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Technical Breakthrough for Gas Biology and Medicine

Gas Biology and Medicine: Introduction

Gas Biology and Medicine
（ガス分子による生命システム制御機構の解明と医学応用）

　To visualize structure, function and dysfunction of their 
cellular constituents of various organs, we are now developing 
a unique multimodal in vivo imaging system enabling the 
near-simultaneous acquisitions of four different parameters; 
i.e. 1) three-dimensional real-time microvascular geometry, 
2) local tissue metabolism, 3) oxygen saturation of flowing 
erythrocytes in microcirculation, and 4) microvascular blood 
flow.  Multiphoton microscopy for this purpose has been 

specially arranged in this G-COE Program. This technique 
allows imaging of thick, living tissue with submicron spatial 
resolution. We used a pulsed laser source operating in the 500 
micron spectral range for deep 2-photon imaging of far red 
and near infrared fluorophores. Second, using fluorescence 
l i fe t ime imaging microscopy (FLIM),  we min imized 
complicated autofluorescence signatures; by so doing, we 
will take advantage of emerging reporters to measure NADH 

　 In  th is  Global  COE Program,  we fos tered young 
investigator who are interested in roles of gases in regulation 
of metabolic systems in vivo. Gases constitute a unique 
class of biomaterials that are indispensable for maintaining 
homeostasis of biological systems. They are thought to be 
highly membrane-permeable and serve as a substance 
that readily conveys the signal one site to another in 
autocrine, paracrine and/or juxtacrine fashions.  Gases can 
also exert their biological actions through interactions with 
macromolecules through multiple ways.  These interactions 
involve covalent binding of gases to prosthetic metal 
complexes in their receptor proteins, their non-covalent 
binding to the critical region for regulation of the protein 
function, and their ability to occupy the space in and 
around the internal protein structure that leads to decreased 
accessibility of other gases to the region.  Most importantly, 
different gases that share a similar chemical structure (e.g. 
O2, NO, CO, CN) could not only exert comparable biological 
actions but often compete with each other. 
   Diverse physiologic actions of small molecular gases 
and aldehydes and their application to control diseases by 
regulating the gas-generating and -sensing mechanisms 
have recently attracted great interests.  Among them, CO, 
CO2 and H2S constituted the atmospheric components of the 
ancient anaerobic earth and were utilized as carbon and sulfur 
resources for bacteria, respectively.  Finally, they utilized gases 
as alert signaling molecules to regulate their proliferation and 
evolution. Mammals also utilize gases such as stress-inducible 
regulators of cell and organ function, though the whole 
mechanisms for the gas-responsive reception and signaling 
processes remain unknown, except for those operated by NO 
(Fig.1).

   

　Distinct from other classes of molecules constituting the 
body, gases are too small to be handled for determining 
biochemical and physiological properties in vivo. In other 
words, it seems impossible to mine gas-responsive signal 
transducers through yeast 2-hybrid method or affinity 
nanobeads technology. To break such limitations, we have 
recently applied metabolome technology, and are searching 
for novel gas-sensing molecules that regulate metabolism. 
Our recent observations suggest that rate-limiting enzymes 
of major metabolic pathways with metal-centered prosthetic 
groups might sense gases and trigger posttranslational 
modification of macromolecules, suggesting their crucial 
roles for stress-responsive adaptation involving management 
of energy metabolism and tissue repair and remodeling.  
Overcoming technical diffi culties to mine receptors for gases 
systematically, to visualize gas-mediated signaling events in 
vivo and to examine their effects on metabolic systems thus 
deserves further studies to utilize outcomes of Gas Biology 
for medicine. 
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alterations in response to various gaseous mediators. Third, a 
novel spectral approach will be used to measure O2 saturation 
of flowing erythrocytes and hematocrit in microcirculation. 
　Newly developed MS imaing device combined with CE-MS-
based metabolomics for detecting site-specific distribution 
and contents of metabolites on frozen tissue sections is 
another important technology to be applied (Fig. 2);
In the Global COE Program under a support by JST ERATO 
Project, we established methodology to spatially determine 
ATP, ADP and AMP in ischemic and normal regions in a snap-
frozen single brain slice. In this technique, combination with 
CE-MS analyses of the serial sections of the same brain 
samples allowed us to assess reliable amounts of individual 
metabolites for the first time. The multimodal imaging 
technology is capable of compiling all components to perfect 
in vivo cellular imaging; thus will serve as a powerful platform 
to understand gas-dependent regulation of organ functions. 
　Our recent observation revealed that stress-inducible 
CO alters metabolomic profiling of methionine cycle and 
transsulfuration metabolites, leading us to hypothesize that CO 
inhibits cystathionine β-synthase (CBS), the rate-limiting heme 
enzyme of transsulfuration pathway. Our recent study revealed 
that CO inhibits CBS by binding to the prosthetic heme.  

As a result of this event, H2S, the terminally produced gas 
through transsulfuration pathway via CBS, is suppressed in 
the liver, and turned out to upregulate biliary HCO3- excretion 
to increase the fluid excretion (Shintani, et al. Hepatology 
2009).   The bioimaging technique in our laboratory has 
recently revealed that cerebellum neurovascular unit in the 
brain appears to serve as an organ that is regulated by 
H2S through mechanisms involving the CO-responsive CBS 
suppression: small brain expresses large amounts of CO-
producing heme oxygenase (HO)-2 in Purkinje cells and 
CBS in astrocytes. The hypothesis that neural CO modulates 
CBS in astrocytes and inhibits H2S to suppress vascular 
dilatation has been demonstrated through observation using 
DIC-assisted microvascular imaging. To note is that hypoxia 
caused microvascular dilatation in wild-type mice, while CBS-
KO or HO2-KO mice exhibited significant suppression of the 
event, suggesting that HO-2 serves as O2-sensor in neurons 
to regulate local microvascular tone through the CO-CBS-
H2S system in the neurovascular units. We are challenging 
to prove this hypothesis in living neurovascular units through 
the aforementioned advanced 3-D microvascular imaging 
(Morikawa et al PNAS 2012) .
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