Comprehensive Mass Spectral Calibration

to Achieve High Mass Accuracy and Parameter Free Peak Detection
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In qualitative MS analysis, there is a growing need for
measuring masses at higher and higher mass accuracy
(5ppm or even 100ppb) to allow for unambiguous molecular
identification in metabolism, biomarker discovery, and
proteomics research. In quatitative MS analysis, constant
efforts are being made to lower the MS detection limit and
increase the quantitative accuracy. Careful examination of
MS systems and the overall MS analysis process, however,
reveals that the mass accuracy in a given MS system is
largely limited by the rudimentary mass calibration schemes
used and the detection limit is mostly imposed by the highly
heuristic peak detection methods available. This paper will
introduce a Highly Accurate Mass Spectral Calibration
Approach (HAMSCA) implemented in MSIntegrity™ software
to achieve these key objectives in a single-step process
(Ref1):

»High mass accuracy calibration

»Mass Spectral peak shape correction
»Noise-filtering without peak distortion
»Parameter-free and robust peak picking

Based on the operating principles of various types of MS
systems, a comprehensive instrument calibration is performed
with an instrument calibration standard giving multiple ions in
the mass spectral range of interest. A continuum mass
spectral profile data is collected where each known ion
represents a corresponding mass shift and peak shape
deviation. A calibration function can then be derived to
compensate for both the mass shift and the peak shape
deviation and applied to successive MS data to convert raw
continuum data into fully calibrated continuum data. The fully
calibrated MS data can now be subjected to peak detection
through elegant mathematical operations without assuming
the usual set of peak-picking parameters.

MSintegrity™ Calibration

Conventional Calibration on Finnigan TSQ Ultra
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(Same 587.3153Da as Internal Standard)

PPM Error from Same Instrument Calibration
(poly-A, per scan basis)
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Peak Centroiding Results from MassLynx™
(Isga/ls9; = 55% vs True 29.68%)
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Peak Centroiding Results from MSlIntegrity™
(Isgylso; = 30.62 % vs

True 29.68%)
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Single and 20-scan Statistics:

MSintegrity™

(AB/Sciex gStar)
Exact ass

Scan Number 530675 J30014Z 566660 7026638 B3I
310 9647 4309150 5668890 7028632 8388394
350 1509647 4309148 5668903 7028655 8388365
30 1599649 4309155 5668934 7028626 8388ITS
30 1589645 4309152 5668682 7028672 8388406
30 150947 4309130 5668680 7028647 838834
30 150941 4309145 5668665 7028673 BIBEID
300 1509647 4309130 5668690 7028654 8388380

410 1589649 4309140 566.8914 7028664 83884
420 1509648 4309160 5668904 7028670 8388409
40 1509651 430.9161 5668918 7028698 8388416
440 1509650 4309153 5668918 7028637 B3BEIT
50 1509647 430.9149 5668910 7028666 838830
460 1509650 430.9149 5668912 7028635 8388453
470 1589648 4309151 5668084 7028678 8388407
480 1599645 4309136 5668683 7028611 8388376
49 1509645 430.9139 5668686 7028500 8388423
S0 1509648 430.9147 5668686 7028654 8388364
S0 150943 430.9144 5668900 7028680 8388424
520 1509644 4309135 5668687 7028636 8388344
S50 1599647 4309139 5665 838367
Mean 1589647 4309147 5668099 702.8650 8388302
Single Scan St Dev (mu) 00002 0.0008  0.0018  0.0026  0.0026
SigeScanSidDevpm) 15 18 31 31
205canBias (mu) 00001 00005 00009 00012 00006
20scnBas@pm) 06 11 16 08

Single and 20-scan Statistics: Analyst QS™

5745134
9748140
974.8099
0748177
0748143

Scan Number T53 0645 330912
34

9640 4209155

30 1589602 4309156

30 1589643 4309163

370 1589640 4309161
9642 4

30 1589641 4309155
00 1589640 4309140
a10 1589639 4300151
420 1589639 43091
1589644 4309168
430 1589641 4309153
450 1589641 430.9143
a0 1589644 4300155
a0 1589642 430:
1589638 4309141
450 9639 430.
9639 4
50 1589633 4309147
50 1589641 4309147
50 1589638 4309148
n 1539640 4309153
Single Scan Std Dev (mu) 00002 0,000
Single Scan St Dev (ppm 16 2
20-scan Bias (mu) -00006  0.0011
20scanBias (ppm) 36

Exact Mass.
556609 7028638
5668856 7028625

5668869 702.8650
1

5668876 702.8651
5668529 702 8652
5668958 702 8671
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8388348

8388327
8388301
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Introduction Results and Discussion

Loop Injection on AP 4000 QTRAP
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Mass Accuracy on AP 4000 QTRAP
(285.1425 and 609.2812Da for Internal Cal)
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Mass Accuracy Comparison to Analyst™
(AB/Sciex API 4000 QTrap LC/MS)

Raw Data Before Alignment

» Calibrating for mass alone would not yield the
highest possible mass accuracy.

» Peak shape correction is as important as mass
calibration for mass accuracy.

» With the use of HAMSCA in MSintegrity, the mass
error on a unit mass resolution system can be
reduced from 0.1-0.2Da to several mDa with a gain
factor approaching 100x.

> Effective noise filtering of over 3x can be achieved
without the usually detrimental peak shape
distortion.

» Unambiguous and parameter-free peak picking
preserves all quantitative information such as
isotope ratios while taking advantage of all available
ion signals.

» HAMSCA also enables quantitative mass spectral
alignment, a key requirement in applying
multivariate statistics to mass spectral data.
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