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* * *

Disease, e.g. tumor

Protein profile
before tumor passage

Protein profile
after tumor passage

Artery

Vein
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Patients Serum Fractionation

BioinformaticsClinical Result

* * *

1. Binding
2. Washing

3. Elution

MALDI-TOF MS

Pattern Discovery

Cluster analysis

Disease

Normal

Cluster analysis

Disease

Normal

Cluster Analysis

Normal

Normal

Disease
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Bead functionalities

MB-HIC C3, C8, C18 reversed phase

MB-HIC C1 reversed phase

MB-WCX weak cation exchange

MB-WAX weak anion exchange

MB-IMAC Cu IMAC-Cu

MB-IMAC Fe IMAC-Fe, phosphopeptide capturing

MB IAC Protein G Antibody/Antigen capturing

MB LAC ConA Glycoprotein capturing

MB CovAC Boronic Acid Glycoprotein capturing

MB LAC WGA Glycoprotein capturin
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Proteome

plasma, serum, csf, etc.
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Purification using
magnetic beads with
immobilized recPrP Ab
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P53

Magnetic Beads:
Protein G

Antibody:
2 µg Do-1
Antigen:
1.25 pmol P53 

MALDI-TOF MS:
autoflex
Matrix:
Sinapinic acid
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Cooperation with Dr. Langridge-
Smith and Dr. Hupp, Edinburgh
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Molecular weight:
97 kDa

Purified amount:
10 pmol

Matrix: DHAP

Instrument: 
Autoflex
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Takehome Message:
Principle of MALDI-TOF Mass Spectrometry

Wolfgang Pusch (WPU@bdal.de)

Matrix-embedded
Analyte on

Microtitreplate Target

Laser Desorption/Ionization

Detector

Time-of-Flight

DriftAcceleration

m/z

Electrodes

Intensity

Modified from: Lottspeich, Zorbas, eds
“Bioanalytik”, Spektrum Akademischer Verlag, 1998

+ + +
+ + +

Principle of MALDI-TOF Mass Spectrometry
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1. TOF 2. TOF

ReflectronDetector

Sample plate

LIFT 
Selector

Decay of precursor molecules
produces multiple fragment
Ions. 

Selection of presursor mass Analysis of fragment ions

Background molecule

Biomarker

Background molecule

Fragment ion mass spectrum
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ClinProTools 2.0

discovers patterns
when the human

eye fails!

• Visualization of large sample cohorts
• Data processing
• Pattern Recognition with four independent approaches
• Sample Classification
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Step 1: Discovery Step 2: Evaluation Step 3: Class prediction

Training data set

Pattern discovery
x

y

Test data set

Use biomarker pattern for step 2.

x

y

Cluster analysis

Determination of:
• Sensitivity
• Specificity
• Positive predictive value
• Negative predictive value

Unknown data set

Profile 1 Profile 2

**

Disease Normal Disease Normal

Profile 1 Profile 2

**

Profile 1 Profile 
2

**

x

y

Cluster analysis

Disease Normal
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Pseudogel Views
as navigation tools
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Stack View
isplaying 3-dimensional data representation

Contour View
displaying intensity threshold as a „topographical map“.

Specialized Views
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healthy
control

disease
control

target
disease

Index AveMass Index AveMass
130 4231,77 2.79042e-014 164 4232,51 6.47377e-011
224 7768,66 2.31794e-012 167 4290 7.75886e-009
126 4114,74 8.56802e-012 160 4114,19 4.09954e-007
88 2643,59 8.62432e-011 245 7769,77 4.59582e-007
121 3980,57 8.84424e-011 134 3295,21 4.77208e-007
125 4077,18 9.41356e-011 214 5078,97 7.98215e-007
212 6631,86 1.58794e-010 130 3225,98 1.58998e-006
73 2314,3 1.91793e-010 269 9280,27 2.24965e-006
102 3192,02 6.01073e-010 226 5911,42 3.45837e-006
61 2057,36 1.60209e-009 255 8133,64 1.27101e-005
205 6434,59 2,28E-009 39 1570,54 1.33428e-005
230 8136,75 1.56864e-008 111 2796,13 1.57217e-005
134 4302,54 4.39244e-008 155 3978,25 1.7095e-005
178 5078,29 5.13329e-007 129 3190,07 2.19931e-005

p-value1 p-value2
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Peak 1

P
eak 2

Peak 1
P

eak 2
Spectra given with 2 peaksSpectra given with 2 peaks �� but only peak 2 is but only peak 2 is 

needed to separate classesneeded to separate classes
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Standardized Approach to Proteome Profiling of Huma n Serum Based
on Magnetic Bead Separation and Matrix-Assisted Las er Desorption/Ionization
Time-of-Flight Mass Spectrometry 

Sven Baumann 1, Uta Ceglarek 1, Georg Martin Fiedler 2,
Jan Lembcke 2, Alexander Leichtle 2, Joachim Thiery 2*

1 Institute of Laboratory Medicine, Clinical Chemistry and Molecular Diagnostics, University Hospital, Leipzig, Germany, and These authors 
contributed equally to this work
2 Institute of Laboratory Medicine, Clinical Chemistry and Molecular Diagnostics, University Hospital, Leipzig, Germany

* To whom correspondence should be addressed. E-mail: thiery@medizin.uni-leipzig.de . 

Background: Magnetic bead purification for the analysis of low-abundance proteins in body fluids facilitates the identification 
of potential new biomarkers with matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF 
MS). The aim of our study was to establish a proteome fractionation technique and to validate a standardized blood 
sampling, processing, and storage procedure for proteomic pattern analysis.

Methods: We used magnetic bead separation for proteome profiling of human blood by MALDI-TOF MS (mass range, 1000-
10 000 Da) and studied the effects on the quality and reproducibility of the proteome analysis of anticoagulants, blood 
clotting, time and temperature of sample storage, and the number of freeze-thaw cycles of samples.

Results: The proteome pattern of human serum was characterized by   350 signals in the mass range of 1000-10 000 Da. 
The proteome profile showed time-dependent dynamic changes before and after centrifugation of the blood samples. Serum 
mass patterns differed between native samples and samples frozen once. The best reproducibility of proteomic patterns was 
with a single thawing of frozen serum samples.

Conclusion: Application of the standardized preanalytical blood sampling and storage procedure in combination with 
magnetic bead-based fractionation decreases variability of proteome patterns in human serum assessed by MALDI-TOF MS.
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• Outliers consist of all four measurements from the same sample.
• This implies that the measurement method introduces only a small variation

compared to the variation between the samples .

• Study with about 700 
samples

• 4-fold spotting

• PCA with 40 samples of each
group

scores PC2, PC3 
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Classification 100% sensitivity and 98,75% specificity …
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Screening/
DiagnosisValidationProfiling Biomarker

Candidates

Identification

• MALDI TOF/TOF

• ESI MS/MS

• Biochemistry

• Screening
• Prognosis
• Drug Safety Evaluation
• Patients Stratification
• Therapy Monitoring

…

• Cancer
• Cardiac Care
• Inflammation
• Respiratory Disease

…

ELISA

“Immuno MS“

• Antibody Enrichment
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MB-CovAC-Boronic

Complement C3
IgG heavy chain

Apolipoprotein B-100
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flexImaging Workflow

define measurement
areas

flexImaging controls
automatic acquisition

flexAnalysis creates
peaklists

flexImaging displays
result
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Examples

• Unstained tissue

• Stained Tissue

• Direct TOF/TOF identification from tissue section

• Combined imaging and statistical analysis

• Direct Profiling

• Imaging Data with clinical relevance

Wolfgang Pusch (WPU@bdal.de)

Rat Brain, unstained

Images courtesy of
M. Salzet, University of Lille and
P. Ducoroy, University of Dijon

optical image
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ROI 1
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ROI 4
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Human Breast Cancer

Milk duct

normal

Epithelium

Carcinoma
in situ

Invasive
Tumor

Tumor Cells
(derived from
epithelial cells)

Generating Data with Clinical Relevance
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Human Breast Cancer

• HER2 is an estrogen receptor protein which is
overexpressed in a specific breast cancer type (HER2-
positive cancer)

• This is relevant for the therapy decision, as HER2 
positive cancers are treated differently in chemotherapy 
(Theranostics)

• The diagnosis is currently done using automated
immunostaining

Generating Data with Clinical Relevance

Wolfgang Pusch (WPU@bdal.de)
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Conclusions

• MALDI Imaging is a direct 
and straight forward
approach to find biomarkers 
in tissue samples

• Tissue profiling is a 
quick way to classify
tissue samples

• BDAL provides the hard-
and software for imaging, 
profiling and marker ID

Generating Data with Clinical Relevance

Wolfgang Pusch (WPU@bdal.de)
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Profiling results from different Bacillus strains
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Result Report  | Detected Species       | Ranking |a ct Sc |max Sc |Rel Score |PN k |PN b |PN m |Rel P-N um.|I-Corr.|1000*Pro
--------------------------------------------------- --------------------------------------------------- ---------------------
Spectrum  #12  | Ps. mendocina DSM50017 |       1 |   3813 |  4271 |    0.89  |  41 |  10 |  83 |    0. 55  | 0.88  |     438

| Ps. oleovorans B396    |       2 |  1671 |  3450 |    0.48  |  14 |   8 |  83 |    0.22  | 0.39  |      41
| Ps. fluoreszens B340   |       3 |   868 |  4186 |    0.21  |   6 |   7 |  83 |    0.11  | 0.19  |       4
| Ps. veronii DSM11331   |       4 |   847 |  4250 |     0.20  |   5 |   7 |  83 |    0.10  | 0.14  |       3
| Ps. putida DSM291      |       5 |   374 |  2821 |     0.13  |   3 |   3 | 83 |    0.05  | 0.12  |       1
| Ps. putida B401        |       6 |   329 |  2638 |     0.12  |   3 |   2 | 83 |    0.05  | 0.11  |       1
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Profiling of
biofluids

Biomarker
Identification

MALDI Imaging

LC-MALDI
for low abundance

biomarker ID

Microorganism
Identification

Glycoproteins

CLINPROT

Why MALDI-TOF MS based clinical research ?
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