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The University of Basel
• The Basel Hub is (one of) the World’s Headquarter of Life Sciences: Roche, Novartis, 

Actelion, Lonza, Syngenta etc


• University of Basel: oldest in Switzerland from Paracelsus to Wüthrich via Reichsten


• Dpt Chem. 15 Professors with a heavy focus on Life Sciences and Nanotechnology (15 
mio CHF/year external funding); exceptional infrastructure, including newly renovated 
building


• Strong collaboration with the Bio-Systems Science Engineering Dpt of the ETHZ D-BSSE)


• Leading House of a National Centre of Competence in Research “Molecular Systems 
Engineering” (joint with the D-BSSE)


• Ward Group: 22 coworkers, (15 postdocs). Focus on in vivo catalysis and artificial 
metalloenzymes (Director of the NCCR Molecular Systems Engineering)
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The main scientific objectives of THERACAT are:  
 

S1 - Synthesis and characterization of bio-orthogonal 
(nano)catalysts (WP3) 
S2 - Design of novel catalytically-activable prodrugs 
and prodyes (WP4) 
S3 - Effective strategies for the selective delivery of 
catalysts in the cancer site (WP5) 
S4 - An in vivo validation of the antitumor strategy 
using imaging and animal models (WP6) 

propose new solutions for more effective and side effect-free chemotherapy. The key feature of 
THERACAT strategy is the use of bio-orthogonal catalysis to activate chemotherapeutic prodrugs 
selectively and efficiently in the tumour site. The development of a chemical arsenal of catalysts able to 
function in the complex biological media is therefore a main scientific target of THERACAT. 

Catalysis in biological media - State of the art. Combining the progress made in the field of bio-
orthogonal chemical reactions — i.e. that can occur inside of living systems without interfering with their 
processes — and the development of air and water stable transition-metal complexes resulted in the 
emerging of the young field of bio-orthogonal catalysis.4 Transition metals are particularly powerful 
catalysts for this purpose because they catalyse a great diversity of chemical transformations and 
several of them (Pd, Pt, Rh, Ru) do not occur in living cells5, permitting to access a variety of non-natural 
reactions. In a landmark example, Meggers and co-workers showed that Ru-based complexes enabled 
the deallylation of allylcarbamate protected rhodamine dyes in living mammalian cells.6 In 2011, Unciti-
Broceta and co-workers showed that polystyrene particles comprising Pd(0) nanoparticles were also 
capable of this deprotection reaction, but in addition catalysed Suzuki-Miyaura cross-coupling reactions 
inside cells.7  Later, Chen and co-workers showed that also ligand free Pd(II) complexes were efficient in 
catalysing Sonogashira and Suzuki-Miyaura cross-coupling reactions between fluorescent dyes and 
proteins inside bacterial cells.8 Moreover, Ward and co-workers recently showed that the well-known Ru 
metathesis chemistry could be conducted in the periplasm of Escherichia coli as a reaction 
compartment.9 These pioneering reports, many of them published by members of the THERACAT 
consortium, opened the way for the use of bio-orthogonal catalysis as a therapeutic tool. 
Recently, Unciti-Broceta and co-workers put forward an innovative approach for chemotherapy using the 
concept of bio-orthogonal catalysis.10 In this approach, prodrugs such as fluorouracil and gemcitabine 
are locally deprotected by catalytic polystyrene particles in vivo, being toxic only in the implant site.11 
These results represent the first example of catalysis-based chemotherapy and highlight the potential of 
the THERACAT approach to develop bio-orthogonal tools for cancer therapy.   

Future challenges and THERACAT scientific objectives.  
In order to exploit the therapeutic potential of bio-orthogonal catalysis, several scientific and technical 
issues have to be addressed such as: i) the availability of metal-labile protective groups fully stable 
under physiological conditions; ii) highly 
stable and active catalysts system that can 
be implanted or targeted at the site of 
interest; and iii) a full understanding of in 
vivo catalysts localization, catalytic activity, 
toxicity and anticancer activity. Clearly these 
challenges exceed the field of chemistry and 
catalysis and require a broad expertise in a 
variety of fields ranging from chemistry and 
catalysis to biology and imaging. The 
THERACAT consortium comprises several 
renowned European players, both academic 
and industrial, in fields necessary for the 
development of bio-orthogonal therapies and 
combines the knowledge required starting from material synthesis, catalysis activation, in vitro and in 
vivo cancer cell studies up to in vivo animal studies to test the efficacy of the developed systems. The 
collaborations fostered by the ESR secondments as well as by the network-wide meetings will support 
the achievement of objectives that will be unreachable for an individual group or at a national level.  
Consortium Overview. THERACAT comprises 6 academic partners from 5 different countries and 3 
private sector beneficiaries: TEVA and 2 SMEs, Tagworks and Biogelx. Moreover, the consortium 
comprises 3 partners active on scientific communication (Cancer Research UK), on management and 
entrepreneurship (ESADE Business School) and on gender and minorities (UAB-Observatory for 
Equality). The combination of academic, private and society-involved organisation will provide a broad 
and effective training for the 13 ESRs recruited, equipping them with the necessary skills to succeed as 
scientists, industrial researchers and entrepreneurs.  

Associated with document Ref. Ares(2018)973400 - 20/02/2018



Our Approach
• Accumulate a metal catalyst on the surface of cancer cells


• A prodrug is uncaged thanks an in vivo compatible metal 
catalyst accumulated on the cancer cell


• human Carbonic Anhydrase IX (hCA IX) is over-expressed 
on the surface of various cancer cells


• Arylsulfonamides are high-affinity inhibitors for hCA IX


• Use hCA IX to localize and accumulate a metal catalyst on 
cancer cell to site-specifically uncage the drug
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Carbonic anhydrase II as host protein for the
creation of a biocompatible artificial metathesase†

Jingming Zhao, Anna Kajetanowicz and Thomas R. Ward*

An artificial metathesase results from incorporation of an Hoveyda-Grubbs catalyst bearing an arylsulfon-

amide anchor within human carbonic anhydrase II. The optimization of the catalytic performance is

achieved upon combining both chemical and genetic means. Up to 28 TONs were obtained within four

hours under aerobic physiological conditions.

Artificial metalloenzymes result from the incorporation of an
abiotic cofactor within a host protein.1 With biomedical appli-
cations in mind, it would be desirable to capitalize on a host
protein which is overexpressed on the surface of cancer cells.
Accumulation of the abiotic cofactor, which displays high
affinity for the latter protein, may allow to site-specifically
uncage a drug.2 In this context, the ring-closing metathesis
(RCM) is an attractive reaction as unactivated diolefins can be
viewed as bioorthogonal. Furthermore, the intramolecular
nature of the RCM may facilitate the reaction under highly
dilute aqueous conditions.3 Herein, we report on our efforts to
exploit human Carbonic Anhydrase II (hCA II hereafter) for the
creation of a biocompatible artificial metathesase, Scheme 1.
Certain forms of cancer overexpress hCA IX, a membrane
bound variant of hCA. These arylsulfonamide binding proteins
are thus privileged targets for cancer therapy.2,4a

Introduction of an arylsulfonamide-anchor on an Hoveyda-
Grubbs 2nd generation-type catalyst ensures its localization
within carbonic anhydrase.4 For this purpose, complexes Boc-1,
Boc-2 and Boc-3,5 were deprotected in situ and reacted with
4-sulfamoylbenzoic acid to afford the corresponding sulfon-
amide-bearing metathesis cofactors 1, 2 and 3, Scheme 2 (see
ESI† for full Experimental details).

The catalytic performance of the artificial metathesases was
evaluated using the ring-closing metathesis of N-tosyl diallyl-
amine in the presence of 1 mol% ruthenium. To ensure an
homogeneous mixture, water/DMSO (9/1) was selected.

Comparison of catalysts 1–3 in the absence of hCA II at pH
6.0 in the presence of 0.1 M MgCl2 reveals that the bulkiest
catalyst 2 outperforms catalysts 1 and 3 (Table 1, entries 1–3).
The same trend is observed upon incorporation of the cofac-
tors 1–3 into WT hCA II (Table 1, entries 4–6). Catalyst 2 was

thus selected for further optimization. With no MgCl2 added
and at pH 7.0, catalyst 2 and the corresponding metathesase 2
⊂ WT hCA II afforded 23 and 14 turnovers after four hours at
37 °C. Performing catalysis under strict exclusion of oxygen
yielded very similar results.

Reactions carried out at pH 7.0 and in the presence of
154 mM NaCl (corresponding to physiological conditions)
yielded 32 and 21 TONs for 2 and 2 ⊂ WT hCA II respectively
(Table 1, entries 15 and 16). As can be appreciated, the TON of
the catalyst is pH dependent, both in the presence and in the
absence of hCA II. The best performance is obtained at lower
pH and high salt concentration (Table 1, entries 12 and 13). As
for other artificial metalloenzymes, we do not believe that the
pI of the host protein influences significantly the catalyst
performance.6

Compared to the other four artificial metathesases reported
to date,3a–e the system presented herein presents the following
advantageous features (Table 2): (i) it does not require an inert
atmosphere; (ii) the substrate concentration is the lowest of all
systems reported to date; (iii) except for the metathesase based
on FhuA (which requires SDS, a surfactant), it displays the
highest turnover frequency and (iv) it catalyses RCM at pH 7.0,
temperature 37 °C and physiological [NaCl] concentrations.
These results thus suggest that WT hCA II is a suitable host
for the creation of artificial metathesases operating under
physiological conditions and at low catalyst concentrations
(i.e. 10 µM).

To gain insight into the localization of rac-2 within WT hCA
II, both enantiomers were docked using the GOLD program,7

Fig. 1. As can be appreciated, the cofactor fits nicely within the
cone-shaped binding funnel of hCA II, presenting its alkyl-
idene moiety at the surface of the protein (Fig. 1). With the aim
of improving the TON of the artificial metathesase, residues
I91, F131, L198, K170 were subjected to site-directed mutagen-
esis (Table 1, entries 20–27). Lypophylic, polar and potentially
coordinating aminoacid residues were engineered into these
positions. A selection of mutants tested is presented in

†Electronic supplementary information (ESI) available. See DOI: 10.1039/
c5ob00428d

Department of Chemistry, University of Basel, Spitalstrasse 51, CH-4056 Basel,
Switzerland. E-mail: thomas.ward@unibas.ch

This journal is © The Royal Society of Chemistry 2015 Org. Biomol. Chem.
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Directed evolution of artificial metalloenzymes for 
in vivo metathesis
Markus Jeschek1, Raphael Reuter2, Tillmann Heinisch2, Christian Trindler2, Juliane Klehr2, Sven Panke1§ & Thomas R. Ward2§

The field of biocatalysis has advanced from harnessing natural 
enzymes to using directed evolution to obtain new biocatalysts 
with tailor-made functions1. Several tools have recently been 
developed to expand the natural enzymatic repertoire with 
abiotic reactions2,3. For example, artificial metalloenzymes, which 
combine the versatile reaction scope of transition metals with the 
beneficial catalytic features of enzymes, offer an attractive means 
to engineer new reactions. Three complementary strategies exist3: 
repurposing natural metalloenzymes for abiotic transformations2,4; 
in silico metalloenzyme (re-)design5–7; and incorporation of 
abiotic cofactors into proteins8–11. The third strategy offers the 
opportunity to design a wide variety of artificial metalloenzymes 
for non-natural reactions. However, many metal cofactors are 
inhibited by cellular components and therefore require purification 
of the scaffold protein12–15. This limits the throughput of genetic 
optimization schemes applied to artificial metalloenzymes and their 
applicability in vivo to expand natural metabolism. Here we report 
the compartmentalization and in vivo evolution of an artificial 
metalloenzyme for olefin metathesis, which represents an archetypal 
organometallic reaction16–22 without equivalent in nature. Building 
on previous work6 on an artificial metallohydrolase, we exploit the 
periplasm of Escherichia coli as a reaction compartment for the 
‘metathase’ because it offers an auspicious environment for artificial 
metalloenzymes, mainly owing to low concentrations of inhibitors 
such as glutathione, which has recently been identified as a major 
inhibitor15. This strategy facilitated the assembly of a functional 
metathase in vivo and its directed evolution with substantially 
increased throughput compared to conventional approaches 
that rely on purified protein variants. The evolved metathase 
compares favourably with commercial catalysts, shows activity 
for different metathesis substrates and can be further evolved in 
different directions by adjusting the workflow. Our results represent 
the systematic implementation and evolution of an artificial 
metalloenzyme that catalyses an abiotic reaction in vivo, with 
potential applications in, for example, non-natural metabolism.

In the past decade, the biotin–streptavidin technology has proven to 
be versatile for generating artificial metalloenzymes12,23–26. This ver-
satility may be traced back to the non-covalent affinity of biotinylated 
organometallic cofactors for streptavidin (SAV), which ensures their 
quantitative anchoring in an evolvable protein scaffold. To customize 
this system for in vivo applications, we designed a strain for periplasmic 
expression of SAV (SAVperi) in E. coli. The resulting strain revealed 
good secretion of functional SAV into the periplasm with no detectable 
contamination in the cytoplasm (Fig. 1b).

Staining E. coli cells that harbour SAVperi with Atto-565-biotin 
yielded a persisting strong fluorescent signal as determined by flow 
cytometric analysis, whereas the dye-treated strain lacking SAVperi 
exhibited only low fluorescence (Fig. 1b). These experiments con-
firm the biotin-binding activity of SAVperi and suggest that large 
hydrophobic biotinylated probes (weight-averaged molecular mass 

of Atto-565-biotin, Mw(Atto-565-biotin) =  922 Da) are taken up into 
the periplasm.

Next, we selected a biotinylated Hoveyda–Grubbs second-generation 
catalyst (biot-Ru hereafter) to complete the holoenzyme (Fig. 1c)27. 
Previous experiments using purified SAV revealed that, upon incorpo-
ration within SAV, the biot-Ru–SAV complex catalyses the ring-closing 
metathesis (RCM) of the umbelliferone precursor 1 to afford umbellif-
erone 2. Despite its poor performance as an RCM substrate in water27, 
we hypothesized that the formation of fluorescent umbelliferone 2, 
albeit in low yield, would offer an attractive means to monitor and 
evolve catalytic performance in vivo. Spiking an aqueous reaction mix-
ture with glutathione (GSH; 10 equiv. versus 50 µ M catalyst) led to 
complete inhibition of biot-Ru–SAV; no umbelliferone 2 was detected. 
By contrast, upon addition of glutathione disulfide (GSSG) instead 
of GSH (10 equiv. versus 50 µ M catalyst), the metathesis activity of 
biot-Ru–SAV was maintained (Extended Data Table 1). This suggests 
that the periplasm may indeed offer a suitable environment to harbour 
the artificial metathase, because GSH is present in this compartment 
mainly in its oxidized GSSG form.

To confirm the assembly of the artificial metalloenzyme biot-Ru–
SAV within the periplasm, various E. coli strains were treated with the 
cofactor biot-Ru. Following incubation and washing, the ruthenium 
content was quantified by inductively coupled plasma optical emis-
sion spectrometry (ICP-OES; Fig. 1c). Although some unspecifically 
bound ruthenium is present in cells either without SAV at all (SAV−; 
approximately 26,000 atoms per cell) or with cytoplasmic SAV (SAVcyto; 
approximately 31,000 atoms per cell), a threefold increase in ruthenium 
concentration was detected in the presence of SAVperi (approximately 
80,000 atoms per cell), which suggests that biot-Ru transits through 
the outer membrane and accumulates in SAVperi.

Next, we added the diolefin substrate 1 to E. coli cells bearing 
biot-Ru–SAVperi. RCM activity yielding umbelliferone 2 was moni-
tored by fluorescence (Fig. 1d). In contrast to the strain containing only 
the apoenzyme SAVperi, metathesis activity could be unambiguously 
detected only for E. coli cells containing the artificial metalloenzyme 
biot-Ru–SAVperi (Fig. 1d, photograph). Most importantly, quantifica-
tion of the fluorescent signal revealed detectable metathesis activity 
for the strain containing biot-Ru–SAVperi, whereas the free cofactor is 
largely inhibited in vivo in the absence of the SAV scaffold (Fig. 1d, bar 
chart). These experiments confirm: (i) that there is no E. coli-derived 
background RCM activity (that is, RCM is bio-orthogonal); (ii) that 
the bare metathesis cofactor biot-Ru is severely inhibited in E. coli; and 
(iii) that the periplasm is a propitious compartment to perform RCM 
with biot-Ru–SAVperi.

To the best of our knowledge, these results represent the first report 
of the assembly of an artificial metalloenzyme in a whole-cell set-up and 
its subsequent use as a catalyst in an abiotic transformation in cellulo.  
By contrast, organometallic-mediated transformations performed so 
far in a cellular environment typically require multiple equivalents of 
the precious metal to achieve conversion28.

1Department of Biosystems Science and Engineering, ETH Zurich, Basel CH-4058, Switzerland. 2Department of Chemistry, University of Basel, Basel CH-4056, Switzerland.
§ These authors jointly supervised this work.

© 2016 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

E. coli surface display of streptavidin for directed
evolution of an allylic deallylase†

Tillmann Heinisch,‡a Fabian Schwizer, ‡a Brett Garabedian,a Eszter Csibra,b

Markus Jeschek,c Jaicy Vallapurackal,a Vitor B. Pinheiro, b Philippe Marlière,d

Sven Pankec and Thomas R. Ward*a1

Artificial metalloenzymes (ArMs hereafter) combine attractive features of both homogeneous catalysts and

enzymes and offer the potential to implement new-to-nature reactions in living organisms. Herein we

present an E. coli surface display platform for streptavidin (Sav hereafter) relying on an Lpp-OmpA

anchor. The system was used for the high throughput screening of a bioorthogonal CpRu-based artificial

deallylase (ADAse) that uncages an allylcarbamate-protected aminocoumarin 1. Two rounds of directed

evolution afforded the double mutant S112M–K121A that displayed a 36-fold increase in surface activity

vs. cellular background and a 5.7-fold increased in vitro activity compared to the wild type enzyme. The

crystal structure of the best ADAse reveals the importance of mutant S112M to stabilize the cofactor

conformation inside the protein.

Introduction
A new generation of green, sustainable and biocompatible
catalysts is a prerequisite to produce the ne chemicals and
complex drugs of the future.1 ArMs consist of an organometallic
moiety anchored within a protein scaffold thereby combining
some of the most attractive features of both homogeneous
catalysis and biocatalysis. In the last two decades, numerous
reports have highlighted the potential of such biohybrid cata-
lysts: (i) to catalyze new-to-nature transformations in water at
room temperature, (ii) the possibility to improve the ArM's
performance via chemo-genetic or directed evolution optimi-
zation schemes, and (iii) their integration in enzymatic
cascades.2–5 Various strategies have been pursued toward the
assembly of ArMs either via repurposing of natural metal-
loproteins or by anchoring a synthetic metal cofactor within
a protein scaffold.6–11 Covalent-, dative- and supramolecular
anchoring strategies have all been pursued with varying degrees
of success.

The design and optimization process is most versatile when
a combination of (i) structure-based cofactor design, (ii) in silico

screening12,13 and (iii) directed evolution schemes are applied.
Directed evolution offers virtually innite sampling of protein
space. In reality however, only a small fraction of the protein
sequence space can be assessed due to the limited throughput
of the screen.

The biotin-streptavidin technology ranks amongst the most
versatile platforms for the generation of ArMs.8,14,15 In the past,
the throughput of Sav-based ArMs screens has been limited by
the presence of cellular inhibitors (mainly glutathione),
poisoning the transition metal, thus requiring screening with
puried Sav samples. Two strategies have been introduced to
overcome this challenge: (i) addition of thiol scavengers to
cellular extracts16–18 and (ii) Sav secretion into E. coli's periplasm
that contains low concentrations of reduced thiols.19 As a proof-
of-principle, we demonstrated that a Sav-based articial met-
alloenzyme for ring-closing metathesis could be assembled and
evolved in the periplasm of E. coli.19 Integration of new-to-
nature reactions in a microbial organism offers fascinating
perspectives in chemical- and synthetic biology. Sav-based ArMs
assembled in the periplasm however require the passive diffu-
sion of the biotinylated metal cofactor across the E. coli outer
membrane.

To circumvent this limitation, we reasoned that an E. coli
surface display might offer an attractive means to assemble an
ArM while maintaining the critical phenotype–genotype linkage
to allow evolving the biohybrid catalyst. Towards this goal, we
identied the following challenges: (i) create a high-
performance bioorthogonal ArM, (ii) identify a uorogenic
substrate that is uncaged in the presence of low catalyst
concentrations (!1 mM) in the presence of a living cell, (iii)
develop a platform to display Sav on E. coli's outer membrane,

aDepartment of Chemistry, University of Basel, Mattenstrasse 24a, Basel CH-4002,
Switzerland2

bInstitute of Structural and Molecular Biology, University College London, Gower
Street, London, WC1E 6BT, UK
cDepartment of Biosystems Science and Engineering, ETH Zurich, Mattenstrasse 26,
Basel CH-4058, Switzerland
dHeurisko USA Inc., Delaware, USA

† Electronic supplementary information (ESI) available. See DOI:
10.1039/c8sc00484f

‡ Authors contributed equally.
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A cell-penetrating artificial metalloenzyme
regulates a gene switch in a designer mammalian
cell
Yasunori Okamoto 1, Ryosuke Kojima 2,3, Fabian Schwizer1, Eline Bartolami 4, Tillmann Heinisch1,
Stefan Matile4, Martin Fussenegger 2 & Thomas R. Ward1

Complementing enzymes in their native environment with either homogeneous or hetero-

geneous catalysts is challenging due to the sea of functionalities present within a cell. To

supplement these efforts, artificial metalloenzymes are drawing attention as they combine

attractive features of both homogeneous catalysts and enzymes. Herein we show that such

hybrid catalysts consisting of a metal cofactor, a cell-penetrating module, and a protein

scaffold are taken up into HEK-293T cells where they catalyze the uncaging of a hormone.

This bioorthogonal reaction causes the upregulation of a gene circuit, which in turn leads to

the expression of a nanoluc-luciferase. Relying on the biotin–streptavidin technology, varia-

tion of the biotinylated ruthenium complex: the biotinylated cell-penetrating poly(disulfide)

ratio can be combined with point mutations on streptavidin to optimize the catalytic uncaging

of an allyl-carbamate-protected thyroid hormone triiodothyronine. These results demonstrate

that artificial metalloenzymes offer highly modular tools to perform bioorthogonal catalysis in

live HEK cells.

DOI: 10.1038/s41467-018-04440-0 OPEN

1 Department of Chemistry, University of Basel, Mattenstrasse 24a, BPR 1096, CH-4058 Basel, Switzerland. 2 Department of Biosystems Science and
Engineering, ETH Zurich, Mattenstrasse 26, CH-4058 Basel, Switzerland. 3 Graduate School of Medicine, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku,
Tokyo 113-0033, Japan. 4Department of Organic Chemistry, University of Geneva, CH-1211 Geneva, Switzerland. These authors contributed equally: Yasunori
Okamoto, Ryosuke Kojima, Fabian Schwizer. Correspondence and requests for materials should be addressed to S.M. (email: Stefan.Matile@unige.ch)
or to M.F. (email: martin.fussenegger@bsse.ethz.ch) or to T.R.W. (email: thomas.ward@unibas.ch)
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An	artificial	deallylase	is	constituted	on	the	E.	coli	surface	and	genetically	optimized	for	the	
deprotection	of	caged	aminocoumarin.	
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hCA as Host Protein

THERACAT   GA number: 765497 
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Objectives: 1. Identify metathesis catalyst activated upon binding to hCA IX; 2. Uncage cargo (fluorophore or drug) by ring-
closing metathesis; 3. Fluorophore- or Drug-release by ring-closing metathesis on the surface of cancer cell overexpressing 
hCA IX. 
Description: In the past decade, the Ward group has developed a 
series of artificial metalloenzymes for a variety of bio-orthogonal 
reactions. For this purpose, a catalyst precursor (green) is activated 
upon incorporation within a host protein (ribbon display) via a high 
affinity anchor (blue). We have shown in the past that i) hCA II is 
an outstanding host for the creation of artificial metathases and ii) 
artificial metathases are fully biocompatible, air stable and can be 
performed in vivo.4 To target the tumour site, it is proposed to 
exploit hCA IX to specifically accumulate and activate a metathesis 
catalyst on the surface of cancer cells. With this goal in mind, the 
fluorinated sulfonamide anchor will be linked via a spacer (red) to a 
metathesis catalyst. Initial experiments will be carried out with 
diallyl-N-tosylamide as model substrate. Having identified an active metathesis catalyst for incorporation within hCA IX, the 
artificial metathase will be screened for its RCM activity towards an heptatriene substrate bearing either a caged fluorophore or 
a caged drug. Upon RCM, a spontaneous elimination occurs via an aromatic transition state, thus uncaging the fluorophore or 
the drug. For the synthesis of the triene substrates, ESR10 will spend three months at EDI. Having identified a suitable 
precatalyst, activated upon incorporation in hCA IX, experiments will be performed in the presence of cells overexpressing hCA 
IX on their cell surface. To facilitate its delivery to cancer cells, the catalyst precursor will be non-covalently incorporated in a 
variety of delivery vectors including:, hydrogels, micelles, SCNPs, lipidic NPs. For this purpose, ESR10 will spend 3 months at 
TEVA to adapt their NPs to the delivery of the metathesis catalyst. 

Planned secondments: EDI – synthesis of 
caged prodrugs (M27, 3 months); TEVA – 

encapsulate catalyst in lipid NP (M36, 3 months). 

Expected results (deliverables): synthesis of five metathesis catalysts 
(D5.1); reactivity profile of two caged fluorophores and one drug uncaged 

upon RCM (D5.3); reactivity profile upon incorporation within hCA IX (D5.3) 
 

ESR 11 - EDI Pd in vivo implants and Pd-
activatable tools 

PhD: 
Yes 

Deliv.: 
6.2 - 6.4 

Start 
date: M9 

Duration 
36 WP6 

Objectives: 1. Synthesis of Pd-implants; 2. Synthesis of probes; 3. Validation of Pd-mediated activation in vitro; 4. In vivo 
compatibility studies of Pd-implants; 5. Demonstration of Pd-triggered probe activation in vivo.    
Description: The student will develop novel implantable Pd-devices and a range of chemical tools that will allow us to evaluate 
the catalytic activity of metallic Pd in vivo (e.g. surgically-implanted in tumour xenografts or tissues) and expend its scope. To 
facilitate surgical implantations, Pd-devices of appropriate size (> 4mm) will be developed. ESR11 will investigate the 
manufacture of larger devices by physically merging them in an appropriate mould. To enable the localised use of naked Pd 

nanoparticles (NP), a 
novel technique will be 
tested in which NP are 
“bagged” in sealed 
sachets made out of 
dialysis tubing. The 
catalytic capabilities of 
Pd-implants will be 
investigated using Pd-

responsive sensors prepared from well-established fluorescent, bioluminescent and chemoluminiscent reagents (see Figure) 
and tetrazines (for click-to-release strategies, ESR12). Masking of reagents’ strategic groups will block their reporting properties, 
which will only be restored upon Pd catalysis (see Figure). In vitro comparative analysis of the probes will allow ranking the best 
probes for in vivo sensing. In collaboration with consortium partners, animal studies will be performed to determine the 
compatibility of the devices. After tumour mass formation, devices will be surgically implanted in the tumour and the chosen 
sensor/protetrazine intravenously-administered. Mice health will be monitored over time and sensor activation analysed by non-
invasive in vivo optical imaging. 

Planned secondments: BGX – gel-
based implants (M21, 3 months); TAU 

– in vivo imaging (M36, 3 months). 

Expected results (deliverables): Synthesis of Pd-implants (D6.2); Synthesis of 6-8 
probes (D6.2); Pd-mediated sensor activation ranked by reaction kinetics (D6.3); 2-4 
implants show total biocompatibility (D6.2); In vivo activation of probes / tools (D6.4) 

 

ESR 12 - TAG in vivo click and click-to-release 
strategies for catalysts 

PhD: 
Yes 

Deliv.: 
6.3, 6.4 

Start 
date: M9 

Duration 
36 WP6 

Objectives: 1. Develop in vivo radioimaging approaches for bio-orthogonal catalysts; 2. Develop in 
vivo radioimaging approaches for the bio-orthogonal substrate; 3. Develop catalyst activation 
approaches based on click-release chemistry in vivo. 
Description: ESR12 will develop in vivo click-conjugation and click-release chemistry to aid the 
development and improve the function of bio-orthogonal catalysts. Click-conjugation chemistry will 
be used to radiolabel and image catalysts and their activity in vivo. Depending on the nature of the 
catalyst the radiolabeling will occur pre- or post-catalyst administration. In addition, radioimaging 
agents will be designed that localize at the target following catalyst-mediated uncaging. Regarding 
click-release chemistry, the ESR will develop strategies to activate target-localized catalysts, 
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Objectives: 1. Identify metathesis catalyst activated upon binding to hCA IX; 2. Uncage cargo (fluorophore or drug) by ring-
closing metathesis; 3. Fluorophore- or Drug-release by ring-closing metathesis on the surface of cancer cell overexpressing 
hCA IX. 
Description: In the past decade, the Ward group has developed a 
series of artificial metalloenzymes for a variety of bio-orthogonal 
reactions. For this purpose, a catalyst precursor (green) is activated 
upon incorporation within a host protein (ribbon display) via a high 
affinity anchor (blue). We have shown in the past that i) hCA II is 
an outstanding host for the creation of artificial metathases and ii) 
artificial metathases are fully biocompatible, air stable and can be 
performed in vivo.4 To target the tumour site, it is proposed to 
exploit hCA IX to specifically accumulate and activate a metathesis 
catalyst on the surface of cancer cells. With this goal in mind, the 
fluorinated sulfonamide anchor will be linked via a spacer (red) to a 
metathesis catalyst. Initial experiments will be carried out with 
diallyl-N-tosylamide as model substrate. Having identified an active metathesis catalyst for incorporation within hCA IX, the 
artificial metathase will be screened for its RCM activity towards an heptatriene substrate bearing either a caged fluorophore or 
a caged drug. Upon RCM, a spontaneous elimination occurs via an aromatic transition state, thus uncaging the fluorophore or 
the drug. For the synthesis of the triene substrates, ESR10 will spend three months at EDI. Having identified a suitable 
precatalyst, activated upon incorporation in hCA IX, experiments will be performed in the presence of cells overexpressing hCA 
IX on their cell surface. To facilitate its delivery to cancer cells, the catalyst precursor will be non-covalently incorporated in a 
variety of delivery vectors including:, hydrogels, micelles, SCNPs, lipidic NPs. For this purpose, ESR10 will spend 3 months at 
TEVA to adapt their NPs to the delivery of the metathesis catalyst. 

Planned secondments: EDI – synthesis of 
caged prodrugs (M27, 3 months); TEVA – 

encapsulate catalyst in lipid NP (M36, 3 months). 

Expected results (deliverables): synthesis of five metathesis catalysts 
(D5.1); reactivity profile of two caged fluorophores and one drug uncaged 

upon RCM (D5.3); reactivity profile upon incorporation within hCA IX (D5.3) 
 

ESR 11 - EDI Pd in vivo implants and Pd-
activatable tools 

PhD: 
Yes 

Deliv.: 
6.2 - 6.4 

Start 
date: M9 

Duration 
36 WP6 

Objectives: 1. Synthesis of Pd-implants; 2. Synthesis of probes; 3. Validation of Pd-mediated activation in vitro; 4. In vivo 
compatibility studies of Pd-implants; 5. Demonstration of Pd-triggered probe activation in vivo.    
Description: The student will develop novel implantable Pd-devices and a range of chemical tools that will allow us to evaluate 
the catalytic activity of metallic Pd in vivo (e.g. surgically-implanted in tumour xenografts or tissues) and expend its scope. To 
facilitate surgical implantations, Pd-devices of appropriate size (> 4mm) will be developed. ESR11 will investigate the 
manufacture of larger devices by physically merging them in an appropriate mould. To enable the localised use of naked Pd 

nanoparticles (NP), a 
novel technique will be 
tested in which NP are 
“bagged” in sealed 
sachets made out of 
dialysis tubing. The 
catalytic capabilities of 
Pd-implants will be 
investigated using Pd-

responsive sensors prepared from well-established fluorescent, bioluminescent and chemoluminiscent reagents (see Figure) 
and tetrazines (for click-to-release strategies, ESR12). Masking of reagents’ strategic groups will block their reporting properties, 
which will only be restored upon Pd catalysis (see Figure). In vitro comparative analysis of the probes will allow ranking the best 
probes for in vivo sensing. In collaboration with consortium partners, animal studies will be performed to determine the 
compatibility of the devices. After tumour mass formation, devices will be surgically implanted in the tumour and the chosen 
sensor/protetrazine intravenously-administered. Mice health will be monitored over time and sensor activation analysed by non-
invasive in vivo optical imaging. 

Planned secondments: BGX – gel-
based implants (M21, 3 months); TAU 

– in vivo imaging (M36, 3 months). 

Expected results (deliverables): Synthesis of Pd-implants (D6.2); Synthesis of 6-8 
probes (D6.2); Pd-mediated sensor activation ranked by reaction kinetics (D6.3); 2-4 
implants show total biocompatibility (D6.2); In vivo activation of probes / tools (D6.4) 

 

ESR 12 - TAG in vivo click and click-to-release 
strategies for catalysts 

PhD: 
Yes 

Deliv.: 
6.3, 6.4 

Start 
date: M9 

Duration 
36 WP6 

Objectives: 1. Develop in vivo radioimaging approaches for bio-orthogonal catalysts; 2. Develop in 
vivo radioimaging approaches for the bio-orthogonal substrate; 3. Develop catalyst activation 
approaches based on click-release chemistry in vivo. 
Description: ESR12 will develop in vivo click-conjugation and click-release chemistry to aid the 
development and improve the function of bio-orthogonal catalysts. Click-conjugation chemistry will 
be used to radiolabel and image catalysts and their activity in vivo. Depending on the nature of the 
catalyst the radiolabeling will occur pre- or post-catalyst administration. In addition, radioimaging 
agents will be designed that localize at the target following catalyst-mediated uncaging. Regarding 
click-release chemistry, the ESR will develop strategies to activate target-localized catalysts, 
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ESR 10
• Synthesis of arylsulfonamide-bearing Hoveyda-Grubbs type 

metathesis catalysts: NH2SO2Ar(NHC)–Ru=CHR Task 5.1


• Synthesis of prodrugs which, upon RCM afford a drug or lead to the 
release of a drug


• Test the activity of NH2SO2Ar(NHC)–Ru=CHR towards the prodrugs in 
the presence of hCA IX using 


• surface displayed hCA IX on E. coli 

• cancer cells over expressing hCA IX on their outer surface Task 5.3 

• Localization efficacy Task 6.3? (Secondment at Bas?)

Secondments for ESR 10: TEVA and EDI
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Objectives: 1. Identify metathesis catalyst activated upon binding to hCA IX; 2. Uncage cargo (fluorophore or drug) by ring-
closing metathesis; 3. Fluorophore- or Drug-release by ring-closing metathesis on the surface of cancer cell overexpressing 
hCA IX. 
Description: In the past decade, the Ward group has developed a 
series of artificial metalloenzymes for a variety of bio-orthogonal 
reactions. For this purpose, a catalyst precursor (green) is activated 
upon incorporation within a host protein (ribbon display) via a high 
affinity anchor (blue). We have shown in the past that i) hCA II is 
an outstanding host for the creation of artificial metathases and ii) 
artificial metathases are fully biocompatible, air stable and can be 
performed in vivo.4 To target the tumour site, it is proposed to 
exploit hCA IX to specifically accumulate and activate a metathesis 
catalyst on the surface of cancer cells. With this goal in mind, the 
fluorinated sulfonamide anchor will be linked via a spacer (red) to a 
metathesis catalyst. Initial experiments will be carried out with 
diallyl-N-tosylamide as model substrate. Having identified an active metathesis catalyst for incorporation within hCA IX, the 
artificial metathase will be screened for its RCM activity towards an heptatriene substrate bearing either a caged fluorophore or 
a caged drug. Upon RCM, a spontaneous elimination occurs via an aromatic transition state, thus uncaging the fluorophore or 
the drug. For the synthesis of the triene substrates, ESR10 will spend three months at EDI. Having identified a suitable 
precatalyst, activated upon incorporation in hCA IX, experiments will be performed in the presence of cells overexpressing hCA 
IX on their cell surface. To facilitate its delivery to cancer cells, the catalyst precursor will be non-covalently incorporated in a 
variety of delivery vectors including:, hydrogels, micelles, SCNPs, lipidic NPs. For this purpose, ESR10 will spend 3 months at 
TEVA to adapt their NPs to the delivery of the metathesis catalyst. 

Planned secondments: EDI – synthesis of 
caged prodrugs (M27, 3 months); TEVA – 

encapsulate catalyst in lipid NP (M36, 3 months). 

Expected results (deliverables): synthesis of five metathesis catalysts 
(D5.1); reactivity profile of two caged fluorophores and one drug uncaged 

upon RCM (D5.3); reactivity profile upon incorporation within hCA IX (D5.3) 
 

ESR 11 - EDI Pd in vivo implants and Pd-
activatable tools 

PhD: 
Yes 

Deliv.: 
6.2 - 6.4 

Start 
date: M9 

Duration 
36 WP6 

Objectives: 1. Synthesis of Pd-implants; 2. Synthesis of probes; 3. Validation of Pd-mediated activation in vitro; 4. In vivo 
compatibility studies of Pd-implants; 5. Demonstration of Pd-triggered probe activation in vivo.    
Description: The student will develop novel implantable Pd-devices and a range of chemical tools that will allow us to evaluate 
the catalytic activity of metallic Pd in vivo (e.g. surgically-implanted in tumour xenografts or tissues) and expend its scope. To 
facilitate surgical implantations, Pd-devices of appropriate size (> 4mm) will be developed. ESR11 will investigate the 
manufacture of larger devices by physically merging them in an appropriate mould. To enable the localised use of naked Pd 

nanoparticles (NP), a 
novel technique will be 
tested in which NP are 
“bagged” in sealed 
sachets made out of 
dialysis tubing. The 
catalytic capabilities of 
Pd-implants will be 
investigated using Pd-

responsive sensors prepared from well-established fluorescent, bioluminescent and chemoluminiscent reagents (see Figure) 
and tetrazines (for click-to-release strategies, ESR12). Masking of reagents’ strategic groups will block their reporting properties, 
which will only be restored upon Pd catalysis (see Figure). In vitro comparative analysis of the probes will allow ranking the best 
probes for in vivo sensing. In collaboration with consortium partners, animal studies will be performed to determine the 
compatibility of the devices. After tumour mass formation, devices will be surgically implanted in the tumour and the chosen 
sensor/protetrazine intravenously-administered. Mice health will be monitored over time and sensor activation analysed by non-
invasive in vivo optical imaging. 

Planned secondments: BGX – gel-
based implants (M21, 3 months); TAU 

– in vivo imaging (M36, 3 months). 

Expected results (deliverables): Synthesis of Pd-implants (D6.2); Synthesis of 6-8 
probes (D6.2); Pd-mediated sensor activation ranked by reaction kinetics (D6.3); 2-4 
implants show total biocompatibility (D6.2); In vivo activation of probes / tools (D6.4) 

 

ESR 12 - TAG in vivo click and click-to-release 
strategies for catalysts 

PhD: 
Yes 

Deliv.: 
6.3, 6.4 

Start 
date: M9 

Duration 
36 WP6 

Objectives: 1. Develop in vivo radioimaging approaches for bio-orthogonal catalysts; 2. Develop in 
vivo radioimaging approaches for the bio-orthogonal substrate; 3. Develop catalyst activation 
approaches based on click-release chemistry in vivo. 
Description: ESR12 will develop in vivo click-conjugation and click-release chemistry to aid the 
development and improve the function of bio-orthogonal catalysts. Click-conjugation chemistry will 
be used to radiolabel and image catalysts and their activity in vivo. Depending on the nature of the 
catalyst the radiolabeling will occur pre- or post-catalyst administration. In addition, radioimaging 
agents will be designed that localize at the target following catalyst-mediated uncaging. Regarding 
click-release chemistry, the ESR will develop strategies to activate target-localized catalysts, 
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Sulfonamide-Bearing 
Metathesis Catalysts

Table 1, entries 20–27. To our delight, 2 ⊂ hCA II L198H
yielded significantly improved catalytic performance: up to 28
TONs under physiological conditions (Table 1, entry 24). Con-
sidering that both His198 and Phe198 affort similar TONs, we
do not believe that the former residue coordinates to ruthe-
nium. At this point however, it is difficult to rationalize or
predict the effect a point mutations on the outcome of
catalysis.

In order to ensure localisation of the cofactor 2 within hCA
II under catalytic conditions, its affinity was determined using
the dansylamide displacement assay.8 Dansylamide (DNSA)
displays enhanced fluorescence upon incorporation within
hCA II. The non-covalent probe can be displaced by high
affinity arylsulfonamide-bearing hCA II inhibitors, leading to a
decrease in fluorescence.

For DNSA, we obtained a Kd = 4.83 µM and 17.35 µM for
WT hCA II and L198H hCA II respectively. The displacement
assay (see ESI† for details) yielded Kd = 90.40 nM and
205.10 nM for 2 ⊂ WT hCA II and 2 ⊂ hCA II L198H respecti-
vely, Fig. 2. Although we cannot exclude additional non-

specific binding on the surface of hCA II, we feel that the
exquisite specificity of arylsulfonamides most probably
ensures selective binding to the Zn(His)3 moiety. We tenta-

Scheme 1 Artificial metalloenzyme for ring-closing metathesis. Tethering an arylsulfonamide anchor (green) to an Hoveyda-Grubbs type catalyst
(black) ensures the localization of the metal moiety within human Carbonic Anhydrase II (blue).

Scheme 2 Synthesis of olefin metathesase cofactors 1–3 bearing an
arylsulfonamide anchor for incorporation within hCA II.

Table 1 Selected results for the ring-closing metathesis of N-tosyl
diallylaminea

Entry Catalyst hCA II pH [MClx] mol/l TONb

1 1 — 6.0 MgCl2 0.1 20 ± 0.4
2 2 — 6.0 MgCl2 0.1 48 ± 0.8
3 3 — 6.0 MgCl2 0.1 25 ± 0.7
4 1 WT 6.0 MgCl2 0.1 13 ± 1.3
5 2 WT 6.0 MgCl2 0.1 45 ± 2.0
6 3 WT 6.0 MgCl2 0.1 16 ± 1.0
7 2 WT 6.0 NaCl 0.2 40 ± 1.5
8 2 WT 7.0 NaCl 0.2 28 ± 1.1
9 2 — 7.0 — 23 ± 2.1
10 2 WT 7.0 — 14 ± 0.5
11c 2 WT 7.0 — 20 ± 2.3
12 2 — 5.0 MgCl2 0.5 85 ± 1.0
13 2 WT 5.0 MgCl2 0.5 78 ± 2.5
14 2 WT 6.0 — 23 ± 2.6
15 2 WT 8.0 — 21 ± 1.2
16 2 — 7.0 NaCl 0.154 32 ± 2.0
17 2 WT 7.0 NaCl 0.154 21 ± 1.8
18 2 WT 7.0 NaCl 0.5 32 ± 1.8
19 2 WT 7.0 NaCl 1.0 29 ± 1.2
20 2 I91A 7.0 — 18 ± 3.3
21 2 F131A 7.0 — 16 ± 1.3
22 2 L198F 7.0 — 18 ± 1.6
23 2 L198H 7.0 — 22 ± 0.1
24 2 L198H 7.0 NaCl 0.154 28 ± 0.6
25 2 L198A 7.0 — 15 ± 1.7
26 2 L198Q 7.0 — 14 ± 0.1
27 2 K170A 7.0 — 15 ± 2.0

aReaction conditions: [substrate] 1 mM, [catalyst] 10 µM, [hCA II] 12
µM, Vtot 200 µL (VDMSO 20 µL), 37 °C for 4 hours. The reactions were
carried out in triplicate. Very similar results were obtained under
rigorous exclusion of oxygen. bTurnover number. c [substrate] 5 mM,
[catalyst] 50 µM, [hCA II] 60 µM.
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yielded significantly improved catalytic performance: up to 28
TONs under physiological conditions (Table 1, entry 24). Con-
sidering that both His198 and Phe198 affort similar TONs, we
do not believe that the former residue coordinates to ruthe-
nium. At this point however, it is difficult to rationalize or
predict the effect a point mutations on the outcome of
catalysis.

In order to ensure localisation of the cofactor 2 within hCA
II under catalytic conditions, its affinity was determined using
the dansylamide displacement assay.8 Dansylamide (DNSA)
displays enhanced fluorescence upon incorporation within
hCA II. The non-covalent probe can be displaced by high
affinity arylsulfonamide-bearing hCA II inhibitors, leading to a
decrease in fluorescence.

For DNSA, we obtained a Kd = 4.83 µM and 17.35 µM for
WT hCA II and L198H hCA II respectively. The displacement
assay (see ESI† for details) yielded Kd = 90.40 nM and
205.10 nM for 2 ⊂ WT hCA II and 2 ⊂ hCA II L198H respecti-
vely, Fig. 2. Although we cannot exclude additional non-

specific binding on the surface of hCA II, we feel that the
exquisite specificity of arylsulfonamides most probably
ensures selective binding to the Zn(His)3 moiety. We tenta-

Scheme 1 Artificial metalloenzyme for ring-closing metathesis. Tethering an arylsulfonamide anchor (green) to an Hoveyda-Grubbs type catalyst
(black) ensures the localization of the metal moiety within human Carbonic Anhydrase II (blue).

Scheme 2 Synthesis of olefin metathesase cofactors 1–3 bearing an
arylsulfonamide anchor for incorporation within hCA II.

Table 1 Selected results for the ring-closing metathesis of N-tosyl
diallylaminea

Entry Catalyst hCA II pH [MClx] mol/l TONb

1 1 — 6.0 MgCl2 0.1 20 ± 0.4
2 2 — 6.0 MgCl2 0.1 48 ± 0.8
3 3 — 6.0 MgCl2 0.1 25 ± 0.7
4 1 WT 6.0 MgCl2 0.1 13 ± 1.3
5 2 WT 6.0 MgCl2 0.1 45 ± 2.0
6 3 WT 6.0 MgCl2 0.1 16 ± 1.0
7 2 WT 6.0 NaCl 0.2 40 ± 1.5
8 2 WT 7.0 NaCl 0.2 28 ± 1.1
9 2 — 7.0 — 23 ± 2.1
10 2 WT 7.0 — 14 ± 0.5
11c 2 WT 7.0 — 20 ± 2.3
12 2 — 5.0 MgCl2 0.5 85 ± 1.0
13 2 WT 5.0 MgCl2 0.5 78 ± 2.5
14 2 WT 6.0 — 23 ± 2.6
15 2 WT 8.0 — 21 ± 1.2
16 2 — 7.0 NaCl 0.154 32 ± 2.0
17 2 WT 7.0 NaCl 0.154 21 ± 1.8
18 2 WT 7.0 NaCl 0.5 32 ± 1.8
19 2 WT 7.0 NaCl 1.0 29 ± 1.2
20 2 I91A 7.0 — 18 ± 3.3
21 2 F131A 7.0 — 16 ± 1.3
22 2 L198F 7.0 — 18 ± 1.6
23 2 L198H 7.0 — 22 ± 0.1
24 2 L198H 7.0 NaCl 0.154 28 ± 0.6
25 2 L198A 7.0 — 15 ± 1.7
26 2 L198Q 7.0 — 14 ± 0.1
27 2 K170A 7.0 — 15 ± 2.0

aReaction conditions: [substrate] 1 mM, [catalyst] 10 µM, [hCA II] 12
µM, Vtot 200 µL (VDMSO 20 µL), 37 °C for 4 hours. The reactions were
carried out in triplicate. Very similar results were obtained under
rigorous exclusion of oxygen. bTurnover number. c [substrate] 5 mM,
[catalyst] 50 µM, [hCA II] 60 µM.
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RCM to produce a drug

HO
tamoxifen

HO
tamoxifen-precursor
(non-cytotoxic?)



Contingency Plan
• Accumulate a metal catalyst on the surface of cancer cells


• human Carbonic Anhydrase IX (hCA IX) is over-expressed on surface 
of various cancer cells


• Arylsulfonamides are high affinity inhibitors for hCA IX


• Use hCA IX to localize and accumulate a metal catalyst on cancer cell


• A prodrug is uncaged thanks the metal catalyst accumulated on the 
cancer cell


• Rely on the CpRu-catalyzed de-allylation of doxorubicin
	
An	artificial	deallylase	is	constituted	on	the	E.	coli	surface	and	genetically	optimized	for	the	
deprotection	of	caged	aminocoumarin.	
	
	

	

Ru

E. coli
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TRW’s Involvement

• Recruiting committee (recruitement strategy, advertise 
positions, gender balance, conflict management)


• Coordination of Training event 1 (Month 12)


• Secondment: Activable PET Probe (M 28, 3 Months), Task 
6.3?



Training Event at UniBas, Month 12

THERACAT   GA number: 765497 
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brings together experts in Nanobiotechnology and Nanomedicine. The participation of the ESRs in the 
NanoBio&Med conference will also allow all ESRs to expand their scientific knowledge and networking. 
Specific training events – network-wide training events. In addition to the training of the ESRs at 
their home institutes and through secondments, we will also have network-wide training events, which 
are aimed at providing a holistic view of the multi- and interdisciplinary nature of the proposed research 
and at preparing them with key transferable competences. All training events will include a combination 
of both technical hard-skills and transferable soft-skills and special emphasis will be given to hands-on 
training of the ESRs. The training events are detailed in table 1.2b.  

Table 1.2 b Main Network-Wide Training Events, Conferences and Contribution of Beneficiaries 

 Main Training Events & Conferences ECTS1 Lead Institution Action Month 

1 Training event 1 2 BAS 12 
2 ESR meeting 1 - BAS 12 
3 Training event 2 2 TUE 18 
4 Training event 3 2 EDI 24 
5 ESR meeting 2 - EDI 24 
6 Training event 4 2 TAU 30 
7 ESR meeting 3 - TAU 30 
8 Training event 5 3 IBEC 36 
9 ESR meeting 4 - IBEC 36 

10 ETN Conference 2 IBEC 42 
1 ECTS have been estimated according to the European Higher Education Area regulations; each ESR will obtain an attendance letter after the 
event; doctoral schools will be responsible of allocating to the ESR the corresponding ECTS according to their internal regulation. 

The key idea is to provide to the ESR the right training at the right time of their PhD. Therefore, the 
first training event will focus on skills such as research planning, project management and scientific 
ethics, skills essential to start a PhD. The last event will concentrate on the complementary skills 
necessary for the ESRs transition to their new scientific careers in industry and academia. In this event 
the ESRs will be guided in their choice and prepared both to find and obtained their most suitable job as 
well as to correctly face this transition. This training event will include a special course on innovation and 
entrepreneurship by the ESADE Business School, a partner organisation in the network with great 
experience and highly ranked MSc programme in innovation and entrepreneurship. Taking advantage of 
the multidisciplinary and multisectoral nature of the network, each of the training events will consist on a 
mixture of: i) theoretical lessons on the scientific disciplines of THERACAT (SCI); ii) hands-on sessions 
on the innovative technologies present in the consortium (LAB); iii) training on transferable 
complementary skills (COMP). The programme for the training events is detailed in the table below.  

1 - Introducing the THERACAT Network &  
How to plan and start a PhD M12, 4 days 2 ECTS BAS 

Content: The first training event will start with a general introduction of the network and its scientific and training goals. It will 
also include a comprehensive training of transferable skills aimed to accelerate the implementation of the ESRs into the training 
programme  

General introduction of the network and its scientific goals  All PIs (all nodes) SCI 1 day 

Introduction of the training programme All PIs (all nodes) SCI ½ day 

Skills to start a successful PhD: Time management, team work, ethics, 
intercultural, gender and diversity awareness  All PIs (all nodes) COMP 1 ½ day 

Scientific communication: writing papers, the peer-review process, open 
science, oral and poster presentations IBEC (Outreach office) COMP 1 day 

ESR Meeting 1 ESR representatives - ½ day 

2 – Chemical synthesis & catalysis M18, 5 days 2 ECTS TUE 

Content: This event will introduce the ESRs to the fundamental principles of designing the structure and synthesis of the 
prodrugs and the catalysts that will be studied throughput the project. It will also include an important chemical safety session. 

Associated with document Ref. Ares(2018)973400 - 20/02/2018

Second event TRW presents: catalysis and ArM



Thank you!  
See you in one year in Basel


