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 OE (AN RRRAERTANRSE, [ FF] A IREE R T 5 5 73] — kLA & 2 RAH A 89 5 Fo
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F A AT E AR ZXL-T BACKR W Hoh , AR LB F R LR R v B kT Y B R R KW R F AT T
A, [ R)EREAN, BB Bk ZXL-7 4 E K 3 04 ¥ (Bacillus megaterium) , HALH BALIE I 20 5%,
Jy T B4R 28. 04 o/L, B3R B4 8. 73 /L, KH, PO, 2. 05 g/L,MgSO, - 7H,0 1.58 g/L,MnSO, - H,0 0.61 g/L,
NaCl 3.00 g/L, [ 4] B4k ZXL-7 s BeAR IR A K P 9 A ALR A A — 2 B A A,
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Isolation and Identification of an Ammonifying Spore Bacterium and
Optimization of Ammonifying Medium
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Abstract ; [ Objective ] It is to reduce the content of organic nitrogen in aquaculture wastewater.
[ Method] A Bacillus with high ammoniation ability which was named ZXL-7 was isolated from the sedi-
ment of intensive culture pond. Phyziological biochemical experiments. The effect of medium composition
on ammoniation of strain ZXL-7 was studied by single-factor test. Based on the single-factor test results,
the factors affecting the ammoniation were optimized by response surface method. The results showed that
strainZXL-7 was identified as Bacillus megaterium. [ Result] The optimized ammoniation medium were ;

Sodium succinate 28. 04 g/L, Yeast extract 8.73 g/L, KH,PO, 2.05 ¢/L, MgSO, - 7H,0 1.58 ¢/L,
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MnSO, - H,0 0. 61 g/L and NaCl 3 g/L. [ Conclusion] Strain ZXL-7 has certain application value in re-

ducing the content of organic nitrogen in aquaculture wastewater.

Keywords : Ammonifying bacteria; Aquaculture wastewater; Box-Behnken design; Medium optimi-

zation
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AAmiGEE . A R ERE TR EYE AR
Bk R, Horp oK e i 2905 & E iR AR
6.5% " W TH B K 7 R R B, £
017K e 8 R R AR A A P ke T it 5 B
T IRFHAMH 4™ 5w SR TR S R
IKIRE BT OCHTT R FRFE KR A5
P F LA A LAY DL K NH,*-N NO, -N,
NO, -N & TEHLA ., BT, ENSMFZRHIT T AE# X
KR TEHL A B £ BR HEAT T R R AT ) A
FE AR HLAE M Ak B s i A A EH
SRR A LR ZBR AR G RY , B HE I 2 5 2L
BRAGERE . E LA A DA NH, " -N, 7
A AR TR AP FR S 16 N,0 N, ™) 1A
1M S AR AR O

T 4 Y 206 20 7 £ 2 A4S Bacillus'™
Pseudomonas'>""" Micrococcus'"?’  Arthrobacter sp- (21

(13] . Stenotrophomonas malto-

Lysinibacillus  fusiformis
philia""*) | Enterobacter aerogenes' ™' %, AR 5 I KE
IRt IR e b B i A1 2 10 MR EA ZALRE Y
SFARTR ARIE R 25 AR AR ARHRAE 22 168 rDNA
Fe 81 73 AT 19 7 15 26 8 Bk ZXL-7, 000 P 1 57 4k
T R ZXL-7 ZALRE T 52, S 28 1 48 T ]
TIRFH KA PR AR L T R4 s

1 #MEE &
1.1 ##

1.1.1 Ao BHeRR

PR O3 B it R AR T I P AR M K 27K 7 37
FEHAE IR M IRE .
1.1.2 5Kk

WA SR Ml 1%, #F BE 2% , KH,PO,
0.2% ,MgS0, + 7TH,0 0. 1% ,FeSO, - 7H,0 0.01% ,
pH 7.2,

ARG B A AR 2% B

Fh PR FR 3L . 4 N 0. 5% ,NaCl 0. 5% , 35 H

1% ,pH 7.2,

ARG FRIL  AEF IR FR LI 2% 3505

E R I E AW 0.5% , NaCl 0.025% ,
FeSO, - 7H,0 0.001% ,KH,PO, 0.05% ,MgS0, - 7H,0
0.05% ,pH 7.2,

FAL K SR A BE 3%, TR 1.5%,
KH, PO, 0.2% ,MgSO, - 7H,0 0. 1% ,MnSO, - H,0
0.05% ,NaCl 0. 3% ,pH 7.2,

FRAECH WA R G T W) ) e i A H A
A S B

1.2 A&

1.2.1  EHr i

FREC10 g BEJeAE 4R 2 100 mL I BEI K
B E R SR 37 °C 170 o/min FERRESE 4 d, )
HU10 mL &AW T 90 mL JCHE/KH BT 80 C /Kl
B AL TR 15 min, $% IR 10 555 B VL 2 900 B, B
0.1 mL BN 107 107 1077 AOHRE BB 5004 T4
BRI, 37 CHIFRERE AR, EURFIE
STV AT 2 WL 508, PR el vy e 7% 5%
e T RO ORAE o
1.2.2 WA

N5 25 A5 B Y T PR 2 B 2 Bh W 8 R &
37 °C 170 r/min ¥53% 24 h, % 5% (V/V) R0
PR O 530 42 o 381) A 355 5 6 v ) R Tm) 2% 1R 1 85 57
48 h, MEHEFFW H NH,*-N &, 3 IREX,
1.2.3 HHERZ

(1) JEA2EMEL , KRR ZXL-7 8F T4 RN E
EEEEARRE R 5K ,37 CHEFE 12 h, WEH TR
JIZ0% (| i W g AVE LY I

(2) A FEA AR, F RO WA R G
FWE) #EATIR

(3)16S tDNA JF50 5341, i3t Ezap A 240 R
FERZH DNA il 4 307 & 2 B R S 58 I 41 DNA,
LL3dE F 519 27F ( AGTTTGATCMTGGCTC) | 1492R
(GGTTACCTTGTTACGA) ¥4 16S tDNA, £ 1.2 N
PCR ¥ i WA R i 4544, PCR 4lifbr=¥h -
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WA T AR A B A 58 B, I 45 S
id BLAST #2375 NCBI " GenBank (¥ %2 #£17 b
X, B A Mega7. 0 ( neighbor-joining ) #4 2 £
Gk B, Hirp Boot-strap /M EZ B N 1000,

%1 PCR I ¥EFIKZ

Table 1 PCR amplification reaction system
el R/ pL
Template 0.5
10xBuffer( with Mg*") 2.5
dNTPs 1.0
Taq Plus DNA Polymerase 0.2
F/(10 wmol/L) 0.5
R/(10 wmol/L) 0.5
ddH,0 19.8
SR 25.0

%2 PCR ¥ IR B LM

Table 2 PCR amplification reaction conditions

(i6e T i [E]
T 95 C 5 min
G 94 C 30 s
=k 57 C 30 s
S fe 72 C 90 s
EHE 30
FAEAif 72 C 10 min
281k 4 o

1.2.4 HAMEFLEFR

MU A SRS R IR P S O A TR . TR
BT AN AT N TER AN BRI
JEE(20.25 30,35 40 o/L) EIRFNE (EARY BERE
K R Y R R ) (KH,PO, WS
(1,1.5.2.0,2.5.3.0 g/L) . MgSO, - 7H,0 % Jn &
(0.5.1.1.5.2.0.2.5 g/L) ,MnSO, - H,0 #hn&
(0,0.25.0.5.0.75 .1 g/L) ZFEHEFE 4% K 30 bR =
AR B
1.2.5 @i

DAEA PR 2R 3 90 45 R A A, B R 0 Ak R
AREFEZWMWT R (A),KH,PO, (B),

MgSO, - 7H,0(C) MnSO, - H,0(D) }y 4 MHZE,
VIE A& (Y) R {E, #8 4§ Box-Behnken
O AR S P AT DY PR3 =K S i 7 1A A 3
Ky, RS 3 s,

%3 R @A EKFEHDE

Table 3 Level and factors design of response surface

S I -1 0 1

T RN A 20 25 30
KH, PO, B 1.5 2.0 2.5
MgSO, - 7H,0 C 1.0 1.5 2.0
MnSO, + H,0 D 0.25 0.5 0.75

1.3 FESENE

PR T 4 °C 10 000 r/min Z5.0 10 min, LA
RALFN A E AL RS F7 FAE 0 25 (0 R SR 490 EG 57
BRI E B R NH, N f i (AN
HETHRPEAASTEWEST AR FERPAAT
i,%ﬁ:mgﬂ#) o

1.4 HiEAIE

A Excel \Mega7 ,GraphPad Prism LA AT
BB 2 B Design Expert 8k 4 51745
RUA T 22508T, A gedE T 3 IRE A,

2 H#ER 557
2.1 SHXWEEVHBMERFER

MR 7 b 5 U v 43 B9 1 10 #R B Ak E
FHRITE R, K T bk 4 0 42 Fh 31 Ak 35 S e h T
30 °C 170 r/min £ K H 5557 48 h, W& B FR ik
NH,*-N i, DA2s [ gR st o R, S5 4,

% 4 WAL R [F AR AR I ASIR], TR ZXL-7
AL BE J) fiesi , NH, " -N & 835 5] 256. 523 mg/L,
TR BR B MR ZXL-7 HE17 )5 22058 .

2.2 SAAEE ZXL-7T HEE

2.2.1 RALWE IXL-T B EFE AR AL T

WML SWE 1 R, WA BRDE, KA 6, A
BRI, DN, TR A, WIS
AR, Pl 2RI b A S22 R (18 2) .
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Table 4  The results of strain screening
ki3 ZXL-1  ZXL-2  7ZXL-3  ZXL-4 7ZXL-5 ZXL-7 ZXL-8 ZXL-9 ZXL-10  ZXL-11

NH,"-N &#/(mg/L) 146.81 125.97 220.42 224.58

228.75 256.53 223.19 210.69 255.14 214.86

A1 Wk ZXL-7 A% S
Figure 1 Colony morphology of ZXL-7

B2 B ZXLT ARAF I &
Figure 2 Morphology of bacteria and spores of strain ZXL-7

A BRI A R IR 5,

A5 ABANKBLER

Table 5  Physiological and biochemical experiments results

i H EE S W H 4
B[O + | +
ikl + V-P iR % -
g + TR )5 +
HEERE - TE R K S +
B + g | PR 512 25y -
Ak - 2410 +

Mark ZXL-7

A3 WAk ZXL-7 16S rDNA & % &
Figure 3 16S rDNA electrophoresis of strain ZXL-7

2.2.2 16S tDNA B3] 514 R

TR 16S 1DNA 473 7 51 Uk 25 R UL IEI 3, M
K3 a LA, 3K A9 16S DNA R B K/hA
1489 bp, K ¥ 45 55 NCBI ' GenBank # 4
2% BLAST F&JF LU X537, FI FH AR Mega7 ( neighbor-
joining V) M RF L EW, G5RILKE 4,

XF e & B R ZXL-7 5 NR-117473. 1. 1-1488
Bacillus megaterium strain ATCC 14581 B[R] 8
K 100% , LERIEEE AR RS TFAEY
OV B S R ZXL-7 HE R TR ( Ba-

cillus megaterium) ,

2.3 RLEREMNL

2.3.1 BRBRAFEFE M ZXL-7T B RO Hom

G 3% WA RPN . L FREN . T IR
FEWE TERY AR R A A % 5 v Y R A0
T30 C 170 v/min 54 FH:FF 36 h, & K 2
NH, "-N &3, DIas [ SR 5 0 B JF T B G 57
FerpE B, SR 5 R,
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485{

NR 025060.1:1-1479 Bacillus jeotgali strain YKJ-10

50 NR 113777.1:1-1475 Bacillus niacini strain NBRC 15566
’7NR 040852.1:12-1500 Bacillus horikoshii strain DSM 8719
100l NR 117854.1:1-1483 Bacilus zhanjiangensis strain JSM 099021
100 ZXL-7
NR 117473.1:1-1488 Bacillus megaterium strain ATCC 14581
100 NR 113800.1:1-1478 Bacillus flexus strain NBRC 15715
100 NR 135732.1:29-1406 Bacillus paraflexus strain RC2
’—NR 025373.1:1-1480 Bacillus shackletonii strain LMG 18435
100 NR 041378.1:1-1485 Bacillus ginsengihumi strain Gsoil 114
—
0.0050
B4 Ak ZXL-7 16S tDNA % %% F #t
Figure 4  Phylogenetic tree based on 16S rDNA sequence of strain ZXL-7
- = AR -
400 & 380 e S I
= 300 _ 360
) 3
£ En 340+
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=
i =
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& 100 iz 300
&
0 280
N @@ﬁ&%@@ 260" T T T T 1
FUN T 200 250 300 350 40.0
* ‘ TR IR (/L)
e ¢

B S BRAEFAM ZXL-T BB R G R
Figure 5 Effect of carbon sources on ammoniation of

strain ZXL-7

5 2550, R R B AR ZXL-7 21k
RENVERIZ S8R, S LT IRENVE MRk IR,
Pk ZXL-7 (R AL RE T He s, 55 72 0P & A3 in ik
325.926 mg/L, WCESEE T ZRREIE MIRIRIE T /542

ST
23,2 ToEhEA B E bk ZX1-T SULACR 6 Y

TERE IR A 2 SR A 20 25 .30 .35 .40 o/L 1Y
T 4N, T30 °C 170 v/min 254 F 8537 36 h, il
SERGFRWOH NH, "N i, Dhas A 3R 3560 0t iR,
IR R R P A NN, SR E 6, fE—E
0L 1B P 85 A W A A 0 e B T R A AN i 1Y
B ETR, ST ZRRENE I 25.0 g/L I, &
BN 3k 366. 67 mg/L, {H 24T ZFRANTR N
SEARSEIE N A R

B6 TIBRMKmEHHK ZIXL-T BALKLR R
Figure 6 Effect of sodium succinate addition on ammoniation

effect of strain ZXL-7

2.3.3  RURAFEATE A ZXL-7 BACHOR 09 0

DL A 7R3 v () 5 AU o R A 40 A
R ERIE (1.5% ) BERERY (1.5%) 3 I
(0.662% ) | W Bk $2 B W (0.873% ) |, Ji& & M B
(0.756% ) , T30 °C 170 t/min 51 F 453536 h,
FEREFRWOH NH, "N i, DL (s R 36 0E 3 i,
IR h A, SR LA 7,

LT TT LAt DhEERER by 05 B 22 S
HEERTHEAREL2Z5 A EE, K68 &6
BRI B 7L 28 o B e TR S AR R
JETAEAE T4 L P, A ) P R B R RIOR B AR T
., MUARERE R B R EOR B 2 A R,
4 465.74 mg/ L, A BERR AR B B o A IR AT
JE R
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Figure 7 Effect of nitrogen sources on ammoniation

of strain ZXL-7

2.3.4 KH,PO, #Ang st EAk ZXL-7 BAHR 0970k

WA AE Wy HE AT TE 5 A: i I 30 T 0 75 119 G #
JCRZ—, & 4 b L 45 2R BT R S R W) 4 T
8 EE L2 B, A 5 7 R v R R e A AR
BENE S5 AE R o 00 A 1A B A AR R
Pl 8 45K W], X KH,PO, WRJneEHy 2.00 g/L B,
B % W rh S AR 0 & e K, Ol 498,61 mg/L, fH
KH, PO, ¥ il 4k 23 i, &0 &3 = F R, ik
£ KH,PO, IRINHEN 2. 00 o/ L HEATIR L5,

3207 D
500
4801

460

AN/ (mg/L)

~

N

S
1

420 T T T T T
1.00 1.50 2.00 2.50 3.00

KH,PO, 7 i/ (g/L)
B8 KH,PO, FimE s H Ak ZXL-7 BALK R 49 %R
Figure 8 Effect of KH,PO, addition on ammoniation

of strain ZXL-7

2.3.5 MgSO, - TH,0 &A% 5 4k ZXL-7 R AL
R Fra
RS T T 2R ) A i vh 22 Tl OC B 4 il 1 9

PO, 2 5 2 TP BN I A7 40 L 45 44 1)
FasEME, ME9 AT LA ), A 2 2 e FHE R
ka4 MgSO, + 7H,0 #inah 1.50 ¢/L B,
SRR A F] 509. 72 mg/L, {H MgSO0, - 7H,0 ¥
IR ARSEHT N, AN R R R R R R R L
Mg W R, X A W A = A B, R, e
MgSO, + 7H,0 A 1. 50 o/ L 7 S5t

520 - G

(93

(=

(=]
1

S

=3

S
1

SR N/ (mg/L)

- P
P D
(e S
1 1

420 1 I I I 1
1.00 1.50 2.00 2.50 3.00
Mg-SO, THO% HlI/(2/L)

B9 MgSO, - TH,0 #Fhe 3 3} i #k ZXL-7 RACKR 09 %R
Figure 9  Effect of MgSO, + 7H,0 addition on ammoniation
of strain ZXL-7

2.3.6 MnSO, - H,0 # /& 5 H 4k ZXL-7 &AL R
R Fa

A B AR BB A W A L 2 4y (R 2 S AL
VB ALTE Ay A6 R G I 55 il 1) 2 1, I % 28 96 1Y
TERA —E MR HER] . B 10 45180 A1
JEETE 0.50 g/L MnSO, - H,0 %I T A i K1
512.96 mg/L,{H MnSO, - H,0 ¥t 0. 50 g/L
B, SR I 2 T R

- EHEINE

480

HEH N/ (mg/L)

1 1 1 1 1
0.00 025 0.50 0.75 1.00
Mg-SO, HOf Ii/(g/L)

MnSO, -+ H,0 #An 2 34 B 4k ZXL-7 BALZCR 0% 8
Figure 10  Effect of MnSO, - 7H, O addition on

A 10

ammoniation of strain ZXL-7
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2.4 Moz EE 4 R

IR 6,
SBuN Design Expert12.0.3.0 AT LS
5 A58 T AN I k£ oohIH

Y =574. 31+44. 28 A+27. 61 B+35.95C—-27. 53D—
20. 50AB-11. 09AC-27. 19AD-44. 26BC—
7.56BD+9. 39CD-45. 93A%-59. 74B* -

57.31C*-38. 04D’

X EUE T R AT T 22000 AR AR T

Tk
% 6 Box-Behnken X Hi% it & 2 R
Table 6 Design and results of Box-Behnken tests
R T RN KH, PO, MgSO, - 7H,0 MnSO, - H,0 Y &AM E/ (mg/L)
1 25 2.0 1.5 0.5 578.32
2 30 2.0 1.5 0.75 557.53
3 25 1.5 2.0 0.5 488.35
4 20 2.0 2.0 0.5 412.32
5 25 1.0 1.0 0.5 489.32
6 25 1.5 1.5 0.75 496.32
7 20 2.0 1.5 0.25 343.42
8 20 2.0 1.5 0.75 485.35
9 25 2.5 1.5 0.75 548.96
10 30 2.0 1.0 0.5 523.56
11 30 1.5 1.5 0.5 523.64
12 30 2.0 2.0 0.5 546.33
13 30 2.5 1.5 0.5 555.46
14 25 2.0 2.0 0.75 545.21
15 25 1.5 1.0 0.5 325.32
16 25 2.0 1.5 0.5 564.76
17 25 2.5 2.0 0.5 475.32
18 20 1.5 1.5 0.5 336.56
19 20 2.0 1.0 0.5 345.21
20 25 2.5 1.5 0.25 443.41
21 25 2.0 1.0 0.75 486.53
22 25 2.0 2.0 0.25 443.35
23 30 2.0 1.5 0.25 524.34
24 25 2.0 1.5 0.5 554.21
25 25 2.0 1.0 0.25 422.21
26 25 2.0 1.5 0.5 574.32
27 20 2.5 1.5 0.5 445.36
28 25 1.5 1.5 0.25 360. 52
29 25 2.0 1.5 0.5 547.37
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Table 7 Analysis of regression model

YRS S5 A syl F 18 PfH B
Model 1. 842E+05 14 13 155.55 88. 66 <0.000 1 %
A 5 882.95 1 5 882.95 26.20 0.000 2 ok
B 287.75 1 2 287.75 10.19 0.006 5 ok
C 3 876.22 1 3 876.22 17.26 0.001 0 o
D 1082.75 1 1 082.75 4.82 0.045 5 *
AB 1 680.47 1 1 680.47 7.48 0.016 1 #
AC 491.62 1 491.62 2.19 0.161 1

AD 2 956.26 1 2 956.26 13.16 0.002 7 * ok
BC 7 834.91 1 7 834.91 34.89 <0.000 1 %
BD 228.72 1 228.72 1.02 0.330 0
CD 352.31 1 352.31 1.57 0.230 9
A? 13 681.54 1 13 681.54 60.92 <0.000 1 ok
B? 23 151.40 1 23 151.40 103.09 <0.000 1 ok
c? 21 302.73 1 21 302.73 94.86 <0.000 1 * ok
D 9 387.24 1 9 387.24 41.80 <0.000 1 ok
¥R 2% 3 144.09 14 224.58

JANIG 2 459. 64 10 245.96 1.44 0.388 1

a2 684.45 4 171.11

B 1.738E+005 28

E:ox s REMEEF(P<0.01), * RERBFE(P<0.05),

H 28 7 AJ 1 B P<0. 000 1 Sk 3, Je 40130
P=0.388 1>0. 05, RAUNEEA 35 | U WAL AT 47 5 4
KREL R =0.981 9, FRoR A 5250 ) 1o {1 220 014 I+
[ 2R Z M AH G M R AT RS IE e R R =
0.963 8, FRE C. V. % =3. 12, Yl iZ R4 B
GFRY IR AR R R AR, AR P, T
TFREM(A) KH,PO,(B) MgSO, - 7TH,0(C) . T —
RN MnSO, - H,0 BY2E H.3i ( AD) . KH,PO, Al
MgSO, - 7H,0 B2 HI( BC) DA AT R A Ik
Ti(A*) . KH,PO, [ WK (B*) ,MgSO, + 7H,0 1
TWRIF(C?) MnSO, - H,0 B IR (D) Atk i
KF-(P<0.01),MnSO, - H,0 (D) T Z & 4h A0
KH,PO, W2 ( AB) A i # /K (P<0.05) , H:
BEREZmEAN,

i Design Expert]2.0.3. 0 ZFR & &GN Y
[ FERE 7400, T e KH, PO, MgSO, - 7TH,0,

MnSO, - H,0 45 H 258 5 AE FH i 1 1 WP 11,

ME 11 FTRVE Y, T BRI MnSO, - H,0,
KH, PO, il MgSO, - 7H,0 2 [a] {52 B 4F F Mtk
(P<0.01), T R4 F KH,PO, M52 HAE ] 3%
(P<0.05), 1M T M &1 F1 MgSO, - 7H,0 KH, PO,
F1 MnSO, - H,0 MgSO, - 7H,0 #l MnSO, - H,0 Z
] A HAE A B2

HRPEATRY AT LA 3 B P Al B 97 S AL
TR InfE M 28.04 ¢/L, KH,PO, %K
2.05 g/L, MgSO, - 7H,0 ¥ hn& A 1.58 g/L,
MnSO, - H,0 R 0. 61 g/L, i 2 &1 hn
I P2 R 600. 005 mg/L, AL AL 15 55 % 3 4
BCHEAT = W R 0 50 E , A5 2 2 A & 4 5
9 590. 556, 583. 661 . 598. 889 mg/L, F ¥ i K
591. 035 mg/L, 5 FIEAH 22 1. 49% ., vtz [a]
HBEAY /] DL e A 4k TR bk ZXL-7 2 Ak 55 57 AR 4
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Figure 11  Response surface diagram of interaction of various factors

3 itk

ABIFSE LA SR R S e — S0 U8 % i it Ak B v A
KT IR Ay 2545 2] 10 #R B A 2 kBT 2
FEFFTR AR 4 T 20 S 5 R 1 45 5 IR 7B W)
FFBL WR ZXL-T %58 0 FORZE AT R ( Bacillus
megaterium) FEig' \ﬁ%ﬁm] i NESE PO
FRFE ML SR Aok b o B i e B AL P A R I B
KZEHLAT I ( Bacill-us megaterium ) , I 57 T H X%
AHLERIFERCR

HAETHFSE R T, 4008 L T | B o RN B TR 45
B HA B HLA M RE ST, (B [8] B R HLAE )
WEARRE T AN ), B3V 5 B K AR i o 3% W 43 10 32
FERYE, RIS KR 1 25 Y KR
Bl IR A L H 5 e S I 4 A TR K A i 48 52 AR
RIS ARHIRSE SR AR DA T R Ak i U PR
SEWC R R AT T, Bbk ZXL-7 BA R A B
R RERRRE ST, LB Ak IR Rh 2 55 2 i 3R 5 K
PR BILAU ) SR % A, 2 0052 e 3R K A
RIERR, BETR RS E R B 1 m 5 m ik
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