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Supramolecular Chemistry for Biology, Materials and
Medicine

An ode to Fischer : Building, Exploiting, and Perturbing Supramolecular
Assemblies in Chemistry, Biology, and Medicine

The field we refer to as supramolecular chemistry traces
its origins to the late 19th century, when Emil Fischer de-
scribed a seminal insight into one of the most fundamen-
tal aspects of biological catalysis: how an enzyme engages
and acts upon its substrate. His notion that substrate
binding resembles how a key fits a lock, over-simplified
as it may be, has inspired decades of research and a funda-
mentally new field of chemistry whose focus is the nonco-
valent bond, as opposed to the covalent bond. The earli-
est work in this area, on the noncovalent, ion-binding
chemistry of crown ethers and their analogues, culminat-
ed in the 1987 Nobel Prize in Chemistry to Donald Cram,
Jean-Marie Lehn, and Charles Pedersen, which in turn
fueled the explosive growth the field has undergone in
the past 26 years.

The mutually beneficial connection between supra-
molecular chemistry and biology is every bit as vital now
as it was in Fischer�s day. Indeed, biological systems
remain awe-inspiring to chemists who seek to mimic as-
pects of their highly optimized recognition and self-organ-
ization abilities. At the same time, the exquisitely selec-
tive and efficient systems found in nature provide fertile
ground for chemists who want to reengineer them or to
create entirely new platforms with new properties and
functions. The result is a wonderfully productive cycle
where nature inspires research in supramolecular chemis-
try, which, in turn, often produces a deeper understanding
of biology or leads to principles that guide the design of
new biological systems.

This special issue of the Israel Journal of Chemistry, en-
titled “Supramolecular Chemistry for Biology, Materials
and Medicine,” is first and foremost a celebration of the
extraordinary diversity of current research in supramolec-
ular chemistry. It showcases the evolution of the field
from its early efforts to develop basic principles and iden-
tify the boundaries of feasibility in biological and abiotic
molecular recognition to its current state where cutting-
edge applications are developed using noncovalent inter-
actions. This issue brings together some of the foremost
practitioners in the field who describe groundbreaking ef-
forts to apply supramolecular chemistry to biology, mate-
rials and medicine.

One of the exciting new applications of supramolecular
chemistry is the creation of advanced materials that can

respond to their environment. In addition to the potential
for adaptive and responsive materials, the ability to break
down large assembled structures into simple building
blocks opens avenues for the recycling and repurposing
of these modules. In biomedical applications, recycling
and repurposing can translate into decreased accumula-
tion and toxicity through the ultimate breakdown and ex-
cretion from the human body. The first four contributions
to this issue take up one or more of these themes.

The reviews by Lin and Grinstaff and by Yang and
Zimmerman are both focused on multiple aspects of
supramolecular polymer chemistry. The former illustrates
the power of the ionic interaction, whereas the latter
demonstrates how multiple hydrogen bonding, inspired
by DNA base-pairing, leads to a remarkable range of
structures and properties. In the world of noncovalent in-
teractions the ionic interaction is considered of medium
strength. Lin and Grinstaff beautifully trace the history of
supramolecular ionic assemblies from early work on ion-
omers to current promising applications in gene delivery
and electronic devices. They end the article with unan-
swered questions and suggestions for future investiga-
tions. Yang and Zimmerman describe the development of
multiple hydrogen-bonded complexes, illustrate their util-
ity in two types of sophisticated supramolecular architec-
tures, and offer a prospective on the state of the field
today.

Rotello has pioneered the use of functionalized metal
nanoparticles for the supramolecular recognition of en-
zymes, proteins, and other biomolecules. In their review
Mout and Rotello describe how this type of recognition
serves as a flexible platform for regulating enzymatic ac-
tivity and protein function. The nanoparticle-protein rec-
ognition may be specific or differential, and both varieties
have led to novel and effective biosensor platforms, the
most sophisticated of which can detect metastatic cancer
cells. The applications of more complex biocomposites,
called superstructured protein-nanoparticle assemblies,
are also described.

The second half of this issue focuses attention on mole-
cules that engage, manipulate, or mimic supramolecular
complexes found in nature. The first three reviews in this
section, by Webber et al. , Hobert et al. and Liu et al. , de-
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scribe research on the synthesis and construction of su-
pramolecules with unique and useful biological functions.

In the first review of this trio, Webber, Burns, and
Stupp provide a perspective on the biomedical applica-
tions of nanofibers formed by the supramolecular assem-
bly of amphiphilic peptides. These peptide amphiphiles
(PAs) form remarkably versatile structures whose surface
chemistry is controllable, leading to a range of applica-
tions. After reviewing the mechanism of the PA assembly
process and structural studies on the resulting fibers,
Webber, Burns, and Stupp offer a comprehensive review
of biomedical applications that range from drug delivery
to regenerative medicine, including regeneration of the
nervous and cardiovascular systems, bones, and cartilage.

Next, Liu et al. report on new developments in the
field of DNA nanotechnology, detailing how this bur-
geoning field is inching closer and closer to nano-scale
devices (a special category of supramolecule) possessing
both defined structure and function. In their review, Liu
et al. focus on very recent reports of DNA nanostructures
with utility in nanomedical applications, especially for dis-
ease diagnosis, treatment and prevention, and provide
perspective on both safety and future clinical applica-
tions.

In the final review of this trio, the focus shifts to pro-
teins, and how the assembly of a supramolecular complex
can promote selective, useful, or informative chemistry.
Hobert et al. describe how supramolecules, both natural
and designed, can impose temporal and spatial specificity
on transient interactions and their eventual outcome. The
focus is on the power of proximity, often employed by
nature and more recently adapted in the lab, to acceler-
ate, guide, or otherwise influence the reactivity of signal-
ing proteins and the information that they encode in
highly complex environments.

The final two reviews in this issue, by May and Khosla
and by Phillips and Taatjes, approach the topic of supra-
molecular complexation from a different scientific per-
spective. These two reviews focus attention on inhibiting
or activating supramolecular complexes and molecular
machines found in nature, as opposed to assembling non-
natural supramolecular structures. In both cases the
target is a genuine molecular behemoth: a functional
supramolecular complexes with a megaDalton molecular
weight.

May and Khosla focus in their review on an enormous
and sophisticated supramolecular structure known as the
type III secretion system (T3SS). This needle-like struc-
ture is composed of at least 30 different proteins and is

exploited by a number of Gram-negative pathogenic bac-
teria�including Escherichia coli, Salmonella, Yersinia,
Vibrio, Chlamydia, Shigella, Pseudomonas, Xanthomonas,
and Auromonas – to attain virulence and colonize a eu-
karyotic host. This supramolecular behemoth acts as
a sensor to detect eukaryotic organisms and then secrete
proteins that facilitate infection. In their review, May and
Khosla provide an insightful analysis of known inhibitors
of the TTSS, summarizing both their discovery and their
mode of action.

In the final review of this issue, Phillips and Taatjes
focus on Mediator, an equally enormous supramolecular
complex required for transcription of class II genes in
yeast and man. Mediator is in many ways a central proc-
essing unit for transcription, a hub that integrates regula-
tory signals from multiple DNA-binding transcription fac-
tors and communicates them to the RNA polymerase II
enzyme. In their review, Phillips and Taatjes highlight
what is known about the Mediator complex, especially
those biological and structural features that make it an at-
tractive target for novel molecular probes. They then out-
line several enabling chemical strategies that might be ef-
fective for targeting the complex.

As a final note, we express our sincere gratitude to
both the authors and the referees of these contributions
for their enthusiastic participation in this celebration of
macromolecular science. We also thank Dr. Brian John-
son, the Managing Editor, for his efforts and Professor
Ehud Keinan for his outstanding stewardship of the jour-
nal and for encouraging us to undertake this very special
project.
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