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(RS - AaBRRET AL ER e
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WD b ORERE I T RV X —EWIALE T b 5 53 1 — F — OFEREREAR & R HAfr D BA &2
KV, Flhxzx X5 - B AT A~ORBICET 5. ABFIZETIE, MEIS O
BT —H =IOV THIREZHEE L, AN =X =Dl DML KO TH % [aliis
EEROEEFHHNEZ N LT, BE—F —DmEmhERT R F —ZHEE O 2 A7

(p &S|

MEN L ORABT—X—%, EHE S50 mm (T DR TH D, ZDF—F —DFK
X, MIREEZAEES A A THY, BE Hz O mEE CREET 5. AT, EIZ
LLFD 2 SORREDE L.

(1)F— % — A )= )L X — OHIE K OFE: A

HARIZIZZ K OFEOMENFET H. £OFTH, FiERMEO—>Th 5 KIGHIX
IKEBAF TRV FT—RETIHIRAEE—H—%H D, KIFFETIE, B HEBZICX
DF M) T AAF U EFIHTE S L DIZHE LIZE— % —% F(PomAPotB)23, SMEDF b
U LA F U BEICNTT, BFOXHRERB I/ 2L 2T —F —EERFHNNH R L7 (K
la). D&, AKROKFEA A iEFIHT 5E—F —FEF(MotAMotB) & PomAPotB % #l7AA
OET, SMEDOFT RV T LA F U PRENO0, 1, 85 mM ORMET TE— X — O JE 2l L7-.
ZOFER, T~ U 7 AL FIZEB VT MotAMotB 234 A 97559 12 Hz O [Bl#i5 5 B 2 LI,
F R U T LA FURINZ K > T PomAPotB === h ASHLAGA F I CTEPEMICEE S A L7z
(K 1b). 2F V0, BARTIIAKBA L VIO ALE XL —JRE L THAT 2 KBEATE
T—F—%, TRIULLAAUROFRFICHHATE 2N, 7 U v R P70 K9 I2HERE
SH 25 Z LT L7z (Sowa et al. PNAS 2014). = D X 5 7ot — X — il o A7 AT,
BhERA) 72 = R VX — LG - M AT AR AT CHRIBREWVLEE R LWz 5.

(2)E— & — M) D E ERIFHME D e

=X —PRET DR NV BT D 7201, ARG TIEREERIC U N IR & SR
B ECHIECTEA ey FEMBE L B 0.75~1um ORI AF Lo B — X &t L,
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WA I A7 138 EF2X108Nm Tho7=. 72, KBy N T2 ERRE L, EI#h
PES MR OIREN ) 5 — X — D EHRE 2 R, ML AEIRIRD SHEE U7k 5
Hhv o7 2R fES -7, ZOMEIFE—XZF]H L CTRD 72 FHANE & T 20%1% & O ek
DooTeD, MNPy Ial—rarZ2HMET28EN V-0 2 ME, RO
AROZEBOTFEERONEHEEEZED TS, Utk ST, HFE—F—DT R LF—%
Bashf % B89 5 LT, BERRTA—F—ThoHNIFFEOFMIEEZMHELL>oH 5.
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T i < " gy 30T - :
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@ 20 s ro B o e AP -
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EWD L OREE N X —EHEE CH L ARER E_XAEE—F—IZERL, 1
LoV TO RV F — AW OfR I L FIREMR OB A2 BEe3. AR T, AWME K
D, BWEZEMEE L ONRAREEOHEREZ M L, ZE W TOEA B HERE O fig i %
Higd & & bICREBEOEXE T EHA~DICHD AR EZEED.

(p &S|

AWFZECTIL, EWHMELE LT, Bl TBIENESD CHEMITICEND T /) NI T U T
Synechocystis sp. PCC 6803 (LLF& Synechocystis) & RLIRMMEZ DT /X757 T
Anabaena sp. PCC 7120 (LARE Anabaena) # AT, WEBIEEOALFRNESE GRID)
A BT NIRIECHEE - BT 2 HEOMNL 23 A5 ERIFRC, RIICHEAT DIEE S
T OREREMNT 23 Z e o 72,
Synechocystis 5% 11 #2250 BB R & 22 @1k

620D BAFVUEEFE LY T His—# V) @I FHIECKY, RUOMERERED 1
D CPAT I L7k &2 BRI H W2, 6 L K5 MIfu A [BIY - Mlfafiit%, JonizF 7 aA
R 2R 72 ISRl RT3 <0 by RCRIEE L, Ni BURMPED 7 A1 X0 5k THE
BB U 7=, BB U728 TAE Sh I #lEE C 1, 500 wmol 0, mg Chl™ h' FEEE D BRI A 1E 1
ARFF L TR, SUSHLIETCRIOE TRy Q—Q OB FBEEENME T L TR,
FTIEMEH 737 '8 PsbU, PsbV OFEBENEIZE SN, BWEBEEE LT, Lo —R, XF A
YV, VaBERHEEERTERICT MIRMLIZEZA, Mg —R&Exiz b &2, BERR
FRRAETEEOHE K E Q ~GETFBEHEEORIENMIEINSZ LA R L. £72, FLa
10— A IRIEMES VR BEORBEZ G T 2R A2 b2 e nbhrote. 5%, ham—
AHETCRIEMZHBHER L2 & X2, SOICEMERELNEOND DD TET
b5, ERENE X VASKMTRT L, SENRIEEN R N L AMME 2 8159 2 BLR 0
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T, Synechocystis OfIEZ B OEEIRE (28°C) L EWEE (38C) THEEL-E Z A,
R CREE LML Y SR U NEIRMHEEZEST 52 LN LN T-.
Anabaena & T FE 5 D BBk

HE MR YE 2 & D Anabaena 13582 WEEM O HEERER N 2 SN TW R oTz. £ ZTET,
Anabaena 0> CPAT |2 His Z 7 AN L7ckR 2B, B deth, Mlaomudst 2 Mat L7
DBHIZ, Synechocystis &[RRI NI BIFIMED 7 M2 XD RMELEZHT. 6, 7V &nR
— VAR IR Y, ZORMERI O _EK L BERIZOEE L. RIS O SDS-
PAGE EE&HTICL Y, &K, HERDX I EZFETEL, mMERRIELIELN
oL AMER L. RIAESIE 1,000 2mol 0, mg Chl! h!' OEWERFIREIFM A2 LIz,
F MITHE ST 5 NEE OBEREMEHT

AR, RIS T 2IEEN R IO L OLEICEEREREZ R L TnD T &0
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BT 57 VIR EUEL, BEORARELERKOIER LT 2B/, R0 O
HAEE DS 6, M—RAEME L OV ErlfEDORA7 7 F VT ) e —/(P6)IZ{EE
L, 2NET, RNIZ5OFUEFETDLPCDHH 355311220 T, BNLIZE D D B0
ZURTEDL EOT R R ASE LT EREREERL 20T EaB 2 o7, W
DERKTSH PC OFEGENFD L TNDLZ L, RTIDOEAREIITITE L2600, O —%E
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[ EMEEL] LARI, 33 ©1ESpin—on-glass (SOG) [EABME 2 AV iz U o U D IA A
100 2 m X200 p m % 3FNFHNCELE L7c Y F 7 A 2 REMZFIE L7 [Appl. Phys. Lett.
SMWMHMNOELM¢$@%EEL/&m&iﬁ@éTJ7—$WWT%6TJX57)
JVEE A F VR (PMMA) Z BEARE VY, 300 m X300 u mHB A XD U F 7 LA A 2KE
ERMELTZ, IEWMAEHI~ > A8 Y F 7 A (LiMn0) 2 H L. AT F U 208b 0|z
poly-Si(300Q) Z{EfH L7-, PMA DOERRICIZ. @ FERE Y F 7 A (LIC10,) | REETF L
»(EC). IR —F )L (DEC) ZIRAE L. FICZDOWIRICA X 7 YV IVEEATF L (MMA), A X
7 U NPT L (EGMA) . 7T EY AA Y 7 Fu= K UL(AIBN) 2, BT 5, ik B
S TR Zpoly-Si . EIZHE T L. 80 ‘COIREIZIH T 1 BN L EME 2155, 1B
LiMn,0,ZAu Hfr FICBERR L7 b D& ES S CEMAER L7z, poly-Si/ PMMA / LiMn,0,
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HUF LA FNE2.3X10%em® B E NI,

UF b 2WEMZ /YL L, ERT27-DI3RERE. b bEERE K<
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ZRUEERIC LV BRET DMEM TN TS, LavL, IEERE L TEDLDNS B4R IEE
MCTHY, £72, PIMEE L UGT D ERKEDE W PtOx)(g) & AT 5 728, 7RIS - R
(2 XD PRI T-ORE &, ZAUTHE D fBEEREDIR T3 EE = 5,

T 2T, AMETIE, HERAYZAN TAKEMEVY Ag-NiO &35 LY Ag-CoO RIZHWT, H
AR 7 DK 21T 5 2 L At H E LT,

((pE ST

ybik, B—IRBHE, WILBAEOWIRIEZ VT, Ag-NiO &3 X OV Ag-CoO 5% O filtfiEkr 1
Zoa-7 b FHRS DT (Ce, Zn)Oy FARICHER S, ik 725k L, 6 037k
PEREZ BAEERIEIC L VI L7, 7eds, RWFZETIE, 3707 AWE L L TR &N
a2, BATEREOR R, ~FHAF LT T I U HMD)AW =8 —hEEIC L0 7k
B 72 Ag-NiO HFH(Ce,Zn)0, K 1-2%, TEMERICH T 5 @B L2 AT 6 2 2 A L
TVWSLZEEHLMNI LI, BUFICZOERTIAZ RT,

Ce(NO3); *+ 6H,0, ZrO(NO;3), * 2H0, AgNO;, Ni(NOs), « 6H,0 O A, T2 WE &t
3:1:2:2 OEIAE TRBKICEM S E7-, WIZ, Ag-NiO &(Ce,Zr)O; & HMT OWVE BN 1:1:2
2725 X DI HMT 2014 C, 80°CT2h OINEA - Hifha L1z, £ LT, AU LIHmEZRK
WG BRI S 21412 500°C T 1 h MRBEL, Ag-NiO HEH(Ce,Zr)Ox ki -2 157-, & HIT, &
IBEHAREORLREDOFBEEZTHRD 72012, HFOoNTHmEE 700 °C DZEXH T 0~86.4 ks Bl
B, BULEEZOKHAR S.0mg &L 7T OETAWE E L TOMEMKR 1.5mg ZiEA L, iR
5 1000 °C %= T 10 °C/min OFESEM CAEENE Z 1T o 72, T T OER{LARBEIERE O FFM I,
BB B N B D 50 %l 72 DB OIREE(T50%) %2 W TIT - 72,

112, 700 °C \Z3\F 2 ik - OBULEERER] & T50% DR E ~T, £/, K112,
Ce(NO3)s * 6H,0, ZrO(NOs), « 2H,0, Pt(NO,)(NH;), DFREEN & FER O FNAIC THER L 72 Pt 4
FF(Ce,Zr)Oy DfEEMERE 8T, TS0%DAEIL, Pt fHEF(Ce,Zn)Ox K 2 WA L 0 & AfF
22 CHREE LT- Ag-NiO HHEH(Ce,Zr)0y Ki -2 WA NME ) o 72, T OFERIL. AeRERD
TR LAt & LT, Ag-NiO H£5(Ce,Zn)O, LD BHFIC B LT Z L 2 BT 5, 72, 2
OEFANX, TTOETAWE L L THEZ AV, FRBEEREIT o H a1 bBlE S,

HEMEORREL R Eh-, 600
I Pt/(Ce,Zr)O;
500% B " .
> | v
§ 400E— m] = - 0
& Ag-NiO/(Ce,Zr)O,
300
200 L | 1 1 " 1 " | L
0 20 40 60 80 100

Heat treatment time, ¢/ ks

X1 SN FORNERRE () CMENFHEFT TO50%FEEREICEE (T50%).



BESFRMRLEET/ N1 ROMFE

R - BRETTHE) P G

Q=1:6)
TRV F—JERREIN - ARBRBE AR EAT 0 72 O O HAEWF 8 I L OB 2 S RAFFE 21T 9
DU 3 AT R R AR AR OR B A T, M O BRI R EE W A A LTI/\
U A RN REy » PREERMEIORIET U 22 (SIC) B L OEAT Y 74 (GaN) ki
FT A A% B L CRIERMN 2 2 & 1C & 0 IkEROIRERE AR T 1 2ADEBLA H ?E?“o

[ Al SARE 22 ]

et e AH-SiC(0001) AR AE VY, 7T 7 = VIBIEARENC SiC FEARIZ = R /L F—170-260
keV, R—RE 1.2E815 ecm® TAl A AL EALTZH CR, 7T A~ % 14 ﬁﬁoto%®
%, Ar FRPHSHF (10 kPa) THY 15630 CT 30 DfEOBMLBIZ LV /I 7 =V @E B LT, 7
77 = VIEIERZIZ, ARM IZ K D RIEEE, T~ A7 MVHIER X OERRFEZ2HE L
Tre 7T 7 = UEENDELILZ ARM 206 CF LR Z L T WaEHClE, K& 22U B 2
BRI, REMSORMS (£9.21 nm EHETEINZ, ZHISxL CF LB L 7-3lEl o £ ik
P THY, NEREEBIOT 7 AEEEZA L, REMAIIT1L.05 mm b Lz, £/,
CRA LB 2912 A A FEA LT SiC b, MUuhREZENRE <, R I @ RMS 1T 8. 41
nm CTH Y, CFALER L ToA A IR AR ORI G TR S 1X 3. 49 nm (2 L7z, 1
1L 10X 10 pm® O#HFIPHD 2D N A7 MLEWMICk o T~y B 7 ENT-7 T 7 20D
Y—tEaoRd, CFy 7T XA~/ W= SiC itk oo 75 7 = gk, (a), (b) 1Z5RT
Xoic, 7T AEHLE L OO LB —Thsd, £72 (¢) IR T T A<E#H %z LT
7oA A FEANGEF TR & 72 2D-FWHM 2 bl Sz, 77 A~ - A 4 EA
SiC 777 =%, (d) IRT X9 7%7@@&L@%@£D%F®Wm#méw*
EM T, 2. SiCERMBHN LIZT T 7 = U ED R — )V BHIE % B R
#%\GM7?%7@@@L?SNLK@ELKﬁ?7;V@n@T@@E@B6m%&f
HDHDIZKIL, CF, 77 A~ S -3 8EHT n LG, BEIE A 389 cm®/Vs E@mnolz, &5
W2, TR LA AU EAN SIC B EICRE L7227 T 7 = OBEIE L 146cm®/Vs
THY nIThHST=D, 7T AU I AL A F U 3FEASICHEM EICKE L T 7 = 0%
p@%%b%ﬁEﬁS&zmM@T%otoﬁC%ﬁLKC&f?Xv@@&AL&%V&A&
PHAGDOEDZ KV SEREEIC p W T 7 = VIEETERT 5D 2 ENAREIZ e o T2, &
@%%\nﬂﬁiwp”m%ﬁ%ﬁﬁ@ﬁﬁ TR TXATED T T 72 NI PRAEBE

BECXDHZ ENHLMNI2o T,

KIFFETIL SiC EOIRBREANT SNA A TH D77 7 = L DIENIT GaN i FoOEFFT
A RAEER L TEBY, U a B EDT A A2l LRI E B TEIEDRE RS 5T
W5,

Without CF, plasma With CF4 plasma
(a) Ly "H 68 cm’ (b) ! il 68 cm™*
i |

SAT.
With ion ,
implanted 1&‘ LY

K1, I~ A7 MLD oD N1 %Tﬁ-{ﬂﬁu‘_ﬁ77l/@i’j i R e/

Without ion
implanted

4chi — 48 cm?
i 78 emt (d) 2 T 78 cm™

60 cm? - : 60 cm?



PRI E

HEART—Y
BERBEEFA-IREHEE MO FE

R DRFESERBOBETEIREFIEA~DERA
B A REEMGRE R M D —T 4T RS
BRBERIEERBRENAT)VRE D FHHEORFE



HE ORIFGEMBORRN L RBFE~DIEA
—HEERTFRERNT & MR ERTFOER

(Aan Pl - AamtEae ) ek

[F#Y]
M D BR BTN B A DIRHT & BRBEAE~ DI 2 HEg & LT, BREGAH LM T & 2 Fl B
DRIFIERAERE Z R4 5. & OICERBIFICA I 72 RERL B 2 (R L, € ORI 217 5 .

[ 2]
FEEHE O SPR 717 7 — I, sugar epimerase & 21— N9 % spsM B 1% 533 HA01E
WCRIFAE LTV D ARIFETIE, £7 spsM O Ffmak2S SP BN DKL % [ % =2 — K92 sprd
EZOMBIRFE 2 —RT5 sprB 12XV, JEAEANBMETEZ2Z 2oz L.
T2, WIEANBIZT L) —RETT 7 h—RAEERDETDHEKEORI Y > T4 KT
MR ZITND Z &, sprd <0 sprB DB TIE, spsM 3w S L7272, faraR Y 3
v NTA RPREINTIRARZERBUKENGBKMEL 70D 2 &, 51T, lAHIEBIAKED
NIV DTA ReFT 252 L TKIZIERL, BEIRREE R 2 L2 A LT

WIZ, Z ORT-REOBKIE~DOEIT, BREFLMECH DA EE~FSEZ 595
EBZ, MAERRBY R BOMET & BUKMER T OMWE Ot 2 D=, 9, EEHOHE
BT A7 7 ) — 2 AW MERITIC L Y, RYU ST 4 REKICIE, spsM OfIC
WEOABKIZB D spsdBCDEFGJKL <11, cgeAB ¥ XN cgeCDE A~ M5 L,
AN DB 7 (crust) EAERRT D cotVWXYZ BS, RY Vw174 REOEICEET 5 2
EERM U, 72, SEOEE Y X7 E GFP Z AW REMT LY, RV h T4 Nix
crust ZHMRICHER SN TVWD Z EE2 A L. £, T RMNEOERT, fu1RE % Bk
b3 20, thogas (HEWE, RIFRR) ITIIRESFEELRNI EEZHLMNILTE. 61
ﬁm Lipol- spsM BRI EER L, TOWHEERZEZA, 1) AT7ACEREL, &
SICHEKRMEDFEMITK L COWEENREN &, 2) KICHEE, BAKRWT)OR 3 0K
ETHkMET 52 L, 3) KEMOIRE LIoiERICEHKMER 2% 5 &, WEcBihd sz
&ﬁﬁméhk.:n%mﬁgm,@K%H%%#4bf®%ﬁﬁmmxwf,%ﬁ@mm
W Ch 2 MEE ORI - FELRARETH LI L 5 &
R LTS, v .

—, LRCOMENT IR EE 0 FBRERE (168 BR) y%L Jﬁr
ZHNTWD2, BEF LI S LTSNS ‘
SR HORRNT 0372 S AL TN 720 VRl B R RE ~ 0 = i
P AL I YN i-%ﬁ%ﬁéﬂé 2T, spsM 73 ' A
SPR7r 7y —IilprsainTngd Z & &HH —

L7 spsM ERBANY 5 —DFRERDE. % s f> A
T, PHEAIRETR sprB HE XS A BITHEEE L,
ZDOED SPB LD sprB HEEE LT, Z OIS on)

#HE L7- SPB(AsprB)iX, SP B ZFf/- 2 W HE % o E I
BRIZEES:, S BIT spsM ZIERICHERIEL, 2o ym _um

BRI 2 2 & D a8 T & 7o, ANFJE THESE w1 S AspsM
Liey 27 KRR L, BEEHERED B\ Ii‘?if%"%?mﬁ22”%%’%‘%@?%%?%%5%%&
D ﬁi—»,ﬂ: 7§>EIJ§E'( 3;) Z) . sstg%;s‘ziﬂ@% D) ILREEE DOE L spsMERIATF. ) A LEICEBT 2spsMZE

Clear
water




HMEOBRECEHIBORNT L REREADIERA
-KEEYT / LOBRBERESRY FT—2 BT & Eh b DHEREERE

(A= BR2EED - A kRS2 R) LA SR

(QEN:H)

M O BRET LB D AT & BREEF L~ DIEH Z AR & LT, KIBE ORBIGEICBIT 5
T LEERETEBL L E OIS TR OB OB 2 &R T 2 RIBEO T ) ABREAEAT
7.

(eS|

A OBRBEISEMEIL, 7 A LOSEER T DNEDLLIEANRESRTH L. 7 A ED
BRI GHEEAE 712 X0 @ROICEEPHE SN TR Y, KBEY 228 EER» O
#9260 FFEOEREHIEIA - OFENEE SN D0, 13 I3ESRHTH-7-. FT 27 Y
7 b — A2 %, ChIP-chip #%, Genomic SELEX {4, PS-TF ¥57% & O@ENI72 47 ) 2% B A
fEMTIZ LV, CecR (YbiH), CsqR (YihW), Crp, FimZ, GadE, HprR (YdeW), OmpR, SutR (YdcN),
XynR (Yagl), YdeO, YgeK 72 & D#AEHIHIK - OMEA A 50 E L. 2RO OfRREEZ D,
KIGE 7 7 DFBLE ST DERE K10 80%LL EDOFEEEN M S, KIBHEITEEN T/ &
BEREFEAT ICR T 2 HERET VAW E L TMESIT 6N TWD . EEHER 71X, VAR
CEERES LR T 2 b0 L, MEMRERISEIC LD Y B TEE LT 2 b ol Kk
BITEDL. BEFIVAR AL X2 b—F—LIEIN, 5207 7 I U — (CriR, LytR, NarL,
NtrC, OmpR) @ 29 FE¥EF(ET H. L AR AL X a2 L—& —i%, MANORESLDY 7
FTNEFEM LI =% —BICE 0 U UBEEZ T, VBBV AR AL X2 L —XF
—IHEH 72 0, EUIRBREEIC DA AR T D, Zokrh—FF—BL L X
R ALVF o b—2—[D Y VRO L D MRS RS E TR RN XT TEL S
&%i%ﬂf%éﬁ,@ﬁ<&%30@&W(%mkﬂ)f#“7 BT D IHEMAZENEE
END. ZO95bH Stage3 DLV AR AL F 2 L—Z —iEEHIEIC T 5 E#REER Y FU—
7 VAT DONEFEIFRHT OFER, B LW ERARZZZ A LT

KIGHE DK 260 FFHOERBR D 5 b, &4 EHEEMT 585K 71X, 8 ffH (CueR,
Fur, MntR, NhaR, NikR, ZntR, Zur, ModE) Th-o7=. ZNLOEBHEAGELERN 11T, 4
BRI S AT ABE T A AT MRANSBIEFE 2R T 8B T2 fET 5. B
BRIEWNEIZ, =) 77 0 OMESBICHT 2 KRIGEEFMETIE, b ORREY
PEH T AT MR T, ZREN %ﬁ%&l@%@ﬁ@kﬁ/er i {1~ 0D F Bl % 41
H9 2 > 2T 5D I DME < D

<
&
8
)

=
T TN MERETH S ABEY J 51 BRESNSONABIESHIET
Z & 73)) 75) D 7:_. . — 2/[/ % O) 93[] EA F:;:L N'IO‘A‘PA foctor Famt No'xm:asc:lmb;us Chl, :.y R, CysB, DmIR, DsdC, GcvA, HeaR,
Ada, AdiY, AppY, AraC, CelD, EnvY, EutR, Feal LR 46 Pyr‘:k 'I:‘AR%LRLBHO k""ftle-y;ﬁpg vﬁ Nac, o :::th.hOxyR
L0, 2V IFUoMRNRRY B EERERE . - Brinim s
- ArgR 1 ArgR N
N > — ArsR 2 ArsR, YgaV ytR 2 BtsR, YpdB
)\ ~ X A( ) q:j—j: Aan 3/.\5,.50 cR, Lip MalT ”BQUngDDRGdE.MVTRsASIAVhAV}]Qﬁ_,
TEZ%/‘JZ MOdABCDE) & ¥F - = 15 s S
BA IR BN T ModE @ 2 K1 ol s
Crl 1¢Cd R,
R

:
FEIiis

@iﬁ{f{%ﬁ%%kﬂ%ﬁ/ A‘(“Iﬂ DCmR sggpaFCquKLDeoR,Deo T, FrvR, FucR, GatR, GIpR, SgcR,

14AgR,
SriR, UlaR, YR, YafY, YdiF

Friomib 9252 L (57 LFH) o

DbR 1 MntR

T, KBEMBRANTEY 75 fwime

FIhD 1 FIhD

e i e S Fur 2 Fur, Zur Fhe o
7&_) = 32\‘* a é K H% = D) *ﬁ L" ESZ BR, FadR, FarR, GabC, GIcC, LetR, McbR, NanR, PdhR,
Al M H — ntR 21 PhnF, UxuR, YdfH, YdcR, YeqW, Yabl, YhfR, YidP, YieP, PutA 1 PutA
Yidw, YjiM, YjiF

2

THEE
z
&
&
<
F

z
§7¢

, Nerl, NarP, ResB, UhpA, UvrY, YaeK, Yhig
. GIrR, HydG

§Zzz58555%¢%
383583538233
thrO—wan——a
2348
o1 &
m§<

ERE-REY:
3%

2%

, BasR, CpxR, CreB, CusR, KdpE, HprR, OmpR,
, QseB, RstA, TorR,

o 9
3
$3
- &

o

zomroR

%2

i iM, ViR RfaH 1 RfaH
- Ay =z 1 RpiR 4 MurR, RpiR, YebK, YfhH
Ijjl/f: uh%b‘/b ﬁ%ﬁkﬂ% \ultR 7 :‘RKngMhpRYIsJVgIVfXVI RtcR 1 RtcR
R 1 YfA SorC 2 YdeW, YigS
> > Eva AsnG, Cra, CytR, EbgR, GalR, GalS, GntR, IdnR, Lacl, Mall, TdeR 1 TdeR
%%}Bb\é;k«c, ﬂéﬁbl]\(ﬁ LL:xAI 1‘4LRRbsRTmRYW Tetn 13/ACTR: B, Bet Qo ComR, VR, FadR, Gusk, R,
] 1 X @tﬁ N R B e
- TyR 8 DhaR, FhiA, HyfR, NorR, ProR, PspF, TyrR, YaeV
E Lly %i Tih‘ Eﬁ %b 0) == 75) Eﬁ aj’ REHERRLESHERT T Xre 8 DicA, HipB, MsqA, RodZ, YciC, SutR, YgM, YiaG

52 families : 261 TFs (212 known:49 unknown)

7.
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[H]

AEWEOME, BERIZLY 7 ) = RAERREORE~OEKIZE TS, mTx/Lx
—OEHE R L TER LTCEERILT Z » RBR e O s b 213205 & & b1,
Bt ~Da—7 4 7 AT OERB O B O FRl 2 o0 S

[l A2 ]

TiOz IINboA A2 % =7 LI2fhi % 77 A~ETHRR LTZ. 2077 A~ &5 R,
BifE20-30nm D}/ A RERKL 2025720, FHERREE TITR10at. %A ERIR CTH 5 =47
7325at.% & D EREE E CTIOHFICIE I R—E 2 7SN TV 5D &V ) K& H %
Ho TV, ZOEBE=F TR TF Z R 2 S CRGLEL U, Rt - R D25 1b,
AR X ORI SE TR 2 e fitiiym i 2 g~ 7-.

AL FTIZRIEE20-30nm CT & - 72 BRIK 1-1%, 2VLERIZ K 0 R7aE 31T L, 900°C D EL
YR R ORI TONmIZ /e~ 72, — 5, =4 7 BRINTIOHN K TITRIZES 1lpmll E L7220,
FZELUWHAEOBEITR R STz, BRXREIT TR RO ZHH <25 &, Gl ERT %
—B, LVFILORPLRERIN TV, BEIZ LY, TFHX—Eno LTI ~DOFEEE N
BZV, 900°C I2BWT T FZ—BIIE2TLTF B LT, RRE(LFERE, 7% —EBh
HVFNUASOFEER X =4 7T IINC L 0 fl &, ERBIRED 5 Uiz, Setiiirg v 2 57
i3 2 7= ORI & B LT A F A Lo POFEKBERICTEYE (40538 L 1'436nm D
RE) ZHEH LT, BEOMAOHET CHABIENEZ T, XICEGLEE & Sefiis i
OBk A R, B, N, T, BVLENERE, BSOSO ETEEEkE R L TWD.
BULHEEURECIE, AL T COXABLEMENBEE I EH L2, &b EWABLEEZ R L= 0
1%850 °CTEULEE L 7225at. %R NTiO M Kkt CH v, 7 —E b FI~FHEEE 1+
ST L, RIFFICTiINDO7D LR L, SHREEFEL TWDE LD TH o 72, SefiEtEL,
V7 ELTIa—), T T AT e ROBILDESINZEB W THAII@ < 2 & LR
L7, 77 XAEE OB K %2 Z FLR R EICHE L CRES L7 s L2 — L LToOf
T, Flo, 77 AELD SRS BB FERIETH D YV VR —< LETERR LT
FEREND R—7TiO2%, 800~900COEGLIRIZ LV, RN T O YefiyE M 2~ L.

AHFZE DOND-TiO2% YR 1 X E R ZVLER I X 0 [ HEIEMEN A T D & W ) fhombF &
SRR A SN W A R L, REBRIEOE RN E Sz,

0.003 .
~®-15at.% Nb-doped TiO: plasma

~#-2(0at.% Nb-doped TiO: plasma
-&-25at.% =4 C i0:2 asmae
0.002 25at.% Nb-doped TiO: plasma
—#&-25at.% Nb-doped TiO: solgel
LrP25

k (min’")

Synthaessized 200 400 600 800 1000
Temperature (°C)

®1 Nb K—7 Ti0, BT DRLIBIC & 5 AR T OHAILED LT
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[H1]

R 7aZ 7~ (PCL) 13X, REVRAESMBERY X7 L THY, ARFIZIALAF
FETH8RICIY, MBI DBEINDZ ERNHONTWD. BERIC L D 0K TS
EOMBERIC L > TIEMHEIbENS 720, REEZRV B RENEIT D LT, ZO2EH)
B EZITHZENEZDLND. KR TIE, ENMIET T 2F v 7 OMRER <0 &L
KIZEDIERBREAMDE ORI R Z B & L=y Pkt O BN M R 25579, PCL 128
KT A PRBUKMEE 7 A FEEA LT 0y 7 EARICER L-. BIRMICIE,
BKMEEZ A RELTHRY RATF L2 (PS), BIAKEEIAVRELTRIZTF LY a—
b (PEG) Z\W, =20/ AL MNuORRL Ty 7 EAREEESKRT 5 2
LT, MEORRL OO T AL N PCL OASRMICE 2 588 % B Rat LT-.

[l e ]

PS [Tt =/LEA, PCL IIBHEREASIZL » TAK 0

sng. 22T K ~—fomoneEsms, oy
BLOELRAIESET— R2HAEDLEDLZ LT, H n n
BT 1y 7 LSRR S RIS L. PCL

Bon-7na vy 7 LEESEKO A SRR R O

(50 °C,24h) DOfEHE%A Tablel (R4, £9°, Hjm 4%\\/'%5PH; PS

HAKRTHD PCL 7 4 )V LITEED 95%D L, YRD Z & 7em b, B 5 T
MEEEBEMICHEIT L. £72, PEG-PCL ¥ 7 1 v 7 HEALHKIZEB VT, NMRIZL VY RD
72 PCL B 7 A FOSRRIT 13%ICEL, PEG DEHRN N% THHZ L 2EE/B T L,
BIAKMEE 7 A2 NMX PCL OESGIRFENIRE 0 BE 5. 27002 E NI T,

—J, BUKMED PS 7 A2 FOLA, FDOEARIZL - T PCL OEREFE) N2 5 ML
WIRWEE R 2572, PS EAHFROE PCL-PS-1 (PS:20%) DR GSIT4 < EIT Lo 7=
DIz L, BHERE DTN SH7- PCL-PS-2 (PS: 11%) TIE 50% D55 R %201 LT-.
FIT, XBOEEFSIEERD, R ~—T7 4 L AREICHE TS PSS A FOFEERE K
Wick 2 A, FESMED PCL-PS-1 Tl 56%, 5fi# S 472 PCL-PS-2 TiX 38% CTh o7, —%
27 m w7 HEAERIZEBNT, KREHHZ AL —HRONEEHRELY $ 2 7 0V AEH
ICEHET A 2 E DR LILTVS. PCL-PS-1 D4, PS EHRIL20%TH DN, 7 4 /LLFHK
I PS 23 50%LL FAFTE LTV, L7235 T, PS OBKIETmAIEE i, PCL ~OF:
FOBEEN T b= Z & T, Offrz g iknol-t#iE SN, —J, PCL-PS-2 DA,
T AV LARED PS FEERD 50%KRM Th o212, BEHEOBEENLTOND Z LR, &
RESOGHEFT U=, DLEORER, Eosant, N ~—0OfKiboARTZICIRED B
DTIE7e<, 74NV LAFKHDBKMERY v~ —DFERIIKFT HZ EBRHALNE ST,

Table 1. Biodegradability of block copolymers

Code M, x 107, g/mol Decomposition, %  Surface Composition, %
PEG PCL PS PCL PS
PCL - 30.0 - 95 - -
PEG-PCL 5.0 7.0 - 73 - -
PCL-PS-1 - 20.0 5.0 0 44.0 56.0
PCL-PS-2 - 16.0 2.0 50 62.0 38.0

Ref. Y. Kondo, K. Yamamoto, K. Sugiyama, Polym. Prepr., Jpn. 2015, 64, 54; ibid, Polym. Prepr., Jpn.
2016, 65, 1Ph014; ibid, Polym. Prepr., Jpn. 2017, 66, 1Pf012.
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Tavya—>a VN EESHERIRIILXF—TREROER

(}EI:—%‘»%‘LB . %?\%%I?%J’) iEEI %3

[ HAY]

TV—=vTr/nav—] 2¥z25 [mx VXL AT 5| ZEEREE LT, KR
REF+ AT PaT AL AEBEZICH LTI v FEROZOOT=a Y ) o— g UHiFo
KD, T—ZZITILDET ATV Fax—FOENRERERE R OEHE 55
9.

[ i SARE 22 ]

2GR "V A BRI~ L F a A L' —F D7 FVEIETT R OIS

Bxx7 7 Fax—2ENFRE LT, RkOT TV LADCE—XDEHDOE= A v
EEBICGE L~V TF af e — 2B IO NERA VT VX VEERE T KORRE AT
STW5. T UXNVEERE T RXKONT THWTWSD A SERHGRE 7 Mtk E 52 &
X0, X7 MU & TV X VBRSNS, T U X VEBEREE— & v A
T AT MV E 25N VA SEFS A LIV AT A ERERE L. a1
WRT. ZOHFATIE, X7 MR O o, BIEFEZEHEZEMRY M E T LI TR
T5. BEEINFIANC T 4 — Ry 7 &, TOBEELETEIREICTIES LD
AR == TRENG. FERFICa, BEFE IxFLICRSLZU, V, WFIEE S
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Perovskite solar cells (PSCs) Preceding study..

< Schematic diagram of PSCs > <Generation Mechanism of PSCs> Cross-sectional SEM images of ED-BL-TiO,
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. Organic cation or a3 and vacuum environments are necessary Perovskite Solar Cells. Sci. Rep. 5, 16098 ; doi: 10.1038/srep16098 (2015)
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Results & Discussion
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Graphene and its semiconductive counterpart, graphene oxide (GO), are the ultimate substrate for nano-electronics
and electron microscopy, because of their monolayer atomic thickness. We developed a simple method for the
preparation of GO film highly resistive to electron beams and quantitatively examined the stability of GO film thus
prepared. Scanning transmission electron microscopy (STEM) measurements were engaged in these films for the
determination of the electron attenuation length through GO film in nm scale and compared with that of bulk
graphene. Our findings suggest that GO mono-atomic sheet can be used instead of graphene.

Our Object

1) Single protein observation by an electron microscope (STEM).

2) Application to the transparent electrode for solar cells (with Prof. Ogata).

l l lprotein
e-beam

5 5 molecule
STEM
image

Sitzi0iliZzitian of GC)

o0

staining-free
graphene oxide
ic sheet

o

Praozirzitior of Graiansna Ogicds (GO))

1g Graphite 100mL 5wt% H,SO, 30wt% H,0, 3g
09g KNO,/58.8ml H,SO, aq solution 2hr stirring

50mL 6wt% H,SO, aq
50mL 1wt% H,0, aq

NH3 ac
solution q

O—

(washmg)

(cenmfuganon)

(added with 4.5g KMnO,

2hr stirring)
5 days rt Zh stirring
stirring

Madagascar natural graphite flake was oxidized with mixture of KNO, and KMnQ, in sulfric
acid following washing and fractionation. Basic method is from Wilson’s method.

1

Neutrali-
zation

1h stirring keep 2 days
The sample suspension washed with a mixture of dilute sulfuric acid and H,O,
solution kept in quiet place for 2 days following decantation. This process was
repeated 10 times. It took around 1 month. Finally, the final GO colloidal suspension

was neutralized by NH3 aqg. The suspension thus obtained was stable over five years.
The color of GO concentrated suspension was black.

Sitzl01liey o) s=Berzipn Iarztelizition, Totuejr) & Yzl _ o . o
9 Size fractionation by successive centrifugation
0

/

Concentrated
suspension

STEM image of weak and

tough film under e-errad. 22p

supernatant Stock GO dispersion

Digitization of black level of a 2 3000 rpm 8500 rpm
box part gives quantitative data 2 1.g —6ratio(weak) I:>
(Right Figure) 2 § d|scard discard Diluted to
t=10s : 16l —H -ratio(tough) depo. upper layer 3mL
- =]

First order rate kinetics

1,/1,=r—(r-Dexp(-kt) The GO concentrated suspension was centrifuged at 3000 rpm for 10 min. The

t=60s When kt << 1 2 = - supernatant was diluted and engaged in next centrifugation at 8500 rpm for 10
I/ =1+k(r=1)t 5353535 S5 650 min. The precipitate was recovered and diluted to 3 mL (stock dispersion; density
o t/s =0.59 mg/mL). 2 uL GO suspension dropped on a commercial holy carbon film on

Rate constant for tough film = 0.002/s, that for weak film = 0.045/s.

a Cu grid, was supplied for STEM observation.
Local diffraction shows graphene-like spots.

To get tough film, all these processes was taken under anaerobic conditions by
using degassed or Ar filling water just before use.

Weak film  Tough film

.

®
Contamination Free Multilayer GO Film Contrast Analysis of STEM Image of GO Model of Contrast
STEM image of GO.
m,monolayer; d,double b l I 4 ha-H)
- layer; ——l— 0 (1f)
t,triple layer; T }d— 1 afa-ad
g,quadruple layer. < 2 (1-;,,)(1-51(1)2
Scale bar: 1 um. L ;
Rectangle region on l : n o Qf)0-ad

the right Figure was
digitized to give Al/l,.

Electron penetration through GO

Monolayer GO Multilayer GO

x axis

80-kV TEM image of
NADHase with staining
treatment.

N Numerous white spots
are the enzymes and the
L»,’ Sy numbered particles in red

circles are selected ones.
Enlarged parts are the
image of the enzymes
after image manipulation.

Single NADHase
molecule.

20x5-nm L-shape
structure is obvious.

15-kV STEM image of NADHase without staining.

STEM image of TMV.

Acceleration voltage 7-kV.

300-nm long and 20 nm in

diameter, completely fit the
reported value.

Negative staining with
uranyl on Formvar
support.

&

Note that the protein is not damaged much by e-beam,
irrespective of stainless treatment. Black clear edge of
the protein is thanks to topmost surface-scattering effect,
which highlights the shape of the proteins.
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We could successfully control the stability of GO to electron
irradiation by simply control the atmosphere of handling process. We
could determine the electron attenuation length A of GO by virtue of

STEM method by a lattice-to-lattice step. The A-value almost
coincided to that of graphene. Upon application of GO to a substrate
for a single protein, NADHase, observation gave clear protein image
with staining-less condition.
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Abstract 1.

Vibrio cholerae, the etiological agent of cholera, shows
chemotaxis, which has been implicated in pathogenicity.
We recently reported that the bacterium is attracted
strongly by taurine at 37°C but not at lower temperature. In
this study, we found that the gene encoding the taurine
chemoreceptor MIp37 is regulated in response to culture
temperature at the level of transcriptional initiation. Forced
expression of the mip37 gene from the foreign promoter
abolished the temperature dependence of taurine taxis.
Furthermore, the mip37 expression was negatively
regulated by the transcription factor ToxR, which is required
for the expression of genes encoding cholera toxin and
other virulence factors, suggesting the inverse correlation
between taurine taxis and pathogenicity.

3. Structures of the sensor domain of MIp37

Introduction: Chemotaxis of V. cholerae

cellular pole

Il

attractants / repellents

‘ chemotaxis ‘

I

I7
System
EI:_

V. cholerae possesses 44-45 MLPs (MCP-like Proteins) for chemotaxis.
Only System Il is essential for chemotaxis (Hyakutake et al., 2005).

‘ other cellular function ‘

4. Where do they seek taurine ardently?

in estuaries ?

(a) The membrane-distal pocket binds alanine, serine and taurine.

(b) An small opening (indicated by the white arrows) reveals the molecular basis for the
diversity of amino acids that can be sensed by MIp37.

(c-e) Close up view of the ligand-binding sites of the alanine, serine, and taurine complex.
(cited from Nishiyama et al., 2016)

6. Culture temperatures affect mMRNA levels of
mlp genes

Taurine in bile?
High temperature (37°C)

Taurine in marine / river animals?
Low temperature (=30°C)

7. Mip10, MIp24 and MIp37 are closely related
but their genes were regulated differently

-MIp10—23°C dependent
-MIp24—temp. independent
*MIp37—37°C dependent

-l:v.parahaemolyticus Mip1l
MIp02

[~ Mip26

L MIpo4
MIp03 Single PAS-like
domain

Mipo9

(funclion unknown)
Mipa3

MIpo8

@ (AA receptor)
@ aurine and AA recepto) /

Tandem PAS-like
domains

(unpublished data)

V. cholerae Mip37
(PDB D, 3C8C)

9. Temperature-dependent regulation of taurine ol

taxis results from that of mip37

10. Is the mIp37 expression under the con
of ToxR?

« V. cholerae expresses virulence factors on small intestinal epithelial cells.
= Major virulence factors: CT (Cholera Toxin), TCP (Toxin Co-regulated Pilli)
« Virulence genes of V. cholerae are controlled by the ToxR regulon, which

Various environmental stimuli
(temperature, bile, pH, CO,...)
¥

ToxR TcpP

)
=
S

CT

responds to various environmental stimuli.

ToxR regulon ]

(unpublished data)

Taurine is a component of bile.

2. MIp24 and MIp37 are chemoreceptors for
various amino acids

x 18 16 16
12 12 12
8 / 8 8 - -
. A, . e
o o
° 100

0o 1 1 1o T 10
[Arginine] (mM) [Proline] (mM)

-/\- 0395N1AMIp24 A~ O395N1AMmIp24/mip24
(complemented)

R
[Serine] (mM)
-@- 0395N1 (WT)

Taxis mediated by Mip24
—Ser, Arg, Pro, Ala, Asn,

\ S A
Vo

A 8 etc.
4 4
,&A———A—A Taxis mediated by MIp37
° T o o o T 70 100 | —Ser, taurine, Arg, Pro,
[Serine] (mM) [Taurine] (mM) etc

O395N1 (WT) 0395N1AMIp37 -~ O395N1AMIp37/mip37
wT)
(complemented)

MIp24 and MIp37 sense various amino acids as attractants.
In addition, MIp37 can also sense taurine (Nishiyama et al., 2012; 2016)

5. Methods and conditions used in this study

< culture conditions > -
16 h 23°C
¢ m 6h Sample preps for
bTGth @ 30%C l::) Western blotting
ro 30°C % - Northern blotting
37°C

< probe labeling >
DIG-labeled probes were amplified by PCR.

mip02 _mip29
_ mip gene
Dig-dUTP < E>
+ Dig-
PCR l
Dig-mlp probe

8. The mip37 gene is regulated at the level of
transcriptional initiation

(unpublished data)

N

1. Effects of ToxR and TcpP on the temperature-
dependent taurine response

(unpublished data)

S
12. Which step actually repress the expression of

mlp37 gene at 30°C ?

« A high-temperature response gene, mip37, was modulated at
transcription initiation level.

« Temperature-dependent taurine response were caused by
temperature-dependent mip37 gene expression.

« The virulence activator ToxR and TcpP negatively modulate mip37
gene expression.
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Introduction Results
Graphene, a gapless semiconductor, consists of
monolayer carbon atoms. One of the candidates to
make large scale epitaxial graphene is thermal
decomposition of SiC. But the epitaxial graphene on
SiC shows n-type behavior which originates from the
influence of the interface layer between graphene and
SiC. In this work, We demonstrate p-type graphene on S
Al ions implanted SiC by CF, plasma treatment. T camansh o

Raman Spectrum

Intensity [a.u.]

oo mos s
Raman shift [em™]

G-band and 2D-band peaks can be observed in each
— Experement sample which identify the growth of graphene on the
Substrate sample by annealing at 1500°C.

As shown in (c) and (d), D-band peak was appeared as
a defect in graphene on Al ions-implanted SiC.

p-type 4H-SiC epitaxial layer grown on n* substrate

Aluminum ions implantation

Energy : 170-260 keV o
Total dose 1.2 x 10% /cm?2 g Raman Mapping images (FWHM of 2D-band)

CE, plasma treatment gs /—-\\ Without CF, pIasma_ With CF, plasma
CF, gas rate : 30sccm .t } withoution | N =" Sl *
Pressure : 0.4 Pa 8 b implanted : !

RF power : 400 W e }EEPTJFTEnm.]W - s ! agcm 1 . | o)
Time 1 min ! . (c) YEl 78cem?(d) | 7Bem?
Al lons Implantation profile W'th lon , gi'q
Activation Annealing implanted P
o, g . - 60 cm? I 60cm?
1700 "C, 30 min, Ar ambient :
Graphene Mapping images of FWHM of 2D-band in the area of

Graphite Removal - 10 x 10 pm?2.

Process gas : O, Alions implanted SiC (@), (b) : The graphene on SiC with CF, plasma is
Pressure : 0.2 Pa p-epitaxial layer more homogeneous than that without CF, plasma.

R.F power : ZOO_W N*-SiC substrate (c) : The large change of 2D-band FWHM is observed
Time : 1 min for the ion-implanted sample without CF, plasma.
Flow rate :10 sccm Measurement Sample (d) : Uniform graphene on ion-implanted SiC with

Graphene Fabrication Annealing CF, plasma was obtained.

1500 °C, 30 min, Ar ambient (10 kPa)

AFM images Hall Measurement
Without CF, plasma With CF, plasma Sheet Hall N Sheet
. . (a) . ) Sample|Resistivity |Coefficient ('\g?nbz'/“\g) Concentration (Type
Withoution |, S50y AR @sq) | (m?[C) (E13/cm?)
implanted et M~ @) 4131 -56.2 136 1.11 n
| RMS : 8.21nm RMS : 1.05nm (b) 1261 -49.1 389 -1.27 n
_ (©) i, CO P - (c) 2829 -42.1 146 -1.48 n
LU 0 1 /:///f/ Wl ol (d) 8366 +47.1 56.2 +1.33 p
implanted T T, N _
RMS : 8.41nm RMS : 3.49nm (a),(b) : Mobility was improved from 136 cm?/Vs to 389

cm?/Vs by treating CF, plasma to the substrate before
fabricating graphene.

(c),(d) : Epitaxial graphene on Al ions implanted SiC
converted from n-type to p-type by CF, plasma.

(@) (c) : The large micro steps were observed for the
samples annealed at 1500 °C without CF, plasma.

(b) (d) : The surface of the sample with CF, plasma was
smooth and had the small step and terrace structure

Conclusions
Graphene on SiC with CF, plasma treatment was more homogeneous than the one without CF, plasma treatment.
Mobility was improves from 136 cm?/Vs to 389 cm?/Vs by treating CF, plasma to the substrate before fabricating

graphene.
The Al ions implanted sample without CF, plasma treatment indicated n-type behavior while the one with CF,

plasma treatment indicated p-type behavior.

A part of this work was conducted in Waseda Univ. , supported by Nanotechnology Platform Program of MEXT, Japan.
This research is supported by “MEXT-Supported Program for the Strategic Research Foundation at Private Universities, 2013-2017"



Homogeneity Evaluation in Mg Implanted GaN Layer
by On-wafer Forward Diode Current Mapping
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Motivation

Gallium Nitride (GaN) is an ideally suitable material for applications in high power, high frequency, and high temperature
devices[1]. lon implantation is a widely used doping technology for Si MOSFETSs, but there have been few reports that
demonstrate the formation of p-type GaN layer. We have succeeded to make the p-n junction by implanting Mg ions into
n-type GaN layer [2], but Mg implanted layer showed inhomogeneity including p and n-type regions. We demonstrate
evaluation methods of homogeneity of Mg ion implanted GaN layer by mapping technique using current-voltage
characteristics.

Device Fabrication Measurement

Mg ions were implanted into the n-GaN epitaxial layer After Pd electrodes of the diodes were removed, |-V
on GaN substrate at two different energies of 30 keV and characteristics between Mg ion implanted layer and GaN
60 keV at doses of 3.5x10"® cm?2 and 6.5x10'3 cm=2, substrate were measured at the points of every 10 pum
After implanting Mg, the samples were annealed at steps on the wafer by using Cascade Semi-Auto Prober.

1230°C for 1min in N, gas ambient. Vertical-structure p-
n diodes with mesa structure were fabricated by

Pd(200 ngy

-GaN (Si:1x10'/cm?)

Mg ion implanted diodes
Wafer Size on the wafer

10mm
depositing circular Pd electrodes (60-400 pm in —
diameter) on the surface of the Mg-implanted GaN layer T \ resisto
and Ti/Al electrodes at the bottom of the GaN substrate. § o pese Y 8
s i p— % 10 1.
SiN(30nm) 15 m 2 3
H 2 1073
n-GaN (Si:1x10'8 /cm?) 2500 nm E10 'E
2 [P
GaN Substrate 35 5 10 Interval: 10 um 0V VOLTAGE
o No. of Measured Points I-V Characteristics
N —7 1000740000
Mg on T30 nmyAKZS0 o) S50 w0 B 0z 4 6 8 00 1 23 456 7
annealing at 1230 °C Voltage (V) Voltage [V]
Fig. 1. Schematic structure of the Mg ion implanted diode. Fig. 2. Measured I-V characteristics and Fig. 3. Measured points to draw forward
estimated components of the diodes. diode current

Results

Measurement results at the mesa bottom showed Schottky barrier diode characteristics and that at the top of the mesa
regions showed composite characteristics of pn junction and n-type conduction. Two-dimensional mapping of the forward
diode current at a forward voltage of 4 V was illustrated. From the mapping, it was found that Mg ion implantation layer
has almost homogeneous p-type region and a part of which was n-type regions.

Mesa etched regions

n-type conduction SBD
~av i

surface series
resistance

\ W probe
10um in diameter

¥ A
-Gal (Si1 X 10 /om?) 2500 nm I !

n-GaN (Si:1x10% /crh?) 2500 nm

' p-type conduction
Tum-on voltage=
4V(pnunction)+SBD

GaN Substrate
n-type pillars in Mg ion implanted layer

Ti50 nm)/AK250 nm) L
@Mesa etched regions: n-type conduction
@Top of the mesa: p-type conduction
@®Periphery of the mesa: n-type conduction Red squares show n-type pillar regions
Fig. 5. Schematic cross section of Fig. 6. Forward diode current mapping of |-V Fig. 7. Forward diode current mapping of |-V characteristics of
measured diodes fabricated on the characteristics of the wafer. the mesa diode.
wafer.
Diodes without Pd electrodes were I-V characteristics at mesa bottom showed Schottky Forward diode current mapping show 3 n-type pillars in
measured using W probe at the points of barrier diode and that at the top of the mesa regions mesa diode(800 um in diameter) area. The density of n-
every 10 ym steps on the wafer. showed pn junction diode. The part of the top mesa type pillars is about 600/cm?.

regions showed n-type conduction.

Concluding Remarks

We have succeeded to make the p-n junction by implanting Mg ions into n-type GaN layer. Experimental results suggest
that Mg ion implantation layer has almost homogeneous p-type region and a part of which was n-type regions from the
mapping. The density of n-type pillars in Mg ion implanted layer is about 600/cm2. On-wafer forward diode current
mapping measurement methods are very useful for evaluating of homogeneity of ion implantation layers.

E-mail: tohru@hosei.ac.jp 1Rsr;‘sft§:1|'7eon(c2?)sl:5)[1] A. Wakejima et.al ., Electronics Letters, 42, 1349-1350 (2006.). [2] T. Oikawa et.al., Nuclear Inst. and Methods in Physics Research Section, B, 365,

Acknowledgment: This work was partly supported by MEXT-Supported Program for the Strategic Research foundation at Private universities, 2013-2017.
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Genomic SELEXZ:5 UL\ = KIGE OBEERHNEE EF D REH
Characterization of uncharacterized transcription factors of Escherichia coli by
using genomic SELEX system

OKaneyoshi YAMAMOTO?2, Tomohiro SHIMADAZ23, Yuki YAMANAKAZ24, Hiraku TAKADAZ5, Masahiro NAKANO?25,
Akira KATAYAMA?, Dipnakar Chatterijié, Akira ISHIHAMA?12
1Department of Frontier Bioscience, and 2Micro-Nano Technology Research Center, Hosei University
3School of Agriculture, Meiji University, “Mechanobiology Institute, National University of Singapore, >Department
of Life Science, Rikkyo University, éInstitute for Virus Research, Kyoto University, ‘Department of Biochemistry

and Molecular Biology, Nippon Medical School, 8Molecular Biophysics Unit, Indian Institute of Science

Escherichia coli contains a total of more than 4,400 protein-coding sequences on its genome. The selection of genes for expression and their
expression level are determined by controlling the distribution of a limited number of transcription apparatus on the genome. A total of 7 species of sigma
factor, the promoter recognition subunit of RNA polymerase (RNAP), and about 300 species of transcription factor (TF) are altogether involved in this
gene selection process. At present, however, the regulatory functions are not known for about one fifth of the E. coli TFs. For identification of the
regulation targets by uncharacterized TFs, we have then developed an improved system of Genomic SELEX (systematic evolution of ligands by
exponential enrichment). The Genomic SELEX screening system is particularly useful for identification of regulation targets of hitherto uncharacterized
TFs. Although the majority of TFs regulates a number of target promoters and genes, but we have identified about 10 species of TFs that regulate only a
single (or a few) target. Here we will describe three single-target TFs, Yagl, YbiH, and YdcN. The targets predicted based on the SELEX screening were
experimentally examined in vitro and in vivo. Taken all these results together, we propose that: Yagl is a repressor for the yagA and yagE operon; YbiH
(remaned to CecR) is a bifunctional regulator, repressing the ybiH operon and activating the rhlE operon, both being involved in the sensitivity control to
cefoperazone and chloramphenicol; and YdcN (remaned to StuR) is a regulator of sulfur utilization.

References: Shimada T. et al. (2017) FEMS Microbiol. Lett. in press.; Ishihama, A. et al. (2016) Nucleic Acid Res. 44(5):2058-2074.; Yamanaka, Y. et al. (2016)
Microbiology 162(7):1253-1264.; Yamamoto, K. et al. (2015) Microbiology 161(Pt 1):99-111.

1. Genomic response to environmental changes in bacteria 4. Conclusions
<Two step differentiation of RNA polymerase>
“Genetic SELEX” screening system is a useful short-cut approach for
q o q D ['s oy n ranscript identification of the regulatory targets of hitherto uncharacterized transcription
« » Rpod factors. We have succeeded to identify the regulatory functions of more than
« » RpoN O« - ten uncharacterized TFs. Here we report three TFs, Yagl, YbiH and YdcN.
«» RpoS @ Class-li TF (0 contact)
- RpoHt Classill TF (B contact) Yagl=XynR  Regulator of xylonate catabolism
(Lt e 1 TN €>» Rpok ) Class-V TF (B’ contact) YbaO = DecR Regulator of cysteine detoxification
? . < Fecl YbiH=CecR Reg of sensitivity for and
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2. Genomic SELEX Search for Regulatory Targets of TFs ~N
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(3) Transcriptional regulation by CecR(YbiH) on a single target of E. coli genome.
(3) Transcriptionalregulation by CecR(YbiH) on a single target of E. coli genome. - — . - - —

" | CecR(YbiH) was found to : = -
XynR(Yagh) was found to _> o bind mainly to the -
bind mainly to the N 4 intergenic region ;

P

intergenio region @ ' between cecR(ybiH) -
between yagA and m and rhlE promoters.

JONR L pAS | iAE MO L ceehl -

yagEF promoters. . 0 ' St YbhFSR predicates to SutR-binding sequences were made to identify
YagEF encode enzymes o 4 - ) encode ABC similar sequences in the region between —

involved in xylonate transporter systam. 500 and +200 with respect to the initiation

matabolism. il mg Ruvcpore codon of other SELEX DNA fragments.

(4) The role of CecR(YbiH) regluon.

(4) The role of CecR(YbiH) regluon. Most of the CecR(YbiH)-regulating gene products are associated with utilization of
- — — sulfur including:

" L - — 1) the generation of sulfate and its reduction (yjcS)
2) the synthesis of sulfur-containing amino acids, cysteine and methionine (cysE)
3) the modification of tRNA with the use of sulfur- containing substrates (yfiC & thil)
4) the utilization of Fe-S as cofactors in enzymatic reactions (paoB, thinl, & tdcf)

PM analysis indicated that the cecR(ybiH) SutR (remaned YdcN) is a regulator of sulfur utilization and regulates a set of target

mutant was sensitive to cefazolina genes involvedin various steps of sulfate utilization in E. coli

dnchloramphsnicol.

__#° The ybhF mutant was aleo sensitive to
-——] cefazolina dnohloramphenicol.

The polysaccharide xylan
consists of D-xylose.

XyIR regulates the genes
involved in D-xylose
metabolism.

XynR (remaned YagD regulates
the gene involved in D-
xylonate metabolism.
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Local protein synthesis within neurons is an essential mechanism for the establishment and
conservation of synaptic plasticity, neural activities, and cell polarity. RNA-binding proteins
(RBPs) are considered to play key roles in transport and distribution of specific mRNAs into
target sites for the local protein synthesis. At present, however, little is known on the
mechanism how these RBPs mediate selective transport of specific mRNAs into the target

Primer.

b

rea. promarter
TDP-43 (TAR DNA-binding 43 kDa protein encoded by TARDBP), a ubiquitously expressed

RBP in various tissues, contains two RNA recoghition motifs and a Gly-rich domain, and forms a

homo-dimer in normal cells under physiological conditions. In neurons of patients with

amyotrophic lateral sclerosis (ALS), frontotemporal lobar degeneration (FTLD) or some cloning of

neurodegenerative disorders, TDP-43 exists as a major component of the ubiquitin-positive ?mplifie'g DNA

ragments

inclusions, the pathological hallmarks of neuron diseases.

In order to identify the binding target RNAs and the recognition sequences of TDP-43, we
performed SELEX (systematic evolution of ligands by exponential enrichment) screening. The
collection of RNA sequences contained G-quadruplex structure, which is formed from the
stacking of two or more guanine tetrads. G-quadruplex structures have been identified in 3" -
UTR of approximately 30% of the well-known dendritic mRNAs. We found that TDP-43
recoghizes G-quadruplex containing mRNAs and transports them up to neurites for local
translation. Furthermore we demonstrate that a TDP-43 with ALS-linked mutation is unable to
co-localize with target RNAs. Finally TDP-43 was found to bind the 6-quadruplex-forming RNA
encoded by ALS and FTLD associated GGGGCC hexanucleotide repeat expansion of the
C9orf72 gene. Taken together we propose that TDP-43 plays a key role in intracellular
trafficking of G-quadruplex -containing mRNAs for the local protein synthesis in neurite.
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® Inferacting RNAs were selected
against TOP-43 dimer protein by
SELEX from RNA pools randomized
30 nucleotides.

 After 7 round SELEX cycles, 47
clones were sequenced, and 14 groups
were segregated. These candidates
were analyzed by SPR (Surface
Plasmon Resonance) assay.

How important is the intracellular transport system?
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Why does TDP-43 bind to 64 ?
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® The signals necessary for infracellular transport of mRNAs are
generally included within cis-acting elements located within the 3'-
untranslated region (UTR) (Mayford et al. 1996)

® G4 is one of the unique structural elements in the 3'-UTR of
approximately 30% of the well-known dendritic mRNAs (Subramanian
et al. 2011),
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Figure 3.

a, Visualization of TOP-43 and RNA G4 in rat cortical neuron by immunofluorescent staining
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Highlights
© TDP-43 is a parallel stranded G4 binding protein.

© Gd-containing mRNA is transported to neurites with the help of
TDP-43 and translated.

© ALS-linked mutation M337V lacks the function of normal binding
activity of RNA G4 structure.
© Ga-forming GGGGCC repeat expansion RNA from ALS/FTLD-linked
C90rf72 gene plays as a sponge role for absorption of TDP-43.
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Bioaccumulation of molybdenum by the recombinant Escherichia coli
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4 High-temperature heat-treatment of two kinds of highly Nb-doped A
TiO,nanoparticles prepared by sol-gel and thermal plasma methods
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Introduction

Nb-doped TiO, has been intensively investigated for applications, such as gas sensors and transparent electronic conductors. The solid solubility limit of Nb
into TiO, was reported to be ~10 at.% in the powders prepared via sol-gel processing. In the plasma-synthesized powders, much higher Nb-solubility was
attained, up to ~25 at.%. In the this work, a comparison was made between the sol-gel and plasma derived TiO, powders doped with high concentration of Nb,
15-25 at.%, with respect to the change of phase composition and the unique phatocatalytic properties under UV and visible light irradiation, both induced by
high-temperature heat treatment.

Thermal Plasmas as a Synthesis Tool - Plasma method Sol-gel method
~1000 °C of g 1 Fuid nozzle o Liquid precgrsor Titanium(1V) isopropoxide Niobium(V) ethoxide
spray pyrolysis temperature N Titanium (V) source: Ti(OBu), Ti[OCH(CH,),], Nb(OC,Hy)s
N Y Electric Niobium (V) source: Nb(OBu)g Ethanol
. furnace Inhibitor of hydrolysis: HN(OC,Hs), C,HOH
. . (Nb5* concentration: 1 - 25 at %) 2,2'-Iminodiethanol
‘ Quite different from L s (HOCH,CH,),NH
common spray pyrolysis el I | L Processing parameters
A (Central gas: Ar REthermalplasimia 20 min
Reactor sog fiter Sheath gas:  Ar+0, 80 L/min+10 L/min SRR | Magnetic stirring | [ Pure water ]
= - . Carrier gas: Ar 5 L/min
“High processing temperature exceeding Precursor feeding rate: 3.0 mL/min J. Mater. Res., 26, 658 (2011)
" 10,000 K. . Induction power: ~40 kW
PlaSma /M' 'Faft quenching rate. § Chamber pressure: 26.7 kPa 100°C, 12 h
Unique reaction fields for Heat Treatment
the synthesis of nanoparticles with All the plasma-synthesized samples were heat-treated at various | Heat Treatment at 700 — 900 °C. |
Thermal plasma § high crystallinity and good dispersion. J temperatures, 700 — 900 °C. |
Change of morphology in Change of morphology in ; Variation of primary particles size evaluated by
plasma-synthesized powders by sol-gel-synthesized and commercial powders by an image analysis on SEM images
_high-temperature heat treatment ‘high-temperature heat treatment ‘
160
Nb 15 at.% Nb 20 at.% Nb 25 at.% Sol-gel Nb 25 at.% P25 (NIPPON AEROSIL) . -8~ 153t.% Nb-doped TiO: plasma
v 7 oy ry = —-20at.% Nb-doped TiO: plasma
£ 120 425019 Nb-doped TiO: plesma
ﬁ ~&-254t.% Nb-doped TiO: solgel
(%2} O-P25
@ 80
L
&
a 40
0
thesi ag 200 400 600 800 1000
synthesize Temperature (°C)

Change of phase composition in | Change of phase composition in Variation of UV-Vis reflection spectra and
plasma-synthesized powders by sol-gel-synthesized and commercial powders by _evaluated band gap )
_high-temperature heat treatment _high-temperature heat treatment o PlasmaNb 25 at% 1o Sol-gel Nb 25 at.%
Nb 15 at.% Sol-gel Nb 25 at.% P25 (NIPPON AEROSIL) w —— g =
iNb,0, oo *TiND,O; £ w0 =
= s o o Mhestteatedat so0c ~ 0 .l L L heattatedatoooc | | esemedar g g
2 . _ ..a8s0c I . N L 1 850°C /I WY = S a0 ——gs synthesized S 0 |— heat-treated at 700°C
= asuge > o aB00C [ (IR T g e e 2 — heat-treated at 750°C
g  asoc 3 Tt e B b _amsec <2 — heat-treated at 800°C. 22 —heat-treated at 800°C
s agrc 3 ———— s . . T aromc & heattreated at 850°C i3 — heat-treated at 850°C
= - assnthesized. = - A e .oommOC 2 ) . ... _ asreciveded 0 ——heat-treated al 900°C. 0 — heat-treated at 900°C
1 Rutile Rutile I . Rutile 1CDD:01-071-0650 1 Rutile 1CDD:01-071-0650 200 400 600 800 200 400 0 800
Anatese Anatase . Avatase 1COD00 0211272 . . Avatsse coDC00211272 Wavelength (nm) Wavelength (nm)
20 30 40 50 60 70 80 20 30 40 50 60 70 80 20 30 40 50 60 70 80 20 30 40 50 60 70 80 100
20 (deg) 20 (deg) 20 (deg) 20 (deg) Sw Temperature | PISTa | plasma [ plasia [ ) solger
Temperature (°C) | Rutile | Anatase [TiNb;O; Temperature (°C) | Rutile | Anatase | TiNb;O7 Temperature (°C) | Rutile | Anatase | Tib:Or (°C)| Ruti