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Guest Editorial
Special Feature on Bio-Chem-ICTs:

Synergies between Bio/Nanotechnologies and
Molecular Communications

I. INTRODUCTION

THE transfer of ‘information’ via molecules is a theme
that resonates across the realm of nature, underlying

collective behavior, homeostasis, and many disorders and
diseases, and potentially holding the answers to some of the
life’s most profound questions. The prospects of understanding
and manipulating this natural modality of communication have
attracted a significant research interest from information and
communication theorists (ICT) over the past two decades. The
aim is to provide novel means of understanding and engineer-
ing biological systems. These efforts have produced substantial
body of literature that sets the groundwork for bio-inspired,
artificial Molecular Communication (MC) systems. This ICT-
based perspective has also contributed to the understanding of
natural MC, with many of the results from these endeavors
being published in this journal.

It is no wonder that this fundamental form of communica-
tion has been a topic of significant interest in many diverse
research domains beyond just ICT, such as synthetic biology,
systems chemistry, micro/nanorobotics, network medicine,
biochemical sensing, molecular and biological computing.
Despite the significant overlap in both problem and application
domains, there have been only a few isolated efforts to bridge
the gaps across these fields. Some of these attempts have
given rise to innovative and unifying concepts, such as Bio-
Chem-ICTs and the Internet of Bio-Nano Things (IoBNT),
leveraging MC alongside unconventional forms of compu-
tation, networking, and micro- and nano-scale production.
One potential barrier to further progress, therefore, can be
identified as the lack of strong interactions among different
research communities. This challenge is not solely due to
the inherent diversity of research methodologies and solution
approaches, but also stems from different languages embraced
by these communities, which tend to remain isolated within
their specific publication venues. Yet, fostering closer ties
among these disciplines can stimulate invaluable synergies,
and help collaboratively address more challenging research
problems and create unprecedented applications.

In line with the interdisciplinary vision of IEEE TMBMC,
the goal of this special feature is to bridge these divides, by
bringing together the contributions of prominent researchers
from diverse fields that share a common denominator with
the ICT approach to MC. Through this compilation, we aim
to highlight the powerful intersections that may emerge when
the disciplinary boundaries are blurred.
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Fig. 1. Research areas highlighted in the Special Feature.

II. OVERVIEW OF ACCEPTED ARTICLES

This Special Feature on Bio-Chem-ICTs presents three
review articles from seemingly distinct fields (Fig. 1); yet,
each highlights a research domain where the integration of
bio/nanotechnologies with molecular communications offers
substantial potential.

The first paper [A1] by Kuzuya et al. introduces the
emerging paradigm of molecular cybernetics, where molecular
robotics blends with molecular communications, culminating
in the development of chemical artificial intelligence (Chemi-
cal AI). The authors provide a brief review of recent achieve-
ments concerning the realization of three main functions in ar-
tificial cells possessing lipid membranes: sensing, processing,
and actuating, which are essential for the envisioned chem-
ical AI systems. The authors’ insights into future directions
highlight the pivotal role of molecular communications in this
domain.

The second paper [A2] by Mirlou and Beker presents a
seamless integration of bio/nanotechnologies and ICT, pro-
viding an overview of state-of-the-art flexible and wearable
electrochemical sensors capable of continuously and non-
invasively monitoring molecular biomarkers (e.g., hormones)
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across various biofluids, including sweat and tear, and trans-
mitting this information to mobile devices. As the authors
articulate in their review, these technologies hold a central role
in IoBNT applications as bio-cyber interfaces that can inter-
connect molecular networks and conventional electromagnetic
networks.

Finally, the third paper [A3] by Ayar et al. provides an
investigation into the field of network medicine, reviewing
recent approaches from network theory to understand the
human interactome and its associations with diseases and drug
resistance. After outlining the challenges and presenting the
standard workflows employed in the field, the authors share
their perspectives on the potential intersections of network
medicine with MC research.
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