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Summary of Research

Research to Innovate and Develop Technology for a Bio-probe 
Modeled on Firefly Bioluminescence

Our laboratory has been immensely successful in research and development related 
to “Aka Lumine®,” an artificial bio-probe that uses long wavelength light to achieve 
high transmissivity in living bodies and makes it possible to image deep tissue and 
cancer cells; the reactions RGB (red-green-blue) three primary color emission; all 
based on the bioluminescence observed in fireflies and polymer-supported palladium 
hydrogenation catalyst, an innovative precious metal reduction catalyst.

Developing Aka Lumine®, a Bio-probe with the World’s Longest 
Wavelength; In Vivo Imaging of Deep Tissue

A bio-probe derived from the firefly 
bioluminescence system has already 
been used worldwide in applications 
related to life science. These materi-
als offer several advantages: (1) high 
luminous efficiency; (2) their charac-
teristically cold light with no adverse 
effects on biological functions during 
visualization; and (3) compatibility 
with the bio-imaging technologies 
using fluorescent labeling with radio-
isotopes rapidly entering widespread 
use. However, the luminescence 
wavelengths of natural systems are 
ca. 560 nm (yellow light), a region of 
wavelengths absorbed by blood and 
demonstrating poor transmissivity in 
the living body. The limits of conven-
tional technologies to image cancer 
and tumors in deep tissue are widely 
acknowledged. There is worldwide 
demand for a long-wavelength (NIR) 
bio-probe suitable for use in cancer 
treatment and regenerative medicine.
In response, our laboratory has per-
formed an analytical study of the 
mechanism of reaction between the 
luminescent substrate (luciferin) and 
the luminescent enzyme (luciferase) 
associated with bioluminescence in 
fireflies. We have succeeded in ap-
plying our technologies to organic 
synthesis to develop “Aka Lumine®,” artificial luciferin by the world’s longest lumines-
cence wavelength, 675 nm. This technology enables continuous in vivo observation 
and imaging of cancers and tumor tissue or cells deep within the living body, eliminat-
ing the need for invasive procedures.

Developing Technologies for RGB Three Primary Color Emission and 
Improved Luminescent Activity

This technology converts long light wavelengths to innovate emission in the three 
primary RGB colors (red: 675 nm; green: 560 nm; blue: 450 nm). We have also devel-
oped a way to change the wavelength in steps of 30 nm and a technology for enhanc-
ing luminescent activity.

Innovating and applying a bio-probe 
modeled on firefly bioluminescence and 
highly-selective hydrogenation catalyst
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Developing a Polymer-Supported Palladium 
Hydrogenation Catalyst

In our studies of a precious metal reduction catalyst, we de-
veloped a polymer-supported palladium hydrogenation cata-
lyst, a radically novel catalyst that grants control selectivity in 
hydrogenation reactions. The adoption of the polymer, which 
supports the palladium metal on its surface, facilitates cata-
lytic reactions and even enables continuous reactions, thereby 
enabling high selectivity in hydrogenolysis-free hydrogenation 
reactions or pinpoint hydrogenation reactions in which the 
number of substitutions can be selected.

Advantages

Applying Our Organic Synthesis Expertise to 
Develop Aka Lumine®

Remaining true to our philosophy—to generate leading tech-
nologies in leading-edge fields—we strive to innovate new 
technologies based on our extensive knowledge and original 
ideas.
Before Aka Lumine®, it was general-
ly believed that 630 nm represented 
the upper limit for the luminescence 
wavelength of a luminescent sub-
stance innovated using the com-
monly-employed method of making 
structural alterations in enzymes. 
Assistant Professor Maki conceived 
the idea of achieving longer wave-
lengths by targeting the substrate, 
on which the enzyme acts, rather 
than the enzyme. However, work 
shows that the slightest alteration 
in the substrate resulted in a loss 
of luminescent properties. Another 
discovery was the essential role of the anion structure in the 
aromatic ring in luminance; this imposed restrictions on the de-
gree of freedom possible in luciferin alterations.

Innovating RGB Three Primary Color Emission 
Through Pharmaceutical Development Methods

Drawing on an extensive pharmaceutical background, Assistant 
Professor Maki then came up with the idea of applying the 
method of structure-activity relationship (SAR) common in phar-
maceutical development. In the SAR method of organic synthe-
sis, large numbers of compounds with slightly altered structures 
are produced and each examined to assess properties to cor-
relate specific parts of a structure to specific activities. Using 
this method, Assistant Professor Maki designed the chemical 
structure responsible for determining the color of luminescence. 
He discovered that the presence/lack of a single double bond 
in the luciferin, together with the non-anionic structure of the 
aromatic ring, resulted in a 100-nm, 30nm difference in wave-
length. This discovery led to the production of technologies 
for RGB three primary color emission using artificial luciferin 
inspired by the firefly’s bioluminescence system, a feat widely 
regarded as a major challenge. The discovery also resulted in 
the world’s longest luminescence wavelength, 675 nm.

The Concept Underlying the Polymer-Supported 
Palladium Hydrogenation Catalyst

The polymer-supported palladium hydrogenation catalyst is the 
hopes of Assistant Professor Maki, a specialist in organic syn-
thesis. Complex compounds normally have numerous double 
bonds. Conventional catalysts are incapable of reducing a 
specific double bond singled out as the target of interest by the 
researcher. Assistant Professor Maki believed selective reduc-
tion could be achieved by developing a totally new preparation 
method for the catalyst. He conceived the idea of saturating a 
cotton-like material with metal solution to make a polymer to 
support the metal catalyst. 
This method offers significant potential for practical applica-
tions and the following advantages: (1) It enables hydrogenoly-
sis-free hydrogenation reactions of olefin; (2) it enables pinpoint 
hydrogenation reactions in which the number of substitutions 
can be selected; (3) it allows the reuse of catalyst, reducing the 
volume of catalyst required and facilitating recovery and recy-
cling (the 3 Rs of conservation); (4) it offers low ignitability and 
high safety; (5) it offers durability; (6) it enables mass produc-
tion; and (7) it achieves low cost. 
The achievement was honored with the Incentive Award in 
Organic electron transfer Chemistry in 2005 and the best teach-
er award by the University of Electro-Communications in 2011.

Future Prospects

Aka Lumine®: the Bio-imaging Probe for Advanced 
Studies in Cancer Treatment and Regenerative Medicine

Another laboratory policy is to innovate technologies that are 
in demand, user-friendly and useful. We are active in joint re-
search projects that involve companies and researchers, in this 
way maintaining a valuable dialogue with actual engineers and 
scientists to innovate products and making it possible to de-
velop technologies that will benefit them.
In 2011, the “Aka Lumine®” bio-imaging probe modeled on 
firefly bioluminescence and featuring the world’s longest lu-
minescence wavelength (675 nm) was commercial introduced 
by Wako Pure Chemical Industries, with technical assistance 
from Kurogane Kasei Co., Ltd. Aka Lumine® has a wide range 
of applications in the advanced life sciences and is ideal for 
advanced oncology, regenerative medicine, and other areas of 
medical technology. This imaging probe will allow researchers 
to perform continuous in vivo imaging of tumor tissue and cells 
deep within the body free of invasive procedures. It will signifi-
cantly improve the efficiency of laboratory animal studies.

Leading the World with R&D with Aka Lumine® 
Technology

With growing expectations for regenerative medicine in Japan 
and based on technological development studies of iPS 
cells, we plan to promote Aka Lumine®, introduced as a com-
mercial product with support from the University of Electro-
Communications, to pave the way to elucidating the processes 
involved in carcinogenesis, tumor growth, and metastasis, 
thereby helping Japan become a world leader in the field of 
oncology. To achieve this goal, we hope to innovate multi-color  
luciferin offer-
ing even higher 
pe r fo rmance 
(h igher  lumi-
nous intensity 
and sensi t iv-
i t y )  a n d  t h e 
a s s o c i a t e d 
d e v i c e s  a n d 
materials need 
f o r  e f f e c t i v e 
bio-imaging.

Precipitating the luciferin

Extracting the luciferin Validating the luciferin High-performance liquid chromatograph (HPLC) system
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