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Purpose: Artificial enzymes, usually created by incorporating one or two abiological catalytic species
into protein hosts, are becoming promising tools for biocatalysis. However, they are still far
behind natural enzymes due to their limited active sites with low activity and selectivity.

Here, | present a new approach to preparing artificial enzymes by combining proteins with
catalytically active polymers, generating so-called “artificial polyenzymes” (ArPoly), see Figure
1. Different from traditional artificial enzymes, ArPoly can be easily tailored for their structure,
composition, catalysis loading, and active sites. This tunability allows ArPoly to carry out the
catalysis with not only high reactivity but also new-to-nature selectivity.

Our first proof-of-concept study is to combine protein scaffolds with proline polymers using
the atom transfer radical polymerization (ATRP) method to graft polymer from proteins.[1]
Surprisingly, the resultant ArPoly is highly water-soluble, allowing for the asymmetric aldol
reaction in pure water, which is the first report for water-soluble proline catalysts. Our study
further suggests that this new-to-nature reactivity is due to the synergetic effects between
proline catalysts and protein scaffolds.

Taking advantage of high controllability, the polymer structure on ArPoly can be tailored. In
this context, polystyrene and polyproline are copolymerized from the protein surface with their
composition finely adjusted.[2] Since the hydrophobic microenvironment promotes proline-
catalyzed aldol reactions, the tailored ArPoly containing polystyrene contributes to remarkable
catalytic efficiency and selectivity (i.e., 94% conversion and 98% ee), which is a significant
improvement compared to the prototype ArPoly.

In addition to catalytic polymers, active ligands are polymerized to protein, thereafter,
coordinated with metal ions, generating metal-containing artificial polyenzymes. To
demonstrate this possibility, ArPoly is conjugated with proline polymers that are in situ
coordinated with Cu (Il) to form a metal complex during the ARTP preparation.[3] The resulting
ArPoly is then used as a clickase for highly efficient click reactions. Importantly, the artificial
clickase is biocompatible, causing no cytotoxicity cells, thus becoming promising catalysts
for bioorthogonal chemistry. Moreover, we further expand our toolbox by polymerizing chiral
ligands from proteins and then coordinating with Ru metal.[4] We demonstrate that the metal-
containing ArPoly allows for asymmetric hydrogenation with almost 100% yield and 93% ee.
More interestingly, the metal-containing polymer can be grafted from transaminase, which
enables the enzyme to transform amine to chiral alcohol, creating the new-to-nature reactivity
that the parental enzyme doesn’t have.

To summarize, my group is dedicated to developing artificial polyenzymes (ArPoly) for
catalysis by combining active polymers with proteins/enzymes. We have showcased four
different types of ArPoly, in which polymer active units, structures, and compositions are
tailored to enable not only high activity and selectivity but also new-to-nature reactions.

References: [1] N. Zhang, Z. Sun, C. Wu, ACS Catal. 2022, 12, 4777-4783.
[2] N. Zhang, C. Wu, ACS Synth. Biol. 2022, In press.
[3] N. Zhang, P. Bessel, C. Wu, Bioconjugate Chem. 2022, 33, 1892-1899.
[4] S. Wang, C. Wu, In preparation 2023.
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Figure 1
Artificial polyenzymes (ArPoly) combining proteins and polymers
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Purpose: Pyrrolnitrin is an antifungal agent that requires two halogenating enzymes in its biosynthesis.

[1,2] Halogenating enzymes have evolved several times in nature,[3] yet their biocatalytic use
remains limited. Obvious arguments are that biocatalytic use may be more sustainable, which
needs to be proven, but undisputed is the argument that toxic elemental halogens are
avoided here. In this study, however, we were able to show above all that halogenating
enzymes may well have advantages, particularly in regioselectivity.

The flavin-dependent halogenase PrnC from Pseudomonas protegens Pf-5 was successfully
heterologously expressed in Escherichia coli and isolated. The enzyme requires an electron
transport protein namely a flavin reductase for function. The use of the E. coli homolog
SsuE[4] failed because of solubility issues during hmologoues expression, thus, the natural
flavoprotein PrnF from the same biosynthetic cluster proved to be advantageous for
biocatalytic conversions. Overall, an in vitro system consisting of the halogenase, the
flavoreductase, and a glucose dehydrogenase for cofactor recycling was optimized by a
design-of-experiment in such a way that it could be used for the synthesis of non-natural
congeners.

It is worth noting that these halogenations could not be introduced by chemical methods, so
that this approach provides access to such pyrrolnitrin analogs for the first time.

References: ex : [1]]. gribble, g., chemosphere. 2003, 52, 289-297.
ex:[2]j. gribble, g., j. chem. edu. 2004, 81, 1441.
ex : [3] j. fejzagi¢, a., molecules. 2019, 24, 4008.

ex : [4] j. gao b., biochem. biophys. bes. commun. 2005, 331, 1137-1145.
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Marked in green is the halogen that has been introduced by PrnC.
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Purpose: Laccase has shown great potential in the cross-linking or conjugation of protein, contributing
to the modulation of the protein-containing biopolymer matrix. Yeast derived cytoplasmic
proteins and yeast cell wall mannoproteins have been investigated for their promising
emulsification potential. In this work, laccase from two fungal sources is being used to cross
link yeast derived proteins from saccharomyces cerevisiae in order to improve their
characteristics and broaden their applications.

Commercial laccase from Trametes versicolor and laccase produced in house from Coriolus
hirsutus were combined with yeast cytoplasmic protein to achieve varying extents of cross
linking based on reaction time course. Ferulic acid was included as a phenolic mediator to
enhance the extent of cross linking. Reaction kinetics were monitored by fluorescence
spectroscopy and the resulting curves were fitted with Michaelis-Menten and Hill models.
Emulsification properties of native and modified proteins were evaluated turbidimetrically.
Particle size and zeta potential were evaluated by DLS and solubility was evaluated by
precipitation with PEG-8000.

Reaction with laccase from T. versicolor resulted in greater extent of crosslinking at 3h than
laccase from C. hirsutus, and addition of ferulic acid enhanced the crosslinking reaction. The
end-product profile with or without ferulic acid mediator was dependent on the reaction time
and the type of biocatalysts. Reactions run with laccase from T. versicolor and ferulic acid up
to 24h showed significant increase in the molecular weight fraction above 150 kDa. Modeled
reaction kinetics fitted very similarly with both applied models, with slightly better fit for the
Hill model. Protein modified with ferulic acid showed improved emulsion activity index at pH 8
and decreased emulsion particle size at pH 4.

Yeast derived proteins can be successfully crosslinked using laccase from T. versicolor with
the addition of a phenolic mediator and extent of cross linking can be controlled by varying
the reaction conditions. These modified proteins show promising improvements in
emulsification potential and may be used as green biopolymer based emulsifiers in food and
pharmaceutical applications. The understanding of the relationship between the extent of
cross-linking by laccase and the functional properties will provide the capability to generate
enhanced protein-containing biopolymer matrix.

References: [1] light, k., karboune, s., crit. rev. food sci. nutr. 2021, 62, 8199-8229.
[2] li, m., karboune, s., light, k., & kermasha, s., innov. food sci. emerg. technol. 2021, 71,
102723.
[3] vélez-erazo, e. m., saturno, r. p., marson, g. v., & hubinger, m. d., food res. int. 2021, 140,
109853.
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Purpose: Willow Biosciences is a synthetic biology company that produces pure, consistent, and
sustainable functional ingredients using precision-fermentation technology. Our
FutureGrown® yeast-based platform is vertically integrated with state-of-the-art biological,
computational, and automation technologies to produce cost-effective compounds for
consumer care, pharmaceutical, and food and beverage applications.

The platform was initially utilized to manufacture the first functional ingredient, cannabigerol
(CBG), a non-intoxicating cannabinoid found in the Cannabis plant genus. The natural
pathway begins with the activation of hexanoic acid (HA) by hexanoyl-CoA synthetase and is
proceeded by a polyketide synthase (PKS), an olivetolic acid cyclase (OAC), and completed
by a prenyltransferase to produce cannabigerolic acid (CBGA). A proof-of-concept strain was
created by integrating the pathway into Saccharomyces cerevisiae capable of producing mg
per liter titers of cannabigerolic acid (CBGA) from hexanoic acid (HA). This parent strain was
then engineered using multiple strategies at the enzyme, pathway, and genome levels
resulting in multi-gram per liter strains. Bottlenecks in the pathway were identified and select
enzymes were subjected to site saturation mutagenesis and further recombination of
beneficial mutations to improve individual enzyme performance. Flux through the pathway
was optimized by modulating gene expression through promoter optimization and balancing
copy number. Genome-wide approaches focussed on increasing endogenous substrate
availability and improving host robustness.

The multiplexed HTP approach utilized a combination of computational tools, automated
robotics, and high-speed mass spectrometry enabling rapid and efficient screening of
thousands of strains per week. As part of the development cycle, improved strains were
validated using benchtop fermenters, allowing for precise control of upstream parameters
(growth and production) essential for the successful scale-up of engineered strains. In
parallel, downstream chemical processing of the resulting biomass was optimized to achieve
>98% purity of CBG, enabling rapid tech transfer and commercial-scale production with a
large-scale manufacturing partner.

Willow Biosciences has continued to utilize its FutureGrown® platform to expand its product

portfolio, both internally and externally through partnerships and produce them at
economically viable titers.
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Purpose: Catechins belong to the flavan-3-ols class, a sub-family of flavonoids which have a role in
preventing chronic inflammation responsible to neurodegenerative, cardiovascular or viral
diseases.[1] (+)-Catechin (3,3’,4’,5,7-pentahydroxyflavan) is distributed in a wide variety of
plants and has been reported to have a stronger antioxidant activity compared to other
flavonoids thanks to its catechol moiety (C3’-OH and C4’-OH). It can scavenge free radicals
and inhibit production of reactive oxygen species by transfer of a single electron to electron-
accepting radicals.[2] Nevertheless, its low aqueous solubility prevents (+)-catechin from
being well-absorbed by the human body. During the last steps of their biosynthesis,
flavonoids are functionalized and, in most cases, they are beta-glucosylated to increase their
biodisponibility in living organisms. While these glucosylated forms of (+)-catechin present
interest, their extraction from plants as well as their chemical synthesis is not viable as they
both lead to low yields of purified products. Thus, enzymatic synthesis is a solution as it is
known to be efficient, specific and eco-friendly. Controlling the regioselectivity of the
enzymatic glucosylation of flavonoids remains nevertheless a methodological challenge for
scientists.

Sucrose phosphorylases (SPs) are enzymes from the Glycoside Hydrolase family GH13
subfamily 18 according to CAZY database (EC 2.4.1.7). They catalyze in vivo reversible
phosphorolysis of sucrose into alpha-D-glucose-1-phosphate and D-fructose via a glucosyl-
enzyme intermediate. Their natural substrate, sucrose, is a cheap and efficient glucose donor.
It has been shown that SP from Bifidobacterium adolescentis (BaSP) could synthesize alpha-
glucosylated phenolic compounds using other acceptors than phosphate.[3] The mutation of
native BaSP GIn345 by a phenylalanyl residue (mutant Q345F) increased the size of the
catalytic site entry, allowing the glucosylation of flavonoids. Three alpha-glucosylated
products of (+)-catechin were synthesized, but with no control on the reaction regioselectivity.
[4] In order to control the regioselectivity of the transglucosylation reaction of (+)-catechin, we
engineered a new mutant of Q345F containing a second mutation and obtained the variant
P134D/Q345F. Using this new mutant as catalyst, we observed a modification of the products
proportions favoring the formation of (+)-catechin-3’-O-alpha-D-glucoside compare to (+)-
catechin-5-O-alpha-D-glucoside. Indeed, we showed, using standard molecular modelling
and docking protocols, that P134D mutation impacted the local geometry of the acceptor site
leading to the formation of the majority product by destabilizing one possible orientation of
(+)-catechin acceptor.

This original combination of theorical and experimental complementary approaches can be
used to predict preferred orientations of flavonoids in acceptor sites, hence providing a
rational basis for building variants towards a better control of regioselective glucosylation
using SPs.

References: [1] S. M. Ahmadi, R. Farhoosh, A. Sharif and M. Rezaie, Journal of Food Science, 2020, 85,
298-305
[2] H. Celik and M. Kosar, Chemico-Biological Interactions, 2012, 197, 103-109
[3] M. Kraus, J. Gorl, M. Timm and J. Seibel, Chemical Communications, 2016, 52, 4625-4627
[4] M. Kraus, C. Grimm and J. Seibel, ChemBioChem, 2016, 17, 33-36
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Figures:

Molecular structure of (+)-catechin
(+)-catechin is composed of three rings designated by letters A, B and C. Ring B is the one
with the catechol moiety.
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Purpose: Terpenes are the largest class of natural products with more than 100,000 different structures

described to date. Due to the diversity of their biological and physicochemical properties,
terpenes are the preferred targets of many industries. However, due to their rarity and/or their
low concentration in living organisms, access to these molecules is problematic in relation to
the protection of living species and the environment. On the other hand, due to their structural
complexity, the chemical synthesis of these molecules is hardly possible industrially. Thus, the
microbiological production of terpenes using the natural biosynthetic pathways of these
compounds (mevalonate and/or methyl erythritol phosphate pathways) starting from glucose,
has been developed in recent years. One limitation of this approach is that glucose serves
both as a carbon source for terpene production and as a carbon and energy source for the
microorganism, making optimization of terpene production difficult. Several groups, including
ours, have independently developed what we have called the terpene mini-path, which allows
the decoupling of terpene biosynthesis and central metabolism in vivo, but also makes it
possible to consider with more simplicity the enzymatic synthesis of terpenes in vitro. We
have developed a two-enzymes cascade (2 kinases) to generate from their corresponding
alcohols the two universal precursors of terpenes, dimethylallyl diphosphate (DMAPP) and
isopentenyl diphosphate (IPP). We were able to apply this enzymatic cascade to the in vivo
and in vitro synthesis of a cytotoxic prenyl derivative of brevianamide F, tryprostatin B, to the
in vitro synthesis of farnesyl diphosphate (FPP), the precursor of all sesquiterpenes and
triterpenes, and to the in vivo synthesis of delta-cadinol, a sesquiterpene of interest. On the
other hand, the structure of the terpene mini-path also allows a simplified access to non-
natural terpenes. We were thus able to synthesize the cyclobutyl derivatives of both FPP and
tryprostatin B. These results, as well as those of other groups, allow to envisage the industrial
implementation of a new and very general way of producing terpenes, either in vitro or in vivo.
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References: [1] J. Couillaud et al. ACS Omega 2019, 4, 4, 7838-7849
[2] J. Couillaud et al. Genes 2021, 12(12), 1974
[3] J. Couillaud et al. ChemBioChem 2022, 23, e2021006
[4] J. Couillaud et al. ChemBioChem 2022, 23, e2022005

Figures:

0
N
HN—  HN \_Ulm"l -
0

frevianamige «The terpene mini-path 2.0 »

D O, S O

OMAOH DUt OMAOH — DMAPP et OMAPP
e )L/\ow
+ AP
PP

Tryprostatin B cbut-Tryprostatin B

The terpene mini-path
The Terpene mini-path, a very short enzymatic cascade to access the universal precursors of
all terpenes.

https://biotrans2023 livescience.io/book-of-posters 15/1202



28/06/2023 09:57 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

#81 | An intimate look at immobilized enzymes
toward the design of robust and efficient
heterogeneous biocatalysts

Presenting Fernando LOPEZ GALLEGO of COOPERATIVE BIOMATERIALES INSTITUTE CIC
author: BIOMAGUNE

Other authors: Eleftheria DIAMANTI of CIC BIOMAGUNE
Daniel ANDRES-SANZ of CIC BIOMAGUNE

Topic: Enzyme production, immobilization
Date: 04:30 pm - 07:00 pm Poster session
Keywords: enzyme immobilization / ketoreductases / transamianses / enzyme kinetics

https://biotrans2023 livescience.io/book-of-posters 16/1202



28/06/2023 09:57 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

Purpose: In applied biocatalysis, protein immobilization is a key technology to enhance
biotransformations. In the last decade, single- and multi-enzyme systems together with their
cofactors have been co-immobilized on solid materials with the aim of boosting the
throughput of enzymatic cascades.[1] In one of the most striking advances for the design and
assembly of multienzyme cascades reported in recent years, Merck and Codexis in a joint
effort have brought together 5 enzymes, co-immobilizing two of them, for the synthesis of the
antiviral Islatravir.[2] The heterogenization of enzymes and their corresponding cofactors to
carry out chemical reactions without the exogenous supply of the latter gives rise to a new
generation of self-sufficient heterogeneous biocatalysts that facilitate the separation and
recycling of all the elements that form the biocatalysts. However, the immobilization process
in biocatalysis is still too empirical and enzyme behavior (kinetics and stability) inside solid
materials remains as a black box that we barely understand.

In this work, we advance the characterization of the spatiotemporal behavior of
heterogeneous biocatalysts to better understand the stability and kinetic properties of
enzymes when confined within the solid surface of porous materials. We have exploited
image processing derived from time-lapse fluorescence microscopy experiments to
determine the intraparticle kinetics of self-sufficient heterogeneous biocatalysts composed of
different enzymes (oxidoreductases, hydrolases and transaminases) and their corresponding
cofactors (NAD(P)H, PLP or FAD).[3] The resulting self-sufficient heterogeneous biocatalysts
were analyzed under static and in operando conditions to investigate the thermodynamics of
cofactor binding, enzyme density and apparent Michaelis-Menten (MM) kinetics of the
enzyme, both at single particle and intraparticle level. Furthermore, we revealed that
unexpected migration of immobilized enzymes across the solid surface occurs when the
enzymes are reversibly bound, and that this process takes place both during storage of the
biocatalysts and during their operational performance. Our studies also revealed that enzyme
concentration and spatial organization are the main sources of functional variability in these
self-sufficient systems and have a significant impact on their catalytic efficiency. This
knowledge, which could only be revealed by single particle microscopic studies, led us to
optimize highly efficient heterogeneous biocatalysts in which both enzyme(s) and cofactor(s)
are reused either discontinuously (batch reactors)[1] or continuously (flow reactors),[4] and
can reach total turnover numbers as high as 105 and 104, respectively, exhibiting industrially
relevant productivities (50 g L-1 h-1).

References: [1] A. H. Orrego, D. Andrés-Sanz, S. Velasco-Lozano, M. Sanchez-Costa, J. Berenguer, J. M.
Guisan, J. Rocha-Martin, F. Lépez-Gallego, Catal. Sci. Tech. 2021, 11, 3217-3230.
[2] M. A. Huffman, A. Fryszkowska, O. Alvizo, M. Borra-Garske, K. R. Campos, K. A. Canada,
P. N. Devine, D. Duan, J. H. Forstater, S. T. Grosser, H. M. Halsey, G. J. Hughes, J. Jo, L. A.
Joyce, J. N. Koley, J. Liang, K. M. Maloney, B. F. Mann, N. M. Marshall, M. McLaughlin, J. C.
Moore, G. S. Murphy, C. C. Nawrat, J. Nazor, S. Novick, N. R. Patel, A. Rodriguez-Granillo, S.
A. Robaire, E. C. Sherer, M. D. Truppo, A. M. Whittaker, D. Verma, L. Xiao, Y. Xu, H. Yang,
Science 2019, 366, 1255-1259.
[3] E. Diamanti, J. Santiago-Arcos, D. Grajales-Hernandez, N. Czarnievicz, N. Comino, .
Llarena, D. Di Silvio, A. L. Cortajarena, F. Lopez-Gallego, ACS Catal. 2021, 11, 15051-15067.
[4] A. . Benitez-Mateos, M. L. Contente, S. Velasco-Lozano, F. Paradisi, F. Lopez-Gallego,
ACS Sustain. Chem. Eng. 2018, 6, 13151-13159.
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Intraparticle kinetics of self-sufficient heterogeneous biocatalysts to be applied in flow-
reactors

The heterogeneous biocatalyst packed into a plug-flow column can be analyzed in operando
through fluorescence microscopy to determine the enzyme kinetics

https://biotrans2023 livescience.io/book-of-posters 18/1202



28/06/2023 09:57 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

#83 | Carbonyl Reduction by Carboxylic Acid
Reductases: An unsurprising Surprise?

Presenting Margit WINKLER of ACIB GMBH AND GRAZ UNIVERSITY OF TECHNOLOGY
author:

Other authors:  Bastian DANIEL of UNIVERSITY OF GRAZ
Chiam HASHEM of GRAZ UNIVERSITY OF TECHNOLOGY
Ludmila MARTINKOVA of CZECH ACADEMY OF SCIENCES
Tea PAVKOV-KELLER of UNIVERSITY GRAZ
Hannah G. BREUER of TUGRAZ, |. F. MOLEKULARE BIOTECHNOL

Topic: Industrial biocatalysis
Date: 04:30 pm - 07:00 pm Poster session
Keywords: Carboxylic Acid Reductase (CAR) / aldehyde / alcohol / enzymatic synthesis

https://biotrans2023 livescience.io/book-of-posters 19/1202



28/06/2023 09:57 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

Purpose: Carboxylic acid reductase enzymes (CARs) are well known for the reduction of a wide range
of carboxylic acids to the respective aldehydes. The current understanding is that CARs
release aldehydes, because they intrinsically circumvent the kinetic preference of aldehyde
versus carboxylic acid reduction, owing to their reaction mechanism. CARs are comprised of
three domains: an adenylation domain, a phosphopantetheinyl-binding domain and a
reductase-domain and acid reduction is a multi-step cascade starting with carboxylate
activation, which is followed by the formation of an enzyme-tethered thioester and finally, this
thioester is reduced.

One of our long-term goals is to gain deep insight into the structure-function-relationship of
CARs and we subjected various single-domains, di-domains and full-length CARs to
crystallization trials. We solved the structure of the R-domain of a fungal CAR from
Neurospora crassa (NcCAR, (PDB-code 8AEP). Its resemblance to short chain
dehydrogenases (SDRs) triggered the question, why this R-domain releases a carbonyl
compound while SDRs reduce carbonyl compounds to alcohols although both active sites
were highly similar. Others postulated an on/off mechanism triggered by a particular amino
acid that differed between SDRs and a crystallized R-domain of a bacterial CAR [1]. This
particular amino acid, however, is not present in the NcCAR R-domain or any other R-
domains of fungal CARs. We therefore sought to proof that the NcCAR R-domain was not
acting as carbonyl reductase by incubation of a few carbonyl compounds in the presence of
highly pure R-domain and NADPH. The unsurprising surprise was that the R-domain is in fact
able to reduce carbonyls, including aldehydes, which are typically considered to be the final
product of carboxylic acid reduction by CAR. We discovered that the respective full length
NcCAR was able to reduce aldehydes [2]. Herein, we shed light on the structural elements,
substrate requirements and an extended substrate scope of CARs (Figure 1).

Acknowledgements: This research was supported by the Austrian Science Fund (FWF):
CATALOX [doc.funds46], V-00415 and 1-04607. The work was also supported by COMET
center: acib: Next Generation Bioproduction is funded by BMK, BMDW, SFG,
Standortagentur Tirol, Government of Lower Austria and Vienna Business Agency in the
framework of COMET - Competence Centers for Excellent Technologies. The COMET-
Funding Program is managed by the Austrian Research Promotion Agency FFG.

References: [1] D. Gahloth, M. S. Dunstan, D. Quaglia, E. Klumbys, M. P. Lockhart-Cairns, A. M. Hill, S. R.
Derrington, N. S. Scrutton, N. J. Turner, D. Leys, Nat. Chem. Biol. 2017, 13, 975-981.
[2] B. Daniel, C. Hashem, M. Leithold, T. Sagmeister, A. Tripp, H. Stolterfoht-Stock, J.
Messenlehner, R. Keegan, C. K. Winkler, J. G. Ling, S. H. H. Younes, G. Oberdorfer, F. D. A.
Bakar, K. Gruber, T. Pavkov-Keller, M. Winkler, ACS Catal. 2022, 12, 15668-15674.
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Figure 1

Structure and function of a CAR R-domain
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Patulin Synthase, Insights into the Formation of a
Fungal Mycotoxin
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Enzyme discovery and engineering

04:30 pm - 07:00 pm Poster session

Flavoprotein / Patulin / Crystallography / Biocatalysis

Elucidating the three-dimensional structure of biological macromolecules yields a wealth of
information facilitating developments in biotechnology such as modern drug design.[1] Patulin
synthase is an enzyme involved in the biosynthesis of the secondary metabolite patulin, a
mycotoxin often present in apples and apple-derived products.[2,3] Penicillium expansum,
also termed as apple blue mold, is the major contributor to the presence of patulin on apples
and has resulted in significant postharvest losses.[4] Hence, understanding and
characterizing the functioning of patulin synthase involved in the key step of patulin
production is of utmost importance. In this study, the P. expansum patE gene was expressed
in Aspergillus niger, purified via a C-terminally added His-Tag to show that patulin synthase is
active exclusively on aromatic alcohols including 5-hydroxymethyl furfural (HMF) and the
natural substrate ascladiol. By elucidating its crystal structure (Figure 1), details on its
catalytic mechanism were revealed. Several aspects of the active site architecture are
reminiscent of that of fungal aryl alcohol oxidases (Figure 2). Overall, this study provides
detailed insights into the functioning of patulin synthase and has shown that it can also be
used for selective oxidation of a large number of aromatic compounds. This can be of help in
strategies to lower the risk on formation of this mycotoxic, for example by developing patulin
synthase inhibitors, while it may also develop as a useful biocatalyst for synthetic chemistry,
e.g. for conversion of HMF.
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[3] O. Puel, P. Galtier, I.P. Oswald, Toxins (Basel), 2010, 2, 613-631.
[4] H. Morales, S. Marin, A.J. Ramos, V. Sanchis, Food Control, 2010, 21, 953-962.
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Figures:

Monomeric structure of patE. In deep blue the flavin-domain, in gray the substrate-domain
and in orange the FAD cofactor is represented.
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A: docked binding pose of (E)-ascladiol (blue sticks) in the active site of patE (deep blue). B:

binding pose of p-anisyl (green sticks) in the active site of aryl-alcohol oxidase from P. eryngii
(yellow, PDB ID: 50C1) [5].
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#88 | Cross-linked cellulase aggregates for the
efficient hydrolysis of lignocellulosic residue
biomass and organic fraction of municipal waste
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Topic: Industrial biocatalysis
Date: 04:30 pm - 07:00 pm Poster session
Keywords: Cross Linked Enzyme Aggregates / Cellulases / Cellulose hydrolysis / Advanced biofuels

https://biotrans2023 livescience.io/book-of-posters 26/1202



28/06/2023 09:57

Purpose:

References:

Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

By 2030, the EU aims to increase the share of renewable energy in transport to at least 14%,
including a minimum share of 3.5% of advanced biofuels (1). It is anticipated that advanced
biofuels, mainly 2nd generation biofuels, will boost EU economy by creating 1.2 million jobs
and a revenue of 400 billion euros by 2030. As such, feedstock costs need to remain
competitive, and sustainability criteria need to be met.

Enzymes are one of the biggest cost in producing fermentable sugars, accounting up to 20%
of the cost for traditional 2nd generation bioethanol production (2). Enzyme immobilization
could reduce significantly the use of cellulase to achieve a total cost reduction of 10% (3).
When applying immobilized enzymes within heterogeneous processes where the substrate is
initially insoluble, the efficient enzyme separation and recovery is crucial for enzyme reuse.
Enzyme immobilization offers many advantages over enzymes in solution, including economic
convenience, higher stability, and the possibility to be easily removed from the reaction
mixture leading to pure product isolation.

Aim of this work is the preparation, characterization and application of Cross Linked Enzyme
Aggregates (CLEAs) based on commercial multi-enzymatic bends with cellulase activity,
Cellic® Ctec2 and Cellic® CTec3 HS (Novozymes A/S, Bagsveerd, Denmark). CLEA
preparation includes two distinct steps: a precipitation step, where the enzyme is aggregated
with the addition of a saturated salt solution or organic solvent and a crosslinking step, where
the aggregates are stabilized by a crosslinker e.g. glutaraldehyde.

Each step was optimized investigating the effect of different parameters on the recovery of
cellulase activity (filter paper activity, endoglucanase activity, exoglucanase activity and -
glucosidase activity). The parameters investigated in the precipitation step were the type of
precipitant, concentration of precipitant and time of precipitation, while in the cross-linking
step the parameters investigated were the glutaraldehyde concentration, enzyme load, time
and temperature for crosslinking. Moreover, the magnetic CLEA (m-CLEAs) formation using
magnetic nanoparticles (4) was investigated. The prepared CLEAs and m-CLEAs were
characterized in terms of optimal temperature performance, temperature stability and were
compared to the free enzyme. Then, they were applied in the hydrolysis of two renewable
lignocellulosic feedstocks, a cellulose fraction obtained from organosolv pretreated
beechwood and an organic fraction of municipal waste. The substrate concentration, enzyme
load and hydrolysis time were optimized. The formed CLEA and m-CLEAs showed good
performance when compared to the free enzyme and their reusability potential was
investigated for >5 cycles.

This work is supported by the Horizon 2020 funded project FLEXI-GREEN FUELS (Flexible
and resilient integrated biofuel processes for competitive production of green renewable jet
and shipping fuels, Grant agreement ID 101007130).

1. European commission. Renewable Energy Directive (EU) 2018/2001.
2. Johnson E (2016) Biofuels. Bioprod. Bioref 10:164-174.

3. Datta S et al. (2013) 3 Biotech. 3(1): 1-9.

4. Jia J et al. (2017) Molecules 22, 269.
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#89 | Synthesis of high-value natural
benzaldehydes by Basidiomycete-mediated
reduction of the corresponding benzoic acids
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Purpose: Substituted benzaldehydes of phenylpropanoid origin are the natural products of utmost
industrial importance [1,2]. These compounds have been widely employed for food flavouring.
Their extraction from the natural sources or chemical synthesis can be considered as the
fundamental processes in the flavours and fragrances field. Benzaldehyde (1), anisaldehyde
(2), vanillin (3) and piperonal (5) (Figure 1) are considered as the most important aromatic
compounds in this aldehydes class and their production has steadily increased over the years
[3]. The consumer’s preference for ‘natural or organic’ aromas has increased the request for
flavours possessing the ‘natural’ status. The resulting shortage of aromatic aldehydes of
extractive origin, such as vanillin (3), veratraldehyde (4) and piperonal (5), can be offset by
developing a new biotechnological synthesis method.

Here, we report a study on the microbiological reduction of five natural benzoic acid
derivatives, namely p-anisic, vanillic, veratric, piperonylic, and eudesmic acids, to produce the
corresponding fragrant aldehydes. We found that different Basidiomycota strains, including
white-rot, brown-rot saprophytic, and ectomycorrhizal species can efficiently perform this
transformation, with good chemical selectivity and tolerance to the toxicity of substrates and
products. Besides confirming the carboxylic acid reductase activity of the already exploited
fungi Pycnoporus cinnabarinus, we discovered that other species such as Pleurotus eryngii,
Pleurotus sapidus, Laetiporus sulphurens as well as the saprophytic fungi Lepista nuda are
valuable microorganisms for the synthesis of anisaldehyde (2), vanillin (3), veratraldehyde (4),
piperonal (5) and 3,4,5-trimethoxybenzaldehyde (6) from the corresponding acids. For these
flavours, a preparative biocatalytic process was proposed. Starting from benzoic acids of
natural origin, the obtained aldehydes can be commercialized as high-value natural flavours,
in compliance with the European and USA regulation of food flavouring substances.

The research was conducted under the LIDER XlIl program financed by the National Centre for
Research and Development (NCRD) grant agreement no. LIDER/44/0228/L-
12/20/NCBR/2021.

References: [1] T. Vogt, Molecular Plant, 2010, 3 (1).

[2] H. Surburg, J. Panten, John Wiley & Sons, Weinheim, 2016.
[3] G.A. Burdock, Fenaroli’'s Handbook of Flavor Ingredients, 6th ed., 2010.
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#100 | Stereodivergent synthesis 2-hydroxy-3-
substituted-4-butyrolactones by tandem of
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Topic: Biocatalytic cascade reactions

Date: 04:30 pm - 07:00 pm Poster session

Keywords: 2-Oxoacid aldolase / Ketoreductases / Aldol addition / 2-Hydroxy-4-butyrolactones
Purpose: Stereodivergent synthesis 2-hydroxy-3-substituted-4-butyrolactones by tandem of aldolases

and oxidoreductases.

Homochiral 2-hydroxy-4-butyrolactone derivatives are important structural motifs frequently
found in naturally occurring biologically active products, synthetic drugs, biodegradable
polymers as well as building blocks and chiral auxiliaries in asymmetric organic synthesis (1).
Among the methods described in the literature, the stereoselective reduction of 4-hydroxy-2-
oxoacid derivatives to produce 2-hydroxy-4-butyrolactone derivatives remains unexplored.

In this communication we report a tandem biocatalytic stereodivergent route for the
preparation of these compounds using two stereocomplementary aldolases and
oxidoreductases, using simple and achiral starting materials. The strategy comprises
(Scheme 1) (i) aldol addition reaction of 2-oxoacids to formaldehyde using both 3-methyl-2-
oxobutanoate hydroxymethyltransferase and 2-keto-3-deoxy-L-rhamnonate aldolase and
variants thereof, and (ii) subsequent 2-oxogroup reduction of the aldol adduct by both
ketopantoate reductase and a delta-1-piperidine-2-carboxylate/delta-1-pyrroline-2-
carboxylate reductase with uncovered promiscuous ketoreductase activity. Finally, the
formation of the corresponding lactone takes place during the work up and purification steps.
Yields, enantiomeric excesses and diasteromeric ratios for a total of 23 structurally diverse 2-
hydroxy-3-substituted-4-butyrolactones will be discussed. Moreover, one-pot one-step
cascade reactions with the aldolases and reductases operating in tandem will be presented.
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References: [1] (@) Hu, Z.-Q.; Li, X; Liu, L.-X., et al., J. Org. Chem. 2021, 86, 17453-17461; (b) Groger, H.,
Adv. Synth. Catal. 2001, 343, 547-558; (c) Heidlindemann, M.; Hammel, M.; Scheffler, U., et
al., J. Org. Chem. 2015, 80, 3387-3396; (d) Bourgeois, F.; Medlock, J. A.; Bonrath, W., et al.,
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J. 2016, 11, 1731-1737; (f) Evans, D. A.; Wu, J.; Masse, C. E., et al., Org. Lett. 2002, 4, 3379-
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Scheme 1.
Biocatalytic synthesis of 3-substituted-2-hydroxy-4-butyrolactones 5 by tandem aldolase-
ketoreductase biocatalytic reactions starting from formaldehyde 1 and 2-oxoacids 2.
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Industrial biocatalysis

04:30 pm - 07:00 pm Poster session

Cytochrome P450 / Biocatalyst / Drug metabolism / Late-stage functionalisation

PolyCYPs® enzymes are bacterial Class | and Class lll cytochrome P450s (P450s)
successfully mined from actinomycete bacteria in Hypha’s biotransformation panel. Eighteen
of the best performing P450s as well as human aldehyde oxidase and flavin-containing
monooxygenase 3 were developed into an easy-to-use lyophilised cell-free extract kit.

PolyCYPs enzymes are available in screening and scale-up format which enables the
production of low milligram amounts of oxidised metabolites for purification and identification.
Multi-gram quantities of metabolites and oxidised derivatives can be generated using a
Streptomyces lividans whole cell biotransformations expressing the specific PolyCYP
enzyme.

The poster features the application of PolyCYP enzymes to produce multiple oxidised
metabolites and derivatives of drug compounds in parallel and provides opportunities to:

1. Boost DMPK properties, particularly metabolic stability

2. Empirically discover new polar interactions in binding sites, improving potency and
selectivity

3. Establish if metabolites are active before deprioritising a scaffold due to metabolic
instability

4. Utilise hydroxylated derivatives/metabolites as a handle for late-stage functionalisation e.g.
fluorination

5. Rapidly expand polar SAR and broaden IP coverage, including the exemplification of active
metabolites.
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References: J. Bostrom, D. Brown, R. Young, and G. M. Kesertl, Nat. Rev. Drug. Discov., 2018 17, 709-727

J. Shanu-Wilson, L. Evans, S. Wrigley, J. Steele, J. Atherton, and J. Boer,
ACS Med. Chem. Lett., 2020, 11, 2087-2107
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4-hydroxyvaleryl
valsartan

Novel hydroxylated
derivative

PolyCYPs used to quickly generate metabolites and oxidised derivatives with enhanced
properties that could widen IP coverage.
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4’-hydroxycelecoxib 4’—fluorocelecoxib

Celecoxib case study
PolyCYPs providing handles for late-stage hydroxylation-fluorination strategy
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#120 | Styrene Oxide Isomerase-Catalyzed
Meinwald Rearrangement and its Applications in
Enantioselective Cascade Biotransformations

Presenting Willy W. L. SEE of NATIONAL UNIVERSITY OF SINGAPORE
author:

Other authors:  Zhi LI of NATIONAL UNIVERSITY OF SINGAPORE

Topic: Biocatalytic cascade reactions
Date: 04:30 pm - 07:00 pm Poster session
Keywords: Styrene oxide isomerase / Biocatalytic cascade reactions / Enantioselective synthesis /

Dynamic kinetic resolution
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Purpose: The Meinwald rearrangement of epoxides is a synthetically useful reaction to produce
aldehydes and ketones, but typically requires harsh conditions and toxic reagents, while also
lacking regioselectivity and stereo-control. Styrene oxide isomerase (SOI) catalyzes the
Meinwald rearrangement of aryl epoxides to carbonyl compounds with high selectivity under
mild conditions, offering an effective biocatalytic alternative to chemical Meinwald
rearrangement. Herein, we describe our recent applications of SOI-catalyzed epoxide
isomerization as a key step in enantioselective cascade biotransformations.

We report the discovery of a new type of SOl-catalyzed Meinwald rearrangement, which
involves the isomerization of internal epoxides via a 1,2-methyl shift without 1,2-H shift to
produce the corresponding aldehydes or cyclic ketone. SOI-catalyzed isomerization was
determined to proceed via a 1,2-trans-shift in a stereospecific manner, thereby retaining the
substrate’s enantio-configuration. The synthetic utility of this unique enzymatic Meinwald
rearrangement involving a stereospecific 1,2-methyl shift was demonstrated by its
incorporation into enantioselective cascades, to convert trans-methyl styrenes into (R)-
configured 2-arylpropanols, 2-arylpropionic acids, or 2-arylpropyl amines with high
enantioselectivity and yield.

In addition, new types of one-pot enzymatic cascades involving SOI-catalyzed Meinwald
rearrangement and dynamic kinetic resolution were developed to convert readily available
racemic epoxides into valuable chiral products. SOI-catalyzed isomerization of racemic trans-
methyl epoxides (via 1,2-methyl shift) or alpha-methyl epoxides (via 1,2-H shift) generated 2-
arylpropanal in situ, which was followed by spontaneous racemization and enantioselective
alcohol dehydrogenase-catalyzed oxidation or transaminase-catalyzed amination, producing
a wide range of pharmaceutically relevant (S)-2-arylpropionic acids, (R)- and (S)-2-arylpropyl
amines with high enantioselectivity and yield. The cascade reactions were performed with
isolated enzymes or whole-cell biocatalysts, and the use of SOI to generate the aldehyde
intermediate in situ effectively minimized side reactions related to aldehyde instability.

Finally, chemoenzymatic cascades involving SOI-catalyzed Meinwald rearrangement were
also developed. The combination of enantioselective whole-cell cascade biotransformation
and metal-catalyzed coupling reactions successfully produced several examples of drug-
related molecules.

References: [1] R. Xin+, W. W. L. See+, H. Yun, X. Li, Z. Li. Angew. Chem. Int. Ed. 2022, 61, €202204889.
[2] W. W. L. See, X. Li, Z. Li, Adv. Synth. Catal. 2023, 365, 68-77.
[3] W. W. L. See, Z. Li, Chem. Eur. J. 2023, e202300102.
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epoxide isomerization and dynamic kinetic resolution
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#123 | Optimization of a multi-step enzymatic
synthesis of lauryl(3-hydroxypropyl)-succinate,
precursor for the synthesis of extended
carbohydrate-based surfactants

Presenting ALEXIS SPALLETTA of UNIV. ARTOIS, UNILASALLE, ULR7519 - UNITE TRANSFORMATIONS
author: & AGRO-RESSOURCES

Other authors: ~ NICOLAS JOLY of UNIV. ARTOIS, UNILASALLE, ULR7519 - UNITE TRANSFORMATIONS &
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PATRICK MARTIN of UNIV. ARTOIS, UNILASALLE, ULR7519 - UNITE TRANSFORMATIONS &
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Topic: Biocatalytic cascade reactions
Date: 04:30 pm - 07:00 pm Poster session
Keywords: enzymatic cascade / multi-step / surfactant / spacer
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Purpose: The actual worldwide need for a more sustainable and renewable consumption leads
conventional chemistry to undergo profound changes to meet nowadays and future
challenges, especially processes decarbonization. Biocatalyzed processes can fit with this
purpose of more sustainable industrial processes [1], as in surfactant-producing industry. As
example of “green” surfactants, non-ionic biobased fatty acid carbohydrate esters are used in
multiple fields, such as cosmetics, food industry, and pharmacology and biocontrol [2]. These
multi-applications have created a worldwide market for such bioproducts and consequently
expectations for their production. As a reminder, a surfactant is generally composed of a polar
part, a carbohydrate for example, a lipophilic moiety with in-between, but rarely, a
spacer/linker conferring an additional property to the surfactant, such as improved
amphiphilic properties and a lower CMC (critical micellar concentration) value (Figure 1) [3].
Beyond the surfactant aspects, add a spacer would allow to integrate molecular patterns to
classical surfactants and thus create a molecule-application relationship, with for example
Pathogen-Associated Molecular Patterns (PAMP). The present work, as a part of biocatalyzed
synthesis of carbohydrate-based surfactants, deals with the selective conception of a spacer-
lipophilic synthon in two steps. In a first phase, the purpose is to condense a fatty alcohol,
dodecan-1-ol, onto succinic acid using a lipase as catalyst. Then, propan-1,3-diol is added to
the reaction medium to react with the products obtained in the first step to obtain lauryl(3-
hydroxypropyl)succinate (Figure 1). The reference synthesis is performed in 2-methylbutan-2-
ol, at 56°C, under stirring (240 rpm) and using 1% (w/v) supported Aspergillus Niger lipase.
The first step provides mono-laurylsuccinate and di-laurylsuccinate, with molar yields of 49%
and 25%, respectively. A kinetic study shows that a maximum yield is obtained after only 2h
reacting. Then, the addition of propan-1,3-diol allows to obtain the lauryl(3-
hydroxypropyl)succinate. The decrease of monolaurylsuccinate ratio shows its conversion to
the product, lauryl(3-hydroxypropyl)succinate, and thus the interest to favor its synthesis at
the expense of dilaurylsuccinate (Figure 2). An optimization based-on reagent ratios variation,
solvent and co-solvent ratios, reaction media water content, as well as enzymatic cocktails
has been performed and reaction kinetics were controlled using liquid and gas
chromatography. To summarize few results, different ratios were tested, with
diethylsuccinate/dodecan-1-ol molar ratio ranging from 3/1 to 1/3. To maximize the formation
of mono-laurylsuccinate and minimize di-laurylsuccinate, the ratio that gave the best yield is
1/2. A temperature effect study highlighted an optimal temperature of 56°C for supported
Aspergillus Niger lipase and supported CalB (Novozym 435). Various solvents were tested.
For example, 2-methyltetrahydrofuran-3-one, a biobased solvent, reduced the amount of di-
laurylsuccinate produced but the yield of mono-laurylsuccinate decreased from 49% to 30%.
The addition of water to the reaction medium also limits the formation to di-laurylsuccinate
(Figure 2). For instance, with CalB, the addition of 0.5% (V/V) water increased the mono-
laurylsuccinate/di-laurylsuccinate ratio from 2 to 4. We have therefore mapped various
parameters and so we can propose a multi-step one-pot synthesis of lauryl(3-hydroxypropyl)-
succinate in 4h, without treatment. We are now working on the grafting lauryl(3-
hydroxypropyl)-succinate onto carbohydrate using a 3 glucosidase, to implement an
enzymatic cascade. Other parameters, such as the effect of bioprinting on monodispersity,
are currently evaluated. At least, the impact of these optimizations on the recycling and reuse
of enzymes will also be studied.
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References: [1] H.; Santi, C. Flow Biocatalysis: A Challenging Alternative for the Synthesis of APIs and
Natural Compounds. International Journal of Molecular Sciences 2021, 22, 990,
doi:10.3390/ijms22030990.

[2] Sachdev, D.P; Cameotra, S.S. Biosurfactants in Agriculture. Appl Microbiol Biotechnol
2013, 97, 1005-1016, doi:10.1007/s00253-012-4641-8.

[3] Chaveriat, L.; Gosselin, I.; Machut, C.; Martin, P. Synthesis, Surface Tension Properties and
Antibacterial Activities of Amphiphilic D-Galactopyranose Derivatives. Eur J Med Chem 2013,
62, 177-186, doi:10.1016/j.ejmech.2012.12.032.
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in mmol/L to lauryl(3-hydroxypropyl) in AUC. (B) Evolution of yields obtained for the synthesis
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#131 | A cell-free platform for the synthesis of the
active form of Vitamin B6 from xylose

Presenting Renan Yuji MIYAMOTO of BRAZILIAN BIORENEWABLES NATIONAL LABORATORY
author:

Corresponding Leticia ZANPHORLIN of BRAZILIAN BIORENEWABLES NATIONAL LABORATORY
author:

Other authors:  Vivian Pascal WILLERS of TECHNICAL UNIVERSITY OF MUNICH
Ricardo Rodrigues DE MELO of BRAZILIAN BIORENEWABLES NATIONAL LABORATORY
Gabiriela Felix PERSINOTI of BRAZILIAN BIORENEWABLES NATIONAL LABORATORY
Volker SIEBER of TECHNICAL UNIVERSITY OF MUNICH

Topic: Biocatalytic cascade reactions
Date: 04:30 pm - 07:00 pm Poster session
Keywords: Cascade / Synthetic biochemistry / Xylose / Vitamin
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Purpose: Vitamin B6 is a fundamental nutrient involved in more bodily processes than any other
vitamin. Although vitamin B6 is essential for all forms of life, humans cannot synthesize it, so
this micronutrient must be obtained from foods or isolated supplements. Currently,
technological routes through chemical or fermentative processes can produce vitamin B6.
Chemical synthesis employs expensive and/or hazardous resources while biological
pathways still suffer to produce high titers due to the toxic features of its intermediates, and
because vitamin B6 itself can interact with a wide range of metabolic reactions. Cutting-edge
biotechnology relies on a genetically modified bacteria from the Rhizobium genus to produce
vitamin B6. This process takes seven days and uses glucose as the building block in a
complex media. Alternatively, the synthetic biochemistry approach can handle metabolic
engineering cases that face highly complex challenges, but usually requires a formidable
amount of enzymes. Here we propose a bio-based strategy via a synthetic biochemistry
approach to produce the active form of vitamin B6 that uses xylose and ammonium sulfate as
substrates and requires only six enzymes. Thermodynamical analysis demonstrated the
cascade’s feasibility, giving us the initial conditions to test in vitro. Because the obtained yield
was only 15.6 % (0.4 mM), all the enzymes of the cascade were characterized. Two possible
limiting steps were identified regarding the low thermal stability of the phosphoketolase and
the low activity of the PLP synthase. The rational prospection of novel targets was performed
using the sequence similarity network (SSN) tool and genome mining, crossing those data
with thermophilic organisms available in our laboratory strain collection. This way, the final
phosphoketolase and synthase presented melting temperatures 35 and 13 °C higher, and
their activities improved by 21 and 2-fold, respectively. The optimized system was able to
produce 74 % higher vitamin B6 titers. Several approaches were made to optimize even more
the cascade, including three ATP recycling systems, relieving the side-reaction of the
phosphoketolase, and providing an amidotransferase partner for the synthase. However, none
of those strategies was effective in the further improvement of the cascade. Although there is
still room for improvement to reach higher titers, our system to produce vitamin B6 from
xylose presented higher productivity than the state-of-art bio-based technology that uses
glucose as a building block (15.9 vs 7.7 mg L-1 h-1), and higher yields (27.2 vs 2.2 %).

References: Rosenberg J, Ischebeck T, Commichau FM. Biotechnol. Adv., 2017

Acevedo-Rocha CG et al, Curr. Opin. Biotechnol., 2019
Guédez G et al, Structure, 2012.
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#135 | Exploring sequence space to improve
transglycosylation efficiency in CGTase

Presenting Gareth SURMAN of UNIVERSITY OF MANCHESTER
author:

Other authors:  Sabine FLITSCH of UNIVERSITY OF MANCHESTER

Topic: Enzyme discovery and engineering

Date: 04:30 pm - 07:00 pm Poster session

Keywords: Biocatalysis / Glycoscience / Ancestral Sequence Reconstruction / CGTase

Purpose: Cyclodextrin glycosyltransferases (CGTases) are multifunctional enzymes, performing four

related reactions that each involve stereoselective a-glucosyl transfer on to an alcohol
acceptor [1]. It has been shown to catalyse the glycosylation of a variety of acceptors [2-4].
However, this multifunctionality creates a challenge when trying to create polyglycosylated
products biocatalytically, as the products are hydrolysed down to those containing fewer
glucose units. We have developed a high throughput assay system in order to assess the
degree of glycosylation, and applied this to study both directed evolution and metagenomics
of CGTase.

[1] B. A. Van Der Veen et al, Eur. J. Biochem., 2000, 267, 658-665

[2] W. M. J. Kloosterman et al, Macromol. Biosci., 2014, 14, 1268-1279
[3] X. Tao et al, Crit. Rev. Biotechnol., 2019, 39, 249-257

[4] D. Svensson et al, Biotechnol. Bioeng., 2009, 104, 854-861

References: [1] B. A. Van Der Veen et al, Eur. J. Biochem., 2000, 267, 658-665
[2] W. M. J. Kloosterman et al, Macromol. Biosci., 2014, 14, 1268-1279
[3] X. Tao et al, Crit. Rev. Biotechnol., 2019, 39, 249-257
[4] D. Svensson et al, Biotechnol. Bioeng., 2009, 104, 854-861
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#136 | Rational design of cyclohexanone
dehydrogenase for enhanced a, B-desaturation
and substrate specificity

Presenting Gary BLACK of NORTHUMBRIA UNIVERSITY
author:

Other authors:  Warispreet SINGH of NORTHUMBRIA UNIVERSITY
Nicola BROWN of NORTHUMBRIA UNIVERSITY
Hannah MCCUE of UNIVERSITY OF LIVERPOOL
Sophie MARRIOTT of UNIVERSITY OF LINCOLN
Justin PERRY of NORTHUMBRIA UNIVERSITY
Richard WILSON of UNIVERSITY OF YORK
Johan TURKENBURG of UNIVERSITY OF YORK
Kshatresh DUBEYE of SHIV NADAR UNIVERSITY
Stephen PRIOR of UNIVERSITY OF LINCOLN
Andrew CARNELL of UNIVERSITY OF LIVERPOOL
Edward TAYLOR of UNIVERSITY OF LINCOLN

Topic: Enzyme discovery and engineering

Date: 04:30 pm - 07:00 pm Poster session

Keywords: cyclic ketones / molecular dynamics / rational engineering / X-ray crystallography

Purpose: The selective a, B-desaturation of cyclic carbonyl compounds, which are found in the core of

many steroid and bioactive molecules, using green chemistry is highly desirable. To achieve
this task, we have for the first time described and solved the de novo structure of a member
of a new enzyme class, cyclohexanone dehydrogenases (Figure 1). The breadth of substrate
specificity was investigated by assaying the cyclohexanone dehydrogenase against several
cyclic ketones, lactones and lactams. To investigate substrate binding, a catalytic mutant was
generated and used to obtain a crystallographic complex with the natural substrate,
cyclohexanone. This revealed substrate-active site interactions, as well as the proximity of the
cofactor, flavin adenine dinucleotide, and enabled us to propose a mechanistic function to
key amino acids. We then used molecular dynamic simulations to guide design to add
functionality to the cyclohexanone dehydrogenase enzyme. The resulting mutant had overall
improved enzyme activity and substrate scope, i.e., accepting the bulkier carbonyl
compound, lactone dihydrocoumarin. Structural analysis of the mutant revealed a broader,
more open active site, which helped explain the modified substrate specificity. This work
paves the way for future bespoke regioselective a, B-desaturation in the synthesis of
important bioactive molecules via rational enzyme engineering.
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Figures:

CDH

FAD  FADH,

Figure 1
The a, B-desaturation of cyclohexanone to 2-cyclohexen-1-one catalysed by cyclohexanone
dehydrogenase (CDH) in the presence of flavin adenine dinucleotide (FAD), which is reduced

to FADH2.
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#140 | NOVEL METHODS AND PROCESSES TO
SUPPLY AND REGENERATE BIOCHEMICAL
COFACTORS

Presenting Monika MULLER of INNOSYN B.V.

author:

Topic: (Chemo)enzymatic strategies

Date: 04:30 pm - 07:00 pm Poster session

Keywords: Industral Biocatalysis / Cofactor dependent enzymes / Regeneration strategies /
Purpose: Biocatalysis is one of the core technologies at InnoSyn to develop chemo-enzymatic

processes for the production of small molecules which are applied in pharmaceutical and
chemical industries [1-3]. Hydrolases like lipases, esterases and proteases are not that
popular in academic research anymore, but represent the work horses of industrially applied
biocatalysis since decades because of their unmet stability and efficiency [4].

Alcohol dehydrogenases in the reductive mode come close to the efficiencies of hydrolases
but require NAD(P)H cofactor regeneration. Recently we focused on more challenging co-
factor and co-substrate supply and regeneration strategies for cost efficient industrial
biocatalysis such as the in situ regeneration of NAD(P)+ for oxidative ADH reactions at pilot
plant scale and other co-factors and co-substrates.

Regio-, chemo- and enantioselective alcohol oxidations with pure O2 as terminal oxidant
were scaled up to pilot plant production achieving industrially relevant product concentrations
of 40 - 200 g L-1 and high volumetric productivities of 1.5 - 14 g L-1 h-1, respectively [5-6].
Finally, proof-of-principle of scalable and efficient ATP regeneration with stable and cheap
phosphoenolpyruvate formulations, 2-ketoglutarate production from L-glutamate at up to 1
mol L-1 for 2-KG/Fe(ll) dependent oxygenase reactions and UDP-glucose supply and
recycling from sucrose for the multi-gram scale production high-value glucosylated natural
products were obtained [7] and will be presented.

References: [1] H. E. Schoemaker, D. Mink, M. G. Wubbolts, Science 2003, 299, 1694.
[2] M. Schirmann, M. Wolberg, S. Panke, H. Kierkels, in Green Chemistry in the
Pharmaceutical Industry (eds P. J. Dunn, A. S. Wells and M. T. Williams) 2010, Wiley-VCH
Verlag GmbH & Co. KGaA, Weinheim, Germany.
[B]M. Schirmann, in Industrial Enzyme Applications (eds A. Vogel and O. May) 2019, Wiley-
VCH Verlag GmbH & Co. KGaA, Weinheim, Germany
[4] M. Schirmann and |. Kaluzna, Specialty Chemicals Magazine 2022, 42(1), 28-30
[6] S. Bartsch, J. Brummund, S. Képke, H. Straatman, A. Vogel, M. Schiirmann, Biotechnol. J.
2020, 15, 2000171
[7] M. Biermann, M. Schirmann, T. Schmitges, A. Vogel, J. Brummund, Org. Process Res.
Dev. 2022, 26 (7), 2021-2029
[8] M. Schirmann and M. Miller, Chimica Oggi - Chemistry Today 2021, 39(6), 12-16
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#145 | A chemo-enzymatic CO2 capture process
by ionic liquid technology

Presenting Pedro LOZANO of UNIERSIDAD DE MURCIA (SPAIN)
author:

Other authors:  ROCIO VILLA of UNIVERSIDAD DE MURCIA
SUSANA NIETO of UNIVERSIDAD DE MURCIA
FRANCISCO J RUIZ of UNIVERSIDAD DE MURCIA
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ANTONIO DONAIRE of UNIVERSIDAD DE MURCIA
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Topic: (Chemo)enzymatic strategies
Date: 04:30 pm - 07:00 pm Poster session
Keywords: lipase / ionic liquids / co2 capture / chemo-enzymatic process
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Purpose: The reduction of the CO2 concentration in the atmosphere is one of the main global
challenges of this century , that requires the development of technological solutions for CO2
capture, and its conversion into added-value products. In the same context of Sustainable
Development, the substitution of recalcitrant plastics (e.g. polyurethanes produces a serious
ecological threats, etc.) for bio-based and biodegradable polymeric materials fulfilling circular
economy criteria (e.g. water-based non-isocyanate polyurethane, etc) is another global
challenge.[1] Glycerol is a renewable chemical from biomass of great interest because of its
large availability as a by-product of the biodiesel industry, which can be used as a raw
material in the synthesis of numerous products (e.g. polymers, solvents, fuel additives, etc.).
Among its derivatives, glycerol carbonate (GC), resulting from the net incorporation of a
carbon dioxide molecule to glycerol, is a versatile molecule, which can also be modified by
introducing other reactive moieties (e.g. acrylate groups) to produce new functionalized
monomers for polymer chemistry.[2]

A sustainable chemo-enzymatic process for producing both glycerol carbonate acrylate
(GCA) and glycerol carbonate methacrylate (GCMA), as useful monomers for preparation of
biodegradable plastic materials, has been carried out taking advantage of the ionic liquids
(ILs) technologies.[3] The process consisted in two consecutive catalytic steps, which can be
carried out by either sequential or one-pot experimental approaches. The glycidyl
(meth)acrylate was firstly synthesized by enzymatic transesterification from (meth)acrylate
vinyl ester with glycidol in Sponge Like lonic Liquids (SLILs) as the reaction medium (100%
yield after 6 h at 60 °C). SLILs not only provided a suitable reaction medium but also allowed
the simple isolation of the resulting glycidyl esters as an IL-free pure fraction through a
cooling / centrifugation straightforward protocol. The second step consisted in the GCA, or
GCMA, synthesis as the outcome of the cycloaddition of CO2 to the obtained glycidyl
acrylate or glycidyl methacrylate, respectively, catalysed by a covalently attached 1-decyl-2-
methylimidazolium moiety (Supported lonic Liquids-Like Phase, SILLP) in a solvent-free
system and under mild conditions (60 °C, 1-10 bar), leading to up to 100 % vyield after 6 h.
The components of the reaction system (biocatalyst/SLIL/SILLP) can be fully recovered and
reused for at least 6 cycles with unchanged catalytic performance (see Fig. 1).[4] This
technology has also been successfully used for the synthesis of other cyclic glycerol
carbonate derivatives. The combination of both ILs and (bio)catalyst technologies can pave a
new sustainable way to contribute to the reduction of the CO2 concentration in the
atmosphere through its capture and incorporation into added-value products of interest..

Acknowledgements

This work was partially supported by MICINN-FEDER-AEI 10.13039/501100011033 (PID2021 -
1246950B-C21/C22 and PDC2022-133313-C21/C22), MICINN —European Union Next
Generation EU-PRTR (TED2021-129626B-C21/C22) and SENECA (21884/PI/22) for financial
support. J. D. is fellow of the “Maria Zambrano program” at the University of Murcia (Spain

https://biotrans2023 livescience.io/book-of-posters 53/1202



28/06/2023 09:57 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

References: [1] Zanatta, N. M. Simon and J. Dupont. The nature of carbon dioxide in bare ionic liquids.
ChemSusChem. 2020, 13, 3101-3109.
[2] R. Villa, E. Alvarez, R. Porcar, E. Garcia-Verdugo, S. V. Luis, P. Lozano. lonic liquids as an
enabling tool to integrate reaction and separation processes. Green Chem. 2019, 21, 6527-
6544.
[3] P. Migowski, P. Lozano and J Dupont. Imidazolium based ionic liquid-phase green catalytic
reactions. Green Chem. 2023, DOI: 10.1039/d2gc04749g.
[4] R. Villa, R. Porcar, S. Nieto, A. Donaire, E. Garcia-Verdugo, P Lozano. Sustainable chemo-
enzymatic synthesis of glycerol carbonate (meth)acrylate from glycidol and CO2 enabled by
ILs technologies. Green Chem. 2021, 23, 4191-4200

Figures:

Figure 1

Schema of the one-pot chemo-enzymatic synthesis of GCA under solvent-free conditions,
catalyzed through two consecutive reactions carried out by immobilized CALB onto 1-alkyl-3-
methylimidazolium-based SILLPs, as a dual catalyst

https://biotrans2023 livescience.io/book-of-posters 54/1202



28/06/2023 09:57 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

#150 | Anti-Markovnikov oxidation of unactivated,
aliphatic alkenes by directed enzyme evolution

Presenting Cindy KLAUS of BIELEFELD UNIVERSITY
author:

Corresponding  Stephan HAMMER of BIELEFELD UNIVERSITY
author:

Topic: Enzyme discovery and engineering
Date: 04:30 pm - 07:00 pm Poster session
Keywords: Enzyme engineering / Biocatalysis / Directed evolution / Cytochrome P450

Purpose: The direct aerobic oxidation of alkenes to carbonyls is an important, yet, in part very
challenging transformation in synthesis.[1] Our research group has recently started to
engineer cytochrome P450 enzymes for direct alkene to carbonyl oxidations. This includes
enzymes that perform anti Markovnikov alkene oxidation of styrenes to generate the
corresponding aldehydes,[2] as well as regioselective oxidation of internal aryl alkenes to the
corresponding ketones.[3] The engineered enzymes fully exploit a catalytic cycle that has
largely eluded small molecule catalysis. This is achieved by conformational control over a key
radical intermediate to prevent the dynamically favored alkene epoxidation.[4,5] Here we
expand this chemistry towards unactivated aliphatic alkenes through directed enzyme
evolution.[6] The initially low activity and selectivity for the aliphatic 1-alkene was improved
over 14 rounds of directed evolution, introducing 21 beneficial mutations. The final catalyst
was characterized by exploring the substrate scope and its applicability in synthesis as well
as determining kinetic parameters and solving the crystal structure.

References: [1] J.J. Dong, W.R. Browne, B.L. Feringa, Angew. Chem. Int. Ed. 2015, 54, 734.
[2] S.C. Hammer, G. Kubik, E. Watkins, S. Huang, H. Minges, F.H. Arnold, Science 2017, 358,
215.
[3] S. Gergel, J. Soler, A. Klein, K.H. Schlilke, B. Hauer, M. Garcia-Borras, S.C. Hammer,
ChemRxiv 2022, DOI: 10.26434/chemrxiv-2022-dp94p
[4] J. Soler, S. Gergel, C. Klaus, S.C. Hammer, M. Garcia-Borras, J. Am. Chem. Soc. 2022,
144, 15954,
[5] C. Klaus, S.C. Hammer, Trends Chem. 2022, 4, 363.
[6] C. Klaus, G. Kubik, Y. Gumulya, S.C. Hammer, unpublished data.
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Starting from P450BM3 which converts aliphatic 1-alkenes into the corresponding allylic
alcohol an aldehyde selective anti-Markovnikov oxygenase (aMOx-A) was obtained in 14

rounds of directed evolution.
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#151 | Artificial [Mn]-hydrogenase for Asymmetric
Transfer Hydrogenation

Presenting Weijin WANG of EPFL
author:

Corresponding  XILE HU of EPFL

author:

Topic: Artificial enzymes and de-novo enzyme design

Date: 04:30 pm - 07:00 pm Poster session

Keywords: Biocatalysis / Artificial hydrogenase / Manganese catalysis /

Purpose: Natural hydrogenases exclusively choose Ni and Fe in [NiFe]-, [FeFe]- and [Fe]-hydrogenases

for (asymmetric) hydrogenation reactions. However, these enzymes are generally with limited
substrate scope. In contrast, artificial metalloenzymes (ArMs) can incorporate abiotic metal
complexes into a protein scaffold, leading to a wider substrate diversity. Although synthetic
Mn complexes have been successfully incorporated into natural [Fe]-hydrogenase (Fig. 1A),
achieving enantioselective hydrogenation reactions has remained a challenge. Herein, we
report the development of an enantioselective [Mn]-hydrogenase based on biotin-streptavidin
technology (Fig. 1B). Through chemogenetic optimzation of the reaction conditions, we
achieved up to 98% enantiomeric excess (e€) and > 99% vyield. Additionally, this artificial
metalloenzyme displayed excellent functional group tolerance and broad substrate scope,
catalyzing asymmetric transfer hydrogenation of ketones with high yield and enantioselectivity
(Fig. 2). By combining QM/MM calculation and X-ray crystallography, out findings suggest
that the S112Y-K121M mutations, along with the chemical structure of the Mn cofactor, play
critical roles in enhancing the reactivity and enantioselectivity of the enzyme. These results
highlight the potential of manganese as a metal cofactor in the development of artificial
metalloenzymes, and demonstrate the power of chemogenetic optimization for enzyme
engineering.
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Figures:

A [Mn]-hydrogenase with natural [Fe]-hydrogenase as the host protein
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#153 | Dimethylallyl tryptophan synthase RePT
from Rasamsonia emersonii catalyzes prenylation
on tryptophan, tyrosine, and plant phenolics

Presenting Pimvisuth CHUNKRUA of LABORATORY OF FOOD CHEMISTRY, WAGENINGEN
author: UNIVERSITY

Other authors:  Kai LESCHONSKI of LABORATORY OF FOOD CHEMISTRY, WAGENINGEN UNIVERSITY
Alejandro GRAN-SCHEUCH of MOLECULAR ENZYMOLOGY GROUP, UNIVERSITY OF
GRONINGEN
Gijs VREEKE of LABORATORY OF FOOD CHEMISTRY, WAGENINGEN UNIVERSITY
Jean-Paul VINCKEN of LABORATORY OF FOOD CHEMISTRY, WAGENINGEN UNIVERSITY
Marco FRAAIJE of MOLECULAR ENZYMOLOGY GROUP, UNIVERSITY OF GRONINGEN
Willem VAN BERKEL of LABORATORY OF FOOD CHEMISTRY, WAGENINGEN UNIVERSITY
Wouter DE BRUIJN of LABORATORY OF FOOD CHEMISTRY, WAGENINGEN UNIVERSITY
Mirjam KABEL of LABORATORY OF FOOD CHEMISTRY, WAGENINGEN UNIVERSITY

Topic: Enzyme discovery and engineering
Date: 04:30 pm - 07:00 pm Poster session
Keywords: DMATS / prenylation / plant phenolics / stilbenes
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Purpose: Dimethylallyl tryptophan synthases (DMATSSs) are aromatic prenyltransferases (PTs) that
catalyze the transfer of a prenyl (isoprenoid) moiety from a donor to an aromatic acceptor.
Aside from their natural role in prenylating tryptophan derivatives in fungal indole alkaloid
biosynthesis, DMATSs also act on structurally diverse aromatic substrates [1]. This capability
makes DMATSs a potential biotechnological tool to produce biologically active compounds in
a wide range of applications, such as antimicrobial plant phenolics [2].

Our study explored the substrate scope and product profile of a recombinant RePT, a novel
DMATS from Rasamsonia emersonii, a thermophilic fungus (Figure 1). RePT was successfully
produced via a His6-SUMO-RePT construct, showing a molecular weight of 66.4 kDa with
99.1% purity. Among a variety of (plant) aromatic substrates, RePT showed the highest
substrate conversion for L-tryptophan and L-tyrosine (>90%), both yielding two mono-
prenylated products. Eight phenolics from diverse phenolic subclasses were accepted with a
noticeable conversion (>10%) with three stilbenes showing the highest conversion:
oxyresveratrol (55%), pinostilbene (39%), and resveratrol (37 %). Besides stilbenes, also (+)-
catechin, (-)-epicatechin, coumestrol, (+)-equol, and phloretin showed 11-25% conversion.
The position of prenylation by RePT on L-tryptophan was determined using 1H, 13C, and 2D-
NMR spectroscopy to be either C7-prenylation (80% relative abundance), or reverse N1-
prenylation (20%). For plant phenolics, the position of prenylation as annotated using MS2
fragmentation patterns, showed mainly mono-O-prenylation. Moreover, RePT was tolerant to
organic solvents and to some extent to a higher temperature, yielding higher than 90% L-
tryptophan conversion in the presence of 20% (v/v) methanol or DMSOQO, or at 50°C. Our
findings indicate that RePT may be a promising biocatalyst with potential applications in
generating valuable bioactive prenylated aromatics for food, cosmetic, and pharmaceutical
industries.

References: [1] Chen, R. et al., Nat. Chem. Biol., 2017, 13, 226-234.
[2] J. C. de Bruijn, W. et al., Trends Biotechnol., 2020, 38, 917-934.
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Figure 1.

Prenylation of aromatic compounds by RePT in the presence of dimethylallyl pyrophosphate

(DMAPP) as a prenyl donor. The three-dimensional structure of RePT is displayed with the
strictly conserved four tyrosine residues among DMATSs (represented as green
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#162 | Bright and Flashy Figures of the Inclusive
Kind

Presenting Felix KASPAR of TECHNISCHE UNIVERSITAT BRAUNSCHWEIG

author:

Topic: Enzyme discovery and engineering

Date: 04:30 pm - 07:00 pm Poster session

Keywords: data / inclusive / color vision deficiency /

Purpose: Biocatalysis has its roots in chemistry and microbiology; visual sciences. In biocatalysis, we

use schemes to illustrate chemical transformations, protein structures to depict complex 3-
dimensional architectures and graphs to convey complex relationships and datasets. In doing
so, we often use color to highlight certain parts of a figure, guide the reader’s eye or transmit
information. Colors are often easier to perceive and differentiate than shapes and can be
particularly helpful to enhance recognition of recurring elements or intuitively link to concepts.
Colors are incredibly useful. However, improper color choices can lead to a misrepresentation
or inaccessibility of the underlying information. This can either bias the reader’s perception of
the displayed data and/or make the figure inaccessible to readers with color vision
deficiencies. This contribution discusses how a mindful and informed use of color in scientific
illustrations — in particular through scientific color maps - yields more inclusive, accessible
and accurate papers, grant proposals and talks. This one is not about enzymes and chemical
transformations. It is about how to visualize them for everyone.

References: [1] Kaspar, F., Crameri, F., Angew. Chem. Int. Ed. 2022, e202114910
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Figure 1.
Improper color choices misrepresent the underlying data.
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#164 | GTHNL CATALYZES OXIDATIVE C=C BOND
CLEAVAGE

Presenting Ulf HANEFELD of TECHNISCHE UNIVERSITEIT DELFT
author:

Other authors:  Peter-Leon HAGEDOORN of TECHNISCHE UNIVERSITEIT DELFT
Jose COLOMA of TECHNISCHE UNIVERSITEIT DELFT

Topic: Enzyme discovery and engineering

Date: 04:30 pm - 07:00 pm Poster session

Keywords: Hydroxynitrle lyase / oxidative cleavage / promiscuity /

Purpose: GtHNL is a hydroxynitrile lyase that was successfully utilized for the synthesis of

cyanohydrins (Scheme 1B) and nitro aldol products, in batch and in flow [1,2,3]. GtHNL has
moderate similarity (35%) with Tm1459 and the same catalytic metal ion, Mn(ll) (Scheme 1A).
Enzymes display high selectivity for one type of reaction. Therefore, lyases are not expected
to catalyze oxidative C=C bond cleavage reactions as Tm1459 does (Scheme 1C) [4].
However, examining the structure of GtHNL there is no obvious reason why it should not
catalyze the oxidative C=C bond cleavage, as described for Tm1459. Equally a hydroxynitrile
lyase activity for Tm1459 cannot be ruled out.

GtHNL was employed under condition earlier successful for Tm1459 [4]. tert-butyl
hydroperoxide (TBHP) was used as oxidizing reagent and GtHNL satisfactorily catalyzed the
oxidative cleavage of a number of styrene derivatives. Enzyme and reaction engineering led to
improved selectivities and yields. On the other hand Tm1459 displayed only modest
hydroxynitrile lyase activity without selectivity. These results question our concepts of enzyme
selectivity and at the same time open new routes to novel enzyme activities.

References: [1] I. Hajnal, et al, FEBS J., 2013, 280, 5815-5828.
[2] J. Coloma, et al, Catal. Sci. Technol., 2020, 10, 3613-3621.
[3] J. Coloma, et al, Catalysts 2022, 12, 161.
[4] . Hajnal, et al, Adv. Synth. Catal. 2015, 357, 3309 -3316.
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Figures:
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Scheme 1

A) Superimposition of GtHNL (PDB code: 4BIF) in blue with Mn(ll) in grey coordinated by four
histidines and glutamine and Tm1459 (PDB code: 1VJ2) in green with Mn(ll) in lime
coordinated by four histidines. B) Cyanohydrin synthesis C) Oxidative cleavage.
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#171 | Production of selected chiral diols via
synthetic enzymes cascade in unconventional
media

Presenting Maria ALLAHHAM of FORSCHUNGSZENTRUM JULICH/ IBG-1
author:
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Topic: Biocatalytic cascade reactions
Date: 04:30 pm - 07:00 pm Poster session
Keywords: enzymatic cascade / vicinal chiral diols / carboligation / oxidoreduction
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Stereopure vicinal diols are important building blocks used for fine chemicals and
pharmaceutical compounds.1 2,3-Butanediol is a well-known chiral diol, which is used in
practical applications such as plasticizers and antifreeze agents.2 These diols can also serve
as precursors for bio-fuels starting from bio-resources. For this application, product
concentration is more important than stereoselectivity.3 Due to the high selectivity of
enzymes and their high reactivity under mild conditions, enzymes are potent catalysts for
green chiral diol synthesis.4 In our enzymatic cascade we start with a ThDP dependent lyase
forming a C C bond between two aldehydes molecules resulting in a 2-hydroxy ketone. By
using an oxidoreductase in the second step, the carbonyl group is reduced and a diol with
two chiral centers is formed.

In a recent study, enzymatic and chemical steps are combined to form diols and cyclic
acetals in an environment-friendly manner.3 Biotransformation in a green organic solvent was
done to provide a reaction environment suitable for the enzymatic and the chemical step. The
integration of H2 and CO2 into the reaction renders the process even more ecological. Here,
we show a method of synthesizing diols with mainly excellent stereoselectivity by using
enzymes. In addition, intensification of the process including the use of unconventional media
led to an increase in concentrations and conversion from 84 mM and 84% to 900 mM and
90%, respectively.

Results

Stereoselective formation of all diols as precursors for fine chemicals

The need of stereoselective synthesis has increased in the last decades as more than 50% of
used drugs are chiral.5 Due to the high stereoselectivity of modularly combined enzymes, we
were able to successfully gain all 12 out of 12 possible stereoisomers of 4 diols with different
chain length with good to high concentrations and good to excellent isomeric contents (ic)
(Table 1). For example, full conversion was achieved by producing almost 100 mM of (5S,6S)-
decanediol with an ic value > 99 %.

Pure stereoisomers of all diols as precursors for bio-fuels

Due to the highly negative impact of CO2 produced from transportations on the climate,
alternatives to fossil fuels help cutting CO2 emissions. Diols are seen as suitable precursors
for bio-hybrid fuels, as starting material for the diols can be aldehydes produced via microbial
cell factories from second generation feedstocks.6 Besides their chiral building block
potential, the diols shown in table 1 can be further transformed to dioxolane via
chemocatalysis integrating CO2. These dioxolanes show high potential due to optimal
properties as blends for bio-fuels.3

When used as blend, yields are more important than selectivities. For this aim, only the
ligation step was done enzymatically, the further reduction and cyclisation will be performed
using (unselective) ruthenium catalysis. By intensifying the enzymatic carboligation step, an
increase of the product concentration from 84 mM up to 900 mM was achieved. This was
mainly achieved using enzyme catalysis in a micro-aqueous reaction system.

micro-aqueous reaction system (MARS)

Aqueous buffers are the first choice when it comes to reaction media with enzymes, as most
of them are evolved in an aqueous environment. However, many interesting substrates are
hydrophobic and this results in low substrate loads and therewith product concentration,
when a second phase should be avoided. Applying biocatalysis in an organic solvent, like
cyclopentyl methyl ether (CPME), allows to overcome this problem. Therefore, enzymes are
formulated as lyophilized whole cells. Protecting the entrapped enzymes in the remaining cell
envelope to a certain extent enables high yields under these reaction conditions. Moreover,
the MARS is a convenient environment to combine enzymatic and chemical steps for
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dioxolane synthesis in one reaction environment and additionally facilitates product
purification.7

References: [1] Zhang, J. et al. Characterization of four diol dehydrogenases for enantioselective synthesis
of chiral vicinal diols. Chin J Chem Eng (2022) 47, 145-154.
[2] Celinska, E. & Grajek, W. Biotechnological production of 2,3-butanediol—Current state and
prospects. Biotechnol Adv (2009) 27, 715-725.
[3] Spdring, J. et al. Effective Production of Selected Dioxolanes by Sequential Bio- and
Chemocatalysis Enabled by Adapted Solvent Switching. ChemSusChem. (2022) 16.
[4] Enzyme Biocatalysis. (Springer Netherlands, 2008).
[5] Nguyen, L. A., He, H. & Pham-Huy, C. Chiral drugs: an overview. Int J Biomed Sci (2006) 2,
85-100.
[6] Mengers, H. G., Westarp, W. G. von, Briicker, D., Jupke, A. & Blank, L. M. Yeast-based
production and in situ purification of acetaldehyde. Bioprocess Biosyst Eng (2022) 45, 761-
769.
[7] van Schie, M. M. C. H., Sporing, J.-D., Bocola, M., Dominguez de Maria, P. & Rother, D.
Applied biocatalysis beyond just buffers - from aqueous to unconventional media. Options
and guidelines. Green Chemistry (2021) 23, 3191-3206.
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stereoisomer concentraction [mM] ic [%] stereoisomer concentraction [mM] ic [%]
(25,3S)-butanediol 213 98 (4S,5S)-octanediol 34.7 >99
meso-2,3-butanediol 17.45 >99 meso-4,5-octanediol 38.1 98
(2R,3R)-butanediol 65.66 98 (4R,5R)-octanediol 64.9 98
(35,45)-hexanediol 5.17 >99 (58,6S5)-decanediol 98.66 >99
meso-3,4-hexanediol 4.10 >99 | meso-5,6-decanediol 76.32 70
(3R,4R)-hexanediol 7.44 75 (5R,6R)-decanediol 62.2 80
Table 1:
Concentrations and ic values of gained stereoisomers. ic= isomeric content (target
isomer/sum of all isomers [%]). Starting concentration of substrate: 200 mM
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parameter initial optimized
buffer/solvent 50 mM TEA CPME
substrate addition no feeding
reaction time 1 day 4 days
new LWC no after 2 days
substrate con. 200 mM 400 mM
product con. 86 mM 900 mM

Table 2:

Optimized parameters of the carboligation step. LWC: lyophilized whole cells. CPME:

cyclopentyl methyl ether. TEA: triethanolamine
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#173 | Enzyme engineering of alkane
monooxygenase for improved activity in a key
reaction step of the synthesis of the alpha-
methylene lactone Tulipalin A

Presenting Robert KOURIST of GRAZ UNIVERSITY OF TECHNOLOGY

author:

Topic: Enzyme discovery and engineering

Date: 04:30 pm - 07:00 pm Poster session

Keywords: bio-based polymer / membrane-bound enzyme / alkane monooxygenase / rational protein
desigh

Purpose: The synthesis of renewable and sustainable polymeric materials as replacement of petroleum-

based raw materials has been receiving increasing attention. The alpha-methylene lactone
Tulipalin A has two polymerizable functional moieties and is a potential substitute of
(meth)acrylates in vinyl-addition polymerization and (co)monomer for lactone ring-opening
polymerization. While Tulipalin A can be isolated from the flowers of tulips and alstroemerias,
its biosynthesis remains unknown.

We propose a synthesis from isoprenyl acetate, which itself can be produced via the microbial
hemiterpenoid metabolism. Selective hydroxylation of isoprenyl acetate in C4-position and
subsequent oxidation of the intermediate hydroxy group gives rise to 4-acetoxy-2-methylene
butyric acid, whose hydrolysis and cyclization then leads to Tulipalin A. We identified bacterial
alkane monooxygenases that catalyze the hydroxylation without, albeit with lower activity
than the terminal hydroxylation of linear alkanes. Undesired epoxidation of the exo-methylene
group was not observed. In order to increase the activity of the membrane-bound
dioxygenase, we used de novo structure prediction to generate a structural model. Site-
directed mutagenesis of the active-site cavity inspired by molecular docking allowed a
substantial increase of the activity of the monooxygenase. We envision that the engineered
enzyme variants will find application in a future whole-cell process, unlocking the supply of
Tulipalin A as future bio-based monomer.
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Proposed pathway for the synthesis of Tulipalin A
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heterofunctional supports

Presenting
author:

Other authors:

Topic:

Date:

Keywords:

Purpose:
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Enzyme production, immobilization
04:30 pm - 07:00 pm Poster session
multienzyme systems / coimmobilization / cascade biotransformations / enzyme stabilization

Multienzyme cascade biotransformations in one pot are gaining momentum since they have
demonstrated enhanced catalytic performance than traditional step-by-step transformations
requiring sequential pots. Although their evident advantages, the coimmobilization of several
enzymes requiring different anchoring chemistries and stability conditions is still challenging.
In this work, we exploited a heterofunctional carrier activated with three different chemical
functionalities in order to immobilize a wide variety of different enzymes under mild conditions
[1]. This support is based on agarose microbeads activated with aldehyde, amino and cobalt
moieties thus allowing a fast and irreversible immobilization of enzymes (Figure 1) and in the
major cases accompanied by thermal stabilization (up to 21-fold higher than the soluble one).
We demonstrated the effectiveness of the described support by coimmobilizing a
multienzyme system composed by an alcohol dehydrogenase, a NADH oxidase and a
catalase. The confined enzymatic system demonstrates higher performance than the soluble
enzyme counterparts achieving a total turnover number (TTN) of 1x10/5 during five batch
cycles under operation conditions. Finally, we expand the versatility of the described
exploited heterogeneous chemistry to other frequently used immobilization carriers as
cellulose microbeads and commercial methacrylate. We envision this solid material as a
platform for coimmobilizing multienzyme systems with enhanced properties to catalyze
stepwise biotransformations.

Santiago-Arcos, J.; Velasco-Lozano, S.; Lépez-Gallego, F. Multienzyme Coimmobilization on
Triheterofunctional Supports. Biomacromolecules 2023, 24 (2), 929-942.
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#195 | Engineering Amine Dehydrogenases
(AmDHs) for the Synthesis of Vicinal Amino
Alchols

Presenting Ruth BRADSHAW ALLEN of MANCHESTER INSTITUTE OF BIOTECHNOLOGY -

author: UNIVERSITY

Topic: Enzyme discovery and engineering

Date: 04:30 pm - 07:00 pm Poster session

Keywords: /117

Purpose: ENGINEERING AMINE DEHYDROGENASES (AMDHS) FOR THE SYNTHESIS OF VICINAL

AMINO ALCOHOLS

Ruth T. Bradshaw Allen, William R Birmingham, and Nicholas J. Turner

Manchester Institute of Biotechnology, University of Manchester, Manchester, United
Kingdom

Enantiopure vicinal amino alcohols are prevalent in a plethora of bioactive molecules and are
thus a major target in biocatalytic synthesis. Amine dehydrogenases (AmDHs) are a growing
class of biocatalysts capable of synthesising chiral amines via the reductive amination of
prochiral ketones using ammonia as an inexpensive amino donor. AmDHs have previously
been shown to exhibit excellent reductive amination activity towards a diverse collection of
linear ketones and a-hydroxyketones. Herein, an amine dehydrogenase developed from a
leucine amino acid dehydrogenase (L-AADH) is shown to catalyse the synthesis of cyclic
vicinal amino alcohols from the corresponding a-hydroxy ketones with good stereoselectivity.
Additionally, as biocatalytic cascades offer a sustainable synthetic route to vicinal amino
alcohols from readily available starting materials, a multienzyme cascade featuring this AmDH
has also been designed for the synthesis of 2-aminocyclohexanol with high atom efficiency.

References: [1] Chen, F. F; Zheng, G. W,; Liu, L.; Li, H.; Chen, Q.; Li, F. L.; Li, C. X.; Xu, J. H. ACS Catal.
2018, 8 (3), 2622-2628.
[2] Chen, F. F; Cosgrove, S. C.; Birmingham, W. R.; Mangas-Sanchez, J.; Citoler, J.;
Thompson, M. P; Zheng, G. W.; Xu, J. H.; Turner, N. J. ACS Catal. 2019, 9 (12), 11813-11818.
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Biocatalytic cascade reactions
04:30 pm - 07:00 pm Poster session

Alkyl hydroxycinnamates (AHCs) / p-hydroxycinnamic acid (HCA) / CoA-ligase (4CL) / Acyl
transferase (ACT)

Alkyl hydroxycinnamates (AHCs) are hydroxycinnamic acid (HCA) esters aliphatic derivatives
[1] found in plants associated with suberin and cutin. [2] The presence of the aliphatic moiety
on AHCs modulates their hydrophilic/lipophilic balance and improves their integration in oil-
based formulations and their biological activities compared to their phenolic acid parents.[3]
These features open a broad panel of applications for these molecules as antioxidants,
antimicrobials, and UV protectants among others.[1] Lipases are usually used to graft
aliphatic moieties on phenolic acids. However, it has been reported that lipase’s activity is
inhibited in the case of p-hydroxycinnamic acids due to the simultaneous presence of the p-
hydroxyl and the double bound near the carboxylic function conjugated to the aromatic cycle
on the phenolic acid.[4] Our work seeks to develop an enzymatic process for the synthesis of
AHCs by miming their biosynthetic pathway in plants.

We expressed two recombinant enzymes in a 5 L fermenter using transformed E. coli
competent cells. The first one is a CoA-ligase (4CL) implicated in the activation of p-HCAs,
and the second one is an acyltransferase (ACT) responsible for the transfer of the acyl moiety
of the activated phenolic acid on an aliphatic moiety (acyl acceptor) for AHCs synthesis
(Figure 1). We tested the enzymatic activity of the purified 4CL and ACT on different HCAs
and acyl acceptors, respectively. HPLC and LC-MS results showed the successful activation
of HCAs and AHCs synthesis. We also optimized the ATP concentration and the reaction time
for HCAs activation using design of experiment method to minimize them as much as
possible to make the process economically viable. We are currently working on ACT kinetic
parameters determination and we aim to scale up the reaction and purify the final product.

[1] D. A., Grajales-Hernandez; M. A., Armendariz-Ruiz; F. L., Gallego, and J. C., Mateos-Diaz,
Applied Microbiology and Biotechnology, 2021, 105(10), 3901-3917.

[2] F.,, Domergue and D. K. Kosma, Plants, 6(3), 25-41.

[3]Y. G., Shi; Y.J., Zhu; S. Y., Shao; R. R., Zhang; Y., Wu; C. M., Zhu; X. R., Liang, and W. Q.,
Cai, Journal of Agricultural and Food Chemistry, 2018, 66 (45), 12088-12101.

[4] P, Villeneuve, Biotechnology Advances,2007, 25(6), 515-536.
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#197 | Glucose production from cellulose by
iImmobilizing cellulase enzyme on chitosan beads

Presenting Byung-Ki NA of CHUNGBUK NATIONAL UNIVERSITY
author:

Other authors:  Beom Soo KIM of CHUNGBUK NATIONAL UNIVERSITY

Topic: Enzyme production, immobilization

Date: 04:30 pm - 07:00 pm Poster session

Keywords: Cellulase / Immobilization / Chitosan beads / Cellurose

Purpose: Recently, interest in an efficient biomass pretreatment and saccharification process is

increasing for the production of biofuels and biochemicals from renewable non-edible
biomass resources. In this study, we tried to produce glucose from cellulose by immobilizing
the cellulase enzyme on chitosan beads, which are reported to have high pH and temperature
stability.

Polyvinyl alcohol modified with maleic anhydride was coated on chitosan beads to form an
immobilized support and then cellulase enzyme was immobilized thereon. The immobilized
amount of the enzyme according to the concentration of the cellulase enzyme solution and
the specific activity of the immobilized enzyme at each concentration were investigated. In
addition, conversion from cellulose to glucose was performed under conditions that showed
the maximum cellulase specific activity.

The domain immobilization method can be completed by a capture method that physically
confines the domain and a binding method that adheres to the surface of a support or
covalent bond. In this study, since the time division must be paid back when the capture
method is implemented, the method of Dincer and Telefonce was used to limit the
acceleration in order to contact the Wise mark and immobilize it when applied to the chitosan
bead surface to overcome the extreme.

As the concentration of the cellulase solution increased, the amount of cellulase immobilized
on the chitosan beads increased linearly. The production of glucose increased to 7.2 g/L from
1% carboxymethyl cellulose (CMC) substrate when immobilized in 20% cellulase solution.
The maximum specific activity value of the enzyme was 0.37 unit/mg protein when
immobilized in 8% cellulase solution. The optimum reaction composition at pH 7 and 37 °C
was 0.5 g beads/L from 1% CMC substrate, and conversion to glucose was completed in
about 20 minutes.

References: 1. Dincer, A., Telefoncu, A., 2007, J. Mol. Catal. B-Enzym. 45: 10-14.
2. Limayem, A., Ricke, S. C., 2012, Prog. Energ. Combust. 38: 449-467.
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#199 | Boronic-Acid Catalysis in an Artificial
Enzyme

Presenting Reuben LEVESON-GOWER of UNIVERSITY OF GRONINGEN
author:

Other authors: Lars LONGWITZ of UNIVERSITY OF GRONINGEN
Gerard ROELFES of UNIVERSITY OF GRONINGEN

Topic: Artificial enzymes and de-novo enzyme design

Date: 04:30 pm - 07:00 pm Poster session

Keywords: Artificial Enzyme / Unnatural Amino Acid / Directed Evolution / Crystallography

Purpose: Due to their unparalleled activities, selectivities and benign operating conditions, enzymes will

play an important role in the transition towards greener chemical manufacture[1]. However,
their reaction scope still lags behind that of chemical catalysts, a problem that is addressed
through the creation of artificial enzymes: protein scaffolds equipped with abiological catalytic
moieties[2]. Here we disclose the design and evolution of an artificial enzyme exhibiting
boronic-acid catalysis using a low-valent boron species as catalytic moiety (Figure 1)[3]. We
mutated a non-enzymatic protein with a promiscuous hydrophobic pore to incorporate a
genetically encoded boronic-acid containing unnatural amino acid[4]. This new side chain
catalyses oxime-formation between alpha-hydroxy ketones and hydroxylamine. The protein
scaffold boosts activity, as well as providing selectivity in the transformation, allowing a
kinetic resolution to be performed. By screening cell-free lysates from site-saturation libraries
in a plate-reader based assay, we performed several rounds of directed evolution and
identified a triple mutant with greatly improved activity and E value over 100. Through 11B
NMR spectroscopy, we could characterise the hybridisation state of the catalytic residue and
its binding to several ligands. These adducts could also be observed with mass spectrometry.
X-ray crystallography revealed a large structural change in the protein induced by the
unnatural catalytic residue. This study paves the way for realisation of many new biocatalytic
activities exploiting boronic acid catalytic residues.

References: [1] R.A. Sheldon, J.M., Woodley Chem. Rev., 2018, 118, 801-838.
[2] I. Drienovska, G. Roelfes, Nat. Catal., 2020, 3, 193-202.
[3] D.G. Hall, Chem. Soc. Rev., 2019, 48, 3475-3496.
[4] E. Brustad, M.L. Bushey, J.W. Kee, D. Groff, W. Liu, P.G. Schultz, Angew. Chem. Int. Ed.,
2008, 47, 8220-8223.
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Figure 1

Design and crystal structure of a boronic-acid based artificial enzyme with genetically

encoded boronic-acid residue catalysing oxime formation of alpha-hydroxy ketones and its
subsequent directed evolution to optimise the protein environment surrounding
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Topic: Enzyme discovery and engineering

Date: 04:30 pm - 07:00 pm Poster session

Keywords: Biocatalysis / C-C bond formation / Biodiversity / extremophilic organisms

Purpose: Biocatalysis is a tool to access new products of interest in a greener and more eco-friendly

way. It allows us to respond to many current issues related to the 12 principles of green
chemistry. In this context, Aldolases are C-C bond forming enzymes of particular interest for
synthetic applications. Indeed, the aldol reaction allows to generate up to 2 asymmetric
centers, providing chiral adducts. Depending on the aldolases used, the stereochemistry of
these asymmetric centers can be controlled [1]. Fructose-6-phosphate aldolase (FSA)
belonging to class | aldolases, was discovered in E. coli by Shirmann and Sprenger[2] in the
2000s. It was demonstrated as the first aldolase able to use hydroxyacetone[3], as
nucleophile substrate, and furthermore particularly robust, efficient and versatile towards
other nucleophiles such as dihydroxyacetone, hydroxybutanone[4] and glycolaldehyde[5].
These discoveries were the basis for mutagenesis[1] work or for the search from biodiversity
for new aldolases presenting for example different stereochemistries. In the framework of our
collaboration with the Génoscope (Evry), two FSA from acidophilic organisms are studied,
one from, Acidobacteria Bacterium (AOA399XV01) and one from Acidiplasma Aeolicum
(AOAOQORVAR). These catalysts have revealed atypical properties. Molecular modeling and
their kinetic constants determination helped their characterization. These results will be
presented here, as well as some synthetic applications.
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References: [1] Hélaine, V.; Gastaldi, C.; Lemaire, M.; Clapés, P.; Guérard-Hélaine, C. ACS Catal. 2022, 12
(1), 733-761. https://doi.org/10.1021/acscatal.1c04273.
[2] Schirmann, M.; Sprenger, G. A. Journal of Biological Chemistry 2001, 276 (14), 11055-
11061. https://doi.org/10.1074/jbc.M008061200.
[3] Schirmann, M.; Schirmann, M.; Sprenger, G. A. Journal of Molecular Catalysis B:
Enzymatic 2002, 19-20, 247-252. https://doi.org/10.1016/S1381-1177(02)00174-1.
[4] Sugiyama, M.; Hong, Z.; Liang, P.-H.; Dean, S. M.; Whalen, L. J.; Greenberg, W. A.; Wong,
C.-H. J. Am. Chem. Soc. 2007, 129 (47), 14811-14817. https://doi.org/10.1021/ja073911i.
[5] Garrabou, X.; Castillo, J. A.; Guérard-Hélaine, C.; Parella, T.; Joglar, J.; Lemaire, M.;
Clapés, P. Angew. Chem. Int. Ed. 2009, 48 (30), 5521-5525.
https://doi.org/10.1002/anie.200902065
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#203 | Green synthesis of a dibasic ester using
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Presenting Hannah BAKER of NORTHUMBRIA UNIVERSITY
author:

Corresponding Hannah BAKER of NORTHUMBRIA UNIVERSITY
author:

Other authors:  Graeme TURNBULL of NORTHUMBRIA UNIVERSITY

Topic: Industrial biocatalysis

Date: 04:30 pm - 07:00 pm Poster session

Keywords: lipase / nitrilase / ester / flow

Purpose: During the synthesis of adiponitrile, for nylon production, 2-methylglutaronitrile (2-MGN) is

created as a by-product. The conversion of 2-MGN to 2-methylglutaric acid (2-MGA) through
the use of a nitrilase has been shown by previous work at Northumbria University.[1] More
usefully, the acid may be converted to a diester for use as a solvent in paint, however the
current biocatalytic route is incomplete with several amide by-products produced (Scheme 1).

Converting 2-MGA to the corresponding diester can be completed through a Fischer
esterification. However, chemical esterification when 4-APA is still present will produce the
highly corrosive ammonium bisulfite, which corrodes commercial steel vessels. In this work
we are screening lipase enzymes for the synthesis of diesters of 2-MGA as this will avoid the
production of corrosive by-products and will lead to a fully biocatalytic synthesis.

References: [1] Chemoxy International Ltd, Process for Converting Nitriles, United Kingdom Pat.,
2554708, 2016.
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The biocatalytic route from 2-MGN to diisobuyl-2-methylglutarate.
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Keywords: Whole-cell catalysis / Lignin valorization / Enzymatic cascade / Vanillin production
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Purpose: Vanillin is among the most 'tasteful' and universally appreciated aromatic chemicals
worldwide. It is extensively used as a flavour for food and beverages and a fragrance
ingredient in perfumes and cosmetics. However, almost total global vanillin demand is
satisfied by petroleum-derived guiacol. [1] The process is hazardous to the environment and
unsustainable with the growing depletion of fossil fuels. Therefore, developing
environmentally friendly, efficient, and sustainable routes to biobased vanillin is essential.

Here, we report on vanillin production from 4-n-propyl guaiacol, one of the main components
in lignin oil obtained through reductive catalytic fractionation (RCF) [2,3] by employing
recombinant Escherichia coli cells. Conversion is based on the expression of two engineered
oxidative enzymes: a 4-n-propyl guaiacol oxidase that can convert 4-n-propyl guaiacol to
isoeugenol [4] and an isoeugenol oxygenase that transforms isoeugenol into the desired
product, vanillin [5] (Figure 1). To identify the suitable conditions of the whole-cell cascade, we
fine-tuned different reaction conditions, such as temperature, buffer systems, pH values and
timing of biocatalyst addition, using 4-n-propyl guiacol as a model compound. Finally, a high
vanillin yield (64 %) was obtained (Figure 2), employing optimized conditions on a complex
starting material, e.g. RCF lignin oil.

This high-performance strategy was readily scaled up to produce vanillin in more than 10%
yield based on lignin in spruce, without any by-products. The whole-cell bioconversion
process shows good tolerance even at high loadings of starting material and in the presence
of compounds that can potentially poison or compete for the catalyst, showcasing the
robustness and applicability of the employed biocatalysts. Furthermore, we show that cells in
a growth medium could be used as ready-to-use biocatalysts, making this one-pot lignin oil
conversion into vanillin a rather facile process. This work paves the way for the efficient
production of high-titer vanillin using depolymerized lignin as the feedstock.

References: [1] M. Fache, B. Boutevin, S. Caillol, ACS Sustain. Chem. Eng. 2016, 4, 35-46.
[2] Z. Sun, B. Fridrich, A. de Santi, S. Elangovan, K. Barta, Chem. Rev. 2018, 118, 614-678.
[3] S. Van den Bosch, W. Schutyser, R. Vanholme, T. Driessen, S.-F. Koelewijn, T. Renders, B.
De Meester, W. J. J. Huijgen, W. Dehaen, C. M. Courtin, B. Lagrain, W. Boerjanbc, B. F. Sels,

Energy Environ. Sci. 2015, 8, 1748-1763.

[4] Y. Guo, L. Alvigini, M. Trajkovic, L. Alonso-Cotchico, E. Monza, S. Savino 1, |. Mari¢, A.
Mattevi ,M. W. Fraaije, Nat. Commun. 2022, 13, 7195.

[5] M. De Simone, L. Alvigini, L. Alonso-Cotchico, V. Brissos, J. Caroli, M. Fatima Lucas, E.
Monza, E. Pinho Melo, A. Mattevi, L. O. Martins, Biochemistry, 2022, 62, 419-428.
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The whole-cell cascade for vanillin production from 4-n-propyl guaiacol

The first step of the one-pot cascade, e.g. the conversion of 4-n-propyl guaiacol to
isoeugenol is catalyzed by 4-n-propyl guaiacol oxidase expressing cells, followed by the
transformation of isoeugenol to vanillin by isoeugenol oxygenase expressing cells
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One-pot conversions of commercial 4-n-propyl guaiacol and lignin-derived oils by PROGO
and NOV1-S283F expressing cells

Experimental conditions (from bottom to top) for conversions of : pure 4-n-propyl guaiacol;
lignin oil in the presence of DMSQO; lignin oil in the absence of DMSO, 1g of lignin oil, and
lignin oil in presence of cells in growth media.
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Other authors:  David HUETING of KTH ROYAL INSTITUTE OF TECHNOLOGY
Eliott BOSSHARD of KTH ROYAL INSTITUTE OF TECHNOLOGY

Topic: (Chemo)enzymatic strategies
Date: 04:30 pm - 07:00 pm Poster session
Keywords: Enzyme engineering / Sustainability / Biocatalysis / Chemical biology
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Purpose: 400 Mt of plastic years is generated per year [1,2] with a large amount of this plastic entering
to bodies of water. Aa a consequence, around 3 million tons of plastic debris enters our
oceans from rivers which humans are exposed daily to hundreds of microplastics (plastic
particles with a size < 5 mm) upon inhalation and digestion. Due to its small size, this
microplastics can translocate from the gut to body fluids and all the way to the organs [3,4].
Recently, studies have shown that plastic particles of =700 nm in diameter are present in
human whole blood [5]. Accordingly, the way synthetic polymers are discarded could pose a
health risk to humans. Moreover, because of the prolonged exposure to these microplastic
particles are found in human blood and other bodily fluids. As of now, there is a shortage of
data regarding the hazards that could come due this exposure. Despite a lack of toxicity
studies regarding microplastics, harmful effects for humans seem plausible and cannot be
excluded.

Since the possible health risks associated with microplastics can’t be determined due to lack
of exposure data, there are no conclusions to which extent these microplastics represent a
risk [4]. However, the European Environment Agency issued a report called Late Lessons from
Early Warnings, highlighting how inaction regarding environmental issues due to a lack of risk
data can pose a danger to society [6]. For this reason and based on the recent study by Leslie
et. al. showing occurrence of microplastics in blood , in this study first steps towards a
possible therapeutic measure to depolymerize microplastics in human serum was explored. In
this study, we investigated the use of an enzyme-based treatment of serum that could
constitute a promising avenue to clear synthetic polymers and their responding oligomers by
degradation into monomers. Still, the activity of plastic degrading enzymes in serum remains
unknown.

Herein, we report how engineered PETases can depolymerize microplastic-like particles of the
commodity polymer polyethylene terephthalate (PET) into its non-toxic monomer terephthalic
acid (TPA) in human serum at 37°C. As WT PETase is active at ambient temperature with a
melting point close to 40°C [7,8], this enzyme was chosen as a model system to investigate
enzymatic activity under blood-like conditions. Therefore, we sought to test the activity of
PETases in human serum, still representing a relatively simple model of blood without
complex clotting factors and blood cells. Our results demonstrate that PETases are highly
active in serum, especially over the initial timepoints. Moreover, these initial results are
exciting yet further research is needed regarding the interaction of this bacterial enzyme with
the blood components to try and avoid the enzyme to be neutralised when introduced to the
bloodstream. By developing an efficient method to depolymerize microplastics in vitro, our
work takes a step closer to find a solution to the problem that microplastics in the
bloodstream may pose in the future.
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References: [1] Jonsson, C. et al. Biocatalysis in the Recycling Landscape for Synthetic Polymers and
Plastics towards Circular Textiles. ChemSusChem 14, 4028-4040 (2021).
[2] Geyer, R., Jambeck, J. R. & Law, K. L. Production, use, and fate of all plastics ever made.
Sci. Adv. 3, e1700782-e1700782 (2017).
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[4] Vethaak, A. D. & Legler, J. Microplastics and human health. Science 371, 672-674 (2021).
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Environ. Int. 163, 107199 (2022).
[6] Leslie, H. A. & Depledge, M. H. Where is the evidence that human exposure to
microplastics is safe? Environ. Int. 142, 105807 (2020).
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Catal. 12, 3397-3409 (2022).
[8] Guo et al. Fast depolymerization of PET bottle mediated by microwave pre-treatment and
an engineered PETase. (2023). Under Revision
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PETase activity in human serum

S238A activity in serum. For each reaction 1.5 ug mL-1 of enzyme was added to 1 mL of
human serum with a substrate concentration of 2 mg mL-1. The samples were incubated at
37C. All reactions were stopped by heat inactivation (at 95C). Samples were take
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#229 | UPOs for the oxidative valorization of HMF

Presenting Alexander SWOBODA of ACIB C/O UNIVERSITY OF GRAZ
author:

Other authors:  Zerina DUHOVIC of ACIB C/O UNIVERSITY OF GRAZ
Silvie ZWOLFER of UNIVERSITY OF GRAZ
Moritz BURGLER of BISY GMBH
Katharina EBNER of BISY GMBH
Anton GLIEDER of BISY GMBH
Wolfgang KROUTIL of UNIVERSITY OF GRAZ

Topic: Biocatalytic cascade reactions
Date: 04:30 pm - 07:00 pm Poster session
Keywords: Unspecific Peroxygenases (UPOs) / 5-Hydroxymethylfurfural (HMF) / 2,5-Furandicarboxylic

acid (FDCA) / Enzymatic Cascades

Purpose: 2,5-Furandicarboxylic acid (FDCA) is a versatile platform chemical that has its main
application in the polymer industry.[1] The enormous interest in this building block is largely
due to the fact that it can be accessed via renewable starting materials. One of the most
prominent strategies for the synthesis of FDCA is the catalytic oxidation of biomass derived
5-hydroxymethylfurfural (HMF).[2] The inclusion of FDCA in the list of the top 12 biobased
chemicals by the U.S. Department of Energy (DOE) back in 2004[3] triggered a wave of
research which resulted in a remarkable toolbox of catalytic oxidation methods towards
FDCA. One of the most prominent strategies for the synthesis of FDCA is the catalytic
oxidation of biomass derived HMF.[2] The main advantages of biocatalysts in this regard are
their selectivity and benign reaction conditions, which are a prerequisite for a sustainable
process. Yet, the challenge of enzymatic processes is to bring product titers to competitive
levels. In this respect, unspecific peroxygenases (UPOs) have shown great potential as
oxidation catalysts.[4] Despite the ever increasing interest in UPOs, up until now only AaeUPO
has been used in cascades with oxidases for the oxidation of HMF.[5]

We screened 23 different UPOs and report that HspUPO[6] and UPOx8 are the first UPOs
which are capable of performing three consecutive oxidation steps from HMF to FDCA on
their own (Figure 1). We also observed that the chemoselectivity in the first oxidation step can
be enhanced by the use of cosolvents, although accompanied by lower conversions. The
combination of HspUPO with HMFQ[7] and variants thereof[8] in a self-sufficient cascade
leads to increased efficiency of the system.

Our results to date underscore the potential of UPOs for the synthesis of FDCA and thereby
contribute to the development of sustainable and efficient methods for the production of
value-added chemicals from biomass-derived feedstocks.
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Coelho, A. J. D. Silvestre, Polym. Chem. 2015, 6, 5961.
[2] H. Cong, H. Yuan, Z. Tao, H. Bao, Z. Zhang, Y. Jiang, Di Huang, H. Liu, T. Wang, Catalysts
2021, 11, 1113.
[3] T. Werpy, G. Petersen, Top Value Added Chemicals from Biomass: Volume | -- Results of
Screening for Potential Candidates from Sugars and Synthesis Gas, 2004.
[4] F. Tonin, F. Tieves, S. Willot, A. van Troost, R. van Oosten, S. Breestraat, S. van Pelt, M.
Alcalde, F. Hollimann, Org. Process Res. Dev. 2021, 25, 1414,
[5] a) J. Carro, E. Fernandez-Fueyo, C. Fernandez-Alonso, J. Cafada, R. Ullrich, M. Hofrichter,
M. Alcalde, P. Ferreira, A. T. Martinez, Biotechnology for biofuels 2018, 11, 86; b) A. Karich, S.
B. Kleeberg, R. Ullrich, M. Hofrichter, Microorganisms 2018, 6, 5.
[6] L. Rotilio, A. Swoboda, K. Ebner, C. Rinnofner, A. Glieder, W. Kroutil, A. Mattevi, ACS Catal.
2021, 11511.
[7] W. P. Dijkman, D. E. Groothuis, M. W. Fraaije, Angew. Chem. Int. Ed. 2014, 126, 6633.
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Figures:

OH FFCA

Oxidation of HMF to FDCA by UPO.

HMF = 5-Hydroxymethylfurfural, DFF = 2,5-Diformylfuran, HMFCA = 5-Hydroxymethyl-2-
furancarboxylic acid, FFCA = 5-Formyl-2-furancarboxylic acid, FDCA = 2,5-Furandicarboxylic
acid
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#232 | A single biocatalyst for an alcohol oxidation
— conjugated addition cascade reaction

Presenting Mathias PICKL of UNIVERSITY OF GRAZ
author:

Corresponding  Wolfgang KROUTIL of UNIVERSITY OF GRAZ
author:

Other authors: Andrea RAAB of UNIVERSITY OF GRAZ
Jasper S. MOHLER of ETH ZURICH
Helma B. WENNEMERS of ETH ZURICH

Topic: Biocatalytic cascade reactions

Date: 04:30 pm - 07:00 pm Poster session

Keywords: Cascade / Alcohol Oxidation / Conjugated Addition /

Purpose: Aldehydes offer the reactivity as starting material to access many compound classes.

Biocatalysis has a strong record in carbonyl modifying redox chemistry and a plethora of
potent catalysts is available to produce e.g. aldehydes from primary alcohols via oxidation.
However, utilizing aldehydes in carbon-carbon bond formations, biocatalysis is outperformed
by the reaction portfolio of organocatalysis. The enzymatic equivalents for reactions such as
Michael additions, Mannich reactions or Knoevenagel condensations are inconceivably
underexplored.[1] Remarkably, many organocatalytic reactions such as the Michael addition
are mediated by proteinogenic amino acids or peptides.[2] Hence, we envisioned that a
biocatalyst can be designed that has the ability to oxidize a primary alcohol to the
corresponding aldehyde and in parallel enables enamine catalysis allowing the O-carbon of
the aldehyde to act as a nucleophile in a Michael addition.

Several alcohol dehydrogenases and alcohol oxidases were screened for their ability to
mediate the redox reaction.[3] To enable the carboligation, a peptide sequence known to
mediate Michael additions was N-terminally attached, or alternatively, it was tested whether
amino acid side chains such as the 0-amino groups of lysine can catalyze a Michael addition
(Figure 1). It turned out that several designed candidates mediate the desired conjugated
addition. In case an appropriate co-factor recycling system is chosen, a one-pot, one-step
cascade system is feasible starting from aliphatic alcohol and yielding g-nitro aldehydes.

References: [1] G. Xu, G. J. Poelarends, Angew. Chem. Int. Ed.2022, 61, €202203613.
[2] M. Wiesner, J. D. Revell, H. Wennemers, Angew. Chem. Int. Ed. 2008, 47, 1871-1874.
[3] J. Dong, E. Fernandez-Fueyo, F. Hollmann, C. Paul, M. Pasic, S. Schmidt, Y. Wang, S.
Younes, W. Zhang, Angew. Chem. Int. Ed. 2018, 57, 9238-9261.
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A redox enzyme with an N-terminal tripeptide catalyst performing the oxidation of n-hexanol

to n-hexanal and a subsequent conjugated addition to a O-nitroaldehyde
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#237 | Cascade Processes Merging Chemical and
Enzyme Catalysis

Presenting Juan MANGAS SANCHEZ of UNIVERSITY OF OVIEDO

author:

Topic: (Chemo)enzymatic strategies

Date: 04:30 pm - 07:00 pm Poster session

Keywords: cascade / organocatalysis / oxidoreductases / one-pot

Purpose: Organocatalysis, i.e., the use of small molecules to catalyse chemical transformations, has

proven to be an excellent tool in asymmetric synthesis, allowing a wide variety of reactions
under mild conditions. [1] Despite the relatively late development when compared with other
modalities of catalysis, the field has greatly expanded in the last 15 years and has proved to
be especially useful to make asymmetric C-C bonds. Even though both technologies present
moderate similarities concerning reaction conditions as well as the mode of action, and
display a broad synthetic complementarity, examples in the literature on cascade processes
are still scarce compared to those of metal and enzyme catalysis. [2]

These processes are an attractive strategy to rapidly build molecular complexity and
circumvent the need to isolate reaction intermediates, allowing higher efficiencies into
synthetic routes and simpler experimental setups.[3]

We are particularly interested in using these synthetic strategies to make chiral compounds
starting from simple starting materials and in this oral communication, we will provide the
audience with an overview of our latest findings on the preparation of chiral 1,4 [4] and 1,2-
nitro alcohols as well as chiral 1,2-hydroxy phosphonates via the one-pot sequential
combination of oxidoreductases and different organocatalysts.

References: [1] S. Ardevines, E. Marqués-Lopez, R. P. Herrera. Catalysts 2022, 12, 101.
[2] C. Ascaso-Alegre, J. Mangas-Sanchez. Eur. J. Org. Chem. 2022, €202200093.
[3] S. Gonzélez-Granda, L. Escot, |. Lavandera, V. Gotor-Fernandez. Angew. Chem.Int. Ed.
2023, 62, e202217713.
[4] C. Ascaso-Alegre, R. P. Herrera, J. Mangas-Sanchez. Angew. Chem. Int. Ed. 2022, 61,
€202209159.
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Scheme 1
Cascade processes involving enzyme and organocatalysis to access chiral compounds
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#240 | Natural and synthetic transaminase fusions
and their use in biocatalysis

Presenting Luba PROUT of UCL
author:

Corresponding  John WARD of UCL
author:

Other authors: Helen HAILES of UCL

Topic: Enzyme discovery and engineering

Date: 04:30 pm - 07:00 pm Poster session

Keywords: transaminase / fusion / engineering / Pseudomonas

Purpose: Multi-enzyme cascades provide the means for generating complex amine compounds from

abundant or cheap simple starting materials and are becoming the standard for many
biotransformation processes. However, in nature, enzymes have evolved to function in unity
with other enzymes in specific environments, meaning that their isolation and use in artificial
settings may reduce their efficiency. To get around this, nature-based synthetic biology
solutions are being developed and implemented. Natural multifunctional enzymes represent a
part of multi-step biosynthetic pathways that ensure a one-way flux of reactants. In vivo, they
confer selective advantages via increased reaction rates and chemical stabilities or the
prevention of toxicities arising from reactive intermediates. Here we report the identification
and characterisation of a natural transaminase fusion, PP_2782, from Pseudomonas putida
KT2440, as well as three of its thermophilic homologs from Thermaerobacter marianensis,
Thermaerobacter subterraneus, and Thermincola ferriacetica. The information on these
systems was then used to design and engineer novel synthetic enzyme fusions comprising (1)
Chromobacterium violaceum DSM 30191 w-transaminase, and (2) Equus caballus alcohol
dehydrogenase, (3) Geobacillus stearothermophilus 22 alcohol dehydrogenase, and (4)
Thalictrum flavum subsp. glaucum (S)-norcoclaurine synthase enzymes, to enable efficient
amine synthesis. The analysis of both the natural and synthetic fusion activity is presented.

References: [1] Kim, J., et al. (2006). Journal of Microbiology and Biotechnology: 16, 450-456.
[2] Chung, E. J., et al. (2008). Appl. Environ. Microbiol.: 74, 723-730.
[3] Davis, E., et al. (2017). MicrobiologyOpen: 6, 1-9 .
[4] Lozano, G. L., et al. (2019). Appl. Environ. Microbiol.: 85 (10).
[5] Couturier, M., et al. (2021). RSC Chem. Biol.: 2, 551-555.
[6] Richardson, S. M., et al. (2022). ACS Catal.: 12, 12701-12710.
[7] Schlapschy, M., et al. (2013). Protein Engineering, Design & Selection: 26, 489-501.
[8] Lerchner, A., et al. (2016). Protein Engineering, Design & Selection: 29, 1-6.

https://biotrans2023 livescience.io/book-of-posters 104/1202



28/06/2023 09:57 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

Figures:

®
&

£
2 & o s e
v‘°"e\‘\ vgyd q“‘\‘\""c “d?‘« d‘\i“ o \\\5‘0‘\ Vg t¢°° \\‘\A‘ & o‘e"o o .
CANPU G X SO G o
,d\"‘(‘ -yo“‘”& v‘p“d o*"‘d \!-‘°@d\ \@\\5”“‘ ys”d\‘o{\“‘\ JE ¢ &

P. putida KT2440 PP_2777-PP_2787 gene cluster

1-526 aa transaminase fusion 563-959 aa

proposed activity in vivo' T oaanias >f I
T e e s o O S e e ey SO
H
o =0 —NH, RO
§ e
reductive » spontaneous N‘\ > e
O relesse )0 TAm =0 | cyclisation ) pyruvate —
TAm-NCS
< ( [
< é O cns
| |
{ RVQ 2
) ) ﬂe

' The highlighted substituent group (in blue) may be absent or have
a hydroxyl iguration; the highlighted ali ic chain (in red)
may be saturated or unsaturated, as are other parts of the tail.

P. putida KT2440 natural transaminase fusion as a template for novel synthetic enzyme fusion
engineering.

https://biotrans2023 livescience.io/book-of-posters 105/1202



28/06/2023 09:57 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

#244 | Homospermidine synthase facilitated N-
cross coupling and applications in N-heterocycle
synthesis.

Presenting Joe SHARRATT of UNIVERSITY OF MANCHESTER

author:

Topic: Biocatalytic cascade reactions

Date: 04:30 pm - 07:00 pm Poster session

Keywords: biocatalysis / heterocycle / poly-amine / enzyme cascades

Purpose: Polyamines (PAs) are a diverse and ubiquitous class of molecules with essential cellular

functions including cell proliferation, apoptosis, and DNA stabilization. Additionally they are a
utilitarian intermediates for the biosynthesis of pyrrolizidine and indolizidine alkaloids, a potent
class of therapeutics with antiviral and anticancer properties. Despite the abundance and
diversity of polyamines in nature, bulk chemical syntheses of such molecules remains a
challenge due to selectivity issues associated with traditional chemical synthesis.
Homospermidine synthase (HSS) is a key enzyme in the biosynthesis of PAs, with HSS from
Blastochloris viridis (BvHSS) able to catalyse the synthesis of homospermidine from two
molecules of putrescine in a hydrogen borrowing type mechanism that can be described as
an N-cross coupling reaction. In this work, we present the use of BVvHSS as a biocatalyst to
produce homospermidine, and structurally related PAs, as well as several non-natural PA
analogues via BvHSS catalysed N-cross coupling between diamine donors and non-biogenic
amine acceptors including amino alcohols, amino acids, and alkylamines.

Subsequently, we combined BvHSS with diamine oxidases, transaminases, and choline
oxidase in order to obtain a number of N-heterocycles.

References: Krossa, S., Faust, A., Ober, D. et al. . Sci Rep 6, 19501 (2016).
Ramsden, J., Turner, N J,. et al.. . Am. Chem. Soc. 141, 3, 1201-1206 (2019)
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#245 | Lipase-catalyzed chemoselective acylation
of sesquiterpene lactones: towards new ester
derivatives

Presenting Juan RODRIGUEZ MOSHEIM of UMR TRANSFRONTALIERE BIOECOAGRO N1158, UNIV.
author: LILLE, INRAE, UNIV. LIEGE, UPJV, JUNIA, UNIV. ARTOIS, UNIV. LITTORAL COTE D’OPALE,
INSTITUT CHARLES VIOLLETTE

Other authors:  Francesca RUGGIERI of UNIVERSITY OF LILLE, INSERM, INSTITUT PASTEUR DE LILLE
Egon HEUSON of UNIV. LILLE, CNRS, CENTRALE LILLE, UNIV. ARTOIS, UMR 8181 —UCCS
—UNITE DE CATALYSE ET CHIMIE DU SOLIDE
Renato FROIDEVAUX of UMR TRANSFRONTALIERE BIOECOAGRO N1158, UNIV. LILLE,
INRAE, UNIV. LIEGE, UPJV, JUNIA, UNIV. ARTOIS, UNIV. LITTORAL COTE D’OPALE,
INSTITUT CHARLES VIOLLETTE
Jean-Louis HILBERT of UMR TRANSFRONTALIERE BIOECOAGRO N1158, UNIV. LILLE,
INRAE, UNIV. LIEGE, UPJV, JUNIA, UNIV. ARTOIS, UNIV. LITTORAL COTE D’OPALE,
INSTITUT CHARLES VIOLLETTE
Philippe HANCE of UMR TRANSFRONTALIERE BIOECOAGRO N1158, UNIV. LILLE, INRAE,
UNIV. LIEGE, UPJV, JUNIA, UNIV. ARTOIS, UNIV. LITTORAL COTE D’OPALE, INSTITUT

CHARLES VIOLLETTE
Topic: (Chemo)enzymatic strategies
Date: 04:30 pm - 07:00 pm Poster session
Keywords: lipase acylation / terpenoids / chicory / biocatalytic functionalization
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Purpose: Terpenes are the most abundant and diverse family of natural compounds with over 64000
structures identified to date. Plants rich in terpenes have been used for medicinal purposes
by various human cultures around the world, and many terpenes and terpenoids are now
recognized for their biological activities, such as antimicrobial, anti-inflammatory, and
antitumor properties.

The chicory plant has a long medicinal history, as it was used as a herbal remedy by ancient
civilizations for the treatment of various pathologies. Its root is rich in secondary metabolites
with biological activities, mainly polyphenolic compounds and sesquiterpene lactones (STL).
The functionalization of these compounds is a promising approach for pharmaceutical
applications, as well as in the agri-food sector.

Out of the thousands of terpenoids compounds that have been characterized, it is notable
that a primary allyl alcohol moiety is highly frequent among the terpene family, serving as a
promising starting point for the addition of side chains or various linkers. Our global strategy
was then to use the anchor points to substitute them with various chains and chemical
functions, converting the STL into versatile building blocks bearing different physicochemical
properties. Our approach is based on the use of enzymes to maximize the selectivity of the
reactions, as terpenes often exhibit more than one accessible hydroxyl group on their
structure. As an example, we present here one of our most promising achievements, based
on the use of an immobilized lipase to introduce aliphatic esters onto STL, with the primary
goal of modulating their lipophilicity. This precise reaction was selected in the perspective to
later evaluate their antibiotic activity, as some terpenes already shown to exhibit interesting
actions onto bacterial membranes.

For this study, the rather classical Novozyme 435 (immobilized CAL-B), well known for its
successful application in ester synthesis, was selected among a lipase panel based on
preliminary tests on several monoterpenes, but also for its high availability, stability and ease
of use, for further industrial development. Following our first screening, the enzymatic reaction
conditions were first optimized (1mL of a mixture of MTBE and ACN (3:1) at 37 °C with 5
angstrom molecular sieves) using (S)-perillyl alcohol, a cheap cyclic monoterpenoid carrying
an allyl alcohol moiety. Afterward, we applied our synthesis to the transformation of the very
expensive main four STL found in chicory root (lactucin, dihydrolactucin, lactucopicrin and
dihydrolactucopicrin), which were never functionalized enzymatically by any means until then.
We started with the simplest ester derivative, a methyl ester, for which we compared the
reactivity of two common types of acetyl donors, acetic acid and vinyl acetate. While 76 %
yield could be achieved with the first in our conditions, a complete transformation could be
observed with the latter, as we could expect from its higher reactivity. In both cases, acyl
donors were introduced in 10:1 equivalent to maximize the consumption of the expensive
STL. Then, we continued with dihydrolactucin, varying the length of the aliphatic chain in
order to study both the selectivity of the lipase, but also to target a range of different
properties for the synthesized products. Chloroacetate (92 % vyield), propanoate (100 %
yield), hexanoate (74 % yield) and octanoate (69 % yield) ester derivatives could be obtained
after 48h hours of reaction. In addition to these high yields, very high selectivity was observed
with no substitution on the secondary alcohol of our 4 STL, and the naturally present ester
groups of lactucopicrin and dihydrolactucopicrin were not hydrolyzed during the reaction.

In conclusion, we report here the first example of enzymatic synthesis methodology to
functionalize STLs from chicory with very high selectivity and a range of aliphatic esters.
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Representation of the selective transesterification of DHLc
Selective transesterification of DHLc, a sesquiterpene lactone from chicory, using Novozyme
435. 100% conversion was obtained within 24h
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VINYL VINYL VINYL VINYL VINYL ACETIC
ACETATE PROPIONATE HEXANOATE OCTANOATE CHLOROACETATE ACID

DHLC 100% 100% 74% 69% 92% 76%

Yield of different alkyl esters of dihydrolactucin for each acyl donor

Conversion (%) after 48h at 37°C, 35rpm in TmL MBTE-ACN (3:1) with 10mM of DHLc,
100mM of vinyl ester, 20mg of N435 and 2 molecular sieves 5 angstrom. Error margin = +/-
5%
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Biocatalytic cascade reactions
04:30 pm - 07:00 pm Poster session
Methyltransferases / Bioalkylations / Green Chemistry / Directed Evolution

Research into the utilisation of methyltransferase enzymes to perform selective methylations
and alkylations in chemical synthesis is rapidly gaining momentum, in part due to the
stringent substrate stereoselectivities and regioselectivities these biological catalysts offer [1].
In addition, these methyltransferases operate under mild conditions and avoid the use of toxic
chemical reagents, such as methyl iodide and dimethyl sulfate [2,3,4], that would otherwise
be used in equivalent traditional synthetic methods [5]. Therefore, there is a significant green
chemistry component to this field of research.

A range of S-adenosylmethionine (SAM)-dependent methyltransferases are being explored to
assess their ability to selectively methylate an array of valuable small molecule substrates of
pharmaceutical relevance, given the impressive enhancements in bioactivity of drugs
commonly observed post-methylation, known as the "magic methyl effect" [5]. Furthermore,
an enlargement of the scope of non-methyl alkyl groups that these enzymes can transfer to
substrates is being investigated, to probe the further expansion of chemical space in a
selective manner. This is being carried out by the generation of SAM analogues that have their
methyl group substituted for various alkyl moieties. Importantly, alkylations are performed in
the context of a multi-enzyme in vitro SAM generation cascade that is necessary to ensure a
continuous and immediate supply of SAM and its analogues [6], which are relatively unstable
molecules and expensive to procure. This cascade also ensures the efficient removal of the
methyltransferase inhibitor S-adenosylhomocysteine (SAH) generated by SAM mediated
alkylations [7,8]. Furthermore, the properties of the methyltransferases and the accessory
enzymes in the SAM generation cascades associated with them are being enhanced by
directed evolution to improve activities, substrate selectivities and tolerance towards SAM
analogues.
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Figures:

ATP + MAT MT MTAN Adecil
o enine +
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H,O P;+ PP, Substrate H,O Me-Substrate

Multi-enzyme Cascades
The scheme for the MAT-MT-MTAN bioalkylation cascade. MAT = Methionine
adenosyltransferase, MT = Methyltransferase, MTAN = Methylthioadenosine nucleosidase,

SAH = S-adenosylhomocysteine.
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The SAM analogue molecular structure. Methyltransferases catalyse the transfer of the R-
group (highlighted red) to various substrates, with R representing various alkyl groups.
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Baeyer-Villiger monooxygenase using sequence
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Purpose: Baeyer-Villiger monooxygenases (BVMOs) are flavin binding and NAD(P)H-dependent

enzymes performing oxygen insertion reactions leading to valuable products.[1] As has been
previously reported in several studies, BVMOs are usually unstable during application,
preventing their wider usage in biocatalysis.[2,3] Here, we discovered a novel NADPH-
dependent BVMO which originates from Halopolyspora algeriensis and was discovered using
sequence similarity networks (SSNs). The enzyme is stable over days and yields the normal
ester product. The investigation of the substrate scope revieled acceptance of a broad range
of aliphatic ketones. The enzyme was biochemically characterized to identify the optimum
reaction conditions. The highest conversion (86%) was found in in vitro reactions with 2-
dodecanone. This new BVMO could be applied in enzymatic cascades, to utilize aliphatic
alkanes as a bioprocess feedstock.

References: [1]F. Leipold, R. Wardenga, U. T. Bornscheuer, Appl. Microbiol. Biotechnol. 2012, 94, 705-717.
[2]Z. Lin, Z. Xu, Y. Li, Z. Wang, T. Chen, X. Zhao, Microb. Cell Fact. 2014, 13, 104.
[3]S. Milker, L. C. P. Goncalves, M. J. Fink, F. Rudroff, Front. Microbiol. 2017, 8, 2201.
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BVMO discovery and characterization.
Process of the sequence retrieving, heterologous expression and characterization of the

BVMO originated from Halopolyspora algeriensis.
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Presenting Beom Soo KIM of CHUNGBUK NATIONAL UNIVERSITY
author:

Other authors:  Ji Wan JEONG of CHUNGBUK NATIONAL UNIVERSITY
Mamata SINGHVI of CHUNGBUK NATIONAL UNIVERSITY
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Keywords: 7,10-dihydroxy-8(E)-octadecenoic acid / Pseudomonas aeruginosa / extracellular enzyme /

fed-batch process

Purpose: 7,10-Dihydroxy-8(E)-octadecenoic acid (DOD) was produced using an extracellular enzyme
present in the supernatant of Pseudomonas aeruginosa [1]. DOD concentration and
productivity were improved by using extracellular enzyme obtained from P. aeruginosa culture
medium compared to the conventional whole cell culture method. Among the carbon sources
used during cell preculture, glycerol showed higher DOD production than glucose. In the
batch process, the highest concentration of DOD (8.82 g/L) was achieved using supernatants
derived from a 12-hour pre-culture of P. aeruginosa after 72 hours of bioconversion process.
To further improve DOD production, a fed-batch process was used with the addition of
surfactants and concentrated enzymes. The fed-batch process using a 4-fold concentrated
enzyme solution containing Tween 80 yielded the highest DOD concentration (27.5 g/L at 72
hours) with an 8.28-fold increase in DOD production compared to using whole cells. This
research is expected to accelerate the development of DOD production using inexpensive
substrates such as crude glycerol on a large scale.

References: [1] J.W. Jeong, M. Singhvi, B.S. Kim, Biotechnology and Bioprocess Engineering 2022, 27,
415-422
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#251 | One-Pot Efficient Synthesis of (R)-Mandelic
Acids and Other Valuable Chiral Chemicals from
Racemic Epoxides via Cascade
Biotransformations
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author:
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author:

Topic: Biocatalytic cascade reactions

Date: 04:30 pm - 07:00 pm Poster session

Keywords: Sustainable catalysis / Enzymatic cascade / Enantioselective synthesis / Racemic epoxides
Purpose: Enzymatic cascades bear great potential for offering economical and sustainable synthesis of

valuable enantiopure chemicals from cheap starting substrates, due to their advantages of
mild reaction conditions, and less toxic waste generation. Enantiopure (R)-mandelic acid is a
highly valuable precursor in the synthesis of many pharmaceutically active molecules such as
antibiotics.. Its chemical synthesis usually requires expensive and toxic reagents while giving
unsatisfactory enantiomeric excess (e.e.) and generating problematic by-products. A few
existing biocatalytic routes to this compound are reported, including cascade reactions from
styrene — they are greener, but also suffer low efficiencies in many cases. Here we report a
novel and efficient artificial cascade consisting of enantioconvergent epoxide hydrolysis,
enantioselective diol oxidation, and aldehyde oxidation to produce enantiopure (R)-mandelic
acids in high yields and high ee from easily available racemic epoxides. Using coupled E. coli
(StEH) and E. coli (ECALDH-AIdo(M)) strains, (R)-mandelic acid was produced in up to
175mM, 88%-92% vyields, and >99% ee from racemic styrene oxide. This represents the
highest (R)-mandelic acid titre produced from simple chemicals via green synthesis. The
cascade reaction was also successfully applied to convert other racemic epoxides to the
corresponding (R)-4-fluoromandelic acid, (R)-4-chloromandelic acid, and (R)-4-
bromomandelic acid in >99% ee, demonstrating the first enzymatic syntheses of these
valuable molecules. With high yields and high product concentrations, the new cascade
developed in this work offers a greener and practical synthetic route to useful and valuable
enantiopure hydroxy acids, being potentially applicable for industrial production.

Racemic styrene oxides could also be converted to other valuable chiral chemicals such as
amino acids and amino alcohols, by cascading different enzymes after the enantioconvergent
StEH. However, the yields of such cascades are still limited by one or more enzymes involved.
Directed evolution of these yield-limiting enzymes using our newly developed ultrahigh-
throughput microfluidics-based screening platforms are currently in progress.
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Figures:

R= Yield ee
H 92.2% >99%
p-F 86.9% >99%
p-Cl 75.8% >99%
p-Br 45.2% >99%
racemic One-pot _ enantiopure
epoxides =~ ‘cascades 7 hydroxy acids

One-Pot Efficient Synthesis of (R)-Mandelic Acids from Racemic Epoxides vis Cascade
Biotransformations

StEH - epoxide hydrolase from Solanum tuberosum Aldo(M) - V133M/G236V/V2501/G399K
mutant of alditol oxidase from Streptomyces coelicolor ECALDH - phenylacetaldehyde
dehydrogenase from Escherichia coli
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Purpose: Biocatalysis is significantly developing these last decades due to its great potential to
strengthen the chemical and pharmaceutical industries through the use of enzymes, which
can (1) lead to sustainable and energy-efficient production methods, and (2) enable the
production of high-value fine chemicals and pharmaceutical compounds that would otherwise
be inaccessible. Although some enzymes do not require any additional chemicals for their
catalytic activity other than their amino acid residues, many require a complementary
component called cofactor. Therefore, to study or take benefit of all naturally occurring
enzymes, it is necessary to have an affordable access to these cofactors. Although the use of
inorganic ions seems straightforward, it is not so obvious when it comes to coenzymes.
Indeed, their price can be prohibitive: 1600 €/g, 30 000 €/g or 370 €/g for Coenzyme A (CoA),
its disulfide (CoAS2) and Nicotinamide Adenine Dinucleotide Phosphate (NADP(H)),
respectively. Oxidoreductases, which represent one of the largest classes of enzymes (25% of
all known enzymes), are of real interest. Indeed, thanks to their enantioselectivity and intrinsic
specificity, they are able to promote bio oxido/reduction reactions that are vital for the global
pharmaceutical and chemical market. However, these enzymatic oxido/reduction depend on
a coenzyme: the nicotinamide adenine dinucleotide NAD(H) or its phosphorylated form
NADP(H). Due to theirs high costs, the use of the NAD(P)+ /NAD(P)H-dependent enzymes is
not viable on an industrial scale without an efficient and adapted regeneration system.
Inspired by previous works on another coenzyme of interest, the coenzyme A1, a new
pathway towards NADP(H) involving an in vitro enzymatic cascade has been designed to
greatly decrease the price of this coenzyme and allow its use at a stochiometric level.
Moreover, membrane-based purification to access high purity NADP+ was developed?2.
Finally, in collaboration with Monash University, we developed an efficient click-chemistry-
based synthetic strategy3 to graft Adenosine, Adenosine mono- and triphosphate onto
cellulose nanocrystals, that offers a novel sustainable approach for cofactor immobilization.
The latter opens the way for the development of fast-growing fields such as flow chemistry
applied to biocatalysis.

References: [1] Mouterde, L. M. M.; Stewart, J. D. Org. Proc. Res. Dev. 2016, 20 (5), 954-959.
[2] Bourgery et al. Combining the power of biocatalysis and membrane-based purification to
access NADP+. ACS Sustainable Chem. Eng. 2023, accepted
[3 [Joram Mendoza et al. 2020. « Grafting Nature-Inspired and Bio-Based Phenolic Esters
onto Cellulose Nanocrystals Gives Biomaterials with Photostable Anti-UV Properties ».
ChemSusChem 13 (24): 6552-61. https://doi.org/10.1002/cssc.202002017.
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Enzymatic synthesis, purification and immobilization of coenzymes of interest: the example of
NADP(H).
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Purpose: 5-Hydroxymethylfurfural (HMF) has emerged as a crucial bio-based chemical building block in

the drive towards developing materials from renewable resources, due to its direct
preparation from sugars and its readily diversifiable scaffold. A key obstacle in transitioning to
bio-based plastic production lies in meeting the necessary industrial production efficiency,
particularly in the cost-effective conversion of HMF to valuable intermediates. Toward
addressing the challenge of developing scalable technology for oxidizing crude HMF to more
valuable chemicals, here we report coordinated reaction and enzyme engineering to provide a
galactose oxidase (GOase) variant with remarkably high activity toward HMF, improved O2
binding and excellent productivity (>1,000,000 TTN). The biocatalyst and reaction conditions
presented here for GOase catalysed selective oxidation of HMF to 2,5-diformylfuran offers a
productive blueprint for further development, giving hope for the creation of a biocatalytic
route to scalable production of furan-based chemical building blocks from sustainable
feedstocks.

References: [1] Birmingham, W. R., Toftgaard Pedersen, A., Dias Gomes, M., Bgje Madsen, M., Breuer, M.,
Woodley, J. M., Turner, N. J. Nat. Commun. 2021, 12 (1), 10.
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(Chemo)enzymatic strategies
04:30 pm - 07:00 pm Poster session
BVMO / Sulfoxide / /

Flavoenzymes have the potency to catalyse a vast number of monooxygenation reactions
owing to the chemical versatility of cofactor flavin.[1] In BVMO-catalysed oxidation reactions,
one atom of molecular oxygen is introduced to the organic substrate, and the other oxygen
atom undergoes reduction to water. Having water as a by-product, BVMO attracts interest to
be explored as a synthetic tool to address green chemistry.

This enzyme has not only been used for performing Baeyer-Villiger oxidations[2] but also for
other oxidation reactions including sulfoxidations, oxidations of boron and selenium-
containing compounds, epoxidations, and N-oxidations.[3] Chemo- and stereo-selectivity are
the major focus of previous studies. Only a few works conducted on substrates presented
more than one group susceptible to BVMO-catalysed oxidation.[4,5]

This work aims to set up a biocatalytic methodology for constructing enantiopure sulfoxides
bearing multiple oxidative sites. A series of sulfides were synthesised using standard
synthetic techniques as substrates and screened by a panel of BVMO enzymes. Selected
enzymes were investigated and used for the methodology development.

[1] M. Hall, Enzymes (Essen), 2020, 47, 37-62.

[2] H. Leisch, K. Morley and P. C. K. Lau, Chem Rev, 2011, 111, 4165-4222.

[3] G. de Gonzalo, M. D. Mihovilovic and M. W. Fraaije, ChemBioChem, 2010, 11, 2208-2231.
[4] M. D. Mihovilovic, B. Miiller, M. M. Kayser, J. D. Stewart, J. Fréhlich, P. Stanetty and H.
Spreitzer, J Mol Catal B Enzym, 2001, 11, 349-353.

[5] F. Zambianchi, S. Raimondi, P. Pasta, G. Carrea, N. Gaggero and J. M. Woodley, J Mol
Catal B Enzym, 2004, 31, 165-171.
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Biocatalytic cascade reactions

04:30 pm - 07:00 pm Poster session

Biocatalysis / Biocatalytic Cascades / Nucleosides / Nucleoside Analogues

Recent work on the synthesis of islatravir has highlighted the possibility to use aldolases and
other enzymes from the nucleoside salvage pathway to generate nucleoside analogues.
However this approach has currently been limited to 2' deoxy nucleotides. 2' functionalised
nucleosides show broad use in therapeutic oligonucleotides due to their ability to increase
binding to DNA and increase resistance of the oligonucleotides to endonucleases. If the
enzymes in this pathway could be expanded to improve their substrate scope at the 2’
position this pathway could be used to generate these 2’ functionalised nucleosides
biocatalytically

The first step to this process will be improving the donor substrate scope of the aldolase
enzyme. While aldolases are able to accept a broad range of acceptor (electrophiles)
substrates they are generally considered to be quite restricted when it comes to the donor
(nucleophile) substrate. Using bioinformatics several active site residues were identified as
targets for mutagenesis with the potential to broaden the donor substrate scope of the
enzyme. Single point mutations at several of these positions generated aldolases with a
greatly increased activity to a range of more complex donor molecules towards which the WT
enzyme showed no activity. This was further expanded into a two-step cascade include the
synthesis of the aldol acceptor (D-glyceraldehyde-3-phophate) in situ via a kinase allowing a
diverse range of 2' functionalised D-Ribose-5-Phosphates sugars to be synthesised
stereoselectively. As demonstrated by previous work these pentose-5-phosphate sugars are
key intermediates in the biocatalytic synthesis of nucleosides.

To demonstrate the potential of the nucleoside salvage pathway enzymes are able to
synthesise 2' functionalised nucleosides in addition to 2' deoxynucleosides the two step
aldolase/kinase cascade was combined with phosphopentomutase (PPM) and nucleoside
phosphorylases (NPs) to synthesis 2' OH , 2’ Me and 2’ F adenosine nucleotides from simple
starting materials. Work to expand the substrate scope of these remaining two enzymes to
include a broader range of functional groups is ongoing in our lab. This will hopefully allow the
generation of a much broader range of 2’ functionalised nucleosides.

https://biotrans2023 livescience.io/book-of-posters 127/1202



28/06/2023 09:58 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

References: (1) Huffman, M. A.; Fryszkowska, A.; Alvizo, O.; Borra-Garske, M.; Campos, K. R.; Canada, K.
A.; Devine, P. N.; Duan, D.; Forstater, J. H.; Grosser, S. T.; Halsey, H. M.; Hughes, G. J.; Jo, J.;
Joyce, L. A,; Koley, J. N.; Liang, J.; Maloney, K. M.; Mann, B. F.; Marshall, N. M.; McLaughlin,
M.; Moore, J. C.; Murphy, G. S.; Nawrat, C. C.; Nazor, J.; Novick, S.; Patel, N. R.; Rodriguez-
Granillo, A.; Robaire, S. A.; Sherer, E. C.; Truppo, M. D.; Whittaker, A. M.; Verma, D.; Xiao, L.;
Xu, Y.; Yang, H. Design of an in Vitro Biocatalytic Cascade for the Manufacture of Islatravir.
Science (80-.). 2019, 366 (6470), 1255-1259. https://doi.org/10.1126/science.aay8484.

(2) Smith, C. I. E.; Zain, R. Therapeutic Oligonucleotides: State of the Art. Annu. Rev.
Pharmacol. Toxicol. 2019, 59 (1), 605-630. https://doi.org/10.1146/annurev-pharmtox-
010818-021050.

(8) Haridas, M.; Abdelraheem, E. M. M.; Hanefeld, U. 2-Deoxy-d-Ribose-5-Phosphate
Aldolase (DERA): Applications and Modifications. Applied Microbiology and Biotechnology.
2018. https://doi.org/10.1007/s00253-018-9392-8.

https://biotrans2023 livescience.io/book-of-posters 128/1202



28/06/2023 09:58 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

#280 | Cry3Aa-formate dehydrogenase as a
platform for regeneration of NADH for coupling
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author:
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author:
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Topic: Industrial biocatalysis

Date: 04:30 pm - 07:00 pm Poster session

Keywords: Cry3Aa / FDH / NADH regeneration / Genetically immobilization

Purpose: NADH-dependent enzymes play an important role in a wide range of biological oxidation-

reduction reactions. Their use in commercial biocatalysis is limited, however, due to the high
cost of the required NADH cofactor. One attractive solution is the development of NADH
regenerations systems which reduce the NADH required. Formate dehydrogenase (FDH) is a
commonly used enzyme for this purpose since it can efficiently regenerate NADH by oxidizing
formic acid into CO2 gas. However, it has low stability, cannot be recycled for multiple
reaction cycles, and requires time-consuming and costly purification.

Here, we present a strategy to stabilize FDH by fusion to Cry3Aa, a protein that naturally
produces micrometer sized crystals within the bacterium Bacillus thuringiensis (Bt). The
resulting Cry3Aa-FDH fusion crystals can be directly isolated from Bt by density
centrifugation, greatly simplying its production costs. Moreover it can be co-immobilized with
a second NADH-dependent enzyme allowing for direct coupling of the NADH produced for
catalysis within same crystal.

Two different enzymes, leucine dehydrogenase and alcohol dehydrogenase, were
independently co-immobilized in Cry3Aa-FDH crystals as a coupling reaction to produce
chiral intermediates to validate this system. According to the findings of this study, Cry3A-
FDH/Cry3A-LDH and Cry3A-FDH/Cry3A-ADH can efficiently synthesize L-tert-leucine and
ethyl (S)-3-hydroxybutyrate products without the minimal addition of exogenous NADH. This
biosystem is reusable and can be used for multiple reactions, which is essential for industrial
applications. We hope to investigate the platform's ability to simplify reactions and reduce
associated costs for other industrial enzymes.

References: [1] Q. SUN, Bioconjugate Chem. 2022, 33, 2, 386-396
[2] B. Heater, J. Am. Chem. Soc. 2020, 142, 22, 9879-9883
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Graphical Abstract

Cry3Aa -formate dehydrogenase (FDH) that is coupled with another enzyme (leucine
dehydrogenase or alcohol dehydrogenase) to continuously regenerate NADH cofactors by
oxidation of formic acid into CO2 gas, which is then utilized by the second enzyme.

https://biotrans2023 livescience.io/book-of-posters 130/1202



28/06/2023 09:58 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

#281 | Cry1Ab-mediated In Vivo Co-immobilization
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Purpose: Putrescine is an important industrial chemical used in the production of polymers. It can be

chemically synthesized from propene and methane, but this route is neither environmental-
friendly nor sustainable due to its production of the toxic intermediate hydrogen cyanide, and
its use of the non-renewable raw material propene.

Another route that has attracted intense academic interest is the biological synthesis of
putrescine due to its being renewable, environmentally friendly, and green. The biosynthesis
of putrescine in cells has gained great attention, but this route is challenging for large-scale
production due to the limited tolerance of cells to putrescine products. One route that avoids
this limitation is the in vitro biosynthesis of putrescine, but a platform for immobilizing the
enzymes is required.

Here we report the direct co-immobilization of arginase and ornithine decarboxylase as
genetic fusions to the crystal-forming protein Cry1Ab. Here arginase promotes the conversion
of arginine to ornithine, which is further converted to putrescine by the ornithine
decarboxylase. We show that Cry1Ab-mediated direct co-immobilization could produce
active particles, which exhibited higher stability than their free enzyme counterparts and
improved catalytic efficiency than the mixture of individually immobilized particles.
Furthermore, the co-immobilized biocatalyst was shown to promote the conversion of
arginine to putrescine for multiple reaction cycles.

References: [1] B. Heater, J. Am. Chem. Soc. 2020, 142, 22, 9879-9883.
[2] Q. SUN, Bioconjugate Chem. 2022, 33, 2, 386-396.
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Arginase and ornithine decarboxylase was directly co-immobilized by Cry1Ab protein in vivo.
The active particles could be used to promote the conversion of L-arginine to putrescine and
its subsequent conversion to nylon 4,6 was also demonstrated.
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#285 | Structure and Mutation of
Deoxypodophyllotoxin Synthase (DPS), a C-C
Bond Forming Enzyme

Presenting
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Other authors:

Topic:

Date:

Keywords:

Purpose:

Zoe INGOLD of UNIVERSITY OF YORK

Benjamin LICHMAN of UNIVERSITY OF YORK
Gideon GROGAN of UNIVERSITY OF YORK

Industrial biocatalysis
04:30 pm - 07:00 pm Poster session
oxygenase / ring-closing / deoxypodophyllotoxin / iron-dependent

Deoxypodophyllotoxin synthase (DPS) is a member of the 2-oxoglutarate dependent
dioxygenase (2-ODD) superfamily and catalyses a ring closing, C-C bond forming reaction.
The product of this reaction, deoxypodophyllotoxin, is a polyphenol lignin ultimately derived
from tyrosine via the phenylpropanoid pathway. The enzyme was discovered in 2015 during
an investigation into the biosynthesis of podophyllotoxin in Podophyllum hexandrum
(mayapple). (Scheme 1)[1]. Deoxypodophyllotoxin is the natural product precursor to several
topoisomerase Il inhibitors, which are on the World Health Organisation (WHO)’s list of
essential medicines. Currently it is necessary to isolate this precursor directly from mayapple,
which is slow-growing and has a limited environmental range, making it less than ideal as a
source for the large-scale synthesis of topoisomerase Il inhibitors[2].

Previous work has focused on developing synthetic biology platforms for the production of
podophyllotoxin through heterologous gene expression, including DPS[2, 3, 4]. It has also
been shown that DPS can accept a range of substrates, indicating it has potential in
biocatalytic processes for the formation of diverse polycyclic aryllignans[5, 6, 7]. Here we
present the structure of DPS, solved using X-ray crystallography to a resolution of 1.41 A. The
crystals were obtained in the space group P21 with a single monomer in the asymmetric unit
displaying the squashed B-barrel fold common to the 2-ODD superfamily. The open end of
this supports the active site with the iron centre coordinated by the “facial triad” of His184,
D186 and H239. The structure was used to inform a mutational analysis of DPS, which
suggests a role for a D224-K187 salt bridge in maintaining substrate interactions and a
catalytic role for H165, perhaps as the base for the proton abstraction at the final
rearomatisation step. This work improves our understanding of specific residues'
contributions to the DPS mechanism and can inform future engineering of the enzyme
mechanism and substrate scope for the development of a versatile biocatalyst.
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Figure 1:
The biosynthetic route to podophyllotoxin in mayapple, highlighting the penultimate step that
is catalysed by DPS
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#292 | Process engineering strategies for
biocatalytic (cascade) reactions

Presenting Selin KARA of AARHUS UNIVERSTY

author:

Topic: Biocatalytic cascade reactions

Date: 04:30 pm - 07:00 pm Poster session

Keywords: Decarboxylase / Oxygenase / Non-conventional media / Flow biocatalysis

Purpose: The application of nature’s catalysts enzymes for the synthesis of chemicals is a key

emerging field of industrial biotechnology to meet current and future needs of our society for
sustainable manufacturing of chemicals. Nature uses an elegant and efficient synthetic
strategy: Coupling enzymes in multi-step pathways without intermediate isolation and
purification steps with a precise spatial control of catalysis. Inspired by nature, the design of
multi-step biotransformations has been attracting great attention within the biocatalysis
community. The talk covers enzymatic (cascade) reactions and demonstration of those at the
industrially relevant conditions with the help of process engineering. In particular, two use
cases will be introduced covering decarboxylases and peroxygenases in cascading systems
exploring the use of non-conventional media and different operational mode for enhancing
the efficiency of these enzymatic applications.

References: (1) M. Hobisch, P. De Santis, S. Serban, A. Basso, E. Bystrdm, S. Kara, Peroxygenase-driven
ethylbenzene hydroxylation in a rotating bed reactor, Organic Process Research &
Development 2022, 26, 9, 2761-2765. DOI: 10.1021/acs.oprd.2¢c00211.

(2) P. Petermeier, J.P. Bittner, S. Mdller, E. Bystrém, S. Kara, Design of a green
chemoenzymatic cascade for scalable synthesis of bio-based styrene alternatives, Green
Chemistry 2022, 24, 6889-6899. DOI: 10.1039/d2gc01629j.

(3) P. De Santis, N. Petrovai, L.-E. Meyer, M. Hobisch, S. Kara, A holistic carrier-bound
immobilization approach for unspecific peroxygenase, Frontiers in Chemistry 2022,
10:985997. DOI: 10.3389/fchem.2022.985997.

(4) L.-E. Meyer, B. Fogtmann Hauge, T. Muller Kvorning, P. De Santis, S. Kara, Continuous
oxyfunctionalizations catalyzed by unspecific peroxygenase, Catalysis Science & Technology
2022, 12, 6473-6485. DOI: 10.1039/D2CY00650B.

(5) L.-E. Meyer, D. Horvéth, S. Vaupel, J. Meyer, M. Alcalde, S. Kara. A 3D printable synthetic

hydrogel as an immobilization matrix for continuous synthesis with fungal peroxygenases,
under revision.
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Topic: Industrial biocatalysis

Date: 04:30 pm - 07:00 pm Poster session

Keywords: protein hydrolysis / byproduct proteolysis / salmon frames / sequential batch

Purpose: The hydrolysis of proteins by proteases is characterized by a strong inhibition exerted by

peptides formed during the reaction. Based on this fact, the efficiency should increase when
the reaction products are withdrawn from the reaction media. The aim of this study was to
test a new operational strategy consisting in a sequential batch operation where the aqueous
phase containing the soluble peptides is withdrawn and the remaining solid phase is
submitted to a second batch.

The strategy was tested for the hydrolysis of salmon frame proteins by 13 AU subitilisin per kg
at 55°C and pH 6.5 (native) during 2 h in a regular batch. Two sequential batches were
operated during 1 h each at the same conditions. After 1 h the reaction mixture was
centrifuged, and the different phases weighted and analyzed for nitrogen content. The solid
phase was hydrolyzed in a second batch during 1 h at the same operating conditions. The
nitrogen extraction was 26.6% + 0.4 after 2 h of hydrolysis in a regular batch operation. Two
sequential batches were operated during 1 h each with the same total protease dose (13
AU/kg) distributed as 75/25, 50/50 and 25/75 percentage in the first/second batch. The
nitrogen extraction resulted in 49.0% + 1.6, 45.9% + 0.6 and 48.7% = 0.8 for each protease
dose distribution, respectively. These results showed that an increase in nitrogen extraction
can be achieved without increasing operation time and protease dose. The sequential
batches were also tested without the addition of protease in the second batch. The nitrogen
extraction was 43.8% + 1.6, 42.4% = 0.6 and 39.8% =+ 0.8 for protease dose of 75%, 50%
and 25%, added to the first batch and without addition in the second batch, respectively.
The adsorption of subtilisin was inferred from results as an explanation for the hydrolysis
reaction observed in the second batch. The nitrogen extraction was significantly increased
with the sequential batches strategy without increasing the operating time and protease dose
compared to a one batch operation. A higher nitrogen extraction was obtained even without
addition of protease in the second batch. The sequential batch is a promising strategy to
enhance the efficiency of the enzymatic hydrolysis of byproduct proteins.
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Nitrogen recovery and increment after the hydrolysis of SF by subitilisin at 55 °C for different
protease doses.
NR: nitrogen recovery. OSB: one-stage batch. B1: sequential batch 1. B2: sequential batch 2.
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Topic: Artifical intelligence / computational methods

Date: 04:30 pm - 07:00 pm Poster session

Keywords: enzyme design / xylanase / /

Purpose: The design of structurally diverse enzymes is constrained by long-range interactions that are

necessary for accurate folding. We introduce an atomistic and machine learning strategy for
the combinatorial assembly and design of enzymes (CADENZ) to design fragments that
combine with one another to generate diverse, low-energy structures with stable catalytic
constellations. We applied CADENZ to endoxylanases and used activity-based protein
profiling to recover thousands of structurally diverse enzymes. Functional designs exhibit high
active-site preorganization and more stable and compact packing outside the active site.
Implementing these lessons into CADENZ led to a 10-fold improved hit rate and more than
10,000 recovered enzymes. This design-test-learn loop can be applied, in principle, to any
modular protein family, yielding huge diversity and general lessons on protein design
principles.
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author:
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Topic: Industrial biocatalysis

Date: 04:30 pm - 07:00 pm Poster session

Keywords: Biocatalysis / Aqueous two-phase system / In-situ product removal / Immobilization
Purpose: p-Coumaric acid (pCA) is a promising chemical precursor to making thin, flexible, and

transparent organic semiconductors, with applications in wearable electronics. pCA can be
produced via biocatalysis, but the required tyrosine ammonia lyase (TAL) enzyme suffers from
competitive product inhibition, which reduces production titers, rates, and yields [1]. We
considered and tested several strategies to mitigate this problem, and we developed a
method of in-situ product removal using an aqueous two-phase system (ATPS) consisting of a
polymer and salt phase. pCA has a partition coefficient of around 1:20 in the salt:polymer
phases, effectively removing pCA into the polymer phase. The implementation of the ATPS
into a biocatalytic process still faced a challenge, as the whole cell biocatalyst also
partitioned into the polymer phase due to the high density of the salt phase. In order to keep
the biocatalyst in the salt phase, we tried immobilized the biocatalyst in a hydrogel and
loading the beads into a catalyst basket. However, the common calcium-alginate hydrogel
was unstable in the salts used for salt:PEG ATPS, but we found K-carrageenan to be stable in
potassium salts. After making further optimizations to the composition of the ATPS, we finally
tested the effectiveness of the immobilization procedure and the ATPS at improving pCA
production in a rotating bed bioreactor. This work may help in the development of a viable
pCA production bioprocess, and it is a case study in using bioprocess engineering to
overcome limitations with a biocatalyst.

References: [1] sariaslani, f. s., ann. rev. microb. 2007, 61(1), 51-69.

https://biotrans2023 livescience.io/book-of-posters 140/1202



28/06/2023 09:58 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

Figures:

Tyrosine p-Coumaric acid
0 OH o OH poly-4-vinylphenol
NH, / 2 oy Seo J
NH3 g \
L} . - - _>
TAL >
OH OH OH n

Biocatalysis for p-coumaric acid production
TAL, tyrosine ammonia lyase

https://biotrans2023 livescience.io/book-of-posters 141/1202



28/06/2023 09:58 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

Competitive Aqueous In-situ
product inhibition  two-phase system product removal

\4

~ .)f

" vV ¢ < 'X_:__:/
A . |sie

Mitigating product inhibition via in-situ product removal
E, enzyme; P, product; S, substrate.
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author:

Topic: Enzyme discovery and engineering
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Keywords: Baeyer-Villiger monooxygenase / protein engineering / structure-guided consensus approach
/

Purpose: The typically low thermodynamic and kinetic stability of enzymes is a bottleneck for their

application in industrial synthesis. Baeyer-Villiger monooxygenases, which oxidize ketones to
lactones using aerial oxygen, among other activities, suffer particularly from these instabilities.
Previous efforts in protein engineering have increased thermodynamic stability but at the
price of decreased activity. Here, we solved this tradeoff by introducing mutations in a
cyclohexanone monooxygenase from Acinetobacter sp., guided by a combination of rational
and structure-guided consensus approaches. We developed variants with improved activity
(1.5 to 2.5-fold) and increased thermodynamic (+5 °C Tm) and kinetic stability (8-fold). Our
analysis revealed a crucial position in the cofactor binding domain, responsible for an 11-fold
increase in affinity to the flavin cofactor, and explained using MD simulations. This gain in
affinity was compatible with other mutations. While our study focused on a particular model
enzyme, previous studies indicate that these findings are plausibly applicable to other
BVMOs, and possibly to other flavin-dependent monooxygenases. These new design
principles can inform the development of industrially robust, flavin-dependent biocatalysts for
various oxidations.

References: [1] Mansouri, H. R.; Gracia Carmona, O.; Jodlbauer, J.; Schweiger, L.; Fink, M. J.; Bresimayr,
E.; Laurent, C.; Feroz, S.; P. Goncalves, L. C.; Rial, D. V.; Mihovilovic, M. D.; Bommarius, A. S.;
Ludwig, R.; Oostenbrink, C.; Rudroff, F.,, Mutations Increasing Cofactor Affinity, Improve
Stability and Activity of a Baeyer-Villiger Monooxygenase. ACS Catal. 2022, 12 (19), 11761-
11766.
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Figure 1.
Protein engineering approach towards a highly improved BVMO variant.
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Purpose: The enzymatic hydrolysis of proteins is an interesting alternative to add value to the salmon

frames by converting this by-product into protein hydrolysate and bones. The protein
hydrolysates are recognized sources of bioactive peptides. In adittion, bones can be
transformed into a viable calcium source through nano milling. During the hydrolysis the
mixing is favored by the addition of water, meanwhile, the cost is highly increased during the
drying stage. The addition of alkali avoids the pH drop causing enzyme activity to decrease,
meanwhile, the operation cost is increased. The evaluation of different by-product/water
ratios was assessed using 50%, 75%, and 100% of ground salmon frames. The pH regimes
were set up at controlled pH 8, initial pH 8 without control, and native initial pH 6.5 without
control. The hydrolysis reactions were carried out at 55 °C in an agitated batch reactor using
13 AU subtilisin per kg salmon frame. Response variables were released alpha-amino groups,
mass of soluble/insoluble fraction, and nitrogen extraction. The results showed that the
released alpha-amino groups after 60 min of reaction decreased with the salmon frame
concentration (Fig. 1). The hydrolysis without pH control allowed to avoid the use of alkali and
control system but decreasing the production of amino groups at 68% of the controlled
condition. The hydrolysis at high salmon frame concentration allowed to avoid the addition of
water. However, the nitrogen recovery was 27.2, 45.8 and 49.1% at 60 min for 100%, 75%,
and 50% of salmon frame for the controlled pH condition (Fig. 2). These results can be used
to estimate the profitability of the process after considering the decrease in the operational
cost and the effects on the product yield.
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Released amino groups concentrations after 60 min of reaction for different byproduct/water
ratios and pH regimes for the hydrolysis of salmon frame protein by subtilisine

pH regimes R1: initial pH 8.0 controlled. R2: initial pH 8.0 uncontrolled. R3: initial pH 6.5
(native) uncontrolled.
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60

Nitrogen recovery of salmon frame protein at different byproduct/water ratior and pH regimes
for the hydrolysis of salmon fram protein by subtilisin at 55°C.

pH regimes: R1: initial pH 8.0 controlled. R2: initial pH 8.0 uncontrolled. R3: initial pH 6.5
(native) uncontrolled.
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#303 | Full biocatalytic synthesis of D-tagatose
from whey permeate as a raw material
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author:
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Purpose: D-Tagatose is an isomer of D-galactose and the epimer at C-4 site of D-fructose. It is one of
the most promising functional sweeteners, similar to the polyols in having a low caloric value
and tooth-friendly property; however, it has no laxative effect and it is able to modulate lipid
metabolism, and reduce the symptoms associated with type 2 diabetes. Tagatose has the
GRAS (Generally Recognized as Safe) status granted by the US Food and Drug
Administration (FDA) since 2001, so it can be used in confectionery, beverages, health foods,
and dietary products as a low-calorie, full-bulk sweetener. Elsewhere, it has entered in a
phase 3 clinical trial, as a good candidate to treat type 2 diabetes. Tagatose does not
increase insulin levels for glucose control.

This work was focused on the development of a totally biocatalytic methodology for obtaining
D-tagatose, the best reaction conditions were studied for each step [1].

First step was the hydrolysis of whey permeate, and we chose the novel commercial 3-
galactosidase from Bifidobacterium bifidum (Saphera), because this enzyme with lactose
concentrations lower than 200 g/L has hydrolysis as its main reaction and shows negligible
transgalactosylation [2]. This reaction was performed with concentrated whey permeate at 45
°C and 3.75 units/mL of enzyme for 3 h.

For second step we searched a microorganism that was capable of consuming D-glucose
without consuming D-galactose from the hydrolyzed whey permeate; and the winner was the
crabtree negative microorganism Komagataella phaffii (Pichia pastoris). Thus, 350 mg of wet
weight cells were immobilized in alginate gel beads, and the resulting biocatalyst was able of
completely eliminating D-glucose and efficiently reused for 13 cycles [3].

The third step was the isomerization of D-galactose with a L-arabinose isomerase from
Bacillus stearothermophilus. The enzyme was successfully immobilized onto an amino
polymethacrylate support and a packed bed bioreactor was developed and operated
continuously for 9 days at 50 °C, with an initial productivity of D-tagatose of 77 g L-1 day-1.
The fourth step was the search of a microorganism able to consume D-galactose without
consuming D-tagatose. From 19 microorganisms tested, the best was Schwanniomyces
occidentalis. This microorganism was immobilized with alginate and it could be reused for 3
cycles of 5 h each.

As a conclusion, we have demonstrated that it is possible to obtain D-tagatose using an
industrial waste as starting reagent, following a completely biocatalytic methodology.

References: [1] FV-Cervantes, Cat. 10, 2020, 1-14.
[2] V-Fireder, J. Agric. Food Chem. 68, 2020, 4930-4938.

[3] FV-Cervantes, ACS Food Sci. Technol. 2, 2022, 682-690.
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Figures:
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cycles with P. pastoris

Percentage of eliminated D-glucose in different cycles with P. pastoris immobilized in calcium
alginate beads, using a mixture of D-galactose and D-glucose (50 mg/mL of each sugar) as
substrate.
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Bioreactor of L-arabinose isomerase

Continuous packed bed reactor of L-Al US100 immobilized on Sepabeads EC-EA at 50 °C
during 9 days of operation. The flow of the feeding solution (90 g/L galactose, 0.5 mM
MnSO4 in 0.1 M MOPS buffer pH 7.5) was maintained at 0.03 mL/min.
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#304 | Engineering of an EnelRED for direct
synthesis of asymmetric conjugate reduction-
reductive amination products

Presenting Anya MILETIC of UNIVERSITY OF MANCHESTER

author:

Topic: Enzyme discovery and engineering

Date: 04:30 pm - 07:00 pm Poster session

Keywords: EnelRED / Engineering / Directed Evolution /

Purpose: Due to their ability to catalyse the synthesis of asymmetric amines, IREDs have many

potentially useful applications in synthesis of agrochemicals and APIs, where enantiopure
products are often desirable. Chemically synthesising enantiomerically pure compounds can
be challenging, often requiring costly resolution processes of racemic mixtures, therefore
utilising enantioselective biocatalysts to avoid these extra steps is favourable. Following the
discovery of an IRED capable of catalysing conjugate reduction in tandem with reductive
amination in a two-step mechanism, the wild-type substrate scope was investigated and was
found to favour reactions between unhindered substrates. Rational design principles were
applied alongside mutagenesis and directed evolution in an attempt to broaden the existing
substrate scope and facilitate acceptance of sterically bulky substrates that were not
previously accepted by the wild-type.
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#305 | In search of the perfect environment: The
quest to maximize macromolecule stability
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Purpose: Current literature unquestionably implies that deep eutectic solvents (DES)- mediated
biocatalytic approach is an exciting new field with enormous possibilities for improving
reaction efficiency and sustainability through better substrate solubility/loading, improved
enzyme activity and stability. [1] Except for enzymes, other macromolecules used in
biocatalysis, such as cofactors, struggle with long-term stabilization in liquid form. Due to
their complex structure, macromolecules can be unstable and prone to denaturation,
especially in harsh environments like extreme temperatures or pH conditions. Therefore, their
stabilization is critical in many scientific fields, including biotechnology, pharmaceuticals, and
medical research. This study aims to show that DES can be effective in stabilizing enzymes
and other macromolecules by providing a suitable environment for their function and stability.
DES can help to maintain their structure and reduce denaturation in harsh conditions.
Moreover, in some cases, DES can also enhance the activity and selectivity of enzymes. [2]
Implementation of green chemistry principles through the use of DES represents an up-to-
date solution fighting waste generation. These non-toxic and non-flammable solvents are
mixtures of cheap, natural and readily available components prepared by mixing hydrogen
bond acceptors (HBA) such as quaternary ammonium salts and hydrogen bond donors (HBD)
based on natural products, in a specific molar ratio resulting homogenous solution based on
hydrogen bonds between DES components. One of the major attractions of making DES an
alternative to organic solvents lies in the tremendous number of structural combinations, thus
it is possible to rationally design an optimal one for each specific application. [3] The vast
number of possible chemical structures, in addition to unique physical and chemical
properties, and low environmental impact make DES interesting for industrial use. [4]
Therefore, a new window of opportunities for DES application is presented in the stabilization
of macromolecules. Stabilization of macromolecules refers to the methods that prevent or
minimize the breakdown of these molecules, thereby maintaining their structure and function.
So far, techniques for stabilizing macromolecules include chemical modifications (use of
cross-linkers or protease inhibitors), physical methods (freeze-drying or lyophilization), use of
chaperones or pH adjustment. Finding the right environment for an optimal desired state of a
macromolecule with minimized degradation can be quite challenging. Therefore, due to their
natural origin, DES can mimic the macromolecule’s natural environment more effectively. To
sum up, this study presents the use of betaine and choline chloride-based DES as a medium
for several alcohol dehydrogenases and nicotinamide cofactors long-term stabilization.

In the end, we can conclude that macromolecule stabilization is a promising area of research
with potential applications in various fields, including biotechnology and pharmaceuticals.

References: [1] A. Paiva, R. Craveiro, |. Aroso, M. Martins, R. L. Reis and A. R. C. Duarte, ACS Sustain.
Chem. Eng., 2014, 2, 1063-1071.
[2] M. Pani¢ et al., J. Chem. Technol. Biotechnol., 2021, 96, 14-30.
[3] Y. Liu et al., Journal of Natural Products, 2018, 81, 679-690.
[4] 1 M. A. R. Martins, S. P. Pinho and J. A. P. Coutinho, J. Solution Chem., 2019, 48, 962-982.
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#313 | Investigating the Potential of Phenolic
Compounds as Acceptor Substrates for
Levansucrase-catalysed Transfructosylation
Reactions
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author:

Topic: Industrial biocatalysis

Date: 04:30 pm - 07:00 pm Poster session

Keywords: Levansucrase / Transfructosylation / Phenolic Compounds / Acceptor Specificity
Purpose: Due to the promising physiological effects of levan and levan-type fructooligosaccharides,

levansucrase (EC 2.4.1.10) has garnered much interest in the pharmaceutical and food
industry. Levansucrase is a fructosyl-transferase that can catalyze the synthesis of complex
oligosaccharides, by acquiring a fructosyl residue from a donor molecule and performing a
non-Lenoir transfer to an acceptor molecule. The mechanism of action of levansucrase
toward various carbohydrates has been well documented. However, in-depth studies are still
needed to investigate and modulate the ability of phenolic compounds to act as acceptor
substrates for levansucrase-catalyzed transfructosylation reactions. The enzymatic
glycosylation of phenolic compounds is indeed seen as an attractive means to change their
aqueous solubility, stability, and bioavailability. It is an interesting alternative to chemical
glycosylation that requires multistep synthetic routes and results in low overall yields. This
study characterized the acceptor specificity of levansucrases from Gluconobacter oxydans,
Vibrio natriegens, Novosphingobium aromaticivorans and Burkholderia graminis towards
various phenolic compounds using sucrose as a fructosyl donor. Their ability to catalyze the
synthesis of fructosylated phenolic compounds were investigated via LCMS. The results
showed that overall, levansucrase from V. natriegens had the highest catalytic efficiency and
activity for the transfructosylation of phenolic compounds, while levansucrase from G.
oxydans favored polymerization, oligomerization, or hydrolysis. LCMS analysis further
confirmed that more than one fructosyl unit could be attached to the glycosylated phenolic
compounds. The transfructosylation of Epicatechin by levansucrase from B. graminis had the
most diversified products, with up to five fructosyl units transferred. This study suggests the
high potential for application of levansucrase in the glycosylation of phenolic compounds.
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References: 1. Hill, A., Chen, L., Mariage, A., Petit, J.-L., De-Berardinis, V., Karboune, S. Catal. Sci.
Technol., 9(2019), pp. 2931-2944.
2. Hill, A., Karboune, S., Narwani, T. J., & de Brevern, A. G. (2020). International journal of
molecular sciences, 21(15).
3. Nufez-Lépez, G., Herrera-Gonzélez, A., Hernandez, L., Amaya-Delgado, L., Sandoval, G.,
Gschaedler, A., Morel, S. (2019). Enzyme and Microbial Technology, 122, 19-25.

Figures:

1. Polymerization

1,2 12 B2,6 B-26

e Fructose SO Frucdose Fructose Fructose + Shuccse
Sucrose n
Levan
2. Oligomerization
B-26/
a-12 a-12 21
Siucoem Fructose — Glucose Fractoee Fractose + Glucose
Sucrose
Fructooligosaccharides
3. Transfructosylation
a-1,2
Glucose
S @& & a |+ (—

Sucrose

4. Hydrolysis

1,2
e gy + G ——

Sucrose

Reactions Catalyzed by Levansucrase
no legend

https://biotrans2023 livescience.io/book-of-posters 157/1202



28/06/2023 09:58 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

#319 | Bacterial peroxygenases - expanding the
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Purpose: Due to the extremely attractive biocatalytic potential of unspecific peroxygenases (UPQOs),

interest in the exploitation of UPOs for biocatalytic applications is booming. This can be seen
from the number of scientific publications, patents, and biotech companies that started to
offer fungal UPOs. Almost without exception, all the focus concerning biotechnological
exploitation of peroxygenases is indeed on already known fungal UPOs. Yet, it has been
shown that also bacteria contain peroxygenases (BUPOs), carrying out the same type of
reactions. Nevertheless, these bacterial counterparts have received very little attention, while
they show great promise as oxidative biocatalysts. Herein, we present a discovery of a set of
BUPOs that can be easily produced and therefore it is possible to study and engineer them
for diverse biocatalytic applications.
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Purpose: Glycosylation in natural product metabolism and xenobiotic detoxification often leads to

disaccharide-modified metabolites. The chemical synthesis of such glycosides typically
separates the glycosylation steps in space and time. The option to perform the two-step
glycosylation in one pot, and catalyzed by a single permissive enzyme, is interesting for a
facile access to disaccharide-modified products. Here, we reveal the glycosyltransferase GT1
from Bacillus cereus (BcGT1) for iterative O-B-glucosylation from uridine 5'-diphosphate
(UDP)-glucose to form a B-linked disaccharide of different metabolites, including C15-
hydroxylated cinmethylin (15SHCM). 15HCM is a phase | detoxification intermediate of the
agricultural herbicide cinmethylin (CM), which is a benzyl ether derivative of the natural
terpene 1,4-cineole. Screening studies of glycosyltransferase for 3-D-mono-glucosylation of
15HCM from UDP-glucose revealed the product mixtures of the monosaccharide- and
disaccharide-modified 15HCM formed from BcGT1 reaction. The disaccharide-modified
products of 15SHCM were determined in detailed product characterization with NMR and MS
analysis. Combined with the comprehensive analysis of time courses for the enzymatic
glucosylation of 15HCM, we identify thermodynamic and kinetic requirements for the
selective formation of the disaccharide compared to the monosaccharide-modified 15HCM.
Glycosylation reactions on methylumbelliferone and 4-nitrophenol involve reversible glycosyl
transfer from and to UDP as well as UDP-glucose hydrolysis, both catalyzed by BcGT1.
Collectively, this study delineates the iterative B-D-glucosylation of aglycones by BcGT1 and
demonstrates applicability for the programmable one-pot synthesis of disaccharide-modified
15HCM.
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References: [1] J. Jung, D. Schachtschabel, M. Speitling, B. Nidetzky, J. Agric. Food Chem. 2021, 69,
14630-14642
[2] J. Jung, K. Schmoelzer, D. Schachtschabel, M. Speitling, B. Nidetzky, J. Agric. Food
Chem. 2021, 69, 5491-5499
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Controllable iterative glycosylation of 15-hydroxy cinmethylin by BcGT1

BcGT1 catalyzes the transfer of glucosyl residue (red balls) from UDP-glucose to 15-hydroxy
cinmethylin (15HCM), releasing 15HCM-B-D-glucoside, and to 15HCM-f-D-glucoside,
forming 15HCM B-D-glucosyl-B-D-glucoside (disaccharides).
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Purpose: Nature provides a large repertoire of non-ribosomal peptides with potent properties for
various applications. The underlying bioactivity is especially interesting for the biosynthesis of
drugs and related compounds. Respective (depsi)peptides are derived from proteogenic and
non-canonical amino acids as well as carboxyclic acids and various combinations thereof.
Here, we became intrigued by the biosynthetic machinery of some bacteria to form natural
products such as metallophores and antimicrobial agents comprising N-N bonds.[1] The
required precursors can be obtained from central metabolic pathways. Interestingly, some
bacteria can N-hydroxylate amino acids selectively, such as L-ornithine towards N5-hydroxy-
L-ornithine which can be further converted to L-piperazic acid. The latter represents one of
those potent non-canonical amino acids. The Actinobacterium Kutzneria sp. 744 encodes the
genetic information for the enzymes leading to L-piperazic acid, namely the flavoprotein N-
hydroxylase (NMO) and piperazate synthase (PipS).[2] Especially, the latter enzyme is not well
described with respect to biochemical properties nor biotechnological application.

A phylogenetic investigation revealed that those enzymes can frequently be identified from
Actinobacteria while only one was studied in somewhat detail up to now. This enzyme from
Kutzneria sp. 744 (also designated KtzT) was reported to be a heme-protein with a narrow
substrate scope. It is part of the biosynthetic machinery towards kutzneride compounds
which are active against fungal and bacterial strains.[3] To date, no detailed data on enzyme
production, heme-loading, enzyme kinetics, stability, structural information etc. were
available. Hence, we cloned and produced the enzyme, reaching mediocre yields (0.4 mg
protein per L broth with a heme loading of about 12%) in first attempts. A series of
experiments to improve gene expression led to an almost 40-fold improved production of
heme loaded and active catalyst. Another problem studying this enzyme was the supply of N-
OH comprising substrates. This could be solved by our expertise on N-hydroxylating
enzymes.[4,5] Here, we employed the NMOs from Thermocrispum agreste (TheA) to produce
N5-hydroxy-L-ornithine or from Gordonia rubripertincta (GorA) to provide other N-OH
molecules in situ. As this enzyme class is NADPH-dependent, we had to recycle the liberated
NADP+. This was achieved with an FDH variant from Candida boidinii. All in all, we optimized
the cascade and were able to use it to study KtzT and related PipS enzymes. Activity was
followed by an HILIC-MS/MS approach which allowed to separate substrates and products
and to detect compounds by tandem mass spectrometry. For the first time, we were able to
demonstrate that the here employed NMOs can produce a series of N-hydroxylated
intermediates of which some can be used by PipS.

Our studies were corroborated by iterative bioinformatics approach comprising ligand
docking and refinement by molecular dynamics simulations to predict heme positioning and
substrate binding in KtzT. This resulted in a trustworthy model of KtzT containing a docked
heme and substrate. This information was then employed to conduct mutagenesis
experiments as well as to explain substrate promiscuity of this enzyme family for the first
time.

In conclusion, we found the family of PipS enzymes is very promising to produce various N-N
containing molecules, especially in artificial enzyme cascades, where further optimization
might lead to interesting future applications.
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References: [1] Mlgge, C., Heine, T., Baraibar, A.G., van Berkel, W.J.H., Paul, C.E., Tischler, D., Flavin-
dependent N-hydroxylating enzymes: distribution and application. Appl. Microbiol.
Biotechnol. 2020, 104, 6481-6499.

[2] Du, Y.-L., He, H.-Y., Higgins, M.A., Ryan, K. S., A heme-dependent enzyme forms the
nitrogen-nitrogen bond in piperazate. Nat. Chem. Biol. 2017, 13, 836-838

[3] Fujimori, D.G., Hrvatin, S., Neumann, C.S., Strieker, M., Marahiel, M.A., Walsh, C.T.,
Cloning and characterization of the biosynthetic gene cluster for kutznerides. Proc. Natl.
Acad. Sci. USA 2007, 104, 16498-16503. 262:501-504.

[4] Heine, T., Mehnert, M., Schwabe, R., Tischler, D., Thermochelin, a hydroxamate
siderophore from Thermocrispum agreste DSM 44070. Solid State Phenom. 2017, 262, 501-
504.

[5] Esuola, C.O., Babalola, O.0., Heine, T., Schwabe, R., Schlémann, M., Tischler, D.,
Identification and characterization of a FAD-dependent putrescine N-hydroxylase (GorA) from
Gordonia rubripertincta CWB2. J. Mol. Catal. B Enzym. 2016, 134, 378-389.
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Glycoside Phosphorylases / Mannosides / Metabolic engineering /

Glycoside Phosphorylases (GPs) are reversible Carbohydrate Active Enzymes enzymes able
to degrade glycosides thanks to inorganic phosphate (phosphorolysis) or to synthesize
glycosides thanks to sugar-phosphates and adequate acceptors (reverse phosphorolysis) [1].
Without the need of costly activated-sugars, they can be used to produce valuable
glycosides. Such biocatalysts represent a solid alternative to natural extraction and chemical
synthesis, which suffer from low yield, lack of structural purity, high energy-use and
sustainability issues [2]. However, the reverse phosphorolysis reaction is difficult to exploit at
industrial scale because of the high cost and limited commercial availability of sugar-
phosphates, as well as unfavourable reaction equilibria. Those limitations can be overcome
by implementing GPs in engineered microbial cells. The cells can provide substrates for
reverse phosphorolysis, and promote GP synthesis by displacing the reaction equilibrium with
secretion of the products of interest. For that, the microbial chassis must be able to
accumulate cytoplasmic sugar-phosphates, which can be achieved by metabolic engineering.
The proof of concept of this technology was made in an engineered Escherichia coli K12
strain [3] that ultimately was able to synthesize B-mannosides (B-MOS) of pharmaceutical
interest once transformed with mannoside phosphorylases from the GH130 family. Notably,
mannosides linked with (3-1,2 linkages (3-1,2-MQOS) are antigenic patterns of the pathogenic
yeast Candida [4]. They can be used to prevent and cure candidiasis, an infectious disease
affecting more than 300 million patients per year, and possibly lethal in its most serious form
[5]. Implemented in engineered microbial cells or used in vitro, GPs are powerful tools to
access a wide range of glycosides previously unreachable, and will undoubtedly be
significant players in the coming years.
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(2012)
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Purpose: Lipoxygenases (LOXs) are enzymes that catalyze regioselective dioxygenation of

polyunsaturated fatty acids (PUFASs) into fatty acid hydroperoxides (FAHPSs). The
regioselective dioxygenation of PUFAs opens up a number of interesting applications in the
food and chemical industries as the position of the hydroperoxide group in FAHPs will
determine which products, with which functionalities can be derived from them. The
regioselectivity of LOXs is regulated by certain structural features, including the depth of the
substrate-binding pocket [1] and the position of the migration channel that shuttles molecular
oxygen to the active site [2]. LOXs produced by bacteria have gained more attention in the
past few years, because they have been reported to be active towards a broad range of
PUFAs [3]. However, their specific activity towards each of these PUFAs can vary. Currently,
there is no report on the structural features that determine the substrate preference of
bacterial LOXs. In this study, we focused on understanding the structural determinants of
substrate specificity in Burkholderia thailandensis LOX which has shown a high activity at pH
6 at 20-30 °C. This enzyme preferentially used w-6 PUFAs as substrates and catalyzed the
dioxygenation regioselectivity at w-5 position. Mutations were performed on specific residues,
that were proposed to play a role in the substrate preference and regioselectivity, i.e. Leu445,
Phe446 and Ala431. Mutation Leu445Ala changed the substrate specificity of the enzyme
from w-6 to w-3 PUFAs, while mutations Phe446Val and Ala431Gly enabled the enzyme to
utilize both w-6 and w-3 PUFAs equally. Mutation Leu445Ala changed the regioselectivity of
the enzyme from w-5 to w-2 carbon atom on w-3 PUFAs as the substrate, while mutations
Phe446Val and Ala431Gly made the enzyme less regioselective. These findings provide
insights into specific residues involved in the substrate preference and regioselectivity of
Burkholderia thailandensis LOX. Manipulating them may allow the synthesis of different
FAHPs and therefore stimulate the exploitation of bacterial LOXs as a green alternative in a
wide range of applications.
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The effect of mutation on substrate preference and regioselectivity of B. thailandensis LOX
Mutation Leud445Ala changes the substrate preference of the enzyme from w-6 to w-3 PUFAs
and changes the dioxygenation regioselectivity from w-5 to w-2 carbon atom on w-3 PUFAs.
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Synthetic biochemistry

Purpose: The synthesis of complex molecules from simple, renewable carbon units (and eventually
from CQO2) is essential to achieve a circular economy. A significant challenge in this regard is
the direct condensation of one-carbon molecules, for which only highly complex enzymes are
known so far. Thiamine diphosphate-dependent (ThDP) enzymes offer a promising solution
because they are versatile C-C bond forming catalysts and can be readily engineered. In this
work, we explored and expanded the biocatalytic potential of the oxalyl-CoA decarboxylase
(OXC)/2-hydroxyacyl-CoA lyase (HACL) superfamily, which catalyzes the shortening of acyl-
CoA thioester substrates through the release of the one-carbon unit formyl-CoA. We
demonstrated that members of this superfamily can operate in reverse to extend various
aldehydes with one-carbon units, yielding the corresponding 2-hydroxyacyl-CoA thioesters.
We improved the catalytic properties of OXC by rational enzyme engineering and combined it
with two newly described enzymes to create an enzymatic cascade that enabled the
continuous conversion of oxalate and aromatic aldehydes into valuable (S)-a-hydroxy acids
with up to 99% enantiomeric excess. Furthermore, we employed directed evolution to
convert OXC into a glycolyl-CoA synthase (GCS) that condenses the two one-carbon units
formyl-CoA and formaldehyde. The quadruple variant MeOXC4 showed a 100,000-fold switch
between OXC and GCS activities, a 200-fold increase in GCS activity compared to the wild
type, and formaldehyde affinity comparable to natural formaldehyde-converting enzymes.
Our work highlights the potential of ThDP-dependent enzymes in biocatalytic one-carbon
conversion and offers a promising strategy for the sustainable production of valuable
products from renewable feedstocks.

References: [1] Burgener, S., Cortina, N.S., Erb, T.J., Angew. Chem. Int. Ed. 2020, 59, 5526-5530.
https://doi.org/10.1002/anie.201915155
[2] Nattermann, M., Burgener, S., Pfister, P, Chou, A., Schulz, L., Lee, S.H., Paczia, N.,
Zarzycki, J., Gonzalez, R., Erb, T.J., ACS Catal. 2021, 11, 5396-5404.
https://doi.org/10.1021/acscatal.1c01237

https://biotrans2023 livescience.io/book-of-posters 168/1202



28/06/2023 09:58 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

Figures:

lllustration by M. Kiinsting

Oxalyl-CoA Decarboxylase Enables Nucleophilic One-Carbon Extension of Aldehydes to
Chiral 2-Hydroxy Acids
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Engineering a Highly Efficient Carboligase for Synthetic One-Carbon Metabolism
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#406 | EziG®: a universal enzyme immobilisation
matrix enabling access to novel chemicals and
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Topic: Industrial biocatalysis

Date: 04:30 pm - 07:00 pm Poster session
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Purpose: Immobilised enzymes are essential tools for industrial biocatalysis, combining the selectivity

of enzymes with the operational stability and versatility of heterogeneous catalysts. However,
the choice of immobilisation support can greatly affect the performance and stability of such
enzymes, and finding the optimal material for immobilisation can be a time-consuming and
costly process. A fundamental component of our platform is EziG®, a universal
immobilisation matrix which offers a robust solution for a wide range of biocatalytic
applications. EziG® is designed to provide superior enzyme loading, activity, and stability,
and is compatible with a wide range of enzymes and substrates. Using EziG®, we have
successfully produced a variety of novel chemicals and process solutions, including
pharmaceutical intermediates, flavors, and fragrances. Here, we will present data on the
optimisation and scale-up of EziG®-based biocatalytic processes, as well as a case study
demonstrating the versatility and efficacy of the platform.
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When several substitutions are made in a single protein, the mutations can potentially interact
in a non-additive manner, resulting in epistatic effects, which can hamper protein engineering
strategies to improve enzyme properteis. We examined the role of protein dynamics in
mediating epistasis between pairs of mutations for E. coli transketolase (TK) [1]. Epistasis was
determined for conformational protein stability, and also for kinetic inactivation by heat-
induced aggregation, and observed between both neighbouring and distant mutations.
Molecular dynamics simulations and a pairwise cross-correlation analysis revealed how
mutations influence their dynamics both locally, and also in specific regions distant in the
structure. This effect was found to mediate epistatic interactions between distant mutations,
and was subsequently exploited to improve the stability of a TK variant 3M [2] and the activity
of 2,3-butanediol dehydrogenase from Corynebacterium glutamicum (CgBDH) [3].

The TK 3M variant was evolved to accept novel aromatic substrates, but suffered a trade-off
in stability through a loss in unfolding cooperativity. Molecular dynamics simulations revealed
increased flexibility in several interconnected active-site regions, that also form part of the
dimer interface (Figure 1). Mutating the newly flexible active-site residues to regain stability
risked losing the new activity. We therefore targeted stabilising mutations to residues outside
of the active site, whose dynamics were correlated with the newly flexible active-site residues.
This re-established the WT-level of stability and unfolding cooperativity, giving a 10.8-fold
improved half-life at 55 °C (Figure 1), and increased Tm and Tagg by 3 °C and 4.3 °C,
respectively. Molecular dynamics simulations confirmed that the mutations rigidified the
active-site via the correlated network [2].

CgBDH is a homotetramer with its last amino acid residue Asn258 converging at the center of
the tetramer. The last amino acid is located distal from the active center but in the hydrogen
bond network involved with active sites. Specifically, Asn258 is located 14 A away from the
active sites Lys158 and Tyr154, but forms a hydrogen bond with Arg162, which then has a
connection with the two catalytic residues through two hydrogen bonds (Figure 2). We hence
assumed that introduction of interchain disulfide bonds by mutation N258C might improve the
enzyme stability and impact the enzyme activity. In the results, the mutant showed a 14.8-fold
improved half-life, a 7.9-fold improved catalytic efficiency (kcat/Km) toward diacetyl. MD
simulations confirmed that a dynamics cross correlation network involved with the catalytic
sites was reconstructed in the variant and the dynamics change caused by the distal disulfide
bond was propagated through the interactions network (Figure 2). This improved the enzyme
stability and activity by decreasing the flexibility and locking more “reactive” pose,
respectively [3].

This work provides new insights into the mechanism of the interaction between long-range
mutations and point outs the importance of long-range mutations in protein engineering.

[1] Yu H., Dalby P. A.. Coupled molecular dynamics mediate long-and short-range epistasis
between mutations that affect stability and aggregation kinetics. Proceedings of the National
Academy of Sciences, 2018, 115(47): E11043-E11052.

[2] Yu H., Dalby. P. A.. Exploiting correlated molecular-dynamics networks to counteract
enzyme activity-stability trade-off. Proceedings of the National Academy of Sciences, 2018,
115(52): E12192-E12200.

[3] Pu Z., Yang L., Yu H. Reconstructing dynamics correlation network to simultaneously
improve enzyme activity and stability of 2,3-butanediol dehydrogenase by design of distal
interchain disulfide bonds. Submitted
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Long-range mutations counteract the activity-stability trade-off of TK 3M

A. The TK 3M mutant shows a higher flexibility in the active center. B. Dynamics correlation
analysis to identify the long=range mutation sites. C. The mutants designed improved the
stability of TK 3M without compromise of activity. D. Long-range mutants
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8
K, (mM) ey (s7Y) ke Ky (s'mMY) [ T, °C | Half-life (min)
WT 0.8 +0.3 9.9 +0.9 11.8 48.6 °C 0.9
N258C | 0.3 £0.04 | 26.0 £0.9 92.9 68.3 °C 13.5

Long-range mutant at C-terminal of CgBDH simultaneously improved the enzyme stability

and activity
A, The C-terminal residue of CgBDH converges at the center of tetramer. B, N258C mutant
reconstructed an interaction network involved with active sites. C, Characteristics of wild-type

and mutant CgBDH
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Vladimir KREN, Katerina BRODSKY, Michal KOTIK, Pavla BOJAROVA

Institute of Microbiology of the Czech Academy of Sciences, Laboratory of Biotransformation,
Videnska 1083, CZ-142 00, Prague 4, Czech Republic; kren@biomed.cas.cz

Diglycosidases are glycosidases catalyzing the cleavage of entire disaccharide moieties from
the aglycone. Rutinosidases, main diglycosidase representatives, cleave rutinose (a-L-Rha-(1-
6)-B-D-Glc) from rutin or other rutinosides (Fig. 1A). Some diglycosidases can be classified as
monoglucosidases with extended substrate specificity. They also have distinct synthetic
(transglycosylating) abilities. Rutinosidase from A. niger [1] and A. oryzae (GH5-23) can
glycosylate various acceptors, including phenols, in a good yield using priceworthy rutin as a
glycosyl donor. Surprisingly, they are even able to glycosylate species such as inorganic azide
to form B-rutinosyl azide [2] or carboxylic acids forming (anomeric) glycosyl esters [3], which
is a unique property in the glycosidase family. The variant of A. niger rutinosidase mutated at
the catalytic nucleophile residue E319A is capable of generating a-rutinosyl azide [2]. It was
found that rutinosidase is able to accept quercetin 3-B-glucopyranoside as a substrate and
therefore it is also able to transfer a 3-glucosyl moiety [4]. Thus, this enzyme has a dual
glycosylation activity, generating either rutinosides or glucopyranosides. Its broad substrate
specificity has also been demonstrated in the enzymatic cleavage of various 6"-acylated
quercetin-3-0O-B-glucopyranosides (Fig. 1B). Rhamnose-containing compounds (such as
rutinose) are attracting attention due to their anti-cancer activity and as skin anti-aging agents
in dermatology [3]. Their easy availability through the action of rutinosidase opens a whole
new avenue in cancer therapy, biomedicine, dermatology, and other fields.

Acknowledgment: We acknowledge the support by the Czech Science Foundation project
No. 22-00197K and by the COST Action CA18132.
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A — Hydrolysis or transglycosylation catalyzed by rutinosidase using the natural substrate
rutin; B — rutinose acting upon a non-natural substrate — 6”-acylated (feruloyl) quercetin 3-O-
B-glucopyranoside, demonstrating its broad substrate specificity.
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Purpose: L-Threonine aldolase (LTA), a PLP-dependent enzyme, is an attractive tool in organic

chemistry for catalyzing the asymmetric formation of B-hydroxy-a-amino acids with two chiral
centers from aldehyde and glycine. B-Hydroxyl-a-amino acids are widely used in the fields of
medicine, food and agriculture as a kind of chiral building blocks. The wild enzyme has a
strict selectivity for Ca of B-hydroxy-a-amino acids but a moderate selectivity for CB, limiting
its wide application in stereospecific carbon-carbon bond synthesis. In this work,
diastereoselectivity mechanism of LTA was explored using molecular dynamics simulations.
And then, the diastereoselectivity of CpLTA from Cellulosilyticum sp was engineered based on
the insights. Guided by the molecular dynamics simulations, “path hypothesis” and “Prelog
rule” were proposed to elucidate diastereoselectivity mechanism of LTA. We assumed that the
active pocket of LTA has two substrate access paths named syn path and anti path. L-syn
configuration products were formed by the substrate aldehyde entering the active center from
syn path, as the electron of Ca anion of PLP-Gly (quinonoid intermediate form) transferred to
carbonyl carbon atom of aldehyde from si-face. On the contrary, L-anti configuration products
were formed by the substrate aldehyde entering the active center from anti path, as the
electron of Ca anion transferred to carbonyl carbon atom of aldehyde from re-face.
Furthermore, with CpLTA as an object, a mutability landscape was first constructed by
performing saturation mutagenesis at substrate access tunnel amino acids. CAST/ISM
strategy was then performed to tune diastereoselectivity. As a result, diastereoselectivity of
mutant H305L/Y8H/V143R was improved from 37.2%syn to 99.4%syn. Besides,
diastereoselectivity of mutant H305Y/Y8I/W307E was inverted to 97.2%anti. The study would
be useful to expand LTA applications and guide the engineering of other C-C bond formation
enzymes. The work has been published online in Angew. Chem. Int. Ed.
(doi.org/10.1002/anie.202213855)
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Mutability-Landscape-Guided Engineering of I-Threonine Aldolase Revealing the Prelog Rule
in

Mediating Diastereoselectivity of C-C Bond Formation, Angewandte Chemie International
Edition,

2022, 62(2): e202213855
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(A): path hypothesis for illustrating the diastereoselectivity of LTA; Dark arrows indicate the entry direction of
substrate. Define virtual plane consists of atoms including C,, HR of PLP-Gly (quinonoid intermediate) and N,, H of
catalytic base His86. (B): Prelog rule for illustrating the diastereoselectivity of LTA. electronic transfer to the re- or
si-face of substrate aldehyde, respectively, with the formation of corresponding configuration of B-hydroxya-amino
acid.

diastereoselectivity mechanism of LTA

(A): path hypothesis for illustrating the diastereoselectivity of LTA; Dark arrows indicate the
entry direction of substrate. Define virtual plane consists of atoms including Ca, HR of PLP-
Gly (quinonoid intermediate) and Ne, H of catalytic base His86. (B
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(A) Models of CpLTA with the docked ligands PLP-Gly.(B): The evolutionary process of CpLTA in diastereoselectivity.
syn: mutant with Lsyn-MTPS preference. anti: mutant with L-anti-MTPS preference. conv: conversion rate.

Directed evolution

(A) Models of CpLTA with the docked ligands PLP-Gly.(B): The evolutionary process of CpLTA
in diastereoselectivity. syn: mutant with Lsyn-MTPS preference. anti: mutant with L-anti-
MTPS preference. conv: conversion rate.
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Purpose: A roadmap of biochemical routes lies at the heart of every living organism, enabled and
maintained by nature’s signature catalysts, enzymes. Enzymes embody the highest ideals of
green chemical catalysts: They are derived from renewable sources and are biodegradable
and biocompatible [1].

Although the use of these biocatalysts in industrial processes is not new, their widespread
implementation can be expensive and thus severely limited [2]. Commercially available epoxy
resins can be used to reduce costs by covalently immobilising enzymes onto their surface,
enabling their recovery and reuse. However, these materials do not protect the enzyme from
inhibitors present in the reaction mixture and could disrupt the protein structure as a result of
the physical linkage to the support [3]. In this regard, entrapment methods offer a more
sophisticated approach, creating a porous network that physically entraps the enzyme along
with a solvent of choice.

Taking the well-studied polyacrylamide hydrogels as a starting point, the functional groups of
the polymeric matrix can be altered and tuned through monomer co-polymerisation.
Additionally, the use of ionic liquids as co-solvents in the entrapment process renders
polymeric materials with superior mechanical properties [4], an important consideration in
industrial operations. lonic liquids are highly tuneable, non-volatile solvents that have been
used in the past to assist biocatalysis in various ways [5].

Flexibility in both monomer and ionic liquid design provides a vast toolkit for
microenvironment engineering. The ideal microenvironment would have minimum leach into
the reaction solvent, would preserve enzymatic activity and would attract substrates into the
matrix while allowing products to diffuse back into the bulk phase. Entrapment offers the
benefits of biphasic reaction systems while keeping the biocatalyst in a conveniently
retrievable solid form. At the end of its useful life, the ionic liquid can be extracted and re-
used in further material syntheses, while the polymeric material can be degraded and
disposed of [6].

In this work, co-entrapment of enzymes and green ionic liquids has been employed to assist
in biocatalytic reactions, such as transesterification and hydrolysis; and the effects of altering
the polymer matrix, and adding ionic liquids, assessed.

References: [1]. Sheldon, R. A. Biocatalysis in ionic liquids: State-of-the-union. Green Chem. 2021, 23,
8406-8427.
[2]. Sheldon, R. A. & van Pelt, S. Enzyme immobilisation in biocatalysis: Why, what and how.
Chem. Soc. Rev. 2013, 42, 6223-6235.
[3]. Imam. H. T., Marr, P. C. & Marr, A. C. Enzyme entrapment, biocatalyst immobilization
without covalent attachment. Green Chem. 2021, 23, 4980.
[4]. Wang, M., Zhang, P, Shamsi, M., Thelen, J. L., Qian, W., Truong, V. K., Ma, J., Hu, J. &
Dickey, M. D. Tough and stretchable ionogels by in-situ phase separation. Nat. Mater. 2022,
21, 359-365.
[5]. Imam, H. T., Krashnan, V., Rebros, M. & Marr, A. C. Applications of ionic liquids in whole-
cell and isolated enzyme biocatalysis. Molecules 2021, 26, 4701.
[6]. Vijayalakshmi, S.P., Raichur, A. & Madras, G. Thermal degradation of poly(ethylene oxide)
and polyacrylamide with ascorbic acid. J. Appl. Polym. Sci. 2006, 101, 3067-3072.
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Purpose: Unspecific peroxygenases (UPOs) are fungal, secreted, heme containing enzymes. They
perform oxyfunctionalization reactions within a broad substrates scope utilizing H202 without
additional reductive equivalents or electron transfer chains.[1] The development of these
enzymes for industrial applications has been a focus of research over the last decade, with
engineering efforts targeting heterologous expression, activity, stability, and improvements in
chemo- and regioselectivity.[2, 3]However, the targeted engineering of enantioselectivity for
specific substrates with poor starting enantioselectivity remained a missing integral piece until
now. We pursued this endeavor using the terpene B-ionone as model substrate. lonones are
valuable substrates used in the fragrance industry and in the synthesis of carotenoids and
Vitamin A.[4, 5]

The conversion of a- and B-ionone has already been shown with several UPOs, leading to a
diverse range of hydroxylation and epoxidation products.[6] It also has been pursued using
various P450s.[7-9] P450 engineering efforts led to a 280-fold increase in product formation
rate toward a- and -ionone hydroxylations. Enhancing the enantioselectivity, however, has
proved challenging.[7] Enantioselective 4 hydroxy-p-ionone formation has been achieved
solely through enzymatic kinetic resolution[10] and by recombinantly in T. ni cells expressed
CYP2B6.[9]

We engineered MthUPO derived from Myceliophthora thermophila to enantioselectively
access C4 hydroxylated stereoisomers of B-ionone.

In this study, a computational-aided engineering approach based on a combination of DFT
model calculations and MD simulations has been applied. These simulations were used to
characterize near-attack conformations of the selective hydroxylation which revealed relevant
binding modes of the model substrate B-ionone (Figure 1). The identification of the relevant
residues for substrate positioning facilitated the design of a small smart library to modify the
active site pocket of MthUPO. In this way, we could direct the selectivity of the
oxyfunctionalization toward enantioselective R/S C4 hydroxylation. Enzyme variants were
expressed in Saccharomyces cerevisiae in a 96-well microtiter plate. The screening was
performed by the previously developed Multiple Injection in a Single Experimental Run
(MISER) GC-MS method [11, 12] focusing on activity increase. The MISER setup involves
injecting 96 samples into the GC in a single experimental run, with product quantifications
performed exclusively in the MS through different m/z ratios, eliminating the need for
substrate/product separation. This setup enables an injection frequency of up to 30 s,
allowing for GC analysis of one microtiter plate within 48 minutes. Rescreening of the best
variants with a chiral GC-MS led to the determination of the enantioselectivities. After two
rounds of iterative enzyme evolution, the activity increased up to 17-fold and the
regioselectivity reached up to 99.6 % for the 4-hydroxy-B-ionone. Enantiodivergent variants
were identified with enantiomeric ratios of 96.6:3.4 (R) and 0.3:99.7 (S), respectively (Figure 2).
Finally, in silico analysis of the best performing, highly enantioselective variants revealed the
molecular basis of the selectivity, which was achieved by only two (R-selectivity) and four (S-
selectivity) mutations, respectively.
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Analysis of beta-ionone near-attack conformations.
Restrained MD-simulations are performed to explore near-attack conformations for selective

C4-hydroxylation and characterize relevant binding modes of the model substrate beta-
ionone.
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Presenting Jiaming PENG of UNIVERSITY OF BASEL
author:
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author:

Topic: Biocatalytic cascade reactions

Date: 04:30 pm - 07:00 pm Poster session

Keywords: Biocatalysis / Halide methyltransferase / Fluoromethylation / SAM recycling

Purpose: S-adenosylmethionine (SAM)-dependent methyltransferases constitute a large family of

enzymes that catalyze regio-, chemo- and stereospecific methylation of complex natural
products. [1] These enzymes could be very useful tools for chemoenzymatic reaction and
diversification of natural or synthetic compounds. Until recently, preparative applications of
methyltransferases (MT) in vitro were limited because of the requirement for SAM as a
stoichiometric methyl donor. Introduction of a simple SAM-regeneration process based on the
ability of halide methyltransferases (HMT) to transfer methyl-groups from methyl iodide to S-
adenosylhomocysteine (SAH) has highlighted a general strategy to harness enzyme-catalyzed
alkylation in biocatalysis. [2 - 4] This strategy extends beyond methyl groups and applies to
more complex alkyl groups. [5, 6]

Fluoromethyl groups may be of particular interest in this regard. Strategic fluorination can
optimize the pharmacological properties of drugs by modulating their membrane permeability
and metabolic stability. [7] Hence, the development of organic fluorides and the
methodologies towards fluorination are of great interest. [8] We demonstrated successful
enzyme-catalyzed attachment of fluoromethyl group onto C-, N- and O- and S-nucleophiles
using fluormethyl iodide as a reagent. [9] In this presentation we will discuss our latest efforts
to exploit the remarkable reactivity of some fluoromethylated products for the development of
novel biocatalytic processes.
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HMT-MT cascade transfers fluoromethyl group to small and macromolecules that are subject
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Purpose: Peptide modification is a field of interest due to its potential applications in the biomedical

area, for example, in the manufacture of peptide-drug conjugates. Nevertheless, production
of peptide conjugates is non-trivial, and chemical methods tend to display an array of
shortcomings such as poor thermostability, low potency, or off-target toxicity.[1] Biocatalysis
is an attractive alternative to chemical bioconjugation, as enzymes exhibit exceptional
selectivity, fast kinetics, high yields and require mild conditions.[2] As a result, they can be
considered to be superior to chemical methods in many aspects.

In this work, we developed an enzymatic method to acylate peptides, allowing the
introduction of a range of bioorthogonal probes. The adenylation domain of the carboxylic
acid reductase from Segniliparus rugosus was used to obtain in-situ the CoA derivative of the
respective acids. The CoA substrates were employed by lysine acetyltransferase p300 for
acylation, functionalizing a 20-mer peptide with bioorthogonal handles. Following the one-pot
reaction, modification of up to five residues in peptide H4(1-20) was observed. Furthermore,
peptide labelling with stable isotopes was also achieved via acetylation using the same
enzymatic system.

References: [1] P. Hoppenz, S. Els-Heindl and A. G. Beck-Sickinger, Frontiers in chemistry, 2020, 8, 571.

[2] Y. Zhang, K.-Y. Park, K. F. Suazo, and M. D. Distefano, Chemical Society Reviews, 2018,
47, 9106.
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Scheme of the enzymatic modification of peptide H4(1-20)
CARsr-A was employed to form the CoA derivatives of the respective acids, which were used
by enzyme p300 to functionalize peptide H4(1-20)

https://biotrans2023 livescience.io/book-of-posters 193/1202



28/06/2023 09:58 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

#431 | A sustainable end-of-life solution for
thermoset composites: Directed enzyme evolution
for the degradation of vinyl-ester resins.

Presenting Mikel DOLZ of INSTITUTE OF CATALYSIS & PETROCHEMISTRY (ICP-CSIC)
author:

Other authors: Javier VINA-GONZALEZ of EVOENZYME
Miguel ALCALDE of INSTITUTE OF CATALYSIS & PETROCHEMISTRY (ICP-CSIC)

Topic: Enzyme discovery and engineering
Date: 04:30 pm - 07:00 pm Poster session
Keywords: Thermoset composites / Directed Evolution / Cutinases / polyester resins

https://biotrans2023 livescience.io/book-of-posters 194/1202



28/06/2023 09:58

Purpose:

References:

Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

The handling and manage of the end-of life of complex artificial materials, such as thermoset
composites, is a rather significant challenge for nowadays sustainability. These materials are
known for their durability due their exceptional mechanical, thermal and chemical resistance.
As landfill storage and incineration are the most typical destinations — thus harming the
surrounding ecosystems — environmentally-friendlier approaches need to be developed and
implemented (1). We are currently working in engineering improved biocatalysts for
degradation of these materials.

Cutinases (EC 3.1.1.74) exhibit many of the necessary qualities for a promising degrading
biocatalyst, due to their natural activity to hydrolase ester bonds — a motif with a widespread
of magnitude in several thermoset composites (1). In our study, the cutinase from Fusarium
solani (FsC) was chosen as departure point for directed evolution towards the degradation of
vinyl-ester and poly-ester resins. As these polymeric matrix show extreme complexity and
high hydrophobicity, their direct use as a substrate in a high-throughput manner is precluded.
Instead, a colorimetric HTS assay was developed based on p-nitrophenyl trimethylacetate (3-
MA), which represents a structural soluble scaffold molecule present both in vinyl- and poly-
ester resins.

Using this assay, we performed focused directed evolution by MORPHING (2) targeting the
active site and surroundings to random mutagenesis and recombination, which rendered 5
different first-generation mutant winners. In a wise-step approach, beneficial mutations were
recombined by Site-Directed Recombination (SDR) (3) while saturating hot spot-residues
identified during the evolution campaign. As a result, we obtained a final mutant variant,
referred to as RancoR, which displayed a 30-fold total activity improvement with respect to
parental type FsC. Both FsC and RancoR were cloned into the overexpressing host Pichia
pastoris for upscale production and ulterior purification and characterization, which revealed
the improved biochemical characteristics of the evolved biocatalyst.

1. Pickering SJ. Recycling technologies for thermoset composite materials —current status.
Compos. Part A Appl. Sci. 2006 Aug 1;37(8):1206-15.

2. Gonzalez-Perez D, Molina-Espeja P, Garcia-Ruiz E, Alcalde M. Mutagenic organized
recombination process by homologous in vivo grouping (MORPHING) for directed enzyme
evolution. PLoS One. 2014;9(3):€90919.

3. Viha-Gonzalez J, Alcalde M. In vivo site-directed recombination (SDR): An efficient tool to
reveal beneficial epistasis. Methods Enzymol. 2020;643:1-13.
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Purpose: Plant oxylipins, including C18 Trihydroxy fatty acids (THFAs), use as antifungal agents and

adjuvants for vaccine. They have been synthesized by chemical methods, which have
disadvantages such as low yields by multi-step reactions and cause of environmental
pollution. However, the synthesis of THFAs by microorganisms and plants show still too low
concentrations and productivities for industrial synthesis. Here, recombinant Escherichia coli
cells co-expressing bacterial linoleate (LA) 13-lipoxygenase with high isomerization activity
and epoxide hydrolase converted 200 mM of LA, a-linolenic acid (ALA), and y-linolenic acid
(GLA), into 11R,12R,13S-THFAs via epoxy hydroxy fatty acids with high molar yields (>60%)
in a baffled flask. In the conversion, GLA-derived 12S,13S-epoxy-11R-
hydroxyoctadecadienoic acid and 11R,12R,13S-trihydroxyoctadecadienoic acid were
identified as new compounds by NMR analysis. For the production of THFA from safflower oil
as LA source, the content of LA in safflower oil hydrolyzate was increased by adding
adsorbent resin SP207 to the hydrolysis reaction of safflower oil by lipase because palmitic
acid and glycerol were removed through selective binding of the resin. The resin-treated
safflower oil hydrolyzate containing 250 mM LA, which was obtained from 93 g L-1 safflower
oil, was converted into 230 mM 11R,12R,13S-trihydroxyoctadecenoic acid in 24 h, with a
productivity of 9.6 mM h—1 and a molar yield of 92% by the recombinant cells in a bioreactor.
Therefore, we succeeded in the cost-effective, efficient, and environmentally friendly
biotransformation of safflower oil into THFAs.
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Fig. 1. Production of trihydroxy fatty acids by whole recombinant E. coli co-expressing A.
violaceum LA 13S-LOX and M. xanthus EH.

(A) Production of 11R,12R,13S-trihydroxy-9Z-octadecenoic acid (11R,12R,13S-TriHOME)
from linoleic acid (LA) via 12S,13S-epoxy-11R-hydroxy-9Z-octadecenoic acid (12S,13S-
EHOME). (B) Production of 11R,12R,13S-trihydroxy-9Z,15Z-octadecadienoic acid (11R,12R,1
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Fig. 5. Time-course reactions for the production of 11R,12R,13S-TriHOME from LA in
safflower oil hydrolyzate by whole recombinant E. coli cells co-expressing A. violaceum LA

13S-LOX and M. xanthus EH under the optimized reaction conditions.

(A) Biotransformation of LA in safflower oil hydrolyzate obtained without absorbent resin into
11R,12R,13S-TriHOME. (B) Biotransformation of LA in safflower oil hydrolyzate obtained from

absorbent resin treatment into 11R,12R,13S-TriHOME.
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Purpose: Biocatalysis starts a transition phase from default aqueous media to non-aqueous media in

the spirit of Green Chemistry. The use of oxidoreductases (EC1) in non-conventional media is
particularly vital for the synthesis of value-added chiral chemicals.[1] Deep eutectic solvents
(DES) have emerged as a new class of sustainable solvents with tremendous tunability and
biocompatibility.[2,3] Redox biocatalysis in DESs combines the best of two worlds: enzymes’
selectivity and DESs’ designability.[4] Design redox biocatalysis in DESs requires an in-depth
understanding of DES’s impact on enzymes. This stimulates us to study DESs’ effects on
oxidoreductases by assessing the catalytic performance of alcohol dehydrogenases (ADHS) in
DES-water mixtures with the aid of molecular dynamics (MD) simulations.[5-7] Enzymes’
activity was found positively correlated to water activity (aW) due to the changes in solvation
layers surrounding enzymes.[6-7] Individual DES components were first revealed to have
discrepant effects on enzymes, e.g., positive (Gly) or negative (ChCI), promoting the
knowledge-oriented design of a new enzyme-compatible eutectic mixture (ChCI-Gly, 1:9).[7]
We will deepen the study with experimental analyses and in silico simulations (Fig. 1).
Acknowledgment: The authors thank the Deutsche Forschungsgemeinschaft (DFG) (grant
numbers: KA 4399/3-2, SM82/25-2) for the financial support.
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Purpose: Unspecific peroxygenases (UPOs; EC 1.11.2.1) represent a recently discovered subfamily of

predominantly fungal heme-thiolate enzymes. They catalyze a broad range of oxidative
transformations including the selective oxyfunctionalization of unactivated hydrocarbons by
transferring peroxide-borne oxygen. The reaction mechanism of UPOs is similar to the
peroxide shunt pathway of cytochrome P450 monooxogenases but without the requirement
of complex cofactors such as NAD(P)H or electron-transport systems [1]. Additionally,
hydrogen peroxide-driven biocatalysis combines the high oxidation power of H202 and its
environmentally friendly properties with the high efficiency and selectivity of enzymatic
reactions, making UPOs of high interest for biotechnological applications [2].

One major bottleneck so far remains the lack of recombinant functional expression of UPO
genes with satisfactory expression levels [3]. Only recently, it has become possible to produce
small amounts of active UPOs using an Escherichia coli expression system, although this
does not work in the case of all UPO constructs and always occurs without glycosylation [4].

In this study, we report one new peroxygenases from the Basidiomycete Botryobasidium
botryosum (BboUPO), which was successfully obtained, purified, and initially characterized
with respect to its basic biochemical features, utilizing E. coli as expression host. BboUPO
displays oxidation activity in presence of 10% acetonitrile, acetone, and methanol without
exceedingly large decreases in the enzymatic activities.

References: [1] M. Hofrichter, et al. Monooxygenase, peroxidase and peroxygenase properties and
mechanisms of cytochrome P450, 2015, 341-368.
[2] B. Burek, et al. Green Chemistry 2019, 21(12), 3232-3249.
[3] Y. Wang, et al. Curr.Opin Chem. Biol. 2017, 37, 1-9.
[4] D. Linde, et al. Appl. Environ. Microbiol. 2020, 86(7), €02899-19.
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In nature, ferredoxin NADP+ reductase (FNR) is the main flavoenzyme which regenerates
NADPH by receiving the electrons dispensed from photosystem | and catalyzing the two-
electron reduction of NADP+ to NADPH. This catalytic capacity has been harnessed outside
the cell in the so called “electrochemical leaf”.1 Under these conditions, FNR catalyzes the
reversible interconversion of NADPH into NADP+ when it is confined into an electrode
surface. Moreover, this bioelectrocatalytic concept has been exploited as a cofactor
regenerating tool when assembled with cofactor-dependent multi-enzyme systems.2 Among
the reported FNRs, the one from the cyanobacterium Anabaena sp. (AsFNR) has been well
recombinantly expressed in E. coli with relatively high protein yields, thus allowing been
widely studied and kinetically characterized.3 Despite these advantages, AsFNR displays very
poor stability (it is completely inactivated after spending one night stored at 4 °C). This
drawback hampers its application as a robust cofactor-regenerating system in large scale
biotransformations. Several strategies have been focused on increasing the stability of this
enzyme mainly by immobilization and rational mutations.4

Nowadays, the yeast expression system P. pastoris is one of the most popular and standard
tool for the production of recombinant proteins in molecular biology. Overall the benefits of
this strategy include appropriate folding and secretion of recombinant proteins to the external
environment of the yeast cell.5 Moreover, N-glycosylation is one of the most common forms
of protein post-translational modification in this yeast expression system; which is closely
related with the increase in thermal stability of the resulting enzymes.6, 7 Based on these
previous findings, herein we report for the first time the heterologous expression of AsFNR in
P. pastoris aiming at increasing the operational stability of this enzyme through the natural N-
glycosylation process. We have cloned a his-tagged AsFNR construct extracted from a
pET28a vector and inserted it into a pGAPZaA vector. After the successful clone construction,
we optimized the heterologous expression of rAsFNR in P. pastoris in defined and enriched
mediums. Once rAsFNR is secreted to the culture medium, we have purified it by IMAC
chromatography and kinetically characterized. The obtained pure rAsFNR displays higher
melting temperature and higher operational stability than the one expressed in E. coli
expression system.

1 Siritanaratkul, B. et al. Chem. Sci. J. (2017) 8, 4579-4586

2 Armstrong, F. A., Cheng, B., Herold, R. A., Megarity, C. F. & Siritanaratkul, B. Chem. Rev.
(2022)

3 Hermoso, J. A. et al. Journal of Molecular Biology (2002) 319, 1133-1142

4 Bes, M. T., Gomez-Moreno, C., Guisan, J. M. & Fernandez-Lafuente, R. Journal of
Molecular Catalysis A: Chemical (1995) 98, 161-169

5 Yang, Z. & Zhang, Z. Biotechnol. Adv. (2018) 36, 182-195

6 Han, M. et al. Enzyme Microb. Technol. (2014) 54, 32-37

7 Skropeta, D. Bioorganic & Medicinal Chemistry (2009) 17, 2645-2653
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Purpose: Hyaluronic acid or hyaluronan (HA) is a linear anionic non-ramified and non-sulphated
glycosaminoglycan (GAG) composed by repeat units of -1,4-D-glucuronic acid-p-1,3-N-
acetyl-D-glucosamine (Fig. 1). HA plays numerous roles in biological processes due to its
unique structural properties, as mechanical support of cells being the major component of
extracellular matrix, virulence and cell signalling, migration and proliferation. Hyaluronidases
(HAases) comprise a group of enzymes, widely distributed in all kingdoms of life, that
primordially degrades HA, although possess activity towards other GAGs (chondroitin and its
derivatives), thus participating in the referred processes as well. These enzymes can be
divided in three types according to their enzymatic activities: (1) HA endo-$3-1,4-acetyl-
hexosaminidases, which cleave B-1,4 glycosidic linkages to form oligomers with
tetrasaccharides as final products and with GIcNAc at the reducing end (mainly found in
mammals); (2) HA endo-$-1,3-glucuronidases, which cleave -1,3 glycosidic linkages yielding
tetra- or hexa-saccharides with a GIcNAc at the non-reducing end and GIcA at the reducing
end (found in leeches); (3) HA lyases, which catalyse -elimination reactions yielding
unsaturated carbon-carbon bond products, with unsaturated disaccharides as final products
(mainly found in bacteria). In recent years, these enzymes have aroused enormous interest in
the scientific community due to the increasing number of biotechnological applications as
drug delivery, cosmetic surgeries, cancer therapies, HA processing and hyalo-
oligosaccharides (HAOS) preparation [1, 2]. Among microbial sources, fungi hyaluronidases
are less studied in comparison with bacterial ones. The aim of this work was to find new
microbial sources of hyaluronidases focusing on that coming from fungi and the
characterisation of their ability to degrade HA.

A mycelial microorganism not yet characterized was isolated from colloidal chitin containing
minimal media and was screened for the discovery of enzymatic degrading activities towards
different polysaccharides (basically chitin and HA) with positive result. This positive HA-
degrading, apparently fungus, was cultivated in different developed screening media for
HAase activity. Extracellular HAase expression was achieved to its maximum in a minimal
medium containing HA as carbon source. The optimal pH and temperature of crude
enzymatic extract for the degradation of high molecular weight HA were set at 4.5 and 50 °C.
Time-course HA degradation was monitored by HPAEC-PAD and SEC-ELSD developed
methods from cultures and reactions with the protein extracts. Maximal activity was achieved
after 48 h of expression, although activity was observed after only 6 h of expression on
cultures. Main HAOS formed upon prolonged times of reaction were characterized by MALDI-
TOF MS. Product analysis confirmed that main positive mode detected oligomers contained
an unsaturation and, therefore, were produced in a B-elimination manner. However,
oligosaccharides without unsaturation were also detected in negative mode, being the
minimal polymerization degree a tetrasaccharide, thus suggesting the presence of an HA-4-
glycanohydrolase enzyme. To our knowledge, this is the first time that two different HA
degradation modes were detected from an unique fungal organism. Our results suggest a
multi-enzymatic attack to high molecular weight degradation and we are currently performing
transcriptomic analysis of this microorganism in order to characterise the responsible genes
of the observed enzymatic activities.

References: [1] yue-sheng z., biotch. adv. 2022, 60, 108018.
[1] sliadovskii d., sci. rep. 2021, 11, 22600.
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Hyaluronic acid chemical structure representation.
Structural unit of hyaluronan polymer consisted of N-acetyl-D-glucosamine and D-glucuronic
acid. Glycosydic linkage types between sugar units are indicated.
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Purpose: The abundance of industrial and domestic wastes is still neither recycled, nor used in any

other profitable way. Currently, intensively promoted the Circular Economy model implicates
that the generated waste has to re-enter the production line and save valuable recourses.
Each waste material requires specific treatment, and a unified process may not be applied.
For example, polyurethane (PU) is an excellent material that finds its way to be used in many
industrial and domestic products —from insulation to sleeping mattress. Also, nearly half of
the global unrecycled PU waste finds its way into landfills. PU represent 8 % of all plastics
produced annually. The treatment of polyurethane waste by hydrolysis, glycolysis, pyrolysis
demands a substantial amount of energy and has not been applied on a commercial level
because it is economically not favourable. Biocatalysis can be foreseen as one of the
alternative treatment methods to for such type of waste [1,2].

Currently, there are no biocatalytic or green chemical PU utilization technologies or methods.
Some PU are susceptible to enzymatic and microbial degradation [3]. The aim of this research
is to investigate enzymes that could hydrolyse urethane bond in PU. Various environmental
samples have been screened and PU degrading microorganisms were isolated. Urethane
bond hydrolysing enzyme urethanase (GenBank: MK757456.1) was found in Lysinibacillus sp.
strain TBS 101. This bacterium was isolated from Lithuanian soil samples. Recombinant
urethanase was successfully cloned and synthesized. Its ability to hydrolyse a model
substrate —ethyl carbamate (urethane)—has been confirmed by Berthelot reaction. Specific
enzyme activity reached up to 4.4 U/mg in E.coli. Further research is directed towards
increasing the amount of urethanase by using heterologous expression systems, such as
Pichia pastoris yeast, solubility enhancing partner proteins, such as maltose-binding protein
(MBP), and codon optimisation. The attained results in more detail will be presented during
the poster session.

References: [1] A. Kemona et al. Polymers, 2020, 12(8), 1752.
[2] D. Simén et al. Waste Management, 2018, 76, 147-171.
[3] A. Magnin et al. Biotechnology Advances, 2020, 39, 107457.

https://biotrans2023 livescience.io/book-of-posters 207/1202



28/06/2023 09:58

Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

#477 | The Discovery and Characterization of a
Fungal Aldolase with High Formaldehyde Affinity

Presenting
author:

Corresponding
author:

Other authors:

Topic:

Date:

Keywords:

Purpose:

Yonghui XIE of TIANJIN INSTITUTE OF INDUSTRIAL BIOTECHNOLOGY,CHINESE ACADEMY
OF SCIENCES

Xiang SHENG of TIANJIN INSTITUTE OF INDUSTRIAL BIOTECHNOLOGY,CHINESE
ACADEMY OF SCIENCES

Hongjun DONG of TIANJIN INSTITUTE OF INDUSTRIAL BIOTECHNOLOGY,CHINESE
ACADEMY OF SCIENCES

Xiang SHENG of TIANJIN INSTITUTE OF INDUSTRIAL BIOTECHNOLOGY,CHINESE
ACADEMY OF SCIENCES

Enzyme discovery and engineering

04:30 pm - 07:00 pm Poster session

Formaldehyde assimilation / Class Il pyruvate aldolase / Homoserine cycle / Enzyme
discovery

The homoserine cycle is an artificially designed methanol assimilation pathway, relying on two
promiscuous formaldehyde-condensing aldolase reactions [1]. It is expected to outperform
the generally used natural pathways such as the RuMP cycle and the serine cycle. However,
previous study revealed that the low activity of pyruvate aldolase, more specifically the
binding affinity of formaldehyde, represents a limiting factor for the efficiency of the
homoserine cycle [1]. In the present study, we used a genomic enzymology web tool [2],
called Enzyme Function Initiative-Enzyme Similarity Tool (EFI-EST), to mine new aldolases for
the reversible aldol condensation of pyruvate with formaldehyde among the Class Il pyruvate
aldolase. On the basis of the generated sequence similarity networks, we segregated the
family into different functional clusters and selected one from each cluster for the
characterization of formaldehyde-condensing activity by the colorimetric method developed
by ourselves. A number of active aldolases were identified. The one with the highest affinity of
formaldehyde was from fungi and the measured Km value was 0.34mM, which is two orders
of magnitude lower than those precedingly reported [3,4]. The multiple sequence and
structure alignment of aldolases indicate that a hydrophobic flexible loop of the adjacent
subunit may play an important role in the improved binding affinity of pyruvate aldolase
toward formaldehyde. We thus identified a novel aldolase, whose condensation rate and
binding affinity of formaldehyde are high enough to be physiologically applicable, which
opens the way for the application of this unnatural condensation reaction in vivo.
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Sequence Similarity Networks (SSNs) for sequences from the Class Il pyruvate aldolase
generated with EFI-EST.

Alignment score is 60, 45% sequence identity. we selected one from each cluster for the
characterization of formaldehyde-condensing activity.
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The Kinetic Properties of Aldolases for the condensation of pyruvate with formaldehyde.
Aldolase activity was detected by the colorimetric method developed by ourselves, relying on
monitoring the consumption of formaldehyde.
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Heterocycles prevalently exist in the structures of drugs, natural products, and
pharmacologically active synthetic molecules. Motivated by the significance of heterocycles
in medicinal chemistry, chemists have made great effort to unveil the biosynthetic pathways
of heterocycle-containing natural products, resulting in successful identification of enzymes
catalyzing heterocycle formation in NRPs[1,2,3], polyketide-NRP hybrids[4,5], or RiPPs[6].
However, these enzymes typically catalyze intramolecular cyclization reactions on structurally
complex substrates and are featured with limited substrate scope, thus dramatically reducing
their synthetic application in medical chemistry.

Thiazoline and thiazole are two representative heterocycles found in natural products and
drugs such as desferrithiocin, SP-420, SPB01403 and Uloric (as shown in Figure 1A).
Chemical synthesis of thiazoline rings is majorly dependent on the condensation reaction of
2-aminoethane-1-thiol (or its derivatives) with a cyanide group, which is typically derived from
an aldehyde group.[7] Here, we report our discovery of a new enzymatic transformation from
aldehydes to thiazolines. This unique transformation is catalyzed by vanillyl alcohol oxidases
(VAOs), which was previously characterized as a subfamily of FAD dependent oxidase to
catalyze oxidation of alcohols or enantioselective hydroxylation of 4-alkylated phenols (Figure
1B).[8] The VAO-mediated synthesis of thiazolines from aldehydes is achieved via a cascade
reaction, composed of a spontaneous cyclization and enzymatic benzylic oxidation. We found
that VAOs exhibited substrate promiscuity towards a wide range of 4-hydroxybenzaldehyde
derivatives (Figure 1C). Notably, methyl cysteine can also be recognized as the surrogate of 2-
aminoethane-1-thiol, offering new opportunity to achieve the green and efficient synthesis of
the clinical drug SP-420.
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VAO-mediated oxidation of C-N bond for thiazoline synthesis
(A) Representative bioactive thiazoline and thiazole derivatives. (B) Original function of vanillyl
alcohol oxidases (C) chemo-enzymatic synthesis of thiazoline using VAO-mediated oxidation.
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Ascorbic acid (Vitamin C) is a key element in eukaryotes involved in several roles in the cell1.
Apart from being a successful redox system counteracting the deleterious action of Reacting
Oxygen Species (ROS)2, Ascorbic acid is also used as a cofactor in several metal-dependent
monooxygenases responsible, for example, of hydroxylation reactions during collagen
biosynthesis3. In nature, the final step of vitamin C biosynthesis is catalyzed by a class of
flavin dependent enzymes called aldonolactone oxidoreductase4. In animals, the enzyme is
responsible for the oxidation of L-gulono 1,4 lactone to ascorbic acid. The enzyme uses
molecular oxygen as electron acceptor with the flavin cofactor that is covalently bound to the
enzyme with a histidyl linkage. On the other hand, in plants, the enzyme (L-galactono 1,4
lactone dehydrogenase) poorly reacts with oxygen using cytochrome ¢ as electron acceptor,
without having the flavin covalently bound. Despite an extensive biochemical
characterization5,6, no structural data have been reported so far for aldonolactone
oxidoreductases leaving an open question about their mechanism of action.

By applying Ancestral Sequence Reconstruction (ASR) we were able to infer the evolutionary
history of L-galactono 1,4 lactone dehydrogenase. The last common ancestors of
embryophyta and viridiplantae were resurrected and characterized. The enzymes were
recombinantly expressed in E. coli with a high yield. By deleting the mitochondrial target
sequence at the N-terminus of the amino acid sequences the enzymes were purified as
soluble cytoplasmatic proteins. Their substrate scope was investigated by testing a series of
carbohydrates. Finally, the combination of site directed mutagenesis and x-ray
crystallography allowed to highlight key features regarding the mechanism of action of this
class of enzyme.
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Purpose: For many years phenolic compounds have had a strong success in the cosmetic industry due
to their antioxidant, lightening, anti-inflammatory and UV-protection properties [1]. They are
extracted from plants and some pure molecules like Arbutin, Hesperidin, Resveratrol, and
more recently Bakuchiol, acquired a strong reputation.

Flavonoids, including Hesperidin, are a subfamily of polyphenols, with a C6-C3-C6 carbon
skeleton composed of two phenyl rings (A and B) and a heterocyclic ring (C) (formation of ring
C is not achieved in the case of dihydrochalcones) as seen in Figure 1 [2]. This structure
makes flavonoids have low water solubility and low stability depending on substituents of ring
A and B.

Glucosylation, the transfer of a glucose moiety from a donor to an acceptor by enzymatic
reaction, is a way to increase water solubility and stability of phenolic compounds. In the
1990’s Hayashibara developed industrial processes for the alpha-glucosylation of Hesperidin,
Rutin and Naringin using Cyclodextrin glucanotransferase (CGTase) that usually works to
convert starch and dextrins into cyclodextrins. The three flavonoids are natural glucosides
and are recognized as substrate of the CGTase as they are structurally similar to its natural
acceptors. While enzymatic glycosylation requires a specific recognition of substrate by the
enzyme [3] an exhaustive review of the literature revealed that CGTases are able to transfer
one or several glucose units on phenolic aglycones. As example CGTase from
Thermoanaerobacter sp. can modify the following compounds at very variable molar yield
(%): Kaempferol (15%), Pterostilbene (3%), Epigallocatechin gallate (65%), Resveratrol (50%),
Hesperetin (4%) [4, 5, 6, 7, 8]. It appeared that conducting a study on the specificity of a
CGTase to a large panel of phenolic compounds would be of great interest to understand how
the structure of acceptor could influence the efficacy of conversion.

Thirty-one flavonoids, with varied chemical structures, were tested through glucosylation by
CGTase from Thermoanaerobacter sp. As expected, natural glycosides were more prone to
glucosylation and we found 7 aglycones exhibiting conversion yield above 45% (Figure 1). No
absolute structural feature was identified as a predictive criterion for the success of
conversion. However, molecular characteristics seemed to have a positive impact: the
presence of glycosyl (Phloridzin vs Phloretin, Rutin vs Quercetin, Naringin vs Naringenin), the
presence of glucuronyl (Baicalin vs Baicalein), the absence of methylation (Luteolin vs
Hesperetin) and the hydroxylation in position 3 (Myricetin vs Tricetin, Taxifolin vs Eriodictyol).
Then a comparison of epigallocatechin gallate (EGCG) alpha-glucosylation with two enzymes
was conducted: Thermoanaerobacter sp. CGTase using alpha-cyclodextrin as donor and
Dextransucrase (DS) from Leuconostoc mesenteroides NRRL B512F, using sucrose as donor
[9,10]. Reaction medium was purified and fractionated by centrifugal partition
chromatography to separate the different glucosides. Both enzymes mainly produced a
diversity of glucosides of which the major one was a monoglucoside. NMR characterization of
EGCG-G1 revealed that both enzymes generate two different structures: DS was more prone
to create Epigallocatechin gallate 4’-O-glucoside as reported by [11], while CGTase mainly
converts EGCG onto Epigallocatechin gallate 3'-O-glucoside as reported by [6]. Morevover,
CGTase produced a diversity of glucosides where DS specifically synthesized mono- and
diglucoside of EGCG (Figure 2).

Our work provides new insights in the broad diversity of acceptors of CGTase from
Thermoanaerobacter sp. It also underlines the interest of glucosylation with alpha-
transglucosidases that efficiently and specifically modify acceptors from cost-efficient and
renewable material.
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F|g ures: Molecule % of conversion into OH position O-glycosyl / O-glucuronyl* position OCH; position
alpha-glucoside

Apigenin 0 574
Chrysin 0 5.7 - -
Di ti 0 5,73 - 4'
Diosmin 0 5,3 7 4’
Hesperetin 0 53 - 4'
Baicalein 5 5,6,7 -
5773.4,
Tricetin 8 5
3,5,7,8,%,
Gossypetin 10 4
Naringenin 14 5,7, & -
Luteoli 18 5734 -
Phloretin (dihydrochalcone) 26 57,94
Quercetin 28 3.5,7.3.4
Fisetin 32 T35 - -
Hesperidin 36 5.3 7 4’
Neohesperidin 50973 7 4
dihydrochalcone 44
Naringin dihydrochalcone 45 593 7 4
Eriodictyol 47 5 73,4
Morin 47 3,572,4 -
5773,4, -
_Epigall hin gall 50 5
37,3, 4,
Robinetin 59 5
3,5,6,7,3%,
Quercetagetin 60 4'
Baicalin 60 5 6 7*
Rutin 62 574,3 3
3;5:7,3% -
Myricetin 65 4,5
Taxifolin 66 3,5,7,3.4 -
Naringin 68 5, 4" 7
Isoquercitrin 75 57,4, 3 3
Scutellarin 77 56,4 7*
Icariin 80 5 3,7 4’
Neohesperidin 81 5,3 7 4'
Phloridzin (dihydrochalcone) 82 7,94 5

Characteristics of 31 flavonoids involved in transglucosylation with CGTase from
Thermoanaerobacter sp.

The table reports the molar conversion yield of total alpha-glucosides and presents the main

structural features of the molecules.
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EGCG-G3
A. 2%

Distribution of Epigallocatechin gallate glucosides synthesized by Dextransucrase from
Leuconostoc mesenteroides NRRL B512F (A) and Cyclodextrin glucanotransferase from
Thermoanaerobacter sp (B) expressed as percentage of total glucosides.

Epigallocatechin glucosides are grouped under monoglucosides (EGCG-G1), diglucosides
(EGCG-G2), triglucosides (EGCG-G3) and tetra- and polyglucosides (EGCG-4+).
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Purpose: The Pictet—-Spengler reaction offers a valuable route to 1,2,3,4-tetrahydro-B-carboline (THBC)
and isoquinoline molecules. These scaffolds are found in important pharmaceuticals such as
Tadalafil, a phosphodiesterase 5 (PDE5) inhibitor, administered to treat male erectile
dysfunction.[1] Moreover, due to their pharmacological activities they are investigated for their
potential use as antivirals, fungicides, antimalarials, antileishmanial, antithrombotic, analgesic
and anticancer drugs.[2] However, one of the main challenges during the synthesis TBHCs
derivatives is the introduction of chirality of C1. In this sense, a promising alternative to the
traditional organic synthesis strategies is the application of biocalatalysis. Strictosidine
synthases (STRs) catalyze the Pictet—Spengler condensation of tryptamine and the aldehyde
secologanin to give (S) strictosidine as a key intermediate in indole alkaloid biosynthesis
(Scheme 1).[3] Thus, STRs could be valuable asymmetric biocatalysts for applications in
synthesis. In this sense, STRs also accept short-chain aliphatic aldehydes to give
enantioenriched alkaloid products with up to 99% ee.[4] However, a drawback for the
implementation of STRs in the synthesis of pharmaceutical compounds is their low
heterologous overexpression, solubility and stability.

Hence, to overcome this issue the work presented here describes the computer-aided design
of novel enzyme variants based on the STR from Rauvolfia serpentina (RsSTR) with improved
protein solubility and stability. Amino acid changes to increase the stability and/or the
solubility of RsSTR were identified. For this purpose, different bioinformatic tools were used,
thus, positions relevant for the stability were detected using the Protein Repair One-Stop
Shop (PROSS)[5] server and via calculation of ‘stability hot spots’ using the HotSpot Wizard
(FireProt),[6] while mutations reducing the aggregation tendency were predicted with the
webserver SolubiS.[7] Overexpression levels of the different variants were studied in terms of
RsSTR percentage present in the total soluble protein fraction, milligram of RsSTR per gram
of E. coli cells and mg of purified RsSTR per gram of E. coli cells. Protein stability was tested
by quantifying the melting temperature of the variants and the wt. Additionally, to determine
the possible effects that the new introduced amino acid changes could have on the
enzymatic activity, specific activity of the produced SrSTR variants was measured and
compared with the activity displayed by the wt enzyme.

References: [1] a).- A. Daugan, P. Grondin, C. Ruault, A. C. Le Monnier de Gouville, H. Coste, J. M. Linget,
J. Kirilovsky, F. Hyafil and R. Labaudiniéret, J. Med. Chem. 20083, 46, 4533-4542; b).- A.
Daugan, P. Grondin, C. Ruault, A. C. Le Monnier De Gouville, H. Coste, J. Kirilovsky, F. Hyafil
and R. Labaudiniere, J. Med. Chem. 2003, 46, 4525-4532.

[2] J. Wang, F. Gong, T. Liang, Z. Xie, Y. Yang, C. Cao, J. Gao, T. Lu and X. Chen, Eur. J. Med.
Chem. 2021, 225, 113815.

[3] R. Roddan, J. M. Ward, N. H. Keep and H. C. Hailes, Curr. Opin. Chem. Biol. 2020, 55, 69-
76.

[4] D. Pressnitz, E.-M. Fischereder, J. Pletz, C. Kofler, L. Hammerer, K. Hiebler, H. Lechner, N.
Richter, E. Eger and W. Kroutil, Angewandte Chemie, International Edition 2018, 57, 10683-
10687.

[5] a).- A. Goldenzweig, M. Goldsmith, Shannon E. Hill, O. Gertman, P. Laurino, Y. Ashani, O.
Dym, T. Unger, S. Albeck, J. Prilusky, Raquel L. Lieberman, A. Aharoni, I. Silman, Joel L.
Sussman, Dan S. Tawfik and Sarel J. Fleishman, Mol. Cell 2016, 63, 337-346; b).- J. J.
Weinstein, A. Goldenzweig, S. Hoch and S. J. Fleishman, Bioinformatics 2020,

[6] D. Bednar, K. Beerens, E. Sebestova, J. Bendl, S. Khare, R. Chaloupkova, Z. Prokop, J.
Brezovsky, D. Baker and J. Damborsky, PLoS Comput. Biol. 2015, 11, e10045586.

[7] J. Van Durme, G. De Baets, R. Van Der Kant, M. Ramakers, A. Ganesan, H. Wilkinson, R.
Gallardo, F. Rousseau and J. Schymkowitz, Protein Eng. Des. Sel. 2016, 29, 285-289.
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Figures:
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Biocatalytic Pictet-Splenger condensation
Strictosidine synthase synthesis of (S)-strictosidine by Pictet-Splenger condensation of
tryptamine and secologanine
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Purpose: The superfamily of monooxygenase enzymes, the cytochromes P450, catalyze a large
diversity of reactions making them highly interesting biocatalysts for diverse biotechnological
industries. However, to be profitable, biocatalysts need to be both stable and easily recovered
from biocatalytic reactions to reduce the costs involved in their use. The Gillam lab has used
ancestral reconstruction (ASR) to engineer thermostable, yet catalytically promiscuous P450s,
based on xenobiotic-metabolizing P450s. Ancestral P450s have shown increases of up to ~
30 degrees in thermostability compared to their extant counterparts.[1-4] However, the need
to recover biocatalysts from bioreactors, and re-use them if possible, remains a challenge,
since P450s are embedded in a membrane or in cells for most biocatalytic applications,
complicating the recovery and work-up of product. As a biotechnological solution,
encapsulating P450s in virus-like particles (VLPs) would facilitate their recovery and re-use,
since the separation of the biocatalyst from the process bioreactor could be achieved using
centrifugation. At the same time, immobilizing one or multiple enzymes within a VLP has been
shown to improve biocatalysts’ stability against harsh process conditions.[5]

This presentation will focus on co-encapsulating ancestral P450s with their redox partner,
cytochrome P450 reductase (CPR) into VLPs derived from the P22 bacteriophage. P22 VLP is
composed of an assembly of ~420 coat proteins in a non-infectious spherical structure
(~50nm diameter) that do not contain genetic material. With a simple linker between the
native scaffold protein and the biocatalyst, co-expression in Escherichia.coli gives an effective
delivery system where the VLPs encapsulate the biocatalysts of interest.

In the current project, the activity of ancestral P450s towards a luminescent substrate
(MultiCYP) was compared when encapsulated into VLPs compared to embedded in a
membrane. The activity could be supported using different concentrations of oxygen
surrogates, but activity was ~20% lower for P450s in VLPs compared to P450s in bacterial
membranes, a difference that may be related to either greater sensitivity to the damaging
effect of oxygen surrogates or limited transfer of substrate or product across the VLP capsid.
The reusability of ancestral P450s encapsulated into VLPs was assessed using
ultracentrifugation to separate the P450s in VLPs from the reaction mixture containing oxygen
surrogates. While specific activity (i.e. activity per mg protein) was maintained, roughly 85%
loss of total protein was observed over 5 recovery cycles and total activity declined in parallel.
Co-encapsulation of the CPR that naturally supports the P450 activity would avoid the
protein-degrading, use of oxygen surrogates. Two main methods to obtain VLPs co-
encapsulating P450s and CPR have been pursued: firstly, in vitro assembly by reconstitution
from pure proteins; and secondly, in vivo assembly realized directly within the transformed
E.coli expressing the coat protein, P450 fused to the-scaffold protein and CPR fuse to the
scaffold protein. Successful co-encapsulation of ancestral P450s and CPR will enable
prolonged reactions at process-type temperatures with a high recycling capacity.

References: [1] Y. Gumulya., t al., ChemCatChem. 2018, 11, 841-850.
[2] A. G. Bart., et al., Journal of Biological Chemistry. 2020, 295, 5640-5653.
[3] Y. Gumulya., t al., Biochemical journal. 2018, 474, 1-19.
[4] Y. Gumulya., t al., Nature Catalysis. 2018, 1, 878-888.
[5] S. Das., et al., Biochemistry. 2020, 59, 2870-2881.
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Effect of Oxygen surrogates on P450-Glo™ luciferin reactions

P450-Glo™ luciferin reactions were carried out with 40nM P450 (Membrane: bacterial
membrane preparation / VLP: Encapsulated in VLP (P22) by expression with long scaffold
protein) and 50 uM luciferin-MultiCYP. Catalysis was supported using a range of oxyge
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recyclability assay, P450 sample incubate for 30min at 37°C in presence of 40 yM Cumene

Hydroperoxide (to reproduce reactions conditions). Recyclability was done by
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Purpose: Cheese whey (CW) is the main waste stream of dairy industry accounting for ~200 million
tons worldwide with ~40 million tons being produced in the European Union. [1] After protein
recovery, the resulting cheese whey permeate (CWP) contains mainly lactose, thus providing
a pool of carbohydrates (lactose, glucose and galactose) that can be upcycled for the
synthesis of fine and commodity chemicals.

In this project, an integrated bioprocess was set-up for the synthesis of Sugar Fatty Acid
Esters (SFAE) which are valuable non-ionic surfactants. [2] CWP was used both as the
feedstock for enzymatic biotransformations and for growing oleaginous yeasts to produce the
galactose-based “head” and the lipid “tail” of SFAE, respectively (Figure).

As a proof-of-concept, 1-butyl B-D-galactopyranoside was synthesized by reacting
commercial lactose (1 mmol) with 1-BuOH through a transglycosylation reaction catalyzed by
the covalently immobilized B-galactosidase from Aspergillus oryzae in a ternary system
composed of alcohol/acetone/Mcllvane buffer pH 4.3 (50/30/20). Subsequently, 1-butyl 3-D-
galactopyranoside was submitted to the esterification step with commercial palmitic acid in a
solvent-free system at 80 °C by using Novozym 435 as the biocatalyst, affording pure n-butyl
6-0-palmitoyl-B-D-galactopyranoside. Interfacial features and emulsifying properties of the
synthesized SFAE were evaluated. This sugar ester showed promising interfacial features and
was able to stabilize water-in-oil emulsions up to 48 h. [3]

At this point, we moved to the use of the crude CWP as substrate. On the one hand, CWP
was submitted directly to the transglycosylation reaction in 1-BuOH, giving 1-butyl 3-D-
galactopyranoside in a yield comparable to that of the reference process (40%). On the other
hand, microbial lipids were produced by growing oleaginous yeasts on CWP and mango
syrup obtaining cells with a 45% lipid content. Microbial lipids were extracted and their
composition both in terms of lipid species and fatty acid profile was assessed by GC-MS.
Triglycerides are the most abundant lipids (77%) containing almost 50% saturated fatty acids
(palmitic and stearic acids) and mostly oleic acid as the unsaturated component. [4]

The esterification of 1-butyl 3-D-galactopyranoside with the microbial lipids is currently in
progress.
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Purpose: The high increase in the production of a wild range of manmade polymers has become a

huge threat to the environment due to their unabated disposal. The polymeric materials have
very stable chemical bonds, and their xenobiotic nature marks them a rising problem all
around the globe. Among them, the polyurethane family of polymers account for the highest
market share owing to their high resilience, durability, and versatility which ultimately leads to
the generation of huge volumes of plastic waste, posing severe environmental problems. [1]
Polyurethane (PU) is synthesized from two monomers, a diol and a highly toxic and reactive
isocyanate in the presence of some additives. The resulting polymer is characterized for the
urethane bond in its structure, being necessary the use of severe reaction conditions (i.e.
>200 °C) to obtain the depolymerization of this chemical structure. [2] Moreover, state-of-the-
art chemical methods for recycling are not adequate for handling the current volumes of
waste. [3]

In this work, it is proposed a new sustainable approach towards PU degradation by means of
using lonic Liquids (IL) and enzymes as catalysts. ILs are exceptional non-aqueous reaction
media for carrying out both chemo- and biocatalytic processes and they also have been
shown to be an excellent tool to integrate reaction and separation steps. [4] This study aimed
at developing a green recycling pathway for PU by means of a PU-model system. Different
enzyme families coupled with an IL/(bio)catalysts system have been assayed under mild
reaction conditions. The results shown that the combination of suitable IL (e.g., [C4mim]
[NTf2], [N4111] [NTf2], etc), and biocatalyst results in an excellent synergy able to break the
intra-molecular urethane bond of this molecule.

https://biotrans2023 livescience.io/book-of-posters 231/1202



28/06/2023 09:58 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

References: [1] Skleni¢kova, K. Abbrent, S. Halecky, M. Koci, V. and Benes, H. Polyurethane Foam
Residue Biodegradation through the Tenebrio molitor Digestive Tract: Microbial Communities
and Enzymatic Activity. Crit. Rev. Environ. Sci. Technol., 2022, 52, 157-202.

[2] Vanbergen, T. Verlent, |. De Geeter, J. Haelterman, B. Claes L. and De Vos, D. Recycling of
Flexible Polyurethane Foam by Split-Phase Alcoholysis: Identification of Additives and
Alcoholyzing Agents to Reach Higher Efficiencies. ChemSusChem, 2020, 13, 3835-3843.

[3] Simédn, D. Borreguero, A. M. de Lucas, A. and Rodriguez, J. F. Recycling of polyurethanes
from laboratory to industry, a journey towards the sustainability. Waste Manag., 2018, 76,
147-171.

[4] Villa, R. Alvarez, E. Porcar, R. Garcia-Verdugo, E. Luis, S. V. Lozano, P. lonic liquids as an
enabling tool to integrate reaction and separation processes. Green Chem, 2019, 21, 6527-
6544.

Acknowledgements

This work was partially supported by MICINN-FEDER-AEI 10.13039/501100011033 (PID2021-
1246950B-C21/C22 and PDC2022-133313-C21/C22), MICINN -European Union Next
Generation EU-PRTR (TED2021-129626B-C21/C22) and SENECA (21884/PI1/22) for financial
support. J. D. is fellow of the “Maria Zambrano” Program at the University of Murcia (Spain).
R.V is fellow of the “Margarita Salas” Program” at the University of Murcia (Spain).

https://biotrans2023 livescience.io/book-of-posters 232/1202



28/06/2023 09:58 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

Figures:

N NN
[ J TR [\;rwor\x-m.
>

\8/0\ R HN\g/O\ X-0H+ Ho-R

Figure 1
Schema of the degradation reaction of a polyurethane model system by using an IL/enzyme
catalyst system
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Purpose: The screening of enzymatic reactions traditionally relies on photometric and fluorometric

assays, which offer high throughput but are restricted to substrates with the required optical
properties, or on chromatographic methods, which are very general but require analysis times
of several minutes per sample. Mass spectrometry (MS) without chromatographic separation
has the potential to bridge the gap between these two approaches, as it is broadly applicable
and relatively fast (analysis times <1 min/sample). Powerful MS-based high-throughput
screening methods have been reported in recent years,[1-3] but these rely on specialised or
even custom-built equipment, which is accessible to only few research groups.

We have found that flow-injection mass spectrometry (FIA-MS) performed on a common
instrumental platform, single-quadrupole HPLC-MS, can be used for the qualitative and
quantitative analysis of diverse biotransformations. Samples are injected into the eluent flow
of a liquid chromatograph with no column installed and are thus introduced into the
electrospray MS with a throughput of 1 sample per minute. Common organic buffers (e.g.,
bicine, tricine, MOPS) present in the biotransformations can fulfil the function of an internal
standard, allowing a linear quantification of analytes over 1-2 orders of magnitude in
concentration. We demonstrate the application of FIA-MS to the screening of reactions
catalysed by imine reductases, transaminases, methyltransferases, and a strictosidine
synthase, using crude biocatalyst preparations (lysates or whole cells) and straightforward,
plate-based liquid handling workflows. In each case, FIA-MS rapidly generated actionable
insights into enzyme activity and selectivity that were readily confirmed by chromatographic
re-analysis. We are, therefore, convinced that FIA-MS will become a useful additional tool for
the screening of enzymatic reactions.
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Figure 1
Screening of enzymatic reactions by flow injection analysis mass spectrometry

https://biotrans2023 livescience.io/book-of-posters 235/1202



28/06/2023 09:58 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

#509 | A novel bacterial short-chain
dehydrogenase/reductase (SDR) active on
guaiacyl, p-hydroxyphenyl and syringyl
monolignols

Presenting Anna BRILHANTE of BRAZILIAN BIORENEWABLES NATIONAL LABORATORY
author:

Other authors:  Priscila GIUSEPPE of BRAZILIAN BIORENEWABLES NATIONAL LABORATORY
Lucia WOLF of BRAZILIAN BIORENEWABLES NATIONAL LABORATORY

Topic: Enzyme discovery and engineering
Date: 04:30 pm - 07:00 pm Poster session
Keywords: alcohol dehydrogenase / aromatic compounds / lignin / biotransformation

https://biotrans2023 livescience.io/book-of-posters 236/1202



28/06/2023 09:58 Book of posters - BIOTRANS - International Symposium on Biocatalysis & Biotransformations

Purpose: The conversion of lignin-derived aromatics (LDA) into value-added chemicals is a renewable
alternative to support the transition from a fossil-based industry to a sustainable economy
based on renewable sources. Given the heterogeneity of lignin depolymerization products,
convergent biocatalysis performed by microorganisms has emerged as a promising approach
to funneling LDA into target molecules. Biological pathways and enzymes for the catabolism
of aromatic compounds derived from the syringyl (S), guaiacyl (G), and p -hydroxyphenyl (H)
subunits of lignin (e.g. syringate, vanilate, and p-coumarate, respectively) have been
described for some bacterial strains [1] . Despite these advances, there is still little information
regarding the enzymatic strategies for the catabolism of the monolignols coniferyl alcohol (G),
p-coumaryl alcohol (H) and sinapyl alcohol (S). In this work, we identified an aryl-alcohol
dehydrogenase (XarA) from Xanthomonas citri pv. citri 306 that belongs to the short-chain
dehydrogenase/reductases (SDR) superfamily. Its gene (XAC0353) is located close to the
operon of protocatechuate catabolism, a key intermediate in the metabolism of H and G
lignin-derived aromatic compounds. XarA has about 60% sequence identity with a coniferyl
alcohol dehydrogenase from Pseudomonas sp. HR199 (CalAHR199), the only bacterial SDR
active on coniferyl alcohol with experimental data available so far (U.S. Patent Application
Publication No. 2003/0228670 A1). However, the substrate range of CalAHR199 was poorly
investigated and the structural properties defining substrate recognition mechanisms of
bacterial SDRs able to oxidize monolignols are still elusive. Therefore, our group aims to
investigate XarA substrate profile and structure-function relationships using as main
approaches biochemical and biophysical assays in vitro, X-ray diffraction crystallography,
cryo-EM and molecular dynamic simulations. Here, we highlight the main results obtained so
far. Biochemical assays demonstrated that XarA is a NAD+-dependent dehydrogenase, with
optimal activity at 30 °C (pH 10). XarA specific activity on several aryl-alcohols, evaluated by
NADH quantification using HPLC, showed the following profile (relative activity): p-coumaryl
alcohol (100%) > cinnamyl alcohol (83%) > coniferyl alcohol (48%) > sinapyl alcohol (34%) >
4-hydroxybenzyl alcohol (10%) > vanillyl alcohol (3%) > benzyl alcohol (2%), indicating that
XarA has greater activity on aryl alcohols containing longer (propenol) side chains, with a
decrease in specific activity as the degree of methoxylation in the aromatic ring increases,
and only a residual activity on aryl alcohols with shorter (methanol) side chains. XarA formed
crystals in complex with NAD+, which were soaked with coniferyl alcohol and diffracted to 2.9
A resolution. The crystal structure was solved by Molecular Replacement, using an
AlphaFold-generated model structure as template, and model refinement is in progress. SEC-
RALS/LALS assays indicate that XarA forms dodecamers in solution that can dissociate into
smaller oligomers depending on the medium composition. The mechanisms underlying this
oligomeric state transition will be further investigated by cryo-EM analyses. In summary, to
the best of our knowledge, this is the first report of a bacterial SDR family member able to
convert the three main precursors of lignin (G, H and S monolignols) into their respective
aldehydes, the first step required for their entry into catabolic funneling pathways. By
combining structural analyses, molecular dynamics simulations and kinetic studies, we
expect to provide a deeper understanding on the substrate recognition mechanisms that
determine the substrate preference of XarA, thus contributing to the knowledge regarding the
structure-function relationships of SDRs active on monolignols and supporting the
development of biotechnologies for the sustainable production of industrially relevant
bioproducts.

References: [1] Ravi, K. et al, 2019, bioresour. technol., 285, 121327.
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Purpose: Neutrons are scattered from the nuclei and x-rays are scattered from the electrons of the
atoms in a protein crystal. This renders these two scattering probes as being complementary
to each other. The neutrons can see the hydrogen atom positions in a protein crystal. This
allows to determine protonation states of crucial amino acid residues in the active centre of
an enzyme or one can detect water clusters and proton paths to the active centre by locating
water molecules and their exact orientation and hydrogen bonding.

Using the fact that hydrogen has a negative scattering length and deuterium has a positive
one, proteins or DNA can be matched out at different solvent compositions of heavy and light
water. This is heavily used in Small-angle neutron scattering where for example protein-DNA
complexes can be disentangled in solution phase that way. In this contribution neutron
protein crystallography is introduced using the example of alcohol dehydrogenase from the
organism Lactobacillus brevis (LbADH), an enzyme which catalyzes the reduction of prochiral
ketones to the corresponding secondary alcohols [1]. The data set for this project was taken
with the instrument BIODIFF. The neutron single crystal diffractometer BIODIFF at the
research reactor Heinz Maier-Leibnitz (FRM ll) is especially designed to collect data from
crystals with large unit cells. The main field of application is the structural analysis of proteins,
especially the determination of hydrogen atom positions. BIODIFF is a joint project of the
Jilich Centre for Neutron Science (JCNS) and the FRM II. BIODIFF is designed as a
monochromatic instrument with a narrow wavelength spread of less than 3 %. To cover a
large solid angle the main detector of BIODIFF consists of a neutron imaging plate in a
cylindrical geometry with online read-out capability.

BIODFF is equipped with a standard Oxford Cryosystem “Cryostream 700+” which allows
measurements at 100 K. But in case of the alcohol dehydrogenase project, room temperature
data collection was chosen. Here, the crystal was kept in a glass capillary.

The resulting data led to a better understanding of the role of the Magensium ion in substrate
binding and it showed a new hydrogen bonding network close to the active centre of the
enzyme. It also showed nicely the complementary nature of x-ray and neutron protein
crystallography. The metal ion in Figure 1 has not been detected by neutron scattering but it
was easily seen by x-ray scattering. The reason for this lies in a cancellation effect between
the negative scattering length of Manganese ions and the average positive scattering lengths
of Magnesium ions which just cancel to zero in this position. The Magnesium ions were
present in the crystallization condition, but the Manganese lons must stem from the
expression of the protein in the E.coli expression system.

Time permitting, | will show some results on protein crystal growth based on Small-angle
neutron scattering data where radiation damage did not play a role [2]. So, the complete time
and length scale from the monomeric protein molecules to the final protein crystals could be
followed without disturbing the growth of the protein crystals with radiation damage which
would not have been possible using SAXS measurements.

E-mail: t.schrader@fz-juelich.de

References: [1] Hermann et al., Acta Cryst. (2018). F74, 754
[2] Heigl et al., Cryst. Growth Des. 2018, 18, 1483
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Figures:

Figure 1
An neutron omit map of the involved amino acid residues from two copies of the protein

Alcohol dehydrogenase and the water molecules. No density is observed for the central metal

ion.
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Figure 2
The same spot as in Figure 1 in the crystal as seen by x-rays: Here the metal atom is clearly
observed. Figures taken from [1].
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Biocatalytic cascade reactions
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fatty acid valorisation / peroxygenase / selective oxyfunctionalisation / multi-enzyme
cascades

Fatty acids as renewable feedstock are used for the synthesis of a range of products such as
polymer building blocks, paints, coatings, surfactants and lubricants.[1] Biocatalytic
transformations of fatty acids generally relies on pre-existing functional groups, such as the
carboxylate group or C=C-double bonds, enabling (trans)esterification, amidation, reduction
reactions, epoxidation and hydration. Addition of new functionalities into the hydrocarbon
part opens up new possibilities for fatty acid valorization (Scheme 1).

Recently, cytochrome P450 monooxygenases exhibiting alpha-, beta-, delta- or omega-
selectivity for the hydroxylation of non-activated C-H-bonds in fatty acids have been
reported;[2] interestingly fungal peroxygenases also display activity. While peroxygenase-
catalysed hydroxylations benefit from the intrinsically much simpler reaction mechanism
compared to P450 enzymes, their practical usefulness is hampered by their generally low
selectivity towards fatty acids.[3] In our recent protein engineering study on the prototype
evolved peroxygenase from Agrocybe aegerita (AaeUPO-PaDa-I) for selective fatty acid
hydroxylations, a new mutant (AaeUPO-Fett) was reported for high regioselectivity (almost
exclusively located at omega-1).[4]

In this contribution, we extended the synthetic potential of non-functionalised fatty acids as
starting materials for value-added products and building blocks using AaeUPO-Fett as a
promising catalysts to add functionality to the alkyl chain. The primary products (i.e. hydroxyl
fatty acids (esters)) are interesting building blocks for lactone and polyester synthesis. If
oxidised to the corresponding ketoacids, further synthetic possibilities arise as demonstrated
by the Baeyer-Villiger oxidation and the reductive amination reactions in multi-enzyme
cascades, thereby paving the way for new fatty acid valorization pathways.
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Established fatty acid valorisation approaches utilise existing functionalities such as the
carboxylate group or pre-existing C=C-double bonds. In this contribution, we add

functionality via selective, peroxygenase-catalysed hydroxylation enabling further
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Purpose: Global temperatures are expected to rise by at least 2.6 °C by the end of the century, even if
all signatory states effectively carry out the commitments set in the 2015 Paris Agreement,
targeting global mean temperatures below 2 °C by 2100 [1]. It is evident that achieving net
zero emissions would need significant emission reductions, which will make necessary the
investments in novel and technologically advanced solutions as a large share of the
reductions will come from technologies that are currently at the demonstration or prototype
phase.

The mining industry has a high potential for Carbon Capture and Storage (CCS). Enhanced
weathering, where the natural reactions between CO2 and silicate minerals that produce
dissolved bicarbonate ions are accelerated, has the potential to remove substantial amounts
of CO2 from the environment. The global mining industry produces huge volumes of waste
that could be utilized as feedstock for enhanced weathering. The annual global enhanced
weathering potential of mined metal commodity tailings from silicate-hosted deposits is
estimated to 31 and 125% of the industry’s primary emissions. However, current knowledge
suggests that dissolution rates of many minerals are relatively slow, such that only a small
percentage (~-3-21%) of this potential may be realized on timescales of <50 years. Thus,
methodologies for accelerating weathering reactions, must be developed [2].

Carbonic anhydrase (CA) is one of the fastest enzymes in nature, catalyzing the hydration of
CO2 to bicarbonate [3]. Integrating carbonic anhydrase in a natural weathering process, will
boost bicarbonate formation which is key for further carbonate dissolution to form
bicarbonate. The liquid bicarbonate solution, which is a temporary storage form for captured
CO2, could subsequently be pumped into old or mined-out mine shafts/drifts to facilitate
carbonation of the bedrock and thereby storing atmospheric carbon dioxide. Thus, formation
of bicarbonate is strongly urged in order to provide both an efficient CO2 capture step and
easy transportation for further permanent storage.

Aim of this work is to assess a novel evolved CA from Desulfovibrio vulgaris [4,5] for its
potential to enhance the weathering of mine tailing waste. Preliminary results showed that, by
adding CA into an aqueous solution of mine tailing waste, the silicate dissolution rate was
increased 16.45 times at the first 40 min of reaction, while the CO2 capture yield was
improved 2.29 times. The CA was also characterized for its stability towards potential
inhibitors found in mine tailings (e.g. sulfates, carbonates). Further optimization will elucidate
the potential of enzymatic CO2 hydration towards Carbon Dioxide Removal (CDR) practices
to achieve the Paris Agreement ambition and mitigate climate change. This work is supported
by the Swedish Energy Agency funded project TAILOR-MADE (Use of mine tailings to
carbonate minerals by a symbiotic CC and DAC bio-strategy, Dnr number P2022-01123).
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https://www.ipcc.ch/report/ar6/wg2/.
2. Bullock et al. Global Carbon Dioxide Removal Potential of Waste Materials From Metal and
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4. Alvizo, O., Nguyen, L.J., Savile, C.K. et al. (2014). Directed evolution of an ultrastable
carbonic anhydrase for highly efficient carbon capture from flue gas. PNAS, 111(46), 16436-
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Purpose: Transaminases are powerful biocatalysts for the synthesis of chiral primary amines. These

primary amines may then be further reacted to access secondary and/or tertiary amines,
through e.g. spontaneous formation of cyclic imines followed or organo-catalysed Mannich-
reaction,[1] enzymatic or phosphate-catalysed Pictet-Spengler reactions,[2] and Pd-catalysed
arylation.[3] Less explored is the utilization of the newly formed amine in spontaneous SN2-
type reactions.[4] Here, we employ transaminases to form reactive amine intermediates,
which then spontaneously undergo cyclizations via SN2-type reactions to give valuable chiral
2-substituted pyrrolidines and piperidines (Figure 1), a common motif in many active
pharmaceutical ingredients. To this end, a panel of (S)- and (R)-selective amine transaminases
was screened against a variety of substituted chloro-ketones, achieving analytical yields of up
to 90% and enantiomeric excesses of up to >99.5%, with access to both enantiomers. This
strategy was then applied to synthesize (R)-2-(p-chlorophenyl)pyrrolidine on a 300 mg scale,
affording 84% isolated yield, with >99.5% ee.

References: [1] F. Taday, R. Cairns, A. O’Connell, E. O’Reilly, Chem. Commun. 2022, 58, 1697-1700.
[2] V. Erdmann, B. R. Lichman, J. Zhao, R. C. Simon, W. Kroutil, J. M. Ward, H. C. Hailes, D.
Rother, Angew. Chem. Int. Ed. 2017, 56, 12503-12507.
[3] C. M. Heckmann, F. Paradisi, Chem. Eur. J. 2021, 27, 16616-16620.
[4] C. K. Savile, J. M. Janey, E. C. Mundorff, J. C. Moore, S. Tam, W. R. Jarvis, J. C. Colbeck,
A. Krebber, F. J. Fleitz, J. Brands, P. N. Devine, G. W. Huisman, G. J. Hughes, Science 2010,
329, 305-310.
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Figure 1

Transaminase-triggered SN2-type cyclization to 2-substituted pyrrolidines and piperidines.
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Purpose: To combine the attractive features of transition metal catalysis and biocatalysis, artificial
enzymes, which consist of abiological catalytic moieties incorporated into protein scaffolds,
have emerged as a promising strategy to realize non-natural reactions in biocatalysis. LmrR, a
small, homodimeric protein that contains a large hydrophobic pore at its dimer interface, is a
privileged scaffold for artificial metalloenzyme (ArM) design. Here, we incorporated the metal
binding unnatural amino acid bipyridine alanine (BpyAla) into the protein scaffold LmrR
through in vivo stop codon suppression and created a proficient and stereoselective artificial
metalloenzyme (LmrR_XBpy) for catalytic asymmetric Michael addition of 2-acetyl azaarenes
to nitroalkenes (up to 89+0% vyield, 96+1% ee) (Fig 1). In our design, 2-acetyl azaarene 1 is
activated by the new created [Cu-Bpy] site to form the enolate, whereas the aryl substituted
nitroalkene 2 is the Michael acceptor, which is bound by the tryptophan residues (W96 and
W96’) via mi-stacking interactions, to give the addition product 3. Furthermore, derivatizing the
nitro compounds 3 into potential natural products or drug targets renders this methodology
attractive for the green synthesis.

References: [1] (a) Pecoraro, V. L. et al. Chem. Rev. 2014, 114, 3495. (b) Pamies, O.; Diéguez, M.; Backvall,
J.-E. Adv. Synth. Catal. 2015, 357, 1567. (c) Schwizer, F. et al. Chem. Rev. 2018, 118, 142.
[2] (@) Madoori, P. K.; Agustiandari, H.; Driessen A. J. M.; Thunnissen, A.-M. W. H. EMBO J.
2009, 28, 156. (b) Roelfes, G. Acc. Chem. Res. 2019, 52, 545.
[3] (@) Wang, L.; Brock, A.; Herberich B.; Schultz, P. G. Science 2001, 292, 498. (b)
Drienovska3, |.; Rioz-Martinez, A.; Draksharapu, A.; Roelfes, G. Chem. Sci. 2015, 6, 770.
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Fig. 1 Cu-catalyzed asymmetric Michael addition of 2-acetyl azaarenes to nitroalkenes in an

artificial enzyme
This figure shows that our reaction design, inculding reaction mechanism and derivatization of

products.
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Purpose: Terpenoids are a highly diverse group of natural products that are of considerable industrial
interest. Monoterpenoids (C10) are, for example, used as flavour and fragrance ingredients,
as antimicrobials in household products, but also as precursors for anti-cancer drugs and
alternative fuels. Increasingly, engineered microbes are used for the production of terpenoids
to replace natural extracts and chemical synthesis. All terpenoids are produced from the C5
building blocks isopentenyl diphosphate and dimethylallyl diphosphate, which are combined
by prenyl pyrophosphate synthases resulting in substrates of varying lengths. Terpene
synthases (TSs), the enzymes responsible for the wide structural diversity of terpenoids, guide
the linear carbocationic intermediates along one of many cyclisation paths via exertion of
subtle steric and electrostatic control, before the reaction is terminated by deprotonation or
nucleophilic water attack.

In addition to plants, bacteria are a rich source for TS activity. Bioinformatics searches of
available bacterial genomes revealed over 2000 genes with a class | TS domain. In addition to
2-methyl isoborneol and geosmin synthases, TSs long known to be present in soil bacteria,
many classical TSs were identified in a wide variety of bacterial species [1]. Most of these
enzymes consist of a single class | TS domain only and exhibit sesqui- (C15) or di-terpene
(C20) synthase activity. Until recently, only two known bacterial monoterpene synthases
(MTSs) had been identified, a bi-functional linalool/nerolidol synthase (bLinS) and a cineole
synthase (bCinS). Interestingly, these enzymes show a high-level of product fidelity, where
plant MTSs are often highly promiscuous yielding product mixtures. We used a multi-
disciplinary approach involving, data-mining, bio-informatics, X-ray crystallography, site-
directed mutagenesis and computational chemistry to unravel the mechanism of high-fidelity
bacterial TSs.

Linalool is a valuable acyclic monoterpenoid product. bLinS from Streptomyces clavuligerus
produces linalool from geranyl diphosphate (GPP, C10) and nerolidol from farnesyl
diphosphate (FPP, C15). We engineered bLinS for increased linalool production in E. coli by
constricting the active site, improving both linalool titre and purity [2]. bCinS from S.
c