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Fig.1 Indication diagram of sampling location in the exhibition hall
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H24H,7H23H,8 422 H,11 J129 H,12 /25
HJ% 2014 41 H 15 H,
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nih. com,

1.6 HIEHH

1.6.1 %#H#44r il DGGE B 474
YIRET& ZFEPE S BT A 45 5 JE (richness, S) , BT 5]
15 b A AR UKE A A 2R U E I IX &R B9 Shannon —
Wiener 3540 (H') , 1132 ik H' = - Y Pi InPi, H
h, PiOASS § A YOG 5 UK I8 T A 2 IO
JE R e

1.6.2 %it¥ 54  Quantity One FR15 0504 14
£ Microsoft Excel $HE AN, A B4 FE 2580 + #5
ME2E (x =) FoR, AR 250 20 22 8] (Y 22 57 53 Bk 1
SPSS13. 0 #47 Student — t #5%, P <0.05 NG i12
A iEZESR,P<0.01 Gt EANBEZESR,

180

160

| |
!
140
120 A
mES
190 T m4=z
80
)
60 _— —
40 —
* 1l .
o [ I

P B (C)

SR B (RHY)

BITE BACRABDFU/ 3207 k)

B2 )T A B 2 e B AN T 7 SRR 4 2R

Fig.2 Temperature relative humidity and bacteria colony between summer and winter in exhibition hall
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W AR AL (p > 0.05) o 76K I B4l o vy il JEE
25.5C , FfIRIEE 14, 1°C, e KU 74% RH, ¥ H
BT ZL1 SRAE R 3R ek O 50% RH , H BT Z14
REES . 15 K4 SRS IR RITIA LS
H T R R AR A R RE ) 2 T U R IR A S

N sZm , R s K. Ak, i SR SR
JE LT 34978 60% RH L I, 3X 5 5 Pl A B 4 978
JERE T 70% A K,

2SS R R R AR 213 5 OR AR A
HYCH 212 RFE S XA SRR S0 TR T
R T g Py i s R s e 2 LR S
WEAEREY o BEAR, XA SRA 0 TR 75 A R
B T EZE SR (p <0.01) , BIEIX > # o,
Zoos S P R ) R R S T A
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Table 1 Temperature ,relative humidity and bacteria colony between summer and winter at different sampling points

7L 55 7L &% 712 5% 712 &% 713 5% 713 &% 214 5% 714 &7
REE/C 24.77 +0.41 16.07 +1.02* 24.43 +0.58  17.60 +1.28 ™ 24.47 +0.74  18.07 +1.03 ™ 23.80 +0.35 18.37 +1.62*
WEE/%  62.67+0.33  65.333.24  63.33x5.77  60.67+9.29  63.33+5.77  59.67£9.29  63.33%3.21  57.67+8.62
SPEVEEL

(CFU)/m? 169.67 £18.42  129.33 £24.38 176.67 £37.69 95.33 +19.08 ** 178.00 + 45.04 114.67 +50.00 ** 138.67 £20.74  128.67 £31.43

E: 7 SRR, p <0.01
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Fig.3 Identification of the microbial species of air microbe sample by PCR — DGGE

FIFH PCR — DGGE i A R4 1 28 S il A Wk
A E P T E B i AR 3 TR B R R AR
) A 240 TR T T TR G v R R SR AR S ik S Y B DNA
PEATHRI, 32 T R XX 4~ B DNA FEA#E/T PCR 3
B IF 20 S A PR B LUK S, — AR T AT
BRI 15 B WL b 2 & 3@ v B — A~ Bl Y Uk E
W 45 DGGE [y 3, Ik 18 P A B — A 450 BE

ww
IR L LR

—
B
=z
;,
-
~
-

A XS R T A R AN [ K R R — 2K A7
B SRR AR R R AT S oKL
56, AR S b, 3™ 2 X 7 1) S ol 240 1 20 i
M, AT TR A 50 5 S b — R 4 o, 75 2
X H ) 2 #EA T U a1 e DA WAC 4 H: DNA 3l — ik
PCR J& , #E— 0 5 LT 17 WA i e g 0>
B, MWASLERA5A) DGGE K (1K 4) Enf

L3 L4
1

| 7% |
13 124 15 16 17

| 4= g% | | 4=|

8 1920 2122 23 24

V
o [

B LB R A

I

B4 PSR RA R UMY PCR - DGGE &[4

Fig.4 PCR — DGGE profile of air microbe samples at different sampling points between summer and winter
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I E 3], AU R B T S AT 24 R
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C.D.E H.JHI K, Zabxf 56414 [m Oy s & 3,
XL F) AR W) 5393 DR Acinetobacter lwofffi ( FH UL
99% ) . Staphylococcus hominis ( # {LL 1 99% ) | Ad-
venella sp. (FHLHE 100% ) | Staphylococcus sp. ( FHALI
£ 100% ) . Pseudomonas sp. ( #H L 1 100% ) F
Staphylococcus warneri ( FHRLYE 100% ) , Hi kb n] W,
TR = T3 N A /N IR g b, AR s U
AW T EREIE AN ST TR B A A BRTA R S Sk
BB TE F Advenella J& , FHerh LA % 3K T I fc A G
™o BAR C 1D A B XN B Acinetobacter
lwoffii #1 Staphylococcus hominis JLF-THZE T 24 4~k
I, B 24 ADHES AR H SR R SE BT L,
REFEZEHGIUKGE 1 ~3 54> 5 025 i 5L
AREBLLARR AT 4 ~ 6 S UKIESERE &, T 156 1
XA TR YRR T A R 2

5 ERFEARRIE, A B F 1 &2 i
IAEE s SUE Y B RE S b, AR A 2R P AR
DI, A R R I, EAT5r 0K Acinetobacter
baumannii. ( FALITE 99% ) | Acinetobacter baumannii.
(AHARIHE 100% ) F1 Micrococcus sp. (FH{RLHE 100% ) ;
el BN G WIAE ZL1 .2 3 53R FE i & A
HH B, B R A A RGBT T8
% &) N Bacillus thuringiensis. ( #5023 51 S~
99% F1 100% ) , X LLLEIRRI] AR T 1Y = il
AR BR T A LRI R 2 Ah , &
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Fig.5 Comparison of richness of air microbe samples between

summer and winter

AT HHATAN [RS8 BRI - B 2 1 A T
AT B o FCER TR s , T4 28 28 AT T 3
TR FFIE A P A R AR 2

&2 DGGE ZAf7 e L s 45
Table 2  Blast results of the sequencing

Fibttity  KJE/bp X 45 HARIE, %
A 193 Acinetobacter baumannii 99
B 199 Acinetobacter baumannii 100
C 198 Acinetobacter lwoffit 99
D 198 Staphylococcus hominis 99
E 198 Advenella sp. 100
F 198 Bacillus thuringiensis 99
G 199 Bacillus thuringiensis 100
H 198 Staphylococcus sp. 100
1 178 Micrococcus sp. 100
J 197 Pseudomonas sp. 100
K 195 Staphylococcus warneri 100

A, DGGE Rk [&] ik il LR 2 4
Al A RO 2 T4 TR dh IR 2 MY
MFEEZ T &, X 24 ANUKIE Y 250 Ko fl 8
FEBEAT I0ATIE A B, B A it 4 ol A ) o i 3
TAZHER (p <0.05) (1 5) , HREF=MEYR
Z PR RO 2 s T4 2= (p <0.01) (1816) o 1F
Axt 4 ASREERHAT AT LA Y, 45 6 A AR
FERR R R RO 212 SAE, HS 3 SRR
SR AR S MR BEE ST SR [
I, 1.2 3 SRR A W 4 B R AR PR R
ZRMFERET 4 SRR (p <0.01) (% 3),

3.0

2.5
2.0
is * *
1.0
0.5
. | I
e 4%

6 X EPIEA Y 2R B UL
Fig.6 Comparison of diversity index of air microbe samples

between summer and winter

K3 ADREEAZ RN ES Y 5 MR A

Table 3 Comparison of richness and diversity index between summer and winter at different sampling points

VARW-E:= 711 &7 712 E7 712 &7 713 7 713 &7 VAV S 714 &7
FEE 21.00 £2.65 18.67 £3.51 21.33x4.16 17.33 +2.53 21.67 +3.79 17.33+6.03 15.67 £3.06™ 13.00 £2.65 ™
ZREEFE R 2.66 £0. 11 2.43 +0.17 2.80+0.14 2.51 +£0.07 2.74 £0.18 2.53+0.46 2.53+0.21™ 2.22+0.08™

E: 7, HEFEMIL,p <0.01



40 SR S5 E AR

#5129 &

M UPGMA R Hr g4 R vl LI H (K 7)),
FEASRAE AT BRI S A BE A B 2R Ty — 7R, R W]
AR R ] IR 2 S AR D A A S B
BRI, 1£3 SRR ,6.7.8 =4 HEFA
28 SRR AU E YRR By 61% , B 4%
NEZFZRBOE N M RBON R E, 4
SRFERAE 1112 1 A=A, =K
FHEARIPEIE R 70% , Ul I HE A2 F 02 RAE ST 25
S AR R A A W Bl

ZL3-11H

ZL3-1H4

ZL3-12A7

0.52
ZL3-7H

0.61 ZL3-8H

ZL3-6H

e ZL4-SH
ZL4-7H

ZL4-6F

0.61

ZL4-11H

0.70 : ZL4-1f]

ZL4-12A
ZL2-11H

ZL2-1H

ZL2-12H

ZL1-1
0.78 §
= ziii12m

ZL2-8H

0.67
2 i1

0.63 ZL2-7TH

ZL2-6H

0.71
ZL1-8H

ZL1-7H
0.83
ZL1-6H

7 DGGE [Kli UPGMA B4k 5
Fig.7 UPGMA analysis of DGGE profile
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B N e R T TR Keakow 1849 1 T2 s B e T N
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AEAR, TR A TE % 10 G DNA B8 B, i 58 of
DGGE By 3 MR G5 B BB TR |, ik
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Wz N & W= A UK IE TR B L T C
D E H.J Fl K 247, I B8 35 28 457 BT 0T 1 1)
TRAE W B 7 A B SRR AN NERBE 1 & S B 2R AR B
#fo

2) WEEIE N S B B R, 1
b X T T /NS h s SR R 2R B F
FErh, B I A G I T R I T N A R Y A
PRZH N AOSR B 3, I AE AT I 2R AT T L 5 5
PG A PR B> Gatizere 2555 T 75 78 5 N 923
SV AT TIESE 6 A F 1M, 285 ey i & )
J 387 A SR W 8 D 32 B T 0 31 S 1) R R s
ANEAT TR & S A S T W K TR A e
TR R T N AT R A R 2 AR g
DGGE Z&aiy (1 #1  7y 4 B, F&JT N A it T 5 5% 1Y
2SR IR AN S A I R 2 i
MH 2 BRH & M Advenella sp. , 5 Gaiizere 511
WIS IEAANW) G o =il By ARG T e
ARV (BN T G02E W 20 0 21 PR R F 2
JSAFAE AU DGGE 133 EUL, AnARF 5 (9 P 33
Bl U 5 25 25 S B RRAE B J& A Acinetobacter sp. Fl
Micrococcus sp. , & Z= W I B Fh 2~ Bacillus sp. . 5
Ab, T A TRk — % P 25 () v 28 SCEL T B F
9T, EhMER AN T 5L i Tl W Jd 5 AU AR W o
B, 7E 9 H AN B AG H AE 24 ~ 32CFU/m’,
T DAY AT 5 DAY, B B K L R A T AR R
A G XoF i B R T v s A ) LR A T T
VIR ERE R =R ,5 ~8 A HE KT
ISCFU/m* ) o AEAR S ol o R AL s 2R AR
(ARG ), IR ARG h I TR X B R 4T
Bd gt MR .
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A dynamic study on the species and quantity of microorganisms in the
micro — environment, Chongqing China Three Gorges Museum

TANG Huan', FAN Wen — qi', WANG Chun', ZHANG Li - long’

(1. Chongqing China Three Gorges Museum, Chongqing 400015, China;
2. Chongqing center for disease conirol and prevention, Chongqing 400042, China)

Abstract: In this study, both traditional colony counting and PCR — DGGE ( PCR — Denaturing gradient gel
electrophoresis) technology were used to analyze the quantity and species characteristics of microorganisms in the
micro — environment, Chongqing China Three Gorges Museum. The results showed that the species and quantity of
cultivable microorganism in the air of the museum micro — environment was significantly higher in summer than in
winter. Species of Acinetobacter, Staphylococcus , Pseudomonas and Advenella were found to predominate. In addi-
tion, Acinetobacter sp. and Micrococcus sp. were dominant in summer while Bacillus sp. predominated in winter.
The results were helpful in terms of evaluating potential microbial pollution and to providing scientific evidence for
preventive protection of exhibited or collected cultural relics in museums.

Key words: Museum environment; Preventive conservation; PCR — DGGE; Air microorganisms
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