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1 R R E 2=t FmM 350002

2t TR R R g 363101

3 MR AR AR AR R wM 363107

4 RHERMR AP E R R L R RN 350002

 E: (5% FRAFAENFS @A LA EMER, 20585, —AURARTF LA EHMR
g, (B8] a2 mBRAERAAEERN G EE, HEFLARRERGER. [Fi%]
KA FHRyBE. FHRAEE WHALARREFEINEZR. M TFTRAAEA DAY HAELARERA,
WA A AHIER 16S IRNA A B 5 5] 947 5 77 ik xt L4758, AR I 3R A4 8 2Lk
HAEKREMH. [ER] FRE —E 6 7 LEBHALRWAERN G @E 221, 221 5FERER
A 3 J04F & (Bacillus methylotrophicus strain CBMB205 )84 ABAL M 5% 5, BT A 45 AE Ao 4 28 A4 A4 AT
5 CBMB205" Bk A AARST, 721 RAEK B3 S A Be oy Ao3d R it 3l 4 #1848 20.0 g/L. NaNO;
20.0 g/L. MgS0,3.0 g/L, B AEH 32°C, AT A 48h, [4#]) 221 4 FREHRA F 504
# (Bacillus methylotrophicus), 3t Z#E. RRKAFE. ERE. JRRE. HREE. #HEHFEN
A RKEAEGRGIPHIER BIPEZRAEE, HSBARRERE.
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[Methods] These methods of plate culture, plate-confrontation and mycelia growth inhibition were used to
isolate and screen antifungal bacteria from air and bamboo endophytic bacteria. Z21 was identified based
on morphological, physiological, biochemical characteristics and 16S rRNA gene sequence. The growth
conditions of Z21 were through orthogonal experiment. [Results] Z21 showed strong antifungal activity to
6 kinds of fungi. The 16S rRNA gene sequence of Z21 was consistent with that of Bacillus
methylotrophicus CBMB205", and the morphological characteristics and physiological and biochemical
characteristics of Z21 were consistent with the CBMB205" strain. The optimum culture conditions for Z21
were 32 °C for 48 h with a medium of glucose 20.0 g/L, NaNO; 20.0 g/L and MgSO, 3.0 g/L.
[Conclusion] The Z21 was identified as B. methylotrophicus, it showed strongly and stalely inhibitory
activities against Aspergillus niger, Trichoderma koningii, Trichoderma viride, Rhizopus arrhizus, Mucor
fragilis, and Penicillium ochrochloron. So it was an abroad-spectrum antifungal bacterium.

Keywords: Bacillus methylotrophic, Fungus, Antifungal bacterium, Identification, Fermentation optimization

K i b2 R 2 AR R G| S 2R
BRIk TERBET, FFRBTBIRGE | 5K
HPUAE R AL A 7 LA R A B T R g o g iy
ki E S 1945 4F Johnson 25121 Uk & Pl 2L
ZEHIAFRACH - B ABUR T RE , Z SRR SA TR
28 M ZE AT TR @ A A o b o B PR & O BT
KA =0 ZE AT TR (Bacillus) B 5K
JUIE RS, R H RIS A B LN
T2 A B T, e DU B R AT
(B. subtilis) . fEIEN ZE0FF 1 (B. amyloliquefaciens)
WA ZEHIFT IR (B. licheniformis) VA X 56 /N ZEFOFTF TR
(B. pumilus)FIBFFE R0 il e 2200

2010 4F, Madhaiyan 2579 Y M3 4% 4¢
L1 K e AR s - 38 v 23 B A 31— BB 10 2F fL A
. &Il B E w4 o WO E R R IR AT
(B. methylotrophicus), TE4y25 1, WIREEFRAZF
FOAT TR 8 T JERE TR [ ] ZF F0AT 0 20 27 F AT 1 H 2R 1
FFERZERATHIE, 204 T HRAHE, Hf
B 25 OV I Sl g A S A R P 2 B B — R R IR
TR, TERIL T RAE I ol . A K
B VR A 2 B0 LR A AR AR
B e 2 VO DY P I A 8 0 B A B — R L
FRRUZEHIAT I BH21, W50 3R I bR %) JC T & T
YT 2 IR R A R AR VR . Bl
B Vi R v 43 B A B — R H A R B LA T
(RO, %85 o H 8 IR R 2R AT o v P )
FE 1L 7R 48 4 A it 5 e 1) 52 3 = ) 46 el AR s 1 48

Or AR AR I R IR AR O F R R B
FATT . AR A TR (0 & A 1 v o B
B —HR AR R 1Y PR E SR BT J2B-74,
FEXF L7 SR 2R 1) R e A A T T ARk

AT A2 S B B — AR 2 Mg T B AT
BRI HIVE BN 221, it 16S rRNA FE[H ¥
GIAHT L B SEARE | AR AR A T 50, 1
RE H Ry YV BE 8 IR B ZF SO 1 s I A R SOR A
TRIT, M HKRBERATHAT T, R T A
RIRBIE MBI TG RSS2
1 tEtS ik
1.1 w8
L11 A=

P BN R RS (Trichoderma koningii) |
2k {0 K%B£ (Trichoderma atroviride) ATCC 30153 .
2% FH B (Penicillium ochrochloron) . ith &
(Aspergillus niger) . 5 M &85 (Mucor fragilis) ATCC
3093, /DHAREE (Rhizopus arrhizus), Y AR AR AR
KPR AR W) S 50 2 DR
1.1.2  EFHE

7 A PR BRIE B SR AL (BPAD) (/L) A
& 3.0, MM 10.0, NaCl 5.0, 3§ 15.0, pH
7.4-7.6; R EHEMELNEE IR AL (PDA) (g/L):
TEY 2000, H%EHE 20.0, Bl 15.0, pH 7.2-7.4;
TR RS R IE(PDL) . 443 200.0 g/L, pH
72-74; FWEAMK: EAMK 100 gL, pH
7.2-7.4, FAATRFRIE 1x10° Pa KT 30 min, %,
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1.1.3  EFERXFIFLEE

ALEYETE Ry . BERE . AR . RBESE Al
A, EZ bR RA A s PCR 194 T4E
Y TR e A FRZA w5 B PCR Y, Bio-Rad
oyl fEIRAEEEIRAE, RiE—EIL AR,
1.2 A%
1.2.1 EREE R

FEPUR Ao B BER AT BPDA ity
SCEEE N E I P 2EE 30 min, 7 L
T, 28 °C H53% 24 ho PRI R A TE T2 25 B 40 B
SRR AT o B Ak, IR TR R B R
TR AL 8 o 77— PN 2B TR Fh AR AR PR 2 A
BheErp e iR Py S g a R

FEBUTR AR 07 < SR P AR IRE S, B— PR A
FEE B S B0 A2 AT 3 om Ab 43l R R R
E, 28 °C K537 72 h, L4l = AR =Py
B, FEHEATILES(HA 8 mm)TEC IE AL i BE LG
AR EATEL, Y A S A M) PDA AR
e, 28 °C K5 5R 4 d Ja FlERR R R 20 51100 41
TR R PR 25 (R AU TR Y 9 B, T 5 AR 5 g 4
B, AP A 3 ML PR S0 N B B B A
SRR\ AN TR A 7 i 2% 2 (B I BE 2 (mm) .
1.2.2 HEHARHETH

AT s 238 SR v 35 B — A A0 o 2550 SR e B %) A AT
AT TR, A —IRZANE T PDL KigR3erp,
28 °C. 130 r/min 3% 72 h )5, 4 500 r/min Z5.0»
20 min, P3G ICEDEE (LR 0.22 pm), BCHH
0.2 mL JEWRIISIRAT T PDA AU 3R 3L, LIZE A
FRICTRIZKAE ARt BR, 72~ F-A b o 43 51142 A 8 mm B
AR R, 28 °CHiFE 4 d FIERWLMERKE
7, B PRESE 3 ML, B W% EAAK A 7ag
SOEPEA T, TR 2 A K AR, g
FQ)=(MEEREKER-LCHEREEE
12)/Oh) BB 1A A 75 B AR - EEL428)]% 100,
1.2.3 #HiE 221 B9 EENE

MWL S 1.2.1 BB Ik, MRS
WEKE 3L, #fE 221 IS .

124 721 W4 E

16S rRNA £ [K 7405087 R4 38 514
27F (5-AGAGTTTGATCATGGCTCAG-3")Fl 1492F
(5-AAGGAGGTGATCCAACCGCA-3") # 77 PCR
P4, PCR WA (30 uL): DNA #ifR 1 uL,
10xBuffer 3 pL, dNTPs (10 mmol/L) 2 pL, 27F Fl
1492R (10 umol/L)# 1 pL, rTaq (5 U/uL)
0.3 pL,ddH,0 #M & % 30 uL. PCR JZ i 51F:95 °C
3 min; 95°C30s, 50°C30s, 72°C 1.5 min,
35 MR ; 72 °C 10 min, PCR 473879128 1%31
AR O S L ARG I I 6 A T AR ) TR () By
ARRAEME, WY S PSS R AE NCBI _F ik
17 BLAST NP Sk & tEXT, SR Clustal #44:
1 MEGA {447 Z2 13 8 Rl 4T, M R
SR .

JEAF A B A AL S5 . B 0.1 mL WM
100 mL JCTR 7K B J5 ¥ Al T BPDA $557 4k, 37 °C
FiFE 18 h, MEHFIEA . Kb, s, R, M
PR EWIEESE, IR TR L IR | R A
ZEfIYLtn, FAARD MRS (R AN S T )1
A PR AR SIS L BR S IS 2 SCHR[14-15] 3040 AL
T PR ZEFE B Ll T A O O D g (Vitek AL
ME)

BB . EETE BPDA iR AR
18 h WFE BT HEATIE & . Wik, J5 1% B3 IR
Y 1 min FIACERIG b B TR
1.2.5 REEEHGML

(1) FhFuhil e PR—38 Z21 M T4
100 mL PDL }5 55 3E09 = MM, 28 °C. 130 r/min
Rig% 18 h,

(2) AR, ZE . &8 87Xt 221 K EER
BETERISEM . DL PDL B33 xf e, R
FIRIIE A B TR AN E N 2% (R ) A
[IRGUS CREARE , OAIHE, vV EvERy, HaEEEE, 2
W, SO SN 2% (FEHARFR EL) A [R) LR
(KREEAMK, FWE, BEE, mR%, frER
B, NaNOj). WHIHEN 0.2% (A H) YA [H]
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JeHLEL(NaCl, CaCl, FeSO,, MgSO,, K,HPO,,
ZnSOy), LA 3%IEFh a4 A KRR EL, 28 °C.
130 r/min $57% 72 h, ##8 1.2.2 & a5 a8
PR 22 A A A 28 L SR FH 2 vh 38 R KORE R IR R 7
10 RV BRI AR, e s i . AR
FICHLER

(3) IEACIREE: AR FRZER, Wit 3 W&
4 JKF-IERS IR TR (G- 1),

(4) KEZMAA: SRARER R, e A
RS ET 221 A DA R % T U W) B FG AR 25
22 AR TR ROR o 53R 43 31 20,
28, 32, 40 °C; REFRAFIAIS0 24, 36, 48, 60,
72, 84, 96 h, LIZE e fERE IR A E]

2 HRE4W
21 KRBTGS R

23 S B A R AT P A T — L 38 RN
S 2R B et g5l Z1-238., Hrif 9 bk
20 DA NS B OO AT AR S PRl A - 3K S 44 P X
FRERAFMIEPIL A R WL 2. HomEk z21
A AR SR A3 R ARG W 22 A K BPE, s
M5 55 BE 1k 5] 25.8240.66 mm, b5 Ah 8 R4 A A
R, 25 8%, FHadEgLZRENRE
MRS E , BTt 221 7 it —2
RIS
22 HEMEWER

N 3 FNE 1 AT LUEH, 221 B9 R BEIE RO BE
IR H AR AIMEIVE R, B 22 A KA 22551
42.83%. Ui Z21 e R A HA AL
RS YT, 0w Z R R, T ELID R ROR
FaE

F1 EXREAERZERRAFIRIT

2 I MKABEMNRRASHMNEIRINETRE
E, mm)

Table 2 The inhibitory effect of 9 strains bacteria on 7.
koningii (inhibition zone width, mm)

Mtk =R 1 ®ER2 #HE3  TPHE

Test strains Repeat 1 Repeat2 Repeat3 Average value

CK 0 0 0 0.00+0.00
721 25.05 25.55 26.85 25.82+0.66a
720 21.25 22.45 23.89 22.53+0.93b
734 20.34 22.44 22.38 21.72+0.85¢
732 17.55 18.31 17.88 17.91+0.27d
Z13 17.76 15.00 15.95 16.24+0.99de
Z15 14.55 15.95 16.35 15.62+0.67¢
Z3 6.05 7.09 7.99 7.04+0.69f
74 6.78 8.05 7.56 7.46+0.45f
z8 5.55 6.75 6.88 6.39+0.52f

i B EAR/NG FRFRIRTE P<0.05 K ER B
Note: Significant difference at P<0.05 level was reflected in
different lowercase letters following the figures.

* 3 221 RBERMRRASHINERRELEK
E1%, mm)

Table 3  The inhibition effect of sterile fermented
filtrates of Z21 on 7. koningii (mycelial growth diameter,
mm)

{565 Test No. CK 721
1 76.96 48.43
2 78.07 47.23
3 80.28 49.16
VY Average value (mm)  78.44+1.69  48.27+0.98
#1512 Inhibition rate (%) - .83

Table 1 The factors and levels of orthogonal test

K [ & Factors

Levels A Glucose (%) B NaNO; (%) C MgS04 (%)
1 1 2 0.20

2 2 3 0.30

3 3 4 0.40

e - BE T
Note: —: No inhibition.

1 721 REERMBRRAZHIMERR

Figure 1 Inhibition effect of Z21 fermentation fitrate on
T. koningii

T A: X B: AbPEA.

Note: A: Control group; B: Treatment group.
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2.3 721 BINEIE

MK 2 ATLLE W, 721 BR T X RERARE A
TR A IRIROR AN, Wil R DL Rt E . D
WIRE ., WMekEE. MBS, KOEREHAE
—EMINHRIACR . SXRAM L, RERABES
A Z21 W b IR 22 A K B B sz B L 7E Z21
I AR Z 0 — 2B B 03 By, RIS .
N 4 WA N, 221 MRS . MEfEH
B, XERhE LA ORRE . RSEE. 5
Wi B, REARE., RRARE., BiiEiLa7R
T A T T RCR o Hrp, S B E A 25 A 2 i 2 1

ROR BT, BT 98 B2 20 5353 1 24.13+1.06 mm
1 18.80+0.23 mm, X & (4 K% ) i & 75 1 41
R Z, W TEE N 16.3940.55 mm F
14.39+0.69 mm, Xf/DHRMREE . MaHEHEA —&
AR . I 2 Figk 4 Al 4. Z21 XHF 2R
WA K BABRIRIER], TR & R i R A
B B0, HAA W AE L P A
2.4 721 7 16S rRNA EFFFI45 1R

16S rRNA JEH] PCR Py LUK 45 R (] 3) 7
PCR )20 1.8 kb, fF5 K HLM 16S rRNA H[H
JPHNK B

B2 721 WiEE
Figure 2 Antibacterial spectrum of Z21

T A-F: M. DIEEE. RERAR, DRRE . SOKRE . RlE.

Note: A—F: Penicillium versicolor, Mucor fragile, Trichoderma koningii, Rhizopus fuligrum, Trichoderma viride, Aspergillus niger.
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F4 21 AEEIETEE, mm)

Table 4 Inhibition spectrum of Z21 (inhibition zone
width, mm)
iR EmRE1 HE2 #TEE3 FHE
Indicating mold Repeat 1 Repeat 2 Repeat 3 Average
value
Trichoderma koningii  24.67 2291  24.82  24.13+1.06a
Aspergillus niger 18.58 18.79 19.04 18.80+0.23b
Penicillium ochrochloron 6.33 6.35 6.05 6.24+0.17¢
Trichoderma atroviride 16.49 16.88 15.80 16.39+0.55¢
Mucor fragilis 13.59 1480 14.78 14.39+0.69d
Rhizopus arrhizus 2.02 2.21 2.02 2.08+0.11f

T Bl EAR/NG FRRIRTE P<0.05 K257 T
Note: Significant difference at P<0.05 level was reflected in
different lowercase letters following the figures.

WY TS 16S rRNA e [F i 5 7 41 £ 42 58
GenBank (&35 : MN 240443), Ff7E NCBI $iE
JE B 4T BLAST Hoxf, KB Z21 5 Bacillus
methylotrophicus strain CBMB205" (NR16240.1)#H
WIPE R, A 99.69%. 4rHT iR Z21 5 B.
methylotrophicus strain CBMB205" (NR16240.1)%
TEIR— R G0 3 (18 4). Bk, W% 221 0
338 R B 2R ST B8 (Bacillus methylotrophicus).
2.5 721 RS FHET

HIE 5 aTLIEH, Z21 7€ PDBA RKigR¥t L+

54

bp

2000

1 000
750

3 Z2116S rRNA E & PCR F=4] BT A HE SRR R ik
Figure 3 Agarose gel electrophoresis of 16S rRNA gene
PCR product of Z21

Note: M: DL2000 DNA Marker: 1, 2: Z21.

37°C 1% 18 h Jm, WTE HARZY 3.1-3.9 mm, 2R
W, FY, MR, NEW, W%EsT, i
MRS, 3 d S VR R4 BLARE . 221 AR
Qu@ BHPE, AR, FRETY . S5
WMEL s 221 (REFRR(E S), PWvmdEE, K/Nh
(0.8-1.0)x(1.8—2.4) um, JHAHEE,

97rBacillus methylotrophicus strain CBMB205" (NR16240.1)
721 (MN240443)

21|'Bacillus velezensis LMG22478" (AB245422.1)
55 -Bacillus amyloliquefaciens NBRC155357 (AB255669.1)

97

—
0.01

Bacillus amyloliquefaciens strain BCRC 11601 (NR116022.1)
Bacillus vallismortis DSM11031T(AB021198.1)
Bacillus subtilis strain JCM 1465 (NR113265.1)
Bacillus subtilis 1AM 12118" (AB042061.1)
Bacillus subtilis strain DSM 10 (NR027552.1)

Bacillus licheniformis BCRC 117027 (EF433410.1)
Halobacillus aidingensis AD-6 (AY351389.1)

4 ET 16S rRNA EFHFFIMEN 221 RIBXERRZ L BER
Figure 4 Phylogenetic tree of Z21 and other related strains based on 16S rRNA gene sequence
¥ : Bootstrap IRELBEE N 1 000, SBHEMBRELEW; 55 NICEFH] GenBank B RS ; 433 AT F /R Bootstrap 37 HF

£y RRITR 0.5%H) 7532 5.

Note: The number at branch nodes are the percentage bootstrap support based on neighbor-joining analysis of 1 000 resample data sets.
Numbers in parentheses are GenBank accession number. The numbers in each branch point denote the percentages supported by

bootstrap. The scale presents 0.5% sequence variance.
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5 721 MERQ)RAFBEERLS®B)
Figure 5 Colony (A) and scanning electron morphology
(B) of Z21

2.6 721 B4 IRA (L

221 W FE A RRIE LR 5. H& 5 A]
H, Z21 GF, HEfhg . BHRCOK AR . RTEG . msImE
PR TENKAR . REERERIA IR . B- AR BT . R
TR I M . TR R £ . L-nH i e % i

RS 221 (EIBEIFE

Table 5 Physiological and biochemical characteristics of Z21

o-HI A BEIT G . B-AIMET A . TRRE R 2y . €
MK, ZHER B2y, a-EI M. N
AR 7 W . TN R -8 TN A R - Wil 2 R 07 T T
FH 5 -o-D- Lk PR ) 26 00 17 2 Ak RN H 2208 5 g I 1
JBHYE, BERI R Z AR T AR, R 5
ALAEH, 2 pH T 3.0 1} 221 RAK, A KW
pH G R R 5.0-9.0; 4 EE X T 4 °C Flm F 55 °C
W, Z221 ALK, ARKEEEY 20-45 °C;
W ZE/NT 7% (Baik ). 5% 3
BK[4,7, 1175 Ee, Z21 ()5 26 4= B A L R AE 5 H
FLE I R ZEARAT R 0 A B AR AR SRR AR RN AR ) 2
PEAIARF o 25 BT B RE | A PRAE AL RRAE DL I 16S
rRNA L P H) 530, SEARME 221 JE THELE
IR ZE T 1 (B. methylotrophicus).

5H 4 4% e P
Items Results ltems Results ltems Results
Oxygen 4 ia-galactosidase +* iB-mannosidase =
Glucose + iAlanine arylaminese + iL-perolidone arylamine enzyme +
Lactose + iTyrosine arylase - iPhosphorylcholine =
Methyl red = iB-N-acetylglucosidase = iPyruvate

Voges-Proskauer test = EA1anine-phenylalanine-proline arylamine enzyme + Ea-glucosidase i
Nitrate utilization i iCyclodextrin = iD-tagatose =
Indole production - iD-galactose - iInulin =

H,S - iGlycogen + iD-ribose =
Gelatin + iInositol + iPutrescine assimilation =
Citrate utilization - iMethyl-(x-D- glucopyranylation iL-rhamnose =
Oxidase + iEllman - iB-glucosidase +
Catalase + iMethyl-D-xylosin - iD-trehalose +
Urease + ia-mannosidase - iAmbomycin resistance +
Starch 4 Maltotriose + iAescin hydrolysis +
B-xylosidase + iGlycine arylaminese + iRed tetrazolium +
L-lysine arylamine enzyme = — iD-mannitol + iPolymyxin B resistance +
L-aspartate arylamine enzyme — iD-mannose i iKanamycin resistance =
Leucine arylaminese = iD-melose = iTemperature (°O) 20—45
Phenylalanine arylaminese 4 iN-acetyl-D—glucosamine = pH 5.0-9.0
L-proline arylamine enzyme — iAncient sugar + iNaCl concentration <7%

e+ PR - BAME.

Note: +: Positive; —: Negative.
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2.7 221 EF SRR
271 AFREKIE. RBEMENERN 7221 £KEA
B2 RN B R 1 R RN

221 FIH 6 P[RR & BEARAS 1 R IR (1)
Xof e R B A — i R I E R (B 6), Forh i iR
SRR %) R TR TR AT A 3 i = O 58.56% , S35 1 T4
bl . FUBE . RERERS2E, . HEgRE. mIETE
VERY RN IR TC 22 e, MDA RCR AN AR .
PR NIRRT 221 %k 8.35 1gCFU/MmL, &+
HAbmRIE . A 6 Rl LIE Y, IS [RIRR T 2
RAEK B RN, DA ZRERIRR, Z21
(18 A 5 D S e/ o LB T 410 B 36 ) 5 T
K, ATRERIMEY & SmIEM TA LR, |
M 2 A R A T 3 9 B P e A e T

6 PR A BEWR N R TG 22 L KA —E
MEERE 7), AR 2 LA
NaNO;, MEZEHN 69.31%, B #m T HANE .
£ NaNO; |1 221 B A&, AN TR I
fi%, A 7.77 1gCFU/mL, #0448 K 58 A
XFZ21 AR A —E I, B Z21 AR
AN o AL 7 w5, TR IR X 0 B O A
B S ) S0, 15 IS AN ] R 5% 400 B 4 Jo ) 7 A
AR EE W

e . " oy
100~ olnhibition rate Number of bacteria 19 E

=}

SR S
z 16
5 60F g b £
= ¢ 2
2 40t 2
S d d Md132
= 20 °
2

g

0 % 2 os® 0 Z

< < 5
Gwe® wg;fi\»\e %"‘“C“S“éo;\aﬂ““°\w“

6 FERKREX 221 B4 KR BRI E IR RIS 0
Figure 6 Effects of different carbon sources on the growth
and inhibition activity of submerged cultured of Z21

I AR/NGFERIRTE P<0.05 KF-28 5 3.

Note: Significant difference at P<0.05 level was reflected in
different lowercase.

6 BN [ JCHLER K VRO B EC A B 4 41 1l B
2S8R 8), Hdidsim T MgSO4 1 & B M
R, N 62.12%, W mTHMITHLER. #
YU Z21 LR AR s R s A Ko 2 22
5, TE FeSO4 Fll ZnSO, [ A BERE#2 3k I 721 Joik
AR, FHFEEXTRRARE S 2ERAMHEH . NaCl,
CaCl. MgSO,. K,HPO, X 41 B i) A= K %A FR KK
SO, E ] R FRA R A P 41 5 SR A AR B B i 2=
S, XA RE SN E Y RS s hR A ¢, A
Fpit— WA

olnhibition rate =Number of bacteria

100

)
O

80

1
(o)}

Number of bacteria (IgCFU/mL)

60

401

(¢}
1
W

20F

Inhibition rate (%)

(=]

(‘AC‘ ‘&Q*'\e . “‘A\Q \0(\6 $0“3 ﬁo%
Vot e Ce® T

'6\0

s

7 ARIRIEX 221 BE KR BRI E R
Figure 7 Effects of different nitrogen sources on the
growth and inhibition activity of submerged cultured of
721

TE: AR/NGFERIRTE P<0.05 K P25 0%
Note: Significant difference at P<0.05 level was reflected in
different lowercase letters.
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Figure 8 Effects of different inorganic salt on the growth
and inhibition activity of submerged cultured of Z21

I AE/NEFEERIRTE P<0.05 /K257 B

Note: Significant difference at P<0.05 level was reflected in
different lowercase letters.
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272 EFERAMIERRE

FREERR IR . RUIR LA TEHLER Y 20 IR 2R 00 45
B EPEIABEA) . NaNO; (B). MgSO0, (C) 3 1
HNEAT 3 K 4 K FIESSRE(E 6). A2 HT
SR R B, TER USRI IS . AU A TCHLER
MREFRIEh 721 AR R EM 2R, HIKIER
5 HLAPD & M HE b, 0 2 et & e 8 77 L I
75 o IEASIRIGZE R W], 3 AR X HE FC AR I
R A B>C>A, e K FA168 ABCa,
T 2R BRI 20 B [RR B P 5 52 1 S
FE T HAMLAHEZE, 0 UESL I I 41 A A 0
KE T HAbL, k5] 74.06%, LEE45HR, BiEH
G0 ABICy, BV L LR i 57 e vh 5 i %M 20.0 g
NaNO; 20.0 g. MgS0,3.0 g.

®6 21 ABERERAERREER
Table 6 Orthogonal test results of fermentation medium
formula of Z21

R Glucose NaNO; MgSO; Empty HER

Test No. (A) B) ©) column Inhibition
(D) rate (%)

1 1 1 1 1 62.40

2 1 2 2 2 67.91

3 1 3 3 3 56.83

4 2 1 2 3 74.06

5 2 2 3 1 66.44

6 2 3 1 2 58.56

7 3 1 3 2 68.15

8 3 2 1 3 65.11

9 3 3 2 1 61.34

Kij 187.14 204.6 186.06  190.17

Ky 199.05 199.47 203.31 194.61

K 194.61 176.73 191.43 195.99

K 62.38 68.2 62.02 63.39

Koy 66.35 66.49 67.77 64.87

Ksy 64.87 58.91 63.81 65.33

R; 3.97 9.29 5.75 1.94

BITRE  ABIG

Optimum

parameters

273 ARIEFEEMREI 721 KR EEK
MEE RN

KA bR ik R R SR B, X RS
PEATHEA . DAL O BT LATE H I B8 X 10 TR AR 1) 5%
MR, BfE R T, TR R SR RS )N,
Horb 32 °C W R BRI T % de s, 153 78.13%;
MR 20 °C BN AR e 2, WTRE R i
B A A K 208, AR A 28 °C B,
AR ECR B Z , (H7 AR 36 °C
W, A4 Z BN, MEE s, Uil
T E X T ) BT 8 7 A A R S e . R S
PR Y0 ) Rty b % & RS [R] R AT A SY, KB 10
RTDLE 900 P 256 B 5 5 s [ 1) S K ST 348 K ik
AN, KT 48 h A E R, O 86.21%, FfEH
BRI TR, AN AR J0 BT, 24 h I 40 TR 5K
e e (L P SRR AR 1K, AT BB DRy L st 400 18 4 Joit
AL B S AT R IR, (R e R
WRRET, FTREJS 3 5 PR 25 5 e 4 T 0
Y BTRTE A, B TR S I . LA Z21
MEZRRIEIR, 2% 721 BEKHEE, #E &k
() R B R FR I R 32 °C (53R AF (] h 48 h,
11 3 Lo 1N SRR B o = IO A A 1 LT N e
T 43.38%.

olInhibition rate m Number of bacteria g

90 a -9 5

= b =3
2 %
L 60F 16 =
IS [ =
=] ]
2 30 ¢ P2
e I :
k= IS 5}
O

0 : : : : 0E

20 28 32 36 44 Z.

Temperature (°C)

9 FELREX 721 B4 KL BRI EIE RS20
Figure 9 Effect of different temperature on growth and
inhibition activity of submerged cultured of Z21

I AR/NGFEFRIRTE P<0.05 K225 24

Note: Significant difference at P<0.05 level was reflected in
different lowercase letters.
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Figure 10 Effect of different time on growth and
inhibition activity of submerged cultured of Z21

I ARVNGFERIRTE P<0.05 K285 3.

Note: Significant difference at P<0.05 level was reflected in
different lowercase letters.

3 WS4

FH R 75 9% 8 2 960 FF B R ZF T TR A — A~
R, XN BRI L A, Wik, HAEN M
R & i< Ja e 2 75, 0 T IREE R4 A AR
bl 2 £ A B ATl R O ARG LE S T Al
A 16S rRNA LR JFA | A BUE R IEATE S
SERRAE, BAE Z21 S W OILE 3R R ZE AR 1 (B
methylotrophicus). FifiJ& % 3537 360 & e S 42k 7
Ak, L A ) JC TR k& B VR HA TR 2% LU AR AR T
PR T 43.38%, XPRECARE KM RLE]T
86.21%, PULALRCRAE® B, X H S H 5 M 254
FFRAEID TR AR 7 TR AL T — 8 AR

KA B, 585, RED R EHEZMREL
i RS R, AR AR, IR
PLAYTAE, X AU W R B . e st
2 A S SV o A e R T 5 e 28 R A % PR
W&, 58 . A5 . BEMMESFLRIIER.
ARSI TR AR B A R R AL IR 221 B
JIE IR RCR , JUHX RS | R R
PR AR H b, 0B A T M, R K O0E B I
24.13+1.06 mm (40 B 5 B R A B B Ol
30 mm). [A]E, HH O SR RS0 AT R AE T i AR )
95 JELTE T (BT T b A 2 OV B W T AR
FEOL iz T AN B TR 250 A e

JE LA TERD , (ERIZ TR I TR E A 0y T )
8 Mg A e 2 POV e A5 ) — Mk ELAT A
%8 R AFBIL HYH SR IR WZ-4, A ETTA
JSUET BT 0 B A AR R it TS I ] o AR SCBIF S 4
SR Ay R 8 5 D 2 ST T T A B o B JE R 55
T A 3R —E 2%

25 FLAT BT T8 20 AT 174 400 A B3 il e
— SR AR P A I I A A2 K P Babad
S5 UM B2 S0 TR B IR U R 0 B B L
JIkI22T, SRR SE I ST R B, (o R R A
TR T O TR RoRE 2 A f R 2EA T IR AE S5 SRR BT
TR LA AR AT (8 PR A B TS8R, W R B T %
Fr B PR LT R] . Sharma ZEPH MG B A0 45 K
b oy B AR B — AR TR R B O A TR
(Bacillus methylotrophicus-SCS2012), F /& ¥ HAH
FEPDRIBGE IR . KIGF . WRREF AT
TCFLEE BRI 5 1 b R O %) A B 5 A AR L i 4 i
ROR . P, F S SR B SR A s AN T3 Y
REMERCR, MHXTA . EECL 4, B
TR B — 2K 35 T ASCRIBFTE SR 221
TGP 0 JO ) 3 85 5 LA B T SRy R 8K it 7 31 1z
At T 22%
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