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Arbeitskreis Bracher

Pharmazeutische/Medizinische Chemie



Naturstoffe

neue
Leitstrukturen 

Rationales Design

Bekannte Wirkstoffe
(target hopping) random screening



systematische 
Strukturvariationen

neue

Leitstrukturen

Synthesechemie !!

Analytik         
(NMR, GC-�D�^�U���Y�•

Testung

Analyse von Struktur-
Aktivitäts-Beziehungen

Lead optimization

Testung an 
isolierten Enzymen

Ganzzell-Assays

Docking-Experimente

Kristallstrukturanalyse

im AK Bracher                  AK Bracher/Partner       bei Kooperationspartnern



�‡ Naturstoffsynthese
�‡ Methodenentwicklung für neue chemische Synthesen
�‡ Entwicklung neuer Zytostatika
�‡ Entwicklung von Enzyminhibitoren für epigenetische 

Targets (Kinasen,  Histondeacetylasen, Bromodomains, 
Macrodomains, DNA-Helicasen)

�‡ Entwicklung von Modulatoren von Ionenkanälen

Steroidomics:
�‡ Entwicklung von Inhibitoren der Biosynthese von 

Ergosterol und Cholesterol
�‡ Identifizierung neuer therapeutischer Anwendungs-

möglichkeiten für diese Inhibitoren
�‡ Sterolanalytik(GC-MS/MS)

Wichtige Themengebiete

sehr viel 
Het erocyclen-

Chemie

Assays
Analyt ik
Synt hese

Konkrete Beispiele finden Sie auf unseren Posters





Prof. Ivan Huc, Dpt . Pharmazie, Ludwig-Maximilians-Universität, Munich

MASTERING MOLECULAR SHAPES

https://huc.cup.uni-muenchen.de/



Molecular backbones and body languages

Exploring the benefits of differences

proteins DNA foldamers



H. �-�L�D�Q�J�«��J. Am. Chem. Soc 2003, 125, 3448
T. Qi, T. Deschrijver�« Nat. Protoc. 2013, 8, 693 

Local conformational preferences induce folding

NO DENATURATION
�' G�•��= 102kJ/mol

X-ray

Parameters:

pitch 3.5 Å

2.5 units/turn
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Crystals from dmso/CH3CN Crystals from �) NO2/heptane

Nature 2000, 407, 720
Volker Berl�«��Chem. Eur. J. 2001, 2810



A vast chemical space

Aromatic Sheets
JACS 2014,

136, 2168

Triple helices
ACIE 2010, 49, 1778

Quadruple helices
ACIE 2008, 47, 1715

7 nm, 19 helix turns, 48 units

Nanosized helices - JACS 2009, 131, 8642

Tertiary-like folds - JACS 2011, 133, 3165

Double Helices
Nature 2000, 407, 720

Helices at an angle
CEJ 2008, 14, 7140



Endomolecular Recognition
Exomolecular
Recognition

New shapes for molecular recognition



Department of Pharmacy
Ludwig-Maximilians-University of Munich

Arbeitsgebiete des AK Wanner

Inhibitoren der GABA-
Transportproteine

MS Bindungsstudien

Resensitizer nikotinischer Acetylcholinrezeptoren

96-well plate



Department of Pharmacy
Ludwig-Maximilians-University of Munich

hGAT1 hGAT3

Strukturbasiertes Design

Inhibitoren der GABA-Transportproteine

Fragmentbasiertes Design

GAT

Vorkommen im ZNS
Neocortex, hippocampus,
Cerebellum, Hirnstamm, Rückenmark

Indikationsgebiete,
Epilepsie, neuropathischer Schmerz, Angst, Panikattacken

Thalamus, Hypothalamus, 
Hirnstamm, Rückenmark
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Ludwig-Maximilians-University of Munich
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Strukturbasiertes Design

Inhibitoren der GABA-Transportproteine

Fragmentbasiertes Design

GAT

Vorkommen im ZNS
Neocortex, hippocampus,
Cerebellum, Hirnstamm, Rückenmark

Indikationsgebiete,
Epilepsie, neuropathischer Schmerz, Angst, Panikattacken
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Hirnstamm, Rückenmark
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MS Bindungstudien �±ein Ersatz für Radioligandbindungsstudien

Stärken
- breit anwendbar
- exakte und verlässliche Daten
- Goldstandard

Schwächen
- Synthese von Radioliganden teuer
- Sicherheitsvorkehrungen erforderlich (S1-Bereich) 
- Umweltbelastung, radioaktiver Abfall

Stärken

- �9
- �9

- leicht durchführbar
- keine Radioaktivität

MS-Marker

Interner Standard

Test Verbindung

96-well plate
-7 -6 -5 -4 -3 -2
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D1 Rezeptor Agonisten hypertensive Krise
D2 Rezeptor Antagonisten Schizophrenie, Erbrechen

D1

D1

Simultane Multiple MS Bindungsstudien
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M. Schuller, G. Höfner, K.T. Wanner, "Simultaneous Multiple MS Binding Assays 
addressing D1 and D2 Dopamine receptors", ChemMedChem 2017, 12, 1585-1594
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Screening Pseudostatischer Substanzbibliotheken    

+

M. Sindelar, T. A. Lutz, M. Petrera, K.T. Wanner, "Focused Pseudostatic Hydrazone Libraries Screened by Mass Spectrometry
Binding Assay �±Optimizing Affinities towards ��-Aminobutyric Acid Transporter 1", J. Med. Chem., 2013, 56, 1323-1340.
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Inhibierung der Acetylcholinesterase

Akkumulation von Acetylcholin 
im synaptischen Spalt  -> cholinerge Krise

Organophosphatvergiftung

Resensitizer nikotinischer Acetylcholinrezeptoren
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Muskarinischer Acetylcholinrezeptor Nikotinischer Acetylcholinrezeptor

Therapeutische Ansätze

Muskarinrezeptor-Antagonisten,
z.B Atropin

Desensitisierung

Oxime für Reaktivierung der AChE
�R�G�H�U���ÄResensitizierung�³��
Modellverbindung MB327

Akkumulation von Acetylcholin 
im synaptischen Spalt  -> cholinerge Krise

Resensitizer nikotinischer Acetylcholinrezeptoren

Biologische Charakterisierung
- funktionale Assays

SURFE2R
(Surface Electronic
Event Reader)

In Kooperation mit dem
Institut für Pharmakologie und Toxikologie der Bundeswehr
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Resensitizer nikotinischer Acetylcholinrezeptoren
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MB327 between delta and alpha chain

MB327 between beta and gamma chain

Electron microscopy 3D structure of
nAChR from torpedo marmorata
(Unwin 2005)

Bausatz für Synthesen von Pyridinderivaten
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J. Bräckow, K. T. Wanner, "Direct Synthesis of 4,4-Disubstituted
N-Silyl-1,4-Dihydropyridines", Tetrahedron, 2006, 62, 2395-2404.

S. Sichler, G. Höfner, S. Rappenglück, T. Wein, K. V. Niessen, T. Seeger, F. Worek, H. Thiermann, F. F. Paintner, K. T. Wanner, 
Development of MS Binding Assays targeting the binding site of MB327 at the nicotinic acetylcholine receptor, Tox. Lett., in Press
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Need: Targeted Pharmaceuticals 

1 

Thorn-Seshold Group 
Pharmaceutical Chemistry

www.cup.lmu.de/ph/aks/thornseshold  

How to make Pharmaceutical Chemistry smarter? 

The most potent anticancer 
drugs hit targets that are 
critical for cell survival - and 
therefore, which are needed 
in healthy as well as 
tumoural cells. 
 
Major side-effects arise from 
on-target interactions, in the 
wrong areas of the body 
(here: cardio, GI, immunotox) 

We redesign key drug 
features, so our derivatives 
remain inactive throughout 
an organism, except at a 
tissue we want to hit. 
 
We often use photoswitching, 
enzymatic processing, or 
redox strategies to mask or 
reveal the bioactivity of our 
derivatives. 



A case study: 
Targeting Antimitotics with Light 
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Thorn-Seshold Group 
Pharmaceutical Chemistry

1. select and  
analyse potent 
antimitotic 

2. study SAR 

3. develop 
pharmacophore 
model 

4. our work : design a 
switchable analogue, where 
one isomer [cis] fits the 
pharmacophore, the other 
[trans] does not. 
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Thorn-Seshold Group 
Pharmaceutical Chemistry

5. synthesise a small panel 
of our designs 

6. run biological assays with 
selective activation or 
activity suppression (here: 
by light) 

7. Study activity switching in 
cell culture 

8a. Use as unique, high-precision tool 
to achieve new research possibilities 

8b. Apply as switchable drug in vivo to 
target antimitotic/anticancer effects 

A case study: 
Targeting Antimitotics with Light 



Other drug classes we work on 
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Organic Synthesis 
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mechanism elucidation
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Inhibitors of TRP channels
(pain / heat / pH sensation):

binding site studies
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Topoisomerase 
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DNA Lesion Agents: 
mechanisms to 
trigger bioactivity 
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Pharmaceutical Chemistry



Targeting Pharmadude/tte /s 
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www.cup.lmu.de/ph/aks/thornseshold  
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Pharmaceutical Chemistry
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Cardiac functions of pacemaker channels

Boukens and Christoffels (2012) J Clin Invest.;122:810
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From the MacKinnon Laboratory
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SAN
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HCN pacemaker channels and genetic mouse models
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cAMP
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ICaT, ICaL

IK

Role of Ih/If in the generation of cardiac pacemaker potentials

20 µm

SA node

A

V



Ivabradine (Procoralan ®)

Key role of HCN4 in sinoatrial pacemaking

Resting heart rate

hz

wt



SAN explantsPatch Clamp FRET imaging

Clinical electrophysiology Genetic mouse modelsOptical AP mapping

Experimental approaches to characterize pacemaking



Anatomical studies of sinoatrial node



Experimental approaches to characterize pacemaking



Experimental approaches to characterize pacemaking



Experimental approaches to characterize pacemaking



Immunohistochemistry of the SANExperimental approaches to characterize pacemaking



Dissociation of sinoatrial node cells

spider

atrial-like elongated

spindle
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• 15 Teilnehmer
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• 68 Teilnehmer
• SPICE 2D
• Qualitative Auswertung
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• �á�³�'�x�Ì�x�Ë�ü�s
• Teilnehmer
• SPICE 2D
• Qualitative Auswertung
• SOAP Analyse
• �W�s����(Geplant)�²
• �^���Ë�O�Ì�¯�$�Ì�Ë���X�¶�ã-
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• �â�Ì���_�x�`�Þ�X�¶Tool
• �®�x�Ë�N���ü���â�w���»�����X���6�t�ã�s
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Vorstellung AK Frieß 

Tag der Forschung 
 

LMU Muenchen 
Department Pharmazie 

Pharmazeutische Technologie und Biopharmazie 



Top 10 Drugs 2016  

#1 Adalimumab - Humira® (16 Mrd�¼) 

# 2 Ledipasvir+Sofosbuvir - Harvoni® (9 Mrd�¼) 

# 3 Etanercept - Enbrel® (8.9 Mrd�¼) 

# 4 Rituximab - Rituxan® (8.6 Mrd�¼) 

# 5 Remicade - Infliximab® (7.8 Mrd�¼) 

# 6 Lenalidomide - Revlimid® (7 Mrd�¼) 

# 7 Bevacizumab - Avastin® (6.8 Mrd�¼) 

# 8 Trastuzumab - Herceptin® (6.8 Mrd�¼) 

# 9 Insulin glargine - Lantus® (5.7 Mrd�¼) 

# 10 Pneumococall 13-valent conjugate vaccine - Prevnar 13® (5.7 Mrd�¼) 

Dec 1, 2017 Wolfgang Frieß 2 



Mission 

Dec 1, 2017 Wolfgang Frieß 3 

One of the leading groups in 
formulation, processing and analysis 

of biopharmaceuticals 



Infrastructure - Pharmaceutical 
Technology and Biopharmaceutics 

o Research groups: Prof. Merkel, Prof. Winter, Prof. Frieß 

o 1.500 m² ; ~ 40 members 

General Infrastructure - Highlights 

o Sterile facility with filling machine, lyophilizer in class A, isolator etc. 

o Protein formulation handling equipment e.g. TFF, filling and capping equipment 

o Processing equipment e.g. LFs, lyophilizers, spray-dryers, cryo-mill, extruders  

o Protein analytical equipment e.g. DLS plate reader, Protein-DSCs, Bio-FT-IR, 
Fluorescence spectrometer, LCs, FPLCs, AF4s 

o Parenteral analytical equipment e.g. Light obscuration, MFI/Flow Cam, 
Osmometers, Injection Force Measurement 

o Further analytical equipment e.g. DSC, TG, DVS, Karl-Fischer, Zetasizer, Laser 
Diffraction, Cascade impactor 

Dec 1, 2017 Wolfgang Frieß 4 



Research Activities 

Dec 1, 2017 Wolfgang Frieß 5 

Protein Aggregation - 
Mechanisms and Analytics 

Protein Drug Delivery -  
Parenteral, Pulmonary, 
Topical 

Freeze-Drying -  
Process and Formulation 
Understanding, PAT Tools 

Protein-Material-Interactions - 
Adsorption, Surfactant Effects  

Protein-Protein-Interactions - 
Analytics, Protein Effects, 
Formulation Effects 



Dec 1, 2017 6 

Selected Publications 

Wolfgang Frieß 



Ph.D. Students And Their Projects 

Dec 1, 2017 Wolfgang Frieß 7 
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Formulation of Biopharmaceuticals 



Research day December 1st 

Development of Delivery 
Systems for Macromolecules  

AK Merkel  

Pharmaceutical Technology 



Therapeutic Macromolecules 
 &  

Drug Delivery Strategies 

Drug Delivery Strategies (DDSs) 

Research day December 1st 

The use of macromolecules (such as DNA, RNA and Proteins) as therapeutic agents has come to the 
forefront in recent years. The combination between their poor pharmacokinetics properties and 
multiple biological barriers stand between the macromolecular drug and  its ultimate biological 

target results in limited therapeutic application 
�9 Rapid degradation 
�9 Inability to penetrate target tissues 
�9 Fail to permeate cell membrane  

�	  Wicki et al., J Control Release. 200:138-57, 2015 

�9 Protection of the entrapped drug 
�9 Controlled release of the drug 
�9 High stability during storage 
�9 Co-deliver different molecules  



Research Topic 

Research day December 1st 

Our goal is to develop novel and clinically relevant nanomedicines for therapy of a range of 
diseases (Asthma and Cancer with a specific focus on chemosensitization)  

DDSs 

DEVELOPMENT 

�{Development of novel delivery systems based on biodegradable and 
amphiphilic polymers 

�{Optimization of their characteristics (e.g. reproducibility of formulation, 
size, payload protection and release, toxicity, immunogenicity and 
bioactivity) 

PAYLOAD 

�{siRNA, CRISPR, antibodies 

LOCAL 
ADMINISTRATION 

 
�{Degradation by nucleases and fast excretion can be avoid 
�{Decreased dose and systemic side effects 

 

Local administration offers more clinical relevance: 



Novel Asthma Therapy 
Task1: siRNA delivery to activated T-cells 

activation 

naive T cell 

Targeted siRNA-
polyplexes 

constricted airways normal airways 

Asthmatic lung 

ERC Starting Grant  
ERC-2014-StG �t 637830  

Research day December 1st 



1-5µm 

Novel Asthma Therapy 
Task2: Nano-embedded-Microparticles 

+ 

Nano-embedded-Microparticle 

NEM 

200nm ~ 

siRNA Polymer Polyplex Polyplex + Excipient [aq] 

Research day December 1st 

ERC Starting Grant  
ERC-2014-StG �t 637830  



New Delivery Systems 
 to overcome the Blood Brain Barrier  

+ 
Polymer Polyplex 

Drugs for brain diseases 

siRNA Drugs for brain 
diseases 

Able to overcome the 
Blood Brain Barrier 

Problem 

Solution 

Research day December 1st 



Nose-to-Brain Delivery of Biologicals  

Transport via olfactory nerves 

Formulation 
development 

Encapsulation in 
colloidal carrier 

Research day December 1st 



Inhalable nanoparticles 
 for in-vivo genome editing  

mediated by crispr-cas9 in lung cancer 

 
 
 
 

          

CRISPR/Cas9 
plasmid  
(cas9 + 
sgRNA) 

Tumor cell 
surface 
specific 
affibody 

Genome editing: 
Deletion of mutant 

gene 

Tumor cell death  
(Oncogene 
Addiction) 

Research day December 1st 



Development of Myoblast-targeted BSA-
based CRISPR-Cas9 Delivery Systems 

Genome editing by CRISPR-Cas9 

Formulation of BSA-based Nanoparticles 

Myotonic 
dystrophy type 1 

(DM1) is caused by 
(CTG�„CAG)n-repeat 
expansion within 
the DMPK gene 

 
 
 

Perfect Target for 
the application of 

CRISPR-Cas9 
technology 

Functionalized �tNanoparticles can be internalized by 
receptors that are on the surface of myoblast and allow 

an efficient delivery of the nucleic acid 



G. mellonella model 
 to evaluate the efficacy in vivo  

Research day December 1st 

�9 Active against Methicillin Resistant S. aureus  
�9 Low toxicity towards mammalian cells 
�9 Low solubility in water phase 

�	 Vooturi S.K. et al., J. Med. Chem, 52 (16) 5020-5031, 2009. 
�	 Vooturi S.K. et al., Org. Biomol. Chem,  9 (18), 6367-6372, 2011. 

POLY(LACTIC-CO-GLYCOLIC ACID) (PLGA) SV7  

G. Mellonella infection model  

Rapid model for screening novel 
antimicrobial agents in order to 

predict clinical outcomes  



AK Merkel 

Research day December 1st 

Prof Dr. Olivia Merkel 
 
Dr. Gabriella Costabile 
Dr.  Aditi Mehta 
 
Tobias Keil 
Natascha Hartl 
Rima Kandil  
Lorenz Isert 
Bettina Schwarz 
Matteo Petrini (Klinikum der Universität München) 
Patrick Strack (Boehringer Ingelheim) 
 
Elena Dalle Vedove (ERASMUS+Intern) 
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