2013,32(1):153-159 w W RO R =2 o2 iR 2013 4E 1

Journal of Agro-Environment Science

FEIE M YE R G R BARAT & ( Thiobacillus denitrificans )BY
oE EREFENEERFER R

LR, AWM, REK, R R, ALK, BAR, AL, X 7

(HP A= B2 5 iR A 58 Hpts , AR VT T Wl AR S IR W oty Hp B K P B2 9 B P i A= A A 35 A 9% 1 B
ST, VLN e 214081)

W E. 0 9RELEANMFEET E P A Oreochromis niloticus ) I EEYR )2 /K I #RER 1AL N, K A AT B e e 8
FRILFERETE A E] 3 MRANE , 0 2 BRVERFAE IR FRHAE AR BAE LR IR T 16S rDNA J7 4114347 55 T Bt , %08 S W AU BT 7
(Thiobacillus denitrificans ) 445> TD1.TD2 1 TD3, 7 30 °CF , R AHE JREIEFRLIPIFEX 3 PRIGERUGRFT 7 1) AE 4 BOEAFE |

o R R 2RI 25 BR R AR A R AR ) A RO AR ER 7 AR A5 0L BE IR pH A AN A0 T i (0 28 AL BRI 45y T 19 22 S A 7 A
I8 RRIFHIN TGS AP N R AT Rt o 25 R« 76— AR IA] P B R AR Kl A5 pH. AR 3R A AR AL S LAY L TR R Yy
FI R TDI>TD2>TD3 ;5 PR AE A B BRACR AR R AR R & T = R 3 3k TD1>TD2>TD3, AR ER = A 15 5L 3L TD1<
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Isolation and Culture of Thiobacillus denitrificans from Different Area of the Intensive Pond System and Their
Capacities of Removing Nitrate

FAN Li-min, QIU Li-ping, CHEN Jia—zhang, SONG Chao, HU Geng—dong, QU Jian—hong, MENG Shun-long, WU Wei"

(Freshwater Fisheries Research Centre, Chinese Academy of Fishery Sciences, Fishery Eco—Environment Monitoring Center of Lower
Reaches of Yangtze River, Ministry of Agriculture, Key Open Laboratory of Ecological Environment and Resources of Inland Fisheries, Wuxi
214081, China)

Abstract: In this study, an intensive pond in which GIFT tilapia( Oreochromis niloticus ) were cultured was used. And sampling were done in
different areas of the pond system, including sediments of the pond, the waters 50 centimeters below the surface and the bare soil at the edge
of the pond. After that, enrichment and elective cultures were prepared anaerobically on these samples in 30 centigrade by incubating glass—
stoppered bottles with the medium for Thiobacillus denitrificans full filled. After the culture, by using the spread—plate method, three strains
were got. Through the appearance of the colonies, the shape of the strains, the detection of physiological and biochemical indicators, and the
analysis of the sequences of 16S rDNA, the strains was identified as Thiobacillus denitrificans, and they were named as TD1, TD2 and TD3.
Through the studies on the characteristics of growth and reproduction, of the removing rates of the nitrate, of the production of the sulfate and
nitrite, and of the change of the pH and redox potential in medium, the possibilities of being used in repairing of the aquaculture pond envi—
ronment were determined to some extent. The results showed that:in most of the time of the experiment, the growth rates, the pH decreasing
rates, and the redox potential increasing extent of the strains were all performed as TD1>TD2>TD3; and the trends of the nitrate removing
rates and the increasing rates of the three strains were the same as above, however, the production of nitrite by the three strains showed differ—
ent trends, which was TD1<TD2<TD3. To sum up, TD1 was more suitable for ex—situ bioremediation technology, while TD2 might be much
better for in—situ bioremediation technology.
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1.1 EI{LEF
Autoclave SS-325 4> H &y i [ K F s ( H A TO-

MY /5] ), SHP-80 AEAb T4 (kG 2 Sk a5 A
B/ H]), Eclipse 90i Y62% 65t ( H A% Nikon /A +]),
PCR S i394 (ngsk BBI A w]), 3730 il £ 4143
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FEAGEPERE R 7 Baalsrud K SR ) 19 28
I 1y 5 SRR AT R 0 R R 9 R A RS R AR B
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e 7 s I EBAT B R4 s AR R SR B
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KH,PO, Fll NaHCO; 3 5ll¥%5 T RZE 25 & 1ok, 435
1o K DR K A 5 A BV A 5 8 K rh, KA
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Aoy B 0BT A T T ESMT ORI
AR SR I N 29350015 -

13 HFARERAFNEEND S

FESR AV ES TR S K 5551 , R4k 70
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FH R 4 Jd A1 N5 20 R 38 v RAEBE 17 10 em
Z T IR AR

B IRIRE S 2~3 ¢ FRIZ/K 1 mL FIE I #REE
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Farp 30 CHHER IR, ERTEERE, B E B IR YRR
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RFAIE P BRL B [ 7 ) S, PR I TR A2, .
BIERAEE N AR AR &R R A b s Rt
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1 REAR R ERATE E K
Table 1 Three strains of Thiobacillus denitrificans from different

area of the intensive pond

i b3l

TD1 IEVEFE it
TD2 LK

TD3 TR R TR

2 BRI TUIEE, 16 rDNA [T AR T .

(1) DNA $21¢

KA AR T AR TR BRZA WAL UNIQ-
10 FEU4H B AL 2H DNA il 4254055 & SK1201 $2 5L,
PRIV 54 7

(2)4HT# 16S rDNA 4K 551 1y 4

P44 77 A4 Bosshard SEM LA B EF T — 2 ok
sh, 4N 5 Y07 510 F < 8f(5'~AGAGTTTGATC-
CTGGCT-3")H1 1492r(5'-GGTTACCTTGTTACGACTT-
3"), 50 pL PCR S WiAR Z 1, 445 : 5 wl 10xPCR )i
ZE P, 1 L 10 mmol - L™ ANTP,0.25 w5 U+ pL™ Taq
fif, % 1 pL10 wmol - L™ () - F 5[4, DNA #iti > 10
pmol . PCR )W 4 98 CHIAEYE 5 min, #EFH 95°C 35 s,
559 355,72 °C 1 min 30 s, 3£ 35 PMEFR, ZEf1 8 min,

(3)im)y

B PCR =Wk 45 U EI Prds DNA H (19 5577
K FH A T A TR BRAS IR AR UNIQ-10 4%
O IR & SKI131 #E4 771y i sl Ak el , R ]
ABI 23] ) 3730 T SEE R ACHEA 0 o e e Kl
FE T HHE2E GenBank B e, SEURESH AW
16S rDNA JEF A FAHRIM: HLE BT o
1.5 HERKEFHERR

W ORAF A IR 3 Tl 58 BB T T A 23 A4 T
UG AL 253 2 2 - MR 22 11 R 34— 10 IO RV A 1T 1A
%o I JC AR B K BE P& R A B kX

PRI = A A R (R B AT TR 2 5 AP AT
HHD G SRR TGS (K557 48 h) @ B IR IF (1E
PO EPERRUE P<0.05, BiERGFR I 5% (VIV )
Pl IRAHDN AR, ARG TSR e B R R,
WE 3 AT, W HAE R SR B b A K i 26, IRl B
W Az K R B rp 5 R A o Y pH RN 4 AR 8 Jit HL Ao
(ORP)HARAL o MR AR A i 55 5 AR Ve R
FILFH 436 B T T 2 A ) 5t R0 A B 85 5% )5 1) OD
(Optical Density ) {H 2% £ 15 0 (N=420) , pH il %
IR JE A R B B r AR o 22 5% B E A B0 1
Excel 844, 1 5,
1.6 RELGFETHARTE B REWIFE
[FIRER 1.5 vl £ o TR A, 1 TRTB R 43 il 4
Fh 2B ABRAT R3S S5 2, B 100 mL #2715 mL [
W, BTN 3 A FAT, BT 30 CAE LR SRAR
B, B 24 h BORE, B T kv g R AR L
AR AR R R AR

2 HBRE5SH

2.1 HEWEE
2.1.1 AU RS A BRAE A TR R

X PEE AR 2o B ali b ik () v v E
TTXREE, [ A A P A T AR: L sl P g, IF
XETURVER LS bRafid Al . & 1 ok TD1 248 f 45 e
O E e N R A, 3R 2 R o = RO IR B A R
HFEPERRE , S QA 7 %5 T W ik B U BiA T o
BRI —LEAFIE AT 5 o
2.1.2 16S tDNA JE543Hr

3 AEEHC TD1~TD3 SJEF 4] DNA, $i2 1.4 2%
B 91, 153 16S rDNA 42K PCR #3845 5% . [
2 2 TD1 # 16S rDNA 41 PCR § 14t

# TD1.TD2.TD3 [y 16S rDNA J¥ 41| 5 GenBank

R 2 REMTEER . HEHIE

Table 2 Features of the three strains in appearance and some physiological characteristics

i H Item TD1 TD2 TD3
HE Y Gram stain B 934 3
HHIIEAR Cells shape VEUERIN FIATAR JAPIR
HEB/Z M Flagellum &motility HHEE 235 HHEE 23] FHEE Jz3)
AL F /N Cells size 0.5~1 wm 0.5~1 pm 0.5~1 pm
PRI Gas production iR e 7
TgfREL (3R )5 )Nitrate reduction b P b

W VEHRIE Colonies characteristics
H# 0.5~1 mm

FHEEN] P R R

FEEE] P BB EYE . A EAEEN] N B R

B4% 0.5~1 mm B4 0.5~1 mm
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B 1 R T(100x)TD1 R ZEREER
Figure 1 Strain of TD1 stained with crystal violet under
oil lens(100x )

M: 23 FhEFRIE ;b2 168 rDNA 4 Kef 45 I
M:Marker; b:complete sequence of 16S rDNA
2 TDI fj 16S rDNA £ HE4E R
Figure 2 Result of complete sequence of 16S rDNA

amplification for TD1

e R IEE ST b XS, 25 R AR AT
(Thiobacillus denitrificans ) E A 1 i R APE (=& 1]
TEPES R 9T% ) o A5G R TEFHIE . AR AL 25 3
16S tDNA JPH A2 e, vl LUK fr o 25 31 3 Ak
B 8 SR BT I

22 WEBEKSFYE

& 3 fisR A TD1~TD3 3 FRB U AT B 76 R 4R 2%

FRMAERK ML (B FRg R M, DT
[]),TD1 . TD2 1 TD3 HA MMM ARFHE, 1T ]
¥ih1d, ﬁtFiﬁ/\ﬁ%ﬁ@{’:ﬁ;@ P B ptae
1 ARPE A GE T, X 54 AU B 1 4B A

AU, & 4 FNEL S S350 R AR AT B E SR SR A
AT pH AL IR LA (Eh) 284k, 4] 4 3R
TESE B RSB ) L, 23 HESS 2 d 56 3 d, 56 5~7
d B pH(TD1) i 2% F pH(TD2) F1 pH (TD3) (P<
0.05), pH(Tnz)%n pH(TD3)Hj# Z A 2= %A B 2% (P>
0.05), 3X 1] BE-55 P A R U5 b P05 114 DR SRR FE A O
TD1 e 5 % DR AR B ey, A5 S0 30K 22 45 ] B
pH T BRI SR, TD2 F1 TD3 S i b PR (1) DR A
JE 22 A R Bl H R AR Al Ak FE P A i pH R
R 3 22 S 0 TR s 1B 5 3R DR T L A
AT o H SR A R, bR R F A e N RS
T, LI PR AT B Sk 2 1A s ) A Ak A S L 7 R RS R AR
DR T —E M L], FERSPR AR B A S sl D iy ek Rt
T AR ER 15 S 2 i e AL FRBRRL , 3 AR R
JREAT R R R, BEAE 5T P B R AR VR P A T i
AR I LA 2 B T o TR B Bl S i Ak S5 1 2%
AR . #F— HE TD1.TD2 [ TD3 %A fbid i Hi fir
MY AEAE, , 38 T DL BRAEREAS SO A, Eh (TD3) 1
KTF AW (P<0.05) , i H7E R Z2 00T [a] LR B
Eh(TD1)>Eh(TD2)>Eh(TD3), 454 & 3 Kl 4,38
3 PRV AT 1R 9 S A Ak 0 20 B P BB A 7E 4 XA
EEP TD1>TD2>TD3

PLERTRASERA , 43 3k A Ve  3R)Z K FngE i AR
77 1 P AT T TR AE KRR AR —
2201, ATREFNIX 3 BRIA I EPREE A DRAAFR A G, R
H DR AR B EL A = 1 BB 1) I8 AT B e DR AR 2
T oMM AR, ok A RZ LHEMERZK
P 58 SRR AT TR S 22 ) R B T IR T ) ek IR
Alatk.
23 BRESHERAR

Kl 6 SRy A i v DA A1 B0 RUBAT T X il iR
ERA(NO-N) Y EBREE R . 7255 1 dNO;-N /1 KBRAL
FIEAHE, BERD NOs-N AU P PR, =&
Fe, 2 TD1/EAIR NOs-N K[ttt , TD3 /5 H R iy
NO;-N N[ 212 , TD2 fEH N NO;-N ¥ FEE T
R B SRS T TD1 (H G5 GR5 T 5 AL T
e R EH 8 d NO-N Ay 2 B K43 il ik 5
55.97% (TD1).57.07% (TD2) Fl 53.34% (TD3), = %
2SI, 25007 T SN I E AR, DR AR B T
SRV TD1 FH g i s [ADRE NOS =N B bR 3 — A~ L
AR o T UL R 25 B AT I R AT
FE AR R AR, 242Kk A Baalsrud K ZEER F 2 (145
R TR 85 77 3, HAR T R 1 L BRI IR FE 2o 112,
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FEL LG R ,NOs =N LBRFE AT LA H] 100% ., A5
i, EE N T TR SRS T SON AR R AL
WA HFIC R, fEMIERE B3R T NOS-N By L =
ROBREE IR L2 0 101, 52 NO;-N BiBR 24 50% , 4
B2 ok NO;-N BA B MiBRe . B 7 iR IR
A FE A TR RAR (SOT) R HIZE {1k, TD1
TD2 il TD3 VEFR SOTHE B T Al 4 ] DAAR b3t

-0 TD1

i a)/d
B 3 RERHUFEFER TDI~TD3 By 4K ik
Figure 3 Growth curve of the strains TD1 to TD3 under

anaerobic conditions
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IFRl/d
B4 RERHUEET pH HZEWL

Figure 4 Change of pH under anaerobic conditions

% 1T 2 3 4 5 6 7 3
IR a]/d
B S RERWUFMLETEK TDI~TD3 i
SNEFEBANEN

Figure 5 Change of redox potential under anaerobic conditions

FE 6 TR NOs-N #k B ) R R o i ek . 7E
55 1 d Z AT R AR A B AR Ak, B2 NOs-N
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T NOs-N TR R w2 BB 5 SOTHEE 218 |
FHAFXT IR, & BN [R) DR AR 32 Sk D 1 ot 2R AT v 7
TR AL L AR S SR A I AR G R 5 B 8
JT7R A B BT B TD1 ., TD2 1 TD3 PR 48 S it Ak 2%
it FE A NOs-N iy AR 100 . 25 SRR 3 PRI U
FFIR A A I A rh 4 A R /U™ A, I Hok E —
HIETHE, 255 8 d LUk 43 53k F] 19.46.31.03,
33.99 mg L™, 45 5 i R R A > 5 1Y) 5.28% |
8.26% F1 9.67% , i 4 Joi v i R kR0 4R TR 1
2.95% 4.71%F1 5.16%. Baalsrud K 25255 20 ,
FRR AR AR RO IR BT e e 237 A we e (HE AT
SRAT LI R A T SO AR SON , AT ) BT
TSR ER AU HER, W] BRI Rk LABR A A R 5k 23 . o Bt
TE X AELE L U BT AETR R 3 B, 7E3X — 451
ARIFI GO T, 2 DR AR P 5 1 P55 %) 0 ST 7R
S A B AR A R L HE R T /D

25 I3 AR S5 TP i R R AU D A B AR A
HA T B B RULEE R HE, TD1 . TD2 Al TD3 fir Xt i
HIAE TR 50 1:1.43 1:1.40 F1 1:1.40, TMiiH4fE Bisogni
F1 Driscol "y 12 B Hid AT B8 R A AL S 7 Rk

0.844S,0%5 +NO; +0.43H,0+0.433CO% +0.0865NH ;

R
MO.O%SCSH@#O.SN#] .689S07+0.697H*

2 PR R R SRS 140 I kg 20T X g ) R JEE UK L
9 1:1.689, B A5G4 SR RS AV A SN 5E B
TEFRER A, NOZA AT — iR E TR LR A e =
Bl £ T, X — 5 1 TD1.TD2 F1 TD3 Z &4
8 2 22 ), AU AN [ PR AR A SR T 1) 8 SR AT
TR X SR A S ] P e 2 235 SR A R, 22 5078 1
R

3 e

M3 BRI R BT 75 AR AR T T EE R TR
=H AL RS RSN 2 SR JE AR T 1 A
FF o SRT, TEPR SR IE T LRI GEUR X 5T pH Al
AR A I i R A PR IR S5 TR A T HO ] S 9
b, SRIETFICIH AR bR TD1 76 R A4 T~ HA
PREGA R GO, FFEARA 0 pH PR EZ R
ik 7 BTS2 o X ] e T AN R RS
A3 PR RRAE DR AEC2RPE T B AN [ A P A AR
FEPEIE A o ASRAEDR R E T LA KR BB AR
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s f)/d
B 6 REFMTEKI NO-N BEK
Figure 6 Removing of the nitrate nitrogen under

anaerobic conditions
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Figure 7 Change of sulfate concentration under

anaerobic conditions
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Figure 8 Change of nitrite nitrogen concentration under

anaerobic conditions
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Xof AN [ (4 52 B 450, B R A [R) SHe TR 1) BRI RR A M R 0 2R
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TD1, 01 3 FH X ™A% 19 JR 5 DR S P85, 4l LA AH e 5,
AR TF-Berb s A A R e AR A
FIRES RIS A RSB TERMER
FEFFREE S5 ] BE B 2 TD2 Ak fE IR Y PR 4R,
FREE, FEIXRIRE O T AL TD2 A 6™ i BB 23
ST SRR 5 A el S R R ER 072 A 24 R TCiE
FEWRAIIE BL T, AR 12 5 1 K A R URE A L 491 kAN
AU BN F NGB RR R T, 18 252 B K R s
WA, 2 T M = AR HERL

4 g

FRAAMLIE R G, o B DR B foe e (IR U P Y
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