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NB-1 NB-1
, DNA , 16S rRNA
C/N PCR , PCR 1412bp
, DB-1 , NCBI BLAST
02% 0.4% 0.6% 0.8% 1% , NB-1 Bacillus 99.93%,
; C/N 1L C/N 4 8 MEGA X 1
12 16 20; 1L 2.1.2 DB-1
5 10 15 20 25mg/L, DB-1 ,
0.6%, C/N , DB-1
12 DB-1 DNA , 16S rRNA
1.2.3 PCR , PCR
, , 1389bp , NCBI
, BLAST R DB-1 Pseudomonas
, CODwmn putida JCM 13061 100%, MEGA X
( ,2002) 2
1.2.4 , NB-1

D=(Co=C1)/Cox100%, (Bacillus), DB-1(Pseudomonas putida)
C/N:CTc/CTN
D (
2.2 NB-1

2.2.1

) (%); Co
(mg/L); C, (mg/L) C/N
5 Cre (CODmn) (mg/L); > 0.025%
Crx (TN) (mg/L) 1L ( 2.28mg/L, DO
Excel , 5.0mg/L), 100mg/L ,

SPSS 22.0 , 3,24h
0.695mg/L( 69.5%),

t-test 0.208mg/L(
90.8%), 2.18mg/L(
4.39%)
2.1 43.8%  52.0%(P<0.01)
2.1.1 NB-1 NB-1 ,
: NH; +0,— NO; +H,0+2H"

NB-1

63— NB-1 this study

———— Bacillus oceanisediminis strain H2 NR 117285.1
99 1007 Bacillus infantis strain SMC 4352-1 NR 043267.1

60 L——— Bacillus drentensis strain LMG 21831 NR 118438.1

Bacillus purgationiresistens strain DS22 NR 108492.1
g0 Bacillus gottheilii strain WCC 4585 NR 108491.1

95

—— Bacillus depressus strain BZ1 NR 146034.1
82 Bacillus dakarensis strain Marseille-P3515 NR 147382.1
Bacillus firmus strain IAM 12464 (NR 025842.1)
Bacillus firmus strain NBRC 15306 NR 112635.1

st Bacillus firmus strain NCIMB 9366 NR 118955.1

1 NB-1 16S rRNA
Fig.1 Phylogenetic tree of NB-1 strain based on 16S rRNA gene sequence
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’_63,7 Pseudomonas putida strain NBRC 14164 (NR 113651.1)
48] 70| Pseudomonas putida strain ATCC 12633 (NR 114479.1)
45] 1 Pseudomonas putida strain IAM 1236 (NR 043424.1)
99 1 Pseudomonas hutmensis strain XWS2 (NR 165748.1)
63] 1 Pseudomonas alkylphenolica strain KL28 (NR 145644.1)

] DB-1 this study
Pseudomonas taiwanensis DSM 21245 strain BCRC 17751 (NR 116172.1)
| Pseudomonas plecoglossicida strain NBRC 103162 (NR 114226.1)

1 Pseudomonas monteilii strain CIP 104883 (NR 024910.1)
63 Pseudomonas plecoglossicida strain FPC951 (NR 024662.1)

Pseudomonas monteilii strain NBRC 103158 (NR 114224.1)

2 DB-1 16S rRNA
Fig.2 Phylogenetic evolutionary tree of DB-1 strain based on 16S rRNA gene sequence
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( 99.2%); 24h
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57.1% (P<0.01) ~ BRRANER
~ 30.00 =y
NB-1 , : 2 25.00
NO; +0,— NO; , NB-1 i 20.00
% 15.00
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Fig.4 Degradation of nitrite nitrogen concentration in 24h NB-1 16h
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( Ay NB-1 s
Ay Ay Ay As Ag A7 Ag , Ag )
) ;
1 6, 8h AL Ay Ay 100mg/L S S
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Ay As As A, Ag
F1 OHRREMNTHEEREFMERENZIG
Tab.1 Effect of brown sugar concentration on nitrite nitrogen degradation rate
h L 16h L h % 16h %
(me/L) 8 (mg/L) 6 (mg/L) 8 (%) 6 (%)

A 2.2810.005" 0.097£0.002* 0.010£0.002° 96.1£0.4* 99.6+0.1°

A, 2.284+0.002° 0.045+0.002° 0.015+0.003* 97.7+0.4% 99.4+0.1*

As 2.278+0.002° 0.709+0.013°¢ 0.012+0.004° 69.1+0.9° 99.5+0.2%

A, 2.276+0.001° 0.058+0.009" 0.023+0.003" 97.4+1.1° 99.0+0.2°

As 2.276+0.004° 0.807+0.012¢ 0.024+0.003 64.8+16° 99.0+0.1°

As 2.284+0.007° 1.424+0.014° 0.031+£0.002° 37.7%1.6° 98.6+0.2°

A, 2.279+0.011° 1.498+0.015° 0.024+0.002° 34.2+0.3° 99.0+0.2°

Ag 2.280+0.002% 2.218+0.017¢ 2.141+0.033¢ 2.6+0.3" 5.2+0.8°¢

(P<0.05), (P>0.05)
—--800mg/L -=-400mg/L —~200mg/L —-100mg/L

2.500 +10mg,9|_ _1mg,|_9 ~ogiL 9 +xﬁ,ﬂﬁzﬁg (P<0.01), 24h
= — 88.3%, 63.3%, ,
J 2.000
g: 137%,
i 1.500 ,
o
= 5% . DB-1
+H 1.000
- , : 2NO;5 +4H'+4e -
H 0.500 2NO; +2H,0, 2NO; +4H'+2e - 2NO+2H,0, 2NO+

0.000 N N 2H++26 - N20+H20, N20+2H++2e — N2+H20 (WilSOl’l

0 4 6 8 10 12 14 16
2.3.2 DB-1

6 16h NB-1 DB-1

Fig.6 Degradation on nitrite nitrogen concentration by brown ’
sugar and NB-1 strain in 16h 0.2% 0.4% 0.6% 0.8% 1.0%( B, B,
B; B; Bs ) 1L
2.3 DB-1 DB-1 48h, C/N
2.3.1 DB-1 16 24h
R 1% 1L 3,B; B4 Bs B,

( 158mg/L, B2 ;B5 B3 B4 ,
18.7mg/L, DO <0.5mg/L, CODy, 288.60mg/L, B, , B; B, 48h
C/N=15.43) DB-1 24h, 4, Bs

24h 2 B; , B; B, , By
75 B2 H B2 Bl 5 BS



6 1525
R2 24h KFREFRELLFR
Tab.2 Variation in concentration of water quality factor in 24h
/L /L /L
(mg/L) (mg/L) (mg/L) %) %)
1.134+0.014 1.171+£0.014 1.153+0.011 —3.3+£2.3° —1.742.2°
1.589+0.011 3.495+0.059 1.641+0.012 —120+5.2¢ —3.3+1.5¢
15.813+0.026 1.847+0.029 15.679+0.036 88.3+0.2° 0.840.1°
18.747+0.024 6.881+£0.056 18.597+0.056 63.3+0.3¢8 0.8+0.4"
24h (P<0.01)
20.000 \\ , 0.6%
— o
2 15000t 24h 83.9%,
E 24h , 1%
it
_{{g 10.000 91.6%: ,
by WS LI
e = RERFTSE 1% 48h 56.1%
il 5000} + REART o ’
& —— XYRLAIEERER A R DB-1
- XYRARE 0.6%
0.0005 4 8 12 16 20 24 e
6518 (h) DB-1
0.6% 1L DB-1
7 24h °
Fig.7 Variation of nitrogen nutrient concentration in 24h 48h C/N 48
12 16 20( C, C Cy Cs Cs )
B, ,B, B; ,B; C/N  24h DB-1
B, ,B, B, 0.4% 5 G Cs
%3 24h FREIEFMEHEBETNE TAPERYR
Tab.3 Degradation effects of nitrate nitrogen and total nitrogen in different inoculation amounts in 24h
CODw,
C/N
(mg/L) (mg/L) (mg/L) (%) (%)
B, 19.621+0.030* 21.904+0.026" 349.71+0.57% 16.0+0.0° 0.2+0.1° 8.8+0.5°
B 19.620+0.017* 21.916+0.014* 350.33+0.92% 16.0+0.1° 16.4+0.4° 10.8+0.6°
Bs 19.630+0.018* 21.924+0.020* 350.58+0.97* 16.0+0.1° 83.74+0.7° 16.8+0.9°
B, 19.631+0.012% 21.930+0.022% 350.18+0.70" 16.0+0.0° 83.34+0.6° 16.4+0.8°
Bs 19.636+0.011* 21.886+0.020° 350.41+0.38" 16.0+0.0° 83.5+0.4° 42.5+0.8¢
(P<0.05), (P>0.05)
z4 48h FEHEMEWHIRERMDRAFEMHR
Tab.4 Degradation effects of nitrate nitrogen and total nitrogen in different inoculation amounts in 48h
CODwn CN
(mg/L) (mg/L) (mg/L) (%) (%)
B, 19.621+0.030* 21.904+0.026" 349.71+0.57% 16.0+0.0° 0.6+0.2° 12.8+0.4°
B, 19.620+0.017° 21.916+0.014° 350.33+0.92° 16.0+0.1° 25.2+1.0° 18.4+0.8°
Bs 19.630+0.018* 21.924+0.020" 350.58+0.97° 16.0+£0.1* 88.6+0.8° 30.3+0.9°
B, 19.631£0.012° 21.930+0.022° 350.18+0.70° 16.0+0.0° 85.5+1.0¢ 33.8+1.2¢
Bs 19.636+0.011° 21.886+0.020" 350.41+0.38" 16.0+0.0" 91.6+0.5° 56.4+0.5°
(P<0.05), (P>0.05)
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C5 C2 C4 5 Cl 5 C5 934%, 653%,
C; C, 48h
C G C/N  48h DB-1 94.6% 65.2% C/N, C/N 20 48h
6, C; Cs 95.8%, 64.2%
C G, C ;C GCs C/N 8 ,
C; ,GCs C , DB-1
C, 0.6% ,C/N 12 24h C/N
£S5 AFE C/N 3 24h fHELE BNS BE MR R AR
Tab.5 Effect of different C/N on nitrate nitrogen and total nitrogen degradation rate in 24h
(mgy ~ CODwn CN
(mg/L) (mg/L) (%) (%)
C, 19.633+0.008" 21.905+0.018" 87.86+0.07 4.0+0.1 66.3+0.6" 44.2+0.8°
C, 19.637+0.012° 21.907+0.011° 173.24+0.08 7.9+0.1 82.6+0.4° 43.7+1.0°
C; 19.636+0.009" 21.914+0.017° 258.60+0.20 11.8+0.2 93.4+0.6° 62.8+1.0°
Cs 19.625+0.008" 21.9060.004" 346.59+0.06 15.8+0.1 83.6+0.4° 62.6£0.6
Cs 19.634+0.009° 21.909+0.014* 436.18+0.29 19.9+0.3 90.9+0.9¢ 65.2+0.3°
(P<0.05), (P>0.05)
R 6 [ C/N Xt 48h HERE F N AR R
Tab.6 Effect of different C/N on nitrate nitrogen and total nitrogen degradation rate in 48h
(mgy ~ CODwn CN
(mg/L) (mg/L) () (%)
C, 19.633+0.008" 21.905+0.018* 87.86+0.07 4.0+0.1 90.5+1.2% 61.9+£0.7*
C, 19.637+0.012° 21.907+0.011* 173.24+0.08 7.940.1 88.6+0.7° 60.9+0.4"
C; 19.636+0.009" 21.914+0.017° 258.60+0.20 11.8+0.2 94.6+0.6° 64.0+£0.2°
C, 19.625+0.008" 21.906+0.004" 346.59+0.06 15.8+0.1 91.6+0.9" 68.6+£0.9°
Cs 19.634+0.009° 21.909+0.014* 436.18+0.29 19.9+0.3 95.8+0.6° 67.8+0.6°
(P<0.05), (P>0.05)
DB-1 D, 15mg/L
s 0.6% 1L DB-1, , DB-1
C/N 12 24h, R
5 10 15 20 25mg/L( 73.3%—90.1%, 56.8%—76.4%
D, D, D; Dsy; Ds ) R DB-1
7 Ds >
D, ,D, Ds ,Ds 0.6%, C/N 12,
D1 . D1 D4 5 D3 5 73.3%—
D, ,D; D, Ds 90.1%, 56.8%—76.4%
x7T TRIREMHEERER S RMERBYR
Tab.7 Degradation effect of nitrate and total nitrogen at different concentrations
CODw, CN 24h 24h
(mg/L) (mg/L) (mg/L) (%) (%)
D, 4.872+0.013 5.474+0.016 65.83+0.43 12.0+0.1 75.9+0.6° 56.8+0.6°
D, 9.847+0.018 10.936+0.017 133.71+0.51 12.2+0.0 84.3+1.2° 68.4+1.2°
D; 14.882+0.010 16.643+0.015 196.77+0.31 11.8+£0.0 90.1+0.7° 76.4x1.1°
D, 19.820+0.008 21.891+0.008 264.27+0.51 12.1+0.0 73.3+1.2¢ 60.9+1.7°
Ds 24.971+0.011 27.366+0.007 325.19+0.34 11.9+0.0 81.9+0.7¢ 61.3+1.0°

(P<0.05),

(P>0.05)
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3 )
( , 2019)
3.1 NB-1 )
( , 2018),
( , 2006; , 2012)
) , (2NO5 + 10e”
+12H =N, + 6H,0)
) Vibrio
Halomonas, 400% ,
5% Smg/L 3h 82.9% 82.8% (
72h, 98.5% . 2017)
( , 2016) Pseudomonas 7 1%
(Bacillus megaterium), ( , 2012)
50mg/L , 24h DB-1 1% , 24h
97.7%( »2011) 89.5%, ’
; (CO2) 13.7%,
( , 1983) NB-1
NB-1 0.025% 1% ’ 10%,
24h 69.5% , NB-1
| o ’ ( , 2008; , 2009; )
90.5%. 2018) C/N 16 , DB-1 24h
90.0% 0.6%,
’ C/N ,
( , 2008; , 2013) NB-1 O 146 ( > 201 2017
0.025% . 24h ,2018; ,2019) C/N )
99.2%,  NB-1 ’ ’
( ) C/N )
0.6% , DB-1 C/N 4
| ( 2003) : CN 12
93.4%, C/N
( ) ’ DB-1 C/N 12,
100mg/L )
(Chiu et al, 2003), DB-1
’ ’ C/N C/N 14—16 ,
NB-1 ) ’ CN
’ 2 DB-1
3.2 DB-1 ’
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R , 2012.
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ISOLATION AND SCREENING OF HIGH-EFFICIENCY NITRIFICATION AND
DENITRIFICATION FUNCTIONAL STRAINS AND EFFECT EVALUATION

GUO Shao-Peng'-?, JIANG Xing-Long"?,

WANG Ze-Xu"?, WEI Jin-Sheng'?

(1. Fisheries College, Jimei University, Xiamen 361021, China; 2. Engineering Research Center of the Modern Technology for Eel
Industry, Ministry of Education, Xiamen 361021, China)

Abstract Two strains of nitrification and denitrification functional strains were isolated and screened from eel culture

ponds and recirculating water treatment system by selective medium, and the selected strains were determined by 16S

rRNA molecular biological identification. NB-1 strain was belonged to the genus Bacillus, DB-1strain belonged to the

genus Pseudomonas putida. The results show that NB-1 strain had good nitrosation and nitrification performance, and the

degradation rate of ammonia nitrogen and nitrite were 69.5% and 99.2% respectively, where the ratio of NB-1 strain was

0.025%. DB-1 strain showed good denitrification performance under anaerobic condition. The optimal dosage ratio of

DB-1 strain was 0.6%, and the optimal C/N ratio was 12, where the degradation rate of nitrate was 94.6% and that of total

nitrogen was 64.0%. Therefore, the two strains would be widely used in aquaculture to improve water quality and have

good application potential.
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nitrification; denitrification; functional strains; C/N



