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W OE: 868 ALAHRERRELE BB SO TA M Bacillus velezensis 2-6 A 53t %, AE KRB LFRPHH
e K7 B-R RAEFEFHE G, T ABFHIERTHR. Fik: K RABREIRIZ X4 DEAE r‘as%uﬁe/;#ﬁ
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KRR R RN ERE OB RRBGIE FH. ER: B 2-6 KB LFIRE 80% AR BT % A= DEAE-
Sepharose Fast Flow % F X #& B4 LG, RBE>FE KA H 45 kDa ¥y & él HOp-# B A B F MR B
36956.5 U/mg. % & @14 LC-MS/MS S AT %5 2 4 8 B AR AR B K RAEEE, & 423 MA LB AR, %% GxylE-v26.
GxylE-v26 69 X EBER MR AN 60 C, K& pH A 4, 1&iKE (1 mmol/L) 4 Fe** 3 GxylE-v26 B & A R 3 4F A,
F (10 mmol/L) . & (100 mmol/L) K& &) Fe**. Ca®". Mg'4= Ba> T 47 4| GxylE-v26 8% 71 . GxylE-v26 7T KAt
Ee%ﬁ %4, BAZEHEGRAAE LT 2HOAKRLANHER, | mg/mL 49 GxylE-v26 5T 4 & & 5 & K ¥ A= 38
ZRGMEBAZSMNA Lem A= 1.1 cm. 2538 : A LMK R E ¥ Bacillus velezensis 2-6 9 X% L F g+ 0 5
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Abstract: Objective: The aim of this work was to purify and identify the f-glucanase active protein from the fermentation
supernatant of Bacillus velezensis 2-6 which originated from mangrove, and to investigate the enzymatic characteristics of
the purified f-glucanase active protein. Methods: The ammonium sulfate precipitation method and DEAE-Sepharose Fast
Flow ion-exchange chromatography were used to purify the f-glucanase active protein from the supernatant of Bacillus
velezensis 2-6. LC-MS/MS analysis was used to identify the purified protein. The enzyme activity of f-glucanase active
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protein was analyzed using DNS method. Thin layer chromatography was used to detect the degradation level of f-

glucanase active protein on laminarin. Filter paper method was used to analyze the antibacterial activity of f-glucanase

active protein on pathogenic microorganisms. Results: A protein with a molecular weight of approximately 45 kDa was

obtained from strain 2-6 fermentation supernatant by 80% ammonium sulfate precipitation and DEAE-Sepharose Fast Flow

ion-exchange chromatography, and the S-glucanase activity of this protein reached 36956.5 U/mg. The purified protein was

deduced as glucuronic acid xylanase by LC-MS/MS which consisted of 423 amino acids and named as GxylE-v26. The

optimal enzyme reaction temperature of GxylE-v26 was 60 °C and the optimal pH was 4. Low concentration of Fe®*

(1 mmol/L) could promote the enzyme activity of GxylE-v26 while medium (10 mmol/L) and high (100 mmol/L)

concentration of Fe*', Ca*", Mg®" and Ba®" could inhibit the enzyme activity of GxylE-v26. GxylE-v26 could hydrolyze

laminarin and exhibit inhibitory effects on the growth of Staphylococcus aureus and Pantoea ananatis. The inhibition zone

diameters of 1 mg/mL GxylE-v26 against S. aureus and P. ananatis were 1 cm and 1.1 cm, respectively. Conclusion: A -

glucanase active protein, named GxylE-v26, was purified and identified from the fermentation supernatant of Bacillus

velezensis 2-6 which derived from mangrove. GxylE-v26 was an acid enzyme which could tolerate a certain degree of high

temperature and possess antimicrobial activity against Staphylococcus aureus and Pantoea ananas.
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R B. velezensis 2-6 43 ES AT RAE 1B 41
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30% NEEEEE (Acr-Bis) . 5xSDS loading buffer J
LI A ARG FR N s Tryptone ., Yeast extract
OXOID Awl; LR, Wls, 4l Kl & FoRdnik
T AR F]; Omega 40 Rl H2 B & (D3350-1)
OMEGA BIO-TEK %\ F] ; 10xLoading Buffer. DL
2000 bp DNA Marker, DL5000 bp DNA Marker.
TaKaRa LA Taq® TaKaRa 2\#l; BiflEHH Biowest;
Tris, Dextran-40, TEMED(NT6033) =4 T ft( I
) A AA BN 7l SR LT 4R e Rl EAl
K BAR N B 2 A 3, 5S-SR

LT A% SDS )T P E AR R A BR A F
YING MAQ; % 5 i 5% % R250 Sigma;
BCA i®7 & (P1208677) Thermo Scientific; #EHT4¥
(3500 D) Scientific Specia; DEAE-Sepharose FF
(17-0709-01) AmersahamPharmaciaBiotech AB;Pro-

Glycine
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tein marker(PM2510) SMOBIO; i% #742 (2000 D)
VIR A ERHE AR A Z R I EDG
RALS T BT ERZMN(Amp)  _EHEEERI2E8); g-
HIEERE (30000 U/g) 22 5o R4 BRSNS w5 £F 4
ZF(50000 U/g)  VLAVELRHAEMIRHY A BRA .
JWT-110 HLFGE XU T HR4E . LRH-250 AE k3555
LB EREUES AT BR A R RZZ247-2005 75
FEZEVROKE Y b &g R 1 Al A FRA A
UV-2800 £84MA] WA BT LRSS BRAS
F]; ETC811 JEHP 4L TR AR BLAA SR A
BRZ\ 7] 043BR56466SDS-PAGE B HL KX BIO-
RAD; R1270/R170 s T#1 CHRIST; H1750R 755 3i#
HRBHE.LYL IR R BT R AR
Fl; Q Exactive =43 HEHi %1% . Easy-nLC 1200 f=5%L
WAHE%{Y  Thermo Scientific; TNG-T98 ¥4k 4
BT RS REeTTRESEAMINES) ; Scientz-10N
PhELOR IR TRl T R = A R B A B
Nl
1.2 ZHE
1.2.1 BEER 2-6 M4r T 452 K 16S rDNA 4371
FREEXT T AR T S 2T A AR e b 42 45 3] g HL
AR B TR AENG G TE R A BRI T4 T 4
A, HOPZ B R GRS A 2-6. SRIHANES DNA $:HX
) EHRBUEIRE 2-6 B9 DNA, DR A9 DNA gtk
#%, L. Eubac27F( AGAGTTTGATCMTGGCTCAG)
F1 Eubac1492R(GGTTACCTTGTTACGACTT) K5 |
PP i 16S rDNA FL[K, PCR W AT N : 94 °C T
Z8PE 5 min; 94 °C 28 30 s. 55 °C 244 30 s, 72 C
FEAR 1 min, 28ME | S PR FITEE A9 L FRG R 35 IR, %
J& 72 °C $E{# 10 min., PCR FZ¥%8 1.5% IS HEEE
RS ERLAAGEIN S, FH ) PN EERL A M AR BR S w1 7
o FHFERTE: 16S rDNA 741, £ NCBI #£47 blast
w543 4T, ) MEGA7.0 %44 Neighbor-joining
okt H 3L X RSP 5k R e b A, XF R Gk
BT LGSR FH A 257% (bootstrap), FEE 1000 K,
LI RE 53 25 TR AR I A o
1.2.2 - RFENE R A n s B alifl
1.2.2.1 RE LR B 2-6 HHETE
LB He LRIk dE17 36 1k, 37 °C H53% 16 h, HkHL
PATE YR, BEFP A S0 mL AR LB 5353k, 37 C.
220 r/min ¥7 3% 24 h 15 2P FW . % 2% 2Rk
AW IERI ) 500 mL B9 LB WA R 373, 37 C.
220 r/min 35 3% 24 h )5, BUE &8 & BB, 8T 2540
ST REH: ODyq ), [RIFEE B 4 °C . 8000 t/
min B0, PAFLIEE ISR, XA Tl )5,
T p-HRERE NG TERR A alifl .
1.2.2.2 [T RPEEFETEE AR SRHER
Ay RDTTERS A THER A 5335 . XTEIRR 2-6 &
¥ S WOBE AT 30% . 80% FMRELHE BT (ITLHE, SR

J&F 4 °C. 8000 r/min B> 30 min, YLAETTIEEH .
BT HE R TE 0.05 mol/L Tris-HC1(pH7.5) 2% h ik
1, H 3500 D HiEHTAENT, 49 4 h B UGENTIR
(0.05 mol/L Tris-HCI, pH7.5), 3587 4 k., BTE
FRPFA R PR Bl A R e T 2R 1 2lif ko
1.2.23 B-H RN EE AL ] DEAE-
Sepharose Fast Flow [ 7328 287X iR iR g%
PIIESRAS I HA TR A3t ralifh. 155G
2= B 1 /K & Yk DEAE-Sepharose Fast Flow JZ 1t
¥, J5 5 AFHECEMAFRAY 0.05 mol/L Tris-HC1(pH7.5)
BT IR, RS IR ER I 4H 5 LR, SR A
A 0.1,0.2,. 0.4, 0.6 F1 1.0 mol/L NaCl ) 0.05 mol/L
Tris-HCL(pH7.5) L& R et 2 M, IFURSEBENEE
g MR 4% 2543 T 3500 D i AT 4%, T 0.05 mol/L
Tris-HClL(pH7.5) ZZ vhi 1, BT 4 °C BRI S %
TR, 20 °C pKAE& . [SFHBTEMT 0.05 mol/
L Tris-HCI1(pH7.5) ZZ ¥ .,
1.2.3 BEGAYIAE SR A DNS sl iR 5 2
AT 0 B AT o

PR AE T 2R A2 BCH 2 mg/mL 125
ORI, WO [EMA R 0 B B s v T O FH 284
IKAM R ZE 1 mL B H 2k B 0, 0.2, 0.4, 0.6,
0.8. 1.0, 1.2 mg/mL %P . £5HL 200 pL ik
T RIPEAE, FAZE/KEARE | mL J5 A 2 mL 19
DNS AW, 2200k WA, 5 min, ¥EI B 2R, 76 540 nm
TNIE RO GE . DA o AL BR, ODsy [HN
YNARBR, Ll AR bR U 2R, THE S A 2 Bl br v it
AN y=0.7357x—0.052, R*=0.9901

HZ 100 pL M3AE S AT 100 pl 53 10 min
FOIIHRAEE S (28 X RE) 55 100 pl 1% JiEd BAG 220
TRA LLE 2R FARES Y B- A SRBE N GTE, 50 °C K
W 30 min J5, MK EZ S 1 mL, il A 2 mL 19
DNS F2& i 5 min B0, FFFEERZE=ES, F 540 nm
I W SGAE, AR T2 b v i 2T H S b o i
FEI SRR S B4 BREOBE B A M o AS SR W) B U LA
Dextran. ¥ I SLEF4EZZ 4RSI RE SR 1 o~ 15 SR
B ANET AEZZ WG T T T A, Dextran . #R H 3L£T4E
EANBIMREE I N 1%, FIEFLL 10 mg/mL # p- 58
MR FOLT 4k 22 W E A FH T BE LA L4y B A5 2 i3
FAE AL S T R A A TG . RS T PRS2 XA 7R
IR RBLAF T, A58 AR A 1 ng %
HE T TS P EAE S — IS 18 (U)o TR K
g{1

AA

X=NX—
TV

b XTI AR A, U/mLs N R BA
B AA SRy SEBG2H Pl I %] BEZH W ' R (BT %o 1oL 7 g bl
PRI IR S i, ngs T AR TR, ming V 2
P AR, mL o
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LElES BT A B 30 min, #&)5 ) DNS EE HEHE, 5 pH A 7 45

T X
EUE = C

b FUBEHE Y SN0 U/mg; X AP, U/mLs
C FHEHASE, mg/mL.
1.2.4 HHAWERIE R Bradford LA 78
U AN e, EVEXE RS IR CE HERTFHHN, 4351
FHERAM OGN AR B BSA K. 1.2.2
A Ja DA R glifb s 8 I A I 595 nm Ak
AR O\GEEAE, AR AR SR s th 2%, TR AR
HeRE
1.2.5 SDS-PAGE &EficfBok  *F 1.2.2 Hh i iR £4 DL
VE )5 W AH4E 1 . DEAE-Sepharose Fast Flow Zlifb )5
A A S BCE R RBORTHMT #47 SDS-PAGE
BERCHLIK o S B IREHRE N 12%, WAk IR IEE R 5%
1.2.6 B-HZRHMGE M 4453179 LC-MS/MS it
ST YITER HARER P24t IR G, AR W B2 7R
FA BRI F 34T LC-MS/MS(liquid chromatography-
mass spectrometry/mass spectrometry) 5T it 43 B
JF o SZE R H Ultimate 3000nano #% /=) %8 & AH 88 Bt
Q Exactive plus /= 73 BTG (7Y, IS BTis 4k
PE2: ProteinPilot ZEERI R 53T o
1.2.7 B-FHSBER G ML AR B S AEE SAT
1.2.7.1 REEXT p-48 SRNE RIS MRS AR B S TEY
S SRS Al SR ) e I S N TR R, Kk
A 0.02 mg/mL BYLlifLEE H 5 RAA Y 1% BA 2
Wi WAR A, 53 % F 10, 20, 30, 40, 50, 60. 70,
80. 90 “C J¥ 5 30 min, 28 1.2.3 A7 1L E BETH
(X), 5 45 C, pH & 7.5 ZxAF T S 30 min 7511
B (X ) FH B, THAARXT R

FEXT B (%) = xz x 100

A SZBBE M BE A 0.02 mg/L 1Y B R 43 1 BT
50. 60. 70 °C F#F7/KIGIS, A5 30 min U, S
TR 1% BAT S WIR S, 8 30 min MEFET
Y BRI TRAEE M o ST T T B A TR D0 A5 14 it
WEAH LY, PRI AR A B S B AR B, AR
FEAfb )G & R E M
1.2.7.2 pH X| B-7 SR BERHE MLl RS 52
ma Sy LA AR AR AE pH 2 3.4.5. 6. 7. 8.
9. 10 1Y Tris-HCI ZZ i v, 4k B2 0.02 mg/mlL,
[ A P R AR X B, pH B9 1% B AT 2R PR
FHERFURA, 45 °C I 30 min, #2108 1.2.3 i71E
MFERHT (X)), 5 45 °C. pH Ny 7 £ F 2% 30 min
13 REIE (X)) A Lb, TSR B pH AR XS B -

SRR alifb B H Y pH e, Ak alifb R H
AE pH N 3.4.5.6.7.8.9. 10 A9 Tris-HC1 ZZuf
W, LR EEN 0.02 mg/mL, SR T2 R4 30 min
J&, FINACKRIE pH B 1% BAG AR, 45 °C 5%

A T E 30 min AR AEEE AH b TS AR X R .
1.2.7.3 4@ BT B S Mk 1 M 4l Ak 2R 1 i G
PRI Sy A ECHIHEBE S 2. 20 FiT 200 mmol/L
¥ CaCl,. MgCl,. FeCl, #ll BaCl, /4 Tris-HCl(pH7.5)
VW, S BRI RS R ol B I BB
0.02 mg/mL, 535 FH AR FR Y Tris-HC1 2% iwh % e il
1% B9 EAR 2R IR, [ B AR 2R P TR B
S350 1,10 F1 100 mmol/L., U 5EH: p-F SROpHAifg vk
PE(X), SASE BT B RN 254 A BTG (X ) AR
Lt AR TS o
1.2.7.4 FGHLEEFIXT p-45 TR AR B M oAb 3 A W TE
PERFE R S BIECHI AR 20%. 40%. 60% [ FF L
LBE . FNEE . IE T BE X 4R Z 5 Y Tris-HCI
(PH7.5)IE W, I H _ LIRS miEfralifb I A B4
HeEEA 0.02 mg/mL, WK lfF -5 FIAREAY Tris 28
Hetdil 1% BIR A ZPERIR G, MR NI R NG
HLRFN A 53 51°M 10%. 20% F1 30%. A H: p-
FRTERMHBERE M (X0, S5ASE AP SN 5478
TRAIBEHG A L (X)), THEART BT
1.2.7.5 X5 I%F S48 SRMHBHE PHEAli A0 AR P S
FOSER Sy SIECHISE 4%, 6%, 8% [ SDS. EDTA |
PRZE . E-20 FI p-5idk ZWERY Tris-HCL(pH7.5) %
W, I 50 50 FH 1 3R I W i el A B ) B OURE N
0.02 mg/mL, 43 A in A [FI AR FL A Tris 2% & Be il
1% B9 ELAT 2R IR, A B2 R AR 22 PR 21570 B
FESY N 2%, 3% il 4% I 5E H: p-7) SROBE B G 4k
(X)), A RI5HI RS54 T IIAR- A Bl (X ) A
LY, THAAEXT B o
1.2.8  B-4 MM Mol 4k 3] (X B AT Z2 W 7K fit

283 FIRRYSLEINAS . p-T SROBE B TR A A B
I R WL, SRS TR W R A% 28T
1RO ST AS IR b TR 2R P B AT Z2H K
FARFRIE . RURE 20 pl A S N 0, X Rk D=4 26 1
W SRIE AN TLC JBIFFI M Z TR,
HATRIT . RITEA)S, FHEPTR 842 IETE TLC
AT 3 s, BB 2P, 75 R AR T E A
90 °C #EARHHET 30 min, B ZE 764> WA
1.2.9  p-75 TR0 P 4l A 2 1 30 B 1 P S
2B 15 PR S AT SR IR AR I 3R T BB SR 24 h
PR AR IIA SIS I Z 60 °C oA B 3E3E, 1R
SUEEPEAR . R RS R RS AR, $ <+
FIGEHCE. 4 MOR/IN—RERIELR A o 43 BIIA 10 pL
5 mg/mL B 52 (Amp, FHPEXTHE), 10 uL A%
0.05 mol/L Tris-HCI( pH7.5, BHPEXT AR ), LA M 1.
2 mg/mL [ SR PEERIE HEAfb AR . B TS STE
TREEAE K BITR RS FE 24~48 h, M & IF10 5 A
R B AR

BRI RIS EAIT: 53R 24 h I B IS FEK
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B, B IRAF FASRIFE R EL R 207
WIS AT T WA PDA 35383 I, &« 751
SICE 4 MR /AN—RERuE SR Ao S Ain A 10 uL
10 mg/mL 2B R (BHPHEXTRE), 10 uL /4 0.05 mol/L
Tris-HC1(pH7.5, FHXTRR), LA 1. 2 mg/mL 1) B-#i
TSR G U A s = B B i i ||| i = ¥ B e S o
Bigw 5~7 d, Ml fic s =2 E P sl i AR .
1.3 HIELIE

B SEBG I A 3 UK LI E g ] IBM SPSS
Statistics 26 AMFRERAFIAT 5347, GEHRR - EHER
W22 K2R Origin 2021 {424 ; W6 R
1B R IR B K I BAUA Zet I B IS 1A 3R .
2 FR5P
2.1 FEESEK 2-6 I TEE

LB AR 2-6 HIRERIZH DNA it $ 1% H 168
rDNA JFH, Jy e g5 12z 4 Beh 1422 bp 20
AL, S5 E 1a WBEARHEEERS LUK S5 RAHAT o BT BT
B34 NCBI #£47 blast Hoxt, FIH mega 7.0 #f4:
Fay g L5 IR PR B AR 19 43 BEAAR (] 1b), AR H8 L [H]
VS LeA R AR 3BT 2h SR, TAIRR 2-6 Bl e iy D3
W ZEAUAF B (Bacillus velezensis) , fir44 M V1 SIEHT 2ZE 710
FFEE 2-6(Bacillus velezensis 2-6) o

a M 2-6 | 23 NR 116240.1 Bacillus velezensis strain CBMB205
72 2-6 Bacillus velezensis
ngg Ep 84 NR 041455.1 Bacillus amyloliquefaciens strain
750 bg 62 NR 117274.1 Bacillus siamensis KCTC 13613 strain PD-A10
500 bp NR 075005.2 Bacillus velezensis

NR 102783.2 Bacillus subtilis subsp. subtilis strain 168

250 bp
100 bp NR 156908.1 M

100 NR 178876.1 Bacillus nitroreducens strain GSS08
98 NR 149175.1 Bacillus mesophilus strain SA4

zeae strain JJ-247

Bl 1 Bk 2-6 1Y 16S rDNA PCR ¥ 1

Fig.1 PCR amplification of the 16S rDNA gene from strain 2-6
T a J9 Bk 2-6 119 16S rDNA ) PCR 7= 4 i pk 45 21, Hooep
M: Marker; b B #k 2-6 M H R JE )75 1) 16S tDNA R Gtk
e

2.2 Bacillus velezensis 2-6 H f- BB HEEEMERR
NEAL

2.2.1 p-7ESRBEBEE R D 0 S B SEE R
30% Kl 80% ¥k B I ik iR & X TRT Ak 2-6 & BiF 1%
YR LA A SRS A SR BT TS B, DUTERT
THHHE 1Y SDS-PAGE HLUKAMZESHANE 2a s .

PR 2-6 30% TRIREUTTE TSR A FEE
HAE 10~75 kDa Z[H], Hirpt 60~75 kDa i [l N &
B 4E, 31 kDa 2o 45l 45 kDa 2454 B i 45707 HY
. 2-6 (Y 80% PLVEFTGHE T 82 4%, EE 57
T 7~75 kDa Z i, ZFE [145HFE 20~75 kDa JEHIN
BRI TR L DT TE M 13 4 5y Y HE 60~
75 kDa JuEIN L T 441 .

R DNS A BRI AR 2-6 B IR 24 UL e T fa-k.
AN a- 5 TRNEEG . S-15 TN AN AT 4 25 1 1Y s
M, G5ERANE 2b i Sl BRIRELTTTE S, BRAK 2-6
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Fig.2 Results of ammonium sulfate precipitation of crude
protein from strain 2-6
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Fig.3 DEAE-Sepharose Fast Flow purification and enzyme activity analysis of strain 2-6 80% ammonium sulfate precipitated protein
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Fig.4 Total ion flow map of LC-MS/MS for protein
with f-glucanase activity
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{EAFE LR IR 210 B- A R a1,
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YIRS, 3R FT ZEAE G S T TR ATk
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101 TAKSAIKHGA IVFASPWNPP NDMVETFNHN GDTTAKRLRY DKYAAYAQHL

151 NDFVNFMKSN GVNLYAISMQ NEPDYAHEWT WWTPQEILRF MRENAGSINA

201 RVIAPESFQY LKNISDPILN DPQALRNMDI LGTHLYGTQV SQFPYPLFKQ

251 KGGGKELWMT EVYYPNSDNN SADRWPEALG VSEHIHHSMV EGDFQAYVWW
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401 KVTDNHFWAH LPAQSVTTFV VKR

%5 LC-MS/MS %€ firf5 Glucuronoxylanase H442 27K FF %)
Fig.5 Amino acid sequence of glucuronoxylanase identified
by LC-MS/MS
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2.3 GxylE-v26 RUBEEHHES R

2.3.1 IREXT GxylE-v26 BEHE J1 54N

2.3.1.1 GxylE-v26 fcid liff )2 b ilg B 9E Aot
FEME T AFUREE T GxylE-v26 REfEL AT ZHH 1 1E
P, PIRE GxylE-v26 M fid I NV L, ST 45 R 3%

R PHIRBEREE VRS B OSSR

Table 1 Identification of proteins with f-glucanase activity by mass spectrometry
ity ik BAEA(%) KRB PSMs e 5 IR BLEL BHREL 4y (kDa)
Glucuronoxylanase OS=Bacillus velezensis
ATZ5A1 (strain DSM 23117/BGSC 10A6/FZB42) OX= 58 20 60 20 423 47.8

326423 GN=RBAM_018140 PE=3 SV=1
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Fig.6 Determination of optimum enzyme reaction temperature
of GxylE-v26
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Fig.7 Analysis of temperature stability
of GxylE-v26
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Fig.8 Determination of optimal pH for enzyme reaction
of GxylE-v26
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Fig.9 Analysis of pH stability of GxylE-v26
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Fig.10 Impact of metal ions on the enzymatic activity
of GxylE-v26
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Fig.11 Impact of organic reagents on enzyme activity

of GxylE-v26
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Fig.12 Impact of stain remover on enzyme activity
of GxylE-v26
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Fig.13 Results of thin layer chromatography of hydrolyzed
Laminaria polysaccharide by GxylE-v26
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Fig.14 Analysis of antibacterial activity of GxylE-v26
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