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Investigation of lignin formed in the mimetics of wood cell wall and
clarification of lignification-related compounds
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This study clearly demonstrated the effect of hemicelluloses on
ligninfication through lignin formation in the artificial polysaccharide matrices; xylan contributed
to lignin formation and generation of 8-0-4" interunitary linkage, which was a major linkage in
native lignin, while glucomannan inhibited lignin formation. In addition, xyloglucan, which located
only at primary wall of tree, was found to enhance the frequency of 5-5" interunitary linkage.

From the analysis of solution structure for isolated lignins by using size-exclusion
chromatograph equipped with multi-angle laser light scattering detector, 5-5" linkage was found to
be closely related to the densed structure, especially much compact structure of lignin fraction
with larger molar mass compared to that with small molar mass.

QCM-D  SEC-MALLS



o-4 D
(€H) ATCC53582
BC
CNF
FUJIFILM
121
GM
Megazyme XG
HRP Lac CWPO-C
CWPO-C CWPO-C
LB 4
IPTG
TAPS
sulfonate TAPS CWPO-C
5
CWPO-C
@ BC 3
Langmuir
quartz crystal microbalance with dissipation (QCM-D)
CNF 3-aminopropyltrimethoxysilane (APTS) SO,
©)] BC
HRP
CA 20
16 DHP
BC BC
BC
DHP
(4)
HKL SKL 8-0-4



X HKL

Anton Paar DMAS5000M
@ 1 BC
1 Langmuir
e Ew— #1. FRWEERL Y KD
200l * oM . LangmuirBERic B 5 B S TEH.
& e . .
%ISO- . : ) ANZvILO-2R T a R2
£ - +,5%, 3030 071 099
e GM 3003 087 097
e XG 2941 117 094
0 - - : : ImlI{ZAMFET, EUldme/g,
0— 500 1900 300 2000 AdIFEESTERHT. B{1dL/img,
Ce (mg/L) RAJ Langmuir® ¥B5@l - T+ o 74 T LI BED
1. ~I¥ila—XDBOCHT 3 RERHL
ENF 2
(a) () P~ «— hemicellulose solution (b) 3t
-0k \ water
< 20t
3
=07 v
40t
0 50 100 150 200 0 0 20 30 -40
Time (min) Afin (Hz)
X2. QCH-DleI: BN a—XDCNRCKT§ 2RSS .
a), W& E T K DIRBIEABEHZ(L. b).DissipationDZA{LE.
FEEX T . BN, FREXGETT,
a | § 001z HRP b) | ] 001g1cwPO-C
0f ol
< -10|, S-10|
20t 20!
Oh 1h 2h 2.5h Oh 1h 2h 2.5h
Time (h) Time (h)
X3. QCH-Dic k€ VT — L BB{LEERD ZEHEA~DE.
a), HRP: b), CWPO-C. FFKIX T . BFRHCH, BFRIONFET7,
2 CNF QCM-D
2-a) Df
XG

2-b)  dissipation



QCM-D

3 HRP CWPO-C
0) DHP HRP Lac
SA HRP CA
SA 6 Lac 1.5
HRP syringaldazine SA
Lac 4 DHP
HRP  DHP Lac 1000
CWPO-C HRP 1/10 DHP QCM-D
CA
’ [
before washin
@ W
DHP HRP  DHP 8 ;
S
z 5.38
DHP 4 g
DHP E 41353 339 39 3.65
DHP = 2.54
- LCC 2F 1.70
- BC BC BC- BC-GM BC-XG
DHP GM S i
GM S W
R4, 7¥F 1703 FECEELLS
XG WERAFLE FCHER L /DIPE. HEED
P F %L COREE. AT,
5-a) DHP
5-b) 5-5°
IHNMR
) [ vanillin before washing (b) . [ bcfore washing

251 [ vanillic acid before washing
§000 vanillin after washing
. vanillic acid after washing

043 [ after washing

0.10 0.10 0.10 %11

e
S
.

0.05

Dehydrodivanillin yields (mmol/g of DHP)

g

0
BC BC- BC-GMBC-XG BC BC- BC-GM BC-XG
T £S5
5. LEMEEGE FCERUADPO = o~ ¥ UL E ()&, 1H
N RCEE LS5 HEBEOEELRAF e Faazy L oiRE (b) .
8-0-4°
5-a) XG BC

Vanillin and vanillic acid yields (mmol/g of DHP)’S‘

DHP
55
2 HNMR 55°
BC-XG 55
55



invitro
4 6 SEC
MALLS
Ac-HKL Ac-
SKL
PS
SEC
PS
8_
04
Ac-M-804°
PS
HKL
Mn 131 10
THF
0.59-0.63 cm3g
0.66 cm/g
7 Kratky
Ac-HKL
1
Kratky
SEC-MALLS
SEC-MALLS

XG

10
A Ac-HKL
e Ac-SKL
e, * Ac-M-304°
10°
S10°}
10°F
10} : : . :
20 24 28 32 36 40
Retention time (min)
6. SEC-MALLSHIE X V18 5h/-SECOREH
Hif & o= & DR,
PS
SEC-MALLS Mn 73 10
Ac-HKL
THF 0.92 cm®/g
Ac-HKL
25
20
g 15
G
=10
o
5
0
0.0 0.4 0.8 1.2 1.6

q/nm’

7./ A X EDKratky 72 v |
KM EEBUAE., FhEhAc-HKLD
FAFEHERSEY T ETF &N
(Ac-H-804*) %19,

1) Q.Li, K.Koda, A. Yoshinaga, K. Takabe, M. Shimomura, Y. Hirai, Y. Tamai, Y. Uraki,
Dehydrogenative polymerization of coniferyl alcohol in artificial polysaccharides matrices: Effects
of xylan on the polymerization. Journal of Agricultural and Food Chemistry, 63, 4613-4620 (2015)

2) R. Katahira, F. Nakatsubo, Determination of nitrobenzene oxidation products by GC and 'H-NMR
spectroscopy using 5-iodovanillin as a new internal standard. Journal of Wbod Science, 47, 378-382

(2001)



6 6 3 1

L. Wang, Y. Uraki, K. Koda, Aori Gele, X. Zhou and F. Chen 73

Determination of absolute molar mass of acetylated eucalyptus kraft lignin by two types of 2019

size-exclusion chromatography combined with multi-angle laser light-scattering detectors.

Holzforschung 363-369
DOl

10.1515/hf-2018-0119

S. Afrida, T. Watanabe and Y. Tamai 53

Comparison of the Ability of Several White-Rot Fungi to Biobleach Acacia Oxygen-delignified 2019

Kraft Pulp

Asian Journal of Biotechnology and Bioresource Technology 1-10
DOl

10.9734/ajb2t/2019/v51330061

L. Wang, K. Shigetomi, K. Koda, A. Gele and Y. Uraki 74

A brached structure provides kraft lignins a denser morphology and a high molar mass for a 2020

given hydrodynamic radius.

Holzforschung 551-556
DOl

10.1515/hf-2019-0292

T. Matsumoto, K. Koda, K. Shigetomi, M. Kumar and Y. Uraki 1

Comparison of Dehydrogenation Polymers by Commercial Enzymes, Laccase from Rhus vernicifera and 2020

Horseradish Peroxidase.

Lignin 20-28

DOl




Higaki Ayano Kadowaki Yui Yoshinaga Arata Takabe Keiji

75

Xylan deposition and lignification in differentiating tension wood fibers in Mallotus japonicus 2020

(Euphorbiaceae) with multi-layered structure

Holzforschung 1 12
DOl

10.1515/hf-2020-0001

Taira Shogo Tsuruhara Masataka Saito Ryo Koda Keiichi Uraki Yasumitsu Konno Haruo 27

Shimamoto Shu

Cellulose acetate with CTA | polymorph can be defibrated into nanofibers to produce a highly 2020

transparent nanopaper

Cellulose 4991 5001
DOl

10.1007/s10570-020-03156-z

17 1 6

Y. Uraki, L. Wang, K. Koda, K. Shigetomi

Relationship Between Solution Structure of Technical Lignin and its Molar Mass.

The 7th International Conference on Bio-based Polymers

2019

W. Linping, K. Shigetomi, K. Koda, Aori Gele

Comparison of molar mass obtained by size-exclusion chromatography combined with multi-angle laser light scattering
detectors between technical lignins and 8-0-4' type of polymeric lignin models under two solvent systems.

1st International Lignin Symposium.

2019




5-5

70

2020

70

2020

L. Wang, Y. Uraki, K. Shigetomi, K. Koda

Influence of branched structure in kraft lignins on molar mass measurement with SEC-MALS

70

2020

AGP

70

2020




A. Yoshinaga, T. Awano, K. Koda, Y. Tamai, Y. Uraki, K. Takabe

Immunolocalization of lignin substructures, non-cellulosic polysaccharides and arabinogalactan protein in G-layers of S1+G
type tension wood fibers in several Japanese hardwoods.

1st International Lignin Symposium

2019

69

2019

S1+G AGP

69

2019

69

2019




Linping Wang, Yasumitsu Uraki, Kelichi Koda, Aori Gele, Xuesong Zhou, Fangeng Chen

Determination of absolute molar mass of acetylated kraft lignins by size-exclusion chromatography with a multi-angle laser
light-scattering detector.

The 5th International Conference on Pulping, Papermaking and Biotechnology

2018

SEC-MALLS

63

2018

69

2018

Yasumitsu Uraki, Linping Wang, Keiichi Koda, Kengo Shigetomi

Comparison of molar mass between technical lignins and 8-0-4" type of polymeric lignin models

257th ACS National Meeting & Exposition

2019




5-5°

71

2021

A. Higaki, A. Yoshinaga, K.Takabe

Heterogeneous distribution of xylan and lignin in tension wood G-layers of the S1+G type in several Japanese hardwoods

The 9th International Plant Biomechanics Conference

2018

QCM-D

71

2020

(Shigetomi Kengo)

(20547202) (10101)




(Tsutsumi Yuji)

(30236921) (17102)
(Tamai Yutaka)

(50281796) (10101)
(Yoshinaga Arata)

(60273489) (14301)
(Takabe Keiji)

(70183449) (14301)
(Wataoka lIsao)

(70314276) (14303)
(Koda Keiichi)

(80322840) (10101)




