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Editorial

Molecular design and engineering of
organic and inorganic materials that are
bioinspired, biomimetic and/or
biologically derived is an area of active
research in a broad range of disciplines
both in the physical sciences (e.g,
physics, chemistry, biology) as well as in
engineering (e.g., chemical engineering,
biomedical  engineering,  materials
engineering).  This  collection  of
experimental and computational studies
in the form of papers and mini-reviews
highlights some of the exciting new and
recent work in this research area, cover-
ing various topics within this field,
spanning therapeutics and antimicro-
bial materials design, biomimetic poly-
mer design, controlling nanostructure
within  bioinspired/biomimetic  poly-
meric materials, behavior at organic-in-
organic interfaces relevant to biomate-
rials, materials capable of highly
specific biomacromolecular recognition,
new models and computational tech-
niques, etc.

Biomimetic (organic) materials, spe-
cifically copolymers and their nano- and
microstructures are the focus of articles
by Perry and Sing (DOI: 10.1039/
C9ME00074G) and by Vogt et al. (DOL:
10.1039/COME00101H). Perry and Sing
describe their collaborative work using
experiments and theory to study
electrostatically-driven liquid-liquid
phase separation, also known as ‘com-
plex coacervation’, for a series of model
polyampholytic polypeptides with in-
creasing blockiness. They show that
these polypeptides undergo complex co-
acervation when sequences have a cer-
tain number of closely placed like-
charges along the chain and as the
blockiness along these chains increases
they observe a larger two-phase region.
Vogt and coworkers present experiments
with hydrogels generated from a statisti-
cal protein-mimetic copolymer of
hydroxyethyl acrylate and n-octadecyl ac-
rylate (HEA-ODA) wherein the crystalli-
zation of the ODA provides a simple
route to manipulate the structure within
the hydrogels. The hydrogel nanostruc-
ture is demonstrated to control the
structure of water molecules confined at
supercooled temperatures without the
use of fluorinated hydrophobic moieties.
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The hydrophobic effect plays an im-
portant role in stabilizing diverse bio-
materials and biomolecular assemblies.
Two articles in this collection focus on
elucidating aspects of multifaceted hy-
drophobic interactions. Ashbaugh and
coworkers (DOI: 10.1039/C9ME00076C)
study the aqueous assembly of bowl-
shaped supramolecular hosts assisted
by their n-alkane guests. As the length
of the guest chain is increased, the
hosts are able to dimerize, initially with
each host containing its own guest.
Interestingly, the authors find that
methylating the host entrance leads to
the destabilization of the two guest-two
host dimer configuration, and results in
a non-monotonic progression from
monomeric, to dimeric, to monomeric,
to dimeric complexes with increasing
guest chain length. Using atomic force
microscopy, Abbott and coworkers (DOI:
10.1039/DOME00016G) characterize the
thermodynamic signatures of hydropho-
bic interactions between several judi-
ciously chosen homogeneous and
heterogeneous self-assembled mono-
layer (SAM) surfaces. In particular, the
authors find that the temperature de-
pendence of hydrophobic interactions is
inverted when 40% of the methyl head-
groups in the SAM surface are replaced
by polar amine (or guanidinium)
groups, but not when a similar substitu-
tion is performed using the cationic am-
monium groups.

Hybrid materials (e.g., composites,
inorganic-organic interfaces) that are
relevant for biomaterials or biomimicry
are  highlighted in  studies by
Pfaendtner et al (DOIL: 10.1039/
C9ME00158A) and Lee et al (DOL
10.1039/C9ME00148D). Lee, Riggleman
and coworkers study polymer infiltra-
tion in dense assemblies of nano-
particles as a model system to design
and manufacture bio-inspired nano-
composites that mimic nacre's architec-
ture. They use a combination of experi-
ments and simulations to elucidate
solvent-driven infiltration of polymers
(SIP) into nanoparticle packings formed
on top of glassy polymer films which
leads to the formation of the nano-
composite structure. Pfaendtner and co-
workers probe the fundamental mecha-
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nism of medical implant fouling via
nonspecific  adsorption of non-
collagenous bone matrix proteins
(NCPs) onto a newly implanted inter-
face. They describe the thermodynamic
forces underlying the adsorption of a
commonly occurring NCP, osteocalcin,
onto mineral and metal oxide surfaces.

Multiple contributions in this collec-
tion demonstrate how molecular model-
ing and coarse-grained simulations
serve as a valuable tool in the
molecular-level design of biologically
relevant materials. Deshmukh and co-
workers (DOI: 10.1039/COME00173E)
have developed transferable coarse-
grained (CG) models of the twenty stan-
dard amino acids, which can be used to
perform molecular dynamics (MD) sim-
ulations of proteins and peptides.
Nangia and coworkers (DOI: 10.1039/
C9ME00177H) are interested in using
molecular simulation methods to help
in vitro and in vivo characterization of
tight junction macroassemblies where
molecular-level precision is essential for
understanding nature's design princi-
ples for biomimetic applications. In
their article, they have used their re-
cently developed protein association en-
ergy landscape (PANEL) method to mine
the interaction data of amino acid resi-
due contacts from millions of geome-
tries via exhaustive sampling of the
interaction states of claudin, a protein
active in the blood-brain barrier.

Theory and simulations are also
highlighted in the mini-review by
Dzubiella and co-workers (DOI: 10.1039/
CO9ME00106A) where they present recent
theoretical and computational efforts to
design “nanoreactors” that are relevant
for engineering highly selective, pro-
grammable “colloidal enzymes”. Specifi-
cally, they summarize computational ef-
forts to calculate reaction rates of
surface-catalyzed bimolecular reactions
in stimuli-responsive nanoreactors in
terms of the key material design param-
eters like polymer permeability, reactant
partition ratio, etc. Another mini-review
by Neoh (DOI: 10.1039/COME00175A)
describes recent work in the design of
anti-cancer chemotherapeutics and anti-
microbials  through  sugar-mediated
targeted  delivery  strategies  that
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capitalize on the unique metabolic fea- We thank
tures of cancer cells and bacteria for im-  valuable
proved drug/antimicrobial efficacy. themed
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the authors for their
contributions
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readers appreciate these articles and
learn from them as
have.

much as we

Mol. Syst. Des. Eng., 2020, 5, 599-601 | 601



