cs Research

NN

James Yu, Application Specialist

1 2010/5/9 Bruker Daltonics



FEROEFIE

PROJECT )

- KNOWLEDGE

Bruker Daltonics \






Proteineer LC ™ Workflow BE‘@“

Total Solution of Informative Driven Research

e T™M Discove,J,

ESI-MS/MS
I S
o A WARP-LC . . )
PROJECT j Sample G Mascot Server KNOWLEDGE
y
v vdh YA

MALDI Target TOF TOF/TOF

High Throughput AnalysiS
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What Do We See? BROSER
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What's the different between these people? SE3S®

Peptide Mass Fingerprinting (PMF)
FaH g mEE

In-Gel Digestion

Extract peptides:
mass analyze

Each protein has a unique peptide mass list

—_ = ‘ 5 Database search
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Mass Spectrometry Methods B%n

SR ’ﬁ _ Peptides
> ;

Enzymatic ¥ (9“'1"

Digest
Molecular weight Identification
Sequence information
v MALDI TOF MS v'Peptide mass fingerprinting
v ES|I MS (MALDI TOF MS)

v'Peptide Sequencing
(Tandem MS)
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What's the different between these people? “%“

| Normat | [[] || | | il
|een | HLLL LD | U
Jiaal [TINONE T | R

[ differentially expressed (170)
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Proleins) / Complexes C><)
p— J BRUKER
ample
: 5 (>
v
Solubilisation
1D-PAGE ZD-PAGE
! ¥ u
SD5-PAGE IEF/5D5-PAGE Mative/SD5-PAGE
- - \4
e =" 2 -- :. X ?‘; .-
Electrophoresis i ! AT T re = _‘:“
- TR S, ) In-solution digestion
v v v
, AN
Proteolysis In-gel digestion
—_—
.
MALDI { ESI-MS MALDI / ESI-MSMS
100 o
Data acguisition = -+ = ¢ 2D-HPLC
|
v v
MSMS. tr
Data interpretation PMF i:ur!"’:"e'c °
De novo sequence
# +
Database search Database Database
‘. »
— t
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C-termumal 1ons
XY, £ X, Y. 2 x XY, 2 .
o kel il i e sl i i il Peptide
R:L 0 R: 0 R3 1] §Rq 0 .
wH — ¢ & €ow_e— & w_&c” Fragmentation
| | | | | I N\
H H H H H ‘H H OH
i B ¢ A B, ¢ A B'; C_]__:
M-terminal ions

5-FP-A-F-D-5-I-M-A-E-T-L-K
(protonated mass 1410.6)

mass b-ions y-igns mass’

: z 83.1 s PAFD SIMAETLE 1323. 56

a,b,c — N-terminal side 185.2 SP AFDSIMAETLE 1226 4
. c 256.3 SPA FDSIMAETLE 1155.4

x:y:-z - C_termlnal Slde 403. 5 SPAF DEIMAETLE 100E. 2
E13.5 SPAFD STHMAETLE BE3 . 1

605 6 SPAFD3 THAETLE BO&. 0

718.8 EPAFDSI MAETLE eg2 3

E50.0 SPAFDSIM AETLE 561.7

%21.1 SPAFDSIMA ETLE 450. 46

1050.2 SPAFDSIMAE TLEK 3615

1151.3 SPAFDSIMAET LE 260. 4

1264.4 SPAFDSIMAETL K 147 . 2
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LC/MSn vs. MALDI-TOF/TOE"T&:

MALDI-TOF/TOF

Very high > UYAR 8T ;Y
Low
igh BHEITAAN
High
Low
Bt AR A

ESI-LC/MSn

Metabolomics, Drug and Small Molecules
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ESI-, MALDI-MS/MS
Complementary

EHFKGLVLIA
ESHAGCEKSL
ERNECFLSHK
YLYETARRHP
LLPKIETMRE
RLSQKFPKAE
ADLAKY I1CDN

IPENLPPLTA
HPEYAVSVLL
KHLVDEPQNL
VSTPTLVEVS
NRLCVLHEKT
VPKAFDEKLF
KATEEQLKTV
STQTALA

13

FSQYLQQCPF
HTLFGDELCK
DDSPDLPKLK
YEYAPELLYY
KVLASSARQR
FVEVTKLVTD
QDT ISSKLKE
DFAEDKDVCK
RLAKEYEATL
I KQNCDQFEK
RSLGKVGTRC
PVSEKVTKCC
TFHADICTLP
MENFVAFVDK

DTHKSE
DEHVKLVNEL
VASLRETYGD
PDPNTLCDEF
ANKYNGVFQE
LRCAS IQKFG
L TKVHKECCH
CCDKPLLEKS
NYQEAKDAFL
EECCAKDDPH
LGEYGFQNAL
CTKPESERMP
TESLVNRRPC
DTEKQIKKQT
CCAADDKEAC

I AHRFKDLGE
TEFAKTCVAD
MADCCEKQEP
KADEKKFWGK
CCQAEDKGAC
ERALKAWSVA
GDLLECADDR
HC 1 AEVEKDA
GSFLYEYSRR
ACYSTVFDKL
IVRYTRKVPQ
CTEDYLSLIL
FSALTPDETY
ALVELLKHKP
FAVEGPKLVV

BSA digest
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What Is “HPLC"?

High Performance Liquid Chromatography

Bruker Daltonics




Individual Module of HPLC

Mobile Phase

Syringe 'Mector” j
.._::-_.___:__i.i'l._rf —

o

Valve Column =

\)\\
Recorder ﬂ/
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Category of Liquid Chromatography &3

i.d'l":r"i

I_ S¢p @
Gel Filtration lon Exchange Reverse Phase

Hydrophobic Affinity
Interaction
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Column for Reverse Phase Analysis

M
Cinl ol cEa

<)
BRUKER
(<)

What should | know for a column selection?

17
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Chemistry of Reverse Phase

<)
BRUKER
(L ><)

Ch romakoq_qa\whrx
.Ho uch sample do you have?
COLMN  coumnType  Range  Flowper  Amalvte  njector
(«L/min) min

4.6 mm Standard 500-3000 1000 ul 100ug—10ng 30 ul
2 mm Microbore 100-1000 200 ul 10ug—1ng 5 ul
1 mm Microbore 20-200 50 ul 1ug—100pg 1 ul
500 um Microbore 5-50 12 ul 100ng—10pg 250 nl
300 um Capillary 2-20 5 ul 10ng—1pg 128 nl
200 um Capillary 1-10 2 ul 1ng—100fg 57 nl

Nanoscale

Nanoscale

100pg—10fg

< 1pg

. Proteomics Is herelll
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Why Use Nanobore LC?

C>)

(<

T RERR REASITRRAR

Column Flow Rate Relative [C]
Standard 4.6 mm 1 mL/min 1
Microbore 1 mm 50 pL/min 21
Capillary 320 pum 5 uL/min 206
Nanobore 75 um 250 nL/min 3,750
Nanobore 50 um 150 nL/min 8,450

-



Chemistry of Reverse Phase Chromatography BOQ ORER
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Chemistry of Reverse Phase Chromatography B%R

Mobile Phase Composition

_...,.._ ;1

MWC?EDEID D

21 Bruker Daltonics \



Chemistry of Reverse Phase Chromatography B%R

Mobile Phase Composition
A.H,0 , 0.1% FA (Formic Acid), pH:— 2
B. CH;CN, 0.08% FA pH:—~2
*. Filtered with 0.22um PVDF membrane

Mobile Phase For Cation Exchange

20—50% ACN, no acid

22 Bruker Daltonics \




Why do we use FA? aay

As a ion pairing Reagent

——————— e
I I ~ :
o ~ B
P 2 N
~
N~
N
N
N
N
N
N
N
\
\

| oH ~10

———

Zwitterion Form
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Why do we use these solvent? BROKER
(<O

TFA (Trifluoroacetic acid) :
A. Improve chromatographic retention — Block residual active silanols
B. TFA is very effective at ion suppressing

Solution : Change to use FA (Formic acid).

Mobile Phase :

MeOH : Strong nonpolar solvent,
ACN : Less nonpolar effect, and good for peptide separation.

24 Bruker Daltonics




1D NanolLC Gradient Setup

25

Common 1D LC Gradient

Time A% B%

o) 97.0 3.0
2.0 97.0 3.0
2.1 92.0 8.0
26.1 76.0 24.0
31.1 61.0 39.0
33.0 5.0 95.0
38.0 5.0 95.0
38.5 97.0 3.0
52.0 97.0 3.0

Bruker Daltonics




Elements of Mass Spectrometer

. Turbo pumps
High Vacuum System | Diusion Pumps

Rough pumps
| | Rotary pumps

Detector  Data

Inlet = lon source — Mass Filter — — System
-MALDI TOE *Microchannel Plate PC's

-Samme D|E.i te L -!_Electr_cn Multiplier -SUHSPAEK

*Target ‘Electrospray *Quadrupole »“Hybrid" :E‘ESSStatlon
‘FAB \~+lon Trap

+GC ol SIMS Magnetic Sector
‘El FTMS
«C]
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Experimental Setup of API - lon Traps

lon Source

Skimmer lon Trap

Glass Dual ,\/

Capillary Octopole

n Lenses
| | .
c} | | G}
| | ‘
Y e
Detector
Drying Gas Partition
1. Pump 2. Pump 3. Pump 4. Pump
stage stage stage stage BRUKER




Relative Applicability of LC/MS
hn@ [
On.

Electrospray

trospr

10,000

fﬂg
CD
D

g
=)
3 APC' Thermospray
5 1000 r l
s Particle
Beam
J
| |
nonpolar very polar

Analyte Polarity
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Generation of lons (CRM)
- Rayleigh Coulomb
SVERRIENE Limit Explosion
Reached
© og
: 99 ©
ﬁﬁﬁﬁﬁﬁ L
(@)%
Droplet

When the force of the Coulomb repulsion exceeds the surface tension of the droplet, the droplet
explodes, producing charged daughter droplets that are subject to further evaporation.

Generation of lons (IDM)

(Multiply Charged)
lon

Evaporation

D Es-3

*
*

*
*
*

*

* *

Droplet

As solvent evaporates from the droplet, the surface becomes highly charged. When the field created by
the ions at the surface of the droplets exceeds the surface tension, ions are emitted directly into the gas
phase.




Plume

Taylor Cone

Spray Tip
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Generation of lons - Nebulization B%n

Nebulizer
Gas

Spray Needle

grounded

Sample

Droplet formation at the needle tip

within the spray chamber

Capillary (+/- 4 kV)

- Bruker Daltonics




B%Hnospheric Pressure lonization- Electrospray lonization (API-%R

lon generation for MS analysis
* Nebulization

* Desolvation
as droplet evaporates, the

* COUlOIle eleciric field increases & jons
explosions move towards the surface

* Desorption

droplet

capillary containing
[+4|{V] jons from the surface

ions evaporate

Under proper source conditions, individual ions only will enter the capillary. An
unstable signal or capillary current may indicate a need for adjustment of gases,
flow rate, or spray needle. See the User’s Manual for Troubleshooting tips.




<)
BRUKER
Tune Parameters (>

lon Optics

The ion beam is continuous. Formed from the nebulizer spray and electrostatic fields, the
ion beam is drawn into the capillary by the voltage exerted on it and by the pressure
gradient. As it exits the capillary there is a natural tendency for the beam to spread out—
to radiate like a beam of light.

|

The ion optics focus the ions into the analyzer and propel them against the pressure
gradient. At each stage the ion beam wants to expand, so it has to be focused back
down with the applied voltages.




Tune Parameters

lon Optics

How the voltages affect the ions is largely mass dependent.

and larger mass ions need more
energy to direct them into the trap,

Smaller mass ions require less
energy to control them.

Thus we give the rule of thumb:
The larger the mass, the higher the value for the tuning parameters.




Tune Parameters

Capillary Exit Voltage

In-source fragmentation, or breaking the ions apart before they reach the ion trap, a

balance must be struck between Skimmer and Cap Exit working in concert to set the
voltage affecting the ions in this region. More unstable or fragile molecules need a

lower Cap Exit voltage.

Pl




lon Trap

THEORY




C><)
lon Trap and Detector System sh(gen

Ring Electrode

Main or primary RF End Cap
781 kHz Auxiliary RF

(1/3 of main

‘ "W N e

Lenses
Octopole
S
— Conversion Dynode
I - V
I
I %}
. — Electron Multiplier
Entrance Cap——

Optimized Asymptote Angle
lon Trap operations are performed by changing the voltages
(amplitudes) of the primary and the auxiliary RF.

37 Bruker Daltonics




Cap electrode

X

lon path in a trap
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Co><)
SN B%n
Generating a Mass Spectrum- overview

Accumulation

OJ LY
e \@ |
He Gas
0 o ||- Intensity
Accumulate the ions in a " : ! m/z
Detection

3-dimensional multipolar field.
Scan the ions out of the trap in

Increasing mass by increasing
the RF amplitude and measure
the response at the detector.

RUKER

W
" wwINIUYD

-
|

\
.
=




Co><)
Principles of Fragmentation in an lon Trap N e

Excitation
® /\,&M

Accumulation Isolation

\

Fragmet
Accumulation {

etectio
Generating MS" spectra
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Inside the trap - i1solation

To isolate one small mass
range, the low mass ions
are ejected from the trap
with a rapid scan.

In addition, ions of a
higher mass are ejected
with a mix of frequencies.

Bruker Daltonics




- C><)
Mass Resolution depends on the scan rate BRYKER

normal resolution enhanced resolution maximum resolution
Ing(elr@. Ing(ellzﬁ, Ilng(elrzg.

25

5

3 .

2.0

. 2+ 10ns
1.5

3 2

1 .
) AJJ\x ol

810 812 miz 810 812 miz %97 810 812 miz

Here is an example of the resolution that results for a 2+ ion using different scan
rates. All the scan rates are available over the full mass range of the trap. The trade
off is that for more resolution there is a slower scan rate, so there are fewer data
points across an LC peak. With infusion of a sample this time factor is not important.
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Isotopic Distribution Patterns aRORER
(<O
100 100
90 - Cl 90 - C 0
80 1 80 1
70 70
60 1 60
50 1 50 -
40 - 40 -
301 30 ]
20 1 20 -
10 7 10 7 |
0 - ‘ ‘ : 0 —
100+ 12 13 100- 120 121 122
90 1 C 90 1
80 80
= 138 = C 1000
60 60 -
50 50 7
40 1 40 -
301 30 1
20 1 20
72 I OO NSO 1 o
1,200 1,202 1,204 1,206 12,000 12,010 12,020 12,030
Bruker Daltonics




Average & Monoisotopic Masses a%n

1673.9 Average Mass

Neurotensin '
Res. 1000 &

407

30"
20
10

pQLYENKPRRPYIL 1672 1674 1676 1678 1680 1,682
MW 1672.9 1672.9 Monoisotopic Mass

- [M+H]*
90 [MH [M+H+1]*
80 -
70 7

60 [M+H+2]*
Res. 10°'000 3
30 [M+H+3]*
Resolution = (m/z) / FWHM 20 k /\ i [M+H+4]*

|||||||||||||||||||||

0
_ _ _ 1672 1674 1676 1678 1,680 1,682
What is the peak width at 10,000 resolution?
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Gating lons : siGRer

Controlling the number of ions in the trap

Int.|

— 922.0

923.0

e

0,—',*‘7. T T T

920 921 922 923 924 925  mJ/z

Appropriate load gives good resolution
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Gating lons : siedkern

Space Charging Effects lons “see” each other and
not just the ion trap field.
©
Int.; §
2.(
i
1.4
0.
00" 920 921 922 923 924 925 m,

Too many ions: OVERLOAD !

| * POOIr mass resolution
* POOIr mass accuracy

» poor peak area determination
Bruker Daltonics \




Gating ions: lon Charge Control (ICC) BRONER
(>

Intensity As signal intensity increases and decreases,

{\ the resulting ion charge is measured and if the target
(maximum allowed) ion charge is exceeded, the
accumulation time is adjusted accordingly.

If the ion current does not meet the ICC target, then ions
will be accumulated until the maximum time is reached.

lon amount
in sample
lon charge
count in trap —_—
Time
Accum. [
time

U Bruker Daltonics \




Blocking Voltages

Skimmer
Dual lon Trap
Glass ctopo Lensks
Capillary {\
I I
c} | ‘
Block her re Here

Or block with all the optics
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MS/MS below the 33% Limit ngn

Changing the low m/z Cut-off for MS/MS Fragments

With MS/MS fragmentation, we use a preset cut-off of slightly under 1/3 of the mass that is isolated. This parameter is
chosen to ensure that the isolated ion is excited most efficiently, to give the best MS/MS spectrum - the trade-off is that
fragment ions of a mass below that 1/3 cut-off are not retained in the trap.

Other values can be set, to override the default cut-off. This is particularly useful if there is a fragment ion expected a
little below the 1/4 value.

EXxcitation
amplitudes

[
Cut-off
1/3

O

Potential well
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i P BEAR 5 AR |

1. How complex your sample is? -LC separation
2.Pick up valuable signals! -2+/3+ ions
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BPC 100.00-2800.00 A1 MS |

L Dl Mo

.
Intens BPC 100.00-2800.00 +A1l M5
«109
8.
2
I |
0
o 10 20 30 40 50 (=1} 70 =) Time [min]

@[3 Q\@|& List Windows: (2 %

Overlsid ) Stacked J| List | Analysic J| View [ I

o
108 |
i 739,65

125
1.00
0.75

050

480,09 74752 1414.90
025 i ;
416,96 IS%W i 63655.65 I 73?99 986,22 T 145304 1E63 52
A i

K L t R

400 E00 1000 1200 1400 1600 1800m/z
Auto Prafile M5

PR T T L

L]

] Fragment M5

eees. - ___— T Ms.ibamn®mE0] |
108 724 |
10 *

0
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oo

Fal 718 720 722
=2 Q. [FAuo Line 45 [ Fragment M5 L
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BRUKER
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Intens. +MS, 18.0min #2072
x108 | 722.3

| 26,000u/s

702 1
Intens. | +MS, 18.1min #1473
x105 722.2

: 8,1OOU/S

722.6

723.2

4 723.6

"721.0 7215 7220 7225 7230 72385 '724.0 72455 7250 7255 miz
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Fo g 5 AR % AR 9

1.lons charge state = 2+/3+
2.MS <> MS/MS setting
3.Duty cycle
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Is the system good enough
for sample test?




BPC 100.00-2800.00 A1 MS |

L Dl Mo

.
Intens BPC 100.00-2800.00 +A1l M5
«109
8.
2
I |
0
o 10 20 30 40 50 (=1} 70 =) Time [min]

@[3 Q\@|& List Windows: (2 %

Overlsid ) Stacked J| List | Analysic J| View [ I

o
108 |
i 739,65

125
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> Mascot Search Resulis: Protein Yiew - Windows Internet Explorer

-;.' Groogle

T ey | £ CAData"MTE01 00426 0 aceot [E date'3217_Mascot Search Fesults Protein Wiew htm LIESAET

BEE REE BRO BHETW IO HE®
[ - FEBa BAEx B B4 TEE OMIN SFE 0 0 v o

2 &7 Windows Live |

o BOBRE | b 2| Intoet Bxplorer SASET.. (@ BISAEE - 2 BIDER £ REA Hotreil 2| REE ST -
| | B~ B [ o - AE®- R:HE- IEO- @

| € Mascot Search Results: Protein View

>

{eiinvers Wlascot Search Results

Protein View

atch to: ALBO BOVIN Score: 2417

Found in search of D:\Data\wensin\20100426 EBESL test\0426 BSLA 100 fmol RD1 01 3817 .d\ProteinfAnalysisResults.mgf

Hominal mass (M_): 71244; Calculated pl wvalue: 5.82

HCBI BLAST search of ALEUO BOVIN against nr
Unformatted seguence string for pasting into other applications

Taxonomy: Bos taurus

Fixed modifications=s: Carbamidomethyl (C)

Wariable modifications: Oxidation (M)

< avage by Trypsin:
Seqgquence Coverage: T0%
N —— <

Xt residue is P

Matched peptides shown in Bold Red

1
51
101
151
201
251
301
351
401

MEWVTFISLL
FSQYLQQCEF
VASLEETYGD
RADEEKFWGE
LLEKIETMEE
FVEVTELVTD
CCDRPLLERS
CGSFLYEYSRER
KHLVDEPQNL

LLFSSAYSRG
DEHVKLVNEL
MADCCERDEE
YLYEIARRHE
EVLLSSRRQR
LTEVHEECCH
HCTAEVERDA
HPEYAVSVLL
IKQNCDQFEE

WFREDTHESE
TEFAKTCVAD
ERNECFLSHE
YEYAPELLYY
LECASIQEFG
GDLLECADDER
IFENLFPFLTA
RLAFEYEATL
LGEYGFQNAL

IAHRFEDLGE
ESHAGCEESL
DDSPDLEELE
ANRYNCOVEQE
ERALKAWSVR
ADLARYICDN
DFAEDRDVCE
EECCARDDPH
IVRYTREVEQ

EHFEGLVLIA
HTLFGDELCE
FDENTLCDEF
CCOARDEGAC
RLESQKFPEAR
ODTISSKLER
HNYQEAFDAFL
ACYETVFDEL
WSTEPTLVEVS
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