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Objectives

« Determine optimum design parameters for a high-
performance bench-top MALDI-TOF
— Resolving power and mass accuracy
— Sensitivity and dynamic range
— High throughput
— Efficient sample utilization
— Simple and reliable
— Low cost

 Build prototype instrument and compare
experimental results with theoretical predictions



Common Features of Virgin MALDI TOF

Simplified sample loading with super
microplate format (102x108 mm)
Benchtop cabinet

— 1.75m high x 0.5 m wide x 0.7 m deep

— 100 kg max weight

5 kHz laser, up to 100 spectra/sec
Fully automated, no operator expertise
required

— No joystick, no camera

24/7 operation with minimal preventative
maintenance
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Potential diagram for high-resolution TOF with single-field source and two-field
reflector. The field-free distance D is the distance from the source to the mirror
plus the distance from the mirror to the detector (not shown).



Instrument Parameters for Reflecting Analyzer
(single-field source and two-field mirror)

D.=3200, d,=6, D=2264, d,=114.2, d,°=127.7 all in mm
V=8.56, V,=6.31, V,=9.23 all in kV

ot=1.5 nsec (0.5 nsec bins, 1 nsec single ion pulse width)
Focus mass m'= 3 kDa

D,=6d, = 36 mm, v, (for m")=0.0235 mm/nsec

Time lag At=d,/v,, = 250 nsec

K=2d,/(D,-D.)=0.5

Initial Conditions for MALDI (typical)
OV,=400 m/sec, 6x=0.01 mm

Trajectory error and voltage error assumed to be small
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Contributions to relative peak width, Am/m, with 15t and
2"d order velocity focusing
Initial position, dx: R, = 2[(D,-D.)/2d,y](6x/D,)

Initial velocity, ov: R,; =(4d,y/D,)(8V,/v,)[(1-(m/m*)Y?]

RV3 :2[2d0y/(DV_Ds)]3 (6\/0/\/n)3
Rv = va + Rv3
Time error, ot: R, = 20t/t = 25tv,/D,
Trajectory error, oL: R, = 20L/D,~ Neglected in initial

Voltage error, 8V: R, = sv/v ~— calculation

Resolving power:
R-1= [R812 + RVZ + th + RL2 + RV2 ]—1/2



120000
100000

. 80000
Resolving

Power
60000

40000

20000

m/z (kDa) V=3 kV

4 GS/sH

/

/-

=

/

m/z (kDa) V=9 kV

6.4 m

3.2m

Calculated resolving power as function of m/z, curve 1 corresponds
to experimental instrument



BSA digest

927.4999

6893639

14797937

0.60 I T T At et
o 11,600
Resolution is 40% of
calculated —
i 689.3639 / """"""" ﬂ """"""""
020
508.2488 MMJ
0.40 | — Y ———
926.4904 69.9‘000 70,[]‘000 102.1000 102.5‘000 1025‘}00
545.3450
i 9845116
572.2940
i 14747937
712.3753
9855207
t1rr 1 -llr- - -t 1t - - - - - = = mosN- - - - - —- = -
0.90 465.277p 6543923 7463996 920 4121 1149.4662
. 1907.7940
5733050 3 4203 1284.7146
deoddl F2[0
—m 6. K,j G 4 1881.9388

60.0000

80.0000

Spectrum from original version

100.0000

120.0000



17000
16000 e .

15000 calculated .

14000

13000

12000
11000

10000

Resolving Powe|

400 800 1200 1600 2000
m/z (Da)

Comparison of calculated resolving power with experimental results
With dm/m=70 ppm due to mass independent errors.

Measured ¢ 5 uchannel plate BETP MagnetTOF™ (DM167)
Original version before trajectory error correction



Changes to correct mass
Independent errors

Add voltage regulator at input to mirror HV
supplies (removes low frequency noise)

Correct trajectory error due to ion deflector

Use faster detector (0.5 ns)

— ETP DM167 in place of 5 um dual channel plate
Use faster digitizer

— 0.5 ns bins>0.25 ns bins
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Example of spectrum obtained with corrected analyzer
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Comparison of experimental results with theoretical calculations. Bars are
measured resolving power with standard deviation of 5 replicates. Curve 1
corresponds to digitizer with 0.5 ns bins and curve 2 to 0.25 ns bins.



Calibration Equation: m2=D, +D t[1+D,t+D,t?]
Determine coefficients by least square fit to multiple
Peaks covering broad mass range
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RMS error for 10 peaks in spectrum of tryptic digest of BSA for all 675
spots on a 102x108 mm sample plate with automatic 2-point internal
Calibration (D, and D,) with D, and D, fixed.
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Serial Dilution Experiment

Peptide Standards

MH* No.
Angiotensin Fragment 1-7 899.47 1
des-Pro2 Bradykinin 963.51 2
Angiotensin Il Acetate 1046.54 3
Angiotensin | 1296.69 4
Neurotensin 1672.92 5
ACTH (18-39) 2465.20 6
Glu-1 Fibrinopeptide B 1570.68 7(<10% pure)

Eqwmolar mlxture diluted |n 4- hydroxy o.-cyanocinnamic acid from 1
pILUHIUIEIML to 1 dllUHIUIEI},lL

Automated acquisition and calibration averaging 2000 laser
shots/spectrum at 1 kHz

No data processing
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Examples of spectra from serial dilution of peptide standards
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Test Mixture for Determining Dynamic Range

Peptide Conc. (fmole/uL) MH*
Angiotensin Fragment 1-7 10,000 899.47
Angiotensin Il Acetate 1,000 1046.54
des-Pro? Bradykinin 100 963.51
Angiotensin | 2 1296.69
Neurotensin 1 1672.92
Glu-1 Fibrinopeptide B (synthetic) 0.2 1570.67
ACTH (18-39) 0.01  2465.20
BSA digest 0.1-1 1479.79
927.49
1283.71

1639.94, etc

mm\lmhf\)wl—‘g



5 s ] €3
] 15 % 3 i sg Normal laser
. o)) Q: _
4 = © 0.02
i 8 g n s B:‘_ o0 B 5
_ o N % . g B« %)
3 ] S‘D To) > 0.01 SR &’ ~R &> S
(7)) - o ‘_ o | - E had = N S ~—
a2 2 ~f ] n 5 S I E g =238
> 2] . 2 N 8y
i o5 . ‘ 'y \ =
. 2 |o P ELL P - i
. o o @ m o ~ @ AN o £ 0 T T T T T T T T I T
1 12w = Qo 190 4 N N 110.00000 120.00000
196 oo [{§® oo ©5% Microseconds
132 88l |22 8% & sz e
T T T | T T T | T T T | T
80.80873 100.80873 120.80873 140.80873

Microseconds
mic range)\MiniTof_AutbSave-2008_05_20_16_27\MiniTof_AutoSave-000011229-021toSave-2008_05 20 1 6_27\MiniTof2Auto
o0

R o
N o ) o5 ] < ~.
1 S Higherlaser <« 0.02 n =
0.02 5 2 1
| > ] B
(7)) } B B “
S - I 3 2 |
S B 2 > B BB 3 |
- — o[l oo 0 o o0 (ap] 8 @ N Te) Te}
o Sl g o © © 2 QW S _
1 n ¥ 2~ o X T 9 0 X
| g 8 O'\O — g Lo g ()] o 'C\D T
b SE L LE)E : 3 -
0.00 1
| T T T T | T T T T | T T T T | T T
110.000000 115.000000 120.000000 125.000000 0.00 rr—+rrrrrrrrrr
Microseconds 88.4000000 88.6000000

Microseconds



pectra\petides 100fm 200hz\MiniTof_AutoSa 008 05 22 12 14\MiniTof AutoSave-000025518-1897-2008 05 22 1

1296.68S3
H:3209Q,

0.06
1 100 fm/uL peptide standards
- NG o %l\
o 0.04 e ey e i
= 1 o _«8 82 < 8
> 1 338y 9on © 2 200 Hz <
4 <=5 S N o - N
: | ocox g 8
0.00 _I - ILWM A L\J\n N A_AHM,AA
T T | T T T | T T T | T
100.00000 120.00000 140.00000
Microseconds
© N
a OC\I) o™
0.06 i
] o 10 5 kHz <
£ 0.04 0 o 5 S g & & =
S 3N af ¢ _ 53 e5
> _ g g © S 2 N o ©x F o
0.02 o] | s
0.00 | " " !\__MLAJ\ o Al L.L}\
T T T | T T T | T T T | T
100.00000 120.00000 140.00000

Microseconds
No detectable effect of laser rate on spectrum quality.



Conclusion and Future

* Present status
— Resolving power > 30,000 for peptides
— Mass error < 2 ppm RMS over entire sample plate
: Bi;icrzizn rgr:;eflzgom% limited by chemical noise
— Performance independent of laser rate (to 5 kHz)
* Future goals
— Resolving power >100,000
— Mass error < 1 ppm RMS
— 10x improvement in detection limit and dyanamic range
— Isotopic resolution of proteins to 30,000 Da

— Multiplexed MS-MS with >4000 resolving power for precursor
selection and very high sensitivity and throughput

— Instruments designed for specific applications, e.g. isotope ratios at
ppt level
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