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14.00 Dr. Jonathan Farjon, Department of Chemistry, Nantes University / CNRS, CEISAM lab,
France

Real-time enzymatic monitoring by compact NMR: Methods and applications to foods
Better optimizing biochemical processes induced by enzymes is crucial to improve the production of high
added value commercial products in pharmaceutics, cosmetics, food and energy sciences. NMR is essential to
the monitoring and optimization of bioprocesses since it provides both structural and quantitative information
in a non-destructive fashion. In this context, emerging benchtop NMR instruments are particularly attractive
since they are miniaturized, cheap, mobile and compatible with industrial settings. However, at lower fields,
the limits of NMR are worsened: low sensitivity and weak spectral resolution are detrimental to the analytical
performance. To overpass such limitations, we implemented NMR techniques using pulse field gradients in
diffusion NMR, pure-shift methods, ultrafast 2D NMR and schemes for removing the water signal in biological
samples, on a 1 T apparatus equipped with a gradient coil [1].
In the field of food processes, we showed that quantitative WET-180-NOESY [1] is the most suitable tool able
to selectively remove the water signal to monitor under flow for key enzyme-catalyzed bioprocesses in food
industry: sucrose inversion for enhancing the sweetness [2] and lactase for producing lactose free milk [3] for
intolerant persons. NMR developments on mobile apparatus were showing their interest for monitoring
enzymatic transformations. These proofs of concept open the avenue to the optimization and control of food
bio-transformations.
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14.30 Prof. Dr. Petra S. Dittrich, ETH Zurich, Department of Biosystems Science and Engineering
Mattenstrasse 22, CH-4058 Basel, Switzerland
Drop by drop: Analysis of single cells and biochemical reactions at high throughput
Droplet microfluidics is a particularly powerful method for screening applications e.g. for protein engineering
and single-cell studies. Monodisperse aqueous droplets of pico- or nanoliter volume immersed in a
hydrophobic fluid are formed in a microfluidic device at kHz frequencies. In recent years, droplet microfluidics
has been employed for analysis of bioanalytical assays and chemical synthesis, such as kinetic studies of
enzymes, cell-free protein synthesis, protein crystallization, nanoparticle formation and many more. In the
field of single-cell analysis including single-cell sequencing, droplet microfluidics is nowadays a well-approved
method and alternative to cytometry. In the first part of the presentation, I will show applications of droplet
microfluidics, where the compartmentalization is of high importance, e.g., when secreted compounds of cells
are analyzed.
Most assays in nL droplets, however, are based on fluorescence spectroscopy, which limits the choice of assays
and multiplexing capability. Mass spectrometry, on the other hand, allows for label-free detection and
identification of multiple components. Recently, we have interfaced droplet microfluidics with matrix-assisted
laser desorption/ionization (MALDI)-MS. Instead of the standard MALDI targets where the sample is pipetted
in 384 wells, we have fabricated custom-made, transparent, indium-tin oxide coated targets, on which
thousands of aqueous nL-droplets reside on the surface, covered by fluorinated oil. Analysis of this droplet
array is performed by optical and fluorescence microscopy as well as by means of a MALDI-MS imaging system
(Bruker rapifleX). We employ the method for single-cell studies at high throughput, e.g. analysis of
biosynthesized enzymes, which will be discussed in the second part of the presentation.

15.00 Prof. Dr. Matthew Crump, School of Chemistry, University of Bristol, Cantock’s Close,
Bristol BS8 1TS, UK
Nuclear magnetic resonance, mass spectrometry and chemical probes in natural product
biosynthesis.
Polyketide natural products (produced by polyketide synthases (PKSs)) currently serve as a vast source of high
value compounds with applications spanning agrochemicals, antibiotics, anti-cancer and human and veterinary medicine as well as tool compounds for use in biotechnological research. Enormous strides have been
made in understanding the chemistry, biochemistry and structural biology of the PKSs that are complex collections of enzymes with a diverse array of architectures. Our work focuses on the biosynthesis of key structural
features of several natural products including the marine bacterium derived thiomarinol, the anti-MRSA
antibiotic kalimantacin and mupirocin (a mixture of pseudomonic acids). We have recently elucidated a
number of important mechanistic steps in the assembly of these metabolites and this presentation will focus
on the role of structural biology, state-of-the-art NMR, MS and ACP bound chemical probes in achieving this.
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15.30 Prof. Dr. Loredano Pollegioni, Dipartimento di Biotecnologie e Scienze della Vita, Università
degli Studi dell'Insubria, via J. H. Dunant 3, 21100 Varese, Italy
Plastic-eating enzymes: a protein engineering study
Polyethylene terephthalate (PET) is a largely produced/used plastic that can be degraded by enzymes.
Enzymatic biodegradation represents an innovative circular economy approach aimed at simultaneously
remove this plastic from the environment (bioremediation) and at producing added-value compounds
(upcycling). Several enzymes depolymerize PET into its monomers terephthalic acid (TPA) and ethylene glycol
(EG). The most promising are the PET hydrolase from Ideonella sakaiensis (IsPET) and the leaf-branch compost
cutinase (LCC, from an unknown thermostable enzyme). We set up a multidisciplinary approach for the
evolution of “plastic-eating enzymes” based on bioinformatics investigation, site-saturation mutagenesis,
high-throughput screening, biochemical characterization, and test of biodegradation on different PET
materials. This workflow identified several interesting variants of IsPET and LCC with improved performances
and different ability to degrade distinctive PET forms. The W159H/F238A/S121E/D186H-ΔIsPET (TS-ΔIsPET)
hydrolyzes 80% of amorphous PET nanoparticles in 1 h at 45 °C and the F243T-ΔLCC almost fully
depolymerizes (~96%) an amorphous PET film in two days at ≤60 °C.
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career focused, as a general topic, on the structure-function relationships in
enzymatic proteins by using a multidisciplinary methodological approach. This
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