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Abstract: [Background] There are abundant bacterial resources in the cave environment. The isolation
and cultivation of bacteria in the cave helps for the understanding bacterial diversity, as well as the
exploration and utilization of bacterial resources. [Objective] To isolate the bacteria by using different
media, and to explore the diversity and interactions of cultivable bacteria on the stalactite surface in cave.
[Methods] Totally, 11 kinds of media were used to isolate and purify the bacteria, then the taxonomic
position of the isolates was preliminarily determined by analysis of their 16S rRNA gene sequence.
Additionally, bipartite packet was used to analyze the interaction among the culturable bacteria under R
environment. [Results] A total of 206 strains of bacteria were isolated from the samples. These bacteria
belonged to 45 species of 4 genera and 25 genera in community with the Shannon index of 4.78 and the
Simpson index of 0.95. Proteobacteria and Bacillus are the dominant phylum (47.09%) and genus
(29.61%), respectively. The inorganic oligotrophic media were helpful for the isolation of bacteria from
stalactite sediments in the cave. Based on genus level-sampling site network analysis shows that the
distribution of culturable bacteria has a non-random and significant nestedness community. Bacillus,
Devosia, Alcaligenes, Arthrobacter, and Brevibacterium with more effective cooperation and closeness in
community are highly dependent on other bacteria, and are the key groups in the community. [Conclusion]
There are abundant bacterial resources on the surface of stalactite sediments in Zhijin cave. The relative
abundance and network analysis of different groups should be combined to determine the role of bacteria
in communities.

Keywords: stalactite, sediment, culturable bacteria, diversity, Zhijin cave, network analysis, oligotrophic
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1.3 FERFISNEE

2xPower Tag PCR Master Mix , Hha 1 #1 Hae 111
fit}, TaKaRa 2AH]; AN K MR, KHEML
PR (A AR A E S HMELIY 27F M54
1492R, A TAY TR KA RAE . PCR
10, 43 FRilg %, Bio-Rad AF); HLUKAL, Jtat
AN—HEYBHEARA A s EE O, Kb
W B O AT BRA A
14 HENSE. Gi5FE

I 10 ARMRZSEIET 10 mL JCE/KF, @i
10 fELLRBRERRE, B 107", 1072, 107 BB iF
W 100 puL 43 5iAi 11 ROARRIGFR A AR, B
JE3AEL, 20 CIHIRFAMTHIFR 7-8 dJa, PR
ANFTEASHRIETS, sifb)Ei 2R, & 20 °C
fEIEE SR 4-6 d Ji, 4 °C IRIEM
1.5 H#k DNA BI32EL

B HRMRIEFP R 5 mL WARE IR, 28 °C,
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®1 45 NMAEFAT 16S rRNA EFEFFI L34 R
Table 1 BLAST results of 16S rRNA gene sequences for 45 bacterial species

e R IRAR IR & GenBank %575 ARLEE B 2 H
Group Strain The similarity strain and GenBank accession No. Similarity (%) Percentage (%)
Azl XNB-3 Acinetobacter kyonggiensis (NR 116714.1) 99 4.85
Proteobacteria TJG-5 Advenella kashmirensis (NR 074872.1) 99 0.97
AHF-1 Alcaligenes aquatilis (NR 104977.1) 100 5.83
AXB-3 Alcaligenes faecalis (NR 113606.1) 99 1.46
AFX-2 Aquamicrobium aerolatum (NR 116910.1) 98 0.49
SCMM-5 Brevundimonas bullata (NR 113611.1) 99 0.97
AHEF-5 Brevundimonas diminuta (NR 113602.1) 99 1.46
SSCA-4 Brevundimonas terrae (NR 043726.1) 99 3.40
TISP5-7 Citrobacter murliniae (NR 028688.1) 99 0.97
SGX-3 Devosia limi (NR 042324.1) 99 14.56
XGX-2 Ensifer adhaerens (NR 113893.1) 99 3.40
XCMM-4 Paenibacillus amylolyticus (NR 112163.1) 99 0.97
AXB-1 Paenibacillus xylanexedens (NR 044524.1) 99 0.49
JHF-3 Phyllobacterium loti (NR 133818.1) 99 0.49
1IG-3 Pseudomonas brenneri (NR 025103.1) 99 5.34
IJNB-3 Pseudomonas donghuensis (NR 136501.1) 99 0.49
TIG-2 Pseudoxanthomonas mexicana (NR 113973.1) 99 0.49
JFX-2 Stenotrophomonas maltophilia (NR 112030.1) 99 0.49
TR JCMM-5 Achromobacter spanius (NR 025686.1) 99 1.46
Actinobacteria XISPS-1 Arthrobacter oxydans (NR 026236.1) 99 3.40
SCMM-2 Arthrobacter rhombi (NR 026448.1) 99 4.37
AGX-4 Brevibacterium antiquum (NR 029079.1) 99 0.97
IJNB-6 Brevibacterium frigoritolerans (NR 117474.1) 100 1.46
TMYA-1 Microbacterium foliorum (NR 025368.1) 99 0.49
SCMM-12 Microbacterium oxydans (NR 044931.1) 99 1.46
TNB-2 Nesterenkonia xinjiangensis (NR 029075.1) 99 0.49
SFX-6 Nocardiopsis prasina (NR 044906.1) 100 0.49
TNB-4 Oerskovia enterophila (NR 026239.1) 99 1.46
JHF-4 Rhodococcus globerulus (NR 118617.1) 99 1.46
SXB-2 Streptomyces cyaneofuscatus (NR 115383.1) 100 0.97
AJG-3 Streptomyces finlayi (NR 112373.1) 100 0.97
SISP5-2 Streptomyces olivoviridis (NR 112325.1) 98 0.49
SHF-1 Streptomyces pratensis (NR 125619.1) 100 0.49
JEEETR ] JB4-4 Bacillus aerius (NR 118439.1) 99 0.97
Firmicutes JNB-7 Bacillus aryabhattai (NR 115953.1) 99 1.46
AB4-13 Bacillus cereus (NR 074540.1) 100 4.85
ANB-11 Bacillus horneckiae (NR 116474.1) 99 1.46
XNB-8 Bacillus idriensis (NR 043268.1) 100 243
ANB-3 Bacillus mycoides (NR 113990.1) 99 291
XNB-2 Bacillus simplex (NR 114919.1) 100 9.71
AHF-7 Bacillus subtilis (NR 102783.1) 99 0.49
ACMM-8 Bacillus thuringiensis (NR 112780.1) 99 5.34
AMYA-2 Lysinibacillus macroides (KY628807.1) 99 0.97
XMYA-3 Lysinibacillus macroides (NR 114920.1) 99 0.97
AT SFX-2 Sphingobacterium gobiense (NR 134178.1) 96 0.97
Bacteroidetes
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Figure 1 The composition of cultivable bacteria in sample based on phylum (A) and genus (B) level
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HAXTE DB LR R IR A b or By, AnSE TR B R
(Stenotrophomonas) . 15K J&(Aquamicrobium) . 1)

R2 TRBHFESBERERZIHRHSHIHEL

Wi R 8 (Nocardiopsis YN FX Bi 2 3erp 45
R, B €0 I R & (Pseudoxanthomonas) . '
¥ & J& (Phyllobacterium) . 1% W7 $£ & &l K W
(Nesterenkonia) /Y JG . HF FI NB £; =5 Hh 43
[EE/RES

2 4 N AS [ R S0P L A0 T G 5 A T 2 FE
WA 25, AAREECN 2.63-2.91, “FAREEUE
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Table 2 Isolation strain number by using different medium and the diversity indices in different sampling sites

SRAES B5FRIE Medium

Z MR %L Diversity indices S

Sites FX XB HF GX JG NB B4 MYA CMM SCA ISP5 FHRIEH S ARFEE
Shannon index ~ Simpson index

A 5 6 4 1 4 12 11 2 5 5 1 2.87 0.92 24

T 0 2 4 2 5 5 6 2 4 4 3 2.82 0.93 20

J 2 0 3 2 5 10 4 1 6 5 1 2.63 0.91 18

S 3 2 2 1 7 2 0 4 9 5 4 291 0.93 22

X 0 2 4 6 1 8 0 2 6 2 4 2.68 0.92 17

TE: A BHOE; T FARE; I UEREE; S KSER; X. [IRENR; ST WK
Note: A: Juanqushidong; T: Yutugong; J: Jiangjingtang; S: Shuixiangzeguo; X: Xueyaqingsong; S": Number of species
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Figure 2 The distribution of cultivable bacteria (genus level) in different sample sites
Fe A BHATE; T: ERE; I & S KSERE; X FHEED
Note: A: Juanqushidong; T: Yutugong; J: Jiangjingtang; S: Shuixiangzeguo; X: Xueyaqingsong
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Table 3 The interactions of cultivable bacteria based on genus level in network
Il & YRR AREHE R
Phylum Genus Species strength Effective partners Closeness
I F ] Acinetobacter 0.23 2.97 0.04
Proteobacteria Advenella 0.06 2.00 0.04
Alcaligenes 0.37 4.78 0.05
Aquamicrobium 0.02 1.00 0.04
Brevundimonas 0.29 4.56 0.05
Citrobacter 0.05 1.00 0.04
Devosia 0.73 4.76 0.05
Ensifer 0.15 2.94 0.04
Paenibacillus 0.07 3.00 0.04
Phyllobacterium 0.03 1.00 0.03
Pseudomonas 0.27 3.54 0.04
Pseudoxanthomonas 0.03 1.00 0.04
Stenotrophomonas 0.03 1.00 0.03
R TAT] Achromobacter 0.07 3.00 0.04
Actinobacteria Arthrobacter 0.42 431 0.05
Brevibacterium 0.12 2.59 0.04
Microbacterium 0.12 2.00 0.04
Nesterenkonia 0.03 1.00 0.04
Nocardiopsis 0.03 1.00 0.04
Oerskovia 0.08 3.00 0.04
Rhodococcus 0.08 1.89 0.04
Streptomyces 0.16 2.75 0.04
JERERE ] Bacillus 1.43 4.63 0.05
Firmicutes Lysinibacillus 0.09 2.83 0.04
AT Sphingobacterium 0.06 2.00 0.04
Bacteroidetes

3 W54

AWFFEINTEE TR | i = O B 1 LG R /XA
By EARAR AN, FRAS G A T T A %
TR NP FLA TR R I AT R A R 2R,
W1 24531 oA e 2L A0 DORR W 3 1 e 5% 97 240 o ) 2
S8 ZREPERI R SR R o BB A TR R
S B LA DURR ) 2 1 ] 5 5% A 1 R K B
RERESTH, JEAEREHLA A R o PEITAS
Ry ik — WS R IR R E I RE R R, DL %
ENTESEE T mPA R P I . RE S A E IR
S IRESSE T HER

LGN FL A TR R B E R R T
AR R JRERER T IR 1155 4 4>
[]o XU R B Y AR aRE
IR Py 3 K TR A o g
R R AR TR Y R S AR . I TR ) AR B
PR RO | AR - 3 55 BRI T 15 57 40 7R o
O H UL 2 M), Dong S5 T A3 IRk
WFFE R AT BT ) 2 2L T P ph LA R Tl 3
AT SRR AR —FE, iR U IR
U2 LA O R b g v K T s S A
AR N ], MR R
F = 22 U RE R DU e it 52 2
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JERETE ]

@KL, ZEROFE TR S R 2 & W N DT A
rh 2 T AT G TR R L8 (29.61%) . ZF AR
RS IR RN, TR A 2R LUK
PRSI, B R AE W T R
TR B A 25 BE 5 9 PR S A PR 5 v mT 35 5 24
PSR Mg iR, SL4 TR
ARM A G FRME Y, ZEAA B 4 & B A
WE A BEVEERE m AT . B, 2
AW IRGE T 2T iR BB DA ERES , 7 V& s
R 7T BT A 2o R v ek 2 T (1 A £ PO
WAL, ZFEFRAT R AT A QA 2 R R A B Y
pH {H, TR, A YRR I8 A R T4
IR (Quorum Sensing)VEF, A5 HETS NAH
HAVER AR R T E eI A £
e B A R B T I U D B0 25 ) R B AR A
F, AR o AN SR AR ) S

IR IC T R (14.56%) . AT & (7.77%)
PERRAT R (7.28%)  BCERL ML T R (5.83%) I I i
B (5.83%) A 21 431 P T L 04 i 2% 11 AT 85 3% 40
RIS RT G 52w o 7K o D o s 05 A 127 2
W2 MTES 2RI, BT 2R
TIEA RIS P A G ), AR — L
AL AP AL o A A A AR, X
2 FANESRE A AR A Frg ) 21 444
Xt — LRI ENT DAETEERAE S, A
ENEREE AT T ERA R —2205R., ™
BT B 41 TR AT BB 2 5 AR BE Hh 4 5T RN B
Wigtd, 7ERASEARS RGN LR P95
S, PN, FE7 AT R (Alcaligenes faecalis) e
A RCRAL A R AR T, AT RO A LS R
0 Z (TR XA B AR, IR0 AU B 1
7o MR B & — B oA Tz AT, o I
THEY A R R S A L TR O TR A
5 (5.83%) 1) Al FAL M TR T P BB R T AR AR AE
Ed ., WRiRsE. Iuah, FIREREF SRR

W NB 5703, BRI R A 4 B Ao g 2,
L N TE R (5.83%) 2 NS E IR, HoAE N
BRI BE 1B,

Rivett 50N, , B AAD FEETE—E 2
FE bR T HAEREE P E AR, AN
AN ZERETS P AR LA T Rt i 2%, 4143
Pyl A R AT IG IR A AR, HA B A
X R SRR R . IR IR E . AR E
AR T e B R R S A LAt 2 T 2 1)
FAEE Z M EAER, 2zl i B b i e s
o BB AR A = By, ARl
FEEMEE Rk 51.89%, {HIHAE s 35 falihs
7% W 2% o3 A v 5 A TR R 1 X 2 B G
AP i3I 7S T AT 0 T 40 T A R P 0 R R
RE UG AN B HEAR XS E B, BN 25 A 4% AT
5. A, SeBEFRRML G sy B 2 RO b
RN AN RS AR E AR 2 5 . SLE TR
FLAF TR SR AT S BEHERT 10 A2,
URFMEEE . AFwEE . ZFEFwEE .
TR RIS 24 R 2R AT IR 5 18 2 St g ik o i sl
SRrP Y SRR RIS R R 25 AR, alifsgk
43 B ARNT 35 B 4 1 P PR IR 0 G T B O R e s o
o g R i SR, A X 3 B AR AT
BT TR & (0.97%) TE T35 2 i M 4 R vh 3 & 2 %L
B mH, BTFRATPTR A MG E AR,
PRI e R ARG F20X 2 Bl 320 A AR 15 ik 4
B 2 AT & A BT A

LU TR B2 A DU R T A A — SRR AR
PRI s 22 ERNR SO
FRE YT L R R A RE 2T 4
s 13000N gk UV 4 ) R I35 r ] 5% % 400 51 4 AT
b, 15KEJE . FraEmRATE)E . R R
FEEF R B UE AR G TR A 2 A TR Y &
RN 2] . Bambauer SEMFFE R, 157K E & AT LA
W SR R R QIR AL 07 B A AP AT
B —RKpENE TP IEERE, W LT+

REHCY
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B moKEREETh, HABRESREIGY. BJR
BRI R VRN AA J5 S A SRR A F Y MUK A
(Oryza sativa L)W 43 B IR TR AT TR 8 N AR o ELAT
A RS R EE T E LS AR
(Myrsinaceae) 1t 5B} (Rubiaceae) Hp e s F (1
M IR AR, MEARE R S SRR
(Trifolium LML I 5 R0 b1
e Eh e oy B B0 2R R E R R R
B REER WA OO A, AR S B
(TR SFX-2 55 C RIS B AT 17 & 40 T 7 91 1 e s A
IPEACR 96%, AT RE NS REHT I & (1) — W e BT
Fir o HARM 2225 BT R /IBE . A
b RRAE 25 S A T S8 0 o 0 Ik S 2 T SIS TR IS
W o R B v 0 A T e AR I A T R ) Y
FHEAE I — 2D 05T, 5 G b ) B A 9 P9 24
R . RE B LA R AR

S AR IR T R e A . i, Vs
TR 8 AL R IR & 43 A AE 4 A T FK £
FEEMFES R, X 5 FRARERER AL )R
KOF E 2 B E R E A R A —2, B AR
T2 EIBR A MR A E R, A% B RE W
TR ZEHE . BT SLA TR AN [ T R B e 32 ik
W TR SE R AR, 240 T P A4 0 1 21
BEAE FRROAR, B[R 7 48 1 28 1 2H A
iR,

AN TRVRE b i) B SR AR TR AL SRR ], AT
A5 LI rh ik B R SR A L R B 2R A | kb
(O PREE L R B 3R 1k R op BT A R A e AR
WEFE R, 25 B SN [ 55 3R B 23 12 30 i 40 v AT
— B PE, IR 11 FORFESE R 15
B, HPAANE IS 25 J8 45 Fh. HZIETRIE T
KT B AN A SRR R RO He2.58) T, bl
AU R BA S 2 AR R (4.78), WEOR
AR N B FL A DU 2R TH AR ORI B
FRI, AR IR OK 20 T 22 B A TR

i IR B A AR o SRR AR O b S A R R
(466 MY 5.36%, FEH T e B IR AL RE A I His

FHAFR 7 T A 4 5 o TR PN 200 T R 0 1 A AL
BREZWE, HTERTEEWEREFAFT
ZEEFRANTE I LE RO BT E AN TR ST A Al g
TR A AR A e BN R A R 5L . s K T
JEALE R IR B A FX JE983E b s,
NeFF B B AAE FX Al CMM 55773 o sikis . 2%
BRI B R BB FIZERE, CMM., G,
NB. HF Dl J FX SRR AR &t AR
SOV RE 385, Hrp, B NB 3R HE50,
CMM, JG. HF Fl FX 85525 2 ITCHLY N 321
SE IR

TR XA [R5 7 i A B m vk, 1558
I3 B IR IR AR IR T AN R VR 1 2 RE v RN A B A
—E BRI . KFRTANTE, AnTE S IRt b A
XEEREE, 4L E 8 (Halomonas) . Hh%%
W& (Massilia) . 54 K H & (Pseudonocardia) . Ji,
IKERIE 18 J& (Salinisphaera) 35 R BEIH 1L 43 B 3845 o 2R
T SR EI A RESE VRl B kU, il =ik
FFF TR Ja RN AT TR S 2 43 2 FIr AR AR 3 B A
P&, WoRBEE L s FRia e, Bk, Fraliss
T RIEFFHORGE G A R A R GeHh T il /<
A ZFEE . A e 2D Rl I T R B R
FAFRIEA TR, KA B FHRREA R A Y AE TR
FOE LB RS RGEAE R YI6E, 2985
A TELER B I AE B8R
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