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(Krug and Wick, 2011)



Biomedical Applications of Nanoobjects

Drug Delivery

Nanobiocatalysis Bioimaging

Hygienic Diagnostics and
applications Biosensors
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Quantum Dots for Biological Applications
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(thermofisher.com)



Quantum Dots Core Materials
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(Medintz et al., 2005)



Quantum Dots Photophysics
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Quantum Dots Optical Properties
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Biomedical Applications of Quantum Dots

In vitro
biomarker
detection

In vitro
cellular
labeling

In vivo
Imaging
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Cellular Labeling
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In Vivo Imaging Using Quantum Dots
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Biomedical Applications of Magnetic Nanoparticles
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Molecular
Detection

Heating Imaging

Delivery
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Physical Properties of Magnetic Nanoparticles

Ferromagnetic NPs
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(b)
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(Akbazardeh et al., 2012)
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Magnetic Separation
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(Pankhurst et al., 2003; Colombo et al., 2012)
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Magnetic Targeting and Drug Delivery
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Hyperthermia
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(Maier-Hauff et al., 2011; Thiesen and Jordan, 2008)



MRI Contrast Enhancement by Magnetic Nanoparticles '
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Applications of Magnetic Resonance Imaging
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MRI for Detection of Inflammation
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Optical Properties of Gold Nanoparticles
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Sensor Applications of Gold Nanoparticles

Colorimetric Assays

Surface Enhanced Raman Scattering
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Gold NP Microarray for Protein/DNA Detection

Probe Glass Slide Antigen Antigen Antibodies
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Gold NP Microarray for Protein/DNA Detection

| Targetis
present

Targetis
not present

PSA = prostate specific antigen = tumor marker
AFP = alpha fetoprotein = serum protein
hCG = human chorionic gonadotropin = hormon indicating pregnancy
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Synthesis of Silica Nanoparticles

Hydrolysis:

Si(OC,H;), + 4H,0

Si(OH), + 4 C,H;OH

tetra ethyl orthosilicate (TEOS)
Condensation:

Si(OH),

>

silicon tetrahydroxide ethanol

_ Si0, (Sol)  + 2 H,0

silicon tetrahydroxide

silica

Dr. Annette Kraegeloh — 05 July 2019 www.leibniz-inm.de



Synthesis of Fluorescent Silica Nanoparticles
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Bioconjugation of Silica Nanoparticles
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Bioconjugation of Silica Nanoparticles - Streptavidin Biotin

streptavidin (left green, right blue),
transferrin,

antibody,

albumin,

DNA,

PEG
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[Roo 2012, Sperling and Parak, 2010]



Fluorescent Proteins
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Encapsulation of Proteins within Silica Nanoparticles
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Enzyme Nanoentrapment

(b)

(i) Solubilized
enzyme
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Entrapment of Enzymes in Nanopores and on Nanofibres
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[Kim et al., 2008]



Passive Targeting via Enhanced Permeability and Retention
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Drug Delivery via Active Targeting

32 Dr. Annette Kraegeloh — 05 July 2019 www.leibniz-inm.de
(Alexiou, 2011)



Intracellular Targeting
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Questions

O What are nanoobjects?

O What are main application fields of nanoparticles in biomedicine? How do they work?

U What are quantum dots? What are they made of, what are their main properties and applications?
U What are important properties of gold nanoparticles? How are they used in biomedicine?

U What are main applications of magnetic nanoparticles?

Q Silica nanoparticles: How are they prepared? How can biomolecules be coupled to silicon dioxide
nanoparticles? How can proteins be encapsulated? What are fluorescently labeled silica nanoparticles?

0 What is the EPR effect? What is this effect used for?, what is passive targeting of nanoobjects/drugs?
U How is active targeting of nanoobjects achieved?
0 What is intracellular delivery of nanoobjects? How are nanoobjects released into the cytosol?

O Why drug delivery? Discuss
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Next Lecture: July 12, 2019

Nanosafety

Written Exam (Klausur): July 19, 2019
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