TRAE SRR Oct. 20, 2022, 49(10): 40664079
Microbiology China DOI: 10.13344/j.microbiol.china.220217
http://journals.im.ac.cn/wswxtbcn Copyright ©2022 Microbiology China All Rights Reserved

H5ciR s
7Y-3

wEY, HER, FREE, R, Ky, #8N, TF, BEE, §F

PN RIS, TR T 510006

MU, PN, D, R, L0, MhETIN, B, BRI, fTEE. —HRIEIE RS ZY-3 % RO AR
PE[I]. Ao E R, 2022, 49(10): 4066-4079
Lin Haopeng, Sun Huiming, Luo Pingting, Wu Shenru, Cai Lang, Zhong Shuxian, Yue Sha, Chen Qionghua, Shu Hu. Identification

of an alkali-tolerant Pseudomonas plecoglossicida ZY-3 and its nitrogen removal characteristics[J]. Microbiology China, 2022,
49(10): 4066-4079

B OE:(HF)] AV EFSRLRE ). KaE st AR F A T KT AR
TCHE R, MEMER A kAR Salobk ey Tk . FRFAFEAK, [B 69 38T 8 F 0 — K = FRzh 3
RO o B AT 5| 09 T Bk G ST B R AL ZY-3 HATHIR, BB FAF—HRE A T R BRARIR I BL
R Z. 2o FarRMmemE. [FiF)] @aHA%. £ A LKIR A 16S rRNA & B 5 7] 547
7 EAT AR B AT R, RA A FRE AR D & KR AT AR IR A Y oA, A
A 3 A AR RE QSR E KRR E. [£R] #E ZY-3 ABREIH BT HRL
I (Pseudomonas plecoglossicida), 33t % e Rw A ud FH, stRAEAMGFHIK, ZAK
FE 2 IR B FAR IR K F v 28 °C. 180 r/min 3k % 3 7T, Fat 080 8 A 4-12 h, £ 12 h B NH,™-N.
NO;™-N #=2 NO, -N #) & Fh £ 53115 5] 94.87%. 81.44%7F= 98.02%, * pH % EHE 4 6.0-10.0. [£
#] 33 —Med. G B 72 pH E 5T E 69w BT B R A E P. plecoglossicida ZY-3,
E A AL T3 A RENH,-N. NO; -N. NO, -N)EF Peik Erh4t

KA FERFM, EHMBEIE,; Wk, BLESFH

BEUH: J7AE AARAEEE(2019B1515120064); |74 BHE T (2019B030316022) 5 H - 78 B L B8 P 471 5 0T
KA AT H (CAMC-2018F); 2020-2021 4 K 2#AALHT AL I 253151 (202111078033)

Supported by: Natural Science Foundation of Guangdong Province (2019B1515120064); Science and Technology Program of
Guangdong Province (2019B030316022); Fishery Resources Protection and Exploitation Utilization Project of
China-ASEAN (CAMC-2018F); 2020-2021 National Undergraduate Innovation and Entrepreneurship Training
Program (202111078033)

*Corresponding authors: E-mail: CHEN Qionghua: qionghua26@gzhu.edu.cn; SHU Hu: shuhu001@126.com

Received: 2022-03-02; Accepted: 2022-06-01; Published online: 2022-06-27



MAEEZE: — RIS TR T ZY-3 (%5 S i SRS 1k 4067

Identification of an alkali-tolerant Pseudomonas
plecoglossicida 7.Y-3 and its nitrogen removal characteristics

LIN Haopeng, SUN Huiming, LUO Pingting, WU Shenru, CAI Lang, ZHONG Shuxian,
YUE Sha, CHEN Qionghua’, SHU Hu'

School of Life Sciences, Guangzhou University, Guangzhou 510006, Guangdong, China

Abstract: [Background] At present, there is a lack of aerobic denitrification bacteria with significant
nitrogen removal performance, high biological safety and alkali tolerance. Thus, it is difficult to treat
[Objective] The
alkali-resistant and highly aerobic denitrification bacterium ZY-3 isolated from an aquaculture pond in

high-alkaline industrial and aquaculture wastewater using biological methods.

Foshan city, Guangdong province was tested, in the hope of obtaining an efficient and safe aerobic
denitrification bacterium which could be used in different pH environments for nitrogen removal.
[Methods] The strain was identified by morphological observation, physiological and biochemical tests,
and 16S rRNA gene sequence analysis. Antibiotic test and zebrafish challenge test were conducted to
evaluate the environmental and biological safety of the strain. Three kinds of simulated wastewater
containing different nitrogen levels were used to determine the nitrogen removal performance. [Results]
ZY-3 was identified as Pseudomonas plecoglossicida, which was sensitive to a variety of clinically
common antibiotics and had low aquatic toxicity. When this strain was cultivated in the three simulated
wastewater with ammoniacal nitrogen, nitrite nitrogen or nitrate nitrogen as the sole nitrogen source at
28 °C and 180 r/min, the logarithmic phase appeared at 4—12 h. At 12 h, the removal rates of NH, -N,
NO; -N and NO; -N reached 94.87%, 81.44% and 98.02%, respectively. The pH tolerance range of the
strain was 6.0—10.0. [Conclusion] A safe and efficient aerobic denitrification bacterium P.
plecoglossicida ZY-3 was obtained, with a wide range of pH adaptation and rapid removal ability against

three nitrogen sources (NH4-N, NO; -N and NO, -N) under aerobic conditions.

Keywords: aerobic denitrification; Pseudomonas plecoglossicida; alkali tolerance; nitrogen removal
characteristics
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iz FH B9 448 2 i AL 41 14 (aerobic  denitrification
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HUEFEAIEICUE . 15K LS
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Padhi SFUHIE () — Bk TR X T K > B
2| 1) BH 15) 173 ¥ 1 (Enterobacter cloacae) X} e &
100 mg/L ISR . AR ARSER LAY 24 h
LRI HIN 81.0% . 99.9%F192.8%, LiZE!
2 T8 A8 TR RS T R o3 1 A 3 A i PG Al BR N R
(Pseudomonas stutzeri) W £ 258 . A& A
i BR £ 19 25 BR 0 51 7 88.30% . 86.15% Fll
70.83%, X FEArUEM] 1% B AR B SRR B
RARE LR R TR . AT, FEm AWK
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N T BERE RIS — MR BETE M AR
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Je rb oy B A5 20 1y BAY 5 9 i Ak - S S il AL e
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1.1 #&
1.1.1 =tk

J AR A W LU T (N22°50'34", E113°57'25")
2 A £ SR BH R AR KR B R 2R T 1 L 23S
AARAT BRIk ZY-3 0 H I DR R T bR O

fFT-80 °C ¥k a b, (AT EH %
1.1.2 FERFIMNFRIZHRE

A2 50 ¥ o [ 77 4 B 45 Master Mix
Tag W, RHEHERBOEADE SR ARA
Al EA DNA /MERBOAR &, NS
EYBHEABRA A Z50Aat, O EE Y
R R A

6 PCR 1Y, Bio Tek Instruments A H); 4=
B3 ZBEREPRIY, Tecan /A H]; 2E4hA] IL4y
O, EEAARHMCRAGERE AR AR B
TRV, Bl RE - A 2 AR A R A ]
SR BHRER, KETHEEASE
AW BRETE, g2 FER U a
FRAH

FRE RO ERAGIE R
MHA J5E5, 7RI AE D RHECA R A
Al RICEREW . =R S AR K S %
SCHER[1SIAC ] o Rk B2 & AU HUE K (1 L):
KH,PO, 0.113 g, MgSO47H,0 0.200 g,
NaHPO, 0.592 g, Jo/KFEEREN 1.608 g, fil
HIOCRAEW 2 mL, NH,CI 0.100 g (8] NaNO;
0.159 g 5 NaN0,0.129 g), ik ue 2k i &
i pH R 5.0, 6.0, 7.0, 8.0, 9.0, 10.0 5
11.0. b3 35 7% 5 ff & R 28 7R K 1 5 DA
98 kPa ‘K 20 min,
1.2 E#HEE
1.2.1 EHESNESEELE K

KRk Z2Y-3 ff PR S LA T4 Y
HEARRE ALY, T 28 °C i3t 24 h, W
WVR LA, FEPRICR I IR TR b AT 2 IR
S (Bl 28 TR 7 C R 97 NI PO S Kk Ki
SRR AR ATE S . %88 (Bergey’s Manual
of Systematic Bacteriology ) "/} %5 75 ¥k &5 4 5
(I AN B R G TN ) PO R 195 B
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i FHZ0 A DNA $2 B0 &4 IR vk 2Y-3
FSENZH DNA, SRAI4IE 16S rRNA K38
5%y 27F (5'-AGAGTTTGATCMTGGCTCAG-3")
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B TIRSF P S (0 PCR Y1, {8111 2.0%3 R W €
JEHATHLIK, ST ISR . s PCR &3 7
Wik 24 TAY) TR (EE) A AR A w7
B B e Al 55 ) s A TN Y o KAk e R B
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A MEGA-X # {5 Y neighbor-joining L1177
GRBRME, DLIatEikiFE R
1.3 EHRMEIRESMHIRE
1.3.1 &Ml
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ff1(Danio rerio)iF 75, kS A AT bR
HENY/T 315.4—2017)2"F0#x e 25001 R0 I 4R
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14 d, )45 0% 5 i R B 1ok o fr e D
i )E ., FVLARLZE 15 L 3G,
L 30 FEfh . FZ: 28 °C., 180 r/min KiFFd 74,
3 000 r/min #5.0> 5 min J5 I JCTE PBS WM
wR, HE 2 WRMIHICREKESEE, e
ODygo, AR SE SUSINR R . 4% R
R L 1x10° CFU/mML WM, 25 AU
INTCEETRK o 156 ) 45K I H R B o £
3 RAFELAK AR IEAT B3, J5 4% B IR Dy B E AN
PR o B RGETH I 1 AE B L s 57 PR
Z I REE 14 d AR BCE 3 D E ] SPSS
Statistics 26 #4317 e /N B M 22 7 (least-
significant difference, LSD)/#T44
1.3.2 MWZHRE

2 BR 56 5] i PR 1 55 56 % A i p 23 (Clinical
and Laboratory Standards Institute, CLSI)%w5
1) {M100 HTiA: W 2 USRI PR A TR HE G

1.2.2

ZARR) ) BRI A o T A B 14 25
1 H #E AT IR P AR R R R BRI T A R A
B2 M (M02-A10 B2 U5 48 7 ik
PATHRIE(VoL. 32 No. 1)) P15 (gl S bl ih
HH 2 A 2 PR 0 — 48 R B ) (SNVT
1944—2016)Y 317 B FE 19 1 AR 28 48 A 25 0k
5. BUEFRRGHEIE 18 h WEB, MRE
1x10° CFU/mL J& fif Fl JC o A 25 38 51 Tk i
MHA 5583800 . AR 15 min 5, A
BT I AR, W PR R . KPR
BT 37 °C fHE S G 18 h, s R
JRU R P B KN . BN P A R TG
PR FACR B2 G R, R 2 AT
1.4 BB RN E
1.4.1 BE#HE 3 HERESREMRKFHE
KIER S M RENE

KR kEMTERRAGERES, T
28 °C. 180 r/min fHIRIEFEFEHRESE 16 h ¥EAT
BRI AL, DL 1% R T A A
NH,Cl. NaNO;. NaNO, [ B % A% K
wh, B TR . RERETAS 48 h, T 12 h DX
4 h AR FEEATHORE, J5 36 h DL 12 h [AlfR@ AT
BORE W A W 0 A ) i (DL ODgoo 36
fiE), 4 000 r/min &0 5 min J5H R E
NH,Cl. NaNOs;, NaNO, & & . & &AM
R P2 AXTIRA, R dlA i & 2 P17,
142 BE#HFTAE pH £HTHEKBERASHE
R EENE

i PRV B 7 ARSI K AT TR AR ZY-3
FEARTR pH S50 T B A 10 K 0 201 R e
E o C IR MR B S AR KN, (TR
1 mol/L 4 HCI ! NaOH % H pH {H % 5.0,
6.0, 7.0, 8.0, 9.0, 10.0, 11.0, I} [E] K
48 h, LA 8 h [AIRRHFATHURE, W 45 ) [R) B
B P A A )4, 4 000 r/min B0 5 min Ji B
B B E NH4CL, NaNO;, NaNO, i3
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SEK R A A (NH, N & & SR AMt
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REBRRIIELLF AKX AT
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n(%)z%xloo%

0

Hrpr, GoFRR 0 h BKAR A AR A B (mg/L),
C 27 HE B Z K A4 v 8 4 1 6006 (mg/L) o
FH Origin 2021 #AEXF AT 25 R IHEF TG 1T M

2 HERE500

21 EHEESER
2.1.1 EHMESFLEER

WE 1A B, Bk 2Y-3 788 B R 57
BRI 24 h R EBUREE . BB, B
GorRERERAY, WERmRELE, 2
STHECHES . AN 1B BN, BRE ZY-3 L Ry
R, RN, % BRI R R R

B ¥ <
[ - At
o\ TE™
2§ \EoE -
»"-?') oy
3 S LR
¢
\
o
:' \
) ’
AT Ay
-9

KAk, Wiomsti, sracHEs] . il 1cofr
IR, TEFEEE T, RIREIEFRR, e
B, SIHEH; WA (1.4440.28) um,
FARTE 47(0.5040.02) pm, JTCHETELEH .
2.1.2 TH¥k 16S rRNA EE S FLEHER

I FF 200 1 i TR 4 DNA PR it , i 16S
rRNA FER 8594 27F/1492R 748 H i 4%
Mo PCR 4 A=W 2ead 2%B B W i i vk A
WS EISOGFRE I, S8 —BRK B 1 424 bp
HFS), $238 % GenBank (B35 OL989156)
PEATIRIIEME T, R BLER ZY-3 S R e A
TEAR BN R (P. plecoglossicida) NBRC 103162" (&
S5 NR114226)F1 P. plecoglossicida FPC951
(B S5 N NRO24662) I FHAME A 99.01%, Fl
F MEGA-X #{4, f#i[f neighbor-joining %,
PR R AU B BRI AN e, M RS
KEWE 2), S5REBER Z2Y-3 5 LA E
WRILAR R — 2 32, AT AR ZY-3 MR
B Jif0 TR J& 44 TR (Pseudomonas sp.)o

2.1.3 EHEBEUWRESER
HPE (Bergey’s Manual of Systematic

Bacteriology Second Edition) " (% W40
FRGKE T PO T bR ZY-3 A4 A A S
E, BRWME 1 PR, SRR ERE R
¥k P. plecoglossicida NBRC 103162 #47 H X},

GRS EMAMEIE . 16S rRNA N

SU8100 3.0kV 13.2mm x10.0k SE(L)

1 B ZY-3 HEEESA). FEZREAEERB)AAMBERAS)

Figure 1
strain ZY-3.

Colony morphology(A), Gram stain (B) and scanning electron microscopic morphology (C) of
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Pseudomonas plecoglossicida FPC951 (NR024662)

100, Pseudomonas plecoglossicida NBRC 103162 (NR 114226)
97

TV_2 O QQOQT184N
L X=5 {ULTF67150)

corirdnn smae nloraaglacermiaa atrain
JI L3S UUDTIIONIUS }/ttbugtuoau,u/tu sualin
Pseudomonas benzenivorans DSM 8628 (NR 116904)
100 91 Pseudomonas benzenivorans ROC019 (OK067260)

100

92 99[ Ps

Pseudomonas stutzeri strain DSM 5190 (NR 114751)
Pseudomonas stutzeri ATCC 17588 (NR103934)
eudomonas nitrititolerans LMR757(MW559678)

Pseudomonas nitrititolerans GL14 (NR 169495)

Acinetobacter sp. FD3-9 (MW578914)

0.020

E 2 ZY-3ET 16S rRNA EFAFIHENRGELER

Enterobacter cloacae DS5 (MW578902)

#5588 GenBank 55 7y

SCRVBUEARR AL bootstrap fE; 7 SO EACRMEALIEE], Ry 0.02
Figure 2 Phylogenetic tree of strain ZY-3 based on 16S rRNA gene sequence. The GenBank accession

number of aligned sequences are shown in the parenthesis; Values at branch nodes represent bootstrap value;
The length of branch represents the evolutionary distance and the coefficient is 0.02.

=1 B ZY-3 B IR (LT

Table 1 Biochemical and physiological characteristics of strain ZY-3

A AR AR S SRR AR A AR N SRR
Physiological and Reaction i Physiological and Reaction
biochemical reaction characteristics i biochemical reaction characteristics
#5>% [G 7 % Gram reaction - | P A R ER Potassium tartrate -
Skl [ v Oxidase reaction + . D-(+)-#i %8 D-(+)-glucose +

B AL Gelatin liquefaction - U Creatine *

HE M55 Catalase test + il Glycerol +

TER KA Starch hydrolysis - i D-(+)-Z Zi M D-(+)-maltose monohydrate +

n5[ 4= 1% Indole production - | FLA¥ Lactose -

FH 24T Methyl red test - D-1-ZLj D-galactose -

V-P i3 Vogs-Proskauer test - i T2/ Mannitol -

g Lipase (Tween-80 hydrolysis) - i HZ R Glycine +

4 °C H:4 Growth at 4 °C - i L4442 L-arginine -

41 °C 4K Growth at 41 °C + | D-4% D-fructose +

J2 4k, Denitrification - i FrI&IREL Citrate +
R Eh A JF Nitrate reduction + 1 L-(H)-Bi 4 L-arabinose -

W o+ BHME; - BN

Note: +: Positive; —: Negative.

JP OV R G B W3, w LA 2D i TR A
ZY-3 AR M P. plecoglossicida.
22 BEHRHEYLZEMIRIEESR
221 ZEMRAEER

R ZY-3 W& g a5 R anE 3 frs .
8 14 d IRE T, SXIRAIAE L, KR B R
FE R 1x10° 8 3 A aRI6 40 1 B £ 2 oK HE BAE

T, AMBATHREIEN, 5RITEEMEZER
(P<0.05), XHIAFH ZY-3 XF KA W)L 4
PER R -
222 THAKIEER

PRIRE ZY-3 BT 25 PE g 45 R an 2k 2 Firw .
M 2 AJLUEH, kR ZY-3 X F CLSI-M100
HROXH e AR L PR SR 1 A PR E P 2
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Bl P. plecoglossicida 7Y-3
Ctrl
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100 | a2 S

®
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T
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(o]
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D
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[\
[e)
T

14
t(d)

3 EHRZY-3 EMREMRIEER
Figure 3 Biosafety assay of strain ZY-3.

R2 EHKZY-3 WAHKKER
Table 2 Antibiotics sensitivity test of strain ZY-3

TR 259 44 B MEE R BUSREE

Antimicrobial agents Inhibition Sensitivity
diameter (mm)

PTG AR Amoxicillin 0 R

S5 % Chloramphenicol 7.31+0.52 R

21 %% % Erythromycin 0 R

AR EEHEZR Ampicillin 0 R

EAWEZS S 23.100.10 S

Tetracycline hydrochloride

Sk AR Cefperazone 18.33+2.15

NG 23.3040.26

Gentamycin sulfate
Z-A1i %5 2 Tobramycin
S AfLfBE Ceftazidime
WR 437 PG b -l e £ 1

Piperacillin and tazobactam

22.50+0.82 S
23.12+0.71 S
27.00+2.34 S

.S BUE; 1. A R gy
Note: S: Susceptible; I: Intermediate; R: Resistant.

RRFER . L Mne 5259 8 8K, ZY-31E
P ARG IR P AERMA RN FER . AER
S0 RPN 2 1, 3X S R B M T ) R AR B
BRI — 30, i ELAF A 220056 T AR B AR PN TR
PUeth g dRIERY, UL nl HEWr ZY-3 o 1 B
W2 AR, R TR R AT I 2 AL Y B AR R
(wild type) B #k o

25 TR, ZY-3 XK AE A T e A

L EX Z AR E HPUE R R, BAZ
FrAEDI BT F B, P B v A B i % 4
P, BHABKRMNHE T
2.3 EHRBREMEENELSR
2.3.1 HHE 3 MERESTEBEKPNE
KIERSEE MR

Wbk ZY-3 7 3 R E R — AT
(NH, N, NO; -N. NO, -N) i A= R 10 Fn i 4
PR 4 Frs. 7ELA NH,-N A g ik — (U5
W, BARFEZEL 4 h (IR E AT EUE KBy
B, 76 24 h WA sk RE, T KA
NH,"-N ¥ 4 30.10 mg/L, ZHEN 94.87%,
FE W 5 B ) B B R AR W R P IR 218 R R, A
REBRF/NRW S, 78 48 h LR EBRRN
97.20%. REEHE], A EESANO; -N) S
S ANO, -N) M, HEHTE 1-2 mgl Z
[N e e

TELL NO5 -N 1ENME—Z BN, WRES
if 4 h IR R E AT UK BYBE, £ 12 h
A Py A B KM, SRR KR NOy™-N
FER 177.05 mg/L, ABRFEEFNREKME, N
81.44%. 7F 12-32 h Wk EY =ZE TR, 16
48 hist /NI ETF. 12 hJE B NO; -N £ %
/NIEES, 16 48 h IAEBREN 74.86%, 5
WAL, RBUA RAEAL ) NO, -N 74, HAE
0-8 h Al My & &R E T, B ik
28.04 mg/L; 7E 12 h BWFHEHE R T, IH7E
ZIE e

FELL NO, -N ARy — AR, R AR
it 4 h IR R E AT UK BYBE, 724 h
A Py A B KM, SRR KR NO, -N i
Bk 8.92 mg/L, KBRFE N 98.79%. 7F 32-48 h
IR Be A= 9 PR IE T R, {H NO, -N ¥R
TRFFFE, 7F 48 h IR LBRE N 99.87%.

25 R, HRk ZY-3 16 3 P R B — 2
TR (NH,-N., NO; -N F1 NO, -N)FJ A KRB FI
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A oD NH, -N s = O = NO;-N
600 4" —~ NO, -N
22¢ +NO,-N — NO,-N 71700 20 20 220, 11000 135
20t leo0 118 18 20078 T —"1900 3,
%g\ , — 3 116 5116 5 }2 1800 ~ -
1af N ;\’-50030-143071430 Iat N\ 1700 30‘2530
£ 124 *4005’}(2)5’}(2)5 £ 12 ’gggé—zoé
10} ] 1 ] ot 1
SHEY 0% 1 418 4 S M4y {200 % 15 %
06} 12002 16 & 16 O 06F |4 1300 & {10 &
041 o 14 A4 7 0.4—.Z:/ > 1200 2 |5 Z
LT DT e — ] ] 0.2} ——1X v1 100
05 et 0 o o 0.0 ——*l 0
04812 24 36 48 04812 24 36 48
t (h) t(h)
C
227 1800
18} 1700
1.6F 1600 2
S 14} ] &
Q12 J_igg g
S 10f z
08 F 1300 ™,
0.6F ] o
04t 1200 2
02 F 100
0.0

24
¢ (h)

4 Btk Z2Y-3 £5KRE NH-N (A). NO; -N (B). NO, -N (O)#E# Kk Py E K SR R4F

IR TCHLEVR FE (Co, mg/L): Z % : 586.88; fAS%A: 958.38; WAHAA:
Growth and nitrogen removal characteristics of strain ZY-3 in three kinds of high concentration

Figure 4

737.70

simulated wastewater. A: NH4"-N; B: NO; -N; C: NO, -N. Initial concentration (Co, mg/L): Ammonia: 586.88;

Nitrate: 958.38; Nitrite: 737.70.

AR E A A A, IRGEWh 4 h, 8 hfRi#EA
PR A XTI o A e R B U BE R TRk
A SRR EHRBAAN, WRTE 3 Fh
TR S R K, 12 h IR B R AR AE
KF] 80%LA b, IXFREAEMRA KB, A
POk A RE . AR E)E ., FiBEARE
BRgpiaE, AHIKIEES) .
232 EHTAEME pH FHTHEKER
St

Wk ZY-3 TEA R G pH AR T B9 A= KR
BUAE AR TE AR 5 iR . BUAORE, Wbk
ZY-3 BRI IG5 0 16 h N HRs A= K, A=t
Pl EF, FEAE 16-24 h AR AR R K
H. mEAERRESEY R EKREIFARL
M, 7EpH 6.0-9.0 kT, 8 hinf KZHALw

AP RERRRCHIT 100%, (HAYEHIAREK
FRKME, ARG IS, ZMEAE pH 10 ik
BN . AR AT E S, &k
B2 R BRSBTS sl . AT vk
FERRES, A I A A 4 P R AR B
W, 25 R AR IR TE ODgoo M 0.8-1.0, #E1IK
TRk RE S HARmAEYE, XAfeeH
TSRS I B AR 2 T BRI AR K
Wk ZY-3 TEAR WIS pH . A A B —Z
BB K B B RS A 25 5. FES BRI 4%
% F (pH 6.0), LA NO, -N M — & IR Fi 50 241
ST 24 h BRG], AE 24-32 h FAIBCA M
AP R BT, M TR pH B A4
HGREHAGE S, X 0] 58 2% B WV A 1R :h 348 SR AH ¢
FgxT TR pH iUk, FEH kS S Ac T
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Figure 5 Growth characteristics of strain ZY-3 under different initial pH value conditions and pH change of

medium with time.
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FEFN 16S TRNA JENFHI AT, L3455 1845l
WOETTRE R G, VIR EERR ZY-3 R
i B i AR TEAR PR L 5 (P. plecoglossicida)

BRI R K FR A R WL R R 2 —
AT RS, EERAREZ R THR
TR SE AL RE S B HR A2 R
I AT R 200 RS A X A A LA R O 1 3 I A
AR PERE , B4R A R OC T H X K ™
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LR, AT AEY L A T
1o A2 R VEVEAS G HE A W K A A W) 53
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100% H.Jc B 9 22 8 5 1, 0028 HE e Ak
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R R 7K AL 4

U A Ak A 1 O G R 32 B I AR A
(dissolved oxygen, DO), ik, &, pH FZFh
HEF R R o pH B X T B R S i
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IS, AAIAEHT R Z2Y-3 T AR
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