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Abstract: [Objective| In this study, we aimed to observe the detailed features of microbes
within white spots adhered to the surface of ancient wall paintings in Cave 98, Mogao Grot-
toes; meanwhile, we explore microbial community composition and structure characteristics,
analyze factors that induce the explosion of microbial diseases on murals; thereafter, our re-
sults could serve with scientific support for cave conservation and tourism management.
[Methods] Samples of white spots on murals were carefully collected by sterile scalpel and
sealed in eppendorf tubes. A part of samples was used for observation of microbes by the scan
electronic microscope (SEM); another part was used for the total genomic DNA extraction,
followed steps were the bacterial 16S rDNA amplification, clone library construction, se-
quencing, and phylogenetic analysis, afterwards, the microbial community composition and
structure characteristics were clarified. [Results] A number of objects that similar to microbes
were observed in white spots of wall paintings, which shaped short rod or ovoid, with the
volume ranged among 3.0 pm—5.5 pm multiply by 1.5 pum—2.5 um. About 111 appropriate se-
quences were retrieved from clone library in this study. All sequences were similar to members
of Enterobacteriaceae and Pseudomonadaceae that both belong to phylum of y-proteobacteria.
Results of community analysis indicated that sequences were mainly affiliated to genus En-
terobacter, Escherichia, Azotobacter, Serratia, and Klebsiella; Enterobacter (46.8%) and Es-
cherichia (35.1%) were dominant in our study, both of them are ubiquitous microbes in nature,
and human pathogenic bacteria as known. [Conclusion] The white spots on murals in Cave 98
were caused by colony formation of bacterial growth. Members of proteobacteria dominated in
the clone library of our study sites. As a result, we speculated that explosion and spread of mi-
crobes in Cave 98 was related to long-term tourism in this cave previously.

Keywords: Dunhuang murals, Microbial colonies, 16S rDNA, Clone library, Community
composition, Structure characteristics, Tourism opening
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Fig.2 Typical microbial disease areas (A, B) and experimental sample collecting (C, D) in Cave 98, Mogao Grottoes
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Fig.3 SEM analysis of white pollutes of murals in Cave 98, Mogao Grottoes (the arrows indicate microbes)
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Table 1 Analysis of typical 16S rDNA clone library sequences blast on murals of Cave 98, Mogao Grottoes

Typical clones

lglei iy Accession No.

(o oy Family Species Source %)
wp9 (KC119230) Enterobacteriaceae  Enterobacter sp. Volcanic deposits 99 DQ490329
wpl0 (KC119231)  Enterobacteriaceac  Klebsiella sp. Wastewater 99 IN049594
wpl5 (KC119236)  Enterobacteriaceac  Enterobacter sp. Soil 99 HQ189499
wp21 (KC119242)  Enterobacteriaceac Escherichia blattae Hind-gut 98 IN175333
wp23 (KC119244)  Pseudomonadaceae Azotobacter chroococcum Paddy soil 99 AB696769
wp29 (KC119250)  Pseudomonadaceae Azotobacter chroococcum Agricultural soil 99 EF634032
wp38 (KC119259)  Enterobacteriaceae  Enterobacter cloacae Rhizosphere soil 98 JQ993364
wp44 (KC119265)  Enterobacteriaceaec  Enterobacter sp. Alkaline soil 98 HE662664
wp55 (KC119276)  Enterobacteriaceac  Escherichia blattae Genomic DNA 98 CP001560
wpS57 (KC119278)  Enterobacteriaceaec Enterobacter aerogenes Tannery effluent 99 GU265554
wp61 (KC119282)  Enterobacteriaceae Serratia marcescens subsp.  Wastewater treatment tank 99 NR 036886
wp64 (KC119285)  Enterobacteriaceaec Enterobacter sp. Sediment 98 EUS545406
Poultry waste

wp68 (KC119289)  Enterobacteriaceae  Enterobacter sp. Lateritic soil 99 GQ478256
wp86 (KC119307)  Enterobacteriaceae  Klebsiella pneumoniae subsp. Genomic DNA 99 CP000647
wp99 (KC119320)  Enterobacteriaceac  Escherichia blattae Genomic DNA 98 CP001560
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Fig. 4 Phylogenetic tree of bacterial 16S rDNA sequences derived from the wall paintings in Cave 98, Mogao Grottoes
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Fig. 5 Proportions of bacterial genus detected among the bacterial community on the wall paintings in Cave 98,
Mogao Grottoes
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