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Verunreinigungsprofile, Enantiomerenanalytik

� Arzneistoffmetabolismus
� Metabolomics

Metabolic profiling

� Biomarker Analytik
Oxidativer Stress

� Biopharmazeutika-Analytik
Oligonucleotide, Antikörper
Plasmid DNA (Isoformen, Topoisomere)
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Chirale stationäre Phasen
Monolithische Polymere
Medien für Biopharmazeutika-Reinigung
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Sources and Cellular Responses 
to Reactive Oxygen Species (ROS)

Source: Toren Finkel and Nikki J. Holbrook, Nature 408, 239-247(9 November 2000) doi:10.1038/35041687
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Mitochondria
Peroxisomes
Lipoxygenases
NADPH oxidases
Cytochrome P450

Exogenous 
sources

Ultraviolet light
Ionizing radiation
Chemotherpeutics
Inflammatory cytokines
Environmental toxins

Antioxidant 
defences

Enzymatic systems
CAT, SOD, GPx
Non-enzymatic systems
Glutathione
Vitamins (A,E,C)
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Bochkov et al. ANTIOXIDANTS & REDOX SIGNALING 2010, 12, 1009-10053
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Molecular Complexity of 
Oxidized Phospholipids (oxPLs)

Arachidonate Peroxyl radical Hydroperoxide
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� 4-Hydroxynonenal
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Role of Oxidized Phospholipids and Oxidative Stress

Free Radical Biology & Medicine 52 (2012) 266–280

Oxidized
Phospholipids
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Oxidized LDL and its Role in Atherosclerosis

Nature Medicine 9, 641 - 642 (2003) 
doi:10.1038/nm0603-641 Autoimmunity: busting the atherosclerotic plaque
Noel Rose& Marina Afanasyeva

Extraction of Oxidized LDL as Biomarkers Antibody Immobilization Strategies

Random Immobilization Oriented Immobilization

Adsorptive Binding

Covalent linkage via 
amide coupling
(PEG7 Spacer)

Via carbohydrate residue and 
hydrazide coupling 

(-(CH2)11-PEG6 Spacer)

Via  Protein A affinity
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Characterization by DLS, 
ζ-Potentials and UV

Specificity of GNP-cProtA-Ab

MDA-LDL

0.00E+00

5.00E+06

1.00E+07

1.50E+07

2.00E+07

0.00 1.00 2.00 3.00 4.00

•
•
•

LDL (µg/mL )

Cu2+-oxidized LDL

Native LDL

Anti-MDA-LDL@GNPcProtA 

� Oriented immobilization 

via cProtA favorable

� Good colloidal stability

� Highest affinity and 

binding capacity

� Low cross-reactivity with 

native LDL

+
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Desorption/
IonisationAnalyte

Selective Enrichment by 
Functionalised Nanoparticles

Laser Pulse

Clinical Analysis of Biomarkers of
Oxidative Stress by MALDI-TOF

� Miniaturized sample 
preparation (simple pipetting 
and spinning)

� Specificity of Ab

� Enrichment by Ab-NP 
conjugate

� High-throughput capability of 
MALDI-TOF Stübiger, et al. , Anal. Chem.

Oxidized phospholipid

Chemical Trapping Concept
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PONPC PONPC-hydrazone

GNPs

Trapped analyte

1) purification 

2) elution

Eluted PONPC
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Application to MDA-LDL and CuLDL

PONPC in MDA-LDL POVPC in MDA-LDL PONPC in CuLDL

Mean [ng/µg] 1.24 ± 0.26 0.50 ± 0.10 2.03 ± 0.44

OxPL

OxPL

OxPL

OxPL

OxLDL

1. MeOH 
extraction

2. PACa 
derivatization

4. NH2-OH

3. Trapping 
(GNPs)

5. LC-MS

PONPC in CuLDL-
spiked plasma

PONPC in CuLDL

Outlook

� Development of method for comprehensive analysis of oxidized phospholipids

� Resolution of full structural complexity (incl isomers)

� Method for distinction between enzymatic oxidation and random oxidative 

modification

Collaborations

� LC-QTOF-MS/MS Analysis (e.g. mulit-target inflammation marker analysis, for 

validation purposes)

� Functionalized/engineered nanoparticles for molecular recognition and 

imaging purposes

Functionalized Engineered Nanoparticles for Imaging

Silica

Type of Material

Fe2O3

Gold Silver

Control of Size
sodium citrate / HAuCl4 (C/H) ratio

Imaging Modality

Core

Shell

Technique Materials

CT Gold, Silver

MRI Iron-Oxide, Gd3+/Silica

Optical Quantum dots, SERS-active
NPs (Gold, Silver)

Multifunctionality (Drug-load)

Chemical Surface Functionalization

- Molecular Recognition

- Passivation

- Biocompatibility

- Fluorescence Tag

- Kinetic Properties

Control of Surface Charge


