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NEHIEIE-TA -0 PIXE TlX, SV VILRNILOBNEDHREDTERZDN Mo RE.
ENRRETEHBTEIREEALTLWS, — BICTESTHAOIZEMEIL. HHFTIRROMIK.
B#ITTRIZIE LT, FF. SN TEfz, I bld, ICP-MS HOFRAS . MEHE ST o
HXBATADNILIKBEHNZFZEAETH D, —AH. PIXE EUhIFTA -0 PIXE Tl &
ACIREEEDHMICIT LT, FBEIEPRARY MRICHAE L2 —5 v EORWICHEIN D5
BRFEAETHD, THELHMBMTZILTILAY., FILA)ITEERLESETEND., &
KDBOEELHMERZTHESEETHD, CcOLILEHABOEROCBMITRICHIE L=, T
EOWMAEZEEMEIIEMmIAhTULAN, BAOMEF—LTIE, ¥4 0 PIXE SHTAEER
FELT, 1A KBBERICOTENTR 2 EIHESA T SZEYEZRAE LTS, Th
FT. YV OR—FRABGA F ORBBAE. H 5 WIEEA A4 O RBBIEICEARBEETEDR
FILVEZDOL, AT L, ROAY, 8 anNILE, Zv4 )L, 81, A, X I~|:u9‘-r7!-\s
MBLUVBEE—TEEW—ICEEITOIBEMELRE L, COEEYEEZRHNREFRSE
AT (NIRS) B LU BXREFHEAREESEN (TIARA) DT A U O PIXE 5 %f%%b
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2. BB
7 LS QRS SR RS

AR 300-350 um D #4 = XWARTJ L (Brachionus Plicatilis, 7LY) TLYV(F, ALIES
L 7-##l%%E (Nannochloropsis sp.) Z#EEL. AIEKPTEELz, CDOTLY 1 EBEZE
Polycarbonate fRIZ{17%& = . BREEHF & L1,

&R EE D RS E M AR
AR O35 (BEIK#hEE, Cladonia amaurocraea (Florke) Schaer. B #Lth/NEILTEER
199349 A 15 BiRE) DEZIFRAR Z REY) FEp A E | (Tissue-
Tek O.C.T. Compound) Z ALY, -21°C TRIEBLF=, ThEV A
A b—LT, BEOEEAMICES 25um TYYHL., FURE
Ltz YIAIZER 0.6 mm ORDART, ROEIEERE L 51, e
hEx, #EEh—ROT—TI2EEFL, 512K h—RAR—
FEZFBEYFFI=2—45 Yy bFRILZ—IZHEE LT,

<4 % 0 PIXE 22471
SR TIARA T4 2 B PIXE DA TLAIZT, 3 MeV p E— (- ot

LEHITIH/OVICKRO TR LIz, RF YT 7IL.50x50 Sin Brachlonus Plicatilis and

M5 200 x 200 um & L., K& 100~500 nC DEESTZ 4T o=, analytical area for elemental

X SR E, Si(Li)FERREE (PGT LS30135) T#HY, R abundances

L. §iERIzE2ELE", Image Size : 200 x 200 um




~REE GEEE S P13-TS01) ~

SHRLERE
DLSDIAY OPIXEGEREGFEE
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PIETE5%, BEYETRDE-. COIA440 PIXE VATLTOREREEZL LIZ. ODE
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Sr0.8 EZENEFNPYHEATRDZENTET =, CDKSIC, 1ZEHBICKIHEBOKREIZEK
S2TYA 908 PIXE VRATALIZK 2H/NMEEBOTESHTHNAIEE L
To1=,

KOOI A U O PIXERETRHFLEE

Fig.2 [(CHIKIBOMEICH (T HHMED TR M (200 %200 um) %
Y MKREIIFEEEREORERT, fIRRKEBTHEKRT
ANFI7E, BDAROBBZE D A oERN LS LEE
(). BN oG LEEE (b) T, FDLEIFZER (c) THA
R, AUSYL, UY, BE. ALY L, T4 REOAHELED
Nz, ZOBB. ERENYYLL, MAOBHE & <CEBLT iy 2 Elemental Mapping for S in
W=, Fig.2 Mho, MAFXLEBOMUZAH LTSI EMNPD 4 Lichen* and Analytical Areas
5, V¥R TH--. —A. U1 FIL. (b) & (c) @iﬁﬁ\ for Elemental Abundances
HHUIZ (¢) OREBICBEAKICINE L TUL =, F£f-hILI o LlE *Cladonia amaurocraea

(b) &Y (@) 128K, TN EFNDBTIIY—I2HH L Tz, T Image Size:200 200 um

DESIZ2IA440 PIXE DIk Y. thRBEROTEDTHEIE a: Upper Cor.tical layer
T&t b: Inner Cortical layer

HMKREOHRE., VO BLUVALSIVLORREEE

TIARA YA 2 A PIXE VR TLDOAHRERE YIS, Fig. 2 [

T ahdb cOBIORTREEEEREL o=, TM R L Table 1 Estimation of Elemental

TOYUOBEFRD SN TOENA, FILIZHLmpH L Acundances in Lichens by Micro

S LOBEMEEN—THBI ErbhoTHEY, TR ipy o ooeam)
Sampling Section*

HT-VY InC BHEICKDAHEXBRREX. 70 hv U bELT, 2 b c

HHE. AHDOESIE25um & LTHAARBLA-YDEFEEEZ P 13 03 ND

BLT-, BEBLUVHYIYLIZDONTIE, tiXRFEHOEFELYE S 26 07 02

WA IS0 FERICHETHME LTHEELZEO. EE Ca_ 08 07 02

TELEMof-, $ER % Tablel (TR, HKEEEZ —FEDE S TH] *Section a - ¢ were shown in Fig.2

YH L. T4 28 PIXE I Y ZDOMEZRANDLZEMNT

Ef-, T, ZEYEISRO-DIREL L. TRHEEEZE

Ry EMNAREE o T,

4 SHDEMA
NETOFERZ. NIRS DRERERDREZDHMITEICERT 5. T-EEROREA
EEH LY, PIXERIERMORERREIZE L=,

SEXHR
1) FEHEEh, EEEE., RINF—fth, T2 6 EERNBEZREAMAEME S BERMEHR
(PASTA&SPICE, NASBEE) HREIBR#MES - SEE P21-P22

c: Algal layer

10



R 2T EFEMERR—E

REES  P13-TSO0L

BRE4 . Y4 Y0 PIXE ST ARERHICET HHEAiTBR
-¥ A 4 8 PIXE 7 #TED SIS AT E-

BEARE - RIE—

Proceedings

1. EHEEEA, EEEE. RIF—.
Y4 7 0 PIXE 2T RFRERBIZREY S EIMEFE-< 4 2 O PIXE 2 HTED G AR E-
T 26 FEMGFHREZREMEAE 5 BIHEMKER (PASTA&SPICE., NASBEE) HEMEHES -
]REE, P21-P22

FEER (OBEFEXR. RRI—FER., FES)
2. mHERL b
Y 4 - 0 PIXE 2T RARERBHZET 2 RIMEFRE-< 4 2 0O PIXE 2#TED L&A RATE-
TR 26 FEMSHREZREMEAE 5 BIHAMKER (PASTA&SPICE. NASBEE) #EWMEMRBE
£, (2016.3.20)
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~$EE (REES P13-TY1D) ~

PIXE D ATRIC K DKEEVMDERATR S M DAETICEET S8
(MHEREICHE T IWMETEDIMER)

FHHRR, SERF RIME—, EFEEZS, ARG
1 RRFEXRT? HEFHREHEER
2 RRFERT? REZFEHREVZ—
3 MEHREFREWMER MEEBEDH—

WMAEDKRRIZBEDSIMEEMEICEL > T, BEETEHSM/BH TLEHEICHT-
DTHERSINTVSEVWSHERLH D, TDFEFELELTHESATLWS0L8MEYZ
FALE-EYRETHD. MEMPRVELDOTOELRT, TATIhDOILEMITEERMIC
BIGLTEHER, EECRBO-OICHRLAGEENERBRLET LENEFEDOLIICE
Y. ZNZFALTHESTOATNS, B GREIBDELG CREFNT, RELEZITRD
[EUR - BERRAERETH A=, BREGYBAITHEDEREITI ZENTE, MEYZEM
ELHECBFATAICENTREVSMRLH S, BERRCERIZE T LHTTHEDORKIN
RURHIHEEZRIAT S-BICF. ARYOBEETREROACERZALNZT 20
ENHAHN., MHEBICESOVTEIBHEBEL ZCICEFNIRRHERMNALGNLE>TL
TEWEHDHNZLY,

ZCTAMETIE Cu ° Cd ORENEZREIN TS vy 3RS (Chattonella marina
(Subrahmanyan) var. antiqua (Hada)) & 1 T35 4+ (Dunaliellasalina) @ 2 &0 ##A
BEENREL. MHMBEOHELEE. Y470 PIXE 2ZEZAVTCEEFNDITER
FRUHMERZTORE L ZONRERERAA =,

Sy bRTEFEFETRELTIESILS.CLLK. CaDE—o M, ExEL LTI Fe,
Zn BRIZE > TIE Ti. Mn, Ni, CuDE—I hESH BN, Si & CalIAERERIZH—I(C
AL TULAN. HBEOFDETIEIECABIZEITRRET S EAER SN, T,
EMERET IERBOFRNBRINE LTHEET SHEEZA LN, S (FAALEIZHY
— 2 LTHY. BEREKICEFENATWLWEEHEEZ OGN, BRIEARSHRIZCEENATILNS
K&, ARIZH—IZHH LT A, FILEORBIZE IT2RBELERINT, Fe 2K
[ZHf L, FFICRBABUVEBALICHIE L TEREL TV, BENEOIMICITERANE
FOoTWDEZEZON, Fe lEEHRKRICEENDILDTHSZ EMNTRE I N, Zn [EEKIC
M—I2HhfHm LTz, Zn ZEAEBRIVN\VEE. BRZRO L LEMEYMLEL > TL
B5IEMD, SORAUNIEBERD Yy FRSOERICH—IZHEEL TV I EAHRS N
T=o

FFrUISICENTIE, FERXFLELTIES. CIL K. CanE—UH, EaxkeE LTIE
Fe. NifE{KIZ& > TIE Cu, Zn DE—UHEH NIz, S. K, CalFLEIZH—IZHaFmL T
W= Ni & Zn[FNT B PDEBITB/IEL TLS Z ELERSI NS, MMEBIZIE NI, Zn
EEANEERIVNVEOERERNSEND D, TNOIKELDPLERIZHEET S
LEZ BN,

13
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~$REE (REES P13-TY01Q) ~

PIXE D ATRIC K DKEEVMDERATR S M DAETICEET S8
CANIlOAEMRESAMOAMERZ BN & LIIRREROH L)

At+Eszt, FEARS RINE—3 EEEES "BIIEGEL KBS
1 RRFERFRER ZEFHRE
2 RRFEXRF REEFMRtVZ—
3 MEHREFHREMARN MEERELV2—
4 MEHREFREMER BERHEARE 2 —

REREZECHAIOREMNEEZEMNE LEEENMEES NS, HAETIE 1990
F&Y, BEXREBEENAKAOESZAEZHGEMICKEL TS, RFETE. =BED
—fRAINCEWTREFOEYREZITo>THE Y., RSN EEYO—ERFERE L TR
ESNTWD, AFAEDOY = a7 IVIZEIh o REAMT. EVEFOMREEE. =2
(FTANEKEZEL., TEDEHTAMFERZRD] LERSNTLDH., ThoDBRKIZONT
[EIFATHY BEMNLGARELTSINTLEL, €T, ARETIEAIIKIZOEZREIC
BLWTRESNEYEAMOBENERZBMNE LT, BIREEKBAEDEENDL £, HMICE
FNJERBIFROME ZHA -, RRFERMEOAREEZRI-OLHATDND T4 —ILF
TRESNE-EAEOHBZENRE LEMERRAMZITV. RESKERRNKELZED
RIBHEHRERBRLTOVDIONZHERE Lz, 612, RESNTLDEHABOATBITL. 7
14— FEEEM EOERREZ1T o1,

ZTOHER. 71— L FEEHABIIOVTE. EEADCBRUEHEDL OAJIKPIZHEE
95Zn P Cu LWV -HMERXRNRE SN, DT RE L TTEKAICEREEANT
MTHAZENTRESNT-, oI, ABRSEFHREAHMZAFL. EERAZPDICHR
RUBHBDOAMZETo-#ER. f8TIE Zn P Cu MREEINT . REBRPICTENS
HLUTWAAREENARENT-, —A. BEBTEI 1 — L FEEREB EEEL, REHSH
ERDERIZKEFGEWVEIRH OGN Tz, 1 A—DUTEGBMNS. RERH TS
HUZn AREIZABE L TLSAREMA A DNT-T=6H. BEHEFOREITER LE=oHH
EMTHD I ELBALNICH 2Tz, LEzA-2T, RERHIZEWLTIE. EXADEHEN
TEDRFUENE .. REBHRBEDO-ODAIHMRELTEMNTHS I LD EMDO LN
f=o
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~$EE (REES P13-TY01Q) ~

PIXE D ATRIC K DKEEVMDERATR S M DAETICEET S8
(ERERIBOMMBE L METHEDS )

ABRFY, TERR, RINFE—, BREER, BIIHI5AS
1 RRFEXRF HEFE
2 RRFEXRT? REZFEHREVS—
3 WMEHREFREWER MEREBEDH-

NAFIRZYE—D a2 eld. EYHRERICK > THEYA B DEROENILE L.
FICHEEBOBAICELAIREDZ ETHRIEEZFEIN TS, EE, MHREZOHE
THENAFIRFNVITEENEFT-TEY ., TDOBEEZL LICERPIRILF—ZEY
[CERTEOHRMORARNEDON TS, T . BEEKFIRICABMICKRZEZRAL,
ZTORYICERILZECSETEALEEYTHY . ERBHEERE 20 HILICBARIZEWNT
MEIISh, HRAEXELTERERXIT, EXROMERT Y. . V3, KES, EXRE
DESHENDERICE>TROON, FIZ, ERCVIFERDOMEZREEET 5,
ER0ORRERIL, BELMIK, BELEEBREOEEAH, NI TUTICKIRER
R EDERNETRARICE > TEIFOATLS, LAMALEGLNL, RERORMERT T
T, BESOIREE VO ENAMERBERL, T, ThoMEHITHEAEHES LT
WE-H  EREROBRAIFHALNIESTELT HARINERENEGLE ST S,
BEHROEMBED A H =X LDFRAICEBENIR ESOEILENEROBHIALEL
S5, ERBOMMEEEEFIESBERAATICOVTEIAETTIZHAN G MRS
ZLW, TECTHAMETE, 7AVHAEHELKOERBEICEB L. EXBOMHEEEL
M SEMEXTROOMERONIT I EZHME Lz, LB, EEREFIEM
RZAVTERWEZHEEL. EENEERDBOMEBEEZLR L=, RICHENFRIE
X #a#rikx (PIXE 7rik) €8AL. EXREMEOWMETHEORE EPHORERZETL.
EEMEEMMBOEATROFHHIZOVTERE LT,

EEMEFIEMBEZAV-HEBEDHRELY . EENTET7S LELVPBAEL --/E
KOEHEBIER SN TUVSHFIER SN, ERBCTEERICHERBEZEHALGE
BiEnB#Y. FORBIZEER, S5IZF0OLEBS LS ICEREN RSN, BE
LH BN, PIXESHICEY ., EEHOHENL X EARY MLH S Ca. Sr DE—D HiFEER
SN, ZTNLDTEN—HKRIZTHMLTWASZELNENDONT-, —H. EREEHNSIL., Ca,
Mn. Fe. Cu, Zn, Br, SrOE—I MR I, TRICE>THAFICRERYNH o1z, ERE
[CEWTELRBOEKEICIIEE LERBROS AR SN, EEE T Zn, Br, Fe.
CuDRBEMNZEH NIz, MERXZOLHERIE. ZLDEEOBRICEEND Zn DERE
NEETH Tz, Flz. TAVHADMABICEENDITRTHD Cu. NI TVTEELH
SRRLEYDLETETHS FeDRAILHER SN, BITXMICL >THEBIN TV, [
BE., AHEOBEZAH. NI TITICKARENERERREORRAICEAHEZ LD
REMERIEREG T,
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~$REE (REES P13-TY01®) ~

PIXE D 4TEIC K DKEEMDERRNTEZ D M DBETICET 2043
(BLNKRZENERT A5 THAT RESS
(Stenopsychemarmorata) |ZH|T5ERESIE B9 2EHREMZE)

BYTE | EER% RINS—, BRI, BREE
| EESEAY REPH 2 EEYRAY EESEWELLA—

3 MEHREFREMERNR AREBELF—

FANOEEBEFREE=2VUITABMELT, ANIIICERT HKERROFRAMIIERHS
hTWb, EX5FTHADT FES S (Stenopsyche marmorata) DH R (FHFEDANIIZIE S £
L. ZOHRIEMZEL TEHEIRAEETHEENBLEZR )V TRABICET HEERDL
nTWd, LML, FRAGRREEOVTOREFIDEL. FETSDEERTHRESED
NP TZ0 RERONCT EIREENZLDMANIIIZETIRBROESEEREICH
FTHHENKDONTILNS,

ARREELTNIKRZENIRVZENCERT S FEYSOEERTREEIEMZHS
MNIFTHEHDOT,. EMEANDECBAROMMTEEL LTEZOFENEILISA TS ICP-
OES IZMZ. EEBAINDDOHBYA VA PIXE AEEANT., AERAKANDESLRE
TRICOVWTEEMEEERN LT EITo 1=,

BR.ZEBINRUVEENICERT S FETSHERTHEEERTF L LT Cu, Fe, Mn,
Pb, Zn @O L=, TOEEICHRRLEDADHEBENH SN F-TTHRIE Cu, Zn KU Pb T
HY. KYTRICERTIEREESVEEE T HTRIT M, Fe RUCuTHot=, FE
TOERD Fe [CDOWTIFHIEERICER L THEET S EMNER SN, Tho(FHLEER
BYI-HET DD THIAREENTE SNz, > THIEERICHEMIBDAENT:
HRZHALNITEI LT, REE=42) VJIZET S A%RPROKEPEEZ KT 5
T—ANBONEELEDEEZLND,

HENETSHERIZEL T HERRFRREE=42) VJIZBELTIXICP-OESEDEER
WENERTHY . L OERELIEFRLEALLTOEERTREENESICTHEL TL
T=o —H. X490 PIXE MTEE FETSHEZECHANDTRITEIIRA S Z A
BETHY. ARMFHOBES. ERRRBIMHNAEEOEAN S, RN DFMAIREE
FROMEIZEBNTLND Z ENELDLNT=,
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~$EE (REES P13-TY01H®) ~

PIXE D ATRIC K DKEEVMDERATR S M DAETICEET S8
QA HEEWRICE 1T 5D BIEIER

WMEZEX', SERK, RIF—, BFEEZ", B/I[EL°
IERFEKRY HHEFH 2RRFERE RREEAEHAELVZ—
SHATIREFREMERN MREBEEF—

—RRKADIEBERHENDTORKEEZRY M oHAERBME, Htia o VIS
BHOHIRREEZADLTEELGEREZL D, —RKKATHD M RAEDRERET,
BHAIWFEZEITHRARLG >TEY . RERBARTNITEENSELANLETHE
THIENARETH A (AL, HE 2008), D=, 2/ BIRBERZHARMRE LI-BE
%<, BEYMBZHMENBESIN TS, LHL, BZAFICTETLIAREHER
HEHMENPLTHY ., A/ BIFEERICEENOIMEXTTFORSCER LIE-HEFRSY
Fodly, O/ HIHEREOMELEHOE THERRAMEITO C&ICKY . MRBERM
ENoFonTESEHABMBOOHMBORRICMA., HFLICEEREFRFOLERRED
BEHRAREEALTEONDSKLIICHEEEZOND,

ROVERZROEERTHILLHICERAMRTRTHS0IE. EBHELELTEY LI L
BHBICBESINDEAMONT NS, AHIRTIEH, I/ BARICHOBAKRSRRZE
TL, PIXERHTEZEAT S EICKYIHERICHE TS8RO EBBEER ZH LML 1=,

MR 5 EERTIX, =< F 34 (Cyprinus carpio carpio) Ztiffa & L. AR 19l LT
MELImgAMULIEZAISR#EE LBHICKED 1.5% 52 60 BEfAE L1z, BB THIE
. ST, WEERE., BEEE L. Y420 PIXE WM ETUVRER & thOERRSE D&
X AR MLELREBR LTz, £f=. WEHEIZOWTIIKFERVRERD ZRITHTET
LY, HEEEDRLEE & Xt S E =D EBMER D EFT Z1To1=,

EEOER., MEBRELEO/DOREEENSRERETIILENTE, TOLHIERE
HRTHENTE -, MOREBEADERL., BHBOHBIVEZ VI EAEL XBKR
Ry MLEYEND N, Ff-, HEEOZEDPTT A3 HIZHMIARIEREINSI L
NERE SN, SIIFEEEOEMLYVEREBMELYVICEET S LA ELDLON, KES
FUREMBEOZRTAFMICEY . REMEBEMEICHMT 2ERANROH o, SROEHE
(X, ERHABPORKETLMEMGL TSI EDEEZ LN, MYRAENT-EAHIHEEH(C
BEFET HAEEMA TSN,

UEDFERKIY ., RKBICHITHHMEFLEROHEBADFILITE LT, O/ HALEIRERE
NEPLET U TILERY S53BZ ENREBEINT,

NIED - BHEE 008) a4/ RESEDREE AN oAHHMIRE [Tr—5LEREE] e 93336
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~REE GEEE S P15-CN0O1) ~

XA 0OPIXEIZKSEYHEBPEERTRERIBOTH
TAJ7AIIVET—EK05 VREDOHFICET 58K
(BFEEYERBP~DREREICET 50H%)

BFFH (FERF BFHREH)
KB &7, R f— (AHAREFREHER AREBE 5 -)

EMIRENMCBBLERFRZEREL ERREER). RZICHEA TN 5 EEKICETRE
TRORNEELLDELEDPTHEESE TS, FLEREARZEREL TR YERMICE
BYD2ERIEMIERRIL. HBEDL S GEMAEEN S, BRPE - - FAEDO LS I
ZRELLY. BEDBESEZHMTH-ODHEEZRESEEMBE T, RITSHEEH
EHBHENTES,

EYEFHMEROBFEETHSEHIZ, BIZERREEYE - TRILF—DPOY LY
ZLTWLWAED, EFREYEIESREDORRERICLYBBSINE-METHLS=-0. BEFTH
BMENTVWLEERTRZHEMNICHAT S EMNHFSIND, HITKARTE, BED
FEHREBIIYREREINETRZNEDSSVNERIZEY CENENE, ERERBRELE
KIEMIERREZFRALTEZR ) VT LTV A MARMRE LTI EEBEEICHAL.
M OBEMDENEEZERL, TOHRTERICEERARERET S LA/ TY
BEFSHAEZ—7 Y MIBIRET o= Tz DI VERATRY VEIEHYMELT
HIRTHZENZLDT, JVBALYDLET R VRELEERIEYME LT, RFE
WHCRIRFSA TV ERFOIEABICOVTHLEB L. ChboDEXRIEYEMIZHL
T.PIXETDI VB -7 FZ FREFDOBREE 2RETESTEEAT=,

EHFSHARIEF, BEEFENHIEERE WKL (Fe304)E ) VBEDILO IO LEE
BRAELTHART A ETHLONTEY., TOMAERDERCRIIRENILS I LZEERK
DETHIEND, BEICHFET IREARLABARENENENLEHRNMEIC K Y E
RAICEET S & FEALALCDLIBMTHLREEIE S ) VERIETRBERORERE
[CEENRETEL LR ENARFEINT, EFSHAEERL. BERVOLETDEE.
BERRMEF. PREEREBAMITBEE. A—X SU7 70X -HYroivfra—
AFTiT2f=e TMOEYSHADNOWEEMHMEL., ZRBKTHRSL-ERZESE, D
REEHWETEICHLTIA9 0 PIXE [CEOMERSTDEESTE 2RATRATZEIT2
f=o TORHER. EFSHADEOERATROEBELCERAMEIES S A DERICIYE
BHZEFHALhELG N, BREATEWHOETRELELESSAMTRENLGS VA
ZR-TIOFIEFRRDREFIHERTELGN 212 b, KEEFEESTORMREZ
BIBRIZITLD., AIRZEMEI S L& LT

ZOFFRENPBETENI S AIILE, RASZRLNCEBRNSVEOBEEZRF ST
W5, EHAE) VEAILSDLTHSD, LRIELERFTREIVAUNRELENE
MBTHEFRODEBRZTI CEAMONTILNS, AARTIE, HEHORDIF &, #iRL
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~REE GEEE S P15-CN0O1) ~

FRAMRVEVWSRDODFDIER (TF2VRE) IZTDWT, ¥4 8 PIXE [CXKAHMERK
PTOEERTE 2 RATFRAMEIT oz BEDRIFTILY VEEHILS I LDIEHIZ Sr 4>
Mn, Zn ARSIz, —A. YA FFUDIEETIEH., ChoDtic, 93 UNEREIC
EEINTVWESIEVBHLMNIE 2Tz, EFSHAMDETIEIDESI LI T VDEHEITE
EFHASh TGS, YR RFUOFTIIBEZICAON-CEN L, BKELY HLEM
LDEIMNFIUVAZE - 7IOFZRRRDREENEIYOTVAIREERLEZEZ o, §%&
. UVBBALLDDLEI M) DR ETHMODEYDILRIZOVWTHRIFZITL. £=7
BEThHNIE. RiEHOITEABMELAFL, REINCERIEM~ADS VA=K -TFOF=FK
TRERICODVWTHRZED TV FETH D,
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R 2T EFEMERR—E

EEEE S P15-CNO1
BEREL YA Y0OPIXE [CKAEMEBITELS R TR EENOTRIOT7AILENR
HEARARE . KAE

FEER (OBEXER. RRI—FRK., BED)
1. BFFR

RENEMICEESIND IS U DENREMREN

[FAN—T 4 CHBARIRREREDI DY —2T L) F9 94T URIDL,2015-11- 11

2. BFFIH
REMNCEMIZEBREIND DS U OENEEREN
(%A /)N\— T 4 CHIBA BARIRERED DY -7 L] HRAERHED-HDERMAERERRS,
2016-03-11
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~REE GREE S P15-MC01) ~
Y49 0OPIXEIZKBEESZEY L TILOBESEN

OFRET' REHN’ WISA' RIIF—° BNEL® ERETF HUAHC!
NEREXE ESH BEPRE
BT RESHATAN M RHERR L 5 — HRBMEE 5 —
CERETF RS

<IFL®HIZ>

BEEICEFNIZEBARFBEEOCEYERIZL>TEIEL., LLERHUEBICHE>TO
REZENARBMINDZENFMONT NS, BEEY U ITILEREZEDLTICINETESC
EMD, EEEOWERARAMEIREFTLEOBEE(CE. XEBREBOBREIZECHREINAT
Elz, LOLGAL, BEEY U ITILEEZRS - BRE LIRS ET O EROIZENLE LT
FETIE. NSO LDMFE GHEER) LMENLDHIT (RNEER) ZHEICRANT S
CENRRBTHD &, REFFNEBICETIEBNLOTRABLEOBERENER S TL
fzo BE, T4V B E—LZRAV-E2ENAOTRS MBI/ RAONTETEY.,
FKEDHBEZERRT DFLOFEE LTHEFHESIATLS, LMALIhETODE A, £E
BEEEORTRDHRENIIBELSNTEY ., 55 - REBFLEZFMT 5-ODERRZ >R
[FITHN TG, ZCTHEELSINE - AEELEZERB L GEREE=2) VT
SHEFEDEILEZBIEL. 420 PIXE ZF|AL TRFRDELHICK S5 8815%E - RED
EWZHT 2EROCEHBICEITENTDEVNGEDRFAZ1To1z. TOHRE., THRICEK
SRMIREDEZENCERICKIBEZNBADBITOEVNHONEG o1z, & HIZEEREE
AICBITE2RRBEICOVTHREEICET HEHRINEOANIL, BEE 1 ANLDFLEE=
RYITIZHKRTEDEDEEZOND,

ZITAPRTIE, ChFETHILLTCE-BUEEZRAV-REEFEZBEEIWIC
AL, Y4B PIXERRY Ak YERHMEO TRBREERT EHA1=,

<EEBRLHE>

NEBBRETILET HBEEE SR, 30K, BLUT0RKD&Z M, HE5UIZ 30 REELIS
Bt=. 1-1000 ppm DTHEAR (KEE. A FOVFIL, D5 VUAKRE) IZEEE 15-24
BEREL. RR0NEZTHIREEZL. —&IL ICP-MS IZ&KYEBEEFTREEZAIEL
f=o BYD—EHhSERMEABZHERULIYA 0 PIXE SHICKYRTROBEENEA
A=V EB, BRREOTERERMSEEICI AREU, PIXERRY Fa#H£1To
fzo TRBEEIL ICP-MS IZ&KBEREEBORARLTEY . AFENBEOAf-2D0Y
VIO DIE BEHTEIZANTHAENEZ DNz, —A. 1 SHUAVOHHREET
BT HERERICENTE INEEDRERBIHY . KYRENLGERRERTOR-OHIC
X, RAERY FTYTOEBEU G EFSLICRFATIVENHDEEZ NI,
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EEES P15-MCO1
BRRER X490 PIXE [CKPBEEEZ YU TILDOBIEEREN
HEARARE . KAE

FEER (OBEXER. RRI—FRK., BED)

1. FEEF. KEED. RIINEA, BREF. RIHF—. #Lm
ERMEZRAN TS/ I OPIXEIZKLD2AERRDFELE=2 Y VT EDORHK
% 26 Bl BAWMETHRFSR, #L1%, 2015-07-04
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~REE GEEE S P15-R&D0O1) ~
PIXE T EIZ B T 55 ELEMEHAFE (R&D)

oRJINF— 2 BEERER R AJNIRAIGA? /NEIERE S Mt EOA—° HAFD®
AR EZR SRR ARERE 42— HEEBREME
b: (k) R*AR-Tv

LIZLHIZ>

PIXE 2 4TiklE. ZERBESITEE LTEEICEDLY—ILTHY . BRSO HEEE I
BOWTHEARRHOBEAB G EOATICEAUICIEAEATNS, LML, FRUDLEY L
BUOTRODHIL, PIXE HEICEWNT—RNICERT 2FEFRBRBB/OEME (EI2R)
)LL) DFKNIZEYHFEYVITHONTEST. BFREFICE > THELIERIBFEEREL
TREMTEITS. PIGE DHENBRINTWE S —ANE Y, BE, BLADMEHRICT L.
FAEICEBMBEFD I VERLGEDERRANICEHT IEENFTELON TSI LMD,
BRI NBMOBENF-LHEMHARZEEELE L > TS, TZTEAMEZEETIE. Fp,
P YVEFRRISIZCEYRET S, EERMIRILE—DIEL 110 keV OBEIFEORICEBHL. <4
20 PIXE DHEETETREDERRHIZE LTHARAINATWSERE CdTe #2235 (Amptek
1 XR-100T-CdTe) Zi5ALT=. 7 yED T A4 4 O PIGE SH1E BT A EMAEREER L 1=,

ABETIE., BRFEET HIAGHI L. HEHFHFEMNESHEER (PASTA&SPICE) O FIAYK
MEBN T HEHIZT, AMRREDRKICOVWTHRET 5,

<ITYENDTA 4 OPIGE HHEDOERRE>

YA Y BPIXEAHMEEIZE. V5 VFDETHED L-X#R (10~20 keV i) Z@HET
BHETEH-0I2. REZFFORFES ZHNKELEEE (585 gicm®) T X EDORILEIZE
NTULS CdTe REEBEMNEBEA S, ERELIATIVS, D CdTe HMHZFDHRHEFF (L 5x5x1
mm DY A XTHY ., BIEARERICHKE L THE-BRHEIERA 3 mm ORIZ, ITAKADLH
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Analysis of bystander signaling between targeted cancer cells
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Keywords: proton microbeam; bystander effects; bidirectional signalling; DNA double strand
breaks,

Radiation induced bystander effect (RIBE) is generally known to be the phenomena that mediated
from irradiated cells to non-irradiated cells. This RIBE may become one of the major concern not
only in the field of radiation protection, but also in the radiation cancer therapy. In the recent studies
reported inverse direction in the RIBE pathway that showed non-irradiated cells rescues the irradiated
cells. Therefore, mechanistic study of radiation induced bi-directional signaling between normal cells
and cancer cells will give important information for radiation risk assessment.

In this study, A549, human lung cancer cells, A549GFP cells that stably express H2B-GFP, and
WI138, human lung normal cells were used. As shown in Figure 1, A549GFP cells were co-cultured
with either A549 cells or W138 cells and only the A549GFP cells in the cell population were targeted
with 500 protons to the nucleus by SPICE-NIRS microbeam [1]. After irradiation, cells were
fluorescently immuno-stained against y-H2AX, which is a well know maker for DNA double strand
breaks (DSBs) and total fluorescence per nucleus were quantified from the microscopic images.

In the previous fiscal year, we reported our preliminary results that neighboring un-irradiated W138
cells inhibited radiation induced DSBs repair of irradiated A549GFP, and DSBs of the WI38 cells
increased due to RIBE. Also, consequently, both the gap-junction intercellular communication (GJIC)
pathway and the cell to cell non-contact Media-Transfer (MT) pathway may be strongly involved in
the bi-directional cellular responses.

During this fiscal year, we repeated these experiments of irradiating only A549-GFP cells within
the mixed population to clearly show the bi-directional cellular response between targeted A549-GFP
cells and non-targeted WI-38 cells. We also started an experiment to answer whether this bi-
directional signaling would be affected by the irradiation of WI-38 cells. In this setup, we targeted
both cells, A549-GFP and WI-38 cells with 500 protons to see if there is any difference when the
neighboring WI-38 cells were targeted equally with A549GFP cells (Figure 2 A). Figure 2B and C
are the representative result obtained from a single beam time. As a result, in all the time points after
irradiation, the cells in the non-targeted area showed higher y-H2AX signals compared to the controls.
This indicates the bystander signals from the targeted cells produced DNA double strand breaks in
the cells of non-targeted area. This was seen similarly with and without W138 cells in the population.
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We also compared the results of y-H2AX in targeted A549GFP cells in A549GFP-A549 samples, and
A549GFP-WI-38 samples. The samples with only A549 cells showed faster DNA dsb repair
compared to those samples with WI38. Further analysis is still in progress and will be presented.

“carcinoma”

Figure 1. A549-pBOS H2B-GFP cells (A549-GFP; green), human lung carcinoma cells and W1-38
human normal lung fibroblast cells (white) were mixed to be cultured in the same population. A549-
GFP cells were targeted with 500 protons per nucleus. Representative image of a sample that were
fixed 1hr after the irradiation and then immuno-stained against y-H2AX (shown in Red spots) .

A Targeted Area B 60000 = AS49GFP control

\ 1654 pm \ -:::ZGFPrarrgé-(ed' )
S & & . 30000
o
C O % 1 a 24

Hours post irradiation

= AS549 control
= AS49 targeted
AS549 in non-targeted area
30000
Non-targeted Area v J
(Bystander Area) o
b & 4 24

Hours post irradiation

Figure 2. Drawing of irradiated area and non-irradiation in a cell dish (A). Cells were individually
targeted in the targeted area, but images were obtained together with the non-targeted area after
immuno-staining against y-H2AX. Total fluorescence of y-H2AX per nucleus of A549GFP cells in
the controls, targeted, and non-targeted A549 area were quantified from the images. Average
fluorescence intensity of A549GFP cells in A549GFP-A549 cell samples (B) and A549GFP-WI138
cell samples (C). Arrows represents the decrease of y-H2AX between 1 and 4 hrs.

RFU (gH2AX)

827 um

RFU (gH2AX)
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Research and Development of SPICE-NIRS microbeam
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% Research, Development and Support Center, ® SPICE-BIO research core, NIRS International
Open Laboratory, National Institute of Radiological Sciences, Japan

Microbeams made it possible to deliver a defined number of charged particles on a single cell
with a resolution of a few micrometers, and are most advantageous for the studies of biological
response on low dose radiation. Our microbeam irradiation system, the SPICE-NIRS microbeam
provides a 3.4 MeV proton microbeam focused with a quadrupole magnetic lens on an upward vertical
beam line. In the previous fiscal year, 2014, we made several major advancements in the SPICE
operation system. We re-developed our operation system with 64bit OS platform and installed PCI-
Express (PCle) SSD board (RevoDrive3x2 240GB PCI-Express) which has potentials to read and
write data with 1000 MB/secs and it is approximately 100 folds faster compared to ordinary HDD.
These developments made SPICE capable of targeting cells with 1/5 of time for image capturing and
image analysis.

In this FY2015, we conducted several developments on the optical configuration of ON and
OFF-line microscope system to full fill the advantageous features of high throughput imaging system
that were accomplished by the previous year. The optical configuration between the camera and the
optical lens was designed to be 40 mm closer than the previous design (Figure 1A). From this
modification, due to the light decreased path from the light source to optical lens, and the focused
plane, exposure time of the camera was reduced to 1/2 ~ 1/5 depending on the selected fluorescent
wavelength.

In addition, we redesigned our X-Y axis voice coiled motorized (VCM) stage of OFF-line
microscope system (Figure 1B, C). Currently VCM stage installed on the ON-LINE microscope
system made possible to irradiate 400 cells per minute, which is still the fastest in Japan. However,
the small stroke distance of 8 mm, which limited the number cells to be targeted and it applications
in radiobiology. To overcome the limitations, newly designed VCM stage can be controlled with
longer distance of 26 mm stroke with 40 nm resolution. In case of irradiation, it was estimated that
the stage enables cell irradiation to be 300 cells per minutes, which is slightly slower compared to the
currently installed VCM stage of the ON-line microscopic system. It is under optimization for higher
speed control and to be installed on ON-LINE microscope.

Currently, SPICE can target mammalian cells from single ion with stability and high throughput
using an upward vertical beam of below 2-micrometer in diameter [1]. A variety of irradiation modes
have been established for radiation-induced bystander effects, cytoplasmic irradiation, etc. Within
these several years, we have focused on the radio-induced bystander effects, especially on the aspect
on the damaging and protective bystander response and signaling between two different kinds of cells,
such as 1) human lung cancer and normal cells, and 2) cancer stem-like cells, CSCs and non stem-
like cancer cells, NSCCs in human fibro-sarcoma HT1080 cells. SPICE was successful in
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contributing in the studies of radiobiology and radio-oncology. [2- 5]

Over 90 days of beam time were provided to SPICE microbeam proposals without any
cancellations due to the machines. Many researchers from oversea have visited our SPICE-NIRS
microbeam and we diligently worked on providing DEMO beam times to researchers with an interest
in radiological studies using microbeam techniques.

Figure 1. New Optical configuration (A), and new VCM stage installed on SPICE OFF-LINE
microscope system (B, C).

Keywords: SPICE; proton; microbeam; DNA damage; cytoplasm irradiation
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BN EFREEBRMICSRD-, SEERMBEOREDREZXBET,

% X#k
1)S.Endo, et al., Health Phys., 93, 689--695 (2007).
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TRL2T FEMERR—E

FEES - 13CV0015
FERE4 : Li(p,n)Be I FHRAREE & Li HRARBHIEHE T DB
FRERARSE . BEH

FEER (OBEXER. RRI—FRK., BED)
1. ISUEEFRA
BNCT H#FE =42 —IZHL % ERfEFE O X E O EERFE
BRFHhFEPENEXHRFRERS, 2015-09-10

FRIERX

1. ISEEFRA
RORDPEFRIEEEBNCT)REET =4 —H LBO RO P FREDEERMETM
EEXRE (ZEHX)
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~REE GEEFE S 13CV0016) ~
R T—FILREFERAVL - FREE

oJllFt #R. EHH MO EHE K. &k FO. BHR’
a: RWEIERKF
b: MEHREFHREUIZRR

[(Ex=-B#] EFH. MEFH. F8F, FHERE, BERGE, AHFRISESFzTLER
HTLhLFASNATEY., HICERICATHAEFRPEFRHEIEEZE (BNCT) £tEBESHh
TW%, ERTEHFEFERICKDIBEDENGFORREZRAVD M FREE L EBH
ST TEY., 2 RUICHET IHEFOFMELEE LD, ERICEVLTHREHRMA
(A5 PEFREFMIBRICRYBECARESRETHIEWVWA D, T, TORIZ 3 R
DIREFHRAGEONNEREEAL TOLHREFFRFRICEMLEBEREGYERTH S,
ABMETEKIZEZILE/ I—EERELIEFREFAZFAL. PHFREFFANEZTOT
W5, LFREET TH SR I —7ILIREST (T ILIREED) (X 80%LLEMNKTTETEY.,

EZILE/I—DOBRHERICKSPIEARNEFALEZBRENTH S, FEDERHF/ICHATS
CEITKYSESTFLAMIRICTHIENTE, 3 RARE E L TEADKREBERMA
DFANRATFINTLD, TR 26 FEEFTORRTIL, TILREFOHEFRECERE
DY RROXRELBR L TIEWI EZHOMNI LIz 26 FEETIEMERFY bEFER LA,
BRERLIARETHL-H, SEENCFIRREZES LEE7TIVREFZERTI S LE
Lfzo REEIX. BIED PAGAT REEHCYIYEZR = LICKHREFTOERFEICEAT S
BREtZ&iTo1=,

[5:%] PAGAT fR=5HIEXRXBKIZESFr, 72 YT K, Bis, THPC (R 1) #E&
LT LIz, £f-. PAGAT REFDREREZR LI B L-HITI/IET T R IA[L]
FHRMLE=TILEEET (PAGAT/MgCI2) HEEL (R1). F4F 05~6.5 Gy 7 IILiE=
STICEEH LT,

[(#28R - TLH) PAGAT 8L U PAGAT/MgCI2 IR EEt EL L LIREEMENE O (K
1), #EKEIL PAGAT T 0.073 (1/(Gy-s)). PAGAT/MgCI T 0.190 (1/(Gy-s)) &% Y. &
LR TR LAMICESBERERLAR ST,

[1] S. Hayashi., M. Yoshioka., et al., Effect of inorganic | 3s
salt on the dose sensitivity of polymer gel dosimeter. 3 . *
* *
Radiation Physics and Chemistry.§7(2012) 884-888. 25 hd
*
> = = 0 —_ . ¢ o 0O 0=
& 1. PAGAT £ & U PAGAT/MaCl, #8 E5H#E 8L 22, 4y oo0o .
15
PAGAT PAGAT/MgCl,
o 89 wt% 89 wt% ' + PAGAT/MgC12
Gelatin 5 wt% 5 wt% 05 OPAGAT
Acrlyamide 3 wt% 3 wt% 0
Bis: N, N'-methyelene-bis- 0 1 2 3 4 5 6 7
acrylamide 3 wt% 3 wt% Dose (Gy)
THPC: > = =
T.etrakilsi(lhy.fcilroxymethyl)phospho 5 mM 5 mM 1. PAGAT 3:3 ; U PAGAT/ M gCIZ %%E E-I-
MgCl ~ 0.5M DRERERERE
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ot FHRRAIE FAEBEFEC & 5 150 5T

OlklE =2 hEMKRE JIF $H EA 7O,
EBE OB EmE B EREX FEY B EARC
KIMETEBRKRE, PHHBREZHLEAMER, ‘LBEXE, =#HI%E

&Y ILERFPEFRESIL, AR, BhEFR, B PEFR. SEPEFROBETHR
BRGTHS. RERESEDRES S URENELG EEREICFHEY 57=HI2(F, BEH
DERGHREEDBREZ DB L TRAET SREBT-F PATLNDELESINT IS, <, B
NPEFROBEET=F TEERENORE LBENRDLOND,

CNETIC, B REFRBIERERBE L LT MIMSBELERIRAYRMICK Y BREFE
ZEMEL. BFGRAIERRENFONT-, AR TIE, ILMERFEFREZICE TS5 FIEF
MOMEZESREISTHET 2-OICHARE L2 Rt FREACAEMBEZAL., REE=
BT ORTLERET D, ChITKY . AMEAORFFEENE L L, IESRPHEFRE
BICEITHAEBRBEDRLIZTEET 5 ENATFIND,

Bk MEHEEEREMERMEREROZ T LS+ 2 O (HVEE) : NASBEE #* M
WTRIEREREIT o=, FRALEAESRATLZR 1 TRz, BELEBNDHEFRASE
R E T T 7 74 MEERERS (IC-17: Far West Technology), /RA > A Y EE.H’E*E (IC-17B: Far West
Technology) . #R#FE BT FEREF (1C-17: Far West i r

Technology) DZNZThDHLEBE+ BELE LT
300V DEXEZEMLTz. TNTNDOEREFE,N LD
HAZEERE ((2)6517A, (b) 6517B, () 6823: keithly) |
[CEHGLCEMEREAE L. £, 42—y b
BREE=-ARATHE=HIZ. STLALEERZ IF
TH%IZHH 4 (d)Lab.Eq.) TAIEL., E—LZE
EEMWIELTz, ZOMh, 24<HhD 5 (e6). KEET
. [UEEHQZRAL. ThEZnDEHAIEZ PC IZIZ _ V4 ‘
XREFICEEGT S RATLE LT, B1 AESRATL

HER-ZE . RUIFLVI7Y FLRIZEBREZE 260 p-Be 4MeV
WAL TRERSANAE LIEHEREER 2 ITRLT, °e
RIIBEFMEIRILT—4MeV (Be 2—45 Y k) D
BETHD, AVIHREZFTMT 5-DIZTHL:
OSL #REFHIC K HBIEHERETERTH D, EHEFRD
ISEMERE LT.OSL REFTORIEMEZELIZF
HIEICKYRET = D RTLENENICHESE 1

TER T BT, B gl PE— g

0 50 100 150 200 250
depth (mm)

2 RYIFLUI77Y FLARDAIELRER

A
BN
m
8

e LBO

HH
S
(=]

~ S

®TEB

®TE

co2

® OSL-n

Gy Eq.(Gy/s)/target current(A)
& o 0 B
g

2.E-03
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~EE (FREZE S 14SP0008) ~
i FROENAZREYZRIN R LD FIRTFHE

OSHEEE* EHFME ., HEHEX®, FLVLH P, BNFEPA BEEE . SHED®
aMAREFREWARA bLEHRKFERSR

ZRPEFROBEEZH S M FRIGROPSERARFRERE EICX D ARDEEBHE
DAL R FE LS HH2TWEL, ThoDBRERI/NRERRUVRARESICERESL
e, YRV OBIEL BEMKEFEEICET FERIVDETH S,

RIS IREDL AN RN EL . MFHRLELOEERBFEO—DOTHD, HLE, E
FDENAITGEWNVFEREZRTEREBMTHS T Y FEAVT., BMEHRICKSEINADY R
DERELTCEL. INETHBRU290MeVU RFEA 1 28 (mono E—LD#] 14 keV/pum
DTS5 b—ElE) ZHRLALGEHDS Y MBI IERZTL. kFAT UBROEMEN
R (RBE) NEFHARNCIFEWNI EFZXTRIMILT[1], £/, NASBEE ZFERAL T4
FEHRUBAEHDOS Y FZEE L1z 2 MeV FEFROEMFENZRLL (RBE) ZfEMHTL.
hHEFHEDOBE L BREYRIZ RBE MEWZ EZRNVE L GRS, CORREE
FMIETIEHBIZHIz>T. RBENFERHICKYEILTIAD_XLAE MZHLHBELS S
CLEMRTIVELRDHDIN., TOANZXLFIFHETH D, Tt=. PEHOPHEFEH
(ELIZEBEDBNA) RTIZDVWTIFFREA LG LY, 512, IFIRBERIIIASA ) R 18
TEHEERERTHD-O., DELUETHITEREBOEREICEIDIIRIDEHLEET S
HELH DB,

AARFRE T, EAAFRICET 2P EF#R RBE DFMIKFEEZ I YBALHNIZT 51
. BEHRIOIIRT RBE MELK H A AN =X LDRAL . FEHD RBE RUZ DTk
BERICKDPEILDAERAZEMNET D, CNOoDHIRIBELGCHEEETOEYEKRATH
MEFRERET 5 &0V 5 NASBEE DERFTERZICTEH L. FHRENEBIZE L,

TR 2T FEDI A A LTIE, RBRALAE (15 BE5) RUHBFH (35 BE) DR
ERUVRBEMS v b& HFET CTHEML (FLIROMET 2AIZ E—LAFEICAITS,)
[CEEL. PHEFH 005Gy, 02 Gy £ LLIX05 Gy 2 BBHT IRBOERTLHEEE
FUMBE LTIV ET LIz, SRIE. REGFABE 2T > THDPADRE Y RV #HET 5,
Ff-. PHFRBHEOEEIIRBBATITLEOHETIZONTH, EBZHRET S,

& Xk

[1] T. Imaoka, M. Nishimura, K. Daino, et al., Influence of age on the relative biological effectiveness
of carbon ion radiation for induction of rat mammary carcinoma. Int. J. Radiat. Oncol. Biol. Phys. 85
(2013) 1134-1140.
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R REFE B :14SP0008

3

B PEFROIADNAFZEED IR L O FinikTFiE

RERRE STHEE

=
1.

SRR (AERK, KRRI—RRK, BEH)

mR F=PAH , SHE EE L EFH ML, MK BE , 88 B, MK £, &F HETF
EH k&, &Rt Wi &EF , BH &t

YR AETILERW R EFRICKDEN AR DS

AARFEHEYHFERE 29 BXK, 2015-09-26 ~ 2015-09-27

FM i , LA # , Blyth Benjamin , §ff ZEZ , BB &, XIT ZF, TH &X , M
T ¥ BH &t , M8 &ETF

BMERICE T EMHANRENZERARERT —H1TDEE

BABSHREZEZR WIHRT—02avT (5 1 B)-RRICEHITIRFZ-, 2015-10-16 ~ 2015-10-
17

it X 2EF LA, SHE EE BN FPH , K BE O BN BEF , HLE —%H#
et BUL , EH &t

SyRELARIZH (TSR E D BEHEHRIE L LET ITXDEL

BABSHREZEZER WIHRT—0 a3y (5 1 B)-RRICECHITERFZR-, 2015-10-16 ~ 2015-10-
17
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~$REE (REE S :15CV0010) ~
hEFESFLE-ETFDA U EREPRIEESDAEIE

Oown—#p*t ki F° I > BEH® FAHFRE® THM® =X
1) EXRBERRFR 2) ZWMBIERKXF
3) MEHREFHREMER 4) BINXFE EFS

1. BiREH

BHREECRFAEREFO R T7—CFT5B0O—FEBE LT, MEHREBH THEIFIC
ERINBZRERTI)—F T HIL(CO*)%E EPR (electron paramagnetic resonance) [Zd Y 38l
EL. HBREZHTET IFESRIFINATINS, KAETIE, FEHIEAMIZFTS Lband BIE
EDTHEME ZRETT 5, LbandEPRATIX, THFETYRICOVWTREHFMENT M T
ETLEN, EEDO R 7O THPHFRIEBECOVTHLREANRO NS D, F
fz. MEDHHHAHEFFANSEICITERZENGRENEEND, T T, AHETIL, &
FDAEREPRAIEDHEFIREFEEZRANSILEEEL L

2. IRAS

IRERFD NASBEE & FRASICT, WFEABICHMEFZRETL Lband TEPRIESZ
EHBILTz, &Ffz. PHITS ZRAWMz2 2 aL—Y 3 VitETNNL FOF T R24 bADI
FILF—REDORFEERE LT,

3. IR

MEAHRIS DT ERIET 51=OCBEIZEME L TULV=z Li-6 ZHLM= OSL #&E5HTHEGH
HFORVIFLU T 72 FARADESFNDBRES A PHITS [T DFETHRBEERIN
HIEEHRLE (K1, K2) ., FHFAOREIE., PHFOBSICEYBREITIRTEL
TEBNEMTHIEAERIN TN, PHITS TOYIaL—2 a3 VEtET, /M F
AFX 7N A FTIRARDEEENDHEWNEHOIZ, KICERTRHIBFICESZIRILY
— (5L SUIRETHDI L EHERA LT, C- 137 RRICHRERRSETHEHON S XTI 4
BRELBENRENEEZHREL, SO EMD, PHFIZTEBEEIX. Cs-137 #RRIZ L
5y RICHART, 3ERBEICLDIEEZ DN, PHFEHERDEPRIESD I —T 1>
JI1ZEAL T, NASBEE |Z LbandEPR B #HHiAH . TNHREAIRELGEEE TIEAWI &
WA LT-, NASBEE TOEHBITIX, LLEASIN DEEFHAKELC ., EREETIEISINDE
BAREL 2ERBERLT S LEHEELT-

4. SEDHARTFE

HHEFOIREICBE L TRESHICEH L-HBMORAMYNEED b5 TILD-HIZEE
TEELGEL2TWEHIZ, RAMY ZEDHD, F-. yROFEICEAL T, WICEGSH
ERINGEEDFEEZHILL. TOREZHLMNIZT S,
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R 2T FEMERRE—E

SEEE S 15CV0010
L PHFEFLE-EFDAUER EPRIEFSDAIE
RERARE THA

FRER(OBERK. RRI—FKK, BESF)
1. Ichiro Yamaguchi, Hitoshi Sato, Hiraku Kawamura, Tsuyoshi Hamano, Mitsuru Suda, Hiroshi Yoshii, Minoru
Miyake, Yasuhiro Nakai, Hiroshi Hirata, Naoki Kunugita.
L-band EPR tooth dosimetry for neutron and heavy ion.
BioDose 2015. October 4-8, 2015 Hanover, NH, USA
2. WWO—BR, EBEFE, NFHE, B, BAHFE, SH8 =ZEF HEE, FHE S2EEE
#% ALV L-band EPR [Z& 2R EHEHEDBAF
48 (B AREYEZLMARETR 2015 F6 A, BKR
BARBYEZFLVRERS EFEPILLL
3. WWO—BR, EBEF, JIIFHR, BER ABRFE, SHME =X, PHEE THHE 20&HE
Bz ALV= L-band EPR [C kDR EHEETED ERERTIRET
% 14 A EHARSHIRREEEY R ;2015 F 12 A &H#}
BABSRZEEEYR E5%K P67
4. BHEES, ILO—B, SHM, ZEX. PR RF. BRK
REBIEREIPDELINDIILGERRERFICHSTIN)7—DODKRETE FEDOKE
E 8 MBEAEERESR ;2016 4£5 8 24-27 H, 1BS
5. WA—B. BFAKEFERDIVRY 022 =27—2aVFB-FEDEHEMBIIOICAINTELIN?-. H
B REERRE;2015 F7 A &KW
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BT RIS 2L BRBABE L ZOHENRORE

(
O T, MINFEDA. W ZE. HIFEF. EAFEH. fMEATEF
MATIREFR AR MEHRMEE V% — EEHRREIZEARTOI S L

Fr/ TA)DRERFEER. ZPRFEHD ICO FXMOBRERZFICENT. RV E
ELMaiREEZFZH LD EFRBRIECTH S, FEFE. IMRT PEHFR-BF
ARG ENER L. BERAIRMEEMRBAOPEFRZFILHET HREHR (ZX
FIFHR) SR BMEKHBEEL > TS, COESITHEFHRBIEICEDAMEZED
LB EFETCEZHOMNITHILIERBETH S,

HRIFINFETIZT B6CIFL YORITHITH AT, ERFER. PHEFRICKDWEL
BERKRFEEICOVWTEMEIT>TEz, INFETIZ, RFRBEFROFMREHBEZIHIE
ELEHEMS, CELHOMECIIRAFEIAICEERY R IAREVN EABALMIZHELT
Ef-, £, EFOAK) VAAMAMBOETILTHIMIRY) VNBEOFAERIL, C£F
HOA < 1 ERGFICHRENFR (RFHR) 1 OB TEMEMIRLLEHN 1~15 T
BHotzo FTl=-. HUTBEERMRY) VNBICHRNRRZFHRY UNETIE, ¥/ LI2ELC
BEEDHEENSKBEEIEFHLMILIZ Q). LML, ChETOREFHEHILL (0.05
~10Gy) TIEHRY) D/ \EBOFRLEEZEZETETTLVEL,

Z ZCTAMETIL, B6C3FL T XRIZHITH LD50/30 #HHLMIZTHEEBIZ, FEF
BBIEICEK DR DNEDOFERFEEFHALHNITL. PHFREECIZEY EL SR
D ONEOEYZHINRIEZEH TS EZBHNET D, T, RHEFRFREMERY) N\
EBAZONF-BEIZIZY /) LEEDHHERTT 5,

ABETIH., CNETIZHOLMNT- B6C3FL T RDHMFHEIZ & S LD50/30 DFEER £
E£95H, Tl-. RESETIZHIR) DNEBEORENZBOONT-EEIE. TOHELHHE
THET S,

% Xk

[1] B.J. Bltyh., S. Kakinuma., et al., Genetic Analysis of T Cell Lymphomas in Carbon lon-Irradiated Mice
Reveals Frequent Interstitial Chromosome Deletions: Implications for Second Cancer Induction in Normal
Tissues during Carbon lon Radiotherapy. PLOS ONE. 10(6) (2015) e0130666.
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REZE S : 155P-009

REA  PUFREEIZEEIENARZELEDIENR DR
HEARE - MBEEF

=
1.

SRR (AERK, KRRI—RRK, BEH)

I EESH , AR EE, MBEEF. WAS, EHMNL, HFEF. BHED

Comparison of genomic alterations in B6C3F1 mouse lung adenocarcinomas induced by gamma-rays, carbon
ions or neutrons

15th International Congress of Radiation Research, 2015-05.

#SME T8, LAEEE, RIIFEPH, EBFE., #IRHN, MZE, HIGEF. SEEEN. MiBEEF

Ptchl B FATARE YV AP FRFREFIE LR LB ERERTFHE

BAFHEYEFRE 29 BIX%, 2015-09

BETE. mBEEF., LREES BIIFPHA,BEHFE., #IEHG, @2, HIFEF. WHRIEE. Blyth
Benjamin, EHEZE

Age-dependent effects of neutron exposure on the incidence of medulloblastoma in Ptchl heterozygous mice
61st Radiation Research Society Annual Meeting, 2015-09

I EERH, ILEE, FREZ0E, EHNLE, HGEF. SHEL. MiBEEF

AR REFRR. PHEFRFRTVRMDBAICIEE DRRLEWND HEHD D ? —0 FEYFRIZERT A
6_

BAMSHREZEF R -MAHRT—o>3v 7, 2015-10
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~HEE REES 2014-007) ~
P—ARAA—FRFOMRGFRICKDHLILICEAT HEER

ok HE . Bl FFES AN BIshC, Mk FEFIRC
alCAXAMIE (K bEREXE. c (B) AAREFRSHRER

dee=
1. B=

RREBENREF—RFNREMOEHLLE. ZREFHRLGEHMFTRY —RAM A —2HEMBRE
EDAE (AUTBERTE) . FERE (R—2RZHE) ITERAIATWDS, HFITELEE
BETRHITSAFYIH—ARLA—RELECM Y —ARA A—AREUTHS, TOHTHLKRE
faile (100 FAE FUL) TEDBTSRF YIS —ARAA—FICERELHHENFLEL
nNTWd, CIHFEITEY., ZEBKE., BMEEEEREMEAR. FA. BI7O0hA T4
AL, [EAXMIETETSAFY IO UFL—2 DR, FHELABIBMIZITHONA TS
DO LA LA REBSHURE. BREFEELRETES 10°~10° BAOFENAEIND
EDRHD, R—FBOATIELGLAVIRILFET SO TRERFICE > TIXIBEE LR IRE
THd, chEZTTAMETIEEI DL 137 (Cs-137) DA UIBDOREZBICE > THREE
FOHRBELIENELCEINESIMEHRERT S,

2. EBAHE

FARZEE X RHEEERRE HUREHEE (R1. Cs-137). BEHRMEINN1 O
DHBTSAFYI O UFL—42 BC-408 (B2, 50mmx50mmx5mm), BEHEE - fIE
(. RIEFDH 54 60cm T 100 mGy/h DHRGTEH T 5 #D BC-408 IZFNZE 4. 20, 40,
60. 80. 100Gy &L, B LAWIMEa> rA—ILET B,

X2 %5948 (HUIERE)
et THNI 5 BC-408

B1 AUTRBEEE (Ovv s —HORKE, E@)

3. SEERIER
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HHEREIZ 8 D Nal R R+ LEEHTEEE T Cs-137 OEIRFINMIBIRED SR Sh 5 AER
ERAEF 625 keV (BRBFXICBITSFERETIEIR—IBRE L URTEGBREFH S
nd) DARY FMLE—H DELEZEBERT S,

F1DLS(20~100Gy DEEF TIXEHIIEILETIREZF—ETH 1=,

E—V 5t #ER L BEDER

H=(Gy) 0 20 40 60 80 100
E—J& 1442 1489 1419 1521 1420 1432
# +38cpm +39cpm +38cpm +39cpm +38cpm +38cpm
(370ch)
DECARY FLOEAK (B3) LE—VEEDILK (B4) #RY,
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3 AR bILEME (e - 5HE. EE

4FED

ch)

4 E—VufE (BE)

E—VFH#BDEIL. ARY MLBIKOZEILZEHETSHE 0~ 100Gy ITHWTIXEBRALGE

[F7EM o1,

AREEBRFIY—ARAA—FDRAFHEZ % 100000cpm LU ETERELI=C &.

100 Gy [ZEEY 523 1667 FEIABETHA & REDAEF D VIO RBEEHET
& 1B 8HREEXRTH L Z 2100 BIZHET 5, chEEREMITHILGRIETHY .. ¥—
NAA—ERFDLILEBZBRT DRENGN EATRS N,
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1) Hidehito Nakamura, Hisashi Kitamura, Nobuhiro Sato, Masaya Kanakyama, Yoshiyuki Shirakawa, Sentaro Takahashi,
Polysulfone as a scintillation material without doped fluorescent molecules, Nuclear Instruments and Method in Physics
Research A 797,206-2094 (2015)

2) Hidehito Nakamura, YoshiyukiShirakawa , Nobuhiro Sato, HisashiKitamura, Osamu Shinji, KatashiSaito,
SentaroTakahashi,

Optical characteristics of pure poly (vinyttoluene) for scintillation applications, Nuclear Instruments and Method in
Physics Research A 770, 131-134 (2015)

3) Hidehito Nakamura, Yoshiyuki Shirakawa, Hisashi Kitamura, Nobuhiro Sato, and Sentaro Takahashi
Undoped Polycarbonate for Detection of Environmental Radiation, Jon. J. Health Phys. 49(2), 98-101 (2014)

4) Hidehito Nakamura, Yoshiyuki Shirakawa, Nobuhiro Sato, Hisashi Kitamura, Sentaro Takahashi
Blended poly(ether sulfone) and poly (ethylene naphthalate)as a scintillation material, Nuclear Instruments and Method
in Physics Research A 759, 1-5 (2014)

5) Hidehito Nakamura, Yoshiyuki Shirakawa, Nobuhiro Sato, Tatsuya Yamada, Hisashi Kitamura, Sentaro Takahashi,
Optimaised mounting conditions for poly (ether sulfone) in radiation detection, Applied Radiation and Isotopes, 91, 131-
134 (2014)

6) Hidehito Nakamura, Yoshiyuki Shirakawa, Hisashi Kitamura, Nobuhiro Sato, Sentaro Takahashi,

Detection of alpha particles with undoped poly (ethylene naphthalate), Nuclear Instruments and Method in Physics
Research  A739,6-9 (2014)
7) Hidehito Nakamura, Yoshiyuki Shirakawa, Hisashi Kitarmura, Nobuhiro Sato, Sentaro Takahashi,
Poly(ether sulfone) as a scintillation material for radiation detection, Applied Radiation and Isotopes, 86, 36-40 (2014)
8) Hidehito Nakamura, Yoshiyuki Shirakawa, NobuhiroSato, Sentaro Takahashi,
Characterizing radiation spectra with stacked plastic sheets, Physics Education, 49,135-136  (2014)

9) Yoshiyuki Shirakawa*, Hidehito Nkamura, Takashi Kamata, Katunori Watai, Masaki Mitsunaga, Zenichiro Shidara,
Fumio Murakawa:

Radiation - counting characteristics on surface-modified polyethylene naphthalate scintillators, Radioisotopes, 62, 879-
834 (2013)

10) Hidehito Nakamura, Yoshiyuki Shirakawa, Hisashi Kitamura, Tatsuya Yamada, Zenichiro Shidara, Takayuki'Yokozuka,
Philip Nguyen, Tomoyuki Takahashi, Sentaro Takahashi,

Blended polyethylene terephthalate and polyethylene naphthalate polymers for scintillation base substrates Radiation
Measurements, 59, 172 - 175 (2013)

11) Hidehito Nakamura, Yoshiyuki Shirakawa, Hisashi Kitamura, Nobuhiro Sato, Osamu Shinji, Katashi Saito, Sentaro
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hEFREFNICLSMREAEIER FLARZEIE
(SK-N-SH #lifa = & 1+ 5 NASBEE {4 FHEETIC & 5 B ER R FIT)

ORIEHT Y, REEFY, RKkERY, EAFEH I, BEFH I, HEAKX . WARFHR—
2)
1) EREXRFXRFREEFREVRY BEFRE - FHIREEFHRE
2) ENHARRAREEANRNREZRLSHRRR

(B D B8]

FEHBGHRIE. TDIFEAEDBEF 80~90%., N IL (He) 44 10~20%THEHEIN D
FEAEDTRBRFTHD, BFEENLNBICONTEOERSTVEL<HES, LHL
BAL, FEMATIE, ERFI/MREICEEL, 253 7AT—2a30nNBIY., BT
WRENKETLHI LN TS, FERIRDEZIEL, 0.2 - 1.0 mGy/day &% 5HDTF
BRITLICETS VRV EEZH LT, FICHBEHERICETAEZFFIEZEB LA TAEG S
Uy, SE., ETalE, b S SK-N-SH #Iia(Z. REHF NASBEE (Neutron exposure
Accelerator System for Biological Effect Experiments) [ZTHM4F (2.2 MeV)) ZHEE L1=, 4
MeV EHE—LDEKFAAVER) YD LA—4y MZEBE L, D-Be RISIZK Y F4E
Lf-thEF (22MeV) ZBE L1-, #EEIL2.7Gyh & 0.28Gy/h THh-o1-, FEfEShi-
HRICEHZTL. BEREFEFTHEL. BREICTHE. BBEZTo=MRBICTEERZT
Sl BEET ol o R|T L EMRREZ L — T —HEABHBICLYEERL,
AHIRE A 37°CICTIEE L., FMHRHRZHELE T 55 S 2-[6-(4-hydroxy)phenoxy-3H-xanthen-3-
on-9-yl]benzoic acid (HPF)V%& 00— K L TEEL 1=,

[#ER]
LIZRoN S &S ICHHERBHETIEMESN > DENEXDREBENEO ol

1. HPF [Z& % NASBEE {4 FiRBAT RO FEMRREEHE

0 Gy 1.0 Gy
1

[>#k]
1. Setsukinai K, Urano Y, Kakinuma K, Majima HJ, Nagano T. Development of novel fluorescence
probes that can reliably detect reactive oxygen species and distinguish specific species. J Biol Chem.
278: 3170-3175, 2003.
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Indo HP, Matsui H, Chen J, Zhu H, Hawkins CL, Davies MJ, Yarana C, St Clair DK, Majima HJ.

Manganese superoxide dismutase promotes interaction of actin, S100A4 and Talin, and enhances rat gastric
tumor cell invasion.

J Clin Biochem Nutr., 57(1), 13-20, 2015-07

ndo, HP, Tomiyoshi T, Suenaga S, Tomita K, Suzuki H, Msuda D, Terada M, Ishioka N, Gusev O, Cornette R,
Okuda T, Mukai C, Majima HJ.

MnSOD downregulation induced by extremely low 0.1 mGy single and fractionated X-rays and microgravity
treatment in human neuroblastoma cell line, NB-1.
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Effects of a Closed Space Environment on Gene Expression in Hair Follicles of Astronauts in the International
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SRR (OBERR. RR2—RRK, FEF)

Indo HP, Saigo K, Suzuki M, Majima HJ.

Roles of mitochondria-generated reactive oxygen species on X-ray-induced cell death in a human hepatocellular
carcinoma cell line, HLE.

15th International Congress of ~Radiation Research 2015, 2015-05

AEF—H XKEEF. JIIEERB. RKEHR. BIBFT. AFEL. FRESE
mEGRARGHRARARIILE-EHEGRED 14

55560 B AR MSHRFERFM KRS, 2015-06
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AEMES S VHEBRTOHEERTRO S EREDEEICHAYT 4R

OFE £k
RREHERK - L

1. #E HHEEEDICEEA<OEENAV LN, TNOoEENLDAHYMMNIERETZ(TTEL
SHMBKREICHLEST DAREENTREINTINS, KELBHEHEEXTREDEELXRAET SIC
(FOREMEDOMETROEE - PHREZHONIT IDLENH LN, HRTREENMERE
THD=0. BEOHEHIIBHTHE L, TITAMETEIEHNAGESL ERMBMEN SHE
SNMEICRIN - BEEL-HEXELZOSRFEETORMZEZYA /0 PIXE ITTHL. B
EREDRELDREEZETEL /=,

2. RERAZ HEHEERERLOBENTRINSORRETEREHKAE (Oral Lichenoid Leision
LT OLL) D/835 7 4 LY/ (20 umt) % Kapton 7 « JLL(12.5 pmt)[ZBEfH L. HETSE XRF &
KUTA U BPIXEIZKDTHRAAAWIZH L=, S XRF (& KEK-PFBL-4A [ZTATL\., &%
BADBENBHEINEESDIZDONT, Y420 PIXE ICTHREASEEHAED Ag GENDELRE
DRFmEFTFMLUI-, BFEOLHBRLEREBABGETRBL. ERHEBLEEEOEAREER LT,

3. BRBIUEE SEICHIELEUICHRELIZKAET,.OLL LW INI-EFTH S, Mot
Jt XRF Tl&, Zn. Cu DREZHRE L. TOREMEED PIXE 2 TIE Ag DEBEIHER ST

(Fig. 1) . Ag DEBEEMILIZE (TS PIXE TOHFME X A NS FIL(Fig.2) T Ag K4HZH In, Ga &
EhBREEINTz, CNoDTRIIEHADESEDITERNTHLI LML, KRE~NDEREE
EYORENFEHONT-, 1= XAFS[T&Y Ag DILRIREFTMLI-E Z A, it Ag (X AgS
[TEEMILIARY FILZERL, BHL Ag ARIEMELTERB LIz D EHESNTZ, UEK
Y, REFIEEBICERA LIz OLL THD LIz, COMICHLEHBIZH LT, OFEER
BOLCHMASEDALEETRET A2AREB/EHLSNIC LI 12,7940 0O PIXE IEME S XRF (2
HERT AQBEDERRDRRAMBEESHRETHEOND D, OFBERBEDOLHICE
AEEZ NI,

1) T. Sugiyama, M. Uo, T. Wada et al., Sci. Rep. 5:10672 (2015).

2) T. Sugiyama, M. Uo, T. Wada et al., Biometals 28, 11 (2015). — 1 T
Ag

Zn K,
Ko
a

‘? K In
2 Ke
£ Ag

N lIO N N N N 2I0 N

Energy (KeV)
Fig.l MARFIEBIEO YA 20 PIXE [2&5 Fig2 AgEBEIHOEMEXEARYT ML

TR MR
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Y4 2 8 PIXE ZRAW=EEEARERBRAD ') > 5 H O fEH

ostH# BF/ 2 R F—C. dul 3kEh®
a RBARZRFHRE. b REREFHRESHRAR

HMREREEHB

) VIS DHETTRIZN, BETELE) VRENEDHTEL, LML, ZDEY >
TEEICEEXRGHEMARKILL TSN T, BEHARD) R EADESHEE DR (T4E
MEBZOEEGHMRREL SN TS, —f&IC, UURRITHELE LEZBKRIE. E0UY
BEEMEVWC LA NEN, CNFETOERERRTIE. EOLBEBEELE-ILID
JUBREFIEZAWLTELLOL2]. ) VREETOLAEALZOHEIEHERIZDOWNT
(XIFEAEDTH DTV,

E TRSTRTORRICEY . ZEOLEREE RS OERIKERS) | REHEH.
HERGTEDHEBET, VUBENRERLDE I ENREINATNS[Z], chofBRTEH) >
BEERTONA—UNRELDLAREELNHEID T, TOEWVWEFBHALHNIZT S EEHARD Y
VARADBEIGHEBEOBRRAICERT 2 LHFINDG, COLSLGEFERNL. KRARTIE,
YAV B PIXEEZAWL, EEHEICOVT, HEED) VEEDRXEREETSH LT,
BEZMEBE RN L) URZICHEL LEZBRIZET2ED ) VEEETOLMEAZ/ERT S
ZEEBMICLT:,

M LB

AL RLRAE-TL—27)
DLFE) AN ELE D 3 DOHZMICE
BT A 1I3#/FEICONT, EEE (AX)
[ZHITBYoDHEIA- 0 PIXE ZEICEK
YIwE T LTz, i L ICHEEE &
IWEZYDEY X RAREZEHL. TDE
Mo MR VIRET R L, TIEY
VEEITRST-ED VEEETA. LUF
DEDHEBD) VEEDETICKLHDH

s AR AE:
e AR HE
11l
U [ — ki
ol TabR B
* HEER

EEWUE  EHRGES. MRAR. B S
mUAE, THREREE. wER aR), B RRBEORNIME
BRLER

AARIE, TR DARBEORGLIHRMEBART 2HFABKICEHL T, EEED ') >
PTELBRLEEZoCHOTOMETHY .. HARDU VRBADEISIZEET HFTL LR
RERBET L EMNEFSND, UTIC, AARDETELGKREZHRET 5.

E0e) VRERIR) VREDEWY A FMEEFRITEWMEZTR Lz, (. K
VIRIBISER L=#EN, EDY VREEZETSESAETETOD) VEREZROT O
EETBELTWVS [12], EDRELESGYY VREDETICHLEL T, BIARITEY A FEBLT
MRS VERESE TV (TRD, 9405, B VIRETOBKEIED ) ViRE
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MEWIZE MDD 5T RO ) VIREZS CHERF L TU =, LA RGERE (KR RD
[CHEFH2ENI VREE, AERADY) VAEBZEEMSELEEFEZAONDIDT, JVRE
METLERICETABVAEEHEEDHIFICAMI 6EEALOND [4]. SRIEF. CD
ANZALOFHEMERAT 5-0IZ, FR) oo A EEBRIBES S THOTROERNS
MEDEARZHLMNZTEIFETH S,

04 4

+ Site 1 a) |7 b C
+Sle ] @) o o (@
iy 03 4 2 Site 3 ° o - N o - A E n
& A A A A
E - 02 - + r>+.5:: & — +3'}‘: iy - 0_}_|'+A+-'_: A — L#-l-:;,_ +
57T +A + + +
g @ + + o £ L] 4 a
o 04 o — . .
SE
3 2 & £y &
E8 o004 1 4 .
T T T T ™ T T T T T T T T T ™ T T T T T
0.0 0.1 0.2 0.3 04 00 01 0.2 0.3 04 00 01 0.2 0.3 04 00 01 0.2 0.3 04
B R o xErREEs FAERR A AR CoxARIREE T ERZE BEHREE COXERRREE HEER COOxiFaiEE
{counts pixel™ {counts pixel™ {counts pixel™) {counts pixel)

. HRMEEE ZOMOBBOERMEY LYY DTY XHEE (1Y) OFBE
+iE\bB ) UoRZ. AlZFE. OFXY UHAREEELGYS b, JL—ZA42F L1354
11 54 2&Y EBITHMET S RIE, MKBHD Y ViRED X #SHOMED) ViEELY X
EFEVWIEETT,

SE XM

[1] Hidaka, A. & Kitayama, K. (2011) Allocation of foliar phosphorus fractions and leaf traits of
tropical tree species in response to decreased soil phosphorus availability on Mount Kinabalu,
Borneo. Journal of Ecology, 99, 849-857.

[2] Lambers, H. et al. (2012) Proteaceae from severely phosphorus-impoverished soils extensively
replace phospholipids with galactolipids and sulfolipids during leaf development to achieve a high
photosynthetic phosphorus-use-efficiency. New Phytologist, 196, 1098-1108.

[3] Conn, S. & Gilliham, M. (2010) Comparative physiology of elemental distributions in plants.
Annals of Botany. 105, 1081-1102.

[4] Shane, M. W., Mccully, M. E. & Lambers, H. (2004) Tissue and cellular phosphorus storage
during development of phosphorus toxicity in Hakea prostrata (Proteaceae). Journal of
experimental botany, 55, 1033-1044.
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BNCT A FE =42 —DfH
(ROFEPEFHIREEBNCT)IZE TS5 B=RERDEHFE)

oiE M. FiE AR
EFREEBRIEHRAS

BEEAX

Ry EDEFHEIEEE (BNCT: Boron Neutron Capture Therapy) & &7k &3t F D
RIGZEFAL THAMBANBIRMICTA —DEHFE5ET 5RGFREBEEITHDS, ChFETHHE
FRELTRERFFENFRASINTELD., TORBEOLTEMEL S ILERFEFROMFEINE
EIZITHhN TS, NI >THEFRO/MRIEELRAEN, BAEEODILLLIER
NEIFTESD, TORA. BENTLEEOCRERI. BHFBEEORLOBANSEZLLD
BENEREINTVWINDELERTHD, TO—OLATIUEFE—LOREEETHSIN., Th
[CIEPHFE—LZZANLGHRATHAT LI EATARTH S, FHEFEBICIEINE
T2OMEHEELN—BHICAVLNTELNY TILE A LBECHHAREZTOICITHS
N, BfiGEHENROONTEz, T TERATAZROELG S - DOhMFEHAF
ETRET B,

—DHI&. LICAF (LiCaAlFs) o FL—A—¢LBET 74 /N—ZFHU -t FiRHER.
SCiIFIND ZFWAFETH S, SCFIND [Tt —8E LA LET 74 N\—RDEH
WmTHY ., RAGIFEAANBRSICRYMITAIRETH S, FH-ERDGEAICEE LERETAT
BELTEETHI-O.BELGREHK IEDAFASINDIAERED RAIFEIZHEL TLVS,

ZOBIF. BE—RFHRatEEERS. (SPECT) ZFAL TEBEARRPOPMEFIRES 1R
EETOIOFETHS.H0N LD CTOMRIIZE>TRESN-ANFOKRRES L.
BHRICTAE SNz KRPEFRIRRIGICE S 22 MeV EIRA U RBEES LY. BF
KRAOHEFRENTEZRTMIEEMTYTILIALICEHTEZSFETHS, Ch
SR> TEFEMBBOEMICE TP HEFREZERICIBET S ENTE S,

NLZDODFEICIYIEFE—LOREPEBFOREEZEBT I ENTEDLET
THL, FYREDEVABRPLPREEESENTRICHS, BE. LTI ho0PEFE
BIFEZEBEH LIRS BNCT PR TLDREFZEITo>TWDS, §EH. DRXTLIZEITSE
FEDHAFE LM REFLEARAINERFHEFIR NASBEE TORBRIERICDOLNT
|ET S,
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& B B A O TS ER B 4 14 0 5T

WA e O/\EREHe, Ml P
a: fEEEMKE
b: MERE~N—4 T4 - Ea—O—

BEEARX

EEMABEBMOESICLY., ERAESEOWM - SFEEMIMNTREICGY ., B+
JAVDORESDEMAEETAV—ORENTGELE L -TEE, COREEMASENT
TRV RATUOW)IEERICHEST SMGHRERBFEERE T HIEI/MoN TS, £ I TSME
DOHAETIE. W HHBEHE ORI FZRAV IR AIIHT SMEHRERFEZ. 81, fH. &%
BEDHRMELBME LT, ARz, BOHRE L TITHBEMBBREANE D Y RE X EZE
Bz, EARMICIEIHMERDR 2 > FRA O IHREE (¥Cs: 3.7 TBg) 12L& % 10 mGy (662
keV) T 300s. 75 UICTER X #REBHEE (PANTAK HF-320S) I2&Y W 2—4y k
TEMIRILF—38keV (100kV, 10 mA) & 74keV (150kV. 0.15mA) T 60 s DRXETHR
B EEBREIT o 1=,

FERICAW=EHE. AS15um DO W Z 100 um BT A v & 2 RITIRAAATE W A S
2 15.KE 50 um DW % 170 ym FEIFRT A v & 2 RITHRAR AT W A w2 50, K& 15 um
DW TA¥—%RY TRTIVEHEIZH L THER & L TIRARA T W HiEREY. BReL
THRARAATLE W ELREY. RILEBMOREIC W HFZEERT 35%REM (1= W HF
5% &5 K U LIS D REIZ WOs #1F Z EHEE T 35% WS fF1F7= WOs #1F 35% i
#. WKIZ0.2mm D Cu. Al. Pb, W B & UESMIRE 0.1 mm DO W IR TH .,

yH#R (662keV) [ZxLTIE. W A 15, W fiEREY. W RS, W RLF 35% #
MH & U WOz HIF 35% BMDISEICILERMLHLIEEDANBEHRIEL ELE0E
BHRAENT=-, COBRIT Yy HBOBETOHEDLONT-, LML, £FELTERES
BAUABY-VDEESTEETS L., vBTEH 2O XBTH., MEHRERE (TFE—
EMICITEECHBHIL=, LAL. XETIZAL CuEADEIXC I S DEFZEEL Y IEMIZ/
SKBY, COEMIEETIRLTF—DELLEBIICLIEZA>TELLGS I LD o Tz,
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P HEFREBHENEYIZE R 5232E 5Tl

offRK HX., AR ER
P EEASFEMIFERE L2 —

(R0 B 1]

NFETHRRALGEEYIE FOFITK>TEREINERLELEIN TS, LML, BFE
DEPOBKRICOVWTEHREL THoREZTFMITS2F TRV EZET S LMD BFIE
[CIEFREGHAZTELTWS, -, BIEROETOBREICEVLTIEZLDIFE. BAREA
ZENFRAINTVEID, TOREHFEIIEL . EALGERLZERREERMDELLE
BERRELLGHO>TWS, £CT. MHRFZERERE L TAVWTHEGREZELET 5
ADEIToNTE -, INOoDMHFREFETERZRET HBNMELTAHVWVLONTES:
N, EEZFETLH-OOBFENL, TEADOFRITRRACHICE->TLSEMNEMN -
fzo BEELERIAEALINTETLEAAVE—LZRAVWT, EF4EYMTHD) VK
DORETHS) VIEAVT. MEROBREBELEFNENEVDOLEEICEZALEEL. &
REENFRINDIMEEICOVTHREZFITo>TWS, FAMFOERLLIHMHEFRICOLNT
LIEMICE R DFEZHBRIFTH I LI, SEMGBSHREERNEHITHOILTER
BHREGDHELEHFEIND, TI T, AR TIEIZELEEYTIEEBEKLE L THIFAEET
HEIV RO ERANTHEFRBHASZ 2EYEETMETOI L ZBNE LTERS:
To1=,

[EERAX]

U RODRIE “TILELA” (Gentiana scabra xG. triflora) R “»H Y A" (G
scabra) DIEE@EEZE 5 ml OERKIEMZANIZRY TOEL EDRLOF 1 —TI(ZBiE
L.7 ~10cm BEFTEELELOZEBFMBE LTHW:, Y FUEERAKZ AN
EFRCOFa—J&hFHRAEREE NASBEE DESAIZKREL., 26y, 8CGy £4HbL5
[ChEFREETof-, BEYUTILEHCLICUYHEL T, Ho-HERKERME AN
IEERFICBHEL., TORDAERDBEFITo1-, 2EEHOEHERTIL 0.1, 0.2, 05,
1. 3Gy &%GAH &S ICEFZEITL. 1EBDEERE .,

FERICEIE DY L TH - GishIcBEL. 20k —_—
NDERZHELT-, . BETYA
[(ERRUVER] °

1 AEOEBRTEY Y FYEYMEAROERICE ” L
ENFENZPHFROBHEEZEXENIZIEET S o . I

1=HIZ. 2Gy £ 8Gy LGB KIICHEZETL. 19 °
HEERLERICEHZYYH L TRA L MRR 1Y REOSRERICRIEFR 20y &
52 AEICHELBERORS EMELEES 8 Gy IRATL BB OEMER D

5. 2Gy BEIRTE, RIS DIHE & IR
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2T 0.1 Gy~3 Gy BE L=V FOEERKEZHESEL-RDES

LT. “FIELA TIE5%., “BEYVA” TIEIINDEEERICBFEFSZENRSN
= (B1), 8Gy BHERTIIMAEBFLLIHETIIENERINTz, TO&LS 1T
FERBFLEBEIE. 2Cy BETERENFNEEICHL I EMNHBALIZH. EITHL
WS E TORETZITo 1=,

2EIEDZEERTIX, 0.1, 0.2, 05, 1, 3Gy 4B &S5IT “PIELA” HBEEKRICHME
FHREHZITLN. 8 BRICEH ZY)Y H L THEHEMICHIEL 1=, 53 BRIZARL = L&D
DEIDAEZTo= (B2, 3), TOHER. 01 Gy BFRTRHRBHIFZIAFNEET %
~L7zA 02Cy TIEREBHELIVISEVEEEREZRLZ, CNITH LT, 3Gy BHLI=5
BTREHFLPOEREBICBFEF> TV, Ch
SOENSHEFE YV ROEEYICES
L7zBE. 2~3Gy DBRFETHEIDER ©

35

SITHHIEINBZENTEEINT - B4 Y -
E—LZBE LIEE.Ne A+ E—L(LET -]
SHEME : 30keV/um) Tl 6Gy. Ar 14V E -
— . (LET St&fE : 89keV/pm) TlE 4Gy l

ETERENEDPREEIZHAo-TWWEZ E,N o
5. NASBEE ZRAU\ -t FREHFOEYE
FINONEA A VE—LZRAWV:-EBEER 3 1Y RrotE&EEMRICHF4 0.1 Gy~3 Gy

%75\,]/\ Lxgl‘\: &75‘\7?"231’1.7‘:0 E\E\%‘f L/T: Eé@i‘t %g.;.ﬁﬂﬁlﬁ

0.1Gy 0.2 Gy 0.5Gy 16y
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