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Abstract: [Objective] Analyzing the bacterial diversity, physiological and biochemical char-
acteristics in the mogao grottoes can provide an experimental basis for microbial disease pre-
vention and treatment of Mogao murals. [Methods] Both the air and mural samples collected
from Mogao Grottoes 245# are analyzed by means of pure culture techniques, and testing ef-
fect of mural paint on bacterial growth. [Results] 76 bacteria belonging to eight different gen-
era are identified and characterized. Six genera are revived form the air, they are Bacillus, Ar-
throbacter, Pseudomonas, Acinetobacter, Enterobacter, Kocuria, Among them, Bacillus and
Arthrobacter are dominant. Four genera are revived from the mural, they are Bacillus, Ar-
throbacter, Paenibacillus, Erythrobacter, among them, Bacillus and Arthrobacter are domi-
nant; and it is found that some bacteria, such as DHXJ05 (Enterobacteriaceae), DHXJ08
(Bacillaceae), DHXJ15 (Erythrobacteraceae), DHXJ16 (Bacillaceae) and DHXJ17 (Bacilla-
ceae) can grow well in environment containing red ferric oxide, red lead, and cinnabar.
[Conclusion] This experiment provide the conditions for discolorment mechanism and choosing

corresponding bacterial preparation.

Keywords: Mogao Grottoes, Bacterial diversity, Isolation and identification
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MBI o WFTEAE RO JE I RE U ) A L
B R EREATIN. (R A o Bl 1 IR Bt T 2R A

1 MRS

1.1+

111 H@RBYRE: T 2010410 A 22 HE5UE
B 2454 R A S 8 L BEIAE A 10 1
SR R FDTRE T, K TCH NA 553754
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IR u S, REOTRE 1 h 5, %R R
B BEmAE S PR R . — AT
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PAEBERK, WOTEeREE 6 MRS, S —TJrikh
FHK B 70 R 5 i BURE T ) B s AR €. A5 (6
TR DR, SRIGHCA 50 mL TR ELE, 1t
TroRAE 4 AFER, WE 1R, KRR
TR IRAE s [l

1.1.2 $EFFE: SRR T 3 AR,
(1) NA (g/L): 4=HE 3.0, FH AW 10.0, NaCl 5.0,
Bg 20.0, pH 7.0-7.2; (2) TSA (g/L): KT E
5.0, JEEMHM 15.0, NaCl 5.0, pH 7.2; (3) R2A
(0/L): BEREHT 0.50, JHEEE A 0.25, ZEH M 0.75,
Hi%H% 0.50, JEM; 0.50, MEMRAE 41 0.30, iFREE
0.024, MARzHN 0.30, FifE 15.00, pH 7.2,

12 FHi%
121 HEMS B S BRES MBS
FRML AR B FRAE 25 °C 597 36 h, Z ek kit
HIZR B PR, 76 NA SR Rk kalifk .,

FHAR 2R A 0 A FRER K RE S IS AR T B
FEMTEINTZE NA. TSA Fil R2A B35t b, BAN5;
FRILAN 400 pl A5 o SRS TEIE RIS FR4H 25 °C K
7% 36 h, ZJEH K M AN %Pk, £ NA SF
B I PRIk 2 4lifk

SR AR 118 R 1) 2R T [EACRE S AL B vk, A
i O TR LKA, LA 1 o/mL POV, 2R
JE BRI 107, 107%, 107°, 10, 107°, 10°°,
FHRL B W IBURE S IN7E NA . TSA Fll R2A K595
BE B, BENEFRILN 400 b, B3 vk R pp s 37
Fef 2 4> ARG TEIHIR B FRAR 25 °C H5 9% 36 h, =
SR AN R R TS PR, A NA SEAR - FRIZ
alifk.
122 ‘AEEFLE DNA BYIREL: 4N A
DNA (BT 52 WL SCHR[12]
1.2.3 16S rDNA By PCR ##&: HIE4E 16S
rRNA R FI, G549 8F (5'-AGAGTTTG
ATCCTGGCTCAG-3) il 1492R (5'-GGTTACCT
TGTTACGACTT-3), PCR JZ W& % 25 uL: Taq
DNA B4 2 uL, 1xTaq buffer 2.5 pL, 25 mmol/L

1 E5RE 24HBERNRZ—
Fig. 1 One of sampling point in the Mogao Grottoes 245#

Note: The circle in left picture is a sampling point in the south of grotto (A); the circle in right picture is a sampling point in the north

of grotto (B).
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MgCl,3 pL, 10 mmol/L dNTPs 0.5 uL, DNA %
Be 2 L, 51#14% 10 pmol, I 1425 4FH: 94 °C 5 min;
94 °C 1 min. 58 °C 1 min, 72 °C 1.5 min, 3t 304~
PEFR; 72 °C 10 min,
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% GenBank #d&Z ( Http:/Aww.ncbi.nim.nih.gov),
126 RN R RFAERMBIME: HTITE
GenBank HH B HEAT L X, T 2% 5 o e e AH AR
A AT RSk B WA g 3l O B
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BURHA, #5088 %508 F R ARE, AR
FUAS IR A AMSOM IR, 25 °C #5537 3-6 d,

2 G50

21 HEHSBERNEIER

WL BRI 8 AN | 10 A BE AL b
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WAL S 37 PR, 2 BRI PN VDB AR 537,
B2 TR PA 17 SR RR, BEmbEh A 12
BRAFEE R, PIRE A I TEMRA 7 .
2.2 16SrRNA F5I xS 53 #7455

mE 1 Fos, o, 53] 22 HRAF R4
W, HET 8 1N&, 4334 Bacillus, Paenibacillus.
Erythrobacter . Pseudomonas . Acinetobacter .
Enterobacter . Kocuria. Arthrobacter, H: 1235
A 6 A&, 43514 Bacillus, Arthrobacter
Pseudomonas . Acinetobacter .
Kocuria . A% il 4 Bacillus . Arthrobacter .
Paenibacillus, Erythrobacter 4 &,
2.3 REIRMEX LR RS A B HTRIHE

it FiRJrEk, FIH NCBI ) BLAST T A
XTI 235 SR A T R L, 455 DL 2,
24 TZEEBBLTEAARHERMESS

mE 3 fn, EEHETPE 6 Mg, Hip
Bacillus 5 2511 41.3%, Arthrobacter 5 24.1%,
Pseudomonas & 20.7%, H.© 3 MNMEudkH L
13.9%, EEEFEHY 4 & Bacillus 2 85.2%,
Arthrobacter & 7.4%, HEW @4 3.7%, W
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FT 1 FUE 24547 P A IEFRHESY 16S rRNA F5I b3t 4947

Table 1  Analysis of culturable bacterial 16S rRNA in the Mogao Grottoes245#

Number of isolates L . Identified Accession
(Accession No.) Division Species Source %) No.
DHXJ01(IJN244971) Micrococcaceae  Arthrobacter sp. Mountain snow 99 EF103214
DHXJ02(IN244972) Fseudomonada-  Pseudomonas — xan- g, ¢ stem 99 HM854232
ceae thomarina
DHXJ03(IN244973) Ejg:domonada' eprsie“dom"”as of. st g 99 AJ244724
DHXJ04(IN244974) Bacillaceae Bacillus sp. Mine soil 98 EU863835
Enterobacteri- Enterobacter hor-
DHXJ05(JN244975) — T 98 EF428236
DHXJ06(IN244976) Moraxellaceae Acinetobacter sp. Tuber magnatum 99 DQ279315
DHXJ07(IN244977) Bacillaceae Bacillus subtilis Wheat 99 EF656456
DHXJ08(JN244978)  Bacillaceae SB:‘tft'i'l'i‘;s siaiiesUm. 99 HM753632
DHXJ09(IN244979) Bacillaceae Bacillus megaterium PDT:;EE?W & G2l 2 99 HQ242768
DHXJ10(IJN244980) Bacillaceae Bacillus simplex Mural painting biofilm 99 AJ628744
DHXJ11(IJN244981) Micrococcaceae  Kocuria sp. Antarctic sediments 99 FJ889675
DHXJ12(IJN244982) Micrococcaceae  Arthrobacter oxydans Human clinical specimens 99 EU086782
DHXJ13(IJN244983) Bacillaceae Bacillus licheniformis Root 99 JF700489
DHXJ14(IJN244984)  Micrococcaceae  Arthrobacter sp. Agricultural soil 98 AYS572475
DHXJ15(JN2449g5)  Eryihrobac- Erythrobacter sp. Marine 97 DQY85049
teraceae
DHXJ16(IJN244986) Bacillaceae Bacillus licheniformis Host faeces 99 FN397486
DHXJ17(IJN244987) Bacillaceae Bacillus simplex Rape leaves 99 GuU086427
DHXJ18(IJN244988) Bacillaceae Bacillus sp. Tufa core 99 AM934692
DHXJ19(IJN244989) Bacillaceae Bacillus sp. Sediments 99 DQ079004
DHXJ20(IJN244990) Bacillaceae Bacillus firmus Mycorrhiza 99 HQ285922
DHXJ21(IN244991) Paenibacillaceae  Paenibacillus harenae Desert sand 97 AY839867
DHXJ22(IN244992) Bacillaceae Bacillus sp. - 98 EU070374

e — BB %R, Source 5 Accession No. AL 1915 B
Note: —:

2.6 EBEHESRMAREKMOFZIDRIESER
LUy BUEREm b FREBIGZ —, HER
BT o AN [ 30 B FH B 21 (8 BORHA BT A [,
FENETFF(Phs0s) . 2L (Fe,03) FIA AP (HYS)
IR LA B AR AR R A K,
HA 5 BRAE A RS2 2], HARARREIE 7 4R
K BPHRIUARES RS A My A KR AR, 127
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No data. Source and Accession No. is the information of similar strain.

HEFHAORE R, A 7 HRAREA K, 8 B K2
FI404d, HA DHXJI05 (Enterobacteriaceae) .
DHXJ08 (Bacillaceae) . DHXJ16 (Bacillaceae)#l
DHXJ17 (Bacillaceae)fe1E# LK 1E&A KiPHY
BRI, 7 6 MoARRAEE, 11 MRA K SZ B,
Y 4 DHXJ05 (Enterobacteriaceae) fll DHXJ15
(Erythrobacteraceae) e 1E# A . W& 3 izm .
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86 | Pseudomonas cf. stutzeri V4.MO.16 (AJ244724)
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Fig. 2 Phylogenetic tree of culturable bacterial 16S rRNA in the Mogao Grottoes 245#

Note: Numbers at each branch points indicate the percentage supported by bootstrap based on 1 000 replicates. The GenBank acces-
sion number is showed in parentheses. Bar: 0.02 substitution per nucleotide.
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Fig. 3 The distribution of bacterial species in air and wall of the Mogao Grottoes 245#

R 2 19 HRMBUE 2454 90 B H R EARRY R IR AE (A1

Table 2 The physiological and biochemical characteristics of 19 strains isolated from the Mogao Grottoes 245#

NLTHEET BF Source Voges-Prokauer ~ Methyl red  Citrate S 10 ST Cele el

isolates duction  hydrolysis liquefaction  hydrolysis
DHXJ01 Air - + - + = - _
DHXJ02 Air - = - + + - -
DHXJ03 Air = - + = - _ o
DHXJ04 Air = + + + + ¥

DHXJ05 Air = - = + n
DHXJ08 Air + + - + - + +
DHXJ09  Air & Mural = + + + + + +
DHXJ10 Air - = + + + +
DHXJ12  Air & Mural - + - + + - "
DHXJ13  Air & Mural = - - + + + +
DHXJ14 Air = - + ¥ _ _
DHXJ15 Mural — — a + +
DHXJ16  Air & Mural + + - + + + +
DHXJ17  Air & Mural = = - — + + +
DHXJ18 Mural = + + - +

DHXJ19  Air & Mural - = + - = + _
DHXJ20 Mural = + - + + + +
DHXJ21 Mural = + - + + _
DHXJ22 Mural — + = + _ _

TE: = OB BAPE; +: R BHE.

Note: —: Negative reaction; +: Positive reaction.
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Table 3 Effect of 3 kinds of red paint on the
growth of bacteria

GiivR) +a RAY
Pbh30, Fe,03 HgS
DHXJ01 - ++ -
DHXJ02 + + -
DHXJ03 - + +
DHXJ04 A ++ -
DHXJ05 ++ ++ ++
DHXJ08 ++ + +
DHXJ09 + ++ +
DHXJ10 + ++ -
DHXJ12 A ++ -
DHXJ14 — ++ =
DHXJ15 - ++ Sl
DHXJ16 ++ ++ +
DHXJ17 Sists Sists iz
DHXJ18 - + +
DHXJ19 + + +
DHXJ20 + ++ +
DHXJ21 — + +
DHXJ22 — + +

PE S N 7 £ s N 1~y s A £ N = 2

Note: —: Not grow; +: Can grow; ++: Grow well.
3 tig

PG TT PO SRR R A5 P B o 32 IX el
N, oK ER D, 8T A R R T R
Mo B e W PR BE BZANTE B AR Y AR AR
Yo, BEEAET A 4 A8, STEREZNIKK
& Bacillus . Arthrobacter . Paenibacillus .
Erythrobacter . iX 1575 #5455 45 AL 44
“Jy Bacillus i1 Alcaligenes A AN[E, WiZEH T
PRIFSE BT e o AN [ AU o 245#8 T2 7,
52 MR KR AR TRB K 2 /), T A ] A

e S/ Rl =y = i e =y s M LR A VL R
st IWHSRIESRE, 2EAFF 5 (Bacillus)
J& . JEZEAEAT & (Paenibacillus) 4 R — 28 7E +
Herh S O FE R4, DHXJI10, DHXJ17,

DHXJ18, DHXJ22 &5 B AL R AR H 209 | %
G5, XIAR PR A N e AR . T AT
J& (Arthrobacter) 4 ) iZ 43 4 T H SR P45 2 v,
FEE b, HA Eag i3 Dl R L
P AV RIE s, EATTA] REAE S SO A 3
Bk A b E AR, AR HETE 3 55
RIL TR Y% Arthrobacter Ji& YT /4 TR /TE V4
T (Psychrotrophs/Psychrophiles), i% £& % # = 5
S1E H R R -3 IR RGBS LK)
TR A1

B v e S S R %) o 28 RS S L R 1
EREE, TR 2458, AP EE A
Bacillus. Arthrobacter fiI Pseudomonas. HHij{¥
AT AR T R A R R
A B S B A AE AL . 2454 LARIT &I kI
i, HBTCH BB . 438 i A DHXJO05
DHXJ12 & ARHEHEAFA A, 1RA ] B2 ilf
ot NI o W2 (5 A B2 W) 2t — 20
[ e T s A B R G S 7 )

B e R R R T RE A L2
MR BRI, AR 2Rk 1 5 g
JEFN— LRI AEUNAR | BR . 22 5 5F (O [R] IARHR
A [E]) iy, BURHZE BRI AT —
SR G, ARG EARIRTEALZ R . AR AR
FEMER, e A E R EZ B A 0 EE R
71, ATDAEIERI A . LB b A KB Y
DHXJ05., DHXJ08, DHXJ15, DHXJ16, DHXJ17
VIR EFUKRRES) o FRE S A AR R R TR AR,
MOEEm B Y 11 Bk, MEAT DHXJ12
(Micrococcaceae) NREA K. TR A 14 #%
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W HAT 8 MRAEAE K o BIURHAS B X A T AE K 15
Ml AR H B, Y PEAR AR YA I ACR AR
LT MBI AR

HR 4l SOR B 5% B 5 55 [ 55 4 PR 30 i 5% BT 7E
FEHCI - 323#E4 T (143 % %ol fof A5 52 Ml 1)
Ky @R B AA/NRIEH KIS 67%, 2921 g K,
I SRR Y 52.3%, 29 4.7 L, TEXLAE FFR
TP BB ER NPT, 2% Lascaux cave [R4143 5,
Ui 25 X fed N R ) s R 25 200 SR RE [ g
B RS, Horh— A2 E R g Fr kb i)
TRIEE, MlEE R THAEYARKLTN
K, PR T AR WA K TR S AR A, Xt
T A P R BE i S, PR A B
e W 3 TS T AEAR A EEL

ARSI B TR T AiRE R, AR
R AN Z B — e PR, PTREIR A — SR
AR BE I FZ AR KA . L, SR —LE
e FRAEAR, L M Has AL R AR i
RE A7, A B UKL B A s 2 ) B A R AL T
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2 % X #f

[1] FBEEE, Thishk. H AR 54 U OCHE I 5L 2 T
Oy HEE S PRI R]. KRS B R,
1996, 8(1): 43-50.

[2] WRELHK, SRR, %5 B DU a0 BE 2 1A 1Y 53 15
YE[J]. BUEMFSE, 1996, 3: 145-148.

[3] $MEE, HbE, H3Ca8. PR REmALER L
B ] ) R WD RS E ], S DR 578 R,
1997, 9(1): 39-43.

[4] Gurtner C, Heyrman J, Pifiar G, et al. Comparative
analyses of the bacterial diversity on two different
biodeteriorated wall paintings by DGGE and 16S rDNA

sequence analysis[J]. International Biodeterioration and
Biodegradation, 2000, 46(3): 229—239.

http://journals.im.ac.cn/wswxtbcn

[5] S5, SR, sREA, 5. SR m AR
AR RS- 1. AR RE i 0 A P2 &%
PEA TR ARSI [I]. T 274, 1998, 38(1): 52-56.

[6] iV, sk, DiFbk, 5. FEsEm @ h
TR R 2R AT 9 - 11, 2R ) R A4 Ay o B 1 5T
BHFZIR[I]. fEY A, 1998, 38(2): 131-136.

[71 %%, Mg, SRR, 4. — BRSO RE m L
GRS € T R SR B PR F ST [3]. 2 MR
22l FISRRRFRR, 1999, 35(1): 145-148.

[8] Bastian F, Jurado V, Novakova A, et al. The
microbiology of Lascaux Cave[J]. Microbiology,
2010, 156(3): 644—-652.

[9] Bastian F, Alabouvette C, Jurado V, et al. Impact of
biocide treatments on the bacterial communities of
the Lascaux Cave[J]. Naturwissenschaften, 2009,
96(7): 863—868.

[10] Wang WF, Ma Y T, Ma X, et al. Seasonal variations
of airborne bacteria in the Mogao Grottoes,
Dunhuang, China[J]. International Biodeterioration
and Biodegradation, 2010, 64(4): 309—315.

[11] 3007, B, sKEMW, . 5Cm a5 217 5 Mo
B4y B3], ZURBESE, 2007(5): 93-97.

[12] JEWA. WY AR IM]. B R MR Tl
K2 A, 2005: 108-111.

[13] Larkin MA, Blackshields G, Brown NP, et al.
Clustal W and Clustal X version 2.0[J].
Bioinformatics, 2007, 23(21): 2947—-2948.

[14] Jukes TH, Cantor CR. Evolution of protein
molecules[M]. New York: Academic Press, 1969:
21-132.

[15] Saitou N, Nei M. The neighbor-joining method: a
new method for reconstructing phylogenetic tree[J].
Molecular Biology and Evolution, 1987, 4(4):
406-425.

[16] Tamura K, Peterson D, Peterson N, et al. MEGADG:
molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance, and
maximum  parsimony  methods[J]. Molecular
Biology and Evolution, 2011, 28(10): 2731-27309.



SR IRARAT: BORSE i P AN 2 R R TS 623

[17] Felsenstein J. Evolutionary trees from DNA [19] B&WHER. 7TRRIRIE M FE Sl YR AY Arthrobacter J& &

sequences: a maximum Iikeli_hood approach[J]. FRUEE[D]. EiT: BRI+ 3, 2005.
Journal of Molecular Evolution, 1981, 17(6): N
268376 [20] E M, B, BRI, % WEE RN R

[18] HEERTF. RS R R 5[], BURR, ) 1 P /INERBE A 52 i B 9 (3], SO AT, 2005(4):
2000(1): 1-4. 83-86.

RY AR R R AR RY RY R RY AR RY RY RY) Y R RY Y R RY 7R RY) RY R RY R RY) RY AR RY R RY) Y 7R RY RY R RY 2R RY Y R Y R RY R R RY 7R RY) RY R RY R RY RY R RY) R

IRIPIT I (kA4 SRR IR )

(A = ) BITT 1974 48, &b ERVABEE B BT fn e E A Y 2e 2 06, BN
NI RAT, LA W2 o Al 5 B B AR BIR 5 0 R A 2 AR L J%Wﬁ@%-
ﬁmm%% W5, LR HAEW =Y, T A 2o, B atst, B aidbys

, IR, M%%m%%lﬁﬁﬁ,m¢%%emiﬁﬁ,M$%&ﬁ@%ﬁﬁ,M
E%Iﬁﬁ%%ﬁﬁ,M$%ﬁﬁmﬁﬁﬂ%&ﬁ$%ﬁ%ﬁ%ﬁ$%o

AT g B A R A O] AR E KPR TR T =554, b ERE B TS R T
AR AU RE TR, s AR D RSB T A LR B IR A R s A

[l 2008 “FEATIC 24 ehit, AU TICH H R, RRFEIAE R, WA 8 Wal T
KIEH B RIT SR E B SR PIGE T R WK, 2012 FFA MM 58 o6, 24F 696 6, FRATK %
s 2 2 )

73, AYnRARBUA DB T, A EE A B S AT R O R S R R, G
R O o WOE TR ACR ETERT AT TIY R ARAC . £ IR )

R skt . (100101 ) JEEtRARHIXJLRVGEE 1 55 3 ZH ER=BE AT (kY
W) YR

Tel: 010-64807511; E-mail: bjb@im.ac.cn, tongbao@im.ac.cn

k. http://journals.im.ac.cn/wswxthcn

ENHE RIS 2-817; EHAMEFTICS . BM413

http://journals.im.ac.cn/wswxtbcn



