b 2 3 o %
£ § hr
c
Transport Mass DETECTOR %‘ ‘ ‘
optics analyzer — N J | L

2000 2400

MQIPVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNICK
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Two Ways of Measurement—
2. Peptide Sequencing (by MS/MS, or Tandem MS)

MQIPVKTLTGK ITLEVEPSDTIENVKWEDGRTLSDYNICK
TITILIEVEPSPTIENVK

Yis Y1a Y13 Y12 Y11 Y10 Yo Ys Y7 Yo Y5 Ya Y3

MS/MS
Tandem mass spectrometer 100 y, ESIFQ-TOF
A cr?
2 (9N
I § § Y10
© ™
S — Y11
S Y7 S <
Q Y3 Ys Q
© ™ y
Y Ya o Yo ays P Yis 7%y
MS 1 = 8 5 S i o 3 3 ©
ION Transport . DETECTORC_G ™ § © | N o Qo S
SOURCE optics Collision \ g ‘ AL 5378
cell Inert I ! N .
00 600 800 1000 1200 14001600 180C

4

gas



Peptide Mass Fingerprint

* This methodology was the first
to allow protein identification
without the need for time-
consuming Edman sequencing
or immunoaffinity probes..

o Landmark Study(1993)

MS approaches alone could be

used to analyze proteins from
William J. Henzel; Protein Chemistry; 2DE

Genentech

Left to right:

John T. Stults; Analytical Chemistry;
Genentech

Colin Watanabe; Software Engineer;
Genentech 57



Peptide Mass
Fingerprinting

-COOH

58



Step 1: Enzyme digestion or chemical fragmentation

Protein
H N & OAAOTEO gc:ys
AORITOOAACOAOAAORY B Arg
(1< O9<> O -COOH

Reduction / Alkylation
Tryptic Digest

JOeEE AR 060AAOIROAE €0
oomm OonmdvvEm OBROVOVESV Ve
0 e mOARDGOAAOTIHOAN

Every protein generate a set of unique peptides
& - B %9 ¥ - £ ehpeptiderr s 7



Step 2: Mass spectrometry analysis

A unique list

0o mOARO OO AAOTIOAN ¢

Peptide Mass Lists Peptide Mixtures

for each protein in Database _ _
% Intensity Extraction, clean up

Mass Spectrometry Analysis

Mass Spectrum

JOSOEE AN 060AAOImOAE €0
somm Oomévvm OBOVVOVEOVVE

600 m/z

60

3000



Step 3: Database match

Query Setup
"w'eb Server |nformation
JRL: 1015222 HTTF port: 80 Status: 0K
Digest Reagents Peptide Properties M7z o e e |
1]
Simulate digest with: |Tr_l,l|:|sin ﬂ
Charge [+ve]: 1
Secondary digest with: | None ﬂ Tolerance [+ I | Da ﬂ
’ 015
Mumber af mizzed cleavages: 1 i' I fmlireE: To I erance
Mol Weight I
[ Exclude lockmass
e Restrict (M) [ Edit exclude list Exclude List
n 200000
te Da Database |
. . Chloroplagt_tranglated “ c h ME
Isoelectric Point CHROMOSOME TRANSLATION garch type [M3)
Heliobacter_p : . .
™ Restrict [pl] J_COFFEY_EST (" Search monoizotopic mass list
: Salmonella

R ange from ||:| ko (0 SmalldRFS_50z ﬂ * Search cument spectiim

CcD T.ChiDl
Modification Hits to return
Fixed modification ................... b axirnurn hitz ; 20

Acetolation M-Term -

Acetylation K, "

Carbarnidormethwl Carbarnidormethyl -

Carbosyrnethwl Carbosyrnethwl Optlonal Peptlde MatCh 0

Carbarmyl Carbarnyl

b etbwl ester - CTem b etbwl ester - CTem

Methyl ester | Methyl ester |

[ |

Cancel |




Step 3: In-Silica digestion

Mass Peptide Sequence

3583 8 NGTTDISILHCTTEYPTPY
' SLNLNVIHTLK

Protein Sequence 34936 RPGNGISPMNWYDILGQEAQ

DDFEEDEVIR
MVYIIAEIGC NHNGDINLAK KMVDVAVSCG 29954 SVEIFSTPFDEESLEFLIST
VDAVKFQTFK AEKLISKFAP KAEYQKATTG DL TIGY SDHSIGSEVPIAAA
TADSQLEMTK RLELSFEEYL EMRDYAISKG 20445 RLTIGYSDHS

VETFSTPFDE ESLEFLISTD MPIYKIPSGE 23242 VILSTOMAVMEEIHOAVNIL R
ITNLPYLEKI GKQQKKVILS TGMAVMEEIH et MILAlCON N GL AR
QAVNILRQNG TTDISILHCT TEYPTPYPSL _ _ :

NLNVIHTLKD EFKDLTIGYS DHSIGSEvPI  Digestion 1811.8 FENQLPELHHHHHH

AAAAMGAEV! EKHFTLDTNM 1683.8 HFTLDTNMEVPDHK
EVPDHKASAT 1573.8 IPSGEITNLPYLEK
PDILAALVKG FALLNQALGR FEKIPDPVEE 1558.7 LELSFEEYLEMR
KNKIVARKSYV VALKPIKKGD IYSIENITVK 1453.7 ATTGTADSQLEMTK
RPGNGISPMN WYDILGQEAQ DDFEEDEVIR 13927 MVDVAVSCGVDAVK

S

DSRFENQLPE LHHHHHH 1351.7 GDIYSIENITVK

1269.7 ASATPDILAALVK
1159.7 GFALLNQALGR

954.63 SVVALKPIK
926.48 IPDPVEEK
696.36 DYAISK
670.36 FQTFK

] 1, 638.31 AEYQK

600 1000 1500 2000 2500 3000 238.25 DEFK 62
m/z

Intensity




Search Result

/J MS-Fit Search Results - Microsoft Internet Explorer

MS-Fit Search Results

JEiIe Edit “iew Go Favortes Help
@0 Al
Back Fomward Stap Refresh ~ Home:

| Addiess I@ hittp: £ 4sullive_1 Aucsfbind, 2/msfit cgilt0

Fullscreen

7

Mail

=

Edit

a4 & o9 ¥

Search  Favortes  History  Channels

Prieit

Press stop on your browser f you wish to abort this WS-Fit search prematurely.

Sample ID (comment): Magic Bullet digest
Database searched: SwissProt.r36

Iolecular weight search {1000 - 100000 Da) selects 69977 entries.

1. 9417 matches (52%4). 509387 Da, pl=8.92. Acc #P15273. YEREW PROTELRT- TYROSTNE PHOSFHATASE YOFH
(VIRULENCE FROTED)..
mz

MH'  Delta Peptide Sequence

start end Modifications

Al pI rAnge. SEIL) Gitites, 1032.3776 1032.4613 -81.08354296 303} R)FGMPDYFR:
Combimed melecular weight and pl searches select 69977 entries. ’ D (R)EGMEDYIR(Q)
MS-Fit search selects 6 entries 1048.3828 1048.4562 -70.06321296 303 R)FGMPDYFRI()) 1Met-ox
’ 1169.5016 1169.5915 -76.83218206 2160 R)NTLAPATNDPR(Y)
1254.5883 1254.6806 -73.56988457 4680 K)LAEGOQGRPLIINS-)
Considered modifications: | Peptide N-terminal GIn to pyroGlu | Oxidation of I | Protein N-terminus Acetylatf |1503.6050 1503.7443 -92.6867| 180 194)(R)ATAPSTVSPYGPEAR(A)
Win # Peptides  Peptide Mass  Peptide Masses  Digest  Wlaw # hissed  Cystemnes Peptide T D e 32 Lo Y RIPREHTS GHEG IGEIR ()
to Match Tolerance {(+-) are Tsed Cleavages  Modified by N terminus © 1639.6438 1639.7420 -39 8806 424 437 (RNSQLSVEDMYSQMR(Y) || IMet-ox
4 15.000 I T . 1 lamide Hydr (}I) F 1655.6398 1655.7369 -58.63270 424 437R)NSOLSVEDMVSQMR(Y) 2Met-ox
AUUPPM - monmsetopic  Lrypsm acrylamide Hydrogen TeE 4 11755.8062 1755.9605 -8733562| 279 295/ R) TPVLAVT ASSSFTANQR(F]
Result Summary 8 unmatched masses: 1548 6147 1549.6359 1550.6284 15806739 1624 6016 17697882 1859 8237 2289.9302
The matched peptides cover 19% (91/468 A4's) of the protem. A
MOWSE # (“fn) Protei SwissProt.a36 Coverage Map for This Hit (M 3-Dhgest mdex #); 71424
Rank Score Mlasses MW?];:)IJ‘ I Species Ac?:?assiou:# Protein Name
Matched L
I
1 597  4/34 (11%) 50939.7/8.92 YEREN  P15273 FROTEIN-TYROSINE PHOSFHATASE YOFPH (EC 3.1.2.48) (VIRULENCE
~—  PROTEIM).
1 507 4/34 (11%) 50954.7/9.03 YERPS P08538 FROTEIN-TYROSINE PHOSFHATASE YOPH (EC 3.1.3.48) (VIRULENCE
~—  PROTEIN).
2 996  4/34 (11%) 60163.9 / 9.56 SOLTT P32088 PROBABLE INTRON MATURASE.
3 377 434 (11%) 819598 /8. 75 MYCGE  P47486  PUTATIVE DNA HELICASE D HOMOLOG (EC 2.6.1.-).
4 2 4/34 (11%0) 95585.5 /53T ECOLI P03815  CLPE PROTEIN (HEAT SHOCE PROTEIN F&4.1). -|
T # (%) . .
MOWSE Protein . SwissProt.r36 .
Rank Score MMasses MW (Da)/pI Species Accession & Protein Name
Matched P
PEOTEIN-TYEOSINE PHOSPHATASE YOPH (EC 3.1.3.458)
1 3.43e+004 9/17 (52%) 50939.7/83.92 YEEEMN P15273
= ( ) — (VIEULENCE FEOTEIN.

bs



Peptide Mass Fingerprinting (PMF)
O

In-Gel Digestion

K_‘ ’6

Y ®

Extract peptides;
mass analyze

= 1]

Each protein has a unique peptide mass list

Database search 64




Tandem Mass Spectrometry (MS/MS)

CJoeEE AN 060/AAOTIEOAE €@
conn O mO/vm OBOVOVES Ve

¢
lonization Source
MALDI
Electrospray OEIDI DI@V—V‘I
onn oy, = _, ooomd I@V‘VLI
ODDIO—V OWI
QDBI@VJV \Vaz |

Molecular lon

Fragment lons

Molecular lons

65
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K ¥a % X Y. Z X Y, 7, -
1 S S S S S Wi Peptide
B, 0 : CB: 0 Ry 0 = R, 0 F t t
N 11 U R 1 U O O O R
HH —C—-C—-H—C—-C_-H—-C—-C-H—-C—C" ragmentation
TR0 T DT ST S O T S I O
H: H H: 'H H H H OH
5B ¢ BBy ¢ KB ¢
M termmal ions
§-P-A-F-D-§-I-M-A-E-T-L-K
(protonated mass 1410.6)
mass* b-ions I—iuns mass’
. . B8.1 S PAFD S IMAETLE 1323.6
a,b,c — N-terminal side 185.2  SP AFDSIMAETLE  1226.4
C inal sid 256.3 SPA FDSIMAETLE 1155.4
X,Y¥,Z — C-terminal side 403.5 SPAF DSIMAETLK  1008.2
518.5 SPAFD SIMAETLE 893.1
605.6 SPAFDS TMAETLK 806.0
718.8 SPAFDSI MAE TLE 692 .3
850.0 SPAFDSIM AETLE 561.7
921.1 SPAFDSIMA ETLE 490 .6
1050.2  SPAFDSIMAE TLE 361.5
1151.3  SPAFDSIMAET LK 260. 4
1264.4  SPAFDSIMAETL K 147 .2



Residue
Mass of
Amino
Acids

Name Symbol Residue mass Side-chain
Alanine AAla 71.079 CHs-
Arginine R,Arg 156.188 IN=C(NH2)-N-(CHz2):

Asparagine N,Asn 114.104 H2N-CO-CHa-
Aspartic acid D,Asp 115.089 HOOC-CHz2-
Cysteine C,Cys 103.145 HS-CHa2-
Glutamine Q.GIn 128.131 H2N-CO-(CH2)2-
Glutamic acid E,Glu 129.116 HOOC-(CH2)2-
Glycine G,Gly 57.052 H-
Histidine H,His 137.141 Imidazole-CHa-
Isoleucine Llle 113.16 CH3-CH2-CH(CH?3)-
Leucine L,Leu 113.16 (CH3)2-CH-CHoa-
Lysine K,Lys 128.17 H2N-(CH2)s-
Methionine M,Met 131.199 CH3-S-(CH2)2-
Metsulphoxide Met.SO 147.199 CH3-S(0)-(CD2)2-
Phenylalanine F,Phe 147.177 Phenyl-CHa-
Proline P,Pro 97.117 Phrrolidone-CH-
Serine S,Ser 87.078 HO-CH2-
Threonine T,Thr 101.105 CH3-CH(OH)-
Tryptophan W, Trp 186.213 idole-NH-CH=C-CH
Tyrosine Y, Tyr 163.176 4-OH-Phenyl-CH2-
Valine V., val 99.133 CH3-CH(CH2)-




n
Yn
I

b
FESNFNTQA

Peptide Sequencing

2 TOF M=k 714.73E

01 Center 17 (Cen 2, 8000 Ar)

zyine 10fmaliul

kbl

141257

A

w11

IIIIII LI | III I ME

™

T B R T e e T

1200 1400
20420

1000

00

B0

400

200

F (phenylalanine): 147.177

S (Serine) : 87.078

68



Tandem Mass Spectrometry

4 h
PARENT e N\

MASS ANALYZER IS/~ N PRODUCT
PARKED, PASSING[ PARENTIONS MASS ANALYZER
ONLY PARENT IoONg ENTER MS 2 IS SCANNED,

NEUTRALS -IONS TO TO COLLISION COLLIDE WITH SCAN PRODUCT
FORMED IN PARENT MASS CELL Ar GAS AND ION SPECTRA TO

ion SOURCE ANALYZER MS 1 \ DISASSOCIATE THE DETECTOR
I
\\
-0 @eg
I @D
ION SOURCE Transport MS 1 Collision cell II MS 2 DETECTOR

optics Inert gas 60



In space

Methods of MS-MS

MS 1 Collision MS 2
cell

Precursor - o Product ion scan
ion selection  Dissociation

]y semE

Frocduct ion scan

.‘_'_,_F"' - e
_— —— 3 —
"‘-\-.x“ S .
Selaected el I Scamnnimg
TuE

Frecursor O scan

B —— i) .
— — i — —_—

l"—\_\_\_\*
Scannminmng L § I Selectedc

mE
Mleutral loss scan

—_— I L — -
— e — - — -
— o ""‘x*- —_— 70
SCcannimo CIlCs Scanning

s = X s = Xx—a



Triple Quadrupole (QQQ)

ESI Probe
T

—

Square Rod lon Transmission to

Ll

I

Analytical Quads

1

I Hyperbaolic, high I

Quad Functions during MS/MS

Q1 scans a preset m/z range or selects ion of interest
Q2 (collision cell) transmits ion and introduces collision gas into flight path
Q3 analyses fragment ions generated in Q2

l{u is Mon-Linear Collision Cell

02

Q3
[ ]

Electron
precisian Multiplier,
quadrupoles Detection System

71



apnydwe J

Methods of MS-MS

In time Time 1 Time 2 rime:s
1y Sems

EJECT ALL PRODUCT
IONS OTHER ON SOAN
THAN PARENT
ION

INJECION OF

IONS INTO THE COLLISIONAL-

TRAP INDUCED _

DISSOCIATION

Time (ms)

72



New Types Mass spectrometer

MS 1
magnetic
analyzer Dé
Quadrupole /@
analyzer
=
lon trap Bt
analyzer 33
Time-of-flight s
analyzer \I[ .ﬁl
\

Collision
cell

MS 2

Electrostatic
analyzer

Quadrupole
analyzer

lon cyclotron
resonance cell

lon trap
analyzer

Time-of-flight
analyzer 73



Orthogonal-Quadrupole Time-of-
flight Mass Spectrometer, Q-TOF

Triple quadruple MS

=

Time-of-flight MS

+

» Good precursor ion
selection

» Efficient fragmentation

T

- —L

»Good sensitivity
» Good sensitivity
» Good resolution
» Speed




2D Linear Trap Instrument

Triple quadruple MS Quadrupole ion trap MS
|J ° E > |J >0 -
A i R Y

> 4 nm itivi
scan modes »>Good sensitivity
> - - - . . -
Quantitative analysis > Sensitive product ion scans

shimmar Aux AG
erifice / N: .:AD Gas Exit lens
v
|| | | | - ‘ 1=
FIDI:“ 1 HIY
LIHM: IlrmaTr ion trap
Ix10- Torr

Blanc et alygroteomics,
3, 859 (2003)



FTICR Trap Instrument

Linear ion trap MS

)

A

Fourier transform

ijon cyclotron
resonance MS

super

conducting

| J
1

o >

»Good sensitivity
» MS" capibility

super
conducting
magnet

)

» Accurate Mass
» Ultra-high Resolution
» High dynamic range

76



Time-of-flight / time-of-flight
Mass Spectrometer, TOF-TOF

i N, laser

Detectors

TOF 2 source / \
s \

Retarding
lens

collision cell

. N

oy
- -
—
— — e =

- w—
- o e memaes

/ \

\
Reflectron

i
il
i

Floating

Schematics from
Applied Biosystema



High Energy Peptide Fragment
Pattern and Nomenclature

Xn
M - Single cleavage --Th Yo

| >z Yni1= Ynia-2H

T Vet
|_ St : : :'__V_\Ln-i |yn A

~HN- QHTCOENHLCH LCO-NH-

R, oy,

<é-_ < ——: "_—I_”r— ! <--_:

| b, <- Ri+l : Diq

J - Double cleavage ¢ d<--ﬁ

| Nomenclature of Peptlde Fragmentation
—CO#HN CH CO-NH- CH CO+NH—

78



Separation and Fractionation
Tools

79



Diverse Properties of Proteins v.s.
Mass Spectrometry

v M.\W. measurement )
v Protein identification Protein

v tandem mass spectrometry Complex
Protein-ligand smooth endoplasmic reticulum ;(maChmeS)
interaction £, v M.W. measurement

v Protein identification

Post-translational
modification

v Protein identification
v Tandem mass spectrometry 80



Number of Proteins per Genome

 Haemophilus
o E. coli

e Yeast

e Caenorhabditis
« Drosophila

e Human

1742

4413

6600
18000
13000
>100000

81



What Do We See?

" Lo .
it il = 1
“# e
[ i
. - - r
b sy L= L

[ 4
& - s G l

Technology Platform V.S. Complex Proteome

.

" rn .
!




Proteomic Technologies for
Biomarker Detection & Discovery

B Gel electrophoresis
v Two-dimensional gel electrophoresis (2DE)
v Two-dimensional differential gel electrophoresis (DIGE)

B Gel free ( Mass spectrometry)

v Surface-enhanced laser desorption / ionization TOF MS
(SELDI-TOF MS)

v Multidimentional protein identification technology MudPIT
v Isotope coded affinity tag ICAT

B Other technologies:
B Protein microarrays
B ELISA

83



A key technical challenge in proteomics

A more complex biological problem

Diverse solution
(10° — 10° for protein abundance)

~

Mass-spectrometry + Sample prefractionation
strategy for more

complex mixture ?
84



Separation Methods for Protein and Peptides

Method Basis of separation
Chromatographic methods
size-exclusion chromatography molecular weight
lon-exchange chromatography charge
reverse-phase high-performance chromatograpt hydrophobic interaction between the sample and bondec
hydrophobic-interaction chromatography salt-promoted adsorption chromatography
affinity chromatography biomolecular interaction

(DNA, ligand, antibody--*)
Electrophoretic methods

one-dimensional gel electrophoresis molecular weight
two-dimensional gel electrophoresis st dimension: charge; 2nd dimension: molecular weigh
oel-free 1soelectric focusing charge

Subcellular fractionation subcellular fractionation

85



T RERSTED)
Example:
Today's 2D Gel-Based Proteomics

[ differentially expressed (170)
I no differences

86



2D-PAGE & Protein Identification

: -
Isoelectric - .
focusing, IEF SDS-PAGE s ¥ 3
IZI BNl N 1R R

=
(Molecular weight) . ===

—
differential
expression

. i pattern
database peptide mass in-gel digestion

searching finger-printing

87



Robotic spot excision In-Gel Digestion and
sample prep for MS

Automated data processing and

database searching
Advanced MS

88



Differential Gel Electrophoresis (2D-DIGE)

Test labelled Control labelled
with propyl-Cy3 with methyl-Cy5
—
N\ ‘!} v
l IEF

2D-electrophoresis

VRN ™\ sps-PAGE

AE Cy3 AE Cy5
Image A Image B

89




2D-PAGE & protein identification

* MALDI-TOF MS is mostly used

 advantages:
— discovering biomarker
— high reproducibility
— semi-quantitative
 drawbacks:

— low sensitivity, particularly for less-abundant
proteins

90



Plasma proteome of Severe Acute Respiratory
Syndrome (SARS) analyzed by 2-DE and MS

(A)

66

45

30

20

14

pH 4

_ Normal Patient
Proc. Natl. Acad. Sci. USA., 101, 17039 (2004) 91



Protein Profiles of SARS Patients




MALDI

Peptide Mass Fingerprinting (PMF)

Direct LC-MS/MS

Poor salt tolerance
lon suppression

93



AR K ATH B R

lon suppression
Salt tolerance
Sample concentration LET

w bl
= Contials
—— A e 3
Mapgiing 1 Digesteon _
s i + Moddcaioe: b alowe Fhﬂpml-d'l
 Aywage 1 Morgisslopic - -
| Urmodded - e r._
» Mwuﬁ amuy N T Acwseliri 1"' HH@: 1%
| Amidation —————
| Fomiation WWHM
+ TIC of +Q1: from genO1 wiff - |O] Mass tolersnce: I ] 1 Giycosplation [Fiore =
—mm—m—m— v | Mastirplaban i "
TIC of +21: fram gen1.viff Mas. 4.8e7 epe. M st ik | 7 Draedafion e L AT LA T
I Maich pepbdes io deis | Phasshorlation | = =]
4507 ] FesstioDatad. | [ SetisDaman | st | uoses | M |
40e7 = =R
e T Desetiplion; [N C T PADTO ONCOGENE 1 ol 26 matched - 4%
2507 Soquancs mapped b gl Flevert o Saved
Mono, M 236,23 =58 = ]
P T15 TE Selechior: €589 C7T6H124 W20 02 Ave M 23478 EX0 132 i
o T1 A MFEFYOLELL LLLEATALLT WEQEEGOUES QOEDTPPITC VONGLEYNEE BVMKBERCRET & E B
= §1|CYCDUCHYLE BOTICBETEN CPEAXURECE CCMICPICESE SFTIQETTEY BCFECHTSRR
- 2Ae T4 121 GPECFRGFPG EDGCIPGROPGL POPFSPROPP GPPGLEGHER POLSTCYIEE STRGISURGE
% T2 T1 2 PR MEPECEECLY GOPERFGROG BUCFRCERGE POASGRMGPE GFPCIPGENEG DUCEACKIGE
c 20e7 241 |PGERGPRGRD GRFGLPGTAG LPGISGERGE SGLDGREGIA GFRGFEGEFG 57GENGAPGD
"E —|—1 AL MCPBCLPCED COICAPCPAGC APCNDCRTCR ROPPCITCPR CFPCEFPCAYC RECELCIOCE
- 9 BELPCEICROCYD GEPCPFCPRGC MACPNCHPCH wﬂﬂ CAPCIAGAPG FPCARCPSCH
1.5e7 4 AZLQLPLLPPLPY CHICEPLAPE L ARCEPEFTEL
T3 | 482loCPEcEICCY CERCERCADG VACPHCPACE BEEPCRACEE cmmu ERGLMEARCL
1.0e7 ] ¥
. I!I.ﬂﬂmh-lﬂtlﬂl LN
50:8 J - Hass Sequsnce Hind =]
1 T El-ﬂ' 4530 EIIEI 3245 =MMLTELK=N |
o.op T T T T T T T T T T T T T T T T T 2 ) T1-T2 Z271.5812 F2729071 K=NTPYSELITLGEMNMOLERAR =M
0O 5 10 15 20 25 30 35 40 45 50 55 60 65 7O 75 20 25 3 v T2 305 1666 304.7301 ReMR=k
Time, min 1 T2-Ta 1461152 1458292 R=kr
fj 5 Ta 10595379 10802323 K=GOlFAILK-0
3 X T3-T4 4832512 4833174 K=0HAK=5
T T4 J3I04 5320 FARS EEES K=BCEDIFGOGVIELGOGFGFLR=E
i T 177383 TT5BTSE R=TEOMSGK
|9 1 T a0 4123 BB 0348 KeIRPFE-E
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Table9.3 Mass differences due to isotopes in multiply charged p

Charge on peptide Apparent mass Mass difference
between isotope
Single charge [((M+H)/1] 1Da
Double charge [((M+2H)/2] 0.5Da
Triple charge [(M+3H)/3] 0.33Da
n charges [((M+nH)/n] 1/nDa
100 5 1296.85 o1 100 648.82 "
> 804 120764 2009 649.32 (648.85)
§ 60 3 60
S 40 40
R ] 1298.64
20 1 20
0 - )
1296 1298 1300 648 649 650 651
mfz mfz
100 - 432.93 _ +3 100 32495 +4
3 (432.90) (324.93)
2 60 - 60
£ 40 40
R ]
20 ~ 20
OE OI"III""I""Ililll 95
433 434 3245 325.0 3255 32%6.0 326.5

mjz mfz



IC: from Sample 2 (Sample002) of Sep2503_01Phosphorase.wift

£ Ges 83615

30,70

S0e5

4.0e5 4

230eh 4

LB Sy, LS

2.0e5 4 453 31

1.0e5 4

gz, 5.8e5 cps.

Liquid chromatography
scan

0.0'1 /
2

FTOF WS: Experiment 1, 22.661 to 23.023 min from Sample 2 (Sample002) of Sep2503_01Fhosphorase wiff
=3 556542803 2626T000:-004, 10=5 5754232 19045539730 e+001

hlax. 1022.8 counts)

Faz 4820
1000 4
200 M S S C a n

a
=

2 GO0
=
5

5 400

200

K

o all.ll I bt “.L LILI.I. b i " i . i L i i i b i i .
500 [=un} Foa 200 =lu]u] 1000 1100 1200 1300 1400 1500 1G00 1700 1200
mfz, amu

FTOF Product (782.5%: Experiment 2, 22 5695 to 223.057 min from Sample 2 (Sample002) of Sep2503_01Fhosphorase.anmiff

=2 55654280225 267T000 e-004, 10=5 575422 120455207 20 e+001

58
50

B 40 -

2 856 4520

= a0 467 2009

=

]

kT 20 4

S 474 3136 060.6024

535 3760 7899621 gaq sgho
)] 490 247 g0 2ase 954 GopG

hlax. 575 counts.

MS/MS scan

Lnlyl A TN i=lnly]

[=laly] ANnNn

440N 420N AN ARMN ARMN AT0nN 480N
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; Matrix Science - Mascot - M5/MS Ions Search - Microsoft Internet Explorer

File Edit Miew Favorites  Tools  Help

b

€@ Ll

fddress Iféj hittp: f funana, matrixscience, comfogifsearch_form. pl?SEARCH=MIS

Links @Custumize Links @Free Hotrmail @Winduws Media ;E:l'-.-'-.-'indu:uws

MASCOT MS/MS lons Search

Your name Iﬁ,fjchen

Email ijchen@chem.Sinica.edu.tw

Search title |D:HF'E Sciex DatahProjectshCYENDatabPhosphoraseé\Sep2503_01Phosph

Database |NCEInr =l

Taxonomy |ﬂ|l entries

Enzyme |Trﬁ,-'p5ir'| ;l

_ Fixed [ap old_1CATdO (C)
modifications |ap old_1caTde (C)
Scetyl (K
Acetyl (M-term)
Amide (C-term)

Protein mass I kDa
|pa =l

Peptide charge |2+ ;l

Peptide tol. + |0.3

E

[

Allows up to |2 "I missed ceavages
Variable [acetyl (N-term) -l
modifications |amide (C-term) =

Biotin (K
Biotin (M-term

Carbamidomethyl ()

ICAT [

MS/MS tol. £ 0.3

|pa =l

Monoisotopic & Average

Data file [P\LOCALS~1 Tempimass2.tmp|  Browss... |

Data format ||"-"|E|SI2I:It generic |

Instrument |Default -l

Overview [

| Start Search ...

Precursor I myz

Report top |20 ¥ | hits

Reset Form |




MATRIX
lotivers Mascot Search Results

User

Email
Search title
M5 data file
Datahase
Timestamp

Significant hits:

yijchen

¥jchen@chem. sinica. edu. tw
D:\PE Sciex Data\FProjects\CYR\Data\Fhosphorase\5ep2503 D1Phosphorase.wiff : Sample002
C:\DOCUME~141ab212\LOCALS- 1\ Tempymas52 . tmp

SwissProt 42.10 (184535 sequences; 83187710 residues)

24 Feb 2004 at 12:03:33 GMT

POO489

{PHS2_RABIT)

P11217-00-00-00 (PHS2 HUMAHN)

018751
P1121e

(PHS2 SHEEP)
(PHS3 HUMAH)

PO6737-00-02-00 (PHS1 HUMAHN)

PF04191-00-00-00 (ATAl1 RABIT)

QE5FR6
P22705

{RPOC_CYAME)
{RPOD_AHASP)

Probability Based Mowse Score

Glycogen phosphorylase, muscle form {(EC 2.4.1.1) (Myophosphorylase) Glycogen phosphorylase, musc.
Splice isoform Displayed; Wariant Displayed; Conflict Displayed; from P11217 Glycogen phosphoryl.
Glycogen phosphorylase, muscle form (EC 2.4.1.1) (Myophosphorylase) Glycogen phosphorylase, musc.
Glycogen phosphorylaze, brain form (EC 2.4.1.1) Glycogen phosphorylase, brain form (EC 2.4.1.1)

S5plice isoform Displayed; Wariant GSD-WI-VAR 007909; Conflict Displayed; from P06737 Glycogen phu
Splice isoform SERCA1B: Wariant Displayed; Conflict Displaved; from P04191 Sarcoplasmicfendoplasy
Bifunctional DHA-directed RHA polymerase beta' and beta'' chain (EC 2.7.7.6) (PEP) [Includes: DHi
DHA-directed BHA polymerase heta' chain (EC 2.7.7.6) (RHAP heta' subunit) {(Transcriptase heta' cl

Tong score iz -10*Log(F), where P is the probability that the obzerved match iz a random event.
Tndiwidual ions scores = 38 indicate identity or extensive homeology (p=0.03).
Protein scores are dertved from 1ons scores as a non-probabilistic basis for ranking protein hits.

45
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Number of Hits

T
0 200

Peptide Summary Report
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Probability Based Mowse Sco

Zwitch to Protemn Summary Eeport

1
1200
re

To create a bookmark for this report, right clhick this nk: Peptide Summary Beport (DAPE Soiex Data\Projects\CYE\Data\PhospheraselZep2303 01Phosphorase. wifl : 2 ample002)

Select All SelectMone | Search Selected

[ Error tolerant

98



1 ] ] " AulLULl LULCL QLI

FOO4E9 Ma=ss: 97097 Score: 1121 Peptides matched: 31
(PH32z RABIT) Glycogen phosphorylase, muscle form (EC Z.4.1.1) (Myophosphorylase] Glycogen phospl

[ Check to ineclude this hit in error tolerant search

Query O0Ob=zerved Mriexpt) Mr{calc) Delta Mi=ss Score Expect Bank Peptide
v 1z 490. 33 978.64 978,54 0.10 1 18 8.1 1 LPAPDEKETP
v 19 527.32 1052.63 1052.57 0.06 0 40 0.037 1 VIFLEHYR
v 20 527.80 1053. 58 1053.48 0.11 0 65 0.00013 1 THFDAFPDE
22 536.84 1071.66 1071.53 0.13 0 11 39 5 EIWGVEFPSE
v 27 559,35 1116.68 1116. 56 0.12 0 61 0.00044 1 VAAAFPGDVDR
v 29 573.32 1144.62 1144. 56 0.06 1] 45 0.017 1 YEFGIFHQE
v 40 615.40 1228.78 1228.67 0.11 0 82 3.5e-06 1 GLAGVEHRVTELE
v 45 631.83 1261.64 1261.59 0.05 1] 42 0.034 1 VFADYEEYVE
v 46 421 .95 1262.82 1262.70 0.12 2 30 0.45 1 OQRLPAPDEEKTP
v B3 453.30 1356.89 1356.76 0.13 1 41 0.034 1 CGLAGVEHVTELEE
v 73 713.95 1425.89 1425.77 0.11 0 70 4.1e-05 1 HLOITYETIHQR
v 79 721.89 1441.76 1441.69 0.08 1] 25 1.6 1 VLYPHI'HFFEGE
v 82 491 .99 1472.95 1472 .85 0.10 0 46 0.011 1 WPVHLLETLLFR
v 83 737.50 1472.98 1472.85 0.13 1] {45} 0.013 1 WPVHLLETLLFR
v =11 497 .29 1488.84 1488.76 0.08 1 20 3.6 1 LIWDEAWEVTVE
¥ 100 775.95 1549.88 1549.76 0.12 1] 60 0.0004 1 IGEEY¥ISDLDQLE
I 105 522._98 1565.91 1565.78 0.12 0 {63} O0.0002 1 DFAVGGYIQAVLDR
¥ 108 783.98 1565.94 1565.78 0.16 1] 70 3.8e-05 1 DFHVGGYIQAVLDE
w 109 790.98 1579.95 1579.82 0.12 0 {61} 0.00031 1 OQITEQLSSGFFSPE
¥ 110 790.95 1579.95 1579.82 0.12 1] 74 1.7e-05 1 QITEQLSSGFFSPE
W 11z 537.32 1608.95 1608. 86 0.09 0 45 0.012 1 VHIHPHSLFDWVQVE
113 g05.49 1608.97 1608. 86 0.11 1] {7} 60 4 VHIHPHSLFDVQVE
W 127 560. 32 1677.95 1677. 86 0.09 1 55 0.0013 1 IGEEYISDLDQLBE
¥ 13 g40.00 1677.98 1677.86 0.12 1 {48) 0.0076 1 IGEEY¥ISDLDQLEE
131 565.67 1693.97 1693.81 0.16 1 11 35 2 DFYELEFHEFQHE
134 570.99 1709.95 1709. 86 0.09 1 16 9.3 3 RIYYLSLEFYMGR



Nominal mass

NCEI BLAST search of PO04SS against nr
Tnformatted sequence string for pasting into other

Taxonomy:

Dryctolagus cuniculus

Variable modifica
Cleavage by Tryps
Jequence Coverage

tions: Carbamidomethyl
in: cuts C-term =ide of KR unless

1 33%

Matched peptides shown in Bold BRed

1
51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
&01

SRPLZDOEER
TYFALLHTVE
NLALENACDE
GLALLYGYTGIR
HF YGRVEHTS
DFNLEDFHVE
AATLQDIIRR
RVLVDLERLD
QIIYEIHQRF
LVNGVLRIHS
EIILERIGEE
REYEVHINPH
RTVHIGGKLL
SLAEKVIPLL
EELGEENFFI
SPKQPDLFED
VIRNILATSGK

EQISVRGLAE
DHLVGREWIRT
ATTQLGLDME
YEFGIFHQKI
QG AFHVD TOV
EYIQAVLDRN
FESSEFGCRD
WDKAWEV TVE
LNFVAAAFPE
EILEETIFED
YISDLDOLRK
SLFDVQVERI
PGTHMAEMII
DLEEQISTAG
FGHRVEDVDE
IVIMLMHHDE
FSSDRTIAQY

Show predicted peptides also

VEHVTELKEKN
QQOHYYEKDPE
ELEEIEEDLG
CGGUOMEELD
VLAMPYD TPV
LAENISEVLY
PVRTHFDAFP
TCATTNHTVL
DVDRLERMSL
FYELEPHKF ()
LLSYVDDELF
HE YERQLLNC
KLITAIGDVY
TE LSGTGNME
LUQRGYHADE
FEVFADYEEY
LRETWGVEPS

(M_1: 97097; Calculated pl valus: 6.76

(c)

FIEHLHFTLV
RIYYLSLEFY
LGNGGLGRLA
DWLEYGHFWE
PGYRNIMNVVNT
PHDHFFEGEE
DEVATQLHDT
FELLEFWFWVH
VEEGAVERIN
HETHNGITPRER
IRDVAKVEQE
LHVITLYNEI
NHDPVWVGDERL
FHLNGALTIG
YYDRIFELRQ
VECOERVI AL
RORLFAFDEE

applications

next rezgidues iz P

EDRNVATPRD
MGRTLONTMY
ACFLDSMATL
EARPEFTLPV
MELWSAKAPN
LELEQEYFWY
HPSLATPELM
LLETLLPRHL
MAHLCTAGSH
WLVLCNPGLA
MELEFAAYLE
EEEPNEFVVFP
FUIFLEHYRY
THDGANVEMA
ITEQLSSGEF
TENFEEWTRM
IP

sort Peptides By & Residue Mumber © Increasing Mass  Decreasing Mass
Start - End Observed Mri{expt) Mr{calc) Delta Mi=s Segquence
17 - 28 615.40 1228.78 1228.67 0.11 0 GLAGVEHVTELE (Ions score 52)
17 - 29 453.30 1356.89 1356.76 0.13 1 GLAGVEHVTELEE (Ions score 41)
61 - 93 570.99 1709.9%5 1709.86 0.09 1 RIYYLSLEFYMGR (Ions score 16)
161 - 169 573.32 1144.62 1144.56 0.06 0 YEFGIFHQE (Ions score 45)
215 - 234 769.78 2306.32 2306.14 0.18 0 WWDTOVVLAMPYDTPVYPGLGYR (Ions score 38)
215 - 234 1154.16 2306.31 2306.14 0.17 0 WWDTOQVVLAMPYDTPVPLYR (Ions score 25)
256 - 269 783.98 15635.94 1565.78 0.16 0 DFAVGGYIQAVIDR (Ions score 70)
256 - 269 522.98 15635.91 1565.78 0.12 0 DFAVGGYIQAVIDR (Ions score 63)
o778 . a0 hr s b | o0 1441 b X = 41441 =0 n na n IFT O MR O FTrmrmea omma e



R, O R, 0 R,0. R
n [ | I | O I | o
S HLH —C—-C-H-C—-C—_-H-C—-C_H—-C—C
0 A N I - N I
c H H H HH HH
! n1 :El' Ci“: ].":.;:E.E E;. n; ]i;rc;J
M terminal ions
1 “1 il\ ..||4 .|.| Il||. .Lulint | II i : I| : | : IL : . :.j:
200 iy B0 =l lu] 1 1200
Monoi=sotopic mass of neutral peptide Mr{calc): 142Z5.77
Ionz Score: 70 Expect: 4.1e-05
Matches (Bold Red): 14/112Z fraogment ions using Z1 mos3t intense peaks
# a a—H— a* a*-H- b h-H- h* h*-H- Seq. ¥ Y—H— 3’* Y*-H- &
1) 110,07 5554 133.07) 6954 H 11
2| 22316 /112.08 2511512608 L (12839.72 645 36(1272.69|636.85 |10
3 3312117611 3241916760 37921119011 362.18|181.59| Q |1176.64 |288 521159 61|580.31| 9
4| 464 30232 65| 447 27122414 492,29 |246 65| 47527123814 T |1048.58(524.7%1051.55|516.28| 8
S| 577 3R|282.19| 560.36 28068 60538303 1% SBE.35)284 68| I | 93549 (46825 2184745874 7
G| 7404537073 7234236221 TeE4L 38472 7514137621 Y | 8224141171 BOS. SR (40320 &
7| 869.49|435.25| 85246426 73| 29748 449.25) 2804644073 E | 659.35(330.18 642.32/321.66| 5
8| 982.57491.79) 965.55/482.28(1010.57|505.79| 993.54]497.27) I | 530.30|265.66| 513.28(257.14| 4
911096 61548 81 /1079.59 | 540.30|1124.61|562.81{1107.58(554.30| I | 417.22(209.11| 400.19(200.60] 3
T 224 &7 1812 2AT1o07T7 E51ENA 22012852 £7 1808 QA1 fA 112 220 M 2N RIS NGl 2RE 151142 521 9
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Monoisotopic mass of neutral peptide Mr{calc):
38 Expect: 0O

Ions Score:
Matches (Bold Red):

041
13/212 fragment ions using 22 most

23068.14

intense peaks

# . att a* a*tt h bt h* b*  Seq. ¥y v ¥ gt #
1| 159,09 &80.05 187.0%) %405 W 20
2| 258.16| 12938 286.15| 145358 YV o[2121.07 1061041210404 |1052.52{19
3 37319 18710 401,12 201.0% D |2022.0011011.50(2004.97{1002.92 |18
4| 474 23| 237 62 20223 25162 T 120657 953921885 95| 245 48|17
5| 02,29 301.65| 58227 29214 62029 31265| 61326 30712 0 |1805.93) S0247 178890 894.95|16
6 70136 351.18| 634.34| 34267 T2936| 360 18| F12.33| 35667 W |1677. 87| B30.44 166084 B30.92|15
7| BO04%2) 40072 7E340| 29221 82843 41472 811.40| 406,20 ¥ |1578.80| FE8290(1361.77 781.29|14
8| 91351 457 26| 89649 44875 941.51| 471 26| 524.48| 46274 L (1479273 74037146270 731 86|13
9| 98405 492778| 967 52| 48427101255 J0678| 99552 498.26| A |1266.65| 6BE 82134962 753112
1011115.5%| 552 30(109E 57 249.79111425%| 7230|1126 56| SE378) M (129561 64831 |1278.58| 6307911
1111212.64| &06.83(1195.62| 59831124064 | 62082(1225.61| 612,31 P (1164.57| S82.79|1147.54| 574.27(10
1211375771 68836 (1308 68| 67984140270 F02.36|1386 68| 69384 ¥ (1067.52| 23426105045 22575 9
1311459073 742 87147271 727361218773 TAR 87150170 751.36) D | 904.45| 45273 BE743| 444 22| B
141155178 79630157476 78788161978 B10.39(1602.75| 80188 T | 78943 35522 77240| 38670( 7
15|1658 54| 844 92[1671 81| B3641|1716 83| B58.92(169% 80| 85041 P | 688.38| 344 69| 67135 336 18| 6
16178790 894 46| 177088 88584 |1815.90| 0845|1798 87| 82054 W | 591.32| 25617 274.30| 287.63| 5
17)1884 96| 242 021867 92 924 4711912.95] 956 08(1895.92| 94847 P | 492.26| 24663 47523 23812 4
183|1541.58| 971.49(1924.95| 96298196997 | 985.49(1952.95| 97658 G | 39520 19811 378.18| 18959 3




Multi-dimensiona Liquid Chromatography(MDLC)
Coupled Directly to MS

Initial Biological Sample Prep and Protein Extration
(organs, tissues, cell types, subcellular components)

MDLC

Dry Down
Reduce/Alkylate/Digest

Edman Sequencing
Mass Spectrometry

Further Analysis and
Characterization 103



MudPIT (Multidimentional Protein
Identification Technology )

U U digestion Liquid Chromatography
" column 1 column 2

lon-exchange hydrophobic interaction

database searching | c/ms 5 on-line

& data comparison LC/MS 4 ”| tandem MS
LCIMS 3&\‘
HCIMS 2&;

LOMMS 1




Quantitation by Isotope Labeling (Example: ITRAQ)
Isobaric Tags for Related and Absolute Quantitation

Isobaric Tag
Total mass = 145

e e, Amine specific peptide

I reactive group (NHS)

: i

AN
Reporter Group mass N N
114 117 (Retains Charge) \) 11
N 1 O 1
~ .

Balance Group
Mass 31-28 (Neutral loss)

® Multiplex experiment: up to four different biological samples
® Amine-specificity: label all peptides in samples
¥ Stable isotope reagents: product ion spectrum reveals the

difference in abundance from each sample

105
Journal of Experimental Botany, Vol. 57, No. 7, pp. 1501-1508, 2006



Multiplexed Protein Quantitation by iITRAQ

Sample 4

1. Digest | )

1145 31 g1PVTGQFLK

i(_a
i(_e

117g 28 g1PVTGQFLK

115830 8PVTGQFL K1 1 65 29 BHPVTGQFLK

beli

300 -

S 200 115, 30 giPVTGQFLK

S MS/MS

g) 100 °

IS |

0 200 400 600 800 .

v Peptide

2 fragme =~ ! 0
MS/ \‘izoo 11481150116 L
MS £ 10 _ n r’\u/\l\"/:’ ~y

g ITRAQ reporter /N\) e

112 114 116 118 120|0N
M/Z



A New Quantitative Strategy for Membrane Proteomics

- @ @ e

Lysis Cell State 1 Cell State 2 Cell State 3 Cell State 4
Centrifugation Membrane Membrane Membrane Membrane
Fraction Fraction Fraction Fraction
Reduction J o Jm Jm
Alkylation - . -
Gel-assisted digestion
Isobaric Tags for Related and Absolute Quantitation
i B i B i B i B
117
,\/Ni, 114 ) 116 /\.)NH\,
117
A M& M, NH AN
| | | |
i l 114 ([ 115({116|[117
Combine
O A MS Scan
i H Ly
Lk D
LC-MS/MS Retention Time T M h

m/z m/z



Autosomal Dominant Polycystic Kidney Disease

ADPKD is one of the most common inherited life-
threatening diseases.It affects between 1 in 600 and 1
In 1000 live births in all ethnic groups worldwide.

enlarging renal cysts and a

progressive loss of normal Pathogenesis of the renal cyst
Kidney tissue formation and progression is
iInvolved:

__ ¥ o1« BAlternations in specific
++ L34+ L33 L33 ; . membrane prOteln pOlaﬂty ?

D1

BChanges in cell-matrix
o120 |nteractions ?

D30

Pkd1l Conditional Knockout

Postnatal growth retardation in Pkd1L3/L3 mutant mice. (A-D) Overall by Dr. Hung LI, IMBS, Academia Sinica
appearances of Pkd1L3/L3 mutant mice and their control littermates at 108
postnatal day 1 (A: D1), day 14 (B: D14), day 30 (C: D™ ~= s~ 4920

(D: D120) are shown. i . . _ - . -
American Journal of Pathology, Vol. 168, No. 1, January 2006



Identification of Differentially Expressed
Membrane proteins in ADPKD mice

Lysis
Centrifugation

Reduction
Alkylation

Addition of
ITRAQ Reagent

Combination

2D LC-MS/MS

Membrane
Fraction

ADPKD 1 ADPKD 2

Membrane Membrane Membrane
Fraction Fraction Fraction

Gel-Assisted Digestion

NH

%
\

NH NH29 = 116

N i

Retention Time

/\\ MS Scan
m UL

114|(115(| 116|117

il Lkt

M MS/MS
ﬂLi Scan




Intensity

Quantitative Analysis of Membrane Proteins from
the ADPKD Mice

845 proteins are quantified (False discovery rate =0)

v' 69 proteins are down-regulated (2-fold)

v’ 37 proteins are up-regulated (2-fold)

v Sodium/potassium-transporting ATPase alpha-1
EsE

\,

secolsece

v
RN

~ chain precursor (IP100311682)

1

3

5

|

i

0 = T
112 114 116

118

120

............ m/Z

1. DMTSEELDDILR + iTRAQ (Nterm)

2. LIFDNLK + iTRAQ (Nterm); iTRAQ (K)

3. DMTSEELDDILR + iTRAQ (Nterm)

4. VIMVTGDHPITAK +iTRAQ (Nterm), (K)

5. DAFQNAYLELGGLGER.V + iTRAQ (Nterm)

6. GVGIISEGNETVEDIAAR.L + iTRAQ (Nterm)
110



The Na*-K* ATPase is an ion pump that uses
the energy from the hydrolysis of ATP to -_
actively pump sodium and potassium ions
against their concentration .....

o

ATP +Pi K +

+ : :
T i --E-.. B Down-regulation of a1l or B1 subunit
+ il | _/
[Pase * / Diminish the trans-epithelial sodium gradients,
Bl D . leading to fluid accumulation in renal cysts.

P2 e —— -
AQP-2 e s D B Up-regulation of B2 subunit

B-actin M- ——— Because the /52 subunit is highly expressed
iIn normal fetal kidneys, this result suggests a
Result degree of either undifferentiation or

. dedifferentiation in the renal cystic epithelium.
orovided by Dr. s e

'|UﬂCI Li IMB Mol. Cell. Proteomics, 2008, 7, 1983—-1997




Systematic Manifestation of the Altered Membrane
Proteome in ADPKD

EGFR Abnormal Protein
3.04/2.19 Traffic

AL:0.65/0.51

B1:0.54/0.50
0.87/0. 99
2.73/1.96
148155 ACTN1 ’ .
m CTNNAL
rv v COAT anNDI»  1.48/1.18
1.38/1.66 2.13/1.99
" 57/1.53
0.53/0.62

Reduced Cell-Cell

Adhesion “
ACTN1 ) TLNL D

2.73/1.96 1.47/1.51
CellMembrane 4",
. | U 0.87/0.99
Extracellular Matrix
ITGA ITGB Enhanced Cell-
Al:1.00/1.00 B1: 2.30/2.20 . .
G 5L LG B2 3.37/2.53 Matrix Adhesion

Mol. Cell. Proteomics, 2008, 7, 1983-1997 112



List of Potential Drugable Target Proteins

Protein

Drugs

Diseases”

Epidermal growth factor receptor

Frostaglandin-endoperoxide
synthase 1 (cycloxygense)

Na'/K* ATPase alpha-1 chain

Fibrinogen beta chain

Fibrinogen gamma chain

Fibrinogen alpha chain

Alcohol dehydrogenase 12 (class [,
qamma polypeptide
i_ollagen, type VI, alpha 1

Flasminogen

Tumor-associated calcium signal
transducer 1

Folate hydrolase (prostate-specific
membrang antigen) 1
Dipepticyl-peptidase 4 (CD26)

Cetuximalb, AEE 788, panitumumab, EMS-
SR9626, ARRY-334543, XLed7, canertiniby,
gefitinib, HKI-272, PD 153035, lapatinib,
vandetanity, erlotinit
Acetaminophen/pentazocine,

acetaminopheniclemastine/pseudoephedrine,

aspirinfbutalbitalicaffeine,
acetaminophen/caffeine/dibydrocodeine
Cardiotonic steroid

Thrombin

Thrombin

Thrombin

Fomepizole

_ollagenase
Tissue plasminogen activator, tenecteplase,
aprotinin, epsilon-amino caproic acid

Tucotuzumab celmoleukin

Capromab pendetide
Saxaqglipting Talabostat, SYR-322, Sitagliptin

ADPKD lung cancer, head and neck
cancer, breast cancer, ovarian cancer

FKD, lung cancer, ovarian cancer

ADPKD, cardiovascular disease, cancer

Congenital afrinogenemia, hemorrhage,

hypofibrinogensemia

Congenital afibrinogenemia, hemorrhage,
dysfibrinogenamia, hypofibrinogenamia
Congenital afibrinogensmia,
hypofibrinogenemia, dysfibrinogenemia,
liver cancer, hereditary renal amyloidoses

Lung cancer
Frostate cancer

Metastasis
Cwarlan cancer, prostatic carcinoma

Cral cancer, head and neck cancer

Lung cancer, neoplasia




Imaging Mass Spectrometry

Frozan Sadtion MS Images

KLAL T3 TOF
Mass Spactromalar

i 3 B T 'h. I
4000 G000 g00d 10000
Mass (mz)

: * Laser

Fig. 1 Methodology developed for the spatial analysis of tissue by MALDI mass spectrometry. Frozen sections are
mounted on a metal plate, coated with an UV-absorbing matrix and placed in the mass spectrometer.

A pulsed Y laser desorbs and ionizes analytes from the tissue and their m/z values are determined using a time-of-flight
analyzer. From a raster over the tissue and measurament of the peak intensities over thousands of spols, mass
spectrometric images are generated at specific molecular weight values.

Nat. Med. 2001, 7, 453-45985



MALDI Imaging Strategies

fresh cut = blotting

C}—*P — =7 |

| ez i

~a dissection
o= lrozen // — / o,

l seclions
i / —
/ ,.f'/ matrix deposition MALDI MS

Flgure & Schevmbos of fhe clerent srfepes and sample prepnsion methads employed o eeesticehs prodery popu kstions i

I woagrngebamy

Membrane blotting of fresh tissue section, transferring some of the proteins
present

Direct analysis of a frozen and dried tissue section by coating it with
MALDI matrix

Laser capture microdissection followed by MALDI MS of selected cell

JMS 2001, 36, 355-3659



MALDI MS Analysis of Prostate Branches

L—} k%

L ] @

4Tt
= Rt |
= . e
_g -"'::\:I' '-:'l .|||||;_"|"|"'|:I| @I
0 (ducts insertion point) hi 2
E
2
z
z
2
-
T
=
|
k.
T T T T
XK Ted M1 134K | B=1HI1 244 WHHHI MW WEs 4500 HHK1 FiHE [FORE [ ]

Mlass (e ) Mlass {rme )

«Matrix deposited using
a narrow capillary
Within the duct (1-4)
the protein profiles are
Very similar

ariability seen in
other regions

Figure 10. MALDI-MSE analysis of 3 12 pm tissus seciion obtained from the mouse anterior prosiate:; (3) optical imags of

the seciion. The drops of matriz are circled. (b) Comparison of the protein profiles obfained in the left branch of the section.
(=) Comparson of the protein profies obtained in all three major branches and also near the point of embranchment.

JMS 2001, 36, 355-365
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