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Development of wood science by cryo-TOF-SIMS

Fukushima, Kazuhiko

35,300,000

TOF-SIMS

Versatile analytical method was developed based on the synergistic
utilization of time-of-flight secondary ion mass spectrometry (TOF-SIMS) and quantitative chemical
analysis, laser microdissection to collect microscopic samples, and/or multivariate analysis. The
developed method was applied to various samples including frozen-hydrated biomaterials.
Low-molecular and water-soluble compounds and inorganic metal ions are effectively visualized by the

developed method using (cryo-)TOF-SIMS. Obtained remarkable results should provide new insights
beyond the field of wood sciences.



TOF-SIMS nm
TOF-SIMS
TOF-SIMS
TOF-SIMS SEM
cryo-TOF-SIMS cryo-SEM

cryo-TOF-SIMS/SEM

TOF-SIMS

TOF-SIMS

@

LA
105 g0 ot
W R

@) (b)

'8
Wl ety
)
leand



TOF-SIMS

TOF-SIMS

TOF-SIMS

2
TOF-SIMS

@

TOF-SIMS

3

f
o
fl
i

i
N

;
|

w

©)

TOF-SIMS

pH




24
1. P. Zheng, S. Yagami, D. Aoki, M. Yoshida, Y.
Sano, Y. Matsushita, K. Fukushima ,
Chemical composition and its alteration of
gums in vessels of Phellodendron amurense,
Holzforschung, 71, 969-976 (2017) DOI:
10.1515/hf-2017-0057

96, 344-350 (2017)
http://www.jie.or.jp/journal/journal_top.htm
3. W. Okumura, D. Aoki, Y. Matsushita, M.
Yoshida, and K. Fukushima ,
Distribution of salicifoline in freeze-fixed
stem of Magnolia kobus as observed by
cryo-TOF-SIMS, &ci. Rep., 7, Article number:
5939 (2017) DOLI:
10.1038/s41598-017-06444-0
. P. Zheng, T. Ito, D. Aoki, S. Sato, M. Yoshida,
Y. Sano, Y. Matsushita, K. Fukushima, K.
Yoshida , Determination of
inorganic element distribution in freeze-fixed
stem of Al2(SO4)3-treated Hydrangea
macrophylla by  cryo-TOF-SIMS  and
ICP-AES, HolzZforschung, 71, 471480
(2017) DOI:10.1515/hf-2016-0149
. K. Tokugawa, D. Aoki, R. Asai, Y. Matsushita,
M. Ishiguro, Y. Noda, K. Fukushima
, Behavioural analysis of a nonionic
detergent in the kraft pulp washing process
using cryo-time-of-flight secondary ion mass
spectrometry and cryo-scanning electron
microscopy, J. Wood. Sci., 63, 281-287
(2017) DOI:10.1007/s10086-017-1618-3
6. D. Aoki, R. Asai, R. Tomioka, Y. Matsushita,
H. Asakura, M. Tabuchi, K. Fukushima
, Translocation of 133Cs administered to
Cryptomeria japonica wood, Sci. Total
Environ., 584-585, 88-95 (2017)
DOI:10.1016/j.scitotenv.2017.01.159
7. B. Mangindaan, Y. Matsushita, D. Aoki, S.
Yagami, F. Kawamura, K. Fukushima
, Analysis of distribution of wood
extractives in Gmelina arborea by gas
chromatography and time-of-flight secondary
ion mass spectrometry, Holzforschung, 71,
299-305 (2017) DOI:10.1515/hf-2016-0129

N

9,1

, , 54, 237-239
(2016)
https://www.jstage.jst.go.jp/article/kagakutose
ibutsu/54/4/54 237/ article/-char/ja/

9. Y. Matsushita, A. Nakamura, D. Aoki, S.
Yagami, K. Fukushima , Bio-based

polymer from ferulic acid by
electropolymerization, BioResources, 11,
9789-9802 (2016) DOLI:

10.15376/biores.11.4.9789-9802

10. T. Jyske, K. Kuroda, J.-P. Suuronen, A.
Pranovich, S. Roig-Juan, D. Aoki, K.
Fukushima , In planta localization of
stilbenes within Picea abies phloem, Plant
Physiol., 172, 913-928 (2016) DOL:
10.1104/pp.16.00990

11. D. Aoki, Y. Hanaya, T. Akita, Y. Matsushita,
M. Yoshida, K. Kuroda, S. Yagami, R.
Takama, K. Fukushima ,
Distribution of coniferin in freeze-fixed stem
of Ginkgo biloba L. by cryo-TOF-SIMS/SEM,
i, Rep., 6, 31525; doi: 10.1038/srep31525
(2016). DOI: 10.1038/srep31525

12. P. Zheng, D. Aoki, Y. Matsushita, S. Yagami,
Y. Sano, M. Yoshida, K. Fukushima ,
Lignification of ray parenchyma cells (RPCs)
in the xylem of Phellodendron amurense
Rupr.: quantitative and structural
investigation by TOF-SIMS and
thioacidolysis of laser microdissection cuts of
RPCs, Holzforschung, 70, 641-652 (2016)
DOI: 10.1515/hf-2015-0120

13.

>

, 70, 308-315 (2016) DOI:
10.2524/jtappij.1506

> >

14.

, , 50, 57-63 (2015)
http://'www.jscrp.jp/book/50 01.html
15.

B B

, No. 877, 23-27 (2015)
http://www.jafta.or.jp/contents/shinringijuts/1
7 _month4 detail.html
16. R. Tsuji, H. Koizumi, D. Aoki, Y. Watanabe,
Y. Sugihara, Y. Matsushita, K. Fukushima and
D. Fujiwara , LREL, a
cellulase-treated lignin-carbohydrate derived
from plants, activates myeloid dendritic cells
via TLR4, J. Biol. Chem., 290, 44104421
(2015) DOI: 10.1074/jbc.M114.593673
17.
TOF-SIMS
, BIO INDUSTRY, 31, 29-34 (2014)
http://www.cmcbooks.co.jp/products/detail.ph
p?product_id=4705
18. P. Zheng, D. Aoki, Y. Matsushita, S. Yagami,
K. Fukushima ,Lignification of ray
parenchyma cells in the xylem of Pinus
densiflora. Part II: Microchemical analysis by
laser microdissection and thioacidolysis,
Holzforschung, 68, 907-913 (2014) DOI:

>




10.1515/hf-2013-0232
19. P. Zheng, D. Aoki, M. Yoshida, Y. Matsushita,
T. Imai, K. Fukushima ,
Lignification of ray parenchyma cells in the
xylem of Pinus densiflora. Part I: Microscopic
investigation by POM, UV microscopy, and
TOF-SIMS, Holzforschung, 68, 897-905
(2014) DOI: 10.1515/hf-2013-0232
20. K. Saito, Y. Watanabe, Y. Matsushita, T. Imai,
T. Koike, Y, Sano, R. Funada, K. Fukazawa,
K. Fukushima ,Aluminum
localization in the cell walls of the mature
xylem of maple tree detected by elemental
imaging using time-of-flight secondary ion
mass spectrometry (TOF-SIMS),
Holzforschung, 68, 85-92 (2014). DOI:
10.1515/hf-2012-0215
21. T. Masumi, Y. Matsushita, D. Aoki, R.
Takama, K. Saito, K. Kuroda, K. Fukushima
,Adsorption behavior of
poly(dimethyl-diallylammonium chloride) on
pulp fiber studied by cryo time-of-flight
secondary ion mass spectrometry and
cryo-scanning electron microscopy, Appl.
Surf. Sci,, 289, 155-159 (2014). DOL:
10.1016/j.apsusc.2013.10.125
22. D. Aoki, K. Fukushima ,
Cryo-TOF-SIMS/SEM
/ ;
Cellulose Commun., 20, 188-192 (2013).
http://ci.nii.ac.jp/naid/40019903760
23. K. Saito, T. Mitsutani, Y. Matsushita, T. Imai,
K. Fukushima , TOF-SIMS

, Mokuzai Gakkaishi, 59,
353-360 (2013). DOI: 10.2488/jwrs.59.353
24. D. Aoki, K. Kuroda, Y. Hanaya, K. Saito, R.
Takama, Y. Matsushita, K. Fukushima
, Cryo-TOF-SIMS/SEM

, Mokuzai Gakkaishi, 59, 367-374
(2013). DOI: 10.2488/jwrs.59.367

23
1. Bill Mangindaan
TOF-SIMS
, 68 ,2018 3
14-16 ,
2. , TOF-SIMS
SCCJ 206 ,2017
9 5

3. D. Aoki, Y. Matsushita, K. Fukushima, On the
role of monolignol glucoside in the
lignification of tree xylem, 2017 Annual
Meeting of The Korean Society of Wood
Science and Technology, 15th April, Chonbuk
National University, New silkroad center,

South Korea

4. D. Aoki, Y. Matsushita, Katsushi Kuroda, K.
Fukushima, CELL: Division of Cellulose and
Renewable Materials 462 — New development
of wood chemistry promoted by TOF-SIMS,
253rd  American Chemical Society
NATIONAL MEETING & EXPOSITION
-Advanced Materials, Technologies, Systems
& Processes-, APRIL 2-6, 2017,San
Francisco, CA

5. D. Aoki, Y. Matsushita, K. Fukushima, AGFD:
Division of Agricultural and Food Chemistry
161 — Cryo-TOF-SIMS visualization of
water-soluble chemicals in plant, 253rd
American Chemical Society NATIONAL
MEETING & EXPOSITION -Advanced
Materials,  Technologies,  Systems &
Processes-, APRIL 2-6, 2017,San Francisco,
CA

6. B. Mangindaan, Y. Matsushita, D. Aoki, S.
Yagami, F. Kawamura, K. Fukushima,
Chemical mapping of wood extractives
distribution in Gmelina arborea using
time-of-flight secondary ion mass
spectrometry, 67 ,

2017 3 17-19
7.
, Cryo-TOF-SIMS
67 , 2017 3
17-19
8. P. Zheng, D. Aoki, T. Miki, Y.

Enomoto-Rogers, K. Fukushima, S. Tanaka,
M. Seki, Visualization of resin distribution in
impregnated wood under different relative
humidity by TOF-SIMS, 67
,2017 3 17-19

9. W. Okumura, D. Aoki, Y. Matsushita, M.
Yoshida, K. Fukushima, Distribution of
Salicifoline in freeze-fixed stem of Magnolia
kobus by cryo-TOF-SIMS, Biological Mass
Spectrometry Symposium 2016, 2016 10

14-15 , Tokyo
10. ,
, 46
,2016 9 29-30

11. D. Aoki, Y. Matsushita, K. Kuroda, and K.
Fukushima, Analyses of freeze-fixed plant
samples by cryo-TOF-SIMS, SISS-18, 2016

7 2122

12. T. Akita, D. Aoki, Y. Matsushita, M. Yoshida,
S. Yagami, and K. Fukushima, Cellular
distribution of olivil
4,4’-di-O-B-D-glucopyranoside in Ginkgo
biloba by the cryo-TOF-SIMS/SEM system,
SISS-18,2016 7 2122

13. D. Aoki, Y. Hanaya, T. Akita, Y. Matsushita,
M. Yoshida, K. Kuroda, S. Yagami, R.




Takama, K. Fukushima, Chemical mapping of
coniferin and mono/di-saccharides in
freeze-fixed Ginkgo biloba by cryo
time-of-flight secondary ion mass
spectrometry, International Conference on

Polyphenols 2016, 2016 7 11-15
Vienna
14. , , , ,
, Cryo-TOF-SIMS
, 66
,2016 3 2729
15. , , ,
, 66 ,2016
32729

16. P. Zheng, D. Aoki, Y. Matsushita, M. Yoshida,
Y. Sano, K. Fukushima, Variation of gum
composition from sapwood to heartwood in

the xylem of Phellodendron amurense, 66
,2016 3 2729
17' B b b 9
, 66 ,2016 3
27-29
18. ,

2015, 2015 11 11-14

19. )

- 5
ADAM -

- 2015 11 2
20. D. Aoki, Y. Hanaya, Y. Matsushita, M.
Yoshida, K. Kuroda, R. Takama, and K.
Fukushima, Chemical Mapping of Plant
Biomolecules by cryo  Time-of-Flight
Secondary lon Mass Spectrometry, 10th
International Symposium on Atomic Level
Characterizations for New Materials and
Devices’15 (ALC’15), 27p-A-4, 2015 10
25-30
21. K. Fukushima, Y. Hanaya, D. Aoki, Y.
Matsushita, K. Kuroda, Chemical mapping of
lignin precursors in the xylem of freeze-fixed
Ginkgo biloba by the cryo-TOF-SIMS/SEM
system, 18th International Symposium on
Wood, Fibre and Pulping Chemistry
(ISWFPC2015),2015 9 9-11 , Vienna
22. D. Aoki, K. Tokugawa, R. Asai, Y. Matsushita,
M. Ishiguro, Y. Noda, K. Fukushima,
Behavioral analyses of a detergent in
kraft-pulp washing process by
cryo-TOF-SIMS/SEM,  18th  International
Symposium on Wood, Fibre and Pulping

Chemistry (ISWFPC2015), 2015 9  9-11
, Vienna

23. D. Aoki, Y. Hanaya, Y. Matsushita, M.
Yoshida, K. Kuroda, R. Takama, and K.
Fukushima, Chemical mapping of
organic/inorganic chemicals in
frozen-hydrated biological samples, SISS-17,
2015 6 25-26

18

4

1. D. Aoki, K. Fukushima, Topochemical analysis
of cell wall components by TOF-SIMS, In:
“Xylem: Methods and Protocols” Eds M. de
Lucas and J. P. Etchells, Springer, 249-256
(2017)

2. D. Aoki, K. Saito, Y. Matsushita, K.
Fukushima, Chapter 17. Distribution of Cell
Wall Components by TOF-SIMS, In:
“Secondary Xylem Biology” Edited by Yoon
Soo Kim, Ryo Funada, and Adya P. Singh,
Academic Press, 363-377 (2016)

3. , 44 TOF-SIMS | In: “
, (2016), pp.
184-191, ISBN 978-4-907192-21-1
4. ,7.3.2
, In:

, (2016), pp. 356-364,
ISBN 978-4-907192-21-1

http://forestchem.sakura.ne.jp/
M
FUKUSHIMA, Kazuhiko

80222256

@
MATSUSHITA, Yasuyuki

60335015

AOKI, Dan

80595702



