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OVERVIEW
Purpose: 
Enhanced sensitivity and specificity of MALDI-TOF 
detection for diagnostic molecular ions from serum
Methods [1-4]: 
• TOF delay auto-calibration for 103-105 m/z
• Recursive auto-assignment of ionization states
• Experimental verification: reflectron, LIFT
Results: 
• +1 spectrum reconstruction for pooled serum
• >10-fold gain in m/z precision for 103-105 m/z
• ~3-fold dimension reduction before statistical analysis
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QC: PEAK CORRELATIONS, pre-ASSIGNMENTS

SUMMARY
Y2 progress:
� auto-assignment of ionization states in TOF 
� +1 spectrum reconstruction
� experimental verification strategies
� automated broad-range recalibration
� QC-88 & PCA-454 signal processing
� Y1 (70x3) vs Y2 (10x3) reproducibility study
� dimension reduction by de-correlation

Ongoing research:
� amplitude statistics & normalization
� automated de-correlation (dimension reduction)
� R-package wrapping
� automated diagnostic variable selection w/MI
� viable ID strategies

QC: IONIZATION STATES & CALIBRATION

IONIZATION NOISE: CORRELATION STATISTICS

AMPLITUDE STATISTICS & REPRODUCIBILITY

QC: EXPERIMENTAL VERIFICATION MI: VARIABLE SELECTION

CLINICAL SAMPLES: MS ANALYSIS

Search algorithm [2,3]:
recursively, starting from TOF of 
the highest remaining Z = +1 peak
assign closest TOF(Z+i) *:

*
*

*
*

TOF peak positions for +2 & x2 are 
corrected with the same new delay for 
PS (protein standard) mixture [1,2]

TOF0 correction maximizes 
correlation between ionization 
states Z = +1 and Z = +2
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• 7 known m/z are auto-matched 
with +1 states in TOF

• auto-detected ionization state m/z
added to calibrants (16)
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By adding signal intensities from auto-
assigned ionization states into Z = +1 for 
PS1+PS2 spectrum, 3-fold sensitivity 
and specificity is achieved [2,3]

29 peaks – 7 proteins (PS1: Ins - insulin, 
Ub - ubiquitin, Cyt - cytochrome, Myo -
myoglobin; PS2: Tryp - trypsinogen, protA
- protein A, Alb - albumin) 

Challenges:
• anti-correlations
• broad distribution
• auto-thresholds?

Strong (long-m/z-range)
correlations, R, are observed 
between ionization states: 
R(Z,Z+1)>R(Z,Z+2)

Z>+1states are 
auto-assigned [2,3]

remaining (Z=+1) 
states: dimension 
reduction  ~1/2

Alb (albumin), Vit (vitronectin)
w/ionization states provide 8 
calibration signals

Auto-calibration using ionization states 
of Alb & Vit improves m/z-precision 
above 10 kDa (lower errors:   ) 
compared to external calibration (   )

strong short-range correlations: 
may report on protein modifications
(e.g., ApoC-II, ApoCIII: 3 forms)

albumin +2..+5 states (auto-
assigned): R>0.8, R(Z,Z+1)>R(Z,Z+2)

manual de-correlation (R>0.85):
44 peaks – 8 features:
6 abundant serum proteins [5]

multiple strong  
correlations (R-map) Alb
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Year 1 and Year 2 QC:
• aligned by TOF0 auto-calibration
• reproducible amplitudes within CV

APPLICATION: +1 SPECTRUM & CALIBRATION

TOF0 DELAY AUTO-CALIBRATION

AUTO-ASSIGNMENT OF IONIZATION STATES 

ApoC-II,III

SA (sinapinic acid) matrix allows 
higher reflectron sensitivity and 
isotopic resolution up to 9 kDa
for pooled serum QC purified 
with C3 beads

experimental verification confirms 
some +2/+1 auto-assignments

Technical Challenges:
• high-resolution MS: m/z < 10 kDa
• C3 sensitivity: ~ 10-6 M with SA
• 5-fold loads for reflectron vs linear mode
• LIFT (ID)  requires CHCA
• LIFT window > 20 kDa, best for +1 states

work in progress

~40% intensity variation for QC 
replicates without normalization

total ion normalization lowers 
(to ~25%) and broadens CV

efficient data compression:
450 (PCA serum) spectra: ~300 Mb 
down-sampling/filtering [1]: ~20 Mb
signal detection/alignment [4]: ~0.3 Mb

cancer not
cancerpooled
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signal processing [1,4]:
• parameters optimized using QC spectra
• enables ~50% more signal detection  by 
10-fold SNR enhancement

future work
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Histogram of Training Data

 

 

Disease Class
Normal Class

probability P measured 
by occurrence frequency
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MI(X;C)=

 - P(x,c) log P(x)+log P(c)-log P(x,c)�
x,c

(information entropy decrease 
between variable, X, and class, 
C)

Bayesian probability (P) tables used 
to estimate mutual information, 
MI(X,C), include uncertainties as in 
natural data distributions
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MI vs. fraction of peaks
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MI [variable(X)-class(C)] 
significance threshold can be 
set using randomized data

Varable ID Number

Fraction of Mutual Information with Class Lost 
When Conditioned on a second Variable
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High-MI(X,C)-loss variables 
(e.g.: #47) can be combined in 
to diagnostic meta-variables

work in progress
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• 10-fold m/z-accuracy above 20 kDa

Strong (short-m/z-range)
correlation likely reports on 
adducts and neutral losses

R-distribution is broad and 
skewed toward positive end

mean QC (pooled 
serum) log10 spectrum 
simulated for ~130 
detected peaks [1,4] 

skewed R-
distribution
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29 detected peaks: 15 are auto-assigned to Z>+1;
verified experimentally using reflectron and LIFT [3]

work in progress

work in progress

m/z x 1000
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