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Abstract: The’ effec ts of Thiobacillus denitrifi icans comblned with signal moleculeg onl the™¥movdl of sulfide and "hifrate Jwas
inyestigated. By dddmg signal molecules and T demtrLf ans at the same , the total naber of microorganisms increased, the remOle of
sulfid; and nitraté was accelerated, and an increase ifi nitfogen gas anld more stabledccumulation of elemental sulfur was observed. The
total Humber, of microorganisms after the reaction wagidetee il u,s‘lng fluorescence in situ hybrldlzatmn (FISH) technique. In this
experiment),~the optimal concentration for the stable accuptlation of elemental sulfur from six concentrations of signal molecules was
revealed /Further, the effects of adding signal molecules, T. denitrificans, and their combination were analyzed at this concentration.
The restilis showed that it was easier to accumulate elemental sulfur after the addition of 1. 0 wmol-L™" signal molecule. After adding
both T. denitrificans and 1.0 pmol-L~" signal molecules at a sulfide concentration of 200 mg-L™", the removal of sulfide and nitrate
increased to 99. 8% and 96.9% at 72 h, respectively, and increases in nitrogen gas and sulfur were observed. The amounts of
elemental sulfur and nitrogen gas reached to 59. 0 mg and 80. 0 mL., respectively, after adding 2. 5 pmol-L~"signal molecules at 72 h
when the sulfide concentration was 300 mg-L~". Under those conditions, the removal efficiency of sulfide and nitrate reached 99. 0%
and 93.9% , and the production of elemental sulfur and nitrogen reached 63. 1 mg and 79. 5 mL, respectively.

Key words:signal molecule; Thiobacillus denitrificans; simultaneous removal of nitrogen and sulfur; elemental sulfur; fluorescence in
situ hybridization ( FISH)

BEE T AR RAWIRA , 2T HER /Y, [RIRPR 2 U A o R R B A H 8, LARAR
¥ G PN iE AR ﬁﬁﬂfs SIERAKMESE SRS R T B A g
W, KA as 2 A A D TN R R M A AR, 4N RS0 T RN LE L 0> T, RERS I
AT, MESPEAM PR RRHRSHIRRE  EAEEET N, i fash, BEEK,
By Bk AL BR0% , AR AR, R AT,  MUONEHER G RO E MBI R, [ S e s Ue i:
HEASEF e VIS IRE, R RIS H AU , v
LG LRTALY OB AL ki TR BERIR 5 O3 AT R X 2 ) O SR B e B A
B WS AR AT R, w0 BT AUO R R
BT E  JEUHE AR B SRR . REREA . R FCBAPE4n B, nl DL 3 43 3 AHLs ( Acyl-homoserine
SIS SR HRTRZETEATA, WATRER R K AR Wi EH: 2019-03-02; £ITHEA: 2019-04-04
EaRf e R AR AR HIRA T Z EEUIE : [H5 ARSI EIH (51778524)

EEEN: RE2(1973 ~), &, W+, 8, FEMRFNE
’Iﬂ‘%ﬂ(qj E]/J @lh@&*ﬁ ?‘i’%/ﬂ:j\jﬁﬁﬁ K QIJ [EI LI& E 7J(€|£%5L|‘IE, E-mail; xujinlan@ xauat. edu. cn



4178 ®

B 40 %

T3 T R A R A AR R 0
OHHL ( N- 3-oxo-hexanoyl-homoserine-lactone ) 1 jﬂ
AHLs K55 FRetfedmifbis e A K | fEmiizt
PR | A kTS e

W A AT B ( Thiobacillus denitrificans ) VE R4
b PR % B K i EE R R, RIS
PETAUAT RLSE BRI . Bt [l i B 3 14 H
B, T HAZ T 200 0 SO g AT BRSC, Jo A
AHINER L TS24, A A B B T A 5 i o]
10T R OB A A AE SR | K A
Yyvie 5 S 2 PEAN SR, S NE T A IS B4 B A TR
PR R R A LR, R P B U AT B
I SR A BARARSS &, 1Y 2 S BR 0 T
oy ELT

Pt B O 2% 38 ( fluorescence in  situ
hybridization, FISH) £2A, HJEHUE R HI DGR iC

lactones ) {5 5

B RT X IHCE M DNA F R — 5 5 7 5 (IR 5 4
PSR SR A A T2258 , A & A 4T T 41 2L

A5 RN ) 0 4 TR ARG ke ) — Rl IR B AT

EL7E [ A Sk ik B3z 3 TﬁTme”

ii%’%Mi%ﬂ’Jﬁ*%ﬂ [oEERa} Uﬁu}tﬁj@m
mﬁm&ﬁaﬁﬁm”J -

AWFSE [ 200 mg - L~ A1 300 mg- L uﬁﬁﬂa
%@FT &MTHmFﬁVMOmmm%%¥

kﬂ"#ﬁ%ﬁv‘% OHHEWEJE 9 1. 0 ol - L i, E 7

ﬁﬂ?%ﬁﬁﬁﬁﬁ%ﬁﬁ R I e TR
TR TR, UK OHHL 35 540 T 5 B A BAT i 1
FRITEARAE FHAR B i, 3 51 8 4 1 8 2015 B R0
ARSI MO [R5 543 F o BE ok T T SR AR
e R B IE, IR TILE S FIRET
HOMBEIN OHHL 554> 1. Sl 0 B Ui AT 5,
A [l st B i OHHL A &UBRAT 3 3 Al e T A9

RBRBUACR , A BRI BOINE 5207 R R BT
14 8 ZR SR B ARG T B 5Tt Ry R, HLL 5
%ﬁﬁ%%?%%m.$iT%éﬁﬁH&ﬁﬁW
TR RS RS RUE Y S, RBUE S
?%%ﬁﬁ%?%ﬁ&ﬁﬁ,ﬁwi%aﬁ%ﬁ,
PRl LH LA A e B R B R AR AR

1 #MeEFE

1.1 SEEAPR

ARSI PR AR A 15 U B A B P 45 P 2 T AR R IX
MY % 1 55 UL DU R Y5 K Ab BRSG , SEORHE AP
(B8 BT B 5 SR [ 24 T AR, SRTAR 5401
i OHHL. & ZBLA K BN TA R, SE50 /K
‘f%{%{ﬁ%}/ﬁfﬁ?ﬂﬂ o, X7 Na,S-9H,0 42t

,Wﬁi%ﬁf%%?@%,ﬁﬂN@@%ﬁ
N@,wwiw&QM@%mﬁwf",gff
1.2 SR ol o

$%%ﬁﬁ%ﬁL” EH %AQZEﬁﬁ
%lﬁmﬁmﬁ%%Wfﬁﬂmwlﬂ, 5% 24
#7J<ﬁ4t%!{iﬁf‘j~j 300 mg<L ™", N/S FEE/R ﬂﬁﬁjﬂf]

0.67. FHABES 14 ﬁlLﬁzmmﬂﬁr
28 DIZEIBIK s AL 500 wmol - L 5 OHHL ¥
M,m%ﬁm%¢ﬁ%ﬁmmmwﬁmm%ﬁ%m
Wi, ﬁiﬁﬁzf“ﬁfﬁl 0.2.0,2.5.3.0,3.5 Al
4.0 wmol-L™", J?Y*GE@aé§Eir”%§qﬂﬁ?%dﬁu}\200
ml, JRATGVE. 55 3 scgnsr 2 41, 55 1 4R 2
EEREL) #7J<@Mt%/1€f“ﬁ%uﬁ 200 mg-L~" F1 300
mg-L~", N/S BE/RIEFIHR 0. 67. BARE 3 N
v, ITERAA RV T3 B A 200 mL R4 75
Ve, B N A% TP LI TT an R 1 FioR. 45 N A%
B EBRAT PRV Do 30 0.3, HLHLES 35 P45 Al
A RORAS AR

®1 FWigHY

Table 1  Experimental design

W51 S
5 51 R

o 2 SR

15 25 3% 1% 25 35
Mot B AT R/ mL 150 — 150 150 — 50
{555 F/ wmol - 17! — 1.0 1.0 — 1.0 1.0

1) “—"FRAE

1.3 Wik

38 8 H K 53 66 EE % (HACH DRS000 ) il
ALY (S°-S) , AN (HACH DR5000)
AR £ (NO; -N) , N-(1-Z83%) -2 — 436t
7 (HACHDRS000 ) A I WP il /ig 25 ( NO, -N) , [f]
BT AIEE (HZE B 1CS- 1100 ) 46 I AR R £h ( SO; -
S) FBRACERER R (S,057-S) . BRERER (1 2 4% 1 n

T.AS 23 {a i H AG 23 {94, BAEIRE 30°C,
W 1.0 mLemin ™", FWHIH G 25 mA, JEFEE 25

wL, & e B 4.5 mmol-L™" Na,CO, #1 0.8
mmol +L.™" NaHCO,. FifRH 8RR 10 2 2 - an T
P 49 mA, PR EE A 9.0 mmol L7
Na,CO, F11.6 mmol-L ™" NaHCO,. HAbM & 545
BRBRERAHE. 5 S AARFL (Agilent 6890N S AH (7



9 1 4

228 AT IR I RGAT B ) A0 I3 SR BR F) 2

4179

TEAL) , FEIRCA 120°C, K ER IR B A 160°C , HEAH
T M 100C. @ﬁmrﬂﬁﬁﬁaﬂ/ﬂﬁmi i
(Sy). THHE e SRR PR ER VR L, F T B BT A
5L e & pH & T S5 A B RR AL,
FERES I A AR AR, LA 1 mol-L™" % NaOH ¥
T pH, 3 I R SN S AR A Rk e B B AT )
AR AR & . Wit FISH ¥EA5 3k A A9
FRATS TR RE S A I R A TR () B TN 40 A
Amann P HEAR T HRE SSRGS AR TR SCEG 4
R TR AL B R R ST EUB338 (GCT GCC TCC
CGT AGG AGT) , i & 30t 3 2R £ i 745 ( Leica
TCS SP8, Germany) LN

2 HFR5IHE

ARV BEAS 5 7 I A R R

KGR PI R R 200 mg- L7, A
() FI1() MTAL, 05540 THREEHN 1.0 pmolal. ™
N, B S RO 5 A 4 T T A
EAK, ﬁﬁg/\fiﬂﬁ$1*,ﬁ\:$ﬁﬁﬁ/]?ﬁiﬁjﬁﬂ:
[Fi) oy B HLAth e A LEEHBEMT:I éa\%zda}ﬁ};
A L RO A 55, g@%ﬁ%
WeIE 1. 0 p,rnol L', Eﬁﬁ‘%ﬁfﬁgf Son ik
@Jﬂijtféiﬁ 58.32-mg, H.96 h m‘méf%ﬁﬁm 16

2.1

FE 2(c) T, BESHTFHER 1.0 pmol - L7
A, HAEIRER A LR AR R - m Qe R
K. UEBHTEAE S TR 1.0 wmol - L™ 'HI A
I B A R 2R I RE PRUIE A 4 Hi P R SR B AR
HE 1(b) FT1(d) nl s, fE K aR AL Pk 5
300 mg- L' WIEBL T, U550 FRERN 1.0
pmol « L™, FLGR ALY 22 Bk B e B J vy el i 4
PeFHASE 50 TR E T AR, 30 341
PRERACR. A KB R 200 mg- L' A1H 4L
KL, MESTFHIE RN 1.0 wmol - L' I FA SR B Y
FEE AR LA R B N By, A 48 h B Ik B R KA
64.96 mg, H AL AL M iR £h 10 MR 5518, 55 41,
2 OHHL {5 52 FWE A 1.0 pmol-L™"Af, 60 h
Jei, 7K Rk 20 v B A H A e lﬁhﬂﬁl
ik, HAS w3 &E T HME éj\,?rﬂ,w#??tﬂr“
{1, PSS 5 TR T, ﬁfF%ﬁﬂ?ﬂm
FRFASITE. }
,/TJ: T‘ZOO mg’ LI #1300 mg-L 7 & #}j{ﬁ’f‘t%
el T mw?ﬁm CPE, A A A0
pmol - L~ QHHL {F.%"'/\*’HE?, ﬁ)ﬂ%%*ﬂﬁﬁ@zﬂ‘
Eﬁiﬁ["f‘xﬁl%é&ﬁ% $ﬁ&1§"}ﬁg*ﬁthi@ﬁ%ﬁ“¥
mﬁﬁwiﬁﬁﬁmmﬁ&%%wmg
?F'Pfiﬁﬁﬂ’ﬁ‘——"zﬁ Z.H, RERTE QH‘HL
(555 FHE A 1.0 pmol - o P15 N 19 1 7R

ﬁ@a&"ﬁ%ﬁfig 1R B Re ﬁﬁﬂarlgl}(a),/ FEB, AT T8 A R, LR BT B

ol WY 3 P TR T TR )
270
- _ b1 -1 _
sa0 | @ Siy=200mgL” —8— 1.0 pmol-L™! OHHL
—0— 2.0 umol-L™! OHHL
- 210 | —@— 2.5 umol-L™! OHHL
. | g7 o
B 180 —O— }i_] umol L_I OHHL
E —&— 3.5 umol-L™" OHHL
2950 | g —&— 4.0 pmol-L™' OHHL
ﬁ 4
4120
)
2 9
o0t
30
0 =
450 | (©S =200mgL” -S.:(Riiﬂifﬁi)
- 18,078
400 f 1.0 pmol-L~! OHHL L Js0ss
150 2.0 ymal-L™" OHHL
T 2.5 umal-L™' OHHL
=300 3.0 ymol-L™' OHHL
E 3.5 umal-L™' OHHL
B 250 4.0 ymal-L™" OHHL
-3
2 200
= 150
100 F
50 b
U (-
12 24 3 60 48 72 84 9
J R I i) h

270

—&— 1.0 ymol-L™" OHHL
—0— 2.0 pmol-L"! OHHL
—@— 2.5 ymol-L™" OHHL

240 4

210 F

= q-! :
W 180 F —O— 3.0 pmol L_1 OHHL
E - —&— 3.5 pmol-L™" OHHL
#os50F —— 4.0 pmol-L™! OHHL
®
7 on0f
‘i
2 90F
o0k
30+
(} L L L — - - -
as0 |- (d) 8% =300 mg-L”! I S (L)
1.0 pmol-L™" OHHL 3 8:05-8
400 2.0 pmol-L™" OHHL [1s04-S
2.5 umol-L™" OHHL
350 + 3.0 umol-L"" OHHL

3.5 pmol-L™' OHHL

-1
5":“ 300 - 4.0 pmol-L™" OHHL
=250 -
%
£ 200} I Il
= s0f I IIII
100 F IIIII | I | |
o i i
0
12 24 36 60 48 72 #4 96
R i) h

B1 FSoFHBRmRsSmEinm

Fig. 1 Effects of signal molecules on the removal of sulfur and sulfur transition
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