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Study on Microbial Technology for Biogas Production from Food Wastes

Katsuhiko Fujii , Department of Chemistry and Life Science
Kenjiro Sugiyama, Department of Applied Chemistry

ABSTRACT : While food wastes are utilized for production of compost, their chemical composition varies
depending on emission sources. Furthermore, a demand for the compost has been declined due to a decrease
in farming population. Therefore, a novel application of food wastes remains to be developed in order
to realize sustainable societies. Some food industries employ the anaerobic digestion to convert food
wastes to biogas, but bacteria in a digester of a food factory is not necessarily applicable to food
waste of other factories, because the florae are acclimated to a certain waste ingredient. Biogas is
regarded as a renewable substitute for natural gas, but it is composed of 60% methane and 40% carbon
dioxide (CO,) with some minor constituents such as hydrogen and hydrogen sulfide, showing a low value
for heat of combustion. Removal of CO, is therefore necessary to upgrade biogas. In the present study,
we attempted to establish basic technologies for production of the upgraded biogas from a wide variety
of food wastes, by using both the bacterial florae which can convert digested sludge to biogas with
multiple hydrolase activity and high CO,~acclimating alkaliphilic microalgae. It was found that the
bacterial florae can be subcultured stably with various food wastes as substrates for biogas production.
Ten strains of high CO,—acclimating alkaliphilic microalgae were found to grow in extreme alkaline
condition and some strains grew well under gas phase containing 20-30% CO,. The glass vial-scale
experiment in which the bacterial flora and the microalgal strains are co—cultivated showed that CO,
in biogas generated by anaerobic digestion was completely removed, suggesting its fixation by the
microalgae. The algal strains were found to contain essential amino acids for human, linoleic acid
and some carotenoids including lutein, implying their application potential in food, medicine, and
cosmetic industries.
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Development of Short Fiber Reinforced Self-Healing Ceramics

Tetsuro Yanaseko,
Koji Hasegawa,
Masaki Hiratsuka,

Department of Mechanical Engineering
Department of Mechanical Engineering
Department of Mechanical Engineering

ABSTRACT : The purpose of the research is to develop short fiber reinforced self-healing ceramics

that realize a complicated shape that can be injection molded and cost reduction.

By analyzing

from the material mixing process using fluid mechanics, the optimum process with reduced defects

in the ceramics will be realized. In addition, although an oxidation reaction is used for crack self-

healing, the bondability between the generated oxide and the matrix ceramics is evaluated by

calculating the interfacial energy, as the result, an appropriate self-healing agent will be selected.

Through these investigations, the material system that enables material and process design

according to the application will be realized.
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Fig. 1 Self-healing short fiber reinforced ceramics.
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Fig. 3 Image of mill pot at mixing which changed

number of ball and liquid height.
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Fig. 4 Image of mill pot at mixing which changed

number of ball and revolution per minute.
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Fig. 5 PIV results and velocity change at each position

when balls are not filled into vessel.

[FIE & 0 REEHER IS RFEHE 0 O34 T T
L, RABERIVTE OWIE MM K E WD &, FasE [ OFtiL
FEm&EThHDLDITH L, AaNMOFAVITIZIEFE L
TWVDIMANUZR S TNDZ LR TE. ZOLH 7%
M L VIREDMEESND Z LR3I D.

Fig. 6 IZA— VO T E S #28b &&, §ikikmic@E&oE
SHBED PIV R A2 R7. FX KD R — v O E
EECRETDHZETHMHEOEBNKREL 2D LB X
OAR— VO EZ B RET DI ETR—ILOET
DWAGCEAE FIETHPERIERT 2 2 L 2B I
2. IO ENER—ILPIHINEEZELSRETD 2
ET, BRAMEET S Z L ARB ST,

3. 2 YIal—YavItkbEAMENTM

Table 112 (100), (010), (001D 3 SDHEIZIIT HFE
TRV —Z T RPFECIE, T TEMAREZ R
SiC 134 Mms L7z, F7z, SiO2(X(100) & (010) 43554 72 i &
7257 0010IFAM LTV 5. AlOs TiX, (010)H %3
& LB anRET XA X2 1.73 J/m?2 ThbE<
BEETH -7z, Si02 TiE, (100)iH %Kik & LIZGED
FEHTFNLF—0N1.73d/m?2 THRLGSHELEETH 7=
BRKAE & Fe/MED T, AleOs TiX 0.65 J/m2 , SiO2 T
1% 0,48 J/m2 Lipote. BpZEAE LD ETREOR
EMENED LD, AL XL BT 52 5. =
ULV, REMEROFMNAIE L <1727 < 725 Al REE
HEZONDTED, T AEMEEO R mEN & S
VER T N0 I RET T 2 RS 5.

Fig. 7 \CHIIHE O RS RBEEEZ, 1.0A 725 3.0A O
T 0.5 A TOLEELEEOLT ILE—DEE 7T
ALOs/SiC TlF, WEMEEER 1.5A TRAMEL 2 Y,
Al203/Si02 T, # i FREED 2.0A THRUME L 72577,
Al05/SiC TIHAT X —ME/IME L 725 1.5A, Al.Os/
SiO2 Tl 2.0A THRA L% = LAVKIB L=,

80 mm 110 mm

40 mm

Fig. 6 PIV results for solid sphere impact on a state

liquid surface



Table 1 Surface energy of three different surfaces of
Al203 and SiOs2.

Surface Al20s Si0

energy[J/m?]

(100) 1.08 2.45
(010) 1.73
(001) 1.46 1.97
-1.16E-18
—e— Al1203/SiC
—e—AI203/Si02
-1.17E-18 .\././.\.
—1.18E-18
-1.19E-18
-1.20E-18 ._‘\./'/‘

0.5 1 1.5 2.5 3 3.5

2
[A]

Fig. 7 Energy of Al:03/SiC and Al203/SiO2 changing
distance between structures in increments 0.5 A from
1.0A to 3.0 A.
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Table 2 Adhesion energy of Al20s/SiC and Al203/SiOx.
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Fig. 7 Bending strength of each specimen (Smooth,
Damaged and healed at 5 and 24 h).
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Fig. 8 AE amplitude and cumulative AE energy during

three point bending test.
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Fabrication of antibacterial and antiviral filters using copper mined in Namibia (I)
— Antiviral properties of copper films formed by complex reduction —

Hiroki Nagai, Department of Applied Physics, Kogakuin University
Philipus N. Hishimone, Department of Chemistry and Biochemistry, University of Namibia
Hsiang-Jung Wu, Koji Yoshikawa, Research and Development Department,
Seiwa Electric MFG Co. Ltd

ABSTRACT : This year, we attempted to prepare copper precursor solutions from copper formed by the
complex reduction method. Three processes were investigated: (1) the formation of a copper precursor solution
and a copper electrode film from copper formate, (2) the formation of a copper precursor solution and a copper
film using the formed copper film as a copper source, and (3) a method to recover copper in the waste solution
generated during copper film formation and the formation of a copper film. In (1), the film was a single phase of
copper, with a resistance of 7€2/1.5m, and a yield of copper was 53+5%. In (2), a precursor solution similar to
(1) was obtained by oxygen bubbling with a high concentration of ammonium formate solution in contact with
the film. After sonication of the solution for 10 min, ascorbic acid was added, and a copper single-phase film
with a resistance of 9 /1.5 m was obtained with 59% yield. (3), which is not described in this report. However,
it was found that copper powder of 98% purity could be recovered in a high yield of 92% by adding 3.4 times
the amount of ascorbic acid to the effluent generated during copper thin film formation. The copper thin film
produced by the combined reduction method is expected to be a candidate for the development of copper film in

a resource-recycling society.
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Direct Evaluation of Electrode / Electrolyte Interface with Additives by Single—particle
Electrochemical Measurement

Shiro Seki, Department of Environmental Chemistry and Chemical Engineering, Kogakuin University
Tomohide Takami, Division of Liberal Arts, Kogakuin University

ABSTRACT : To improve lithium-ion battery (LIB) performance, chemical additives are
added to the electrolyte to form a stable interphase film at the electrode/electrolyte
interface, preventing capacity loss and overcharging. However, conventional composite
electrodes hinder direct observation of interfacial film formation on active materials. In
this study, single-particle electrochemical measurement (SPEM) was used with a LiCoO2
single particle (LCO-SP) to directly observe resistance changes during in-situ additive
introduction. Using 1.0 mol kg'! EC-LiN(SO2F)2 with 1.0 wt.% LiPO2F: as the additive,
AC impedance spectra showed that, compared to the additive-free system, the additive
caused changes in the semicircular arc’s time constant and introduced a new
low-frequency resistance component. This was attributed to interphase layer growth at
the LCO SP/electrolyte interface. Thus, SPEM enables precise, real-time evaluation of
interfacial resistance evolution at the single-particle level.
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introduction of the additive.

g L, EMEEOEH 2T 52 & T By
A 7 WA REFFR O R EEGUMomE], &ELETO
TABEDOLREMICTHEESTHZ LM, L OBEICEY
IRSILTN D 1422

LU 6, RO LIB ¥ A7 AMTRWTIL, E
TEWE & EAERST D EBMHR & O OG % EE L)
RNA U F—H GG EMRR O TR IS 2 2
EIXAEG TV, A EMEE T, TINAIO 55K
RO S T T B D AE 1 72 7" 1 2 A A3 HE S5 TREME
N DTIZT TR WA ORE 2 TEWE & OMAEM
ICIRE L CERMICHEZ D Z ERREETH D, DRI,
7 TAEE R E O Il & WV o T BRI FHIE T 5 7
DI, IEWEIT D INH O E R 720 F 2 B
T 5 FIEOMESLRTR RO BTN D,

IO ROL & Fx I HEWE R EOBERLT
HORFME 2 ISR BE TR FTRE R FiE & LT, BH—Ri T8
SAbFME  (single-particle electrochemical measurement:
SPEM) |27 H L7z 225, SPEM iE%& fn5 Z LT, HE
BIRISo A o B — DA YR LT BT, B—DiEWE
RLFIZ T 2 ERAF B L ONRHLA Sy 2 B IR
THZLENARTH D, FEERICH4 L, EMEWETH
% LiCoOz Hi—Hi7- (LCO-SP) (ZHW\T, &liiA v & —
2w ZGE & il U B TR L ORI E O Z (b
s LT & 7z B4

S BICARBFZEIC V72 SPEM ¥ AT ATl Bk
NMEEERHAT 52 LT BIE RIS E B IR AN A %
in-situ CIRIGHHZBATHZ N TE (K1), FTikEH
FIZ I 1T 5 EMm, SRR O BRI P UGS DE A Y
TNEALTRBIT D2 LNARETH D,

2]

AW T E T, LiPOoFy % & F 20\ MEHER) 72 AR IK
AWV, SEIERABFIREICBIT D LCO-SP OAIiA
VB U AEERITV, B OBERIL RIS &
SEHICAENT L7=, RUNTC, LiPO2F: & ¥R L 7= B AR R
B W TS RIBRORIE 24TV, TIF oA 82 X 5 R
FOGDENZH LN Lz, I BIZ, FBEFIZ LiPOLF,
WK % & OBFENT 5 in-situ P)7E % FHE L, LCO-SP/
BRI BT D ERACFIED X A F I 7 A% alfE
HILZ AT L 7=,

2. EE&

2. 1 WINEBELUVAIEEILOER

BIEICHW DM NEm T 0 — 713, T AF¥ T

— (G-100L, & :0.75 um, U %) &L, 7
7 — (PC-10, 7V %) #HNTHl&MiXd LT,
SRR ORI T L7z, WIS, #EE0 F 4xfi (A 30 pum,
=7 a) LREOHM (B 0.1 mm, [F) 2AKRy MaA
PEIEE (KTH-MWS, T v 7)) ZHVWTEAS L, »
A7V FERAER LTz, ZOERZ A& 5 IR
DHTFTAXF¥ET Y —NIZFHAL, ~41 707+ —
(MF-900, 7V 2%) #HWTHESHENRE T A%+
v U e A s L,

VERL L 7 NERR O i x ., IGWERL - & O+ 758
KL A MRS 2720, BRI (EG-402, 7V v~
F) ATk 50° OMETHEEZR L, S5, A7 A
TEDLNZ Ao BRI FEMSE TR L, #
e L M A HEER L7,



SPEM (H—p. T-EXLFRE) AT A%, 7
VERBA D S u—7 Ry 7 A2 (DBO-1B, EFHLERT.
%f%ﬁwdomm\%ﬁmﬁ<1%K)WK%%LKO
*km%@ Tix.nA BB EHEREMA O LT RT v

-wwﬂ/x5y% (HZ-7000, B#EAL}) 2 HW
toﬁﬁ(ﬁ B S REM) (21X, VT U AeEE (B

26 10 mm, AFE4AE) & SUS304 Sod b o 7 Ic3kE Uiz,
IEFJ? (TEAEM) 121X, VT 7 L&EHED 1 1.0 mol kg!
OxF L H—HRxr— 1k (EC) +LiN(SOzF): (LiFSA,
HARfIEE) 2R PAERT- AT AT 4 N H—
GC-50, TBA/Tyﬁ)%M%L % ® 112 LiCoO2
(LCO) KL 1% /i S 7z, IRIZ RLEE 20~30 um @ LCO
M%%7/5w747ux:~7TTﬁ%L&#B?4
rav=tab—4%—%& W THUNER & Bl s 7,
BIE BRI IE, LCO H—Ri 1 & M/ NEME O+ 7082
fib 2 fEsE 3 5720, BRI BN ORIE & Fhi L7, .

2. 2 LiCoOB—HFIZHT HHEZEES
il

LCO Hi—hi T DK% 2 5L F AL B 50T 5
720, WINH &R & & R0 2 O BRI L
T, SPEM ZFEjiti L7= (FAl : 74wl omgR
VF oL (LiPOF2) . =25 IH)V), KEIRE (SOC)
W U7 bl sy D2 & 5T 9~ 5 B B9 T, RifE 24~27
pm @ LCO Fi+% 5 nA D EHE T 4.0~4.2 V (vs. Li/Li")
FECHREBELEBERFFFIC30 0T LICRRA v E—H
/Xﬂm%ﬁotoME%#i Hﬁﬁ“lﬂmmNm
mHz, FUNEE 50 mV & L7z, AHFSE . EERAE
BLOARHA v =& o ZREDET ;jbl/‘f\ ZD5
HEEEA LT,

S5, BIREN & xR Pk & OREREH
M B0 R 27 um O LCO B —Hiv-% Fu . 3.90,
3.92, 3.95, 3.97, 4.0, 4.1, BXU42V wsLyuﬂ i
T&%%Kﬁ%bko%ﬂ%n@marﬁﬁ¢
T LIIRWA = ARIEEITV, 303 K @
268 & FEMC IR L=,

fezst

2. 3 LiCoO2 E—HIF~®D LiPOF: mMMFID
in-situ B A 24 5 R AL FERIET(

15 W) R SR L2 8 1 B HE LA Ay o B 28 kI
KT DEIMAN OB ZFTMT 5720, 3.0 wt.% LiPO2F2
%4 Tr 1.0 mol kg! EC+LIiFSA Effik (FmAIE) %.
LiPO:F; # & F 72 WRIEMIKR (RINEIIE) F1Z in-situ T
BAL7Z, ZOB., B/LND LiPOF: E (Ceen) |
UMA%E%~EK%otiEEMLEOE¢%Ka
VRINAI4ETFE M (1.0 mol kg! LIFSA/EC) B X ONRINAIA
EARIE (3.0 wt.% LiPO2F2) ZNENDEE L A X B
H—FUREEE - BERIERE (SVM3000/G2, 7 > kX
— ) ZHWTREGEL, BIFTORX 1ITE D Ceen 23K 0D

(B 21 mm,

28

WA 71 Y = 7 N2 (R)

Capacity / mAh g!

0 50 100
4.4 ‘ T -
|O Tmpedance measurement pomtl
4 | Added the additive 1°
=42 . n o 14
S| «
@ 1S
- ~
> 40 12
o 41
CC period Rest period CYV period
3.8 1 1 Il 1 0
0 30 60 90 120 150
Time / min
Fig. 2 The measurement flowchart of SPEM with the
in-situ introduction of the additive.
77
45 4
el .

hﬁ%*m*%

Z 2T\ ppres Vprew Core IZUSINHIA FEFRIE DO E (1.430
gem3) . (AFE (40 pL). IRE Gowt%) ZaRd, —J,
Pabs. Vabs (XIRMMANMEB AR OB (1.416 gem™) B
KR (150 uL) Th D, WINFEE AL O TEYE B RTR
i OB L 2 EEICEHET 2729, K2 IR &
IC—EMRCTRIEA v E—F AR EEIT T2, TT,
41 22 um ® LCO H—Hi % 42V (vs. Li/LiY) £THK

BALIRFFHIZ 20 312 DR R CIRAID A » B —
ﬁ‘/ﬂﬁﬂff%ﬁo Teo D%, 20 ZrH O FHE B 2 5% 1T
%, WINF % & ieE %@%%AL B R R & R
LA S 20 S5 RIETA v B —& v ZMIE 2k LT,

3. RRLEET

3. 1 LiCoO:BHFIZTxT 5ESILFBIE
AT, FHEOEZR LR EZHT LS iz
LiCoO2 (LCO) K% T, Hix BRI ENE S E
mLtJﬁoiﬁ%(@)®ﬁ%%%u U DGR
ZEHI T 57212, 4.0~42 Vvs. LI/Lir~FE#%. 303 K
K%VTE$Q%WWLOO 30 MR TARGEA B —
H o ZARE#{T - 72, Fig. 3(a)iX. 4.0 V vs. Li/Li*®FEIN0
BN FICBIT D SPEME/LDA LV E—H 2 RAARY kL
DOEFEUEIFNEZ R L T D, B TD AT MZEBWT,
125 Hz AT OTES RS TSR S v, i
MD&%W%«@U+REV(&m$wkiUﬁ%E
& LCO Ri¥ & OFRmITE T 2 EMBENES (R) OM
%KE@L\ﬁ&ﬁ@%%mﬁ%%o&%z%hé”%
AN ERIZEB N T AR (Li 48) O BT o mEE (0.79
cm?) (X LCO-SP |ZH_RTIEFIZRKE W=, Li AlEH
SEOWHUR S ITER TE BT ENEL, M3 ITTREND
F ML LCO-SP IR T2 b o L s s, HIE
AL AERF L2 SR N Cld, M o B0 TH s B i 2 1A
e B BIZ R B9, LCO-SP DB KA A MR 13 HF ]
BICx L CTERETH D Z ERER ST, —FH., K



g
o

BRI = (R5)

7wy = Ml

=2
=

@40V 0 30 min 0 30min | (b) 405V o o
5L O 60 min O 60 min o 2
a A 90 min C:047A90min o
: =0. o
= @ @@ v 120 min oy
1.0+ & o
HI I e E
Nos | e
0 1 1 1 I m 1 N4 0
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 40
ZReal / MQ ZReal /| MQ
A v, 0.6
0 30 min O30min | (d) 42V
: v O 60 min O 60 min
= A 90 min G04_A90min o o A kv,
=0 v ¥ 120 min E viomn| o vg. 0o A v
b v & RRAA A i T O B g
£ 0. v E %00000 By OV pi 2B g
N N0 genB0on, O S0 % v
B h
. v 2 '-_'1. ':‘ ;-VLA“. :o 'v_; ;vv
i - !
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 1.2
ZRreal  MQ ZReal / MQ

Fig.3 Time dependence of impedance spectra for potential maintenance: (a) 4.0 V vs. Li/Li",
4.05 V vs. Li/Li" LCO-SP diameter of 24 um; (c) 4.1 V vs. Li/Li",

LCO-SP diameter of 26 um.

3(b—d)Tix, > LCO it Z MW T, 4.05~4.20 V vs.
Li/Lit D #72 5 BB L4 F TGS e v E—4
/XX/\& RABREN TS, 4.0V UL EDOEN ZEIN
L723A80iE, RO Y X230 & & B ISR
téﬂbuﬁ“é ERBEREN, O\, BEEO
F b5 > LCO KiFMN~D Li OFEf R4 72 KBS
£2) ITXkoT, KirFREIZBT 2 mENKE L2
LIZERTIHLDOEBEZ NS, ZNLOMEMNG, 4.0
V L FOBEAIZEB VT LCO-SP O R H AR EICH KR S
NDH—7.40V &2 5 & RIGORLAF DX — M5
DIBENELD ZEWRBIND, RIC, tkx Bk
ZHF %5 LCO-SP DIFIA AT~ 572, 3.90~4.20
V vs. LILI"OBIZHKE - IR LN A LV E—F A
WEEFHE L7 (K4), [FA— LCORT (EA : 27 um)
EHEHLTHELNL AT b, EMENMIZE T
T#Pﬂﬂ)ﬂ@[ﬁ EOTE 5)7/5‘2%17»WKL LixCoO2 D
EEAVITEE D SUSTEDZAL RS TN D 2 L v hs
Do THHDA U E—F U AR MK E RIS
T 5720, LFICRTEMEREET L (X 2) ZHW:
T4 T 4 YT RATV, SRBURS O 5B &R R %
AT,
Rsi + QOs2/Rs2 + QOs3/Rs3 + QOsa/Rsa + QOss 2)
Rs1 LB EBNIARITFET —ETH Y EBIER D LY
PP & FE S 72 2, Rsx 13 3.95~4.00 V T RIFTA e/ IME
AL, ZHITBMAEMRORIZEIT D R DZFE) &L —
HL TR, EEFD - BABFEEIC RS S R OB
TR EHRHT & AR S 72, Rea 1L FEMRTENT O EFIZ VN —
BAIZHA U, Z O%RESHITHEINT 288 %2 /R LT,

29

LCO-SP diameter of 27 pum; (b)

LCO-SP diameter of 25 um; and (d) 4.2 V vs. Li/Li",

Nl V= IﬂO@W%h%&Gﬁ%iU - OfRiE) KL
TRERE, BEREBIZHERT2DEEZ LN D, R
iﬂ‘*{ﬂ%t@ﬁﬂiﬁ%ﬁw‘ﬁ BEARHR I R 2 S
BRI HIPT L iz, BLEd X 512, SPEM ZH\ %
ZET, BRI Loz T B IR S O B E AR AT
PEZ SR EICES - ERMiT 2 2 e R REE 72D, T
7pH . SPEM 34 SN RARICER 3 2 sk L & o
KRESERBEICHNT T 22008 TIETH D,

3. 2 LiPOF2 & Z &L LiCoO: Bk F(Zxt
T HESILFRIE

W, WA % & e BARR P2 351 % LCO SP Dkt
FAZ TR DT, miik & FREDOBALEAF (3.90~4.20V
vs. Li/Li*) {Z8BWT SPEM B/LD A v B —& o ZIE %
FEhuL7c (K5), ZZTiX, 1.0 mol kg-1 EC + LiFSA &
IR (1.0 wt.% LiPO2F2 &) Z Hvy, [6— LCO kit (i
£E 027 pm) ISR L CTREZAT 72, BTDART b L
TLMIABIER S L, T OEAR L OTE AR R EUL B
BALIS U CE L, IRINAIFEE AR BB L 5T %
w7,

F iz, CEAIMIIERFREN DT IR 5, Ra B L
Rico-SP % &L OIPUR Dy D FHET D 2 & NRE X
Nz, =720, BRSNS TN T 4 v T 4 T

(B W TPy O B fe 72 B SR Ch o 72, X4 &
@w&_kmf\#mwwﬁuiﬁ%<\ﬁﬁmﬁﬁ
KFLTWe, ZOZEnD, IRINFAIOFEEI IR L
UIFEERICERE 52 TnbH EEZILND,



0.2
398 1;
pO0D00®mog 4 O o
01k B Sog &
0 1
0.1F
0 1
0.1+ A o
1250 H
0 1 1 1 1
: e
~ v
& 0.1+ v
g
NT 1000 Hz
0 1 1 1 |
0.1F
0 1
0.1
0 1
0.1+ %Ew@§$
0 |
0 0.5 0.6
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Development of UV-C Lamp Operating in 165 nm—220 nm Spectral Range
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ABSTRACT : UV-C lamp operated at 202 nm was demonstrated by employing mist CVD
grown rocksalt structured (RS) MgZnO as an emitting layer. External quantum efficiency
was estimated to be 0.28% and 0.75% at excitation wavelengths of 146 nm and 168 nm,
respectively. Small values were mainly attributted to low light extraction efficiency from
the rear surface of the granular film grown on quartz glass substrate. By employing post-
growth slow-cooling to suppress thermal stress during the mist CVD process, RS-
Mgo.99Zn0.010 film grown on MgO (100) substrate exhibited near-band-edge VUV emission
peak at 187 nm at room temperature. The mist CVD system was upgraded so that the
mist flow can control using multiple valve operation component. A benefit was clearly seen
in the
Mgo.92Zm0.0s0/MgO multiple quantum well structure. By adjusting the susceptor position

as an observation of satellite peaks X-ray diffraction pattern of RS-

while maintaining the growth temperature, Al atomic concentration of 0.6% was achieved
for the Al doped RS-MgZnO film. NiZnO and MgNiZnO films were fabricated by the RF
magnetron sputtering. A p-type conductivity was confirmed for all the films having a
resistivity in a range 1.16x101-5.92x10! Q-cm. We believe that all of the achievements will
pave a way to realize RS-MgZnO-based light-emitting-diodes.
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DWELNHWEENRON D BT, %45 6 E T
IR MERRD AT T D, T DT, AMEIZE D72 UV-
CHIZT MY T =0T T s v Z—ITE VR
HxmTy NTOMERD D, it\mﬁﬁimﬁﬁéﬁﬁ
DT, FHZEM 28 MRS HR IR0,
ZOEDBRERDO AR TIE AL XY v T 77
eV D MgO %t,m &9 % B A 1E (Rocksalt structured: RS)
MgZnO (2 . WK 165 nm~220 nm #F CHMHIZHE K
@Rﬂ%&uvc3yf%%%¢5:k%9%kféo
ZHETIT, MgO ~Zn0 ZiRfmfbSE 5 Z LT, XKl
T 205~253nm, F72M{KIE T 199~244nm THIT 5 Z
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WA 1Y = 7 SMFSEEE 2 (RB)
90000000000
FRAR
s 4
00000OGOOOOIS
FrUTHR HARBE: 700-800°C
T ’ RS-Mg,Zn,,0/(MgO(100)
[Mg]- = 0.995 [Mg]-= 1
BEREDTF
(2.4 MHz)
BBEPOMRE
[Mg]"= [Mg]/([Mg] + [Zn]) » I»
RS RD DEIL
BRELLTHE RMS:246nm  RMS:051nm
¥ua= 650 nm EE1um J
3. I A MeERUFRHERE IS E O 5 H &g
FEmE - Zmm AR IR D TE TV D
DA TR

B 4. B2 - IS AT L ORRRK.
165 nm~220 nm#HFDUV-C5> T DEISH
| HERE (RBEER) |
SRR R LA IR WitaRe
O=XICVDRLE ORFHHT
HIEHEMIZNODAE (EZ-RENNY—RILEIREUR,
AlLGa,InK—F 12k Bn Bz E 15 SEM-CL)
OBMBNRE OETFREDRRIT
HIRAER EADEEHEMIZnOD LS BiB, K&, WA K, XPS
ORFZ¥/ #bAVR/INVERE OER M
MgNiOEE (< & 5 pEURH Hil T—RUIBR, R—ILHR. IVIEE
ORFILh—HY—ik
SWCNT/SIO, A HIZED ST
B RENAEEEAGEREOUE OTFIISUTMRERTL IO
OFMIER RS - #EREHT (XRD, AFM, SEM, OELE AR T DR
STEM, EDX72& ) OpnE& ISk DRNS 14 —F(LED)DEAR

HEHRE _
E% #ﬂﬁl (F—HBUERR) [T THAE]
HE
x;ﬁz /llll mxﬂﬂ(ﬁt&ﬂa&) [JU'CVDI&‘& BRRARE. ST 1
wn EE(I?%X-%&I%‘»M? ~ZH:VDNZ!]
8 Bt (T¥RK- T-BRET)[RFYS AV R/ SUBRE]
k3# WO (TERK-EET W) [HFTLH—H—i&]
BE HiE GREK)) [SRRCVDRE]
£F RABCGIHWA)[SRFCVDRE]

X 5. AHFZED FEHE A
EEELELCEEBT, BAMAOFT—FT 7 /v —»n2
RETFLND,

~ ~

X—F 27 /nY—1 I Xk CVDIEDOHM
MgO 7¢ E OB OHERGIZ 1L, —fRIC A Sy ZHE
FRIESCHEEAFENHO LN DR, R TIHI X Me
LRHERE(CVD)EEZ AWV D, B3 ITRT XL oic, BBD

LR EETRENAR 2 BT RIS - THb L, BAELE
AR T AEF Y U T HATEEL THEMKET CVD
FInERZ LR SE 5, BZER T BLBERNOTE
BN ZAITH 0 | NI IEE 72 O THRERI 22 B0 A



JUBRASTE & B2\, BUSE 2 K AL T30, KRR
~ORES AIREE 72 5,
~ F—=Fr7/)vT—2
22  VRERAME T O S PERTAT A

AR T LS, REHIE SR NICRE L, 7 744
WHHT 6K ETHHTLHENTE D, HZEM LN
HFRIE MgFa B 2 —R— R TEE b, A2 TESR
HATEBTHZ L TRET 115 nm £TO VUV JEOHE
BN AREL 72 %, BIEIRICEY Y —FLrIxty
A(CLYE &7 5 fth, BEKFKET 7 & oy ede % Blig i
THI LT, B S - 7 4 MV R ARLE - B
WHEHITH> L TE B,

I ER—RZ, B’ 5 ISR ERFEREE 72 D NS
el 13 & LI LU T O BICER Y fB e,
1. =%~ 7 o 7 OR%
2. BEAET L7 FrL I 2k Z(ELVFEOLHE T OB
3.pn BEGIC X D F8 A A A4 — F(LED)DBR%S

~

2. WERER

HAENZHBT TS E ISR L, 2023 FEIAT A &
TR E LU ISR,

(1] 190-220 nm TH T D Kr =% o~ Ehit a i
MgZnO 7 > 7 OFRAE & ST - 20 25T

(2] 180 nm & THIET 2 AHEAEE MgZnO D LB

(3) BEfhEOEGREICA 7= A b CVD HE O
LB FEEORAE

(4) SOSIFNBRBEHIENC £ 5 Al K —7 MgZnO D I
Ak CVD &

(5] RF =7 3 ha AR kb Y 7747 EMHE
~O p & MgNiZnO Dl & BB FFE O G

LTz, dEfl &k 3 5,
2.1 190-220nm THEAXT S Kn I X IBES

181815 MgZnO 5 ¥ T DERE L S EVE F =R ETHE

2022 HEPEFE TIC AT T A E~ 08 A
MgZnO D I A+ CVD i &, = % o < il RS-MgZnO
T T ORIEELT o7z, 2023 LT, SMBE T HIEORE
i 4T > 7=,

Mk E TR, B~ x> U LA 4 KD
(Mg(CH3CO0)24H:0) & WFE W& #f $f 2 K 1 B
(Zn(CH3COO)22H20)D FI{afyR 2 FiZ& | 5 5 IR L7 fE
P K VA (RS b Ho0:CH3COOH=4: 1)( 2[RI (2N 2. C A fiR
SH, BEA A 0.01 mol/L @ I A b ETBRIAIRIE &
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BRI 7 v ¥ = 7 MNFZEEE 2 (R5)

Aluminum reflective film Quartz substrate

= /
Electrode Kr,* (146 nm) NN
M-
Plasma YWt
/
Quartz tube Rocksalt-Structured
ngzn1-xo

6. AfEL 7= F o~ b RS-MgZnO 7 7
DR & FH,

7. RUTHED =% U<t RS-MgZn0O 7 > 7 DEH.
FHEE L 7, W OO IR SRR X RITBRIRIRTE B O Mg & Zn
DY £ e ((Mg]t=[Mg]/([Mg]+[Zn])) T F%& L [Mg]t=0.95
&Lz, BBRRIRT A 2.4 MHz OB FRIEHFIc k- T
BL, 02 HWA(X A MF¥ ¥ U7 HA 4.0L/min, ARHT A
0.5 L/min)lZ & ¥ SOSHEBICHE Uiz, FEMIRE L 700°C &
L. 3BFfIRE L7=, RS-MgZnO #E I 500 nm (F X DK
X X OMHE DB S v, BEEIX S X% 870 nm T
bolo, MUMMAS X BREFTRIER R 6. RS-MgZnO
s RS O HALICE A LT 2RI T h D Z LN
Lo T,

15mm A DA FH T AT B~ L 72 RS-MgZnO
FEREREE B 6 IR T LI BT AT v MR
THPH T AE LVEH SH Ke H A% 300 Torr A LT,
Kr; =% >~ il RS-MgZnO 7 > 7 & /E L7z, 9kVpp O
BIEZEIML, FEEANY 7THEICLY Kn =% <%
(W 146 nm) & % S 7=, 2 a it Yt & L RS-MgZnO
FOCIB I B R STk & B A S A~ L7z,
TICHNGELE T, Fio, BRI EEFH(VUV-
201, 43 tiEtaR) TRUHI L7232~ ML 2B 8(b)ITR T,
METIE, AU v MEA 2.5mm, KETFEEOETE % -
1056 V & L7z, ZZTid, KB THEEOEBIZY Y F
VT N U T A EEAT D 2 & T, 300 nm LR E



’;: (a) PL (RS-MgZnO/Quartz) ]
S| A =196 nm 300 K

2| Ex. 160 nm |
2 7.2x104 W/cm?
o _ ]
2 Mgl=095
1

7 ]
~ [ (b) RS-MgZnO UV-C lamp ]
< A =202 nm

- Fat Kr, ]
b B J \\ ', ;

= i “’ ‘\\ jw
o 7N '

er -

160 180 200 220 240 260 280 300
Wavelength (nm)

8. (a) RS-MgZnO #ED EIR PL A7 hL b
(b) Kr2 = ¥ < il RS-MgZnO 7 > 7 DIEIE A~y
kLD B

AT 2 U TR L7, E 72, Bk & LT RS-MgZnO
MWD 7 4 hV I 2B A(PL)ARY LA 8)ITR
T, AE TIIEAET 7 RMA b =27 A L11798)D 160
nm FYEAFILIE L U, BIiCR L2 B2 - YRS v
AT LW, 7T DAY MU, RS-MgZnO
BT % 202 nm 2 ©— 7 LT KBER STz,
PL 27 MVICRBUIHI S VTR R v 2 & B (RS-
MgZnO ~— A D UV-C T > 7 DEMWEFEFEICK D L= = &
ZHER LT,

RIELI 7 v 7O MOEIEE 7570, AT
T A FEM _EA~BUE L 72 RS-MgZnO i b 38 4 T4k
HE TR A TG L2, X 9(a)Z”T X 912, RS-MgZnO
TR TR S BB S 72 15mm A DRI T A KM A |
~y RAVMY T —T 5 4 RAETHEE (R6836)D
Wi E~gEE Lo, EARET VT ORI ELERIN
JEER(KV-200, 43 SEaHER)IC L 0 4356 L, RS-MgZnO &
AR U, Em bl Shicotamifi Lz, 5o h
TR L . R S PRI o 8 VIR RE CHILE L7 e E T D
5, FRUHEW AN 2R &2 L L 72 [8].

IMgzno %) hc
Res(A202 nm)/ A202 nm
I Dy lamp(/l) hc

Res(A) a

next(l) = (1

ZIZTMIAFLEEARFZET OB OWEEFE L,

I\ [AlE Res(h) [A/WIZ, ZNZHEEFHAFE THhiY
L7t & B AT O REEZ R T h T T T
7 ER, cINHER L, GRENLEKET TG D
D IeFH, 45F D5 RS-MgZnO i S i lsap) oo 32
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WA 1Y = 7 MFFEEiE 2 (R5)

Solar-blind PMT
(R6836)

A=

Quartz glass

Sample

100 T T T T

(b) Excitation power density:
2.4x107 W/cm2 (=146 nm)

1.9x107 W/cm?2 (A=168 nm)

A=146 nm
1n1=0.28%

A=168 nm
11=0.75°/o

External Quantum Efficiency (%)

140 150 160 170
Excitation Wavelength (nm)

9. (a) RS-MgZnO 5 oD &1 F 120 = 3T 0 Fic i [
& (b) SMHBEFZRAT FL.

DN SN O N ERGHND, 7272 L, EEn
B SN2 I35 LT niz e, X 8(b) D R b
202 nm AXEICEII S Tnb b0 L Lz, 22T,
HAFET T H &2 200nm TOYH &, HE
FHIBE & T — A —HF —(=2—R— b 843-R, UV
Enhanced Silicon Photodetector 918D-UV-OD3R) D X 5 T
H9 5% Z & T I)/Res(W) [WERIE L7223, Z OfEIZ £
EoaFicHm LS A wORciEEERR Y, H
DTSN E AR AT MV & IbIRT, AT b
JL 168 nm fFITIT1E RS-MgZnO i i iz 35 1) % 3
¥ RIERICE S B — 27 DB, 7am0.75% 2072, —
7. K =% U= YO K 146 nm TOE I 7e:=0.28% & 72
o7z, B 9bITIE, FRET RS 0.05%0.6 mm? 2> HHE I L7
W 146 nm & 168 nm (BT B FEE AU —HE LR EN
TWD, e I TWNTHRE 1% T EES AL BN, —
R OIS E TR FTRICL Y Bx b b,
Next = (1 = R) * Nextract " Nint @)

Z ZC R IFEEIFRIT COREYE DK, Rexirac (XY
H LI min IR T 20 3 A2 K3, PL A7 ML DIR
PEARTFIEDN D | BUKIE CONE R 2% 100% & ET
52 LT, REWEH) D EIR TOEMNTR R 2=R[9] %
REEb ol ZAnd=11%L oz, Zh kv, (1-R)-
Nextrace /% 5-15% & ALFES bz, AlEliX. RS-MgZnO &
JERE B BN S e w B AN A~ER Y (LT
DIZ, B ORI db B T D BELEIC L |
Nexract WFH LR T L2 EB 2 BND, 2Dk, JEIH
HLOTRIZEY, NBETFIEOR ENRIAEND,



2. 2
RDOREH

180 nm B THNT 2 5EHEE MgZnO &

RS-MgZnO (/3 ¥ ¥ v 7% MgO @ 7.7 eV )b
BB SED ZEMTEHH DD, Zn fLOREDIZ
FEVNFEAT DR b —27 ZEET 7 RS 190nm BA T TOFENE
WRHBE O IT /> Tode, BB E LT, ko R % —
PE[S,I0]°%E 1 b 7 v T OE[9]28 F Sv D 23 i i
ICE ST\, & 2T, R & iR E OB RR I EIC
EHLU, RERICIRMBREZEA LTBEZITV, o
EWA 7 R ARHESIAT . FEIEFFEIC G 2 DB
M L7z,

MgO(100)FEM_E~Aiz 21T - 72, Mg, ZnDRIBEAIZIE
B & & [F] Bk 12 Mg(CH3COO0): + 4H20 & O Zn(CH3COO0); -
2H0% M U, STEATER U 72 WEBR /K VA IR I iR S d 7, I
BHAR P O& B A A4 BV REEIZ0.0l mol/LE L Mgk Zn
D W'E B Ik (IMg]“=[Mg]/([Mg]+[Zn])) % [Mg]*=0.9. 0.95.
0.97, 0.99 T L St 7=, B 28 S IIED 12 kY
S A RMRICL, % U T HA(02)4.0 L/min, 7R H 2
(02)0.5 L/min O HSEA: T, 700°CIZIMNEA S 72 SOUSE ~
AR L IR O R 21T o 72, E®%. 2 2 Foffiz e
51k UBR SR 5P AT T300°C & ¢ - ¥ B IR FE -10°C/min
THEILIZD G, KRERFEAR T T300°CE TR Lz, AR
[ L 72 RS-MgZni ORIzt LT 0ot ) 7Y A MU —
BECHIE A2 HEE LTz, £72. XREPIXRD)HEIEIZ L 5
Al ERPEOFFAM A ATV Wik 722~ v B 2 7 (RSM)BIE %
R b LICRT Y v h bR OMgOE Vo Fx i HE
iE LTz, VUVIROCLIIIE L YEHE & & 58 CEH#L L7 VUVS
Ko AT KA LE9],

10 (2%l L 72 RS-MgiZn1..O 7D 5 6 x=0.92,0.95,
0.97 121+ 5 Mg0200 [alfff & — 7 ¥ D XRD 0-20 /3%
— &R T, ETOMEBHZBW CHBETHHEEINE O,
e - SE & BITE DTS HERF STV D Z LR
B EN %5, RS-MgZniO @ 200 [B1H °— 2 1%, #FEH Zn
DB T ERA R E L 2 D70, MgO Hifl

[MgP#ngaMm+BM)

RS-Mg,Zn,,O  MgO 200

2
g [Mg]-=0.97 Thickness
) x=0.97 590 nm
O
—
L
> [Mg]t=0.95 Thickness
5 x=0.95 380 nm
[
[0
-
£ Thickness
[Mg]t=0.9
424 42.6 42.8 43.0 43.2
20 (degree)

10. MgO(100) 3K _E~AJBE L 72 RS-Mg.Zni1..O #ffE
? XRD 0-20 /3K —
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AR 2y = 7 MR 3 (R)

Wavelength (nm)
300 250 200
' Peak 187 nm ]
A4 x=0.99

:J_,/ K“‘#’* y 1
3 L e Meannd

b L
‘»w F 190.2 nm .
c L ]
E ] /\x=o.97§
2 192.6 nm ]
N = E
.c_;u : /\ X 0.95::
o f — /. . .\. R
<t 199 nm ;
5 x=0.921
- 300K ]
4 5 6 7 8

Photon Energy (eV)

11. MgO(100)Febi _E~pffiiE L 7= RS-Mg«Zn1..O 7
DEWRIZIIT DHMAL CL AT bL,

D E— 7 (20=42.92°) X VAKX A BEANZBIA =7z, Voigt B
BT — 7 458 L TR 72 RS-MgiZniO I D Y- E 425
(A20)I% 61-110 arcsec & MgO(100)FEEHR D A20=23 arcsec (Z
IEVMEZ R L, BMERED /NS N2 EAREEN
oo £ XHRET v ¥ 7 H— 7 OEEE(A0) b RIS
B2 3L TR E Z A, x=0.92 OHEFED Aw 1 55
arcsec &, MgO(100)JE4 D Aw=41 arcsec & [FZE DEN TS
HiTo, 2D DOFERIT, MEHRRBOEBAICEY | iz
JEIZMZ B2 BUS S MR S 4L, fEd R IR L, £
WPEVER ) — 1 & A b O BL I e A B L7z Z & ZoRig
LTWdEEZLID, 11 IZ5898 CL A~ MV &R
TR — 7 1 F x I E R —2 7 b L,
AT 187 nm OFNEB BB Sz, A h—7 AT 7 b
130.1-0.2 eV IR S N7z, BLEE Y | lRZEORMIT.
FRAR L) — R KB DT Z M L. A h—27 Ak 7 b
DRI HFGT 2 2 EBREINTZ, 21D DNEIL, JJAP
special issue THR S u7=[11],

2.3 HEEREBEOEHGHEIZRITIZI R KCVDE
BENREELETHFEBEDEE

LED 72 EDOT A ZAREICB T, RiliEE, i’
gk, BREIEICBE T A HIEE AR b, n il p Bl
fRifg . BT-H P & LED RUEICHE & 7 Dbt



E—4%—
ﬁmﬁx 000000000000
(oz)_’ 4 77
\ ......A.. —
: .
(:‘8:)' J7AAY MgOEAR ++&74
* Mg:ZnlhRDRLGDHIR +E
ZEICHHE L TRTFHFEE
%5k

n ZET,
AITERATEH1

Ex.) MgO
12, YEIERL I 2 1 CVD %EE O,

EORIEE N OffE 2 BHE L, 7ER-AI I X F CVD EED
FERICOWTHET 2D TW5, BHE O I A b CVD HEE
L RAERITZ L O ULMEZ TR L. BARICHBRAER
ZHfE L, BEIRIEEICL > TI X MR ERoTRE 2
RS ~ERT 2 v IRk E o TS, SR b
CVD IEITHIHN— A DR EFIETH D720, R
BRI 2 L SE WAL, BTBRIRIRIE O £
NWIEREST 2L LD, OO IEA LIEBOBER
BEIBIST 2546, fIEAREEE 25, 22T, B121
R LD A, PRI X N CVD BB O EIT o2, B
BT b U 7o BRI A B4 f L. BRPH N L7 % T
TRHEIZIA MG T D2 LT BT EC. n B,
p BUREE OEBI RS ATRE & e Hfth, FAF & R—v
MENOFEE 2 51 TR+ 2 2 & T, RIS 2R S &
HZEBAREL A D, 2022 FEELC, 2 RAED I A R CVD
VAT NERF L, KRR S R DR EIT 5T,
2023 AEFEITEEE OREZITV, TIPS O R ER Y
21To77,

BUE L 7o I P S OB 2 - 13T, il
F T L [AKIZ Mg(CH3CO0),+4H20 & Zn(CH3CO0),2H20
Z 5 AEATIR U 7o HERR KBS R (A5 e H20:CH3COOH=4:1)IZ
FRFCINZ TS, @B A A4 RE 0.01 mol/L @I
A NHIBEAEIR 2 TR Uz, HP g & EREfE O Mg & Zn
OYWEELZZNEN[Mg]'=09, 1 & L7=, REREX
725°C, ¥ U 7 A A(O) Dt 4.0 slm, FRT A (02)
DOFEEIL 0.5slm & L7z, MgZnO, MgO Dfif L — b i %
FVZEH 9.6 nm/min, 17 nm/min TH Y | ¥+ v 7J& (MgO)
30nm, FEEEE(MgO) 10nm, F/78(RS-MgZnO) 3 nm, /3
v 7 7 JE(MgO) 200 nm * HIERIE & LT, ZiZh 105,
35,19, 720 sec TI A b &G L7z, 7238, HABER UM
BEJeg o B M EE 5 B & U e, R 7R ) B EE(AFM)
B2 X 13(b) 12T, T TFHR(RMS)H S 130.47 nm
Lp | HERRE L FE O R E FHMERE Bz, XRD 6-
20EDFER LI ab—Ta v RE— U B 1417,
BT HFMEICLD-1 R, +1 ROYTFA FE—27 %2
WL, -1 ROVT TA FE—271F 42,0700, +1 KOV
TIA4 PE—213 438400 BN, v I 2L — g
X0, HFEEIL 2.8 nm, FEEEEEIX 8 nm, ¥ ¥ v TE
JEIX 28 nm L RRFHME S MR Lz, Bk ML
TV AT AR BA-FH e B IR O RSB SRR A 2
ThbHIEEFEIELT,

WIBR B ® 2
Ex.) Mg, sZn, ,0

39

BRI 7 v ¥ = 7 MNFZEEE 2 (R5)

(@)

MgO F+v &
30 nm (105 sec)

5-period MQW

*  RS-Mgqg,Zng 050
3nm (19 sec)

« MgoO
10 nm (35 sec)

MgO /3y 77 & 200 nm (12 min)

MgO(100) substrate

[001]

[010]
[100]

13. 5 JE 1 RS-Mgo.92Zno.0s0O/MgO MQW D(a) 7k
B ORI & (b) R il AFM 4.
—~T 1
MgO 200
21 SLo ’ ]
g FMeasured | frinae 1
s, ® s, 1
orf ] [ !
B : "Wﬁmmu o oo i o 10w | LIJ“MMMHHU::
N F 1
_.2\ r .. . 1
= [Simulation 1
8 I 5-period MQW 1
o rWeII : 2.8 nm, Barrier : 8 nm E
- rCap layer 28 nm 1
[
—_ T E
r 1
r WM MW 1
r 1 1 1 1 1 1
42.0 425 43.0 435 440

20 (degree)

14.5 }%,ﬂ;ﬁ RS-Mgo'gzzno,ogO/MgO MQW @
XRD 0-20 /NH — .

2. 4 RIBFRIREHEIZLS Al F—F MgZnO
HEDI X ~CVD ELE

RS-MgZnO Z¥:H L7- LED ZB%4 % T, n Az
PEHIEIIMETH D, 2022 FHEIX, I A M CVDIEIZ LY
Al, Ga, In¥%shlRS-MgZnO D% 4T\, DO ERM
FREZREG L7z, ZOM5E. ALl Ga,  InifI0 MgO 5
PR L EIEFITH > 7248, RS-MgZnO 3 fE~FN3
5 & TIREENRSE BN, Al & 0.1 mol%iRiN L 7= RS-
MgZnO BBV T, Bii-HEE-REJ-V-T)HEZ{T -
TofRE R FRIC K D HRFUER o #IME I 238 5, IR O
FRIZ 133k Q-cm & 7207,

2023 AFJE T, IR O ALRERINC X 5 B e D HPTEE
WA HEE L, SOSFNERBEDY Al U RS-MgZnO 5%
Bl 25828 % KR L7, Mg(CH;COO): - 4H,0 .
Zn(CH3COO), - 2H,0, Al(CH3COCHCOCH)s [Al(acac)s] %
Z 5 (EATIR U 7o HERR /KSR (R e H20:CH3COOH=4:1)IZ
FRFIZMZ TS, @B A A4 IRE 0.01 mol/L O
A NRIBEARIRIR 2 8 LT, [Mg]'=0.6 & L. H&JE A A
VIR 0.01 mol/L 1T LT, BB ALBE A 10 mol% & L
7o IRIREE 1T 725°C, % v U 7 A A (02) D 71X 4.0 slm,
FIRA A (0)DFEENL 0.5slm & L7z,



ORI T T I
k= O," Mg atomic density
o EH.V.=6 kV -
= 1022 22
g Area: 30 X 30 um? 54x10
S L ]
s 1021
c
© 1020F 3
g MgO: Al film . MgO substrate
g 1019 W
8 :
o i
c i
S 1018} 3 1
o ‘Al background level . _i___________
17

< 1017 4 1 x: 1 0 1 Ll 1 1

0 50 100 150 200 250 300 350

Depth (nm)

15. Al ¥R MgO T IBE([A1]=0.1 mol%) D
SIMS & 7 5.

BE XY —RIRE ARG SN D50 & i@ & L
700°C CTRRE %179, 2022 LI AL E TR L 7= Al
VRN MgO I D kA A B B/ HT(SIMS)FE R % X 15
2R, ALIRIN MgO IR D Al JREE 1T 3.0x10™ em™ T
BHY . MgO R D ALIREEIE 9.0x108 em™ £V K
<. Al(acac) 23, JEUEHAIRH 720 LTk FEIZ B\ T
FAEIET DA REMEA RIS STz, & 2T, 2023 T
B AT D JERLEE % 800°C \ZF%E L7- BT, EWi#E o
700°C L7 DALEA~Y 7 X BB LREE2{To72, i
ERRI 1 B & L7,

Al TN RS-MgZnO DI X 860 nm, Al i1 MgO
HIEOREEIL 220nm Th o 72, KEL— ML, ThEh
860 nm/h, 220 nm/h & 72V | Y7 F & RIREBICERET D
ZETHEBMEVEREL— FBRELBNTE, =X —5
O X #53 JE(EDX)HIE T b L2l X A~ hv
ZX 16 (R, il E TR L7z ALIRIN MgO 72
5 TN MO FEMRICE W TIE 1.486 keV (2 Al Ko id R H
ENpotz, —Ji. 7 E & BRI E LRE Lz
AL VRN RS-MgZnO #EECld, Al Kot D & — 7 23HIBRIC
B S 7z, Al OJRE T ECEL =R [AV(Mg+Zn+AD] I 0.6

O ZnMg AlKa
— Ko LaKo 1486kev  (2) RS-MgZnOAl
) L I I 1 I ([A]=10 mol%)
= ! “ A Thickness: 860 nm
>
_8' L (% 20) b
© (b) MgO:Al
; ([AI]=0.1 mol%)
.‘%‘ Thickness: 220 nm
C
Q
-
=
- - (c) MgO(100) b
substrate
\ J\ Thickness: 500 um
0 1 2 3 4

Energy (keV)

16. FilkE X fpA =27 kv
(a) RS-MgZnO: Al ([Al]=10 mol%, V& 7 & (&2 H),
(b) RS-MgO: Al ([Al]=0.1 mol%), (c) MgO (100) JEHR.

AR 2y = 7 MR 3 (R)

atom% CdH > 72, UL EX D | KISHFHNOEREIZ L0 Ry
RENHECTE D Z L2 EIELT,

2. 5 RFIHVRFAVARNRYAIZKDYIT7A
TEREAD p i MgNiZnO D FEiE & ER D
B2

RS-MgZnO % L 7= LED %#Bi% 9 5 kT, RS-
MgZnO 1Z81F 5 p BUREMERIEAEE L, LavL, Bl
Wk o & 21T o BUEMERIEICER Y A TV
B, ZOd, RET D p BRI EE LT 2022 4R
1% p B MNiO DORRIEICEL Y fHATE, 2023 4R 138 7= 72 p
TR LF B L C p B NiZnO & MgNiZnO @ pREIZ H
DRI IRARE L & BRAREME . R O BIGR 2 B
HINMZ LTz,

NiO (I KXy v 7R 3.7 eV THEEIfEZ L, 7
¥ R—7Cp BB REM A RT, —J, MgO 133 RF
¥ v 7.7 eV THIEREER D20, Thb ERME
DB LT, MgNiO XV A RN RE v v 7 p RUER
{Ept ke L CORMAREIRE S D, Z4Tx L, ZnO 1%
REMEE LTUVYHMEL & B0, AIFED X S I
MgO &b E® 2 2 & CHREEMED MgZnO % RUET

MgNiZnO (3 ZnO pellets)
MgNiZnO (5 ZnO pellets)
MgNiZnO (7 ZnO pellets)

@,

0 20 40 60 80 100
NiO Molar Fraction (%)

Sputtering Rate

(nm/min)
2

NiO Molar Fraction (%)

17. MgNiZnO #f5 D (a) NiO, ZnO, MgO E/L433R~ v
v 7 & (b) NiO, ZnO, MgO E /N33R 5 28y &
L—hvoy BT,

40



Resistivity
(Q-cm)
(a) % 100 102
%O 10"
5 Z
< 4 R
AN
Q 60 = 100
e %
S 40 %
QC) 0) 101
A 80 =
20 &
100 > 10
0
0 20 40 60 80 100

NiO Molar Fraction (%)

o

20

40 60 80
NiO Molar Fraction (%)

18. MgNiZnO [ NiO, ZnO, MgO <E /L4y 2 Zxf 9
%(a) EREHIE~ vy B 7 L(b) BN F¥y v
~ BT,

HZEHTED, NiO ~ ZnO ZiSb SE =il i34 72
<o BRI SN o TRy,

JRIEIZ X RF < 27 % b v > A%y & E (Canon-Anelva:
L-332-FH)% FH\ 7=, 3”7 @ NiO BEfE # — 47~ 1(99.9 mol%)
eV 774 7 HEMRER 3 ecm DA/ X PREET R &
B, & 51T 10x10 mm? O MgO(100)H A i HAR (>99.9%)<°
®=10mm @ ZnO BEFER~ 1L v 1£(99.99%)% NiO & — 7+
b RSB A B S CELE LRI A Sy X &1 T o7,
FHATIENB L L AR &% Sscem CTHEE L7z, £z,
NiO THHUED MU & 72 D Foff & LU CTRlRET) % 0.75 Pa,
RF 1% 150 W IZ[EE L7,

EDX HIE TH S 7= D NiO £/ 433 ZnO E /L4
. MgO ENGROBFRER 17U/~ T, MgNiO
TIEEER 2 BN S 7248, MgO BRI 35% U Tl
L7225, NiZnO I TIE~X Ly FOHEINZ LY ZnO £
JVOEERIL 65%HTE THIM Lz, ZHiE. K 17(b)aRT
X512 MgO & ZnO D Z/8y B L— b DEWAER LT
WHHDEEZLND, X 18I T L 912, NiO il
TIFREEPIR TR/ T 173102 Qeem & 72> 72728, iR
ER IR & B 12 NIO /L4y A I W E IR R HT =R I3 N
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i 2R Uiz, HEBIsRIE MgNiO J#5EC 7.17x102 ~ 2.89
Q-cm. NiZnO % T 1.16x10'~2.69x10' Q-cm DfE % & -
7o £720 7 U NiO B AR CTH|ITRZ LT 5 & MgNio
£V b NiZnO #IED 7MKL 7e M Z 7 L, EiRE
WHENS AN R¥ Y v TR LT & 2 A, X 18(b)IC
AT LT, NIO DR F¥ ¥ » 7 1E3.74eV & 720 NiO
E VPRV N A7) 2 AR L7z, MgNiO D/
v R¥x v 71%3.63~3.81eV, NiZnO D/ R¥ x » 7%
3.74~4.13 eV O TEZ &LV, R L NiO E/LGFET
MgNiO & NiZnO #EDOME % g4 5 & | NiZnO D J5
23 MgNiO i L 0 & K& RAHMHM AR LT,

NiO BEREIRZ — 4 » b~ MgO HifEf IR & ZnO BERE
B_VU oy b KRR Z CRUE L, [FEREA Sy ZIT kD
MgNiZnO 05T 5 % BB L 72, MgNiZnO RO HLFTE 1
8.04x1071~5.92x10! Q-cm D% & - 7=, ZJLiRm T & [
FRIZ NIO €V 43 S DD I RO BR TR T IME A 22 75 L
NiO E/GGHEN 50%L ETEIURIL 2 Qom LT &R
72o [T NiO E/L43% T MgNiZnO i & MgNiO 5,
NiZnO HEOEHIE A kT 5 & NiZnO #IED 533
MgNiO 5 L 0 HAK< 72 5\ 27~ L, MgNiZnO D
fEIX MgNiO 5 & NiZnO HIKOEOR Oz & 5 Z &
Boynole, BREBEENL SV Xy v 72HIE L
72L& Z A, MgNiZnO DN KXy » 7% 387~443eV &
7257, [A U NiO /L4y F T MgNiZnO il & MgNiO
B, NiZnO #HMEDOE % g3 2% & NiZnO KD J5 23
MgNiO #E L VU & & < 722 58\ 27 L, MgNiZnO D
fEIE MgNiO #f & NiZnO HIKOEOR D% & 5 Z &
NGy IS T,

PLEX Y NiZnO 72 & NZ MgNiZnO [E~7 2 pn $#4
TEERAOMELE L TENREZRT 2 EBnhol,

3. F&H

2022 HEEE TICAEA T AW £~ 5 &
MgZnO KD I A | CVD itk & = F >~ fih#d RS-MgZnO
T T ORMEEAT o 1o, AEEIL, SR T EEOF M &
1ToTce SMTETRRITREL O E 146 nm & 168 nm
TENEI 028%& 0.75% & 72 o7, fRHTOFEF, RS-
MgZnO F I8 2> B FtH S 372 & (i H> S SR ~H v
H L7272, B E RIS bR fUT 61T 5 LI
LU, RO HLERZE LR T LEZZ ERghoT,
HED HLDOTRIZED SRR OM 3 RIAE
b, R & R OB RMGEEEICER L, lERICHR
BB EEALZREZITo72, REICLVEROEY
A I RARKHIED EMERI L7, A h—27 Ak 7 b
12 0.1-0.2 eV IZIKJE L, =R THE T 187 nm ORI E]
W& A7z, 2 ZMED I A MR A RN £ 72 1328 B ©
X% 3IXAFMCVD ¥ AT A HHKHEEHELIE, RS-
Mgo.92Zn9.0s0/MgO % E &1 7 1 i& D XRD 0-20/%
B —NZE VT I7A4 PE—T7 PNBI S, ML
VAT LN EEBEOREMEEURICATH DL Z L a2k
FAEL72, AL RN L D n ADEFEMEHIEZ1T 5 LT,



Al(acac)s O FUEHATE T 72\ USSR 2B 1 2 FAEK
JEDOHIE SR & 72> T D, BRI 700°C D E % |
YT X E LR ARET DI LT, Al BEZBINSE
HIENTEDLZ LNy oT2, RS-MgZnO %M L7=
LED PR OB & LT, NiZnO & MgNiZnO 12 L% p
ROEFEMSIENCE D AT, & TOMBT p BYSE) fe
REN, 1.16x107"-5.92x10" Q-cm. D HiPH T D p B=EH]
BNz LT,

Mo

S AR CVD REIZEHLTIHE W20 iR
e e s G NITA 1§ PN o /1L N 2 C O I S TN
2 BB IEGHR L LD, RF~ 27 % b ass
o ZAZBI U T D TR 72 T2 Bt RS 3, 28002
W= LET, DFT #HEIC I IR 7o BURUHR N S H A AF
gt v 2 —(BUE & ILRSLRF) O K R — 1 I R
LEJ. EHPERFMICE L C IS THW - THEBRERFEAR
BRI L BT E3, FRETICHh=0 B L
TLNTZRFFEES « B LPHI0E L% R/ NIA
KEBEAM, AR IEH B L £, A0 —HIL,
JSPS BHiJFE: 22K04952 DB % % 1T TiTtbhi=,

!
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Synthesis of helically chiral compound by asymmetric organic catalyst and their anticancer activity

Eiko Yasui, Department of Chemistry and Life Sciences, Kogakuin University
Naoya Kumagai, Faculty of Pharmacy, Keio University

Osamu Ohno, Department of Chemistry and Life Sciences, Kogakuin University

ABSTRACT : In order to synthesize helical compounds, the substrate structures and
reaction conditions that facilitate the progress of Fischer indole synthesis were
investigated. As a result, it was found that alkylated hydrazines and cyclic ketones
facilitated the cyclisation reaction. Based on these results, the synthesis of helical
compounds was carried out, but no improvement were found. The method for
asymmetric synthesis of helical compounds also needs to be reconsidered. Regarding the
cell growth inhibitory activity of the compounds, the helical compounds derived from

benzothiophene intermediates were found to be the most active.

1. TC®IZ

1.1 ANJE2[2DO0WT

FERMESZEA L CHR Y D AMEE T 01
ANV EWS, RUBVROLDLEDL~NY D
9h, BMRATOLERTF U FA~—& LTHFETE S

HOIE, NB VRN 6 A Liz6l -~V ' TH D,

LEABEDOBRE HEXBITHICE, HEE (P e
Bx (M) »EHEBIT S, AEYICEER LR LT
micHETe b O A FEE (P, EFRY IR LR ST
FaciEe b o iEEx (M) Lvwo (Fig. 1),

WA, RNUBVBRUADOEZSER 2 HE S~ T
BB DOERIELEAMITORTEY, 2095
MR F42HTHF 472 rBaae~U ko 1103,
DNA o7 v 2 7RG L THEIEZRET 5720, P

ARIE TR D AREMED D D T LR ST, 1]
DAYy 1 E, FEEOLD (PA) LEBEOLO
(M-1) & TIRIEEDRRY | EEEORBT AT
EEMEEIET S (Fig. 2),

P B-AYEy M
P m=ayey M

Fig. 1) [6] =~V &>



Fig. 2) HILLREH LIE~Tr~Y £

1. 2 CNETOHEKR

ZNETIZ, BHEARIED 4 DEREITV. HFIL
ToF o FA~—2 5%, MRMEROR TR E
HEEZRAE Lz, $72bb, 28— Y7 nE IR F A
T QEBEDO n—TFNVVF LT FAL LI
2, 2UBOUT YT AT L2 ZNMLTLAEY 3 215
Too THMEBMSMTICMA L CORARMEEET S
BALRA AR LI, 413X TV T 2 HWTHEIL,
TnEnNozFrFAw—L LTHEE,

MeO,C CO,Me

w}“fhf&N

Br -BuLi (2
_ nBulieq) .\ Ph  NH
Resviirec 9
Ko
S
3
MeOOC pppp COOMe
SOCl, HN ~ ““NH
Oy
reflux
S
4
/

Scheme 1) & AMNRILE D E K

AHZEOBRID 120, HEARIEY 4 2 FRFHERK
THZETHDH, BIEEK LI REME A2 - RES
WEBGT LIS, 50 & ZAERTE TR,

Flo. AR LT BE ARILA Y OfM i G5 FH ETEE &
FHET D NG D 1 OOHMTH Y, ZOIEMEN(+)-4
EEARBITERHD Z ENgno TS,

2. bEAREEHORIEEHORE

2. 1 Fischer 1 F—ILEBOEE#EE L RIE
EHDRE

BB CEAL DRI
TRVEEZ ML EHV EmIRTIME L 72 & BRE 3 HETT
LW ThDH BT, 22T, BOBEZWEDL L,
O TE BT IEVEEE C Fischer 1 & R— /L& K &E1T

RFULEN LR B RWRK & LT,
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D RMERF LT,
NI A=KVl ==L KT § L,
BIRT b TChLB—T T 6% 1 HED IR
EEBICHRIBTRIGSE & A, IR 83% TERALIKA
B o7 (Scheme 2, K1), V==Lt kT8 L
B—T 7m0 ZAROFMNTRICEELLEZA, B
bR 9 DULRIT 43% TH > 7= (Scheme 2, X 2), X
IZ, R I—RRU UL T =)Lk RS U5 L8Ry
Fo10% 1 HED MU AEE EBITRINISETZE 2 A,
SR TR < R HEITE T, INEGERYE T CRILE 11
W RS LT (74%. Scheme 2, 3), 7==/t KT
T8 &S M0 TR, AL THERIBIK 12 OYLHEIL
30% Tdh -7 (Scheme 2, X4), ZiILDDOFERNE
Fischer £ > K=V AR ClE7ArFfb L7 ==Lk
RV Egikr b EHWD & B0 TRIL
BHEATT 2 Z &Moo ie,
O
TsOH H,0
‘qu
toluene

nt,25h
83%

O
: : )
N. TsOH+H,0 HN

NH, (1 eq) =,
©/ (#2)
8 toluene
rt,25h 9
43%
|
(o}
10
N TsOH*H,0
“NH,
5 toluene
(1eq) :
reflux: 74%
. 9
H TsOH+ H,0
© “NH, (1eq) (zte)
8 toluene t 0%

reflux: 30%
Scheme 2) Fischer 1 > R —/L &R D BEEREE & s S
DR

2.2 EEBEOEHBD NFI-KA2ILE

Btz b5 i Mo fEt (Scheme 2) (2B WT, 7
U—bb RZ VD7 ¥ ukid, #BEEEZ LT <
THEDIZENTHDL Z RN mholelod, {bEWm3 %
NTG A= RV L TRIbE T2 72, LarL, Y
Mgz 5 BEAWTIMEL TH, BRbiTe<ET LA
72 (Scheme 3),



MeO,C CO,Me MeO,C CO.Me
N Ph ('EN NaH N&\/Ph N
l ! ) l

Ph NH — )— N Ph N
HN o
O g L0
S 26% S
3 13
I
MeOOC pppp COOMe

TsOH H,0 (5 eq)

N S = N
reaate ResvRe
S |
|
Scheme 3) /X7 I — RO F

2.3 HEEBENEHO FTU—-ILEFZITDD
=)0

Bk A2 -7 fE (Scheme 2) 128V T, B
R b ZHOD ERIEDEITLOT S D 2 &3 gh
ST, BT, XUV TFA T2 VBREFETDHE KTV
14 % GT D2 EMTEAULBIRT P e BRIEESED
ZENTEDLED, BILLROT D LWIFFTED, L
ML, b RTY U OMBES AR Lz, BRoOE
NI aGD T ENTEn -7 (Scheme 4),

Ph

WG’S‘;W

Scheme 4) b T UL AR OME!

2. 4 EHEREOEHQ I XATIILIOEH

KT RTILDEBEEERT S ETRIEDEI Y
FTEIZELAR NI EREE LTz, hILAKRVEE16. 7
T R17, ZILa—)L18 &R L TRIEZ T o =A%, Wy
ThELREITET LAz (Fig. 3),

HO,C COH PhHN._O O NHPh  OH OH
Nz\/Ph AN NL"“ ;\[N NLPh N

|
‘ Ph NH ‘ NH HN Ph NH

Y Ph
16 S 47

Fig. 3) K= AT L OGS
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3 LEAREEYOMIREEREEME

R MNFAT = VBRELDMAEWHB LT -4, X
VYT T VB E B OMEMH) B L OG) 19, 20, 21 I
DU, I FERH ETE M 2 HeLa MfE 2 AV CEEI L
2o BEARICEWIZ, FTNLDTLEHNTENLEN
DRPERITHEI L TH W, ZORR, oYy 75 08
F0 RV T AT = VEROTNAEIRENE LS . FEE
EREOILEHDO TN, OO H 0 L0 HIEMENTR) - T2,
F7o, EENERIRICES T L, EEMETF L,

MeOOC

COOMe MeOOC COOMe

Ph Ph Ph Ph
HNi\\i i/;NH HNi\\i i/ ;NH
S S

T
G

-4 ()4

MeOOC COOMe MeOOC

Ph Ph
HN ’ ‘ NH HN
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Ph Ph COOMe

H

QD/
LIS
-
I

N
©
T
T
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©
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O o Ph
H H
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SSsVs
Ph o Ph
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R A G L M & B A L 7Y L

HN

¢ 1

Fig. 4)

L AT, BEHOWERE TITIE N— A F /v —Azal7]
~V 'y 24 ODERIEERHESLL, ZOWF v F A~ —
OFMfREEFE R EVEMEIZ >V T, HeLa Ml H W TlRAE
LCW% (Scheme 5, 6), [2]FDfER, EltENH %
RUTALEY) 24 DIFH 3, FEXRENOZ R LIZILAEY
24 L0 LIEESEN, EVWIKIRTH o2, LAY 4
LB 24 TiX, EHLLIENERGHOZ ST A~
—DIE S D, FERENRC)O S O LY I L E T
MERV, EW ) Andm L T, BENRE DS E T
b Eno T, AN BUro&REGARRLCTHD LT
BT RD Z LR TE 20D, bEAMEE & HLE
MDxF TR TTIREIZENRTH Z LB L
TWbENR D,

O COOMe I OQ
O L =L o =
COOMe
N
H 23

22

| O
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o-zZ
I

O O ) O O
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O Q NQ Q

H N
|
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Scheme 5) N> A F -7 H[7]—~V B DERK



we we

| |
CH, CH,
(+)17 ()17
ICso = 91.7 uM ICs0 > 100 uM

Fig. 5) N- A F -7 H[7]—~V & > DiFMEA

4. FEO

S¥ARILEME AT 272912, Fischer 1 > K—
JVE R ETT LRod < 72 B AE S B X OSSR GMF 5 R
L7z, ZTORE, T Lize KTV &8RS
M aAWD EBRLSUEREITT LT N2 LR o Tz,
ZORRE L LITHHARICEDDEREIT T2, B,
R A RHTICIIWE SR o T2, SHARIEEWDOR
HERIZOWTH, TOHEEHETILERD D, b
B OB EIR IOV TIE, RV F AT 2
BREKD B ARG D IR bIRERRN 2 & 2 AT
R

2 % X M

(1) A Chiral Wedge Molecule Inhibits Telomerase Activity;
Ken-ichi Shinohara, Yuta Sannohe, Shuji Kaieda,
Ken-ichi Tanaka, Hideji Osuga, Hidetoshi Tahara, Yan
Xu, Takashi Kawase, Toshikazu Bando, and Hiroshi
Sugiyama J. Am. Chem. Soc., 2010, 132, 3778-3782.

(2) Synthesis of Azahelicenes via Friedel-Crafts-Type
Ring-Closing Reaction of Axially Chiral Compounds;
Sonau Oikawa, Yuki Utsugi, Osamu Ohno, Eiko Yasui
Asian J. Org. Chem., 2024, 202400128.
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Activation of Mammalian Chitinase and Application of Chitooligosaccharides into Biomedical Research Field

Fumitaka Oyama: Department of Chemistry and Life Science, School of Advanced Engineering, Kogakuin
University
Yoshiyuki Adachi and Daisuke Yamanaka: Laboratory for Imnmunopharmacology of Microbial Products, Tokyo
University of Pharmacy and Life Sciences

Masahiro Kimura: School of Bioscience and Biotechnology, Tokyo University of Technology

ABSTRACT : YKL-40 is a protein similar to chitotriosidase (CHIT1), an active chitinase, but, in contrast to CHIT1, it
lacks chitinase activity. Since YKL-40 is increased in inflammatory disorders and cancer, it has been used as a
diagnostic marker. Elucidation of the biochemical properties of YKL-40 may lead to elucidating the causes of diseases
and establishing treatments. Here, we report that YKL-40 has lost its ability to degrade chitin while maintaining its
structural frame with affinity to chitin. The lack of chitinase activity in YKL-40 has been generally attributed to amino
acid substitutions in the catalytic motif. Therefore, we first attempted to activate YKL-40 by introducing A138D and
L140E mutations at this motif generating mutant YKL-40 (MT-YKL-40). However, this intervention did not lead to
the activation of the protein. Next, we aimed to locate the exons responsible for the YKL-40 inactivation by creating
various chimeras between the MT-YKL-40 and CHIT1. Introducing YKL-40 exons 3, 6, or 8 into CHITI led to
enzyme inactivation. In reverse, introducing CHIT1 exons 3, 6, and 8 into MT-YKL-40 led to its activation.
Interestingly, all mutant and chimeric proteins were able to bind chitin. Our data indicate that the lack of enzymatic
activity in YKL-40 resulted from a massive change of sequence throughout the molecule rather than from sporadic
amino acid mutations. The exact roles of YKL-40 still need to be fully understood, but our observations suggest that
even though YKL-40 lacks chitinase activity, it maintains its structural frame with affinity to chitin.

1. IXC®IZ EhETTRATEH, TRENF N NI A VF—F

FF 0L, Bl 4RI L o TER SN T BT (Chitl) &maPE¥FF—+¥ (Chia) @ 2 FEHDOFFF—
ND-Z N aV I VEMORY v—ThH Y HiECR R ERREHLTWD [6-8],
DOIVEHR, TFAEMBROI 7 a7 4 Z U T BEEBEOM XFF—EEEH X7 E (CLP) 13FFF—FIZlT
JuBEDHEERL Y TH D [1-3], ¥ FF—FiL, FFD WABMN X FF—BiHrEiER (3, 4, 9, 10, CLP mRNA,
B-1. 4 70 oy REEGEMKSRT 51, 3, 4], 135 BRI BLLOHIINE, 2 < ORIEMELR B THE S
HIIX T 2GR LAROR T F—EE2 5L T\ D, nTws [1, 4], =7 A% BRP-39 (Chi311), Yml (Chl3),
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BELO Ym2 (Chilld) ZFEBLTHA, & M YKL-40
(CHI3L1) L TN YKL-39 (CHI3L2) ZFEH4 5 [11-17],

YKL-40 1%, WS, 12MERAZEMEGEE (COPD) . RIEM:
MR (IBD) , 7 /b o — AR FREZE | 7 LY A~ — 3,
BRONWATRELL~LR#EINT 25 [18-28], Lizdi-
T, YKL-40 [Tglr~—h— L LTHE T, oA
FIREINEESND & 2D ORBOIRFIEMNIC /e
HAREENH D [3],

YKL-40 1X., i FURIC k3 2 BAE, PURGEE M & OV
MAEREIGE, RIAE, B X UOHBER ICBW TEE 2%
E & R7-9 [29, 30], XBIZ, YKL-40 1, 7K h—v
A AT T — NEMAL, BBEEE, B RET M2 <
a7 57—k, Th1/Th2 RIEANT X, T6F-B1 %
B, #RRAmE 00) e X, W onoEwEN T e
TAEMET D, b7 ADELLIEL, A H—
oA %13 ZREY T 2=y b a2 (IL-13Ra2) #K1F
PEA D =R L% LTINS, YKL-40 (T2 b
DEFITHT AR L O OISE BV T EEARE
e R -3 LA S Cwd [31, 321, YKL-40 1,
EE w4 2 219 (TMEM219) . A L2 F o 3 (Gal-3) .
CD44, ~XV > BIOXF U EMHAEERATSZ &b
EnTWwWa [11, 33-39], L7=23-> T, YKL-40 OEW#
HOBERE & TEH A U = X NIFTHFE SN TN D03, ZO&E
EMRAERDIFE A LT ERERERTIMP SN TN
[31,

FHEOXFF—E & CLP 1L, 7'V 2 Y VIK o fidfE
F077 IV —181Z)@T 5 [9, 10, 40, 41], YKL-40 &
CHIT1 Ofiif: K X 1 > (CatD) DM DT I/ FEEF D[R]
— Pk L. ENER 53%, T1% 7243, YKL-40 (2%
XSS —BIREN 2V, AU RIS, ISR T
(D138, E140) @7 I / FRiE# &t LT, fifieF—7
@ YKL-40 (A138, L140) ® 7 2/ Be@E N L2 HINTH
HEFEZONTE [4, 9, 10, 42, 43], YKL-40 D4
{LFROPEE ORI, B9 5 5B o R R AR B RTR R Ik
DFESIIZ D7D,

A ORFZED B IE, YKL-40 O ¥ FF — PG ek
DRRERESTHZETHD, ZORBNDZD, YKL-40
DT — 7127 I /AR ZZE AL, T YKL-40
& CHITL CatD BlAINDREREINDFAT X NI HE
R L 7=,

2. EEBRMELL FiE
2.1 REBE TOD YKL-40 X7 # — DS

t R YKL-40 1%, AR s S 417z & 9 12 [44] (KOD Plus
DNA R U X —F & BamHl 35 X O Xhol OFEFEEINLZ T
VH—EeTHEFN AR VAF RS T A~ —EHEH LT,
<~ 7 A JikEAE D cDNA 7> 5 PCR I X 0 H9E L 7=, BiE S h
7= ¢DNA % BamHI 38 X O Xhol THIWF L . pET22b/protein A-
P AMCase-V5-His [45] DIFE UENLICZ m—=2 27 L
7= 6= 77 A3 FDNA (pET22b/YKL-40/V5-His)
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DO IR & M8 L 7=, MT-YKL-40 8 X °
MT-YKL-40-CHITI CatD ¥ X Z %, 7T 4 ~—MEiLEE H
NI ZEERIS B N OB SE L 7= [46],

2.2 KHIGHE CRBL UMM X CHITL 33 X O YKL-40

E. coli D% Protein A-CHIT1-V5-His 3 2 OX Protein
A-YKL-40-V5-His OFM & fEHLI%A | Ni Sepharose %
T, BERICiE - TYTo 72 [44],

2.3SDS-RYTZINT I FFAVERKBBIORY = X
o 7uay k

&R AL, SDS-ARY 77 U LT 2 R LVER
VkE) (PAGE) ZAEM L T/rBEL., Hiv T, Ht Vo-HRP E /
sa—FAHiREFER LIy 2 AX T ey NTRITL
oo AL 7y NI, BIEEFEOHE RIS T, 1 2
— 7 F 7 A ¥ — (ImageQuant LAS 4000) ZfHH L T4
sl OER LK,

2.4 ¥FF—BEHEE

X FF—EEMEIL. EREE AN B-D- N, N-UT
tFAF LT RN (TN RY vF) & Mcllvaine
Ny 77— (0. 1M 7 = gk L OV0. 2 M Na,HPO, 5 pH 2. 0,
5.0, 7.0)T.37° C T30 4MA »FaX—k L7k [47],
&7 4-MU OB YT, bR 365 nm, LK E
415-445 nm T, GloMax® Discover System GM3000 (7' &
AT EEHA L THIE L,

2.5 ¥F UIEATEHERIE

X F UREATEIERIE IR, BERICHE > TIT o 72 [48, 491,
FF L= H T LH T LOEHIL, Mcllvaine /X
77— (pH7.0) BLT0.5MNaCl ZfEH L TITV, b
ALl H R TEIE, 8 MRFE / 2%-SDS / 2.5% 2- A /v
AT R )= VR THEE LT, Ve AZ T ay b
TEAT LT,

3. RLBE
3.1 filfitEF— 7D A138D $5 L O L140E E#: T YKL-40
IEEMER LR

77 2V — 18 T F—YOfBIERICE T 2 il
F—71% DXXDXDXE THh 5 (I 1A) [9, 10, 40, 41],
—KIZ, ZOFEF—TND 138 fird 140 (LT X /R
RN YKL-40 OXFF—BEUEZRD TNDHLEEZS
NT&E, Trld, 73/ BEEH A138D B L OVLI40E %
MAT L Z LIk, YKL-40 DZERA (MT-YKL-40) %
FAEL7- (K 1A), B b CHIT1 CatD, WI-YKL-40, 35k
O MT-YKL-40 &, KIBE A28 H L T Protein A B LW
Vo-His # Z &b 7L LTRRLE [47],
INGOMMZZ L RTEDXTFF—BIEE iR 5
oI, HRBAERE 4-AF LT R_Y T2 UL ),
N-PT®FNL-B-D-F F AT K [4-MU-(GlcNAc),]



R0 % pll THUG STz [46, 47],

CHITI CatD }%, pH 5.0 BL W 7.0 THEMEAE <, pH
2.0 TIHIEMENIEF & - 72 [50], *HRAJIC, WT-F
L OYMT-YKL-40 X, £ D pH G T F U s % 5=
Shmole (K1B), WIS, EEGRO RIS, fHH#L 2
YKL-40 & L 78 7 BN F o LHBEAERA TERW=HIZ
FIEEZ SN D ATREME 2 BF L7z, PIAME YKL-40 O3
F o ~OFEEIT IS STz [38], Fex b WI-YKL-40
& MT-YKL-40 OB FF KA T D 2 & 2R L
72 (K 10), VL EDOFEEIL, YKL-40 IR 5% FF—F
ISR INE, BRAF SN AEE F— 7 123815 2% HifliZs
T BERIIELDLOTIIRNI L EREBL T,
TS OFERIX, YKL-40 O ARTEHEACIZ B 57 A o JFA
BELOFEER LTV (K 1D),

V5-His

Signal sequence  Active center )

CHIT1 S8 L
[Proteinal | Catalytic Domain

Catd
L—— cHIT1 cap ——

120%

100% .

< 80%

138A 140
[Proteinal_ | Catalytic Domain

—— wryki40o ——
e 138D 140
YkLuao HlProten Al " Catalytic Domain
MT-YKL-40 ——
DXXDXDXE

WT-
YKL-40

Activity (%)

CHIT1 126 FLRKYSEDGLDL?NTYPGSQ 145

CHIT1 WT- MT-

YKL-40 (GHDGLDLAWLY PGRR

C D
CHIT1 CatD WT-YKL-40 MT-YKL-40
1.2 3 12 3 1 2 3

CatD YKL-40  YKL-40

Activity
Chitinolytic Chitin binding

Active  Active

kDa
75 — CHITY 138D140E

= sew Tme & CoO

50 — WT- 138A 140 L

Inactive  Active
37 — MT-
1. Loaded 2. Unbound 3.Bound

1. YKL-40 ~D7 I / BRfEH# A138D 3 & TN L140E DEFA. (A)
KIGEE THEL L 7= CHITL CatD, WI-YKL-40. 35 J OFMT-YKL-40
e & 87 E oA, WI-YKL-40 12 A138D 35 L OV L140E %
AT HZ & TMI-YKL-40 ZAEEE L7z, 7 2/ BRESI Oy
F ;B> 7 CHITI CatD ; ¥, YKL-40 f2%1, (B) d0OCHE A4l
ALz 2 o 7D XFF—PIEMEO R % pH kT
TOkER, 7770 :pH2.0, % ;pH5.0, 7~ ; pH7.0, ¥,
ARG E LCER LT, =T —"—(%, SEOEVIEL
AT ST —FEROWEEHESD 2R LTS, () FFre—x
WZRT 2 ar ey N ORI EORE DT, pH 7.0 D5
PEFCHE LN RESRE R LT, SDS-PAGE THREAZ v X7 B %45
BEL, = AX Ty hCHOMT LT, L—2 1, B— K
Ty =2, ERESE  b— 3, A omE, (D) KB
BLUCORBROEL,

3.2 YKL-40 ¥ F F—BiEHOBERIT, HFOEBOER
OEICL>TH &R EIND

YKL-40 O ARIEMACICE -3 2 8 A IR E T H 72 DIT.,
MT-YKL-40 (RiEPE) B L OVCHITL Cath (J&E) 1255
W ONDHF AT HZ U NTERREF LT (K 24),
MT-YKL-40 {Z CHIT1 CatD exon 8-10 Z A L7=% 2 F C1
1T RIEETH 572, YKL-40 exons 3 B L4 & F
THXAT C2 BIFHE RIS o7,

STREAIZ . CHITI CatD exons 3—-7 8 L1 YKL-40 exons
8-10 Z¥oF AT (3 (L. Chitl CatD &l L THF
F—BIEVEDME > 7273, pH 5.0 T CHITL CatD @ 28%,
pH 7.0 T 13%DFFF—EyEMEZR L7=, CHITI CatD
exon 3 BLW 4 ZHoF AT €4 Tk, FEFEITHEOR
R FIBE7R 5 v ARG AR L7 (pH 5.0 "C CHITI
CatD @ 1.5%, pH 7.0 T 0.4%) (K 2B), L7=23-7C,

49

BT 7 v 2 = 7 FMIFZEHE 2 (RE)

exons 3 & 4 O YKL-40 OARIEVEAL O E /2 FK T
B EB Db, FIRZ, exons 5-10 DALY FF 4
FRIEPE DI H G L TV B ATREMEDS R E N7 (M 2B),
RIEALICH T B exons 5-7 OREGEMRIAT 572012,
MT-YKL-40 @ exons 5-7 % CHIT1 CatD (%X C5) (Z
BEE#z bN-F AT, £721F CHITI CatD ¢ exons 5-7
2 MT-YKL-40 |[ZE & X HA7oF A T (C6) & S HITHE
FLE (K20, ¥ AT COUIIRIEHEDOEETHY | exons
5-7 MNFTFF—BIEMEZEIENC LI L ThignZ
LA LTV, —J. 06 TIE. MT-YKL-40 @ exons
5-7 A% CHIT1 CatD Z52RIIARIEMALL7Z (K 2D), =
NHOERIL, 57T —BIEME RIEELT 5 R R G
73 YKL-40 53 FRARICHFET 2 Z & 2R/ LTV 5,
A

[3 @ slel7] 8 [a[w] '2%
MT-yKi4o [
c1 T ¢ ™
c2 500 el
T 40%
oHIT1 cap [

20%

cs ) I IW
0%

YKL-40 CatD

C

120%

3 [4[ 567 8 910 100%

MT-vkia0 [T

®
S
*

< oo
T e
CHIT1 CatD | <
20%
ce [T
0%

MT- CHIT1 C5 cé
YKL-40 CatD

2. ¥ A F K% AV 2 MT-YKL-40 O RIEHEILRER OKE. (1)

MT-YKL-40 & WT-CHIT1 CatD & 2 F % L /X7 (C1-C4) OFE

[%], CHITI CatD & MT-YKL-40 ® =2—F ¢ > 7 81T exons 3-10

TR & D, & exon DY A RIF AT ORI KD FiZRwL

Tmo T2 ERECHNIESYT - B2 7 CHITI CatD ; 7. YKL-40,
(B) 72 % pH 41 F T MT-YKL-40-CHIT1 CatD ¥ * T & > /%

7'& (C1-C4) , MT-YKL-40 ¥ & OY CHIT1 CatD & ¥ FF—BiH ML,
(C) MT-YKL-40-CHIT1 CatD & £ 7 (C5 3 X1 C6) DA,
(D) C5 3L TRC6 DX F o A fRTENED L,

3.3 YKL-40 exon ®® CHIT1 EME#H|~DHE
FEARARIEMALRN R %2 FFD exon ZHFET HT2DIT,
CHIT1 CatD Offl # @ exon % *fiind % YKL-40 (2 & 2 2
7% AT C71-Cl4 Z/ER L7~ (X 3A), Exons 3 (C7). 6
(C10), BLV 8 (C12) DEHIT LY | FTF v oG
MEIEFELEIT Iz (pH 5.0 T CHITL CatD J&EMED
1. 5% &), Exons 7 (C11) 3B3L T 10 (C14) D@L,
pl 5.0 TENZIL 32% BI W 14% UL EOTEHEOIK T %
{725 L7=, CHIT1 CatD @ exons 4, 5, BILWN 9 nN*
NI YKL-40 [ZiEfa Sz €8, €9, BL U CI3 1L,
VDRI H B HDOD, XFF—PiEEEERFEL TV

7= (K 3B),

WIZ, TNDHDH LRI BEOXTF o ~OEFEZ R~
oo TRTOXATHRDEEICHESTEZ (M 30), Zh
5HOFERIL, YKL-40 @ exons 3, 6, BLO 8 & CHITI
WCEALTZF AT H X EIERIEHET 50, T
IZFEG+ 52 %279 (K 3D),



(3 M@sTeT7] 8 [9]40]

B
oHiTt Carp [ o
c7 D oo
cs DIy

2
g
*

o
g
co CIr 7 2 o
H
co [N,
LS B ) B |
cr (I - h
0% I
c13 :I:D:l CHIT1 C7 €8 C9 C10 Ci1 C12 Ci13 Ci4
c1 [ e
Cc D

CHITT C7 C8 C9 C10 C11 C12 C13 C14
123123123123123 123123123123

Activity
Chitinolytic Chitin binding
100 Active

c7z N 0.02

kDa

- . e @ -
- - Active

Active

1.Loaded 2.Unbound 3.Bound

X 3. YKL-40 43 7 DI% & A L2843 CHITL DX FF—BiEHZ
HElF 5. (A) MT-YKL-40-CHIT1 CatD ¥ 2 5 (C7-C14) DIz
X, (B) CT-Cl4 OXF F v pfifiGtE D iz, (C) FF v v —XiT
R DR H R T EOREASHT, pHT.0 DT TH L
TAERCTH D, SDS-PAGE THEG Lz v X EEHEL, 7=
AL vTay MECHHT LIz, L—r 1, a—R¥$27 v b
—r 2, FEREASE ; L—1 3, KA,

3.4 YKL-40 OiE 1k

MT-YKL-40 Z &ML 2572512, A138D 35 LT L140E
[EH#L L CHIT CatD exons 3, 6, BILO 8 #ihr&ie
AT HNTE (C15) BB LT (B 4A), T D& X
J B OIEPEIL, pH 5.0 T CHITI CatD DIEMEDHKI 49% 72
o7z (K 4B), HEHTREE, AT ClEBFTF o &k
Gl Thsd (K 40), FTFF—BIEHRICKRE i
BEBZHTEIRENTWAHRFZ BT S Z LIk
V. CHITI CatD @) 49% 0 YKL-40 DIHVEAL N B - 7=,
ZDFEE, YKL-40 B H XTI DNL DDy DI
KT D12 TR L TE RN E 2R LT

5 (X 4D),
A B
120%
100%
[ JasTel7] 8 [o]40] 80%
MT-YKL-40 [ < o
CHIT CatD [ ] g 4%
cis [ [ITTT T 7] =
0%
MT- CHIT1 C15
YKL-40 CatD
MT-YKL-40 CHIT1 CatD Cc15
1.2 3 1 2 3 1 2 3
kDa i
Activity

75 — Chitinolytic Chitin binding
MT-
- e et @ . N o

Active

50

Active
Sons {Eone Geons

o' (I
catp 100

i— Active

1. Loaded 2. Unbound 3.Bound

X 4. YKL-40 DiEHEAE. (A) MT-YKL-40-CHITI CatD % £ 7 (C15)

ORI, (B) C15 OFF U ffiEkEo i, (C) FFrv—

RRT DY av ey b E USRI EOREE I, L= 1
n— R TL ;s b= 2, EREG I L—2 3, REA ST,
(D) X 4B 35 L U8 C DD B,

3.5 YKL40 (IXF U ~OfEE MR/ T I, IFU0ME
EEER-STVS

Z 2T, YKL-40 ORIEMALDJRENL, a) fAliEFREE,
b) exons 3, 6, BLN 8 DT I /VBREHRTHILZ L %
RLT, X5HIT, ¢) exons 7T BIN 10 OT I BREH
NG L TS EER LI, EbIT, ¥T URHEER
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ATV, WI-35 L OVMT-YKL-40, 732 & CNZ CHITL CatD 35
K OVYKL-40 D% 2 T X L X IR F v ik LT
SHEATDHZEERAHLE, 2D ORERIT, YKL-40 23
FAHEOF T F—EB L LTOT LV —LEHEFL, T
T DM, ¥ T U MR DO B Ko TN D
ZEESREBLTHD (X 5),

Catalyt‘ic motif
D138, E140

CHIT1
CatD

Loss of chitin-
degrading activityV

Keep of chitin-
binding activity

4 5 |67 ] 8 [9]10]

A138, L140

[ 3

YKL-40 -

5. B b YKL-40 OFF UG L FFF—EBREOEER.
YKL-40 O ARTEHEAL O FE 2R X, 1) exon 5 ORMMIRIL (F
B BLOii) exons 3, 6. 8 (HFARYZ X)) TOT I/ IHE
HCThotz, IHIT, iii) exon TH LU0 TOT I B
b S LW (FER v 7 X)), fitllieF—7 OLE %R
WRFIT/R LT, CHITL OfiliffieF—=> (D138, E140) & Z D
7R/ RE S (A138, 1L140) X, TN LR E H TR L7z, CHITI
CatD & YKL-40 cDNA I CHRIF SN TV D exon ZEAWA v 7
AT LT,

YKL-40 & CHIT1 CatD iZR<ITRY, =— Figkix
exons 3-10 Tk D, LL, YKL-40 ILFF o 278k L
THEHEET L0, FF U oMiEtEIRmcER2n, L
Ted o T YKL-40 127 2/ BRik OB OGN THF
—EB L LTOMEEE R, ELMICRTE LS T
ThHZLERLTND,

YKL-40 DN ERBNHRER K- e T TH D GE. T
F—B L L THAET D MLET 72 B 2 5, YKL-40 139E
WICE < OFEBTHIMEZEE L T D DT, YKL-40 DG
7L — AT BN O EEIN D D B %
LN, LnL, ZORENIRHRRNEL ., O
IXEZOMEARICEERT D724 9, Z O THmE Sz
YKL-40 O ARIELaEkIE, & F & E BB ERNTO
YKL-40 OEEIOfRBIAZL D> ATREMED & 5 [51],
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Design of heterogenous catalyst based on surface hydrogen vacancy of metal hydride materials

Zen Maeno,

Toyoto Sato,

Kogakuin University

Shibaura Institute University

ABSTRACT : Catalytic propane dehydrogenation (PDH) has mainly been studied using

metal- and metal oxide-based catalysts. Studies on dehydrogenation catalysis by metal

hydrides, however, have rarely been reported. In this study, PDH reactions using group

3 and 4 metal hydride catalysts were investigated under relatively low-temperature

conditions of 450 °C. Lanthanum hydride exhibited the lowest activation energy for

dehydrogenation and the highest propylene yield. Based on Kkinetics studies, a

comparison between the reported calculation results and isotope experiments, the

hydrogen vacancies of metal hydrides were involved in low-temperature PDH reactions.
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Fig. 1. (a) Propylene yield and formation rate in
propane TiHs,
ball-milled ones, and other Ti compounds at

dehydrogenation using
450 °C. (b) Time profile of propylene formation
rate under controlled CsHs/He
CsHs/Hz/He flow.
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Figure 3. Effects of the partial pressures of CsHs
and Hz (p(CsHs) and p(Hz2)) on PDH using LaHs.
(a) Effect of p(CsHs) (CsHs concentration: 2—-8%,
without Hz co-feeding). (b) Effect of p(H2) (CsHs
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Synthesis of oxide glasses having hyperfine local ordering

Hideki Hashimoto, Department of Applied Chemistry
Toshinori Okura, Department of Applied Chemistry

Hitoshi Kohri, Department of Environmental Chemistry and Chemical Engineering

ABSTRACT : The aim of this study is to prepare amorphous intermediate oxides (intermediate oxide
glasses) by applying high pressure to the amorphous intermediate oxide precursors. In this study, we
focused on alumina and investigated a simple and safe synthesis method of amorphous alumina
porous thin film prepared by electrochemical oxidation of aluminum metal. Conventionally, we used
highly toxic chromic acid electrolyte, and the development of alternative safe electrolyte was highly
desired. We focused on the sodium hydroxide/glycerol electrolyte. By optimizing the concentration of
sodium hydroxide, the amount of glycerol added, the voltage, the electrolysis time, and the area of the
aluminum metal, the most rapid formation conditions were established. The structure of the produced
amorphous alumina porous thin film was evaluated by X-ray diffractometry, density measurement,
thermogravimetry-differential thermal analysis, and solid-state nuclear magnetic resonance
spectroscopy. As a result, all the characteristics were similar to those of the amorphous alumina
porous thin film obtained using chromic acid electrolyte, indicating that sodium hydroxide/glycerol
electrolyte can sufficiently substitute for chromic acid electrolyte. In addition, when the obtained
sample was compressed at 6.3 GPa using a multi-anvil high pressure apparatus, a grayish bulk sample

can be obtained.
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NHBZENMBENTNDTZD, ZNETOMNETIEZ 1
LEREMEZANCE T, T=4 L DRADBREN 20
WA & U CKEBET MU O ARHME SN TS, K
b b U O ANFER LT VI T EREICEET 572
O, EWEIROERINREETH 56, LvL, Ta—
VR Z KIRIET B U T DIZIRINT D & AT 2 N =
TIp D EHEINTND[6]720, AL TIIAKER (LT b
VO LKBRIZZV 2D Y ZIRMLTT VI =0 A4&)R
ZEXALTFRICEL L, @HET LI FRER IR R <
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AR 2y = 7 MR 3 (R)

BoNbEMEEHLTHZ EERFI L, £, IhE
TUX, FIEEO =D OBEMIL E L CGHEEFERR-T & ) — ViR
MR E VT E 0, al, Bt hY U A-x
FL o7 ) a— ) VEMRIKREHEECHOCD FERHRE SN
TWA[8]7®, ZOFENSKFROEMET VI TFTOE
A TE 5089 b E Lz,

2. EBRAE

ke LTHUE 99.99% D7 LV =7 Ak (BT L2
At MWz, BRBICEIEZRET 272D
TR LR 21T o 72, FFEHILIC AN =@ EDO T &
T3 B E RS 2T o 2RI T VI =0 AR
K 60CD 5 wt %DKER(LT YU 7 ATKEHRIZ 20 FF
L, MK THE LI, D% 30 wt%DHEEIZ 60 7212 L
7o, MKTHE Lz, BTLBEZE L7277 VI =7 ARIC
%t LT, 0.1~0.5 mol dm™ NaOH/20~50 vol% 2" U+t VU
(Gly) Efif % FIVTC, 10~160 V T 30 min O & ELEEMH
4TV, ARk L7224 1.0 mol dm? NaCl/=F L > 7'
22—/ (EG) BRI P CEMFIMEL, =R CHEEGRE
w7, o7 3EHE 300°C T 4 FERIMMENT 2 = & Tt
AU, XA#REPTE (XRD), HEERE, ERBZRS I
S ¥iE (NMR), BV E/RZEBGHT (TG-DTA), ~AEER
EVEF(DSC) TRFAM L7z, kD BARIK L LT 0.01~0.2
mol dm-3 KE&{k7 ~ U © A (NaOH) EE#K, 0.3 mol
3 WilR (H2SOs) EMRWL, 0.3 mol dm?® 7 1 AR
(H2CrOy4) TEMEIR, HEFEEE (HClOs, 60%)/99.5% ~ 4 /
—/b (EtOH, 99.5%) IRAEMFHK (1:4 vol %) & H 7z,

3. MRLEE

3.1 {kFrUDL/ZFLUTYa—IIBRIZELD
FERETILITZHEEEDORBE

FPITHBED 72D OEAFR DM & Fhia L7z, SCHERIC
£ % & 0.3 mol dm™ HaSO4 EARIR & F\VN T2 25 V O EEE
wEE 2 R CTAEMR L LA E#EEA, 1.0 mol dm?
NaClEG ¥R & - 28~36 V O EBIE BRI L - T 10
WCHEECTE 2 LR SN TV H[8], [FEEDSpE T
ZIERR L, 36 V CHIBEEBREZITo7- L 25, BB 1
TOIZI2H) 900 A m2? DEFABL S AL, 10 B CrIdgkic
B SIR 720N 40 T CHIBE U 7z, MEAERK O B AR R %
303 ICEE T D &, FEEOMRRTITA 10 B S vz,
HCIOW/EtOH Bk 2 AW =54, FIEEHCI3 %D 0005
728, HIEERF I OLS A 5 NaCVEG B ITAFITH 5
ZEWbhol, EL, FEZROT VI =T LK E
HEBRVEEENTETEY, T2 LRO—E55IC
JAFTHNCERNET L T AT AR SN (K1)
ZEh, TAI=ULAROBRAZELNEZZ O
Do



X1

0.3 mol dm= H>S04 (30 min) %\ T 25 V DEE
JEBfR % 30 34T o CTHRK LT= S FLUE % 1.0 mol dm™
NaCl-EG Ef#E % AT 25 V OEBR/TEM CHIEEL 7=
BOT LI =7 MR

3. 2
&

KEEIEF MU D LBERRICEDSIEFERDE

0.01, 0.03, 0.05, 0.1 mol dm® NaOH &% & T 100
A m? OEEBIEMZ 30 /rHFEMK L7, 0.01 mol dm?
NaOH (2B L i, EMHLAK 1 HBICREBILED LR
il (160 V) (282 L, EEREM S EBLEMIZE
B oz, BMEEE % 0.03,0.05, 0.1 mol dm? (2 k& &
wHE, EFEENENLTINIG6 12,05V 780, EF
RO ERRITHERR S e o o, TETRIFEME T I R
OERNREE T D Z LB bhroT,

1000

€00
800
700 | 0.2M

600 |

01 M

500

400

Current density / Amr2

300 |

200

100

0 5 10 15 20 25 30
Time/ min
2 0.01~0.2 mol dm? NaOH FEfiftii % T 40 V D

EEEEMZ 30 5 WAT - 2B E R -FFF AR (0.2 mol
dm? DA 10 V THEfiE)

&IZ 0.01, 0.03, 0.05, 0.1, 0.2 mol dm™ NaOH TEfifik % H
WT 40V OEBEEM (0.2 mol dm3 DF 10 V THEHE)
% 30 /M EM L7z, X2 (B R iR 2R, EHE
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=i

DA 1Y = 7 M E (RD)

BICEHRO FRETH S 1000 Am2IZEL, EBHRS N
L# 5 Sy LARR Tl i R Lie, FBRERRLA 5 ik OB
EIXZFNZNH 50, 120, 200, 500, 660 Am2Th Y &
FRIRIBIED LR L L HICERMEDS EF Uiz, EiRE
HE7/ - 72 0.2 mol dm™ NaOH EfRE CEM L% DT
NI = ARONMEREZX 3 IZRT, THoT7T LI =
U AOFRNEMET & FRRICTHER S W= Z & h D, ARk
L= B EEN D THEWZ RN bnD, vk, Kk
b7 b U o NEMREE W2 ERICB W TEMATE O
pPHIZIE & A EZBL Lieh o7z (134542 0.1 Ki) .

X3 0.2 mol dm™ NaOH % T 40 V DEE/EEM %
30 RfT - 2B O T V2 =0 LREI O

PLEORER NG, KER(LT RV » AHER BT Z
T, THRESOBEEZED Z LIIREETH D Z LR bn
v, ZHUTEATHIREOMERNR6]E bR —&K LT,

3. 3 JKEEFRUSHL/F)EY VESEBRKIC
KBS EEEDIER

SR 6 BB L COKERET MU U AEMRR O
MENFAEND 7Y BV v Z2EBMRE~OFMA & LT
Mt L7z, B 412 0.2 mol dm3 NaOH Ef#RIZ 7 ) & U
> %0, 30, 40, 50 vol% AN L 7= Mk % v CE T
B 2 AT > B OB TR-FE R 2 T, BEIXENR TR
10, 40, 80, 130 VIZRXE LTz, S OBWMEEIZENE
UK 660, 280,200, 40 Am2CTH Y, 7 Ut ORINNE
OV EEZES<RELTWAICHLELLT, &
FRAEIERE <D Ui, KOREELL 20°C T 1 mPa s (2%
LCZ V&) OREIX20°CT 1389 mPas THDH, 7V
YOI &> TEMBOKED L5 LERBEE
HETT2EEx6ND0, 7V roRck-
TEBMESKIEICHD Lz EEZ BN D5, X 51220 vol%
D7 VY CEBRMLUICEREE AN CEMREITo 1%
DTN =0 ARBIONRAE 2R3, X3 LT 5
EHLNTH DN, ZU RV BRI LI ERIKR CER
LT A =0 AMRIFHEEZH N TR EREL 2o 7
ZEERBT LR E o7, VR VRIS KD E
FRCRGFE D LA Ko TKEg(kT N U ¥ A2 K DD
FIEMER I SIUERELS ool & B X b D,



1000
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[ ]
o
o

0.2 M NaOH

[0 - |
o o
o o

Current densty / Anmr2
[41]
o
o

400
300 M — N .3-0‘\’0'%
200 e
100 ' 40 vol%
50 vol%
0 L i i i i
0 5 10 15 20 25 30

Time/ min

4 0.2 mol dm3 NaOH |27 V&V » % 30, 40, 50 vol%
WL 7oA % VT 40 V O EBIEEM A 30 41T
S 7B OB E-RE e AR (B & LT 0.2 mol dm™ NaOH
BIFRORER I L TV D)

% 5 0.2 mol dm? NaOH/30 vol% Gly Efi#{k % H\ T 40
V OEEEEMRE 30 DRIT B OT VI =0 ARk
DIV G HE

KERILT BU T AA~D 7 VBT ORI L - THE
MESHR DGO LTl ®d, RBEFER SAEHEEN L
T DS AR LTz, ZOERTIZT LI =7 A20
em?) 2 #2 % 30 4 MBS L7212 1.0 mol NaCI/EG AR
ZRWT 90 MRIEMT 2 2 & CHIBEL 72 Bz B L
BRI G ICERZRE Lz, EBEN 40V L EOEA,
30 5y DERZIC S VELEE TP EFHEMRIC/R D ETHD,
BIZSVEELX NP EREBIRICRHDE TR LE40V
FTHRYIRL 7 (EREE), KIEOEEEZ 7 /LI =T 4
RO B TR & AR CHIMAL L, ERGHEE(mg em?
hy& UCaMili L7z, 2 OBUENEMEMN (BRI R
X7V COFRIMER) (X TEDL BT S
MERER L, BOEREMRIGRE L 7 )& ) IR A E
D L7, X612 0.1~0.5 mol dm3 NaOH (2%t LT/ U &
U 2% 20~50 vol%ishn L= Bk THE b -2 fUE #
B> A B 2 7, MR AR | REM 720 1T 1
cm® DTV =7 A BICAERT 5L ILEHEECERETH
0, BEEhIKEE(LT MY D ADBETHD, KHE&MHETIE
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WATFZER 7 1 Y = 7 Mg 3 (R5)

KELF b U U NEBRE NS L EMTEREITZD 100
Am2 I ZIEVMEIZ 72 H BT 2t — L T\ 5, £, &
fEREIIL 30 0 Ch V. RIEAZRIT 2RI L Al
WOMEIL 2 ¥ Ch D, EBIEEMERENIITI 2D
V2T BT DS 100~200 Am2 DFEPHICINE D Z & & H i
WL CHEEZEAERE Lz, 77U SRMED 20, 30
vol% & ARG A IS AR Bl B TR < 72 AN & o 72
728, 40, 50 vol%D = RN B AEIk 1 38\ TR % IA <
et Lz, WIho 7 V'Y CEINTEIZBW T b o K
(b R U 7 ARENRH Y, 40 vol% TiE 0.2 mol dm?,
50 vol% Cli% 0.3 mol dm™ CTAAH FE DR KAE S HERR S 4
7o &5 AREENE o 7= D1 0.2 mol dm?3
NaOH/40 vol% Gly I AEfFI TH Y, T DEEOETIT 80
vV Tholz,

- 35
-
a© L
E 3
()
2 25 ¢ 50 vol%
~ 2_ 2
Sast 0
s 20 vol%
2 1 A
«©
E o5t 30 vol'te 40 vol%
L
0 P S S S [N SR SR S S SN ST S TR S T ST N S S NN SR S S S N S
0 01 02 03 04 05

Electrolyte concentration / mol dm-3

6 0.1~0.5 mol dm™ NaOH/20~30 vol% Gly FEf#if %
VT 10~160 V O E BT EM 2 30 5317 - 12RO Z LB
R o> A= B

0.1 mol dm™ NaOH /20 vol% Gly: 40V, 94 A m™

0.1 mol dm™ NaOH /40 vol% Gly: 110V, 131 A m™

0.1 mol dm= NaOH /50 vol% Gly: 160V, 86 A m™

0.2 mol dm= NaOH /30 vol% Gly :40V, 270 A m?

0.2 mol dm™ NaOH /40 vol% Gly: 80V, 194 A m?

0.2 mol dm™ NaOH /50 vol% Gly:130V, 116 A m™

0.3 mol dm= NaOH /40 vol% Gly: 40V, 209 A m?

0.3 mol dm™ NaOH /50 vol% Gly: 70V, 147 A m?2

0.4 mol dm= NaOH /40 vol% Gly: 10V, 195 A m™

0.4 mol dm= NaOH /50 vol% Gly: 60V, 142 A m?

0.5 mol dm NaOH /50 vol% Gly: 40V, 161 A m?

ZZFE TTRE LT 4o TR B AN 2 et L7z
LA, 150D 30 FICEMFMAILR Lz 2 A%
FUE MR O A= RS 0.925 mg em272>5 1.550 mg cm? £
TEF L2, ZRUEE (60,90,120 53) ZIZIEZELL
RN LR, REEMRRIL 30 0 Tholo, £z,
ZOBIFEIIPDEDENT LR TWD, —
U= B 2 % B EA T 2 L BREMK < 72 0 FELE %
B2 ENTERL D28, i LIZERIRORGIE
TERW, £, FURICHYIRLEMRT L Z 2k -
THEIMMEN TND 2 END->TWNDHNR, LB R



DRI ijté“@ﬁ{tu‘mb\of:o AR AE L CERELL
T2WBAITIE, EBRRRE KEICESTEE, RUBICHE
Bov— ﬁ %ﬁw(@ﬁ@7wi:WAWQ@ﬁT@
HILZENFELY, ST, T3 =0 AROME
% 2 %D 40 cm? THgF L72RER, Eifo ERFICk - THE
fRAFE O FHME SR TE RN EREMEHIE T 2
WE WS TSNS D728, Fcim LB EFE L 20 cm? C
bbrZEbbhol, BRKOBAANTE oV, A
HfEEZ KELS TERVWEWVWIXRFAEDHD L DOD, BL
AR A O CIRE R 2 95 Z & 70 < SRR OB
AHETHDLEWVIHIFERH D,

B SR RIE L2720, WiFEEMRIK & 7 v LFEEMRE
KEAREE D A21T > 72, 0.2 mol dm? NaOH/40
vol% Gly Ef#iE, 0.3 mol dm-3 H2S04 Ef#iZ, 0.3 mol
dm-3 H2CrO4 BRI Z N E IO\ T, BURE R T O i
ST H LRI A VERL U A Al FE 2 AR S o 7RG,
ZFNZFN3.10, 4.82, 1.01 mg cm? h! THhH - 7=, S EIGRFE
L 7= NaOH/Gly FEfRIZIT, 7 v AFREMIEOK 3 HTH
D, WREEEMIEOK 0.64 5 THD Z LD, IEFIC
HEORWEMITE CH D Z LB binotz,

3. 4 KEEFFIUIL/T)E) VREAERRT
BHLIEFERETLIFEAEEEOX Y502 E—
YarvsLURERM

KL N o/ 7)) REBMIR AR LT
FEE T VX T L IVE A 300°CTMEA L THEKE
LA S 7212, X BREHTRE, EHERE, TG-DTA
HE, NMR BIE, @EEINSEER % % L7z, X 712 XRD
NP — TR,

H,CrO,

M

NaOH/Gly

L1 L

N PR AR N BT BT A
80

10 20 30 40 50 60 70
20/ deg. Cu-Ker

Intensity / a.u.

X7 KEELT U TL/TY R ARBEMRKTERL

7~ 2 UL BB O XRD /8% —

g & L C o v AFREMR CER Lo EED N2 —
KUV, FERET NI TICEAED 3 SO T a— RipR4
—UhBELN, 7 a ARBEMIETAER LB L X
CRE—2TholoZ & n, Kb NV oA/ 7 U+
Y IRE BRI CER LI 2 AU ERIIIERE T VI )
ThH D& DR ST, 300°C TIEBLAK L 7= 30k 2
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BT 7 v 2 = 7 FMIFZEHE 2 (RE)

\CHTAF a—TF—T 2 AL 2000CT 1 A MEZE
WS EIBICANY DAY ) A—F =& W TEEE
WEETT-> 7, 10 BIREE L 72 FEETE 3.0285+0.0082 ¢
em?® TH Y, 7 v ABEMKTEMRLTZFED 3.0501+
0.0007 g cm? EITVMETH 72, HEHERAEN K E < BE5
FEDSEN /N E v o 7B & LRSI A L 72k
@%ﬁmﬁﬁot(%omg)’kﬁ%fahé 1ETfE
REBEEREL D030 2 b1 g ok
#HET%%&%K%%&%.SLHHHA@ﬁ%T¢O

100
-
TG
99t
= 1
P m
S o8l 3
S .
(1]
o
o m
5 o g
g DTA( 9
96| L—N\\Jt:
95 1 1 1 1 1 1
200 400 600 800 1000 1200

Temperature / °C

X7 KEALFT RY DL/ Y CRAERIETERL
7= % LU MR O TG-DTA ik, 282 TG dhj oo il
TEEBVELZRLTEBY, A2 DTA Ol T M35
ARl TEY, THNRARAZTRILTWD,

TG Hi#r 300°C & TOE BTN AEKOBEEC X 5
HOTH 03 Wt% ThH Y, TILIFEOE R IZTEITK
OB L DB DTH Y 0.55wt% T -7, DTA #h
BRSO D5 800°COPLWIREE — 7 1TFIEME T L 2
FTRLEBRT VI T ~DHEEICEDI LD THY,
1130°CH T 1 — R — 7 1 TB BT VI T D a-T
VR FA~DHEIZE D LD THB[9], 2 b TG-DTA
MR ORHSIE 7 v ABRERR TR LNk FEEI L T
Wiz, K9y v 7L A 2TALMAS NMR A7 kL
BT, REBITENTIVKELFT NI DA/ T RY &
AR I L OV v ABEMRIE CER LTI o 27 |
NThD, IEWET NI FITFHER 2 3 DO E— 7 B3R
Han, #nehnefb®y 7 MU G 4 BiAL, 5 EAL, 6
BEALOT VR =0 MBS D [3], WAL M ViXE
FE—H LTV Z L RIEEIER L TH D Z &b
Nh, ©—7 03B UCEMA L BB U Tk IR b
NUTA/ZUEY T 463, 7RrABET 464 THYIZ
E—EHT D2 RN bhrolz, ZTRHDOFRERENG, KRk
F VT L/ 7YY CEMKCERT D élf%’%f?;w
FLAEERIL 7 0 ABRBEMIETH O LR X
URTESNEZETHZ NN oT,



[BIAI

[41A|

BIA|

1 1 | |

100 50 0 -50 -100
%" Al Chemical Shift / ppm

1
150

X9 KEELF NV DL/Z VR AREEMIECTERL
7~ 2 BB D S v 7L L 2 2TAl MAS NMR A 2
7 bV (R), B3 7 v AFBEMIE TER L7232~
7 kb,

%1 7 v ABEMIER L OUKEB b N oA/ ) &Y

R ERE CHRR LI S UE R O v v v v
ZUTAIMAS NMR 227 ML D T 4 T 4 v THERDS
BONIZNMR RTG A —H— E—T T 4T 4TI

i% DMFit[10]% fv 7z,
Sample Site Siso/ ppm  ACS /ppm CQ/MHz Area /% Average Na.o
Hal 72.81 16.24 87 43.43
H2CrO4 Blal 43.68 13.40 84 49.45 464
Blal 12.10 7.95 6.6 712
Bl 73.76 15.84 9.3 45.36
NaOH/Gly Blal 43.69 12.58 85 46.45 463
Blal 11.57 9.38 6.3 8.19

X 10 KEELF bV O/ 7 0 E ) ARBEMIK TERR
L7~ 2 AU Mkl 2 6.3GPa O LIE & 7= 3Bk oo s
BHE, WEOBERIIN 6mm TH D,
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WEWFEFT 7 1Y = 7 M5 E (RD)

KERAEF N Y 7 A/ 70 & D EMRIRCA R LTk
W LT AT T e EERAELEE A VT 6.3 GPa
DENEZFERBTHIINLZE ZA, KEOE2T 507K
NELNTZ, DX REDOSLTRITT 0 AR ERIT
THERLEHBHZ BT E LN TEY, Kk Y
ENPARING - A/ R=N 3y Al A N1
bé’kﬁ?énto*% VN ol RN )

REEMIE CREE KEICER L, @RI L 58
NI EREED D TETH D,
4. FEO

A CIEIEME IR b E G L, ZOBHIRT
LCHRBTEREAZEHMT 2 Z & TV 7 OIEREE -
feibdy, bbb T o7 A Gk T 52 L% H
e LTWa, 1| FERIET A I FITHLER > T %
Wiz, FEEE TV FOERITABFFED LR &
L7, FESEET NI T OERITIEOREIZ OV T
L7z, BRMICE, 7 v ABEMIKRE BT 57200

ERFE E U CKBLT U oL/ 7YY EMIKE R
FL, EORMEA MG E R, G L7Z# B O Xx v
T H)E—va v EEERNERET R, K
{bEF MU DL/ 7 VY CEBRKCHIICZ v AERER
WEREBERTHLZ 2R L,

£ % XM
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Functional research of archaeal trehalose-metabolizing enzymes and their applications toward
synthesis of rare disaccharide with a-1,1 bond similar to trehalose

Masayoshi Sakaguchi, Department of Chemistry and Life science, Kogakuin University
Takashi Tonozuka, Department of Applied Biological Science, Tokyo University of Agriculture
and Technology

ABSTRACT : Trehalose plays parts as a source of carbon energy and as a protector against
various stress condition. This saccharide has also additional functions in inducing
mTOR-independent autophagy and in inhibiting the aggregation of pathogenetic factors
and reduces their cytotoxicity in vitro recently. Trehalases can hydrolyze trehalose and
the 37 (GH37), GH65, and GHI15
(Carbohydrate-Active enZyme database, CAZy, http:// www. cazy. org/). Recently, we found

belong to glycoside hydrolase families
archaeal trehalose-hydrolyzing enzymes that belong to the GH15 family. To produce
trehalose-like disaccharides with potential abilities, we investigated these enzymes in
structures, activities, and their foldings. 7hermoplasma enzyme (Tvn1315) constitutes an
N-terminal domain with B-sandwiched structure (BD) and a C-terminal catalytic domain
(CD) with (a/a)s-barreled structure similar to GH15 family enzyme structure. In conserved
regions of CD, which constitutes active site, some amino acid residues appear to be
important for exhibiting activity as motif. In BD, aromatic residues contribute to the BD

and the CD foldings, and the activity.

N B ORF RN FFICHEA TV D (1), B RERER T

T ELol= — X ~_— Z (Cazy; http://www. cazy.org/) 2k b &, B

rimo—2i%, 22507 0va—2(Gle) Na-1,17
Nay RfEE Ll 8. Mila~ofki:, A - L AT
PEfF G720 EOEBNEMEE S B Ao b e SIS A
ENTWD, F, TAYNA ~ =R E DMK

HITERHIT2HELH O, EEENEZT ST
LAY IEO 1 OTHDH, —HF T, B MIbL E—2
KD DR 2> CHBY, ERR bbb o —2D
AR D R MR T DI E D D,

hioma—RAEMKGHEL TV a—Z(Gle) #4EL
L b T =i, MR N Lo e — R A 4
95, Trel (DWW Tix, FEAEY (B BER S, MR (K

65

FECRNGE OFESR I, FEE 2 ERESE 7 7 X U —37(GH37)
ROGHE5 I EE NS (B F h AT —BIEGH3T TH B),
— 07, ARG O Trel (X GHIS A X —Th 5,
GHI5 IT1X, a-1,4 Zvay RS & FICKO T 5
IharIT—FGN, a-1,6FEEBICHMTH I
AF XA LT F—F ((Dase) oA Y~/ Z—F¥ Lotz
PEOFEOAEN R IR D A4 U TPECZ O SRE~I BT IE
RAT2WENEEND, Foxld, AFERIELEE & D

O, MRMEMIT b boe — R 2R REYIS O ES 58 OB
F(P T —=B)z R L72(2,3), Z OREE OHERE % 7

B LI, AV TEEKBERMLT LI LT, Fn



0 — ZHAPE DO AR Z R TNB R, FUGH 5 £ < #1T
L7V, &2 C, PsBRISZ2RmEFT 25 hLoa—2 45
RS A W CHUE L, Z OFEE ORERER AW I &
D, Fix OEBERE O OREEEZO TVWAD e
—AOHELFEE AR L, RIS OEBEEE N Lo
n—R L IRRE TS 2 L e RKANE T,

S CIEHHIIS Lo LT —EBD 9 B W
—E 7T A~ JBEESE (Tynl315) & AL 7 4 b R R EEHE
(Sal816, Sal250) & xR ICHEREZFRA L7-, Tvnl315 &
Sal816 [ @G CHREBFMENME < . KT Sal1250 13
RIS CRERAER B, EE AT 2 5k, oF
DI D T R RN R D720 BRI
ERBAELTHWDEFRILTWAENREDT I /A E
LTWDDOMNHBITE T, —5T, [KREEZR D
5. Tvnl315 B O SRREERATIZR S L, Z OBEFE RN
KO KA A (N-RAA 2 BD &9 %) & CRIFMOD
I R A A > (C-RAA 2 CD ET5) THREL TV
ZEbho it (R ERED T D AR B ER) . Tvnl315 O N-
RAAL NIRBIESFECTH DB —2ARFF U LI
FEAT D, O FAAL NTRE 20 £ 2 CRBESOG & ke
RS D D T X B L)L TIEEEAL I GH15
RN T =B TE RSN T D ERFHE (1-5) T
RENTND, SEIOHE TIX, C- KA A OIEPEHNAL
EHERLT D IRIFREIR | DA, N- R A A OZHERE A6
5T 7 IV BOoMEL LTcOTHRET D,

2. AHEK

2. 1 RBEITSXAIFOBE

R RLB 7 SVXLART A L 72 51k () 1I29E» Tl
MLz, b T—¥ilsiE, FEMBREORE T Z
ZIFELT, FLTT I BEBMBEEIERD DD
PCR ORI & L CHIA Lz, BEEDOT 2 BA#, W
W %48 B N1 ODA-PCR ¥, ##E PCR ¥ TiTo 72,
2. 2 BRORB. BELINE

REHL X e OIUAFIX, KIGE BL21 (DE3) 25447 5%
BT AI NCREIRILT 5 2 & CHRERBREZ R L
THT o7, —BekEE Lo RiRE R IR 4 — AR R 0B
WCHE LT, A Y7t F A 077 YT 2R
(IPTG) IZ L AiFE 2912 37°CC, 20 FFEEE LT, =
DY X 0 E AR AR L, 5 RS (20 mM
Tris-HC1, 0.5 M NaCl (pH 7.5)] \ZHk¥ L. 5 Rt
L7z, BOSBELT: BEET 7 40=FT 1 u~ 777
4= N1 BZ7mr—2) I L7z [WAEREHEIK : 20 md
Tris-HC1, 0.5 M NaCl (pH 7.5), ¥HAEME#E 1 : 20 mM
Tris-HC1, 0.5MNaCl, 0.025M 1 X %>~ —/L (pH7.5),
TAHFEMETR 2 0 20 mM Tris-HC1, 0.5 M NaCl, 0.5 M -
IXYV = (pH 7.5)], FBEHyOFRE L, SDS A5
BRUKEN 7 VA CBB Yt LC, 1 KDX LRI ETH D
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Z L EMGE LT, WHRERTIR 2 O 5y & WA R AR IR 2 k)
L TC—BpdhT Lo ACICIREFE L TA RO IR L
77

2. 3 BAUNVERELERFRTHAE
BUNTERBEINAT Ty REOI 70T v X
v MW, FMET VT I O AT v Rib) &= uE
ARy E LCHEI L, BRIEHIIU T X S IcHE
MUl Fre—RA&KSR L CEALZZ L a—
APEEEZF Xy N ra—2a, LIEEXFy oo
—A(Ebbbryath) EANVCTHELEZ, Zra—2
BEEEDE L, VL a— R LARERAER L,
BRNAT oo, BHEOREFIEMEE LT, vy Fg v
TR (pH 3. T IZIAMR L 7= 100 mM b L~ — 2 % HVE 2
1M Tamol @ h Lo — A& MUK T 2 R B x
1 U & L7z, pHOZARIC K ABERIGHEO LB T~ v F L
A AR O pH B H L C 100 mM b Lonm — A E
Wiz L, JE, HHl L,

2. 4 FEMEZELILO—REDEETTME
MR LB B —Z (400 A v =) & vy, REE
SHE3 mglo, X237 (200 pg/nl) & T SRR
% [20 mM Tris-HC1, 0.5 M NaCl (pH 7.5)] 100 pL %
Mz, ZFDRAHZ 4°CT 60 HyMEE L, 16 ISRV
T v I AI XY I THETol, TOHK, @
L. RiEGEEGE Sy, F) & BB LT, ThEE, A&
G AR 100 L T 5 [MIMEE L, Peifa i I vevemi sy (W)
ELTCEIL L, 2% & T ibEIC SDS ¥ o 7 VAR TR 50
uL & FEAFRENR 50 uL &0 % (&FF 100 ul) 54 sy (B)
LT, mONSTIN LT R0 H 7 () 1%, SDS
o TIOVERETR L S BIRS LESE S (B) iz h
NBWHZ M L, TEh 15ul & 7.5 pL 3%, 12 % SDS
EETERIKETON L. kB0 VL, Yeta b i
EiTotz, FiA L2 v "o oL, Bty 7 -
(image]) Z HWTC, AN LT & X7 e Eiekh
BIRER T DK 2o BN RBREE %56k 52 (100 %) & L.
FEAWIY DK Ry BN REREE AR LTz,

2. 5 ZELBEELBLTEM

UM SR O BME RS IR S (Tm i) 12, U 7L 4 A L PCR &
A7 I (Mx3005p) & MxPro software(EFHHH 7L b
T Ja—4%k) ZHWT, DSF(Differential Scanning
Fluorimetry) 175 7=, WHME THH AN LT SYPRO
Orange (f B b= 4b) 1 pl, BESERIATE 39 ul &R
H L7, 25~95CO TRy 1CLAIEL T T A
T, B YEE 492 nm, %A 610 nm OGFCHEOEIRE
ZAZRE L, BEBIRE L, IREM o= mEE b
7T 74w 7 w27 Xyl — (Delta Graph
ver. 6, Nihon Poladigital KK) Z i\ CIERMIEEIITE 24T
W, B L

BTGP O BZ EMEIT R R & T0C & T5°COGR



AR 2y = 7 MR 3 (R)

PTENLI 1 BB 21T - 7k, JKoKiI T 1 I

80 100
MWHA LT, ZD#%, 30°C, pH3. 7THRMHETRLANAT—F o 1315wt 1315wt
o o B ~g0 |®D278E . . 80 [eR280A .,
TGEPERIE 21TV, FRAFIEHEE FLH L, £ |eD27an . g @ R280K
=] ° 35 60 [®F281Y .
3. %:é:% :,_140 . ; .
s E £ wr Lo
3. 1 RESEE1OLKRERAE <20 * 2 - .
r [ ]
BE#R b LT —BORAFEL 1 % Figure 1127”7 L7, . . : e s 80
Twn1315 261 AAPTASLPEAIGGERNWDYR-FTWIRDTAYVIEAL 294 %) 3 4 5 02 3 4 5
Ta0286 261 AAPTASLPEAIGGERNWDYR-YTWIRDTAYVIEAL 294
PicroTre 261 AAPTSSLPESIGGERNWDYR-YTWIRDTAYVIEAL 294 pH pH
Sa1250 230 ASPTTSIPEIVGDERNWDYR-YVWVRDSSYAIEAL 263
Sa1816 222 AAATTSLPEAVGDSRNWDYR-FVWVRDSSMISEAL 255
MicspTre 246 AALTTSVPEAPHTKRNWDYR-YCWLRDAYFVIQAL 259
MsTre 303 AAPTTSLPETPQGERNWDYR-YSWIRDSTFALWGL 336
MPTre15A 243 AAATTSLPEEFGGSRNWDYR-FVWLRDAALTLEAL 256 60 3
Fig.1 GH15 kLT —E OMRAFHEE 1 OBLF 1810wt 1250t
= | ®D2%E * = [ ebza7n
=07 X/ BIZEEMNTTWS, FI% LEBERO BRI FICRT, gm.:%ﬁg B2l Jrosok .
= . 2
Tvn1315, Thermoplasma volcanium; Ta0286, 7T acidophiluns; = ®F242Y : > ®Y250F .
Z o =
PicroTre, Picrophilus torridos: Sal250, Sulfolobus acidocaldarius; 220 . §1 L]
* & [ ]
Sal816, S. acidocaldarius; MicspTre, Microvirga sp; MsTreH, 5 . ® . -.. s °
Mycolicibacterium smegmatis MC2; MPTrel5A, Microbacterium 2 3 . 4 5 2 3 4 5
p pH
phyllosphaerae
Tvn1315, Sal816, Sal250 Z X%z, L<REINT © s
N 3 s | e 1816wt . © 1250wt
NHT X ERIGTu(E), Arg(R), Asn(N) . Trp (W) Asp (D). N R
Tyr (Y) . Arg (R) . Phe (F) . Trp(W) . Arg (R) . Asp(D) ] (Figure £7 | eRasK 22 | eR254K .
} ) =] ®D247E 3 ®D255E .
DNEBELUOT I JB~EEHBR L, T b OFEIMELEH 220 [ eD247N N z oD255N @
= 21}
L7 (Figure 2), 20t . 3’ 0.,
1 « * 0°8 s o
80 60 0 —n—l—‘-‘-.—u—._ 0 [ ] 2 !
e 1315wt o ©1315ut 20 3.0 40 5.0 2 3 4 5
©E274D ®R275K pH pH
560 | eE274Q = ®N276Q
& | eE27s o £40 [ owarrF ?
=) S
40 : > ° Fig.2 SERKRO pH E&FMHE
= ® = o_ o
- o e 2% o’ . Z4HILC@WIZIE Tvn1315 725 ERNW, DYRF, WRD), Tvnl315
[ ] e °
s !' ; . ge o BF AR (1815wt & #E0). Sal816 BF/AET(1816wt), Sal250 A4
0 8. i 0 g
2.0 3.0 4.0 5.0 20 3.0 4.0 5.0 (1250wt), =L C, ZHICHIST BT I/ MARRBREZREL T35,
H H
) : 72721, Tvn1315 » WxRD FZRKL, ZEREETH o720 2
z NN
© 3 (A TV ey,
o Bl . R s1sei . ERNW O 354A, Tynl315 Tikdb A REEEIEMEZHERF L T
g [e==E P[RSR A DIH L. Sal816, Sal250 TIXFEMIT A = < B L=,
=) 2 ;
T . z2 . Tvn1315E2748 DM EFITHICA SHERTH 5.
= 2 . . - N
2 3 2 . DYRF D834, DYR ZHafkiZ & i & U K 5 Zai&
e s . B oM ER LTz, UL, FZA#AET Tvnl315 13
0 = $ oy W I
26 e 4 o 26 B0 @ o R U OIxt L, Sal816 [LTHIEA ML & Ak 2 6% &
pH p
VIS
WxRD O35 Tvnl315 [ IR L 720 | oOBER &iF
3 3
© 1250t o 1250wt PR Uiz, 2 GHIS BESRIZ E > CRAIRZRT 2/
=) :ggg =) ©N245Q AR S
&2 | oR24IK . 22 fowoser . MBETHLZLEERLTND,
p=) b |
s o s o * INHOMRIFIFLT I/ HLVZ &b R CEEH &
> =
5! gy STWAHDIFTIEARNI L &2RE LTV,
[ ]
. T . 3. 2 BDOBEBHEAKEICEETE7I /B
200 %0 40 80200 %0 4080 Tvn1315 @ BD I RO ZHE (L m—20%F ) &
P p!

FAEET D W) MEE OMAERICITSEFRT 2/ B
BIG LT ZERL<EmBATEY, Tynl31s @ BDIT
WEEERET X JBA M@ LT —EOBDMTEL
RIFINTND, ZZCEHEEMERICHERERT I/ BO
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WA 70 Y = 7 MRS E (Rb)

BN EDORENEZFHRD =012, Tvnl3ls @ BD H1 32

BOEBIKRT I I AT T = NCER LT 2 v B % e
ERIL7= (75 =A% ¥ =27, Figure3), %< ® BD i

ZEHAUK (CD IR IXBFAET BD AR, B8 L ORI TX N

Foo L L., REMZ L ARIBEICRDHORH-1- =

(Figured), AI¥AMETHSL L7 BD ZRAED /L o — 2 H c q

BREEF L& 2 5, BAT L s RERHENE LS O T "

Wi U7z BD BB AKIZ A2 s o 7= (Figure 5), Z DfEFRIL, 50

WEGET X BAME 2 TR BRICHSICE S LT 7

WB T L ERE LTINS, 23-

Fio, TS ST ERFE LB LT R BE
BRIZBWTT 7= @l ua VU ERT S & Fig. 4 8 BD £HAORY 727 Y AT I RFAVER
55 ZTEHO 7= VT T =vhkuA v IlER L VKB AT RENME 2 o R0 A LT BD Ak
BD-F55L % &< 4 D BD K THEAG, Ml Xy v
NUBERPH AL Figure 6), ZAUIFEFHEME L 50l
T2 L 0BOKMEN TR Z R TEA~D T =T 4
TIZHEGLTWAZ LETREL,ZD LT FHIZEBW
TIEEER SO L FEEHEMEEZFFOT I/ BOINETH

M WT F25A Y40A W43A F49A
S B S B S B S B S B

25kDa

3]
S
2

3

25% 23% 23%
F6TA F70A Y82A Y83A

w
o
w
m
w
o
7]
m

HZEEEKLL, 46% 19% 14% 16%
F78A  F138A  F173A F183A
S B S B S B S B
Tmizts »
= ; m
PicroTre 39
iy b
Sa1816 21
TespTra a5
g’;iiﬂ 2
FLEY'S i ] seer 7 w8283 Y144A F158A F160A Y200A F206A Y211A
Toree (G Elilt HI!: 55 WI ““““ n:lv ?IHSY';'!‘; v KILINFV H ] B S B S B S B s B S B
PicroTre THD| NENSRP KNR| FESVRPVEIN--SFLNQYNEEFTN 20
Sa1816 SRV RIEDS P S| DN A PVE - SY¥LVPNV 72
MespTra A Q[IV, R 1DGD P P E| DMV LENT A 79
o B rEoHP o Ro-a E ¥ h| T i —
MPTre15A s-u ‘R D‘APS‘ EARN- - - - --- RIPIL N'VSD.F‘ 75 17% 10% 229% 21% 18%
T e Y113A  F18A  F124A  F128A  WI195A
el o S B S B S B S B S B
Sa1816 106
MicspTre 126
el o
MPTre15A 15
Taomn b 27% 35% 8 31%
PicroTre 187
Seioe T . \ .
Mt Do Fig. 5 Fifl BD Z2#RkD &L m— R fEE 51
MPTre15A - - ey
] T A Y - WINLI=4 o R @ LA Lie & v BB 2 Rd, $iEiE S o
Y- I ~HHLYRPTDYKS 213
T I -KHISPVEDYKS 213 . N
M I;:tiﬁé‘:;i!ié’[ = v RIREEE 100% & L7-RED ZhE~ DG B 2 o~ 4, 3R 2 319206 L .
w SK-HPAPQTYEEAA 2855
WeFPoSHEMAPKPLDY 18 FEA VL 2 R,

Fig. 3 GH15 + L'~ —¥ ® BD 2% LL#k
2 LToH#EE BD R OBEFEILTIC AT, Tvnldls,

Thermoplasma volcanium; Ta0286, 7 acidophilum; PicroTre,

kDa) M WT w43 FS5 YEE F107 F142

Fig. 6

FEHd BD AR D R Y
77 IVNT I RFIVE
RkE (2 A >

50

Picrophilus torridos; Sa1250, Sulfolobus acidocaldarius;, Sa1816, S. 7

acidocaldarius;, MicspTre, Microvirga sp; MsTreH, Mycolicibacterium

smegmatis MC2; MPTrel5A, Microbacterium phyllosphaerae 5 {5 L4 25 ﬁ:)

LRl 7 I 7 EBIFREE T TS, B LT I BITERY TR AT RIEYE S o T B
20

IR0 D, /b L7z BD ZH#ik

3. 3 TI/BEROEERBRICHTIEZE
BD OFFBET 2/ BEROER#ME T D EE
D7 —NT 4 T ERREEICER L CRE L, £
K DEREMBEFRII RIS 7B LTS TE,
W CE7, LML n, F67A, Y834, % L TF173A
MDLIRTHRSE L YO L0 bEfS Lo iEtE 2 voRy B
W7 inote (4, Figure 7)), SCARFEE B, Y83 1% CD
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[Z2&ETTEY, BD—CD MoK mHA A ICE O E 8L
KFELT-EEZEZLND, 55D F6T & F173 1% BD OIS
FNTER D | BD HARCTRIL LI 8L iEgE & v 78
E U CTHSHSRZDIIZR LT CD &4 IH:BL L 7=FFIZ I
REMEL T BE Mo, TOWERMES X7 B
DOHEHEILETZ D> TR,

— 7T W43A, F55A, Y66A, F107A. F142A (% BD Bifh T
WEAEIE S X7 &N LTIZ bbb T, 2R
PEECTIIRAEMEY VR E LTS TE, A IE
BCX T2 LITRRED, N v 7 RIS VX0 E
DUFEEIEL, B-v— MIBELLT K kD EEo#
HXBH D (5,6), BD D N RKEHmEE2S BD X° CD Ol 7
=N T 4 TICHEETEEVS R @ LU

[Frge————— L

- - A

RN WY " NTE LT ] L N LU WL

-'-I-: ~ -

e gy = s

-~ N A - - A

Fig. 7 WMERMEONY 727 VLT I N7 VERIK
) REN(ATBAS R L 2R R

BHE, Uy T ZREED CD O—FBIZ > — FMEED BD
DOFME DT > T A~ & 72 0 AlEtEZ v o7 H I
ol LERLTWVAS,
EREZEANLT-LEREED N o — 2S5 IEME %2
7oL Z A, W3 ZETEEE (WA3A) DT A D DT D
EMEZ R L, YITA, Y83A, Y113A 1% 20%LL FOfEMEZ R L
7= (Figure 8), T ODIFMEICEEL 5257 2/ BRIT
R A A BRI ATALE LTV 5, BERTEMEOERK %8
T DHTDOILT FT=2PUANOT I JBRICERLTENLD
DOFEEFE LT,

25

20

15

10

Activity (U/mg)

3. 4 TrpM3TieERE

BD D 43 FH D Trp DEFEERHRDTOIZT 7 =%
Hapk (W43A) IAL D 5 > D2k (WAF, WA3Y, WAL, W431,
WA3V) ZERL L . HuAS - fEEL L7 (Figure 9), BUfS &% b
DNEFETIKLS 2D, TOZ LIRS Y 78 E LT

= NN SRS WS W L - e -
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T =T 4 T T OB, ZOMBIZIEEEWEERT

SUBPMELEINDLZERNDboT, Lo —R4y
FETEPEIT &y D & WASE 1 X AR RIS SR L [AIRR 7o TG 1 & 7
L72A3, WASY 1 20%0iisisid LTz, fhosikitT < /g
(CZEHA U7 i3 (W43L, W43T, W43V) 1x. & D FLE aliAEM:
HURTEELTHRETERIZLLNDLT, 1FEAL
IGEMEAE R S 72 o 7o ORIEME) . 240D OFEERD & iR &
N5 Z B IFiEEZRTICIE 43 & H ONLE IS F N
ENEETHDLENH 2L THD,

Figure 10 {Z 30°C COFAMEESR & WASF, W43Y, | W43A
O pH AR FEZ L LT R 2 R Lz, pH 4.0 &£ 4.2 D
ST WASF 1ZEF AR OK T0%DTEIEZ R T AN, pH 3.5
PATFIC72 % & B AR RS SR & RS OTE 2773, ZHUEs
FHLA YV R—EBE T 2= LA~ LR LT 2 L Tk
AL (BE D < —EEARIEIE L) O pk B L=z &
L, FOFESE WASF OFETE pH ASEEAPEM~ L B8 L,
BLEZ pH 3.5 127072, WASY DA, Z oMM E
D E3E pH Ik pH 3.3 (272> 72, Table 12 30°COSEMT
DEIEHARD S pH EOREFR/ ST A —Z ZoRmd, W43 28
HafRlx, RERHBOBREE TR I b U 2AEK (K T
e <L R E SR (ko) ICHRWVED R %2 5 2 T 5, W43Y
OEFETIE, fmEhi-e Fex o EnBZ 6 < KEHK
AL iR ofrEE D LEE . ko pk,
5 ERRFCERIGEZ D SETWHaDOTHA S,

*Da) M wasy WASF WASY WAL WaS Wasv Wesa 15

100 s S
75/ §
W W W W e -

50 z
3

<

7

N \SPQ \S;‘Sk Q\\P\/ ‘A""} $\»’5\ é&”v

Fig. 9 5l W43 ZH#afk & 151k

——WT

-O--W43F
16 [-a-w4sy
—A—W43A

Fig. 10

Tvn1315(WT), W43F,
W43Y, W43A Oifk
@ pH &A%

aa
N

Activity (U/mg)
(o]

25 30 35 40 45 50
pH

Table 1 Steady-state kinetic parameters of
Tvn1315, W43F, W43Y, and Y17L for hydrolysis
of trehalose at 30 °C

Enzyme pH ke Ky' kel Ky
™ (mM) ~'mMY)
Tvn1315 3.3 349 +13 148.3 +50 0.24
Tvn1315 3.5 334 +0.8 1104 +1.2 0.30
Tvnl315 37 26.6 +03 66.4 +7.9 0.40
WA43F 35 242 +003 729 +3.6 033
W43F 37 217 +0.1 66.5 +1.9 033
W43Y 3.3 116 +0.3 73.6 +2.3 0.16
W43Y 37 76 +0.1 842 +32 0.09
Y17L 37 26 +0.04 465 +0.5 0.06




3. 5 £&RERICEWLT Trpdd LHBEAERATS
CD &7 =/ BED LA

GHI5 77 I U —GA ® CD 121X 5 - D} 17 fE 5k
CR)ZRF->THY, 2D CRs DG
HPBAL A TR LTV D, CR3 L CR5 IR EE 2 M & L T
v 5 (7,8), GHIS L AT —F (AL & 5 IZHE M o
5> TH Y, CR3IZ 6lud08, CR5 (T Glub71 AL & L
THRISIZBEE L TWD E|EL TS (2), RidbmEET,
Trp43 |& BD & CD & OMNIHLE L, CRL (ZIEWIGFTT
Pro263 O FH EKFMHEAL TNDH LD
P263A, W43A/P263A, WA3A/P263W DZEHufk 2 /EHRL L T
AL THIz, P263AILFIENE S /X7 & L CTIAETE WT
LR UIEME 28 L7238, W43A/P263A & W43A/P263W (3%
SBREMEZ T B LY | GO wEEs Ry
B AREETH 72 (Figure 11),

Protein

(Conserved regions.,

Interactions Calculator (PIC)
(http:// pic. mbu. WX AAEERT
HE V. Trpa3 1% CR1IZH D Arg280 & B F A4 - fHAH
ERLTWD EHE ST, LM L7725, R280K &
R280A Z{EML L7~ Z A, pH 3.0 05 3.7 £ TIRIEARTE
PEC, pH 4.5 THEMEDNBD LIZEERTETTH- 72
(Figure 12), R280 ZHa{AD =M WA3 THILE Ik
RLWBIpol, DL W3 OFEFHRT I/ BITE
DD pHIZ, R280 1TMKH D pHIZHMETH D Z L3 b o

7=

server

iisc. ernet.in/)

(kDa) g WT Pzesa hoeon! WASel 5
100/
75
- ’g
£
. =} 10
50 ® — =
; =
a7 S
- >
0

WT P263A W43A WA43A/ WA43A/
P263A P263W

Fig. 11 P243 ZEH#BIiEEsE O Bl & FERI(L), P243 28
WABEHEEE 2 D IEPECR)

16

——-WT
-0--R280K
12 -A-R280A .
§ Fig. 12
g 8 Tvn1315(WT), R280K.
g R280A & pH {& 171k
4
.Q~
0 i nngZv.\
25 3 3u5u4 45 5 55 6
pH

WCRAD, £- T,
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3. 6 Tyril &kmﬁ%?%a)%%ﬁ

Tyrl7 OFEERZREIZRET 2720, 2ERE Y17
IERESE YITF, Y171, A1TA Z2{ER L7z, 2 bidkes &
BECE R c& =, YITFIZ Tynl315(WT) & R%EEh
PLEDOWEMEZE R L2285, YITL 1% 10%, Y17A 13 60% & i& M
Mk U7= (Figure 13), iz YITA £V YI7L 2MEWV D)
B S TN 5200, YITL F ko EMEL 722 T
HT-OIEEICEEL 52 TVWD LB X 55 (Table
1), PICHEMTIX. Tyrl7 IX CR2 IZALE D Tyr3d2 & 7%
FEHRMMEEERL TS EFPHELTWD, Y342F 1
Tvn1315 (WT) & [AIZE DTEME A 7R L7223, Y3424 ASEEMIIC
RyEMTH o7 Figure 13), Z vk, BHEFERFEA/ER
ITHEDIZAFIEL TV T, 342 HZHOMES, MIEHICEF

BREROT I BTN 2R T OICBELZLSH 2
LERLTWND,

20 20
—-WT —-WT
-0~ Y17F
16 [avi 16 -0:222;
(=) —Y17A PO [=) —A-
0 AN E
S12 312
2 2
= =
= 8 = 8 F
2 2
4 4t
A
P R TN
0 & R . r 0 R L L A
25 3.0 3.5 4.0 4.5 5.0 25 3 3.5 4 4.5
pH pH

Fig. 13 Y17 ZE#al%si
o pH K17
3. 7 Tyr83 AR & Tyr113 TEER O

FERIRMEIC, 83 H & 113 % H O Tyr FIAUSN & D
X9 fot%‘i“%ﬁfzé MEFARD 72T Y83F, Y83L, Y83A,
Y113F, Y113L, Y113A A /F U | BERIEME AR~ THT,
Y83F 1% Tvn1315(WT) £ 0 LEWEMEZ R L7223 Y83L
L Y8A TR D DOIEMEE R LTz (Figure 14), Zihidfmy
TRIEPE A R TITIE, 83 B H O Z O NS AR % FF
DT I/ BBMETHDHI EERLTND, PIC I2LD
& Tyr831%BD & CDRCH B~V v 7 ZRNITH 5 Arg243
EBTFA - HEMHE LTS X DA R243A,R243T,
R243K (3#5 T WT K W IEMEN EH L=, ZHix 2 ofAEE
AN > TR Z EEREBLTEY, Y83L & Y83A
OGO BER N oD EZ X HiD,

Tyrl13 ZBHEEHICOW T, Y113F, YII3L I WT £ [R U
X O ARiEME AR L2 2N, YII3A ML £ Tl L
7= (Figure 14), >F b | FEBMEMISHANTE MR LT 0
ZEEEBRLTWS, BARARIZ PIC i Tyrll3 O EHN
Ser111 @ OH ZE L FHAAEA LTV 5 & A L7ZA%, S111A
DIEMNITEAL N 22 s> 7= (Figure 14),

(f£) & Y342 ZE i35 () DT
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Fig. 14 Tvn1315(WT), Tyr83 ZHuffsk, Tyr113 ZHaf#
F. Serlll ZHaf#FE O pH A7k

3. 8 Tyr17, Trp43. Tyr83. Tyr113 ZE£HEEHED
BREM

CBM %, H— RNAA 08702 CD IZfNEE 2 (CBM
M) & RN T EE N LET B RN D B, AR
EMEDOELZEFIRD 1201 T0°COEMLEE % i L 7= %12
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Fig.1 A schematic of the experimental set-up. Fig.2 Experimental set-up.
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Fig.3 The spin parameter dependence
of the Magnus force coefficient.
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iR LY | THRW, B TIZR L TH T AT bW TR {EY) | D—D>Th DA, £DT LI
FTHMTCED N ZEN D272 TT AT DT DI FRIL, £ O RN R B AN AP BRI ZH A4 B
BFEIICH REBERIEND DR D ATREMEZ RIB L T D, ARIFSE Tl “Zachariasen HI”&42/3
RS8R LT, BRI IS Z A T D07 A BHE— B R oy T IR b T 7 A—DFEY)
M, TIAAHE, R, B REE, M ey —%, FHEEEE O /sE 2 > T 352
LT, HIARAICBITOH LW FR AR T L2 BT,

TN =v LR ae B XTI L TER LEERE T VI T2 HEME L L TEEE
EEHIINT 22 & TV T OIEFET VI F (T AT HTR) A LTz, R EREEE (DSC)
WA ORERIN D, Fox WREBGHT CTH T AR LRE LIZN—A T4 7 D&
DIRFENL, T AEBTII RS, 7e— RREAEWBNELR TR TH L Z ERHA LN
7o lz, AIEITAEEER S L < IZWIHNCER SN e BB RKIBOBEICER T2 2 &, thF TRk
PITHEDNTIRAF L TR RO BBEIZE R 5 L& 2 b D, mERINT X » T8 7 4k U7calkt
@ DSC #h#IZ b RERD 7 v — RRBEENBH STV 503, FIZT r— R 0 ARRANCHE %
BIKTEACEAL LTz, — TR — 27 ORLEICHOWTIRIF E A EEL Lo Tz, BB AL 3
IS HIEDORERER DO, MEZRITITBFERELIFIIET D Z EBRHERINLTWAT2%, DSC
DT T 7 ANNE LoD, BEREOFE L BERHATZ LICERT L EEZbND, K
Btk LR RIRZ TE DRV PR L CRlBtz st AL 92 Z ENARUBEIIR D EBERADBND,
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STND, BRYENHEEE L BRHHEE & LT Cs BFTHNHM, Zhid HEF O LIy sk~
A A EREB L OUET N EFDL, &0 b Cs 12k L TRWVERBREEZ RT 720 TH
%, £ZT, Cs WEMTIMH T & 1T AELEITH 2 & T, BEkE Uiz ECRMIZEN 2 H
BN TEDEBER, T AEMBEOMELE LT, Cs OERENFTOND, £ T, Cs WEH
TEEN T U CRERR A AT, (LB REMEICEN T2 ALY A 2R ESED 2 & T, LV REN
7% Cs OFEENIFFCTE D, BUIFEE TIL IV E TIZ Mg0-P,05 524 7 A MP A F A) % AWV T-lik
SHEBEIEM DO T AE L Z T L CTE 72, MP U7 AT A ZHEL (Mg0/P,0s=1) IZB W T, 2uik7e
BERT () CBREEBEPEILZEND, LV EL OREEMEZR VAL Z LN TE D, Lz
N T, RO R ZENRMEE DI, Cs Z2WE S LEMOBERIC X D Cs DEE
{fb.& MP T A~DE{L &2 Kist Lz,

100-4000 ppm @ CsNO, #% 156 mL IZxf L, BiARIKRDOE L EY mF A b O LPAEERE - H
figE, LAFMts)0.1 g 2%, 24h#R& 9 SH7=, 3500 rpm T 1h i OovfE L2, EEAKIC
% U CIRTWGHIE 21TV, S SE IR A VB L C Mts O Cs Sl G &2 Rz, £/, MO
CsNO, &% 500 mL (Zxf L, Mts % 15 g IRA L 24h B L 5 S, Cs A ags0k (LLT CsMts) &
TERLL 72, Mts, CsMts (2 LC 1200°C T 3h BERZ ATV, X #BRIEIHT (XRD) & U #dbFH O RE 217
STz, AT 2L LTHA DIRA O M0, H,P0, L0 MP H T Z&{E8 L, MyFEL7-MP T % &
BERLHE A D CsMts ZIRA L72 (20 wt%, 30 wt%) f%, 1450°CC 2h ¥ h, WL L. &m LTk
KRB 2572, 15 b E AN LT, XRD JIE, BAE B R BT (TG-DTA) . H0E X 7
3T (XRF) 247572, LA, £ 7 A & LT Mg0:P,05,=50:50 (mo1%) . CsMts D& A 20 wthoD [
{EAREE & MP5050CsMts20 & £t d 5,

WA SEEMRE L 0 | Mts @ Cs IS BT 119mg ¢! TH o7, XRD LV | BERLATD Mts & CsMts
Tl Mts ORIPFTE—27 OIS, BERLE D Mts TIX L T A b (3A1,0,-2510,) | BEALEE D CsMts
TIXHR A b (Cso Al 75515 1501) AERR LT 2 E 3o 72, CsMts OEAFR 20 wthD[E(L A
T & MP4357CsMts30 1%, XRD, TG-DTA LY # T AMbAHEGE L1=, 7=, MPAT53CsMts30 (T4
T AR HKFE . MP5050CsMts30 (TR DR & < ML LA TERedo7z, XRF KV &
TOREARREHT Cs FETFL TND Z L 2R LT,
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Image denoising SERHCE
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BB O EAE T-BAMEE SEW 1L, +9 720 fRee - MBE LR L EBEZNHTH D, Lol B
FIND SEMBOBEEOBENG R D & ZREERRIEE 2 R OB S0 L Tid, BIRF

W AENELNARNZ EREN, SV IUE, B2 T X IR, OB FE—
LIRENC OB N EERUEHEE I DU CIE, SEM BEE N OIBIERBE I N RIE TE TN &
(2725, MNA T, HEFRR - HrEMH % CIERT 2mEAF ¥ o F— FTIE, /A ADEE
DIEFIZREZV, ZNHOEEAR L — g VIRFICH < O3 IREHESE OMAIT, IEICHFR
NRERERMED—>TH 5,

AIFFETIEZ DIRBIEDOH IR & LT IRE B 1Z X 5 Denoising Fik % REHICHE U,
2L FORNEILAL TT /A AT 5 FEEH O TITZAR W, HKIehd Al Denoiser % SEM
BICHEH L CH R RFERPEONRNT LAV L TWDH DT, SEM BickiT 2 HEH %
PRET 2328 bz y 7 OFE (AIH4E) - B ZFEO EIRE L7z, BARRICIE, £9mHE
A% SEM R ODEHGEHG S AT LA AHESE L, T OO BUGEi§ 26 L CTRERIO AT Denoiser
ZEM L7, WIS, BILSBRLESIMETICEENDIESS, /A AN, ZDOSNEDO~ v
BB AFIH LT, AL FIH A ZRESITOMERF MO 7= D O RA R TE 5V AT L& 1E
B FER L7z, ZOREE LT, &IEMD AT Denoiser ENESIT HNDFEO—DIE, /A
R RE LT WEEE (S & N 208 L TRl L7V S SN EEOERS M EIK) D A THERE A J
L.S ENDRFITRDZIZ UMK SN ELFEIR TITIFE & A BB TN 2 &R0 o TE 7,

i A RAREEGRAREE L TCOFMNEIT 2L, BRAFICHESE T 28N Diah b 375
fET 2D T, Al Denoiser @/ A AREHRITENEFT o THRWLM BN, 72720, &
WRTH =5y MZLTWD SEMBTIE, FMNEICBZEIN M2 T A FOREM
HIREIE S EIUE EIE LKA BN TV DD EETH Y AR O SN ELHEE O #R 1A 2 3

o BRERND, A TCOFMIZITELERERIERELPMLETHA I,

AIFFEDT=DIZEZRZ LT SN o~y THifRIE, /A ABREFINOFMICIEE S, 2 ETH
BT & 22 o7z SN OFFAEREZFIAFRE S Lz, 2 F 0 . S NEE) 5 O SN LS O J|E
B8 LT, BHMEEHEROMN» S 2 HRMOCGHECE 5, £/, SEM /A X220 Th, £
DA SARIFIEN AL « Bffifb T& 7z, B2 5 SN e~ v FHig OIS A #PEOIK 2 875+ 5,
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A—=X—THEALIZHRGDOF / 2 1% 2 DI200, 3T <ICHSTE - kL7200 % 0 H
YT T ARBTEEERAT Lok, BRASWCE: - IR L72b0& 7 Y7L e L(% 5 ),
IREEPEAFRIEVER 71T DWW T, e Chlti 2. TMS #5ER{L L T GC-MS Tt 2170,
BE. TR MR, AR RO LTE, GC-MS HTC XV B oNn AT —Znb, BT R/
We® 43 WA AIE S iz, ZOMICHEO R ThH LT L a— L b AT b, &%/ 2
D0 BT NT PCAFRNT AT Tk R, 7o AT e U USRI OV TR IV Z & 23R
STz, Score Plot L 0Bl S iz, &%/ a OFEEEIZ L » TRHEBHICZ O ERSIE. =/ 27
|Z ¥-Aminobutyric acid(GABA), 7 7 A 2| Inositol, ~ A % 7 |Z Galactose 23 > 7223, =V >
X LU A X TR TE Do 72, 2 b Ctritic acid <° Malic acid 72 £ O S-S, Arabitol,
Mannitol 72 &', ¥/ 2 X5 TERESOEARITIRE SRRV, ZNoRX /) a2 LR
WK U2 BBROZERIER O 1 DTEHRWNEEZEZ bND, RIZ, &F /) 2TBIT DRAFEOREIC
DUWWTHRTz, PCA T ZAT S TR, 0 R 7T AT VolT ) X207 75
VAV wAZTIE OB KR E S Bl o TN oIZR L, =Y R A X on T
MAUCEIEB RSN olz, ZOZ D, 2V UF | A XX ARFIC L BN D7 L
flth > 7L L0 iR H RS 92 88 Th 5 ATREMED RIE S 4172,
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