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B B bR MR R IR W3, IR Z MR TIRS % E . AR E EM 16S
DNA 7 T4 . XTH Mk WI-3 Fie i 4T 4E R (CMCase) #HTEREAFMESELS, AT ILLT 4E E TR
RN pH A IR ML AT, DA AT 4 3B AN [ P AN [ R BB PO 52 1k . 45 SRR, B bk
WI-3 JE TS HATH (Bacillus aerius), ¥4 Hir 44 Bacillus aerius WI-3. Bk WI-3 =52 H &
P YE R WAE pH 4.0 ~ 6.0 FIVE N RSET, BEEYERE pH B mmisg iy, HEE P pH N 6.0, HItZ:
Y MFAE pH 4.0 ~ 8.0 YE B I ARAE 30 min /53 RELRIFE 80% LA L AUAENT RGP ; TRidk WI-3 B =R R A4
YEREGAEIEE 30 ~ 50 CYoRE P RPN, FEIRE FT-BEEHZWHE N, 75 50 ChRgE e, 25k
BT R B s PR TR, B4R R AR IR YO R AF 30 min JE IR IRFFE RIS . 25 1
TR, 1Pk Bacillus aerius WI-3 JT 7= 52 H IR 41 4 2l BRI PR T, I FLING AT 4 22 g 1 i R ik % #A R
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Abstract: [Objectives] The purpose of this study was to isolate strains capable of efficiently decomposing
cellulose from the intestines of Muskrat (Ondatra zibethicus), so as to provide strain resources for the
development of microbial preparations of cellulose decomposing bacteria. [Methods] Six cellulose
decomposing bacteria were isolated from the cecum of Muskrat using the culture medium with sodium

carboxymethyl cellulose (CMC-Na) as the only carbon source. The Congo red staining experiment and the
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determination of carboxymethyl cellulase (CMCase) activity were carried out. Bacterium strain WJ-3 with
highly efficient cellulose decomposing activity was screened, and further identified by morphological
observation, physiological and biochemical analysis as well as 16S rDNA gene sequencing approach. The 16S
rDNA gene sequence was analyzed by BLAST in national center for biotechnology information (NCBI), and
the phylogenetic tree was constructed by MEGA 6.0 software. The enzymatic characteristics of CMCase
produced were tested to analyze the optimal reaction pH and temperature of the cellulase, as well as the
tolerance of the cellulase to different temperatures and pH values. Ultimately, all the data were processed with
Spss 23.0 software. [Results] A strain WJ-3 with efficient cellulose decomposing activity was identified and it
was agram-positive, spore-forming, and rod-shaped bacterium (Fig. 2, Fig. 3). The physiological and
biochemical test results of strain WJ-3 were shown in Table 2. By the 16S rDNA gene sequence analysis,
strain WJ-3 was identified as Bacillus aerius, and named Bacillus aerius WJ-3 (GenBank Accession: MZ
292092.1). The phylogenetic tree of strain WJ-3 was shown in Figure. 5. When the CMCase produced by
strain WJ-3 reacted in the range of pH 4.0 - 6.0, the enzyme activity increased with the increase of pH value,
and the best reaction pH was 6.0 (Fig. 6), and the cellulase could maintain more than 80% of the relative
enzyme activity after being stored in the range of pH 4.0 - 8.0 for 30 min (Fig. 7); When the CMCase
produced by strain WJ-3 reacted in the temperature range of 30 - 50 ‘C, the enzyme activity gradually
increased with the increase of temperature, the enzyme activity was the highest at 50 ‘C (Fig. 8), and then the
enzyme activity of CMCase decreased with the increase of temperature, the cellulase could maintain high
enzyme activity after being stored in the temperature range of 30 - 50 °‘C for 30 min (Fig. 9). [Conclusion]
The enzyme activity of CMCase produced by strain Bacillus aerius WJ-3 is relatively high, with satisfactory
acid and alkali resistance as well as thermal stability. It is a strain resource with certain utilization value.

K ey words: Muskrat; Cellulose-decomposing bacteria; Carboxymethyl cellulase
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%5 5 BE# (moschus) FHAL, AL NAE BACK
SRESE W JIGRAEEED 1995, 2R 645 2020).
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1965, fEMF5%E 1988, Zhang etal. 2021). 2R
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SE TG P B R R A TR bR . PR B SR A
Pt ez FEAC R ILEE, v st 5 B S
TBLFYER AR A O TSR R AR TR, DUV
K BRIRETHE 2R 7 A R E TR L B A B

1 MRSk

11 FEACRE

AR FHkIE 6 RARE N 1 kg 2245 (F 48 12
JI U S AR st %, W E AL ¥4
T [ S AR R A S . R AR DR E T S ikl
(70%) AUSTERL (30%) 4, FHHARA
EfEERRL, TRL, MRS N, RSk
BCATRE . SR BT R T S0 A BE S T
MR B E 7, HREREEITSILE T E
FAIN 50 ml EHE B OE T, BT uké ik
7 [ S5 5 AT B R 2
12 HERSMEE T B

BEREMROAHEEESEAET
SW-CJ-1FD i TAE & (g BT A4
M ERATD, E A BB 1 g /BN 99 ml
KA ER KT, 78RR Ja RS MR 1
ml FRBIENSEA 9 ml KA S /K ik
R 107 R 0 T R EER R, R4k
Bt 10 151090 2 S5ABRERR R, JEHL 107, 107,
107 = ANBHE MR, 2 IR 50 ul ARk
TN Y250 R v o B R B PR (T -
CMC-Na 5.0 g, KH,PO, 1.0 g, R Al 1.25 g,
NaCl 2.5 g, MgSO4-7H,0 0.1 g, CaCl, 0.005 g,
FeSO4-7H,O 0.002 g, Fiflgky 7.5 g EHE
500ml) . HIRAMEH#HATIRA, HEET
SPX-150B AfbIGFRM (BB EST M
BIRM AR AT o137 CH: 48 h J5HEAT M
. KgAK T PR T R SR T
BB IREE L TN 3T CAEALEE R R S 9: 48 h
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(EWNAN (GWSE W & i AN ORIy i P e
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13 HERSMBENETR
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F Luria-Bertani 55773 (Bl 7 : JEER AR 5.0 g,
T RHEE) 2.5 g, NaCl 5.0 g, E&ZE 500 mD),
BEAT R B RGN FR G, BRI R T
Luria-Bertani /A E; #2360, 78 37 C44 R
£F 200 r/min $57% 48 h JEWHUR R, LA 2%H94%
o B P N R TR P B AR B 9 A (i 7 A
Luria-Bertani 35773 1356t L0 1%01 CMC-Na),
£ BSD-TX270 fHiREH 7 (L EbRE
STV AR AR 55 48h 5, #
RV AT ARG 25 0 MR B 2 Y D ) s L Pl
W, FHT G SR 4 W s o e
132 RPEAERBIEHWE ALK
FA 53 HE B VE R A 4 2 B T3 AT e, 5%
o AP AT AR E (NY/T912-2020) H A J732:
HEATI 52 Crp A N REFNE ARV A 5 2020

il 2 AR, TEVE RN 2 mi B 58 L
BIFRRE AR B, 37 °CARIR 10 min J5 I 2 ml
CMC-Na W (15 g/L), T 37 CKBKMN
30 min J5 A0 DNS 7 CIERES SRR A
FRAFD 5.0 ml 1k b, AN 0.3 g/L HI5H 4
PEA 1.0 ml J567K% 5 min, A pH 5.5 BERR-
Tt PR AN 22 1 A8 45 22 25 mle

il 2 AR, EIRXE TN 2 ml
fff e LD e (PR 37 C A4 10 min, i
A DNS ¥4 5.0 ml J5F A 2 ml CMC-Na ¥
W, T 37 C/AKMXN 30 min, A 0.3 g/L )
HIEFEVET 1.0 ml, /K3 5 min, H pH 5.5
T P - R BN 2 PPV RE 5 48 25 mle

B R RA FH UV-2450 7366 T

CHAR Bidh R fEXK 540 nm A E T

FERE, DU ATE AR AE il 2R (0103 5 FE T S
AR, RAE A X = [100n (c - ¢l
(180.2mit) i+ Hi B b £4F g Rl v, Fo,
X ARG CRAL UL, ¢ NIRFE



+ 146 ¢ =24 Chinese Journal of Zoology 57 %

BIMREE, oo N EREERRIAERIRE, n i
FHEERFR RS20 m OB OARE AR, t e
fifi S5 LR (] o
TE NI A 37 C pH N 5.5 TSI T LA
1 min MIRJE N 7.5 g/L ] CMC-Na ¥4 7 il
fif e A% 1 pomol 25 RE PiT F g 08 SO 1Nl
J1847, L UL FRoR.
14 BEWAERSBENER
141 BWEKRMESREEANEE &
PR W P 5t = B BRI ARAE A B AR R IEAT TR S
KA KE, ZHE KB (20100 HJ7E
X H bR B AR AT 22 QYL RN SR e A
fEFHZEEM A A Sl E (5B
EMEARFIRATD X B AR R REEAT A2 B AL
S8, HBHELRFEER (2001) KT IEN HERAE
AR AT 0T
142 BFRHERRE 16SIDNA 4 F%E  FIH
Y P R A PR BGAF & (b oyt ARt
FAWRAFD, $EBHbRFEREER A, 8 H g
16S rDNA v Bed #8514 (B354 5'-AGA
GTT TGA TCC TGG CTC AG-3', Fi#s514
5'-CTA CGG CTA CCT TGT TAC GA-3") XfH
FrBE HREEAT PCR $7 38 (Scarpellini et al. 2002)
PCR Je Mk RN 2 x Taq Mix 25 pl, 1 pl DNA
iR (20 mg/L), Zraldsm 1 oul RS
(10 pmol/L), MIAXNZE/KEE 50 pul. PCR 34
SSFET N 95 CTAEM: 5 min; 95 CARME 30 s,
58 ‘CiB-k 30s, 72 CZEH 90s, fEIF 35 IK;
72 CZAEH 7 mino R NS5 W 54 PCR 724 LA
1% B IR B B e FRLVKEEAT A, i bE IR AR
AR A T TR« IR 00 45 SR AE
2 H H 2 A5 S p ot (NCBD Mk 5 205
HIiE4T BLAST LUy, e RVE R & 7 5]
HATRGEKE 7, A MEGA 6.0 #ff 2
L8275 (neighbor-joining method) #4%# H f5
BRI RGE R B
15 Hinwtk B FER S
CMCase ff: M pH L4 . BAHEER S

CMC-Na 735 pH 4.0 ~ 6.5 F B R -F e h 22
MR pH 7.0 ~ 8.0 HIRARR A — -0 R —
PREE MRS MRS, (£ 37 CIREE TN 5K
) CMC-Na 2 30 min 5l & B &1k, 0 #r
TEAN[E] pH 2644 T B (1) ) SLTE AR AL .

CMCase BRI 32 15256 . KRB 40 51
AN pH Mgzt f5 T 37 CIEE/KIG
TRA7 30 min J5 M FBEE L, AT BECE A (R R
RS T AR 1

CMCase e 5 N S0 K KL VR 43
AT 30 ~70 CHRIZA: T 5EY CMC-Na 3
30 min J& € BEEPE, AT TEAS R T g
SNEE AR

CMCase U ST 52 14 5206 o K RH B 43 501
BT 30~70 CHIZM N AKMBIRAE 30 min J5 il
SE LB, 20 BT AN [F) IR IR 52 1

BTSSR 4 Spss 23.0 A5
RS REZE

2 ZRE

21 HAERNMEEID BRI

PRy E G2, AENIRa g
SEIG Ay B e 6 Pk DId HUE BRI (&
1o X 6 PREE K7 31T CMCase i&PENE, 6
PR RRE R B R L AT K, b, BERE
WJ-3 B T Al 5 Rk, 5% 6.5 x 107
U/L (& 1D,

K1 EHNIRLGELR
Fig. 1 Congo red staining test of the strain
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R1 GERSBENERTERSEEELRHME
(DId) FRHELLERFEENELS R
Tablel Theratio of transparent circle diameter to
colony diameter of cellulose decomposing bacteria
(D/d) and thedetermination resultsof CM Case activity

e BYRER BHEHER TR Y
Y (D, em)  (d, cm) D/dfH HEHETE
Strain D/idvalue (x 10 *U/L)
number _TranS]_)arent Colony L)
circle diameter diameter CMCase activity

WI-1 1.46 0.55 2.66 1.8
WiJ-2 1.45 0.38 3.82 33
WI-3 1.83 0.45 4.07 6.5
Wi-4 0.82 0.29 2.83 2.3
WIJ-5 1.91 0.44 4.34 5.7
WI-6 1.16 0.36 3.22 4.1

22 WM WI3HIBESREEENEE

K #E Ak WI-3 ST Luria-Bertani V4 I
K7t 48 h i, WRESERE, hOaR/INE
i, AR H RIS RS, Bt hkE
B AG., RE2RPEOERR, HRNE
2 IRFEMER (G, WEREMIR (B 2); &40
LAY E R T WA E (B 3D, Hitk
A A AL S G 45 R LK 2.0 W FINT R AR WI-3
JE T 2R H R (Bacillus).
2.3 Htk WI-3 K 16SrDNA 4 T4 5¢E

PLE R WI-3 () DNA AEARY I8 16S
rDNA FHIKEE A 1 428 bp (B 4). K4
BAE NCBI FEr 47 BLAST Xt & B, Btk
WI-3 5 Z R 2 A B 00 R AR T B AR AL A
w, Ho, 5ESEFEMAME (B, aerius) AU

Ef IS 9%l . R K BEW RN, Wk
W1I-3 5 Bacillus aerius strain 24K (NR 118439.1)
WFFE—a3 b (B 5, MlERE, 468
MRS AR AR AL SR 25 5, I bR WI-3
RNERGFRIAE, HRH Ay 48 Bacillus aerius

B2 Btk WI-3EZRPEEER (K 1000 )
Fig.2 Microscopic examination of strain WJ-3 by
gram gtaining (the magnification of strain is 1 000 times)

B3 Btk WI-3FLERGZREARA (EK 1000 £%)
Fig. 3 Microscopic examination of strain WJ-3 by
malachite green staining (the magnification

of strain is 1 000 times)

F2 WHRWI3ERENTRER
Table2 Resultsof physiological and biochemical experiments of strain WJ-3

I H Test items 25 Result RIGTH Test items 253 Result
V-P iR 5 Voges-Proskauer test + WAL IR Gelatin liquefaction test +
FRRIR A 188 Citrate test - 7% NaCl A= K% Growth test of 7% NaCl +
A R F 36 Malonate test - pH 5.7 AKX 5: Growth test of pH 5.7 +
D-AFERLS D -xylose glycolysis test + MR #:38 J 436 Nitrate reduction test +
L-F R (1 #ER 56 L-Arabinose glycolysis test + FER KRS Starch hydrolysis test +
D-H #& B % D-Mannitol glycolysis test +

“+7 ONBHME; =7 BTk, “+” Positive; “—” Negative.
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bp M 1 2

¥ WI-3 Fir=4F4E =¥ (CMCase) 7EANH pH
AN 5 IR A Y 2 S W E
77, CMCase 1E pH 4.0 ~ 6.0 S v B Bifg v 14 52 I
TH&%, 1E£pH 6.0 NEgIG &, 183 6.7 x
10° UL, ZJakt pH _EIHEgIEMEZ L T (&
6). CMCase P& T 52 P 956 45 R Wow,

CMCase 1E pH 6.0 251t T ORAFI BRI 5 i1, 7E
pH 4.0 ~ 8.0 JG[H P IRELRFF 80% LA L [iAH XS

B4 Btk WI-3[f) 16SrDNA PCR B U W 2T — i RO T R B (B 7).

PR B B2 1Lk 24.2 CM Case B R N1 BE K i BE inf 32 44 43

Fig.4 Agarosegel electropherogram of 16S M BEEbR WI-3 BT = er 4 R R A RS T
rDNA PCR products of strain WJ-3 53R W LA Yk 2R AN AT OB 0 e HL S

M. DL2 000 DNA 4> 7= brfE: 1 F12. Btk WJ-3 16S DNA PCR TEHLE 30 ~ 50 CIX IRy S B2k, B ik e Bt

o CMCase i VEIZHTIG N, £ SN 50 C g

M. DL2 000 DNA Maker; 1 and 2. 168 rDNA PCR products of strain WJ-3. VEMEIR TG, N 9.1 x 10° UL, 2 J&BE Mg
B mBEE RS T (K 8); CMCase i
WI-3, B HEREERFS) B4 % NCBI GenBank it 32 PMES2IG 45 SRR B, ZBELE 30 ~ 50 “CIEH

CBF5H MZ 292092.1). WERTE 30 min Jo5 & RECRFFRL R IIBE 1, 18
2.4 Btk WJ-3 HIBE 2410 50 CLL F{*-7F 30 min J5, MEERE FIF

241 CMCaseBfERM pH SERIN Z14T  CMCase iE TR T (B 9).

69| FEIEN ZEHUAT A Bacillus amyloliquefacienss train BCRC 11601(NR 116022.1)
RER 1 ZF AT Bacillus nematocida strain B-16(NR 115325.1)
FET- B ZEHIAT B Bacillus vallismortis strain DSM 11031(NR 024696.1)
AHELZERIAT B Bacillus subtilis strain DSM 10(NR 027552.1)
i £ ZEMIAT B Bacillus halotolerans strain DSM 8802(NR 115063.1)
Z2Y5 SF AT Bacillus atrophaeus strain NBRC 15539(NR 112723.1)
|: W N ERZEAIHF B Bacillus haynesii strain NRRL B-41327(NR 157609.1)
100 s £ HIKF B Bacillus licheniformis strain DSM 13(NR 118996.1)
97, WI-3(MZ 292092.1)
235 AT Bacillus aerius strain 24K(NR 118439.1)
100 100 §5/NEAIFF Bacilluspumilus strain NBRC 12092(NR 112637.1)

65

96

99 [~ EEM ZEMIFFH Bacillus zhangzhouensis strain MCCC 1A08372(NR 148786.1)
78 L E3¥5 HMIFFE Bacillus australimaris strain MCCC 1A05787(NR 148787.1)
REEZEHIHFTE Bacillus gobiensis strain FTJAT-4402(NR 147766.1)
YW IR AT Bacillus shackletonii strain LMG 18435(NR 025373.1)
b N ZEHATE Bacillus subterraneus strain COOI3B(NR 104749.1)

0.005
Bl 5 ZET 16SrDNA ZERFFFIMEKEK WI-3 RG R TR
Fig. 5 Phylogenetic tree of strain WJ-3 based on 16SrDNA gene sequence
Pl b LA R 0.005 oot (L BE RS, R AW %43 ST H S8R50 m 0 ROV RS . B4 S, 355 OB GenBank #5375

The scale bar of 0.005 indicates the genetic distance, and each branch of the phylogenetic tree corresponds to the Chinese name, scientific name

and number of the strain respectively, and the GenBank accession numbers are shown in brackets.
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CMCase FHX %

Relative activity of CMCase (%)

CMCase 1P

CMCase active (10 U/L)
;—lNU)-thI_CIJ\\lOO\DO

CMCase 71
CMCase activity (10 U/L)
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N
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B6 Btk WI-3 =4 g REER AR pH

Fig. 6 Optimal reaction pH of CM Case
produced by strain WJ-3
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Fig. 7 Acid and alkalineresistance analysis of
CM Case produced by strain WJ-3
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B8 Witk WI-3 i RmERERMEE
Fig. 8 Optimal reaction temperature of
CM Case produced by strain WJ-3
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B9 Bk WI-3 T4 R ERE BT 2 AT
Fig. 9 Temperaturetolerance analysis of
CM Case produced by strain WJ-3

3 W
31 HAEERNMERIINPBESER

AR ERNARPAEFEE MRS
TR, R4 R D-IL IR R @ B-1,4-KE
TR TR R TREY, HTHERE
K, Mz A%Z KT IRERIER,
HA SR, BT MR, &
FETIRIR P (HAREESE 20060, HETXTAF4ER
() BN H T AR A B . M EE AL ER YA
PAK A AE I BE RS, ARG S T W e i B
B R BRINERS, ARSI BRI
WIS FE R AR R AR 7
S mAEAEERZ L (EF 2010, INERL
2016). H AT -3, KRS 118 % H SR
B I8 r BHAF Y R R I RIE (NS
2L 2016, fhd#EE 2017, EEZ 2017).

E HIR T 27 4 25 40 i B 100 975 2 2R DA
SR o F N IR 15 R AR e ) R Akt
FFAX B, JRBC A ISR 21 e 032 0k T R 7 B A
BEATFIWT . (HARSIGEE R IR, NIRAO Gtk
ST B R B BE T R HERR,  FERF TR AR
Pk WI-5 2 NIER L 4e 4 )5 1) DId KT WI-3,
(B P IS 1k 2K T W3, [R] I A 82 v 1 34 e
WARPABEAE 71, HEAT CMCase 3 1 A9 58 S 4
AN/ o AT 5T 43 85 ) R P Bacillus aerius
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WIJ-3 flf = CMCase 7£ 37 “C M iE PN 6.5 x
10 U/L, T (2015) 4385 H e
PR R DL ER S (2019) 43 B HE 9%
YRR LT 2 & A3 i 8 FITF= CMCase 1F 40 C 41+
NI e R BTSRRI T e
#MeSF (2015) BRI 40 CHKA TS
ff) CMCase yHMEI4E R . (HEMERRNLZ, T
HESE (2021, FHIESE (2016) 77 B HI4E
Y 2250 fi T P B PR 0l R IA 0.314 39 U/L A
0.069 1 U/L, S5AHHFLRT 73 B8 B R i v 12 22
RK, RFFTEHTNN, YR A Z
FIFFIRAL, FEFRFMERE I, 5L
O 2R TS PR AST D 7 ¥ DA B ot T 1 RS ) 52
Hx. BHTFE (2019 AN, HEHELT4E
RN R Z, BT RRENARAEE, B
R SIEPEE AT H CSE5 B M 5. B
@i (2010) f5HH, AFERMREZHATHE
G R, SEWENR, FHREUNTA4ERES
AN HVGRE AR — 8, XL AR A4 R
BRI 7 T VAR MG —, I FEah R AL, A
WG AR ] T H — B A IR AT 2 R T 702
3.2 Bacillus aerius WJ-3 g 2245 4347

Y RMGH T RIEAR, A A EKR
25, HEAERM pH UL IR TR (1)
i 2 A —FE (XSS 2007). 4ER 0
W BRI B R R, K
FHR RN EER AT EEE M (B
A& 2021), Mawadza 5 (20000 WA,
TR B B AT 4 R BT BOR M pH YU N R
H—EMREE. ARSI E Rk Bacillus
aerius WJ-3 = 4R 4E R B (E pH 4 ~ 8 YU [H N 1Y
RELCRTE 80% LA_F AHX B s Ve, X EIUE T bk
M. FNRL (2016) FIMafhiT4E (2014) % H
Iy B H—HRER AT (B, amyloliquefacdiens)
A — KA S 2E AT (B. subtilis), WK ILE
YRS HAE pH 7 A1 pH 5.5 I S5 5 il % 1 e
=, HIFATEpH S5 ~8 J5&1E pH 3 ~ 8 JuH N fE
TRFFIR e M . A SIS 4 B B M Bacillus
aerius WJ-3 7t pH 6 i} Je S FgvE P s fE, 7E pH

4~ 8 JuUF NEEIE R A, SR T LR = H
], 3X AT REAR R 53 5 H I R PR R T 2 AT
W, T LAGSE FARL

TEA YR 5 A Y Za AT I N FE
B RS EER R —, —RIAA
2 e S 2R 2 B SR i B2 ) B AR, {2
Y RMEA TR E O, &R E SR
FiE M, IR AR R B AT . e, TER
NRFE 50 CH, Bk Bacillus aerius WI-3 Jit
FEAAE R EE IS VE B R, S AT 4ERBAE 30 ~ 50
CIEE WAL 30 min JE5EE PRIFFEE B I B S
Mo BEFNT, AR MBSO 2 A — A
ARG, KA TE 40 ~ 60 CIX AP (5
I 20100, ARFFLA R WIEAE 7 HM A
Lee & (2008) JE T4 (20100 4305585
HIEGERY ZE AP (B. amyloliquefaciens) Ik
17 (Aspergillus oryzae) FT/= £ 4 & B (1) i ££
SN ESR 50 C, AW T4 REEA T
s W (20140 B 43 B Hh B0 A I & A e
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