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Schwaneberg Group  

WELCOME 

Dear friends and alumni of Schwaneberg Group,  

The year 2016 was special for us, for the first time we successfully 

organized our own symposium: ñAachen Protein Engineering 

Symposiumò (AcES). Furthermore, Prof. Schwaneberg won the 

BMBF award ñNext Generation of Biotechnological Processes". 

Funding of a research group for five years will be possible with this 

1.7 million Euro award. A list of new projects, including EU 

collaborations, as well as our graduated and new coworkers 

concludes the newsletter. We hope you enjoy our newsletter! 

 

HIGHLIGHTS 

We are very happy and proud to announce that 

for the first time we have successfully 

organized our very own symposium, the 

ñAachen Protein Engineering Symposiumò that 

took place between the 21st and 23rd of September 2016. During 

this scientific and educational conference we hosted 95 

participants from academia and industry coming from 9 countries 

(Germany, Spain, Belgium, Netherlands, Czech Republic, UK, 

Austria, Switzerland, Italy). Our invited speakers were protein 

engineering leaders from academia and industry that provided an 

overview of the state-of-the-art methodologies in protein 

engineering focusing on enzyme discovery, diversity generation 

and high-throughput screening. Success stories in industrially 

applied enzymes, as well as emerging applications in biomaterials 

were also discussed topics. The symposium concluded with a 

special session regarding the ongoing EU-ROBOX project (9 

industrial and 10 academic partners). Please keep in mind that the 

next AcES-conference will take place in September 2018. Further 

information will be available online and of course on the upcoming 

Newsletter.  
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Participants of the AcES 2016 Symposium, Aachen 21st to 23rd of 

September 2016. (Picture taken from AcES website http://aces-

symposium.rwth-aachen.de 

http://aces-symposium.rwth-aachen.de/
http://aces-symposium.rwth-aachen.de/
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Prof. Dr. Schwaneberg receives the research award from BMBF endowed with 
1.7 million Euros for the ñNext Generation of Biotechnological Processesò 

 

Since 2012, the German Federal Ministry for 
Education and Research -BMBF- grants the ñNext 
Generation of Biotechnological Processesò award 
every two years within the Initiative Biotechnology 
2020+. Together with Max Planck Society, 
Fraunhofer Society, Helmholtz Association, 
Leibniz Association and universities, the Federal 
Ministry founded this initiative in 2010. Major 
scientific breakthroughs for bio-based productions 
are acknowledged by these grands. We are 
pleased to announce that Prof. Dr. Schwaneberg 
was honored in 2016 with the ñNext Generation of 
Biotechnological Processesò award. With this 1.7 
million Euro award, it will be possible to fund a 
research group for five years. The coordination of 
the funded project will be managed in the 
Schwaneberg group by Dr. Johannes Schiffels.  

Ulrich and Johannes will advance a technology 
platform to utilize established production 
organisms for production in organic solvents and 
thereby merging bio- and chemcatalysis in 
integrated processes. Inspired from nature, 
nanogels are used to generate synthetic biofilms 
around production organisms and protect them 
from organic solvents without significantly 
hindering mass transfer.  

E. coli was selected as model organism in 

combination with P450-monooxygenases and 

hybrid catalyst systems. Monooxygenases 

catalyze chemical "dream reactions" like 

chemoselective hydroxylation of aromatic 

compounds at ambient temperature using oxygen 

as a green oxidizing agent.  

The productivity is often limited by the low water 

solubility of hydrophobic substrates or the stability 

of hybrid catalysts in water. Hybrid catalysts 

constitute a new class of catalysts, in which 

transitional metal complexes such as ruthenium -

Ru- are anchored to proteins. 

 

 

Until now, metal catalysts integration in protein 

surroundings allows non-achievable 

chemoselective conversions. An important 

example is the Nobel prize-winning metathesis 

reaction in 2005, which is used industrially in 

large scales such as olefin metathesis in 

petrochemistry, synthesis of pheromones and 

pharmaceuticals like anti-inflammatory drugs. 

Enzymes do not catalyze the industrially used 

metathesis reaction. The control and selectivity 

over the protein surroundings in hybrid catalysts 

allows innovative and new processes particularly 

in the chemoselective synthesis of hardly water 

soluble like steroids, aromatic compounds and 

cyclic hydrocarbons from their polymers, 

odoriferous substances and preliminary stages of 

pharmaceuticals. Monooxygenases, as well as 

the whole cell hybrid catalysts, are adapted by 

directed evolution to cost-effective production 

conditions. The directed evolution method is 

comparable to evolution in the nature, whereas 

directed evolution is million times accelerated 

compared to natural evolution. 

  

AWARD WINNER 
PROF. DR. ULRICH SCHWANEBERG 

PROJECT CO-IP 
DR. JOHANNES SCHIFFELS 
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Screening through the PLICable promoter toolbox enhances protein 

production in Escherichia coli 

 
Yang, J. H., Ruff, A. J., Hamer, S. N., Cheng, F., Schwaneberg, U. (2016). Screening through the PLICable promoter toolbox 
enhances protein production in Escherichia coli. Biotechnology Journal. 
 

 

  
 
 
 
Escherichia coli (E. coli) is a common host for 
recombinant protein production in which 
production titers are highly dependent on the 
employed expression system. Promoters are 
thereby a key element to control gene expression 
levels. In this study, a novel PLICable promoter 
toolbox was developed which enables in a single 
cloning step and after a screening experiment to 
identify out of ten IPTG-inducible promoters (T7, 
A3, lpp, tac, pac, Sp6, lac, npr, trc and syn) the 
most suitable one for high level protein production 
(Figure 1). The target gene is cloned under the 
control of different promoters in a single and 
efficient cloning step using the ligase-free cloning 
method PLICing (phosphorothioate-based ligase- 
 

 
 
 
independent gene cloning). The promoter toolbox 
was firstly validated using three well producible 
proteins (a cellulase from a metagenome library, 
a phytase from Yersinia mollaretii and an alcohol 
dehydrogenase from Pseudomonas putida) and 
then applied to two enzymes (3D1 DNA 
polymerase and glutamate dehydrogenase 
mutant) which are poorly produced in E. coli. By 
applying our PLICable pET-promoter toolbox, we 
were able to increase production by 2 fold for 3D1 
DNA polymerase (lac promoter) and 29 fold for 
glutamate dehydrogenase mutant H52Y (trc 
promoter).

  

Research Highlights 

The PLICable pET-promoter toolbox enables with a decent throughput and minimized 

experimental efforts increased functional protein production in E. coli. 

Fig. 1. Construction and validation of 

PLICable pET-promoter toolbox. (1) Cloning 

of 10 IPTG-inducible promoters (T7, A3, lpp, 

tac, pac, Sp6, lac, npr, trc and syn) upstream  

different target genes (celA2: cellulose; phy: 

phytase; xylB: alcohol dehydrogenase, DNA 

polymerase gene (3D1) generated by 

recombining different DNA polymerases from 

Thermus aquaticus, Thermus thermophiles, 

Thermus flavus by staggered extension 

process, and codon optimized gdh gene 

mutant from bovine brain) by PLICing. (2) 

Transformation of plasmids into E. coli. (3) 

Transfer of colonies and expression in 96-well 

MTP followed by quantification of the soluble 

protein production amounts by enzyme 

activity. (4) Analysis of clones which showed 

high protein production by sequencing the 

promoter as well as determination of soluble 

protein production levels by SDS-

polyacrylamide gel electrophoresis (SDS-

PAGE). 
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Grafting PNIPAAm from ɓ-barrel shaped transmembrane nanopores   

 
 

Charan* H., Kinzel* J., Glebe U., Anand D., Mirzaei Garakani T., Zhu L., Bocola M., Schwaneberg U., Böker A. (2016). Grafting 
PNIPAAm from ɓ-barrel shaped transmembrane nanopores, Biomaterials 107, 115-123.  

 
 

 
 
 

 
Combining unique properties of transmembrane 
proteins e.g. generating membrane potential 
gradients or translocation of compounds with 
specific functions of polymers like temperature 
and pH stimuli formed conjugates enable new 
applications. For the generation of hybrid protein-
polymer membranes, the assembly of conjugates 
is a well-known strategy. The two main methods 
are 1) grafting polymer chains to protein surfaces 
and 2) grafting polymer chains from protein 
surfaces. Using globular proteins is well 
established but investigation of membrane 
proteins for conjugate formation was not 
performed before. We established conjugate 
formations of a transmembrane protein for the 
first time using the ɓ-barrel protein ferric 
hydroxamate uptake protein component A (FhuA), 
an outer membrane protein of Escherichia coli. 
FhuA was reengineered to redistribute lysines 
from positions over the whole protein to 
symmetrically well-defined positions in a rim 
above the hydrophobic region.  
 

 
 
Up to 11 lysines were orientated towards outside 
of the protein channel ensuring polymer chains 
growth exclusively outside of the transmembrane 
protein, preventing a channel block upon 
polymerization. Prior polymerizing N-
isopropylacrylamide (NIPAAm) from FhuA, a 
water-soluble initiator for controlled radical 
polymerization (CRP) was covalently attached to 
the lysines (Fig. 2). Characterization of the 
conjugates was performed by circular dichroism 
spectroscopy, gradient SDS-PAGE, MALDI-ToF 
mass spectrometry, dynamic light scattering, 
transmission electron microscopy, size exclusion 
chromatography and analytical ultracentrifugation 
(Fig. 3). Membrane synthesis of functional 
nanosized building blocks of FhuA-PNIPAAm is 
currently investigated. Functionalization of hybrid 
membranes for chiral separations is envisioned 
with applications in productions of sweetener, 
insecticides and pharmaceuticals. 

  

 

 

 

 

 

 

 

 

 

 

Research Highlights 

Development of functional building blocks by polymer chain growth from 

the surface of transmembrane protein FhuA for assembly in membranes. 

 

Fig. 2. Overview figure of conjugate formation based on 

re-engineered transmembrane protein FhuA with up to 

11 lysines (magenta) via attaching a water-soluble CRP 

initiator (green). 

Fig. 3. Sedimentation coefficients determined by 

analytical ultracentrifugation. Increased coefficient and 

broader distribution lead to the conclusion of an increase 

of molecular weight due to attached polymer chains 

(red) in comparison to unmodified FhuA (black). 
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In vitro flow cytometry-based screening platform for cellulase engineering 

 
Körfer, G., Pitzler, C., Vojcic, L., Martinez, R., and Schwaneberg, U. (2016). In vitro flow cytometry-based screening platform for 
cellulase engineering, Scientific Reports, 6: 26128 
 
 

 

 

 

Ultrahigh throughput screening (uHTS) plays 
an essential role in directed evolution for 
tailoring biocatalysts for industrial applications. 
Flow cytometry-based uHTS provides an 
efficient coverage of the generated protein 
sequence space by analysis of up to 107 
events per hour. Cell-free enzyme production 
overcomes the challenge of diversity loss 
during the transformation of mutant libraries 
into expression hosts. Furthermore, it also 
enables directed evolution of toxic enzymes 
and holds the promise to efficiently design 
enzymes of human or animal origin.  

 

 

 

The developed uHTS cell-free 
compartmentalization platform (InVitroFlow) is 
the first report in which a flow cytometry-based 
screening system has been combined with 
compartmentalized cell-free expression for 
directed cellulase enzyme evolution. 
InVitroFlow (Fig. 4) was validated by screening 
a random cellulase mutant library employing a 
novel screening system (based on the 
substrate fluorescein-di- -̡D-cellobioside), and 

yielded significantly improved cellulase 
variants (e.g. CelA2-H288F-M1 
(N273D/H288F/N468S) with 13.3-fold 
increased specific activity (220.60 U/mg) 
compared to CelA2 wildtype (16.57 U/mg).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The InVitroFlow technology platform drastically reduces time requirements for one round of directed 
evolution from several months to only one day and enables an efficient prescreening of mutant libraries 
(1010) with high diversity covering a significant portion of the generated sequence space in a time 
efficient manner. InVitroFlow has an impressive potential to study challenging scientific questions e.g. 
the exploration of combinatorial effects or structure-function relationships within biocatalysts and can ï
from our point of view - be adapted to other enzyme classes since it uses a widely applicable 
fluorescence sorting of cell-free expressed active enzyme variants within (w/o/w) emulsions 
compartments.  

Research Highlights 

Development of an ultrahigh throughput flow cytometry-based screening platform with 

compartmentalized cell-free expression system.   

Fig. 4. Principle of InVitroFlow comprising 7 steps.  

(1.) Mutant library generation using a linear DNA template 

(approx. 6 h), (2.) entrapment of mutant cellulase library in 

(w/o) single emulsions within 0.5 h, (3.) cell-free 

expression of mutant library and generation of (w/o/w) 

emulsions within 4 h, (4.) sorting of active variants within 

(w/o/w) emulsions using flow cytometer within 2 h, and 

(5.) DNA recovery from (w/o/w) emulsions and PCR gene 

amplification in 3.5 h. A whole round of InVitroFlow 

(diversity generation, screening by flow cytometry, 

amplification) can be completed within 16 h. (6.) Cloning 

and transformation into expression host (2 days), and (7.) 

screening of up to 2,000 beneficial clones in MTP format 

and characterization of a few variants (7-12 days). 
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New Projects 

New products for Bioeconomy 

¶ Federal Ministry of Education and 

Research (BMBF): Neue Produkte für die 

Bioökonomie IBÖ-02: Enzymatischer 

Abbau von PE und PuR-Partikeln 

(EnzyAPart). 2016  

¶ Federal Ministry of Education and 

Research (BMBF): Neue Produkte für die 

Bioökonomie. IBÖ-02: Effiziente 

Sulfatierung von Biomolekülen (BioSulfa).  

2016 ï 2017. 

 

Design of biohybrid catalysts for selective 

target compound production 

¶ Ministry of Innovation, Science and 

Research of the German State of North 

Rhine-Westphalia (MIWF): Seed Fund: 

Structural Insights of Biohybrid Catalysts 

for Polylactide Synthesis (BioCaps), 

NRW-Strategieprojekt BioSC .  

2016 - 2017 

 

Research and technology platform for the 
identification, production, secretion and 
optimization of enzymes 

¶ EU Marie Sklodowska-Curie Action 
(MSCA) Innovative Training Network 
(ITN) Predictive and Accelerated 
Metabolic Engineering Network 
(PAcMAN). 2016 ï 2020 

¶ Federal Ministry of Education and 
Research (BMBF): KMU-innovativ-17: 
Multi-Enzyme-Membranreaktor für die 
Synthese von hochmolekularen 
Hyaluronsäure-Polymeren für Kosmetik 
und Medizin (HA-POL-ER). 2016 - 
2019  

¶ RWTH Seed Fund: Multi-scale 
Bioactive Systems (MSCALE); 
Structural and kinetic modeling of 
ADAM 10 and 17 catalysis inhibition in 
inflammation using experiments and 
simulations (ADAM). 2016 ï2017 

 

 

 

 

New Projects         
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NEW PHD FELLOWS 2016 

Stephanie Mertens 

Project title: Hybridcatalysts for 
selective tandem reactions 

Subgroup: Interdisciplinary  

Starting date: 01.04.2016 
 
 
 

Yu Ji 

Project title: Protein engineering 
of sulfotransferase for sulfation of 
high value chemicals 

Subgroup: Interdisciplinary 

Starting date: 01.10.2016 

Haiyang Cui  

Project title: Protein engineering 
of a lipase for improved ionic 
liquid and organic solvent 
resistance 

Subgroup: Computational Biology 

Starting date: 01.10.2016 
 

 
 

 

  

SCIENTIFIC COWORKERS WHO JOINED THE GROUP IN 2016: 

Dr. Justyna Kulig joined the 
Biohybrid Systems subgroup 
located in DWI-Leibniz Institute for 
Interactive Materials as a PostDoc 
on February 15th 2016. She is 
involved in the ZykloBox project. 

Dr.  Johannes Schiffels joined 
the group as a PostDoc in MolBio 
subgroup on April 1st 2016. He is 
working on a BioSC project 
entitled Biosynthesis of Active 
Saffron (BioSAF) - Carotenoid 
cleaving enzymes for efficient 
biosynthesis of Saffron. 

  

TECHNICAL ASSISTANTS: 

Isabell Hoffmann joined the HTS 
subgroup as technical assistant in 
June 2016 to support the project 
iVDTv2. 

 

 

Claudia Wichlatz joined the 
Molecular Bioeconomy subgroup 
as a technical assistant in June 
2016. She is currently working on 
the BioCaPS project.  
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GRADUATED PHD FELLOWS 2016:  

Dr. Nina Lülsdorf 

PhD thesis: Protein engineering 
for polyethylene terephthalate 
degradation 

Graduation: 26th January, 2016 

New position: Technology & 
Process Transfer, Vetter Pharma-
Fertigung GmbH & Co. KG, 

Ravensburg, Germany 

Expertise: Process implementation, GMP, project 
management 

Dr. Gaorao Dhoke  

PhD thesis: Computational 
analysis of mechanism and 
substrate specificity of an ADH 
from Candida parapsilosis 

Graduation:  2nd June, 2016 

New position: Senior associate 
scientist in Computational 

Chemistry, Invictus Oncology, Delhi, India 

Expertise: Rational design, molecular docking and 
molecular-dynamics simulations 

Dr. Georgette Körfer 

PhD thesis: Development of a 
flow cytometer-based in vitro 
compartmentalization screening 
platform for directed protein 
evolution 

Graduation: 26th July, 2016 

New position: Project manager, 
Laundry & Home Care, Dalli Werke GmbH & Co. 
KG, Stolberg, Germany  

Expertise: Protein engineering, cell-free enzyme 
production, flow-cytometry, protein purification, 
double emulsion compartments 

Dr. Jianhua Yang  

PhD thesis: Enabling directed 
evolution 3.0 by a promoter 
toolbox, casting epPCR and 
engineered polymerase 

Graduation: 21st October, 2016 

New position: Assistant professor, 
Tianjin Institute Of Industrial 

Biotechnology, Chinese Academy of Sciences, 
China   

Expertise: Protein engineering, enzymology, 
biocatalysis. 

 

 

 

 

  

Congratulations to our talented coworkers! 
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Forschungspreis BMBF: Next generation of 

biotechnological processes 

The award for Prof. Schwaneberg acknowledges 

outstanding research in synthetic biofilms for new 

biotechnological production pathways in presence 

of organic solvents. The prize of 1.75 million ú will 

finance further research in the field for 5 years.  

  

From left to right: award winner Dr. Kirstin Gutekunst, Dr. Christina 

de Witt from BMBF, award winner Prof. Dr. Schwaneberg       

(Picture: iba e. V.) 

 

iGEM2016 RWTH Aachen team  

The International Genetically Engineered 

Machine (iGEM) team 2016 supervised by RWTH 

Aachen University and Forschungszentrum Jülich 

won gold medal for ñBest New Application Projectò 

and gold medal for the ñBest Hardwareò in Boston 

(USA). Within their project, they were searching 

for an ecological alternative for boric acid based 

light inducible proteases. 

 

International Genetically Engineered Machine (iGEM) Team 2016 

RWTH Aachen 

Borcher Award for best graduates at RWTH 

Aachen University 

The Borchers Badge is awarded to doctoral 

students of RWTH Aachen University, who have 

passed their PhD examination "with distinction". 

Dr. Alexander Dennig from Institute of 

Biotechnology was awarded on the celebration 

ceremony in September 2015. 

 

 
 

Dr. rer. nat. Alexander Dennig 

Engineering of cytochrome P450 monooxygenases for application in 

phenol synthesis 

 

Teaching award of the Student Council of 

Biosciences 2015 

Dr. Tamara Dworeck and Dr. Monika Reiss were 

awarded with the 1st place of the "Lehrpreis der 

Fachschaft für Biowissenschaften 2015" of RWTH 

Aachen University, after already receiving the 2nd 

place in 2014.  

 

From left to right: Prof. Jochen Büchs, Loana Epping, Dr. Monika 

Reiss, Dr. Tamara Dworeck, Prof. Frank Müller  

Congratulations to your success! 
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THANKS TO OUR BACHELOR AND MASTER STUDENTS FOR THEIR WORK IN OUR GROUP  

 

Richard Christian Braun  

Felix Esser  

Meike Faßbinder  

Nathalie Festjens 

Sebastian Gehlen-Breitbach 

Carolin Grütering  

D.Yasat Hacibaloglu  

Sophia Halbe  

Dennis Jungherz  

Bastian Kölsch  

Jeremy Lieth  

Sarah Lubjuhn  

Stephanie Mertens 

Mohammed Mouhib  

Maria Teresa Oliveira  

Christina Redmers 

Sinan Tanju 
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¶ Belsare, K. D., Horn, T., Ruff, A. J., Martinez, R., Magnusson, 
A., Holtmann, D., Schrader, J., Schwaneberg, U. (2016). 
Directed evolution of P450cin for mediated electron transfer. 
PEDS, first published online: December 22 2016, DOI: 
10.1093/protein/gzw072.  

¶ Charan*, H., Kinzel*, J., Glebe, U., Anand, D., Mirzaei Garakani, 
T., Zhu, L., Bocola, M., Schwaneberg**, U., Böker**, A. (2016). 
Grafting PNIPAAm from ß-barrel shaped transmembrane 
nanopores. Biomaterials, 107, 115-123. DOI: 
10.1016/j.biomaterials.2016.08.033. *shared first authorship, 
**shared corresponding authorship 

¶ Davari, M. D., Kopka, B., Wingen, M., Bocola, M., Drepper, T., 
Jaeger, K.-E., Schwaneberg, U., Krauss, U. (2016). 
Photophysics of the LOV-Based Fluorescent Protein Variant 
iLOV-Q489K Determined by Simulation and Experiment. J. 
Phys. Chem. B., 120, 3344-3352. 

¶ Dhoke, G. V., Ensari, Y., Davari, M. D., Ruff, A. J., 
Schwaneberg, U., Bocola, M. (2016). Whatôs My Substrate? 
Computational Function Assignment of Candida parapsilosis 
ADH5 by Genome Database Search, Virtual Screening, and 
QM/MM Calculations. J. Chem. Inf. Model., 56, 1313-1323. 

¶ Engel, S., Höck, H., Bocola, M., Keul, H., Schwaneberg, U., 
Möller, M. (2016). CaLB Catalyzed Conversion of Ů-
Caprolactone in Aqueous Medium. Part 1: Immobilization of 
CaLB to Microgels. Polymers, 8, 372-388.  

¶ Jakob, F., Musset, A., Kremer, K., Schwaneberg, U. (2016). 
Wie Enzym-Engineering das Waschen optimiert. 
Naturwissenschaften im Unterricht Chemie, 152, 44-48. 

¶ Körfer, G., Pitzler, C., Vojcic, L., Martinez, R., Schwaneberg, U. 
(2016). In vitro flow cytometry-based screening platform for 
cellulase engineering. Scientific Reports, 6, 1-12. 

¶ Leissing, F., Nomoto, M., Bocola, M., Schwaneberg, U., Tada, 
Y., Conrath, U., Beckers, G. J. M. (2016). Substrate 
thiophosphorylation by Arabidopsis mitogen-activated protein 
kinases. BMC Plant Biol., 16, 1-11. 

¶ Müller*, C. A., Weingartner*, A. M., Dennig, A., Ruff, A. J., 
Gröger, H., Schwaneberg, U. (2016). A whole cell biocatalyst 
for double oxidation of cyclooctane. J. Ind. Microbiol. 
Biotechnol., 43, 1641-1646. *shared first authorship  

¶ Osseili, H., Sauer, D., Beckerle, K., Arlt, M., Himiyama, T., 
Polen, T., Onoda, A., Schwaneberg, U., Hayashi, T., Okuda, J. 
(2016). Artificial DielsïAlderase based on the transmembrane 
protein FhuA. Beilstein J. Org. Chem., 12, 1314ï1321. 

¶ Peng, H., Rübsam, K., Huang, X., Jakob, F., Karperien, M., 
Schwaneberg, U., Pich, A. (2016). Reactive Copolymers Based 
on N-Vinyl Lactams with Pyridyl Disulfide Side Groups via 
RAFT Polymerization and Postmodification via ThiolïDisulfide 

Exchange Reaction. Macromolecules, 49, 7141-7154. DOI: 
10.1021/acs.macromol.6b01210. 

¶ Peng, H., Rübsam, K., Jakob, F., Pazdzior, P., Schwaneberg, 
U., Pich, A. (2016). Reversible Deactivation of Enzymes by 
Redox-Responsive Nanogel Carriers. Macromolecular Rapid 
Communications, 37, 1765-1771.          
DOI: 10.1002/marc.201600476. 

¶ Peng, H., Rübsam, K., Jakob, F., Schwaneberg, U., Pich, A. 
(2016). Tunable Enzymatic Activity and Enhanced Stability of 
Cellulase Immobilized in Biohybrid Nanogels. 
Biomacromolecules, 17, 3619-3631.                                              
DOI: 10.1021/acs.macromol.6b01210. 

¶ Ruff*, A. J., Arlt*, M., van Ohlen, M., Kardashliev, T., 
Konarzycka-Bessler, M., Bocola, M., Dennig, A., Urlacher**, V. 
B., Schwaneberg**, U. (2016). An engineered outer membrane 
pore enables an efficient oxygenation of aromatics and 
terpenes. J. Mol. Catal. B: Enzymatic, 134, 285-294. DOI: 
http://dx.doi.org/doi:10.1016/j.molcatb.2016.11.007 *shared first 
authorship, **shared corresponding authorship  

¶ Schatte, M., Bocola, M., Roth, T., Martinez, R., Kopetzki, E., 
Schwaneberg, U., Bonitz-Dulat, M. (2016). Reporter 
Immobilization Assay (REIA) for Bioconjugating Reaction. 
Bioconjugate Chem., 27, 1484-1492. 

¶ Shivange*, A. V., Hoeffken, H. W., Haefner, S., Schwaneberg, 
U. (2016). Protein consensus-based surface engineering 
(ProCoS): a computer-assisted method for directed protein 
evolution. Biotechniques, 61, 305-314. *corresponding author 

¶ Verma, R., Schwaneberg, U., Holtmann, D., Roccatano, D. 
(2016). Unraveling Binding Effects of Cobalt(II) Sepulchrate 
with the Monooxygenase P450 BM-3 Heme Domain Using 
Molecular Dynamics Simulations. J. Chem. Theory Comput., 12, 
353-363. 

¶  Vojcic*, L., Jakob*, F., Martinez, R., Hellmuth, H., O'Connell, T., 
Mühl, H., Lorenz, M. G., Schwaneberg, U. (2016). Engineering 
Proteases for Industrial Applications. Applied Biocatalysis - 
From Fundamental Science to Industrial Applications, 101-120. 
*shared first authorship 

¶ Welters, T., Horn, T., Ruff, A. J., Schwaneberg, U., Büchs, J. 
(2016). Novel Technique for High Throughput Measurement of 
Active Monooxygenase Concentration. Biotechnology and 
Bioengineering, available online: 21 November 2016, DOI: 
10.1002/bit.26215.  

¶ Yang, J., Ruff, A. J., Hamer, S. N., Cheng, F., Schwaneberg, U. 
(2016). Screening through the PLICable promoter toolbox 
enhances protein production in Escherichia coli. Biotechnology 
Journal, Biotechnology Journal, 11, 1639-1647.                    
DOI: 10.1002/biot.201600270  
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