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Overview of Molecular Communication (1)

A nano-scale, autonomous communication system mimicking the 
biological communication mechanisms in living organisms.  
Senders use molecules as the communication carrier and receivers
react biochemically to the incoming molecules.

Molecular Communication is…

Would work toward the actual design and control of 
nano-scale communication systems.

Would potentially enable many new applications in 
the bionanotechnology.
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Overview of Molecular Communication (2)

Traditional Communication Molecular Communication
Communication carrier:

Electromagnetic wave 
Signal type:

Electronic and optical signal 
Propagation speed:

Light speed (3×105Km/s)
Propagation environment:

Airborne and cable medium
Encoded information:

Voice, text, and video
Behavior of receiver:

A receiver interprets encoded
information

Other features:
Accurate communication and
high energy consumption

Communication carrier:
Molecule

Signal type:
Chemical signal 

Propagation speed:
Extremely slow speed

Propagation environment:
Aqueous medium

Encoded information:
Phenomena and chemical states

Behavior of receiver:
Information molecules cause
chemical reactions at a receiver

Other features:
Stochastic communication and
low energy consumption

Different
communication

paradigms
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Overview of Molecular Communication (3)

Sender

Receiver

Release control

Encoding/
Generation 

Selective reception

Decoding/
Reaction 

Information molecules
(Proteins, ions, DNAs, etc)
Carrier molecules
(Protein filaments, hormones, etc)

Molecular recycling

Nucleus

Vesicles
ER

Golgi 
Apparatus

Endosome

Libosome Lysosome

Controlled propagationGenetically altered mutant cell

Short distance communication
（tens of micrometers）

Endocrine/Neuroendocrine pathway

Motor proteins

Protein filament
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Overview of Molecular Motor Systems (1)

Microtubule
Plus-endMinus-end

Dynein Kinesin

Cargo A

Axon of nerve cell

Cell body

Dendrite

Cargoes (vesicles and organelles) are transported by motor 
proteins (kinesins and dyneins) bidirectionally along an 
immobilized protein filament (microtubule).

Biological System in vivo
(within eukaryotic cell)

Cargo B
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Overview of Molecular Motor Systems (2)

Artificial System in vitro
(in an artificially created aqueous environment)

Motor proteins

Protein filament (carrier molecule)Cargo 
(information 
molecule)

Substrate 

Cargo-protein filament conjugates glide over immobilized 
motor proteins.
Protein filaments are carrier molecules of cargoes 
(information molecules).
Use this approach as a molecular propagation system.
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Key Issues in Molecular Propagation System

Molecular Loading
How to load information molecules onto carrier molecules 
through chemical bonding.

Destination Control
How to control the destination of information molecules using 
carrier molecules.

Molecular Unloading
How to unload information molecules from carrier molecules 
using chemical interactions of molecules near the receiver.

Carrier Molecule Recycling
How to return carrier molecules to the sender side after 
unloading information molecules.
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Proposed Molecular Propagation System (1)

Receiver A

Receiver B

Immobilized motor protein

Gliding carrier molecule

Microlithographic track 
surface

Short
ssDNA

Sender

Recycling of carrier molecules

Unloading of 
information molecules

Loading & transporting of 
information molecules

Information molecule B

Information molecule A

Long 
ssDNA
Long 
ssDNA

Partially comple-
mentary strand

A cross section of a preconfigured 
microlithographic track

Complete comple-
mentary strand
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Basics of DNA (DeoxyriboNucleic Acid)

DNA uses 4 bases: A (adenine), T (thymine), C (cytosine), 
and G (guanine).
A and T, C and G are complementary bases to bind to 
each other and form a double strand (called hybridization).
Any base sequences can be artificially synthesized.

1 helical turn = 3.4nm

Sugar-phosphate backbone

A

T G

C

Hydrogen
bonds

Hydrogen
bonds 2nm
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Proposed Molecular Propagation System (2)

5’ 3’
---TACTTTATTTTG
ATGAAATAAAACCAAAATAAAGTAAAACAAAT---
3’ 5’

Hybridized 12 bases

Carrier molecule

Information
molecule A

Loading of An Information Molecule

Short (e.g., 12 bases) single stranded DNAs (ssDNAs) are 
attached to a carrier molecule (i.e., a protein filament).
Long (e.g., 32 bases) ssDNAs are attached to an information 
molecule A.
Parts of the base sequences (i.e., 12 bases of a short ssDNA 
and 12 bases of a long ssDNA) bind to each other and form 
a double strand.
This partial DNA hybridization allows unloading of 
information molecules.
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Proposed Molecular Propagation System (3)

5’ 3’
---TACTTTATTTTGGTTTTATTTCATTTTGTTTA
ATGAAATAAAACCAAAATAAAGTAAAACAAAT---
3’ 5’

Hybridized 32 bases

Microlithographic track surface at receiver A Information molecule A

Unloading of An Information Molecule

Long (e.g., 32 bases) ssDNAs are immobilized onto the micro-
lithographic track surface at receiver A.
All the base sequences bind to each other and form a complete 
double strand.
This unloading process may be initiated by the energy state 
transition from an unstable state (i.e., partial DNA hybridization) 
to a stable state (i.e., complete DNA hybridization).
Short-ssDNA-linked carrier molecules continue to glide and may 
load new information molecules.
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Features of Proposed Propagation System

Autonomous System Operation (No External Control)
Loading and unloading of information molecules based on the 
DNA hybridization.
Transporting information molecules based on the gliding of 
carrier molecules over immobilized motor proteins along 
preconfigured microlithographic tracks.
Recycling use of carrier molecules.

Extremely Miniaturized System
Utilization of nano-scale biological components such as motor 
proteins and DNAs.
Utilization of chemical power sources such as energy state 
transition and adenosine triphosphate (ATP).



13

Research Steps

Currently conducting biochemical experiments and 
empirically examining the proposed system design

(1) Explore binding methods of ssDNAs and carrier molecules
using a chemical linkage.
(2) Confirm the gliding of ssDNAs-linked carrier molecules 
over the immobilized motor proteins.
(3) Examine the loading of ssDNAs-coated information 
molecules onto carrier molecules.
(4) Confirm the gliding of carrier molecule-information 
molecule conjugates over the immobilized motor proteins.
(5) Confirm the gliding of carrier molecule-information 
molecule conjugates over the immobilized motor proteins along 
preconfigured microlithographic tracks.
(6) Examine the unloading of information molecules from 
carrier molecules.
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Preliminary Experimental Results

Motility video of ssDNA-linked carrier molecules 
over the immobilized motor proteins on a non-
configured substrate observed by a microscope
(Experimental results of the 2nd phase of research steps)

Carrier molecules: Microtubules
Motor proteins: Kinesins
ssDNAs: oligonucleotides
Chemical linkage: Succinimide ester-maleimide cross-linker
Gliding speed: 0.28µm/sec (on average)



15

Conclusions

An Autonomous Molecular Propagation System
that loads, transports, and unloads information 
molecules using DNA hybridization and molecular 
motor systems.
is currently examined by biochemical experiments.
is applicable to communication among biological 
and artificially-created nanomachines using 
molecules as communication carrier.
would also potentially enable a number of new 
applications in the bio-nanotechnology.
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