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Table 1

1.1
DNA (
) DNA Gel Extraction Kit( OMEGA
) Poly-Gel DNA Extraction Kit(OMEGA )

PCR
PCR BIO-RAD
(  MJ Research )PTC220 PCR
Bio-Rad Gel-Doc XR o
1.2
38
4°C
. 38
1-4( 1),

Y (1.2cecm) Y (1.5

cm) Y (2 cem) o

Sampling table of Yungang Grottoes

Sample number Sampling location

Sampling environment Sampling method

1 North wall in 38 grotto Black mudstone Scraping
2 North wall in 38 grotto Rotten sandstone Scraping
3 North wall in 38 grotto Dust full Scraping
4 North wall in 38 grotto Greenblack power Scraping
1.3 DNA PCR 341{GC (5°-
CGCCCGLCLCGLCGLGLEGGLEGGGLEGGGGLEGGGGGCAC
DNA GGGGGGCCTACGGGAGGCAGCAG-3") 518r (57—
DNA. 250 mg ATTACCGCGGCTGCTGG3")
DNA 50 wL . PCR PCR (touchdown PCR) 95 C 5
1.4 16S rRNA min 16 x (95 C 1 min 63 C 55 C
38 1.2.3.4 DNA 0.5%C 72°C 1 min) 14 x (95 C 1 min 55 C 1

341f(5°-CCTACGGGAGGCAGCAG3")  907r
(5"-CCCCGTCAATTCATTTGAGTTT-3")
! PCR PCR (touchdown PCR)
95 C 5 min 16 x (95 C 1 min 63 C 55 C
0.5°C 72 C 1 min) 14 x (95 C 1 min
55 C 1 min 72 C 1 min) 72 C 10 min.,

min 72 C 1 min) 72 C 10 min,

Y .Y Y
DNA GC-338F (CGCCC
GGGGCGCGCCCCGGGGCGGGGCGGGGGCGLGGGE
GGCCTACGGGAGGCAGCAG ) 518R  ( ATT
ACCGCGGCTGCTGG) PCR PCR



. (2012)52(5) 631
194 C 5 min;94 C 30 s 55 °C 2
30s 72 C 30 s 30 ; 72 C
10 min. PCR OMEGA 21 DNA
DNA Gel Extraction Kit DNA DNA
1.5 PCR DGGE DNA TE 10wl
PCR 20 pL DNA .
Muyzer — Q.Y. Yan 2.2 16S rRNA
38 1.2.3.4 PCR
600 bp .
6% 40% -70% 1.2.3.4 PCR PCR
160 v 60°C 200 min. 150 bp o
EB 1 x TAE DGGE .
Y .Y Y
200 bp  DNA DGGE
1.6 DGGE 2.3 PCR DGGE
DGGE 38 1.2.3.4 16S
OMEGA Poly-Gel DNA Extraction Kit RNA PCR DGGE
PCR | .
DNA . 16S rRNA PCR DGGE
pEASY-T DH5a A B C D
16S rRNA 2,
DGGE TA
3 3
DGGE .
GenBank
=97% ( sequence type
) " ClustalX
Aln . MEGA
MEGA4. 0 ( neighbor—joining
N]) (bootstrap) 1000
Model Kimura 2-
parameter .
1.7 DGGE
PCR DGGE 1 38 DGGE
Quantity One (Bio-Rad) Fig. 1  Bacterial DGGE profile of different samples in No. 38

Grottoe. A B C and D are representative for the four samples in 38
Grottoe and 19 are representative for the nine bands isolated from the

samples in 38 Grottoe.
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2 . DGGE 24 33
16S rRNA . GenBank
N o 1 9 ( 2 3) GenBank o
2 24 38
. 1. 2 DNA N
o DNA
16S rRNA o y- ( Gamma-proteobacteria)
Y-outer bl 3"""““-‘5 (Sphingobacteria) o-— (Alpha-proteobacter)
| . o (Actinobacteria) » a- v-
2 3 o

Gamma-proteobacteria Firmicutes
Alpha—proteobacteria(  3) . Y- 5.9.
12,1719 Lactobacillus

23.7% .  7-11.20

Uncultured Firmicutes bacterium clone

12.7% - 10
Anaerobiospirillum
6.36% Y- 9.12.17.19
Lactobacillus
21.36% - 7.11.20 Uncultured
Firmicutes bacterium clone
- 14.39% - 10 Anaerobiospirillum
6.37%
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Fig. 2 Bacterial DGGE profile of different samples near Yungang o
Grottoes. 1 — 24 are representative for the twenty-four bands isolated

from the samples near Yugang Grottoes. 14
°

2.4 DGGE DGGE 16S rfRNA  PCR
38 PCR-DGGE DNA N DNA
9 PCR-
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B DGGE
DGGE 38 N
2 38 DGGE
Table 2 Sequence alignment results and the proportional in population of DGGE sequenced clone of the samples in No. 38 Grottoe
Band GenBank accession number Closest organism Similarity/%  Proportion/%
1 JQ180225 Uncultured bacterium(FJ753412. 1) 90 5.36
2 JQ180226 Uncultured Pseudomonas sp. (F1868262. 1) 98 6.76
3 JQ180227 Uncultured Pseudomonas sp. (AM711886. 1) 94 9.43
4 JQ180228 Soil bacterium (EU515384. 1) 90 25.2
5 JQ180229 Uncultured Hyphomicrobiaceae bacterium(GQ351484. 1) 83 30. 28
6 JQ180230 Uncultured bacterium(GU564130. 1) 85 17.92
7 JQ180231 Uncultured bacterium (HM326366. 1) 93 3.08
8 JQ180232 Uncultured Microbacterium sp. (GQ365756. 1) 97 1.04
9 JQ180233 Uncultured bacterium(GQ153955. 1) 94 0.93
89 | Escherichia sp{AM712054.1)
—I Shigella sonnei sp.(HQ398233.1)
68 Klebsiella sp.(HQ332537.1)
Erwinia chrysanthemi(EU526397.1)
61|| Dickeva zeae(CP001655.1)
Klebsiella preumoniae(DQ298060.0)
5411 vyg
Gammaproteobacteria
Y-3
68 Y-4
94 96 Erwinia sp.(GQ351489.1)
99 Y-5
A v
31 Y-2
97\| Pseudomonas sp.(FJ355969.1)
=i Pseudomonas aeruginosa( EUU816575.1)
100 | Microbacterium saperdae(NR_024637.1)
98 - Y-8 Actinobacteria
43 r;wicrobGCEJ‘irlnl sp.(DQ658941.1)
Massilia sp.(AB545620.1)
40 Y7 Alphaproteobacteria
64 Methylobacterium sp.(AB208719.1)
95 Methylobacterium aminovorans(HQ285780.1)
Y-1
100 [~ Pedobacter sp.(FN868348.1) Sphingobacteria
‘Sphmgobacrerium sp.(GQ853527.1)
0.05
i
3 38 DGGE . GenBank

5%
Fig.3 Phylogenetic tree of sequences from DGGE bands of samples in No. 38 Grottoe. Numbers in parentheses represent the

sequences accession number in GenBank. The scale bar: 5% sequence divergence.
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3 DGGE
Table 3 Sequence alignment results and the proportional in population of DGGE sequenced clone of the samples near Yungang Grottoes
Proportion%
Band  GenBank accession number Closest genera
Similarity%  Y-outer Y-middle  Y-inner
2 JQ248030 Acinetobacter johnsonii(JF915343) 98 3.58 2.78 3.49
4 JQ248031 Pseudomonas indoloxydans (F]944696) 99 3.65 3.48 2.88
5 1Q248032 Lactobacillus sp. ( AB559567) 100 4.74
6 JQ248033 Acinetobacter sp. ( JNO00337) 98 5.14 4.29 4.74
7 JQ248034 Uncultured Firmicutes bacterium clone(GU959162) 100 4.97 5.99 4.85
9 JQ248035 Lactobacillusmurinus (HQ668465) 100 4.30 4.28 4.43
10 JQ248036 Anaerobiospirillum succiniciproducens (EU863654) 97 6.36 6.24 6.24
11 JQ248037 Uncultured Firmicutes bacterium clone(GU958887) 99 3.65 3.55 3.76
12 JQ248038 Lactobacillus johnsonii (HQ828141) 98 6.22 6.89 6. 40
17 JQ248039 Lactobacillus reuteri(CP002844) 99 5.76 6.37 3.65
19 Q248040 Lactobacillus murinus(HQ668465) 98 2.68 3.82 5.23
20 JQ248041 Uncultured Firmicutes bacterium clone(GU956121) 97 4.08 4.85 4.62
21 JQ248042 Uncultured Sphingomonadales bacterium (JF733117) 99 2.18 2.52 3.13
22 JQ248043 Anaerobiospirillum sp. ( EU863654) 95 3.37 3.46 4.62
23 JQ248044 Pseudomonas putida (CP002870) 99 2.93 3.63 2.26
No sequence 36.39 38. 66 39.70
No sequence is representative for the sequences that don’ t have homology with the known sequences in GenBank.
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Analysis of microbial community on the surface of the
historic stone and nearby rock samples in Yungang
Grottoes

®

Fei Yan' Qinya Ge’ Qiang Li' Miao Yu' Xudong Zhu'® Jiao pan'
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Abstract: Objective In order to study the microorganisms on the surface of the ancient stones in Yungang Grottoes and
nearby rock samples a rapid microbial detection assay was designed. Methods The microbial community composition
from the rock samples of the Yungang Grottoes and nearby was analyzed by PCR-DGGE. Results According to the
phylogenetic analysis the microbes from the rock samples of Yungang Grottoes were divided into four groups: Gamma-—
proteobacteria Sphingobacteria Alpha—proteobacter and Actinobacteria. By aligning the sequencing results in GenBank
Gamma-proteobacteria Firmicutes and Alpha-proteobacter were found in the rock samples near Yungang Grottoes.

Conclusion Our research successfully detected the microbial community composition on the surface of the rock samples
in and near the Yungang Grottoes which brought us significant theoretical basis for the future protection of the Yungang
Grottoes. We also proved that the combination of DGGE and molecular cloning was a useful rapid and accurate method
for detecting the microbial community composition on stone relics.
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