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HA, A, HRUCHIEIHO Lo ICERER IS LTER T AW, BN H bt
PG AL 2 EDRIZ LIF LSRR Z IR 5. 29 L7 ER 2 EIRT 5 &,
Z OFEFHIC & - TP - AL LRIl 2 e L, RSN ZALZ 5 SR 2 TH405
5V, —HRIIZIE, K E B A S ORI IS SR 2 R L2 LT, 2D
HED /NS SHIChEE 2 RIC 52 283N TH 5 L5 2 61, FEEDBIRNT CITER
FiE AL DR 2/ < &) B RZHFICEA D L 3FH 1T v, L Lah s, EIH
AL D IZIE, JEN MM THESS 72 SOk FRERE Y, %1% &) ShilfELARD I TR (/
K, KRG X)), HDVIEEREICICHERrLROBE (Bt) 2HT20500H D, HEek
DIER L3RG D7 & b, RIAMEIOBHIZ 1 KA E & L T2 DAL DR D AE ) 7 fifi
2 AL ) a0 H 5. BB - R R ZmIT 5 &, 29 LAY EKRTO
BOKL, th, Bk, SCTHEERL EORMIZRAET L SALRIMME 2 N2 253 5 2 L 20T 5
FAAE L % 5 DT, AR - AL EAL 22 L TnZe < & D ASRERER T & 213D X
ARG 2 2R L 372 & W ) BIRICBWT, JRFOEMHILE L TEMfT s s,

RKIBIRO2 B4 W2 2 RFEHE TS, REARERNITHEZ R L Th e At o—
ThLEIKREDRA (BAZEA) WMEPNRERHSN TV, ZORAIIINE THE KD
2 MDO— RN IR D 72 o DRUGE & LT, AdEm I PigoR (JEI-120, B AL
BRGEWESCr) DA ST & 72, LA L, P23 (2011) 4F11H o mRIEIC I3 BEA 0 Tl % h
DATHED & B RECDBEN S A 4 7 4 v SR (LT, BEOREWE L&KL %) £20
RN 7 ERED BRS04 LT B ARDIATHERR S 7c, BEAR IR CRUEMI IR % 38 8 %
L Tw ki, FilCHELREO I IR 2T AMDOFBAr B EINLS, S 612, —RAH
REIC A MERAOEE 2 W11 T 57500 T4 <, r e 2 AR ORI L HEEH S 3I N b,
Z 2T, AWFRTIIEEAREICAER S 2 BEMRHE 2 0 T A TR L > Tl L L,
SN L WERIER D 12 & o THRMERE ORI Z FEE L 72T, 2 OMEMRIZOWT
HwET 5,
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PRSI RRIR O e B 2l (IBBFHT) P ARIZS 2RI ZRIBETH D, BOGUAENIZ
HETHED ) 212XV 77 T THip IR AR 2 47§ 5 Ei I  TH 52, IENIS2 (1977) 4
2 HIZHE S e el BRE I BRAF D IEAR T 5T, RIS 72> TR ZHIfE L §2 2 &
PHECINTBY, ZIUTED TR Z i & L 72l E DA 2 E S 1, 1
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B ISR ENTEY, XTHAFZAANDZT =24 by P OBEREZDOIMBICA T~
VABIOBED 2EBEIC L o TAE L ZREMER T L A IBEEZ2HT, BAAo ANERICTh
o THIE, BiREDAFTIEP LKL, BFMBEOEIEMEBM M LA T v L ARDBE
REoTRYLNT WS, HIRE, HIEB LUBEEDANMEIZI 7)) — FEDOKETH
D, BEEOW I 5 RIIIEBET 2 EEOEN & PRl 5 720 1T LR R R LT
L HEDMR L LIAEMEAM DO LD TH BENE DBRAIIRIE IS TIEZKRLTHY,



2018 PR RO REARMISR L7254 7 7 4 )V L DBEWREERS S RT & 2 g 69

FEWIZERDL/IFREEAHRELITHED 5 N RE TR - RAFSN TS (X2), BEED
1T, — R ZABASE D BA BN 2 Bivvs THRLE12~207C, AR 90~1009% THERE L T\ 59,

3. FRAORHAILSH T 5 MENHEERERHN

3—1. BHOEmMEI70—r34 75 &R

RGP (3201 14F 11 0 14 B R BB S NS & 5 BiAy LR SERI L 72, alk}
13, HOHD» LD L7z A ¥F 2 ZISTHMEN 25000 720w &) B kb EWE O A & HE 12
BRI, 77 2854 PSR LTI T (10CLLTF) TEBIRY, ZogiEiRicid 22011
4121 F T-30°C IS THERAE L 72,

WAEMTHEREE DRI T & LT, RIFRTIZZ v—2 54 72 )BT E8M Uiz, ARENT

MEGEHZE TV 2 EBOBEMREICHIR T 5 82T (DNA) 2402 (2K 12 #A4
AT EICL T, ENEND DNAWR 25T TS 2 iR TH b, T b b, dHaED
S L7 DNA 28581 X L72RK ) X 7 —2dgi e (PCR) %47V, WE S N2 #%%ko
WAEMAEIC KT 5 PCR EYIZ X7 & — LRI 5 BIZ A2 FHOKEE > T I L DO
EOMABRAL(TA 7= 3 ), ZNERGRITEAT 2 IERIREZITV, BRI L 72K
W (Z7u—y) oaon=—%8 L THEEDR 7o - 53477 ) 2{BkT 5, 2 LTH7
O— 2 5R7 ¥ —I2fA 1172 DNA SIS OSSR %2 P g L, 2 0% FR Uik 2 ik A Pk
FHET S LT, MAEYHEREZWL2IZTLTIETH S,

BRI 1L, Wi okb s 2 — 2 WFFI L, Extrap Soil DNA Kit Plus Ver.2 (H§kERlE=T
o= T ) ) EHWT, WIEICHE-> TDNA 23 L2, JiE 8% DNA & LT, HlE
A & L7216S rRNA GEIE T3 L OWIHZ REM & L725.8S rRNA BRI & Z D Hij

12 B NHIR G- 2 ~—4 —fHElg (Internal Transcribed Spacer region, LI'F ITS fEsf & 0%
i) @ PCR HilE %47 - 72, PCR 3%, 16S rRNA EfETI2oWTIE, 21 774 =—9 (5
- AGAGTTTGATC[A/C]TGGCTCAG -3’) & Bacl392R 77 4 v—"(5- ACGGGCGGT-
GTGTAC -3) M L T, 95C T30MMEriF L72t%, 2504 7))V %95C TI5# M, 50°C T20
F, 72°C THOR M o K S Tir > 72, ITS kI D W T, ITSIF 77 4 =—9 (5~
GTAACAAGGT [T/C] TCCGT -3) & ITSIR®7'Z 4 ~w— (5- CGTTCTTCATCGATG
-3) =M LT, 95C T4 MltrEr L 721k, 94°C T30RE, 55°C T60FPIE], 72°C T 143/ %35
B A 7 NARIZ, 72°C TLO MO RS T1T - 720 % PCR BIEEE 2 DNA X7 & — 2/l A0A
A THIARZ DNA 2Bl LTEETH 5 KIGw~EA L ORIk IC, BN DNA Wk % 41
HAAIZT T — v LT, FRED DNA W 2 ML 72, M S L ORIETZE N Z 1967
T — BB L, A S 172 DNA W OHLAERCHI AT 2 9206 L 72, fif5e L 72 DNA HERCH1 13
AED T — 5 N—2 L A L THEMEREE (BLAST M3R) #17\, 7 0 — RISk ik
iz T L7z, 2B, RN ONIILDOI|MENE > TITH 727, 2B 623N n,
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3—2. /70—r34 75 EBRER

AT 2 k[ G & L7t T3, 807 v — o 7 HHLIIECA & it L 72 BLAST FsRIC & ) g &
N2 OFESHIZISIB TH Y, Chryseolinea J@ 2 Witk 7 Ll (427 v — 2 D13.8%),
Methylacidiphilum )& (8.8%), Sphingomonas & (8.8%), Dongia J& (7.5%), Dehalococcoides
J& (7.5%) OWBBE D & BELRETH 5 &5 2 Sz, 7a—rOMBIE b &
W~ 72 Chryseolinea J& 1320134512 Bacteroidetes '] Cytophagia W Cytophagales H 12 )& 3 % ¥
JEFAE & U CTHEIB S ZSHINTET ® 010, fie b HHFEME 25 % WEC A (3 Chryseolinea  serpens
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strain RYG (NR_108511) T - 7= (#HIW1E93.99%-94.29%) . Chryseolinea serpens strain RYG
13, FA L3 5 o0HES 72U AMEDTEIR M T A &~ BAUMEW Methylocapsa aurea
DEREIER > SIAFE & L THBES LT W 510, BIREEN Z L2, KW TS D w7
0 — X DEHEIT Verrucomicrobia P12 )@ $ 2 Mtk o £ 9 o BALY: Methylacidi-
Philum B WV T Ho72, L L, Zuo—r o ERESN & OMEE RO TR WD

(82.49%-82.6%), FIBHHMTH 5 vRetEAm <, R 2CHHREEZ A L 7MIETET H 5 Tk
YD 5, BRI ORI % 52 1 72 AR S 105 T 13 B8 2 R D B O Ff
W DPHOMS 2, HHREE R HEE T 2 2 L WIEETH - 72, & SICEEMZ BT 2 479
eI, SEEREE AR T AL D B,

Candidatus Calothrix
Acidobacterium _ SOlbacter

Dehalococcoides Lacibacterium
Azospirillum

Chthoniobacter. Fodinicurvata

Flavihumibacter
Olivibacter

W Alphaproteobacteria M Gammaproteobacteria M Bacteroidetes M Verrucomicrobia
Chioroflexi W Acidob a W G

3 70— I A7 7 VRNTIC & B R ERSEYE o Ml RS

B (7 E) 2R E LT, 957 b —» THIESEH % 572, BLAST MERIC LD
FRE ST RE LS 4 )R ISR S, Exophiala J@ 3B ¥ IERCA (47 v — > DHIBY%) &
Cladophialophora J&\Z ARG FERLS (K07 %) O HBBHE D BRI TH 5 &5 2
&5 N 72. Exophiala J& & Cladophialophora J& 3% b DO AEN» S 08X N TH Y, His
XICHEAMBEIMEPELRE L LTHOMEICH B 2 EARBEINT WS, Exophiala JF,
RGO 2 FE L ~ L L THNRD L, TXTCH 7 v — b Exophiala sp. LX M8-6 (Ac-
cession No. HE605222) & i\ HHITE (98.8-100%) # 7k L 72, fit > T, Exophiala sp. LX M8-6
WERR T RO WIS L > THRADRMO WS S LT wizeH 2 511 b, Exo-
phiala sp. LXMS8-6137 7 » % + Z 2 a2 — kDM R0 BEEH (2 B3R L T 72 B
SERIRE 723 B > S50 MES NICWRT H 519, 7 2 2 — (% TI220014F- 12 Fusarium solani
DRBUE R % 2, Z D% 3RO PIBFI DOBA AT DIV T W2, HHIOHIE? 5 4
A% & BB LIS T, 20074R127 5 L WA IR L, e b K & el
L otzted, 20084F0 b BEEAL ORI D 72 OO HEEIEAT DT bz, FIT L BEH
PEDFIEIDS RS, WBR 2 B2 70T b T v 219, Exophiala sp. LX M8-6DHHE & 3K
FLIE D KR BURIZ DO W T S 2T - T Wy, KRE AN A L TIRIL WildEaE 2 A
LTw 2D THIUE, HHRIHMEEREICH 2BEMESENBURGT 2 H 2 5 L TCHELE#MTH 2
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T2DALBRD S 7% HHHENR»LEENS,
Farlowiella Sebacina
Cladosporium

[ Ascomycota M Basidiomycota

4 7a—rIA47F VNS L 5RO O BT RS

4. FEAROHEEBIEYNE DI

4—1. BFADENEEARE CEEHEYEOTRE BT

WA 0 B RE G RATT TR D & 72 Exophiala J& 1213, NI2xE L CWRIEE %2 77 Exophiala
dermatitidis 7P e EN T 5, LA TH - 72 Exophiala sp. LX M8-64 5\ 13 #x b Lkk7e
BEsnkE Exophiala angulospora 7 513, JREMEICEI T 28k 374w, L2 L, Exophiala |&7 5
AW TR LG 2 LT 2K, i B E Lo I T 2 5% 5 A~ BB br i
BEINDIZFTII A, —IRABRRCR 2 T 5 N2 DR EA DN 7 BB s R & S
Nizie®, BADOKBERILIZ OV TR DT bz, S F THRADBRELI XA (JEI
-120) DEAMIC L > TITDLN T ERD, WOREZHHIH KR TW WK TH -7z TDOER
ELT, HHSEIIENTS > 2B b RO K LI & - THAFE % #50 H
HUEIR S ILVTHERE S 2 RENE, B 5 WIS G £ 05 B A A o KeA8 05 & 7 - 72 wf
fEthzZe ¥ g 3 e,

WA REERE Y AT 5103, HIE T —E8 X & > BALYE Methylacidiphilum & % BTk
WP REBRBIEOME TH ), WIHICE W T LRI D Exophiala |&H3 K5 % T
Wicted, AHEME G T 5 RRWARI DM 38T, SIMRREHC X 2 s 2 SR L 729, B
RIS, KT SRIMEAA LT (UV-10D, FRREtEA %) 2 v, BEADEH L 5104, 4
T 5 2 RDAFH2ARIZ X » TIREMFIKA200~280 nm 125 24508 (UV-C) 2 &L 721,
KL TR RO R L 2479 Hidie Lz, B, ZOXRMETL m B2 M O SRIMESRIE 1329
uW/cm*TH Y, TOAT - 72 Exophiala JF 55 Bk O SESMRIREHR A R (55 5, KFHRK) 12k -
T IR S N2 BRES& L7z, BBEHS 2 AT, 1 H (315 50 o g, 2 mHI1320.5
e D JRG T 2 47 - 729,

UV-C JRGHLFIZ X - TRFERGEDE F OB R S iLtein &9 2 i 5 IR 3 5 72
DI, BEA D[R R ORI % TR EREE O Z (LK R (CO,) B (WIkiE ) %
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WSE L72e BHIWE L2 ZAXF 25 TRIRL, —ERZFIL 72K, AR ITEMHESGIC
Mz, w0 COMRENEZALE N> T 4 47 CO it (GMT70, VAISALA) 12 THIE L 72,
FiL TI5~ 3020 e L, 8 L7z COREEZ2RH L7z, £ ni%alkloitizds GUEIOMEE
HE0.37~0.86 g) KD, 17ML72)]1 g cEROMFRGHEE & L TR L7z, Zdb, $RIOT
REZ BT R 5 LT w7e7e®d, BRBICO X 1HETHOMGE & L7z,

BEAT HERICL 7250 T 1 [l H o> UV-C 24+ (15, SIEHG) B2 OWPIRGE L A%, [8] U &2
S BRGFRT BRI L 72 50RO WP di s 2 Bl > 72 (K15) . S DJREIZDOWT, UV-CHRGHT & 2
FRUILIE 2 & - THEI L 72T RS, AR L 72 D315 & 7 ) WPIRGEEE 5 b5 5 &\ 9 4l
IRENRIC L BB EHZ 7z, 2 HD UV-CHRGE (20, 5KERTHRGS) R0 MPId (3,
ReEtgii & ) b b Il L7z (X 5). 2 I H UV-C BEHED £k 20 T ORI o
HORDPIERITEATE Y, UV-CREDMAE LY L IGHI ) S LD RER & U TRk g 7
TR LzeHigE s s, 2o UV-CIREHRICEEART 2 /K0E L, HOMIEWEICE 2N 5L
BIRZ B3 Lotk JRAF L 2R b Ol FEE 2 WE L7 & 25, Y oilkk L ) &k
W AT < 7 o 720 ARG G L FR R AR IS X WP DIINT H B L H 2 HiLrz,
INHEDZ E L, BEAIAEE LR R EY R 1213 UV-C IMSHZ & S RB MR IZRER TH
b EHZ LT,
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4—2. BEHEMEOYIENKRE
UV-C BGHZ X 2 BEAT DRI D FER % 21T T, BEADRAEME DR B3 FIEEIC X
LB R TEASRINE N2, UL, BOZLPWT IR I ZAF v 78 ~F %2
WTHMTHER L 255, BAIIHEZ 52 720v & ) ISR ORIEWE o & % TEI2HY) B <k
¥ETHY, TNFTIT2013, 2014, 20154FD 3 FEDREAEEL TR N, K oW aRsEY
BBREINLK6), B, WL RIS TIIEREARRICEAE T 5 RS D13
LT 2 0RRE RIS KT E L Wiz, USHORIEME IR E D6 £ 5 7 &R
JLFE AR 5 N DRV 7 o 7o 85, MBI e R B TR D FIE L BT b e 52 515,
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=Y AN éﬁﬂﬁ@ﬁﬁj{{tﬁﬁﬁ‘ EOREIAEWEFEEL L TWL L&, ZoEM»EZZT
BT HHICLRELERERT O, T, B, AfY, ST Y) »A827% Chio T
WAHZEEBIRLTWS, RIEICBIT2EMIHEDHIIZEZ 5 & &, —KIICHEAIC L 2
B 2 b di e ¥ 9SRIRE N5 725, EWFREDAE % K 2 DEREIN T 2 HlfH L 7275 TALE 2
b7 WIR Y, RERIC—EDWIM 28 TR MR T4 T 5 TRt E v, H3ED
W AR 7 2 E E R Z WL I 2 TR 5% 2 5%, EEZL 20LEIZH - THIL
R TAEMIELEHATYS, 72, AN L 2EL, BRERSEICIRTEYR» 21T
b L BIMREICE W IR 2 6 3 2 400 2 R S 203 R ISR & 2 H8%)
KRG F BIGARIER ARG & L TR 650055, 2DLH)HZ L
ALY, KEIHEELEYIEZRHML L) 32L&, 332 ERT 246
EEFEEL, ZOEYRHEOBMTHRE b L IERICVELRER F2HE L, ZOERENT %
ﬁ?ﬂﬁﬂ LA B 72 2 BRBEE BRI 2 RESE L 72 BT, 2 OAWiE 2 355411C X 2 QLB e 7 B 2

CEoTMYBRL v 22X =2 I TH L EHZ TS

b’%%ﬁigﬂ))a:‘p/ﬁ“( &2 U 7o s ok s (3, uiﬁ@ﬁ’fﬁﬁkﬁﬁﬁ@%ﬁ%# 5 hEIR A2 1 D
Exophiala J@&773 K5 %2 5 TH Y, FHNSHATT % & Exophiala sp. LX M8-6 & v AHIREE
PIRT I EDM L L 5T, TR —{llfE T Fusarium solani D RIFFEIEEDWGE D 72812
SEA AT S T2y, AW Z DRITHIR L 2B SRS 2Bk TH Y, FEHHE
BE2AT LML HZ 6N b, N E THMFERICEA S LT & 72Piff#E ~oimE:
R A L, AL BN D th T & 7 - 72 W REED B B o  DARGZ Exophiala JFTH % 25
B U CREI~OMMERE 2 fEsE L P AUEEET 5 2 L IZTE WA, 7 2 2 — ([ F R < 5
AR BEAT OB S L R O B R 7GR & 7o B AT RENE 28 S A 2 RO 12D n»

T, HWHNNERE O EAE 2 EEYFEE 2 S I EEE L, R % IERE IR 3 5 & L HvEAd
TH b, BHEHBEDGEA A L TIIEBIEATY &6 FAEEIT X 2 Wil 7 gk i & it
DR 67z, RIMICEIRRBEMORBR 2B ST T W L v ) JRISB W T L e
TIENCAERITH D L H 2 Tnd, — 5T, FEEZL 2PN RIE, RIS i TR
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BT AM OB E B ET 2 RE 05 H 572, FOHERTEE, HEICOWTIIFAL L HE
ICiEm 2 AT > TW S REDR D 5,

EiE

HHERES SUAMRZ L0 5I2hH2Y), 2REL2THNZEY £ LDMEEAU2
B WA - UL - AR =Y DADORHE—IK, Db h»iiBEEE2O THEEET,
RHERER, WERERICHE RSP L LT E ¥, SIMIBSURICERL, AEd CWE 28
D Z L7z NPO RN EflERL v 8 — D@t Ik, — M IR AR SRS B ZEr ) 1]k
DY, SRS RF 22 A O A5 JAS I IC IS &G W L 0 £ 37, ARF9E(3, JSPS BHiF %
23300326 I N2 B 7 A REREE M B PRAFIZ B 5 A8 A IURFE] (WFEiks RS
1) B L U16K01186 [Rs il HEEMI D P & PRAFBRBEIZ B3 2 AF5E] (Fefaes @ RIRIF5)
DR ZZITI2LDTY, e L TEHP L ETE T,
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X —7—F R (Torazuka Tumulus) ; BEfqr (door stone) ; fH54E (surface colonized
microbes) ; 7 @ — > 5 A 75 V) it (clone library analysis) ; S/ MEBET (UV irradia-
tion)
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Analysis for and Treatment of the Surface Colonizing
Microbes on the Door Stone of the Torazuka Tumulus

Yoshinori SATO, Rika KIGAWA*, Masahide INUZUKA,
Masayuki MORII and Kunio YAJIMA**

A processing trace left on the door stone of the Torazuka Tumulus at the time it was
made is conserved in the exhibition facility built inside the burial mound of the tumulus.
Although a periodic fungicidal treatment had been performed, the surface of the door stone
was recently covered with microbial biofilms and fungal mycelium. Microbial colonization
may cause not only biodeterioration of valuable stone surface but also disturbance of
appreciation for viewers. For these reasons, culture-independent analysis was performed to
reveal microbial communities in the biofilm. Furthermore, the respiration rate was
measured before and after UV irradiation to assess the effect of the biofilm sterilization.

From the result of culture-independent analysis, it was found that the DNA in the
biofilm contained bacterial sequences related to those of Chryseolinea sp. (14%) and
Methylacidiphilum sp.(99) and fungal sequences related to those of Exophiala sp. (95%) and
Cladophialophora sp. (7%). It was found that UV irradiation treatment had almost no effect
on the biofilm sterilization because the respiration rate was increased after the treatment.

Physical removal by manual labor was eventually chosen for removing the biofilm on
the door stone. It was an effective method for decreasing the biofilm directly and for
microbiological control in the long term by depleting the source of nutrition for heterotro-
phic microbes. On the other hand, repeated physical treatment has possibilities for artificial
deterioration of the surface of the door stone. It will therefore be necessary to argue

studiously about the tool, method, and frequency.

*Kyushu National Museum **Meiji University



