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Table 1. Total culturable airborne bacteria concentration (CFU/m?) at four different sampling sites

Sampling sites Mean Median Minimum Maximum
MJO 816.59+122.69 857.40 281.20 1270.40
MJ29 882.02+106.28 927.02 507.43 1166.60
MJ9 608.99+118.80 488.79 352.85 1105.50
MJ4 711.01+158.52 534.25 366.30 1409.20
Sum 754.65+63.77 705.55 281.20 1409.20

MJO, MJ29, MJ9 and MJ4 represent Ruiying Temple square, Cave 29, Cave 9 and Cave 4 of the Maijishan Grottoes, respectively.
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Figure 1. The bacteria concentrations (CFU/m’) at
the four sites in different seasons (April, June, October,
December). MJO, MJ29, MJ9 and MJ4 represent
Ruiying Temple square, Cave 29, Cave 9 and Cave 4 of
the Maijishan Grottoes, respectively. a, b means
significant difference (P<0.05).
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Table 2. Pearson Correlation Analysis for bacterial
concentrations (CFU/m3) and environmental
parameters

Factors T/°C RH/% Rainfall/mm

MJO 0.334 -0.279 0.558

MIJ29 0.956* 0.871 -

MJ9 0.666 0.111 -

MJ4 0.948 0.318 -

"Correlation is significant at the 0.05 level (2-tailed).
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*3 ZRUABEXZSHE 16SrDNA H#EFFILEXS 5747

Table 3. Analysis of typical 16S rDNA sequence in the air environment of Maijishan Grottoes
Typical clones (Accession No.) Family Species Source Identity/%
A1(MG694473) Bacillaceae Bacillus subtilis Fermented soybeans 99
A6(MG694478) Micrococcaceae Paenarthrobacter sp. Hydrocarbon 99
A3(MG694475) Micrococcaceae Arthrobacter oxydans Siltstone 99
A2(MG694474) Hymenobacteraceae Hymenobacter sp. Water 99
A5(MG694477) Micrococcaceae Kocuria sp. Water 100
C8(MG694490) Microbacteriaceae Mycetocola sp. Murals 100
A11(MG694483) Staphylococcaceae Saphylococcus saprophyticus  Infectious disease 99
F12(MG694496) Sphingomonadaceae ~ Sphingomonas roseiflava Root 99
C3(MG694486) Oxalobacteraceae Massilia sp. Soil 98
C7(MG694489) Streptomycetaceae Sreptomyces sp. Murals 100
C18(MG694495) Micrococcaceae Micrococcus luteus Murals 100
20.48% 3.64% 2191%  14.38%
20.65%
- MJ29  Paenarthrobacter 5.53%
9.89%
88.37% MJ9
5.27% Paenarthrobacter 77.44%
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1.77%
1.24% (41.57%) (34.83%)
Other: 1.18%
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39.52%
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[ | Hymenobacter I s:epromyces 0 0 0
B Kocuria B Vicrococcus 39.08% 37.93% 21.83% MIJ9
] Mycetocola Paenarthrobacter 88.71%
B2 ERUAR=SAREERE) M4
Figure 2. Proportions of bacteria genera detected 26.67% 28.88%  35.36%
among the airborne community in the Maijishan MJO 60.57%
Grottoes.
(15.38%) MIJ29 (42.46%)
(33.33%) (23.81%) MJ9
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Paenarthrobacter M4 CCA
(97.56%) MI9 (75%) MJI29 (53.16%) ( 4
MIJO 59.58%

actamicro@im.ac.cn



,2019, 59(1)

151

100

90 |

70
60 |

40+
30}

Relative abundance/%
W
[

20
10

- Streptomyces
- Staphylococcus
- Sphingomonas
I:l Paenarthrobacter
- Mycetocola
- Micrococcus
- Massilia
|:| Kocuria
- Hymenobacter
- Bacillus
- Arthrobacter

LY PSF IS 9SS

Spring

Summer

Winter

B3 ZRUARKB=SHEEENFE(RE)

Figure 3. Relative abundance of the predominant bacterial genera at the four sites.
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Figure 4. Canonical correlation analysis for bacterial
communities and environmental parameters from the

four sites at different seasons.
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Abstract: [Objective] The deposition of the airborne microorganisms and air pollution were closely related to the
biodeterioration of the cultural heritage. In this study, a systematic survey of seasonal variation characteristics of bacterial
concentration and community structure was carried out in the surrounding atmosphere of Maijishan Grottoes, a
renowned cultural heritage site in China. The results will be helpful for the environmental monitoring and precaution of
cave temples and preventive protection of cultural relics. [M ethods] The Bio-aerosol sampler was used for sampling in
all seasons in 2016. Traditional culture-based method to acquire the airborne bacterial concentration information and
purified strains; by the extraction of genomic DNA, amplification of bacteria 16S rRNA region, sequencing, and
phylogenetic analysis, thereafter the bacteria community composition and distribution characteristics were clarified.
Combined with environmental monitoring data, to find out the main factors which may responsible for the dynamic
changes of the airborne bacteria. [Results] The concentrations of culturable bacteria were in a range from 281.2 to
1409.2 CFU/m’, the highest and the lowest concentration appears at MJ4 in summer and at MJO in spring, which varied
apparently with seasonal characteristics, but no significant difference among different sites. A total of 11 different
bacterial genera that affiliated to four phyla were detected in this study, among which, Bacillus, Paenarthrobacter,
Arthrobacter, Hymenobacter and Kocuria were dominant genera. [Conclusion] The airborne bacterial community
structures of the Maijishan grottoes show a dynamic characteristic of the seasonal variation and spatial distribution; RH,
temperature and rainfall all have influenced on the airborne bacteria distribution in different layers of the Grottoes; some
of the genus, such as Bacillus and Micrococcus, has potentials that could result in the biodeterioration of the ancient wall
paintings and painted sculptures at this site; the monitoring of the airborne bacteria in its surrounding atmosphere of the
Maijishan grottoes may contribute to the grottoes conservation and tourism management.

Keywords: Cave temples, airborne bacteria, community composition, spatial-temporal variation, monitoring and
precaution
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