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Nanotechnology for Information Storage Equipment
- Struggling with the Molecular Fluid-Film Lubrication Theory for 40 Years -

Shigehisa FUKUI
Department of Mechanical and Aerospace Engineering, Graduate School of Engineering
Tottori University, Tottori, 680-8552 Japan
E-mail: fukui@damp.tottori-u.ac.jp

Abstract: This paper states the research and development (R&D) of the flying head sliders with nanometer spacing in the HDD
(Hard Disk Drive) and its generalized gas-film lubrication theory based on the molecular gas dynamics, which the author
experienced and struggled in NTT laboratory and Tottori University for these 40 years.
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Abstract: Biorefineries, which are based on renewable biomass, can contribute to establish our future sustainable society. To

establish sustainable society, we should replace the present manufacturing process based on fossil non—renewable resources with

the biorefinery process.
biofuels, chemical building blocks, and pharmaceuticals.

From such a viewpoint, we focused on the development of microbial cell factories capable of producing

Key Words: Biomass, Biofuel, Biorefinery, Cell factory, Chemical building block, Metabolic engineering, Pharmaceuticals
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Hardwoods
Cellulose: 45%
Hemicellulose: 30%
ﬁ Lignin: 20% Z/Oo-2
ok RRNEL
SRR/ AT Co - B
ST com-. mE
SSCE

Grasses

Cellulose: 25-40%
Hemicellulose: 25-50%
Lignin: 10-30%

Cornstaks

Cellulose 39-47%
Hemicellulose: 26-31%
Lignir: 3-5%

¥
RB+ELS—> /N1 XTY /-l
v e

ﬁ§5?6‘}+ 5k pm)

MRS+ WA

2. VT BN — AR NAFTHE ) — LEEHL S
A= NP7

2.2 RSB DI B AR

BUR O 2 M F =k ) — L BET AT,
V7 )ena—ARNAF < AW 6D I3
FRRTALER IZ IV FEEHME L 721 . E O RTLBEY 2%t
LCRREHRDENLVT —EBER 7TV LR BEE
EMZ TRy R THEL L3 BE 21T [F R FE (L IE AT
% % ( SSCF: Simultaneous Saccharification and
Co-Fermentation) 23p H 7' oA L L THIES LTV
E) R AEE SR FCTHEENO =RV — 5

BT azlicd=y ) — va R Em L L TARK T 5
%Eﬂiiﬁ%<?§%éﬂf“57ﬁ§ PR 0 2R G U
WIEWEDOZH ) — NV ENRLAETHME X
Zymomonas mobilis & ¥ )3 [E THEES 720 7o
Zymobacter palmae \Z[RTE IS (F1), 2RV 7 )
TR —ZARANAA~ AR FE B E O F A H
=L, Zm. mobilis & Zb. palmae DHE TFME
FEAZWATL CEMLIZN, AFRTIIRE R NS~ A

13
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PHEIET]  FHETTREANA A< AH

JRBHC B 72 Zm. mobilis (2 S EKRVIEN T 5

(1,21,
1. =& — L% B R D% % PR
Zm. mobilisR KU Zb. palmaeD IR J — L HEEEE

RREYE Zymomonas mobilis  Zymobacter palmae Saccharomyces

(735 hEtEHE) (735 LEtEHE) (&)
pat 30 FITE (AFV) WA P [ 3-1]
:I:r - 120~200¢g/1+ hr 20~30g/1+hr 16~30¢g/1+
(BEBER (BEfEE (BELEEF
WFRE) EHERE) WIFFE)
I/ —IRE 12% 7-8% 12%
95~97% 95-97% 93~95%
MRS EDBE ED#Ze8 EMPi#EEs
1 mol 1 mol 2 mol
sEEEE (UJ/ELO0- Zﬁi)
-2 ++ ++
F¥O-2 - - -
RYI=2 + +
oAU I - -
FERERILO—Z -
BRErI0-2 -

77 Kk oK AE M T D Zm. mobilis
. A xR THD
Entner—-Doudoroff (ED) ¥ 2FH +57-012.
X ) — VAR PEME IR KOS E R EE TR,
EARUY A 7V 8 S LD ) — LA pE R BT
1£120~200 g/l-hric#E T 5, EHE LT, Zm.
mobilis® 7 7 ZNDNA @ 58 2 fifE FE [k By L, Zm.
mobilisD /7 ) 1Y A X1%2,157,589H H: T20000 &
BT Ba—RINTWE (K 3), fiFELI=7 /) ME #
\ZEE D& Im. mobilisoD fift BE % W <0 DA 3 A
W ORH R ORI AP LML TS (K4), P
b7 a2 LT, SSCEZrt 2Tk dDHNDH
B O NIE, BT —Bizks o — 2l X
S &R T O[] IRE IS HEAT 3D 2L ANRT 42 THY | FE B
EAZIT OB (pH4.5-5.0) TOREERE S . @
R CTOREEGE I (35CLL E) Iz T, @ik E
JFEHT A 2 Al BRI T A2 D E R E 7 L a— A
e, @ g oy ) — LitE, ®FTAHE TR T
RIAEALTCHBEORESSHEBEREZILE T2
BB —AB IO T =k 4y iR W %)
T LM NdDH, BRRLOH 12185 B L7= Zm.
mobilistR 12k L TO~® D% Rtk 2 /it L7z,
ZORER . T HERRIL, P13 pHA4.0& U728 P 5= 14
TIBWTHESCIZHEBEL CHBNE T
—NVEEFETHELBIC, 3T CETITAE T LR EH
B ITROLNT, 40CIZB W TH I B RE I
BEINT-, 8512, SSCF7 v A TOJE B & 1 E
fLIAZREZHEL, MIRE DO Va—ARLxTH ) — )L
Wkt DM PEZ B ET L2k 3. 180 g/l 7 Lo —
ZITASKFM LN IZE BRI B L CHH IR T

EFDOINAF ) T 7 A F1) —

= IVEAEFELRE, E- W) — LR RN
TH5%ETIT=F /) — VIZii 2L DT EN BN
Sz, EBIT, BAB— AR AL A AO /AL T2
TRIET2HBERED (FEE, 7V I7— V. B
FV T =l k5 E/ T VT e RE) (X9 Dt
PEZ R ET U7 s R L WEER IR BE IR 1%L B N X7
JLTFERIZ10 mM, NA KX XX T VT ERIES
mM, VAT AT ERIZ20 mM, X=U 310 mM,
T T75—L1%20 mM, HMFZ20 mM o & B T
PERL, DEEEPEERR EEDICT NN TT— RS
=V RIS E R TAZENHA LN
7o

Zymomonas mobilisDE’7 /) I\1hE

Ui i
o [ lr ry
\\‘\‘“\\\\ll mm,,, /f/,,

/Zy:oms mobilis
2,157,589 bp

Jfl L /] Y h\ ) \%}\
*m.””ﬂ 1 ““‘\‘ \\

i

EEMEIOMA : 7SAZ 52 FORFs, 2HEOA : 91 FAZX RSV R
ORFs, 3#B®M : tRNA, 4HB®OM: r RNA, RAIOA : GCS@

X 3. Zymomonas mobilis? 57 ) IR Gt

Glucose Fructose

+ v
Blucose Fr?ctou
Glucose-6P +— Fryctose-6P
& 6luconolactone-6P
,@‘f’ Gluconate-6P

Q*P 2-Keto-3- suxy -6-P-gluconate

Dlhydroxyncem

Glyceraldehyde-3p ~ 9'¥=='g'd="vﬂ= =3P Dlhvdrnfvncmﬂe -P
Glycerate-1,3P; G!ycnr-ul _3p
Glycerate-3P
Glycirafe -2P 5|mr°|

actate «— Pyruvate <«— Phosphoenolpyruvate
v
Acetaldehyde+CO,

i
Ethanol
+
Ethanol
ED##8(Zm . mobilis) : 1mol Glc—2mol EtOH +1mol ATP
EMP#ZE8 (Yeast) : 1mol Gle—=2mol EtOH + 2mol ATP

B 4. 5B A O =& ) — VA G R



SR G NI S NI S D S

2.3 V7 7N u—RH KRB DOCS - COoMER
R AT REEME DAZ R I V=TV

V7 ) hm— AR SA A~ ARTRLER Y OFEAL IR T
(ZIE, 73— RNz~ /Lo — A H Sk 55 i
PEREE CThHF L n—AR~ L ) —ANRIEL, =% )/
— VIR OIR T OJRIK 705, @ah#EieTs ) — /vl
WA FIREIC T 57O I2IE, IRTET D0 O FEEEHE
/e H C5-C6 [RIRFIFAT F B B OO BH FE 3 AR ] K C
&5 (X5),

Mot

= ﬂ
25% ‘
19% | : .
i
i L ([=0
%30-R, T/—R (BILD—R -AZhILD—Z HE)
(AZtILO—R BIE)
RAATR/~IL
#1La-R
& (tlD—-R-AStilD—-2 HhRk)
oS ot
W= BEHAEETRE
25% ’ \ HEBTIERA?2—@
1 s,
\ I Y Ig IV | . I l
£30-R. TH/—R | RAAT/—IL
(AZtILD—Z Hhk) £0%38, S

[X5. C5+C6 HE R EF T HE B IE DR 5

O Iy u—RWITHEEHEORE

— R E I BT A v — AR RE & 13 5%
720 N IZEDIA FN - e —AF R v n— A A
VAT =B (XDIZXY BRI N TR — AR
BNz, Fyrnd ) —F (XK) IckhF o rm—
AP ~EV R R T TR h— R ik (PP) £
I X0 ESND, Zm. mobilis 3% 11— A% PP %
FAE AT H200 X1 & XK O s 1 (xviA,
xyIB) & /R LTW\W5D, — 5. Zm. mobilis TOHIIEN
~DF T — A IA AT T v a— ARGk A R
BEL T/ Va—27 7 U7 —4—(GIf) A 5
T 5, I T, Fu—RA% PP RIKICE AT H720DD
KIBEH D xylA & xviB, 3L PP £ flux A
DIHDNT AT VNG —BEAE T (tal) LNF o A
F—Biia 1 (tht) EALTZ(X6), EBALZFV
10— 2SR EE R BB 11X Zm. mobilis KRN C&
L. 40 g/l OF v u—AEM—DRFPLLTE
BL.48 R CRBICIHEL CHERINEDO=S /) —
NWEEFE LT, ¥ a—AbDX Y h— LA O gl i
MOERITFROONR2-72[1],

[Mannose |
Glucose Xylose =
- ' N
M ose 6-p P> 6 = Ribulose 5-phosphate  Xylulose

Gluc
6-phosphate
-\b Fructose 6-phosphafez’m":_}m“:m" Ribose 5- Xylulose 5-

phosphate  phosphate
Dihydroxyacetone +—s- Glyceraldehyde

phosphate 3-phosphate
I Glyceraldehyde Fructose
2-Phosphoglycerate 3-phosphate 6-phosphate

Phosphoenolpyruvate

Pyruvate
> Acetaldehyde ——.  Ethanol

xylA: Xylose isomerase

xylB: Xylulokinase

tal: Transaldolase

tktA: Transketolase

frk: Fructose kinase

manA: Mannose 6P isomerase

[X6. C5-CoHEAALINH RIS DFEA

© ~r/)—RWATHREMEORS

Zm. mobilis 137 V3 — AL ER L R E B
LTy /—AEFINIZEDIATe 2y, =& ) — LT
BHTEIR\N, — 5 Zm. mobilis D7 V7 ~— A3 %
DHFEEEFZ THDH I NI —EB([FRK) T~/ —A
DOV BALROGHAIE92 Z D | ~ o ) — AFE
O 53N T Blbshic~y ) — A&7 LTk
— A6V U ~EBAEAC T DRAR Y )= ALY AT —
BiEAE T (manA) OEANIZLVA[REIZR D, 2T, K
WS S D manA % Zm. mobilis \Z3E AT HZET,
40 g/l ~v /) —AZME—DRFBIFELTAEBL, #
MR Oy ) — VAEFESE B[]

2.4 EHB C5-C6 [RIFRFIITHREEMEDAZRY Y
Too=TIT

V7 ) hm— AR A -~ ARTALVER (IR O 52 4
TR R B A B T D702, v ) — AL
Fro— AR RBELE T O LB EZE L,
manA % Zm. mobilis DY K DNA FITHHIAA &5
IZF v — AR EERER LT TAINEL
THEATHIET, Fha—RRE FTOXRIn—RE
)= APDOEGRIE TOERN =S ) — LA
FExfRLIZ[], T7bb, 1 20OEKIZEIVI 7 /&
IV — AR NNA T AR FE LIRSS DT B
TEHERC A B ERFR IR TONAF X ) — )V & PE
35 C5-C6 MW T3 BENE Zm. mobilis ER 5L
WC&EIZ, 22T, C5-C6 FEWATHIENE Zm. mobilis
DIRT == AR FEND DT, EEOFR DT
JLER IR & BE AR AA AT AL BRI 2 JEURE & U723 1T 56 B PR AR
BrRAEFERLZ(K7), RIRICEHEENDZ Va—A F
Ta—RA BIORSY ) —AEFERITWATREL T,

15
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B
=111
E:D

WYL PR

R W2 ) — Vv a B PELT,

&

RO SaNER AR EINER

pH

Sugar s & Ethanol (g/l)
Growth (OD660nm)

| Xylose

l! 40 80 120 160 200 0 24 48 72 96108

Time (h)

7. %A% Zm. mobilis\Z L ATE DB LEEAM O R

PR D 7 %

2.5 B —RAEEREREMEDOAZR) I T
=TV 7

FATTR T2 LD, BT L 7 BEAR B R b B O K
(L TRITRIRE B RO LT —EEFIH T 5B R
(LR ET LIRS TWDN, + o EOBEE & H LU0
{BALFRIZ BN Th v —2 8y R Th o R
FVTWERFRAGFTDH(XS), Tz, A4 x=x ) — /Ll
W7 R ATBWT, BERBE L LR ITATABE TR L
ELIZ AN M A LS TND, EHOIX, BEFR
P LRI & b rat ) TRENLD = /) — L [alY
EEEFE L TR O AN Z B IS, FEEEM B~
DO va— 2R LR EEE OIR 52 BF LT, Zm.
mobilis \ZEBEMW) THALFOFRIZAERTHL—R
VA RD - —BiEAE T (bel) B A
U7z, Y9, bgl% Ruminococcus albus DYt DNA
I ra— AL Zm. mobilis \Z38 AN LT-, I
t Bgl DREBST LA VE P JRIE L T2 &M, bel

YW T IVEEIR A Z. mobilis HRED R T T
A)%’fr [ DGy W 7 ViR S AZ AL CE AL
7o FOFE R FEH LT Bgl WU FF XA RTET S
ZEIZID, 22 g/l BuE A — R BELER I R I T D
10.7 g/L =& )— & A PELTZ[3,4],

B, ru— Akl LT —EE 1% Zm.
mobilis DAIRLFR JE 25 % B CRBUERIEHI LI
FVhR IS —RE LI D7D, FEEEHE
A O RS AT LA B L2 (M9) .

ENA < A

ERDONAF ) T 7 A F1) —

RIERBERS

Cellobiohydrolase

35:‘:1!!1?.)“3—2

(Exoglucanase)
Cellooligo- ~_ —~_ 1
saccharide oz IR
[
[ ) ® Giucose
Glucose

8. E/m—APE(LFERE B DO F i

AGYGSTXTAXxxAXLX

RUSTTLE KKFAKTR
Fen-izTen 1,237 a.a. 121kDa
Pseudomonas syringseth3RINPOYFL
1. sHEOBiBRE

2. FHRAOT NI 7 HREE
3. REL-TRORBIRTHEE

HRRERTYIATA
Cell-surface display motif
1 169

deg: Cellul d
(GH8, 1077 bp, 359 a.a., slgnal peptide truncated)

—_— |
» :

1 169 201 A l-Tag
gir32Aegh Pgap
Y

Linker Linker

9. KX RGBT ERIRALIZ LT —
BoOMla K EIRR S AT A

REP) 95 )5 ANE 7T K2 Cdh D Pseudomonas
syringae \ZANRI R B I OKEE A EERIER T~ T D,
ZZ°C. P. syringae A3/ I DNA )BT HLZ0oK B
BEHERFEZ/r— ALl FEMICBR TG L
FRMT LTG5 . N RIS f S I~ D7 > Tr— Y
Tk E B2 L7[5,6], 2T KEEHEBEG
T-O N K7 > H—V> 758k INPN) 2B LT7—FE D
MR EIE IR ATV AT LRI EIT -T2, Zm.
mobilis B K1 R B 7 v — & —ifillf#l T2 INPN &
AL, INPN (253> 7 VA Z RS- R
NI —BRAR T EEE LMl R E R R ELT
a’ﬁ%ﬁ%ﬁ%%bf%ﬂbto AT RT VI

kT2 TR R PR Z VT R 12 s
Téi/hﬁzwyf PoMaLERRefRLs



BOCOR K B T bF %R R

ZA, WA B T8 AN LT3 BE R B 188 O B 8
T AR I E SRR O D, =R T —
B IR CTRBLSN TV DI ENRH L
272tz B0, TRV —EEene 4 AR
07 —EOMIEEBIE T ZREEICLT, Bla—20
SEBETY ) — VEAETEDRERHE B L T
2o

PLEDIST, KE R AAA~vAEFEELTZ SSCF
R R R B E O B RIS LT,

2.6 NEDO/' BTV =2/ MNARENRAFANOLDEZHE
NAFTH ) —)VAEBEY AT LD IR 5 L EE
AER

FEHL L TOELE—RRNAFTH ) — LB

DIFEFEIL, AL 13~17 4 NEDO 3 A A< 2T %

IV — SN SRR A B AT B R || SRR 17 ~20 4F B

NEDO XA~ A )L — Je 38 i BF 72 B 5% J

Rk 20~24 4E i NEDO [ 3A A~ Ax 3L X — fi53

B e BRI JEBH 38 1 L Rk 26 4FJEE NEDO T — =1

N — R T — IR BV TERB L,

YRk 20~24 4 FEIIARE R A A v ARS8 A

RAAF 2 Z )= N E N B CTAEETHEHT, &

R KRB Lo 78 L 5O R 2 AR A7 BB WF 28

A AR b P sk Ut hax B #h a4t

D AENDORHERTHT a2V et H B, <A77

T3 BR80T K 7 BT AL B 9 - i AL B A E 0D B 5

AT LER S A A~ A0 i3 2 SR B BEA L Sk O fife ST | IR

I ANER & TR BRI E Y BR B OB % R

B D SSCF s b A FEhiL . ZAHE R 25t

AL TRE NS~ ANEDNSAF TH ) — V% pE

THRF A — /L TOFB— B 7 me A% 5L

7-(K10, 11),

e En

s SSCFREtEEREEE
e 52 .

RE = noFN *

Fil %]

L S eQ

& ——
_

FFvT HEE

WHRE

EHTMWIRGIEE
NAATH =)L

i/ BAA+RSR
Brk g

e
BEEE

K10. KENRA T ANEDNAF i ) — ) —E Rl
HE7at A

BB A-AUBERFy T (15%LERERAH)
RIS /—UBE 5% E. IH5/—ILEERE : 1g/lhrldE.
I5/—)LElRE : 90%

O ~AraiRETRIAETRE

KRG BAAFH ) — )V A FE DKL, i5H1%)
KOS AFE L - EiR R ORI A W LS DT EN
HETHD, T2 T AILDIZ 3 R TEHEMN Y 23—
ZNZ X DEH AR S BR E FEW T BRI Y, RAE M 1.5kw
DO~THxhar % 8 R —hb OB REIKa AN~ A1
P PR AL B A A PR L7 [7-10], o E X, T
AV —HZREHF a—F =D~ A7l Z# 4
L AR AR AV NS /A SN = )
FADWERREN L TAT UL ARSI EfESE T
VUV E RSO, ARATLEEAEE A U, —h
Va2 7 A% [ETE 4y 15% 2L E TR 236 L .
BERDEM AR LD 1/50 (AR L7 LB Sk %
FREL, LRI A R EE T HE RN OEa AN
DB AZF T LT, ZORTLEE ST, X F 7T
VNCROGREE 190°C N e i IR &7 0 | it B> %
WM E D L R B E W E O A R BN
Too ZAUSKHIG T 5728 | FEEE O FHLE M PEsR (A
1ToLEHIT ., FRTED 7 = N D FE R H = W) W A
FZB R LT, B LFRIERB LN SSCF DRI /=
B2 LIZ KD I E Y E &R s
THHEDOBRGE RN LT, 2DV 7 =0 kW B R
X, ML EYE 2 WG LI I3 BVLE ko) o
JVTE, I AEIIITRBEIC LD =¥ —[E L E
%, V7 =2 R AE R E R 2GA TS T BB AT,
W 5 IR DA SCHEFE D BN 72 RIERHE O F e RR
EWE WA PR B KD BE KB O A Ak 5
AUt o, NEDO e =7 Cid, g LW
K% A WTAEL L 7o~ A7 il g LB R LR D Zm.
mobilis 12X7% C5-C6 BE 1T ¥ 1%

17
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PSR ¢ PR S 1 2 RGOS ) 7 7 45 —

(CF:Co-Fermentation) 2B L7-, W& &1L, SSCF
S ZRIN T 54— Lo A2 U7 A BN T
50 ) 72 P AR SR A A L, BRER I RISV
X ) — VDA FEN A REIC 20T,
@ SSCF (FFspE(L Iz /T R EE) TH2

~A7a i BT 2 — VR AT —Z BB D
FRELC, BV T —BRER BTV ESSCRIT H it 72
BIEZm. mobilist Nz . U Ry TrLm—2pihé
C5-CORED AT R BE D R RFIZHEST 3 HSSCR 7 &
AEFFE LT, 2—HIMERELE L T~ A7 mii B
FHEINBALE L CTELND LT EEY (B ra—
) BLOEGE (~ o — 2 EALIR) OBl - I
TR LR E L, SSCEXut 2D B 3IZHT-
ST, FH1ERE LU CTRIEE S FRVOMWAETLEE L
T [E Y O F B & 8% (SSF: Simultaneous
Saccharification and Fermentation) 7' a2t A5 (2D
WC, INeN T —BREFE D 7TV E B BB D
pHEMR B SR i L C, XU F 7 F 0 MO TEHEGER
BRICEC D) LTz, IRIT, IR E VT B ED Ry
N CHEL LI A1THSSCEFF r 2D f b 2 3L
7oo SSESRMETFITT, BB LT aRIEY 7 = %215
FH U728 AR = A N B 3 W W 75 FE R 12 0 8 e B 5
W e 25 bR ELT-MWALER rl i bR & L 7 [E T 4
ZIREIEL T, BT —BBESE 7T /L ECH-COoREl
T3 BENE Zm. mobilis N Z CHEAL AP AT FE B S HEEA T
T HSSCETrEAZFE LIz, &KW, T 7T
VRTOSSCFE&E M Rk 3572012, BT —E
BESE T 77 VIR B EBE B HEL 2D 3 | B OV T K
(LB FE Zm. mobilis% 1 FE & oD FH B 2 58 Al L
LC, 22— B UM RTALBRE A SV 7 + 56 B B 4
BB AR ' N T — BRI T VAR
TP IRIEAL L% 2. B Zm. mobilisZ i L C
SSCE##f##5t 3~ HL+SSCF (Liquefaction followed by
SSCF) 7 at A% B L7~
@ NRUFTIUNEFERER

L+SSCFD R F7F NERGERER Tl =—HY
M F 7 %150 g dry weight% T~ A 7 72z FE 5 mi L #
RIS ETEY (V) & FE BB E W A5 AL PR
AA LI AR EFE LT, 30 LEBEE SRR F
T MTTSSCREENE LT, T O F, ik s /) —
NRFE6A g/L, =X ) — VAGEREL g/Lh, =X/
— VAN ERI0%LL EAEER L., fEHAL L Toknm
—ARNAF L )= NET O A THH I EE KA
THIENTEIZ(X12), 7ok, B4 %)
— V1T, Wk B e L AR BE IR LT
A TELEWVEZL ST Eb RS, REREH %
WM AL RS RS L CoR AL IS T D,

15 dwit%% BElliE5/ T T

15% dw/\1 AV AAH#—~FmRILTE
o (pH5.0,at 50C. 486EME) —
L SSCF (pH55,at35C)
' b 100
i CS-ComliTRENE 90
- mobilis

R M arE b

Glc

EtOH concn.: 61 g/l

Sugars, acetate, and EtOH (g/L)
wo
=}

- N
o o o
"

24 48 72 96
Time (hr)

SSCFBIB48HMTIY / —LRE
60 g/ EEER

=]

K12, XF T T MIEDH— DM MW LB
Mash®L +SSCF

2.1 EFHRAAF=E ) —NVDREE

YA B— RN TH )= DG & E
LI AR AN Ty I AT AR TS
TETCEMTRELINAAF = ) — Ve fhit 3528
ATREIC D, 2 20 DO T, NAA L) — /LT
& 7" 1 & 2L SHF (Separated Hydrolysis and
Fermentation) 72> 5 SSF (Simultaneous
Saccharification and Fermentation) . %= L C SSCF
(Simultaneous Saccharification and
Co-Fermentation) ~*W B INTW5H, ZnbD 7 1
AR RTENR— AR ANAF L) — VB R
T — 205 1T & LB MK 12D TV D,
TIVNDYRTREINEDNAF T F ) — LAl k1%
0.23-0.29 $/L.EU O RREKE DO ER=L
MODNAF L ) — UAHKE130.29 §/L L 0.53 $/L &
WESNTWL[L], 26 H — R F s ) —
JATRE (T EE LT, 2011 4R IZFE RS 4172 NREL &
TFTIE, A= A= Z R L LT 2 ) — ViR e
¥ (MESP) % 0.57 $§/L LERREL TR, SO R
— AR A A% ORI IC DN TWD[12], 2D =X
=AM Z R T D0 ICIE, SH7e DR H O i
1 (Robust){b&EHIT, A A~ ARTALEEY) D BE F b
{BIZEH T8V T— BRI T VO EIEE L
R A MUY | FEREBLE M E O AR A MR RO E
WAL B % 5 2 DAL B RO DB FE N B B gt L&
ZTWD,



SR G NI S NI T D S

3. LR B RLEM A F V=V

KEDOZRLF—E (DOE) BNKRE LT NAA A~ A
Z R &3 D E E AL AR FE RS Top 30 12V T ba—
IVTHD 2,3-THETH— ILRIARNT v 7 EN TIN5,
2, 3-TH VI = NI T HE R THE R L (HZ
AY) DIFEELCHDIEN TR AL RS M &L A
UL FKFBA HACEEE MBI R A O R
ELTHHTHD, EHIT, KFMEDOE W 2, 3-T4
VUF— R E BRSSO B e E O A I E O &k
EMOERFEMELTRIAESNSATEEEEZ R L TV,
TN 2, 3-T 2P — VAL, TR
BHEL 2-7 7 A5 o R &t e 38 R /K VAR R T n sk
ST A FIETRESNTWS, 2, 3—F X UF —
I P AR IV RE A ThHDHAT V=T )V
MATEREINDHZER, T F AL LT 1% [l RE % it
BET D HIEICIVL, 3—THV o~ LEBENDZE
DHEINTWD, B TH, 1, 3—T7HTVT U EI~F
BAF L DTIVRT I U 1, 4— T2 % —
NWELWST- LT OLE WM E G R ATRER N E
THY ., TS OMe ST I3 A Sk O BEAFE A R
NEZASAF~ AR RICESHAOND RN ST
W, FORERMIIIEFICEETHY, Bron—2%
WA~ 2% TR LT A B BEE N EH ST
Do

3.1 THUTUA—NREEEEPFER DB R

FEHEDIT, RN ) — VAFER LT,
Yo D Zymomonas mobilis \ZIN & FiFEDOIEEF LT
LY BESITZ Zymobacter palmae \ZH1E B ULT=, AE X
BERERS Zm. mobilis EIRIERIZ Y b1 — 275 BRI
THOXE )= VEFEEAFETD (L), 20D, &
TS ) — VRS T R e S EERE & LT
ALE S NEDO FEICBW OB E L
CT&T=, TOBFFEMFEDOMWMFET Zb. palmae D7)
DNA DOSERMRFNCE L, FEAH &2 D a0 KRR
WA TN LI=E2A, Zb. palmae |\ 2,3-T HoF—
WES R DAFAEE R THID TH AL, 2,3-7
BV — VE R EEEOR T A LT, 72d ., AU
Feld, % 23~26 45 FE JST I Je ul BOAK fR 35 AL 15 77 B
Z e —20bORY < —FUEO B i) il o a
TAMFGERFE ) D — I ELTERMLT-,
@ Zymobacter palame D F&EEFSIE

s ) — NI E ThD Zb. palmae 1T 8
DR KK DFEBEIR D7 BES IV T= 7T A2 M D@
PR RPEME CThY | BEREERRRE DO =& ) — L3 %
PeaoRd, =8/ — /VARGEET 30 g/L.h, =X/ —
JVIERIX 95-97%, =&/ — Vit T%fREE, 7 1=

— AM L 20%, FEEAIR 1L 3T CHA R THY, A
FH )= VAEFERHELTH A TOD, — 5 BEEE
PEFR X/ v a—RA TV Ih—A HTIh—A A7n
— A, VIR AR E R LR R 2R R B R A R T
[131,
® 44 )1 DNA ELfEHE

Zb. palmae DB FEMILEINNHSEHT-01T, R
\ZHEBRUTC Zb. palmae D77 7 2 DNA O 58 4= i 5t % B
MR UT-, RATEEE L ClL, Yav vy — oo A f7HT
L GAP /u—XfRiT &l At TEM L, Z5b.
palmae D7 ) 2 DNA 74 7 5V —715HH8) 44,500 71—
VOIS ERE LT, FETEHRELL TUILE
B 7.7 T, 27 JLADNALZMET DERMRG AT
L7, 2O R AIF RIS Bix T H6E
WA (7 /7 —av) &1T o7, 3725, RNA 18
WOT R, BRI O TR ZITN, fE T Ik A R
ELT- % MR B OR A R BRI L0 E AR 11
REFRAT 24T\, Zb. palmae D/ x DNA 14 3,023,645
bp T. 2,247 O T Na—RINTWDHERERLE
(¥ 13),

Zymobacter palmae®E'7 ./ L\iiE

Vs

¢ \{,..,-.\

11
im?
5bp
\\
N
\

Ny
N\
\\&\

ol

REMIOM : 75AR L5 K0Fs. ZBEAOA : T4+ 5> KORFs,
3WHBOMA: +RNA. 4EBORA: rRNA, AMOA: GCRE

13. Zymobacter palmae D447 7 2 DNA fi# 5

)G EE DL in silico APV —= 712X,
PEE % PEARE, =X — (R, ARk T DR R
AR T O ZRFI LTz, =RV F— RO L%
BRI, —RAO72 EMP R LIZFERD, B =Rl
F—HR R THD ED BRESBEL T\WHIL
DA BN -7 (K 14) , EDRRRICED A SIS

ENAE U ERIT. RIBE R E O — RN E L1370 |

TEF I CoA HREDHZ LT, B, TN LT
RA~EWRBES Nt . =X ) — L~ SID, T
FTICZH ) — VHEEEEL TERICR HS Ty
DHEERESC Zm. mobilis E[RER 72 2182 Z LD B
(27T, SHICHRIENZ LT, BERERS Zm. mobilis
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PSR ¢ PR S 1 2 RGOS ) 7 7 45 —

IR E SN TR 2,3-T 2o P — L5 AR
R LU, bR CERISNAE L VIR T B
LA RERICEV T ML~ BRI % . T
YRALEE R BEEE I KD T B AV~ BT
T ATT BN UMK FERERICED 2,3-T7 2 UF
—ILANEEBEINDREE THD, L, VT /R
—AH RO R E ThHHF v r— A, v ) —
A, TIE ) —AD BAL R E T R B T
IEZRBLTHNDZESHALNIT ST,

2,3-BDOS RO MEE

Glucose
Glucose-6P
ED Pathway|
G"13P
P: ate ) «—PEP
ALS WMIAFRH
PDC. ALs |
RN
Acetaldehyde Acetlactate

B 1 1 HO

& Etharl 23- /k(
ro | BDO HO
EtOH

2,3-
BDO

14. Zymobacter palmae DT )v— )L G R RE

3.2 Zymobacter palmae\ZX? 2,3-F 7 TF— VA&
P

Zb. palmae \ =% /) — VR EL T2
D, BRB A LR W 7o BE 28 S ClE, 7
NaA—ZANLEGRINE O ) — N EEET S (X
15), 22T, BRI B RME T EBBE LG TS
I REI7REE R S T COR BB &3 I3
L7z, FOFGR . Zb. palmae 1XBEK IR T ClE
TEAREBEMEL Uy ) — L EEpE - BT 5
WXL, RN T Cld AL LI 2,3-T7 X
V=N EERETHIENHALMNI T, £ZT,
OB A ., i pH & 2,3- 7 2 od— VA
EOFBEZFEMICRFIL, 2,3- 7 X U — IV AEED
RGN EFRE L, &BIC, KEE#ZELZHEL,
T —T A E =W 2,3-TH UG — LR
PEZRRFIL, 50 g/l OF NVa—R&RFEPRELT, 18
KA LW FEIRE ] C L BEER ISR D 85% T 2,3-7 4
VA VAEFEICKIILTZ (K16) , bR e 4E
FEHE 13, BEHOM D A7 T V)T 2R LT R B R
SO EN TV, DR R Zb. palmae 1XBEH D

2,3-T B VA — VIR EFEM A ThD Klebsiella
sp.. Bacillus sp.. Panibacillus sp. \Zl~_XTEWE
FERE(2.3 g/L-h ) ThHoiz,

AT BRARHT
25 6 25 6
—» FtOHIRE : 91% 0 \Gle Growth 2
;:n Glc s T % a
£ Seqc T BDOWE : 73%
fr] 3 é foH 2 3
8 , oo R 2,3-8BDO
& S @ — . 12
@ 2] o P
5 k [c] & s /
1 El 1
@
[ 0 o 0
0 24 48 72 % 120 ] 24 48 72 9 120
Time(h) Time(h)

15. B3 RATICT LD FEBE PEY) O AL PE il 10

Growth{OD610nm)

50
r 10
3 45 X
40 Growth
2 35 ) 18
2 BDOIRE : 89%
8 30 L
< . 16
% 25 [T hgeeen XXDHX,
C -
i =0 __2,3-BDO |a
2 15 | -
g 10 -
0] 12
pH 5.5-60 54 EtOH
DOB5-70 - 0l arn — y — | g
T ..30-35
Stiming250 rom 0O 4 8 12 16 20 24
Time(h)

16. X -BHEETO Zb. plamae 215D
2,3-BDO D IE 4L pE

VL EDOFERNG . Zb. palmae 1ZEERESC Zm. mobilis
LITHERZRY | BERROBEREICEIV TS ) —/LinG 2,3-
TR H VN TR T DT E N AR Th o 72,
FITC BN UEBNEDTS ) — ARG 2,3-T 4
A=A O G EETH DY L R B R
ET BN G R R O R BLA B SM T EAFRSR
PR T LTz, ZORER | KA T CrmWiE
ZoRULTc e Ve B R B B R TE PE XA RS- T T
FELUR T30k L, 7B NLEE G BOB%E 3R 134T
R[N T CHERBTHIENIHLNC T, BREE
WD F IR B IR BRI SN D iR T AR IR
BULORTRV Y,

3.3 U A — AR N, < AH IR EEM T
NHM 2,3-T X D— VAEFEMKDORE
Zb. palmae DIV FREOYL KA BET LT,

Growth(OD610nm), pH



O BloFERIESMOBER

Zb. palmae ~DHEFE MBS T O A LR BLIZIT,
B OIE E-_IX— RO NNEERD, £ T,
G HAHATEH—FFTAINEL T, ILfE
F kM L FERAN M 7T AR D orf &~ —T1—Ex
FEUTERANMAE B AR 72 L7 7 AIR 28R
L. BEFEAELLTLZhaRL — g Eail
HEDEVATLAEZRFE L, HDT Zb. palmae D&
o T BAEN A RBIC /2 572 [4],
©® Fvu—RWITHREEORE

)G S & Jb. palmae | TN T _REFY
n— 2 BAL R R EOBERELE T ERRLZ, K
IH B DT n— AV A7 —F (X]) |, FLrnx)
—B (XK), XU b =RV TG LT 5720 D
NGV AT VKRG — B85 T (tal) LN T AT — 8
BAR T (tho) Z2 I8 B ME 7 ZAINIZH AL TE A
L7z, KIGHE HED 4 FEoxyn—2 R Es
TFREEE ALV AN X2 LDF o — AR B
MEmaL=(K17), 40g/L OFvo—RA&M—n
RFEPELTHEBL, 24 R CTHEL T, BiRICER
TD 2,3-THTF — /LB ATREIC /2272 (K18),
— | BERHC L AF L m— AT EE UK R O JR K &
125% VY N— VI E D RIFEY) O HFILFE D BRI

7,

Mannose Glucose Xylose  Arabinose
frk lc—:aw
l s arah
i, GRS Glucose-6P | l“ﬂ‘
MADH  gmmmme—— Ribi
manA | Gluconolactone-6P 1 PP cycle Ao e
Fructose 6P H0 — | Ut el AT yylB s araB
= Ribulose-5P ADP ol
H,0+—% NADP* NADPH . _ Ll
3 Xutn-3 dmany 6 P-glucanate Ribose-5p Yo 4raD
| tktA
: -
tal
/" Entner-Doudoroff , GlYeerate-13P,  Fructose-67 Erythrose-ap
thwa i o
______ _p?_____v_____),v’ Glycerate-3p "
Glycerate-2p
ATP ADP H,0

Pynrate +22 phosphoenolpyruvate

=" “‘-\\ S 0| Xylose isomerase
T £ TeA sk

WADH Uﬂav{ﬂ'l als ‘\E\'C"j:::; i et

NAD* Amldluhvdﬁ b -

a-Acetolactate : Transketolase

co, alde tal: Transaldolase
A;i 5 araA : Arabinose isomerase
M',:D,‘ aAprinats; '::D;D adh ek argB : Ribulokinase
TP NAD* o araD : Ribulose-5P-4-epimerase
A Ethanol  2,3-Butanediol

X17. Zb. palmae ~® C5+COHFIFITREEMED IR 5

T a— AR NRAF~ ADFTALE AL R P,
Tha—RExoa—ARNRELTEY, itk E M
B CIE Lo — AW B I S o — R3PS B

ML BEEEE LY ) — VINEER TIE 5, Ll

Zb. palmae B k1T 40g/L 7 )La— 2L 40g/L ¥ nm
— A& FRFICHE L, BRI RIZa W 2,3-7 X2
A= N EPE T HRIREI AT R EEN A HE ChH -7, CH

BEL C6 BEZ A RF T AT R CELMAEWIT Zb.
palmae WEWDOWE THDH, TDh, C* F~L LT
Foa—AELH WM —H—FERIZKY, Zb. palmae
W7 a—Ald o m—ADORVIA HE L R IZT D
FUAR—H—E N LT[2],

Zb. paimae® & #

Xyl 50 g/L
60 yl50g/ 20

74% (17 g/L)_

Sugar (g/L)

2,3-BDO (g/L), Growth (OD 660nm)

Time(h)

X18. ¥ m—RZ)pH0 2,3-BDO B A pE

@ <v/—RWITHEEORS

< )= AFE MR G2 IR NICERIA AT
~ )= AR RRERITE AT DO S =R
fefbEER LV b LT~y ) — A& va—R 6 Y
it ~LEMEAL T ARAT Y ) — ALY AT — PR
LENTWD, 2T, Zm. mobilis B 3D NN FEE K
HEMEER M LT 57 00 % —B (frk) & KI5 & H Sk
DIRAR~ L ) —AAY AT —F (manA) % Zb. palmae
|23 AL CIE I, frk & manA 238 A 21D, RA
R )= AAIAT—P LT VI T —B D&\ EE
FIEMERBDOON, v~ ) —AEME—DRFBIREL T
HEBELT, 2,3-T XA — VEEFELE,
@ ZERR C5-C6 FERFFIITRBEOETRE

Fom— RN FER BT E~ Yy ) — RN
i FE I FHORELTRBRZAREICT B0,
L N TR yvn—2F~Xar(X)E AN L~y /) —A
F~a (opm) DY A FE NI H— YA ARDNA~D
FRIAFEAT 5T, RLAIA BREBR T-ELTE, LA
VAT —VPIn VR —EE G A
Wiz, Fva— AR BLR T 2L N Ao — R iE
5 AR AU T G B AR A Xy B —H L T2
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SEPEIET] C AETRANA A AGFEONAF) T A F ) —

% . Zb. palmae \ZIEHRHL L CHARI AL 2 (2540
FRIAFBEAT o T2, WIT, v~ ) — AR BB R F 2=
YRV TF—BEAR ISR A LT G R A A A
Ry —ZERLUT-1% M EHE#R 2 I LD AR DN
AL IA B Z LT o770 Xt & opm Z 4L AR DN ALTHH 2
ANTZERE Zb. palmae X, — DD T, Zba—A,
Xin—A BlO~vr ) —2%M—DREPREL TH
AL CHRINRCToY ) — VEAFE L, £, BE
Bizxvn—ab~r /) —ADWATHBEL AT RE TH -
7

3.4 EEARNALABIOKRBBEEHKTIE ) —
AFEEEMERR 5-

NAF~ RFEEE L CTHEA R BLOIE AT PO KA
WL EENDTIE ) —ANSD 2,3-T X%
— VEFERRRE LT, 7O ) — 2R Z IR 5T 5
72O, MIENICIVAARE TS84 — A& 71
—AZEMEALR VBBl TV T e — A5 R~ LD
VLU, RICH L a—R 5 UL RICE#TAZLT
NRUM =RV BRI ICE AT L EN RS, 22
T, KIBFEHEOTIE ) =AY AT —F¥ (araA) .V
Tufx ) —¥ (araB) . V7 a—-5 VU fE-4-TE" AT —
Y(araD), N7 A v —B (tht) . FFT AT VR T —
Y (talA) Ol FREAZE AL (K16), 2 6 &
DOFFEELEFEE AL Zb. palmae #RIZT 78 ) —
AKRBIFLELTEBL, 2,3-T XV — L&A RE
L72(X19),

Zb. palmae s B #%

Ara 40g/L
60

418
50 |- Jis T
-14 &
5 %ot 8
] Arabinose 412 §
:i 30 64% (9 g/l.l 10 E
= o
a ~=
Meso-2,3-BDO =l|51
@
@
™~

0 24 48 72 9
Time(h)

X19. 7T ) —An6H0 2,3-BDO FE A

3.6 XAFTE—NDEE

AP EPETDARAAA DA —VIHITIE, AFa T
WAL= 2,3-TF 0 VF— bbbz, 1,3-F vy
F—L 1,2-FaXe T — ) 1 A-TH T — LR
(bR A ELTY Y 2B a— AR A F < AR
ZIRBE U CRBRICEDAEFEDNHIFHIN T\ D, 8
ENG L FEEZICBTDRERE T SE, BW
B 700, BEER DD DA AT A — LAl T
BRoOmNRbEELRD, FULEEL T, & F
I, A TR LRI A A A MRS HE ~ D W 25 [A] Y
IREDBHESLSIVTOD, FLWEAiTE L TF 8
L&A A A AL R LA A o T B kS 52 AL
IV ESIN TS (K 20) , SAF VA — L, 23
Fx B ) — i LTSS 1000-50008/ton
EESREINTEY, KA ELE—AR NI <A
NHO— B RIFE T o ANEREINIE, BEEET
DAV F— )VELE TP L~V TRE@ 2 AT RE I 72
HEFFFL TS,

BB T 52

AW - RER/TA AV (DERMK. MWIMES)

BEARH

BIMEY Y

| mmeEn
HA A L A ERS S

C5C6IllifT

i)
ARELILS— K,
CBADITN Qg T

HO €
..

23-78y VA= 2

(2,3-BDO) —_—
BDOZ&BOIR T
(BRE+RE)

]

[,

it - RETR
(¥t T R B

X20. KE R AR NAAF < AHD 2,3-BDO il
E 7t A

4. fbpef/EXREM -BRESTTITLHE

V7 a—AR A A A~ A% R LTI BE A PE
T L AR S A A — LR AR R &
LT, £7-. it 7B T L TR, 7% ) — =F
L el DAL i E O R E ELH A H ThDHH,
HEEEEIEL THIE B SN TS, bbb, =4/ —
JIZARB LY@ WE CORNNE S 72 70— 7
RIRTHY, D OKITIRZ DT N EWNIE L= R P
NS A FTav 2B A LT-a® T 4T 44— I
ART 7 AT ITNNVADE KT OFREEFE L ThH
RSN TS (K21), 22T, LSRR AL it



SR G NI S NI T D S

RANAF 2 ) — V& R L T KA I B o &
W, T ATV ADRGE R TERWDN, ZOF
DORFTEBRIE LTz, BMAEW IZHESN TS 77 A
TFIANAELTI, FERE ., Akl M4V —77
TR RN T AV ATV IARERE— v M
B LT BN EFHEOIIMAEY DM AEFET D
Z R THAHEPS (Exopolysaccharide) 12745 H L7=,
EPS (ZixfHum/E M . RIEAEN . Sz iiE (b EA . ft
BEIR IR AE R L SUBTAE R FUBR b /E R & 02872
AFTEERMBILTVWD (£K2), £/, EPSICiIT2=
—rbAuy =R REIN, BT IATF v —
DOHE LEB I LHE M M EL TOFHbHE ST
W5,

PLFIC A A= ) — b0 A BIEVE EPS B
PEIZDUWTHRIN T %, 7od5 . RWFFTIT. TRk 7~12 4
FE METI 2617 va— V&Rt e LTe A I v
RIZBAT2HFFERA %6 | CTERL T,

E10. ED15, E96

[2EFF—r=nLz |

IFL Wit BRI FIL Z29/-1L
MEBE—IL 58 7Ue> 20EL:
Z20EL>AXHIE Phby B

771 rINILZ

BREHE, ARE RAAH—T7r0%F
w70 /2L704F F

BUEEIER. HEGE(EM. RERISEIFR.

- ELRe

- RERE LN
R4AZ0RZ

- BRURHRRE

gﬂﬁﬁ‘l’ﬁﬁ‘ BEARIER. MBHEIER

K21, NAF=F ) — D TR HE

F2o. ZHEOAE BN VERERE L &

SREIEMEE -

FIMEEA. ABUEFA. RERSGER. ARERFBER. RIBREB. REHCFER.
ABEFR F

FIE « LAOY -2V FO-IUEEORIARR :

BEOREMENE, YN T3 VOREL, WFORRIE. MEORE. It
DR, 2 UFBRBE, DFHDINEE, HOOE. EERIEREREA

MEMREESEEORR

FH B VAN Xanthomonas campestris | ¥ /—2, JILI—2, TN20VE)
BRTE (#Eom. ¥33—XZ, RFLyyd, Y-, & LRVE B&.
REREE . 5¥) SER

D23 UHN (Pseudomonas elodea - TV I—2, TIDIOVE. SHhS—2)
BERIE (BU—, Ivh KFE . 5E&

x5V HA (Alealigenes sp. 7 IL—X, TILDOVE, Sh)—R VUS—2X)
=, M—LAY, BR#DOYIU—

FIS ( Aureobasidium ptllulans SR = RUA—2 )
BRIZ @8, 2 Jok). EE (WJEL)

4.1 EPSAEEBEY DORE

WA W) I R W D 7T AR RO AR A B
BT COM TS D7D I SN 2245 W LT
HICELHIZEDRMESN TS, HFHREPSE A PE
TAHMAEMERG T DI, AN A% 5 2 -8R 5
FTCEBTHIMED DA —=2 T E4T o7, 8.
AT PP T CIHERICAET TSN TWAIE
Do BESETT VARG FTEETLME
MEAI)—=2 T LT, WIS, BBYET VB UME S
TTHEBLTEEMAEMIIRLT, — KR EY
WRE CERVWERE LY ) — VB —~DRHBIREL
THEBIDIMAEME RN, TOME, BEHN
D HEENSHESBEL7- Pseudomonas stutzeri BL5S
RN T VIR T, =8 ) — NV ERFIREL, @k
PEDOEREREAFETHIEE R B LELEZ (X22),

[X22. EPS 4 2E i O 2%

4.2 EPSHEEAEO KB

P. stutzeri BL5S IXm b E DL & EPE LT3, &
BHE LB EEMIMR VS D THoT-, 2T, %
BEAFEMEOM E&2 BIRL, BRSO KELE R
L7z, Mo R % pH, H8EIRE, RFWR, EFRFL
RBICHDOEBLEHEEEREOMBEZLD, KK
7R B M E RS B G PA E LTz, TORER, 5
HOWIFE pH 1L 10 FE LW T LAY 4T, 30°C.
WRBHRETDHILT, %X/ — b 12 g/L O
ZREE AN WA FET D ENTE T, SHIT,
PR ZBIEL LB DAY — AT vy T 2mait Lz,
30-L REHBANAFVT VX —% F\ 7% A pEFE
BRClE, RBIFETDHNRAA L ) — VBRI
HZLIZED | EEERE O R CRIIE D L A AT
HTEITRRFILT= (X123),

23
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PEEIET]  FHETTRANA A A GWHONAF ) T 7 A F ) —

tol

Pseudomonas stutzeri BL58 i 9

L pH
Carbon source s \__-——-
Ethanol L
Air 10r 10 18 1%
- 116
E glagl ~ |4
3 ] 148
2 > Viscosity =z
| U g [e Growth 1 1 8
S 6r56f t. % 133
= g‘ Total sugar) 1 i
=
E 4B 4 ) ’Bg-Zﬁ
2 INEOH 16 @
2t 2 14> 11
IPE
o~ o ‘ - g -0
0 24 48 72
Time (hr)

X 23. NAFTH ) — LB RTFEIMNIZED BLGS RU~
— A& i pE

EB\Z, P. stutzeri BL58 ¥k D % B A= B |2 F1] F 7T BE
RIRFBIOFIEERF LR R V7 i — 2%
NAF v AR KO HERBEENTE ChHI o —A T
FTIR—A, = )= RTINZ AT 4 — 8Ll
ERFICREIEMEL TR SR> TWAZ TRV D
TH )= VERIBRIZE IR TOSREAEFE N LT
Tpol-,

4.3 EPS ¥ RIE I

R T 1R ORI, FEFITHEE &L AT A
LD E R T, R, BRI P IcE S
ZPERITT R0 ) — LI E DA KR IO RN
WX, AR DAL LTI E L TR TE D8,
BL58 MRDNVEFET DL HE XA Z 7 N~ Ky
7 ZNAFEL T, B 5720 (A B IR 8 vk B8 s 8
FIRATERW, 22T, MRS Z R ISR,
B IR & A U L i O BRI XV E (KA bR 20 |k
VAP R ALEE | B AL . UFBEIC L A8
Wt ATV ARTAHD T A B Ic ko ke
TORENEEMNL LT, 7ok, BRIEEEE 7y TN~ b
Uo7 ZNZEFETH L PEO R, A EEX TOFA
SV Al EL TH E &N TV 5,

4.4 EPSO¥tE

P. stutzeri BL58INFE 3 5% Fi ks 42 5 (BL5S
RY~—LFd2) OB ERKEZEED T, &L
BESh OB 2T R lpoT, 22T, B
S D728 O BEREF oA BE i FE ) &L -CoF) A48
EL, LAay —RE 27 i L7z, BL58 NAA R~
— KB TlE == EE R L, 0.5 %R E
TIEE R VBB L, 1%L ETIE=I A7 17

IR NEG R LTz, IKESHR D5 VR E DR EIZ LD
LU T 40 CLL T TRt 2 s va L, 40°C
PAETITR MR T L2, — 4. pH Z{bETIET LA
TA VR CTE K PEE R L AR — ME B R Tl
SERIPTNEERTDHIENHLNZ R T, 2=
773 BLA8 RU~—DWEix, LAy —arirn—
AL TR BE R O EEH EL TO B NS HIFFE LT
D

4.5 EPS OXESHAE & AT

BL58 R~ —2=—r7pL A uay—FEiL, Z0p
PG TR 35, 22T, M E M 21T o7,
P BN RGNS BLES RN~ —AfEHRLL
HPLC il L=/ . E DB H F— b5 1
BB LZ 1,800kDa DZHERTHHZ L2 MR LT,
WA R R R BURY ~— 0 TRA IZ L AR AN K 4y
RIS RG DT IV s — T T — R kAR D
GC-MS BLUNMR SAHTIZ IV [REZ T L7z, FE8H
DFEARER T, BRARY ~—DAF )AL E R 2N
KRG TV h— AT BT —MELTZFHEAROG
C—MSHHICIVkE L (K24), -, f@Hr iz,
RO LU CTRMOBEE DIFENROONT-ZENE,
KR~ — D ER 53 MK 53 A DA FNFEE A 53 L
% NMR, CI—MSZE|IZIfEE R ELT, UL LD
FEMTRE B D | BLE8RY ~ — DA% pk b &% O B Sk
BEREL, Thbb, ML 44— va—2—
LW AT VS E A—~2 ) —A—1LIZTZ AT LG
Bx SO AT VR EB DT Va—A £
LC, RABEE X 3-O- I NVARF =T LT L) — R

Molecular weight
(by gel filtration)

Sugar contents

1,800 kDa
Glucose:Mannose:3-0-carboxyethyl rhamnose

1.4 H 1.0 1,98 (weight ratio)
Putative structure

CH,OH

CH,OH

OH
H—J:—cwa

HRTSBEEE

4 SN
HO %O HO \0

[X]24. BL58 AR~ — DB g4 1

ThoidEfEwRLT, B IT, 7 va—Rx < /—
A:3—O—HIVRFLTFNTL ) —APNEELL, 1.
4:1.0:1. 98T Fa—Rr~wyr ) —AN 1,4 §E5
L7=bDxEHEL oG L Ty ra—20



SN QNI S N &

SNLDONLEIZ 3-O-HILARF L T )L T L) — AP T A
TG G LTS A HEE LTz,

B GRS YE IR TE 35, BLE8 WU~ — N L O & 4y
FTTIUTFEFETHLIENHOEMNI 2T,

4.6 EPSOZ2MRR

REMEROPEHME G EL TR 2237 v =
— A, )= AR EDRPEREI Ay v E LT
3=O—ANHRFLVZFINT L) —ABFEELTNDHD
LTHY,. 20BN 7T T RO ENR2=—T
Tt EH I
ZZT AR ERELTCOHBREHIEL, LS
NoEEMERBRAE LT,

O 2HEFEMHAR(SURAREIRGZHRR)

BL58 RV~ —D&MEF A LD50 (X 1000mg, kg
PLETHY, tEm IR O b7
@ UHXRAIEMERER

10 Ao R ARG, gy 3 PeHL. A
HOFBEENICHR 0. 1ml 28R L7-. B4
HUTEFNCRIEREZLITR O BT Draize O X
YEIZ 2D ¥00% 0, DraizeKayandCalanda o ARk [l ]
WM D43 ¥8 Cld Non—irritating &) € Sz,

@ UYVFERE 1 WHIEKIERE

10 SO RARAGH, Yy 3 P2l &
R JE *ﬁﬁi%%%ﬂﬁﬁbéﬁﬁbﬁ EHEH M A
BT IITRBOLNR-Tz. 2O RE 1
YFNTEMEFE ST 0 ThD i P L & E Sz,

@ EeMRERIEERER

PRRVREF RN 45 412DV T RN I T A
YFX N —F AT SR O E BT,
B 1 AN B 322 PRI I X7 W 2] E
iz,
® /MR GQaEEREHREARR)

ICR Mt~ A (6 # 4, SPF) % 1 #£ 5 PLELC, 58
H#E O % 5 TTo 72, BL68 G5 X/ NERA D%
GetE R M ER DA B2 INZ RS oTz, - T
BL58 13 G (R F i 5 A Z S/ S ES LT,
® Rec 7v &A1 (DNA EERER)

Bacillus subtilis H1TRec T 2 O’ M45Rec & AV =,
Bacillus subtilis H1TRec F 0N M45Rec—&4 4 F BH.IE

XERO DAL T2 LD DNA G /E I ne
HE STz,

@ BREFLEERR(EAXDICLHBHEEERR)

JIS K O102: I T8 KB 7 15 ] o1 Ic kD

MR O BHIZHERLL | AKX 11282 48hr B
MW B 2 FE ML -, B AL D 48hrLC50
(Medianlethalconcentration) I 100mg, /'L LA ETHY
TR0 CEMEITRLNRoT.

Be T 2% BF 58

T BT AR BE MR DR BLA IR TE D,

4.7 EPS DA B R HERER

e SR ~DOF| 248 E L T, BL58 U~ —D A
B 70 AR FRE M A BR 2 MR T L7,
O HIEM. FLyANVAKERER
KIGE K12 ¥ROEE%Z SAAAR)~—500 p g,/ ml
UL ETHHEICEKTLE. ERAr I P AL A
(HINI %Y H3N2 ) 2 MDCK 5% 28 #ll ji |2k Y 1% | J%
Yl 2GR L7 3 A4 RY~—(15. 6~2000
/ wg/ml) CORYILEEEEZ R LT,
@ BEIRAEMEI IR

EAEYNME 5 T HE) OREIC 2%DNCB &
BL58(0.1%X721% 0.5%) D=~/ yaZ8AL T
R & AR B & A S 72, BL—58 135 J& i /EME I
B2 M 2 R SRV EARIBR SN,
@ HURMERR

ENLEYNEER LB EE T T 7A4T7F%
— (ASA) UG IZ LUz, BEPER RO BEA (JF H
TV T ) AT b AR TRE SR T B ] o0 3 AE &0 F oD
JERFE A /R U2 812 XD, BLES 1359\ JFME 2 FF
DEEZ BN,
@ &N T B R

NAF R —DEBIEEIZ OV THETL729
(2, AT R e 2 L2 st 9 % A e o B 4 R LD
W EAT 72, [ L7 M AR ONZ % 4 e
%lJﬂ% L CAA AR ~— Ol i 8 58 E H 2 MT T B

WXV E R L7-, HL60 (&

MRC5 (1E # fifi # ) o> V0 Ff 46 2 L 7=, HL60
(2ERT A BEYE 5 e AR 12k L Tix, A A RY
~—50mg% RN 72552 OHL60A I XIE & A
ENAELFL, I AR R L QU e, — 05, U937 (M
BRME B L gE M) (26 LTk, HLB60 S 1T <A 23
720, 50mg %R~ — O U CHIIE O S5 X 1k F
VW) R R B 0 A A A R B 23 A LT, A
ARV~ —IRIAT% TOMALOFE T 1T THE T, w0
%I AR E S, AFL TW DM A L
TWHONIHMEIZ Ab7-, HL60:U937133kizH
AR CTH DD, /*‘42‘%9?%:%#5@%%@753‘
ORI S TEY, b D M dH D\ THE FE It
T DIERIRES~DOIEABE T IOV TE A %ICESR
SR ThH D, HepG2 (7 Hfa) 12k L TiX, 50
mg% DRV~ —RM T, IR RTE5%D

He B 720 | M5 MR BB W BT Y Lz, FTz,

R~ —IRIMNEEEE OIS Y — LT Lo L
AL, TR O BT HepG2#H i o 5l & 11 l
N RS T,
® HRERR

CPERITE PR 1 A A )
U—937 (HERME A M m A iE) , HepG2 (AT HMAR) ,

25



26

WYL @ FAETTRE

BLRIR D PLRIETE ME N BL R ST, =D RIS, il
*%ﬁ%éﬁé%%’%&?bf Wi % % i FE S E D%

(2 ARV~ — 2[R 25 LT O RE 2 #1
Ao REEIL TR LI, TORR, Rz 5
L7e~ D AD i3 E 2 RAE & Z U IR A #E & 720
LT LHDITHL, /\4’71“1‘)7—%25—11 0. 4mg
S kgDF G TREIZRIELZIZLFNALNT/ >
72 (X25) . JLRIEDN IR DA =X LRI SRE TH
%o

A 25’/k8

Eﬁﬂx%l‘_c{%?j’j 1 TZ’FJ 5

,.m,.., _ﬂ 6.&‘

+ TSR 3 A
FRAEK B2 g/ke) 3 me/

X 25. BL58 "RV~ —DHL 4 5E/E

]ﬁﬁﬁﬂ

BLSB Hy2—
0.4 mg/ke

H3SER
HEBS

48 BEBOF T I FEFEORE

BRATANO LENMNSSEESNTZMAED., P
stutzeri BL58 KRN, 5 AR ASAA X ) — 0N
AFTA—BIVHBEEY CTHHI VRV ZFEELT
AR M DA AR ~— BL568 A AR~ —
BEETDHIEERHL, TOa=—272M %25 H
Li-H@BEREMRHN L, AR OEOITIX
BL58 R~ —%ZAfMIZ, B OLEL TG T HZEn
BETHY, 20D O R R AL EE
MEtL, RERUO-D DM ELHESLTHICE-
720 — 75 BLA8 NAF R~ —D Hig ez & dh, bt
iy HDOVEEIRIZR DDA I2IE, BLES /A4 7RY
~— @ﬁirémﬂﬁ IREEERREED, 207

T BRE R AR L 2R EELIC

% T LU COMER R 7y &2 DO EE D | 555
W5 BLA8 ARU~—D R Al 3528 R Al
KTD, ZORBLENE, BLES RY~—DRED
MR EZHFE A RO ITICE L T,
3-O-carboxyethyl rhamnose & E L T, A S84
ARSI THIENTE, F ALBEL B L%
RBREUT-EAN R 2B T, oL ettt
BRTIENTE, BLES RY~—DEMTEIEL F D

A A AE

FRDONAF ) T 7 A F) —

RBRIFTEEITO0, SRR ARG R EZH LI
THZENTET, KRS, RIEVERI IR DB DA FT
L. BL58 _AARY~— 1R O o o ERZTE AL
LW, ~o/mT7 7 — V% F5 752N BlEST
WD, TS D AP IE P RS B1d, BLA8 ARU~—n3
HRARLH L avZ7HEL TREALETHLI AR
RLTEY, ERESFICBWTHLZDO BN
TWo,

5. BT
PEXEMUBFEOILAEROKREHEEIXZ. S BD
s AR AR EE U723, I, HEER B ColR Rk
ZNESEDHICE T, ORI S A D2 H A7)
EICT 2 —oDT 7 /0P —NFAFRER N4~ A
BIRE R EL CAEM KIS EIEH 52 THERD
AR OB ZRE T LN TReb b A F Y7
7AFTV—=TrBRATHDL, LU, WERKOAANIT 7
4’7‘9——75>6/*‘4’2LU774+U—f\0>?32?/ﬁ$ﬂﬁ0)£fﬁ
T ES 2 <, EOWE LA T TWD0 R Ea R
bF‘EJ%ET%‘é JECHAT % 23 i <BXE S AU TN B R
FTIL, AV RAEREE LT ANAF T a3 — )VEHD
EIAMIZOEM ERICL A M EBF TEDHE
I AR E TNz, LinL, o — L H ARV
== VA AVOEEPEITIN A, OPEC D g PED |
@ L720, BUEO MR 1T L TR, A F =
AW SRR E O RIE T ANI KL R LVIRILICH D,
DOFEIRIR M EFTHE T D701, G R a2 RE 2L
DIAFT AT A —7IHNDE, K0 E A IAGE O F £,
{ERE G bE | = 3R OB e &~ LG ER L 5720
OB N E NI TREAIZI> TS, EEH LD,
ik BB E THLE R A A= ) — s
DIGED | FEF AL EM EL TONRAF VA — 1|
SHOIZIEEL~OF AP FF DB E S 77
VFEWERE AT AT A—TIINDET AT
HN~LZ =2y MR R L, 2 b B E RFIHY
7 ) — AZ A G~ A S BLE T E DI W
fa T35 (BT 77 ) —) B R L T& T, 4% 1%, it
R OASAF T /a0y = RFH NS B DM F 8
R L CRIEa AN E PRI T 2L TRAAY
TrAFTV—FEENRE LR T HEEHIC, RS
TRTHHEND GHG NRIEICHIEESN A2 THl
BRI AL DS Ik SR it S 2 HBLTEHL DL
EEL WD,



SR G NI S NI T D S

BE IR

[1] Yanase, H. et al., Appl Microbiol Biotechnol., 94,
1667 (2012)

(2] Yanase, H. et al., Appl Environ Microbio.l, 73,
2592 (2007)

[3] Yanase, H. et al, Biotechnol Lett., 27, 259
(2005).

(4] Yanase, H. et al., J Biotechnol., 118, 35 (2005).

[5] Kojima, M. et al., Appl. Microbiol. Biotechnol.,
96, 1093 (2012)

(6] Kojima, M. et al., Appl. Microbiol. Biotechnol.,
97, 5137 (2013)

[7] Hasegawa, N. et al., IEICE Transactions on
Electronics E97.C, 986 (2014)

(8] =K E. MR, ~A /a7 o 28I 1T,
=T Ay — AR, 262-272 (2013).

[9] Watanabe, T. and T. Mitani, The Role of Green
Chemistry in  Biomass  Processing and
Conversion, John Wiley & Sons, 281-291
(2012).

[10] #EDFEF] ., FT~A 7oL —Libh A8
i, EEHMY—e 2ty 2—_ 701-710
(2014).

[11] Balat, M., Energy Conversion and Management,
52, 858 (2011)

[12] Humbird, D. et al, Process design and
economics for biochemical conversion of
lignocellulosic biomass to ethanol dilute—acid
pretreatment and enzymatic hydrolysis of corn
stover, Technical Report,
NREL/TP-5100-47764
(http://www.osti.gov/bridge) (2011)

[13] Bisaria,V.S.(ed): Bioprocessing of Renewable

Resourves to  Commodity  Bioproducts,
pp.169-200, WILEY, (2015)

(Z¥ SR 284E10 A 27 H)

27



28

RO EBEOREEY Y

FaJi

FHA2ILIZDOT

KV

SIRZ T R AT A EARRER

Evaluation of the Beach Nourishment Work in Tottori Sand Dune Coast

Yuhei MATSUBARA
Department of Social System and Civil Engineering, Faculty of Engineering
Tottori University, Tottori, 680-8552 Japan
E-mail: matubara@cv.tottori-u.ac.jp

Abstract: As a beach protection work against the coastal erosion the artificial sand-fill project has been exceeded in the coastal zone

in Tottori Prefecture. The project has been continued as a pilot work of Tottori prefecture as long as more than 10 years.

However

the effects of the project are not evaluated quantitatively. In this article the nourished sand movement is examined from the field data.
Finally the beach nourishment work is found to be effective for the shoreline protection in Tottori Sand dune Coast.
Key Words: Sediment transport, Beach nourishment, Artificial sand fill, Computer simulation, Field measurements,
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Effects of ground impact on traumatic brain injury
in a fender vault pedestrian crash

Tamura, A., Koide, T., Yang, K.H". ("Wayne State
Univ.)

Int. J. of Vehicle Safety, Vol.8, No.1, pp.85-100, Mar.
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Synchronization of Matsuoka Neural Oscillator to
Meshing Frequency for Estimation of Angular
Position of Gears

Iba, D*., Hongu, J., Hiramatsu, H"., Nakamura, M".,

41



42

¥MEY A bF2016

lizuka, T*., Masuda, A"., Sone, A"., Moriwaki, I".
("Kyoto Institute Tech.)

Proc. of 2015 IFToMM World Congress, S34:
0S6-017, pp.1-6, Oct. 2015.

Design method of PID controllers for active mass
damper systems incorporating neural oscillators
Hongu, J., Iba, D"., Sasaki, T"., Nakamura, M",,
Moriwaki, I". ("Kyoto Institute Tech.)

Proc. of 16th Asia Pacific Vibration Conference,
No.527, pp.708-713, Nov. 2015.

Visual Measurement for On-orbit Reflector
Assembly

Nishida, S., Kamimura, H.

Journal of Robotics and Mechatronics , Vol.25, No.5,

pp.480-488, 2015

REX-J 2w avIichTdEEBLEBERIN:-TY
— BB 5T

EARAE 1, HHIEIL*, FEEE*2, IELH
*2, /NHOGER2, SR, B *, N
A, REAE*, PEHE - LIAXA, *2:K
LK)

H ARk 7 2 fm SCEE, 81 &,
10.1299/transjsme.14-00298, 2015 4

824 %, DOI:

An Optical Navigation System for Capturing Space
Debris

Nishida, S., Kodama, M., Kikuchi, M.

Proc. of the 7th Asia-Pacific International Symposium
on Aerospace Technology, pp.1-6, 2015

Distributed Multi-Agent
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In-Situ Ablation Measurement for An Ablative
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The International Symposium of Shock Waves (Tel
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In-Situ Ablation Measurement of a Low Density
Ablator Using an Embedded Sensor
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Spray Characteristics and Inside Flow of a Marine
Diesel Injector

Yokobe, S.*, Oda, T., Ohsawa, K., Sumi T., Shuhei
Sugata, Keiichiro Yabuta (*Mitsui Engineering &
Shipbuilding Co., Ltd.)

of 2015 JSAE/SAE Powertrains, Fuels &
Lubricants International Meeting, JSAE20159249,
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Simulating Customer-to-Customer Interaction In a
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Suzuki Coupling Reactions Catalyzed by PdO
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Thermo-molecular Gas-film Lubrication Dynamics
Considering Boundary Temperature and Ambient
Gas (2-DOF Numerical t-MGL
Equation)

Okamura, Y., Nakasuji, A., Matsuoka, H., Fukui, S.
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Theoretical Study of Surface Interaction Pressures
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Distributions Based on the Lennard-Jones
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Theoretical Analyses of Interaction Stresses Acting
Between Solid Surfaces
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Lipase-mediated Dynamic Kinetic Resolution
(DKR) of Secondary Alcohols in the Presence of
Zeolite Using an Ionic Liquid Solvent System.
Shimomura, K.; Harami, H.; Matsubara, Y.; Nokami,
T.; Katada, N.; Itoh, T.

Catalysis Today, 2015, Vol. 255, pp. 41-48, Dec.
2014

Switching the reaction pathways of
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K.; Kishida, S.; Fukaya, Y.; Nokami, T.; Itoh, T.
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Shimizu, M.; Usui, H.; Yamane, K.; Sakata, T.;
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Transfer.
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Itoh, T.
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Protective effect of chitin urocanate nanofibers
against ultraviolet radiation

Ito, I., Yoneda, T., Omura, Y., Osaki, T., Ifuku, S.,
Saimoto, H., Azuma, K., Imagawa, T., Tsuka, T.,
Murahata, Y., Ito, N., Okamoto, Y., Minami, S.
Marine Drugs, Vol.13, pp.7463-7475, Dec. 2015.

Chitin nanofiber elucidates the elicitor activity of
polymeric chitin in plants

Egusa, M., Matsui, H., Urakami, T., Okuda, S., Ifuku,
S., Nakagami, H., Kaminaka, H.

Frontiers in Plant Science, Vol.6, pp.1098, Dec. 2015.

Characterization of chitosan nanofiber sheets for
antifungal application.

Egusa, M., Iwamoto, R., Izawa, H., Morimoto, M.,
Saimoto, H., Kaminaka, H., Ifuku, S.

International Journal of Molecular Sciences, Vol.16,
pp.26202-26210, Nov. 2015.

Surface-deacetylated chitin nano-fiber/hyaluronic
acid antioxidative
compounds for use in extended-release matrix
tablets

Tabuchi, R., Anraku, M., Ifuku, S., Ishiguro, T.,

composites as potential

Iohara, D., Hirayama, F.
International Journal of Molecular Sciences, 16,
pp.24707-24717, 2015.

Biomineralization of calcium phosphate crystals on
chitin nanofiber hydrogel for bone regeneration
material

Kawata, M., Azuma, K., Izawa, H., Morimoto, M.,
Saimoto, H., Ifuku, S.

Carbohydrate Polymers, 136, pp. 964-969, 2016.
Bio-based wrinkled harnessed from

biological design principles of wood and peroxidase

surfaces

activity

Izawa, H., Okuda, N., Ifuku, S., Morimoto, M.,
Saimoto, H., Rojas. O. J.

ChemSusChem, 8, pp. 3892-3896, 2015.

Effects of oral administration of chitin nanofiber
on plasma metabolites and gut microorganisms
Azuma, K., Izumi, R., Kawata, M., Nagae, T., Osaki,
T., Murahata, Y., Tsuka, T., Imagawa, T,. Ito, N.,
Okamoto, Y., Morimoto, M., Izawa, H., Saimoto, H.,
Ifuku, S.

International Journal of Molecular Sciences, 16, pp.
21931-21949, 2015.

Facile  preparation of cyclodextrin-grafted
chitosans and their conversion into nanoparticles
for an anticancer drug delivery system

Izawa, H., Yamamoto, K., Yoshihashi, S., Ifuku, S.,
Morimoto, M., Saimoto, H.

Polymer Journal, 48, pp.203-207, 2016.

Effects of surface-deacetylated chitin nanofibers in
an experimental model of hypercholesterolemia
Azuma, K., Nagae, T., Nagai, T., Izawa, H., Morimoto,
M., Murahata, Y., Osaki, T., Tsuka, T., Imagawa, T.,
Ito, N., Okamoto, Y., Saimoto, H., Ifuku, S.
International Journal of Molecular Sciences, 16,
pp.17445-17455, 2015.

Preparation of a protein-chitin nanofiber complex

from crab shells and its application as a
reinforcement filler or substrate for
biomineralization

Ifuku, S., Urakami,T., Izawa, H., Morimoto, M.,
Saimoto H.
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Preparation of polybenzoxazole nanofibers by a
downsizing process

Ifuku, S., Maeta, H., Izawa, H., Morimoto, M.,
Saimoto, H.

RSC Advances, 5, pp.35307-35310, 2015.

Bioactive gyroid scaffolds formed by sacrificial
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hydrogels as instructive platforms for biomimetic
tissue engineering
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Tigges. T., Gremse. F., Zafarnia. S., Lederle. W.,
Ifuku, Wessling. S. M., Hardy. J. G., Walther. A.

Advanced Materials, 27, pp.2989-2995, 2015.

Novel 1,8-naphthalimide derivative with an open
space for an anion: uinique fluorescence behaviour
depending on the binding anion’s electrophilic
property

Izawa, H., Nishino, S., Sumita, M., Akamatsu, M.,
Morihashi, K., Ifuku, S., Morimoto, M., Saimoto, H.
Chemical Communications, 51, pp.8596-8599, 2015.

Favorable effects
chitin nanofibrils on the wound healing process
Izumi, R., Komada, S., Ochi, K., Karasawa, L.,
Osaki,T,. Murahata, Y., Tsuka, T., Imagawa, T., Itoh,
N., Okamoto, Y., Izawa H., Morimoto, M., Saimoto,
H., Azuma, K., Ifuku, S.

Carbohydrate Polymers,123, pp.461-467, 2015.
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Preparation of zwitterionically charged
nanocrystals by TEMPO-mediated
oxidation and partial deacetylation of alpha-chitin.
Ifuku, S., Hori, T., Izawa, H., Morimoto, M., Saimoto,
H.

Carbohydrate Polymers, 122, pp.1-4, 2015.
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Formation of elastic gels from surface-deacetylated
chitin nanofibers reinforced with sulfobutyl ether
O-cyclodextrin

Anraku, M., Iohara, D., Uekama, K., Ifuku, S., J. D.
Pipkin, Hirayama, F.

Chemistry Letters, 44, pp.285-287, 2015.

A green apporach to endow chitin nanofiber with

fluorescence

Dutta, A. K., Izawa, H., Morimoto, M., Saimoto, H.,
Ifuku, S.

Journal of Chitin and Chitosan Science, 3, pp.53-56,
2015.

Effect of a silane coupling agent on the mechanical
properties of a microfibrillated cellulose composite
Ifuku, S. Yano, H.

International Journal of Biological Macromolecules,
74, pp.428-432 .2015.

Biological adhesive based on carboxymethyl chitin
derivatives and chitin nanofibers

Azuma, K., Nishihara, M., Shimizu, H., Itou, Y.,
Takashima, O., Osaki, T., Itoh, N., Imagawa, T.,
Murahata, Y. , Tsuka, T., Izawa, H., Ifuku, S., Minami,
S., Saimoto, H., Okamoto, Y., Morimoto, M.
Biomaterials, 42, pp.20-29 ,2015.

Preparation of chitosan nanofibers from
completely deacetylated chitosan powder by a
downsizing process

Y. E. Aklog, A. K. Dutta, Izawa, H., Morimoto, M.,
Saimoto, H., Ifuku, S.

International Journal of Biological Macromolecules,
72, pp.1191-1195 ,2015.

Facile preparation of silver nanoparticles
immobilized on chitin nanofiber surfaces to endow
antifungal activities

Ifuku, S., Tsukiyama, Y., Yukawa, T., Egusa, M.,
Kaminaka, H., Izawa, H., Morimoto, M., Saimoto, H.

Carbohydrate Polymers, 117, pp.813-817 ,2015.

Facile preparation of surface N-halamine chitin
nanofiber to endow antibacterial and antifungal
activities

Dutta, A. K., Egusa, M., Kaminaka, H. Izawa, H.,
Morimoto, M., Saimoto, H., Ifuku, S. Carbohydrate
Polymers, 115, pp.342-347, 2015.

Chitin, chitosan, and its derivatives for wound
healing: old and new materials

Azuma, K., Izumi, R., Osaki, T, Ifuku, S., Morimoto,
M., Saimoto, H., Minami, S., Okamoto, Y.

Journal of Functional Biomaterials, Journal of
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Formation and Field-assisted Dissolution of Anodic
Films on Iron in Fluoride-containing Organic
Electrolyte
Shahzad, K''., Tsuji, E., Aoki, Y''., Nagata, S,
Habazaki, H' (*lHokkaido University, “2Tohoku
University)

Electrochim. Acta, Vol.151, pp.363-369, 2015.

Highly Durable Platelet
Nanofiber-Supported Platinum Catalysts for the
Oxygen Reduction Reaction

Tsuji, E., Yamasaki, T*l., Aoki, Y*l., Park, S.G*z.,
Shimizu, K., Habazaki, H'. ("'Hokkaido University,
“2Chungbuk National University, i-SEM Laboratory)
Carbon, Vol.87, pp.1-9, 2015.
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Oxide/Conducting Polymer Composite Coatings
Konno, Y., Tsuji, E., Aoki, Y"., Ohtsuka, T .,
Habazaki, H'. (‘Hokkaido University)

Faraday Discuss., Vol.180, pp.479-493, 2015.

Growth
Magnesium in

of Barrier-type Anodic Films on
Ethylene Glycol
Containing Fluoride and Water
Habazaki, H*l., Kataoka, F*l., Shahzad, K*l., Tsuji, E.,
Yamasaki, T*l., Aoki, Y*l., Nagata, S*z., Skeldon, P*3.,
Thompson, G.E.”., ("'Hokkaido University, ~“Tohoku
University, ° The University of Manchester)

Electrochim. Acta, Vol.179, pp.402-410, 2015.

Electrolytes

Redox-induced Proton Insertion and Desertion of
Zircon-type Neodymium Chromate(V)

Aoki, Y'., Kuroda, K., Tsuji, E., Habazaki, H .
("Hokkaido University)

Solid State Ionics, Vol.285, pp.175-179, 2015.

Formation of Self-Organized Porous Anodic Films
on Iron and Stainless Steel

Habazaki, H'., Shahzad, K ., Hiraga, T ., Tsuji, E.,
Aoki, Y'. ("Hokkaido University)

ECS Transactions, Vol.69, pp.211-223, 2015.

GDOES
Enrichment of Copper during Anodizing of Al-Cu
Alloy

Habazaki, H*l., Uemura, M*z.., Fushimi, K*l., Tsuji,
E., Aoki, Y*l., Nagata, S7. (*lHokkaido University,
“Tohoku University)

Journal of The Surface Finishing Society Japan,
Vol.66, pp.670-672, 2015.

Depth Profile Analysis of Interfacial

Characterization of Corrosion-resistant,
Nanometer-thick, Layer-by-layer Aluminosilicate
Coatings Prepared on Stainless Steel

Habazaki, H*l., Kimura, T*l., Aoki, Y*l., Tsuji, E.,
Yano, Y*z., Shimizu, K*3., Hassel, AW™, (*lHokkaido
“JFE  Steel “i-SEM
Laboratory, “*Johannes Kepler University Linz)

Electrochim. Acta, Vol.201, pp.311-319, 2015.

University, Corporation,

Lipase-mediated Dynamic Kinetic Resolution
(DKR) of Secondary Alcohols in the Presence of
Zeolite Using an Ionic Liquid Solvent System

Shimomura, K., Harami, H., Matsubara, Y., Nokami,

T., Katada, N., Itoh, T.
Catal. Today, Vol.255, pp.41 — 48, 2015.

Relationship between Activation Energy and
Pre-exponential Factor Normalized by Number of
Bronsted Acid Sites in Cracking of Short Chain
Alkanes on Zeolites

Katada, N., Sota, S., Morishita, N., Okumura, K"'.,
M™.
Industrial Science Research Institute)

Catal. Sci. Technol., Vol.5, pp.1864 — 1869, 2015.

Niwa, ("'Kogakuin  University, “Nagoya

Assignments of Bending Vibrations of Ammonia
Adsorbed on Surfaces of Metal Oxides

Suganuma, S., Murakami, Y., Ohyama, J., Torikai,
T*'., Okumura, K., Katada, N. (*lMicrotracBEL
Corp., > Kogakuin University)

Catal. Lett., Vol.145, (10) pp.1904 — 1912, 2015.
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Catalytic Liquid-phases Oxidation of Acetaldehyde
to Acetic Acid over a
Pt/Ce0,-Zr0,-Sn0O,/y-Alumina Catalyst

Choi, P.-G., Ohno T., Masui T., Imanaka, N.

J. Environ. Sci., Vol.36, pp.63-66, Oct. 2015.

Novel Environment-friendly Green Pigments for
Over-glazed Decoration of Arita Ware

Masui, T. Shiraishi, A., Nakado, H., Takeuchi, N.,
Wendusu, Imanaka, N.

J. Jpn. Soc. Colour Mater., Vol.88, pp.203-207, July
2015.

Selective Liquid Phase Oxidation of Cyclohexane

over Pt/Ce0,-Zr0,-Sn0,/Si0, Catalysts with
Molecular Oxygen

Imanaka, N., Masui, T., Jyoko K.

J. Adv. Ceram., Vol.4, pp.111-117, June 2015.

Novel Environment Friendly Inorganic Red

Pigments Based on Bi,V,0q;

Wendusu, Shiraishi, A., Takeuchi, N., Masui, T.,
Imanaka, N.

RSC Advances, Vol.5, pp.44886-44894, May 2015.



Improvement of Toluene Oxidation Catalysis by
Cu Doping into Co;0, in
Pt/C0504/Ce0,-Zr0,-Sn0,/y-Al,0; Catalysts
Masui, T., Kamata, T., Fukuhara, N., Imanaka, N.
Bull. Chem. Soc. Jpn., Vol.88, No.5, pp.746-751, May
2015.

Aspects of Rare Earth Oxides Affecting Direct NO
Decomposition Catalysis

Tsujimoto, S., Masui, T., Imanaka, N.

Eur. J. Inorg. Chem., 2015, pp.1524-1528, Mar. 2015.

Direct NO Decomposition Over C-type Cubic
Y,05-PrsO,-Eu,0; Solid Solutions

Masui, T., Uejima, S., Tsujimoto, S., Nagai, R.,
Imanaka, N.

Catal. Today, Vol.242, Part B, pp.338-342, Mar. 2015.

Novel Environmentally Friendly Inorganic Red
Pigments Based on Calcium Bismuth Oxides
Wendusu, Yoshida, T., Masui, T., Imanaka, N.

J. Adv. Ceram., Vol.4, pp.39-45, Mar. 2015.

Catalytic Liquid Phase Oxidation of 1,4-dioxane
Over a Pt/Ce0,-Zr0O,-Bi,03/SBA-16 Catalyst

Choi, P.-G.,, Ohno, T., Fukuhara, N., Masui, T.,
Imanaka, N.

J. Adv. Ceram., Vol.4, pp.71-75. Mar. 2015.

Novel Environment-friendly Green Pigments Based
on Rare-earth Cuprate

Masui, T., Takeuchi, N., Nakado, H., Imanaka, N.
Dyes Pigm., Vol.113, pp.336-340, Feb. 2015.

Analysis of the Deterioration Mechanism of Si
Electrode as a Li-Ion Battery Anode Using Raman
Microspectroscopy

Shimizu, M., Usui, H., Suzumura, T., Sakaguchi, H. J.
Phys. Chem. C, Vol.119, No.6, pp.2975—-2982, Jan.
2015.

Nb-Doped Rutile TiO,: a Potential Anode Material
for Na-Ion Battery

Usui, H., Yoshioka, S., Wasada, K., Shimizu, M.,
Sakaguchi, H., ACS Appl. Mater. Interfaces, Vol.7,
No.12, pp.6567—6573, Mar. 2015.

Electrochemical behavior of SiO as an anode

material for Na-ion battery

Shimizu, M., Usui, H., Fujiwara, K., Yamane, K.,
Sakaguchi, H., J. Alloys Vol.640,
pp-440—443, Mar. 2015.

Compd.,

Silicon-based Anodes and Optimized Interface
between Electrodes and Electrolytes for Next
Generation Lithium-Ion Battery

Usui, H., Narita, M., Fujita, Y., Sakaguchi, H., J. Surf.
Sci. Soc. Jpn., Vol.36, No.7, pp.334—338, Jul. 2015

Effect of Film-forming Additive on
Electrochemical Performance of Silicon
Negative-Electrode in Lithium-Ion Batteries

Domi, Y., Usui, H., Shimizu, M., Miwa, K.,

Sakaguchi, H., Int. J. Electrochem. Sci., Vol.10, No.11,
pp.9678-9686, Sep. 2015.

Electrochemical Na-insertion/extraction properties
of Sn-P anodes

Usui, H., Sakata, T., Shimizu, M., Sakaguchi, H.,
Electrochemistry, Vol.83, No.10, pp.810—812, Oct.
2015.

Electrochemical Na-insertion/extraction properties
of phosphorus electrodes in ionic liquid electrolytes
Shimizu, M., Usui, H., Yamane, K., Sakata, T.,
Nokami, T., Itoh, T., Sakaguchi, H., Int. .
Electrochem. Sci., Vol.10, No.12, pp.10132—-10144,
Dec. 2015.
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Self-assembled Artificial Viral Capsid Decorated
with Gold Nanoparticles

Matsuura, K., Ueno, G., Fujita S.

Polymer J., Vol.47, No.2, pp.146-151, Feb. 2015.

A Photoinduced Growth System of Peptide
Nanofibres addressed by DNA Hybridization
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Furutani, M., Uemura, A., Shigenaga, A.* Komiya,
C.* ~ Otaka, A.*, (*Tokushima
University)

Chem. Commun., Vol.51, No.38, pp.8020-8022, April
2015.

Matsuura K.

Encapsulation of Guest Materials into Artificial
Viral Capsids self-assembled from Viral Peptide
Matsuura, K., Fujita S.

Peptide Science 2015 ed. by Hojo, H., Inazu, T.,
Katayama H., The Japanese Peptide Society, pp.
87-88, 2015.
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Control of Fluorescent

Facile Morphological

Nano/Microstructures via Self-Assembly and Phase
Separation of Trigonal Showing
Aggregation-Induced Emission Enhancement In

Azobenzenes

Polymer Matrices

Han, M., Takeoka, Y ., Seki, T . ('Nagoya University)
J. Mater. Chem. C, Vol.3, No.16, pp.4093-4098.
March 2015.

Elucidation of Isomerization Pathways of a Single
Azobenzene Derivative Using an STM

Kazuma, E™'., Han, M">*., Jung, I''., Oh, J"'., Seki,
T*3., Kim, Y (*IRIKEN, “2Tottori University,
“Nagoya University)

J. Phys. Chem. Lett., Vol.6, No.21, pp.4239-4243.
October 2015.

Synthesis of  7-Alkyl-6-amino-7H-pyrrolo[2,3-
dlpyrimidine-6-carbonitriles by the Copper-
Catalyzed 4-(Alkylamino)-5-
iodopyrimidines with Propanedinitrile

Kobayashi, K., Nakazawa, K., Yuba, S., Hiyoshi, H*.,
Umezu, K. ('Thara Chemical Industry Co., Ltd.)
Heterocycles, Vol.90, No.1, pp.216-225, Jan. 2015.

Reaction of

Synthesis of 6-Aminoindolo[2,1-a]isoquinoline-5-
carbonitriles by the Cu-Catalyzed Reaction of
2-(2-Bromophenyl)-1H-indoles with CH,(CN),
Kobayashi, K., Ezaki, K., Hanioka, D., Nozawa, I.
Helv. Chim. Acta, Vol.98, No.2, pp.179-183, Feb.
2015.

One-Pot Synthesis of  3-Acetyl-2-aryl-3,4-
dihydroquinazolines from N-[2-(Azidomethyl)-
phenyl]benzamides Utilizing Intramolecular
Aza-Wittig Reaction

Kobayashi, K., Matsumoto, N., Nagashima, M.,
Inouchi, H.

Helv. Chim. Acta, Vo0l.98, No.2, pp.184-190, Feb.
2015.

Synthesis of N-Substituted (Z£)-3-Arylbenzo-
[c]thiophen-1(3H)-imines by the Reaction of
1-[Aryl(methoxy)methyl]-2-lithiobenzenes with
Isothiocyanates Followed by Acid-Mediated
Cyclization

Kobayashi, K., Shigemura, Y., Ezaki, Y.

Heterocycles, Vol.91, No.3, pp.526-536, Mar. 2015.



A Facile Synthesis of 1-Substituted 3-Alkoxy-1H-
isoindoles Based on the Reaction of 2-(Dialkoxy-
methyl)phenyllithiums with Nitriles, Followed by
Acid-Catalyzed Cyclization

Kuroda, M., Kobayashi, K.

Helv. Chim. Acta, Vo0l.98, No.3, pp.279-286, Mar.
2015.

One-Pot Synthesis of 3-Alkoxy-2,3-dihydro-1H-
isoindol-1-ones by the Reactions of 2-(Azido-
methyl)benzoates with NaH

Kobayashi, K., Chikazawa, Y., Ezaki, K.

Helv. Chim. Acta, Vol.98, No.5, pp.604-610, May
2015.

Two-Step Synthesis of 5-Hydroxy-5,7-dihydro-6H-
pyrrolo[2,3-d]pyrimidin-6-one Derivatives from
4-Chloro-6-methoxy-2-(methylsulfanyl)pyrimidine
Kobayashi, K., Ono, R., Yuba, S., Hiyoshi, H*.,
Umezu, K. (‘'Thara Chemical Industry Co., Ltd.)
Heterocycles, Vol.91, No.6, pp.1177-1185, Jun. 2015.

Synthesis of 3-substituted 2-bromoquinolines
utilizing 2-bromo-3-lithioquinolines generated by
the reaction of 2-(2,2-dibromoethenyl)phenyl
isocyanides with butyllithium

Kobayashi, K., Nozawa, I.

Tetrahedron, Vol.71, No.28, pp.4575-4670, Jul. 2015.

Synthesis of 10-Substituted Pyrido[2,3-5][1,8]-
naphthyridin-5(10H)-ones (Anthyridin-5(10H)-
ones) Based on the Reaction of Bis(2-chloro-
pyridin-2-yl)methanone with Primary Amines
Kobayashi, K., Komatsu, T., Yuba, S., Chikazawa, Y.,
Tanmatsu, M.

Heterocycles, Vol.91, No.7, pp.1439-1444, Jul. 2015.

Synthesis of 1,3-Dihydro-3-o0xo0-2-benzofuran-1-
carboxylates via Intramolecular Cyclization of 2-
[2-(Dimethoxymethyl)phenyl]-2-hydroxyalkan-
oates Followed by Oxidation

Kobayashi, K., Kuroda, M., Shigemura, Y.

Helv. Chim. Acta, Vol.98, No.10, pp.1364-1371, Oct.
2015.
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Crystal structures of apo-DszC and FMN-bound
DszC from Rhodococcus erythropolis D-1

Gua, L., Lee, W. C., Wang, S., Ohshiro, T., [zumi, Y.,
Ohtsuka, J., Tanokura, M. FEBS J., Vol.282,
pp.3126-3135, 2015.

Unique plasmids generated via pUC replicon
mutagenesis in an error-prone thermophile derived
from Geobacillus kaustophilus HTA426

Kobayashi, J., Tanabiki, M., Doi, S., Kondo, A.,
Ohshiro, T., Suzuki, H. Appl. Environ. Microbiol.
Vol.81, pp.7625-7632, 2015.

Thermoadaptation-directed evolution of
chloramphenicol acetyltransferase in an
error-prone thermophile using improved
procedures.

Kobayashi, J., Furukawa, M., Ohshiro, T., Suzuki, H.
Appl. Microbiol. Biotechnol. Vol.99, 5563-5572,
2015.

Characterization of Lactobacillus salivarius alanine
racemase: short-chain carboxylate-activation and
the role of A131

Kobayashi, J. Yukimoto, J., Shimizu, Y., Ohmori, T.,
Suzuki, H., Doi, K., Ohshima, T. SpringerPlus Vol.4,
pp.639, 2015.

Thermoadaptation-directed enzyme evolution in an
error-prone thermophile derived from Geobacillus
kaustophilus HTA426

Suzuki, H., Kobayashi, J., Wada, K., Furukawa, M.,
Doi, K. Appl. Environ. Microbiol. Vol.81, pp.149-158,
2015.

Polyamino acid display on cell surfaces enhances
salt and alcohol tolerance of Escherichia coli
Suzuki, H., Ishii, J., Kondo, A., Yoshida, K.
Biotechnol. Lett. Vol.37, pp.429-435, 2015.
Ultrasonication-dependent formation and
degradation of a-synuclein amyloid fibrils

Yagi, H., Mizuno, A., So, M., Hirano, M., Adachi, M.,
Akazawa-Ogawa, Y., Hagihara, Y., Ikenoue, T., Lee,
Y., Kawata, Y., Goto, Y.

Biochim. Biophys. Acta/Proteins and Proteomics,
Vol.1854, No.3. 209-217, 2015.

Effects of C-terminal truncation of chaperonin
GroEL on the yield of in-cage folding of the green
fluorescent protein

Ishino, S., Kawata, Y., Taguchi, H., Kajimura, N.,
Matsuzaki, K., Hoshino, M.

J. Biol. Chem., Vol.290, No.24. 15042-15051, 2015.

Cryogenic coherent X-ray diffraction imaging for
biological non-crystalline particles using the
KOTOBUKI-1 diffraction apparatus at SACLA
Oroguchi, T., Sekiguchi, Y., Kobayashi, A., Masaki,
Y., Fukuda, A., Hashimoto, S., Nakasako, M.,
Ichikawa, Y., Kurumizaka, H., Shimizu, M., Inui, Y.,
Matsunaga, S., Kato, T., Namba, K., Yamaguchi, K.,
Kuwata, K., Kameda, H., Fukui, N., Kawata, Y.,
Kameshima, T., Takayama, Y., Yonekura, K.,
Yamamoto, M.

J. Physics B: Atomic, Molecular and Optical Physics,

Vol.48, No.18, 184003, 2015.
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Intermolecular Reductive Coupling of Esters with
Benzophenones by Low-valent Titanium: Synthesis
of Diarylmethyl Ketones Revisited

Kise, N., Sakurai, T.

J. Org. Chem., Vo0l.80, No.7, pp.3496-3503, Apr.
2015.

Electroreductive Coupling of 1,3-Dimethyluracils
with Aromatic Ketones: Synthesis of 6-Substituted
1,3-Dimethyluracils

Kise, N., Miyamoto, H., Hamada, Y., Sakurai, T.
Tetrahedron Lett., Vol.56, No.31, pp.4599-4602, Jul.
2015.

Complete Enzymatic Oxidation of Methanol to
Carbon Dioxide: Towards More Eco-Efficient
Regeneration System for Reduced Nicotinamide
Cofactors, (VIP: Very Important Publication)
Kara, S*, Schrittwieser, J.H.*, Gargiulo,S.*, Ni, Y.*,
Yanase, H., Opperman, D.J.*, Berkel, W.J.H.*, and
Hollmanna, F.* (* Delft University of Technology)



Adv. Synth. Catal, Vo.357, pp.1687-1691. Mar. 2015
Peroxydase-Catalyzed Oxyfunctionalization
Reactions Promote by the Complete Oxidation of
Methanol,

Ni,Y.*, F-Fueyo, E.*, Baraibar, A.G.*, Ullrich, R.*,
Hofrichter, M.*, Yanase, H., Alcalde, M.*,
Berkel, W.J.H.*, and Hollmann, F.* (¥ Delft
University of Technology)

Angew. Chem.,16, DOI:10.1002/anie.201507881, Nov.
2015.,
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The crystal structure of heme acquisition system A
from Yersinia pseudotuberculosis (HasAypt): Roles
of the axial ligand Tyr75 and two distal arginines
in heme binding

Kanadani, M., Sato, T., Hino, T., Nagano, S., Ozaki,
S.-L.

J. Inorg. Biochem. Vol. 151, pp. 26-33, Oct. 2015

Expression, purification, crystallization of the
human adiponectin receptors, AdipoR1 and
AdipoR2

Tanabe, H., Motoyama, K., Ikeda, M., Wakiyama, M.,
Terada, T., Ohsawa, N., Hosaka, T., Hato, M., Fujii, Y.,
Nakamura, Y., Ogasawara, S., Hino, T., Murata, T.,
Iwata, S., Okada-Iwabu, M., Iwabu, M., Hirata, K.,
Kawano, Y., Yamamoto, M., Kimura-Someya, T.,
Shirouzu, M., Yamauchi, T., Kadowaki, T., Yokoyama
S.

J. Struct. Funct. Genomics Vol. 16, pp. 11-23, Mar.
2015
Crystal structures
receptors

Tanabe, H., Fujii, Y., Okada-Iwabu, M., Iwabu, M.,
Nakamura, Y., Hosaka, T., Motoyama, K., Ikeda, M.,

of the human adiponectin

Wakiyama, M., Terada, T., Ohsawa, N., Hato, M.,
Ogasawara, S., Hino, T., Murata, T., Iwata, S., Hirata,
K., Kawano, Y., Yamamoto, M., Kimura-Someya, T.,
Shirouzu, M., Yamauchi, T., Kadowaki, T., Yokoyama
S.

Nature Vol. 520, pp. 312-316, Apr. 2015

Structure and mechanism of the mammalian
fructose transporter GLUTS

Nomura, N., Verdon, G., Kang, H.J., Shimamura, T.,
Nomura, Y., Sonoda, Y., Hussien, S.A., Qureshi, A.,
Coincon, M., Sato, Y., Abe, H., Nakada-Nakura, Y.,
Hino, T., Arakawa, T., Kusano-Arai, O., Iwanari, H.,
Murata, T., Kobayashi, T., Hamakubo, T., Kasahara,
M., Iwata, S.

Nature Vol. 526, pp. 397-401, Oct. 2015

Crystal structure of the anion exchanger domain of
human erythrocyte Band 3

Arakawa, T., Yurugi- Kobayashi, T., Alguel, Y.,
Iwanari, H., Hatae, H., Iwata, M., Abe, Y., Hino, T.,
Ikeda-Suno, C., Kuma, H., Kang, D., Murata, T.,
Hamakubo, T., A.D., Kobayashi, T.,
Hamasaki, N., Iwata, S.

Science Vol. 350, pp. 680-684, Nov. 2015

Cameron,
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TRIFHEE
Simplified Model of Unanchored

Cylindrical Tank Including Baseplate Uplift and
Cross Sectional Deformation of Tank Shell due to

Rocking

Seismic Load

Kobayashi, N*., Tashita, T*.,
Taniguchi, T. (* Aoyama Gakuin University)

ASME 2015 Pressure Vessels and Piping Conference,
Vol. 8: Seismic Engineering, ASME, Paper No.
PVP2015-45082, pp. VOO8TO08A027-; 9 pages, Jul.
2015.

Takizawa, S*.,

Approximation of Uplift of Flat-Bottom
Cylindrical Tanks and Effects of Out-of-Plane
Deformation of Cylindrical Shell on it

Taniguchi, T., Nakashima, T*!., Okui, D*2., (*! JIP
Techno Science Corporation, *2 Kawasaki Heavy
Industries, Ltd.)

ASME 2015 Pressure Vessels and Piping Conference,
Vol. 8: Seismic Engineering, ASME, Paper No.
PVP2015-45083, pp. VOOSTO8AOI1-; 6 pages, Jul.
2015.
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Electronic Organic Thin Film Devices for Solar Energy Harvesting

Masahiko Kitagawa
Department of Information and Electronics, Graduate School of Engineering
Department of Electrical and Electronic Engineering, Faculty of Engineering
Tottori University, Tottori, 680-8552 Japan
E-mail: kitagawa(@ele.tottori-u.ac.jp

Abstract: We have established fabrication process of a multi-layered P3HT/PCBM based bulk-heterojunction
photovoltaic cells with the P3HT layer as the hole transport layer and the PCBM layer as the electron transport layer
between the electrodes and a blended P3HT/PCBM layer in order to widen the photon harvesting layer. Current density
has increased about 1 mA/cm2 by the insertion of P3HT layer and the resulting conversion efficiency has been
improved about 20% compared with the single layer device. The device with a cm-scale active area with an efficiency
of ~1% has been fabricated by the developed method. We have fabricated the P3HT/PCBM p-i-n BHJ cells for the first
time. The device structure was ITO/MoO3/P3HT (p)/P3HT:PCBM(i)/PCBM(n)/Ag. In the as-fabricated cells, the open
circuit voltage of p-i-n BHJ cells with PCBM concentration 10 mg/ml, 15 mg/ml and 20 mg/ml were 0.56V, 0.71V and
0.74V respectively, and increased compared with 0.50V in the ordinary BHJ (i-type) cell. After post annealing, the
short-circuit current density of p-i-n BHJ cell with PCBM concentration 10 mg/ml has been improved by 20%
compared with the ordinary i-type cell and the power conversion efficiency has been also improved by 10% up to over
2%. We have discussed the molecular distribution within the organic layers. We have demonstrated that the organic

p-i-n BHI structure is useful to enhance and optimize power conversion efficiency of the organic thin film BHJ cells.

Key Words: Organic Semiconductor, Thin Film Device Fabrication, Nano Technology, Characterization and Properties, Solar Cells,
Efficiency, Cell Design, pin multilayer, dye-doping intermediate level

1. Introduction molecular junctions, i.e. D/A interfaces which have

been expected to act as photoelectric conversion

Bulk-Heterojunction (BHJ) organic thin film
photovoltaic (PV) cells
energy sources for electricity and as novel smart

are promising as future

energy sources compatible with the advanced organic
electronic systems such as organic computers. The
organic thin film solar cell is thus promising as a
solar cell of the next generation because of its light
weight, cheapness and ease of fabrication. BHIJ
at the
between the electron donor (D, p-type organic

generates charge carries hetero-interfaces
semiconductor) and acceptor (A, n-type organic
semiconductor) molecules such as
Poly(3-hexylthiophene) (P3HT) and
[6,6]-phenyl-C61-butyric acid methyl ester (PCBM),
respectively. BHJ forms three-dimensionally stacked

region throughout the BHJ layer independent of layer
thickness [1]. Thick BHJ layer has a potential for
fabrication of high efficiency solar cell .

Development of oxide interfacial layer using such
as MoO;3 and V,0s as an anode interface and the
effect of P3HT:PCBM composition on the carrier
mobility has been discussed [2]. Furthermore, BHJ
has been improved by optimization of morphology
and appropriate thermal annealing to result in the
enhancement of conversion efficiency [3] and
henceforth improved efficiencies up to 6% by single
cell [4] and 6.5%

investigation on enlargement of thickness and area of

by tandem cells, although

the photon harvesting BHJ layer including organic
junction structures have been still limited up to now.
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In addition, active area dependence of characteristics
is also important to realize organic thin film PV cells,
nevertheless many efforts have demonstrated on the
small size device [1].
Molecular distribution within BHJ layer plays
role to
Phase
characterized by utilizing structures of organic layers,

an important improve the photovoltaic

characteristics. separation  has  been
composition ratio, thermal annealing. It has been
shown that vertical molecular distribution within BHJ
thin films is not uniform and is reversed [4]. Reversal
studied by
segregation and stacking layers in BHJ cells [5]. A
BHIJ cells

However,

of molecular distribution has been

so-called p-i have been successfully
reported [3]. to our best knowledge,
investigation of structurally designed control of p-i-n
molecular distribution and interface structure are not
enough and the optimal structure has not been
clarified yet.
Evaporated small molecular organic p-i-n
structure have been expected to lead to optimization
of molecular distribution including organic/electrodes
interface by the sole presence of p-layer and n-layer
as anode and cathode electrode interfacial layers,
respectively, as an analogy of inorganic cells [2]. In
our previous study, we have fabricated p-i/n BHJ cell
in which open circuit voltage (Voc) increased about
65%

decreased about 70% compared with the ordinary

while short circuit current density (Jsc)
i-type cell by stacking the n-layer onto the p-i-layer
[1]. Effective n-layer depositions onto i-layer by
solution process have not been reported up to now.

In this study, we studied detailed
dependence of the P3HT/PCBM BHJ PV cells on the

composition ratio and thickness of the BHJ layer in

have

order to investigate the effect of inserting P3HT layer
as the hole transport layer and PCBM layer as the
electron transport layer between electrode and
blended P3HT/PCBM layer as a structure for p-i and
p-i-n junctions to widen the photon harvesting layer.
We have also tried to enlarge the size of active area
up to cm scale. In this study, we have fabricated the
by optimizing PCBM
concentrations for n-layer deposition and have studied
their

organic p-i-n BHIJ cells

current-voltage characteristics. We have

elucidated the n-layer thickness dependence of the
photovoltaic characteristics in organic p-i-n BHJ cells.
We have discussed the molecular distribution within
BHIJ layer based on cell characteristics and film
thickness of organic layers.

2. Experimental
2.1 Widening of BHJ layer and dissolution owing to
successive coating

The device structures were ITO/MoOs/
P3HT:PCBM/Ag, ITO/MoO3/P3HT/P3HT:PCBM /Ag
and ITO/MoOs/P3HT/P3HT:PCBM/PCBM /Ag. The
buffer layer of 10 nm MoOs3 was evaporated onto the
150 nm thick ITO substrate under a vacuum of
~103Pa. The blended P3HT:PCBM
composition ratio has been varied between 0.6 and

in  which

1.6 to optimize the cell characteristics using the ratio
of the weight of PCBM divided by that of P3HT
(R=Wpcem/Wpr3nt) was dissolved in chloroform under
air ambient. The blended P3HT/PCBM layer with the
thickness between 50 nm and 160 nm has been
deposited on top of the P3HT layer whose thickness
was 15 nm after depositing top BHIJ layer taking
dissolution into consideration and also the 20 nm
thick PCBM layer has been deposited on the top BHJ
layer furthermore by successive spin coating under air
ambient. Finally the 100 nm thick Ag was evaporated
on the active layer. The active area of the devices was
0.04 cm?. The wide area device with area from 0.04 to
1 cm? was prepared by changing the Ag electrode
area. All cells were not annealed.

2.2 Modified
annealing effect

i-layer thickness dependence and
Figurel shows the molecular structure of the
P3HT and PCBM used in this study.
Figure2 shows a schematic diagram of the device
structure for p-i-n BHJ cell.

C6H13 CGH13
Figure 1. Molecular structure of the P3HT and
PCBM
The device structures were indium tin oxide

(ITO)/MoO3/P3HT(p)/ P3HT:PCBM(i)/PCBM(n)/Ag



(p-i-n type) and ITO/MoO;/P3HT:PCBM/Ag (i type)
as reference. MoO; was evaporated onto the ITO
coated glass substrates. Organic layers were deposited
by the spin coating using chloroform solutions. The
composition ratio of P3HT:PCBM blends for active
layer was 1:0.8 by weight. The typical p-i layer
thickness was 85 nm. PCBM concentrations were 10
mg/ml, 15 mg/ml and 20 mg/ml. The corresponding
n-layer thickness were 10 nm, 20 nm and 70 nm,
respectively. Ag was evaporated as cathode. The
active area of the device was 0.04 cm?. The cells were
thermally annealed at 100 °C for 3 min. The film
thickness was measured by the ultraviolet-visible
differential interference optical spectromicroscopy
(Otsuka Elec. co., FE-3000). The current-voltage
characteristics under AM1.5 was measured by using
the calibrated solar simulator (Yamashita Denso co.,
YSS-50A) under simulated AM 1.5G illumination of
100 mW/cm?.

e P?{I;IT: PCBM
=1 (i

P3HT
= (P
MoO,

ITO

)]

¢ Glass substrate =

LY

Figure 2. Device structure for p-i-n BHJ cell

3. Results and Discussion

3.1 Widening of BHJ layer and dissolution owing to
successive coating

Figure3 (a)(b) shows weight ratio (R) depend-
ence of photoelectrical conversion characteristics of
the BHJ PV cells. Short circuit current density (Jsc),
fill factor (FF) and efficiency (Eff) showed
significant R dependence with optimal ratio of
0.7~0.8, while the (Voc)
indicated linear dependence against R. This Voc
dependence is different from those reported since Voc

open circuit voltage

is affected by the difference between the LUMO level
of PCBM mixed with P3HT and the Fermi level of Ag
[3]. The appropriate composition ratio is R=0.7~0.8.
The maximum efficiency was obtained at R=0.8 with
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Figure 3. Dependences of (a) short circuit current
density (Jsc) and open circuit voltage (Voc), (b)
fill factor (FF) and efficiency (Eff) on the
composition ratio (R=Wpcem/Wesnt) and (c) Jsc,
(d) Voc,(e) FF,(f) Eff on thickness of the BHJ
layer for ITO/MoOs3/P3HT:PCBM/Ag cells

cell performance of Jsc=7.66 mA/cm?, Voc=0.478 V,
FF=0.389, and Eff=1.43%, thus the composition ratio
of R=0.7~0.8 has been selected as reasonable in the
examination of thickness dependence of cell
characteristics.

Figure3(c)-(f) shows the BHJ thickness
dependence of the characteristics for the BHJ PV
cells with R=0.8. The thickness of the BHJ layer has
been varied from 50 nm to 160 nm. The Js¢ and the
FF changed significantly around an optimum of about
100 nm depending on thickness. On the other hand,
the Voc exhibits the constant value of 0.5+0.03 V. As
a consequence, the optimal thickness of the BHJ layer
was determined to be 100 nm in ITO/MoOs/
P3HT:PCBM(R=0.8)/Ag cell.

Therefore, we have investigated the modified
ITO/MoO3/P3HT(p)/P3HT:PCBM(i)/Ag cell (p-i
type) with the three kinds of i and p-i types of PV
cells with the thickness of the BHJ layer of about100
nm in the fabrication of multi-layered organic thin
film PV cells under air ambient.
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Figure 4. BHJ and P3HT/BHJ
thickness dependence of the characteristics for the
modified BHJ PV cells with R=0.7 together with that
of the ordinary BHJ (i type) cells. Three kinds of
devices with different thickness have been fabricated

(a) J-V curves (c) thickness
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Figure 4. (a) Short circuit current density (Jsc)
against applied voltage curves, (b) dependence of
Jsc on the thickness for
ITO/MoO3/P3HT:PCBM(R=0.7)/Ag cells and
ITO/MoO3/P3HT/P3HT:PCBM(R=0.7)/Ag cells,
(¢) Thickness of p-i type is P3HT(15nm)/BHIJ(i

as following;(1) p:15 nm, p-i:100 nm, (2) p:15 nm,
p-i: 105 nm, (3) p:15 nm, p-i:115 nm.

The Jsc of both i type cell and p-i type cell varied
depending on thickness of organic layer, the p-i type
enhanced the current even in thicker film region than
100 nm where the current could not be carried as well
in the i(BHIJ) type cell. The current density has been
increased about 1 mA/cm? by comparing the results of
i type (85 nm) and p-i type (100 nm) cells in which
the same amount of PCBM are present and act as
photon harvesting molecules in the active i(BHJ)
layer, thus it is considered that generated hole carriers
in the BHJ layer arrive at the P3HT layer and are
efficiently transported through the thin P3HT layer
which works as hole transporting and electron
blocking layer and also suppresses recombination

between MoOs3 and the blended P3HT:PCBM layer.

(a) thickness
design value of p-i-n fabricated

PCBM= 20nm .
e bl B2
P3HT = 15nm

(b) J-V curves
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Figure 5. (a) Thickness of design value for
ITO/MoOs/
P3HT/P3HT:PCBM(R=0.8)/PCBM/Ag cell, (b)
short circuit current density (Jsc) against applied
voltage for
ITO/MoO3/P3HT/P3HT:PCBM(R=0.8)/PCBM/

Furthermore, we have investigated the modified
ITO/MoO3/P3HT(p)/P3HT:PCBM(i)/ PCBM(n)/Ag
cell (p-i-n type) similarly under air ambient. Figure 5
shows the characteristics for the p-i-n BHJ PV cell
together with the ordinary BHJ (i type) cell whose
thickness of BHJ was 80 nm. In the p-i-n cell, Voc
increased about 40% and Jsc decreased about 70%
compared with the ordinary one. The increase of Voc
suggests  that the P3HT/P3HT:PCBM/PCBM
multi-layer-structured cells can be fabricated and the
deterioration of Jsc implied that blended P3HT:PCBM
active layer had been dissolved indefinitely by the
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Figure 6. Short circuit current density (Jsc) and
open circuit voltage (Voc) curves against the
active area for
ITO/MoO3/P3HT:PCBM(R=0.9)/Ag cells whose
thickness is 110nm.



solvent.
Thus, if thickness of the BHJ layer could be
maintained, the improvement of the short circuit
current might well be expected [5].

Figure 6 shows the active area dependence of the
characteristics for the BHJ PV cells with R=0.9. The
Jsc were decreased depending on the active area,
whereas the Voc and the FF are not affected. It was
necessary to keep uniformity of organic film to
enhance organic thin film wide area PV cell
characteristics.
3.2 Modified

annealing effect

i-layer thickness dependence and

2000

(a)'  ——p-i(1-layer)-n — p-i(2)-n
T | R b
(7] —p-i(5)-n —p-i(6)-n
2 1500} e Dai(8)n 1
i) ——p-i(9)-n —p-i(10)-n
> P3HT
c
£ 500 ITO |
£ (200)  (300) (211)

5 10 15 20

20 (degree)

7

Q.

L.1500}

§1000—

8

; 500

- ___ Pri-n:type
g Y1 2z3as5678910

Stacked i-layer numeber

Figure 7. BHJ and P3HT/BHJ thickness dependence

(2)XRD pattern (b)2 0 =5.4° X-ray Intensity
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Figure 7 shows the film thickness dependence of
X-ray intensities of pin-layers together with i-layers
those thicknesses were changed by the coating times
of each layer. The film thickness was measured at the
same time by the optical method. Figure 8 shows also
the film thickness dependence of absorption
intensities of pin- and i-layers those thicknesses were
thus determined.

Figure 9 shows current-voltage characteristics of
organic p-i-n BHIJ cells fabricated with different
PCBM concentrations for n-layer together with the
reference i-type cell. In the as-fabricated cells, Voc of
p-i-n BHJ cells with PCBM concentration 10 mg/ml,

15 mg/ml and 20 mg/ml were 0.56V, 0.71V and 0.74V
respectively, and increased compared with i-type cell
of 0.50V. Voc increases in the p-i-n BHJ structure is
considered to be due to contribution from lowest
unoccupied molecular orbital (LUMO) of PCBM for
forming junction at the cathode interface and acting
effective carrier extraction layer, and Voc seemed to
approach to the theoretical value which depends on
the energy level difference between the highest
occupied molecular orbital (HOMO) of the electron
donor and the LUMO of the acceptor.
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Figure 10 shows current-voltage characteristics
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of organic p-i-n BHJ cells after post annealing at
100 °C for 3 min. The characteristics before and after

post annealing are summarized in Table 2.

-
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Figure 10. Current-voltage characteristics of
p-i-n BHJ cells after post annealed
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Table 1: Photovoltaic characteristics of the cells

Preparation PCBM Jso Voo FF Eff Rsn R
Conditions Concentration (mA/cm?®) (V) (%) (%)  (Q) (Q)
10mg/ml 1.75 0.56 34.5 0.36 13333 3200
as-fabricated  15mg/ml 0.92 0.71 28.2 0.19 24945 13745
cells 20mg/ml 1.25 0.74 28.2 0.26 18990 9961

— 5.50 0.50 354 0.98 5036 1191

10mg/ml 6.63 045 345 1.03 3707 913

post 15mg/ml 261  0.43 408 0.45 13728 1527
annealing 20mg/ml 114 065 27.5 0.21 18338 9991
- 6.97 041 421 1.21 5617 565

Post annealing on p-i-n BHIJ cells improved
BHJ/PCBM
electrical contact and thus enhanced cell performance.

interface of as-deposited inferior
In particular, the drastic increase in Jsc of p-i-n BHJ
with  PCBM concentration 10 mg/ml

observed in comparison with the reference i-type cell.

cell was
The improvement in Jsc is ascribed to n-layer which
acts as an electron transport layer. At higher PCBM
concentrations of 15 mg/ml and 20 mg/ml, increase in
Jsc was small. The resulting difference with the 10
mg/ml case is due to the increases of PCBM
aggregates by thermal that annealing caused degraded
performance [18].

The shunt resistance (Rgsh) in the p-i-n BHJ cell
with 15 mg/ml and 20 mg/ml were 2.5 and 3.2 times
of Ry of ordinary i-layer. This is consistent with the
employed high PCBM
composition within BHJ layer in layer
P3HT/PCBM cell [14]. Therefore, we must accept the
idea that the
promotes the growth of aggregate of PCBM within

report of the result

single

increase of PCBM concentration

n-layer while changes molecular distribution within

BHIJ layer with the increase of PCBM concentrations
owing to n-layer deposition. The series resistance
(Rs) was also affected by the PCBM concentrations.
These results suggest that the concentration profile of
PCBM has varied by decreasing stacked n-layer
thickness. The Rs of p-i-n BHJ cell with PCBM
concentration of 20 mg/ml did not decrease even after
post annealing, and remained to be 10 times larger
than that for 10 mg/ml. Thus, we have realized that
interface forms an inappropriate structure for the
current extraction owing to the enlarged and enriched
PCBM
thickness increase and the PCBM composition change

aggregates accompanying with n-layer
within BHJ layer. Voc in both p-i-n and i type after
post annealing have decreased. However, in each
p-i-n cells with high PCBM concentration, Voc kept
high compared with that of the ordinary i-type
reflecting a thick PCBM rich interface layer. On the
contrary, in the optimum 10 mg/ml condition, Jsc
increased while Voc decreased only a little. Thus, the
optimized p-i-n structure was found to give rise the
potential to increase the short-circuit current density
while maintaining high open-circuit voltage.

Figure 11 shows current-voltage characteristics
with PCBM
concentration of 10 mg/ml together with the reference
i-type The
summarized in Table 3.

of the optimized p-i-n BHJ cell

cell. optimized characteristics are
Jsc has improved by 20% compared with the ordinary
i-type cell after post annealing. Power conversion

efficiency has also improved by 10%. The i-layer
10
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Figure 11. Current-voltage characteristics of optimized
p-i-n type (PCBM solution :10 mg/ml)

thickness of the p-i-n BHJ cell decreased 13 nm
compared with the ordinary i-type cell resulting from



dissolution of i-layer by PCBM solution span for
n-layer deposition.

We have estimated molecular distribution in the
organic layer from a comparison of photovoltaic
characteristics in p-i-n BHJ cell before and after post
annealing, organic layer thickness and the molecular
diffusion by thermal annealing [10,19,20]. Figure 10
shows a schematic diagram of organic layers for
model structure and an estimated structure.

Table 2: Photovoltaic characteristics of optimized cells
(PCBM solution :10 mg/ml)

device Jsc Voc FF Eff Ry, R
structure  [mA/cm?] [V] [%]  [Q] [Q]
p-i-n 1.92 0.73 0.35 0.48 14174 2521
(post-anneal) 8.07 0.57 0.45 2.07 7524 455
i 592 061 042 1.50 10136 885
(post-anneal) 6.73 0.59 0.47 1.88 8481 483

It is considered that molecular distribution
within organic layers were P3HT-rich at the anode
side while PCBM-rich at the cathode side due to
molecular diffusion which occurred during annealing
between the P3HT-layer and BHJ layer and also
between BHJ-layer and PCBM layer [19,20]. These
P3HT-Rich region and PCBM-Rich region act as a
hole transport layer and an electron transport layer,
respectively, and redistributed the inverted molecular
distribution throughout organic layers [5]. Therefore,
the increase of Jsc in p-i-n BHJ structure is larger
than that of the ordinary i-type cell in spite that the
i-layer thickness is small compared with that of the

i-type cell.

Estimated Structure
Cathode

Model Structure

-
Ll
IS

Organic layer thickness

82
nm

P3HT:PCBM

PCBM 7
Concentration

Figure 12. Schematic diagram of organic layers
for a model structure and an estimated structure

4 . Conclusions
We have elucidated the effect of insertion of

P3HT as the hole transport layer and PCBM as the
electron transport layer between electrode and
P3HT/PCBM BHIJ layer by spin coating based on the
detailed composition ratio and thickness dependence
of the BHJ layer. The p-i type BHJ PV cells enhanced
the current in thicker film region than 100 nm where
the current decreased in pure i-type cells and hence
this structure is useful to widen the photon harvesting
layer of the organic thin film BHJ PV cells. The p-i-n
type BHJ cell could be fabricated, although the
dissolution couldn’t be avoided.

We
concentration dependence of the photovoltaic
characteristics in P3HT/PCBM p-i-n BHIJ cell by
changing PCBM concentrations for n-layer deposition,
and have revealed the n-layer dependence on the

also have made clear n-layer solution

photovoltaic characteristics in organic p-i-n BHJ cells
for the first time. The short-circuit current density of
p-i-n BHJ cell with PCBM concentration 10 mg/ml
has improved by 20% compared with i-type cell and
power conversion efficiency has also improved by
10%. We have demonstrated that organic p-i-n BHJ
structure is useful to enhance power conversion
efficiency of the organic thin film BHJ cells by
optimizing the molecular distribution within organic
layers.
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