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MALDI preparation protocol:

e Dried droplet preparation: matrix solution mixed
with analyte solution on the metal target and dried

e Matrices are e.g.
2.5-dihydroxy benzoic acid (DHB) or
4-hydroxy-a-cyanocinnamic acid (CHCA)
Beavis, Chaudhary, Chait, Org. Mass Spectrom. 1992, 27, 156.
Strupat, Karas, Hillenkamp, 1991, 111, 89.

Typical DHB dried droplet
preparation on a steel target

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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MALDI ionization mechanism

1. Laser flash produces matrix neutrals, + and - ions, and sample neutrals.
M — M*, MH*, (M-H)"

AN

2. Sample molecules are ionized by gas-phase proton transfer.
MH* + A — AH* + M
(M-H)" + A - (A-H)" + M

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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How does MALDI-TOF MS work?

Matrix Assisted Laser Desorption lonization-
Time of Flight Mass Spectrometry

Sample plate , Laser 1. Sample is mixed with excess
matrix and dried

on a MALDI plate.

: 2. Laser pulse desorbes matrix
AH-+ molecules and embedded
: biomolecules.

v

3. Sample molecules are ionized
and accelerated in the electric
field.

+20 kV 0 kV 4. Mass analysis of ions in

TOF-section.

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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Flight Tube

4-25 kV

Detector

lon Source

The 10ns enter the flight tube with the lighter 1ons
travelling faster than the heavier ions

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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Flight Tube
4-25 kV

Detector

lon Source

The lighter 1ons strike the detector before the heavier ions.
This “time of flight” can be converted to the mass (KE=1/2mv?)

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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oy

Reflector TOF

NV
N |
§§ lon Mirror
Ve e LARRER
s? ‘\‘ :
NV @
N7 -
NV Q.
Detector
@ '§ o _J_I 111111
Eocoel - E=0 E,.
accel.-L Deflector mirror
lon source Overcoming Spatial Spread

| ©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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Delayed Extraction (DE)

The problem: Peaks are broad in some MALDI-TOF spectra
(poor resolution).

The cause: lons coming from the target have different velocity
due to the desorption process.

- Sample + matrix on target

‘)// lons of same mass, different velocities

The solution: Delayed Extraction (DE)
first commercialized by Perseptive Biosystems in 1996

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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“Continuous vs. Delayed Extraction

L Laser pulse Iy Laser pulse
A —> €~ (~3 nsec) A -3": :4— (~3 nsec)
. Il 11
Extraction : : : :
il I i Doy tme
11 |
11 |
11
- — — -
' t ' t
Continuous extraction Delayed extraction

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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Delayed Extraction (DE)

lons of same mass, different
0V A// i velocities

—

1. No applied electric field. lons spread out.

@

2. Field applied. Slow ions are accelerated a longer time than fast ones.

@P—
+20 kV @ —

@—
3: Slow ions catch up (ideally) with faster ones at the detector.

| ©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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Delayed Extraction (DE): Resolution Improvements

Linear mode Reflector mode

continuous
extraction
R=650

delayed continuous delayed
extraction extraction extraction
R=1,100 R=125 R=11,000

16600 10800 11000 11200 11400 6130 6140 6150 6160 6170

m/z m/z
Sample: mixed base DNA 36-mer Sample: mixed base DNA 20-mer

| ©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved



4800 MALDI Linear detector _H ”
TO F/TOF Mirror region _
System
i 3

Source 2 region : -

QuanTIS™ Precursor Selector i

Tgu:

Reflector detector :
|Gl

R | |-

Sample stage and e

sample plate — -
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lon path in

Reflector mode

......... [ S

Laser path

Deceleration Stack
{ Laser

-~ .| Camera

OptiBeam™ on-axis laser

Source 1 Region

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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lgG Linear Mode

148501
100 1496.8

901 74249

80

70

60

50 1

% Intensity

49511

40

30

20

3708()

99227
101
124611

223497 297867
0 447945
24936 118269 211602 304935 398268 491601

Mass (m/z)
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Improved lon Optics, Detector and Digitizer
Faster Acquisition with 50% better MS Resolution

Final - Shots 400 - AK128 CAL 5; Run #26; Label C1

2466 20066(R15234) 4800 ReerC’[Or ReSOIUtion ~‘|8000 4956.9

100
90
80
60
50
40
30
20
104

2468 20587 4(R159475)

2489 20923(R20187)

L1] T T T T
2464.0 2465.6 2467.2 2468.8 2470.4 2472.0
Mass (m/z)

24EE . 23413(R2E217) 5800 Reﬂector Resolution ~28000+

24855.23438(R2714 2467 ZIFTR(RI7AET)

2468, 24 268(R2BE75)

246924976 (R26410)
2468, 741 NREETEE) 2470.24976(R26280)

] 2464 22656(REE15
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PMF result dependent analysis

PMF confirmation mode

Peptides matching a protein(s) identified
by PMF search are automatically fed
back to 4800 for MS/MS acquisition and
protein ID confirmed

Low confidence investigation mode

run Excise spot,
gel, destain, Spot onto Peptides that do not match to a top
stain wash, prate. protein identified by PMF search are
digest, automatically selected for MS/MS. This
extract intelligent feed-back routine identifies
peptides : e i :
multiple proteins in a mixture
Setup Insert Plate(s) Protein | View
Experiment > in AB4800 7 Identification Results

1

—

Y P!\/_IF. | [Interpret |, MS/MS l
Identification Results Analysis

MS Analysis

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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Intelligent MS/MS Acquisition
DynamicExit™ Algorithm

MSMS of the 159t precursors

804
70
G0+
504
404
30
204
104

0

257.4778(R5306 S8)

633

Final - Shots 1750 - 20P Data for Shixin; Run #3; Label D8 Pr

742.3485(RE163 58)

945

Mass (m/z)

pl - Shots 4000 - 20P Data for Shixin; Run #4; Label E8 Prec = 1483.7795

5800 system

1172 B455(R10354,57)

1257

1569

5800 system with

- 525 3426(R4318,595)
. . . —
% DynamicExit™ Algorithm
70
1 536 3962(R5197 353
et il 1338 5928(R5312,525)
401 716.3586(R5209,524) 975.5125(R4144 ,519) 1356.5959(R5156,514)
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Why LC-MALDI for proteomics ?

Intensity, counts
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80

56

0

EC

a0

26

20

Dried Droplet

10540754
=
10550970
= 1057 5673
14.420)

1058.5677
=

1058.3475
=2

1060.1289
=

1052 4284
o
A0H2.4225__
10
1Q81.7150
1053.07}
=
gz 701
10483782
1090.2541
=
148, 108! z

10490 10500 10810 10520 10520

10840 10860 10880 10570 10520 10500 10800 10810 108
miz. amu

Intensity, counts

10523905
1288 =

1250

1200

1100

1050

1000

a0

a0

L) 1053.9031

a0

0

0

o0

a0

a0

a0

a0

ngaana

an 5

50

0

250

20

e ‘stz

100

rge.a167
0 B 1057 4179 10802674
10482118 1047 262510993358 yggp gggy 10813550 T 10604806 = 10612738
. . e, Fraselti ol

1080 10470 040 10430 10800  DS10 10820 10530 0S40 10850 0S50 D70 10820 1080 0800 10610 10820
iz, am

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved

J ;
Analytical
ZMDS o

Technologies



), :
pplied Analytical
AB Bmsyst&ms | /MDS Technologies

The Power of LC MALDI

Direct Spotting onto
MALDI target

TOF/TOF MALDI
System

BB 0

GPS Explorer™
Software

GPS Explorer for

Data Analysis ] MS Analysis and
MS/ME Analysis and Quantitation
Quantitation (iTRAQ™)

| ©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved



| da [ AR 425t | (MDS S,
The Power of LC/MALDI

match MS/MS analytical power to the LC resolution
true “results-dependent” analysis (MS followed by MS/MS)
sample is frozen in time - the ultimate “stop-flow” technology

L.C-MS/MS LC/MALDI - MS/MS

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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ransferrm 1 hr gradient: Match Resolution of LC and MS

2500000 -+

- UV (214nm)
1 --- MALDI base |
: peak ion chrdﬁtog ;
2000000 :
g 15000003-;
3 ]
§ % 2_- S0
S 1000000 I” |
] _FL_#
500000 | h 1] L,J
u___ | f_________
_ I
T i [J\ J\’\/\}VWW
. ML AN f (VY \ \,
0 10 50 30 e i 40 50 60 70

Time (min)
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100 N ILESGPFVSCVK
e MH!
80
=
z; 60 «—____ This fraction is used
2 o for MS/MS
: \]’ *
£ 40
2
20 Yio wy; Yuu
N
m \ i e
%0 340 610 880 1150 1420 I
m/z
[3+]
o
<
= 40000
o
)
= 20000
o
O mw—
0 10 20 30 40 50 60 70
4 Time (min)

ADYANCING
SCIENCE

AN

A‘% éggysegms \/MD; SCIEX
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LC/MALDI result dependent experiment:
Optimized selection of precursors for MS/MS

XIC for m/z 4246.5
This fraction is used
1200000 — fOr MS/MS in MALDI
m 1000000 5
4 800000
# 600000
LAADEDDDDDDEEDDDEDDDDDDFDDEEAEEKAPVKK ‘
100 I S i
Selecting the precursor 1on at the 120

90 y14 . . .

80 yie optimum elution time affords the
& : :
< Viey, highest quality MS/MS spectra
ch 60 Y18Y19
< 50 Yo YZIY22y23
X 40 Ve V7

30 Y4 Y10 Vo) 27

y y Y28y
20 Y5 8 13 Yao 29y3
31 +
101 y, Y24Y)s b33y MH
0 hasanth WAl ) PO || T | ‘ Al Ll Ml \\ ‘ Ml : b35b36 i\ ]
150 990 1830 2670 3510 4350
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e The numbers of proteins

identified is 55% greater on the
5800 over the 4800

The numbers of peptides
identified is 100% greater on the
5800 over the 4800

A steady increase in the number
of peptides is observed as the
additional acquisition features
are utilized

— Faster laser repetition rate

— Faster laser repetition rate +
DynamicExit™ Algorithm

700 -

o
2 600

£ 500
Q

152 Applied
A‘B Bigspystems

Summary of Protein Identification Results

I Average 3 reps
m Best rep

—+—Time

437451

I Average 3reps
i Best rep

——Time

PoEN\
2915 \

4800
©2009 Applied Biosystems and MDS Inc. Joinu uwiiers. Al migiits neserveu
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Assessing the Complementarity of ESI and MALDI

Two dominant ‘soft’ ionization strategies

LC MALDI has been more flexible due to decoupling of acquisition
and LC, however, the technique has been speed limited.

10-15X increase in speed of the AB SCIEX TOF/TOF™ 5800 System
means it is now interesting to re-visit the advantages of the different
acquisition strategies

Previous work has suggested a complementarities in information

Here, we wanted to assess the complementarities vs. random
acquisition variation of ESI vs MALDI

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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5800 vs OrbiTrap: E. coli Total Cell Lysate 500,100, 20 ng

Extending the limits of protein discovery

ProteinIdentifications from 20 ng Replicate Runs Protein Identifications from 100 ng Replicate B OrbiTrap  protein Identifications from 500 ng Replicate
Runs W 5800 Runs
700 - : 700 - 4
® OrbiTrap B OrbiTrap 700 647
m 5800
600 - 600 - m 5800 i 595
: -
497
500 + = 500 - 478473 69 = 500 - 478
a -]
2 2
o o
400 - 372 ] R
346341 364 ;HQ 400 § 400 362
- -
] -]
800 = 2 300 - 2 300 -
£ =
: g
200 + & 200 & 200 -
190 = 100 - 100 -
0 - 0 + 0 A T T

Combined Combined 1 2 Combined

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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Protein / Peptide Intersection
500 ng Loading Level — Comparison of Single Best Replicates

o ESI with MALDI acquisitions appear complementary and suggest greater
depth of coverage from combination than a signal technique alone.

e But how similar are replicates from the same instrument?

5800 system Orbitrap
700 proteins 544 proteins

851
(15.3%)

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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Peptide Level Intersection of Replicates

e Average intersection at the peptide
level between 500 ng replicates:

— For 5800 system: 64% (Sample 1-3)

— For Orbitrap: 61% (Samples 4-6) Sample Index
— Between instruments: 25% (red 112|345 |6
boxes) |
5800 500ng R1 1 ik
o Th|S Clearly ShOWS that 5800 500ng R2 2 0645 | 1
intra-instrument replicates —
imi 5800 500ng R3 3 |0633|0628| 1
are more similar than .,

inter-instrument replicates Orbi 500 ng R a4

Orbi 500 ng R2 5 0.614 | 1

Orbi 500 ng R3 6

059 |0616| 1
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Protein Level Intersection of Replicates

e Average intersection at the protein

level between 500 ng replicates:

— For 5800 system: 78% (Sample 1-3)

— For Orbitrap: 74% (Samples 4-6)
— Between instruments: 60% (red

Sample Index

3 4 5 6

boxes)

5800 500ng R1

Even at the protein level,

2800 500ng R2

differences are apparent

5800 500ng R3

0.777

Orbi 500 ng R1

Orbi 500 ng R2

Orbi 500 ng R3

0.774 [ 1

0.753 | 0.738
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Assessing Peptide Level Differences
Peptide C-Termini

Termination Differences in Replicates

e Peptide level comparison 100% g F—
was done at the 500ng 90% -
sample loading level 0%

70% -

e There is a slightly higher 60% - = Other
proportion of Arginine- 50% - m Lys
terminating peptides 0% mArg
detected in LC MALDI gy

20% -

e This difference is consistent 10% -
across replicates 0% -

1 2 3 il 2 3

5800 Orbitrap

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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Assessing Peptide Level Differences
Peptide C-Termini

e Focusing on peptides UNIQUE to each instrument shows the effect clearly.
e The peptides only found by MALDI were Arg-terminating more often than Lys.
e The peptides only found by ESI were Lys-terminating more often than Arg.

Termination of 5800-Specific Peptides Termination of Orbi-Specific Peptides

W Lys
mArg
w Other

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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iTRAQ™ Reagents 8-plex Chemistry

Isobaric Tag: Total mass = 305

— A — Peptide Reactive Group
(PRG)

Reporter Group

/lllll O\
|/\N Balanp N
\) ]

/N
@)

“ )
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8 samples identical m/z

A~
—> + 113-183-Pra
»
. | P == mme
S1 a
S—N
80— O 880
9_-’ S—N
3 — T [ -i88}-Prc
gg —N ' = - - -
g T K ®
O ~—~— + m--PRG Mass (m/z)
o o 3 T e
S3 ®© —~
8 T > [EHEE-eRe MSIMS
: a S—N
8 tubes labelled —> 7 S +[izi[illlFRe |
1 thru 8 | |
Identification
Quantitation _— 100
90
iTRAQ™ Reagents 80 i A Vi v A Hi A A v
70
9-T1-17-§-JE o
| : { é 50
T 18 £ J
= a0

15 | !

! 30

121

n3 | 20

14 |
| 10 I
17 ! 0 | |
L‘J 19 9.0 260.4 511.8 763.2 1014.6 1266.0
Mass (m/z)
i ,.J ", A
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Swarmer Stalked

cell cell ;
_ -
E . * *
Gi | S G2 |
' 1 cycle:
: : Shapiro lab website, Stanford U.
: : : caulo.stanford.edu/caulo
45 80 180
minutes minutes minutes

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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First Experiment — Cellular Differentiation

 Ejection of flagellum and pilli
 Motility halted
#-
* Replication Enabled Q

{1 1 1 1

Lyse cells, R&A. 15 min 30 min 45 min
Protein count, trypsin digest l l l l
iTRAQ™ Reagent Label 114 115 116 117
\ J

Combine I

SCX LC Fractionation(10)
RPLC/MS/MS

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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Second Experlment —

CeIIuIar Differentiation

Replicate time course experiments using
4 plex reagents
- Data Set A 0 — 45 minutes

? , i - Data Set B 30 — 75 minutes

Phenotypic changes during this phase
l l include:

Ejection of flagellum, formation of stalk
» Loss of motility/chemotaxis

15min 30 min 45 min

114 115 3315, 4511? o min 75 i « Initiation of replication
min min min min .
114 115 116 117 * Observed 20% SD in each 4-plex
experiment

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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Global Cell Cycle Regulatory Proteins Ctr-A and Ger-A

é\ -+ Cir-A
iTRAQ Reagent :: .
(4plex Data) 04 \\ /

V\’/V
0,2
0 60 75
0 15 30 4 60 75 Minutes
=
S 100
E 80
& &80
Western Data £ 4«
.
#= o i
0 20 4D 80 80 100 120 140 160
tirree (rmin}
---@--- gorA mRAMA - —O— GorA protein —— CirA protein
7
6 /,\—O—GCR-A
5 .
iTRAQ Reagent 4 2. Holtzendorff J,.. Shapiro L
3 : . - _
(4p|ex Data) 2 / .Science. 2004 May 14;304(5673):983-7
1 /
0

o 15 % 45 0 75
| ©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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Can now expand the Time Course Study to 8 time points!

Swarmer Stalked
cell cell
G1 S G2
| 1 Cycle
1 | ] | | | >

ke H H ‘I H H
0 o @ o @ w0 @ 10
Minutes :

iTRAQ 8plex labels 113 114 115 116 117 118 119 121

| ©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved



C. Crescentus cell cycle time course
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10(+1)
® *AAADEGIVPGGGTALLK*
" (*both N-term and Lysine derivatized)
e 8 point time course through cell cycle
§ 9(+1)
° y18(+1)
20 114.1429 B(+1) y1i(+1)
y2(+1) b5(+1) y14(+1) b17(+1)
1 bi(+1) b7(+1) y13(+1)
— 42.0917 3(+1) 303020 y8(+1) 1200401 s b16(+1) y17(+1) 9260233
0 | lvu ] P li 24?"7%5 11. Lo 1b‘> " 1M ll J ‘t J, MLIGH')‘JIJW% ¥ L MJ A JAL Mok .LJA ( )LLjf”'f " J{ T A
9.0 V %IA' 91 33‘ V U 13662’ 181&6’
Mass (m)
\ 11;:5'4‘11 1 1211 bg \)y10
1134, |116.1[1181
No change
during cell cycle
N1 13 LAY .
106.0 1104 114.8 119.2 123.6 1018 1027 1036 1045 1102.2 1114.4 1126.6 1138.8
I IMass (m/z) i Mass (m/z) Mass (m/z)

0 min 60 min 120 min
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Quantltatlon of Cell Division protein Fts-Z
8 Point Cell Cycle Time Course of C. crescentus

Shararmer Stalker
Cell Cell
() @)
o —_— )

: (o)
v &
T v

Minutes

| T T T
0 100 120 140

re (v DD EEE @
reagents

(. |

13

Western - Mo data
blot { . - - - - available

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved



& Applied 2 Analytical
A‘% Bigfy'.fﬁems | ﬂ ritdiria

Technologies

“ i

Selected 8-plex iTRAQ Applications

(submitted or in press)

 Evaluation of Fluoromethyl-2,2-difluoro-1-(trifluoromethyl)vinyl Ether
("compound A") Effects on Urine Protein Excretion in Rats

e Differential Protein Expression of Human Vitreous Fluids with
Melanoma Disease Using iTRAQ® Reagents-8plex

» Comprehensive Quantitative Analyses on Protein Dynamics of the
Human Pathogen Staphylococcus aureus by the
Implementation of an 8-plex iTRAQ™ Labeling

« Utilizing Isobaric Tagging Reagents to Screen Cerebral Spinal Fluid
Samples for Potential Alzheimer’s Biomarkers

» Quantitative Analysis of Mice Synaptic Membranes with
8-plex iTRAQ™ reagents

| ©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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Other Unique Applications:

* Polymers
 Fatty Acids

e Carbohydrates

* Imaging

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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e Complementarity to ESI

e Time independent

— sample ,frozen® on plate until spent
— MS decoupled from LC
— MS/MS decoupled from MS

MALDI and ESI necessary for
compehensive proteomics laboratory

©2009 Applied Biosystems and MDS Inc. Joint Owners. All Rights Reserved
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Trademarks / Licensing

e For Research Use Only. Not for use in diagnostic procedures.

e Trademarks of Life Technologies and it affiliated companies: Applied
Biosystems® and AB® (Design).

e Trademarks of Applied Biosystems / MDS Analytical Technologies (a
joint venture between Applied Biosystems and MDS, Inc.):

e MALDI TOF/TOF™ TOF/TOF™ DynamicExit™, Tempo™,
ProteinPilot™, Paragon™, and Pro Group ™.

e All other trademarks are the sole property of their respective owners.

e © 2009 Applied Biosystems and MDS Inc. Joint Owners. All rights
reserved. Information subject to change without notice.
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