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Screening procedure and criteria of aerobic denitrification bacteria
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Fig.2 Role of probiotics colonization in fish gut and water
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er) FB L1 T J& ( Pseudomonas ) RS 7E 17 F Mk E
N 3~10 mg/L #&MF NI AR AR A Y i
ZEFRFT B 0 T AR5 A BE Ol 3,93 ~ 7.65 mg/L 5%
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50T R FH TR] B A3k 43 0 AR AT W 22 2 51 75 SR L PR
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K B B2 3 D g L B nirk Jp 80, HMEE T
nirS R 751 5 DSZ 7K Ak B0 38 P 15 U8 v o 5 0
1) £5 5 M R 8 40 7 ( Halomonas sp. ) W %5 %€ ) Z2
JI AR DG G2 | AT W] 20 T A s A I S A Ak S
JI RRCR A o FRAR Y Wan %5000 X B g 28 R
SRR B L B yy 7 R AT A AT, i TR Ak
A nirk .norB Fl nosZ 55 224> [R) KU A AR G 1Y ik
, IX BB Ty ] ke A [v] B Ao 1) Sz Al A 1 B 5 DA G
4.3 BAMVFIFR

17 356 14 -4 S A A TR PR AT ok PCR B 42 2 A
2100 7 R B EUAH OC Y Tl 2R BRI, T 2 — 25 40
BrE B ALH . a3k 2 Fros , SO Ak 5 7 il g
A JFUH (nitrate reductase ) | MV Al f2 i J5L i ( nitrite
reductase) . — & 1L & i J& B ( nitric oxide reduc-
tase) M — %A fk — A if J5L [ ( nitrous oxide reduc-
tase ) FHEALAE T #E4T ,
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Table 1 Screening medium and screening condition of aerobic denitrification bacteria
S IO (1) el e
Samples Selective medium Screening . Denitrification
. . . Strains Reference
(‘'source) (per liter contained) conditions mode
) . (NH,),SO, 3.035 g,NaCl 0.585 g,
AKRE (HF i) P -
Water KH,PO, 0.1 g,KCI 0.075 g,CaCl, - 2H,0 28 C. Paracoccus SR [21]
(shrimp pond) 0.147 g,MgS0, - 7H,0 0.049 g, HEPES 180 t/min  saliphilus SPUM  #f-%( = fifi ft.
L 0h¥ 47.66 mL, TE ¥ 5 mL
o BHIMEN 6.5 g, (NH,),S0, 0.25 g, T

AR K.HPO, - 3H,0 15 ¢ KHPO, 0458, 25T, O IE g

n .

ater MgSO, - TH,0 0.05 &,FeSO, - TH,0 160 r/min 0ol yem g 18]
('shrimp pond) litoralis ) N31

0.01 g,MnSO, - 4H,0 0.01 g,NaCl 30 g
— FEBERR4N 1.31 g, KNO, 0.181 g,NH,Cl
7 LANEER e -
K o 0.09 ¢, KH,PO, 1 g K,HPO, 0C, i -
g 5 g,MgSO, - TH,0 0.2 g, 180 r/min ( Pseudomonas sp.)  JZiltk

bass pond) N ——
m
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Samples Selective medium Screening . Denitrification
. . . Strains Reference
('source) (per liter contained) conditions mode
30 C Jiti [ A PR T
Y ( Pseudomonas J A Ak [20]
200 r/min .
stutzeri) F11
NP FrigEmah 5.66 g,Na,HPO, 7.9 g,NaNO, . 2 TR I
KHE (i) 0.841 5 ¢ (DM)/NaNO, 0.683 g (NDM)/ 0 &~ ( Bacillus IR itk [19]
Water ( grass 200 r/min .
carp pond) NH,C1 0.529 6 g(NM) ,KH,PO, 1.5 g, subtilis) SC02
MgSO, - 7H,0 0.01 g, TE ¥ 2 mL A TR
30 C, ( Bacillus IR [60]
180 r/min licheniformis) RAHAE
BSK-4
DM: KNO, 1 g,MgSO, - TH,0 0.2 g,
CaCl, 0.01 g,EDTA (0.5 mol/L) 0.5 mL,
KH,PO, 0.5 g,Na,HPO, 0.5 g,FeSO,
0.01 g,NaCl 20 g, TE ¥ 5 mL
KAEE SRR G NM: (NH,),S0, 0.66 g, BEHIRH
; 5 5
G A R 1.35 g,MgSO, - 7TH,0 0.2 g,EDTA N
R 30 T g et
Water ( biological (0.5 mol/L) 0.5 mL,KH,PO, 0.5 g, N ( Marinobacter S R [34]
aerated filter in a Na,HPO, 0.5 g, TE ¥ 5 mL 150 r/min $p.) PR
marine aquaculture L.
system) NDM: NaNO, 0.276 g, BEFAFRHM 3.16 g,
MgSO, + 7TH,0 0.2 g,EDTA
(0.5 mol/L) 0.5 mL,KH,PO, 0.5 g,
Na,HPO, 0.5 g,FeSO, 0.01 g,
NaCl 20 g, TE ¥ 5 mL
BEIAMRAN 4.72 g, KH,PO, 1 g,
YA SZ =3 2} 144—
K (PR ) MgSO, - TH,0 1 g.CaCl, - 2H.0 N
Sea water ( Western ( Pseudomonas  U-E gtk [8]
o 0.2 g,FeSO, - 7H,0 0.05 g, 180 r/min
Pacific ocean) monteilii) CY06
NaNO, 0.002 5 g
BRI 4.72 g,NaNO, 0.05 g, - 1R AR
KH,PO, 1.5 g,Na,HPO, 0.42 g, N ( Bacillus I AU A AL [60]
150 r/min
MgSO, - 7H,01 g cereus) PB88
(NH,),S0, 0.5 g,KH,PO, 0.7 g, R AT B
MS(; 27H4005 czc14 2H,0 0T, H(B il R e [61]
g « 7H, .5 g,CaCl, + 2H, . acillus R
K e P RE (3 ) ! z o ? : 200 r/min pi=Nra ke
. 0.5 g, TE®# 1 mL cereus) PB45
Water and soil L.
BEIAML AN 4.72 g,NaNO, 0.05 g, AT
. =% 5]
('shrimp pond) 30 C,
KH,PO, 1.5 g,Na,HPO, 0.42 g, _ (Bacillus sp.) W8 UAH 1L [11]
200 r/min
MgSO, - 7TH,0 1 g YX-6
FrEEEREN 8.5 g,KH,PO, 1 g, € TR FF TR
32 C,
MgSO, - 7H,0 1 g,CaCl, - 6H,0 ) ( Marinobacter — M-E Tk [62]
120 r/min

0.2 g, FeCl, - 6H,0 0.05 g sp.)
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Samples Selective medium Screening . Denitrification
. . . Strains Reference
('source) (per liter contained) conditions mode
_ ‘ KH,PO, 87.80 mg,C,H.Na,O. - 2H,0 o
DB ORI 5 56 ¢ NH,CI (NM) 0.382 ¢/NaNO,(NDM) 30 C . JCRERME g pp )
Sediment 0.493 ¢/KNO,(DM) 0.722 g.MgSO, « TH,0 150 /min  \Locudomonas o oo sgy 03]
( Taihu lake) AT E a( ) o £, Ve 2 stutzeri) YG-24
1.0 g, TE %A 2 mL
ERE(EMALIERSE) AR 1.05 g,NH,C1 0.382 g, KH,PO I .
Soil <( et 0131 8. BB 005 g e 0T kol Gyt P
g ot e SR > 150 t/min  (Bacillus sp.)  HE S RHAL
treatment system ) 0.05 g, TE &4 1 mL
S , Jit LG AP B B A
151 : bR 5 " o
gfu(zb (e%z{/(aﬁs%e%ﬁftejri) (NH,),S0, 0.5 g, BEHIREN 5.95 g, 30 C. ( Pseudomonas 5+ FFfiEfb— [65]
£ TE & 50 mL 150 r/min stutzeri) U A SR A '
treatment system )
YZN-001
58 (ERTR) NaCl 40 g, BEIAMR M 4.73 g,NaNO, 0.86 g, 20 [ £ B 1 —
. . \ R1G—
Sludge ( saline- KH,PO, 1.36 g,(NH, ),SO, 0.27 g, 180 /min ( Halomonas gﬁﬁﬁﬁ{t [66]

alkali lake) MgSO, - 7H,0 0.19 g, TE % 1 mL campisalis )

HEPES ; #2 Z 3L IR B Z 5 it i hydroxyethyl piperazine ethylthiosulfonic acid; TE: f#{ & JCZ trace element; DM 5 i fL1E
FHE35 3 denitrification medium ; NM ; figfbAE F 5% 3% 3 nitrification medium ; NDM . V. fif§ 2 15 B& f# 1% 3% 3 nitrite denitrification
medium ; EDTA ; Z —_ ¢ VU Z.Z ethylenediamine tetraacetic acid,

®2 REURFEPHELERER

Table 2 Enzymes and genes in denitrification reaction

JAEAL W Denitrification reaction f# 1L B Enzymes FE[H Genes
NO;+2H++267_>NO;+HZO TS R 140 L it napA .napB .narGHI
NO;+2H"+¢”—>NO+H,0 A R AL I it nirS nirk
2NO+2H"+2¢”—N,0+H,0 —E AL 5 norB .norC
N,O+2H"+2¢”—N,+H,0 — AL A R nosZ

H S A PR £ 6 7K ™ Sl 4 103 3 AR B ™
L, AL VA PR R e A ) Tl AR IR AR TR AT
WFFE R AR ER AT AE H nir Ji [N 75 20 85 1) . i
BRER I8 S5 nor J IR 75 25 5 Y — S8 10 Uik I g
nos Fk K75 2 11 14 — S AL — 00 Rt 25 JL R i A9
AL T 28R FE AU AL AR T T, AR
TE 2 RS A 0 AF R 38 J 1l , — A LA CD1 I 4T 3R
R T G 12 T B 5L TR R nirS 5 55— b LU I
TR T 2B I B BE R ik, AR SRR
nirK BN 73 A B S T2 0 nirS PR FE, WY
FERIL X 2 Fi A B AT LUK FEARTE D Rg
ARETEIR] —F 2B 4 vh L A7 SR 1T, Sanchez 551

TE 18 A= #R 984 B ( Bradyrhizobium oligotrophicum)
BT gifhix 2 P A9 L, Ma & %08 B
B3 174 - 4R S i 4K 20 T 52 IR BB L TR ( Pseudo-
monas monteilii) CY06 4= & R 41 /37 6 € 1T 0 i
PR R W M AR DG 1Y 3 2S00 5L Il | A0 455 i 1R 32 340 i 1 |
i R 0 D i, — 4R Ak R0 D i, 3 33X il T
CYO06 i sE 2 I il Ak i #2 (NO; - NO; > NO—
N,O) WAk, JF & BT 5 A~ 0 Al R i J5 it AH 5 1Y)
FH (nirl  nir2  nird3  nird X nir5) , Huang %1%
MR 7K 7 5 1t 35 v o3 B B — bk = O AL Bacillus
litoralis N31 1% B ¥R A7 1E hao .napA F nirS FEH |
H 5 IR — I A Ak BE 77, Zhang %57 X
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o3BT TR 0 R IR L R B T
( Pseudomonas bauzanensis) DN13-1 #4175 F 41 53
Br, 48 3 T (8] T Bk B AP BB AH 5C Y nirS | norB |
nosZ .nasA Fl amo F&F | UL T B8 MR AT 1E 1 58 A
iz 1e , Hirb nosz JE R EAE b A5 DB 2R B BT S 1
TEAE R E AR R ™ . Wang %607 B3 (650
ML ( Pseudoxanthomonas) F [H 41 H P 44 1 nirS |
nirK .narG Ml narA 3& R | 2% # bk R B B A 2
AR T RE ., SR, I T AL A Y A=) 2
FEPE | AN [7) B8 ke 119 7 88 figp ok 52 2 A P ) O 8 il 1
FEPRUR TR, HOB S MR SRR 2 DA 56 i
i 2 fife AL 1 R &R 32 BIAR K By BRI, o 75 IR A
W5,

5 MATR

— M, A AN i e 4R A5 1Y G 48 ST Ak TR AR
I L o SR 5 B W 0 R e DA A S e s A
LK B3 55 it 3 A — 25 PEAN B A 00 0 &Pk R LA
e of 7K 77 Sl ) A A RE L FILAAS A 22 R BT 1 25 T
TR 52 0], I 56 6 28 5 UL /K Al BIE 58 % B, 4R
AL AN Bacillus sp. H2 XF V. fiFf FR £ B9 F 2 %
it 3R 64.04% , AN 27 75 8 i 1Y B S 5805 3l
H16.0% F1 32.39% , HAZTE 1 /K HE i fh f4 2F )<
PERE RIS RE T RE ™ o R M R BT & B, B
)ik W S Al AL 40 T Marichromatium gracile YL28
1 RRAR T 4 7K 0T B % B 1t I v 2R R R
AR Gao T HF ST ALK B, A BRI
( Candida tropicalis ) HH8 F1 % 4 [ i 1k B #k
Pseudomonas stutzeri LZX301 &G W 7~ H 5
R R AR JF REAE M YE v e e AR Y T
7% ; Kong %™ % B & 1 ¥ #T % ( Marinobacter
hydrocarbonoclasticus ) J& & ¥ 7K 77 37 58 7 Gt 48
FAHACI R B ¥ A= Wy, [ 3B mT i B T 2R
Y SO g LAVE Al B Rh i B il Ak B &0 B g, Chen
U BB AT R R SR R Z1 N Z8 HEAT A I N
AR $ A 2 Ji J5 a8 B AR R E R IR
I ER AN IR #h 23 BR R T 98.8% , A LR T
71.8% , I R CR FRAE ; Lin 2 fF 55 & 2R, 78 4 4R
T, Corynebacterium pollutisoli W] 1£ # 31 K 4
Yy SO s AT AT RO AL B BR LA R . A AL
20 e ) PR L R RS 3 A Y A AR, Thurlow
S5 UVR B RO AR I RE I UL SR 2E H T R ( Ba-
cillus velezensis) AP193 i) MEHE 5 SR fil, T 25 $1E

S LE R PERE , IR SR FE % P S B R TR
Uk BE, W K A iy e nT DL AR N R
w4 SO A TR R 2 B R v I LR AT
RO SRR IR SR, BR AR AL, N TS ik
52 B SRBA S AR R O X i S
WIAET5 T R 9 SE = PR, o P 3R A Sl i
RPN U S8 B RH Ak AR B 5 8 Lk LT A
ENCIINPZN A R RS PR a2 m AR/ L AW NP )
it L T T AP D RGE AT 255 P

6 /N %

Zr LTIl 4y SO A 40 R R 5 E T 8E Y AR
YR Dy B A 5 A5 T ) (B[R]
PRIl A (] TR AR AN ) 2% 0 1 I 280880 22 0 3%
K, A AAE SR 4R 15 35 L C ) | 8% 5% 07 =X SO
D558 7 T BE IS A 4 SR A0 4 TR Y T T A
THE T S B AT AR i Ak AT B B R R S | e RO
P, ARRIATE SR NS U LT
T+ 1) 456 77 8 7K FR 58 45 a5 TC 1 07 18 35 7% 2 (il
U5 AR R A L AF ) B O R SR (V4 pHL,
TR AR BE AR ) | 8 18 B SR A K IR Y 4 A S
TR 52) 15 B 2% FE PRV 0 T 2 AR | X 73 B 7K AR v
SRS AR A B A R AT A T 43 Hr, DT 2 9 B v 28
T 52V 5T 5 1 A ) 6 R TR Pk 5 3) I 2 A HOR
(IR 27 e sf g2y R g 2- A R 4 27 )
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( quorum sensing , QS ) WY B8 S £ A | ¥ e S i 1k
TR =z B B[R] H A 55 A= B Y 8% 7 | 3k R T (co-
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Advances in Screening and Evaluation of Aerobic Denitrifying
Bacteria in Aquaculture

MA Qingshan LI Yan”
(College of Agronomy, Liaocheng University, Liaocheng 252000, China)

Abstract; High density farming techniques easily result in the accumulation of harmful nitrogen sources such as
ammonia nitrogen and nitrite, which are highly toxic to water environments and cultured aquatic animals, and
they do great harm to the aquaculture industry. However, aerobic denitrifying bacteria can use inorganic nitro-
gen and reduce it to these forms of reduced nitrate or reduce nitrogen, and then effectively improve water quali-
ty, and the strains screening is a key step in the research and application of aerobic denitrifying bacteria. In the
review, we summarize the screening and evaluation methods for aerobic denitrifying bacteria, and discuss the
methods and standards suitable for aquaculture through some aspects including sample collection, medium prep-
aration, cultivation methods and evaluation methods. This paper will provide a reference for the screening and
evaluation criteria for aerobic denitrifying bacteria in aquaculture, and make prospects for future research direc-
tions.[ Chinese Journal of Animal Nutrition, 2021, 33(1) :20-32]
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