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2— 1. BNARBHEEO®KRE

FTTI, KINSY (RERE, 49, P253-263, 2010) 1B WT, ZOWTH b S HEAE
W 6 BES N2k Z > T, SEIMRIBET DIt ELTHE S LT 5,

ZORESL, MR & T L 2R, BERERRIC O W TUE, RISV ST~ i 13
55 <, UMD MG T TROVNICIZIZRE S 2012 L, 7 EDEAIT, Bk
LT, BEHoREICRETH 720, HICX M TABNTEIMEZBE Lot L AS
NTHEEZI N TR/ NIER (bulbil) 2BKT 57TV 7HEE GHTEEDRH)
Burgoa sp. D/NRIRIZIZOWTIE, JEFITECEIMRERMEZ A L TH Y, KHBEWEEDOZEMNT
SR ERGIL T, BE(ETE L7,

AWDRERT, 2009412506 L 7238k & 1 ZIZFMRO RS G2 FBIT 272012, 7)) — o
> F (HITACHI) NOSRIMRT D Bl X SEAMBEEE OME 247> 72, 7 ) — N FNTHH
L7287 71, GL15(15W, §¢5254nm, 7 > 74 E436mm, = BHEA 2 7 2k a4l
B, SEUMREEREONE TS, SEAMERE T GE/MERFHIEE, UM-1/UM-36, 3 /L3 #)
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T 5720, ARDBRERICB W TIZEIMNMT 2 5 D BREHEEZ 30cm & L7z,

T2 AN - TR T 7 ) AN - T IRTHEE
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R EEIMNRIT (GL15, 254nm) 2 & D EREERNIC A 72450}
FLI T A S

EEIMEAT o & o e MR (mW/cm?)
10 cm 0.028-0.031
20 cm 0.015-0.018
30 cm 0.009-0.013
40 cm 0.003-0.004
50 cm 0.001-0.002
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SHFED)
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10 | Acremonium (sect. Gliomastix) tumulicola | K10510-2-2 | % k i 50A7 NI Je H 1 3 2010.5.10 | A% #914
5 i B 0 me
11 | Acremonium (sect. Gliomastix) tumulicola | K111013-1-1 ifoffi%iw PHEE OGS B o011 10,13 | s g2
- e Wl e o
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HHE
S R H D) RIFEMR IS H .
1 | Gluconacetobacter sp. K5929-2-1b i;éi ffﬁﬂfm) MDY | 905 9 99 R °
2 | Stenotroph sp. (S. rhizophila \Z3E#%) | K5916-3-1b | ¥ b 7 HU SNk kE Loy e 2005.9.16 HE G i [ ]
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4 | Stenotrophomonas sp. K111013-5-1b j;\ 7 EEPEE A L ORORE 2011.10.13 | FA%HE #) 2 4F
5 | Bacillus simplex K6203-10-3b | ¥ b 7 W HUTEWNENE T 70 Lol | 2006.2.3 RN [ ]
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8 |t K101008-5-30 | "L 2010.10.8 | MasH% & 14
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1) ARNEBY (2010) DRBRIZ 5 1T 2 bR 2 7R
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FTEREE FRGTT, SEAMGAT 2L, v —LICE R L, SEHRIOEMRE TR L, F
72, arbhm— e LT, WHRIT SICEIMEZIRE L T W7 L — T (%28 2HE
LG D 7L — b LRI EER L7,

MR ORI, ARG O RETFERBHAA DA HT B L ONEA R 2 [l L (1) - 30
a5 MBSt YA, 1 HBEERIS & 005 [ HIREHERICEHAD, 2405 OREM (AL
mW/cm?) % itsk L7z,

3. BRCER

3—1. HEKOKREHER
HIFE IS OWT ORGSR 2R3 ICT Lo, T, HRESHEEROEEBHENER 2K 2 ~10
2R L7z,

R3 X N7 WWHAEND S5 HES AL BRI 2 SR R

. UV RG]
A R 5 UV 5a JL A i al ij\E
L mW/em® | GHESD | 208 | 58 | 150 | 7 | 240 | 35
0.009 s .
Gluconacetobacter sp. K5929-2-1b 20013 10 oy 0 0 0 0 0
Stenotrophomonas sp. o 0.009 5
(S. rhizophila \3psd) | 0167371b ~0.013 10 0 0 P00 po o
Stenotrophomonas sp. | K101008-2-1b | -0 108 oo o] o] oo
0.009 s
Stenotrophomonas sp. | K111013-5-1b 20013 10 0 0 0 0 0 0
. . 0.009 s
Bacillus simplex K6203-10-3b _0.013 10 0| o0 0| o 0o
. 0.009 s
Bacillus sp. 2 K101008-7-3b 20,013 10 1 1 2 0 1 0
0.009
JR A1 K111013-1-1b _0 013 10° 5 10 0 0 0|0
Bk K101008-5-30 | 0% 108 ol oo o] oo
. 0.009 s
TR 2 K111013-4-2b 0013 10 6 1 0 0 0 0

1) auo=—%%r¥

X2 Gluconacetobacter sp. K5929-2-1b DI MG (GYC, 5 HR¥:EE) (&)
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3 Stenotrophomonas sp. K5916-3-1b D&% (Nutrient agar, 5 HIH¥55%)

5  Stenotrophomonas sp. K111013-5-1b O #5388 F#f% (Nutrient agar, 5 HEE#) (ITH&SH)
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6 Bacillus simplex K6203-10-3b D538 FHfg (Nutrient agar, 5 HR#:38) (IT#aSH)

7 Bacillus sp. 2 K101008-7-3b D538 V4% (Nutrient agar, 5 HH}53E) (D)

8 Jk#rm 1 K111013-1-1b o Ria8 FAkfS: (Nutrient agar, 5 H¥53E) (ITi&ZHH)
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10 Jk#idE 2 K111013-4-2b O 1538 Hif% (Nutrient agar, 5 H[154%)

HIFE I OWTIE, 2011410 O ICBWT, ZNETHENDAENTHEEI N T W -
72 HERR S 2 < ik S 7272529, 2011410 H ISATEIN D S 458k S L7 JRER I 3 k2 I 2 TRk
BRAE G L722s, ZI6 DREREAT L ISSRIMMBETHCERZE ZittE2 A/ L Tw b & v ) fHim i
AN hro72 (3, 8 ~10), F 7z, Stenotrophomonas spp., Bacillus spp. [22\\T I3,
A SN TR MR IMRIRSHC I % BHAG 3 5 i, BHIGT2 1S 2 L2 0o B S L7z itk & Lol L 722,
& ATRIR MR MR BB BHAA TR (S0 Bl S U2 BR CRRWIIE DS A S LD &) S &3k -
72,

3—2. Burgoa BHBERKRIZ OV T ORETHER

PRI RERD T & AT WERIMRITE 2 78 L 72 7 F+ TV 7 WS Burgoa sp. D/NUIRIZIZ DO W
TOSIMNRIRGHERIIER 4 BLUNII~13IcF o7,

SEUMRIRGT & FEE T A 020074 Do iR, SEIMRIRST 2 3 Lo T F b % < D20094F- 0 47 i
Bk, F7oSEIMERSE S L1 U T 1AEDLEARGE L 722010450 Bk 2 112 LT/
PRI T, BIMEE HEALTHRE L2, 2088, LRioilEr L sk, Bugoa sp.d/N
WIZDWTIE, EbDTHEWEIMNEEZRL, 6 HEORIMIBITHRKIZIZEA LA
BT DI R o7 (), ZOFFD, DRioaBsEEY L REETH - 72,

Lo L, SE7MEE ISHL T L /RBEIZ5E A ICIITER L v b D9, SEVME IR SRR 29 5 <
7 BITHES T, MR 6 DWARDAEFEILTE < % 28O stz (X11~13),
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R4 X 7 WBAEND S 0HES L7 Burgoa J& 53 HERR D /NS BT XS 5 SRAMGRRL A R A

. UV @B | i UV HRGHIRER
HAE IR mW/cm? | (GERRS) |6weel| 10| 20| 38 | 50| 60
Burgoa sp. K7316-1-1 788(1)3 10 |1 10| 10|10 10/ 10
Burgoa sp. K9515-1 _88(1)3 10 9 |10 10| 10| 10| 10
0.009
Burgoa sp. K10510-2-1 o 10 9 |10 10 ] 10] 10] 10

1) Bk L7210 RE kR ) B, 477 L T2 e Ry

11 Burgoa sp. K7316-1-17 3 =12 B 1) 2 /iSRG (PDA, 25C, 5 HIRR;#)
(a JENESE, b W6 e, ¢ 2HM, A~ —Jv a, b 1 mm, ¢ 100um) (Hi&ZH)

X 12 Burgoa sp. K9515-17 3 G2 B 1) 2 /ML S (PDA, 25°C, 5 HMEREEHE)
(a JEFRGE, b FRGT6WERN, ¢ 2HM, R~ —/) a 1 mm, b, ¢ 100um) (&%)

13 Burgoa sp. K10510-2-19 3 G2 B 1) A /NGRS (PDA, 25C, 5 HREIRGHE)
(a JENESE, b W6 Well, ¢ 2HM, A7 —Jv a, b 1 mm, ¢ 100um) (Hi&ZH)

VIR BRI BT H, Burgoa sp. DWRICEIMREE G L 7284803, 2 < DIHEE,
BB IND LW ERPBLENTBY, COWDOEIMNRNEL, C O/DEIER L v
MBI L) REINTWEEHEZ 55,

F 72, AREHORETEMUCTHED H 205 L w-T, ¥ FIHBELENT, HikZo
B ECICHN »TEILTWB 2 \»w) bIFTIEA <, ZOEPMEINIZIAD 5 DI T3 w
bbb, BZELL, WADRETIIEMA»RE DR E KT T 720, EBEIKRTEL
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WX WS IREESE Z S,

3—3. AEDPEEKRICOVLTOREHER

Burgoa sp. USND 71 EI12O W TOMRGHREFE RIS, B I UOXI4~2412/R L 72,

7 EE, 1RFT3057DEIMIRGHC £ 5> T, 2 DY DDNITTERITIEW L7257, 2121360
SOBETYH, FMHDOV~NVTHT (BT PEEKRIGAPH 72, L, 1000l
HLHLL T IS 5 TW B DT, AR L72kkIZ oW TIE, 27 < & L6020 DEEIMRIRE T,
1 i D—~+)irD—FEE £ THEFRTEPD T 5 &) 2 EDRENT2,

R5 X I WHEAEND S HES L7277 EArEERIC A 5 SN TR ST

e g UV s | A UV RS
HEE WHES | mw/em® | GEISD [ 5 [ 109 | 209 | 30 | 405 | 60
Penicillium paneum K5916-7-1 o 10 (240 19 4| 0] 0| o0
C 0.009 5
Penicillium paneum K111013-1-2 20012 10 30 20 11 8 10 7
Fusarium solani o 0.009 5
(FSSC clade 3) Ko225°19°3 1 g 012 10 Lo o000
Fusarium solani o 0.009 5
(FSSC clade 3) K101008-7-3 20,012 10 2 0 0 0 0 0
Acremonium (sect. B 0.009 5
Gliomastix) murorum K7511-1 -0.012 10 » 26 o 4 4 1
Acremonium (sect. Cor 0.009 5
Gliomastix) tumulicola K6613-2 -0.012 10 40 16 4 4 1 1
Acremonium (sect. o 0.009
Gliomastix) tumulicola K10510-2-2 -0.012 10° 1 13 3 6 0 0
Acremonium (sect. L 0.009
Gliomastix) tumulicola K111013-1-1 -0.012 1° 13 10 0 0 0 0
Acremonium (sect. L 0.009 5
Gliomastix) tumulicola K111013-6-5 -0.012 10 21 > 2 0 0 0
Cladophialophora sp. 1 K111013-1-6 78823 10° 0 0 0 0 0 0
. 0.009 5
Phialophora sp. 2 K111013-1-7 0,012 10 12 5 7 8 11 1

1) am=—8K&R{

14 Penicillium paneum K5916-7-1D 8538 PR (PDA, 25C, 6 HRHIk5%)
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15 Penicillium panewm K111013-1-2008538PAlff (PDA, 25°C, 6 HREEE) (HFaZH)

16 Fusarium solani (FSSC clade 3) K5225-19-3D 8535 FA1% (PDA, 25C, 6 H )

17 Fusarium solani (FSSC clade 3) K101008-7-30 53 F#i{% (PDA, 25C, 6 H[HE;3%)
(F#EZR)
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X20 Acremonium (sect. Gliomastix) tumulicola K10510-2-20 53 FHife (PDA, 25C, 6 HIEE:H)
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X121  Acremonium (sect. Gliomastix) tumulicola K111013-1-10 5538 FHif% (PDA, 25C, 6 %) (TSM)

K22 Acremonium (sect. Gliomastix) tumulicola K111013-6-50 5538 A% (PDA, 25°C, 6 H i)

R23 Cladophialophora sp. 1 K111013-1-6D¥z38 PA{% (PDA, 25C, 6 HI[HE:#%)

8B, Penicillium panewm DRTIZ, HIMERRSTHTO20054F- D8 (K5916-7-1) & HGH%E D
20114E Dtk (K111013-1-2) Z i3 % &, 20114EDFRD T 5 545 T-EIMRITE 2% i s g % A
Ll (5, BIUOXI4E XI15) 5, — I THAAR D Acremonium  (sect. G liomastix)
tumulicola T, ZD &5 MEHRIIED SN -7 (K5, BLIUOXIS~22), F/2, HR
& Phialophora sp. 122\ ClE, BWRYHEERI304r, 4055, 600 Th, ELF L Twv 2 oo ki g
SN, RRMTHEA LR T WD itz (K5, BLUX24),
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24  Phialophora sp. 2 K111013-1-70 8538 F (% (PDA, 25C, 6 HRIEEE) (&2

4. ¥

20094 3 A LIBEICBAtA S 7oA BN O BIRIVEEIMR (UV) BRSO CREf LT 7 E% D
WEMDREZIEIINZ 5N TWwb, L2 L, MEMETEEICIERSE L2 L IIREET, UV
DREESE R UL 7 WEET LD b T 0 L BRI M E A 5 2 Twb LB 2
SN 5B, Al BIRIEESNRIRG O BRETT, BRME L TO B D ZNZNOMESEHRT, 5t
FRIBGTRER 247, 1 % i L 72, 2 DR, TREIBREETR D 7Btk T & 20 12tk 2358 < 7% -
T L) BRHRIALNT, WEDOKRNE, MAEMREORME (FED &9 ZiifEREE 2 > <
BIEPLE) Lo TERCRESTL B LHEZ LN, B, IEFITEIMEIED D - 72
7 'IVTWEH Burgoa sp. 122WTIE, WNRIBEROSEIMENTEIZ5E DY, HSROIRTE T
TEIZIZE A E iz, BUIR, EBEPLAKLTwEwEHZ Hits,

A%, BENOMEMOTHOFES, ZNHDOWEOME L EMICEBT L2 LIz
D, 7 ¥ OBREEIC 51T B IR IVEEIMRIRG DR EIC O W THGEEL TW S LE D H 5
EHEZ D,

SE

1) R, R The, SREAWE, SLRER, Sz, @R, JORIBT, SIFRZ, H
g, JIEFEE L X b 2 I OBUEYRA RS A L BRI O W T (2009), PRAEERSE, 49,
253-264 (2010)

2) AR, FEETAE, ERGEE, LR, Bz, ST, NEES 0 X b 7 Rk
WA R (2010), PRAFEREE, 50, 191-195 (2011)

3) AR, FEEN, EABEE, SR, BldiZ, ST, IR X b 7 sk
WA R (2011), PRAFEREE, 51, 167-171 (2012)

¥—7—F D (tumulus) 5 4AEW%4L (biodeterioration) ; 7 £ (molds) ; »¥7 5V 7 (bacteria)
; SR (ultraviolet rays) ; N EFRE (bulbil)
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Tolerance Test of Microorganisms
Isolated from Kitora Tumulus against UV Irradiation

Rika KIGAWA, Tomohiko KIYUNA*, Nozomi TAZATO¥,
Yoshinori SATO and Junta SUGIYAMA *2

In the Kitora Tumulus, almost all of the paintings on the side walls and the star charts
on the ceiling were relocated in 2008, except for those which might have been hidden by a
thin layer of mud on the walls. Measures such as intermittent UV irradiation have been
applied since March 2009 to control microoraganisms on the plaster. Growth of most
fungal mycelia has been suppressed effectively. In the survey of 2010, dematiaceous fungi
(e.g., an anamorphic basidiomycetous fungus Burgoa sp.) were observed, but there was not
much problem as a whole.

To evaluate the efficacy and influence of intermittent UV irradiation as a control
measure against microbial damage of the tumulus, microbiota and microbial activities
inside the stone chamber are being examined annually. This paper is a report on the
tolerance test of the major microorganisms isolated from the stone chamber interior of the
Kitora Tumulus conducted, especially aiming at comparison of UV tolerance between two
groups of isolates: isolates before intermittent UV irradiation (2005 to 2007) and isolates
during irradiation (2009 to 2011).

As bacterial species, isolates of Gluconacetobacter sp., Stenotrophomonas spp., Bacillus
spp. and actinomycetes were tested. These bacteria were quite susceptible to UV irradia-
tion and totally killed in a few minutes of irradiation in this experiment. No significant
difference was observed in UV susceptibility between the two groups (viz. isolates before
and during irradiation, respectively).

The anamorphic basidiomycetous fungus Burgoa sp. forms bulbils (superficially similar
to small sclerotia), and this structure enables significant tolerance against UV irradiation:
the bulbils survived 6 days of UV irradiation. However, this does not mean UV irradiation
does not have any effect. Since the hypha are sensitive to UV irradiation, it seems that the
treatment is effective in preventing the fungus from spreading out.

Other fungal isolates, such as Penicillium paneum, Fusarium solani (FSSC clade 3),
Acrvemonium (sect. Gliomastix) murorum, Acremonium (sect. Gliomastix) tumulicola,
Cladophialophora sp. and Phialophora sp., were also tested. Most of the fungal isolates were
completely killed by 30 minutes’ UV irradiation, but small numbers of spores of some
isolates survived 60 minutes of irradiation. However, the survival was 10~* or 10~° of the
whole spores tested. Therefore, UV irradiation seems very effective as a whole.

One Penicillium paneum strain isolated in 2011 showed a bit more tolerance than the
strain isolated in 2005. But in the case of Acremonium (sect. Gliomastix) tumulicola, there

*TechnoSuruga Laboratory Co., Ltd. *2TechnoSuruga Laboratory Co., Ltd., Chiba Branch Office
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seemed to be no difference among the two groups of isolates. The dematiaceous fungus
Phialophora sp. showed a bit more tolerance than other species tested. As a whole, the two
groups of isolates (before and during treatment) did not show significant difference regard-
ing tolerance against UV irradiation in this test.

Constant monitoring of microbiota inside the stone chamber and accurate identifica-
tion with phenotypic and genotypic characterization of the isolates are important to assess
intermittent UV irradiation as a control measure for such environment.



