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Microbial deterioration in ancient cave and wall paintings
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Abstract: Ancient cave and wall paintings are important records of human civilization, with great historical, artistic and
scientific value, however they are commonly affected by physical, chemical and biological deterioration. In recent years, the
issue of microbial deterioration in ancient cave and wall paintings has received more attention. This paper summarizes the
research progress on the effect of microbes on famous cave and wall paintings throughout the world, such as the Lascaux
cave paintings ( France) , the Altamira cave paintings ( Spain), the Dunhuang Mogao grottoes murals ( China) , the Wei
and Jin dynasty tomb wall paintings ( Jiayuguan, China), and the 5" century tomb murals from the northeast of China.
Through a comparative study of microbial communities at these sites, we conclude that the microbes responsible for cave
painting degradation are mainly Proteobacteria and Actinobacteria, of which Escherichia and Enterobacter are types of human
pathogenic Proteobacteria. According to the analysis in this review, the emergence of these microbial communities in cave
and wall paintings is closely related to the presence of tourists. The acid metabolism produced by Pseudonomas and
Nitrobacter causes serious corrosion of murals. Our results suggest that the Actinobacteria Pseudonocadia accounts for
approximately 68% of bacteria in a clone library produced from samples taken from 5" Century tomb murals in northeast
China. Pseudonocadia is the dominant microflora responsible for white biofilms attached to the murals, while algae are the
dominant flora responsible for the green biofilms, the abundance of which is closely related to light, carbon dioxide and

humidity levels in the cave. Conversely, fungal communities on cave murals, dominated by entomogenous fungi, appear to
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have a close relationship with insects that live in the cave. This paper analyzed similarities and differences between microbial
communities that do harm to famous ancient cave and wall paintings, in an effort to understand their characteristics under
the specific conditions found in caves and tombs, and also provide useful information for ancient painting conservation.
Firstly, if effective measures are to be taken to protect these world heritage sites, it is important to consider the ecological
perspective. Microorganisms do not grow in isolation and the relationship between various microorganisms, between
microorganisms and the environment, and between microorganisms and insects, should be considered in order to facilitate
the protection process. For example, a change in cave temperature and humidity will prevent a proportion of the microflora
from growing due to the newly unsuitable conditions. Secondly, adopting a cross-disciplinary approach incorporating
physics, chemistry, biology and engineering science, will help to control the emergence of these damaging microfloral
communities. Furthermore, employing the methodology of phage inhibition and competitive advantage to inhibit the growth of
unwanted microbial communities has proven to be an important research direction in recent years. Thirdly, both the
conservation and tourist requirements of these cave sites must be balanced in the long-term, for example by reducing the
number of visitors that enter the caves and tombs, and by employing the use of disposable sterile clothing and shoe covers to
reduce the transmission of exogenous microbes into the caves. The long-term monitoring and regular analysis of cave and
tomb paintings and the balancing of the local ecosystem are both important directions for the protection of these cultural

heritage sites.

Key Words: cave paintings and wall paintings; community analysis; proteobacteria; Pseudonocardia; entomogenous

fungus; algae
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( Enterobacteraceae) JRE £} ( Vibrionaceae ) FIME #jif
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TEXF BE L3 i — E TRTE R 3
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faH

1.2 JREET]

R ER 1 ( Pseudonocardia sp.) J& TR .
R IREERE v QTR 5 B N T 22 Z R R, T
2RO Z2 R0 Ry S R A DB T A SR HOE
HAAKIE pH (H— M 55087 (pH {H 7.5—8.5) ;48
TR R g g BB R TQTA 5 I U W O A QI i
B AR 2 o R A LR L SORS P 5 4 5 1R
WRINEE T ZRES At A R, X TR X
VA Y 2m AR K 9 E R . P9 R B
% WA BRI 2y e 2 B LA R KA 8
( Pseudonocardia ) % 75 17 J& ( Streptomyces ) i F 1Y
R TR 1R 28, AR PR 5 0% 2O | 32 T o H At 1) 24
PR BRI RN E ST AR o S A 3 e A A e e
S XT3 S B i B T 2 B 1o G TET ) € TR BRE R A 7
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AR TR 2 B S TG T e 7S 5 22 s R SO
s R IR 5 70%. Stomeo 251 & IR FE4E T
Dona Trinidad 1 Santimamne [ 7CEE ] [ 4576 2 f¢
SR AL A P AP R O R QB ( Pseudonocardia ) 43 i)
T 168 rRNA KR PR SC PR ARk IR S Y
85. 6% M 65.7% , AL LH it it B [ AL 5 23 ot
5 it 20 S5 FF BE R 0w H O F (K1), 18 H16S
rDNA 5 JE SO B A X B 28 O RE R b AT A

EH1 HREFRILHEXARTSHEEEEENEYHAEER
Fig. 1 White biofilms on the tomb murals drawn in 5th
century in Northeast China

ZE LR AR I (Y i R s R
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i T R EC R 68% 254 (1 2)
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WA, EARE @ L s, R 4 B o R
(HgS) . f1 4 [ CuCO, - Cu (OH), ] FI %k & (-
FeOOH) , 5% H & 3012 1 A B ] AN ) 2002 B} 1
I —E 1 b1, SR O BB L P i 55 1 A
PR, 3% AT B2 B T B R IS X Cu™ A — 7 1 i
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Yy 5 R OGS 4, R I 3R B < QTR AR
AN T RE ] B XL EE , o X B 10 3 A TV E A B
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F% 4 JHJ5  FERE pH (EREAC, A S E R T 4%, U

4.29%

68.57%

B B ERE (Pseudonocardia sp.) (68.57%)

W PERIBRIEII TR BFER B (Amycolatopsis saalfeldensis) (2.86%)
O HREKEAMRE (Bradyrhizobium elkanii) (2.86%)
O WILTREE (Chitinophaga sp.) (2.86%)

B Flavobacteria sp.(2.86%)

[ Kaistobacter/Sphingosinicella sp. (2.86%)

W WA EE (Methylobacterium sp.) (1.43%)

O TR MEE (Rhodopseudomonas sp.) (1.43%)

[l Sphingomonas/Kaistobacter (2.86%)

W FERE3E2ERE  (Uncultured proteobacterium) (7.14%)
O AR A1 (unknown) (4.29%)

B2 BEEREOEMEAESREETEE
Fig.2  The diagram of the bacterial clone libraries from

biofilms of mural surface
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SRR vy B T 1) B 2 — R AL A AR AR
(ARfr) s 2R AR A9 B S 1A 28 o) B S
FHE SRR AT By A R 6 (R 0) A
AEHT MR TE — & 1Y 8 3 RO IR B RE 5¢
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PR AEE ( Cladosporium sp. ) F1 I th 75 v DA H 48 57
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BB R | R H AT TALEE (Acremonium strictum) R
{0, 4 IR 72 B ( Bionectria  ochroleuca ) . B¢ MK A 1 2
(Cladosporium cladosporioides ) . JJfBFEHL R ( Lecanicillium
psalliotae)) FN S EEFEAL 7 5 ( Paecilomyces marquandii ) ; I
HAERNNE KT Stenophylax fissus (—Fp1E 75 PE
R R DL A ) B AR, B R T Rl
AR R (Lsaria farinosa) o[RS IA & B T JE G ML
fEA ( Trichothecium asperum) WL ;31X 5 7 E 7 R}
IR 7 B £, 2 0 ] L A — R o e 2 Bk L bE A
L, X EEFH Y —J5 T AT LAHE L TR A TR 22 (A 5] B 1)
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BRI AT DU B AR L TR

AR ZH 7E 3R AR b 1l X 1Y) 52 25 PN [l A i B
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B 22 A AR SR JLT B EETE 1, n] LUR] ] B By Ak
FC R E I BT RO B (Bl R ) o S5 R
B, NS 2 (P. javanicus ) 5 B 58 B SCE REL
(14 20% , (B A [R) A i b LB 8 0 S M BE R — 2 (&
3) 5 BR b 22 T RN A0S T 2 T Y B M I
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RE YU A H R, AR RN RS H
W R B RAFTE R BRI R R AR 4 J5 0F
G — AT By (], A0SR R A e LT Y A AR
A 3 AT LA B He i 3 I 3l i i A% # 1 1-,
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T T AEASAIEFE b 3 e 40 e i)t R DL KR v R ER TR
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BTG HE it , AR AS b0 il o 5 10 A A=

21.82%

7.27%
7.27%

1.82%

12.73% 18.18%

10.91%

O JRH:3 5% (Paecilomyces javanicus) (20.00%)
B 5Cyphellophoratf Dl B 1 % EL i (7.27%)
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O Ik #1228 (Geomyces pannorum) (10.91%)
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O =% % (Penicillium purpurogenum) (1.82%)
B )& T-Leotiomycetesd B B (7.27%)

O ARHH# (unknown)(21.82%)

B3 BEREEREEREXEREE

Fig.3 The diagram of the fungal clone libraries from biofilms

of mural surface
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=N IR BT A s LU E AT T T RE K
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