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Cutting Edge Research of Ionic Liquids for Organic Synthesis and Material Sciences

Toshiyuki ITOH
Department of Chemistry and Biotechnology, Graduate School of Engineering, Center for Research
on Green Sustainable Chemistry, Tottori University, Tottori, 680-8552 Japan
E-mail: titoh@tottori-u.ac.jp

Abstract: Ionic liquids (ILs) have attracted growing interest among the various fields of science and technology because
of their characteristics, such as less-volatility, less-flammability, high ion conductivity, and unique solubility towards
many organic and inorganic compounds. We have been investigating the possibility of using ILs for both materials
sciences and organic syntheses for over two decades; we have been using ILs as key materials in the ten fields, such as
reaction media for enzymatic reactions or transition metal-catalyzed reactions, dissolving agents of cellulose and lignin,
lubricants, electrolyte for lithium ion batteries, agents for improved performances of conducting-bridge random access
memory (CB-RAM) etc. I will describe focus on mainly three topics in different fields, i.c., (1) activation of enzymatic
reactions, (2) development of iron-catalyzed reaction using ILs, (3) improved performance of a CB-RAM using IL
engineering, and discuss how ILs could contribute to the synthetic organic chemistry and materials sciences.
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1. ZL®HIZ ALTWD[1,2]. A A ARIRITEERE, IR
WixEE, m@%,m %ﬂﬂv@f&w, FEAED FBHETHY,REB LA -100CIZB N T HIiRK
IFEAREBIZ T 272D E COMBANRMET  REZWDLA A REPMONTEY, HHEY -
L. LZANERBRTHRIEOENFEL, 208 @O F - EBEYICHT D2 =— 7 RIRfEE 2R
7o IR CIRRRE DT T4 Ak X [1,2].
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ZDOAF EIBITEIRN S CHEBEZED,
Z D20 TR R E MR L72[3,4,5]. EF
EARZICEMLLREE, K 1ISRT A 255 TA 4
IRIRRFIE 2 R L, BAEO A A ko

mEHLTE 2. AR (1) BERE, (2) 8
HEARBE RS O MFgE, (3) T ZER A £ U (CB-

RAM)DH#EREM] & FLIZERZ R T 5.

2. 41 FUBRAEREAVIBRRIG

U NR—BIIABEEES S EEICERT 2 L
NTE, RIEOKFE CHEHATE HAMKMETHY,
BETITFTENIASFAHEIN TV S6].
Fxix, UV R—EHEIZ X DT AL IG AL
AT VIREEZERALCT®IEKT La— 10
GRS El AR L (IX2) [7].

T IKRDOT L3 — )L (£)-1 A F IR Z,
T VIV R —E LCHEEBRE =L (1.5 Y4 &)
EHROV R—=¥EIMZD ET AT VARG
TTNha—ARTvFbEnsd. ZOK, BHE
T TFA~—%2@T 5720, BEILR)-E
DIHINT 'H— NR)-21Z720, (S-KOT va—
VIR IS E LTS, Tla—L Lt AT )L
I h T h7ua~< NI T 7 40— CREBICHBETE
D128, = FA~—%gMT 5 LN TE,
R A O R F o BIRS DN EBLT 5.

Lipase or IL-coated lipase PS

OH Qhe
N )\Rz Lipase IL-coated lipase . /_\RZ
(#)-1 PN (R-2 (R™>R?)
7" "OAc >99% ee
\ Vinyl acetate E >200
\ / / + Et,0
l Et,0 layer
LY —_—
IL: 35°C
: stirring IL layer (enzyme)

Pa g
/\/\N\@/N e

X= PFg, BF,, Tf,N etc.
B2 A A REEEICE D) R— iR
FT ARG,

WERIZZDOZODOEHEL L T4 Y TrE LT
—TFAR NI, AV F T ZHMEE S
BOBEZIIFENIETTHoT-. —F, 4 F VKR
EIREECHEH T 2% A, =— T AV TEKRBIR)-T
X — K ERKIEDS)-T v a— v aE I Lzt
DA F RIRBI IR DR D 120, F LG
HEELET VA ZMZ D ERDORIGNEZ D,

A F R E R B ARG I E AL O B

(BEE 2 A A U RIRICEEL) LT IR L T
AT 52 LNTE[7]. BERIGOREE LT
HWARAN N OVERBE T B D URAE 2 T 5 R AR
RIS DA DOHITH 5.

U R — 8 DOIEKEBEA O = AT VA B T
—IRAICEERE E = LN T UV R I &
5. HERRE =LY, TAT AL TELZE =)V
T a— VRN HEERECEBICHEEEDO T E
TIT e RIZRb. T TAT e NIiEREY
NIDOT I JBEEOT I L Schiff i 4
L CHEEREZEZTZEBH D0, T
KisdhiE, 78 7 AT e ROER L CRIGHR
MHBEMNTLE YD, BEREDEZ T,
WRISHEERNEWIFIERH H[6]. 72721,
A RIREBE AT L CEBEREY A 7 L % i
I Pl BE] IV R (740 %% -3 Nl e 9 T 2 0 2 A S E A A
KTFT2MENEL, KISHDOA 4 IR E R
HEBRBWIKROTE FT AT B R 3 BEIKQ24,6-
trimethyl-1,3,5-trioxane) R A L [8], Z DT & k
TNAT e RIBEERNY R—EOKIGHEZEZ 7
LN 2[9].

\/\/N@N\
H pKaca. 20

H’OWL\O:<:22#/
H
oo (g
PESN
2,4,6-trimethyl-1,3,5-trioxane
B 3. A Ak coTE T AT E R
3 Sk D HEE S

AFWNIED 2 fEDTF 1 N X TEE A E D
ENHEINTWA[10~12]. 7272 L, £ pKa fi
X200 REDZ0, 2.7 1 k> H KA Bronsted fig
ELTTE®RMTATE ROF Y 2~ —1k % filtfif
THEIEEZNTZWD., LA XY U TLED
270 RIS A A RIREE I P B SRR T
HKGFENTTTHE, KgTtoTa ko
Bronsted FEPE3 B30, TR R T AT ROA Y
I~ — kO L U CHiRET 2 LHERI S e (K
3) [9].

ZOMBEEMRRT DOIIE 2O FERNE 2
Stz =D T VNV RF—& LTI E =L %
ERET, BIZIEAFALHDENTF LT AT )L
FHEHTLHZLETHD. AFNLZ AT VT AT
W THE LAY ) — LR YRS A2 237~
WY R—BhlE DT O AALFNCHIH T 5 2 & 1T



HLWR2]. LL, A A4 RIRITER LW iRk
Thbd. TIT, A A VBRIEKEEEEIZA Y ) —)L
DIHENZALT DWEFRETY R—EE2EH S &
T2 A, U AZ ) — LSRN SR D
LERMDIN DT T a— VORFT v
{EEOSH3 2h HRAIITHETT L 72 [8].
WOFRPRIZEIE T 0 s B R nA A R
RERBEIHERT 22 ETHY, Z0HIT1-V
TTFN23-TAFNAIFXY YT LA ([Csdmim])
WA AV REEERL, V=B R LFEH
Z ik ATz, [Cadmim][BF)ZfEH 32 L MIFF L7 &
I, Mt =127 L RF— AL TY,
EHER TR Z STICREFEL 10 BLLERD
WLUTHEHRT S ENHEKE[13]. 61, 20
ﬁ&fﬂﬂ—ﬁﬁmmmmmm$?#%’£ﬁ
ThdHI LIZRMOE, BROLENIIA F K
KEFHT 2 L 2EM L. [Cadmim] & T L
)V PEG Wil 7 =4 b A 4 ViR IL1 & &Rk
L (X4), V—BoREMEZm ESE5HKNT
Y= PS % ILl THEB LA A ViRKa—T
+4 v 7B (IL1-PS) ZFRE L 7-[14,15].

Coating IL:
X~ A XT Bu x—
suNONG,e L3, NON Pt o
YoMe N Y Me Bu v~ ~"OMe
Me H Me Bu
IL1 D-ProMe PL1
_ AN
X M ( _)
Bu. .N. " Me /@(
N/ T\N
@ v b
TAC1

X" nC16HssI< \/7\0 ﬁ o

Csl( PEG)1OSO4

Solvent IL:
- B
'Y'i Ti,N u ngN
g\~ ome B \B\/ ~"0Me
Et u

[No21meml[TFaN] [P4sameml[Tf2N]
B4 UR—BIEMbA AR E ) RX—F
2 U= A A R

BonlAF R a—T ¢ TEER XA KR
B OZEENBEICH LT 0RLT, F2
WMT N a— DT U AALFBCE R D & £ <
DHET Viax, Keat DREL 2D EEFHL LT
[15]. & 20X 2-F 7 F-1-= & ) — )L DT )b
EIZHBWTIXEME 200 LA LD ERR = F o F A%
PHEZREEL-E F, TRV XS—F PS L L
T 1,500 {5 & ORUSMEMNFEBL L 72 [14,15,16].
WY DOEETY XR—POKIENMEI NS &

WO HREFNIERICHE D120, Wb =)
FAERMEDME T LTz, BAE, IL1-PS 13 3T
b TENS RS TS (TCI-B3028).
INEREICA AV RIKa—T 4 > T EEFE O
REEHAL, A IV IV TVARIIFIALERY Y
= A AT VAR L7 D-ProMe (X 4) X
ILI X0 L EUSHIEAEBZ Y [17], IL1 &7 nr Y
vRFu o RhEOT I BERAELTY N—
Yra—T 4 7T B LILIEla—T o7 X
D LRSS BN D Z L AR A LE[18]. KW
T, IL1-PS ZFEWHKT o F= 7 LA F I
[N22imem][TaN], & D WIR AR = A A 4
AR [Pasamem][TENJEZEH (X 4) TEHT 5 &,
IL1-PS DV LEHANTE DL 5T, b
TRV YT u e —T )L O HER
B X0 RIS T AR LT LT [19,20,21].
A FUIRITS A Y Tue Lo —F )L YLy
TPEIRBEIC B D & 200 5 DL EREPEDS . e
T, INHDOA A HRIKRF T ILI-PS OEEFRIEME
N\ kL7 & EERT 5[20].
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Lipase’

B5. 1A iR OREERISH I OHER.
2000 4=~2016 F D7 L H ( “Web of Science”,
on June 6, 2017).

F, RABR = LB F A A A AR PL1[22],
U R (NN-PZF LT E=UL) Y 7uarn
N=)VhF A EFO TACI[23] TV /R—F PS %
a— 47 L7 TACI-PS (X1 4) (ZV /X—+F PS
R IL1-PS & R L RERREMELZRL, 23 —7 4
VI HRA A RED T A S CEEEORE
BIRVENEALT 2 2 & & RWiE L72[22,23,24]. 72
MWThH, NIT VUL BTFH L &FFo Tzl T2
— 5 4 v 7 L= TzI-PS % A # v ik K
[No2ivem][TENJIESE P CEHA T2 &, 24FEME VD
BLLIEEREHMICOE28EZD Y 4 7 Vi H



Pk e

MNFEHL L 72[24]
AF IR =T 4 7T K fERKEL 725
EFRIFFIZ K b REL 720 FEERBELH L 2D)
ZEMEN. V=TI i%i¢u%%v7&
*Héﬁ‘é’)) v REWIENFEIEL, EERDY A
WG LTWDZ EnNmenTkn2s5], Uy
Pﬁﬁ—fyﬂmﬁé&Kmeﬁk%<ﬁ5:
ENREINTND26,27]. Fi2Fx DA A K
WOT =A 5D PEG HIIAKSy 1% 58 < e 5
D, ZODAF BB T N—EDORE R
FK (o707 X2 T ¢ HEFFICEIR
BEzRoL SN TW5) ORBENIHI SN D &
EZbhD. WoT, A A VikliEa—T 4 7
£ 2 U =B iEH Lo, UV N—EoRE
DIABERNNCFET DY v RoF—F b & &
HREE K OBLEERHIIC XD X v X7 D7 L%
BT A MERFICE Db DEHEZEL TS,
FEAIEEIE L, 2oz, Tk = —T
IV A EF ORI A A L IRIE 2B T 5
U R — B 5 [28,29], A A R IRV A i
THEDICHE LY R—EHE LA O %
ITW30], 72, A A k= —7 ¢ » VB ILIL-
PS NET U — )L HIVIR DN E ST
HHTE2Z BN LE31]. 612,44
VIR T A T A Ml X AR UL
TNha—LDT v I{MEEINDZ EEFA
L, 474 Ml BEEOHRHICL DTV —

OH
H S'\Me R// o o

A F R E R B ARG I E AL O B

VTV — )L OEFE T B 2 AL L TV S [32].
AT EEEIERT HBERIER S X7 O
&i;@noﬁﬁ 7mo%uﬁ® WL S
, BUTE CIRAEMRME L FIC BT 2 EERT —<
@ Do TS (K5) [4].

3. A VERAEERIGEEIZAL 5 &IE il 1% 7 It
BRILZN - ZEREBRSBEMBE L CHEHEE
HTW5H[33]. £/, HEALSA)R LA I
Friedel-Crafts [t DV A AR E LCTH < NG
HHSNTWS., &5, 2MMi#kA 4 (FH)ITE
%m3ﬁM%mt4%ﬂK%méﬂé:tﬁm<
HMENTWD., - T, Fe*DNABLEMD 1 &
FEEbAl & U CTHRE I AU, 4 U7z Fer L2247
ETFTESIC F b S, 1 Bk % 225
ET DRSO s RS NS, LaL,
Fe3* O ER(LIE TTENMITH0.77V OKIEMES ) & —f%
e BGHEED» O 1ET 25 2 ITITRDAR
R EEZLN TV,

Fex L Fer OWALETTEBMNIET 7 b oMk
W THHT7T 2 b= U LR TIIAEIEEH D 1
BIILEAREE T 54157V TTELS 2D W
DA H L[34], WHSIR 2 8 & 9 2 Skfid i
IS EMTE L, 7203 Th A A IR 2 s A
THZLETHRHBOHLLZ ORIEEEBLT 5 Z
EnTET (X6) [35,36].

/ (@]
O
Ry—2_N\ R H 0
1*@#@(; F92+ Fe3+ N JoR,
H 12 AN N\ R
o] o © Solvent '°“'&L'q”'ds 5 @ o]
design ENAINBY ¢
A P Bu O e o 0 R
Me I\ R S ,LIsz\ [omim[TEN] Lo,
N BuU OMe 4 R
O H 0 — N 2
1 1) [Pa4amel[TT2N] H TN
0 \ 6 | ) o

WOR e

O o

S” 107R,

\
s

6.
Joilk L7c & 90, BRIZIRIEE TRMLESTEAM DK
S L, A ABRYERE & AT 5 T2 DI

9

A A AR Z RIS 5 Fe fikEBOG

TR RE BT HEBE 2 LND. Fix
IR D Fe(ClO4)s- ALOs fFE F CTAT L v #



SR G NI SR NI T D

EARIZ 1,4-_0 V% ) VEERSEEEES, kR
TIa—)L, =—F )b, ~aTI)hy, kLT
72 EOFBIRBE S TIIM OIS HE Z 52208,
T M= U VA F R ERBICERT 2
EBRBRIEPEITL TR 7T UFFEKR 3R
AT sz ERWELE (K7) [37,38]. 20
e, 7% b= F U ARBECIIETEREIC 25°CT 1
R LL BB U 72S, A A IR ERE CIR R E,
BESRMET 3 0D 10 S LINICRIED & T L,
AR SOSINEA K & 72[37]. &b, Tk b=
kU VAT 3 fligkA AV BMETH DD, A
FUBRERERE 2 S & BERFEAKT 2 Mgk
Fe(BF4)2e 6H20 Z i\ 32 Z & " T&, A
BRI IV TF A OIEMERNEZ S Z
xR WE LT2[37,38]. Z OB, 2,6-di(-
butyl)phenol x> TEMPO % il 2 % & 52 &I KIS M
LEHTD, 1 EFRILEZRBT5EFBER O
FIEToH D Z ENbhro TWBHMN[39], gtEDL
A AFEVERE S ROSIC KR E R L KITT(38]. &
BT 24 F RIREZB T 2 0 F4 0%
FMLThH, MAEDLELT =4 D RDIERE,
PFe>THN>BFs THRICMEDE N KEL 2D, MV
77— MNOTHTIEIEBIEL , N U 7 v A4 o g
7 =4V (OTFA)RCHEE 7 =4 > A A4 VIR IE TiX
FOGIEE Z 5 720 [38]. Fox DAFZEIEA 4 il ik
2K DA ARRIEVEALAFTE [40]0 SEBRTIZHR Y
T5.

T
=70 Ho

R Fe(BF4),+6H,0(3 mol%) R
R o
N . ~
C PF, Y —R!
[C4mim][PF¢] 3 \ > R

. 3~10 min.

(in CHgCN, rt 2 h) Y= 86~98%

B 7. Fe (BF4)226H20 filllftiz kX 5 A F L 3
WKL R T T DRI S, A A
AR CBEE 1TSS INE.

Nazarov Bzt S X BTG VE D 1B REME 4 1
DEEMEST HT-OICEHRFIETH D [41)],
Z DG D EEIT Lewis [ <° Bronsted [ fift 15 7 32 HR
IZ& 5. L L, Nazarov Bgfb 21, 78\ Lewis fig
DB T, BRIZHHV B — Vi8R TG
NI ELHEIT LRV E2ME TV Z[42].
Fax7 I IR LRI B e
— )VEF AR D Nazarov BR{b D Bl b 705 = &
AL LT2[43,44). T ORJS TIXAER L7z BRbik
DIEMEAF LU EZ b0, B2 b2
25 &, RNICHET D EAREE T Michael 1723

EZV, UKy T Nazarov-Michael )73
ZHZEERWELL (K8) [43]. &biZ, 20
s % A A R TIT, it ok v 3R LR A %
EERL L7z [44].

Fe(Cl04)3Al,04
H o O (0.5~ 5 mol% )
OR

o
us)
.
< z

T
D/

[C4mim][NTf,] NS
| ; 80°C |

O o ©O
\“*,wlﬁigi
rt or 0°C N\ R2
~ 5
. 0
R1
8. BRARMLZE Lewis MBIZBEH T 6T Ay
I Nazarov-Michael 5 Jiix

A F IR D L T H F A I ERYEE O E
7'a N UBNFET S 720, Grignard 72 E O
WRKISIZIIEHTE v, ZoMEZ kT2
728, BF A Mg LR LZE(LTE S =
— T VEREE O A 4 VAR [Pasame][THN] &
THEA UL, TOAFVIERKITEREEE T
Grignard ST 25 2 & & W 6 2002 L72[45].

FeCls (1 mol%) R
«MgBr  CICH,CH,CI (DCE) (1.2 eq.) //l
R@/ D
[P yaamel[TENFTHF (>5:<1),
0°C or 25°C R 7
BU_EE‘D ONTH,
B \/\OMe

[PasamellTfoN]

0.4 F VKR EHZEN T 27 U —n
Grignard reagent O 7~ 7Y o 7

T, MROABEE LT U —/b Grignard 73
D FeCls BERRILIN D > 77V > 7 FOS[46] D ¥
& U TC[Paaanme] [TEN]ZERH LT 2 A, =—TFT v
I CUIINBGE W S TEIFF M UL R 29 5 SO
73, [Paaame][TEN]E L TIE 0°C, 5 73 AN ToEik
L, 7V — 7 23 FEBMICHDL Z LI
Rk L7z (X19) [47].

S HIZ, Fe(BF4)226H20 itz N5 A > K —)b
~~@ Friedel-Crafts 7 /L ¥ /WAL OWFFEIEFE T, KEE
BT RRBOSKD EREFFINLTEF T LA
Y R VBRI AR DRSS A FE R LT (M
10) [48]. BRI F A ZfRHE LS &SRR



Pk e

LT A ROSEFEFICTE L, KEEHED o fif
T‘Eﬁ“é ), /1/%0%«)3%%?/\/ N F A
ﬁﬁikéné& 2, U IVRRIC X B RldiskEE
TY KRB ENEEIND 2D, DIVERDF 4 )N
HERTDRIETH O 205 AL REREF TSN
WITL7-EEZ DN DH[48]. FEiX, ZOINEA
FUMEE R TR D o LI U AV EEFEHON
VUNT I a— ik v U LT L 3 — Lo i B
NEFHIRZDZEEZRST, ZhEFAHL TK
I RN T AT U U ahERk % 84 & & T Friedel-
Crafts 7 V¥ ALK I 2 RA D\ TRST7=H
DThDH. ICFMH%E kil T 5 & MR E SR A
Wi &R0 A A VRIRITEBEBRIC/R> T LE -
e, TNHRIGHEBOHA S THS.

€(Cl04)3:nH,0O
"Me 4)3" 2
(5mol/) \ Me
HO \

neat, 40°C, 24h
H (R)-13

91% ee

10. SERPRFFCHEAT T D1 A AREfRLIZ &
5 A v R—)L~® Friedel-Crafts 7 i~

Z A, A F ARG TR 2 v A A il 4
(249 % Michael S ANER[49], B 12— L0 A
R— L ~Dfr EERA Friedel-Crafts 7 /L F L1k,
BER[50,51172 E& B L, X 612~ d 3~13 D1k
BB A A Rk L 72[35,36].

AR CIEFR 2 BNBAR LIZgka2 M5 k& EI

W UTED, A4 A RIKNERA RS & LT
HZWO7= DL Seddon & D BKM: A A kiR

[C4amim][PFe] % 135 Pd fifitiZ X % Mizoroki-
Heck SIGR[52]173 M) Td % [53]. Seddon &1,
FOGBIZER 2 > 7 o~ it L, BIED
ORIV ZFAT Iy 3 UKRFEEZ K THEFL
TERELTYH, i TH D Pd $EEKNS A A KR
HIZFE D 72, Tt 2 i i [H e bk LT # 0k
LA CTE 5 Z & &R L[S3], AT
BHABLFEICRE A7 VB 2T,
Hx b Pd fiEAEHT 57 U AALT LF b
A A RIRTER L TWD [54]. DG TIE
NaHMDS & WO sWEREZ M EE T 5720, @
WOAIXS Y LA L RIEEEHT D &,
2 NEDERME T v b U [10~12] THRENEEH ST
FORBHEIT LR . A I XV RO 2 LD
0 RNEETE E RPN TCERERE L X
VISR BT A ERN ML N TEY, ARy
PEAR AL L TEATW DAL H DN
[10,11], F&& O IGITIT A R GER D S 720

AT 2R F B AR E & MR LA O

720, 2 il ATFNEEFFSOA I XY U UL
[Csdmim] [PFe] D WME 4 T o F=7 LA
AWK [Noaive] [THN] Z2EHT 34BN H -
72[54]. A A U EIEE A RS DEEBCAEH T 5
LA, RN L ISERE 0280 L C ki
AFVRIEERIRT 2L ERH D .

A AFVBEICKDIERTTER A E1) (CB-RAW)
DHEER L
AV a— X THHASRTWD AEVICE, &
HWINE CHLIZNBEREEET LT — X BNHERT
6@%&%%)(%4/X%)®KMDE%¥/
T2 AE U (SRAM)) &, IREHEITE WD EIR A
%kbf%?~&ﬁ%z&w7ﬁ%ﬁf%)(ﬂ
— RF 4227 L USB AFY (NAND 795 v =
AEVY)) LW “FHEOAEY RfEbILTNS.
HRMEAEY OT — X EFENPRONDTZD, a3
— X EMED T DL I AT ATV IT
T EAARBIZLTEBSLELRZHY, ZDHD
HRENNFICHESINL TS, & L, DRAM FH
WOHE CEMET 2 REFEEA T Y N TE D &LH
O B ) B & SR KR Ao Y AR Y AT RE &
D, FREXIAR/TEENARET, DORKREED
RHEFEME A U NEB I, DRAM, SRAM (ZHL -~
TRDLDHZE &R0, BETERICDARET) % i
THIUTR WO E ) 2 RIBICHI T 5. K
FHFEME A U OGBS TREL, 2018 I
X 1180 (BRI (12 Ik ICDIEAHEE SN TEY, &
PERE RFEFEMEATY DT AL T HZ 1T IE M3
Z X T BT ORIND]55].
PRI AR X £V (CB-RAM) X, T/ YA XDl
LA FOE & 10~20 nm D 4 &R LY (HFO, %) %,
TEPEEM(Cu %) & RIGEPEEMm (Pt 5) THeA T2 v
TNREE RO AE Y THD (K 11) [56].

Bl 11. LA EM A £ Y Cu//HfO2//Pt % CB-
RAM 3 1 Dk,

TEPEEM (Cu) ICIEOEELZHIMT 5 &, EMEE
RN B 8 A BNt L, @ BiR el =%
g L CATEMEE MR A IS NERGE AT LTl
BIET 4T A MRS, 74T A FAST



SR G NI SR NI T D

Rk % i A 7238 0 1 B PTIR B s B KR PUIR B I
—RICBT D . RWT, IEEERICADEEE
FImd s &7 07 A0 bRBIAL, HOEERPHE
T5H, T, KL ERREE TR ‘1 L
O IZE DY TAHERAEY L LTHIETS. CB-
RAM D JEZHFEIL USB AE U D 1,000 fi5& 09
DRAM [ZITWEIHTH 0, TR HEM 72728
W= RT 4 A7 LRIZEOREEELEZ RO A E
UDBERRAIRE & B 2 iy, IR EREAE Y
DEIYFLE L THIfF S TWB[56]. UL, @
EFICR TR ERBEEIND LWV REEESR
AA v F o T OK S DN EALOREREIZ R -
TWe., ZoMEZMRT 570, ko CB-
RAM W52 TIEHL O &R b ¥ O 4% 1 fed b 23
BFFE S AU TN T2 D3 [55], #BlE & A3 HFO2 7/ ALY
ICHS T LV oKBERFEL, ZOKBEONE
HOHWIIRETHA A NBEL T 4 T 2
YNBSS EE TWD AR &2 R L 72 [57].
FxixCu7 10720 MEKSEIZERL, HfO, )
JRALNIC A A AR, 7 ThEA A EH A
AR Cu(THN)/[Camim][THN] % FEIHE T 5 &
CB-RAM O BRENEE =N BAE I T L, BIfELENE
EAA T U TMHERTREBEMICR ET S &%
R L72[58~62]. 7€k, CB-RAM [Z A A v F 7
100 4% (3L 2 HAE T 100 J5 [8] 00 E i (2 A

H) 20%REDOFETF LBERE L 722 < 72 o TV,

S 2 LA A K (0.4 M Cu(THRN)/
[Camim][TH:N]) Z HfO2 BIZFHIE T 5 & 90%LL
DFE AN IEFIZENME L 72[59,60]. X 52, Cu*%
NU 7T A LGSR L To R A A iR AR
(Cu(Tf2N)2/G3) % HIO2 g2 % % &, CB-RAM @
BRENEEE N X HITIEF L, 0.7 AV L FOKE
£ (USB AE VU @ 1/10 LL'F) TAEY ZEiEh§
5 Z LT L72[62]. CB-RAM FEF{L D& KD
PEREA 2+ H 7 L— 2 AL —NEH L &
272 5. fE3k, A A AN EA CB-RAM 2 %A
fbEnsd e, arva—XORFHENRKEIE
DLHLETERIND.

7k, ZONERETIAFERTL S fe=7 XK
B DOARTFUHeBEZ (BAE, WAEB R P, &
H#ESR (BAE, KPaEHR) L oI X
HHLDTHD.

5. tn—X, YT ZUBRBEAT VREDTY
A4y

ta—RFIKEICD ET D50 FEMIZIIZE
L ERIRET, 2t a — 2 DfLRESe
T T 72 S T DMK 53 fif D FEREIZ 72 > TUN Tz,
2002 412 Rogers HS, A I XY VU LA A
HEARbmIm][ClIA B L r— A 2B L, Z O

NHE SN HAT L — TR RS2 KR
BB L, BT —8 CHREITKG SN D
ZEEHE L [63]. LR, Barm— AEfE
Mg A REOBRERHR P CHEDLDNLS LD IC
feodz. Bxlk, Bu—REMOE » RV
0 —ANKSREH I BERICHD EB X, BT
—Fotro— 2RV IALEANICHEET DT 2
JeFERICER L, £HOA XY U oL, BN
W7 oE=mT L, B2 AT AT
JRT = v BB G DRI A IR & R
BICARR L, VYU tEA 4 AR [Pive][Lys] °7
T = A A AR [Naive][Ala] 3 E N 7= v e
— AWM E TRt EERVWELE (M 12)
[64,65,66].

()

fi
Me” >""OMe|

(0] Me
*o)\/\/\/ NHZ} { ‘
- Ef

N
N
- t S~
/
NH, o OMe

o
_ O)K_/CHs
NH,
[PimellLys] [Na21mellAla]

B 12. o —RERET 2 ) BA 4 iRk

DNT, [Pive][Lys]¥ U Z = IR CEH I &
ERIAHLTESCER KRNSO Y 7= IR
L7z [67]. 7272 L, [Pime][Lys]EAH < i mkhk
DDA G AR r— v BT 52 R
Lo, ZOMESERRT L7201, 73
A A IR EIET 1 b PR IR O
RAEELEZRT L, Bifetro— AEMRES
NI ARKE PEVEIE ORI 5 B L 72[65,68,69]. UL,
T 2 BEA A IRIR[70] % AR E Sy IR R R
THHIRWME SID X DI/ [71~74], Fex DRk
BT ZF OEERTICH YT 5.

o —ZAFEKRL, TETFT—FL—3 R
XEINDHEHE, BERSHETIEHINATHS.
LL, Be—X3MERKE-ESLRY BT —
7 EERLTND D0 HHRIRICERTH Y,
A HE DAL FAE I T L WD BSOS S A Bk &
nNTWb., —F, EF, Bre—REERTHA
ARG S, A4 RIRICER LT
0 — A TCIEFIEEA Y 7aX= L PORMR T
UNALHITARBBER T EF L ENE Z & NH
HENT[I5]. £ 2T, Bk n— AR A
BT H5Hax AV T NADA A 2 iGE[Pive][OAc]
EURIEICERA L, Bra—2A0KEET 27
WCHIATE 5T VIV RT—DFT A v E2Ral L
A, Wk WEHETHST-XU VA fbicE
WT, 222-FU 7 FdanF Lo AT LN RD
TR T VMRS D Z &2 B I L
72[69]. &/ v — A% [Pime][OAc]iZE N L7214,
oo —2Zx L TUIIETYED 2,22-F ) 704



Pk e

nxrF=~_rVx— K& T 80°C THIFET

LT T, FERTOKBENR Y A S,

GBI KTHRT L0 —2D RV T
— MFEEEPNEEMICELNT (X 13) [69]. 1
ko —2ADT U NARIZHE A ST T2 R
Ky, WetEibY), BV D BN RS BRI
BOT U NMENATREIZ 20, fix sk — AT
ATIVHEROGHRICIEH T2 EMfFEn 5.

o}
O%Ph
o CF3 5
femad, D55 bonay
OH :(o o "
o
( } OAc bh O:<Ph
ANome
Y=100%
[P1mellOAc] DA3

B 13. 1AV BEICEM LI e —2AD
222-FU 7 FmFL=_r YT — kT
I RN % (4

6. VFOLEMRASAA VEERTYTALY
WA, RERTEMER KRBT kD
LBILTWD. A4 VRIBIIRBRETHY, VT
U LAEMAORBE L TCRE R MEENREE - T
Wb, Fxlx) FULBMAOA T RET Y
WCHLY $H A, Li A A v BB TE %5 PEG A
T F A NEANTIIE L A A v DRI E)
LRI b EEZ, 14 1277 3 [Pasamem]
[THENTRC[Pivem] [FSA]Z ARk L 72 [76,77]. 24
OOAF IR, RO —R L ERE R
LTCI10 50 mAEZFo L INKEROKRE
wmOREmE LTI TS Y aviEm
UF o LABEBMAOEEE LTEATHWSZ LR
o 7= [78,79,80].

i % S o0
Bu-P: O "> CFs + L SF
SN N N N
B OMe O,/S\\’CFS e O ome ‘sF

(6]

[Pagameml[Tf2N] [PimemI[FSA]

B14. 2V a &ML EMHA A Uk

VU a EMTIE, Li A A OFN-BLEED R
ETWEH%&M%%&@@L,;@ﬁ;%W
DRENE X 5 Z & NEAEORFEREIZ 72 > T
7. AF VKR EERAT L, U a B
FREEAZ T DR H HWIEN R S D Z &

A F R E R B ARG I E AL O B

N0 [79,80], SHDOMEREMNELATH
BH. B, ZOWERIEARFEORDHZD VL —
T EDRFFRICLDZLDTHD.

1.4 VBRIERTEERTHERT)a it

x0T N—T Tk, B EUHEHREZ P OICER
KIZ XD 70 a3 v b ROS ZHFZE L Ty 5 [81].
FAET V=N T Yary RoF47 Y —LVERE
iRt L, RNICHFEESEZ NY 7T — F L EH#)
T52 T Y av i LRKIEDIEMHLNTE D
D, BIRENSTH DO & 72 5 EME % IR
BN T D0 ERNSH D, —F, 6 fillA 4 ik
K2 7 hsBigE LU= 7L a— RFFEE 14 (% 15)

EROSICAERT 2 &, RICHEE 14 BIRD R
LTl X, ZFRHREEINZ D MENR I WEM 7Y
TV AL EERT D LN TE 7 (1K 15) [82,83].
Lb, ZOK, ¥ 7EiEOT A Tr Y ay
MMEDBED o, B-EIRMERHIHTXDHZ L 2R/
WZ L2 [82]. TEk, A A ikiky 7 OWrseis

BOAERYORBMO-DITHERENTE0, =
DEFIT TV a v blic BT D4 4 RIKH 7
OF =g Z R LI-bDE LTHERSRS.

Me TfO- Me Tig
TfO
) %
0 16) Anodic oxidation o
BnO SAr ——  BnO °
BnO

OBn  BUu,NOTY, BnO
14 CH,Cly, -80°C BnO o

B Me TfO
HO
NPhth
BnO
o ﬁ&;&

NPhth
Ar= 4-F-CHy- alf=96:4

15. BTV 2 oAb D T2 DA F K
a2 TFHA

8. BbHYIC

REZ O DT HLS LM BNTWER, =
B CTHRIRIC R 2R E R EME O Kk9)IE
Wilkes 5 D[Comim][BF4] TH ¥ 1992 (245 &
Tz [84]. FAIDBUKMEA A AKX 1996 A1
Dupont 52 XV #t&E 72 [Camim][PFs] TH 5
[85]. T4 A kMR NAREIZE R S L7 DX 1999
FD Welton @ Review [1]TH Y, 2000 FEM G
IR CA A RN R E SR L

EF TP OMEL S XM TEE L LTA A



SN G NI SR NI A D S B

VIRIRIZHEH L, BT O LR R, 1998 4212
A F BRI E BRAG Uiz, A A AR T R
SNTWRWEMNMNOMEZHGBLZZ 0 H
D, 2TCOAFEEEZBRITERKRL, HHYZH
IEEE LT A L LT L TE . EEN
A F RO & BAth U 72 Tl A 4 i
RO LIL 27 T 40 MITH =72 o 7203, B
7£ Web of Science C [lonic Liquid* | & AL TR
95 & 90,000 #HEL EOFHLB 20D, A A K
RIFIRIFMEE DN IA <, HEH SN D BB IR 4 ITE
b L CHFZE DB RN YER L CE 2T CTH 5.

Z D%, 2001 10 AICAKRFIZEEL, 4 F K
WEWIH LWVIRIKO(LF L AN S 17 4R
MOMEAEEZEZB ST ENTEZ., 20, %
IZHA L=k o1, ot s v—7 L EmEIC
LRI TE 21TV, AFZERRIR 2R L C& 2. AR
TR L7z b, TR EDOFEMIEICL D
B EZE T O T X 2B OB E[86], PEFRMF
EOIFERE T, ALK EMHIREL FFOA 4
AR DBHFE[8TINCHL Y 1A, RIE CTIIAR AR =1
LA FF AT EEDP B WEREA R L
[86], BHETIEhF A, T=ArWEIC—T
NEREZEALLZFEIRT By A4
AR BAF 72 — R bk B E RO Z L2 A
W2 LTV 5 [87].

BEED D P ERE S & O RFEFIE THRAT v v
MNRAA A VIREOBREEZRB Z 2, TFEALTE
D0 LV ETPRRENDERNELNTY
L. BEHEARKRZIEZEZATHY b N
MHETHDIN, fFk, PLTHLARZEICEBMTE S
BEFICRIZ Lo TV 5.

LA RICDBARIIR)ICZ DD DEEZTLE D
PR DY, A A VIRIKEMBH T 2 2 & CRIGHE
TEAL & FTRIE A 2, BHEERICA 4 v iRk % f#
SAY y PIMERICH D, BMERISICEWTDHL
TALREMEAL A HIE TR 3. 72, NIGEBSX
TEAAVRIRICEEZRZ T LD, 44 viiko
WIMEZEALLT 30%LL Eicd 3 L BMTFOAK
B X WIE 7 v b SRR AR T
EZ2LbbhoTEL. AFVEERCIZEDA
H&E2xH 5. AfETA I ViRE IO W TR 2
S TWREEWRICHY) ANTWERT S LE
WTHh 5.

9. HiEE

CB-RAM & W AW OMFICE T
TR M EKERE - (B, SRR EH A5
%), Li Bibics I 34 4 viltko & %5 L

T2 WK OB 8%, S TR, &
R L RO REOAEFRICIIRE L
MEEicRo7z. €A T4 MllEic X 3 7+ I{LK
I % 5 3 2 B 3R 4 3 1 6 o 43 OIS @ B F
TR HEMBRICBIMEEIC R 272, BAHTZ R
LCHEMITIRETH .

I, MREDEE CEZE YLz T, Kiff
ROWED=2DICEHEL DT AT T REML TL
N5 LM SR L, ooz cd 3 )
B HARR AR EE B, FtHEALECTHBL <
N7z RPE—BI#, AR CBALEZA A vl
Ra—7 4 v 7RO CHME2IE L 28
M+ (B, ~rv e v TEREAE) LLHER
L (B, SKFFRFEBIEN), 44 vilfkic X
% CB-RAM 1AL T2 & B U 72 Ji HH 5 i e
+ (BB TE), 2hrokicaiizid 3
BMECTH B2, SETHHZLHICLTHRE L
FTLN72% K OFEFBE KB L TV 5,
RBICR 55, KFRIZSL L O FRRE O IE
BV WTHRLET 2 2 ERTE R EERR
RCESL, AMTICHEHLZEZAMRESE C
IR LTEHMHToRETH 5.

B & F5 E ST ZE A [ 2 e RBRIRILAY ] (N5
WF9e) 2002-2003 4, FBHFE B IFEFEIRDTSE 2004-
2005 4 (No.16655073), FHF & Fr & s 5E [ 4
vtk o B ] (GHEIAFFE) 2005-2009 4
(N0.50193503), RHiff 2 ELAZ T 52(B) 2005-2007 4F
(No.17350084), FHiff# HAZHF52(B) 2011-2013 4
(N0.23363609), FHif & o3 a3 A 92 2013-2014
£ (No.25550091), FHIT 2 ELARHTF 95 (A) 2014-2018
£ (No0.15905844), CHEFIAEFIZEE [ KR¥D
Felk % 36 2> U 72 % Bk 72 A AT T ST B RE o 2 52 12013+
2015 4, JOAHE T M EWFFE B A R E B J 2003-2005
£, NEDO - MV ATBUEAFT T AV ¥ — « FEHER
MO B RBERE N4 F~ AT 3L ¥ —EEmah R
MR AR AT 7 (SeEEANBFE) 2009-2010 4, K5 HL
VLBR BT A AR i Je IR B R 25 F 9% 2010-2012 4, K5 HX
KN FERIT i & [ oy Bl & HF5E 12011 4E,
2012 4F, BHUKSYE LEGRENE IR E 2002
. Rk, FNFEIFRREICO W T, HE
HETH O N7z 5 R IE 34 EHIR I A I Bl
Wiz 72 &, ZoHoRMFEEEME (A) OFIR
Kootz T IR LCESL W,

10 1 F U BHEBH—&
HFF
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[Camim]* : 1-butyl-3-methylimidazolium
[Cadmim]* : 1-butyl-2,3-dimethylimidazolium
[Comim]* : 1-ethyl-3-methylimidazolium
[N221mE]" N-ethyl-  N-(2-methoxyethyl)-N-
methylethanaminium

[P4441]" : tributy(methyl)phosphonium

[N221mem]* @ N-ethyl-N-(2-methoxyethoxymethyl)-/N-
methylethanaminium

[PaaameEm]” :
methoxyethoxyethyl)phosphoniu
[BF4]— : tetrafluoroborate

[PF¢] ~ : hexafluorophosphate
[OTf] - : trifluoromethanesulfonate
[FSA]~ :bis (fluorosulfonyl)amide
[
l

tributyl(2-

TH2N] ~ : bis(trifluoromethylsulfonyl)amide. [Tf2N]
TRED F v LR LIXLIX
“bis(trifluoromethylsulfonyl)imide” & &AL TV 5.
L2>L, “imide” L “an amido compound which
connected with two carbonyl groups” T& ¥,
[TH:N] 1 IUPAC V— VIt > CTm4 T 5 &
“bis(trifluoromethylsulfonyl)amide” & 3 XX TH
5, 7272 L, >(trifluoromethylsulfonyl)imide” C &
AL TUPAC v — Vit s Tt E S 2 5.

IL1: 1-butyl-2,3-dimethylimidazolium cetyl-PEGio
sulfate

TACI: tris(diethylamino)cyclopropenium cetyl-
PEGio sulfate

D-ProMe: 1-((R)- pyrroridin-2-yl)methyl-2,3-
dimethylimidazolium cetyl-PEG10 sulfate

PL1: tributyl(2-methoxyethyl)phosphonium cetyl-
PEGI10 sulfate

Tzl: 3-butyl-1-methyl-1H-1,2,3-triazol-3-ium cetyl-
PEG10 sulfate

Cetyl-PEG10 SO4: 3,6,9,12,15,18,21,24,27,30-
decaoxacetyltriacontyl sulfate
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Environment Improvement of Eutrophic Lakes

Miki FUKUMA
Department of Chemistry and Biotechnology, Faculty of Engineering
Tottori University, Tottori, 680-8552 Japan
E-mail: fukuma@tottori-u.ac.jp

Abstract: Aiming at purification of water quality of closed waters, we studied the ecosystems of environmental microorganisms and

shore wetland of the lakes. By combining reed planting with microorganism adhesion carriers, good water purification performance

was achieved. From the analysis of microbial communities, presence of various aerobic and anaerobic bacterial species as well as

rhizosphere microorganisms could infer good water purifying performance. Photocatalyst was also effective for environmental

improvement.

Key Words: Water quality improvement, Purification process, Natural ecosystem, Microbial communities, Photocatalyst
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Seeking Distinct Applications of Moderate Thermophiles

Hirokazu SUZUKI
Department of Chemistry and Biotechnology, Graduate School of Engineering
Tottori University, 680-8552 Japan
E-mail: hirokazusuzuki@tottori-u.ac.jp

Abstract: The genus Geobacillus comprises bacilli that are aerobic or facultatively anaerobic, moderately thermophilic, and capable

of endospore formation. The members of this genus provide thermostable proteins and can be used in whole cell applications at

elevated temperatures. Moreover, Geobacillus spp. serve as biological tools in evolutionary engineering because they can efficiently

generate mutant genes coding for thermostable enzyme variants from the thermolabile enzyme genes under appropriate selection

pressures. This paper describes our recent studies on genetic engineering and biotechnological applications of Geobacillus spp.

Key Words:
Thermophile, Thermostable enzyme

1. FEFELOHEW

SERKFEOBRICIE, FRk 26 FIZEHEMLE LT,
FIE TR EAA N EZHEY X, xR
B ChE & IRBFZEICEE L T AN E b 5 =N,
IR BRE2HR L2 TNII RO oT, Zh
WTIEE LA EWEET 720, Z o725
EWFZEE & L CHMT A2 EidRnoin b 9,
FARRIE, WY IR PEY O A R SR & T
e LTz, FALEUSHIE, BRSO 2 E AT

ZRRRHED OGRS E L, D
WRETIE, FHESNDZMEHDOIZEALEIZEN
T, BEFUERHELN E2M-T-, EEME
MOBRBTREERHICTHZLICEREZAML,

ZTDRDDHEwmERET LI T hoTe, £
LCTW% &, 4FEE (Geobacillus kaustophilus

HTA426) DiBIn T % 0o THhR WM EFH b
7o TXE~ Y T HEEORBIEIE D HEE S
THEZ D 720225 72[1,2], 29 LTEEHEDLH
BB ZE RN A £ o T2,

Geobacillus J&VX, Bacillus B OBOME I N
AR AR (B EEIEE © 55~65°C) T,
R CTRIICHRE SN HFAFE E L THmHI T
5[3]e & L7e-oTiX, 100°C UL ETEET DI

BHbHLE L/ < 70K, Geobacillus J& 2%t 5 A0y

Bioprocess, Cell factory, Environmental adaptation, Evolutionary engineering, Geobacillus, Genetic engineering,

BiEm < v, L, Zodh@kimitdii
ERFIHTE22 8572455, LRV
FEOEIRDE LI MAEIEHR S 513372, b
RO RWVEIR T, AXVEERLDAXTIEE
L TR0, ZORICKSE, EHEDLIT
Geobacillus J& M E OMAIH) 72 WE 2R L TV
5 AR TIL, O EEMEIZOWTRTT 5,

2. 75RAS FEAEDOREIL

G kaustophilus HTA426 ~D 7 Z A I KiE AN
OO T —<1Eolz, TOERIZIE, LLF4250
PR AR T DN ERNDH - 72[4]: DT T A R &
i U CHERNIZE AT 5200, 2D O Fik
ELTHEEA R b ORH DD, WTho TELHE
L CRAITEEREANER I D, ORISR D FaBE
ZANTIC U CZERE 2 Do, b B A W 703 i) BRAE fiff
RELOEE, BALLZT 7 AI RBHMBATY
WrSsh e eEMEr"H 5, @7 T A I Rz L
THIREN CHEFF S & D0, —RITIE, S 8MAeEw
THETAIL T Va2 CHRAER T I 23
K& L THEFF S 50, fHAEA# X 72 Elo L b B
BARICHAT D, @FF 23 FEAITAKE) L2k
T LR 5 0, AImIEEG 72 &
BIR~—H—% T T ZAI NIZEDDDON KT
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HD, Pz EHF~A 2 iiEiEE A %2 BRI~ —
H—E LIHE, 77 AI RREAIN TN
RIZA T~ A v v 25 DEMTAEFTTE 20N
BAINTZRITAEFTCES72D, 77 A3 REA
MERS IR TE S,

LE 4B D 5 5, DNA HIRIEMZ OFREIC S
W CIEHRIS P fif i T & 5, HIBRIEAR R 1T, B
MNT 7 =BG EN B HEZSF D IS
LIePifiis 27 AT, b L<mb D 1T AHIER
EffiRi%, DNA 3 fiFBesE (HIREESE) & DNA &
il (A FNALEER) ORI D, HIFREE
FITH ok DNA Z Bl AIAr IO L, X F ik
PS8 LI PR EE R 338 7% 35 DNA Blsl %2 2 vk
T 5, HlREELZIL A T UL S - BEA & B0 © &
72Tz, f5E DNA MHIFREESRIC L » THIlF &
N5 EF7ewn, w3 — T8RN, 1 8B
FO I BHIREM R b Rk A =X L THK
DNA Z 83 %, 1V BUHIBR R I HI PR EE R O 40>
SHERL S AU, HRok DNA IC& Fh 5 8fE A F ik
AL, TNEUWT 5, oF0, WThoifil
[RAEAT % S 15 32 DNA & 44k DNA & A F 1 kiZ 3
DERXBIT DD, IRMAEM D A TF i FER
(A L 72443k DNA (B6fElf5 &= DNA) 1%, =D
WAEMOHIBREMRICL > TUIrESh D Z LTk
v (K1),

G kaustophilus HTA426 @ /%7 /) AECH| I, B
BOHIREM RBR TR RAMB IS, REKRIZE
ENDATF MR EZ I+ 5 &, AF LT A
XUTT )V UNEREICRE SN, 2T,
HTA426 ¥ED3BERERI 2> D88 ) 72 i BRAE i R 2 & D
Z L ERERT D, £ Z T HTA426 Bk D A F UL %
FBI A2 B L7 KIGHE BR408 A HEEE L 72[5].
Z ORFTIE, HTA426 4 D 5Ll 15 3= DNA 23 & ik
SNb, Geobacillus J& & KIGE % v v L TE 5
77 A K& HEY T8, BR40S #EH TH
WX/, 2077 A KNE, SIREEEDY S~
AV UEEfFE~— T —& L TEA TV,
RGN oT-Z b, 77 A REAIILE
KEEERALEZ, Zhicky 177923 &
ANDT=DD 4B 22T VT Lt 27,
LL, BESL-THLTT7AI RNIZEATE 2
-7,

BRELEDNRT A =X =N REY 720725
I ZDOFEFRF T RENRTA—F =L,
KRBAEWIZ L > TIFTER A ER LI LERH
Do EARITHHES THRII LW d LivZen,
WTHICLTY, TOEXICHET DI EILRER
fPERAFOH EIZIZY A7 B3EN, 2D X5 7%

5ELLTE EDNA

v
= GAGCTC = m—— GAGCTC m—
CTCGAG AFILAE CTCGAG

ol |
4 v @ﬁéhé*
TS h Ly
v N ~
—— GAGCTC == \OG‘IGO? S
— CTCGAG=—  4FL{t O

L ore.

T EhEL

#+3EDNA

~

GAGCTC
& EDNA — CTCGAG

\_ A J
DNAZE A L= A RMAEY

B 1 il BRAS A 5% % [E158E 9 5 5ELL1E 5 DNA
FEARM IR B AE A R 1L, HIREESE (RE) & A F L
{bEEE (MT) ok S5, HIRESRIL, AT
b (W) Z b 72720403k DNA (X813 % 723,
AFNALEERIC L > TATF VL EZ T 2EE
DNA &L 15 = DNA (T8I L 72\,

W TA LTS L, FTRIFREEDOFEAEDR
KE DT A REANICHEAREEZENIGD T,
A5 TlX DNA i 5K &L 2 204 & =B
E R DA RIS 5 2 LT, LR
NHZRIK~LE DNA BBITT 5, BEICHHEDE
WTHEAREZEIZLTH LV, KIHE BR408 |2
BAEmEREMNEG L, BOoNTEKRBEND
HTA426 ¥k ~D 77 A3 NriExRT &, BEHIC
HLHoXIN ETTAI RNEAINT,

VHBESBEOBRIMEMEL L TIIRT  O#FS
REMO T T A REKFH BR40S IZE AT 5,
OB LN KIGHE % 554 L, HTA426 HROREEIK
CIRATD, @7 4 Z =AY U< idiE Dy B
WX VMR a2 E S, |IE< BV TR
FiET 5, @OOE L 7ol % Y] 72 NS i EC
EIREEE L, 77 A RPN EA S HTA426 %
EEBEIEDL, 20X ICHEAGEDREIZEM
ThoNn, HHEEREZHEOXPNPEHE LD
ENEZL, FTAIRHEACELEVFHI N
Vo LM LURIGED D IFEE ~DBEARZETIT
FIREE R ST CRIBE L FAAEHEZ X TE 5, A
T=NT IR HELRRY, BAEBEORNES
&, RFEZL, MERE~OT 7 A FEA
LA THDZ ENRTRENTNDH[6],
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3. BRNMATOER~ADEHE

NAF T RAE, MASCEDFEMEZFH L
Wi (AEPE - iR - JRHE - Mik72 &) ORI
Thbd, MLTEHEGFONS AT a2 THFED L
IHRIR CHEATT 20, WHEE A B E & Licmia
NAF T ALAREE, TOMEITHL, BT
D X5 R AR R SRR S Tn[7]: Ofk
FRISIE, BRI DIZEE N, Ko THEIRAA
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A, R TITHAEEZ AWz & ) — VAEFENR
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B ORMRELE T UEFIRCHDOTE RN’ D
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FWEY —NVEBRTDHEL IR T,
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T&E 5, WHEESCHEERIIRD DT, EBR=EE
BIZBWTIEFRERS A b, RKREHRN
<, RFIRE MM SRR S 2 i b i
HCb BAICHIT 5, RFEFIZIAL, Fm—

ART T ) =R Vo HHEEHEZ &L TE 5,
7Vt —LVHFEEFTHETEDLZ b, BEM
REBLBHETE, 77 2BHEBRE THL 2 L0 b,

B2 R B OESWERED RS L7
W, 7 AELBIINABR S TE D [14], & HITHs
Y#  (Bacillus subtilis) &9 T VI %
ThnrZ erb, BREFAEEOTHIE LTV,

DX D 7 REEN S, HTA426 1 X@EIENA 471
TADFETEL LTHoRBHEED > TWD EER
LTz,

4. ERFREY—IORHE

Rx RAEMICBNT, AunFr@gnbu )y
VE U UEEASDOEHIT PyrE B L O PyrF W)
BERICL-o Tt b, Znoixv I vAne
DB BRI HETH D72, pyrF Bis 1 O EE
RIZD 7 o RERM ECTCEBTTE 20 (77
JVELRM), T2 L, pyrF BTN EAINTZY
ABlIET T UNRKEMETHLABTTES2D (¥
T UVIRKENE), pyrF BAST1X pyrF EEKICE
WTER~—D—L LTHETS (K2),

pyrFil &% pyrFE Atk
=(=
*F R (pyrFEEIEHR)
-IoY)L
- FOA
+ FOA \ y \ /

K2 pyrF Z#FIH LTz w w2 —3iR
pyrF WEIERRIZ pyrF ~— 1 — %8 AN L1728k (pyrF
BOAKK) X, 7T UOVEREN T FOA &M & 72
bo pyrF BAKEN S pyrF ~—h — & HEk I E7
B (pyrF HRER) 1, U T 2V ESRPET FOA it
ML,

FOW TR, T7Rb5 pyrF AN S pyrF &
BFZHRSETZWGEILE 9 D, pyrF H R
I UNERMELERD D, ENE/RDLHITIEIT T
VBRI TAET ISRV E TR, LaL,
ZORM ETIE pprF EARGEE T D720, pyrF
HEKZ pyrF BARKT 5 BT 523 5o



SN G NI SR NI A D S B

an=—07 7 VEREL TEICTHRDLER
b5, T THEHRTXIX, PyrtE & PyrF 28 5-7
NAvFaTF o (FOA) zMasEEiah o~
nAa gy TrE ) ) UBICERTHETH D,
ZOMWEIZEY, 7T Ll FOA ZE el BT
X, pyrF WHRFRIZAE TE D0 pyrF EARITE
BTy (K2), 2%V pyrF 11X, ALK
DOETFIZBNWTER~—I—E L THZDLZ2DOTH
b5, TOLOIB~—T =T RN~ —T
— LT, ZEBETHEER SICRFIH SR
Tn5,

HTA426 $ED T 7 > 2 —i8&IR T AT L& FENLT
BTz, AR 2 ZF]H LT HTA426 ¥k o
pyrF Ba1 &M L7z[15], Wifmy, Bfohn
pyrF BEEERRIX D 7 U VERMER L, £ D pyrF
AT T T UOVRRENE R LTz, pyrF B
1L T Y VIFELE R T FOA MM 2 7R & 72 o 7278,
pyr 85 BEOF B & AIZHIE T 5 PyrR O s 1
LR L 2 A, TRICEVE LN MKT72 £
X7 7 VUFHETFTTH FOA 2tz R LT,
MK72 ¥k & pyrF ~—71—1%, 1 v & —@IR X
TAELTSEBETFEREICHHLTNS,
ZOREWE L TiX, HIRMENREZEMEL -
MK244 $f7e ENRZET S 5H[16], il RAE iR O R
D, HTA426 R~ OG5 #E TIX KB E
BR408 O A3k H k& L THERE L T 7223,
MK244 #RIZ%F LTI RIBEE NS TH 77 A3
R BEEI NS,

BB OIS FTREE, JemisA
BN 2 — %GR L, WMEWER-HTT 7 v X —+8
ROMHEE 0-7 2 T — ¥ DO&Is T % MKT2 kD Y th,
BIFHFALTEEZA, WTIOBET S Py 7' 1
T— X — O FICEB W THEEMICREL L =[15],
7T —BBETORBEEDIL, Mias ot
FESNTe, 7aE—F —HEITLY, P 71
F—F =N~ b —AFENICEER T L L&
RH L7, 2O 7 1rE—F — 38k 22 07 B
BT % MKT2 BRHP CRERFBBLEEDHZ &N TE T,
BT =BT ERBIE KL, SR TER
ZOfRELT (K3), IO L ekttt ro—
ADGRIE, —RICEEGERRIZL > T
LN, R LB T — P TEAKR TR M Lo
— AT RTEBH[18,19], ZHIEEIRICE > Tk
a - AREGEEEREL D EEZILR, T
SELEEAL AT o AOREFEE 2D, SR
AN F R L 0 — R BN T X DAY
EEB 2 72 <, E DR A~IIT T2 72 S 0F5E 0
HMrEIND,

TILS—EIEEEKR CwILST—EEEK

X3 AFEEIC K DR R
AR (VT —BIEAER) LEEELT—F
B FOEBEHMK (BT —BAEEK) ZEMRKE
LIz 60°C CHEE Lo, 5% 0B (LB L 4HH
(FEB) ODEHEZRLTND,

5. BEIBHEFREORR

AL B ESCE R STER OB AN, N
A T R DN A FEHE PE DT ISR AE &
NTW5, TOMRENS, BAEHEDICEEND
e —RIHEHRANAA A~ ALEEZEZLNRLTWD
N, TNHIRY F =2 EEER D R LAY
EREFE - TWNDZ ENEL, NA FREHERED R
BEE L TIEFIA LIS W, RO ARZR AL 4~
AL LTHABSN TS, EEMYE R,
BIIZO NSO LT W AR TEFL,
B LEE LW &b, BREELHEST
52 EbH0, AFICEERCHEAKE LT L ST,
HIE G B, 7275 L, Rk IS O 2 E 2
THLONELL, ZONEMICITEES HEE % ok
THMEML L TBEHENEE & 21727,
FAEAHHLEEANAAAS T o A BHE L TH
7o E B o TWERI, WBE» 51 4 REE
EHEEETLIEBEAM AT oA E2ERL, =D
7o T T 72 ¥ e 4y RAE A B0 & TSR L 72 [20],

W E WK 2 S BURE O BRI o D34
L, TNHEREDSO T LT, B o=k
W% 60°C THEE L, e & Bk CT& DU BVE &
HH S o, VS A IRFBIR L T 5 R
IR EmA L, MIECHRIELTZ &2 A, 238
DHFBENEEECX -, 2D 5 B 13RIV T,
WSRO BIEN A TE I, 256 2 R/Hi
FHIC A LEEE A, WTRhY G
thermodenitrificans \Z 73 ¥8 S iviz, HEFEFAED fe b
BTV OS27 #RICER L, &6 72 5T a1T
S, TOHEBEIIZIEZ I VEL LT I R
DOWMMN LT 57253, 0827 KRITEE ~ 72 2 pfE
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AR EAN

EEATE I, U D A &V ih TR
T DHE, MIIEEN 100 fREECHM Lz, U
T AW 2 e ) CIRRRER P TH R LT,
FIERIC MR 23 HE 5 U 7=, ARERIL, 0827 RV
A ERERE LT TS 2 &Ry, HHH
B EIL 60°C T, HHENGF T B UM (pH
6.0-9.5) TRIAIFIZHIE L=, FREKELZ DL,
WEAEIRE (3.5%) IZilitEZE R Lz, BLBREVZ
EAT, ARUFENEE TRk & 2y Ee & ok Tk L7z (X
4), TAX Vgt ro —22&TE 5
:&#%,:@%ﬁ%kﬂ@ﬁ@%@%%%%%
DRk sbnEEZLEND, FOBRETH
ﬁmm% LML, B rEfELARET, %
LT —EERTERAIEDL 2 ET@@ m
BEAM E L, BAERNDL ¥ ) — LIEEEEE
LI T2 AN, 0827 Ekciiﬁ?fé/wwvx@%
BRI CAHEZEZ LN D,

JHA T7AY  FIav/EE

HYEL)

X 4 OS27 ¥RIZ £ 2 i iy fif
0S27 ¥k &g & 3512 60°C THEEE L7, 523 0 H
(EE) L 7HE (TE) oFHZRLTWDS,

0827 kD Ytk A 58 L, MiSeq & i\ 7= K7
7 N7 NRMTCHE L=, U — FEUT 4,910,538
T, K3.0Gb DT —FZBNNETE -, ZHIFTHEE
7 LK 4 Mb OF) 740 f5IZHEY T 5, Ra T
4 78T 164 T, lxEa 7 4 71X 366 kb TH -
Tme A2 T 4 7HEHT 3.44 Mb T, &7/ ARSI
1% 3.5 Mb & Flll 7z, DNA @ GC & &% 49%
T, 3766 Hl®> ORF ARSIz, 7/ LAEFID
MEED B b, 0827 #RiX G thermodenitrificans 12
SHETET, KRRIZTAX VB EE(LTE R,
) AEFIFICBEEN T VX LR Y 7 —F o fH[RE
fRAIT R R0 o T, BEMAKSEEFRZ 22— R
T 5 28 I FD I L, 2 2% Geobacillus J& I E
CBWTIEE LWERR -7, 0827 ¥k,
BESA T~ A Gy RS D T EVERE SR B O (A IR &
LTHLAEREHHTE S,

HHERFERFEA I O A F < WFFE & Bk L C

6. Geobacillus BHBEIIRBEISICENS ?

WML, TRENELRT WVERE LRI
SWERER®H Y, ZOSMIIERY "5, 8
EBRVIREMIBE TX W, REEIICEE
HRLTWERIREZESTZ LI TERY, HHD DL
EWD D 5P LHBREICHELIND D, ETOREIC
WL MAEMORDEETRD, MAEMNERE L%
SDOTERL, REMAMMENEZRSOTHL, =
OBFFIC LY, HFEAEIIHBREICZHFET
Do EBED L Z A, Geobacillus J& MM 1L & IR
MOBBEICHBESN S, £EOHBERITIEA. T, £
AU TR B O, IR, W, HER (b 8, H
A, WEA— 7 o BET A, £ LT
R ERDANLHR L ENTEND, TNHDOER
Bk, WEUSAORER - (AW, pH, %54
RS, H22, H R, B, BIORENRL)
NEETHDZ EICHEELTIELY, Geobacillus
JEANE D3RR 2 RERBEIC AT D L) FEIE,
D DR & IR BREE IR T 1T ﬁmbfwé_&%r#o

Geobacillus JBANEE 1L, HIREREE )6 AT
s, HEERE LT, ®iRLE, Borg
DAR, Y, WEEE, B, BB, 2R, WBE=a 7
AOEH, WEMEIRTUE, MEEE, AN TR, BLO]
WAL TH R ENFT NS, HEE IR+
BHICAET L2 LR RAINTED,
TOEI AR E 24 VT ] ERBLT D
XHd D21, FIETEIZE T D Geobacillus J&#H

AL, BT AT RIZOWTEEMICAF 4T
SNTWD, ZOHIEITER 28 U T 27°C 2 2
RN, EEHIIXE MR (10% cfu/g soil) (2424
BNTEIE L, D 9 H D 80%I% Geobacillus J& il i
EHESINTVWD[22], ZOoHETIX, ZThbif
B D BFEAM N 72 o 72 D WAL TE 2 T2 D DN T
BIS TV, 88 TE D2MAEYM O B %%t
B L7eDOT, TOEGIEBOLOLITRLD
72595, UL, &iE-E¥IZ Geobacillus J& M 73
BELGFET DL EICHEENT ARV E O 2,
Geobacillus B/ X, b7 AV T R EZEDZESR
RWANLBRESIND[23], 2O LD, &
RERBLIZWN D Geobacillus JEHE 23 BEFE-> -5 T
Fhafb L, KERFIZO > THIER BiICiEfd 2 & v
IMMARE I N TWVWAH[24], b LERSHIRBRSEE
WCEAE T AU, ARG U3l k3 5, HiR
RECEETE, Fhlae L TCEMBKRIRT 72
A9 (K 5), ok, k74 v7 >y KEHo
Geobacillus WD Pl aRFx VU v ¥ E220
Geobacillus H# Ll 5 2 L THFF IR TS
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[25]e UL, YTV TEYSE L 72 Geobacillus
JEAEE 2D R 72 & TR FITEE W B30, Hohifg
JAIZHER L T D 2 E 2R T D,

O, rd
2 !
(e R ) ¢ ‘
o b
[ 0
3 i TIRER
W L T HE5E

FLLRE
o

X

5  Geobacillus JEFE I K5 2B U T
HER EICHEET B

EILBREEICUWN D Geobacillus JBHITEE 2N B HE L, 2

H L TR OFETCKARICEDS, WTh

L/INS WK FTHDZ Eb, BRETFTLICL L,

HER EZBER CX D, - RBEICE F LSS,

HOMWHET 203 E L CEMBAKRIRT S,

FEHEDEZ FIIET R D, Geobacillus &
I, TR T HEFEMME E L CH FIRERER
WCHET D EB 2 TW5D, Bk L7e G kaustophilus
HTA426 <° G. thermodenitrificans OS27 & & W
DRI BR BT 2> & BABE S Au7o BB R A L I 3
IRNZ E DD, HTA426 BRIZ~ YU 7 F Ui R K
ECHRE LTHFEELTWELEEDNLD, 0827
b, HFhE L TlEERmEICAE L T Zid )
b LR, 7072 LVEBES BEFE O &AL RE O R
EEE T DL, 0827 BRIFMEwRIE OKAEE T,
FIIHHIRBRZFHLLZD L, o< LY
FELTWEEBEZXHI L TED, Pk o72
L, WERBRE BB MW D20
Geobacillus JEMEHIZ DWW THF 2 D, BlxIE, Hl
Wi & HBE S TSR ITRE I R oy & Sr iR L [26], b
ROBYRINTFERLENHBE S L KIT e R
MR 2 7R 97[27], VG Ye 58 & BLEE S 7o BRI
Moy 2 &k L[28], FLEMH kDb 0L %
EALT 5[29], Geobacillus J&MME 23 i IRBREEIC b
WICTELOThIVE, ZOMEIGEENITEIZEL
REXLOTH D,

Geobacillus J& M OB 7= BREE G RE 113, 8
R 7277 ) DR D B B WD, Geobacillus
B/ ) BREETON S, 235 1E Bacillus J&

B KIERT ) ALEIC L > TIREL T &
EZLNTWDH[30], BEHLIE, @SiE#EGICE
BRI 2K EHRICL > TEETL LT

IV~ LT=DTEA 5, Geobacillus |& 7/
L DOLERVEILBEE T, BB 7RSI ED 0 R
WSRO FETESENE LKL Z W,
REFFEIL, Geobacillus J&FEE DS FEMR T2 A6 K&
THBY AR, #EELEZREESETND 2 &
BRI D, TN Z T, Geobacillus J&FMEF X
AEBFMRECISELTCY ) 228 ET 5, G
kaustophilus HTA426 DAEEF Z#AEME Y 7 7 &
VUEA MLV R AU TIHET D L, BRRN
P S AT RS S HAE L2 [31], £ D
FEARITEFH ML 0 b HEEAIRICB O TE
<, TOERFRIIMMBEHFIILE L D LS
bbb, DNA BERERFD 1 DThHD mfd
EREET D &, BEEHAAIAY & E L 2 & Offif
PERR TS EBEE DR I o 72, Ko CHATHE A
NEBHRERA ML 2225 L, mfd Eis 1Ok
HEZS BN S AUMIRE N ZE SER Y B35 &0 5 H i
MWIRRTE S, £7- HTA426 Bkx 7 T 3 VALK S
T CH®RT D &, kxR EALIR TS RaR Ex
Hahr U7z, BEx 2fBAT D, YEEBAIXFHEEN T
HAHZLENTRBINTWS, ZbWmEEIL, 4
T OB S L= Geobacillus &l B 23 HE |2
WISEEZAEIEDLDICEBTE 5, Geobacillus
BRI L, B REEIGCEE 2RI LR ok
B2 FEMRAIICIER T A EAE/2 O L7,

7. Geobacillus BB ZRA L -BREILTE

P S8 (XA AL T R BBE 7228, R T FB ok O SR 1A
LCEICH <, AHRMEERELZ DI LT
ERERHE LN ORH D, —J7, BHEER¥X
DOEFEZITZEMEITIZTENA TV D, T bIEG
EENAFIEERICH D Z N, BRTEWIE
PEZET 558 TIE, RCIEVENSLVWEERH
D, TNEERIIRDOLND DN, WIREEMEZ
72 UARREREEHR DS R EIEE N DL E I8
NI L EREBER AR HTHEIFCTH D, MHEL
b EREERIT, MNRBEROT VX LERTA T T
VaRI V== 7352 LTHELNLDE LU
2N, L, ZODITIE RS DR EIE N, %
FAMB X OO L d i en 3, ZoEEIXR
LTES DD TIER,

ZOXOEINEZEZDH ET, Bl X
7 LAF RinflEs#E (KNT) OMfEVrZE &I
5 AT R ER Ry (X 6), KNT 1375 EITH
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FeA v UmtEE A BT AR T, HEAT RUEK
H kO KNT #EE11E, ®BR~—B—L L TH
IR Hnbivd, KNT BET+0O T 4
LT A4 T F Y % G stearothermophilus CU21 %
HEEELTHEL, BIET T~ v Uitk z
IRTHEAZ VU —=2 7 LA, KNT O
D8OY & #iik & TI130K & #KA A E S 4u7-[32],
P KNT ORE ERRIEEE2Y 55°C Tod D DIk}
L, ZhbHEHRIKT 63°C LLETHHEET S, &
JE I ENE Thermus thermophilus HB27 =15+ & L7
KNT EIaFDOT7 X LERITA 7TV NbIT,

81°C THHET HMBEVYLERENRHEONLTVD
[33], BHBRZEWNZ L12, TI30K @E#HRIL, & 54

BEORKTZAINIZba— R Tun5[34],

Z DOEAE L, AR DK ARHE TS L 72 KNT
BEFNE, B~ A vl L HAFREICNE
Li-FELERICL - TRAELZEBBTX S, [
BRARBEIEREICBVNVTCHLHHRINALTEY,
KNT {5 1% f 9 5 G stearothermophilus 1174 %
NF~A U AFIE T CRikEEER T 5 &, D0Y &
#afk & D8OY/T130K —HEEHAKDER F-23FA L
72[35], #%FE OBEEE FIRIEE X 69°C T, £DEIR
F1X Geobacillus J&DEN~— T — L L TIALF]
AN TWb, LLEDOIEIX, Geobacillus &l EE
NINEYLEREFE DA 7 YV —= 75 FE L LT,
SHICIEREBLG T2 RESEDIEEELCHA
ThHhHZ EETBLTWND,

= @
T KT ERHE

FEE
—> Q
A Bk SFEAET A~
EREA 35473

—_— —_—
SFEE A~ @ EEELE

G. stearothermophilus 1174

HHERFERFEA I O A F < WFFE & Bk L C

EFOIL, @R 2 O TR R
PR RAESEDLTIEEMELTCND, KFIET
%, ETXGEETERE R AFEICEAL,
MRANERZFA LN OERERE T2 RBEIYE
%, %ﬂ&ﬁﬁ , GBI T DORBEY (BEFR)
DOIEMENARAF LI AT RIEZ 0T 5, @ik
ROT, MEYLE BEEE % FEAT D B O B
EBFETED, MARMEEE (MK480 ) 1%
kaustophilus HTA426 & DNA B8 R B s 1 % i
52 & THEFEL[36], ZOEF T, BT
F0H 10 fFIFEmVBEETERNBEEL, O
WHEFERGEZ D 9 5, HTA426 FRIX, KIE
EOMEE LY bHRANEREERS L E D EHN
[36], < DWEILVAEFEEIXFE S &mIEC T
TOEBEMBENMELERINEZ g LT,
O DR HTA426 A RFIEOEE L LTES
AUy N THD,

ARPEOFREZRIET 572012, I ER
PyrF @fﬂﬂ?}‘ﬂﬁ%ﬁﬁﬁt (X 7)., RKEEFRIX, VT
IV 7p E OREER G R T, MK480 #RIE pyrF i
m%%K%LTmé LD T T L VELR M AR
7 ﬁalmmLm%%me% IHEAL L
ZA, SFENTERERIT 60°C TlE Y 7 vV RaEM
@6?Cfu?§vw£ﬁﬁéﬁbtooiwﬁ
LB PyrF (X 60°C TIIHRET £ 2%, 65°C TILEAL
PRI X > TRREILT 22BN D, &2 AN,
60°C T/EF L T oMilazfkfisE 35 &, 65°C

ﬁ?R T1 30K

4 ABHISE
»Q o mm
(=)4=

D80Y

=)

D80Y/T130K

KERENRN
BRREE

K6 &k KNT 34 L7~ 3 >0 L

G. stearothermophilus 1174 (2

KNT BInF2E AL, HF~A VU AFEF CamiakEET 5 &, DSOY &#

f& & D8OY/TI30K — B i He (R DR 235 4 L 72[35], TI30K EARIKIL, HMEDORKT 7 A I Firb

A Sz [34],
W5 [32],

T130K E#ifk L DROY EHAIZ, KNT OF v FLERS A 7T U N RIENT
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TH YT UIVEREN R TN A L2[36],
BONTZRNE T DM EE pyrF BT % AT
L7z 2 A, TR6HIE Al66V E#HA S L <X
L571/A166V " E@E#Hik%Z 2 — K L CTu\io, fil# x
AR EERCTZERNSIX, IS EHRIED
PERAEMEREDNTFARBEREO O LV 10°C X
EMELTWD Z ENRRENT-, KNT Ot b2
FAKIN G stearothermophilus FMIfIN TH A L7 X
212, G kaustophilus FANEN T & MEVL 248 B S 08
HE L, ZORERERIEEIL, Geobacillus J&
A OB - BRBEHEISHE & BRI 5D,
FPECL-T, #HEOT FUKFEHEDZ7 2T
A7 z=a— VT v F RS & R E bk
D RNA A FNALEEFE OMMELE I H B LT
W 5[37,38], HIE OMELZE BRI, &R TICE
FH 7 u I AT s=a— LR iEEIC R ) —
=T ENT, FENICEDESL LT A138T EH#LK
OFEMERE X, BEMBEEOLDO LY 24°C
M ELTWe, BEOEFEIX, HEICTFAFAML
T hUmtEEM ST S, Ko T, EOMmMEYLE R
RITEIETICRBITAFAA LT b UomEic &S
TRV —=r 73, 5517 H258P E ik
ONBAEMWEE L, BEMUEZEOLO LY 4.2°C
mELTWE, Z7uoshZo=a— L7 kT LI
IR BE R (A138T EHLIR) ~D W 72 5 VA
AT, 77 A FERERICERNAL Z L
TEETFT/ 05 A7 = a— Uitk % 54 5%
Gl 7 T A R 672[39], AFERIE, o
FENMBACE REERZ ORIH 72 Cidzl, 74
NOERZEUIT-HEENT T 2 ROAIHIZHF]
AT LERBELTVD,
INHETNVEROBEREMAIIL, ’LTKIE
RHEOTERY, LA LAFECTRAT IS ZER
MERMERERETBETIIE, 574 5IHE
{EERAZRLHTZ EIXREREA D, KRFIEORK

S5 IVERE

N

BA

— —_— _ P A166V
ZHm P ERRE N /R ;

OMEIL TIHEYLERBERDO A7V —= 0 J 3B
KGR T 272D R IT 2 1818 5,
o T T2 Bps s % 0 >ILHIC A 7
V==V 73 5T OfNIE, KRFIEOREIC
BWTHWO CEERBECTCHD, ZOHEITON
TIE, *4lEE LBV KNT Z@a S8 5150
FERFH A 7 ) == TIERADD» S LR
[40], EHEH DL, MIEN TRALLMEVLEESE %
IV R —F =2 Lo THRT 28 FIEORRIC
BOHATWS, KAT U —=2 ZIERHES T
X, BERMEHAEEZHAVEEREANDL AT Y
—=V T FETCORTREAZAEBMETESEAD, £
i, AHEROmEE (ZEk) OWTITAH
B OPEFEF A 2 R0 S REMICRET 5 5
DThbH,

8. WREHECELIFOREA

HAREIKIL CHA R L — T 4 VD EEIC Tk
HWENEZEDLIOTIE 2L, RLBEWENAE
FILRDL THRV, ME—AXELOIF#EIETE D
FThDH] EWISENRD D, Geobacillus &l
DEERBRREDAMACERE#EICE N Z L TnD &,
o F—v 4 v bOFEELRBLL TS XD
W Z TR 5722\, Geobacillus & O i\ B 5
BISRE I, D Z AT EVE 2 b 2 RE T D 72D
DRERMEETH D, Lo TEHETIE, EHEDOM
X Geobacillus &AM O ) gE 1) 2 R L 7= %
AL THFE~EHRE L TV B, Geobacillus &
DT ISHERE 2 R T E T, BEx R % m ik
WCELSEDIHIFICLERZ L LRy, 20
X O e TRIE, HEREEIGELL TS LW D Hi
I Z AT 513972, Geobacillus JBHIE D A
~ WL, FLEEEERTHIRMAL D,

SV IIVREREN

A

—=>

H%@@ EBZEEEITEE 53 )L B8 B
pyrFEEF = (Apyﬂj_‘)m 7(6/5{, s o L571/A166V

X7 EERMGEAEE RO EE PyrF O B4 B A
WL O pyrF B 1 % S B R EVE (G kaustophilus MK480) (ZE AL, U7 v /VALEL F CEiEss
#BT D&, MBVYLEREK (Al66V EHA L L57TI/A166V —HEEHIK) OB s+ 28 H3# I R4 L 72 [36],
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B AN PEE AR O TR R LT

oA

AL, 2017 FE BRKFRFHEEREE
DR E T2 o LR DN Z IR TOET,
AR DO ERRIZIE, DX VEILHB L EFET, £
A TR LB B EEIT OB ICE, M7
KR HHME— Z8= LIV RS KRE#BUA #Hz

(Bl KR LERF)ICEZR2 WD EHY £ L1,
AL T2 BT 2 MR IE, JUM R T /IR S
L (Bl ME RS, FiEEN B (Bl - EE
HATR AT, BLOWIE HEiffeR o Z
HhickoTEHELNZLDOTYT, FNLUBDOIE
X, BEBUORT Ryl #z, \KFERE R, B
LS DOFEED TH NI > T > TV E
T, U bEDOFAlZLE0EHP L EFET,

S5 XM
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1044-1063, Jul. 2017.

E100-B, no. 7, pp.

An augmented reality supports for self-learners
learning activity involving motion: A case study on
an alphabet writing system

Miyoshi, Y., Oyamada, Y., Shiraiwa, A., Mishiba, K.
Kondo, K.

Asia-Pacific Workshop on Mixed-Reality (APMAR)
Proc., pp. 1-6, Jul. 2017.
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Q-learning based detection of superposed band in
multi-carrier based transmission systems
Al-Shaikh, A. B*!., Panahi, F. H'!., Ohtsuki, T"',,
Suzaki, K*2., Sasaki, H™., So, H™.,
(”Keio University, *2NTT)
HHEEYS, BREE AT A HES,
RCS2016—314, pp- 149—154, 2017 3 H.

and Nakagawa, T.

A Fenton Wilkinson approximation-based PPP

model of cellular networks

Zhuang, H*!'., Ohtsuki, T*!., Jiang, W*2., Takatori, Y"2.,

and Nakagawa, T ("'Keio University, *NTT)
HWMIBETS, BHEE AT AR,

RCS2016-315, pp- 155-160, 2017 43 H.
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Depth Map Estimation Using Census Transform
for Light Field Cameras

Tomioka, T., Mishiba, K., Oyamada, Y., Kondo, K.
IEICE Trans. Information and Systems, vol.E100-D,
no.11, pp.2711~2720, Nov. 2017.

Near-infrared Measurement of Water Temperature

near a l-mm-diameter Magnetic Sphere and its

Heat Generation Rate under Induction Heating

Kakuta, N*., Nishijima, K", Kondo, K., Yamada Y"".
("Tokyo Metropolitan University, ““University of

Electro-Communications)

Journal of Applied Physics, vol.122,

044901-1 ~ 044901-11, Jul. 2017.

no.4, pp.

Content-Aware Image Retargeting Incorporated
with Letterboxing

Mishiba, K., Oyamada, Y., Kondo, K.

IEICE Trans. Information and Systems, vol.E100-D,
no.4, pp.865~873, Apr. 2017.

An Augmented Reality Supports for Self-learners
Learning Activity Involving Motion: A case study
on an alphabet writing system

Miyoshi, Y., Oyamada, Y., Shiraiwa, A., Mishiba, K.,
Kondo, K.

Proc. of Asia-Pacific Workshop on Mixed-Reality
(USB), vol.11, pp.1~6, Jul. 2017.
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and Path on
Intra-Body

Effect
Verification

of Propagation Signal
Performance  Using
Propagation Signals

Nakanishi I., Ogushi I., Nishi R., Murakami T.

Proc. of 2017 International Conference on Biometrics

Engineering and Application (ICBEA2017), pp. 80-84,

Apr. 2017.

Gaze-Based Interface for Wheelchair Robot -
Acquiring Gaze Trajectory by Full-View Camera
Li S., Fujiura T., Nakanishi I.

Proc. of Workshop on Advances and challenges on the
development, testing and assessment of assistive and
rehabilitation robots (ICRA2017), pp. 25-26, May
2017.

Biometric Potential of Brain Waves Evoked by
Invisible Visual Stimulation

Nakanishi 1., Hattori M.

Proc. of 2017 International Conference on Biometrics
and Kansei Engineering (ICBAKE2017), pp. 94-99,
Sep. 2017.

A Study on Evoked Potential
Toward

by Inaudible

Auditory  Stimulation Continuous
Biometric Authentication

Maruoka T., Kambe K., Harada H., Nakanishi I.

Proc. of 2017 IEEE R10 Conference (TENCON2017),

pp. 1171-1174, Nov. 2017.
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Influence of Distance Between Metal Squares in
Checkerboard
Characteristics in the Infrared Region

Higashira, T., Kageyama, T., Kashiwagi, K.,
Miyashita, H., Takano, K., Nakajima, M., Lee, S.-S.
Journal of Infrared, Millimeter, and Terahertz Waves,
Vol.38, pp.1098-1106, May 2017.

Patterns on Transmittance

A Feasibility Study on the Simultaneous Sensing of
Turbidity and Chlorophyll a Concentration Using
a Simple Optical Measurement Method

Isoyama, R., Taie, M., Kageyama, T., Miura, M.,
Maeda, A., Mori, A., Lee, S.-S.

Micromachines, 8, pp.1-11, doi:10.3390/mi8040112,
Apr. 2017.
Environmentally

Friendly Electrolyte

Type
Electric Double Layer Supercapacitor for Wireless
Sensor Network System

Fukushima, Y., Fukuma, M., Kishida, S., Lee, S.-S.,
Yoshino, K.

Proc. of IEEE Sensors 2017, pp.945-947, Oct. 2017.

Design of a Microfluidic Device Synthesizing Gold
Nanorods

Nishikori, D., Nagashima, D., Isoyama, R., Kageyama,
T., Lee, S.-S.

Proc. of the 7th International Multidisciplinary
Conference on Optofluidics 2017, 011163(2 pages),
July 2017.

Simulation Study on Multi-Reflection Effect near
the Wall of the Micromachined Waffle Type
Microwave Waveguide

Itagaki, K., Kageyama, T., Miura M., Lee, S.-S.

Proc. of the 8th Japan-China-Korea MEMS/NEMS
Conference 2017, pp. 84-85, July 2017.

An Inkjet Printed Stacked Split-Ring

Lee, S.-S.

The 7th International MultiCisciplinary Conference
on Optofluidics, July 2017. [Invited Talk]

An Ohmic Contact Type RF-MEMS Switch Having
Au-Au/CNTs Contacts
Kageyama, T., Shinozaki,
Takaki, H., Lee, S.-S.

Proc. of IEEE NEMS 2017, pp. 287-290, Apr. 2017.

K., Zhang, L., Lu, I,
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Significantly Improved Performance of a
Random Access

Using Copper

Conducting-bridge
(CB-RAM) Device
Glyme Salt
Yamaoka, H., Yamashita, T., Harada, A., Sakaguchi,
A., Kinoshita, K., Kishida, S., Hayase, S., Nokami, T.,
Itoh, T.

Chem. Lett., Vol.46, No.12, pp.1832-1835, Dec. 2017.

Memory
Containing

Remarkable improved stability and enhanced
activity of a Burkholderia cepacia lipase by coating
with a triazolium alkyl-PEG sulfate ionic liquid
Nishihara, T., Shiomi, A., Kadotani, S., Nokami, T.,
Itoh, T.

Green Chem., Vol.19, No.21, pp.5250-5256, Nov.

2017.

Liquid Quinones for Solvent-Free Redox Flow
Batteries

Yoshida, J., Shimizu, A., Takenaka, K.* Handa, N.,
Nokami, T., Itoh, T. (*Kyoto University)

Adv. Mater., Vol.29, No.41, 1606592, Nov. 2017.

Enhanced Activity of a Lipase by the Coating with
Quaternary Ammonium Alkyl-PEG Sulfate Ionic
Liquid and Cooperative Activation with an Amino
Acid

Kadotani, S., Inagaki, R., Nishihara, T., Nokami, T.,
Itoh, T.

ACS Sus. Chem. Eng., Vol.5, No.10, pp.8541-8544,
Oct. 2017.

Rational Optimization of the Mannoside Building
Block for Automated Electrochemical Assembly of
the Core Trisaccharide of GPI Anchor
Oligosaccharides

Manmode, S., Sato, T., Sasaki, N., Notsu, I., Hayase,
S., Nokami, T., Itoh, T.

Carbohydr. Res., Vol.450, pp.44-48, Oct. 2017.

Ionic Liquids as
Organic Synthesis
Itoh, T.

Chem. Rev., Vol.117, No.l15, pp.10567-10607, Aug.
2017.

Tool to Improve Enzymatic

Inhibitory effects of local anesthetics on the
proteasome and their biological actions

Bahrudin, U.*, Unno, M., Nishio, K., Kita, A., Li, P.,
Kato, M.*, Inoue, M., Tsujitani, S.* Murakami, T.,
Sugiyama, R., Saeki, Y., Obara, Y., Tanaka, K.,
Yamaguchi, H., Sakane, 1.*, Kawata, Y.*, Itoh, T.*,
Ninomiya, H.*, Hisatome, I. *, Morimoto, Y. (*Tottori
University)

Sci. Rep., Vol.7: 5079 Jul. 2017.

Molecular mechanisms
pilsicainide-induced stabilization of hERG proteins
in transfected mammalian cells

Onohara, T., IchiroHisatome, I., Kurata,Y.*, Li, P.,
Notsu, T., Morikawa, K., Otani, N.** Yoshida, A.,
litsuka, K., Kato, M., Miake, J., Ninomiya, H., Higaki,
K., Shirayoshi, Y., Nishihara, T., Itoh, T., Nakamura,
Y., Nishimura, M. (*Kanazawa Medical University,
**Dokkyo Medical College)

J. Arrhythmia, Vol.33, No.3, pp.226-233, Jun. 2017.

underlying the

Total Synthesis of TMG-chitotriomycin Based on
Automated Electrochemical Assembly of a
Disaccharide Building Block

Isoda, Y., Sasaki, N., Kitamura, K., Takahashi, S.,
Manmode, S., Takeda-Okuda, N., Tamura, J., Nokami,
T., Itoh, T.

Beilstein J. Org. Chem., Vol.13, pp.919-924, May.
2017.

Synthesis of a TMG-chitotriomycin Precursor
Based on [Electrolyte-Free  Electrochemical
Glycosylation Using an Ionic Liquid Tag

Sasaki, N., Nokami, T., Itoh, T.

Chem. Lett., Vol.46, No.5, pp.683-685, May. 2017.
Improvement of Endurance of
Conducting-Bridge Random Access Memory by
Addition of Metal Ion-Containing Ionic Liquid
Kinoshita, K., Sakaguchi, A., Harada, A., Yamaoka,
H., Kishida, S.; Fukaya, Y.; Nokami, T.; Itoh, T.

Jpn. J. Appl. Phys., Vol.56, No.4, 04CE13, Apr. 2017.

Switching

Influence of the Structure of the Anion in an Ionic
Liquid
Performance of a Silicon Negative Electrode for a
Lithium-Ion Battery

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

Electrolyte on the Electrochemical
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Matumoto, K., Nokami, T., Itoh, T., Sakaguchi, H.
J. Power Sources, Vol.338, pp.103-107, Jan. 2017.

Metal-Free
Electrochemically
sulfonium Ions
Hayashi, R.*, Shimizu, A.*, Song, Y.*, Ashikari, Y.*,
Nokami, T., Yoshida, J.* (*Kyoto University)

Chem. Eur. J., Vol.23, No.1, pp.61-64, Jan. 2017.

Benzylic C-H  Amination via

Generated Benzylamino-

Solvent Effect on Glycosylation

Mong, K.-K. T.*, Nokami, T., Tran, N. T. T.*, Mishra,
D.*, Nhi, P. B.* (*National Chiao-Tung University)
Selective Glycosylations: Synthetic Methods and
Catalysts ed. by Bennett, C. S., Wiley-VCH,
Weinheim, pp.59-77, 2017.
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BIO Clinica, Vol.32, No.4, pp.83-86, Apr. 2017.

Fa— b TARESE B 3 B EREELETRE
DAY M ARIE

BRI R. JCEERE . B LB AR
(*Okayama University, **Kindai University)
Electrochemistry, Vol.85, No.l1, pp.754-758, Nov.
2017.

Biotransformation in ionic liquid

Itoh, T. “Future Directions in Biocatalysis” 2nd
Edition, Ed. T. Matsuda

Elsevier Bioscience, The Netherlands, Chapter 2,
pp. 27-68, 2017.

RAFFuwRCBITBA F VA
O I =2
The Chemical Times, No.4, pp. 8-13, Oct. 2017.

One-Pot Synthesis
Derivatives

of Imidazo[1,5-c]pyrimidine
from a  4,6-Dichloropyrimidine
Derivative and Benzyl Isocyanides

Kobayashi, K., Fujiwara, D., Shigemura, Y., Hiyoshi,
H"., Umezu, K*. ("Thara Chemical Industry Co., Ltd.)
Heterocycles, Vol.94, No.1, pp.140-146, Jan. 2017.

Synthesis of 3-Bromoquinoline-2(1H)-thiones and
2-(Alkylsulfanyl)-3-bromoquinolines Based on the

Reaction of 2-(2,2-Dibromoethenyl)phenyl

Isothiocyanates with Butyllithium
Kobayashi, K., Nozawa, 1., Nogi, T.
Heterocycles, Vol.95, No.1, pp.200-209, Apr. 2017.

Synthesis of 4-(Z)-(Halomethylidene)-1,4-dihydro-
2H-3,1-benzothiazine-2-thiones and Their
S-Alkylated Derivatives Based on the Reaction of
2-(2,2-Dihaloethenyl)benzenamines with Carbon
Disulfide

Kobayashi, K., Nogi, T., Tanmatsu, M.

Heterocycles, Vol.94, No.4, pp.763-771, Apr. 2017.

Synthesis of 2-(Alkyl(or aryl)sulfanyl)benzo|b]-
thiophen-3-amines by LDA-Mediated Cyclization
of 2-{[(Alkyl(or
benzonitriles
Kobayashi, K., Yamashita, K.

Heterocycles, Vol.94, No.4, pp.772-779, Apr. 2017.

aryl)sulfanyl)methyl]sulfanyl}-

An Efficient One-Pot Synthesis of
4-Hydroxyisoquinoline-1,3(2H,4H)-diones
N-Alkylbenzamides and a-Keto Esters
Kobayashi, K., Honda, Y.

Heterocycles, Vol.94, No.6, pp.1099-1106, Jun. 2017.

from

Synthesis of 3-Iminobenzo[c]thiophen-1(3H)-one
Derivatives Based on the Reaction of 2-Lithio-/V,/N-
dimethylbenzamides with Isothiocyanates
Kobayashi, K., Shigemura, Y., Fujiwara, D.
Heterocycles, Vol.94, No.6, pp.1152-1158, Jun. 2017.

Synthesis of 7,8-Dihydropyrido[2,3-d]pyrimidine

Derivatives from 4,6-Dichloro-2-
(methylsulfanyl)pyrimidine

Kobayashi, K., Nozawa, 1., Ueyama, T., Utsumi. Y.,
Hiyoshi, H*., Umezu, K. ("lhara Chemical Industry
Co., Ltd.)

Heterocycles, Vol.94, No.8, pp.1427-1438, Aug. 2017.

Synthesis of 2,3-Dihydrobenzo[b]thiophen-3-amine
1,1-Dioxide Derivatives via LDA-Mediated
Cyclization of o-(Alkylsulfonyl)benzyl Azides with
Denitrogenation

Kobayashi, K., Chikazawa, Y.

Heterocycles, Vol.94, No.9, pp.1678-1691, Sep. 2017.

An Efficient Synthesis of

1-Arylbenzo|c]thiophenes via the = Reaction  of



2-(Chloromethyl)phenyllithiums with Aromatic
Aldehydes
Kobayashi, K., Honda, Y., Shigemura, Y.

Heterocycles, Vol.94, No.9, pp.1719-1728, Sep. 2017.

One-Pot Synthesis of 2-Substututed 3-Thioxo-2,3-
dihydro-1H-isoindol-1-ones by the Reaction
of N-Substituted  2,N-Dilithiobenzamides  with
Isothiocyanates

Kobayashi, K., Fujiwara, D.

Heterocycles, Vol.94, No.9, pp.1759-1765, Sep. 2017.

Synthesis of Isothiochromenes and
1,3-Dihydrobenzo[c]thiophenes by Iodine- and
Acid-Mediated
of o-[(tert-Butylsulfanyl)methyl]|styrenes
Kobayashi, K., Ueyama, T., Horiuchi, M.
Heterocycles, Vol.94, No.ll, pp.2065-2079, Nov.
2017.

Hydrobromic Cyclizations

Synthesis of 8,9-Dihydropyrimido[4,5-
e|[1,4]oxazepin-7(5H)-ones
1-(4-Chloropyrimidin-5-yl)alkan-1-ols
N-Alkylglycines

Kobayashi, K., Nogi, T., Tsunomori, Y., Hiyoshi, H".,
Umezu, K*. ("Kumiai Chemical Industry Co., Ltd.)
Heterocycles, Vol.94, No.l1, pp.2087-2094, Nov.
2017.

by the Reaction of
with

Synthesis of Benzo[c|thiophen-1(3H)-imine and
2,3-Dihydro-1H-isoindole-1-thione
through Cyclizations of
2-(1-Hydroxyalkyl)benzothioamides

Kobayashi, K., Nogi, T.,

Derivatives

Heterocycles, Vol.94, No.12, pp.2262-2272, Dec.
2017.
Synthesis of 3-(Alkylsulfanyl)-1,4-benzothiazine

Derivatives Based on Cyclization of
2-[(Cyanomethyl)sulfanyl]phenyl Isothiocyanate
Kobayashi, K., Inouchi, H., Hasegawa, R., Kawano,
K.,

Heterocycles, Vol.94, No.12, pp.2307-2316, Dec.

2017.

Self-assembled Artificial Viral
Coiled-coils at the Surface
Fujita S., Matsuura, K.

Capsid bearing

Org. Biomol. Chem., Vol.15, No.23, pp.5070-5077,
Jun. 2017.

DNA-modified Artificial Viral Capsids
self-assembled from DNA-conjugated S-Annulus
Peptide

Nakamura, Y., Yamada, S., Nishikawa, S., Matsuura,
K.

J. Pept. Sci., Vol.23, No.7-8, pp.636-643, Aug. 2017.

DNA Microcapsule for
Release System

Kamiya, Y., Yamada, Y., Muro, T., Matsuura, K.
Asanuma, H.

ChemMedChem, Vol.12, No.24, pp.2016-2021, Dec.
2017,

Photo-triggered Drug

Light Responsive Metal-organic Frameworks as a
Controllable CO-releasing Cell Culture Substrate
Diring, S. Carné-Sanchez, A., Zhang, J., Ikemura, S.,
Kim, C., Inaba, H., Kitagawa, S., Furukawa S.

Chem. Sci., Vol.§, No.3, pp.2381-2386, Mar. 2017.
Construction of Functional Biomaterials by
Biomolecular Self-assembly

Matsuura, K.

Bull. Chem. Soc. Jpn., Vol.90, No.8, pp.873—-884, Aug.

2017
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Surface-deacetylated chitin nanofibers reinforced
with a sulfobutyl ether B-cyclodextrin gel loaded
with prednisolone as potential therapy for
inflammatory bowel disease

Tabuchi, R., Anraku, M., Iohara, D., Ishiguro, T.,
Ifuku, S., Nagae, T., Uekama, K., Okazaki, S.,
Takeshita, K., Otagiri, M., Hirayama, F.

Carbohydr. Polym., Vol. 174, pp. 1087-1094, Oct.
2017.

Crystal defects induced by chitin and chitinolytic
enzymes in calcite crystals in the prismatic layer of
Pinctada fucata

Kintsu, H., Okumura, T., Negishi, L., Ifuku, S.,
Kogure, T., Sakuda, S., Suzuki, M.

Biochem. Biophysic. Res. Commun., Vol. 489, No. 2,
pp. 89-95, Jul. 2017.

Wood-mimetic skins prepared using horseradish
peroxidase catalysis to induce surface wrinkling of
chitosan film upon drying

Izawa, H., Dote, Y., Okuda, N., Sumita, M., Ifuku, S.,
Saimoto, H., Morimoto, M.

Carbohydr. Polym., Vol. 173, pp. 519-525, Oct. 2017.

Successive inoculation of Lactobacillus brevis and

Rhizopus oligosporus on shrimp wastes for
recovery of chitin and added-value products
Aranday-Garcia, R., Roman Guerrero A., Ifuku, S.,
Shirai, K.

Process Biochemistry, Vol. 58, pp. 17-24, Jul. 2017.
Acetylation of optically transparent cellulose
high
resistance in a flexible device substrate

Yagyu, H., Ifuku, S., Nogi, M.

Flexible and Printed Electronics, Vol. 2, 014003, Mar.
2017.

nanopaper for thermal and moisture

Preparation and biocompatibility of a chitin
nanofibre/gelatin composite film
Ogawa, Y., Azuma, K., Izawa, H., Morimoto, M.,

Ochi, K., Osaki, T., Ito, N., Okamoto, Y., Saimoto, H.,
Ifuku, S.

Int. J. Biological Macromol., Vol. 104, pp. 1882-1889,
Nov. 2017.

Oral administration of surface-deacetylated chitin
inhibit
5-fulorouracil-induced intestinal mucositis in mice

nanofibers and chitosan
Koizumi, R., Azuma, K., Izawa, H., Morimoto, M.,
Ochi, K., Tsuka, T., Imagawa, T., Osaki, T., Ito, N.,
Okamoto, Y., Saimoto, H., Ifuku, S.

Int. J. Mol. Sci., Vol. 18, No. 2, pp. 279, Feb. 2017.

An oral absorbent,
nano-fiber ameliorates renal injury and oxidative
stress in 5/6 nephrectomized rats

Anraku, M., Tabuchi, R., Ifuku, S., Nagae, T., lohara,
D., Tomida, H.,
Miyamura, S., Hirayama, F., Otagiri, M.
Carbohydr. Polym., Vol. 161, pp. 21-25, Apr. 2017.

surface-deacetylated chitin

Uekama, K., Maruyama, T.,

Effect of grinder pretreatment for
disintegration of chitin into nanofiber
Aklog, Y. F., Nagae, T., Izawa, H., Saimoto, H., Ifuku,
S.

J. Nanosci. Nanotechnol., Vol.
5037-5041, Jul. 2017.

easy

17, No. 7, pp.

Cyclodextrin-grafted chitosans for pharmaceutical
applications

Izawa, H., Haraya, Y., Kawakami, K.

Trends in Glycoscience and Glycotechnology, Vol. 29,
pp. E953-E958, Nov. 2017.
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Electrochemical Performance of Silicon Negative
Electrode for Lithium-Ion Batteries

Domi Y., Usui H., Iwanari D.; Sakaguchi H.

J. Electrochem. Soc., Vol.164, No.7, pp.A1651-A1654,

Jun. 2017.

LaSns as a novel anode material for Na-ion battery
Usui H., Domi Y., Ohshima S., Sakaguchi H.
Electrochim. Acta, Vol.246, No.5, pp.280-284, Aug.
2017.
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Self-healing

Superhydrophobic Surface by

Brownmillerite-type Ca:FeCoOs as a Practicable
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Hidaka T.", Takabe Y., Tsumori J.”, Minamiyama M."
("Public Works Research Institute)

Biomass Bioenergy, Vol.99, pp.139-146, Apr. 2017.
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Evaluation of PFCA removal by SAT using a
pilot-scale reactor

Takabe Y., Nishimura F.*!, Suzuki R."!, Asada Y."!,
Utsunomiya Y."!, Takemine S."2, Matsumura C."?, Itoh
S."! ("'Kyoto University, “*Hyogo Prefectural Institute
of Environmental Sciences)

Water Pract. Technol., Vol.12, No.3, pp.706-716, Aug.
2017.

Feasibility of microalgae cultivation system using
membrane-separated CO: derived from biogas in
wastewater treatment plants

Takabe Y., Himeno S."!, Okayasu Y."?, Minamiyama
M., Komatsu T.”!, Nanjo K."', Yamasaki Y."?,
Uematsu R."? (*'Nagaoka University of Technology, *?
Public Works Research Institute)

Biomass Bioenergy, Vol.106, pp.191-198, Nov. 2017.
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A  Summary of Replacement Policies for
Continuous Damage Model

Kodo Ito, Shouji Nakamura, Qian Cunhua, Toshio
Nakagawa

Reliability =~ Modelling ~ with  Computer and
Maintenance  Applications, Chapter 17, World

Scientific Publishing Co. Pte. Ltd.

Random Number of Unit for K-out-of-n
Kodo Ito, Zhao, X., Toshio Nakagawa
Applied Mathematics
(May) pp563-572.

and Computation, Vol.45,

Optimal Self Inspection Policies of Self-service
Retailers

Kodo Ito, Yoshiyuki Higuchi, Masao Ohta, Xiaoyuan
Liu

23rd ISSAT International Conference Reliability and
Quality in Design August 3-5, 2017 Hyatt Regency
Chicago, Illinois, U.S.A., pp. 181-184.

Expected Waiting Time of Demand Responsive
Transport with a Waiting Point

Junji Koyanagi, Kensuke Takemoto

23rd ISSAT International Conference Reliability and
Quality in Design August 3-5, 2017 Hyatt Regency
Chicago, Illinois, U.S.A., pp. 259-262.

A7 — R FR/NTENE O O B K IE 7 R
JrigsliE, BN R, RKHEFERE, RIBEix? (7
BEBRYE, AF U T = (BR)
AARANL— g0 X U —F%5 2017 F£F
LK = (2-C-13).

R E B @R R/MEICBES 2 AT 5E
AN L, I ARRES, TR MY
FHATHI VAR T L [fERET V&2 DS
2017 1 H.

WERHIE D Z 7 —BEERICLHMEHNY—F
A DHEAS FI R 12 BE 9 2 HERE 43 4T,

TR, BARES

ARIB T, 538, 2 5(FHER), pp.A_280

61



62

¥MEY AP 2018

-A 286, 201742 A.

WE - MEERICRBIT KT -7 ay FDE
Bl T OB RIE Y D oM

REREE LD, TIEF, BRI 2, iF6A
Z3, g R EEK G, K 2, AR

CURBRIR, BEIER KRS, 2 hp oK%, e
a vz b, SERAEH NIPPO)
ARG CE Fo (i), & 13 %, 1 5,
p.1-13, 201742 7.

XEESEEZZER L FHTHEREOLENE
BRI —EE

TR, AHTME, AAEE

M ek 22 42 250 SCEE, 30 5, pp.1-7, 2017 4E 3 A .

Dialogue Analysis Using a Text Mining Approach:
Case Study of Hirono Town
Chosokabe, M., Sakamoto, M".
("The University of Tokyo)
Journal of Asian Development, Vol. 3, No. 1, pp.
51-64, Apr. 2017.

and Nakayama, M".

Evaluation of small-group discussions from the
viewpoint  of disaster risk

management

regionality in

Chosokabe, M., Tanimoto, K., Tsuchiya, S.,
Sakakibara, H*. and Kamiya, D.
Proceedings of the 2017 IEEE International

Conference on Systems, Man and Cybernetics, pp.
2730-2735, Oct. 2017.
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Data Analysis on Train Transportation Data with
Nonnegative Matrix Factorization
Ito, K*'., Ito, M"!., Miyazaki, K."?, Tanimoto, K.,
Sezaki, K*!.
("'The University of Tokyo,
Technology, Kagawa College)

“2National Institute of

3rd International Workshop on Smart Cities: People,
Technology, and Data (IWSC2017), pp. 3998-4003,
2017.12.

Elementary Software Reliability Growth Modeling
(Keynote Addresses)

Yamada, S.

Proceedings of the 6™ International Conference on
Reliability, Infocom Technologies and Optimization
(ICRITO"2017) ---Trends and Future Directions---,
Shukla, B., Khatri, S.K., and P.K. Kapur, Eds., pp
4-11, Excellent Publishing House, New Delhi, India,
September 20, 2017.

Reliability and Maintainability Analysis and Its
Tool Based on Deep Learning for Fault Big Data
(Invited Talk)

Tamura, Y.", Yamada, S. (*Tokyo City University)
Proceedings of the 6" International Conference on
Reliability, Infocom Technologies and Optimization
(ICRITO"2017) ---Trends and Future Directions---,
Shukla, B., Khatri, S.K., and P.K. Kapur, Eds., pp
127-130, Excellent Publishing House, New Delhi,
India, September 20, 2017.

Software Reliability Modeling with Imperfect
Debugging and Change of Test Environment



(Invited Talk)

Inoue, S.", Yamada, S. (*Kansai University)
Proceedings of the 6" International Conference on
Reliability, Infocom Technologies and Optimization
(ICRITO"2017) ---Trends and Future Directions---,
Shukla, B., Khatri, S.K., and P.K. Kapur, Eds., pp.
104-109, Excellent Publishing House, New Delhi,
India, September 20, 2017.

Test-Environment Dependent Discrete
Binominal-Type Software Reliability Models

Inoue, S.%, Yamada, S. (*Kansai University)
International Journal of Reliability, Quality and
Safety Engineering, Vol. 24, No. 1, pp. 1750003 (14
pages), February 2017. (DOI:
10.1142/S0218539317500036)

Economic Impact of Software Patching & Optimal
Release Scheduling

Anand, A."!, Agarwal, M."!, Tamura™, Y., Yamada, S.
(*'"University of Delhi, "Tokyo City University)
Quality and Reliability Engineering International, Vol.
33, No. 1, pp. 149-157, February 2017. (DOI:
10.1002/qre.1997)

Software Reliability and Cost Analysis Considering
Service User for Cloud with Big Data

Tamura, Y.", Takeuchi, T., Yamada, S. (“Tokyo City
University)

International Journal of Reliability, Quality and
Safety Engineering, Vol. 24, No. 2, pp. 1750009 (14
pages), April 2017. (DOTI:
10.1142/S0218539317500097)

On Estimation of Number of Detectable Software
Faults under Budget Constraint

Inoue, S.", Hotta, K., Yamada, S. ("Kansai University)
International Journal of Mathematical, Engineering
and Management Sciences, Vol. 2, No. 3, pp. 135-139,
March 2017.

Dependability Analysis Tool Based on
Multi-Dimensional Stochastic Noisy Model for
Cloud Computing with Big Data

Tamura, Y.", Yamada, S. ("Tokyo City University)
International Journal of Mathematical, Engineering
and Management Sciences, Vol. 2, No. 4, pp. 273-287,
April 2017.

Application of Software Factory to Advanced
Software Quality Management

Sato, T., Yamada, S.

Asia-Pacific Journal of Industrial Management, Vol.
VI Issue 1, pp. 30-38, 2017.

Fault Identification and Reliability Assessment
Tool Based on Deep Learning for Fault Big Data
Tamura, Y.", Yamada, S. (*Tokyo City University)
Journal of Software Networking, Vol. 2017, No. 1, pp.
161-174, June 2017. (DOI:
10.13052/jsn2445-9739.2017.008)

On Statistical Models for Predicting Software
Quality/Reliability---Generalized
Linear Mixed Modeling---

Linear and

Inoue, S.", Yamashita, N., Yamada, S. (“Kansai
University)

Journal of Life Cycle Reliability and Safety
Engineering, Vol. 6, No. 1, pp. 15-21, June 2017.
(DOI: 10.1007/s41872-017-0002-z)

Open Source Software Cost Analysis with Fault
Severity Levels Based on Stochastic Differential
Equation Models

Tamura, Y.", Yamada, S. ("Tokyo City University)
Journal of Life Cycle Reliability and Safety
Engineering, Vol. 6, No. 1, pp. 31-35, June 2017.
(DOI: 10.1007/s41872-017-0009-5)

Markovian Imperfect Debugging Modeling for
Software Reliability Assessment with Change-Point
Inoue, S.", Yamada, S. (*Kansai University)
Proceedings of the 10" International Conference on
“Mathematical Methods in Reliability”: Theory.
Methods. Applications (MMR 2017), Grenoble,
France, July 3-6, 2017, USB Memory, Advanced
Mathematical Methods in System Reliability and
Maintenance-ORSJ 1, 8pp.

Change-Point Modeling for Software Reliability
Assessment under Imperfect Debugging
Environment

Inoue, S.”, Inaba, H., Yamada, S. ("Kansai University)
Proceedings of the 23" ISSAT
Conference on Reliability and Quality in Design,
Chicago, Illinois, U.S.A., August 3-5, 2017, pp.
64-68.

International
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On Bayesian Estimation for Software Reliability
Assessment Based on a Discrete NHPP Model
Inoue, S.", Yamada, S. ("*Kansai University)
Proceedings of the 23" ISSAT
Conference on Reliability and Quality in Design,
U.S.A., August 3-5, 2017, pp.

International
Chicago, Illinois,
74-78.

Optimization and Reliability Analysis Tool Based
on Multi-Dimensional Weiner Process for Big Data
on Cloud Computing

Tamura, Y.", Yamada, S. (*Tokyo City University)
Proceedings of the 23" ISSAT
Conference on Reliability and Quality in Design,
U.S.A., August 3-5, 2017, pp.

International
Chicago, Illinois,
185-189.

Software Reliability Modeling Approaches with
Test Environmental Factors

Li, A., Inoue, S.", Yamada, S. (“Kansai University)
Proceedings of the 23" ISSAT
Conference on Reliability and Quality in Design,
U.S.A., August 3-5, 2017, pp.

International

Chicago,
209-213.

Illinois,

3D Application for Dependability Assessment
Based on Three Noisy Models for Cloud
Computing

Tamura, Y.", Yamada, S. ("Tokyo City University)
Proceedings of the 11" International Conference on

Project Management (ProMAC 2017), Munich,
Germany, November 29 - December 1, 2017, pp.
320-326.

On Bayesian Inference of Software Reliability
Measurement

Inoue, S.”, Yamada, S. (*Kansai University)
Proceedings of the International
Infocom Technologies

Conference on
and Unmanned System

(ICTUS’2017), Dubai, U.A.E., December 18-20, 2017,

pp. 116-119.

Two-Dimensional Software Reliability Modeling
with a CES Type Time Function

Minamino, Y., Inoue, S.", Yamada, S. (‘Kansai
University)

Proceedings of the International

Infocom Technologies

Conference on
and Unmanned System

(ICTUS’2017), Dubai, U.A.E., December 18-20, 2017,
pp. 120-125.

ERANT T RORBT — DB E2ER L
VI NI 2T EBEBAVTF UV ABRAHEED 2D
DT TV r—vayv

EABEAE", WmE CHRAER T RS)
MR BRI SERT L RAWTSE U AR — b 387 [hgft -

EFT YT LTI Y XA 29, pp. 221-228, 2017
FE3H.

HEBLER S FRY 7 b= TEEEET VI
ESNWeT—FRMNT v 7TREHE

FEE S EE CREEKRT)
MR M FE AT LR ZE U AR — b 387 [s&adqt: :
TFY LTI Y XL 29], pp. 229-234, 2017
F3A.

EfEEEY 7 VU2 THEOT-D O HAER!
ESINWeT7 R M EEE S BEICET 5%
B AR, HEET (LEE CBE KT
R ZE AT SRR AR Y R — b~ 387 [l :
FFV LTI Y XA 29, pp. 235-240, 2017
F3 1.

ERBEECESSTAMNREEZEZER LE_HY
7 bU = TEEEET VOIER
JEEEZ OILEE CEEKRT)

TUER R FE B FEAT A TR AT Rk 2044 T =R B
TR T 25 ET VOB km%LR%ﬁ%ﬁ
PRAENTRFSCHT, pp. 46-51, 2017 49 H.

FUY—T G FICEASIR YT V=T HE
FAEREFROHE L
HABEAE™, A B2,
R, 2R R
ﬁ%ﬁ“&@%ﬁﬁ%%ﬁ%%zmﬂ%i%*
TR 2HFEET VOB G &G, RERFEE
PRAEMNTAFSERT, pp. 52-60, 2017 49 H.

AASERE, s TR

REEFNy VTBETRIBIIAZF = v VRSV
FEEBLEZY 7 by TEEEFEMCET S
ﬁ?"n
M% s, FFEETC LEE CEEKRE)

%5 19 [8] IEEE JR B30 #E > R Y 7 & (HISS)
%X%Jm7$&ﬂ,%&k%iﬂﬁﬁwlmm.



BEHBEBEICESWEZEAT X MBI 5E
BV a—VORBRRICETAHE

H—E, MEBPAE, FLE T WL CBEEK
%)

% 19 [l IEEE JA B 354 v > AR Y v A (HISS)
A OCHE, 2017 4 12 A, AR KYE, IAILT, pp. 34-36.

Collaborative Planning for Disaster Recovery

between Local Government, Residents, and
Researchers: a case study of Garisan-ri community
in Korea

Na, J., Kim, K. © ("Research Institute for Gangwon)
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Why is Boom of Disaster Safety not Coming?
Kim, K.™, Na, J., Seo, J. > ("'Research Institute for
Gangwon, “*Ministry of Public Administration and

Security)
Proceeding of the 11th International Conference on
Crisis and Emergency Management & Local
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Community-based Planning of Garisanri Disaster
Prevention Community through Collaborative
Planning for Disaster Reconstruction

Na, J., Kim, K. * ("Research Institute for Gangwon)
Proceeding of the 11th International Conference on
Crisis and Emergency Management & Local

Resilience Forum, pp.459-474, Dec. 2017.
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Estimation of climate change impacts on storm
surge: Application to Korean Peninsula

Kim, S., Oh, I.H.*!, Suh, K.D."!, Mase, H."?> (*!Seoul
National University, “>Kyoto University)
Coastal Engineering Journal, Vol.59,
10.1142/S0578563417400046, 2017.
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Bias correction of simulated storm surge height
considering coastline complex

Yang, J.A."!, Kim, S., Mori, N."?, Mase, H.”? ("'Korea
University, “*Kyoto University)

Hydrological Research Letters, 11(2), 121-127, 2017.

Effect of embankment with river vegetation on
ship wave attenuation: Investigation by field
survey and numerical modeling

Thuy, N.B."', Nandasena, N.A.K. "2, Dang, V.H.",
Kim, S., Hien, N.X." Hole, L.R.*>, Thai, T.H."®
(*'"Vietnam national Hydrometeorological Forecasting
Center, “*University of Auckland, “Institute of
Marine Geophysics, Vietnam, "Vietnam Institute of
Meteorology, Vietnam , “*Division of Oceanography
Meteorology, “*National
Hydrometeorolorical Service of Vietnam)

Ocean Engineering, Vol.129, pp.37-45, 2017.

and Maritime Norway,

Impact of the interaction of surge, wave and tide
on a storm surge on the north coast of Vietnam

Thai, T.H. "', Thuy, N.B"2.,, Dang, V.H. "3, Kim, S.,
Hole, L.R. " (*'National Hydrometeorolorical Service
of Vietnam, "?Vietnam national Hydrometeorological
Forecasting Center, “*Institute of Marine Geophysics
and Geology, Vietnam, **Division of Oceanography



and Maritime Meteorology, Norway)
Procedia IUTAM Symposium on Storm Surge
Modelling and Forecasting, 25, 82-91, 2017.

Sea-level records analysis with improved
decomposition (EMD) and
artificial neural networks (ANN)

Lee, H.S.", Kim, S. ("Hiroshima University)
Proceedings of the 29th International Ocean and
Polar Engineering Conference 2017, 21-24 2017.
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