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ABSTRACT: Cyclophanes are macrocyclic supramolecular
hosts famous for their ability to bind atomic or molecular
guests via noncovalent interactions within their well-
de�ned cavities. In a similar way, porous crystalline
networks, such as metal�organic frameworks, can create
microenvironments that enable controlled guest binding in
the solid state. Both types of materials often consist of
synthetic components, and they have been developed
within separate research �elds. Moreover, the use of
biomolecules as their structural units has remained elusive.
Here, we have synthesized a library of organic cyclophanes
and studied their electrostatic self-assembly with biological
metal-binding protein cages (ferritins) into ordered
structures. We show that cationic pillar[5]arenes and ferritin cages form biohybrid cocrystals with an open protein
network structure. Our cyclophane�protein cage frameworks bridge the gap between molecular frameworks and colloidal
nanoparticle crystals and combine the versatility of synthetic supramolecular hosts with the highly selective recognition
properties of biomolecules. Such host�guest materials are interesting for porous material applications, including water
remediation and heterogeneous catalysis.
KEYWORDS: protein cage, cyclophane, pillararene, crystal, self-assembly, electrostatic binding

Supramolecular materials rely often on macrocycles, such
as cyclophanes consisting of aromatic rings and aliphatic
carbons, to achieve host�guest chemistry.1 Calixarenes2

and pillararenes3 are well-known cyclophanes, capable of
forming cup- and barrel-shaped cavities, respectively. Their
ability to bind various small molecular guests is well-
established and can be tuned through synthetic modi�cations.
In particular, the guest binding of pillararene hosts changes
dramatically when the number or OH group substitution of the
hydroquinone units is modi�ed.4 This variability has made
pillararenes relevant to applications, for example, in rapid
removal of organic micropollutants from water,5 host�guest
complexation of drug molecules,6 all-solid-state lithium
batteries,7 and arti�cial membrane channels.8

The cavity type of the materials can be further modi�ed by
arranging the building blocks into crystalline networks.9

Metal�organic frameworks (MOFs) are a classic example
that can achieve very high surface area and uptake of various
gases,10 (chiral) catalysts,11 or even a large biomolecular guest
such as proteins and DNA.12�15 Furthermore, pillararenes have
been crystallized into porous structures alone16 or together
with MOFs17 to form highly porous structures that can be
used, for example, to molecularly sort alkanes.18 Beyond the
small molecular host, colloidal nanoparticle supraspheres can
be organized into higher-order structures. Their interparticle
voids can be several nanometers in diameter and have recently
been demonstrated to e�ciently take up hydrophobic guest
molecules19 or to reversibly trap molecules for enhanced
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