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Autotrophic Through

Abstract ; Activated sludge of municipal wastewater treatment plant was domesticated by sulfur as the electron donor under autotrophic.
The sludge activity was determined by measuring growth rate of sludge. The removal efficiency of nitrate and sulfate production
efficiency were analyzed by continuously measuring the concentration of NO; -N and SO:”. When the removal efficiency of nitrate was
more than 90% , 16S rRNA genetic libraries were built up to compare their microbial biodiversity. The growth rate of sludge is 0. 177
g/ (L-+d). The relation between concentration of nitrate and time meets first order reaction kinetics. The bacteria in the sludge affiliated
with Beta-Proteobacteria, Deta-Proteobacteria, Gamma-Proteobacteria and Unclassified bacteria. Beta-Proteobacteria is the main
phylum in the sludge. Bacteria related to Thiobacillus denitrificans from denitrifying bioreactor perform 48.65% . In addition, the
bacteria of Denitratisoma sp. , Curvibacter sp. , Thermomonas sp. , Geobacter sp. are existed in the sludge. The study of autotrophic
denitrifying bacteria diversity is conducive to optimization of reaction conditions and efficient removal of nitrate.

Key words: activated sludge; nitrate removal; autotrophic denitrifying bacteria; clone library; phylogenetic analysis
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i Al 4T AR G L R A5 R AR S BB PG
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1 #R5FE

1.1 ##
1L.1.1 EEUE

gl (R Wk AR B AR T ), AL I AT
(RN AR LB ARAR ), THE, 7228
I3 66T, PCR X (25 [ Bio-rad) , PCR #E ¢ i 14
8 (& [ Bio-rad) , B.O AL, HIR KB, B IEKE
g, VKA (dbsts—T) B TR BT RF.
1.1.2  FZKH

15 8 B 9% W . KNO, 60 mg, K,HPO, 2 mg,
NaHCO,1 000 mg, NH,Cl 1 mg,MgSO,-7H,0 1 mg ,
FeSO,-7H,0 1 mg,7K1 000 mL,pH 7.0 ~7. 2.

STE 2% #h ¥ : 1 mol/L Tris-HC1(pH 8.0) 2.5
mL,0.5 mol/L EDTA 0.5 mL,5 mol/L NaCl 5 mL,
Jn7K % 250 ml.

TN W B g I A ) e, R R e K 4 A v
G SO T A AR
1.1.3 I5JeRIE

SR AEAE 5T HEE K AL HR T R UUEE Tt TP Y S
fi5 U8, T5 7K Ak 3R F A% G2 1 M s U8 1 1 — g ak 3
T, — A 3 B ST it A 38 2 UE
T A RS R VR T b 2 AR

1.2 Kk
1.2.1 [iRESE

¥ A IR AE AL TS e BUFE 500 mL 35 780 G 5
MASREEEERE S L RERE, L R ABEH
il TG VI = ARG B, B IR S 2 R UK AR, A
TR T R KB L, TR R A TE U, 12
PR, T 30°C 18 I 55 32 46 b 1 5%, B SR TR
R — W, P55 IR pH A 7.

1.2.2 5K R B0

(1) 5 HE 3 A8 4R AR 105 ~ 110°C fi4 H B8 X
TR T 2 ~3 h BEE, ETEREHRH 30
min, FREHIRE W, KHHR SEA 0 E R W,.

(2) V5 I B — AR R (V) 3 D8 Ak ik
B SSRGSV SO A TSR P T 2 ~3 h =
fHE, TR A0 30 min, FRE W,.

(3) ¥ 15 Je FHE IR A B 36 b #E 600°C T K 58
1 ~2 h, R, S B2 B 2 200 °C IR 3 B S0 i
TS WS FRE W, .

(4 F TN EIE R E .

(W, =W,) = (W, -W,)
v

VSS(g/L) =

1.2.3 AR ER MR 2 DU

il & R ER AR 48, 2 ISR [ 12 ] TP i 1 —
itk 2 O B 9k

A5 U R EBORE 11 3 — s AR R A 2o g
AR WA BB S0 mL FUAL B A /K BE T 25 & L, 3
R (pH 8) ,EAKIR FFEEET. N1 mL
My it R, P B B R AT O (35 g 2 L P ke i 5
SRl CE B2 FEAEEE — R CE 10 min, A
#) 10 mL /K.

TEPEFE T ANA 3 ~4 mL &K , 5 0 50 i .
R A S0 mL L@ B ERL RS, T
P 410 nm Ab 2 FHBEES HL @I, DIK S 2 L, i 5
W i
1.2.4 TR ER Wk 2 DU

Bt 9 R 19 00 5 >R I SCHR [12] 9 EDTA i &
. BAREAEL BN . OBS mL AKFET 10 mL iR
L1 1R R 2 WL 10% EAL PSR S RS, M
FEUTTE NG O, 0 0 KRR RN 25 mL, A BB IR &
W4 mL; @A 5 98 AL BE A K FE 25 mL # A 250 mL
HEJE M, A 75 mL ZEA8 K M 1 1 R R WY
SRR AT 200 A8y i 60, 0 AE L AR
1 ~2 min, PABRZ: 5 fbBk. BIINA 4 mL SR
AW, R RSB RE O = . DT MR IL S R S
M. A 10 mL 2 WiE W, D i B T f8 R A,
EDTA Fr ¥ W 2 2 7 W i 20 6748 i 68 10 5%
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EDTA FrufEd W i F &, B 100 mL ZE 18K, 7] ¥ 15
25 AR IE 5 Q) 5 KA 1) S B
1.2.5 RGEMEZHNEST

(1) 355 U R i 39 Ak 2

M0 15 e 2 BRAS IR R AOR K B 95% B, BTG
FIATCH B LA, LA12 000 v/min, B0 10 min,
FEEVEW AT K A B ER K e % 2 I, B
STE 2% il e ¥4 — i ; H] STE 2 v il = 7%

(2) KN4 DNA FHEH

2% Zhou %' I - SE4N 1 3 IR 4L BUT 95

A CTAB (IRAL 75 fe 5 = W e ) AR R
1% ,NAE B K Z2LWEEN 10 mg/mL, R4,
37°C /K AL FE 30 min; JIA 20% (1) SDS % &4 i
2% ,IR%A),65°C K 2 h, 5 15 ~ 30 min % #% —
U ¥ 2 5 B W12 000 ©/min 50> 10 min, B I
HWE I — THNE.OE D, mA SRR -
15 -5 G (25: 240 1) B2 54557 ,12 000 r/min 50> 3
min, B 4 2 Ok, PR A0 dh A — kUi 1
T, MA 0. 6 R SN RE RS Z 5 - 20°C ik
%1 h,12000 r/min.0> 10 min, 3 F 1 H 70% 1Y
VK G BEVRBRUTTE , B0 /N0 3 B, AR TR A
50 WL JC i 7K I fi# DNA, 1377 % . 45 it L
DNA I 1% 1% 35 i #5458 152 Fi, Tk ARGz

(3) 16S tDNA FrE&9 1

PLEL DNA SRR, {5 I 40 B 16S vDNA 3 HI 51
Y1 (5'-AGA GTT TGA TCM TGG CTC AG-3") Fl(5'-
TAC GGY TAC CTT GTT ACG ACT T-3"). 50 pL Ay
PCR W& % : 5 x PCR buffer 10 wL .25 mmol/L
MgCl, 5 wL.10 mmol/L dNTP 1 uL.iF & 3% 20
pmol B 30 ng . Tag DNA AR 2 U, & 2 i X%
KA 50 wL. PCR R4 K. 95C HlAE P4 5 min
—94°C A5 30 s—53°C iRk 30 s—72°C ZEAH 2 min,
I35 MEA, Fe )5 72°C L 10 min, BB BE 5E L B
VKA 7= ).

(4) F a5y ¥ va b SO o B

D 16S rDNA Ay [l i

PHGT WL 1% B 35 B 6 I PR UK, A A T 5
HMET R X B Mark, 409 TR 7 % F 1 500 bp4b
) DNA BijEH A 1.5 mL 8.0 ™. PCR =¥
8] SR HH R AR 2B A e el i it 5] & 2 Ak, 4k aok 72 4
R Sl W] AT

@ 1485+ v B S

¥ 18 pGEM-T Easy Vector system i B FH#ZE 10
wL 35 VAR R 4°C R

W Ee = T ARG AT B IM109, Z J5 ¥ 7 LB
(Amp/TPTG/X- Gal) F-Hx,37°C i % 5 % 5 v A7 1%
P e, DAJCPE o PRI A G p vk, B a1 %
BLT7 (5'- TAATACGACTCACTATAGGGC-3") F1 SP6
(5'- ATTTAGGTGACACTATAGAATACTC-3") # 3
Wy, LA T A BB, PCR 37 384 56 5iE 46 A F W7 19
RN i 1 BH P o

@16S rDNA J7 51 5 F1 3 4 it Ak 53 By

BEALEK I 60 A~ BHME 5 B 2% 2 00 . )y T AR
Hy b R A AR A Dy B A B2 B 98 B A Dotur
A X AR P 50 3647 4325 B BRAH TR 51, I At
A&k, B Fris 7 5 % A NCBI W, Al Blast £2 7 i7F
AT, T R R S W PIE N S % A T
51 H BioEdit H' ClustalW 2 ¢ b %t J5 , FHH MEGA 4.0
WML H R G R EW.
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Fig. 1 Change curve of daily gas production

and sludge concentration

PR AR H F R AR AR NI AN LR K Y
FOJLA/NEE. B AT LA 75 0 7= A B
a1 B T e A BN R AR S R AR AN W

15 U6 Tk FE B A R[] (1 38 KT 2 4 K s TR
WP S5t AT R LA, e R TE R E
(g/L) st Tl (d). HENGRARKB A EL T
FEHNe=0.17700+0.1434 (R* =0.9724) M K&
BAE 0.96 DL b, UL c-r MO AHSC AR b, 45 2035 R 11
WRKFH0.177 g/(L-d).
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Fig.2 Change curve of nitrate concentration

Wi 5 100 P9 800, i T2 6 1) Yk 8 3 3 BRI, LAY
T2 8 fige 3o P AR DR T i o 0 T 2%

R T A R R R B i BN Bh 12, A
co TR R Eh R FEWI UGB, ¢, FoR B[] ¢ B 14 i
FRERUHE UL In (¢, /c, ) -t 15 3 A4 Rk () 4 e
10 mg/L) BRI J12%¢ B ce = cpe 77 R =
0.996 2, — X W HFFHH k=0.3113n"" 22
t=2.23h fF & — WML 8 T %

L) U6 il R 3k ¥k BE 10 mg/ LR {51, %6 95 98
(K FEIEAT 7 SR URE WS R 8 S5 R IR £h 1 X R A8k
i 3.
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Fig.3 Concentration change curve of NO; and SO;~

i PR £ VA 3 i s IO I ) ) 2 KT T, T A
Vi [ 37 SRS Ak TS e A 43 B SR AL L T SO; .

KAEH NO, -N 2 B 55 B 2 6k 39 2 =22 (8] Y
KR ILIE 4.

P Z M EEA R R R /N okl
TS E LA R A 7,39, A EBR 1 mg NO; -N K7
42 7.39 mg SO, , 2 MG -RAE AL I fb2& 1 iy B X

WS04 /mg L
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Fig.4 Curve of NO; -N removal and SO}~ production

PR HEISE N 7.5 mg, BRSS9 (40T
2.3 & DNA #EHuzk

YR B DNA $2HUEE & 5 frs , T1 T2 A
ke, BT4E DNA FBER/ANZ S 23 kb GE B 2 3K 15%
BER e R ) B K ZH DNA.

E5 2 DNARHLHE
Fig.5 Extracted genome DNA of bacteria
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XFi5 U8 4 7 B DNA £ PCR ¥ 34 )5, 15 3
1500 bp /NI H B F B, anl&El 6, CK Ay B X7 1EL

1500 bp

[A—

Bl 6 16S rDNA £ ¥ 1%
Fig. 6 Amplified length of 16S rDNA
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B B A AL 8 B AN RDPM 3, A A
Classifier TR P H ARG A F LB 457 EW, %
W SCPE P AN 9 16S tDNA T 5150 & 4 A4 R 2K B
a ok ( 59%) .
Proteobacteria ( 11% ) . Gamma-Proteobacteria ( 11% )
FI Unclassified bacteria(17% ) , W 7.

W 5 Fb DAY Y R %) F A NCBI ™)l
BLAST &7 5 848 /5 vh © A& 197 50 347 HL Xt 43 17
FE RS R ML 1 s, R 1A LUE
Proteobacteria( ZEJE B []) kLS P OILF M e, H

Beta-Proteobacteria Deta-

Delta-Proteobacteria
11%

Gamma-Proteobacteria
11%

eta-Proteobacteria

Unclassified bacteri 59%

17%

B7 &EMETEEPR GG

Fig.7  Proportion of each phylotype in the clone library

1 FHETEFEBSHAE 16S rDNA FHI LI ER

Table 1  BLAST analysis of 16S rDNA sequences of bacteria in the sludge
skES BRI % RO R P T o 3 30 B v P [ P4/ %
T1 48. 65 Beta-Proteobacteria Uncultured bacterium clone R1B-7 from denitrifying bioreactor( FJ167444 ) 99
" . Uncultured Chlorobi group bacterium clone D25 _47 in tar-oil contaminated
T12 13.51 Unclassified Bacteria » . 97
aquifer sediments( EU266920 )
. Uncultured beta proteobacterium SBR1001 from full-scale EBPR sludge
T13 5.41 Beta-Proteobacteria 96
(AF204252)
i Uncultured bacterium clone SR_FBR _E29 in sulfate-reducing fluidized-bed
T14 5.41 Gamma-Proteobacteria 99
reactor( AY340824)
T20 2.70 Gamma-Proteobacteria ~ Thermomonas brevis strain R-13291 ( NR025578) 96
. Uncultured bacterium clone G19-79 from soil polluted by heavy metals
T28 2.70 Beta-Proteobacteria : 95
(GQ487974)
T3 2.70 Delta-Proteobacteria Geobacter sulfurreducens PCA in subsurface environments( AE017180) 99
T32 5.41 Unclassified Bacteria Uncultured bacterium clone XJ118 in aerobic activated sludge ( EF648160) 97
T35 2.70 Gamma-Proteobacteria ~ Thermomonas haemolytica ( AF508108) 98
T39 2.70 Betaproteobacteria Uncultured Comamonadaceae bacterium clone 7025P1B11 ( EF562037) 99
1 Beta-Proteobacteria i B 7, Rl T 8k — & T iR il FH sl B A AE ) .
XL AE Y B R GE kB ML, T 38T B 2 v TR] B TI3WEE NS 41% ERGEAXBTW LS
W MBS  HERELEW, K 8. # 5 Denitratisoma sp. B N — &, Denitratisoma

14 F 51 2 42 2 NCBI Genebank , % Fifi 5 2 1 A
HM991628-HM991637.

£ 5 7 Beta-Proteobacteria 2 S 2E ¥ 1E 75 B
JE S 59% SO AR — KEHE, B2 T TR AW HY
2 TR R 22 B0k Jn) T AR R SR Sl a0 i A L
HRARIUE IR Y T, — e AT LUR A B
K PERG WBR . A W98 £ W, g7 T 40 14 4
U B Sy HEAF T2 15 G 0 IR 8 b AR X R R B o
BT &5 B L SR o SO RE T1 5 Thiobacillus
sp. (B AT & @ ) B9 7 3 AR L EE S 100% , BN
Thiobacillus denitrificans ( AL BRFTF B ) |, X 2 40
FESCPE BT 7 L Gk 48. 65% LR R G
WA, AT R A SR R
SEALTCHL Y 38 5 E AR Ak W) 2R BCRE B DL IR E CO,.
EHBEWWAREN ALK TERSMHT,
Thiobacillus denitrificans 7&K i AL 9 &AL () [6) B}, %
AAALY (ISR FHh B8OV A TR £ ) b 5 N, (B

oestradiolicum J& W B — 8 &, 4 22 IR
SRS AL AT, Fahrbach %' MM AT 5 /K 4b 38 19
WEE e h 2y B 20, AT LA 17-8-ME B (E2) 1
Shy U — ¢ 5 RN BE IR A 4G, TR i B R E2 B e A AR
& CO,, WA B+ AF i 7 2 AR §38 J5 A N, 0.
Curvibacter sp. A NTE B R B — A~ & |, 76 5 B 3¢
JE AT 1 BRIR R AL

y- AR AT R A S AR AT BTN B KA — 4,
RSB THTE A B LA AR 2 AR AR TR AR
Wl e BESCER 11%, T20, T35 X 2 BRI 5
Thermomonas sp. (IR ) ER— % b,
i & J8 T Xanthomonadaceae ( &% 24 Jfd B &) , T20
5 Thermomonas brevis strain R-13291 A 98% 1 JF %)
AHABL, Thermomonas brevis +2: M\ A A6 2 B 7% o 43 4
R, DNA e 32 S0 R B Hm TR I, (H o2
HEARARVRHIE 55 #RCRR T J 00 8 AF A7 L X, PR
g —FhF AR, #5444 Thermomonas brevis''” ;T35
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Y5 Thermomonas haemolytica B A L S 98% |, T.
haemolyzica‘ R N B, I 3 (F F i
40) AT ES I, 2002 SRR AR
Delta-Proteobacteria ( 11% ) B9 40 & 7] 43 i 2 >
FERE  — DREE A 2 HAB AW 0 40 T, 40 oI 1 A2
AT 5 o3 — D FF 2 A DR S 2% R T 4 0 R 5 A A 3 Tt
AR ALY, OF e S AL A HL IR RL Y 20 B G B0 R ST

88 - T1

T13

T28

T39

97 T20

—— 100

T35
56

T3

Thiobacillus sp. K6.2 (EF079668.1)
Thiobacillus denitrificans strain ME16 (EU546130.1)
Denitratisoma oestradiolicum strain AcBE-2-1 (AY879297.1)

Denitrifying bacterium enrichment culture clone NOA_1_C12 (FJ802211.1)
Uncultured Methylophilaceae bacterium clone 10-3Ba28 (AY360550.1)

Uncultured bacterium clone G19-79 (GQ487974.1)
Uncultured Comamonadaceae bacterium clone 7025P1B11 (EF562037.1)

63, T14
100 ’ Uncultured bacterium clone SR_FBR_E29 (AY340824.1)
Bacterium enrichment culture clone R4-65B (GU196227.1)
Ther haemolytica strain A50-7-3 (NR_025441.1)

Uncultured Gammaproteobacteria bacterium (CU919763.1)
Thermomonas sp. ROi27 (EF219043.1)

e Thermomonas sp. ROil19 (EF219041.1)
100 ' Thermomonas haemolytica isolte S5 (AF508108.1)

SLRESCE R T3 B RS Geobacter sulfurreducens PCA
BoAH L M N 99% ,  Geobacter sp. @ TF
Desulfuromonales ( Ji i B il B8 H ) Geobacteraceae (
FFEFRL) |, G. sulfurreducens' "™ 1 & FARHHE B IR 4R
AT MR AL ETRR L CO,, T Z IR IE & )8
B B FIAE W R IR A BT LA B B A% A A
B i J5E S N A H A2 AR 3R A HLS.

Beta-Proteobacteria

Gamma-Proteobacteria

—
Delta-Proteobacteria
L

4100[ Uncultured Geobacter sp. clone NS1 (AF404348.1) g
69 — TI12 %

ﬂ( Uncultured bacterium clone SS-75 (AY945880.1) 8

Uncultured Bacteroidetes/Chlorobi group bacterium clone D25_47 (EU266920.1) T

100 T32 lz::a

0.02 IWLE Chlorobi bacterium Mat9-16 (AB478415.1) é
[E— 96 — Uncultured bacterium clone XJ118 (EF648160.1) 5

B8 ET16SrDNA FIMBRRZLEW
Fig. 8 Phylogenetic tree of bacteria based on 16S rDNA sequences
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(2) Beta-Proteobacteria >4 5 e H1 Y 35 240 1H
JME, LB 59% i ELRE b A A7 A8 R B R B0
MR (17% ) 52 AE A A7 78 5 AR S T ae V)
K.

(3) A& XN A% Thiobacillus denitrificans i
48.65% ,1E RS R I FE AL, 15+ d
H1$5 Denitratisoma sp. . curvibacter sp. . Thermomonas
sp. Geobacter sp. 3B 3 2 41 B 15 52 1 1t i 42
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