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B OE I PEARLAZKE, BARRKEE R, AIRSE L SAEZ KL KT HRIAL
FRA JIZE AR . A HUBER 25 (Organophosphorus Pesticide, OP)2 & Fl i J 289 A VR s, A 1K
%w’r\%%zﬁﬂ LS. OP EKAT K ERETEEAY S 4’@% ) IR AR B, Wt T AR AT

FHREBN., RomBAEARZEEIFR KA ZEA, %ﬂ’ﬁ%‘%ﬁ%ﬁ#fuiﬂfﬁ e, (B8]
A _LiEEERFRNT B ENFE A SME (T SPZ). R L3 FHE mnﬁxﬁlﬁ‘ B R
R, A IR A NEER G0 AW ERRAE R 9. [F%] %Uﬂ 16S rRNA AR 7 5| 547 5
BT B AFHARSATA BT, AR RIS R RE RN 5 B B AR SPZ AR E A K ST £ BT &
T 49 ODggo -0 & 36 JB BA M o B 12 R Bl IR B FABE T ODggo 09 ALK B, VAT F BLBEAT A
Ml e R; AR m»’z&#a ¢,7#7% (High Performance Liquid Chromatography, HPLC)®|%Z & #&
3t KARFE BB O TR 48 /7 83T HPLC M An MBI 5 7% B 2T KR F B eq i ss ), HZ B+
st F B TR 7 XL 45 & 116S rIRNA AR 5 7] 5047 £ B B MR SPZ 5 4R EIe ) BAR LR 335 99%
Ak, 53FaBEIE ATCC 17001 MR A —31, EFEH 100%; B SPZ 5EHM ST ¢hiE =
BAF A 10%; Ak SPZ T 100 mg/L 49F#AE, YHRERTIZME, FRET LA MEA AR
FALENEER;, YEbmE )\i‘kﬁ'ﬁ/{ﬁﬂf‘ﬂ"ﬁﬂ#‘ AR, 1 d BT AR 1R B
(12.97%-26.69%, 20.0 mg/L; 24.25%32.85%, 2.0 mg/L; 16.66%—34.59%, 0.2 mg/L), 3 d i+=T48
3t MR S BB (46.63%—53.95%, 20.0 mg/L; 24.78%—30.34%, 2.0 mg/L; 31.92%-39.25%, 0.2 mg/L),
5 d B o] A8 2t A AR A (93.65%—97.72%, 20.0 mg/L; 67.69%74.41%, 2.0 mg/L; 10.34%24.27%,
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Microbial remediation with photosynthetic bacteria: a low-cost
approach to reducing phoxim accumulation in aquaculture water

SUN Yang' ZHAO Yannan> WANG Hao' LYU Liqun™

1 National Pathogen Collection Center for Aquatic Animals, Shanghai Ocean University, Shanghai 201306, China
2 Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs, Shanghai Ocean
University, Shanghai 201306, China

Abstract: [Background] China is a major agricultural producer, with a large proportion of fishery,
forestry, agriculture, and animal husbandry. Organic pesticides are widely used in animal husbandry and
aquaculture, particularly the organophosphorus pesticides (OPs) which feature low toxicity and little
residue. OP indirectly affects human health through biological enrichment, and the resulting
reproductive toxicity cannot be ignored. Photosynthetic bacteria are environmentally friendly beneficial
bacteria in water, some of which can degrade organic pesticides. [Objective] We isolated a
photosynthetic strain (No. SPZ) from the Minghu Lake of Shanghai Ocean University and tested its
tolerance to and degradation of phoxim, aiming at provide a strain for the removal of OPs in aquaculture
water. [Methods] The strains used in this study were identified by 16S rRNA gene sequencing. The
ODggo of the isolated strain SPZ and the standard strain ST at different inoculum sizes was measured by
UV spectrophotometry to determine the optimal inoculum size. The toxicity of phoxim to photosynthetic
bacteria was determined based on the changing trends of ODgeo of the bacteria exposed to phoxim at
different concentration levels. The phoxim-degrading ability of SPZ and ST was determined by high
performance liquid chromatography (HPLC), and that of live and dead (from heating) SPZ was also
detected (HPLC) to clarify the degradation mechanism. [Results] The 16S rRNA gene sequence analysis
demonstrated that SPZ showed 99% similarity to Rhodopseudomonas and clustered with
Rhodopseudomonas palustris ATCC 17001 (confidence: 100%). The optimal inoculation volume
fractions of SPZ and ST were 10%. SPZ can tolerate 100 mg/L phoxim, and phoxim significantly
inhibited the growth of the photosynthetic bacteria at the concentration > 100 mg/L. Phoxim was added
to photosynthetic bacteria at logarithmic growth phase and the relative degradation of phoxim was
12.97%—-26.69% (at 20.0 mg/L), 24.25%—32.85% (at 2.0 mg/L), and 16.66%—34.59% (at 0.2 mg/L) after
1 day, 46.63%—53.95% (at 20.0 mg/L), 24.78%—30.34% (at 2.0 mg/L), and 31.92%—39.25% (at 0.2 mg/L)
after 3 days, and 93.65%—97.72% (at 20.0 mg/L), 67.69%—74.41% (at 2.0 mg/L), and 10.34%—24.27%
(at 0.2 mg/L) after 5 days. [Conclusion] The common photosynthetic SPZ can effectively remove the
phoxim in water. It has a broad application prospect in aquaculture and OPs-contaminated wastewater
treatment.

Keywords: photosynthetic bacteria, phoxim, toxicity, microbial remediation
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(9 BB, AT DUTE Sl OBk S 2% 1 R AR
BHAE . SEREAA LA IEAT AR P OB A 1 TP
DA 2B R R A Sl DRAEAE TR D5 5K, AT R
TE T JZ R 5 s IR AR PR 5 P AR, A R
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Figure 1 Chemical formula of phoxim
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Yk R Ul A, R0 DLK AR 25 18D & 4 A
XA WL AR 245 B () WS R A VR T, DU Al
A 20 B AE S BRAE HLBE TS Yo AR AR Hh i o 2 P e
5.
1 MRS
1.1 #8
1.1.1 i EHk

WRE SPZ 438 B e 2 A el W BH 181
H: 16S rRNA FE[X GenBank % 55 MW737687;
b UE B PR I8 PE 20 B T (Rhodopseudomonas
palustris)Vg T RE AL, 77w R
GDMCC 1.167, A5 K ST.
112 EHFE

LTMETEAL E AR P TR A aE N E
H1TR; HCH AR, AT taamumy
KHEFE; 112 VAN Neil’s Yeast Agar™, FHTiE1k
PRIERaRE; B alifedigist: 78 HCH RigrIiint
BT HESI 1.5%305, MTaifotaamE. rf
B g2z 1x10° Pa K 30 min.,
1.1.3  EERAFIFLEE

R ARAE N (99%), Sigma 2AH]; &
FLE(AR %), HEE(HPLC 2%), EZ58H1k2EER
HBRAE . R4 DNA $REBGRHI 6, R
R AL EDARAE] . Premix Tag B, 5 HEA
WHARAEE)ARAF . WG, iR hER
AN PR/ W] ; ODS-SP faiEk(BiA%N 5 pm,
4.6 mmx150 mm), GL Sciences /A H]; fHEIEIEIEES
IR, BIBRENEA AR 022 um AHLRE
SLaCad e ss, AR TAEY) TR A FRA
1.2 X EHEIEEIET
121 XEHESBEL

IKAERAE B TR 2 (I s A X)) B B W
WEME B, BEESIA 0.3 m—0.5 m JHALb. KEEZ
100 HJE B MLt ugfs, HS mL % 50 mL .04,
ML IR AR E R SR, BRI R A
HRE R, AR R 28-30 °C, JEHEIRER A 3 000 Ix.
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3, HE WA SO LR AR, R R L
R RERY, AR R4 R TS R o — 2 R
LB HEEMARE . TIW T/ES kR
PATEVE, PR LN DNA =BG & 45
PLHUHTE DNA, PCR 5|#1K 27F (5'-AGAGTTT
GATCCTGGCTCAG-3")F1 1492R (5-GGTTACCTT
GTTACGACTT-3") . PCR JX Jii % 4 : 94 °C
10 min; 94°C 60s, 55°C30s, 72°C90s, 354
FEFR; 72 °C 5 min, PCR =¥I28 1.5%BU G MR
LKA, 26 2E T AW TR (3 By A BIR 2 w3l
Fe, DFP4s 328 NCBI #4541 FEx DL 2 o2k
AT o Al RS IR R B R 2 T I R AT DL S I 22
SRS
122 EHMHERST KEF

BUHMAAE /R SPZ, 37 °C KB
A 15 mL LR E.OE T, Nl HCH YL aH5%
e, 30°C. 3000 Ix F#M4F FEBIHFY KGR T
ERR ST, MKBEULAH, f#H 112 VAN Neil’s Yeast
Agar YEFRIE R T &2 05, IfiE— LMl
HCH JEEIEFREY KIEF . UL ERERERY K
TG YT 16S rRNA FEFWF 5 Xt , PIARIER
Fhaffz
123 EMEREE

XA M T AE K I E . 7F HCH s
REFederh, FRIR 5%, 10%F1 20% (IRFRAMB03R
P ERE, BT ERDEIEERA T, 28 °CL 3 000 Ix
TR, AR 12 h BUFE—R, T K 660 nm
AN E FOR R, i PR A I R AR
1.3 AEHESFEEEER
1.3.1 XIWigt

BOEREbES 100 mg, Sl & Pz,
R 15 mLAFEAE.OE T, FMIFEER 10 mL, i
LR E N 10 mg/mL WFOi bR i &, Fa
T B E B2k 2 1 mg/mL 1 0.1 mg/mL AARAEN
B o

TR EEF R SPZ XFr BB TN 2R,

PFE 0, 10, 100, 500, 1 000 mg/L sk B 4H
WA, &E 0.5, 1.0, 2.0 4.0 mg/L MKHk
JEH BRI o B IRRR SPZ DL 10% 1 THERN 1S
I, BE I A B s v fi A YR ol ok B ik 31 e
BOEW A, Bl 4500 T 3G9, 8 B BUREI 2
ODgso, WFERTRREFEFESIHHE 10 min, DIHERRE
o Al s 7 A B V3 A 1) DR Ve B 1) A Ak o [T
RIRFECE X E B E SRR, DA Sk
JRAEHRA] NC-DFA T BEIR (LI NC-2) k5 F7E
SR AR, ARV 20.0 me/L VAR RS S0
HR BRI (b ERZ CORIBEIE (AL FELL P, X HLRRAR
SPZ TERGFR A I A KB L

R A5 2 B W O G 2 B ) A I v RN, i
B, P, (20,0, 2.0, 0.2 mg/L)iX 3 AN ERLBER
T BE PR FE A A TR S B R RO . 1ot
WG MR A B A R R 2 250 mL HEE
H1, 30 °C. 3 000 Ix JEiR T 1H 3R 2 AEUE K
HKIA(ODeso H 1.6), SRIEIMAIE 2546 B - B dedn
WERRES TR, (L2 4351124 20,0, 2.0 F10.2 mg/L,
[Fi] BN 7 S AACRR 9 2 10 355 3 5 v o A = B s 1 £t
W, R SR AR, B
B 3AER . LRSI A A E FE IR
R, RS A RIEFRIETE 1L 3. 5 KR
FRE, FRRRFEAI 20 mL, T80 °C kI vkAa 5
fee il
1.3.2 #mAEYRTALIE

KR G — =M, 11 ARG
AW LE, ETEEBEIRS 3-5 min, i 5
H e SRR ST IR AT, BT 4 °C vk H IR TR #
30 min, fEFESS E BN EE2ERH T
M, B BARERES 2 0, FE EEKH
JEAIE 2 WERRHT, ER AR, A
2 mL s AT IR R Y, R IR G TR
5], A ALFE 30 min, {HH 0.22 pm fAHLRE K
Kl g an il uE L B AR A UERE T, L4 HPLC
iR
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133 BiEsmEH

WAAEEE . K=75:25 (KFLL), @igt: C18
YHrAE(S pm, 4.6 mmx150 mm), HFREE 20 uL,
P 280 nm, FEIEZER, W 1.0 mL/min,
134 R ZBIE AL

B BB bR E S — S A% A 100 mg), Soin
WA, BB E 1S mL BB, fb
JTHEEZE 10 mL, ECARZHE RN 10 mg/mL ¥
BB bR vEAE AT, T2 T AR B AR IR
1 mg/mL IPRIERG AR, FFIE— A hin A H s B
WA E N 100, 50, 20, 10, 1. 0.5 pg/mL HIFxR
HE AR, AR TR Z 0.22 pm AHLRET
KA RS LU, BB R AEMN T LR
HPLC Kl
1.3.5 [EWEXREEE

N Sy S M AU T = e IS 2 R 2
HERB AR, A5 25 VR B 5% 25 v = B gt vy Wk B
P 0.2, 2.0 f120.0 mg/L, FERIRA], 4132
FE i A 3 7 125 400 BT e 7% A 6 RO DL A
HPLC ZArAill . [RIE, 4% HEAE S A B v H o
W I EI SR EE 43 3R 2.0, 20.0 F1200.0 mg/L.
BCE i e bn A 25, P PR A R A e 4 ) v
FEXT I _E bR v TR, 70508 2.0, 20.0
F1200.0 mg/L, HAMUKE S AHE, #FFE20 pLAE
HPLC 3l A A 58S Bl & v B2 i i

il IEIL|51$=%X100%

K, AR R IR, A AR
HE TAER i i A

KR . T2 FORARE: FR 3 A E B b
HERG AR, (A5 28 VR B 57 35k v = B e 1) Wk B2
S 0.2, 2.0 F120.0 mg/L, FERIRE], &FEM
A PRI AN BRI B AR AR EF T HPLC 43
Bl . RN AR EE T R E 5k, 15 E i
ONE TR AN AN A 1 ES A G WS s = R i 713
BE, SR H NS RE RS T 3 Mt
U, AR B 0 T AR 43 0 T B3 H X6F I 1) = ot gl S

MR EE , SR H IR S R 80
1.3.6 FEXSPEMEER

A WL A 25 5 K A ek fig . i eA 4
B ap i SR LS BOG M, I BN 2 A N s 4
SRS U RR RTINS AN [ () S g hn TR 40 5
25 PO B P R BT B, SR A HNBR 2 X IR
YLE BB, BT SE I AL BB AR, I
ON TG AN B T AS [ R i) 68 25 Bl A X e
fi#% . A=(4o—A,)/Ap*100%
P A FTRAIRT AR s Ao Fern2s AN REZH ~E A
REMMREE 5 Ay 22 SE B 20 S Bmle i e i
1.4 REME X FEF RN IR

IYIAESA 20.0 mg/L FHEHERY HCH i iA
BRI P A3 BN 10% 8 ¥k SPZ FIE #E ST I B
K A EOE B P, R E A 10% G
KKas AXTR, B FHEIEYCEEEIEFE, 30 °C,
3000 Ix 2510 F 5535 96 h J BURE & ODggo 4b 1%
S JEE R B e R P
1.5 HUERMZIT o

] GraphPad Prism 8 #fFibA 5t it43Hr
5 4EK, NCBI (https://www.ncbi.nlm.nih.gov/) iF
I FSE R, SR MEGA 7.0 B d R4
REW

2 ZRELMH
21 NTFENFEERREREST
PAZH R LR 2 DNA SRR AR 16S rRNA 5
i A5 k1T PCR ¥4, 153 K/ANAH
1500 bp F A B o K PCR =4I 7 e, 45 SR A
JI NCBI #t47 BLAST 704, 457K, Htk SPZ
HbrMETE R ST ¥WIHJE T 4R 5w R
(Rhodopseudomonas). K AR R G Kk B it
e, RGERE AR BIRERR SPZ FIbRIER
Bk ST [A] A ¥ 20 & % L i ATCC 17001 Fk
(Rhodopseudomonas palustris strain ATCC 17001)%
h—3%, BFEEYIH 100% (A 2).
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1 ’ﬂ{ Rhodopseudomonas palustris (NR_115542.1)
100

100

Strain ST (GDMCC 1.167)
Strain SPZ (MW737687)

,—Blastochloris sulfoviridis (NR_037121.1)
89 100 L—Blastochloris viridis strain ATCC 19567 (NR_115543.1)

Rhodobacter sphaeroides (NR_115532.1)

59 Rhodovulum adriaticum (NR_043404.1)
100 : i

Rhodovulum sulfidophilum (NR_025846.1)

i E
79

hodovulum strictum (NR_025845.1)
Rhodospirillum rubrum (NR_115549.1)

Rhodovulum euryhalinum (NR_043406.1)

Aeromonas hydrophila (M59148.1)

100

|—Rhodocyclus gelatinosus (M60682.1)

—
0.02

100|-Rubrivivax gelatinosus strain ATH 2.2.1 (NR_025841.1)

2 % SPZ #1 ST £F 16S rRNA EEFIIMBENRFE AL EW
Figure 2 Phylogenetic tree of strain SPZ and ST based on 16S rRNA gene sequences

0 55T S R0 16S IRNA K[ GenBank 55155 4
tes bRRE SN PSR 22 55

T3 E B RN EE R ST 1000 YT B S E 4

Note: Sequence number in parentheses indicates the sequence number of GenBank of bacteria 16S rRNA gene; Numbers at the branch nodes are
bootstrap values, expressed as percentages of 1 000 replicates; The meaning of the ruler is to show the degree of difference of the sequence

2.2 EFREVE SRS
2.2.1 HE#k SPZ BUEKHE

AR, Hkk SPZ A MR A K
(# 3), 3 FpfPE F EvE SPZ ¥7E 72 h #E AN
A, HE AR TE BRI 10%F1 20%3 Fh it ] [ VR
ODyso [HILF] 1.6 LU |, 5%35FE T SPZ H R Fi(0

EIRL A, FEH ODgeo [HPTK 1.2, 144-240 h
2.0 —
18- —* 5%
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3 TEEME TE SPZ B4 K%k
Figure 3 Growth curve of strain SPZ under different
inoculums
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WM 7-10d.
2.2.2 HEHE ST BYEKME

PR ST 76 10%F1 20%42F0 5 T, 47 60 h A=
AR, o, 20%3580 i T i bk
ST £ 144 h #EAFEAKM, ODego (AT IA 1.8;

10%F & N PR ST 76 60-168 h ZEEET:, 7

192 hilE AAERFGER, 5K ODeeo ik 1775 5%3%Fh
T AR ST OGS EEHAE 120 h NG 2T}, 7E192h
A AR E A K], fei ODgso ik 1.16 (K 4). 25 1
AL, TRRE ST BB IERIER 20%, ZIEFE T
PR ST ATAERC AT R N AAE KA UE I, 10%42F
N ST XU RKIAE, (HHAR A KR
ODgso THS 20%3EFETICS . % BE| S L0 i4
BIPE, M 10%/E ARt ST M SEgndifhat
23 FERBNASHEE KN
231 KIREFWRBXEK SPZ £ KA

il 5 o, AR EE B R AR SPZ
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SR AU A K3, AT Has (R RRAL, IRk
FESE BB R SPZ A —E AR A KA, fasE
A= K IART ODgeo fELIR 55 43 51 AT 35 1.08 . 1.05. 1.07
113, T EALIR 2 X REA] ODgeo F i AT 35
0.92. Z5 b /R IRV BB X R vk SPZ WA 5
PE AT HA KA —E R e
232 SIREFWBXEK SPZ £ KBS

T AR J5E = B 198 X D' B 00 T i S 6 1 I
b, B PR AR RERA R . K 6 s, 10 mg/L

20 - _e—5%
1.8 -
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ODGG()
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4 TEHEME TER ST RYEKHLZ
Figure 4 Growth curve of strain ST under different
inoculums
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5 BE#k SPZ TEIRMAKE FHH P EKIFR
Figure 5 Growth of strain SPZ in low concentration
phoxim

VR R, Btk SPZ 7E 180 h P ODggo (H PHZE
TS, K ODggo AIiA 1.9, B TRIAZS
XFHEZH ODgso (H., BlIGHEAARK TR, G FhimE
ISR L RY3ETIN, TRIRR SPZ A= K AAHHHIT . {H ODggo
WAEZHRAAR, 100, 500 F111 000 mg/L AANHEEE T
SPZ i K ODgso [HF B EMR T AX IR . 25 F BN
R EE RN AR SPZ Ax K A MRV
2.3.3 H#Hk SPZ X EFRBEHEFH A

WPk SPZ X=Eaifin IR A gL 7 fr

25— —e 0mg/L
- 10 mg/L

2.0~ —a— 100 mg/L
—o— 500 mg/L

L5= —o- 1000 mg/L
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Figure 6 Growth of strain SPZ in high concentration
phoxim
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Figure 7 Nutritional utilization of phoxim by strain SPZ
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N, FEREFRELEDIRIE SO, Tk SPZ A
ALK, FESDBEEMEL T, HARKIEA
AN, 2SS0 G AR Sy o — B I B — 1
U5, Bk SPZ A Bk AERK., LT UE
W, CERBEAREME MR SPZ AYME—RRIE, T
PR N SPZ (0 ME—HiE
24 XEMEXFETHERYR
2.4.1 FEFBAFRETEREZ

DL B e S (e B i AU AR (), FEBA
o mAUxs; “FEOiBEbnE TR EE i Asbn(x),
BN pg/mL, bR TAEMZ . tEmarRE
H y=46.305x—33.864 (R*=0.999 9). 7E 0.5-200 pg/mL
JEREIN, ~ERiBEOR IR IR, 8.24 min, ASN (2150 AT
TS SE Bk B R B AF  Ze G R (K 8).
242 EWESEEE

HHER 1A 2 A1, HUSInk s 0.2, 2.0 F
20.0 mg/L B, “EERBELERGFREE P AU R 5y
BN 84.82%-92.75% . 79.81%—81.33% . 80.12%—
84.02%. “FHRMEAEREFRIL A H AR 5 R E 5
H3.34%. 0.93%F1 1.53%; H [a)728 55 250505k
1.27%. 3.97%H1 1.19%. “FHreEss st i [l

F1 EFEPHFRBOYE

Table 1 Recovery rate of phoxim in culture medium
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Figure 8 Standard curve of phoxim

RN 5 R BT A A 25610 5% 7 e o )
By, 0 I AE AR M 2 B A TR AL
2.43 Btk SPZ FNFFk ST PERRETTH

K9 It has FUCHLER B 37 36 vh = i 1
RGO, PR SE R A v AR TT DUE Y, - B
TEAT NG A B 01 50T o] A TR —R
5t 20.0 mg/L FVkBEALNI S, 5 d B AR AT
A% 5.0-5.4 mg/L; 2.0 mg/L 1A %] 0.57 mg/L
£iAi; 0.2 mg/L BFEaiide 1 d Fl 3 d B SEiivk
meA ETE, 43514 0.214 6 mg/L 1 0.207 2 mg/L,
16 5 d Bk FEFEAR S 0.15 mg/L A4 o

sk [A] iR Recovery rate (%) X +SD
Added concentration (mg/L) 1 2 3 4 5
0.2 87.02 92.75 91.30 90.63 84.82 89.30+3.28
2.0 80.38 79.81 80.88 80.22 81.33 80.52+0.59
20.0 80.12 80.40 81.46 80.13 84.02 81.23+1.66

#2 EFEPHNERBTRERI

Table 2 Variation coefficient of phoxim in medium
ARSI IS E SR B Detected concentration (mg/L) CV
Variation Added concentration 1 2 3 4 5 (o)
coefficient (mg/L)
H N2 B 2% 0.2 0.178 1 0.1827 0.187 6 0.173 4 0.174 1 3.34
Intra-day 2.0 1.644 1 1.658 1 1.630 3 1.6192 1.647 9 0.93
coefficient of 20.0 16.020 2 15.5599 16.087 6 15.653 2 16.022 0 1.53
variation
H [a2r 5 2% 0.2 0.181 7 0.179 8 0.1851 0.182 4 0.179 3 1.27
Intra-day 2.0 1.499 4 1.567 6 1.579 2 1.436 5 1.566 0 3.97
cocfficient —“of |54 g 15.264 6 15.469 3 151340 15356 1 15.007 5 1.19

variation
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1500 ====0.2 mg/L 4.8-5.1 mg/L, 5 d BIAJ[#HRE 0.28-0.33 mg/L;
= 2.0 mg/L. 2.0 mg/L WA, AR R] S S Bl Sl ik 5
10.0 |- 20.0 mg/L

Detected concentration (mg/L)

B9 m=EESFEPERBAERE
Figure 9 Degradation of phoxim in blank medium

Kl 10 AR B2 B AE AR SPZ S 4H K%
TR RGO, SEBRAG I B AR Ak W]
20.0 mg/L IR IIE T, 3 d BhEaimiik i vl %
#) 5.9-6.3 mg/L, 5 d BFEIEE] 0.11 mg/L A4
2.0 mg/L MR, 3 d BERmskE 5 1 dmk
A Z BN, 45k 0.63-0.67 mgL . 0.87-
0.92 mg/L, Lz F, 5 dRWE FREIAE, k&
f#30.14-0.16 mg/L; 0.2 mg/L 7INE T, 1 dif¢
B RS 0.13 me/L ify, BlJG W EREAE
FEAAE

K11 R AR BE E B TE AR ST S04 %
IR ARG O, H S RS I v B AR A R
20.0 mg/L FREERINET, 3 d B T A 5

15.0 —

oo (.2 mg/L

10.0 wzza 2.0 mg/L

20.0 mg/L

Detected concentration (mg/L)

10 SPZ LI04R FHTHE A PE AR
Figure 10 Degradation of phoxim by strain SPZ

Pk SPZ SEEZHIERl; 0.2 mg/L BRMIRT, 1 d i+
WRBERE R 0.16 mg/L ZoAq, WGk SEA LS
A,

12 BT Mk SPZ S F Bk ST X F i A
XF AT, BBIETTLAE H, XA B
HRZH, WS 20.0 mg/L = Wk BESEAminT, 5500413 d
IR A X AR AT 3 46.63%-56.56%, 5 d it
FRIAFRT AR AT 35 93.65%-97.72%;  ¥3H12.0 mg/L
WeBESEERBET, Btk SPZ XEmims AN ]
ik 74.41%, TERE ST 2} 67.69%; ¥sHN 0.2 mg/L Kk
FEERRE 5 d i, Btk SPZ TE 1 d X B R w4
X R R IR, o 34.59%, 1E5 d NN iR
ik, 1 10.34%4 47, TR ST 7E 1 d BHAHXTRE
R, (N 21.78%, 7E3 dit TR 39.25%,
Zi LA, Witk SPZ STtk ST Xt i e B - B 14
HA R0 B8R, R B A =k e ok 32 Y B
1%, BRAR AR WS
2.5 KEYHEPERFFEFHLH AR

VETEAIN T Hfk SPZ T . BOLHE AL
PRZK ARG SR S TP ARG LN &L 13 F7R, DB
ATUAE W, AT TR A 2R v = 0 98 174 0 T LK
MERTCIHA I, AU TR AR 2

15.0 e ().2 mg/L

10.0 wzzz 2.0 mg/L

20.0 mg/L
5.0

1.0
0.8
0.6
0.4
0.2
0.0

Detected concentration (mg/L)

m%

11 ST SRIG4HFIRRIPEHE
Figure 11 Degradation of phoxim by strain ST
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Figure 12 Relative degradation rate of phoxim by strains SPZ and ST

TE: A: BBk SPZ MBI AHXS AR B &k ST X i AH X R 5
Note: A: Relative degradation rate of phoxim by SPZ strain; B: Relative degradation rate of phoxim by ST strain

*

6 000

5000

4000

3000

2000

1000

Reduction of peak area (mAU)

E 13 =k SPZ FEREFRRRAN B AR
Figure 13 Degradation mechanism of phoxim by strain
SPZ

T *: P<0.05, 22H7R3; **: P<0.01, ZFHREE
Note: *: P<0.05, difference is significant at the 0.05 level; **:
P<0.01, difference is significant at the 0.01 level

3 W54

H 2007 4FLIK, FolEemAE ik 1 H i
W RN ST 5 Ffm B A HLAC 25 1 7 4L
FE PR S . 2008 ARJE, AR, FEAE
LK R ARG B AT LA 24 1 D T T 57
PO T WP ek e A DL 2y, JEBLH R 47

(N P 5o SERBEIE m . K8 . IRk m
IR LB 2, XK Sh Y A A R R AT
B 42 R PO B SR AT WL A HURIAS B LA (IR
HAR G 5% BRI RE A, R e AR 25 4 R R AR
A 45 B B AR 2 e K AR e w4, —
S v i) PR 7 0 A A AV P e A6 T %o K A I o A
A s AR R GE Y, R
BEAEIERENS X HEPE /N U= A A B A, AR
22OV S 0 48 SR b VIE P o B 1T S S8R AR B /N
BURE T8 PR AC, mB RN, Kk, BT
R A, R A 08 S SRR P
A 2578 KR B 38 i B B LA TR 2 ) B S R
o A UNREE A —FK A 255, STz Bk
FAEL ) AT AT ARAE Y A A0 T R A
KIEGHARZY, BAT ARk AN

% A BT A B 0 4 5 E — B i i) Py
Mg, oz N TR E T b A
5 A3 3 5 I R A A B FE 660 nm K AR OD
1B, H8E T RAERER AR 10% (KB 50 . %
ERBEAYIG, KA MEEI OD (EM A LRE B
WL B2 W5 e A BR A K = A VR T . ARG
R, MEFBRINRELE 10 mg/L LURHF, Hoxt
AN P A KRB E R, S A ih Kk
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FANCERBEA S 14, MHREAE 100 mg/L DL L
BF, S BT A 41 T 2 R B A A o A KA
M, MEWRE—EK, EKI ODggo VI
SRV, AR, A AN B AT REF AR 25 1)
BRI S IR T DA T 2 47 % A 24 1 Wi A e
VR IDY ) AR R A B, R ARELE N
MR SPZ AYME—fiF sl & i — IR gt A K, A
AN IMIBR IR, AR B i) iRk SPZ A
KAr—E et i . 2SR s 7 ek . Ak
SRR A SR E A EAER, R
WA ML AR 25N S, e AN T i s2
1 000 mg/L LANIIABLBEAR 2, SLEAmERTR L1
it % FR R Z B AR 2R . AN FI 2 . BRI
PRI Z RN N R

KA A BILAR 24 B ARG I AL 5 M B3 . TROH
ik SEEIE | ARSI S SR,
WA (35 (HPLC) s BAT 4 B 805 o . Rt Fn
AR PO, R R T RSN A R A
JUFA bk s e e R A LR 2 . AT
FEHRA T HPLC JEME T AN A KA =i
BERFR A i, 45K, BRR SPZ Xtk AR
WA FRAR RSO, 5 d AT 20.0 mg/L HI-E R
R EEFE 2= 0.11 mg/L, A1 XT B % i 5 7] 3k
97.72%. M/KMERBRR R E 0.2 mg/L B, B
Bk SPZ XF oF G WE M OXT BE MR R AL, A
10.34%-24.27%. AH FLARVR B i me b FRAE , TRIAR
SPZ i R vk BE - Bl A AP IR ACR , X T RE A
PR Ay 125 Vi B AR 25 A A T A AR T R R A
TwE e HCRE A% 4% FEAR B W AT R A LT
R B AR 25 A IR IR AS A2, A A RSP AR ok
B 20 TR T 2 3 P E A A K R W Tk R A 4
I REE ST . SR Ak PO A2 T K 4y
HE-HMOLEAEE, AEEFEVIIIFGNZ, 7 d B
X 1000 mg/L Fl 500 mg/L F R RA 343 5135
49.6% M 65.2%; ZERUSIRDEA MBI T E, &
P 2 AL A AN B TE 24 hEFXT 1 000 mg/L AL AR SR

H 63.02%M AR, 4 d MR AT 90.79%. 2%
WF DI E T 6 FhEF AL RV 1] AL B R R
FRICY) R . X E B ARG . ARSI
LR IERR, e PRVEH 5 75 T (Streptomyces
phaeochromogenes) [ 7E A B 14 S L 4 B ) 35 ]
W 98% 2e A BEFE MR AL Ry HK fi =4y . 115 Ak A
PR AT SRR BR R R  REAR T 52, B A R
22 X6 G Al AT [ E AR AR B, AT B A
R RE

AWFFEE L AR R 2 S kR SPZ TERIE S
HOIABBC X B RS DL, L HPLC 7546
A5 20 119 24 4 06 1R ROk A (ELVE R PR o, 46
ATES, IEFRESMHAEGCIRET, wHik SPZ
I REAR PR K A S BB A B AR, T A 4 B R
it B3P0 T AL B S, DA R T TR AR R T A
PRI AN, TRIBE SPZ I TR X) E W Bl ArAE 3 &
EAYIFIAH, Wk SPZ LR A b i
A K ) R AL gt BB O ORI — 45 R 5
AT PSS A AR

R R ) 28 MU R HOFR) , Ho P )
WP 0.2 mg/L 264701, A4 2017 4R 24 it
P, 7K FHE R & 520 100, 200, 500 g/L H,
oK F A5 0.100-0.120 mL/m® . 0.050—
0.060 mL/m’ #1 0.025-0.030 mL/m® P°1, &) 7k
PRERRBEUE N 1.0-1.2 mg/L . 755 b i i
i, KRR SRR, Hrh 80% A A A AL
WA 24 B A B K R ER S o | i FL4 R o 224
WIRE Y A ER K PRI R E K AR R o AR5 A
WP R A0 BEAE D R BEALFHZE, LA 10 %A1 100 £5
P B VR 2 S5/ Sl vh vk i 5 VR AL B AL, S5 2R &
I, ME R BEAL UL EYE IR, Y6 A g e g
A R P FE A B AR 24 A it o 2 3 0 A 0 o S A 34
T bR e e J3E 5 MU 1 MR vk A LR A, 350
TR AT (R AU A LA 25 B A R AR T K B A
WA A5 AT 4 3
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