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Diversity and functional characteristics of Bacillusisolated from

gut of giant panda (Ailuropoda melanoleuca) at different age

LI Ti*®* ZHAOKe* HUANG Yan'®* WANG Meng-Ting® LI Jing® ZHANG Xiao-Yue?
LI Yue’ LI De-Sheng*?

1 China Conservation and Research Center for Giant Panda, Dujiangyan, Sichuan 611830, China
2 College of Resource and Environment, Sichuan Agricultural University, Chengdu, Sichuan 611130, China
3 Key Laboratory of National Forestry and Grassland Administration on Conservation Biology of Rare Animals in the
Giant Panda National Park (CCRCGP), Dujiangyan, Sichuan 611830, China
Abstract: [Background] The intestinal microflora of giant panda are abundant, and the population structure
is related to the age of the host, living environment, seasonal changes and other factors, among which age is
one of the important factors affecting the composition of intestinal microflora. [Objective] Study the
diversity of Bacillus isolated from giant panda gut in different age, in order to explore the relationship
between the diversity of Bacillus isolated from giant panda gut and age, which provide strain resources for
the development of new probiotic. [Methods] Spread plate method was employed to isolate Bacillus.
BOXA1R-PCR, 16S rRNA gene phylogenetic analysis and principal component analysis (PCA) were used to
analyze the diversity of culturable Bacillus. Confrontation growth method and disk diffusion test were
employed to test the antibacteria activity and antibiotic susceptibility of isolates. [Results] Total 90 strains
belong to Bacillus genera were isolated. Based on the result of BOXA1R-PCR analysis, 41 representative
strains were selected for further 16S rRNA gene sequencing. The result showed the isolates were affiliated to
6 species, including Bacillus subtilis, B. atrophaeus, B. velezensis, B. methylotrophicus, B. amyloliquefaciens,
B. pumilus. The result of PCA showed the population composition of Bacillus in giant panda gut was
influenced by age. All of representative isolates possessed CMCase ability, most of isolates exhibited
antimicrobial activity to pathogens. All the 41 representative strains showed resistance to Penicillin G and
susceptible to the other 9 antibiotics. [Conclusion] This study indicated that Bacillus isolated from giant
panda gut was abundant and the distribution was influenced by age, which possessed great potentia in
developing probiotics and can be further explored.

Keywords: Different age, Giant panda, Bacillus, Diversity, Functional characteristics
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e e SEE E S BIHEF T4 B (3R 1) 11 R RES Y
ATETHFIRE S, EWZSHAHN, SR
1.1.2 EHFEMEERT. LS

H3E E SR R (g/L) . M 5.00, 4RH
3.00, fEHEfEHCY 1.00, CaCly,-2H,O 0.10,
MgS0,4-7H,0 0.50, MnSO,4-H,0 0.05, #ifig 18.00,
pH 7.0-7.2; LB 3K (g/L): &1 10.0, BEL:
$£Hy) 5.0, NaCl 10.0, #ifig 18.0, pH 7.2-7.4.

PUERZGWACH , BN YA FRA A
PCR Mix, Ki&EFAY THERARAH.

fHiR R, Bigd TAYRHEAERAR; IE
BUOCEIMNEE, Carl Zeiss AG A RSN,
SCILOGEX A+l ; ¥R URE L, Eppendorf 23+ ;
PCR Y. BEWCHUEAL, Bio-Rad 24 H],
12 A&k
121 EHoBESHEK

SR B 1) i R B AR 2 A i I TR A A
107", 1072, 10° K&, 80°C&J@i 10 min g,
AR E SRR L, UE T 37 °C H53% 48h,
PRIURTETTE LB B ik ralifh, Jsmat
EEPROFP T LB #HAl, JFT 4°CIRAF
122 WEZETE

PR VR A TR L IR 5, 7E M T
EERINTF R ) BIOES . R A SRS
F1 FEHEXERER

Tablel Theinformation of giant panda

54 WA () B BB

Name Date of birth (Year) Gender Growth stage
Wuwen (W) 2013 Male Sub adult
Susan (S) 2011 Female  Subadult
Xianglin (X) 2009 Male Adult
Meigian (M) 2006 Female  Adult
Taishan (T) 2005 Mae Adult
Gege (G) 2003 Female Adult
Pengpeng (E) 1999 Mae Adult
Daili (D) 1999 Male Adult
Zixia(Z) 1995 Female  Elder
Y aoyuan (Y) 1993 Female Elder
Panpan (P) 1985 Mae Elder

1.2.3 BOXAI1R-PCR &{E LR

PRI MRS 40 DNA®, 25 BOXALR 514
(5'-CTACGGCAAGGCGACGCTGACG-3)i#4T PCR
P46 PCR =Y 2.0%B5 I8 ESEE LUK (80 V,
90 min)k i, HLIKZE A, (il HTBERE AR RS AT
1 FL Uk P 3 38— A A RS B AR BB AT AR
FIBUE 17 F10", 183 NTSY S-pe2.1 #fb -4 TAI L
PESHT, R34 81 (UPGMA) B2, Ffa ks
ELRIEE S S RNE R
124 16S rRNA ERFEFII SR AFZLZERE
Mg

45 BOXALR-PCR igtf% ZHE 14 Hr Pkt AR
LMk, LIS 27F (5-AGAGTTTGATC
CTGGCTCAG-3)#1 1492R (5-GGTTACCTTGTTAC
GACTT-3)i47 16S rRNA L[ FE33 14, frfs =4
B TAY TR (R R A BRA SN, P45
RAE NCBI B %2 s E1 7 BLAST HXF, 7E GenBank
o AN e KRR SR 351, (5B MEGA
6.0 %4 4r#r % 1 Neighbor-Joining ¥4 7 16S
rRNA JE[H 258K B,
125 EWHHHH

WP T, 454 BOXALR-PCR itk 2t
P, Ko B T RRLE AR S A LA Excel
2013 HFEf T4, ] CANOCO 5.0 %47
B4 53 (Principal component analysis, PCA)*,
126 BRI

FEARBRIRE - i v B {1 FC i (Kl ebsilla pneumoniae) |
4> 10,75 %49 BK 1 (Saphylococcus aureus) . K iz 1
(Escherichia coli) . iz ¥k T# (Enterococcus sp.) . ¥01]
G (Salmonella sp.) i U 1Tk 24 A= i Bl 22 24 e
SR TR 0 0 TR S 56 R P X R 2R K i R kA T
M
127 FHEMERE

P AR R R 1Y T R T MR 208 57 2 B3
F% 2-3 d, WEGILEWE A, A iEVIEIR L
o ZEEFAVEN, ISP AR
128 ZEHKLE

TVEHCA K BB 25 23 2t A ORI PR, R
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SRR BIEY BOEY, HUR CLSI it kil T
Feff o 10 FipiA: 2GR T FAR 6 mm, 37 °C Figt
24 h JFCsRA AR RIS Bt A4l CLSI(2010)
PRUEFIRTHUR(S) . A ()25 (R), FIE BRI
2fgtk.
2 BREM
21 REEEPIFAFEMNSBEAEL

1L FURRRARZEFEAE b 3L o0 B ARAS T 90 Fk
Wbk, KREBAMETE LB BRI F R B A

T-3

Bl EMERAREFRELREMETES
Figurel Morphological characteristics of isolates
Note: Al, A2: Strain T-3; B1, B2: Strain D-5; C1, C2: Strain SW-4.
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Figure 2 The number of Bacillus sp. isolated from giant

panda gut of different ages

Note: W: Wuwen; S: Susan; X: Xianglin; M: Meigian; T: Taishan;

G: Gege; E: Pengpeng; D: Daili; Z: Zixia; Y: Yaoyuan; P: Panpan.

The same below.

GATIN, R0 R DA IR A ZF AR T R
fib, DECREPREFIEARN, RO ; v
azhae, PEChFLEG, KeRE, 2
DB R R, Bk RAE S 2O
R, BARRE ™AL 1), RT3 BRI A R bR
P2 AT I o A [R) AR B S o A5 2
MZFAEFF RO W 22 5, B A Y S A 3
N>R AR >4, Ho MUSAR K AR A% 15 (G)
w3 R ZF AT R R R 2 (K] 2).

SW-4

22 KEMEBEFATREESHUERRSZA
B
22.1 BOXAI1R-PCR =& #14

FH BOXALIR 51t ik e 5L itk 1 7
PR, PR 228 4 KT 500 bp. 90 HRER Y
LB 1 10 45 DNA 4517, 3HF 15 FhEE
FH ARy R 3G 45 BB RN
], 156 BH R REAN I 29T iR A7 A6 BH B st A 24
P T UPGMA JEXH 38 i Beilb A TR 2843 Hr Ak Al
BRAREE(E 3). mlE 3 AL, HERERAE 59%i1)
FPE FERTE—, 76 73%M AT F4M T 8 4
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Figure3 Cluster analysis of strainsisolated from giant panda gut in different ages
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BLEAY, Gkk P-18 HApaRE, 7R 8 st L,
FELERK, A7 36 PRiR, HUCOWHE [ FMRELV, #0047
15 PR eAh, FEVICAL 5 IORAF K AR A i T8 0
ZFFRAT B, T A R AR AR i T8 FH ARAT A 2R FAT
R Z V)8 THREL, MR ARSI 18 P 3RS Y
R K2R FREIL . 55080, KrehiiniE

AR
222 16SrRNA EERFEELE N

HF BOXA1R-PCR iﬁ%@iﬂ‘&, M 8 I AEHE
HERE 41 BRICERFERRIEST 16S rRNA JE R34y
Mr, P45 R7E GenBank EF‘FH BLAST k£ 7 [RJE L
XiF, ORI B = PP A R Gk B (1] 4)

AT IRRA EE 2R, g

AL SR AR A

X-2 (MH790187)
S-1 (MH790190)
W-5 (MH790183)
W-4 (MH790182)
S-6 (MH790181)
-2 (MH790178)
-1 (MH790177)
-4 (MH790175)
-3 (MH790171)
-8 (MH790168)
3

81 (MH790167)

-3 (MH790163)
p- IS(MH79OI62)

(MH790160)

-6 (MH790159)

-2 (MH790158)

-4 (MH790156)

-4 (MH790153)

X-4 (MH790152)

D-7 (MH790151)

Bacillus subtilis ATCC 60517 (AJ276351)

G-7 (MH790191)
E-9 (MH790176)
Bacillus atrophaeus ATCC 49337' (AB021181)
77l D-71 (MH790172)
67— D-4 (MH790173)
Bacillus velezensis CCUG 50740 (AY603658)
Y-1 (MH790188)
M-6 (MH790179)
Z-1 (MH790189)
54] | G-3 (MH790169)
Bacillus methylotrophicus KACC 13105" (EU194897)
D-5 (MH790165)
M-2 (MH790164)
X-6 (MH790161)
P-14 (MH790153)
Bacillus amyloliquefaciens ATCC 23350" (AB006920)
G-6 (MH790154)
Y-4 (MH790157)
P-4 (MH790166)
P-17 (MH790170)
D-8 (MH790174)
S-5 (MH790180)
T-4 (MH790185)
— X-I (MH790186)

0.005

|00 T-3 (MH790184)
94" Bacillus pumilus ATCC 7061" (AY876289)

4 ETFLEEMEIZFMAE 16STRNA EEFSIRF L BR
Figure4 Phylogenetic neighbor-joining tree based on 16S rRNA gene sequences of isolates

T8 TR PRI R b R R L

JER IR S

Note: After the name of strain is the microbiological culture collection center of standard strain, in parentheses is the closest relative

55 N g S D R HE X SR AU I8 55 BRIk S 5 455 P9 D 0 B 3 A9 R R A 2 T

sequence in GenBank, after the number of strain in parentheses is the sequence of band in GenBank.
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A3 R B 2EHUFF I (B. subtilis) . 2545 2R FLFF R (B.
atrophaeus) . DUSEHTZF AT (B. velezensis), HI &
FFB AT (B. methylotrophicus) . fFRVER 2F7
¥ 7 (B. amyloliquefaciens) 1 %5 /N 2 1 1 T (B.
pumilus) . AN [F] 28 B ZEFLFF DA AEAS [R] 4735 R R
il A SURAE , AR KREA (W . S 44y
AR 2 FIEFAOAT R, BUAERBERE(X . M. T, G,
E. D)iiBEIARTS 5 P 2E AT i, B KRR (Z. Y .
P iE A ARTS 2 FEFALAF i (18] 5), Horh A R 2R f AT
TH(B. subtilis)7EFrAFE S TR A 404, FE/INAFAUFE
1 (B. pumilus) . Z£44 27141 [ (B. atrophaeus) . H ik
H IR ZEHIFT I (B. methyl otrophicus) H 76 i AFE Kk fg
G T A M T I (T O < (=
amyloliquefaciens) { 7£ & 4F K SE A8 A il v 43 2515
#, UL EZERERY], RSB B0 K REAR I 1E
(4 AT T Y 2R SRR L B A R 22 57
JAE K REM i vh ZE A e i T T, ThiAHA T
BUAER AR, S RLAE RN A KRB AR 1 18 N 1) 2F FAT
AN F—
223 EWSDAEKREIEGE AT E
L

iz T} CANOCO #R X AR K e o 18 2 feL AT
PRANEERED T oo A . $RE 2 > o IR A2k
filEl, S5HANE 6 P, B 1R 2 43 5k

a Bacillus subtilis
a Bacillus amyloliquefaciens v Bacillus atrophaeus
s Bacillus methylotrophicus = Bacillus velezensis
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—
o
(=)

~
(=)
T T T 1

W
[}
T T

&
=)

—_— DN W
[Nl i
——

The proportion of bacillus (%)
o
<

R |
=
A
=
B
| A
| |
B
| |
| foA|
s | b~
2l
Bal |, B

Bl 5 FE#HFEMEEACRFRKBIEHETHS S
Figure 5 The distribution of Bacillus genera in giant
panda gut of different ages
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i, BLHNZARE SRR 2 R B
SYRTEE SRR, KAEM A TE N I 24T TR 7E R REAN
ARSI BARE 2, WA . A RS KRE
A B R ) ZE AT TR 2SR A R 22 S i, (RO TR AR
A B B K BB T8 () 2R AR T SR 2 N A A 4B
PERE
23 KEERMAIEFAITEE RS
231 LRSI RN

41 BRUEATE PRI REAERI LRI IR 5 LR s
WIRE, W] BT A LU R A AT EL A R i 4 4 3R
Jo SAHTRIR, 485 FBUE K BEA 1 8 T PRI 21 4
FOKFRRE S5 = B A AR REA , BB AR
X TR RR I T BEA — i HIRZ N (3R 2).
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Table2 Physiological characteristics of the representative strains

Sm B A KREER | e IR KA 117
i~ Nj Inhibition zone diameter (d, Mm)  Hygrolytic circle | i Nj Inhibition zone diameter (d, Mm)  Hygrolytic circle
| 2 3 4 5  diameter(d, mm) | 2 3 4 5  diameter (d, mm)

X-1 - - - - - 7.3 . G6 1m3s - - - - 15.4

X-2 o= = = = 95 : G7 ol = = = = 85

X-4 92 - 55 63 - 6.1 L M-2 755 - - 71 - 16

W= = = = = 59 M4 . 838
|

Y-1 85 - - 97 - 7.1 i M-6 - = = = = 7.6
|

Y-4 50 - 81 85 - 6.3 | P4 86 - 83 96 - 5.1
|

Y-7 o= = = = 6.2 i P14 72 - - 127 - 9.3
|

Y-8 69 - - - - 6.6 P17 88 - - - - 9.2
|

D-1 84 - - - - 9.8 i P18 80 - - 108 - 8.4
|

D2 11333 - 86 61 - 8.4 I s 69 - - - - 46
|

D-3 82 - 53 92 - 136 IS4 68 - - 712 - 5.8
|

D-4 76 - - - - 126 I S5 80 - - 139 - 6.5
|

D-5 81 - 92 - - 8.4 i S6 - - - - - 6.3
|

D-6 83 - 97 73 - 11.2 | Sw-3 79 - 68 - 7.9
|

D7 124 - 93 69 - 156 I sw-4 119 - - - - 9.7
|

D-8 78 - - 66 - 8.9 : SW-5 94 - - - - 7.3

E-4 - - = = = 17.4 : T-1 97 - - - - 102

E-9 s = = = = 15.4 : T-3 56 - - - - 156

G1 65 - - - - 9.1 : T-4 84 - 74 96 - 137

G2 e o= = = = 153 Lz 66 - - 13 - 7.9

G-3 86 - - - - 125 |

W 1. SOEERE; 2. WHEkE;

3: WITEKH; 4. KIBAFE; 5. BiREKE. +. HiGM:; — sk

Note: 1: Staphylococcus aureus; 2: Enterococcus sp.; 3: Salmonella sp.; 4: Escherichia coli; 5: Klebsiella pneumonia. +: Activated; —: No

activated.

(TR PR BRI ] 6 (A KA Y AR 1, 26.83% (11 £k
B EPRREMIHI VDT R AY AR 1, 39.02% (16 #k
PR AR BRI KA R R AR (G 3). Hirbr, T8
% X-4. Y-4, D-2, D-3. D-6, D-7, P-4, SW-3
I T-4 X 4 O ERE . DT TR AR AT i
AR, RIHBLF PR 1.
233 HHHAR

F 4 NCCLS(2011)f X S Jak alt i 24 114 4
P, BTA AR TR RIB . BRRER . E&
R LLERBUR, KR B SRR | T R
W R R RN B, LT B rE bk

HRERMZY, XTI AR 2580k it
Ah, NI]— KRS 2 A rp 43 25 3145 1 [A] — R 240
FFEE G [F]— 2890 RS A TE 22 5, I
7 (DYRE A R 43 BRI I TR R D6 Fil D7 ) Ja A
ZEHIAT I (B. subtilis), Ak D6 X2 PRI N
Pilk, FRE D7 XFECEPEARERI U A
[F) A RE A8 28 A6 Hh AR AS 1 [) 25 FLATF 1R A B 1k A7
FEARARLE , an 4y 25 B K RESH 75 B (S) Ak Ak (X) 2 fiF
(R B ZE FOAT B TR R SR X2 355 BF A7 ) R Bt
A AU, VLIS R B R X &P AE R W PTE A AE
MRS
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Table3 Antibioticresistant patterns of isolates

J@iFh BIRR CSRAbR TR RRER SER 48R ANk 552 el R BN
Genus/Species Strain CFz AMK GEN CHL ERY AMP G SMz NOR CIP
Bacillus amyloliquefaciens  G-6 S S S S S S R S S S
Y-4 S S S S S | R S S S
P-4 S S S S S I R S S S
P-17 S S S S S S R S S S
D-8 S S S S S R R S S S
S5 S S S S S S S S S S
T-4 S S S S S S S S S S
Bacillus atrophaeus D-1 S S S S S S R S S S
D-4 S S S S S S S S S S
Bacillus methylotrophicus  D-5 S S S S S R R S S S
G-3 S S S S S S S S S S
M-2 S S S S S R R S S S
M-6 S S S S S S R S S S
P-14 S S S S S S R S S S
X-6 S S S S S S R S S S
Z-1 S S S S S R R S S S
Bacillus pumilus T-3 I S S S S S R R R I
X-1 S S S S S I R S S S
Bacillus subtilis D-2 S S S S S R R S S S
D-3 S S S S S R R S S S
D-6 S S S S S R R S S S
D-7 S S S S S S R S S S
E-4 S S S S S R R S S S
E-9 S S S S S R R S S S
G-1 S S S S S S R S S S
G-2 S S S S S S R S S S
G-7 S S S S S R R S S S
M-4 S S S S S S R S S S
P-18 S S S S S S R S S S
S1 S S S S S S S S S S
S4 S S S S S S R S S S
S6 S S S S S R R S S S
W-3 S S S S S R R S S S
W-4 S S S S S R R S S S
W-5 S S S S S R R S S S
T-1 S S S S S R R S S S
X-2 S S S S S S S S S S
X-4 S S S S S R R S S S
Y-7 S S S S S R R S S S
Y-8 S S S S S S R S S S
Bacillus velezensis Y-1 S S S S S R R S S S

e S U 1 PERUER; R HilE
Note: S: Susceptible; I: Intermediate; R: Resistance.
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LS00 TR LA 400 A RN in 3h W e s T i
YERT, AT Ok AR A SRy 2 (TS T R) B 25 A
WAL, DAV R N A 2 R A, KB
JEIR1R28, IIXHEYT S A B B A — i AL
B, B—RIRAW MR AT IIRER . T
B 2R IR I T R R AR, R AR
TE AR B 20 B A g A e A 9T ) 32 Bk
LZAFFIIT: . FRTRTEE N 20 173 BAE K REA 2618 Hp
SYEPAT T MEAFHATIE, YEAA AR RIS,
REFF AR R R RAFIPTRTEN:, 2%
TE XSRS I AR ZEF AT 1R (B. subtilis) | /N
FALHTI(B. pumilus) FIBEREZERIFF (B, cereus)™ s 22t
SEXT A B B R BRI AT RN 28 . AR
fFERETT . DU IR P AR 25 BOE Sr A 4 2R R W
I3 BRI R R IR Qe R B AR T, R
P A iR S AR s B A A B AN 2E i e 23
BRAT T — bR A 2 2 2% R AR T P 0 i T A 2 A
FF#(B. amyloliquefaciens)l®, %: I+, HETC HE
(18 K BE MG W 3 v AT R % 1) ZF TR B 28 T A
B ZF fFF 1 (B. cereus) . i UE By ZF AL AT 1A (B.
amyloliquefaciens) . ZH ZF /T 14 (B. polymyxa) . #i
FLZEAUAF R (B. subtilis) . /N ZEALAT B (B. pumilus).
ABFFE N 11 HR BEAf A 2 vt oy B 3145 90 Bk 2
FURTERT, 28 528 X S G R 40 S T A B 25 64T 147 (B.
subtilis) . Z£45 2 /4T 1 (B. atrophaeus) . D S 25
161 FF 78 (B. velezensis) . H 5L 5 3% B 2F # 4F 18 (B.
methylotrophicus) . fEVER 21T E#i(B. amyloliquefaciens)
R/ ZF AT (B, pumilus)e FLrfr, Je/NSFERAT R
(B. pumilus) . ZE47 21T 1% (B. atrophaeus) . F 5L
FERZEAIFTF I (B. methylotrophicus) B 78 AR K AESE
FEAE AL N P o B AR B, T 2R 4R 2F 46 FF 1 (B
atrophaeus) . HHILEFERIZE/EAT 1 (B. methylotrophicus)
D1 ST 2 AT 14 (B. velezensis) i UMK BB S 17
BT LA, ARBFE TR R
WIS AT LF e R AR ), X sk A Bk e

R TURIRR TS A Bt e B S5 A AT R R
bR T X E R R BRI BRI E RSN, Rt
H P RARRUR, vTRER T Aakiayr e
T KRB A SR I T35 25 2 Bk

I IE 2 S YR N R A S A, R
AREMAER, R, MEEENERRE LS
RAZW W, i RS kA AR
fbo REMIBFFERA, 15 F MR I8 i
LR TN 2 — DO RS 22 R T T
FEAI S P & UL T8 PP E IR AR IR K, A
BETR I AT S BRSCHI 5 D a3 otk
05 1 T T 0 R A 22 R AU 9 8 B R RE N 1 B
TR AR S I A e, #E SRR B 75 K e
T T RES R T R B, B I B B 1Y
AR ST SR TS s F et & B AR K A
TR B RE A SRR T AR KB IN; RHxt
ANFVAERS . SR RE S W 1 il e TR 22 i SR
TEEE BT 25 R, K AEAN I T8 T R T T 4
1) 55 2 RS2 A RS ) S Rt TR Sk
W 08 AR TR L SR I ST Y, R T AT
TERIIIAE L ? ABFST S R EH], AR BB
REAN I T8 PP ) 2R AT IR PR AR I 22 5, A
JAE R BB E HARAS 1A FE 2 ST 1 (B. subtilis) |
FYi2EUFF T (B. atrophaeus) . DS ZE LA 14 (B.
velezendg's), HILE IR AL ZEAUAT I (B. methylotrophicus)
A /N AEAT I (B. pumilus) 5 FP2EAOFF B, 258
Fu, OWAAE . AR KAER T8 P ) 2 AT B 25 1
AR —, R T AR, KA
A ZE AT B 10 22 R 52 B W R AE K RE A i i
B | SRR REAN I Hh ZE TR R (1 2R R
I E T A T P 2R B A SRR SO
ARARRIUAE, TR REA 8 P ZE AT BRT A0 P BER 20 A
FAAEW B 22 5 . SR, T2l R EoAR )5
BRI DA S S B i A MR R R iR, 4T TR
RES A T8 P 2FAAT BRI 04 SRR ARG | S 2t
FERIZ R A SR AR TFBE
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