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ABSTRACT Fungi were isolated from mural painting in tomb no.6 at songsan-ri, Gong-ju. Antifungal susceptibility
of essential oils extracted from natural medicine was tested and it confirmed applicability for mural painting in tombs.
26 species of fungi collected from air-borne and wall surfaces were identified to 15 species of Ascomycetes, 2 species
of Zygomycetes, 1 of Basidiomycetes. Wheat starch and gelatin degradability were evaluated as isolated fungi. SY-18,
SY-23, SY-25 showed high degradability of wheat starch. SY-18, SY-21, SY-23 were decomposed into gelatin.
Biochemical characteristics of decomposing fungi to wheat starch glue and cowhide glue were analyzed by using
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a-amylase and gelatinase activity. An Antifungal test was conducted in Anethole and Eugenol. Anethole and Eugenol

mixture(1:2) showed high antifungal susceptibility. Natural adhesives help microbial growth and can cause structural

damage in mural painting. The expectation of this study is the possibility to control microbial growth in wall painting

using natural essential oils. It can be used as a data for conservation method to control microbial damages.
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S, Tbe) WE Sof oo 9% T Bolow
o] elEel 87 242 WS A LERjo] o3t 2
2R, ool §UE NS A 5o THPP pyat

4= ok 2 ol wAsh= e Wale nAE Al
(Bacteria) % IFo](Fungi)oll Al Z=F(Algae), xu =
(Lichen)®]| o] 27]7}A] theFslthChung, 2007).

Hole FA A YAFOE o] R Xl (Park,
2013) HAE oA 29, 29, nizkEo 2 Uy )M
F2ugAST RS o2 JLHRAT AdREF o2 YA
TEE e 2, FE 52 EF ol HA o F=
FEA1717] S8l AAFZAAE A7tk fASol=
27 Ao & 12hd 4= QI EE ol T ojal 59
SEA HAAES g T2 YAAL WA 2
EE]o] 918 AL n|AYEL] gorY o T 22 5la] YAFo|
7]4to] & 4= 9l (Hwang, 2001) BREX 2o ALgH &
AR E= H2A = A3 FFol7h EASH | = FHeh(Sampo
and Mosca, 1989; Karpovich-Tate and Rebricova, 1991).
Fgo|9t Al HA Q] LA R AEZ e, Thz
S8 715=53)|X]7]7] 8] cellulase, protease, beta- glucosidase
9} Zre = Q| F A2 Huldt(Rollke, 1996). whakA] o)

o gtaFolt 23 YA 44T B$ Hak
MAYE E&A7| AU (Jang, 2002) F22Q & &

rO

it

T5 S 6T H-2 647] Aulte] 239 A=A 1L
20T HES Zo} 2R3 AZEOZ FA Y Yol A
9] ¥ 9q AVJE} aA 9tk o) ¥st AkE
*éo}ﬁ o Zgo] uf27] Hoj

F FA Yo R A=k

(Han, 2011). £3] ARE 29< T8)i ¢ B ash B
sgE el vk AL ARAR ol FA
7] FRNHE HolR & Qi B BAoltHLee,
2003; Yoon, 2008). 1932 11:o] 2FAE o™, 1995

of W3} T F2F2l Lyngbya spp., Gloeocapsa spp.
7H ST H2RF AAE AL AC3229F ABSTE
H o) =& dEjste] ZEE K101 35HekA|7F B3t 3
o Ziﬂ]ﬂ I F7HH o2 UVEESE 2L gxRe
AEE AAISHATH(Suh, 1997). 22y s8tefA| o 47
‘o] WA Aol got A=A o]ZAQ Hsf7t 5
g gk ofEt UVEEE 53l AIAE vdES AA
25T st A Ade 4= qUok E3 9bA AR st
HAl= 27 AE Hal AHLE gAlo|BZ FFo]
of| thgt A A Bbe ASEHA LSkt wEhA Bl &4
< FrEetA] gk Aol Fafsh, Al 9 FFol o] AlA
7} 7Fs % 2187 AEA Y AN L 8o Dasitt =
o B W BETshoR AL A BAHESRe) vl
AT WAL ATS) P8 ke AE U S8 2pgay
o AEUF 8L Belstn @yl A8 A 47
£ AP ¢ow(Chung et al., 2001; Kang et al., 2007;
Choi ez al., 2010), F|Zol= AL FEES ok 4
23 e AA LS dF £ FREHAS
(Jeong, 2013). 1L} TEol| A Halg u]yEo] tjat 2]
ERd 25 A54E Bl o]Fol vt glem,
a5t WHE 244 AE e A B3 AR
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2.1.1. 082 =28 2 Y

632 A nBE FEE U] st 20129
104, 20139 14 F 230 24 37|57« =80 4 o
A AU HBE & AABHH. 371 Z317](BUCK,
APB-70800, USA)Z o]&3}o] 63 & Ao 27] 1002
E|E P73 PDA(Potato Dextrose Agan)E EIA|7]=
Walow 23] mASAT WA mEo Weue F23
HEe 24784, BE SAY, B5 604 Hokn 2
o= o183t Azt 7 PDAHNA| ]| =3 (Figure
1). olBEL 28CoA 5Uzt wigsta 7HAS(CFU,
Colony Forming Units)E 7|35}t vjgd n|BE F
Zgo|o Bt5te] Ty B (single colony)S E3] 28°C,
797 WjoEg AR

EFE FE0l9 F58E 213l 18S rRNA regionof o
3t A71AE B4 AAISFATE DNeasy Plant Mini Kit
(Qiagen)S ARE31o] gDNAE &3} ITS1/IST4 universal
primer2 A S-S FZ31HTHLee, 2014). 1.2% agarose
gelo| X H7195-2 T3l 19 target bandS A5k
@INEL RSk BAE G7IHLS gencbank
(NCBI, National Center for Biotechnology Information)
o]| A BlastN search= =335} t}.

22, MOAFHN 2ol mel MY

B

@ Collecting Site

Figure 1. Sampling sites of wall surface microbes.

Aot AWA R E 0] FAH Q] wheat starch(Sigma-aldrich,
S5127), ofulo] FAE2] gelatin(Sigma-aldrich, G9382)
o] ZFE e E A&Fstal(Table 1) ]BES HFs}
o] 28°C, 1047t viFstach AM & Uehhs BSA s
ZH(inhibition zone)?] Z7|& &A3}1 FH7 EE A}
£ AXbstl e dsAfe 2717t 245 7139 &£
sele] e Ao= Besigict 38 S4gkel B ok
71 ARe ol St 28 7t 714 354 At

A
(=3

4

2.3, E45T0[2| Matety

Am

23.1. 2= U HEHHX|

AREsls U Aeteiaso] £& Ao2 JlE B
o] 3FAE 47 2P EET ofu FefEFe|2 AF
stk Al A= 1% 7|2, peptone 0.1%, yeast extract
0.1%, MgSO47H,0 0.05%, NaCl 0.01%(pH 7.0)5 AN
Shetc). AMAEEL(CI AYAD) vl 15 20 %
YES 247097 AR & AE23E A(Chung et al,
2012) AR LB, obitiz AALE Bol A 7
et gefolme ALgaieich

M

232. o3 HiY H 24N F
HjFH 20mle]] #FE HFSHL 1097 ABHHH?2
8C, 160rpm)3tATt 1Y 71402 ujjokols YA
(4°C, 13,000rpm, 15min)3}a AF=ole 23le] 2 F 4ol

O 2 ARSI

233, RAEM =F

AEH) 74 F4-2 Somogyi-NelsonH(Somogyi, 1952)
o2 TS ST 1% 2WAEE 7149 250ul
o 2& 2N 50ulS Y1 40T, 3087 vk AIF T} e
X9k} 0.1M NaOHE 100w H7}ste] 100C ahesez
ol Al 2027 §E-S-A1H Tk Nelson AJ¢F 100ul& 378t 5

Table 1. Selective medium composition and staining
solution.

Adhesive Medium components ~ Staining sol.
wheat starch 1% starch from wheat, lugol’s
glue 3.9% PDA iodine sol.
1.5% gelatin, 0.4%
animal glue peptone, 20% HC1 +
(cowhide) 0.1% yeast extract, 15% HgxCl,

1.5% agar
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BZE Aol RIS 6000l FH4E g0l 3414171
520nmoj| A ETF7HE A5k

A B8l a4 B/d-2 ninhydrin®] © 2 -2 a-amino
group2 ZA3}FETHSon, 2002). 1% oF 7] 228 300ulo]
284N 200uE Y1 40T, 3087 HESAI7] £ 0.1M
cold acetic acid 500uE 7}ste] WS AXA|FTH
10,000rpm, 1527F PAIR sk A3 400ulo] 2%
ninhydrin reagentZ 20ul Z7}3ked 100°C, 1087k §-&-A]
At Ao A 5E HFX|$E & 50% ethanol(v/v) 800ul&
7 570nmol| A E37HE SASIH tH(Park et al., 2001).

e

234. 28 pH & 2=FA

2] pH= pH 3.0~10.07}2] ¥3}A1Z) 50mM $hoho]
28288 W1 40 CollA] 3023t REGAIR] & 72 84
2 A3 o]gf pH 3.0~5.0= sodium citrate buffer,
pH 6.0~7.02 sodium phosphate buffer, pH 8.0~9.0+=
tris-HCI buffer, pH 10.02 carbonate-bicarbonate buffer
E A3 B 33 22 A #9018 98| sodium
phosphate buffer(pH 7.0)o] & 4N Y31 20~80C 7t
A 10C o2 ¥siAA 2 B4 2589,

235. oz RedRe gAY

B3 8K (Ilicium verum Hooker fil)2] (& AE9l
117870, 99%)3} ASK Eugenia
caryophyllata Thunberg) 2] 383121 eugenol(Sigma-aldrich,
E51791, 99%)2 =82 1%, 3%, 5%, 10%, 20%, 30%,
50%=2 343t ct E3 anetholed} eugenolS 1:1, 1:2,
2:1 B Q2 T35 1%, 3%, 5%, 10%, 20%2 3]4151
= AR T3t mE A S A3 PDA HiA|
o] #F5 1001 &) =3t F 2z} anetholed} eugenol 40
HlE paper disc(® 8mm)of| F3}te] HjR] jof ¢la 2
8C, 57t vjoFatATHPark er al., 2006). RFEO 2L
ofl-g-& Aol

anethole(Sigma-aldrich,

24, EdE5Tolo| MAFHA Il

24.1. QAR R
Al At 65 WIkaE } % 24 Azt
(Chung, 2012)5 vl 2 2HZ3 FH2 &1
npge2gk g E BAE ARk ‘ix{l: 152,
IE 9 HEE ARgsto] A5 ch(Table 2). B3} A2k
Al ZAER 1%, 5%, 10%2] 529 A0

N

+E, ohLE

Table 2. Preparation condition of wall.

Adhesive Size

wheat starch
animal glue
(cowhide)

Mixing ratio

fine sand : loess : clay

=2:1:1(v/v) 60xh15mm

EPsgon, YRTORE RS AGSET A
Ak ol 23C, 50% FLFE710H U2 Ak

2.4.2. 20| M5 9 HiQF

A E 24417 A Fotsta WA 9] FAlol &
Aol S5 oIS 242 2000 WENAT. FFE
Mz WA §28571(28C, 99%)olA 4087 ¥

A G54 BrIA Bk b A
o S Tk HEE WA 300ul FYsHAL
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3.1.1. T2 Ll OME B2 5

12} =AMl A F3go] 19704, Al 1713171 2=
2, 23} ZAIA Bl 17704, Al A= vrepet
(Table 3).

‘ﬁiﬂ Emﬂﬁ iﬂwﬂﬂ Ul*@%& % 1 3 EH—‘%‘—-,ET% %
7 A 158 2 éA}OHH%J— o) 385, % 105

°l 15| SIeK Table 4). "91e] whek 1) e B3-S, Ao
H B0l 35%, A 8502 71 B weelx F%ol
19%, Al SEO2 ulYE AR 71 A ek
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Table 3. Distribution of airborne microorganisms (unit : CFUs).

Primary Secondary
Collection site (October, 2012) (January, 2013)
fungi bacteria total fungi bacteria total
Burial room (1) 4 0 4 8 3 11
Burial room (2) 15 1 16 9 4 13

Table 4. Distribution of wall surface microorganisms (unit : species).

Primary Secondary
Collection site (October, 2012) (January, 2013)

fungi bacteria total fungi bacteria total
East 16 4 20 10 2 12
West 21 5 26 14 3 17
South 14 3 17 5 2 7
North 16 3 19 9 3 12

Table 5. Fungal distribution according to the collecting sites.

Primary Secondary
No. (October, 2012) (January, 2013)

fes

S

Of>
O|z

SY-01
SY-02
SY-03
SY-04
SY-05
SY-06
SY-07
SY-08
SY-09
SY-10
SY-11
SY-12 O
SY-13

SY-14

SY-15

SY-16

SY-17 O
SY-18

SY-19

SY-20

SY-21

SY-22

SY-23

SY-24

SY-25 O

SY-26 @) ©)

A: Air-borne collection, E: East wall, W: West wall, S: South wall, N: North wall
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Table 6. Identification of isolated fungi.

Strain No. Description Max ident (%) Accession
SY-01 Doratomyces stemonitis 99 EF029213
SY-02 Doratomyces nanus 99 FJ914668
SY-03 Acremonium furcatum 99 HQ637291
SY-04 Engyodontium album 99 JX156368
SY-05 Engyodontium album 99 JQ781846
SY-06 Fusarium solani 95< HF546377
SY-07 Mortierella elongata 95< FJ161922
SY-08 Phlebia tremellosa 97 DQ384584
SY-09 Fusarium proliferatumedia 99 IN624893
SY-10 Aspergillus versicolor 100 IN851048
SY-11 Chaetomium piluliferum 99 AB625587
SY-12 Conidiobolus coronatus 95< AJ345094
SY-13 Engyodontium album 99 AB106650
SY-14 Trichophyton terrestre 95< JX122379
SY-15 Engyodontium album 95< KC311469
SY-16 Acremonium furcatum 99 HQ637291
SY-17 Aspergillus ustus 98 JIN982695
SY-18 Aspergillus creber 98 JQ301889
SY-19 Aspergillus versicolor 99 IN851010
SY-20 Aspergillus versicolor 100 AMS883156
SY-21 Penicillium citrinum 100 JQ697524
SY-22 Aspergillus versicolor 99 JX156356
SY-23 Aspergillus versicolor 99 JQ963339
SY-24 Cylindrocarpon destructans 95< AM419062
SY-25 Aspergillus sydowii 95< JN851041
SY-26 Penicillium citreonigrum 99 JF440604

3t gl AASHAL FEjof whet & 26502 ERst
Gt o] F 10937} 1Y AP A 5 ERIE H5e 17F
(SY-01, SY-02, SY-03, SY-04, SY-05, SY-06, SY-07,
SY-10, SY-11, SY-13, SY-17, SY-18, SY-19, SY-20,
SY-21, SY-22, SY-23)0|¢it}. ¥H EHoZHE Halw
T2 i FE AT Y HHo A= 22 Fo] FRIE]
), Y] BRjol A B SRIE= #F= 75(SY-01, SY-02,
SY-04, SY-05, SY-06, SY-18, SY-19)0| $ITHTable 5).

3.1.3. 12 U 5%0| & ™

A= 5E 29 2652 FHOl= Acremonium

E
ol
d
i1

Sfurcatum, Aspergillus spp., Chaetomium piluliferum,

Cylindrocarpon destructans, Doratomyces spp., Engyodontium
album, Fusarium solani, Fusarium proliferatumedia,
Penicillium spp., Trichophyton terrestre S APdwt5 15
2, Conidiobolus coronatus2} Mortierella elongata %t
5 2Z, Phlebia tremellosa BA R 1£02 TAE
TH(Table 6). T3t 18F F 43%0] Aspergillus AR = e}
o 28 e 985 Ao ST @A 3]
Zof| BEZS| = FH0)= Acremonium furcatum, Aspergillus
ustus, Aspergillus versicolor, Conidiobolus coronatus,

Doratomyces nanus, Doratomyces stemonitis, Engyodonium



Table 7. Substrate degradability (unit : mm).

. ) Starch Gelatin
Strain No. Species e =

M.D. S.E. M.D. S.E.
SY-01 Doratomyces stemonitis 3.0 +0.0 14.0 +1.2
SY-02 Doratomyces nanus 1.3 +0.3 6.0 +0.6
SY-06 Fusarium solani 2.0 +0.0 1.7 +0.3
SY-07 Mortierella elongata 0.0 +0.0 1.3 +0.3
SY-08 Phlebia tremellosa 0.0 +0.0 0.0 +0.0
SY-09 Fusarium proliferatumedia 3.0 +0.6 1.3 +0.3
SY-11 Chaetomium piluliferum 1.2 +0.4 0.0 +0.0
SY-12 Conidiobolus coronatus 0.0 +0.0 0.0 +0.0
SY-14 Trichophyton terrestre 5.0 +0.0 53 +0.3
SY-15 Engyodontium album 2.7 +0.3 1.0 +0.0
SY-16 Acremonium furcatum 1.3 +0.3 8.7 +0.3
SY-17 Aspergillus ustus 2.7 +0.3 13.3 +0.7
SY-18 Aspergillus creber 6.7 +0.3 22.0 +0.0
SY-21 Penicillium citrinum 3.7 +0.3 21.7 +0.3
SY-23 Aspergillus versicolor 9.3 +0.3 19.3 +0.9
SY-24 Cylindrocarpon destructans 6.0 +0.0 9.3 +0.3
SY-25 Aspergillus sydowii 9.0 +0.6 17.0 +0.6
SY-26 Penicillium citreonigrum 53 +0.3 1.0 +0.0

* . -
: Mean diameter, : Standard error

album, Mortierella elongata 8%2 2 ST}, Doratomyces
stemonitis, Doratomyces nanus, Engyodontium album,

Fusarium solani, Aspergillus versicolor, Aspergillus creber
6352 A2 vl ®reloflA 2 2HRlE -

[

3.2, MAOHHA 2ol Zo| MY

HI

SY-18(Aspergillus creber, 98%), SY-23(Aspergillus
versicolor, 99%), SY-25(Aspergillus sydowii, >95%)+~= Z}
2} ggoigte] 2717k 6. 7mm, 9.3mm, 9.0mmz LeLh
AEEG50] 2 452 A3t SY-18(Aspergillus
creber, 98%), SY-21(Penicillium citrinum, 100%), SY-23
(Aspergillus versicolor, 99%)+= 2tz 22.0mm, 21.7mm,
19.3mmE A& 50| T2 F52 ZRI= Itk Table
7, Table 8).

& i 6PN 7P 2 S BYrh pH 279
73, SY-23%& pH 7.0 7F &9k, SY-18, SY-25+&
pH 9.0~10.02] &Zrejyd FdGelA &Aool F7H8tHe
pH 9.001A 7} -2 A4S Bk 250 i Eaja
4 84 A3}, SY-18, SY-230)4= 20~40 C7HA] Ado]
S7FetAL, 40Coll A 21 ES bt SY-25& 2
STt woHEaE B4 8L 10 C ol &4de] 7}
2 E9th 20C 2ER A= SY-18, SY-25& & 2
Z=z27 tiv] &4 B4o] 20% o|st= UEht o, SY-23
£ %F 60%8] B4E o) wet Al 45 5 AA =
Bl as Zdo] e #F2 U UAck(Figure 2).

3.3.1.2. OfmEsh oo AM HHUXZ U FA BN

et s ado] et 23 Ak, SY-18, SY-21% 4
oF 6UROIA F1 BHE Uehfgon], SY-23L 8UR}
sjepslolAle] o] 71 ESteh SY-18, SY-21% pH
7004 e BHE Uehhgla, SY-23% AGYel
3.0~5.0 919 Eago] 27 vehgon, pH 50904
1 LS el SY-18, SY-21= 30C, SY-23&
40CoN 23 BE Beck 35 FFolo] 2 4%
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Table 8. Substrate degradability.

Strain No. PDA Starch Gelatin

SY-18

SY-21

SY-23

SY-25
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Table 9. Dose dependent effects of antifungal susceptibility.

SY-18 SY-23

Concentration
anethole eugenol

-

anethole eugenol

1%

3%

5%

10%

20%

30%

50%
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Table 10. Dose dependent effects of antifungal susceptibility in anethole:eugenol mixture.

SY-18

SY-23

Concentration

1:1 1:2

1:2

1%

3%

5%

10%

20%

2= tju], 20 ColA] =F 40% olake] A S B,
50C o|Ae] 3Lofxfi= BAJo] T3] Yol th(Figure 3).

S ol = x| o] FA|Y] ASo] GHs] AA| A=
Akt

Anethole®} eugenol 2] E3Ho8 o A= 10% =0
A % 29 Fol2) Ho| BT A AL HUSHY

o, E3] anetholed} eugenol®] 1:2 FujH] ZgtlofA]
AR o] 714 2 A o2 Ll TH Table 10).

S50l MAFAH Tl

w
>
ok

A EATE Ao BB AT 1% FEo
M 75 FFA &2 tizol| vls) 2440 2 Ao
F fle AL R Hop ot 5=9] o] A9 gle Aoz ud
"t T2y w27t S7FHEA tiztel wls) B B4
ol 7Hdel weh HAAY FETF s 50
SY-239] A 9l Ago] o 2 AL FeIstATh(Figure 4).
otug EZAZH JAHA|M R ot FET}F ST
2 ] &4 BA4o] F7ske AR Kol oA
el H2HAIE SY-18 F8ol7h YFLe= o] st
Ao 2 gl th(Figure 5).
10% anethole¥} eugenol ZgHH(1:2)S A 2|gt 2JAFHA|

N
g0 T
rr
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SY-18

SY-23

120 120 120
100 100 100
g g € w0 €w
T e T 60 % w0
H 2 £
S 5 w0 2 a0
E] El F]
» 20 20
o oe o
12 3 a s & 1 8 1 0o 1 s s & 7 8 9 1 1 2 3 4 s s 7 8 8 10
(A) Culture time (day) (B) Culture time (days) (C) Culture time (day)
120 120 120
100 100 100
E) ) 2w
= = =
T Y % e
£ £ 2
= 5 5 fao
& & &
20 20 20
o o - - - - - - ! o
: @ so  s0 70 80 90 100 50 40 50 60 70 80 90 100 0 a0 50 &0 70 80  e0 100
D) e (E) o (F) o
120 120 120
100 100 100
2o o L)
S P 3w
£ £ £
5w 3 w0 3w
] & &
0 o 2 20
L
o o o
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Figure 2. Effect of culture condition on a-amylase activity of fungi(A,B,C; culture time, D,E,F; pH, G,H,I; Temperature).
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