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M, A A SR, GHER . AT 3R ﬁﬂ%)f&ﬁ%#%ﬁ%ﬁﬁmi% MATHRR, RIEAKA & HELH:—:‘&%L;%
St A WA WA, (4R AFFRBER R g éxk@z BB ihikd T g ERAE
Bty tnE 62 ¥k, A HF-14109 mﬂif“@& EA k. BEMEFIR. ARAKE. 16S rRNA
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BB, REAATAFFRL;, ZAMTEAREE. FHREE. AhEE. 255, a4+ &%
F.WRE. TEEE. ATFTERFHREAGSM, [£8] KR E T (Cyprinus carpio)
38 5 ik B — MR 5 p-H 5K TAE B 4G DU K B 3F F0AT B HF-14109, BLA 42 & 69 B 75 M An RAT 69 B 57 14
Fi. aAdFEAget, THEABERGRKZEAM T HERBEREABDTOARELR.

KEEIR: NRMFIAE,; p-HERES, HEwE,;, BFUR; HRELD

Isolation and identification of f-mannanase-producing
Bacillus velezensis HF-14109 from common carp (Cyprinus
carpio L.) and analysis of the enzymatic characteristics of
the enzyme and biological characteristics of the strain

ZHANG Jianxin, CHEN Yongyan, HE Zihan, WU Jingyu, LI Meng, HUANG Mengyuan,
MENG Xiaolin, CHANG Xulu, FENG Junchang*

College of Fisheries, Engineering Technology Research Center of Henan Province for Aquatic Animal Cultivation,
Henan Normal University, Xinxiang 453007, Henan, China

Abstract: [Objective] Probiotics producing f-mannanase were isolated from the intestine of Cyprinus
carpio. [Methods] The strain with high f-mannanase production was screened based on the transparent
hydrolysis circle on the screening plate and shake flask fermentation. Through morphological observation,
physiological and biochemical tests, 16S rRNA gene sequencing, and comparative genomics-based analysis,
the strain was identified. The enzyme activity was evaluated with the dinitrosalicylic acid (DNS) method.
The tolerance to temperature, acid, and bile salt, and bacteriostasis (Oxford cup method) of the strain were
tested, and then the biosafety was evaluated with the filter paper method and intraperitoneal injection
method. [Results] A total of 62 strains producing f-mannanase were isolated from C. carpio, among which
HF-14109 was prominent in the enzyme production and was identified as Bacillus velezensis. The optimal
reaction temperature and pH for the enzyme were 45 °C and 6.0. It was stable at 20—-80 °C and pH 4.0-9.0.
Cu2+, Fe“, Zn2+, and Ba®>" can activate the enzyme, while Mn?>" and Ca’" inhibited the enzyme. It can
degrade konjac powder, guar gum, and sophora bean gum. HF-14109 showed tolerance to acid, high
temperature, and bile salt and suppressed Escherichia coli EC 05, Edwardsiella tarda ET 03,
Staphylococcus aureus SA 16, Aeromonas hydrophila Ah 01, among other bacteria. No death or
abnormality occurred to the C. carpio injected with 10-10° CFU/mL HF-14109 suspension. It
demonstrated no resistance to gentamicin, kanamycin, clindamycin, chloramphenicol, erythromycin,
streptomycin, tetracycline, vancomycin, and ampicillin. [Conclusion] HF-14109 with high production of
f-mannanase was isolated from C. carpio and the enzyme demonstrated high activity, good enzymatic

properties and probiotic properties, and safety. HF-14109 can be used to remove mannan in aquatic feed.

Keywords: Bacillus velezensis; f-mannanase; intestinal bacteria; enzymatic properties; functional
probiotics
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Bifi 7 A= BROK ™ FRAE MY A PR HUR R, R A
L5 30 4 B B R ) B R A T 24 K SR
& e BN 2R . MY IR SR,
FORIAE, PIHBE SR, Mgk, s &ML
FEARS U R o N, R, EYEA
VAR AR VE M ZHE(INLF 4 3R AT R)EPUE
FEHE A, BRI T HAEAO AR Tz A
HEERME MY E WA ER N2 —, H
D-H @05 . D-FZLBE A D-4 %5 b 4 s 5 i
AR EREY, YRS E D
0.08%-36.70%"', T #& RAHEA R . R
PR S EREE . B AK YR E
J5 SR AR TE N RIS K F K A3 T8 CBEIREIR 1
IR BEFERE, 3 BUEh W i R B T o FEAR &
i, I H s G E N YRR EE L H S5 T
B P BOR s, BRI xTE F2) i
AN, T AR AR KRR, 94k, H R
B 1T BB B e % 40 M b p B =R 1 &7 {4 (PRR)
TR, )5 A4 X1 P = A R T 4t P 14
AT AE K B RE i AVE SR Y B, shPi
R A KRS, BT &SR s
T8 rh e = AN B PR PE I AR, TR SR AR X
F0 43 il AR AR B A WA

p-H 2% B (B-mannanase, EC 3.2.1.78)
e KA IK AR SA p-1,4-HE1F BE R N V1K %
Wi, RERS K T 68 B0 . AT 8 R s 2L
R p-H R R AE B AR B A
e, CAHEY . i KEY s ik,
YRR p-H EE RERE R AR . Sk
W, AR AR T R Rk
B, GRDREHAS I p- T i SR A AN S RE R K B
VIR BERG A, & E B R B IE AL, T HoAe
P /N G E B RO ARIR 40 I A i, 4 ORIk
W TH AR, B2 X E TR B R W R R A
i 32 2 4 1 AE A A T LA Gz UL
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Hb, B-H 2 MR KA Y0 H 8% S (mannan-
oligosaccharide, MOS)YE M 25 4= oot ) 32 W FH F
KPR FRAE AR

O R E AT R A,
WA R, Ik, FRAT ST AE 7 E
e 1 BREA AT R B RS M A fn A
PR, FEXPXTERR AT T4, X H g 5T
A Rt A VAT T ARSE, DU AR
SRR B T R PSR )
RE g AR TR, N T A 44 TR g I R VE T, sl 25 9
i G, A BT A A R R A

WEERE

1.1 #H
111 a4y

L T LS DU SIS e AR T g 4 K L
ARHES i K7 SR e, ] PR AR R AL b
R RN 0.5%.

1.1.2  E#

KIWGFF 1 (Escherichia coli) EC 05, iR 2% %1%
1E TR (Edwardsiella tarda) ET 03, 485 (0] 258K
W (Staphylococcus aureus) SA 16, WK B
(Aeromonas hydrophila) Ah 01 Y A SZIG ZEARAE
1.1.3 EFRE

LB £ 5 (g/L): HMAM 10, NaCl 10, %
BEEH 5, BilE 15, pH 7.2

ERFR AR (e/L): TUREE 5, R S,
K,HPO, 2, MgSO, 0.3, NaCl I, #ifR% 5, i
g 15, pH 7.0-7.2

MR R (/L) BER 5, BERERE S,
HHMR 5, MgS0, 0.3, NaCl 1, K,HPO, 0.2,
pH 7.0-7.2

KRB (g/L): BEHY 5, MgS0, 0.3,
K,HPO, 0.2, MEEHZN 5, AN S, NaCll,
WEREZ 5, pH 7.0-7.2
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1.1.4 FERFIRILE

M TAE & (R SRR R M L s JBR
A BRS F]) 5 IR R (E IR W A A s il s A
FRZN]); PCR Y (Eppendorfs /A F]); 4l DNA
BRI A . 2000 DNA Marker. Taq B B
I EHBEEYHARARA A A% R 5%
RGP B 2GR W S T A A ik
SRR F; Bk . RS . MG R s F
TR IR AR T RRAT B ) 5 JBR B 1 W A 2
WERREEECY) . AR . EALEN . BRRRE R R
PR S N S F b s B B A M He AR AT FRA A
1.2 HEHBIS B

W5 32 81 4 i BT (1 000 g A2 A7) 7 Z1
T5% [T R R A, O TR B R h 2% vh R
(PBS)Mk 3 K, TETCWSRMET , Bl
. JE W E B L N S YIS 5 S T PBS
o, OB R G R S AR A B R AR AR R
A, BRAE 30 °C 1HIR G F 46 5 5% 48-72 he $k
BOEA | BUE A F RS, 2idb )5, R 4 °C
TRAE o
1.3 7= p-HEREEEMKAIH)FFE i

W 2l Ak J5 B TR PR e B SC IR [ 1S ISR 21 e
AT AR, 7E 30 °C. 200 r/min T
MBI, FH DNS 342 0
14 B-HEREMEKNEE
141 MERSEBTENEREEELETE

R R Sy S s Rr e =
JE, 30 °C K557 24 h, MEIHICRWEIELS; F
11 I R SRR PR N B ke o2 X 1 €370 | E R )
BT WS TR MR A I TR A HRAE . S B R L 2
ARG E T ) U, X E A AR AT A A
RS, W s [ fa s | iyl el . O
AN N L L5 W
142 HDTFEYFLERE

fifi ] TaKaRa $2 U5 & $2 B HF-14109 21

. DNA. Z:BEOSCHR[17-1810Y J7 i 47 3 14tk
16S rRNA JE[N, 1% 4 MER A YR BR 2
WM. KA 16S rRNA FEH P EfE &
NCBI H1 4T BLAST 7347, il MEGA 6 % ff
& R G AL 7 TYGS (http://ggde.dsmz.de/
home.php)#Fil JSpeciesWS (http://jspecies.ribohost.
com/jspeciesws/#home) 73 #T - 3 #% 11 iR — 21
(average nucleotide identity, ANI)F1 DNA-DNA
7442 (DNA-DNA hybridization, DDH),

1.5 BEE N AMEEE MRS

il e o 42 ST i ) 0 o e A0 o <
AP 30 °C, 200 r/min $55% 8 h &, % 1%H4
P AR B R B SR AR, 30 °CL 200 r/min
3% 72 h J5, 5 000 r/min B5.0> 10 min, YX4£E
T VR Ay R T A AL P UK A A RO
[16% (NH4),SO,. 18% PEG 2000 F1 2% NaCl 1)
PO iR N DO R T R L A v i
(MD34-2 500)& M7 Je , Tl 1 o o0 4 o

e bR et Ze Rl . FoH— R
e JE B H B MR EC: 01 0.01, 0.02, 0.03,
0.04. 0.05. 0.06. 0.07. 0.08. 0.09 mg/mL.
B 5 mL BRIERTES 2 mL DNS R AT, 76
KA, 5 min, SR G B AR K B
RHEZER, WEAXNBRNE, 7E55000E T
EDE 540 nm P T OGIE, BL ODsao 9
bR, DAAH N B H 2 B b v v O R AR AR, AR
HEE Rl £ .

B-H G M S 0 5 2 DL SR [20], T e
Ve R, 17 3 mL 3 mg/mL # & A (pH 5.5,
0.2 mol/L Na,HPO, 2% ¥ —0.2 mol/L NaH,PO,
ZEB)TFINA 2 mL BB, 50 °C R K
5 min, AIA 2 mL DNS K], 7E#/KIEH 86
5 min, JiK ERIEERNR, WE ODsyofl. B
TEERALE L. — G AL (U)RIFE pH 5.5,
50 °C ZMF N Ao B AL K AR SRR 7 AR
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1 umol HEEWEII T MBI . B-H & RN RS
FIBAAL(U/mL)=NxCx10x1 000/M=xTxV , HH N
FLER I FR B EL, C: i H EE iAm v 2645 51
9 H BB & (mg/mL), 10: KW A AR (mL),
M: HEBERR T, T: SN AFE(min), V:
T B REL R A AR R
1.5.1 miEREMRBEENE

TE 20-60 °C AR EVEF N .pH 7.0 5544 T,
WE p-H &% RWEBGEEG IS 1, 5347 i 09 e S v
WEE 5 ¥ p-1 58 M 73 HITETE 30-90 °C 4b 3
30, 60, 90, 120 min, #RJ57E feid 444 e
il () 5% A S P, AR A 3R A R X IS D
100%, T35 40 PR 5 A0 FH XS BT o
1.5.2 ®I& pH 1 pH fa E 489N E

Fi2 BESCHR[2 1182 ) AS ] pHL{# (pH 2.0-10.0,
0 1.0 bk, Aol VIR, e
B-H #& RERG B IE 1, B ol RV pHe T
T pH 2% M40 F « 0.1 mol/L Bl R —4H—
PR % % (pH 2.0-5.0); 0.2 mol/L (IR —
SR A AN i (pH 5.0-8.0); 0.2 mol/L
F) T R - R A AL AN v (pH 8.0-10.0).
BT 5% R AN E pH 22 v B e feds i
JETF K 30 min, LA A3 FAH X B S 1R
100%, 3134 4b B S A X6 B
153 BB FEEHREZN

T 16 i S AR Z rh 43 0 N vk B Dy
10 mmol/L A[AM & @B FIsu, LAiAuhng:
Ja& 15— s B ARG TG 7R 100% , 7 55 3 [N 5
PER I B~ 2 SR T %) R X il 0 T
1.5.4 a3 hESHENE

ZWCCHRR2 1M 73, 30 LUK« JIUR
JE AR S R IR, I DN'S 3 78 i 25144 1 1l
E WG, TR ISR BE TR i SN )R
K GraphPad Prism A TAELMERLE, i

<l actamicro@im.ac.cn, & 010-64807516

B Ko F1 Ve {0
1.6 407 HF-14109 BYE M F 451
1.6.1 TERIXIE

FHATE pH i (pH 2.0-7.0, [E]F% 1.0)H492% vh
W, BOi LB ARG IR, B B 10%45 5
AR EIANTE pH {ERY LB WARRE 7R3,
30 °C. 200 r/min 3535 2 h J5, LA pH 7.0 /R %t
M, BB R AIGWRE, B 100 uL ¥57 A0
T LB VAl b, PR AR AT, AR
o JrE Al pH 22 M AN - 0.1 mol/L BER &
TR TR ZE P (pH 2.0-5.0); 0.2 mol/L 1
IR — SN - IR . — AN % i (pH. 6.0-7.0).
1.6.2 TitREELIR LG

BLE LB WREEFREL, 40314 0.02%.
0.03%. 0.05%. 0.10%. 0.30%AY5EHER, W
W HE R 10% 3R 4270, 30 °C. 200 r/min 3555
2h, DIRUSIEARER A E R 28 o B, 07
TEH,
1.6.3 iRt

FE KR RS M A R 5 mL, B
BIHCE T 28, 37, 50, 60, 70, 80, 90 °C iy
TE IR KA # R KA 30 min, DIRACIRAGE K2
IR, RS R
1.6.4 MEIRE

R FPER AT ALY B0k E HF-14109 #
PRXT RIA I . & m H A BRI K M
PRI R 2 2% 1A [ TR R 100 TR 36 42, A8 e
3 BGE AR S B KA L 4 B 8 A PR A
g K SR TR AR 2 EAR G, ] PBS 1A%
WeJE E 1x10° CFU/mL, B 100 pL ¥4 %4 T
LB VAl b, A EARTAL, Bl S LA 30 uL
B9 HF-14109 B (1x10" CFU/mL),
PR AR RN, DA B AR PF- M HF-14109
PR B 7 .
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1.7 ImEZRHRRE

i 8 Farhat-Khemakhem 25114 7 3, Wl 2
HF-14109 WHAT R RE R . FIFER | soksE
F.AER A%5FX. 5 E. WHER., Al
B RN 2R PG AR LS R s el F PBS
JE4& HF-14109 B ARHE 2 1x10° CFU/mL, H
100 uL #2345 F LB EH |, #E 30 min,
ARSI b RO CE TR R 1H , 30 °C
iR 24 h, I EAR
1.8 TEMRIE

RIS R SRR SR 2 RS, SRR
AHTA] B (i e, BEALAT R 4 H(n=10), KE
3 ANFAT, MR R ESTE, Sl E S R E h
1x10*,1x10°,1x10' CFU/mL HJ £ 0.2 mL,
XFREZ 5 0.2 mL AR BEER K o Bl il 21 IR K A
BErhaks iR IR, L 7 d WERIG RS
FET- I o
1.9 (ERIALE
1.9.1 SEARHIH &

T i AR [ A R A BR A El (P E
M), HHZERESER 0.5%, ¥ HF-14109
PR BEC 1% AR i e R B RG S 5 v 30 °C
200 r/min X53% 72 h, #4958 ODgoo B 5 B 1V
JE, SRR R AT T SRR T B R Y
TEE B, 5 000 r/min B0 10 min, Z2BR R,
FH PBS Pk 2 ¥k, I8 HF-14109 HEHRIXE AT
I EE(107, 108, 10° CFU/g), ¥ HE 4T PBS
BRI, S H B B R e b, B AL
T, Gk 3 d HIE—HE, 7E 4 °C vKA R
PRAF 7 SRS DU AL} H TR AR 9 A7 T 38
1.9.2 {FRIRAIE

T M B A b N OKIE A R g AT, IR
tFEALAY R 4 4, B 3 DNEE(n=30), Xt
HECZH (ML RS b DR, LR 3 AU NS [A) vk
HF-14109 B Fk0 5 RK107, 10%, 10° CFU/g),

WE S, A R 5 LA b Rk i 20 %
HAb SR A AR o 1E 2R I8 T IR J5 X6 8 T it
) R (IBW)HEA T & R #f 31 0.01), AR
8:00, 12:00, 17:00 WM, 4 H WL I i 5%
HAb PR AR . EIEGA G 30 d )5,
R A ) R AR (FBW) I HL B K (WGR)
KA K (SGR)., 1k} ZEU(FCR).

HIH A (WGR, %)=(W W)/ Wyx100

FrE A K (SGR, %)=(nW—InW)/tx100

TR RHEEAL R (FCR)=1,/(W W)

AN W IR R RRTE, ¢ JA
WEREL, Wy BRI AR, 1, ik
M &

2 BEREAW

21 B-HEBREMSAEENS BIFIE

I FH I SR 27 e 0 35 00 o S 7 7 A o B L Ok
i e H 2% RBEK M B . FEAWESE T, Mg E 4
B AL IS IR 1% R SR 2T e, 76 15 7% A
REAE TE 325 BH /K ffé Bl 0 B R ml B 7= p-H 22 R b
MR AR, 56 62 tk, HE— b PRI & A I &
B p-H R AR AR 7 PR(ET 1), 33T 16S
rRNA HE R Pt i 2k & B HF-14109 5 D1 S 25
AT B (Bacillus velezensis)IR) R VE R, B A ALE
2 A R AR, PRI R AT IE B HF-14109 ik 5e
X%, TR ST
2.2 HF-14109 BH#kHIEE
22.1 EHRAIRSHHIE

2Ry BB TR VR LA AT AL, HF-14109
WARTE LB ¥ 383 [ 30 °C K55 24 h 5, H
HERAE, flofd, R, D%, &
WG, S (R2A); 222 LYy (o i 2
[RBHME, FHIR, A EAE SRR HES (18] 2B |
20).
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nh

HF-4201 HF-6102 HF-13101 HF-13213 HF-14103 HF-14109 HF-17106
Strain

S w N ~
T

[SS I U

Enzyme activity/(U/mL)

—_—

[=]

1 EOERET p-H & EEEEE

Figure 1 The f-mannanase activity of some strains.

B2 HF-14109 & #kF S HHE
Figure 2 Morphological characteristics of strain HF-14109. A: colony morphology; B: optical microscope
(1 000x); C: scanning electron microscope (15 000x).

2.2.2 HF-14109 Bk 4 12 4 L 51T Tween 80, HF-1410 5 B. velezensis CR-502" [

H1%¢ | AI R, HF-14109 WRRRERE M FIMEIR . A= SAE ABASAE e nge 1 s, Wi A A1k
FLBE IR, ANREFIHIAA W . B ™R, A FREIEAMARE, A0 A M Rk 2R AT
A=A RS & IR UK i, ANBEZKf# Tween 20 1 J& (Bacillus sp. )T -

&1 HF-14109 EHREIRE LA
Table 1 Physiological and biochemical characteristics of strain HF-14109

Physiological and biochemical HF-14109 B. velezensis B. subtilis CECT B. amyloliquefaciens  B. siamensis
indexes CR-502" 39" DSM 7" PD-A10"
Acid in API system from:

Melibiose - - + + +

Lactose + + - + +

Glycogen + + - ND +

Turanose - - + + -

Hydrolysis of:

Tween 20 - - + + ND
Tween 80 - - + ND ND
Arginine dihydrolase — — + + ND

+: positive; —: negative; ND: not determined.

P4 actamicro@im.ac.cn, & 010-64807516
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16S rRNA ERE F 545
HF-14109 F L) 16S tRNA LN JF4) F1&

| NCBI 5 2L A #k 16S rRNA JE [ FF 51T H
X}, 1% 1493 bp HJ 16S rRNA L[ H B (745
MV828880) 5 CL MM F K Bacillus velezensis .

Bacillus siamensis . Bacillus subtilis . Bacillus
amyloliquefaciens RETE F 5L AR Y [F] — 43 52
F(E 3), HF-14109 kS Bacillus siamensis
KCTC 13613 F{LLEE 99.86%, Bacillus velezensis
CR-502" ML N 99.85%, Bacillus subtilis

223

71

97

85

0.020

NCIB 3610" #HEE 99.71%., 454 KIS
FRAE A A BEA AL RRAE ] 9025 ) B0 i o bk N
B. velezensis,
224 EEFBEFIIBNEMEMEESZDH
HF-14109 TR b 4 JE R4 o & A 2 4
g BRI, BRI 1 083 bp
1378 bp. HF-14109 B bk 4= 5 K 41 )7 5100 2
JE#E4T T ANI Fl DDH 43#7. & 2 Bl %0
HF-14109 5 B. velezensis CBMB205 ] ANIb 2}
98.10% . ANIm 4 98.34% &% DDH & 86.6%; 5

Bacillus siamensis NSB5 (MN032365.1)
HF-14109 (MV828880)
109 Bacillus velezensis L34 (MT271915.1)
99| | Bacillus subtilis BSFT-26 (MN945436.1)
Bacillus amyloliquefaciens JT68 (MK928420.1)
G Bacillus atrophaeus DSM7264 (AB021181.1)
100| (100 Bacillus licheniformis DSM13 (X68416.1)
Bacillus sonorensis NRRL B-23154 (AF302118.1)
Bacillus pumilus DSMZ27 (AY456263.1)
100 Bacillus aquaemaris TF-12 (AF483625.1)
{ Bacillus marisflavi TF-11 (AF483624.1)
100 Bacillus cohnii DSM 6307 (X76437.1)
{ Bacillus halmapalus DSM 8723 (X76447.1)
| Bacillus pseudomycoides DSM 12442 (AF013121.1)
100 g9 Bacillus mycoides DSM2048 (X55061.1)
99| " Bacillus weihenstephanensis DSM11821 (AB021199.1)
Bacillus cereus 1AM 12605 (D16266.1)
Bacillus thuringiensis ATCC10792 (AF290545.1)
Bacillus endophyticus CIP106778 (AF295302.1)
95 Bacillus eolicus 4-17 (AJ504797.1)
_|: Bacillus smithii DSM4216 (X60643.1)

Paenibacillus siamensis X13-1 (AB295645.1)

B3 HF-14109 E#E T 16S rRNA EEAFFIHNRELE N

Figure 3 Phylogenetic analysis of strain HF-14109 based on the 16S rRNA gene sequence. Numbers at
notes indicate the levels of bootstrap support based on data for 1 000 replicates; Numbers in parenthesis
represented GenBank accession No.; the scale bar represents 0.020 nucleotide substitutions per site.

http://journals.im.ac.cn/actamicrocn
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%2 HF-14109 EHRE T £ E F B SHE LB ANIEFI DDH £ R
Table 2 ANI values and DDH results of strain HF-14109 based on comparison of whole genome and

similar species

Genome Accession number ANIb/% ANIm/% DDH/% Coverage/%
Bacillus velezensis CBMB205 CP011937 98.10 98.34 86.60 100.0
Bacillus amyloliquefaciens WF02 CP053376 97.37 97.75 79.50 99.9
Bacillus siamensis KCTC 13613 AJVF01000001 94.06 94.44 56.70 75.1
Bacillus subtilis 168 000964 76.41 84.62 20.90 67.7

B. amyloliquefaciens WF02 /] ANIb & 97.37% . 24 p-HEREMIBZMHRMAR

ANIm Jy 97.75%J% DDH "N 79.50%., HfEix ek
{8, 72 HF-14109 5 B. velezensis 754 % & il ,
EHARFMEL . AT EILFRER 16S rRNA JE
K51 430 , e 240 HE-14109 ly B. velezensis
23 B-HEREBHFTIESHEK

PR HF-14109 & T B 22 AOK A 22 B
#EMTJE, H SDS-PAGE #uilll . HLIKZE (& 4)
WoR, - EEREME 43 F M 27.82 kDa,
HAR/N SR 1 083 bp 1Y p-1H 52 M
FE A TR ARAT , ik A0 BRI A 0 2
B, FEAREH kAl

kDa M 1 2
175 —me.

130 —.
05 —em

70—,
62—, |
51—
42—

291 <27 82 kDa

22—,

14—

SN R

E 4 p-HERMEEERRESHL SDS-PAGE
/\1-5-

Figure 4 SDS-PAGE analysis of f-mannanase
expression and purification. M: protein molecular
weight markers; 1: expression of f-mannanase; 2:
purified enzyme f-mannanase.
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2.4.1 GREX p-HEREEE M EER SN
TE 20-60 °C WYL HIN, WE g-1HEE R
R T X A S I VS A P 3 T (11 S, Tl ) i S
T BE A2 45 °C i B RS P 3k A A ) O BE
AN TR Bst [) () B T B ke, IR 6 AT, %
fii7E 20-50 °C TR 30 min BIEIEA B AT
g, Rl 2 h I, BEE IR B 50%LL |5 {H 55 °C
PRI 30 min VG T RE, PR AL AR
20-50 °C 31 [l N G 07 B BT A T
24.2 pH X g-HEREREMMNIEE MR
L 7 ATLURIR, B-T 58 RME M s S
pH 4 6.0, 7E pH 4.0-9.0 JEELH 60%LA FAHXT
W, M pH KT 4.0 & T 9.0 B, s Jyif
W TR, pH BRUETED TR, B-TH 8 ARG TE
pH 4.0-9.0 YEF IR LF 30 min J&5, XEHIPAFE

120
100 |
80
60 |
40

Relative activity/%

20

20 25 30 35 40 45 50 55 60
T/°C
Es5 mEXMA-HEREREEMNZM

Figure 5 Effects of temperature on the activity of
f-mannanase.
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Figure 6 The effect of temperature on f-mannanase
stability.
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Figure 7  Effects of pH on the activity of
f-mannanase.
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B BOEER, Her Ll Fe® A B ROR i W i
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Figure 8 The effects of pH on f-mannanase stability.
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Figure 9 Effect of metals and EDTA on f-mannanase
xylanases.
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fit, ©T LR R R IS TR 4
2.4.4 BEgzh /I EEHINE

A0 3 A5 DU AS RS 4 (B =2
JRIR I« W8 ) B T Tt %) e g 3R 3, 3 3o el
F Michaelis Menten 5 f2dEZMEHIE, 1EH
Lineweaver-Burk XU il £k K (K 10), 15E15
FILUE R MR Ky=3.36 mg/mL ., V=
13.48 pmol/(min-mg); PUJK/RESH PN K=
732 mg/mL . V=730 pmol/(min-mg); VAR N
JFEYINT K=7.08 mg/mL . Vpa=7.38 pmol/(min-mg).
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Figure 10 Enzyme kinetics of f-mannanase.

2.5 HF-14109 B #k 890 & X 16
SEARYHOERI T HF-14109 B RR X AS [H]

PRSI AE K BT RE 1 (K] 11), HF-14109 14

PRXT PT84 AT A A MR, H

H X 4 € A 25 K TR P B VR A, Gk )
32.45 mm; X 7K P R RTR 98 % TEAR R TR
(A VE FHIR 2 X6 R B B 1 40 AR A 55
HtiE%] 16.75 mm, MW § L RYE LRI, 4
O A R O L RBIYE R, KA . W8
K B  RITR % 2 1 AR ECRR O A 2% FC R
o AIHL, HF-14109 WA SO 55 2= G PR
BIVHIVER, X BB B A R A
2.6 HF-14109 E kB9 4K

HF-14109 AR X0 18 25 9 1) 25 f0 00 25
RWIRGER 3), ZE MRS A 9 Ak R
PRI HUR(S), AEATHAE,
2.7 HF-14109 & #k 89T ER i 38

W 4 i, HF-14109 BEERZEATR pH 2%
PR 2 h 5, DpH 7.0 403 2 h GG

E 11 HF-14109 EHAXT 4 #hiE JR B A0 5l 380 5R
Figure 11
E. coli; D: E. tarda.

3 HF-14109 Bk EYH BRI ER
Table 3 Antibiotic sensitivities of strain HF-14109

The inhibitory effect of strain HF-14109 on four pathogens. A: A. hydrophila; B: S. aureus; C:

Antibiotic name Content/(pg/tablets) Inhibition zone diameter/mm Susceptibility
Gentamicin 10 31.4+1.4 S
Kanamycin 30 31.6+1.0 S
Clindamycin 20 28.8+0.8 S
Chloramphenicol 30 32.5+1.1 S
Erythromycin 15 35.0+0.7 S
Streptomycin 10 28.3+0.5 S
Tetracycline 30 31.0+0.8 S
Vancomycin 30 34.0+0.1 S
Ampicillin 10 39.3+0.8 S
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*x 4 HF-14109 BHTER IR LE R
Table 4 Results of acid resistance test of strain
HF-14109

oH Final pH Bacterial Survival
counts/(CFU/mL) rate/%

7.0 6.95£0.20 7.60x10® 100.0

6.0 5.99+0.30 7.65x10° 101.0

5.0 5.04£0.10 6.78x10° 89.2

4.0 4.07£0.40 5.41x10° 71.1

3.0 3.11£0.10  1.54x10° 20.2

2.0 2.13£0.10  8.60x10’ 11.3

HOAXTRE, B pH TRE, HF-14109 BT %
BHWTFEAS, pH 4.0-6.0 b3 2 h |5, A6 RITE
5 70%Lh by pH3.0 4 2 h 5, fAERWET
K, AR 19.33%. HEATH!, HF-14109 FPERE
TEH P VIR PR EE rh A K A hy, TR YERE )25 .
2.8 HF-14109 & kR iR MK 38

2% 5 AT H HF-14109 B ARTEAS [R]HR B 4k
FE 30 min J5, LA 28 °C /K 30 min A3 ECH
SRR, BETRE TR, HF-14109 B Rk H97E 15 3R
BTN 7E 37-60 °C £F F /K 30 min, 7
15228 70%L4 I 517 70 °C #1180 °C 4L B 30 min,
1R FN 42.92%F1 41.01%; 1 90 °C Ab3g
30 min, fAIGEUIE TR, U8 17.2%. ELAT
M1 HF-14109 FFRAEM 3Z 80 °C i, AIME R
FEGRVBHS N300 1 £ 32 B Ak

%5 HF-14109 EHkAR 4RI R
Table 5 Results of temperature tolerance test of
strain HF-14109

Temperature/°C Bacterial Survival
counts/(CFU/mL) rate/%

28 5.67x10° 100.0
37 5.20x10% 91.7

50 4.25%108 75.0

60 4.03x108 71.1

70 2.43%x108 42.9

80 2.33%x108 41.0

90 9.75%x10’ 17.2

2.9 HF-14109 &= ¥k A9 AE 2Lk 36

H1 3% 6 7] K1 HF-14109 BB AE 75 1A [ 5] 5
FINRER 6 R ALEE 2 h 5, DA AEER 3% 7
BT, Bl ER B A TR, HF-14109 BEAK
PIFETE R R, ZEU N 0.02%-0.05% 11 JIH
AR AL 2 h, TSR 60%LL 1 FETS N
JRER 7 0.1%F0F, FEIGRIGHE NE, Hik, A%
HF-14109 RPRTENRER R B 0.05% LT B4
2.10 HF-14109 Hi#kHIR £ M4

A I T SRR HF-14109 B RR X %
TR LR W2 e, S5 IRFRWT, BRAE T R A
J 1.0x107, 1.0x10°, 1.0x10° CFU/mL F{ B &
WG, A AL U R BRAE T R At S B
%, 3% HF-14109 % #HA R 47 i A4 e ek
2.11 HF-14109 & ¥k Xt B 88 4 < BE 8Y
22N

TR IO R EE RS HF-14109 B FR 1A
M 30 d Xf e ERAYSZ AN 7, A5 RE], 1A
BEHHE I HF-14109 X 3y 6 (%) A= K A5 BH 8 1Y
PE VR, BE 25 HF-14109 AN A 34 i, WGR
SGR 2 eTt = Ja FEAR A%, 17 FCR 2 BL5EkE
TGRS, 108, 10° CFU/g AbFE4H 1Y
WGR, SGR 2 & T B4 (P<0.05), FCR &
FAR T T R 40 (P<0.05).

Fz 6 HF-14109 EHkm BN IR IG5 R
Table 6 Results of bile salts resistance test of
strain HF-14109

Bile salt Bacterial .
concentration/% counts/(CFU/mL) Survival rate/%
0.00 8.90x10% 100.00

0.02 6.45%10" 87.70

0.03 2.70x10" 72.10

0.05 1.85x10° 60.60

0.10 1.20x108 23.50

0.30 5.00x107 7.56
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R 7 HF-14109 ¥k 88 4 415 B8 B 520

Table 7 Effect of strain HF-14109 on growth performance of common carp

Groups IBW/g FBW/g WGR/% SGR/% FCR

Control 37.5242.00 67.73+10.00° 73.35+12.70° 2.50+£0.60°  1.36+0.20°
10" CFU/mL 37.48+1.90 68.05+6.60° 75.49+8.10° 2.59+0.30°  1.31+0.10°°
10® CFU/mL 37.49+2.20 74.3148.90° 89.26+7.50" 3.19+0.30°  1.09+£0.10°
10° CFU/mL 37.8342.20 72.20+7.60° 87.31+7.40° 3.08+0.30  1.12+0.10*

In the same row, values with different lowercase letter superscripts mean significant difference (P<0.05), while with the same

or no letter superscripts mean no significant difference (P>0.05).

3

AR, fi AR WAE PR R TE K™
FRIATP AR N, b 2R A R R A
ZMEFRYIT, W 2 TSR M R A
UK FRGE R B B )2 i s AR o
WFSEFRMT, 7K™ 125 27 LR B RE AR K™ 334
SN0 BT REL, 38 1K S BT AL 1 KSR
FEKRIRES , A B FRAEILS A TRERY, Bk,
e NBLERIINTEE O ) G ot <5 e o2 (U 8

AHEFENERIE g ™ p-H i S EY
HF-14109 K, B A7 IS AL ETE |
16S rRNA LD 3 41 L A D 4~ 4 i e 30
HF-14109 Fi#k5 B. velezensis . Bacillus siamensis .
Bacillus subtilis . Bacillus amyloliquefaciens W35 %
KFRARHFUL, ORI X 5 AR 24 (1252,
P4 A4 SE N4l ANT Al DDH 4000, ek
i 5E HF-14109 H £~ Bacillus velezensis o

— MR, BERSTE NI Hh A HEAE Y 4 A
PRI A AT AT 5 P %o TR R IR Py i 32 423 8
Wy 1 P9 B 69 ST 2 R 0.03%-0.30% 1,
Takanashi 5525 & B3R 7K a5 0 kX 24 iR
AR TR 52 14 320 378 I T v K P A 2, 7R Y TR
P o MLL R SRR BRI A BE £ 43 8 1 FLIR
M EA-1 1 Y4-2 fEJHER M EE N 0.1%3557 1 hiw),
FHERARE 1% AR ARBIRER, B
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YrxtRRER BTS2 PEAL S R G OC, 2 31E
FAAE R R SR Y HF-14109 0k 5% H L
T SZ AN, ] BE SRR K S M 38 rp IR R vk
JEBIRER T SR A S AN [H], AE e 22 55
PEo ABFFE R HF-14109 76 pH 2y 4.0-7.0 B &
SETERT, FRIIZ R RETE R IR 1 PR B A
fE, EETEERE S mER T 25
B IRAL B, HF-14109 1 AR A R 5 2 i 2
Hp M ER EE R ZE, HF-14109 W%
80 °C M IRALFE 30 min, TFIAIE H BOAF
2.33x10° CFU/mL, ] WLiZ% B H A KA
e, HAE R R U BE £5 AR R T
HF-14109 )" B- H #& SR fitHreid S Wil R4 45 °C,
TE 20-50 °C BAFE , B el [ v pH o4 6.0,
76 pH 4.0-9.0 BEATE, TEM =M S 2
RUHRIE Y p-H 8 ARG L, RSt E
P B LA B RO, REIE N K A B
W IE A, A R Tl K AR sh P i v R A
WA M T LGz . EDTA MHZEA
—EMHRIAVERT, UL BT AT e — 4 e AR
fitg, 5 —o 4 | BT ORYERE R A IE MER 4
ARWFFE R Cu™ Fl Fe’™ | Zn® Wil k)3 v A7 B
SAMEBEER, T Mn®, Ca® U] B S A
Mo B, 2% p-T &8 R AL A A R F vh
AIIE M Cu* Al Fe'', Zn E 4R TS
i, MR Mo®t . Ca A IR A 4R
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BTSN JBE SR Y S 0 RN
IR H5E RIS SR8 1 3 J o0 2 > L TH 8 SR
H = B A2 R Y 32 2 X AE F 2L b S 5 o0
KHOUE, MU 4 DM EEREROTA A
1.5 DFUWE S EE , TR G3 SCHR T PR S e Y
2 Ao EADIZEEXT A . TURKE . B
Bl 1R RN E U B TSRO ) S
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AT 585 5258 7K 73 5 1Y B. velezensis V4 15HT7BE
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EJERTA . TE K MR AR 22 2 AR R H A
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TR ) J5 00 ) 22 P R R o 2 R B T Y
WEME . AR5 T B. velezensis HF-14109 4
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R9% B. velezensis HF-14109 353t K HE . 4

B A BRI L B K SR T RN R 2 AR I
A B HILT .

fit A TR A AN AH 5G9 it TR H AT 15 B AR
L R ES KA BAT R R 2 e 20
FEGEE S R f AR I, (EATS AT 320 T Bk
AR, WA B S R B — MR I A 2
T E (Bacillus cereus) Xt % AE 0 HAG BUw P
ABFFERT HF-14109 JEATHE )2 A EPPAR | 4521
BRIZBE LA 10°-10" CFU/mL By il 34 ok H 31
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