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Abstract: [Background] Microbial deterioration is a common biological disease in ancient wall paintings,
which seriously threaten the long-term safety preservation and exhibition of the wall paintings. As the
main source of the harmful microorganisms to wall paintings, airborne microorganisms have attracted
extensive attention in the monitoring and preventive conservation of cultural relics in recent years.
[Objective] Systematic survey of culturable airborne bacteria, including the concentration, community
structure and seasonal variation, was carried out in environments of wall paintings preserved at Tiantishan
Grottoes and Western Xia Museum, China. [Methods] Bio-aerosol sampler containing R,A agar was used
for sampling in all four 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 gene region, sequencing, and phylogenetic analysis, thereafter the bacteria community
composition and distribution characteristics of different study sites were clarified. Combined with
environmental monitoring data, to disclosure the main factors which responsible for the dynamic changes
of the airborne bacteria at the site. [Results] The concentration of culturable airborne bacteria was in a
range from 16.7 to 1 451.8 CFU/m’. There was no significant difference in bacteria concentration between
the Cave 18 and Cave 13, namely, the two sites at the Tiantishan Grottoes, with the obvious characteristics
of the seasonal variation, briefly speaking, Winter and Spring were higher than Summer and Autumn.
Meanwhile, there was significant difference in bacteria concentration between the inside and outside of the
Xixia Museum, the square outside of the museum were far more than the inside of the museum at the four
seasons, particularly in the winter. A total of 19 bacteria genera that affiliated to four phylum were
detected, among which, Acinetobacter, Arthrobacter, Bacillus, Kocuria, Brevundimonas, Carnobacterium,
Pseudoclavibacter and Hymenobacter were the dominant ones. [Conclusion] The airborne bacterial
community structures of the Tiantishan Grottoes showed a distinct characteristic of the seasonal variation
and spatial distribution; RH, temperature and seasonal rainfall were all have influences on the airborne
bacteria distribution; some of the genera have potential of causing biodeterioration of the ancient wall
paintings at this site; this study could provide supporting information for the preventive protection of
cultural relics that preserved at local site and museums.

Keywords: Airborne bacteria, Community characteristics, Ancient wall paintings, Monitoring and
precaution

2 R AL TR S AR W TEAE AR TE, T A Wi h B %+ oy = Em U vk E R RE
FHRFASES, A0, AR Bt (Lascaux Cave). VO3B /R EE KA 7 (Altamira
Hb AR R IR S H 0 S DR A A W 3 sl T S B AR Cave)Fil Tito Bustillo i 7CE IR FRH, AEY)
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Figure 1 The four sampling sites of the airborne bacteria at the Tiantishan Grottoes and the Xixia Museum

{jf A, B: %WUJE%% lgﬁﬂ]gﬁ 13 ﬁ; C, D: EET@%%M‘T‘_%@E%

Note: A, B: Cave 18 and cave 13 of the Tiantishan Grottoes, respectively; C, D: The inside and outside of the Xixia Museum, respectively.
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YT SUBEF) A 22 (15 pL): BsuR 12.5 pL, Csp6
I 2.5 pyL, Buffer Tango 1.5 pL, ddH,O 3.0 pL,
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443 #1(Pearson correlation analysis)if4# ; 2544l
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CCAYFATI Mt

2 ZR545H
2.1 HEKENETEL

WEIHEAPY, 2SS AT RS SR A SR B 16.67—
1 451.8 CFU/M’, “EEMAPRMES A 627.17+
62.03 CFU/m’ #1 579.35 CFU/m’ (3% 1), &Lk,
TMO AW e, 5 HAAL SR 2 s 5
(P<0.05), TTI18 5 TMI [AIVk 25 5% .3 (P<0.05)

AL AT S S TR R B Bt 2 AR SR AN 2
Ro B TMI DISMYHAMAS AL, 74, HWES
AW B E T R W,
K2 TMO 7 5,25 A4 Wk 2 de s (1 451.8+
25.9 CFU/m’), TMI v i (16.67+5.57 CFU/M’).,
®1 ARMEEZESPHARERECFUM)EL

Table 1 Total airborne bacteria (CFU/m®) enumerated on
R,A agar plates from the four sampling sites

(A3 FHIE HRE FME RORE
Sampling sites Mean Median Minimum Maximum
TT18 667.02+124.44b  657.40  266.70 1 086.60
TT13 518.82+113.50bc  451.54 140.73  1031.50
T™MO 994.68£104.69a 896.77  733.40 1451.80
TMI 328.17£69.41c ~ 385.00 16.67 526.00
Total 627.17+£62.03 579.35  281.20 1409.20

e oa, bflc FRBEER

Note: a, b and ¢ means significant difference.

Tel: 010-64807511;

TERFRILEIE VA 2 474, TTI8 A TT13
TER AWM ERR; R, —HERAR
=5 FETTI8 AL & T TT13 37 5(P<0.05).

TEVE Z YIRS TMO 1E4Z23 S AN TR
FEYE TAENGEE TMI, HIGE B4y 2 Bk
% 5(P<0.05),

AL RS SR SR . AR B A
A AR PREE R 8] AR AH DG M SC R 3 2 i .
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Ky LA SN TR S TR TR G,
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22 ERDBERRZAENGE
LW PR32 R B NEIE P 36 2%, IF

1500 ab a
TT18

=TTI3

B TMO

bed EET™MI

Bacteria concentration (CFU/m?)

Summer Autumn Winter

Spring

2 FRAFEH@. 6. 10 7112 B)BARILHHITSH
BEiRE

Figure 2 The bacteria concentrations at the four sites in
different seasons (April, June, October, December)

Note: Different lower case letters indicate significant difference
(P<0.05).

2 ZTRAE CFU SINERE T8 8K RFEXIED

Table 2 Pearson correlation analysis for bacterial
concentrations and environmental parameters
(A R AN Ra T
Sampling sites Temperature (°C)  RH (%) Rainfall (mm)
TT18 —0.899 —0.533 —0.975*
TT13 —0.893 -0.797 —0.895
TMO —0.926 —0.474 —0.655
TMI 0.670 0.532 —

TE: *: 7E0.05 MK ERBEES; — FRTHK.
Note: *: Correlation is significant at the 0.05 level (2-tailed); —:

No precipitation.

E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



474 TEY I8

Microbiol. China

H115- MG694500-MG694535; it BLAST 751
LEXT, B T NCBI £l v S5 A58 i 7 41 A
LR 5 T A0 I J@ BHE . b B oy B TR AR B
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5.19%, HIL G & CFU By 74.18%. HIRATH S
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(Sphingomonas) . Z5ZFHIFT T & (Paenibacillus) . 4%
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P2 08 A 7 8 (Alcaligenes) %5 5 O AR, 435
4.25%. 4.04%. 3.46%. 3.03%. 2.67%H12.24%,
RIS 13 REAIEE 18 f M oy = iy
WL IS ZE S AR AL 5,
TERBRINAE L, FF, TT18 AMLHHIE
R AT T (36.53 %) AN ZE T B R (28.84%) ,
TT13 40 K35 HF 8 (45.96%) AL & K 8
(29.84%). HZ=, TT18 AMERA N E WA SIFF R
(43.90%) FI= AT 15 )8 (29.27%), TT13 Kb K 5FFE
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x3 XBLARMAEEEYETSPHME 16S rRNA £F FEF5I X 547

Table 3 Analysis of typical 16S rRNA gene sequence in the air environment of the Tiantishan Grottoes and the Xixia Museum

Typical clones (Accession No.) Family Species Source Identity (%)
A13 (MG694500) Moraxellaceae Acinetobacter baumannii Hospital 99
A35 (MG694521) Micrococcaceae Arthrobacter phenanthrenivorans ~ Water 99
C2 (MG694529) Bacillaceae Bacillus muralis Murals 100
A18 (MG694505) Micrococcaceae Kocuria sp. Murals 99
A23 (MG694509) Caulobacteraceae Brevundimonas sp. Hydrocarbon 99
A19 (MG694506) Carnobacteriaceae Carnobacterium inhibens Permafrost 99
A25 (MG694511) Microbacteriaceae Pseudoclavibacter helvolus Snow crabs viscera 99
F14 (MG694532) Hymenobacteraceae Hymenobacter sp. Water 98
A20 (MG694507) Corynebacteriaceae Corynebacterium callunae Water 99
F12 (MG694530) Sphingomonadaceae Sphingomonas roseiflava Sunflower root 99
C1 (MG694528) Paenibacillaceae Paenibacillus polymyxa Murals 100
A38 (MG694524) Streptomycetaceae Streptomyces scopiformis Sunflower root 99
A37 (MG694523) Nocardiopsaceae Nocardiopsis sp. Desert 99
A29 (MG694515) Alcaligenaceae Alcaligenes faecalis Soils 100
A28 (MG694514) Microbacteriaceae Microbacterium sp. Desert 99
A30 (MG694516) Microbacteriaceae Rathayibacter tritici Wheat 99
A16 (MG694503) Bacillales Family Exiguobacterium indicum Mosquito midgut 99

Xl Incertae Sedis
Al5 (MG694502) Microbacteriaceae Curtobacterium sp. Soils 99
A32 (MG694518) Oxalobacteraceae Massilia sp. Soils 99
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A29 (MG694515) R

13(8) Alcaligenes faecalis Mc250 (KY271067) I Alcaligenes | p-proteobacteria
A15 (MG694502) . )
99 ICurtobacterium sp. MR MD2014 (KU740254) I Curtobactertum

A28 (MG6945 14) I Microbacterium
100 'Microbacterium sp. Gl Sw 6a 3 (MG232360)

A30 (MG694516)
|M T00 Rathayibacter tritici DSM 7486 (NR_026158) | raasvacir
A25 (MG694511)

100 ! Pseudoclavibacter helvolus CJ-G-TSA2 (HM584267) Pseudoclavibacier
A18 (MG694505) I Kocuria
Kocuria sp. MJ4B-3C (KY412153)

F13 (MG694531)
100/ Arthrobacter crystallopoietes (KY368136)
100 - A35 (MG694521)
Arthrobacter phenanthrenivorans THBB 11103 (KR085846) Arthrobacter Actinobacteria
of 100 |A36 (MG694522)
Arthrobacter citreus THBB 6305 (KR233753)
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Figure 3 Phylogenetic tree of airborne bacteria based on 16S rRNA gene sequences
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Figure 4 Proportions of bacterial genera detected in environment of the Tiantishan Grottoes and the Xixia Museum
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Figure 5 Relative abundance of the dominant bacterial genera at the four sites
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