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(1. P TR RS IR T ARG, 50T 4300705 2. dbatAilfb T2ABe R8s TR &, b it
BB S TRE2EGE B 1101595 4. H EB2E BEAE ST H0, L 5T 100085)

. R T AW T B 16S xDNA SglE ORI IENIFEESHEAT 1 a BB N 45 20 89 22 FE1E. DA 16S rDNA g
SCPE PNk 40 N 5EETFEF TR AN E (291 400 bp) , X F 45 SR EFT T Blast X Lb. 25 R 38, LR R 5t P A4 L 45
MOLHE R, B 33 A FET 08 T 3 DR MR, 1 AT JE TR AR, LB E TN Proteobacteria 25T (ETE
BE2EHE) |, i 85. 3% . 4l 8 28 HE L 3 2 . y-Proteobacteria 25 (55. 9% ) , B-Proteobacteria 25 (17. 6% ) , Actinobacteridae 2
(8. 8% ) ,8-Proteobacteria(5. 9% ) ,a-Proteobacteria(5. 9% ) ,Sphingobacteria(2. 9% ). H:HEh A B AT B )& ) Halothiobacillus sp.
ST1S FVBAT BB ) Thiobacillus sp. UAM-1 J& RR40 P 1Y 3= B2 BT 40 .

KR AW ; 16S rDNA; TLEGATE ; M &K A

RESES. X172; X703 XHKFRIRED. A XEHS: 0250-3301(2013)02-0767-06

102617 ; 3. P FHEE TR 2444

Investigation of Bacterial Diversity in the Biological Desulfurization Reactor for

Treating High Salinity Wastewater by the 16S rDNA Cloning Method

LIU Wei-guo'?, LIANG Cun-zhen’, YANG Jin-sheng”®, WANG Gui-ping’, LIU Miao-miao*

(1. College of Resources and Environmental Engineering, Wuhan University of Science and Technology, Wuhan 430070, China;
2. Department of Environmental Engineering, Beijing Institute of Petrochemical Technology, Beijing 102617, China; 3. School of
Material Science and Engineering, Shengyang Ligong University, Shengyang 110159, China; 4. Research Center for Eco-Environmental
Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: The bacterial diversity in the biological desulfurization reactor operated continuously for 1 year was studied by the 16S rDNA
cloning and sequencing method. Forty clones were randomly selected and their partial 16S rDNA genes (ca. 1400 bp) were sequenced
and blasted. The results indicated that there were dominant bacterias in the biological desulfurization reactor, where 33 clones belonged
to 3 different published phyla, while 1 clone belonged to unknown phylum. The dominant bacterial community in the system was
Proteobacteria, which accounted for 85.3% . The bacterial community succession was as follows: the y-Proteobacteria(55.9% ), B-
Proteobacteria ( 17. 6% ), Actinobacteridae ( 8.8% ), &-Proteobacteria (5.9% ), «-Proteobacteria (5.9% ), and Sphingobacteria
(2.9% ). Halothiobacillus sp. ST15 and Thiobacillus sp. UAM-I were the major desulfurization strains.

Key words: biological desulfurization; 16S rDNA; colorless sulfur bacteria; high salinity wastewater containing sulfide; bacterial
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i i A 25 A% 8 L Ak 0 B A o BB, R
16S rDNA B [ SC %8 ¥ ) i i A2 10 JBi it 5 oz 8+ )
BRI AT HEE | LA PR — 25 T R R A
JE B T B A AE 5.

1 #MBEFZE

1.1 SRR Bobhkl
1.1.1 SEEsEE

SEEREE A 1 TR, AR 80 mm, A RUK IR
800 mm, ARLAF N 2 L. RHEMA T L,
R MESEORE AL K R S AR A RN
T AL A BB ) (RIS A B OHL | 3l 2o 05 3 2 m
ER PRV il S VL 4% FH Y pH 7E 8.0 ~8. 4 Z [A]. IR
SR ) H, S S8 BB . T PR E A b R T
UG K AR BT i S U, BN BRI B RN B SRR
e 1A H BRGNS 2 A TR, A
JLN 2 BV A LEIB T 1 a.

O

o] S
B Gl
]

LA RS s 2. A 3L HHRER 40 S TRRL; 5L SR
6. ERRIWE; 7. EAMLAA; 8. UK T 5 9. BIIE K
Bl ZRRERE

Fig. 1 Flow chart of the experiment

1.1.2 kK

100 L BALIE /K ZH 5 : 100 g Na,S-9H, 0, 2.5 kg
Na,SO, . 1 g EFEh (KH,PO, . MgSO, FlIJK Z 4 %)
T 100 L [RAKH.
1.1.3 SE5flEs

EE WTW 2\ F42 20 2 2 80004 (Muld
340i) ; {8 Sigma /A A BOHL(3-18K) 3 EE % E;
N AR AZ TR B B (fastprep-24) 5 L BB A
o) 5 AN BRI AR & 42 (KCBIO- 2800 ) 5 3¢ &
Nanodrop 2\ Al #% B2 25 1 22 {X (ND-1000) ; 1A
SRNE] PCR P73 (CFD-3120) 5 b5t 4 &l i
FHHLIKAX (JY600C) .

1.2 5256
1.2.1 JFEHZH DNA $2H

BUE W N s B B 95 02 50 mg, SR
FastDNA 305 & $2 H075 U8 A i v 9 Bl 2 4 3 TR 4
DNA. BU6 L FEH 2 DNA %] 1% P BIS BRI
FEL VKA, >R P A 1R 8 10 D S0 N 9t PR 4L
DNA MR FBr AL 2H DNA ISR,

1.2.2  FE[H4H DNA () PCR 4

(1)PCR ¥"#5|4)

Ll DNA it , R HIAHTRE 16S rDNA FE A (138
FHB14) 27F (5'-AGA GTT TGA TCM TGG CTC AG-
3") F 1392R (5'-GAC GGG CGG TGT GTA C-3") ik
T PCR ¢4

(2) PCR WAk %

0.5 pL(153.9 ng- L™ ") BAR, IE 5 #14% 10
pmoL,5 pL ) 10 x PCR buffer (20 mmol-L™'
MgCl,) ,200 wmol+L ™" dNTP ( & #h 10 mmol L"),
2 U Tag DNA REH, TR KA TTE 50 wl.

(3) PCR W 44

95°C 25 10 min; 95°C 7251 1 min,55%C 1B k
1 min,72°C ZEA 1 min, 536 30 IK; ) 72°C i Af
10 min. PCR ¥ 3 7= ¥ H1 1% 19 B B B B i el 3k
Forul.

1.2.3 16S rDNA 3af | B AL T SC A

B E B PCR 3738 7~ 4 F Fermentas DNA $2HU
R & kT alifl, 4ifk )5 DNA A Bt 5 pMDIS-T #%
IKTE 4°C FHET 16 h i3 EE W R A KA
JM109 , %4 7 LB ( Amp/IPTG/X-Gal ) -4 I+ ,37°C
THEFE 18 h S AT R e, TG A 2 B Lk
& R P, O 4k BE 3R DL MI13F47  (57-
CGCCAGGGTTTTCCCAGTCACGAC-3') F1 MI3R48
(5'-AGCGGATAACAATTTCACACAGGA-3") K5 |#y,
P 1 pL B55R M B BEAR 2617 PCR 734, PCR ¥
W 1% (%) BN W B s R Dk Az I 7 35 FH 4 e
T AR 16S rDNA el SCE ™ w8 A SR AR
AR AP A D AR 40 A B TE R Tk A
TAY) TR L) AR w0
1.2.4 16S rDNA 5l SCPE Z A% AT

D235 FAd FH Mothur #XPESIBR & FE 51, ¥l 43
PAE 43 25 ¥ 5T (operational taxonomic unit, OTU ) ,
Shannon-Wiener index ‘ﬁ“%:/é\\itjﬂhg :

H=- > PlnP,
K, P, REB DY FEALCE 5 B AR
gl
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sy E = H/H,,, H, = log,S
Ko, S BEFE, FoRFEART YRI5, 55T
OTU 5.
BEEC =[1-(n/N)] x 100

K, N RSO ok SR n AR TERE OTU 1Y
1.2.5 RGO

B4 OTU AR 7 5 7E NCBI #£47 Blast [A]
PR & G, T 8RR T 5 E RS % 7 5, fif

Mega 4.0 Ll a, Ll A 22 v ( Neighbor Joining
Analysis ) it REE AL

2 GRS

2.1 VARIETT &M A

AW PR 2.5% , DO =2 ~3 mg-L7",
HRT =1 h,pH =8.0 ~ 8.4 J&JF 25°C. BUEERT A4
FLN #EATEE AN 1 Fs , #E K B 4 G 25 B
%90.27% , Ay £ B E AL Y ST, SR

F1 EYREFIETER

Table 1  Results of biological reactor operation
il ok s*- B fif ik s*- BURBALY) Hizk S03 HH 7K BB
/mg-L~! /mg-L~! /kge (m>-d) 7! /% /% /%
119.72 11. 64 2.59 1.7 5.6 83.1

YA S 0 7% U H .
2.2 JE[HZ] DNA F1 PCR 9" 58 7= ¥ i Bt g o e e
HL ARG 27

15 URAE fh FH FastDNA i3 31 & r $2 B 356 9 41
DNA ¥JZ 4 153.9 ng-pl " FER 4 DNA B bt
JEEFEL K IS An P 2 B R4 DNA f 45t K BE 7R
10 kbp Z247. FERH ) 16S rDNA FE[R PCR ¥ 34 7= 4
e UK B N & 3 B, PCR 9734 7= ) i Be 2
1400 bp, ZNi 15 16S DNA A Bt K/, Ui 15
#| PCR Wi 5 T — 2 16S rDNA gl SO AT

M A

10 kbp

250bp

A 5 DNA $2HUZE R M. maker
B2 E[EH DNA IRBEHE SR BB ik B

Fig. 2 Agarose gel electrophoresis of genomic

2.3 16S rDNA S ER G K B 4T
40 NPEPESTRE T AT 4 A TERE T O e, 2
A TERET A A, 34 A58 N 1Y 5 [ 1 471

1 400 bp

200 bp

B: 16S tDNA #7374 M maker,CK. [Jx
B3 #& PCR ¥ 187 4 B B RE 4R BE AR FR ok B
Fig. 3 Agarose gel electrophoresis of PCR products

FIHT Mothur AT 234, Fe AU AR UE =97 % /Y 5E
B3 7E L —A> OTU, AE W i 4 22 56 Hh 4 AT 1Y 16S
rDNA SR SRS R INE 2 FiR 34 Dy F IHE
9 A OTU. H 5 4~ OTU HA 1 A s+, e
4 4 0TU 7354719, 5.3 . 2 b v sebe 1
55 GenBank H¥a FEP C A0 1Y 16S tDNA J¥ 514
APERR R 100% , A% 93% . M5E Y 34 4> sik
T 33 DM T 58 T Proteobacteria 28 £f
(T R 25 BE) . Actinobacteridae ZSBE ( AUk i 2%
) . Sphingobacteria B (FHRE AT R 25T ) 3 Fh 2k
. Proteobacteria( ZZFE B 1]) FESCIE T 5 1) EE A4
N 85.3% , AKESL L EFIRE, e A KR
SCIE (9 A9 43 530 K 8. 8% 2. 9% . — AN Fo T
(OTU9) 5 B LA UM AR, 5 oA BRI SR 40T
Uncultured bacterium( HQ640633 ) #HIYE N 93% , £
Fed R PERT T, — BA A 4 16S rDNA J7 51
IR T 97 % B JE A [H] ifh>0)
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y-AE T8 TR AN o v SO Y 55. 91% , J& SO
(R3S — RHE - I8 AN AR TR AT 1R 1T P e R Y
— AN T N B A A B KR R ER
OTU1 54k 4 Wi ¥ B )8 19 Halothiobacillus sp. ST15
AR 100% |, 36 A 6T o Jm AT i S, 2
FEAETRRED K | ERIREE | SR Kb R 5
SRR RETCHL A FR AV, vT LI GE R LA
Y A R A KT B AR

B IC B AR i v B SCE I 17. 6% , 2= SCE T Y
B R, Horp OTU2 S8 18 & 19 Thiobacillus
sp. UAM-I AR 98% |, B AT 141 i A2 + 3 Fn [ 9K
AR B DL — TG LB AN TR, — R TE 2R ALY
JEFFR L R i 2R R AT LUK B Ak A

JRCER B S R AR, SO U R Eh A A R R R
M FRAG A T 1 e

M Maestre 552 2 F 5 [ SCPE 7 TR A S A0 46
JETRS R G AR W) 2 REVE R 25 2R AT ) 7 -
DO, pH % .28 5 S0 h 52 3 J M B A — B,
J AR FRGE T 5 A0 B K EI> A Thiomonas J& (35% )
Halothiobacillus J& (13% ) , Thiobacillus J& (11% ) ,
Thiothix J& (8% ), Sulfurimonas J& (3% ). H
Sulfurimonas J& , Thiothix J&FN Thiomonas B BAELE
TR E T M E. & &AW R g
Halothiobacillus J& ( 55.9% ) #N Thiobacillus J&
(14.7% ) FEA B P T o5 Lo A8 s TR SR BE A 1 T
Tl ERT s i o L A1

FR2 EYBRHMRSHMAEN 16S rDNA TEXELER

Table 2 Bacterial 16S rDNA cloning results of the biological desulfurization reactor

OTU(JERET 140  NCBI Z HRHHLEE AN (NCBI % 5%5) ML % o J 2
OTU1(19) JQ727653 Halothiobacillus sp. ST15( FJ982925) 100 y-Proteobacteria
OTU2(5) JQ727659 Thiobacillus sp. UAM-1 ( AY487255) 98 .
B-Proteobacteria
OTU5(1) JQ727663 Ralstonia sp. OV225(AY216797) 99
OTU4(2) JQ727654 Myxococcales bacterium Gsoil 473 ( AB245340) 93 8- Proteobacteria
0OTU3(3) JQ727661 Propionibacterium acnes strain 1570 ( JF277163) 99 Actinobacteridae
OTU6(1) JQ727664 Mesorhizobium sp. D16 (JF913978) 99 .
a-Proteobacteria
OTU7(1) JQ727665 Asticcacaulis excentricus( AB016610) 99
OTU8 (1) JQ727655 Uncultured Saprospiraceae bacterium( EU177737) 96 Sphingobacteria
OTU9(1) JQ727656 Uncultured bacterium clone (HQ640633 ) 93 Uncultured bacterium

16S rDNA Fe [ SC1E 4 i 2 FEPEFR XUn 3R 3 B
71, Shannon-Wiener 8% R 1. 802, 3% HH 52 46 25 # 41)
A=W i 2R Gt AT LU0 48 v A DL SV TR . AT 5

N =34,n=5, 8355 R 0.852, FH v b SCFE
AL B AR A W i A S o R i Hh e R W ) Rk
B EAH S & R E 4 .

&3 16S rDNA X EME SHIEEH
Table 3 Diversity indexs of the 16S rDNA gene library

EEE(S) Shannon-Wiener 1644 ( H) WS (E) B (C)
9 1. 802 0. 821 0. 852
RHABIT A8 1 e B SCE AR I R KB W, 3
=A

P 1 25 5589 bootstrap {H > 50% , FH bootstrap #6:
B ARG, HIRECHT 000, 13809 R G0 & B AN 4
Bros, WA R R0 BE SO BE T OTU9 R 2K 7
Propionibacterium acnes strain 1570 F1 Mesorhizobium
sp. D16 Z[H], % Propionibacterium acnes strain 1570

ek B2 R S A B A AR RE Y A R
Halothiobacillus sp. ST15 F Thiobacillus sp. UAM-I,
TERS SR FE P ik 5 45 5 4l 73 B W SR ik A At 23
T T BT S R R, LU — 22 T R 1
S AR AR TR TR RIS

(1) A4 e Eh T BB R G2 Gl A ) & A 45
Proteobacteria ZE B ( ZZ L B 2581 |, Actinobacteridae
R (LR HIZERE) |, Sphingobacteria ZEH7E (WS BEAT i
SEME) 55 3 FhEHE, LA KM NI A, b
85.3%.

(2) SR FNF 4 y-Proteobacteria 257
(55.9%), KB (17.6%),
Actinobacteridae 2 Bf ( 8.8% ), &-Proteobacteria
(5.9% ), a-Proteobacteria ( 5.9% ), Sphingobacteria
(2.9% ) ,IBAFAE 2. 9% HYARFNZEHE.

B-Proteobacteria
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XU TLEAE: 168 rDNA SEFESCIE )

i 7 AR VBB 2R G2 R 2 AR 771

OTU1
10

100 OTU2

99

[OTUS
95

100 | OTU7

0.02 97 L dsticcacaulis excentricus (AB016610)

L Halothiobacillus sp. ST15(FJ982925)

100! Rastonia sp. OV225(AY216797)

] y-Proteobacteria

Thiobacillus sp. UAM-I(AY487255)

— OTUS mimim = momem = =imim momumsm mhwmies memim = S
I — Uncultured Saprospiraceae bacterium (EU177737) w Sphingobacteria
— —oTu4 ____ -
9L Myxococcales bacterium Gsoil 473(AB245340) ] d-Broteobaoteria
OTU3 == 5His § FEE ¥ N8 S-S a8 50 2 . .
9'8'{ ‘ Actinobacteridae
Propionibacterium acnes strain 1570(JF277163) -
99
[ OTU9 -----mmmmmmm e oo o Uiisiitized & ;
100L___ Uncultured bacterium clone (HQ640633)  _ _ _| nculured bactenim

81 99[ OTU6
Mesorhizobium sp. D16 (JF913978)

a-Proteobacteria

B4 SRS P RE N R R

Fig. 4 Phylogenetic tree of the bacteria in the biological desulfurization reactor

(3) TR A BT 1 )8 B9 Halothiobacillus sp. ST15,

WA ) Thiobacillus sp. UAM-I & RS iy 3252
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