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Molecular Transport System in Molecular Communication
We have successfully demonstrated the world’s first molecular
transport system in molecular communication that uses molecules as an information medium. The envisioned applications
of this molecular transport system are versatile in medicine
and healthcare. This research was conducted jointly with the
Sutoh Laboratory (Professor Kazuo Sutoh), Department of
Life Sciences, The University of Tokyo and the Takeuchi
Laboratory (Associate Professor Shoji Takeuchi), Institute of
Industrial Science, The University of Tokyo.
investigation into funding [5].
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*1 DNA: A kind of nucleic acid that contains the
genetic information of living organisms. This
research uses artificially designed and synthesized DNAs that do not encode any genetic
information for the purpose of constructing a
molecular transport system and will not use
biological genes in future years.
*2 Nanotechnology: A field of applied science
whose theme is the control of matter on a
nanometer scale. A nanometer equals to one

millionth of a millimeter.
*3 Biotechnology: A field of biological engineering and technological application that uses
living organisms, biological materials and
information.
*4 NSF: A United States government agency that
supports fundamental and innovative research
in all the non-medical fields of science and
engineering, resulting in producing over 100
Nobel Prize winners.
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Molecular transport system

Microtubule (MT)
Kinesin
Substrate

Figure 1 Molecular communication system

ing MTs at a sender, to transport (glide)
the information molecule-loaded MTs
from a sender to a receiver, and to
unload the transported information molecules from the gliding MTs at a receiv-

*5 Motor protein: A kind of protein that is
capable of moving autonomously by converting chemical energy into mechanical work. For
instance, it is responsible for producing the
contractile force in muscle cells and is responsible for transporting cargoes in nerve cells.
*6 Chemical energy: A kind of energy that is
produced by chemical reactions among molecules. In this article, it is used as fuel for motor
proteins.
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*7 Biochip: A fingertip-sized microchip packing
traditionally bulky tools and reagents for biological and chemical experiments into smaller
spaces. It is essentially miniaturized laboratories that can perform simultaneous chemical
analysis and synthesis on the chip.
*8 Brownian motion: Random movement of
particles such as molecules suspended in a liquid or gas due to the frequent collisions with
medium molecules such as water molecules in

water solution.
*9 Disturbance molecule: A group of molecules
including water molecules, inorganic ions, organic
small molecules, and organic macromolecules.
*10 Kinesin: A kind of motor protein whose size
is several tens of nanometers. Typical kinesins
are shaped like radish sprouts.
*11 MT: A cylindrical protein with approximately
25 nm-diameter and a few or tens of micrometers long.
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the designed molecular transport system shown in Fig. 2, we firstly examined various chemical linkages to label
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Cargo unloading through
strand exchange

MTs with ssDNAs and found that a
chemical linkage that cross-links thio*16

lated ssDNAs
Figure 2 Mechanisms of a proposed molecular transport system

and amino groups of

MTs was suitable for dense labeling of
MTs with ssDNAs, while maintaining

*12 Lithography: A microfabrication technique
used to make a micro-pattern through ultraviolet
light or electron beam irradiation. Nowadays it
is a core technology to make integrated circuits
and microelectromechanical systems.
*13 DNA hybridization: A phenomenon that
complementary base pairs (adenine and
thymine, guanine and cytosine) of two singlestranded DNAs bind together to form a doublehelix structure (double-stranded DNA) through

NTT DOCOMO Technical Journal Vol. 10 No. 3

hydrogen bonds.
*14 ssDNA: Strands whose all the base pairs in a
double-stranded DNA melt and exist in solution as two entirely independent molecules.
The corded, untwisted DNA strand is composed of combinations of the four bases (adenine, thymine, guanine and cytosine).
*15 Strand exchange: A phenomenon that upon
melting a double-stranded DNA, one of the
resulting single-stranded DNA and a third sin-

gle-stranded DNA bind together to form a new
double-stranded DNA.
*16 Thiolated ssDNA: A single-stranded DNA
whose either or both of the asymmetric ends
are modified with hydrogenated sulfur (thiol
groups).
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covered with kinesins to transport the
loaded cargo (Figs. 3 (d), (e)) at an
average speed of 0.34 μm/s [9]. Microscopic observation also confirmed that
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with 23-base ssDNAs complementary
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(a) 0 s

(b) 8 s

(d) 32 s
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to those attached to the cargo [10]. We
confirmed that selective DNA

(c) 16 s

Black and white arrows indicate an MT and a cargo, respectively

Figure 3 Microscopic images of cargo loading and transport

hybridization/strand exchange was
responsible for their cargo loading/
unloading onto/from gliding MTs and
the transport of the resulting MT-cargo

Sample including biomolecules
for analysis (a drop of sweat,
tear, saliva, blood, etc.)

complexes, respectively [9].

4. Example Medical/
Healthcare Application
The successfully demonstrated molecular transport system delivers specified molecules to a designated site and
it does not require external power supply

On-chip loading,
transport and unloading of biomolecules using the
proposed molecular
transport system

Health checkup
(e.g., using sweat
on user’s finger)
Medical
Network
Traditional
cellular
network

“Biochip
Biomolecule-analyzer mobile phone”
(biochip)

A variety of micro-reactors with reagents
Transport path in the form of a circuit

Figure 4 Envisioned mobile phone equipped with a biochip

or control as long as chemical energy
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