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11 HEFEHREGRE

ASEEGAE)T AR A L i S IR A I AT, W T
FLZ510000 m”, 7KI%1.8 m. %3RS H 56 U
EEFFEBEAR, ZEABK, b EREAEEN
30000 J&/hm’, #1000 g/fE -

RAER E] 20184E3 H20H, 74 /KiR24.3°C,
WEN4.5 mg/L, pHNT. 7. E1085 K285 5
REEEBOLGE KRS TR KRS, B T4CH
JEAE Y, FEL R[] S & AT R AR 1) s R
1.2 EHxFE

()EEMl ' SR IR 3 WFRHRES g, TREKL0 g,
NaCl 5 g, pH=7.

QR E R, BRHRE3.0 g, B
J#:5.0 g, KNO; 1.0 g, 7&1#%7K1000 mL, pH=7.0—7.6

)R E B iE(BTB)H 774 KNO; 1.0 g,
C¢HsNa;0, 1.0 g, KH,PO, 1.0 g, FeSO,-7H,0 0.05 g,
CaCl, 0.2 g, MgSO,-7H,0 1.0 g, 1% 1 H 7
W 1 mL, 751%7K999 mL, pH=7.2.

(4) S At RE I o2 5 77 2% CH3;COONa 2.56 g,
KNO; 0.361 g, MgSO,-7H,0 0.2 g, KH,PO, 1.0 g,
K,HPO, 5.0 g, NaCl 0.5 g, /B e R iAW1 mL, Z&1%
7K999 mL, pH=7.4.

(5 LRI : EDTA 50 g, CaCl, 5.5 g,
ZnS0, 2.2 g, MnCl,-4H,0 5.06 g, FeSO,-7H,0 5.0 g,
(NH,)¢ MO,0,-4H,0 1.1 g, CuSO,-5H,0 1.57 g,
CoCly 6H,0 1.61 g, #1#7K1000 mL, pH=7.0,
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HUBFRZS1 IDNA, 2R J5 LA H 93 AT PCRY 4,
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TTTGATCCTGGCTCAG-3"), N5 N1492R(5'-
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27F 5% (10 pmol/L) 1 pL, 1492R 5|4 (10 umol/L)
1 uL, ddH,0(22 uL). ¥PCRIZ AR R 78 iR &1
A1JG, 7EPCRY 144 (Heal Force, T960, Hi /M) _Li#4T
PCRJZ M, 2 M 2549 94°C Pl A8 1 5min, 94°CAZPE
Imin, 56°Ci8 K 1min, 72°C ZE{#12min, 3£30MEF,
B J5i72°C ZEf#8min, 4°C forever. PCRY 14 =4) (£
1400 bp) £1.5%35 JIE B eI HLIK (EBGL (1) 7 € 2%
W, 168 RIS YA FHHATIT 56T, K 16S
rDNAZE [H 7 51 7E GenBank #% i 17 71 B4 2 3k 4T
[ 51 EL 8¢, PANeighbor-JoiningiE A4 Z2E R Gt & B W o
1.5 HEHRZS1ITFE R EL N E

V4 A LT 1) B R R R AR B 1% B2 R 1 LLKN O,
R — SR ) R A B IR B HE T R, 55 7R A 1
WIUEpH AT 4, TE A L BREH, C/NCHLS, B R 46N
HEE30°C, #3180 r/min, 341747, B THIEIR
Vi 55 75 46 R 72 48h, B B 6 h HURE I 0 B A 1) 2E
K. TN. NOj-N. NO; -NZ48 b5, 2 M #tkzs1
(1) AP BE o
1.6 AREIMEETFHEHRZSI R R M

[ 26 100 mL C K B 1) RO AL B 77 25 1 = £
A NEHRZST, B A FIRE(20. 25, 30,
35. 40°C). C/N{H(5. 10. 15. 20. 25). ¥J4h
pH(6. 7+ 8. 9. 10, 11). fEKEHO. 50,
100, 150+ 200 r/min)FMERIEMRATRIRIN. LR
By T RN, RERE. AP R ZS 1 R AL
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WithipH 7.4, C/NN15. FIGHREIFHRNOS -NF & A
50 mg/L PEIRFEIHE 180 r/min. ik IE N LB
KNO; NME— %R S8 55 Horh—Fh S A oo, 3
RN A5 FEA AT AR E], B FR24h )5, W€ 55 9%
FAFERZS AR . NO5 -N. NO, -NFITNHI#K
FE, HHHNOT -NAITNH LR,

1.7 DK%

TEAHE FEH, NOS -NIF 2 K FN-(1-283%) 2,
TIEIEEEE, NO5 -NIIE K FH B A Sy 4 e e
72, TN 2 SR P A oo At PR A 4R A 58 4k 40 e ke
FE vk, B AR 0 AR R G B by, B4R AhaT WLy
FEAEETHT600 nmAb I & FE (B (TU-1810, Jb 5T
W), pHK FpHit(pHB-3, B3I 5E, Frf #E i
WE3W, BOPME . BRI R

0 = [1 = (cr/co)] x 100% (1

V={(co—c)Jt )
X, QWA EBRE, ¢, NAREIKEZ(mg/L), cg ¥
WIEH B FE (mg/L), VAR EBREZE [mg/(L-h)],
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AW 5K H Excel. MEGA7.0f10rigin8. 5844
X S ER AT G T SRR

2 #R
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7S HHIE FE R ZS 125 22 [R5 B
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KM BEZRAKAE. IREE. ONPGIREE . KB XUK
Sl 5 9 BANE . A2 SLA R SR IRk A IR48h A,
A5 B RAARZS LI TSR N |, 2K
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Fiow, BAREAIR, §1.5—2.0 pm, %0.7—0.9 um,
HHE.

16S rDNAFFISHMBAG LB Btk
ZS11716S rDNABEPE 77 5114 Z 791333 bp, Wl 7 25
O A% 2 GenBank £ 4 i, &% 5 NMK615112,
KEKBEMUNKE 20178, BIkZS15 Pseudomonas
Sfurukawaii[FlYETEIR100%. S5 & EKINIES2E. &
FEAALREPEFT16S rDNAFE K 7 41 29 M 45 51, K 14
WRZS 11 %€ N Pseudomonas furukawaii »
22 EHZSIMFE R HCHE

1E AKNO; A ME— SR I E 0 T, W %% B Pk
ZS1/EABhA [ KNG DL B i e SR i A RF 1 o ] 3
7, fE6—18h, ] LA S BI EHRZS 111 A4 600 Y2 7 1Y
B, AN0.13348 1 310.930; 5571805 B A4 K A8 4%,
1E18—24h K Ab T g W, $59%240 )5, WA FE
SIRNES, T, 1E0—24h[ B, NOS -
NP IR T8 R [, M48.93 mg/LIF%7.32 mg/L,
NO; -NZE R HE N85.04%, FFR#EKIE1.734 mg/
(L-h); TN 8 M52.04 mg/L FFAKF]13.73 mg/L,
ZERFINT3.62%, EFREFIX1.596 mg/(L-h).
24h 5, BEARIENTETH, g0 T 16 T %, NOS -NAil
TN T A8 5E . 77 £48hi, NO3 -NII & &
FEACE11.27 mg/L, EFRFEH97.40%, ZFREFEN
0.993 mg/(L-h); TN F &4k LK F18.40 mg/L, %
PR 1% 83.86%, 2:FR# #£1£0.909 mg/(L-h), H G
NO; -NF &,
23 ARIFEEFIEIRZSTR FE L1 BERI R0

FREBRE B ZS I R BT ERIEm W
Kl 4R, AN R BRVE T TR AR ZS TR AR Kt B 3 1)
UM AAEIR KRR . TESPRARIBIE T, B 4600
VIR Z, W E MR T N B8 54(0.930) AT
BEFREN(0.878) B &IHE0.777)s T —FR#N(0.623)F1
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Tab. 1 Physiological and biochemical characteristics of strain ZS1
A3 A2 10 iR B8 Physiological and biochemical test 45 P Results AP A 40338 Physiological and biochemical test 45 HResults
il Contact enzyme + 42°CH:K42°C growth +
“fLHFOxidase + 45°CH£45Cgrowth -
ONPGl| ' ONPG determination — fi% 2% 7K f#Casein hydrolysis —
15 R B XK R B Arginine dihydrolase — MREUrease —
TR #134 R Nitrate reductase + PRA A Anaerobic growth —
Fri6 B2 5 F) F Citrate utilization + V€ R 7K f# Starch hydrolysis —
PR Jiz i AL Gelatin liquefaction + V-Pilll 52 V-P determination _

N8| Indole

- 7K fifHeptapeptide hydrolysis +

T AR R, “— 2o g A S8

Note: “+” indicates a positive reaction and “—” indicates a negative reaction
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Fig. 1 Morphological characteristics of strain ZS1 under a
scanning electron microscope
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919.74%F151.28%, NO; -NF ik e =i fE, 790.11 mg/
L; {C/NMS EFH2 158, TNFINOS -N 2 B Z A5
TR B AE, 70 888.31%4199.39%; *4C/N
M5 ETFE258F, TNAINOS -NZ R B A R FEA
Ao PRk, WHRZS 1R 3% SAH AL D BE I i i& C/N Ry
15—25,

AEpHM EHRZSI R L FFEREm W
6FIT7R, 2455 R L I pH OO RN T 1, 7™ 25 100 1) F ke
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0.773, HXINO; -NFITN1) 2 B F H i, NO3 -NH)
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Bl 7HT7R, 2T 20 CHY, BEARZS 1114600 790.048,
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I, NO3 -NAITN 2 B 334 B f 1, 43 71 24999.18% A1
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Fig.2 Phylogenetic tree of strain ZS1 based on 16S rDNA analysis
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C/N 2 B Ik B8 75 HEAT 56 42 SO A6 IR G B IR 3R
T S R 40 B £ 2B KRR LA ) 2 B i R
K2 B T 45 TR W, 2018 I R RCR 2 B C/N
(o3 KT o, IR B — e G, R RCR R R E,
Gk 3 R C/N, IR R T 4 B R a2,
X FF P 3 A B T ZD S TE IF 4 AF R, C/NTE
4221, NO3 -NHJ 2 B f 4 C/NIG N 1 5, 4
C/NR22f, HINO3 -N& B %A 2 & &1, 499.2%,
SRE AR R B0, 24 C/N SR SR8 in 3258, NOy -
NERFE R TNREBEA . RLIGEE R T R4
W, 2 C/N/MNT 5, WHRZS T A K EBAK, X
NO; -N¥ RO B 2, W RERBIEA L, R
AR (HAO) A2 I 46 B (AMO) X B 5 A7 7E 35
G R R, PPN AR K AT 75 M RE R A, S BUR
R AR, (H B2 C/N - FF 2 158, TNFINO; -
NZEFRZFR R D EIH A e, 5078 88.31%
99.39%; M C/NkL: b2 250), %% B H AR
FEAAE, Duan%[Bl]E@Eﬁﬁﬁfﬂ, Bt & C/N {E )18
K, Wtk Vibrio diabolicus SF16X} %8 1 2% bk 2 &
TEiE, MC/N=100 % Br % i m, 2 JaRE#EC/N A1)
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IDENTIFICATION AND DENITRIFICATION CHARACTERISTICS
OF THE AEROBIC DENITRIFYING BACTERIA
PSEUDOMONAS FURUKAWAII ZS1

ZHU Yun"?, GONG Wang-Bao', XIE Jun', WANG Guang-Jun', YU De-Guang', LI Zhi-Fei
ZHANG Kai' and TIAN Jing-Jing'

(1. Key Laboratory of Tropical & Subtropical Fishery Resource & Cultivation, Ministry of Agriculture and Rural, Pearl River
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China; 2. College of
Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: An efficient aerobic denitrifying bacteria species was isolated from water in a Ctenopharyngodon idellus cul-
ture pond in Zhongshan City, Guangdong Province in March 2018. The bacteria were identified as Pseudomonas furu-
kawaii by morphological observation, physiological and biochemical characteristics, and 16S rDNA sequence analysis.
This strain was named Pseudomonas furukawaii ZS1. The denitrification characteristics of the strain and the effects of
the carbon source, temperature, pH, C/N ratio and shaking speed on the denitrification ability of strain ZS1 were investi-
gated. The results showed that P. furukawaii ZS1 was an efficient denitrifier under aerobic conditions. The content of
nitrate nitrogen (NOj3 -N) decreased from 48.93 mg/L to 1.27 mg/L, the removal efficiency of NO3 -N was 97.40%,
and the removal rate was 0.993 mg/L/h; the content of total nitrogen (TN) decreased from 52.04 mg/L to 8.40 mg/L, the
removal efficiency was 83.86%, and the removal rate was 0.909 mg/L/h. Single-factor experiments indicated that the
optimal conditions for denitrification activity in P. furukawaii ZS1 were a carbon source of sodium acetate, sodium cit-
rate or glucose; temperatures ranging from 25 to 35°C; a pH of 7.0 to 10.0; a C/N ratio of 15 to 25; and a shaking speed
of 100 to 200 r/min. The above results showed that the strain could quickly and effectively remove nitrogen through
aerobic denitrification. Therefore, the P. furukawaii ZS1 strain can be used as a candidate strain for the treatment of
pond culture wastewater through biological denitrification.

Key words: Aerobic denitrifying bacteria; Denitrification characteristics; Environmental factors; Pond culture



