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ABSTRACT: The cell intemalization of designed lignar-
ginine peptides equipped with six glutamic acid residues
and an anjonic pyranine at the N-terminus & triggered
wpon addition of 1 supramelecular host. This host binds
specifically to the pyranine moicty, enabling the comples
to traverse the cell membrane. Interestingly, none of the
components, neither the host nor the guest, are able to
cross the cell membrane on their own.

R ecent years have witnessed increased interest in the
of efficient cell mobecular trans:

posters.’ Among the diffevent strategies so far developed, those
based on oligoanginine peptides are particulay effective,”" and
huve led to many biological and biomedical applications® An
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impairing s intermalizstion; boweves the active cell penetrating
peptide (CPP) is released upon application of a suitsble external
trigger, suach ¢ bydrogen peroside,’ UV light * or certain tumor.
associated protesses.” Although this strategy has raised expect-
ations due to its patential biomedical applications,” rebying on the
cleavage of a covalent linker limits the efficiency of the release,
the selectivity of the process, and the reversibility of the switch.
Furthermaore, it imevitably leads to the generation of secondary
polyanionic peptides that might have undesired effects. In this
context, the development of stimuli-responsive cel internal-
ization strategies that do not rely on covalent bond-cleavage
reactions represents an appealing goal
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the essential functions of andons In biological systems” Metal
organic self-assembly™” has the generation of many new
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Herein we present e appeoach to control the cell uptake
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pyranine attached to the N-terminus of 3 peptide containing an

CPP. I . none of the
l: host ar the p
ot ] e e o gl i oo Tl
st their ssociation promsotes an etficient cellubr uptake of both
partners.

This approach was inspired by our recent discovery that the
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ABSTRACT: The cell internalization of designed oligoargi-
nine peptides equipped with six glutamic acid residues and
an anionic pyranine at the Neterminus is triggered upon
addition of a supramolecular host. This host binds specifical-
Iy ta the pyranine molety, enabling the complex 1o traverse
the cell membrane. Interestingly, none of the components.
neither the hoet nor the guest, are able 1o cross the cell

membrane by their own,

Recent years have witnessed increased interest in the de-
pment of efficient cellp g molecular transport-
ers.” Among the different strategies -u far developed, those
based on oligoarginine peptides are particulardy effective.
and have led 1o many biological and blomedical applica-
tions.* An appealing step forward in this field would be the
development of responsive systems whose ool intemaliza-
tion could be controlled using an external stimulus, Progress
In this direction has been slow, and mnluﬂy limited 1o the
P y covalent T of negatively charged tails to
the oligoarginine sequence ll-muﬂl cleavable linkers. The
domain new lonic character of
the peptide, thereby impairing its |mmul|ulm. hawever
the active cell penetrating peptide (CPP) s released upon
application of a suitable cxternal trigger, such as hydrogen
peroxide, UV light* o certain tumor-associsted protesses”
Although this strategy has raised expectations due to its
potential biomedical applications.” relying on the cleavage of
a covalent linker limits the efficiency of the release, the selec-
tivity of the process, and the reversibility of the switch. Fur-
thermore, it inevitably leads to the generation of secondary
polyanionic peptides that might have undesired effects. In
this context, the development of stimuli-responsive cell
internalization strategies that do not rely on covalent bond-
cleavage reactions represents an appealing goal
Anion recognition has been a topic of recent attention due to
the essential functions of snions in biological systems * Metal
arganic self-assembly™ has allowed the generation of many
new anion receptors.” The application of these structures to
biological systems is limited due o the toxicity of the metals
and the instability of these species in the presence of com-
peting ligands such as chloride or thiols in the intracellular
medium. Alernatively, organic containers are ideal candi-

dates due to their high stability and low toxicity.® However,
oaly a few covalent cages have been reported that are capa-
Ible of encapsulating large anions in water with high affinity,
and their biological applications are unknown "

Herein we present a novel approach to control the cell up-
take of oligoarginine CPPs based on the formation of a host-
Ruest supramolecular complex involving an anion recognl-
tion process. The strategy relies on the encapsulation of a
negatively-charged pyranine attached to the N-terminus of &
peptide containing an octaarginine CPP. Interestingly, none
of the components—t he encapsulating host or the pyranine-
peptide guest—are able to cross cell membranes in meaning
Ful amounts as separate units, but their sssoclation pramotes
an efficient cellular uptake of both partners.

This approach was inspired by our recent discovery that the
oligocationic covalent cage » (Figure 1) can sclectively encap-
sulste the dye pyranine (pyr) with nanomolar affinity (Ko =
1.2 nM)." Considering that such an interaction might coun-
terbalance the negative charges of the pyranine fuorophore,
we envisioned that it could compensate the presumable
transport inhibitory effect of a p;wm-ni-,pyl..:..m.; ali-
goankon d at the B of an
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A. RIGHTS GRANTED

1. The Contributor hereby grants to Wiley-VCH for the
duration of the statutory term of copyright protection and any
extensions or renewals, the full and exclusive rights comprised
in the Contribution including but not limited to the right to
publish, republish, transmit, sell, distribute, store and process
in electronic media of any kind, include in document delivery
services and otherwise use the Contribution in whole or in part
in electronic and print editions of the Journal and in derivative
works throughout the world, in all languages and in all media
of expression now known or later developed, and to license or
permit others to do so. For the avoidance of doubt,
"Contribution” is defined to only include the article submitted
by the Contributor for publication in the Journal and does not
extend to any supporting information submitted with or
referred to in the Contribution ("Supporting Information™). To
the extent that any Supporting Information is submitted to the
Journal for online hosting, Wiley-VCH is granted a perpetual,
non-exclusive license to host and disseminate this Supporting
Information for this purpose.

2. Reproduction, posting, transmission or other distribution
or use of the final Contribution in whole or in part in any
medium by the Contributor as permitted by this Agreement
requires a citation to the Journal suitable in form and content
as follows: (Title of Article, Contributor, Journal Title and
Volume/Issue, Copyright @& [year], copyright owner as
specified in the Journal, Publisher). Links to the final article on
the publisher website are encouraged where appropriate.

3. Please note that Wiley-WVCH reserves the right to require
changes to the Contribution, including changes to the length
of the Contribution, as a condition of acceptance.

4, Wiley-VCH reserves the right, notwithstanding
acceptance, not to publish the Contribution if for any reason
such publication would in the reasonable judgement of Wiley-
VCH, result in legal liability or violation of journal ethical
practices.

B. RETAINED RIGHTS

Notwithstanding the above, the Contributor or, if applicable,
the Contributor’'s employer, retains all proprietary rights other
than copyright, such as patent rights, in any process,
procedure or article of manufacture described in the
Contribution.
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C. PERMITTED USES BY CONTRIBUTOR

1. Submitted Version. Wiley-VCH licenses back the
following rights to the Contributor in the version of the
Contribution as originally submitted for publication (the
"Submitted Version"):

a. The right to self-archive the Submitted Version on the
Contributor’s personal website, place in a not-for-profit
subject-based preprint server or repository or in an
approved Scholarly Collaboration Network (SCN), which
has signed up to the STM article sharing principles
[www.stm-assoc. org/stm-consultations/scn-consultation-
2015/] ("Compliant SCNs"), or in the Contributor’s
company/institutional repository or archive, subject to any
restrictions set forth in the Author Guidelines for the
Journal. This right extends to both intranets and the
Internet. The Contributor may replace the Submitted
Version with the Accepted Version, after any relevant
embargo period as set out in paragraph C. 2(a) below has
elapsed. The Contributor may wish to add a note about
acceptance by the Journal and upon publication the
Contributors should add a Digital Object Identifier (DOL)
link back to the Final Published Version.

b. The right to transmit, print and share copies of the
Submitted Version with colleagues, including (after
publication of the Final Published Version) via Compliant
SCNs, provided that there is no systematic distribution of
the Submitted Version, e.g. posting on a listserve, network
(including SCNs which have not signed up to the STM
sharing principles) or automated delivery.

2. Accepted Version. Wiley-VCH licenses back the following
rights to the Contributor in the version of the Contribution that
has been peer-reviewed and accepted for publication
(“Accepted Version”), but not the final version:

a. The right to self-archive the Accepted Version on the
Contributor’'s personal website, in the Contributor’s
company/institutional repository or archive & t
SCNs, and in not-for-profit subject-based repositories such
as PubMed Central, subject to an embargo period of 12
months for scientific, technical and medical (STM) journals
following publication of the Final Published Version. There
are separate arrangements with certain funding agencies
governing reuse of the Accepted Version as set forth at the
following website: www.wiley.com/go/funderstatement.
The Contributor may not update the Accepted Version or
replace it with the Final Published Version. The Accepted
Version posted must contain a legend as follows: This is
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Abstrakt

Microplastics, which comprise one of the omnipresent threats to human health, are
diverse in shape and composition. Their negative impacts on human and ecosystem
health provide ample incentive to design and execute strategies to trap and degrade
diversely structured microplastics, especially from water. This work demonstrates
the fabrication of single-component TiO2 superstructured microrobots to photo-trap
and photo-fragment microplastics. In a single reaction, rod-like microrobots diverse
in shape and with multiple trapping sites, are fabricated to exploit the asymmetry of
the microrobotic system advantageous for propulsion. The microrobots work
synergistically to photo-catalytically trap and fragment microplastics in water in a
coordinated fashion. Hence, a microrobotic model of “unity in diversity” is
demonstrated here for the phototrapping and photofragmentation of microplastics.
During light irradiation and subsequent photocatalysis, the surface morphology of
microrobots transformed into porous flower-like networks that trap microplastics for
subsequent degradation. This reconfigurable microrobetic technology represents a
significant step forward in the efforts to degrade microplastics.
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