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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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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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Directed evolution of artificial metalloenzymes for
in vivo metathesis
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Organic &
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The field of biocatalysis has advanced from harnessing natural of Atto-565-biotin, Mw(Atto-565-biotin) = 922 Da) are taken up into
An artificial deallylase is constituted on the E. coli surface and genetically op
enzymes to using directed evolution to obtain new biocatalysts the periplasm.
1
deprotection of caged aminocoumarin.
with tailor-made functions . Several tools have recently been
Next, we selected a biotinylated Hoveyda–Grubbs second-generation
developed to expand the natural enzymatic repertoire with catalyst (biot-Ru hereafter) to complete the holoenzyme (Fig. 1c)27.
abiotic reactions2,3. For example, artificial metalloenzymes, which Previous experiments using purified SAV revealed that, upon incorpoView Article Online
combine the versatile reaction
scope of transition metals with the ration within SAV, the biot-Ru–SAV complex catalyses the ring-closing
PAPER
View Journal
beneficial catalytic features of enzymes, offer an attractive means metathesis (RCM) of the umbelliferone precursor 1 to afford umbellif3
to engineer new reactions. Three complementary strategies exist : erone 2. Despite its poor performance as an RCM substrate in water27,
repurposing natural metalloenzymes for abiotic transformations2,4; we hypothesized that the formation of fluorescent umbelliferone 2,
Ru
in silico metalloenzyme (re-)design5–7; and incorporation of albeit in low yield, would offer an attractive means to monitor and
8–11
abiotic cofactors into proteins . The third strategy offers the evolve catalytic performance in vivo. Spiking an aqueous reaction mixopportunity to design a wide variety of artificial metalloenzymes ture with glutathione (GSH; 10 equiv. versus 50 µM catalyst) led to
Cite this: DOI: 10.1039/c5ob00428d
for non-natural reactions. However, many metal cofactors are complete inhibition of biot-Ru–SAV; no umbelliferone 2 was detected.
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Here we report that the periplasm may indeed offer a suitable environment to harbour
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amide anchor within human carbonic anhydrase II. The optimization of the catalytic performance is
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E. coli surface display of streptavidin for directed
evolution of an allylic deallylase†

A cell-penetrating artiﬁcial metalloenzyme
regulates a gene switch in a designer mammalian
cell
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Carbonic anhydrase II as host protein for the
creation of a biocompatible artiﬁcial metathesase†
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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

THERACAT

ESR 10

GA number: 765497

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

Objectives: 1. Identify metathesis catalyst activated upon binding to hCA IX; 2. Uncage cargo (fluorophore or drug) by ringclosing 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
cancer
series of artificial metalloenzymes for a variety of bio-orthogonal cell
reactions. For this purpose, a catalyst precursor (green) is activated
hCA IX
Zn
upon incorporation within a host protein (ribbon display) via a high
SO2NH
affinity anchor (blue). We have shown in the past that i) hCA II is
O
F
an outstanding host for the creation of artificial metathases and ii)
F
N
N
Mesityl
N
Cl
H
artificial metathases are fully biocompatible, air stable and can be
Ru
F
X
i) RCM X–Cargo
4
n
performed in vivo. To target the tumour site, it is proposed to
ii) spontaneous
Cl
F
O
elimination
exploit hCA IX to specifically accumulate and activate a metathesis
+ HX–Cargo
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
+ H 2C=CH 2
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
Expected results (deliverables): synthesis of five metathesis catalysts
caged prodrugs (M27, 3 months); TEVA –
(D5.1); reactivity profile of two caged fluorophores and one drug uncaged
encapsulate catalyst in lipid NP (M36, 3 months). upon RCM (D5.3); reactivity profile upon incorporation within hCA IX (D5.3)
ESR 11 - EDI

Pd in vivo implants and Pdactivatable 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.

e metal moiety within human Carbonic Anhydrase II (blue).

Sulfonamide-Bearing
Metathesis Catalysts

T
d

Table 1 Selected
a
diallylamine

E

Entry
1
2

1
2
Catalyst3
4
1
5
2

RCM to produce a drug

HO

HO
tamoxifen

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
Page 7 of 7
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• Rely on the CpRu-catalyzed de-allylation of doxorubicin

DO

An artificial deallylase is constituted on the E. coli surface and genetically optimize
deprotection of caged aminocoumarin.

wnloaded on 30/05/2018 14:20:34.
ommons Attribution 3.0 Unported Licence.
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E. coli

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?

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.

Training Event at UniBas, Month 12
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

M18, 5 days

2 ECTS

TUE

2 – Chemical synthesis & catalysis

Content: This event will introduce the ESRs to the fundamental principles of designing the structure and synthesis of the
prodrugs andevent
the catalysts
that presents:
will be studied throughput
the project.
It will also include an important chemical safety session.
Second
TRW
catalysis
and ArM
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Thank you!
See you in one year in Basel

