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Application of SERS for tissue-imaging has been limited because of technical
constraints to fabricate a SERS substrate ensuring hot-spot formation uniformly over a large area with
ease. To overcome this hurdle, we used the boehmite nanostructure easily achieved by immersing the
aluminum film in boiling water. Sharp geometry of boehmite is an efficient template for the gold
deposition ensuring strong enhancement of SERS signals. This simple method made it possible to produce a
SERS substrate with a size of a square centimeter order, the dimension necessary to accommodate most
tissue samples. GNC substrate enabled the large-area SERS imaging to visualize an ischemic core of mouse
brain tissue without labeling for the first time. SERS has strength in visualizing metabolites as they
exist in the tissue without any chemical pretreatment. We believe that this devise will give rise to new
insights to characterize gas-dependent metabolic interactions between distinct regions of tissues.



microM-order
(C0)  neuron
heme oxygenase2 (HO2)

(PNS)
glomus cell HO2
Co
Williams et al., Science 2004
(CNS) Co
1995 Tonegawa HO2 null
mouse HO2-CO
Co
transsulfuration
(H;5)

cystathionine pB-synthase (CBS)

Hepatology, 2008

neuron HO2
(0, Km =
35 uM) CO-CBS
(PNAS, 2012) CNS
Co
CNS
output
mechanistic
probing NO

Co

(MS)

MS"

VIVO

CNS

in
situ freezing
L-Methionine sulfone (Wako 502 -76641)
2-Morpholinoethane sulfonic acid (MES,

Dojindo 349- 01623) 300 uM
methanol 2mL 300 mg
2
500 uL 300 uL
aliqout 200 uL
(15,000 rpm, 4 , 15 min)
-methanol 200 uL

5,000, Amicon
Ultrafree MC 5,000, Millipore
90 (10,000 rpm, 4°C)
capillary electrophoresis



(CE)-Mass spectrometry(MS) (Agilent)

10-150

(Matrix assisted laser desorption

ionization imaging mass spectrometry:

MALDI-IMS)

electrophoresis/
CE/ESI/NS)

capillary
electrospray ionization

MALDI-IMS

MALDI

CE/ESI/MS

MALDI-IMS  CE/ESI/MS

uv

mass-to-charge ration (n/2)
m/z 250 1000

MS/MS

m/z

MALDI/IMS
CE/ESI/MS

100 nm

(Surface enhanced Raman scattering: SERS)

SERS
SERS
“ Gold Nanocoral” (
)
“ Gold Nanocoral”
7 Sprague-Dawley
8% 2.5

38
30 2
21% 3



107

@
CoA

&)

Sham Normothermia Hy|

pothermia
G

m/z 506

[AMP].,,
(nmol/g tissue)

m/z 346

s

BRERBSSRES SSWB3B8SZS
I = u

m
(2]

&
ooocoooo000
00000

Sham

ATP

(Journal of Cerebral Blood Flow &
Metabolism 14 January 2015;
doi:10.1038/jcbfm.2014.253 )

ATP
adenosine, inosine, hypoxanthine
finger print
(ACS Nano, 8(6)
5622-5632, 2014)

SERS imaging
Ia,

MALDI-

Gold Nanocoral
SERS “ Gold Nanocoral”

() 736 cmt
SERS
inosine

co 2150 cm™

SERS enhancement factor

CO (100 microM)
GNC

heme oxygenase 2
mutant Co

5 *corresponding author .
1. Takenouchi T, SugiurayY, MorikawaT,
Nakanishi T, Nagahata Y, Sugioka T, Honda K,
Kubo A, Hishiki T, Matsuura T, Hoshino T,
Takahashi T, Suematsu M, and Kajimura M*.
Therapeutic hypothermia achieves
neuroprotection via a decrease in acetylcholine
with a concurrent increase in carnitinein the
neonatal hypoxia-ischemia, Journal of Cerebral
Blood Flow & Metabolism. Jan 14, 2015. doi:
10.1038/jcbfm.2014.253



2. Yamazoe S, NayaM, ShiotaM,
Morikawa M, Kubo A, Tani T, Hishiki T,
Horiuchi T, Suematsu M, and Kajimura M *.
Large-area surface-enhanced Raman
spectroscopy imaging of brain ischemia by gold
nanoparticles grown on random nanoarrays of
transparent boehmite, ACS Nano 8(6): 5622-
5632, 2014. doi: 10.1021/nn4065692

3. SugiuraY, Morikawa T, Takenouchi T,
Suematsu M, and Kajimura M*, Cilostazol
strengthens the endothelial barrier of post-
capillary venules from the rat mesentery in situ,
Phlebology 29(9):594-599, 2014. doi:
10.1177/0268355513497361

4, SugiuraY, Honda K, KajimuraM'and
Suematsu M, Visualization and quantification of
cerebral metabolic fluxes of glucose in the awake
mice, Proteomics 14(7-8):829-38, 2014. doi:

10.1002/pmic.201300047
5. Kubo A, Kajimura M., and Suematsu

M. Matrix-assisted laser desorption/ ionization
(MALDI) imaging mass spectrometry (IMS): A
challenge for reliable quantitative analysis, Mass
Spectrometry, 1. A0004, 2012. doi: 10.5702/

massspectrometry.A0004
17
« )
1 Sep 6, 2012, Society for Free Radical

Research International, 16™ Biennial, Imperial
College, London, UK. Mayumi Kajimura, A
CO-sensitive H,S cascade mediates acute
hypoxic regulation of the cerebral
microcirculation and metabolism. (Invited).

2. Apr 28, 2014, Experimental Biology
2014, San Diego, USA. Kajimura Mayumi.
Takenouchi T. and Suematsu M. Therapeutic
hypothermia achieves neuroprotection via a
decrease in acetylcholine with a concurrent
increase in carnitine in the neonatal
hypoxia-ischemia. (Poster)

3. 24 6 30 12
NO

4. 25 5 18 28
5. 25 8 3 17

6. 25 11 15 24  Forum
in DOJN
7. 26 3 20 87

Mayumi Kajimura, Hypoxic
regulation of the cerebral microcirculation is
mediated by a carbon monoxide-sensitive

hydrogen sulfide pathway
8. 26 9 13 24
3
1.
, 137-144,
2014. 9 1
2.
- 32, 51-56, 2014.
9 10
3.

30, 84-90, 2012. 11 1

o
(KAJIMURA MAYUMI)

10327497

@
(ISHIKAWA MAMI)

60212859



