TR SRR Jul. 20, 2022, 49(7): 2515-2526
Microbiology China DOI: 10.13344/j.microbiol.china.211164
http://journals.im.ac.cn/wswxtbcn Copyright ©2022 Microbiology China All Rights Reserved

7€ FE DUEE H 1 RS R R HAE A 305 K R VW & B A
5PBiia

IR7, EFN BUE L R FRES, BRRC B

1 PR arRlf2abe, K 300071
2 SEMEREPIE L, 4R FPE 274100
3 INARE XYW IIEBE, A BFR 250001

E¥, BT, BT, EA, SR, BRI, WA € B DUEE A DU R 1 B CHAR A PR FL O S B AT S BTR D]
YR, 2022, 49(7): 2515-2526
Wang Ling, Wang Yu, Yang Xinyu, Wang Cen, Li Chenghao, Cui Shengkuan, Pan Jiao. Analysis and prevention of fungal

deterioration on the surface and in the storage environment of bricks unearthed from the mausoleum of Dingtao King[J].
Microbiology China, 2022, 49(7): 2515-2526

i E:IHFFY AMEER M2 REE LT & FHPEOEEZXFE, B ARy Rt AEE
NTERARERA. [B 9] BRIBILG IR KRI, BIRT SRR GHGHRENREHLELN, &
MR T REEOGEARE, o BF26 THRAFRATWH KL, [F%] A8 980
K. BB, AR @R s kAT O AR TN, [4R] RIAREH AR
HRFERBERAREFAT T, 2 75%CEA2 0.5%F Bk B v 4L 3233 69 st Ry A ) R E ) 2L,
35, RIELWEIZARARER, RE 9 RBESERS VAR A Boeremia, X7t 13 REEZTRS A
R F A (Cordycipitaceae). Xt FEERK B L Fa B BR AN EY - AT A BOR, A & o0 K100 (2-F K-4-F7&
Pdeobk 3R ) EL A AT 69 7 B AOR . (48 ) KRB R AT -7 Ao B 06 g & f 69 AL 1 Ja T R IR A AT
HERP B EZE L.

X MR E;, YR, ARARE, WEHRE

EESUE : R SAR K AT B R B E 25 H (197CZDIC33700)

HX A ST R A [R]

Supported by: Tianjin Research Program of Application Foundation and Advanced Technology (19JCZDJC33700)
#These authors equally contributed to this work

*Corresponding author: E-mail: panjiaonk@nankai.edu.cn
Received: 2021-12-09; Accepted: 2022-03-23; Published online: 2022-04-02



2516 (G ESEE Microbiol. China

Analysis and prevention of fungal deterioration on the surface
and in the storage environment of bricks unearthed from the
mausoleum of Dingtao King

WANG Ling”, WANG Yu"', YANG Xinyu', WANG Cen', LI Chenghao®, CUI Shengkuan®,

PAN Jiao™!

1 School of Life Sciences, Nankai University, Tianjin 300071, China
2 Protection Research Center of the Mausoleum of the Dingtao King, Heze 274100, Shandong, China
3 Shandong Provincial Institute of Cultural Relics and Archaeology, Jinan 250001, Shandong, China

Abstract: [Background] Many protective bricks of the M2 mausoleum of Dingtao King have been
unearthed, and some have suffered from fungal deterioration. [Objective] In this study, samples from
the surfaces of five bricks were collected to examine and analyze the fungi in them. In the meanwhile,
fungistatic experiment was carried out on the isolated seven fungi. [Methods] We use scanning electron
microscopy, high-throughput sequencing, pure culture, and fungistatic experiment to examine and
analyze the fungi in samples. [Results] The result suggested serious fungal deterioration on the surfaces
of artifact bricks without fungicide treatment and alleviation of the deterioration on the surfaces after
treatment with 75% ethanol and 0.5% miconazole nitrate. Fungal species were different depending on
the bricks. To be specific, Boeremia was most abundant on brick 9 and Cordycipitaceae dominated brick 13.
It was found that miconazole nitrate and the mixture of boracic acid and borax failed to inhibit the fungi,
while the fungistatic product K100 (2-methyl-4-isothiazolin-3-one) was effective on them. [Conclusion]
This study is of great significance for the analysis and control of fungi on the surfaces of bricks and for

protection of bricks of artifacts.

Keywords: mausoleum of Dingtao King in Han Dynasty; bricks as cultural relics; fungal deterioration;
fungistatic test
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FH PDA SR IEgEAT LR . 7 IS E
1.2 FERXFIFNF

DNeasy PowerSoil Kit, Qiagen /A ] ; AxyPrep
DNA Gel Extraction Kit, Axygen Biosciences 2y
F]; NEXTFLEX Rapid DNA-Seq Kit, T5 Direct
PCR Kit, QsingKe /AH]; TransTag-TDNA R4&
fiti . Euxyl®Z 417 K100, Lanxess 2\ ] .

x1 HHEER

4 8 8%, HITACHI 7 7] ; Quantus
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1.3 FFHBENE
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Table 1 Sampling information

Sample No. Sample characteristics

Z9 Dense white round small fungi plaques

Z10 The surface of bricks treated with 75% ethanol

Z11 Surface of bricks treated with 5%o miconazole nitrate

Z12 Black fungi plaques

Z13 Bricks with text had small, dense, white, round fungi plaques

E1 EERA
Figure 1 Sampling photos. A: Z9; B: Z13.
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Figure 2 SEM results of microbial samples on the surface of cultural relic bricks. A, B: Z9; C: Z10; D: Z11;

E: Z12; F: Z13.
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Figure 3 Comparison of microbial community composition on the surface of cultural relic bricks.
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Table 2 Table of fungal diversity indices of cultural
relic bricks

Sample Sobs Simpson ACE
79 26 0.305 809
Z13 24 0.404 558

Chaol Coverage
26.960 37 26.5 0.999 963
25.236 67 25.0 0.999 965

x3 NEREASENEHKSTEEER
Table 3 Molecular identification of strains isolated
from surface of bricks

Source Molecular identification =~ GenBank
results accession No.

Surface of Z9  Alternaria sp. OM967352
Surface of Z10 Aspergillus sp. OM967351
Surface of Z11 Penicillium chrysogenum OM967253
Surface of Z11 Aspergillus niger OM967255
Surface of Z12  Aspergillus sydowii OM967256
Surface of Z12 Alternaria alternata OM967257
Surface of Z13 Fusarium sp. OM967258

sydowii) Fl— PR EE & 85 (Alternaria alternata),
DUt 13 R 22 T — RS T T (Fusarium sp.).
FATEF T RN REIRES, JFdEd/NE R
P A LR T 22 Mt T DL (] 4 FTAL 5).
2.4 ZTSHEYEM K LS

25 SEEARBURERT IRy 25 °CL WFEH
84.7%. ¥ ARBPYAL 4 MLA A AR TG
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A R(E, 45802 P ELR BRI R L. 23X
& a2 1N R Y& (Ganoderma) , &5 H R
55%; RN KB (Cladosporium oryzae),
5 HN 14% ; AIRAEAS fU B8 (A lternaria tenuissima)
B F 5 T (Irpex lacteus) 5y 5l b5 8% Fl
7% ; RHHE L 5%; HAEA BCRE R E
R TR
(Penicillium oxalicum) . 7~ ¥ %5 FHL B H
(Trametes hirsuta).
2.5 MIEIREER

K FHUEACR B T U 30 Uk 1 5 B D H
FI T FH BRI 0.5 %o il TR WK B e 1 5% i &
PP R TERCR , JFRI TR 0.5% Euxyl®

(Cladosporium cladosporioides) .
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Figure 4 Single colony morphology of fungi isolated from surface of bricks (28 °C, 4 days). A: Aspergillus
niger; B: Aspergillus sp.; C: Aspergillus sydowii; D: Alternaria sp.; E: Alternaria alternate; F: Penicillium
chrysogenum; G: Fusarium sp..

Bs5 NERESBEARMNENER

Figure 5 Micromorphology of fungi isolated from surface of bricks. A: Aspergillus niger; B: Aspergillus
sp.; C: Aspergillus sydowii; D: Alternaria sp.; E: Alternaria alternata; F: Penicillium chrysogenum; G:
Fusarium sp..
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Figure 6

Inhibitory effect of different bacteriostatic agents against fungi on the surface of bricks. A:

Aspergillus niger; B: Aspergillus sp.; C: Aspergillus sydowii; D: Alternaria sp.; E: Alternaria alternata; F:

Penicillium chrysogenum; G: Fusarium sp..
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