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B OE: ARAAMBLARR LIRS ARBMAE SRR B ¥, 2R A ity B b BLAaRk #
HHAFAT A B D6, RAwH T E b e SR BIL AP ABE. SDS-PAGE MEZ R FH o
o By TR A, HIESHT R AA 1 mol FAD/mol B, 4tk &8 7 A& 454 1 mol i
% c/mol By, %84BT ALERE Kik. ZB6RE pH A 8.6, s B umieEZ ¢ Aritbdh by £
Kn 2 %1 2.5 pmol/L #= 6.1 umol/L, R it& F¥ & L8N =W A LFE R, R EM A BT 2
A AR 25 6947 %), 100 wmol/L 49 HAAF xF 1% B4 ) 34 72%.
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Purification and characterization of hydrogen sulfide
dehydrogenase from Thiobacillus thioparus D6
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Abstract: A novel membrane-bound hydrogen sulfide dehydrogenase was purified to homogeneity by a
four-step procedure from Thiobacillus thioparus D6, an neutrophilic, obligately chemolithoautotrophic
bacteria obtained from aerobic magnetic stabilized fluidized bed reactor of flue gas biodesulfurization
system. The natural hydrogen sulfide dehydrogenase had a molecular mass of 95 kD and comprised two
subunits named o and B with molecular masses of 42.6 kD and 51.3 kD determined by exclusion chroma-
tography and SDS-PAGE. Spectral and pyridine hemochrome analysis revealed that the enzyme contained
1 mol flavin and 1 mol haem ¢ per mol aff hydrogen sulfide dehydrogenase, assumed a characteristics of
the member of redox proteins. Biochemical determination and nonlinear regression analysis showed that
the sulfide dehydrogenase catalyzed sulfide-dependent horse heart cytochrome c reduction at the optimum
pH of 8.6 with a kcat of 32.4 5!, a K, of 6.1 umol/L for sulfide, and a K, of 2.5 umol/L for cytochrome

c. The yield of 1.9 mol of cytochrome ¢ reduction per mole of sulfide suggested that the product was sul-
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fur or polysulfide. The activity of the sulfide dehydrogenase was inhibited by sulfur and sulfite like that
cyanide (100 pmol/L) inhibited sulfide dehydrogenase activity at pH 6.0 by 72%.

Keywords: Sulfide dehydrogenase, Thiobacillus thioparus, Sulfide oxidation, Sulfur metabolism, Flue gas

biodesulfurization
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MEAAMMER c WEREAKE A, FCSD KH
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FHENC) 5 A 2 M HE B O 3 280 48 0 R €5 B 40 TR
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FCSD J&4r TH4 9 kD MR R AP ER ¢ L5
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L S, R, RFER IR FCSDs H Al i &
7, AR 22 5T (RSN FCSD AR
Al S UGG R AT DA S AR N D RE, HOE, 4. vi-
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SeFE R KUY [EIRE, Paracoccus pantotrophus 1Y
SoxF 2R 1% HARBHIE R GBsoxFA A LIAH
fif b A= K PO O 3% AR AL BE 3R A A0 s A
sox HE R 578 Fr 8L W AN AR Nt . 9 Bt A
T R A 3K 6 B R AR I AR R AR R R B Ak
LA G A U 20 (E X SR Y sox HERI#E B
BT E . WO TR RE AR IE A TE A .
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BB AL (Sox) B R GE . X P R GE7E AR 14 it Ak
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MEE ¢ 40 F Lo SoxF WAz T4uffu i, {HHdE
HERGEAY, HwkNDREE ARG, P panto-
trophus W) SoxF [)—HR L4585 A. vinosum ) FecB B
H 37%0EEMEN 5 C. limicola B Chlorobium
tepidum H 46%HFEEMER, T H P. pantotrophus
Y5 E. vacuolata i) FCSD #% 2 25 14 HA U AR RIS,
P. pantotrophus %) SoxF —H &5 5 HEH R EHIE
HARL, RARMEEEBERC UK ] SoxF J& L REE 1,
(HARARIE HEF G M. L, SoxF g5 ALYk
PERA S A

A SCNIE S A P B R 4 T B A R R MR
A AL IR S 7 (aMSFBR) H 28 J2 42 43 85 15 21| A1 3
B Thiobacillus thioparus D6, X HE:FEH) 4%
P MR . Zlifh, 1930 BEEE G R T 50 eyt ¢
(B A S0 U, O X T2 P R AR R P B Ak 2
FiEAT TRAE . SRR AT T 1 B AL ) E AR AR Y
e B 2 pEELR RS, SEMA IS SO, LWL R 58
AR R LA B AT R A R T S B AR o

1 MESHE
1.1 Etk. EFREFEREH

AR A W A 3R 6 0 A 4R B PR AR S R
PR B 75 v AT G Bk T A R TR R, 28 IR Atk
3 25 L0 BT A0 B4 A HE A AT T TR AR D6 K T BR D6
FEASA 250 mL B3R B T, 7E pH 8.0,
30 °C A7 aF AR R RS 3R 3 LAY (g/L):
Na,HPO,-12H,0 3.03, (NH,4),SO, 1.98, Na,CO5 1.00,

MgCl,-6H,0 0.09, FeCl;-6H,O 0.03, KH,PO, 1.80,
CaCl, 0.03, MnCl,-4H,0 0.032, Na,S,05-5H,0 15.69, 2k

H 300 L 1Y% E#HE (Bioengineering, Wald, Switzer-
land)HEATH RIEFE, BERRZE I 1x10° Pa JIHAK B
60 min, B4 ER VS W W IS A 8K, A B AR
FREL R E N 20 mmol/L, K PFEMETH:A 2 L AP 73557
W, B EE N 0.38 L 25, 3 mol/L BRFRFHVE I
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5 pH THETE 8.0, YA UHE R ERAFE S A A
MR Eh W FE %2 20 mmol/L. Y4l AE K 27 5 1 HAE
Ry 2.9-3.8 mmol/L O, YR HE TR, AT I #4221
% 10 °C, 5 200%g B> 10 min, =20 °C FIfE45H
1.2 USRS ST

B A i FEY7E pH 8.5, 4 °C FitfT, ENrde
BITE LKB TARESGhoe i, B R IR 1Y 43 B T A
(2 ) 20 g B 7% T 400 mL 25 mmol/L Tris-HCI
(pH 8.5), MABEIF{L(USA, NUAIR)®# % 20 min,
TN A DNA FiEfk, S8J5 10 000xg E§.C> 30 min,
PR . LiEWE THEZ.ONGB M,
Beckman) ¥, 200 000xg #§.0> 4 h, JL3E KBRS,
JELHE ] 50 mmol/L Tris-HCI (pH 8.5) ik, K5
BT 50 mmol/L Tris-HCI (pH 8.5)F, 4 °C FlA
1% Triton X-100, YEH] 1 h, (HREDIVESE MW . 78
200 000xg &> 6 h, #RJ5, LIEWIMA R i
50 mmol/L & 0.05% Triton X-100 (1) Tris-HCI
(pH 7.5) “Ff7i1 ) DEAE-52 4 &7 (5 cmx
40 cm; LKB), F 1000 mL [ KCI£& i B 1 5 14 T
(0-0.5 mol/L KCD)i#F A7 P&/, Wi~ 2 mL/min, U
BTG MR IR 4y T R A TR B 28 TR (FTS, USA)IK
4, WAEROMATSEF 0.1 mol/L B % 0.2 mol/L
KC1 fi1 0.1% Triton X-100 A 50 mmol/L Tris-HCI
(pH 8.5) 1 /) Sephadex G-150 JZ#r#E
(5 cmx40 cm; LKB), ##ili# 0.5 mL/min, K H&
0.1% Triton X-100 f*% 50 mmol/L Tris-HCI (pH 8.5)#F
FFVemt, #HIWH 0.5 mL/min, 88 % 1k 06 3 4,
FH T A 0 Mot 2 il 4 B 6 e M i 9
1.3 EEANSH

R, =N R B AR U N RIS AN
%: 50 mmol/L Tris-HCI (pH 9.0), 25 pmol/L Zh.0>4H
Ji % ¢ (Sigma), 10 pmol/L Na,S FIff. SR A
1 mL, 3§ HWETE 25 °C F 4T, LUINABALY)
R UG o S A-RT WL 4R 6B EE T (Lab Tech,
Germany)fE 550 nm Il & B0 4 M6 o B4 S
M58 BEE [T 6 28X €=19.6 L/(mmol-cm)], — 1 Hff
T A R BB R 1 pmol Sy 4 (6 2%
c JIT s T

1.4 HRFAE
1.41 9 F&2: XM PAGE (12%)f1 SDS-PAGE

(12%) A7k, LASdE R gk b A7 g, 1155
T, B R A Cyanolysis WU . B e E
K2 T i vk U AT R

142 FIEMER: LLJE I AE T 50 mmol/L
Tris-HCI (pH 8.5), K40/ W o366 vt 47
HEREF R T, HEREH L 1 nm, HIEZE 2 nm/s,

Rt W R I A BRAR ) I L2k 2 10 pmol/L, 88
J& AT A A B R S PGS . SR s
e i €2 28 U A I 2T R i

1.4.3 R AHIDE 00 LG AR R AR AN
(1 mmol/L)., % PUAHAERBH (1 mmol/L). % =i F2 #
(1 mmol/L). # FBREH (1 mmol/L). B IR &h
(1 mmol/L). #%(10 mmol/L)F15 i (10-25 umol/L){E
SR o — 2 Ve B Y SR A WROR R ol
#: %% 10 mmol/L Na,S 1 100 mmol/L JCE K (IR &
WCE T 110 °C ik 10 min, & EHRE S Y INAANE
MK FSAE 25 °C BEEFE 5 min, SRJ5HFH _LiA fil
T U 7 T 2 Tl ) 41 ok 590 AR AT A o i A A 5
T Z% A48 mmol/L), EDTA (1 mmol/L), N-Z,
JE T S BRIV 2 (1 mmol/L), & AL#1(0.025—1 mmol/L),
VB R 44 (0.05-2 mmol/L) Fl & 48 5 B2 44 (0.05—
2 mmol/L),

144 FAFEENE: W 12#EHCRH Windows
version 2.01 (Micro-Math Research, St. Louis, MO)
B E A RIE A BEA T 4 HT o

2 GR509W

21 WMUSEREEEEIER

M MSFBR 4 1E [# 7 A P o0 2 B0 400 2
W Thiobacillus thioparus D6, Tk D6 18 K& [ 42
B AR R R FN A7 AL Ak BR ) 14 34 5T T pH 8.0 T~ 47 K%
I, MIFEERIA 3.0-3.5 umol/L, B A LIIL S
FBRACHERRER o DA 75 MR, A I A A D0 3]
FEAECR, WA RN RRER . BREUL B A il
JE B FEACHLER &L eyt ¢ FEALIE BRI WG, S
cyt ¢ MR AKG I F 3R 2 FhE TG PR, HAT
Rl SO EER o AAEETE pH 9.0 BFAYIE J1°8
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270-320 nmol/(L'mg protein'min), &0 5, S
SR . DO aE o R IR S, -
WS HEARMC, RAIEE 7RISR MG R Triton
X-100 ¥ (B, T Triton X-100 AYH0HI1E
M, B A — R, R 2200 Al ik i

0.05%[% Triton X-100 ZZ iR EATUEME . KLEE WAL
DEAE-52 B§F3cHu 28, W4, JF4
Sephadex G-150 BEMZidUE, & I 0GRV, &
LA N 8.0 g/L 4 L B W . alifbad 7 0L
1,

x1 NHWEATEEK D6 PAHESRBUIREEETIZ

Table 1 Purification of a membrane-bound sulfide dehydrogenase from Thiobacillus thioparus D6

e i S Tota(l n;:;())tein Total(;tjc)tivity Re(c‘;)v)ery S(}I)Je/irllt;cpzrlg:le\lf:lt)y Puz?:lecllt)ion
Crude extracts 465.6 118.6 100 0.26 1.0
Membranes 119.0 72.3 61.0 0.61 2.4
Triton X-extraction 69.4 45.6 38.5 0.66 2.5
DEAE-52 8.8 14.7 12.4 1.67 6.4
Gel filtration 1.3 7.8 6.6 6.0 23.1

alifb sy 74l R SDS-PAGE %5 (K 1),
1A}y PAGE BERHLUK, H.— %l Fm alifb 34l
JEAR . aifb B2 SDS-PAGE, fx 2 &K&EH
(L 1B), TR AN R F =59 51.3 kD
1 42.6 KD o 2R FHE R 1 08 V800 2 1) 2 1) it £k MG
AW 5> 50 95 kD, BEHIER Ak S8 S R/ 24>
WAL, /NEFE>F i 42.6 kD, KI5+
h 51.3 kD, J& T 5 K. R S50 /A] WO
Bl 5 SR [18]H L M RE A SR A W b o B
Ok Y i A, E — AR B AR 5 4 B 48 B Y
B—Fh R T RIK, SDS-PAGE HYILZL & e (i 1
AINEEE EIENEE A T I E o, WaEE M RE
GRS 1 mol AYBRALY) i S B A
1.09+0.4 mol Y IMLL &K ¢, X UL L ¢ 5 EFHYEE
RN 101,

aifb o TG WE 2, AL & S A
2 S EARE RSO S 377 nm. 448 nm F
482 nm, 377 nm Fl 448 nm J& % B F B ERE IO 1%
(Bl 2A). L bYid 55 S 58 . v] IO
TETE 416 nm (y ##5). 521 nm (B #)F1 551 nm (a 7F)
TR IE R R (& 2B), X UEHATELE cssy LT
R 3E ORISR 03 KT, B R AL
VIt ot 40 % o
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B1 MUERSEREXKFELZIEEN PAGE
SDS-PAGE

Fig. 1 Polyacrylamide gel and
SDS-polyacrylamide gel after electrophoresis of the sulfide
dehydrogenase

TE: A: PAGE: 1: RIS ARMER 1, 20 MR M, 30 MYE
B3 pg 4lifb B 4. B: SDS-PAGE: 1: fRYLJ5 MARMERE A, 2 i
DE-52 K27 8 19: 3 HURJG 0 3 ug 4EfLZE .

Note: A: PAGE : 1: Standard protein after silver-stained; 2: Crude
extracting solution protein; 3: 3 pg purified protein after sil-
ver-stained. B: SDS-PAGE: 1: Standard protein after silver-stained;
2: Column chromatograph protein by DE-52; 3: 3 pg purified pro-
tein after silver-stained.

silver-stained
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Fig. 2 UV/visible absorption spectrum of purified sulfide
dehydrogenase (1.8 pmol/L)

e JBREFH N IE I (300-600 nm). T R LAB AT 4T,
Ax 2SS OGRS L B BRAL YR S 1G5 .

Note: The scope of optical scanning (300—600 nm). Analyzed by
LAB at room temperature. A: The spectrogram after atmosphere
oxidized; B: The spectrogram after sulfide recoveried.

MW MSFBR 7 & 15 2] 49 {8 % 7> & W
Thiobacillus thioparus D6 4l {L A5 ) iR A7 Ak UM
S5 SCHR P 1Y) Thiobacillus sp. Ws UL J 2 FitGRE H

FEm AT IR (R 2). JGIBPE TR WL EE 5 E ke
JREHRGAR, B THRAMOER c 2. 2HAT
UHIE 2 P R4 R o BAmAY A TE T,
X2 P R A EER o BAIE R —Fh D REAS T 1Y I
LLE PO E R, RIETOLRE A I 5% B 40
Chromatium vinosum™" VHIJEHE F 37 &% (571 40
Chlorbium thiosulfatophilum™® ., {HJ2&, H | 1973 4F
AINRB X RAMEAR ¢ ALY
0 il 1220, 30 2 i PR T AT A T R A S R,
Bk 24 o B R A B R o B ik & A
(FSDH) o Wit L A2 IS v 2K Al 64, 3% ¢ Y E 2ERPAIE
FW Arso ox/Aaro ox Lo 38 H B H T 1 2 WA 4l B

AR S 5 2 B Y ALY Aogo ox/Aaro 0x=0.90, Auzs ox/
Aszs ox=1.2, FWIZBERE T AAE M i 1% v 2 A 2012,
H 1 mol iZHE&A 1 mol MZER =Lk
PRI, b WA B A% 0 R A M e, DA O
BRI A 1 B i N S ZE B W o Thiobacillus
thioparus D6 53 B5 2| Y FFE5#4 - RLF- 31422508 T3¢
BRT Thiobacillus sp. Ws H1 At [R5 ¥ AT
™ PRI ZT 28 A0 M (5 2R I, TG AN R U 1 A

FETHER N ERAM AR ¢ BOCIERIEMZH ISR R T4 & R,

% 2 M Thiobacillus thioparus D6 H &Y KSR SR KEE S5 M Thiobacillus sp. Ws. Chorobium limicola #0
Chromatium vinos 9> BEIMEZMME E ¢ ALIEFEMERF SR

Table 2 Spectral and structural properties of flavocytochrome c sulfide dehydrogenase from Thiobacillus thioparus D6,
Thiobacillus sp. W5, Chorobium limicola and Chromatium vinos

IItJ::Es T. thioparus D6 Thi.1 o Reference T
Amax (oxidized, nm) 410, 448, 482 410, 450, 480 410, 450, 480 410, 450, 480
Amax (reduced, nm) 416, 521, 551 416, 523, 552 417, 523, 553 416, 523, 552
Aago ox/Aa10 0x 0.90 0.95 0.85 0.54
Auzs ox/As2s ox 1.2 1.5 1.5 1.5
MW (Flavocytc, kD) 93.9 51 58 57
MW (FP subunit, kD) 51.3 40 47 46
MW (Cytc subunit, kD) 42.6 11 11 21
Localisation Membrane Membrane Soluble Soluble
Haem c¢ (mol/mol) 1 1 1 2
Flavin (mol/mol) 1 1 1 (FAD) 1 (FAD)

Note: Thi.: Thiobacillus sp. W5; Chl.: Chl. limicola; Chr.: Chr. vinosum.
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22 fELEFHE
2.2.1 MEUFRNETEXRZMHE: N
Thiobacillus thioparus D6 /41255 f) FSDH L6
L EGERJF s eyt ¢ BN, eyt ¢ B B i AR ALk
TN o R T SR KRR B sl N A A & Ak 25 S AR Y
S, AR TGRSR IE R D I i %
PR PR AL AT B O R . S 25 R R
1 mol MY AL P 4 58 4> A AL 7] F: 3 1.90+0.1 mol 1Y
DGR o W5, XUEHERBHYIENT, K44
MY T, KB 2 AT, HRBAH T2k
I, mAkY gz mEf s, A Yo N,
AT BE R 20k HS — S+ H +2e o JEL Y 52 i 1o
KRBT A AR P HESL, FoAEA fglmEnl
PR N B4 AN T R B . 1974 4F, Suzuki
P TR ZBEAT R, TS s E A
(R TEL A o ASBIFSE T 43 5 30 A A 0 ot St S
Tix—4518,
2.2.2 &i& pH: K3 KU, B AINEEAMEER
¢ Bk It &V (FSDH) ¥ fei& pH by 8.6, 7 pH 7.4
F1 pH 10.0 I, FSDH Y75 P53 1] b id pH Ak B9 1%

PEAR 2 F5F0 2.8 %, T H., SOdifl iz ¢ i H &k
B e Enzymatic
—=— Chemical
20

A
15-// \
.

Activity [umol/(L-min)]

7.5 8.0 8.5 9.0 9.5 10.0
pH

B3 pHXBOLHEMER c KFELFEREFEELTRR
bR

Fig. 3 Effect of pH on the the chemical and enzymatic
reduction of horse-cytochrome ¢

TE: RBRFRINARE S 2 pg. MR pH @ 0.1 mol/L
HCI 5% 0.1 mol/L KOH 5.

Note: Enzyme dose was 2 pg in reaction system. The pH of bal-
anced by dropping 0.1 mol/L HCI or 0.1 mol/L KOH.

http://journals.im.ac.cn/wswxtbcn

SRR B pH BT AR R R, pH 7.4 Kb A
FACFIR TR pH 9.0 ZbAY 9.5 £, X Segh ik
RS 1 00 o A 6 P, TR DK SRR R Y pH IR
% pH 8.6, I NTELL pH &40 F, D04 ¢

) Tl AR 38 DR T SR A R, T R Ak 2 38 TR R /)N,
WEHI 2 21 £%,
223 ®mERE: K 4 £, BEEERENT S, 9o

B F| ) FSDH F BTG MG, MR 25 °C i), [
e RcEr, LAJS BE IR EE T B S P R AIC . 15 B FSDH
1 B L R 25 °C,

NN

£
g
=)
ser /
g
= 3t
2
Z 2
2

1

0

20 25 30 35 40
Temperature (°C)

B4 REMTLSRSEENDHFE

Fig. 4 Effect of the temperature on the activity of sulfide
dehydrogenase

224 IMAOZEEH: 4ifk/519 FSDH W3hJy2atk
AT MR R, RIS TE pH 8.6 Fl 25 °C Tﬁv\;ﬂJ
)5 AR SR, DA 1S 1/ B, 45 SR LR SA
A 5B, AR, BALY By A LA B 2 ¢ A id )5
1 Michaelis-Menten 3 7124, M BURIEE ] 5
h, Sodifiea R o AR Ky 50000
2.5+0.4 pmol/L I 6.1+0.8 umol/L,

T Y B K N B 45T 469.5 mol eyt ¢/(mol
R AE cmin), HAELIE ST KT Chl limicola
A9 FSDH 5 K W 33 B [ Vinax=304 mol cyt c/(mol #
EAMAE c-min)] Ml Chr vinosum B FSDH K%
N B [Vimex=7 mol cyt c/(mol & & 4 il (0 &
c'min)]**, B FSDH 112 MLAT Ak 40 5% sk (B8 IR i1k
TETE)A 19437 min ™' 5] 32.4 57",
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g 1 R=0.999
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=
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S
04 |
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5 4h{LEy FSDH 5RYIKERIHEXXR

Fig. 5 Substrate concentration dependence of the purifed
FSDH

WA DOYIEEE ¢ R, GibPIRHF 20 umol/L A8, B:
BRALYRE R SO AR ¢ fEF 50 pmol/L A7E.

Note: A: Influence of cytochrome c, sulfide remained 20 pmol/L

invariably. B: Influence of sulfide, cytochrome ¢ remained 50 pmol/L
invariably.

225 JRFAAIEIF: fELifkny FSDH RE 145
Frr, 43 3 A BT ER 81 (1 mmol/L) . 4 DU &7 R 7
(1 mmol/L), % =HiMREF (1 mmol/L). & T4 R &R
(1 mmol/L), WAHLMRH(1 mmol/L). #i(10 mmol/L)
REBRACE YIS, &I A S0 gt
c MR TR . I A REAAE —2F STHA R, i H
1 mol a8 AL T2 0.04 mol 4Hffi A ¢ L
Ji, 3 R RE R H T SR S W Ak A Y AR AR
. MSFBR HYUf 435 95 Al Pk S Ak R it . 4lifk i
FSDH A fef 2R i S Ak i 55 i A B, 150 WD SR At 179 4
{EB% T FSDH #hadHEEH TS, 303 b 515t
— Mo R E B AL . PR, B AR R I Y R

—JEY .

MHLE XY, BRMM. mEGAHN-21-D
RMEWIE) . EDTA 4@ & Ak 5 6 Z B o il 76 o
ZE 80 °C J# 2 min SE KA. 2 png MG
BIA 25, 100, 500 pmol/L AYFALEN IS, BTG E5>
B HIIEF] 6% . 72%. 94%. CHRIEFALH T i)
il A 4 T A B L DR A B BB AN T 3 b 5
HRERST LY, KR SO (2 mmol/L) I
$,05>" (2 mmol/L) vl LA )% F1 43 5 AR 2] 48%
T 32%, X A RESE T SOs2 Hl S,05% 15 i 41 i (4
R e85 H5EL

2 % XM
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