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L eE B FETE L E Halothiobacillus sp. LS2 S+ SBILAZ IR A
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WE. [ B ] Forikbe A AL 40 Halothiobacillus sp. LS2 /M-S DL 24k HL 752 A R AU 4
PRRRE o [ 7k ] B v A 100 5 AN A K S 00, 85 P i (SRR AR Tk 3 F1 2% SO,* Il S,04° A K 3
FAEXT DG ik B R R R 0T, [ 4520 ] R TAPR LS2 78 LIRS R HiL T 32 PR B 1 5 K S N T % Vi
B, (HAERAZM N B T2 K0, Btk LS2 MA K2 B T2 R0 2 £5, Hii
ARSI soxB ik 3\ TR SE N T2 IRR . [ 4518 ] Btk LS2 AR AL Z Bk i 27
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12 B AN € 3% S ALk J5UE 52 4 1A (cytochrome  be,
complex) , 4 i 41 Mg (4 ¥ & & 1K (cytochrome
complex 1, Cyt c,)— 4 # & 1 (rusticyanin ,
Rus)—Cyt ¢, & 25 SN A % ¢, 76 Fe®
Wk Fe™; RIS FEH, be, complex BEf%% 14~
HLFRIZE H 14 HE i ad ATP A ni it A A o
(3) 5 S A AL IR B A AL A TR LA NOs /NO, iy Ha
T2, @I a5 NOs if 5 i (periplasmic nitrate
reductase, Nap). cdl % NO, it Jfifi(cdl nitrite
reductase, NirS). 4iffi/fi NOz if J5ifil (membrane
bound nitrate reductase, Nar). 4% 7% NO, b i
lif (copper-type nitrite reductase, NirK), NO if )5t
fit (nitric oxide reductase, Nor) 1l N,O if J5t i}
(nitrous oxide reductase, Nos)%: iz fitf fk. B A1
FpAL I 1 T 2 -2 U T g A o,
A, —2L B A AR SR SOB Wl LL N,
T AR o i A A T, HiZad B
RESR BN ML N B 7ok, A S sk . kiR
Ji B8 A S P A REARE {8 155 5 A B 22 Y B
B, KN ATP Y& . BR T ERPIm A AR
PRABR A AR 752K, A AR S ik ] BB A7 7R H:
o sk BE AR, DAMERRIR A T iR
AR B EAT

FMTXHLEE A FRA AL Halothiobacillus
sp. LS2 # AT RER A Y, A BHIER A b &
220 Tk A A 1 Tt 2R R DR D % T R FH Pt 1)
FEFE, JFREAEAT S 5510 38 o [ B RIS A
WM IR, FRATE PR A A BURE AT,
W AT DL MRy - 2 AR A T A S N . o T
WITR R LS2 DL LBy i SZ AR B i it A Ak 3l 0 2
FRAE, AWFIEXS H UM SHH - 2 AR 1Y
ARG . ARSI L B A R R R A

PEAT TR, VAR T —Fh L2y 1
S A PR S8 AL OV

1 BB

1.1 fEYsEsR
111 WREEFEE(9/L): KH,PO, 0.40; MgCl,
0.12; NaCl 10; NH,CI 0.05; A5 JLZW 1 mL/L;
pH 6.5-7.0, fF KE5EH, A NaHCO; 0.20;
FeCl, 0.008; Na,S,0; 2.48 (izt# ik 17 3 UK
W); RAREFRET, BFRIEFA 2.0 mmol/L HTik
LRy B 45
1.1.2 FEREFE(9/L): KH,PO, 0.40; MgSO,
0.12; KNO; 0.40; NH,CI 0.10; pH 6.5-7.0;
1.5%30E . FE KR EEE, A NaHCO; 0.20;
FeSO, 0.02; NayS,0; 2.48 (ia I ¥k 17 i U
R ) o
113 BEFIEA: HUR(ET-80 °C MK LS2,
Fie 1% AR RS R = A, &
30 °C R F-4(ZQLY-180G) 1555 2 d, K E#E
PRER 34 150 r/min; B6BER RS VAR A1 2 [ 148
FRIH, BT 30 °C A 1L B IR 48 (LRH-150) 85 77
BHVEIEIL, PRI TR AR TR, JRE AR
T T A SR A S
1.2 PRk LS2 TEARSESEMT A KithZ o
AALTEN

FEMLE R, 40 BB T A SRR R 5%
0,. 20% O,. 5% 0,+20% C,H,. 20% C,H,,
AR SANST; A 5.0x107 mol/L NH,Cl &
A, L 1.0x10° mol/L Na,S,0; MiE¥, &T
30 °C #R¥% 55 5-46(ZQLY-180G) 1555 2 d, W 'E 4%
PR 150 r/min, SR FHR BT A0 1% BRI 2 g 4L
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MRS, R 635 I e R AR 19 A A
FUR G ACHRERAR AT BN 10 (3 1 FAT) -
1.3 DESMZ A FZANTEA LS T2
188 3 i (SHZ-D ()47 B 5 25 52 ) WA D7
PITE AR, IS 55 R e e B 35 SR D B
SR 12 mL P CEWCR 6 mL, I
Yk eS8 3 A FAT), BT UF4(20% O)Fi
PRA(20% CoH )i misAfbzh J12= 0 Hr; #iE 1 h
J&, Aralm AL W EZE Ry 0. 002, 004, 0.06.
0.08. 0.1, 0.2, 04, 0.6, 0.8, 1.0. 1.5 mmol/L ¥J
S,02 KM, N 20 min JSEURE, FH 0.22 um
I P B ARG SR, ARy, P
I W) AR AR ML 28 T OB FR AR MR B2, B U A T
MRV X ) s TR A B et R A T4
1.4 BAILES soxB FEFIXMHT
141 BABREESE : UM TR IR FAS & IR i W AA
iR R, HREMEE T, WA inA
20% O,. 5% C,H,. 20% CyH, il 30% C,H,, Hi4x
RSN ; A 1.0 mmol/L (1 S,05% R,
BT 30 °C 1H BE FRAE HEA T HE 57
142 B RNA BIRRE: 240 18 55 5% ) A
12000 r/min AY%% 3 .0 3 min (CP-80MX i i i
BOHL), FE R, BCERRIAE 2 mL EaOE T,
HA 1 mL RNAiso PLUS(TaKaRa) , % i & 5 min
JEIA 200 pL 05 (R A 2= 10 IR G R 2
12000 r/min #5.0> 2 min; YA FIH IR 2RO
A A SRR I EEAN 1 pl A% R Bh TR (b
WAEY), AR ETERHE 10 ming
12000 r/min &.0> 5 min, 3 FiE, JIA 1 mL 75%
ZWE, Fe4yIRA1JE 12000 r/min 8.0 5 min, ik
s BERE OB P ERARIR, T 2 min, N
AJE AU RAase-free 7K % fift UL UE 15 21 1A MR 19
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RNA, & T-80 °C vKH{RAF -

143 WX EE PCR: #E ML RNA H
TransStart® One-Step gDNA Removeal and cDNA
Synthesis SuperMix (Jb 5% 4> 204 )l &kt T S i
%, B2 cDNA #i B8 10 £5 T 5o
Pk LS2 WA ILEE soxB JEH AN S KL 16S
rRNA 597896 AR ) 0 R — e B AR,
ARAR BT, JokaEi PCR RNARF N
94 °C 1 min; 94°C 10, 60°C 34s, & 40 M
o DOCHRMEM AP G20 92.3%-97.8%,
PR 22 A 5 Rk 0.999, IR 272 2CT AH X
SE 7 AR B B AT 0

15 BFEERN S0, SO &

AW 5T R FH B - 1% 05 I E By R R Y
S,057Hll SO % . 1% #%: Dionex AQUION RFIC
BB T a1, AS16 IC 4354, Dionex EGC III
KOH RFIC™ kil & /%%, AS-DV A Bl ,
Thermo Scientific™ Dionex™ Chromeleon™ & ji
HlE 2 45 (CDS)# /4 (Thermo A Hl). SZEZ%L: i
PEM (KOH)1.5x102 mol/L, ¥ & 1 mL/min, i
FEfE 25 pl, AEIRM 30°C, # S 0.5 pslem,

2 HERFQH

2.1 BR LS2 EARSMAELKMAT MAKBLR
Witk LS2 7E 5% 0O,. 20% O,. 5% 0,+20%
CoHy. 20% CoH, A4 T Yt S Ak A AR 15 1O 4
Bl 1 BN, Bk LS2 FEA A B A DL S LT
SZARIE, 12 h A 1.0 mmol/L BRARET B AR 5¢
AN TRIRI, 14 h AIMBGRRIoR . R4
TFT, MEARWE N 5%, Bk LS2 kgl
JU%h 1.7x10" CFUImML; 45U R 20%H
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B R LS2 By KA %CH 1.4x10° CFU/mL; 245
A 554420 5% O,+20% CoH, B, fie A L85 hy 2.1x
10" CRU/ML . IRESCAE R, M Bk BE S 20%0
FRIAR LS2 (i f R AN K 3.3x10" CFU/mL. F it
AL, O BTS2 AR A A B A T

R, SUBRIE T RS T B A AR B A IUA]
Ko IREGFRMIET, NP 732w, ik
AR LU L — LT 2RI 9 2 £ 1]
LHRNBE T ZREAFTREAER, ERREREN
iy AT BE AU T S M B R A
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Figure 1.
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g {/ {1.0107 3
210400 — e :
2 e 1 6 =
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(D)
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E L {3sa0 5
£ 2.0x107 ¢ A
2 13.0x107 LS
S 154107 | ¥ 125007 2
£ / 12.0<107 2
SR / {1540 &
3 // . E
E 50210+ | P 1 1.0x10 g
Z A 15.0:10°
0.0 b= n 0.0
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BE#k LS2 7 5% O, A. 20% O,B. 5% O, 5 20% C,H,C. 20% C,H,D &4 TRImELIIEKIER
Sulfur oxidation and growth of strain LS2 under 5% O, A, 20% O, B, 5% O, & 20% C,H, C and 20%

C,H, D. Error bars represent the standard deviation of the mean (n=3).

22 VDESMZHRKEFZENH S %
T

DU okl - 2 AR 0 i AR Ak 3l ) 224
FrinfE 2 PR, Rk LS2 DISESAE N T2k
W, SRV R Viax A 1.9x107° mol/L SO,*/h
(107 cells)™, Ky A 3.0x10°mol/L S,05%; Z4eh
LT 2 AR, R RN S Vinay 4 1.7%107° mol/L
SO,%/h (107 cells)™, Ky & 3.0x107° mol/L

S,05. AL, Wtk LS2 fELIR B O T
SR BT HEA T (R SR AR S EL A R [ A RS 2
PE(Km), [H R AL (CoH, 4 HL T 32 1) 3 % s
INFUF AR (O, S L2244 %, R, AH
BTRS, Bk LS2 16 LM F IR
A AR (B 1) 5 AT DAHEDN , AR A 40 A Ak
N, BERE LS2 DL IR A Ak B A o
7= BERK
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)
= 8.0x107° f "

6.0<105F % "
| 4.0<10°F  *

|

402107 1 g =3.0410° mm/L S,0.>

=7.8=107 mol/L. SO*/h

* K,=3.0<10" mm/L S,0,

Sulfur-oxidizing rate/(mol/L/min)
Sulfur-oxidizing rate/(mol/L/min) @

Voas 2.0x107 + s 2
20107 | 1.9%10- mol/L, SO2/(h-107 cells) Vo =3:8107 mol/L SO, 7/h
1.7%107% mol/LSO,*/(h-107 cells)
00F = 00 Fom
0.0 5.0<10%  1.0x107° 1.5%1073 0.0 5.0x<10* 1.0x10°3
Thiosulfate/(mol/L) Thiosulfate/(mol/L)

B2 EtkLS2UESA)FZHREB)ABFZEHNTBAELSNF
Figure 2.  Sulfur oxidation kinetics of strain LS2 with oxygen (A) and acetylene (B) as electron acceptors.

2.3 FEALEE soxB R Fk o 10.3%. M HUEES R 5%, 20%. 30%HT,

Bitk LS2 Bi%UILH; soxB HEPH7E 20% O, f1  BLASLHE soxB BN M FRIK T BLRER £ AL 3
20% C,H,. 5%. 20%. 30% C,H, FiFesefh iy MNMIETh, 1E 30%M s h ik sy, B
FKMWBLAIE 3 FiR, BeiLiy soB SH s SWOHALER T 31%, ULI L HRnThE (e JF i bk
BH7E 20% CoH, 2 1F T I 20% O, & T LS2 IMBRAASIL

(A) (B)
1.4 - 1.6 -
1.2 1.4 |
o I 12 L
. - [

[=} =]
2 ‘Z 1.0k
§ 0.8 g L
= 5 08+
2 0.6 2 f
E‘ § 0.6 -
2 0.4 )
& 04 L
0.2 02 L

0.0 0.0
20% O, 20% C,H, 5% C,H, 20%C,H,  30% C,H,

Bl 3. FiE{LEE soxB ERE7E 20%E S 20% ZH(A), 5%. 20%. 30%Z KR (B)RIFiLTER
Figure 3. The expression of sulfur oxidase soxB gene in 20% oxygen and 20% acetylene (A), 5%, 20% and 30%
acetylene (B). Error bars represent the standard deviation of the mean (n=3).
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3 itip

VR R AL 2 PR S S S il FE 3
LA Z ARy ¥ 52 A 08 DR AU A Hh R 3 T RO A
o BEAE I 2R IE TR IR S AR R
[ (ferredoxin , Fd) ¥, &% & % if & [ (flavodoxin,
Fid). 47T A4 6 F FA/FId i 5248, 445 Fix
4K Rnf (Rhodobacter nitrogen fixation)& &
AL TR R - 5 28 1k AR 2R 1V AL T . FeFe
A, NiFe Sl 4AI4 8 H-NADP A ALk 5t
B0, o, Fix &AM fixABCX K 4hd
Rnf & &K rfABCDEG [N 4if%, MifhiE 4k
Har LA it NADH AL RIE 5 Fd/FIdM ;5 AR
P SCHRHTE , ™A IR S P 5 L TN i R - R
BREREE AR . FeFe & . NiFe Y
FA/FId b kA, s Rt K s Fd/FId
T D P A H - DU 5 2238 5:F NADH/NADPH (1) 484k
{2, Fd/FId (Eo’=—420 mV)HJHL#KT NADH/
NADPH (E0’=-320 mV), NADH/NADPH fir#
MRE I TCHE R FA/FId 38 SR B Ak i 7 1T S 80O
IR EH RN R, SR et R A AL RE 4R
BRI 7= S0 B Al TR A AU F Fix 2k Rnf &2 414
AL 43 X (electron bifurcation)f: [ 4 RESZ
Xt FA/FId BB R, ALK 8l i 1

PRASKNET, BE A i v — AL i 45
NOs/NO, . Fe**. Mn(IV)&, il i BBk Ay S ity
b, kg BRI R SRR RSl Re AR . A
Pk LS2 ANREMEAT AL B A S5, okl ik
SR N RIS e, FET AL, itk
LS2 JE R 2 [l s & B T fixABCX 1 rnfABCDEG
BN, JE HETE— RS Fix A Rnf 524 (A0
DAY B AL T Y s AR AT A SClkaE , SR
HFEETS A Fix Z4A Rf 245 %3 A 1Y

M HA 7 HRALRER SRR A K& 2 BREEERK
(I Z I ERAAA AN B 20 TR LS2 B4 e R 4A
AT HE MBIk s ATP &k, 30
JIABEIE T Wb A Electron Bifurcation LREM
Fix A Rnf &5, EA1¥AFH NADH(EmM =
-320 mV)¥5 k40 & M (ferredoxin, Fd)aEg % 2 %
ZE [ (flavodoxin, FId)id 5k B AR HL 3444 Fd/FId™
(Em’=—420 mV), T A [ & A SE i+ [FIE,
Rnf B &EA AR HYNa B DI6E, B
T Fd Rtk 2 NAD I RDE B HY/Na®
FH T FIKEN ATP G, &—Lefbae AR
LR TR TR RS DR AU E IO B RE
AP Ah, Rnf BEFEFRE S Nif &
(23K HAT AN, R A2 4 1AL DR X [ 0 T
P R R B A AR PR Kk, R
electron bifurcatases AN 5 RERACIE A ¢, B AT E
5 [T R TR 2 P T R B A G

AL, B LS2 AT REE AL Fix A1 Rnf 2 & 14
L5 P T B 3 A A S 1 RN i B ) AR IR AR
LG R, T CRAE T2 AR, A RARMESE T
AL SO, DRAES PR T A S . o,
TERSASMT, mABERFE N Ref 41K
JEBR Complex IV Z 78K 5l ATP & R IK s 11, [
T RESM T E— B A GRS, 1 Fix 26
Rr) EZAEH TR RSN Fd i85, &S Fd K
— RS AL 25 [ A T ik g, 3
SrHTFAEIR S Rt 524 A A B 0T B B 3
ATP A MRPEHE R LS2 DL ZHh fL T 32 AR A
AR E LA soxB HE K IAENL, Fix #1 Rnf &
GBS SR A L, AURIE T DA
AR, AT IRAESM T AR ARE
AWFFEE WA T DL SRR T 32 AR DR AU 4R
FERIE, AR [ 2k B Bk NOs/NO, ™, Fe* . Mn(1V)
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Anaerobic sulfur oxidation with acetylene as electron acceptor
mediated by chemoautotrophic sulfur-oxidizing bacterium
Halothiobacillus sp. LS2

Shanshan Qu, Hongshan Yan, Weitie Lin", Jianfei Luo™

School of Biology and Biological Engineering, South China University of Technology, Guangzhou 510006, Guangdong
Province, China

Abstract: [Objective] The study aims to investigate the acetylene as electron acceptor anaerobic sulfur oxidation
mediated by the chemoautotrophic sulfur oxidizing bacterium Halothiobacillus sp. LS2. [Methods] Cell growth
was measured by dilution coating method, 5042‘ and 82032‘ in sulfur oxidation Kkinetics were measured by ion
chromatograph, and gene expression was analyzed based on relative fluorescence quantitative method. [Results]
Although strain LS2 obtained high maximum reaction rate Ve With O, as electron acceptor, its growth with
acetylene as electron acceptor under anaerobic condition was twice that with O, as electron acceptor, and the
expression of soxB gene was significantly higher than that with O, as electron acceptor. [Conclusion] These results
indicated that strain LS2 can not only complete anaerobic sulfur oxidation with acetylene as electron acceptor, but
also has higher productivity efficiency than aerobic sulfur oxidation. In this study, an anaerobic sulfur oxidation
reaction using acetylene as electron acceptor was proposed for the first time, which is of positive significance to the
sulfur biogeochemical cycle.
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