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1.1 IR

FAETE e, RET LIFE WY, H5 A
(Danio rerio), VYR E0.15 g, (@RI, T+ 1
WY RAEVFHA R~ E]; PR aERBK, R OK
JR W) TR X6 VR K B (BE T ) 2k I o R )
(GB/T 13267—1991)" "Bt l; A 77 e, A R0 2>
TR N0%, T ALY B IE A B IR A ] B R
B EFRNG, W E 248 B ()R 5 E
MR B ERE IR BRI 7E 121 °C K #20min, UK5H R
7%
1.2 HERMIEKNSE. SURIFE

SRR 7k, 45 @RS JE M F
100 mL 5 8 & HUK B 91000 mg/LIK)TC B & 75 A
YR A], T25 CRERE: #7180 )5 T & fl i HUk
91000 mg/LI¥TC B & R B MR TR kAT R 2675 25
Ealify, 25 CHaER 5 7:24—48h)5, PhEC A K 3 —
AR A B B 2000 mg/L TG B 8 77 316 AR
dt—Palifh. 2k 5 B bR ER T8 SR U R,
25°ClE IR} 7%24—48h 54 C UKAA (R 25 H
1.3 BEHRZEENSE BN Z ST

S FH W b 4 2 (R A R BRI
FLE HR 52 B8 AR A BT B2 . KE1000 mg/
mL#E B AN A2 mLIG S 7R R 1)
R R B LK 30720, 15360, 7680, 3840.
1920, 960. 480. 240. 120. 60. 30. 15. 7.5.
3.75. 1.88. 0.94. 0.47. 0.24. 0.12. 0.06710.03 mg/
L, [FIE LU B 7= Rz 1R 2 R, SR 5 7y il
ol i 6 T L T e ) T VR R R 5.0%10° efu/mL,
T25ClEIEFR240 G WL R, e L wAEK .
RS i K )L B R D O R R P A D T LT 2
PR X B IR 55 KT 52 94 B (Maximum tolerance
concentration, MTC). HANEH 3N TFAT .
14 HEHWETERPOERECLEE

SR E RS, AR R
X E HT A7 T AR AT AR B AL R
1.5 HEHWZERISFINERRELBE DR

DA P U 52 T8 A 1) 3 DR ZH DN AR AR, o e
16S rRNAHEATPCRY 3, H A IE W] 51 ¥ R27F: 5'-
AGAGTTTGATCCTGGCTCAG-3', ) Ia 5% R
1492R: 5'-GGTTACCTTGTTACGACTT-3""",
PCRIY #4254 9: 94°C 3min; 94°C 1min, 60°C
Imin, 72°C 1min, 3E35MEF . HBCE HU 52 B R
16S rRNAF 5 B F6 LA EFE ARG IR A 7 5
B, 4% H 5 GenBank H E 401 7 41 347 [A] Y 14 B X6

G FiMega 5.0 BT AR VA RGER B W
(Replications=1000, bootstrapfE HX 1 43 Lb) .
1.6 HERMWZEROTZAME S
ZIRKBACH F 802 5 ECE S 2 R
i 245 14, SHE AR AT P V= VAT A A ) A PR 2 ) 4 it
() (4% v 2 O e 0 R BB ELAT AR AR ) | e
U HU 52 B RN B 2540 R BB
1.7 HERMZTERNIHESEHNZEMES T
RIS 16T AL AN A% R 2, g 2H Ak e B )
10 . AR DMy R IEAELIKERN
10*—10" cfu/mLE 77 i 52 B bk i bR vh 3 R 7K ot
o T ZH P 1 A R 7K R AN R I B LT B2 B R
TG R 3 8d, 136 1 () % 4k S VL BE 1 T BhAE
J1+ WU EE I EE SR AR AT S, Tl Sk K AL S
SETEH, THERCE HU S2 AR BE S £ 2 2 S
TERFE(LCso)o BEANMREERE3ANTAT, 150568 HA 18] 7K
FEHiE24—26'C. DO>4 mg/L pH 7.2,
1.8 HMEHRMZERIHERNESERSHT
ZH ORI TN VR 7K F (B i) S 2
S (GB/T 13267—199 1) 547 . k% B34
WIS . 3NFATEXTIRZE . 1TANBAME XS R A=
T HE 2, g 2H gk e B By £ 20 2, 43 0l TCE T HUA%
@225 mmx 180 mm ¥ [ JE B KRS H . 5%
ZHAE A R RE K I ON T HT 52 PR bR 2 UK
1.0x10° cfu/mLJ5 37BN N 29K 2 410+ 205130 mg/
L H, BH A 8 A AE bR AR AR BEK R UM AR H
LR IE10. 208130 mg/L, B4 X} 18 20 78 bk v
R K P AN 20 P H91.0%10° cfu/mL I 7 i
i 52 B, 25 1R HEZEL A A v A R 7K A AN AT AT
YIS, SR JE 7R RIS 46 5 124h 48h. 72hA196h%}
AR N BE S WEEhEE J1. WEIRGE S fe bR kAT
WAL, RSB S RT3 H, R & R
B HUM 32 B AR IS 0 AT AS R I B BE 5
LCsgo TANCEREIANAT, 5050 1 1R) K I 4% i 7
24—26°C. DO>4 mg/L. pH 7.2,
1.9 BURALEBSH
BT A S 06 B0 s K FH SPSS 11O A HEAT Ab FH 43
Mr, AP 0 22 3R

2 #R

21 HMEHEMZEMLREKRNSBESTFE
IR Ve 43 B T 6K HU 32 B, 439
4 NXRI1. XR12. XR13. XR14. XR15f1
XR16, 38 3 — 25 W 5 b e 6 0 B A A K
ZWRPE (B 1), I ATRE T EARXRI2 N ELE Ui
2B B B T A, OGO R A KT 52 9 P R B
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77680 mg/L, 73l 2 AR XR11. XR13. XR14,
XRI1SFIXR16X} 8 H HL e K it 52 9 B (1345 (P<
0.05). 2f%(P<0.05). 1.5(%(P<0.05). 2.4f%(P<
0.05)F11.24%(P>0.05).
22 HEHEMZERREKRNEE

PR XR12(1 42 B AE A0 % 5 45 R (R 1)K,
PEXRI2BEF A RN . & PR EY . AT R
. OBRHIRREN . KH R, BERM. BER
. RN, IEHIRIREY. AP W, W
Ml =B HEEEE. OB, ANReR A b
B BRACHRER G, 5 Okl ek g i 2R
PR E— B AN, BHRXR121916S rRNAJT
H(& 35 MK156296)5 GenBank H 2K ER 2T 41 14
FRI116S IRNAFFE 51145 98%—100% [ F I8 14 (% 2),
WHEXRI2 RS K B W (& 2)3E— B R, Wk
XRI12E5 R ERLT Y1 B W AR SF1 (5 %5 : KF606891)
WIEG R REGE . A A PE L 16S IRNA
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Fig. 1 The maximum tolerance concentration of isolates against

75053 BT B 45 2R, € R XR 12 9Z28BR A B
2.3 HEHEMZEMNRERST AT

PR XR 1206 18 Fh 4714 2 1 BRUBR S 56 25 SR 3R
(K 3), WMRXRI2X RIER. PaOFR. MK
fR. BIZEpitk, BMAEE . ZHBEEB. HHER.
IRKFER. ERPAE. REYE. R AE. B
B, WUHER. B KA 14D & HUK,
XT % PO R R R, NPT B ZENERR . L
WEME L3 T LA R 24
24 HEHEMZEHAIHIEMNREN

B RRXR12 LR H10°—107 cfu/mLiES:E
VBT E 1 8d, BE a3y oK I A R SR B
B BN AN R BE 7S LA FE T S A IEH LR,
YA BT, T HGE R ZH A B S R B AT ]
ANIEFIER, HAK R, U ERXR12X 55
fRILCso K T-10° cfu/mL.
2.5 HEHEZEEANEHEROBESER

e AZRBH, 25 (0 HE ARSI 0 B8 AR XR 12 1 [ 4
Xof HE 2 B I £ 38 oK HE B AR s IR B (R
e AR BE J108k 55 LA SRR TSN IE R IR, 34
K R R INBEPRXR 120 B % BE 20 A1 10—30 mgy/
Ll a8 P 5 0 18.3%—58.3% B T %,
HR 41 M 23R AT PR ARy S S I BB T MR (V) 5 0 HR
WRIE X2 R 2R 5 FE: ¥=0.0559X+3.543, #H H
FEARIIAXR120 565 B B £ []96h-L Cs(926.06 mg/
L; T IR PR XR 12 iR B0 20 80 AR 29K FE A
20130 mg/LIs 73 1) ‘T B 5 8 HH 3 13.3%4120.0%
MIFET: 2R, AR 4 AL 5 o o7 P A v 8 ST TR T
(V)58 E BIRE XM R R ML T2 ¥=0.0285X+
3.304, K HAE I BE AR XR 1205 X6 B 5 £ (1] 96h-

trichlorfon LCs5H59.51 mg/L, /& ARV I AR XR 1 28 E 7 BT
F1 BEBRXRI2EVEIRE (L4FE
Tab. 1 Phenotypic characterization of strain XR12
45 JiResult zE P Result
Y 5E T H Test item SKERLT AR, w2 15 H Test item KIRZTATER,

XR12 sphaeroidesm’ 'l XR12 sphaeroidesm' o
- FLE B Dulcitol - - KRR Monosodium glutamate +
P = Glycerol + + F 2 R #Monosodium arginine + d
H #& li¥Mannitol + + ZFR#4Sodium acetate + +
Z.[i#Ethanol + + FEFR IR HSodium fumarate + +
WA R #4Sodium Tartaric + + TRARIRER #¥Sodium Thiosulfate - -
i1 %] FEIR 8 Sodium gluconate + + ABR#NSodium lactate + +
Frig BN Sodium citrate + + H B2 #4Sodium formate + +
BEIAER 4N Sodium succinate + + W EAER Pyruvic acid + +
K H R #4Sodium benzoic + +

T+ B - B d. A 2 R

Note: +. positive reaction; -. negative reaction; d. interspecies differences
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BE £ 1196h-LCs192.28 %, Ut B B AR XR 12 A8 % &

2 B AR R B B B, A R B A R AT

(AR R

3 g

3.1 EIRIHEAINAMNE
RERLLME & — MO, BA 2 A

752, BR R R AR IR . S L IR AR 25

SR, UHRTEIRA . R B ST

e K, ik, IR S B

ERIFRE S 2L ™. H AT, B3R g

VER—Fp b B AR 2 5% B 15 A, C2B8 3 T
SERFEITZ N o i, LT A3 b gy
T MO R B R R RN (R SRR LL 4R T
EBL0706, H:/EpH 6.9—7.5. i JF20—50°C 4T
X400 mg/LEEL R BE R RIS 2 T 98% LA 1 IR
21720 82 T KR T 1 CGMCCO645 % L £
T R A BE D A )RR, IR g R R A LE
20.0/135.0 mg/L &£ 5 78 (1) 77 /K s hn 2R Bk
LLAATE (5% 107 cfu/mL)BE 45 44 B Fr 96 h JE T 3 WA
40.0%F1100.0%7%) 7] % 2 051115%, 7£28.3133.6 mg/
LR 5 52 () 552 6 A P I RO 4 (5% 10 cfu/

&2 EHRXRI2H916S rRNAFFIS GenBankE [F FE o B MBI AF E4K16S rRNAFFIRIRIERIEL R
Tab.2 Homology comparison of 16S rRNA sequence of strain XR12 with the other R. sphaeroides strains in GenBank

I Fl1 44 Species B Mk 44 R Strain name 43 B iTsolation source &35 Accession No. [l i1 Homology (%)
KERA MR, sphaeroides RSF1 7K Pool water KF606891 100
KIRLAYNBEER. sphaeroides K73 JK¥)Dish KX028788 98
RERLLANBER. sphaeroides SA38 ND AB196354 98
RERLLANEER. sphaeroides 2R 7K Pool water KY266821 98
KERLANRR. sphaeroides 24.1 ND NR 029215 98
RERLLANBER. sphaeroides 708 +3%Soil GU990615 98
KERLIYNTHER. sphaeroides JA193 MR Beach AM983573 98
KERLANRR. sphaeroides SKOI11 ND EU410423 98
HKERLYUNTER. sphaeroides TS ND EU882155 98
RERLLANEER. sphaeroides DB803 % 7K Waste water FJ545654 98
KERLANRR. sphaeroides 7ZX-5 ND EU123535 98
HKERLUNTER. sphaeroides NMBL-01 ND IN256029 98
KERANRR. sphaeroides BHUHI A2 7575 7K Domestic sewage KC731573 98

1 ND, FoR A e
Note: ND, not determined

31

42

Rhodobacter sphaeroides strain JA149 [AM696295]
Rhodobacter sphaeroides strain ZX-5 [EU123535]

Rhodobacter sphaeroides strain BHUH1 [KC731573]

Rhodobacter sphaeroides strain P221(1) [GU370090]

521 Rhodobacter sphaeroides strain SA38 [AB196354]

Rhodobacter sphaeroides strain NMBL-02 [JN256030]

Rhodobacter sphaeroides strain JA233 [AM690349]

Rhodobacter sphaeroides strain DBNRh32 [KT180199]

Rhodobacter sphaeroides strain DBNRh09 [KJ776409]

Rhodobacter sphaeroides strain QG 1.1737-168 [EU682411]
100 [~ Isolate XR12

98

10.002°

K2

! Rhodobacter sphaeroides strain RSF1 [KF606891]

[~ Rhodobacter sphaeroides strain KKU-PS5 [KC481702]
1001 Rrodobacter sphacroides strain KKU-PS1 [KC478552]

BT BHMRXRI2 X AR KRR 16S IRNAF SN REGR H W

Fig. 2 The phylogenetic tree based on 16S rRNA sequences of strain XR12 and other related strains
5 )T SRR E MR GenBank B 3¢ 5 43 30 i LI F XK bootstrapfE; i RZIBE R R EAH

The sequence number in the bracket is the GenBank accession number of the strain; the numbers at the node are the bootstrap values; the

scale bar means nucleotide substitution ratio
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mL) A8 BE ) 1 {1 96h T T2 2 M 63.3%F196.7% %
20, IXEERERI A B R B R R AR K &
TR R 2R A A E R AE D R . AR,
IR SCER LR TE, SRR AT 40 B o0 5 A R iR
W PERARE 2 N = . %, A S2a6 M IR B
Hled o B iiE T — ROt R BECE B 2w ——
FRERMBEXRI2, W€ T H KM, odr 7 HZ
BUREtE . e SMESCR, FE THE RI53YE
A B R
32 EIKAHWEMEE

Bl /R4 25w ik b, AAL ST
F16S rRNAJT 51 43 M7 51542 41 B 70 25 %5 5 s 5
(A 005 13, ARIX - Fh 5 AR SR AR AE 3 4 b
PR LG, 4 BR 9 95 248 e L AT0KE 16S TRNAJT 51 43 H Al A
AR AL S e R TV A A, DM S ik R,
Yo RS WM. ARSI B FEXR12
HEAT 2R e, 45 T AP AR AT 16S rRNA
JF 55y B 4 B, B 1 0 TR AR XR 12 9 R ER 41 40
Wo SR, BRRXR1245 85 5 4 i3z i e o
I3 B S BR AT 20 T TR PR A S-3 278 ) ) R AN R ]
(R A BT AS R, T HL 5 GenBank A [R5 14 55 & 1)
FRER LY R B AKRSF 12 A A7/ — E 17 16S rRNA
JF 5 22 S, 3X AT 65 SR BR AT 4 B T A 2 I ) B

7 5 U R A KR A R R 5,
33 AIKTHEFREM

AR, ARG NFE A WK, Pk
I 255955 491 1), A 2 2E VB TE (9 22 A MR VEAN AR
= AN B ) B, i 2 R 2 AR T e Ak
WM ANEMZ —. N7 8% 6 A B 7E R B
() A2 A B2 B R ], B 77 32 1190 T8 AR N 128 K38 a0 B 2B
FHURY, BT, AT EOE R 35 B 251
(3 72— EREBREE S 408 - B
BT R S AE EBZS TN 25 M, R B TE bk
BZSXFRMETEAR . Sk AIMH . R AREE 2RI i
2, FEAEY SIS AT EOE T T R
AT RE 77 56 1) S RS2 200 B AT 24 1, 27 1% T AR X
HER. IRk, REER. 95K, ZHE
REPUERMNE . ASLI R 485 5 B
T HEPRXRI12 K9 25 8URr 1, 45 52 0 B AR XR 1206}
83.3% 32 56 3% FH 1) Pt AR 22 Rk i R UK, TR T
K7 IR B F 28 26 TR A% 348 R R % T 2 W UM 11
FEARTR AN, AINIIR R IG R VP T e S AR
BN FRA S A A e B 7 RPY. EmeskastY
T8 IR AR ISR ST T 2F fR AT B B Z S A i 9N A
VZ51EWRER910° cfu/mLIs 5t 5 36 [ 6 liF [ 22 4
Mo ARSZIO B IR ARG i 5 T B ARXRI127EIK

®3 EHRXRI2ZEIZAEIFN
Tab.3 Antibiotic sensitivity of strain XR12

V5 Bl EL42 H)I¥7 R UE Assessment standard of

W e 7% Fl .42 Diameter of UM

PR Anbioties ﬁﬁléﬁnbmon ::gﬁd;%eter (H%I})EQ@S Content (ug/F) inhibition zone (mm) Susceptibility
FFi# Ik Bacitracin <8 9—12 =13 101U 0.0+0.0 R
7 F Kanamycin <13 14—17 =18 30 24.37+0.55 S
%' 41 % Z Roxithromycin <10 11—15 =16 15 16.37+1.18 S
AR B2 Pipram <17 18—20 =21 30 24.07+0.90 S
ZENE B Nalidixic acid <13 14—18 =19 30 0.0+0.0 R
Tt % FIE M Sulfisoxazole <12 13—16 =17 300 0.0+0.0 R
Fi 22 76 Ak Amoxicillin <13 14—17 =18 10 24.27+0.64 S
Z P53 FDoxycycline <17 18—22 =23 30 21.37+0.55 I
e e <10 11—15 =16 30 22.43+0.51 S
%%l # &B Polymyxin B <8 9—11 =12 30 15.37+0.64 S
15 & Neomycin <12 13—16 =17 30 23.67+1.15 S
JK K% % Gentamycin <12 13—14 =15 10 18.33+0.58 S
SR B Ofloxacin <12 13—15 =16 5 25.67+0.58 S
P70 S Norfloxacin <10 13—16 =17 10 20.77+0.40 S
BiEY) B Enrofloxacine <15 16—18 =19 5 26.70+0.61 S
%75 & Streptomycin <11 12—14 =15 10 25.47+0.50 S
VUIA 2K Tetracycline <14 15—18 =19 30 19.40+0.53 S
25 % K B Netilmicin <19 20—22 =23 100 23.43+0.59 S

S, m U Lo ERURK; R i
Note: S. sensitive; I. intermediate sensitive; R. resistance
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Tab.4 Acute toxicity of trichlorphon to zebra fish under the presence and absence of strain XR12

2H 5 Group 1 % Fish No.

ANEII AR (0 R SR T H

Cumulative dead fish No. at different times (&)

96hFE T Mortality

(%)

—_
=

2h

4h

(%)

&h l6h 24h  48h 72h  96h

7% 4 % ffiBlank control 20

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

XR12

10 mg/L&L 5 H Trichlorphon

20 mg/L&L & H Trichlorphon

30 mg/L& F H Trichlorphon

10 mg/LEL E H
Trichlorphon+XR12

20 mg/LE H H
Trichlorphon+XR12

30 mg/LE T H
Trichlorphon+XR12

S O O O O O O O O O OO0 O o0 o oo o o o o oo
S O O O O O O O O O OO0 O o0 o oo o o o o oo

S O O O O O O O O O OO0 O o0 o oo o o o o oo

(=]
(=]

0.0+0.0

0.0+0.0

18.3+2.9

38.3+2.9

0 0 N A WA O O O O O O

58.3+2.9

[ —
NN

0.0+0.0

13.3£2.9

20.0£5.0

S O O O O O O OO O OO0 O o0 o oo o o o o oo

S O O O O O O OO0 O o0 o oo o oo o o o <o <

O O O O OO0 O OO O N WD O oo O o o o oo

O O O O OO0 O O O N A0 W kAW N DD O O O O OO0

W DN O OO O OO W 01 Ui & U NN Ww o o o o O
=

wm A W W WD O O O

J£ 9107 cfu/mL I X 5 28 A 40 - B 2 o) 22 4k
DAL, BRI PRXR12 B AR /K FR 58 o S ) 2 2
34 EIKIHRENEBERNFESER

FACE E Dy IEL T P ol A0 1) ), HCE £ S 32 3K
B A A T8 HUAR RO 55 %0 5% i S JUL PR 22
AU R ER B AH 45 G, T2 AN 2 7K fiff P 1ol I e E e
e 7, AT 00 1) FOEL T s P 9 12, 5 350 2 TR R A
RN B, B E R Alfe T, 51EMET)
B2 AL, R R VRIS IS S5 T R,
HOE AT BE T 1 (K] 96h-LCs v27.88 mg/L. A< SZE
g5 AR, B HO B £ (196h-L Cs926.06 mg/
L, SYERMSSE R4 B A 25, TR SR
IR, B ARG X, (AR S B e
EPELFRATUED: M, LCso=<1 mg/L; &, 1<LC5y<
10 mg/L; #', 10<LCsu<100 mg/L; fik, LC5x>100 mg/
L, FORWFFUIUE ST B B 1) 6 S R
T g, X 5 ECE A B ) BE L Sk 21k
IR RS P 5 oAb, T AR R K A

AT KA AR BTGB 6 25 S0 R, PR ZK R R AT
TN A R B T SR ORI, S5 3 T — 2B K A X
025 B 5 1R F B — Al — o mgt Y,
ASZIG I B, TEIRIE KA pH (pH 7.2)7% FH A AL )1
BLR, HOE HAE NN BE AR XR 1205 % BE 2 21 1 75 1
035 PRAR, ER UL HEWT B AR XR 12 B8 05 B2 A /K R &
o, I BAE R R T A R R A F AR .
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ISOLATION, IDENTIFICATION AND DETOXIFICATION OF A
TRICHLORPHON-TOLERANT RHODOBACTER
SPHAEROIDES XR12

CAO Hai—Pengl’z’ ’, ZHANG Shu-Mengl’4, YU Jing-Jingl’4 and AN Jian’

(1. National Pathogen Collection Center for Aquatic Animals, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai
Engineering Research Center for Aquaculture, Shanghai Ocean University, Shanghai 201306, China; 3. Shanghai Collaborative
Innovation for Aquatic Animal Genetics and Breeding, Shanghai Ocean University, Shanghai 201306, China; 4. National
Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University,

Shanghai 201306, China; 5. Lianyungang Marine and Fisheries Development
Promotion Center, Lianyungang 222000, China)

Abstract: To explore the microbial resources on control trichlorphon pollution, a potential trichlorphon-tolerant bacte-
rium XR12 was isolated and screened from the aquaculture sediment according to the physiological-biochemical cha-
racteristics and 16S rRNA gene sequence analysis, and its antibiotic resistance and its safety and detoxification effect
were evaluated. The results indicated that strain XR12 exhibited the maximum tolerance concentration of 7680 mg/L
trichlorphon. The strain XR12 was identified as Rhodobacter sphaeroides through phenotypic characterization and
phylogenetic analysis based on 16S rRNA sequences. Its 16S rRNA sequence had homology of 98%—100% with
strains of R. sphaeroides from GenBank, and showed the closest relation to R. sphaeroides strain RSF1 (GenBank ac-
cession number: KF606891). In addition, XR12 exhibited high sensitivity to kanamycin, roxithromycin, pipram, amoxi-
cillin, florfenicol, polymyxin B, neomycin, gentamycin, ofloxacin, enrofloxacin, norfloxacin, streptomycin, tetracyc-
line, netilmicin, intermediate sensitivity to doxycycline and resistance to bacitracin, nalidixic acid and sulfametho-
xazole. XR12 had a LCs, of >10’ cfu/mL for zebra fish, and could significantly enhance the LCjs, of trichlorfon to
zebrafish from 26.06 to 59.51 mg/L, indicating a good detoxification effect on trichlorfon. This study indicated that
XR12 had the potential for trichlorfon detoxification in aquaculture water.

Key words: Ttrichlorfon; Rhodobacter sphaeroides; Identification; Safety; Detoxification
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