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— 7 T LS R AR A ISR i, R A S A it
FASAAE B3R S5O SR NOL N,O Al
No, K EOCEMFRRDK A 22 R0 ek, #F
FEHA L B 0 SRR R R I R R 2, £
& F 2E 0K 1 & (Bacillus)!'® . w3k 5 & (Parac-
occus)!' ! 1% Bl B J& (Pseudomonas)| 24 | AE
M O N FEFE KA o B e B R 2R AT B SZ-3,
X5 Yl 7K AR EEL 1 SIS T kA 50 58 ) R A R, L
I Aspergillus parasiticus JFS 1] 5 Z1 4 i 7 Al iR £h
ELBE IV A R R e 7 o G T (0 S R R A AR g 1),
G B 75 B St 358 174 JEC Ufe H 0 2 81 114 06 45 40 TR L e
RS R R RO 8 4% b 2K S 1 B AR AT A —
FE R RBRYE, BIanGA AN . Tk 40 TR A 1 5 %
%, H5 23R . AV E S KRR R
M 2223 SR A — B A AN B ) 3k A il P
2R, 5 2 KR T s SRS e, I L AR TR
SRFRF A P R AT IR, Z8ARE R

PR AR R SE 56 58 25 AF T B A RE AR5, (HL il TS8P
IR B B B2 IR 28 ME A g R REXE DU A
TR RO RS PE AR SR A, SEBr A 7= o B RICR
FEAEARRAREAR S B R EIF RN E L
RE voh R A LA R AR, ELXVAS R PR3 s L A2
TR RS E I bR . ASBETENZ A TR
IR F A 3 B OO 2 ) — Rouh I A R HL A AR
SE R RRRE ST TR HROK AR SR R X
JK A B2 4 ) 0 3 A TR R P A R, SRS
(7K B 5 R T 9 X H Rk B 2R AR AT Ak, 9%
JE TR AT FE AT i v 255 7% P D IV A 1 2 ol A 25 3
7R B E SR,

1 HRET%

1.1 SEIE#R
AT ILTIREE 50 MM, R H R AR HL R
B . 15 KAL) A 2 ALK (FE 1),

x1 REFEMAXER

Tab.1 Theinformation of collecting sample

R FERTA] sampling date

R FEH 5 sampling location

AR sample number

6

science and technology experimental station of Shandong Agricultural University

2018-05-04 IR AR R BB I 6

2018-05-22

2018-06-08 &2 173 BE Tai’an Nanhu Park
2018-06-19 R RS Tai’an Xinyuan Farm
2018-07-25 ZRUR R SR Y Tai’an Hot Spring Farm

FRLE S V5K AL B the second sewage-treatment plant of Tai’an 18

8
8
10

WAERFEI: CH,06 10 g, K;HPO, 0.5 g,
MgS0,-7H,0 0.2 g, NaCl 1 g, NaNO, 2.5 mg,
HIOLRBEW 2 mL, MKEEZ 1L, {1 pH 2
7.2~7.4, FEKE (121 CKE 20 min),

L RIF: EDTA 50.0 g, ZnSO, 2.2 g,
CaCl, 5.5 g, MnCl, 4H,0 5.06 g, FeSO,4-7H,0 5.0 g,
CuSO04-5H,0 1.57 g, (NH4)e-M0,S04-4H,0 1.1 g,
CoCl,-6H,0 1.61 g, MI/KEAZE 1 L, #15 pH =
7.0~7.5,

RIS EL: HENE 2 g, HEWK 2 g, MgSO,
0.02 g, NaCl 0.2 g, K,HPO, 0.04 g, NIKEEZE
200 mL,

1.2 BEHMESE. HiE
KAV FIKURIZ KSR 5 em WRYTR

e, RS H MR 1% 1 L 5] 42 Fh 31 A= 38R K
37 CHG# PRSI IE 45 min, 85 BCEER,
HASEIFW . 1F 100 mL NaNO, & &£ 373 d
A 10 mL 27, 180 r/min, 37 ‘CH;i¥F 24 h J5 #
BB e e IR, RS 6 R #
gt 6 AR W TR TR0 BER RS IR, 37 C
HigR 24 h, EBUER R, AR 1 RETR
Fril s e, et 4 0 ¥t at
TR B IR R PR TE L e R b i 5 24 h )5, U
1%09 L B HeF 2] NaNO, #1 I B 0.8 mg/L 1Y
20 L ZKARH HEAT R AR B A NaNO, BE J7 I i 5256,
SRR T ARG R, BERR 2 b D K A b IR
[TEEIN R
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1.3 B IV-1HERE
TEA A B A A S R 7 3k B A T Rk 2R A T
WYL R, WEHIEA, RiE A
AN S E TE) POt HO AT A P AR AL S
ST AR e LAl fb s 37 5 1) B T M A
#, YL 5-AGAGTTTGATCMTGGCTGAG-3' Fl
5'"-TACGGYTACCTTGTTACGAGTT-3"43 %4 | .
TS 19, PCR 4744 16S tDNA #4355 o 37 3
¥ R0 94 CHiZEME: 4 min; 94 °C 30 s, 56 C 45 s,
72 °C 90's, 35 MEH; ff5 72 ‘CIEfH 7 min,
1.4 Btk IY-1 IR L& HEE
PR I I ST 65 - 45 3 0 81 ) TR R 2 P 1 B
JE VAR b, 37 CHEIE RS 24 h, WA MRE .
PRIRRHE IR D AR fa S0 B AR (50+5) ¢ WS
%4t (Oreochromis niloticus) 360 &, “F-H143HL 6
4, B 3 ANER, H 1 AR IR, 9%
MRAEFEER /K 0.5 mL; 45 2~6 414> BIENR 10°, 10°,
107.10* .10° CFU/mL 1% JY-1 B 0.5 mL, 3 d J5, ic
SRR ATIRE, Gt 14 d BT,
1.5 B JIY-1 KB EFEREMRIRRMAL
o STl e TRV P Rl R R 2 R o S Y
FoARHy . ST TETE R, RN 2% JY-1 T
KR SR 180 r/min, 37 CHEF: 48 h I, it
HA MR, SRR IMA ST IR 2
M, R B A R ) TR B R R A R I8 B
Ky BIRELEURZ, HFP 2% TY-1 T LB 57
e, 180 r/min, 37 CHi % 48 h 5, Sil 4542
5, JESE AR A ST AL,
1.6 BEHk IY-1 3 HEBEAEEHKRIEEERR
£ 20 L pykR, BEURFES IR S )8,
RAEME 3 R, TR FRF KR NO, IR vk
JEh 0.6 mg/L, HEREM TY-1 BLWEE R 107
CFU/mL, 7%, #MI5 12 h N, &:f% 3 h il
WAHRREL . A . MRS A &, LNER 3
W AR ER I E R A AE, @Ak
FZ RN, MRS SR MY IR ET99732
2 ZHOK BRI i G E o
1.7 Bk IY-1 TREEREEEEEENY 8550
F 4 NCBI HAH 5C TR P i 2 R 34 it il 22 1A
(NIR) A 4w i IX 40, 3 il i it B R 9 5'-
CCAGCTAGCATGAGTTATGAAAAAGTATG-3'F

5" TGGCTCGAGAGACGCTATTACTTC-3', VL
PR JY-1 () DNA MR T PCR 973, §7 3179
PEALHON AR KL R A BRA RIY o AR 4 B
PR TY-1 JAH G BRI NIR %1, FIFH MEGA 7.0
AR R G, DB R AR TY-1 %50
TSR ER ) itk i A%
1.8 HIESH

JIT A 1) B84 R LA Y- 24 (B 45 E 22 ( X +SD) 3R
7N FIAT SPSS 21.0 #EATHLR &K Jr 2243 M1 Fll Tukey
Ko, 24 P<0.05 B FRERBE,

2 HRS5HMH

2.1 HEHREITEE

MRAER 50 MHEGGR D, SRAE )& 4
SEMNITERZR oA, FHaifbiig 44X, 3t
RS 6 MW AY R R R AR B Y TR BE, 44
R IY-1~TY-6, ik B Ak 5 N R Al SC 00 3R BH, TR AR
IY-1 ZEHM 5 2 h AT S8 R i W iR 5k, P f
BB 1),
22 HHREE

X IY-1 AR PEAT IR A5 2 LA R 24 [ |
FRREEE, RUEERLEREEO6O, H%E
FFESEW, hEl R, AR E R s
FORY B EAREFTR R, DERATE—R
R HES, ZERMEIE, Tk, R4
pn A, LY B RIS (AR % F
i) PORn R AN R G E T ) BT wiak
TEVL N AT 8 . A B AR R, AR
IY-1 GEFIHARRER R . JEKs . AN . H
A5, TR TR TR A I 5 PH (3R 2)

HHE TY-1 19 16S tDNA 3" 147K 4 1616 bp,
5 NCBIAUE 2 951 LU G R B, 5 2R AT i
J&& 1) R L ZF LA B AR AL 35 98%; #1 1T MEGAS.0
Ak, B IY-1 SAHCHMEEEERRR LB,
R IY-1 5RILZFEAATEE M25 Fil IN205 A5 7E
—R (B 2), XH#E—BHINEE TY-1 K2R
FT 7 (Bacillus gaemokensis) ,
2.3 HEHRHIZE RN

TEMBE AR b 37 CHIEEF 24 h, Bk
JY-1 B8 7% J BB Gy M 38t 3R, 285 SR B . bk
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1.5 - JY-1
é‘ 5 n=3, x£SD IY-2
%"'g = JY-3
=510 a o JY-4
ﬁ § 5 d JY-6
g Q 0.5 e d
e E =
g a8 % d f f e e
i , , . EHE JeS g8e £
AINET 2 4 8 10 12
before adding 5} [E]/h time
1T AN TR] AR R A Al R B BOR X L
(] — B (] A A A [R) Bk 9 4 1] 22 57 fi 3 (P<0.05).
Fig. 1 Comparison of nitrite degradation effect of different strains
Groups with different letters at the same time are significantly different (P<0.05).
T2 EHRIV-IEBENRBER
Tab. 2 Physiological and biochemical test results of strain JY-1
TiH item 25 B result I H item ZE WL result
iR 4L A 1% nitrate broth + H #& B manna sugar +

VEHR 7K S amylohydrolysis AW lysozyme
Vi 52 [CHF 2R SR Simmons citrate medium
V-P L8 V-P test
% glucose

e ARRCPHME.

Note: “+” means “positive”.

3h 11} 373 dynamic medium
B gelatin
3% AL S 3% catalase

+ o+ 4+ o+
+ o+ o+ o+

97% 1 MEREZEMIFT T B30 Bacillus cereus B30 (LN890206.1)
> HFHFTHE M63 Bacillus thuringiensis M63 (LN890149.1)
HIAFFE ATCC 1457 Bacillus anthracis ATCC 14578 (NR_041248.1)

75%

95%

89% WlRE ZEMUAT I MS6 Bacillus cereus M56 (LN890142.1)

®JY-1

88% 93% KILZEHRIFFE M25 Bacillus gaemokensis M25 (LN890111.1)
0
88% |- |11 2 #0T IN205 Bacillus gaemokensis IN205 (KF150444.1)

DUSERZEAIATH Y2 Bacillus velezensis Y2 (KY887762.1)

849, 4( MiELZERUFTFE IM4 Bacillus subtilis M4 (AY728013.1)
87% L #bAK ZFHIAFEE R-13585 Bacillus licheniformis R-13585 (AJ582722.1)

FLERH 111144-L1 Lactobacillus 111144-L1 (NR_156075.1)

0.02
B2 bk IY-1 B RGEHEA R FR
HEALR ¥ Bootstrap {ELAE 3 SCAL AL 11 (%), JH TP ST mTERE. BERSARR IR 0.02%[1 751 2 5.
Fig. 2 Phylogenetic tree of strain JY-1

Bootstrap values for 1000 trees are shown at branch points (%) evaluating the credibility of the branch.
The bar represents a sequence divergence of 0.02%.

TEMR SIS Won, MEMRAVRIEMEK IY-1 /5, 14 d 24 BEHRIV-1EZBEFEAREMRERENRK
ARG PN S 56 20 5 % IR ALY Je 2 2 JE £ B A7 5 S W 1 SR B Bl DR LU B S R, 4
e . ERREE, TR, BEVENBRIRES, 2k e, 472.7x10° CFU/mL,
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T H AN . & TR IR R IR H
B BN, EERVE S RIS, ZFEAR R o,
M 2.26x10° CFU/mL, .3 5 T HAbAL #1240 (18] 3).
25 BEHE IY-1 EFRFEKEPHKREERRAR

NINGERE TY-1 (254176 3 h N AN R h
R E M 0.6 mg/L FEE] 0 mg/L, i %) 141 A
FRER I A /e 12 h WABRMLR B35 . SCd] S5 % IR

i

n=3, x=SD

Ho

4

—_

number of spores

L% /(108 CFU/mL)

L el
ey

W TR TR TR

glucose corn sucrose starch

IR carbon source

& 3

A% /(108 CFU/mL)

number of spores

o
n

A 2 R B P BRI A A HERS T2 T I, (HAE 4%
AN S S 06 2H A B8 S AR AR T X B2 . X AR
RS2 36 2 A PR 6 ok P AR A B SRR — B, AR
I S0 HR A 2 Ak, HL AL 25 N I

(P<0.05), X BRZH /Y B /U B SRR TS, H
TR IR AR SR A Y S R B 2 TR] ) A

oA Bt H T Hx R /N 4),

251
n=3, x+SD

b
C
d
%iﬁi%

BERbW e SRR R
urea soybean
meal powder

g
=]
T

—
W
T

—
(=]
T

BB
tryptone yeast ammo-
powder nium

IR nitrogen source

BRIk TY -1 e 97 i v S IR A R 18 1

a.. AS[FEBRIEA AR TY-1 ZERECR D952 b, AN EIRXT R TY-1 2GR 52, AR 200 i ] =Rk B 2% 57 . 35(P<0.05).
Fig. 3  Optimization of carbon source and nitrogen source in fermentation medium of strain JY-1
a. Effect of different carbon sources on spores numbers of JY-1; b. Effect of different nitrogen sources on spores numbers of JY-1.
Values with different letters are significantly different (P<0.05).
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E
£
S
ZE 02 .
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O ' L | o - PPN ' 1
5 10 15
i [E]/h time
951
c —o— SZIG4H treatment group
~¢ —— %} &4 control group
'ﬁ;g 9.0 n=3, x+SD
H
i O
B2 sst
= 8
gg 2
£ ‘g 8.0+
7-5 1 1 I
5 10 15
Ff]/h time

g .
£ Bl n=3, 7+SD
g
~ & 204
=Y
&3 15t
B §
X g 10
®E
® 'g S5t —e— 524
g SZEGZH treatment group
g —— 5%t F84 control group
0 5 10 15
[} [E]/h time
g 07y - SIS treatment group
E mi —— %} fi2H control group
9% n=3, 7+SD
£ 8 30
B o
X & 20
i
RE 04
g
0 1 4 J
5 10 15
B} []/h time

B4 USITR AR TY-1 A5 36 20 KT HE 2R fr) 55 FE 7K PR 75 AN [R] B ] Frg 7K 3 28 4k
a. WAHPRELMREEAZ ML b, @AM . MRRERIR B, d. R AL L.
Fig. 4 Water quality change of aquaculture water in test group added with strain JY-1 and control group
a. Nitrite concentration; b. Ammonia nitrogen concentration; c. Nitrate concentration;
d. Total nitrogen concentration in each period.
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26 EHKIV-1THBRALCEFHBERNTES

S
FIFVEEBETH NIR 5149, LA JY-1 ) DNA

REAY B TY-1 RS R ER A 5 R A 3t

1576 bp, 5% NCBI, &35 MT127563, #
i MEGA7.0 M R kKB, 458 B
JY-1 555 % b (Raphanus sativus)f) NIR & 7E
—H, B S AR NIR R4 (E 5).

95% L4 2E Solanum tuberosum subsp. NIR

97%

97%

HEHAFE Bacillus sp. LI01 NIR

H3Y Prusx bretschneideri NIR

97% 3K Spinacia oleracea ferredoxin NIR

% N Raphanus sativus NIR

— @ JY-1 NIR

97%

/NZ Triticum aestivumferredoxin-NIR

85% f ANEHITHE Ochrobactrum anthropic NIR

B EAFIE Pseudomonas sp. S3 NIR

91%

BRI Thialkalivibrio NIR

93%

PE D44 Dania rerio PDHB

Fs  BEkETY-1 1 NIR (9 R 5% & b
HEALA (Y Bootstrap {ELAE 3 3 AL AL BR (%), JHTIPAl 73 SR AT 5 B
Fig. 5 Phylogenetic tree of NIR in strain JY-1
Bootstrap values for 1000 trees are shown at branch points (%) evaluating the credibility of the branch.

3 itig

3.1 EFk JY-1 X I AH B h O PR R SR

L 2 T 19 IV i 7 s o2 ik P 1T 4 Sy 1 £ 200 1 R
KA R . PR Z LR £ )8 T
WATHR . S EE . TR &0 %
SO Ak 2 T TR A S AR 1T B AE e 280 TV A R R
AL MRS IR L, (H X — AL BRAR 25 5 2 Bk 4K
T R RE I, TGS i Rk A A TR A I 5 T AN
Z, F R IEAAE AR GBS A 58 4 N FRF K (R
FBEPT, IR H, X eI AN T A S, FE s
R 75 5 Hh e S A 20 T A A VR ] S AR 1 [R]
A IR 2R R oA 1 1) 2 B K A A R -ER A SR Y
LA, 5T T 22 M S T URE B A
T I PSR Y SRS AL AN TR 1. #RE H AT e A A R
AL 2 8 T 2R AT s . AR . R
MR . TR R . 20 E U0 B &k
ARG Sxf14., £IMRATE SP3 SFREMS R Ikuk
JE WA ER SR, A MK PE U Hh 0 15 3] A AS Bh AT
T Sxf14, Y4420 Jy 2%, 48 h PN AL B0 B vk J

9(3.91£0.03) mg/L A4 WV fil§ B2 £h B i 151 (40.52+
1.49)%%, 13 24 7 filf % £ [ 7 1 7T P T Ak 8R4I v
JE 95 Yt B SR FE M 3 TP B AN R L . 1 B Y I AT
DB-6. i U1 /R [CH F13-1. it G SR i B LY S-86.
Jith AR BRI B DB-33 Al A 2F fFT 1 FP6 25 1] 5
R Aot e T B A R R o A L T K PR AR 5T BT
PR PR IK A 0 itk 7 Rt Ak b iy /0 it 5 U0 B O 11
A4 AT 5 DB-6, 4% E N 2%0F, 5 d Al
A% 3570 mg/L R&E 22 mg/L, EFRRik
99.4%; T W W POV B S 1 X BF IR 5 9 S 2
IKFE B T M AR ZE AT I FP6, 4k
1%I5F, 48 h PIADKR2 26 me/L MRS S A 58 2 £ R
i, X IS TR AR At B S P T v B TS e R
FEIEAK . Tl R K S5 45 Flm K Ab Bl

T 3% 78 FH K B S il AR £ A B o 7
0.2 mg/L VLR, Ui BRI o B2 1 W1 i 7R 6 P AIK
0 BB SR K= IR B SRR, ThiTE
EA B, AR WA 1 mg/L U BMRHRE
VA R R P A A 3 o ASIF ST M FRIE I . 15K
Ab PR AE 5 REYRA K A e 3 2] — A 9 A A R
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AR ILZERATE TY-1, REAE AR KA b T A iR
B EMERN SR, TEVIRHE A 1x10" CFU/mL
I, RERSAE 3 h KF 0.6 mg/L (LA FRERFE H 0,
R RIR 100%, Ff HAS 23 oK AR s e £k 19
FRE IR RR TY-1 56 G TR A Rk
FRBE KA 1 i Rk () PR [ A . BRAb, 2R
FRAZaE . AR, A R ZE AN R L R
(DR =B K BN E R UEZ 0 Wanla o4 1 O): L4 N
fifF 24, RE I e % 5 K PR HEL A A 1 A 3l i HE S 9
FF R KA A 0 B A A R PR N T
B, 7R B A SRR D R AR TY-1 7E
TR FREE R R A ST o) R

32 EHRIY-1 ZEBEFEPRIEMRENLL

XT3 35 2 A R A T AR A R B 0 1o FH 1)
AIHE . B UE R R G SR A 4y 2 —, AL
R AR AR R R AR, R A A A B T e
M REE, W HETER MRS, MERREY R
TFHtAd, HAb2= S5k 29 2 B A i R %) R 3
W ARG B, AFBRIEX ER TY-1 194K
RO, BRI L T OUURE, SRR T
2, BRI AR . NELS YA
25 oy R AR Bt 5 R # 2 0, D8 A S L e 4 43
it AR A BRI o SR A TR A (Y B
PR ik 5 Y e 5 25 AR K, W& i 77 1Y) e A flk
WA /N T ALY C RN, T 28 fFT B4 e )
5 ) P el o) [l —Ff R 1 A [ b
PRAT IR B Ve AR ], A 21V Luo 25147
o R0, WA ZE AT NISZ-13 WSt~
AL PEVERT . BERZFAIATTE SP1 B I A i
A T ok BRGSO oR, MR CS27
() fe AR IR A 2 o AR b, A TR B RR 1 B I
TEFh A 225, XATRe S MR A B EA ¢, It
A, WP R, BERE AR XK,
VR ZE /0 R A=A Ak, FERE . SRbE . RELRE S
JEORE & 25 SR, it Al R A (] T R )
TP R E2ZTNEEZ—,

R A K b nE R Y, 2
YA LA ERR . AR EE R, H
THLER AN RRER AN RS FRER T 1y B T2 (R
AR FE 0 5 10 R AR TY-1 A1 A HLAE RS A T e AL

AR, SRR (R, 8 ) TR R AR
CLRRD), MUE A RIRR, ®Ek JY-1
PR A R R R . X 5 T A 2R )|
SECOR AT g 4 AL I AR A R RIF 5t 2 B
DL T ML A IR AR M — SR B, R B 2E AT
N419 1% WA A ZF R BIIR T A LA, =Fa LA
(FRE . BEREE . T E A PRMER ZIER, 355
BORZEAEOR A B82S TY-1 WE LR T I
BRI, AALEEMN 2 KA &SR e e 2 1o F
A WUAIRIE TR AR R
3.3 B IY-1 ERIHEEREANER
YEBFEEAR TY-1 35 T Al R 6 3 I il
FEH, HAEBRE TY-1 X5 FREH K AR 1 7K S5 ) 4 52 56
iR, 3 h LRSI A & bl i B Al o,
IR AR A SRR RSB A S 1]
HA AR TR, R k55, CAF
I R I — 6 S A Ak 240 A R 1A 1 P IV A R 6
Ak H B A KO AR . B, R
IR P TEHL RS AR R AR A HLA, H 2%
J AR AN TR AE 5 A BIL A S AR S K R R R,
ROCE IR M IR A 20, —seffgy
AF 88 A SV 2 U B 0 2 W SR A SR (NTR ),
NIR AR RS RGO o —E LA, Xt W
T IR EE: 10 Tl o e i 422 52 L 40, e P 95 45 DO
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| solation, identification and function of a nitrite-degrading strain JY-1

ZHOU Min, NING Wen, CHEN Hongju, JI Xiangshan, ZHAO Yan

College of Animal Science and Technology, Shandong Agricultural University, Tai’an 271018, China

Abstract: In the present study, to isolate and screen a probiotic that degrades nitrite stably and efficiently, we car-
ried out experiments on enrichment, isolation, culture, and identification of a suitable strain. Then, biological
characteristics of the identified strain were determined through optimization of fermentation medium, analysis of
nitrite degrading effect, and gene cloning of nitrite reductase. The strain was isolated and screened from five
mixed water bodies, including aquaculture projects and wastewater treatment plants, and named JY-1. Addition-
ally, the strain JY-1 was identified using 16S rDNA gene sequence analysis and physiological and biochemical
characteristics. The results revealed strain JY-1 to be Bacillus gaemokensis. Optimization of fermentation condi-
tions for sporulation of JY-1 strain indicated that the best carbon source for JY-1 was glucose and the best nitrogen
source was tryptone. Analysis of the nitrite-degrading effect of JY-1 showed that JY-1 could degrade 0.6 mg/L
nitrite in aquaculture water to 0.0 mg/L in 3 h. Moreover, the safety evaluation test suggested that no hemolysis
was found, and the high concentration of JY-1 (10° CFU/mL) had no significant effect on the survival of Nile tila-
pia. Based on the results of experiments of gene cloning of nitrite reductase and the effect of JY-1 on ammonia,
nitrite, and total nitrogen in water bodies, it is preliminarily speculated that enzymatic degradation, operated by
JY-1, was the pathway through which nitrite was degraded and removed from water. In summary, this study provides
an important basis for the preparation of microecological preparations with high efficiency in degrading nitrite.
Key words: Bacillus gaemokensis; nitrite; aquaculture water; isolation; identification
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