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Fa R G ERGME. OP EARNRFT R ERE TR AN T EEA REH AR EER, gk A A7
HFHRELA., RomAEATAGEKET AE, oA EAGBARG A, [8 6]
O LigiEERFRI T 0B EFR - RS @A (BT SPZ). WK LxTFAseat < A2 A4
R, A IRFAAMR T ARG 0 A Y IERIRAE B 6. [ %] A8 16S rRNA KB 57| o H 5
EAT B AR ARRATA BT, AR IS R RN 5 B B AR SPZ AR EE AR ST £ RFEA &
T #) ODggo -0 % 55 B 1 o2 B J2 TN FLIR B F ARBE Y ODggo 09 EACASHe, VAT F AT o
mE e AR AR & R0RAR &35 % (High Performance Liquid Chromatography, HPLC)M| & & #&
3t KARF BB G TR AY 77 it HPLC M A A EILE 5 7F B 2T KK F B TE MR /1, P Z B M
st F B 0GR 7 XL 45 & 116S rIRNA AR 5 7] 5047 & B B MR SPZ 5 4R £ Je i) BAR LR 335 99%
Ak, 53FaBEIE ATCC 17001 MR A —1, EIZEH 100%; Bk SPZ 5EHM ST ¢hi& =
BATF A 10%; HHk SPZ % 100 mg/L 49F#AE, YHRERTIZME, FRET LA ME AR
FAREHMEER;, YA @BARANAEARKRBEH SR MFREE, | d BT AR R F AR
(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 B=T48
xR 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),
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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™
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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
ODggp 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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Figure 1 Chemical formula of phoxim
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5.
1 MRS
1.1 #8
1.1.1 i EHk

PR SPZ 4385 B e 2 A el W BH 181
H: 16S rRNA FE[K GenBank % 535 MW737687;
b E B PR I8 PE 20 B T (Rhodopseudomonas
palustris)Vi T T RE AL, 77 RS R
GDMCC 1.167, A5 K ST,
112 EHEE

STMETEARL AR P TR A aE N
H1IR; HCH AR, AT taamumy
KHEFE; 112 VAN Neil’s Yeast Agar™, T iE1k
PREDaRE; B alifedigist: 78 HCH REgRIiint
BT HESI 1.5%305, MATaifotaanE. g
B3 1x10° Pa K4 30 min.,
1.1.3  EEAFIFLEE

R M ARAE N (99%), Sigma 2AH]; &
FLE(AR 90). HIEE(HPLC %), [EZ54EHfk2riat0)
BB, R4 DNA $REBGRHI &, R4
R (AL A FRA ], Premix Tag M, T HEA
YIHARAC)ARA A . WAHEATEL, EighFFR
AN BR/N ] ; ODS-SP faiEt (k%N 5 pm,
4.6 mmx150 mm), GL Sciences /A #]; fHIRGAES
IR, RIBRENESA AR 022 um AHLRE
kg ukss, A TAY TR B ARAF.
1.2 X EMEIEEIES
121 XEHERSEEL

IKAERAR B TR 2 (I s A DX B B W
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ML IR R B R SR, BRI R A
HREEAE, AR 28-30 °C, JEHEIRES A 3 000 Ix.
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GATCCTGGCTCAG-3")Fll 1492R (5-GGTTACCTT
GTTACGACTT-3") . PCR J& Ji %k 4 : 94 °C
10 min; 94°C 60s, 55°C30s, 72°C90s, 354
FEFR; 72 °C 5 min, PCR Z¥I2 1.5%BU MR
VKRS, 26 2E T A=W TR (3 By A BIR 2 w3
F, D45 328 NCBI #4741 FEx DL e o2
AT o AL 1S IR B R T R R AT DL I 42
SRS
122 EHMHERST KEF

BUHMAAE IR SPZ, 37 °C KIf G
HEEE 1S mL REELE T, I HCH e At
e, 30°C, 3000 Ix %M FE IV RIS X T
PR ST, KEGULEIAS, M/ 112 VAN Neil’s Yeast
Agar BRI R T AT & 05, IfiE— Ml
HCH JEEFREY KIS, UL EERERY K
TG YT 16S rRNA FEFMI P 5 Xt , PIARIER
FhaffE
1.2.3 BEFEKEFE

XA MW AT AE K 2 e . 7 HCH % h
REFEdeh, FRIR 5%, 10%F1 20% (IRFRAM503:R
PSR, BETIEESEIEEE ST, 28 °C. 3 000 Ix
TR, AR 12 h BUFE—R, UK 660 nm
AN E FORR B, i PR A R R AR
1.3 AEHESFmEEEER
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MR 15 mLAFEAE.OE Y, FMIHEER 10 mL, i
LR E N 10 mg/mL WFOiB bR i &, Fa
T B B2k 2 R 1 mg/mL 1 0.1 mg/mL AARAEN
B

KRG BT SPZ X BBk 1T 52 FLEE

PFE 0, 10, 100, 500, 1 000 mg/L e BE 40
WA, &E 0.5, 1.0, 2.0F14.0 mg/L MKH
JEA RS I . K5 B SPZ DL 10%2E THeR
I, WSS B Wl o A Y felT ke 8 3k 31 BT
WOE W BE M, Rl SRR R SR, B HURE I
ODgso, WHFERTRRFEFESIHHE 10 min, DIHERRE
o Bl s 7 A 8 V3 A 1) DR VR B 1) A Ak o [T
RERFEIC A AR BB B IR AR, DU & ik
JRAEHRA] NC-DFA S BEIR (b NC-2)[ 1557
SRRt IR, ARV 20.0 me/L R U S IR
HRBRIR (AL ERZE CORIBEIE (b FELL P, X HLRRAR
SPZ FEsEFR B AR RS L

HR A8 2= B W O G 2 O ) A I M DN, X
B B %200, 2.0, 0.2 mg/L)iX 3 MERBER
T BE PR FE A A TR0 S B 0 R AR . o
W B R R AR A R R 2 250 mL HEE
Hr, 30 °C. 3000 Ix Dol T E RS 7R B
HKIA(ODeso H 1.6), SRIEIMAIE 2546 B - B ddn
WERRES TR, (T2 4351104 20,0, 2.0 F10.2 mg/L,
[Fi] BN 7 S AACRR 9 25 10 355 73 5 v o A = B s 1 £t
W, R SR AR, B
B 3AER . K ARSI AT B E T E IR
BigRAR, BOEAMF FRSFEE TS 1. 3. 5 Kaght
KR, FIRCRFEAEL20 mL, T80 °C R vk46 (7
el
1.3.2 #FmAEYRTALIE

BrEh R — =R MR, 11 ARG
AW, ETIEEEBEIRS 3-5 min, i 5
H e SRR S TR IR AT, BT 4 °C vk IR TR #
30 min, ARG S AR R T)E
TEMEE, B EARERAESL 2 0, FE EEUKH
JEAEIE 2 WERIRETR, EWTFARK, A
2 mL WA IR TR R E E W, IEiRIRG IR
5], ML 30 min, fHH 0.22 um AHLRE %
g AR U R AR UERE T, L4S HPLC
.
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KA, BB R AEMNR D R
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1.3.5 [EWEXREEE

MR F25 PR SR 5L A E s br
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FE i A 38 7 125 400 5 7% A 6 RO DL S
HPLC Akl o [RIEE, 4% BEAE S b B0y a H a3
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HE TAER i W T A

W T2 AW ARRE FR 3P A = bR
HERG AR, (A5 28 VR B 57 35k v = B il 1) Wk B2
S 0.2, 2.0 F120.0 mg/L, FERIRS], SRR
A PRI AR B AR A ERE H EF T HPLC 43
Ml . BN AR NE 5k, 15 HE sk
)T A AWANE i S I = by o = R 6719
B, SR H NS R A JRNESLET 3 Mt
U, AR A 0 T R 43 0 T 53 H X6 I 1) = et g S

MR, SR H AR S5 2R 80
1.3.6 tEXIPEMRER

DA DL AR 24 5 e A YR i, T 6B 40 T 1Y)
B R AR ONE R IE R N 2 R 4
SRS PO R RTINS AN [ () SE g hn T 40 5
25 I B2 S IR, B AR 25 P 0 R
YRR, BV SCI0 A R R, I
ON TG A0 B 1 AS TR R i) 68 2 Bl A X g
% A=(Ao—A,)/Ap*100%
P A FTR AR REAR R s Ao Fernas AN REZH ~E A
RMMREE 5 Ay 22 SER 20 S Bmie i e i
1.4 REME X A FEEN IR

IYIAESA 20.0 mg/L FHIHERY HCH i A
B R LR A3 BN 10% 8 ¥k SPZ FIE #E ST I B
K AL B P, R E A 10% G
KKas AXT R, B FHEIEYCEEEFEFE, 30 °C,
3000 Ix 510 F 5535 96 h Jm BURENN & ODggo 4k 1
S JEE R B e R P
1.5 RISt

] GraphPad Prism 8 #{FibA 5t it43Hr
54EK, NCBI (https://www.ncbi.nlm.nih.gov/) i/
Frm s R, KA MEGA 7.0 S E RS
REW

2 ZR545W
21 DTEVNFEERRFREDH

DAZHTA LRI 2H DNA A5AR (A TR 16S rRNA 5
b3 51 9 3647 PCR §7 88, 153 K/ Ny
1500 bp B A B K PCR =4I 7 e, 45 SR A
JH NCBI ##17 BLAST 401, Z5RE/R, Bk SPZ
SR ST WHE FTaBBAREE
(Rhodopseudomonas). K AR R Gk B it
W, RELEIEERERFEK SPZ FIbRIERE
Pk ST [F] 8 ¥ 20 ] 5 M 1 ATCC 17001 #k
(Rhodopseudomonas palustris strain ATCC 17001)%
h—3%, BEEYIH 100% (A 2).
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R N
79

Rhodobacter sphaeroides (NR_115532.1)
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B2 &k SPZ 1 ST ET 16S rRNA EEFHMENR L L EH
Figure 2 Phylogenetic tree of strain SPZ and ST based on 16S rRNA gene sequences

T 55T SRR ANE 16S IRNA JEK GenBank J741%5 5 43 30 i b BRI R GRS 1000 YR T BGZ Y S8 4>

Les ARRGE SR P A2 53 B2

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
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Figure 3 Growth curve of strain SPZ under different
inoculums
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Figure 4 Growth curve of strain ST under different
inoculums
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Figure 5 Growth of strain SPZ in low concentration
phoxim
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Figure 6 Growth of strain SPZ in high concentration
phoxim

0.8 -

—— NC-1

0.6

0.4

ODC\{\’\

0.2

0.0 ! 1 1 1 1
0 24 48 72 96 120

t{h)

7 HE SPZ M ERBHIERFAER
Figure 7 Nutritional utilization of phoxim by strain SPZ
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N, FERRFREEDIRIE SO, Tk SPZ A
EIHBAK, FESDBEEMEL T, HARKIEA
AN, 2SS0 G AR Sy o — B 5 B — 1
U5, BkR SPZ A Rk AERK., LT UE
W, CERBEASREE MR SPZ AYME—RRIE, T
AR N SPZ 0 ME—TEE
24 REMEXFEFBHPERENR
2.4.1 FEFBAFROETERZ

D RSl R R Y AW A LY N 40 I = M: K
N mAUxs; VBB TAERIR R A bR (x), H:
BN pg/mL, bR TAEMZ ., SetEmIa e
“} y=46.305x—33.864 (R*=0.999 9). 7E 0.5-200 pg/mL
JEREIN, ~EHiBEOR IR IR 8.24 min, ASN (215 ]
TS SE BBk B B 2t C R (K 8).
242 EWESEEE

FHER 1 AN 2 A1, MUShnk sy 0.2, 2.0 F
20.0 mg/L B, “EERBELERGFREE P AU R 5y
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g 3.34%. 0.93%F1 1.53%; H 0728 5 2505050 K
1.27%. 3.97%F1 1.19%. FHiifeds 773k sh g ik
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Table 1 Recovery rate of phoxim in culture medium
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Figure 8 Standard curve of phoxim
RN S BB FF A A 24 810 % Bl o ) (o
), WS T AR A = i [
2.4.3 ¥k SPZ FNE MK ST MERRFHTRE

Bl 9 Fiton 7S FLICHLER B 57 i vh e B i 1) e
fE oL, S BRIV ARG T DUE Y, SEmi i
TEAUIOGE A RO v AT R —AR
#t 20.0 mg/L SN, 5 d BFEaimiik i n]
A F] 5.0-5.4 mg/L; 2.0 mg/L KA %] 0.57 mg/L
ZiAis 0.2 mg/L BFERRBEAE 1 d A3 d B Sl vk B
WA ETF, 43510 0.214 6 mg/L 1 0.207 2 mg/L,
16 5 d IR RS 0.15 mg/L A4 .

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
seslitalal.wl G 15.264 6 15.469 3 15.134 0 15.356 1 15.007 5 1.19

variation
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Figure 9 Degradation of phoxim in blank medium

10 AR BE B AE s AR SPZ S 4H K%
TR BEARAE O, F SEBRAS DU B AR Ak W] AT
20.0 mg/L FIREEIIE T, 3 d BhEaimiig B nl %
#] 5.9-6.3 mg/L, 5 d BFEIEE] 0.11 mg/L A4
2.0 mg/L WINET, 3 dBEmmpikEsS 1 d ik
EAZE N, 9N 0.63-0.67 mg/L . 0.87—
0.92 mg/L, Lz F, 5 dBHWRE RIS, ATkE
f#%5)0.14-0.16 mg/L; 0.2 mg/L M F, 1 dity
TR B R 0.13 me/L ity , BlJG R EEEAR
RS,

Bl 11 AR FEMR B R fE Ak ST SLie2H 3%
FRHEH P REARAE O, FR SEBRAS v B AR Ak AT
20.0 mg/L FRERAE R, 3 d BEmimsn] )

15.0 - e 0.2 mg/L.
Ehm.o ez 2.0 mg/l.
1 20.0 mg/L
£ 50
g
g8 1.0
=
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T 06 7
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10 SPZ LI04R FHTHE A PE AR
Figure 10 Degradation of phoxim by strain SPZ

4.8-5.1 mg/L, 5 d BfAJFEf#Z 0.28-0.33 mg/L;
2.0 mg/L ST, A R]S SEHs Sk B 5 5
Pk SPZ SEBZHIERl; 0.2 mg/L BRMIRT, 1 d i+
WRBEFEAREE] 0.16 mg/L A4, FifiJq e T AR
AAE

12 BT Wk SPZ S F Bk ST X F i i
XFRERRER AT, BT LA, M2 fxd
HEZH, ST 20.0 mg/L =y ik BE-E it , S04 3 d
IR A X AR AT 3 46.63%-56.56%, 5 d it
AN AR AT 3K 93.65%97.72%;  #sHI12.0 mg/L h
WRBESEERBERT, Btk SPZ XEmims AR ]
ik 74.41%, TEFE ST N 67.69%; ¥ 0.2 me/L Kk
JEFHME S d i, Rk SPZ 1E 1 d IERER BRI AR
X R R IR, 34.59%, 1E 5 d IS A i
ik, 1K 10.34% 447, Mgtk ST AE 1 d BT R
R, (N 21.78%, 7E3 dit TR 39.25%.
25 LRI, TERE SPZ S TAPR ST X vk B = iy
HA R0 R a, , E Bl A = ik Wl Uk 32 1Y B
2.5 REHEPEREETTHLH IR

FIBEERIN T ik SPZ i . SUEHE ML
K SR AL TP ARG L AN R 13 P, B
ATLAE W, AT TR A 2R v = 0 98 174 0 T LK
MEBTCHH BEIG N, BICR AN B,

0.4
0.2
0.0

_ 15.0 — e ().2 mg/L
3

EJ Zzzra
2100} 2.0 mg/L
5 20.0 mg/L
E 50
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< 0.8
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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 hH 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 (mALU)

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

TE: *: P<0.05, 22H7R3; **: P<0.01, ZFHEE
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, FoE e mAE ik 7 H 56
. RTINS 5 Ffms BE A HLEAC 25 1 7 4L
FR PR S, 2008 ARJE, SFEREE. FEAE
WLSKE R AR B A LA AR 24 1 D8 T T 57
PO T P e A R A DL 2y, SR R 47

PR RT S . FBEIL IS MRk . RS . BRI W
JIER LB 2, XK Sh Y P A R R AT
B4 R PO B SR AT WL A HURIAS B LA (K75
HAG 5% B0 Re L, (AR R 24 K A R AR
A KRR AR KR L h g4, —
S v i) PR 7 0 A A AV P e A6 T %o K A % o A
Ay s AR R GE Y, KRR
BEAEIERENS X HEPE /N U= A A B A, AR
2OV S G 48 SR b VI P o B 1T S S8R A /)
UG T8 R AC, mB RN, Kk, BT
AL SRR, I AR B S T e AT DL
A 25 AE KR B e i B B LA IR 2 B BLSE R
S A UNREE A —FK A 25, T2 Hak
FAEL AT AT RS Y B A0 R A
IKIEA A, BRI N Y ).

% B A B AT A el 4y 5 AE — B s [ PN
e, ol N TR E R b A
¥ HP I 3 B DA R 7E 660 nm AL OD
1B, 8E T RAEER AR 10% (KB 50 . %
ERBEAYIG, KA MEEI OD EM A LRES B
L2 24 %S B A K AR AR . AR ESE
T, HEFBRR IR TE 10 mg/L DURAF, Hxt
AU P AR RO E R, S A ph Kk
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FANCERBEA S 14, MHEAE 100 mg/L DL L
BF, S R A 4 T 2 R A A A o A KA
R, BEHEWEDE B3R, EKI ODggo WEIEYK
SRpd/N. FWFIE R, G A Al B T AR A AR 24511
BRI S IR 5 DT 2 4% % A 24 1 Wi A
(o I N S e o I 1X 7  N: L (E/ 5]
PRk SPZ I ME—fc 5 ol & i — BRI AR 1, R
AR IMIMBRIE T, AR B BT iRk SPZ A
KA —E et . 2 RUSiRse 7 ek . Ak
SRR A SR E A EAER, R
WA ML AR 2R S, e AN T i s2
1 000 mg/L LANIIABLBEAR 2, SLEAmERTR L1
it % R Z B AR 2R . AN R . R FR A R
PN DIL S5 Z R0 R

KA A BILAR 2 B ARG I AL 5 SR 3 . TROH
Ok SEEIE | ARG IS SR,
WA (35 (HPLC) I BAT 4 B8R o . M4 Fn
ST BERAE L, R RE T SR AN A R A
JUFA o bk iR e e R A LR 2 . ARG
FEHRA T HPLC 7EME 1 AN [a] KA =i
BEAFR A i, S5RRW, BRE SPZ Xk AR
WA FRAR RSO, 5 d AT 20.0 mg/L HI-EH%
R EEFE 2= 0.11 mg/L, AT & i 5 i w5 7] 3k
97.72% M/KMCEGBERER A E 02 mg/L B,
Bk SPZ XF oF G WE M AT BR MR R AL, A
10.34%-24.27%. AH HLARVR B B me b FRAE ,  TRIAR
SPZ i e vk BE - B A AP R ACR , X T RE
DR hy v e B 4 24 S 6 A A i AR AR T R R 4
TR, e HCRE A% 4% T AR B W AT R A LT
TR B AR G A IR IR AN A2, A A KPR A ok
B Y TR AE I Y A R IR I T O R A
I RAE ST . IKAEIK PN ZE T K A
HE-HMOLEAEE, AEEFEYIIIFRMZ, 7 d &
XF 1 000 mg/L 1 500 mg/L R4 5k
49.6%F1 65.2%; 2RSS ME AT E, K
U 2 A A AN TE 24 hEFXT 1 000 mg/L AL AR SR

H 63.02%M AR, 4 d I FEMRAR ]I 90.79%. 2%
WFS DI E T 6 FhEF AL RV 1] AL B R R
PRI X S . B SR A A BRI . Bt
LRI, e PRVE 5 5 75 R (Streptomyces
phaeochromogenes) [ 12 A4 TR 14 K i 45 B 4 34 ]
W 98% 2e A BEFE MR ALl HK fie =4y . 115 Ak 4
PR AT SRR GBI R R . R AR T 2, BT R R
2 X6 Al AT [ E AR AR B, AT B 4 4
RIS RE

AWFFEE L LA R 25 R kR SPZ TR S
HOIAABC X B RS OL, L HPLC 1546
A5 30 119 24 4 06 T ROk A (ELVE R P AR, 45
ATES, IEFRESMHAEGCIRET, wik SPZ
HIRE AR TR K 4 v 2 BB A A AR, TG TR 4L B
R B0 T 2E M S N, AR RR T BRI
PRUG AN, TRRE SPZ i WX E Wil e AE 38y &
BAYIRAH, B SPZ F B A AL R AR A
A 1 ) R AL g BB O ROR, , X — 45 R 5 #
AT BT S B AE SRR

ERRBEVE A 2 AR SRR, o R e
WePE N 0.2 mg/L 24701 AR 2017 4 iR 2 it
P, K FHE R & 520 100, 200, 500 g/L H,
FHok = F 451 0.100-0.120 mL/m® . 0.050—
0.060 mL/m> 1 0.025-0.030 mL/m’"**], 3% 5 7k {4
VB E N 1.0-1.2 mg/L. TEEHLBERFfLL R
H, RBRAKRE SRR, Hrh 80% A AL
WA 24 B A B K R BN o i FL4 R o 224
WIPE Y A ER K PRI R E KR R o ASHIF 5 A
B A0 BEAE D R BEAL FR4E, LA 10 %A1 100 £5
FH ) o J3E 65Vl v v JE 5 e ik A B, S50
B, YA DL IR, A AN
A B P FE A B AR 24 A fift o 2 3 B A 0 o g A 34
T AT e VA AT ML 1o AU R B DLl 1, ik vt
T 2R B R R A LR 24 AR e T R L T A B I Y
R A Sk AT 18 S 3
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