
Beginn der Vorlesung

• 740.750 Einführung in die Pharmazeutische Analytik +
725.042, Analytische Grundvorlesung I

– wöchentlich; Di, Mi, Do; 11:30 - 13:00, L.EG.220

• Teil 1: Einführung und Gravimetrie

• Website (Skripten und Infos)
http://www.uibk.ac.at/acrc/mitarbeiter/bonn/lehre.html

• Fragen bezgl. Vorlesung
– Email -> christoph.woelger@uibk.ac.at

http://www.uibk.ac.at/acrc/mitarbeiter/bonn/teil1_analytische-grundvorlesung_ws14-15.pdf
http://www.uibk.ac.at/acrc/mitarbeiter/bonn/lehre.html
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Omics - Overview
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Complexity of Human Serum

22 proteins are approx. 99% of the whole serum proteome     
90% 10%

 Reducing the complexity by pre-analytical approaches!



Analytical Approaches

MALDI-TOF-MS/MS

Matrixfree-MALDI

MELDI-TOF

MALDI-imaging/mapping

Near-infrared 

Mid-Infrared

Imaging/mapping

Enrichment

Desalting

High-sample througput

LC, LC-MS/MS

µ-LC, µ-LC-MS/MS

CE, CE-MS

CEC

Innovations



Why Analytical Innovations?

 High sample throughput

 Improved detection limit

 Needle in haystack

Speed

Sensitivity

Selectivity

„To see what one could not see before“
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poly(divinylbenzene)

TiO2 < 100 nm 

ZrO2 < 100 nm 

Preparation of - Hollow MonolithTM

O O
P

O OR

TiO2 TiO2
Mechanism: Bridging Bidentate

rO2

Hollow MonolithTM



Enrichment of Phosphopeptides

... embedded 
TiO2/ZrO2

... Phosphorylated Peptides



Enrichment of in vitro phosphorylated ERK1 digest

MALDI MS spectra:

1.) before enrichment (A)

2.) after enrichment with 
poly(DVB)-TiO2/ZrO2 tips (B)

Signals at m/z 2252.25 and 
m/z 2332.23 correspond to 
phosphorylated peptides

Collaboration with  Prof. Lukas Huber, Biocenter - Innsbruck



Automation of Sample Preparation

• Specific enrichment
• Purification
• Desalting

1. sample loading

laser

2. sample spotting

3. sample analysis 4. data processing

A collaboration with PhyNexus Inc., San Jose, CA, USA 



Proteomics Cover



Monolithic Extraction Tips for Enzymatic
Digestion

Trypsin in 
TrisHCl-buffer =

2h , 5°C

GMA
DVB
AIBN
Toluol
Decanol

=+

2h , 95°C

+



BSA
α-caseine

+ 
DTT

Enzyme-
Tip

=> =>

+ 
iodoacetamide

15mins, RT, in 
dark

15 mins, 
60°C

15 mins, 
20°C, in 

dark

=>

30 mins (in-tip) 60 mins 
(literature)

DenaturationProtein

Monolithic Extraction Tips for Enzymatic Digestion



Microwave-Assisted In-Tip Digestion

Total Time 45 min!
conventional digestion time: 6-10 h



Results - Comparison Study

α-casein digested, eluted from enzyme-Tips with Tip-Technology

Glygen Corp.

Tip

GL Sciences
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Zirconium Silicate
45 µm

Bismuth Citrate
45 µm

Hussain, Shah, et al. Journal of Pharmaceutical and Biomedical Analysis (2013) in press



Tetragalloyl-quinic acids



- Pyrrolizidine alkaloids (PA) are secondary plant metabolites (for plant protection)
- 400 different PAs in approximately 6000 plant species are known

Contamination of plant products during harvest or through animals (for      
example bees)
Examples for contaminated food: herbal teas, honey, salads etc.

- Problem: Hepatotoxic for animals as well as for humans
Safety values for the maximum dose for drugs in Germany:

- Application up to 6 weeks: 1 µg/day oral, 100 µg/day cortically 
- Application for more than 6 weeks: 0.1 µg/day oral, 10 µg/day cortically

Pyrrolizidine alkaloids
Background

40



- General structure:

- Requirement(s) for toxicity:
- 1,2-unsaturated necine
- Esterification of at least one OH-group with a branched acid

Nearly all types are in 
coexistence with their N-oxides

Pyrrolizidine alkaloids
Toxicity

41



- HPLC-MS (LOD ~ 1 ppb)
- GC-MS (LOD = 3 ppb)

Otonecines and N-oxides (without derivatisation) not detectable
- Double antibody ELISA (LOD = 0.1 – 1.5 ppb)

Antibodys only against some specific PAs
- HPLC Evaporative Light Scattering Detection (ELSD) (LOD = 40 ppm)
- Nonaqueous capillary electrophoresis (NACE) MS (LOD < 7.5 ppm)
- Photometric detection with Ehrlich reagent (LOD = 10 ppm)

- General problem for PA analysis: Only about 25 standards are available
Validation is limited to a small spectrum of PAs

Isolation of PAs out of plant material with countercurrent chromatography (CCC) to
get more

standards (Cooperation with Medical University of Lublin) 

Pyrrolizidine alkaloids
Methods for detection

42



- Detection only possible in the low ppb-range (for GC- and HPLC-MS) 
for lower concentrations and for separation from other plant substances
enrichment is necessary

- Due to the chemical structure ion exchange is the enrichment method of choice
- Automation with PhyNexus MEA 2 possible

PhyTip with Toyopearl SP-650 
resin

Pyrrolizidine alkaloids
Cation exchange

43



Extraction of the plant material

Enrichment of PAs with ion
exchange

Detection with UPLC-
MS

Pyrrolizidine alkaloids
Procedure

44



Pyrrolizidine alkaloids
Cation exchange – Comparison of commercial products

• In terms of enrichment of pyrrolizidine alkaloids different commercial 
materials were tested

• Best recoveries (94-99%) were achieved with a polystyrene-
divinylbenzene resin functionalized with sulfonate groups

• Further approach
- Polystyrene DVB resin in PhyNexus tips and automation of the 

cation exchange with PhyNexus MEA 2
- Continuing comparison with other resins (in cartridges and tips)
- Test of anion exchange resins and Immobilized Metal Ion Affinity 

Chromatography (IMAC)

45



Enrichment of Phosphoproteins 
by Precipitation using Trivalent Lanthanides



Addition of LaCl3  and 
K2HPO4 to the protein 
containing sample

Washing of the pellet 
by resuspension with 
CHAPS

Centrifugation of the
occurred La(III)-
protein precipitate 

CA B

Enzymatic microwave-assisted 
digestion on pellet

Obtained digest allows a fast
Screening of the bound 
proteins by LC-MS:

 peptide mass fingerprint

 quantification

50 minBottom-Up

2 min

Recovered proteins can be 
further analyzed by:

• gel electrophoresis

•‘top down’ mass spec
D

Dissolving of the pellet allows the 
recovery of the bound proteins

Top-Down
centrifugation

5 min

Highly Selective Precipitation of Phosphoproteins by Lanthanum



Recovery of intact proteins allows „top down“ protein analysis by 
LC-MS or gel electrophoresis 

Protein mixture

Supernatant

Recovered 
protein

Fresh milk

Supernatant

Recovered 
caseins

12                15                18                21               24                27                30                33 36                39   

Highly Selective Precipitation of Phosphoproteins by Lanthanum



Analysis of Liquor for the Diagnosis of Alzheimer
Highly Selective Precipitation of Phosphoproteins by Lanthanum



Accession 
number Protein Hit Phosphorylation Glycosylation

P05067 Amyloid beta A4 
protein

(Ray, 2000),            
(Grimmer, 2009)

+ +

P06396 Gelsolin (Ray, 2000) + -

P01011 Alpha-1-
antichymotrypsin

(Eriksson, 1995),           
(Gollin, 1992)

- +

P02647 Apolipoprotein 
A-I

(Yin, 2009) - +

P02679 Fibrinogen
(Yin, 2009),                      

(Ojien van, 2005)
- +

P00738 Haptoglobin (Yin, 2009) + +
P02766 Transthyretin (Biroccio, 2006) - +
P10451 Osteopontin (Wung, 2007) - +

Q14515 SPARC-like 
protein 1

(Yin, 2009) + +

P02649 Apolipoprotein E (Corder, 1993),       + +
P10909 Clusterin (Yin, 2009) - +

Q9UBP4 Dickkopf-related 
protein 3

(Zenzmaier, 2004) + +

P36955
Pigment 

epithelium-
derived factor

(Yin, 2009) + +

P02774 Vitamin D-
binding protein

(Yin, 2009) - +

P01009 Alpha-1-
antitrypsin

(Gollin, 1992) - +

P02763 Alpha-1-acid 
glycoprotein 1

(Merritt, 1988) - +

P04004 Vitronectin (Rogers, 2000) + +
P01042 Kininogen-1 (Puchades, 2003) + +
P01034 Cystatin-C (Mi, 2009) + -
P10645 Chromogranin A (Lechner, 2004) + +

• CSF was analyzed by lanthanum 
(III) precipitation

• 53 phosphorylated and/or 
glycosylated proteins were
identified through peptide mass 
fingerprint

• 20 out of them are potential 
biomarkers for Alzheimer’s 
disease
 Highly selective analysis
 20 biomarkers detected in the   

same analytical run

Analysis of Liquor for the Diagnosis of Alzheimer

After the loading of 7 µl onto the trapping column with
a flow rate of 20 µl/min for 4 min, the separation was
performed under reversed phase conditions with
solvent A 4 % acetonitrile (ACN) and 0.1 %(v/v) formic
acid (FA) in water and solvent B 0.1 %(v/v) FA in 60 %
ACN, at a flow rate of 300 nl/min and 60 °C. A linear
gradient (300 min from 0 % B to 60 % B) was used.



[M+H]+

Da
Phosphopeptide Sequencesa Phosho-

groups
ErCl3 HoCl3 CeCl3 LaCl3 EuCl3 TmCl3 TbCl3 TiO2

1254.52
1331.53
1411.50
1466.61
1594.70
1660.79
1832.83
1847.69
1927.69
1951.95
2061.83
2088.89
2432.05
2511.13
2556.10
2619.04
2678.01
2703.50
2720.91
2747.10
2856.50
2901.32
2935.15
2966.16
3008.01
3042.27
3087.99
3122.27
3132.20

EVVGSpAEAGVDAA (Ov-(340–352))
EQLSpTSpEENSK (α-S2-(141–151))
EQLSpTSpEENSK (α-S2-(141–151))
TVDMESpTEVFTK (α-S2-(153–164))
TVDMESpTEVFTKK (α-S2-(153–165))
VPQLEIVPNSpAEER α(-S1-(121–134))
YLGEYLIVPNSpAEER (α-S1)
DIGSESpTEDQAMEDIK (α-S1-(58–73))
DIGSESpTEDQAMEDIK (α-S1-(58–73))
YKVPQLEIVPNSpAEER (α-S1-(119–134))
FQSpEEQQQTEDELQDK (β-C-(33–48))
EVVGSpAEAGVDAASVSEEFR (Ov-(340–359))
IEKFQSpEEQQQTEDELQDK (β-C-(33–48))
LPGFGDSpIEAQCGTSVNVHSSLR (Ov-(62–84))
FQSpEEQQQTEDELQDKIHPF (β-C-(48-67))
NTMEHVSpSpSpEESpIISQETYK (α-S2-(17–36))
VNELSpKDIGSpESpTEDQAMEDIK (α-S1-(52–73))
LRLKKYKVPQLEIVPNSpAEERL(α-S1-(114–135))
QMEAESpISpSpSpEEIVPNSVEAQK (α-S1-(74–94))
NTMEHVSpSpSpEESpIISQETYKQ (α-S2-(17–37))
EKVNELSpKDIGSpESTEDQAMEDIK (α-S1-(50–73))
FDKLPGFGDSpIEAQCGTSVNVHSSLR (Ov-(59–84))
EKVNELSpKDIGSpESpTEDQAMEDIK (α-S1-(50–73))
ELEELNVPGEIVESpLSpSpSpEESITR (β-C-(17–40))
NANEEEYSIGSpSpSpEESpAEVATEEVK (α-S2-(61–85))
RELEELNVPGEIVESLSpSpSpEESITR (β-C-(16–40))
NANEEEYSIGSpSpSpEESpAEVATEEVK (α-S2-(61–85))
RELEELNVPGEIVESpLSpSpSpEESITR (β-C-(16–40))
KNTMEHVSpSpSpEESpIISQETYKQEK (α-S2-(16–39))
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Recovery of Phosphopeptides
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Boron Nitride, a Novel Material for the Enrichment and Desalting 
of Protein Digests and the Protein Depletion
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Boron Nitride, a Novel Material for the Enrichment and Desalting 
of Protein Digests and the Protein Depletion

LC-ESI-MS 

Incubation 
with tryptic 
digests

MALDI-MS

Washing
and
enrichment

Elution of 
peptides

Analysis of desalted 
and protein free 
peptide solutions
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MALDI Spectra:

The identified peptides are labeled 

with asterisk. Sequence Coverage of 

desalted BSA > 68 %

Boron Nitride, a Novel Material for the Enrichment and Desalting 
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BADGE·2H2O      
BADGE

BPF BPA

BPZ

Bisphenol derivatives

MW pKa log Kow R2 LOD
[ng/ml]

LOQ
[ng/ml]

BADGE·2H2O 376.44 14.7b 2.05b 0.999 27.0 82.0

BPF 200.23 7.5a 2.91a 0.999 27.0 82.0
BPA 228.29 9.6a 3.32a 0.999 33.0 99.0
BPZ 268.35 9.7b 4.53b 0.999 28.0 85.0
BADGE 340.41 - 4.02a 0.999 30.0 90.0



Recovery for the enrichment of 5 Phenols 

Phenol 4-Nitrophenol 2-Chlorphenol 2-Nitrophenol Dimethylphenol

[12.5 µg/ml] [12.5 µg/ml] [12.5 µg/ml] [12.5 µg/ml] [12.5 µg/ml]

87.51 94.74 108.08 91.29 100.71

93.97 102.95 114.70 95.20 111.82

91.36 101.91 113.24 96.88 105.84

Average 90.95 99.87 112.01 94.46 106.13

RSD 2.66 3.65 2.84 2.34 4.54

5 mg of BN was incubated with a phenol mixture and afterward eluted with
80% acetonitrile in water.



• The French Agency for Food, Environmental and Occupational Health & Safety showed that 

there are ‘recognized’ effects in animals (effects on reproduction, on the mammary gland, on 

metabolism, the brain and behaviour) and other ‘suspected’ effects in humans (on 

reproduction, metabolism and cardiovascular diseases). These effects could be observed, even 

at low levels of exposure, during sensitive phases of an individual’s development. 

• The French Agency for Food, Environmental and Occupational Health & Safety endorses the 

conclusions of the Expert Committee on Assessment of the risks related to chemical 

substances relating to the risks associated with BPA for human health, and on toxicological 

data and data on the use of bisphenols M, S, B, AP, AF, F and BADGE.

• Endokrine Disruptoren

Risk associated with bisphenols

Tolerable Daily Intake (TDI) of 50 µg BPA/kg body weight (b.w.)/day as set by EFSA in 2006.

The migration limit of BPA set by European Union of 600 µg/kg food. 

Tolerable Daily Intake (TDI) of 150 µg BADGE and its hydrolytic products/kg body weight (b.w.)/day.

The migration limit of BADGE and its hydrolytic products 9000 µg/kg food.

http://www.efsa.europa.eu/en/topics/topic/bisphenol.htm

http://www.efsa.europa.eu/en/topics/topic/bisphenol.htm


Analysis of 5 bisphenol derivatives after enrichment 
with BN by LC and fluorescence detector

HPLC-FLD chromatogramms of (A) standard solution containing 5 bisphenol
derivatives [100 ng/mL] and (B) bisphenol leached from baby bottle after
enrichment with h-BN-60.
Chromatographic conditions: Shimadzu LC-10 Acvp, Phenomenex Luna 5u C18 250*4,6 mm, isocratic 3 min 30% B,
gradient 30-70% B in 15 min, flow rate 1mL/min, 50°C, inj.: 30 µL,FLD: 230/303 nm



Found ± SD [ng/ml]
Recovery rates ± SD [%]

BADGE·2H2O BPF BPA BPZ BADGE

river watera nd
(92.13 ± 2.69)

nd
(102.62 ± 3.73)

nd 
(107.14 ± 6.50)

nd
(104.95 ± 1.92)

nd 
(98.74 ± 2.57)

drinking watera nd
(90.16 ± 2.40)

nd
(98.56 ± 3.51)

nd 
(99.16 ± 1.60)

nd 
(101.14 ± 2.58)

nd
(96.68 ± 3.35)

colab 4.63 ± 0.14 
(103.41 ± 4.39)

2.23 ± 0.21 
(96.98 ± 2.39)

10.34 ± 0.41
(96.93 ± 5.72)

nd 
(92.46 ± 6.58)

1.49 ± 0.04 
(96.57 ± 3.84)

apple juiceb 1.93 ± 0.15
(96.43 ± 3.63)

3.11 ± 0.30
(90.77 ± 3.63)

nd 
(84.22 ± 2.20)

nd 
(98.74 ± 1.23)

1.36 ± 0.22
(98.22 ± 2.71)

lemon sodab 8.14 ± 0.09
(82.46 ± 3.01)

1.40 ±0.07
(84.45 ± 5.44)

nd 
(97.60 ± 1.81)

nd 
(87.61 ± 2.94)

5.70 ± 0.04
(94.00 ± 2.61)

citrus soft drinkb 5.32 ± 0.71 
(103.90 ± 2.58)

nd
(97.82 ±5.82)

1.04 ± 0.31
(98.31 ± 5.67)

nd 
(98.05 ± 4.04)

1.56 ± 0.042 
(99.63 ± 4.42)

herbal sodab nd 
(100.45 ± 5.15)

nd
(99.07 ± 5.09)

nd 
(104.43 ± 6.20)

nd 
(105.07 ± 7.21)

nd 
(108.42 ± 4.83)

energy drinkb 4.46 ± 0.07 
(98.54 ± 9.21)

1.87
(91.55 ± 4.21)

5.57 ± 0.81
(93.55 ± 5.84)

nd 
(100.76 ± 2.04)

nd 
(103.60 ± 1.91)

canned mushroom liquidb 20.42 ± 1.19
(99.06 ± 6.88)

nd
(91.35 ±0.79)

8.60 ± 0.37 
(98.47 ± 8.37)

nd 
(103.71 ± 6.17)

1.81 ± 0.12 
(99.63 ± 0.62)

pickled cucumber liquidb 1.81 ± 0.15 
(97.53 ± 1.12)

2.23 ± 0.21
(96.02 ± 2.45)

125.00 ± 2.18
(109.12 ± 0.77)

nd 
(103.36 ±3.80)

1.44 ± 0.06 
(92.67 ± 0.71)

pickled onion liquidb 2.98 ± 0.08 
(105.80 ± 3.90)

nd
(96.53 ± 8.20)

13.45 ± 0.63 
(92.03 ± 4.70)

nd
(97.91 ± 3.12)

1.74 ± 0.00 
(95.20 ± 0.63)

urineb nd 
(100.45 ± 3.13)

nd
(105.67 ± 0.68)

nd
(92.80 ± 2.52)

nd
(105.26 ± 4.00)

nd
(103.70 ±3.45)

Determination of bisphenol derivatives 



Leaching of BPA from polycarbonate products 

leached BPA [ng/ml] ± SD (%)

Babybottle 
1. treatment 20.79 1.05

Babybottle 
2. treatment 19.82 0.72

muffin form 2.26 0.07

Siringe 0.85 0.03

Treatment conditions: boiling water for 1 h



Peking University

Health Science Center 

Chinese - Austrian Center for Biomarker Discovery
at Peking University Health Science Center

University of Innsbruck
Institute of Analytical Chemistry and

Radiochemistry
Horvath Lab of Bioseparation

TEACHING COURSES
• Fundamentals - separation sciences e.g. electrophoresis, HPLC, capillary electrophoresis

• mass spectrometry, LC-MS, MALDI                            
• biomarker discovery 

• including practical exercises
Lecturers from Austria, PUHSC and guests; Duration per year:  6 – 14 days

SCIENTIFIC PROJECTS
• Development of new biomarker methods as well as new materials for separation and 

MELDI
• Development of disease related biomarker discovery methods including bioinformatics 

e.g. liver cancer and prostate cancer
• Application studies

• Natural Product Proteomics (Phyto-Proteomics)

FELLOWSHIP PROGRAMS - Exchange on different levels
Academics, Students and Non-academic positions – technicians

Participation at the International Proteomics Conference, Seefeld Austria
Duration: 2 weeks, 3 months, up to 3 years (PH.D.) fellowships



WHO – Lyon, France

Collaborations

Prof. Günther Bonn

Prof. Ke Yang

Prof. Siqi Liu









Age-standardized Incidence and Mortality Rates for Prostate Cancer. Data shown per 100,000.

D. Max Parkin, Freddie Bray, J. 
Ferlay and Paola Pisani CA 
Cancer J Clin 2005;55;74-108

Prostate Cancer



Age-standardized Incidence and Mortality Rates for Liver Cancer. Data shown per 100,000.

D. Max Parkin, Freddie Bray, J. 
Ferlay and Paola Pisani CA 
Cancer J Clin 2005;55;74-108

Liver Cancer



Highly Efficient Enrichment and Separation of 
Biomolecules

Enrichment

Desalting

Separation

Hyphenation

New Bioanalytical
Technologies



Stationary Phases – Formats – Strategies  

HPLC - column

Disc - technologyChip -
LC

µ-LC - capillary



MONOLITHIC MS/BVPE
 highly crosslinked
 high crosslinking 

homogeneity
due to non-conjugated 
crosslinker

 minimised swelling
 high pressure stability

 Applicable to HPLC

capillary columns
different dimension

80 x 0.2 mm
80 x 0.533 mm

conventional HPLC
columns

90 x 3.0 mm



Impact on the Separation Efficiency of Monolithic MS/BVPE
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Achievable also with commercial monolithic organic capillary columns

Monolithic Separation



Extended Applicability of the shortly Polymerised Monoliths

 Separation of biopolymers as well as small molecules of various 
polarity can be separated on the same monolithic capillary column
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Transgenomic Wave-System - Mutation Analysis

Transgenomic Wave HPLC-System

Bonn, Gunther; Huber, Christian; Oefner, Peter. Separation of nucleic acid fragments with alkylated 
nonporous polymer beads. PCT Int. Appl. (1994), 30 pp. 



Mutation Detection by Denaturing HPLC using
Packed Columns and Monolithic Capillaries

Packed Column Monolithic Capillary

column: 50 x 4.6 mm I.D. 50 x 0.2 mm I.D.
flow rate: 1 ml/min 3.0 µl/min
injection vol.: 5 µl 500 nl
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Highly Efficient Enrichment and Separation of 
Biomolecules

Enrichment

Desalting

Separation

Hyphenation

New Bioanalytical
Technologies



Methylene blue

S

N

N(CH3)2(CH3)2N

A

B

SEM micrographs of porous structure of 150 µm 
thick poly(butyl acrylate-co-ethylene 
dimethacrylate) monolith attached to a glass plate

TLC separation of methylene blue and methyl red on
monolithic layer attached to a glass plate using ethyl
acetate-ethanol-water mixture (6:4:3) as the mobile
phase (A) and MALDI spectrum from the spot of
methylene blue obtained “from-plate” without using any
matrix (B) .

A B

Collaboration with Prof. F. Svec, Lawrence Berkeley National Lab

Monolithic Porous Polymer Layer For Thin-Layer 
Chromatography Coupled with MALDI- TOF-MS



TLC separation of mixture of peptides labelled with fluorescamine on 150 µm thick poly(butyl
acrylate-co-ethylene dimethacrylate) monolithic layer attached to a glass plate using 0.1% TFA
in 45% aqueous acetonitrile as the mobile phase (A). Sample volume 0.5 µL MALDI-TOF MS
spectra of fluorescently labelled [Sar1,Ile8]-angiotensin II (B), angiotensin II (C), and
neurotensin (D) obtained “from-plate” using HCCA as matrix.

Collaboration with Prof. F. Svec, Lawrence Berkeley National Lab

Monolithic Porous Polymer Layer For Thin-Layer 
Chromatography Coupled with MALDI- TOF-MS



1

3

2

4 A

B C

TLC separation of mixture of proteins
labelled with fluorescamine (A). Sample
volume 0.5 µL. Peaks: Insulin (1),
cytochrom c (2), lysozyme (3), and
myoglobin (4). MALDI-TOF MS
spectra of fluorescently labelled insulin
(B), and myoglobin (C) obtained “from-
plate” using sinapinic acid as matrix.

Monolithic Porous Polymer Layer For Thin-Layer 
Chromatography Coupled with MALDI- TOF-MS



µ-HPLC-ESI-MS

Electrospray Ionisation (ESI-MS) – online

 Increase speed of separation in case of 
MS instruments with  high scan rates 

Structural Elucidation with 
Hyphenated techniques for Phyto-Metabolomics

Nano-ESI

monolith

MSn



Qualitative Analysis of Flavonoids
using µLC- ESI MS and MSn of Heartsease (Viola tricolor L.)

Heartsease has a long history in phytomedicine, it´s biological
activities are attributed to its secondary plant metabolites,
antioxidant flavonoid compounds

It has been utilized to treat:

• various skin disorders
• upper-respiratory problems
• as a diuretic 
• prophylaxis and treatment of cardiovascular problems
• complications of diabetes
• Inflammations
• immune disorders
• liver problems

Separations were carried out using p-methylstyrene
1,2-bis(p-vinylbenzylchloride) monolithic capillary column

Horvath Laboratory of Bioseparation Scienc
Innsbruck, Austria
Prof. Andras Guttman



Qualitative Analysis of Flavonoids
of Heartsease (Viola tricolor L.)

Core structure of flavonoid aglycones Fragment nomenclature applied for 
(a) O-glycosides
(b) C,O-glycosides and C-glycosides

Vukics V; Toth B Hevesi; Ringer T; Ludanyi K; Kery A; Bonn G K; Guttman A,
Journal of chromatographic science  (2008),  46(2),  97-101. 



Fragment spectra of an O-glycoside 
(Quercetin-3-O-deoxyhexosylhexoside-7-O-deoxyhexoside) 

Fragment spectra of C-glycosides
Positive (a-d) and negative (e-h) ion MS3 spectra 
of [M+H]+→0,2X+ 

vitexin

Isovitexin

Luteolin-6-C-hexoside

Chrysoeriol-6-C-hexoside

CID positive mode

CID negative mode 

MS3 positive mode MS3 negative mode

Qualitative Analysis of Flavonoids
of Heartsease (Viola tricolor L.)



Experimental setup of the CE-MALDI interface

Hyphenation of CE with MALDI 

Collaboration with Prof. Danilo Corradini



CE coupled to MALDI with 
novel covalently coated capillaries

fused silica fused silica with
attached fullerenol

fused silica
latex diol

Stefan Bachmann, Rainer Vallant, Rania Bakry, Christian W. Huck, Danilo Corradini, 
Günther K. Bonn, ELECTROPHORESIS, Volume 31, Issue 4, pages 618–629, 2010

http://onlinelibrary.wiley.com/doi/10.1002/elps.v31:4/issuetoc


Characterization of coated capillaries for CE
by infrared spectroscopy



2D Plot CE-MALDI –MS data 
obtained from the analysis of a 
tryptic digest of five proteins 
(myoglobin, cytochrom c, BSA, 
α-casein, ovalbumin). 

Electropherogram for the separation of α–
casein tryptic digest obtained with latex 
diol.
Conditions: capillaries, (65/57.5 cm eff., 
75 µm ID, 360 µm OD); BGE, pH 2.3: 40 
mM TEA titrated with phosphoric acid 
mixed with 20% (v/v) ACN.

Hyphenation of MALDI with CE



(A) MALDI-TOF mass spectrum of CE 
fraction no. 34. (B) The fragment ion 
spectrum of peptide 1951.92 Da. (C) The 
identification probability plot from the swiss 
prot database.
The internal standards are indicated with 
asterisks.

Hyphenation of MALDI with CE

Collaboration with Prof. Danilo Corradini



New Analytical Approaches 
in “Phytoanalytics”



Analytical Chemistry in Phytopharmacy
Steps for Quality Control

plant extraction patientproduction

Selective materials for sample pretreatment: particles (spherical, irregular)
monoliths
SPE, columns, disks

Stationary phases for HPLC and µ-HPLC: particles (different mechanisms)
monoliths

Screening: MALDI targets/MELDI materials: matrix free
with matrix

Hyphenated techniques: µ-HPLC-ESI-MS
µ-HPLC-MALDI-TOF MS

Infrared Spectroscopy: non-invasive quality control

sample
pretreatment

product



Natural Products - Extraction and Purification - Strategies

Extractives

Flavonoids

Carbohydrates

Vitamines
Tocopherols

Carotenoids

Alkaloids

Pharmacological studies of
single and synergetic effects

Quality Control

Primula veris

Echinacea

Naphtodianthrone
Hypericin, Pseudohypericin

Hyperforin

Polyphenols
Resveratrol

Lectines

Proteins / Amino acids
Phytoproteomics



Extraction Scheme
Plant material
e.g. Scutellaria, 

St. John‘s Wort etc.

Extraction principle
• Hydrothermolysis (flow through, p, T)
• Acidic hydrolysis
• Microwave
• Accelerated Solvent Extraction (ASE, Dionex)
• Mazeration

Microbiologicale and
pharmacological tests
z.B. antimicrobial, anti-
inflammatory (COX, LOX) 
properties

Analysis
•Solid-phase extraction (SPE)
•Separation (HPLC, µ-LC, LC-MS, CE, CE-
MS, CEC)
•Vibrational spectroscopy (MIR, NIR, ATR,
Raman)
•Antioxidative otential (DPPH, FRAP)
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Extracts

AIM • Increased extraction yield
• Increased selectivity and specifity



Cooperation with Bionorica®

In the field of phytoanalytics 
and antimicrobial activities of plants 



TiO2 coated Targets for matrix-free LDI MS

SEM picture
50 nm TiO2 coating

XPS



TiO2 coated Targets for matrix-free LDI MS
Analysis of Artichoke Samples

Cynara scolymus 

Apigenin (A), 

Luteolin (B), 

Cynaropikrin (C), 

Chlorogenic acid (D), 

Cynaroside (E) and 

Cynarin (F), 



Matrix-free LDI MS for the Detection of Low 
Molecular Weight Compounds

Deoxycholic 
Acid

1,2 Diheptadecanoyl-
sn-Glycero-3-[Phospho-
rac-(1-glycerol)]

A B

Collaboration with SONY



Laser Desorption/Ionization Mass Spectrometry 
on Diamond for the Application in Metabolomics

A.) Amino Acids
e.g. L-Phenylalanine

B.) Blood Metabolites
e.g. Deoxycholic Acid

C.) Lipids
e.g. 1,2 Diheptadecanoyl-
sn-Glycero-3-[Phospho-rac-
(1-glycerol)]

Na+ and K+ adducts.



Invited Interview in Analytical Chemistry 2008



Absorption of NIR radiation by organic molecules  mainly O-H, C-H, N-H and C=O groups whose fundamental
molecular stretching and bending absorb in the mid – IR region ( 400 – 4000 cm-1)

These overtone and combination bands are anharmonic  very complex and not direct interpretable as in other
spectral regions  need for chemometric evaluation 

Chemical (e.g. functional groups) as well as physical parametes (particle size, pore size, 
specific surface area) can be detected

• NIR wavelength range: 780 – 2500 nm 
(4000 – 12800 cm-1)

• interaction between sample and   
electromagentic radiation

• Pre – condition: change of dipole moment

• overtone and combination bands appear

• use of chemometrical and statistical tools

Basics of Near–infrared Spectroscopy (NIRS)



- NIRS Setup -

I
I0

A = ε * c* d =Lambert Beer´s law -log

Basics of Near–infrared Spectroscopy (NIRS)



MIR + NIR

Material
Science

Physical 
properties

Morphological 
properties

Pharmacy

Chemical 
parameters

Physical
parameters

Phytomics

Chemical 
paramters

Physical
parameters

Bioanalysis

Blood 
ingredients

Tissue 
analysis



NIR Strategy of Analysis
Sinupret

Optimization of the
reference method

Optimization of the
NIR-parameters

NIRHPLC Content of the 
leading compound
3‘,4‘,5‘-trimethoxyflavone

Content of Flos Primulae veris

HPLC Content of the other
leading compounds

Content of other 
plants in Sinupret

Optimization of the
reference method

®

®

CH3
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O

O
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O
CH3

H

H
H

H
H

H
H

CH3



Charge Area Primula Conc. LC NIR-MW Water EtOH
(µV*sec) (g/100g) (ng/µl) (ng/µl) (%) (%) 

91102064  28.10.91 70490 0,493 0,219 0,219 80,38 15,7

91112182  05.11.91 71740 0,500 0,222 0,210 80,83 15,2

91112191  08.11.91 61346 0,442 0,197 0,230 80,25 15,7

91112302  22.11.91 66799 0,472 0,210 0,186 81,33 14,5

91112311  28.11.91 81551 0,555 0,245 0,193 79,69 15,7

O

O
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CH3

H

H
H

H
H

H
H

CH3
CH3

3‘,4‘,5‘- Trimethoxyflavone
Leading Compound 0.14

0.16

0.18

0.20

0.22

0.24

0.26

0.28

0.30

0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30
True value (HPLC)
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R2 0,9594
SEE    0,0057
SEP    0,0099
BIAS –0,0389

1st derivative
Normalisation

NIR Strategy of Analysis



NIRS of Naphthodianthrones and
Phloroglucines in St. John´s Wort

NIR spectra
(a) Original spectra, (b) pretreated spectra Predicted (NIRS) vs. True values (LC)

(a) Hypericin, (b) Hyperforin
(n=80). (a) R2=0.99; SEP=0.68; (b) R2=0.99; SEP=0.72

a

b



Wine Analysis using NIRS



Factor plot of 141 spectra of different wines (Lagrein, 
Chianti, Cabernet Sauvignon). Conditions: Normalisiation, 

1st derivative; wavenumer range, 4500 - 10000 cm-1; 
thickness, 3 mm; scans, 10; temperature, 23°C.

Wine Analysis using NIRS
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Michael A. Popp, Guenther Bonn, Christian Huck, Wolfgang Guggenbichler, Method for
classifying wine and coffee. Patent No. WO 2002097431, Application Number WO 2002-EP4988



Coffee Analysis using NIRS



Arabica

Robusta

Original Property / Predicted Property
All Spectra
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Validation Spectra f(x)=0.5188x+0.0778  r=0.513025
Calibration Spectra f(x)=0.6886x+0.0528  r=0.829812
Validation Spectra
Calibration Spectra

Quality Control of Coffee via NIRS

Quantitative analysis of caffeine and 
theophylline

C.W. Huck, W. Guggenbichler, G.K. Bonn, Analysis of Caffeine, Theobromine and Theophylline in Coffee by
Near Infrared Reflectance Spectroscopy (NIRS) Compared to High Performance Liquid Chromatography
(HPLC) Coupled to Mass Spectrometry. Anal. Chim. Acta, 538 (2005) 195



MUG:
Biobank, IHG
Cancer Genetics
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SFB021, MCBO
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Bionorica SE
Austrian TCM Project
University of Innsbruck

Austrian TCM Project
University of Graz

University of Vienna
University of Natural Resources

WHO – Lyon, France

International Collaborations
Prof. Günther Bonn

Prof. Ke Yang

Prof. Lukas Huber

Sino-Austrian
Center for Biomarker Research

Prof. David Mirelmann



Prof. Lukas A. Huber
Scientific Director – Biological Division

Cell Biology,  Biocenter
Innsbruck Medical University

Prof. Günther K. Bonn
Scientific Director – Analytical Division

Institute of Analytical Chemistry and Radiochemistry  
University of Innsbruck

Austrian Drug Screening Institute (ADSI)
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Projects of Bionorica SE and Bionorica Research 

at the Universities and Medical Universities  
in Innsbruck, Graz and Vienna

Austrian TCM Project with 
The Chinese Academy of Traditional 

Chinese Medicine
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Tyrol as a region of cancer and phyto research:
stepwise development 

Special Research 
Program SFB021: 
Cell Proliferation and 
Cell Death in Tumors

Doctoral Program 
in Oncoscience

Austrian Proteomics 
Platform (APP)

Formation of 
Biocenter Innsbruck

Oncology in the 
scientific focus at the I-
MED

FP6-Project
Growthstop

Proposal for COMET 
Center ONCOTYROL

First „Clinical Trial Center“ 
in Austria established at 
the         I-MED

GEN-AU II

2003

2004

2005

2006/7

2008/9

Launch of the
„ONCOTYROL –
Center for 
Personalized Cancer 
Medicine“

4x START grants at 
the I-MED Biocenter 

Drug Screening 
Platform Concept

GEN-AU III



academic
research

basic 
research

target 
identification 

target 
validation

hit 
generation

lead 
development

pre-clinical 
development

clinical 
development

validated 
targets

validated 
hits

lead 
candidates

lead 
optimization

EU FP6 
Growthstop

4x START 
grants

SFB021

Gen-Au: 
APP III. ProCap

Projects 
Bionorica
Austrian TCM 

Projects

adsi onco

adsi phyto

industry-academia partnership industrial
development

Bionorica SE
Bionorica Research, Austri



Academic Drug Screening Centres - USA



Academic Drug Screening Centers - Europe

Medical Research Council Technology (Mill Hill, UK) 51-100.000

Imperial College Drug Discovery Centre (London, UK)  11- 50.000

Scottish Hit Discovery Facility (Dundee, UK) 51-100.000

Max Planck Institutes Chemical Genomics Centre (Dortmund, Germany) 11- 50.000

EMBL/DKFZ Chemical Biology Core Facility (Heidelberg, Germany) 51-100.000

USEF (Santiago de Compostela, Spain)  <10.000

HTS, Spanish National Cancer Research Centre (Madrid, Spain) 51-100.000   

LiMoNe, K.U.Leuven (Leuven, Belgium) 11-50.000

IBITEC-S, CEA Saclay (Paris, France) 11-50.000

PCBIS, Universite Louis pasteur (Strasbourg, France) 11-50.000

CMBA (Grenoble, France)  11-50.000

Biomolecular Screening Facility, EPFL (Lausanne, Switzerland) 11-50.000

European Screening Port (Hamburg, Germany) 151 - 300.000

High-Content Screening prevails at European  Academic Screening Centres  

Library size



Comparison of early drug discovery approaches at industry and academia

high throughput screening (industry) high content screening (academia)

throughput high to ultra-high low to medium 

content low high

format 1536- and 3456-well plates 96- and 384-well plates

assay simple biochemical assays (cell-free) complex biological assays (cell-cell interactions)

detection absorbance, fluorescence, luminiscence advanced biooptics, mass spectrometry

capacity > 100.000 compounds/day < 10.000 compounds/day

screen size up to 2 millions compounds < 100.000 compounds

compounds own synthetic libraries external libraries (synthetic and natural)

focus selection of active compounds understanding of the mode of action

purpose generation of new drugs for profit generation of new methods and research tools

IPR strategy protection of active compounds protection of methods and research tools

IPR owner company project owner

equipment > 10.000.000 € < 5.000.000 €

Austrian Drug Screening Institute, Tirol



ADSI management
AN

AL
YT

IC
AL

 D
IV

IS
IO

N • mass spectrometry
• HPLC
• LC-MS, MS/MS
• IR/NMR spectroscopy
• computational chemistry
• drug pull downs
• new materials for separation          

technology & enrichment
• advanced electrophoresis
• bioinformatics 

BI
O

LO
GI

CA
L 

DI
VI

SI
O

N • biological tests
• immunological tests
• high content biooptics
• molecular screening
• structural biology
• cell –cell interaction assays
• drug signatures

• Proteomics
• Genomics

Günther Bonn Lukas Huber

scientific advisory board



Management
Shareholder University of Innsbruck (100%)
CEO:
Dr. Laco Kacani

Scientific Directors:
Prof.Mag.DDr.h.c. Günther Bonn – Analytical Division
Prof.Dr. Lukas Huber – Biological Division

Scientific Board
Prof.Dr. Peter Boyle IPRI , Lyon, France
Dr. Danilo Corradini Institute of Chemical Methodologies, Chromatography 

and Capillary Electrophoresis Unit, 
Montelibretti, Italy
DDr. Friedrich Lottspeich Max Planck Institute of Biochemistry, 

Martinsried, Germany
Prof.Dr. David Mirelman Weizmann Institute of Science, Rehovot, Israel
Mag. Markus Pasterk Biobanking and Biomolecular Research Infrastructure, Graz, 
Austria 
Prof.Dr. Siqi Liu Chinese Academy of Sciences, Bejing Institute of 

Genomics  Bejing  China



Screening in oncology – partnership with ONCOTYROL: 
Treatment of prostate cancer, breast cancer, lymphoma & myeloma

Screening of natural compounds – partnership with phytopharmacy:
Treatment of inflammatory, immunological & infectious diseases

Screening for external partners – partnership with Austrian academy:
External projects – library screening,  drug signatures, mode of action

Examples of Screening Projects







Equipment



Extraction

ASE 350 Moisture 
Analyzer

Rotavapor

Aquasolv
CertoClav
Sterilization



Proteineer
Fractionation, LC-MALDI coupling

ImagePrep
MALDI Imaging

Sample Preparation

PhyNexus MEA System
liquid handling robotic system



Mass Spectrometry

2x Maxis Impact
Autoflex Speed

UPLC
2D, analytical and nano





Developement of co- culture testsystems



Guava easycyte 
8HT Milipore
Cell sorter 

PanSys 4000
Fully automated 
cell culture system





ADSI – Austrian Drug 
Screening Institute GmbH

Rangsit University 
Faculty of Oriental Medicin
Bangkok, Thailand

Bionorica
research

CCB
ADSI

Hospital

Prof. Dr. Surapote









Das Löslichkeitsprodukt



Ba2+
aq + SO4

2-
aq BaSO4

aq

Krea
c

ΔGf
0 BaSO4 aq -722,874842 Eh

ΔGf
0 Ba2+

aq -25,166661 Eh

ΔGf
0 SO4

2-
aq -697,670227 Eh

ΔGf
0 BaSO4 aq

reac
-0,037954 Eh

ΔGf
0 BaSO4 aq

reac
-23,82 

kcal/mol
Kreac 2,90 · 1017

Ag+
aq + Cl-aq AgCl aq

Krea
c

ΔGf
0 AgCl aq -606,030719 Eh

ΔGf
0 Ag+

aq -146,329850 Eh

ΔGf
0 Cl- aq -459,659021 Eh

ΔGf
0 AgCl aq

reac
-0,041848 Eh

ΔGf
0 AgCl aq

reac
-26,26 

kcal/mol
Kreac 1,79 · 1019

627,5095 kcal/mol

8,3145 J/mol K

298,15 K

Programm:

Methode:

Basissatz:

Solvatisierung:

Gaussian 09 C.01

Møller-Plesset Ströungstheorie (MP/2)

Karlsruhe double-ζ mit Polarisationsfunktionen
Small Core ECPs für Ag und Ba

Polarisierbares Kontinuumsmodell (PCM)

Eh:

R:

T:

Oliver Lutz 
17.10.2013









Literatur: Analytische Chemie

Latscha, Klein

Springer Verlag



























Filtriervorstoss

Filtertiegel

Wasserstrahl-
pumpe

Saugflasche

Gummikonus

Gummikonus
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