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Abstract: In order to obtain cellulose-degrading probiotics from Tibetan sheep, cellulose Congo red medium was used to isolate and
screen cellulose-degrading bacteria from the rumen fluid of Tibetan sheep Species identification was performed through combining
morphological examination, physiological and biochemical identification, and 16S rDNA sequence analysis. Some biological characteristics of
the isolated strain were studied through the determination of growth curve, antibacterial test and drug susceptibility testing. The results showed
that a pink and Gram-positive strain was screened out on cellulose Congo red medium (named BS1-ql). The isolated strain, BS1-ql, produced
spores, and its physiological and biochemical characteristics were in line with the characteristics of Bacillus genus, such as positive oxidase test
and catalase test. Its 16S rDNA sequence was more than 96% similar to that of multiple Bacillus strains, 100% homologous to Bacillus safensis
and in the same smallest branch. It was confirmed that the isolated strain was Bacillus safensis. BS1-ql grew rapidly and entered the logarithmic
phase 2 h after inoculation; the inhibition zones against Escherichia coli, Salmonella, Staphylococcus aureus and Clostridium perfiingens were
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all above than 8.96 nm, indicating a certain degree of inhibition; BS1-ql was sensitive to most commonly used antibiotics to varying degrees,

and resistant to ceftazidime antibiotics. Conclusion: A strain of Bacillus safensis from Tibetan sheep was successfully isolated and identified. The

isolated strain has good biological characteristics and can be a candidate strain for probiotics from Tibetan sheep.

Key words: cellulose decomposing bacteria; separation; appraisal; Bacillus safensis; biological characteristics

AL BRI EZ ), Ik &
BAE MRS ARARE A AR, £
YR T MIRFIR, 18 TR A2 HE DA
S g R RMBCE GG S, ST MR,
KIER T ABERZRI R T . ALERPFRSFIHIL
AR EI B YRR e R, 27 A MR
[ 2t S AN <IN 17 1)) €2 e s
A 2 4 BRI AP, A o R A TR AT 1R R B
Rk AR, IR, Harodk
I RIHT 2N, WIS FEFE A
LRI LT,

YERPEAR R A R B, BT
FEX A R =, REF=2E K A4 JER B
BB, R SRR RS, ZERAT R AR
AZEft, EAPUSEEuoa. s ===,
S SR R N P = PO REAT R SR e AN E Y LR
TEHOAF IR MUK R B . R RO . SRR
PRTERIE. AR TR 7 A ORI 7=
SCRUSEFH SR, A R A OO SR AR b 4
7348 HH ATV DA SF PR B R A A0 o O e B I 1 25
SRR R Rong S WAL 7 B HE VD48 2 AT
WEAPIREEME, 2 —MPafEm AR 2;
2 R o S 2 N b b 43 B H VD A 2E AR B A T AR
BRI R R, BRI ) da Fonseca %5
AT R B L A7 T RS A IR S R A S IR
SRR SF RO R . YOAREF AT ORI AT
B A T RN R 7T 2 N

JECEAEVETE R (RIR (RE R R, X
TG ) AR B S5E  T BER F 3 R R R I KL DR P
w AT AEE Y B BRI E T
(B, ARSIt T B 2R B A IR
YRR, M AT EE ., A AERFERT 16S
tDNA 7358 57558 7 S AR IR K R G057
HHAL, FEX B ARI KRR HE AE SR 259
TURME S e S M A TR AT, DA AT 4 5T )
I R AR P B R e (I A (e B PR o

1 HRSES
L1 A5

1.1.1 HSAE®

SRR B RS T i Ll B V6 M 7R
. KIGFFE. WITKRE. SR EERE. rmA0k
JERR B o BS TR, 38 R T K R A o 7 e R 3
PSR 7T B RAT
1.1.2 XA

HFAERWIRAREFRAE, MEEMEEE. MH B
g (MHA). BERAMKE R, BT Sk
YIBARERRATF]; 2540 T BN RAERFIA TR

N
1.2 HEG5EH

T100™ ThermalCycler PCR 1%, 3[& BIO-RAD 2
Fl; LRH A7, big—ERHEE R A
AC2-4S1 M4, i E B R IR AR

1.3 SLHF %

1.3.1 HFEZEMEA 0B IH AT EFIK

FH PR AR R K 52 PR 0 R AR R 1 WA T 4 oA B
It MEHOWURERRIL T A4 RN R4, 37 CE
EEEFE 48 ho UM ALt R VR 7 S AL JE ISR B v A
KABIL,  HH A2 R e s A A g i),
132 S BREReEEAMNEE

RHCE 22 [RFETE . A R PIR A bRAT A B AR
¥, BRTESR (OARIKRAE RS FH)

Chz s 8 5O 1O, PREAiAL IS R BN B I A T

h%5e i, 1837 CHiF% 24 h JaWigess
133 & HEHkeY 16S IDNA L2

KA FERZ2H DNA $ERGRF S HEEU o 2 H Ak
FEDRIZH, FFI4H 8 (0388 51 060 2 BS HR3FEAT 16S rDNA
R B . PP 1%E e MBI 5 24 70
7 AR 2 B 7 51 AE 2 NCBI H 3T Blast HEXT,
BRI SR P MEGA 7.0 344 14542

(neighbor-joining, NI) LRI E R L FWI,

134 AKd@&agne

W B R IR BN 0.5 N2 L,
FERD LB WA 37 3E, 180 t/min 37 ‘CIHIFESIE 26 h,
2 h I EHAE 600 nm AW EEEEM, 10 EE 4
Hil A Hh £k
135 WA ZEK

85



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.6

K BRI RIAT B B (R & R S S i
M (1x10° CFU/ML) A T8 778005 I, FCE UKk
AR, KIE IR S AR RN, B
FML 4 CTE 12h 5, 37 CHEERFE 12 h, TN
T P B A,

1.3.6  ZdhsRE I

FKHIAC Y H#0% (Kirby-Bauer ) PG 43 5
B 30 Frri A= 2R (R RBURAE L, 4470 B8 DRI B VAR P
H 0.5 Azt IRATT MH PHGEI, K25
RS TPARGE, 37 CHEIRAAT 5% 18 h~24 h, i
AT B ELAS . AR B R R S50 S hr iR A 2
( National Committee for Clinical Laboratory
Standards, NCCLS) MIFRHEREATHIE L
1.3.7 ZAEA3E

SEAG 25 R A Excel BRI H AL L 1] o

2 ZR51Me
21 HFHZBRMENDERLERDSFAE
%

YR NIRAE R R 45 R A0 1a, 70 BT K
MR 2EE . R LWEEST, S8
PR, Ja L AR L A S Y
FESG A T I B B AR S ELAPAR P S B
A, RGO R 1b, BRI,
K Han 40y BS1-qle BEARMITH R AsIHLIEN
ARG RS YIRE LA 4R, T
BhOMRET AR B R e . ABFF DAL 4R N
BB RN R LRSS R R AT R R PR,
S TR U S s RIS RS 1 RE R 2T
YER, BRAEMIRAERE, SURWEERRL. EXELLAW
B/, 5 SR MR I E A A I 72 TR ™
BT

a

-

Bl ESFER
Fig.1 Morphological results
E: ar BAMA; b FLEREEHSLR (100x).
211 BEREEILAENET
ARG S BRI, 2> B BS1-ql REASH]
&R, K. 220, HENE. e Ne—

86

BRI, AR VU S2 MR EL A IR 3, HANREIL
JEREIR £ I A AR A A BRI 2 RAME (3R D
A pH fEAE 5.7, REMTSZ 7% NaCl 3158, ANEEKEGE
Fro ABIAMCE IR G SR AT R ARAME,  HoE xS
MRIEAFHERIIEE, FEX IR (ARG S T, ¥
AR BS1-ql %558 AT R

F 1 EBEAEMEERBRER

Table 1 Biochemical identification results

e #£X A #X I E R
HEE 4+ HnEHE o+ FHBR 323 R -
LEEE - RHE - FACEERIE +
Kpg + B + fik BRI
BTHE - BleRiKEE - Heg Ak -

ARAE - LA - BRERMGERYE -
BAE - R - pH57 £ K% +
M+ TR - 7% R4 +
WEAE - VPERE - HEMEOF  FHA

[T 321048 RBR -
212 4T %5rE4%k
M

1 N

2000 bp
1000 bp
L0 bp
250 bp
100 bp

1422 bp

(& 2 43 ESEPRAY 165 rDNA BB jk[E
Fig.2 Electrophoresis of 16S rDNA of the isolated strain
: M: DL2000 DNA Marker; 1: & ##k; N: MR,

MWS513386.1 Bacillus subtilis
JF899281.1 Bacillus methylotrophicus
7| MN330420.1 Bacillus velezensis

MF509835.1 Bacillus sp.
MT613661.1 Bacillus amyloliquefaciens
KX426074.1 Bacillus sp.

MW559330.1 Bacillus subtilis
98'MN330138.1 Bacillus subtilis
BSI-ql
MK748241.1 Bacillus safensis
MW836813.1 Bacillus safensis

|
100|

0.0020

3 165 rDNA FHIS5SEFFIEIRMLLIREER

Fig.3 Homology comparison between 16S rDNA sequence and
reference sequence

PCR 445 SR W&l 2 o, 43 BS BRI AEVKIE H
K FEAE 1400 bp 2247 (1 H SR, I 91 T on 3
KN 1422 bp, [FEJRELNTEE R L Bk 5255 2
TR 1R B AR [RIE I IITE 87% LA b S04 2E AT 14 [
Ptk ik 100% HAL TE s A —7p 32 b, il 3, 5%



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.6

GRRBIT . EEWRESR S SAERAE, $x0
AR AR VAR ZEATE (Bacillus safensis) »

FEG AN B S e R E B 8 B K BLAT
FEEMAIST . AEHA S @l e pH AR LRI
FIF, PIUGIEZH B R AR I 7 20 P ],
FER R A 2558 “hrdE” 1 16S rDNA HE[A]
R A AT CLSEHUG S E Y bs . . R
SEMHT, BRSSPI 7t R 16S rDNA I+
FFF LS b AET RIS il 2 B2 5 P SERAT B
Shafi ZEPME A O %58 71, BUARAESEI . A=tk
AN T OTIERE I S e o B BRI 16 #RaH
Wo ARIS FARFFFCAHRE, EEAENE. A
AALAREE K 16S rDNA 43 T4 e AHSE A, FEE] py AT
BRI 32 TR R VDA SEFEAT B o 23 RS i O U
SR AU B BS1-ql V-P X538 AR, 5K
B B R ST AN s 5 e i R )
(1] 2 MRVDAR AT B IR IR SRR SR . HRJEZT, JEkiK
RIS LS RA B, TG T AR A — KR
B Z M AR E A T2

22 AKdr &l

Y B RR BS1-ql AR I ZRan ] 4 B, VoA EF
FOFF AR KRR, 0 h~2 h NIEZE, 2 h 540
Fraa PR BT A B A KA, 14 h~18 h A EE T
Feag, #18 h~22 h WA E G N, 22 h 54
KRB N A

1.6 —— ODsoo
141
12|
1.0 |
0.8 |-
0.6 |
0.4
02+
0.0

ODeoo

0 2 4 6 810 12 14 16 18 20 22 24 26
BFIE] / h
E 4 HKKisirhex

Fig.4 Strain growth curves of strains
23 WHEHELHER

Sy ES PR BS1-ql MO Y01 TR &t
BRI TA 7 BRI P LA 40 1A 8.96
1034, 13.74, 14.90 nm, Z5RKIFVIHELFEITEE BSI-gl
XX 4 FHEUR A — e HIEIRE ], 0PSRN
HilRE iiot. SR EEE S EPUE S =
Tl A 7 2O S 7 A S AR 5 SR, Abdelli
SECOLE B e Y SEAAT B O R T MR R B R
X0 B 71 26 K TR S5 2508 B A H R D AR R e
Ngalimat Z5° HRE DR ZEAUAT B S R A — M
e 7o 52 AL, ARG 2 (1Y bAR 2 FEAT 1 BS1-ql
XERIATR - WITIRE . S amaakeE. PR
PRI AR AIHIRCR, RIS R AR ST
P NI i A R AR 1 2 R

7 2 DUSRENSFIATE 2 Bk AR 2R B IR 0 45 3R
Table 2 The susceptibility test results of Bacillus velez isolates to different drugs

B hbElug F) #RBAE

By L eEugh) HEARR

HEE 10 S
AT B 10 S
BF B 100 S
I B 100 S
R AR 1 S
kb 30 S
koqbrz 30 R
kbR F 30 I
KIRF 30 S
kFoILE 30 S
Sk Fbrak 30 S
3K FIk AR 75 S

WiRE 30 S
% BTk 30 S
P37 S 30 S

HEE 30 S
RXEE 10 S
T AR 30 S
FAREE 30 S
HRE 10 S
A E 5 S
AR E 5 S
A7 H4E 25 S
af 15 S
K EE 30 S
AEE 2 I
7 ¥ B 30 S
AEE 30 S
SHEE 30 I
ok P B 30 S

E: R AT, S EATHE; TEATTEMA,

87



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.6

24 HEAR

RIS AE SRR (R 2), VAR SEHIAT O B
Pk BS1-ql X4 K2 HBiE Z BRI, BFEEER
RINFHR ZUFTUMRARE MRS, MR
WiEEm. IRREBRMRIERS, WUHERE. KHFN
BRI ANE AT S X 2R Z R E B AT &=
SRR S fumk S FERRURR s TR Sk fa e 2 30 HY
M 241 . 5 A BB s N i v v A 2 AT
BT fEEl G . HRER AR, BTV 4 M
R 2, OGRS 5 8543 2 70 48 2 f AT
BS1-ql AU Sk fufthie RN ZG; RHHE 29 Fhi H
PR BRI FIFEEE U, Ui B e e FR T
PR R, B ER AT RS I 22k
BRIAD, XK T HrAE R PR R I XU, e
T XIS e NS AR R 1 B -

3 Zig

ARIS TR R Py BRI S T 1 MRAERE
fRAFAERNANTE, WVE 2. RIEDEHE. W%HEST,
YA R, WARNEANEFR. P,
A, AE R H RS, 454 16S rDNA LK 5y
TUEER, RAHE NIRRT 1ZRER
AR AT R AE R R A A KA, K598 2h
JEIE NSRRI I RE 750, SR VI
KW S EMmATERE . P IR o (10 B P E e
8.96 mm LA b; XHEFER. KMATF. EFRDESK
ZHUE WHUERBUR, SOk b i RiNzg.
LRI AENE,  IX R A% R IR R A
TR A S B LA

[1] Cui J, Mai G, Wang Z.et al. Metagenomic insights into a
cellulose-rich niche reveal microbial cooperation in cellulose
degradation [J]. Frontiers in Microbiology, 2019, 10: 618-647

(2]  PalsHs, 2, RS, S A M R AR 2T 2 2R T LR (0] e
P8 4%,2015,42(5):928-935
YANG Tengteng, ZHOU Hong, WANG Xia, et al. New
mechanism of microbial degradation of cellulose [J].
Microbiology China, 2015, 42(5): 928-935

(3] AR, EFEF ARG, 58 7™ LT Yk BT 70 7 B et R0 P O
[T rE ARV RF£,2020,49(4):55-61
SHAO Shuai, WANG Lingling, LIN Jian, et al. Isolation of
cellulase-producing fungi and screening of highly efficient
strains [J]. Journal of Henan Agricultural Sciences, 2020,

88

[4]

[11]

49(4): 55-61

PATURK, 00 MRS, 5 AP A R PR R T T BE R (D] L1 AR Ak
1.,2020,49(3):67,91

TONG Shuogiu, WANG Qiang, LIN Zongmei, et al
Research progress of cellulose degrading bacteria [J].
Shandong Chemical Industry, 2020, 49(3): 67, 91

Wt 2 4 5 B SR B, 55 U B A A B 2T A 3R R A o
] PP 338 R [ A A E 07389, 2015,42(8): 1569-1583
YANG Qian, LI Weizun, JU Meiting, et al. Advances in
microbial degradation of lignocelluloses biomass solid
waste-a review [J]. Microbiology China, 2015, 42(8):
1569-1583

W, T MRS, S A0, 5 S v 2T 4 3 T K
AN E )] 55 B A A5 441,2019,40(2):75-79,85

YANG Weiping, DING Yagian, MA Mengke, et al. Isolation
and identification of cellulolytic bacteria from animal feces
[J]. Journal of Domestic Animal Ecology, 2019, 40(2): 75-79,
85

TR A, I T, B 24 K A PR T ) 9 0 65 0 S LR
PEBE FURELLL] AR 1, 2019,44(4):102-105

PAN Zhile, YANG Hong, SHI Jiaxu, et al. Screening
identification and characterization of cellulose degrading
bacteria [J]. Environmental Science and Management, 2019,
44(4): 102-105

Vidal A, Marin S, Sanchis V, et al. Hydrolysers of modified
mycotoxins in maize: o-amylase and cellulase induce an
underestimation of the total aflatoxin content [J]. Food Chem,
2018, 248(6): 86-92

ek 5 SR, B T, 55— R A AR PR AT 2k 2R B 2 F T
153 B8 S e R I /3T [J]. 6 i R1H2,2010,31(21):312-315
HOU lJinhui, CAI Kan, ZHENG Baogang, et al. Isolation,
identification and  fermentation  analysis of a
cellulose-degrading bacterium from Arctium lappa L.
rhizosphere [J]. Food Science, 2010, 31(21): 312-315
IRV, A 2 AL DR 2, 55 PR BRI F BT AR i
X e AL AE BRI PEAN [T P R SR 2,2017,38(3):44-
50

XU Tongwei, ZHOU Jianyun, ZU Qingxue, et al. Screening,
identification, biocontrol and growth-promoting potential
evaluation of two bacterial strains against tobacco black
shank [J]. Chinese Tobacco Science, 2017, 38(3): 44-50

Rong S, Xu H, Li L, et al. Antifungal activity of endophytic
Bacillus safensis B21 and its potential application as a
biopesticide to control rice blast [J]. Pestic Biochem Physiol,

2020, 162: 69-77



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.6

[12]

[14]

[15]

[16]

(19]

(20]

ZEIROR, AR, TR AR M8, 55 Z D HE AL 2 i At A 41 0 1
(K170 B 5 552 1] Bl R4, 2018,44(5):753-759

LI Qingrong, LIAO Sentai, XING Dongxu, et al. Isolation
and identification of phosphate and potassium solubilizing
bacteria from fermented silkworm excrement [J]. Acta
Sericologica Sinica, 2018, 44(5): 753-759

Da Fonseca F S, Angolini C F, Arruda M A, et al
Identification of oxidoreductases from the petroleum Bacillus
safensis strain [J]. Biotechnol Rep (Amst), 2015, 8: 152-159
FINGE PR, X G, 8, 55 AR o A S B A P
StTI]A H B AU R,2018,34(4):50-52

SUN Xiaoping, LIU Jianbin, YUAN Chao, et al. Analysis on
high altitude adaptability and production performance of
Tibetan sheep [J]. Today Animal Husbandry and Veterinary
Medicine, 2018, 34(4): 50-52

HIS AL SR S M) AL B A A kR, 1999
HUAN Xiuli. Microbiology Experiment Guidance [M].
Beijing: Higher Education Press, 1999

AP RE, 7 AHT NE AN B 4558 TR 8 )M b &t
b A, 1984

Buchanan RE, Gibbons NE. Berger’s Handbook on Bacterial
Identification (8th ed) [M]. Beijing: Science Press, 1984
Takuya Y, Tatsuji S, Takenori N, et al. Lactic acid bacteria
from kefir increase cytotoxicity of natural killer cells to tumor
cells [J]. Foods, 2018, 7(4): 48-56

Zhao W, Li Z, Huang X, et al. The complete mitochondrial
genome of Salmacis sphaeroides variegate (Mortensen, 1942)
[J]. Mitochondrial DNA B Resour, 2019, 4(2): 3829-3830
IRATBH, RS ZE AR 0 S S5 MRARIBART). vk
AR 247,2015,34(1):59-65

XU Zhongyang, CHEN Wenli. Isolation and identification of
naphthalene degrading bacteria and characterization of its
degradation pathways [J]. Journal of Huazhong Agricultural
University, 2015, 34(1): 59-65

TR A% G R B A Wy b 2 A U 1R 07 08 S L G e 5 T
AEREFE[D]. 22 M H ALK #,2011

ZHANG Li. Evaluation of the potential probiotic properties
and immune regulation function of Lactobacillus strains
isolated from traditional fermented yak milk [D]. Lanzhou:
Gansu Agricultural University, 2011

Yin D, Guo Y, Li M, et al. Performance of VITEK 2, E-test,
Kirby-Bauer disk diffusion, and modified Kirby-Bauer disk
diffusion compared to reference broth microdilution for
testing tigecycline susceptibility of carbapenem-resistant K.

pneumoniae and A. baumannii in a multicenter study in

[22]

[23]

[24]

[26]

[27]

[28] £

China [J]. Eur J Clin Microbiol Infect Dis, 2021, 40(6):
1149-1154
Kameshwar, A K S, Qin W. Genome wide analysis reveals
the extrinsic cellulolytic and biohydrogen generating abilities
of Neocallimastigomycota fungi [J]. Journal of Genomics,
2018, 6: 74-87
FREIR, 5KFS 7 B M 2 AT R PR e 5 5 S Bl Rk o
[T B4 5 2 ,2021,53(3):59-64
ZHAO Longmei, ZHANG Ling. Screening, identification
and characterization of protease producing Bacillus [J].
Animal Husbandry & Veterinary Medicine, 2021, 53(3):
59-64
BEITAR, AR, XA 1, 55 SR 7K PR R ) 20
SR AT IR R 4R (B AR RHEAR),2021,30(1):
12-16
PI Qiaomu, WANG Qiannan, LIU Youhua, et al. Isolation,
idengtification and drug sentivity analysis of Aeromonas
hydrophila from Carassius auratus [J]. Journal of Jiangsu
Ocean University (Natural Science Edition), 2021, 30(1):
12-16
WIS, 5K T 21, B3, 55 PO 7 BRI vl 18 R A A= )
S EED) BRSKEET,2019,45(15):66-73
GENG Xiaojie, ZHANG Yuhong, XUE lJie, et al. Screening
and identification of excellent microorganisms in Tibetan
highland barley Xiaoqu [J]. Food and Fermentation Industries,
2019, 45(15): 66-73
Shafi S, Kamili An, Shah Ma, et al. Dynamics of bacterial
class bacilli in the deepest valley lake of Kashmir-the
Manasbal lake [J]. Microb Pathog, 2017, 104: 78-83

AR TR, 92/ 40 SRR AR R AR I 2> B 252
LTI 1] S A D #3841%,2014,41(9):1843-1849
YUAN Shenliang, XING Deming, DOU Shaohua, et al.
Isolation and identification of a fibrinolytic enzyme
producing bacterium and its analysis of the fibrinolytic
components [J]. Microbiology China, 2014, 41(9):
1843-1849

I, O, R, 5 S A P 2 AT R
B9 5 SRR AR IR 7 BRI S 20 A (9. 7K 7 BH:,2012,
31(7):419-424
WANG Zhili, GUAN Yueqiang, WANG Ying, et al. Isolation
and identification of bacterium Bacillus from soft-shelled
turtle 7rionyx sinensis and isolation and characteristics of
bacteriophage from Bacillus [J]. Fisheries Science, 2012,
31(7): 419-424

(4558 287 T1)

89





