i ‘% A Jan. 20, 2016, 43(1): 36-43

Microbiology China http://journals.im.ac.cn/wswxtben
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.150355

MEANEMR PRI E R RFRE TR Z ML

LM e AgER
EEH TN EYFARE LT L RFEEY TR L9 B8 214122)

B OE. [8 8] AxARALE A E A ok e A0, thik 3 BALs ) & R R AR AR 6948
EREIHERZE, DB GZEHFAEREFTFAE, [F 1 RA —ERBLARE Thermithiobacillus
tepidarius INU-2 (T. tepidarius INU-2) BACERACH) & pR TR BR.. A 501% B FRAE VA Na,S,03 A fE R &,
BT 6 3 S AT AR BLAR M B, 4 R & 3t W AR BALARAL ) A R R B PR M R F AT
thit, [ %]) T. tepidarius INU-2 f£vA Na,S,0; A E— A8 RIEMIEITRATEY fmax H 0207 h', L
A YF A 4.0x10° cells/mL. 98%%49 Na,S,05 /£ 24 h BN AFE R, it £ /T 57 F X 5| % KA
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Optimization of restrictive factors during process of
removing sulfide into elemental sulfur by sulfur oxidizer
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Wuxi, Jiangsu 214122, China)

Abstract: [Objective] Concerning the special biochemical characteristics of sulfur oxidizer, we
optimized related restrictive factors during the process of oxidizing sulfide to elemental sulfur for
improving productivity of the elemental sulfur. [Methods] A typical desulfurization strain
Thermithiobacillus tepidarius JNU-2 (T. tepidarius JNU-2) was used for oxidizing sulfide into
elemental sulfur. The culture trait and desulfurization performance was respectively studied with
Na,S,05 as the energy substrate. Then the process of oxidizing sulfide into elemental sulfur related
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restrictive factor was optimized via single factor experiments. [Results] With Na,;S,0; as the sole
energy substrate, umayx of 7. tepidarius INU-2 was 0.207 h™' and the final biomass was
4.0x10° cells/mL. Nearly 98% Na,S,0; had been consumed at 24 h and elemental sulfur production
reached the maximum value 0.8 g/L. Then elemental sulfur was gradually oxidized and eventually
maintained at 0.2 g/L. The optimum conditions of major restrictive factors such as carbon and nitrogen
source, MgSO,, FeSO, and energy substrate was determined through the single factor experiments as
follow. CO,, NH4C1 0.5 g/L, MgSO, 0.5 g/L, FeSO,4 0.1 g/L, Na,S,05 15.0 g/L. After optimization, the
maximum biomass reached 4.0x10° cells/mL during the process of oxidizing Na,S,0s into elemental
sulfur and its titer was increased to 1.14 g/L., which was improved by 42.5% compared to the previous
non-optimized one. [Conclusion] The efficiency of elemental sulfur from oxidizing sulfide by
chemoautotrophic T. tepidarius JNU-2 could be effectively improved via optimization of major

restrictive factors.

Keywords: Sulfur oxidizer, Sulfide removal, Elemental sulfur, Restrictive factors

‘@%ﬁ@%ﬁ%%%%ﬁ%,ﬁ&?ﬁ%%
R T i EN 7 2| DN (W= 2N S R S RS
4 /\'43, TR YIRRL 2 25 5 1) FZ 2 —
A=W e A8 R R P e AL B A BB
M R 2R AR e BEY ) SR e )
A =2 JCEBANE . 22RBE A0 A G a2
B, SEGAAREAR L, ARV BAR AR
B, bR FA ARG TR . A E] R
ATISCRI A« SRR H AR R AN AS A2 B BR
ZsE N R ETE
12 2E vk A B A ] A9 b i s A 7T 2240
AR, T IZ R T R R 22 B 3R B A
Yy, HAERK BRI, SRR M T
FERR B RTRAR, LA AL SRR A e R T
Horr, AR AP AE B S B 1Y 2 B 4 PR 3R
FIREIE I BN, TUHAS Z R A . &8
BT KRB IR R PR AN B 45 R, g
2 W 2 A RN LR P DR 2 Do (i A e 1 AR
e B A, R 4 T s T R B AR R AN
JL P il S R R, R ARG, 7RI
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tepidarius JNU-2 JLE X5, BhAEHET T
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1.1 #8
1.1.1  BE#: W T. tepidarius INU-2 (RAFTA
A,
1.1.2  EEFE: H—8(g/L): K,HPO, 4.0, KH,PO,
4.0, pH 7.0, %584 (g/L): Na,$S,055H,0 5.0,
NH4C1 0.1, MgSO47H,0 0.1, Wit
10.0 mL/L . fll#E JC R W L5 (g/L) : NaEDTA
45.00, CuSO45H,0 1.58, MnCl,-4H,0 5.05,
CoCly6H,0 1.63, (NH4)sM070,44H,0 1.12, CaCl,
5.56, FeSO,47H,0 5.01, ZnSO47H,0 22.10, pH 7.0,
K H 3 mol/L WY ER R I8 17 K5 2 3L pH, 25— B 43
1x10° Pa K# 15 min, 55 #B43RH 0.22 um A5
FLIB AR UEBR T
1.2 T. tepidarius INU-2 % < #H 2% & BR B 1 REHY
M

T. tepidarius INU-2 £ R IR0 R - Hefhit
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RIS, WA FEATAR L, #EF 30 °C fHilk;
FAa TR, MRKNEEE, MR EEAE,
FE KRR VE Y LA E (CFU)

1.3 T. tepidarius JNU-2 ¥E35F07= B R B BR %I
EAFSEy Rt A8 )

SEERPLAL TR AR AR . MgSOy. FeSO4.
eI RN IS RO BEXT T. tepidarius INU-2 A=
Yy S R REA o Bk . BRSSO N i
HEWMFE 1 PR, MgSOs MBS 418 0. 0.2,
0.5, 0.8 1 1.0 g/L., FeSO4 FUERANE 344 0. 0.05
0.10. 0.15. 0.20 F1 0.25 g/L. felRIEM RN 5
J NaS,05. Hffifii. NaSO;. NaSO, LS Na,S,
WRE/MN 2.0, 2.0, 2.0, 2.0 f10.2 g/L. JEYH
JESEER Y NapSOs VR 43511 3.0, 5.0, 10.0, 15.0
F120.0 g/L.

1.4 &N A*

1.4.1 T. tepidarius INU-2 B CFU #&3): R -4
G E BN E T. tepidarius INU-2 498, B
5mL B35 1 200 r/min 550 2 min, 25 H R
ULTEYI R, $R)5 8 000 r/min B5.0> 5 min 3B 48

x1 TRARABERESE

Table 1 Different nitrogen source combination and
its content

me ot
Combination Content (g/L)

CO, ND

Na,CO; 1.0

NaHCO; 1.0

Glucose 1.0

Sucrose 1.0

NH,CI 0.5/1.0/1.5

NaNOs 0.5/1.0/1.5

Peptone+NH4Cl 1.0+0/1.0+0.5/1.0+1.5

Peptone+NaNO3 1.0+0/1.0+0.5/1.0+1.5

H: ND: 170 v/min #RF3EFR, RN CO WEE, MHXTFXTHR
N

Note: ND: Shaking-culture at 170 r/min, CO, concentration is not
detected, which is recognized as compared system.

K FTC KK ARAT BT R RS, 2L ODgoe=0.5
(R R S RO T R YRR RIS, e A 773
TR IEIE T 30 °C Higt, HERAHEE
¥, JtE7 oD HS CFU ZIalfbriEth <k A4
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X, - X,
t, -t
=—1“)Z:;“Xl @)
K PONEYEAEER, 1o AR RKER,
X R X, M5 1, 2 B AR
1.4.2 FRERELANETATTER ELK B RO . 43 3R H
BRIRAN Y et i U O A g U VI R B R R A
R ERER AT B .
1.4.3  EBFRETRORI: BTG AR DU SR FH A T Al
L B RS SRR R A
Cs"=64.13/ACs,0> —32.13/96.13ACs0>  (3)
$,05% =1/20,=8"+S04> 4)
S"+3/20,=3/2S0,> +H" (5)
AC , + BRANBRRRERIKIE LT AC, -

BRARER VL A AL
2 BR5AH

2.1 T. tepidarius JNU-2 ¥EFrF5 14 F0 B &R 14 BE
VRl

T. tepidarius INU-2 L) Na,S,0; HME—REIRIKY)
R TR E R R RE AN ] 1A P Bk
Yy Ak AR KB A 3 2 RN AL AN =X (6)—(8) BT
RS RS 22 12 h EERE, ANAE AL
ASPEUE K 2 24 h 5 98% KB BRBR AR W
FEFRA, 40 h S AREI, BLIAE Y A FIRAE,
2% 4.0x10° cells/mL. T. tepidarius INU-2 F|JH
Nap$,0; i, BEFRAEM pH SeTH RS X
SE TR NaxS,05 IR G ALY) 1 THFEA: i A
B, an=ee), SFEREAERL OH, T M A B iiAS
Wi S LA, X ()FR, dkg=E H. Xl
7% pH 7E 12 h B kBl mE 7.2, BEE IR IR

P= (1)
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LAGELE 3.0 2247, DRFERAR MR 2 i A ka g
AR 7.1 g/Lo FEFE AT RS 7 i e A
] PRGN 3E N, 24 h BASI AR K(E 0.8 g/L, 24 h
Z 57 i B A B[] 3G 0 32 i e D | B AR
1E 0.2 g/L ifi,

=)

B

HS +0,=2S8"+20H" (6)
258"+30,+20H =2S0% +2H" (7)
H,S+20,=S0} +2H" 8)

T. tepidarius INU-2 B9 oA K SH R (w) i1l 1B B
N, w RIS SRS, £F 20 h ZEA R
R, tmax N 0.207 W' X S HME— RIS
Yl Na,S,0; W bR R A &1 . K 1B
Hh i 7 R 1 A G R B SR S R A T
12 h A AR RAE 0.12x107° g/(cellsh), {HEE
JETFURIEAG, IFAE 24 h 5 AR LB .. X 24 h
Je SRR BT I 4 e S AR T R B0 = T iR
REA, n=(7), P LA B i) et 22 R e s B
(s, FERERS SO M THFE S AR BRRAR , B
HR A 1 U2 T v
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Eos &
m 2 2
0.0 Jdo
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PR, RREY R ) EEOR S — AR
B IR AR | B B TR LU SRR SRk
JEAE DT AT T RBELASE S, LI T. tepidarius
INU-2 (4= Wit S B it 7 ek Bl o A AR
AR AR AL TR AR 2 . NapCOs. NaHCO; .,
CO, . A FIEREME XS T AR A 4 i S B o i ™ i Y
s, WK 2A FiR. T. tepidarius INU-2 £ L)
COp ARG L KR DL I o, R A9 21 vl i
4.2x10° cells/mL, LA Na,COs MBRIER A= Pt £
B3] 3.8x10° cells/mL, 1fii NaHCO; kUi B bk 14
AR L fEIAE] 2.8x10° cells/mL . AR T 7E ARG B
FIRERE BRI A IR LA A Ko 28Rk
W] T. tepidarius INU-2 J&]™ % A FE B4R, A HLIK
VR IAFAE 2o AR QUM . Wang 5%
¢ I 5 S T 41k T o G AR A 880 S0 A A T 2 T A
FRAVEA W), AN DL IR IS A AR A Py e A AN
B HLBR IR Y 10%, I H A4 B 26 AR A
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IR CO, HIGH HAMME st I Bl

B 3
10 =
8
=~ 5, 0.20
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E & x015
6 @& = o
— 7,
T L
S gn 20.10
4 2 2 B
B 3 §0.057
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< 0.00
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1 T.tepidarius INU-2 BI355: . MEAFER NN F T sk
Figure 1 Changes of culture, desulfurization and kinetics traits of 7. tepidarius JNU-2

TE: A HFRRIBBRAICSEG B A KR BTRT LA i %, —m—: pH; —0—: CFU; —A—: GRRMREST; —e—: HAUAARIN

BT EA: .

Note: A: Culture and desulfurization parameters; B: Specific growth rate and specific formation rate of elemental sulfur. -m—: pH; —o—: CFU;

— A—: Sulfate ion; —e—: Thiosulfate ion; Z: Elemantal sulfur.
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222 RBEMEYMERBEFRTBEEHFM: ABEE
PSRN B T A TR B A . SCIE R T
NH,Cl, NaNO;, Na,COs+iE . NH,ClHE i
4 PAABVE AR, 45K 2B Fos, MEEN
NH,CI B} T. tepidarius INU-2 FA KRR fel, H:
WIEHN 0.5 g/L i, 557 84 h JR WAk AYLEY) B f
AR E] 4.4x10° cells/mL ., 1M 24 & E N NaNO; i,
Z1d 84 h B FEJE B E PR R AN 3.5%10° cells/mL.
YA HLE ARG E MR 22 G R IR, §
PRIG A K AZ BB ], 2808 84 h i35 3% )5 FbE
(LR W HREIAE 0.5%10° cells/mL., & U5 K NH,4Cl
1 NaNOs B ik A 4 2 1 AR AL R A SEAS FH ] . 2
TR T 0.5 g/L B, RIR MR EE g Il ge 2=
FBE R, RG] TRk AER, SRR
Ayt R BRI R A TR, AR AR
RURSAE T BB o™ i 5 A4 2 T ALY
¥, 5 Buisman 2PV Tao 2 HGE A WL A S
BRI B E A A A AR AL A R A — 3
U NH,Cl N 0.5 /L BB SRRR 17 H B S ok
1.0 gL, PFHHAE 0.5 g/L (19 NH,Cl M A I
2.3 FRERSEFNERERALEXRT T. tepidarius INU-2 %
ME KB REE R0

231 WEEMNEMERBRBESE(FE: HT
J A A R PR AR B VR B R R, IR
X G 2 M i, [R) A A ke e 5 | A 22 HAth S
TR, WEE T, HBCRH MgS0, Fl FeSO,
HELH UL 4 A B R IS A W RN B BT R 1Y
R, ZESANE 3A B, AU MgSO, B A
WA KA, Zat 84 h MIREFR, AWl
0.5x10° cells/mL., Bl MgSO, Y& 13, wiky)
(LR RORBLIB WL 4, TEUS AN 0.5 /L 1) MgSO4 i},
BERE (4 A 0T LAk B 4.8%10° cells/mL. {H 24
MgSO, VR FEARSERE TN, AE W U WAk, 4
I 1.5 g/L By MgSOy4 B, T8 % 1Y 28 #) &5 {h
2.3x10° cells/mL, A2 0.5 g/L i) MgSO, I bk
AR 50%. X AT REREN R Mg & T. tepidarius
INU-2 4l 2R Qe R s 7, o sk

A 50 115
12
2 3
= 09 -
e £
o =
O w
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M g3l
NH,Cl NaNO, Peptone+NH,Cl Peptone+NaNO,
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Cl1ogL 1591

B2 BEFENEYERERT~EH70

Figure 2 Effects of carbon and nitrogen source on the
production of biomass and elemental sulfur

e Ax BIEANSENT Ay AR TR - R B AIRXEY)
Y ; C: AIEN JT ™ B 5.

Note: A: Effects of carbon sources on biomass and sulfur

production; B: Effects of carbon sources on biomass; C: Effects of
carbon sources on sulfur production.
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3 BRI A LY E R BRI SR F 0
Figure 3 Effect of MgSO, and FeSO, on the production of biomass and elemental sulfur

Note: A: MgSOys; B: FeSO,. —m—: Elemental sulfur; [ cru.

BERETRMA R FROE RN R , SEmfesE T
BRIE o 02 Mg e J8E 3k ven s 24 sl 40 6 PR e
P, RASHEUEYR T, MgSOs HEEH 0.5 g/L
B, BAA ™ B IR FRRAE 0.9 g/L. RISCER
J110.5 g/L (4 MgSO, HHEFEEANE M®" . Liu 21
WFFE & IS 24 1o m Mg™ . Ca® Fl KM 45 mT 42 713
SEAL TP L BRI ARCR , T 2o BRI 253
Gy FEARTE MR AL I RO

232 WMRISNEVERLRT-EHIN:
Fe* T2 5L WG, WmrEmyEm . 6
GYEM . DNA 6 A, WRMAEYA KSR
AT /DR TC R . A WFIE R R ANGE 2R B 1Y
FeSO, M IR R Bk Wit S i po ih v B8R
VI FeSO, X AL Wit I LB ™= B () 52 ], 445
WK 3B Fizs . AN FeSO, MR RLH A= Wit i/,
TR # FeSO4 V& B I 1S I sk 19 A 0 5 2 e ks in 5
WD B FAE YR 0.1 g/L B FeSO, B kR R A= 9y
T AT LAA ] 3.5%10° cells/mL. FeSOy ¥R fIn &
HREEFCRT 0.1 /L), AL BEEE Fe® &5
AR T RN, ARt [ 3k, XA
S A A B FR RS IEONE . BB F DNA 45251,
RASHEYE TE, S5IFER, FeSO, BTN
o ALE R TR AR e, (VR RS
WS 0.1 g/L 1) FeSO, i HA AR 19 7= fe i, A
0.87 g/L, ML FXTHRALAY 0.70 /L, #2555 T 44 24%.

A2, ARSI IR, SR
SR B—E FHE, X5 Liu 7 naE R Fe™
PR A AL IR PR IT 4G SRR — 8, [ %
[ REFEREAF AN 0.1 @/L /) FeSOy.

2.4 REBIRYIXT T. tepidarius INU-2 £ ¥ 5 Y
Al

2.4.1 EERIRMIFETEMEREM: [LAE AR/
(AL S8 Ak A0 B AT A 25 1 S AL B W B o
MM EAAY, Nk A SR e
i, ARTRIRH IR B A ] 2 R ORI e A i 2
S, 3% NaS,05. AR, Na,SO;. NaSO, #l
NapS VERREWRY) , Z 4 REIR P AR A= Py
IRZI . 55N 4A TR, SREIRIEYI N Na,SO;
Bf, 55 84 h J5 T. tepidarius INU-2 B4 4 B n]
IKF] 4.1x10° cells/mL. TMiiLA NayS NAEERHINT,
Bi5% 84 h R BIRR AU 3.0x10° cells/mL . 24
DLBAL IO Ay VR EC e DR A A A P o 3 B Sl 1
Ay HBEIAF] 1.0x10° cells/mL, LA NaSO,
1 NaySO5 Ay BE RS P Rk W A TGk IE AR
1 T. tepidarius INU-2 0] L= 30H FH NaS,0;, iE
JEFIH NaoS, 85 A FH SR, 17 ABEF]FH NaSO,
1 Na,SO;3,

242 EMKEMEVERBRTEMEIE: Gt
TSR Yk B Atk e A R AL B AL R T
tepidarius INU-2 [ 4 1) 0 B2 BB 114 7™ 1 7 A T
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FEMSE . QK 4B PR, IR 15.0 g/L B
AR, WL 4.8x10° cells/mL. 4JEH)
WRBERARES, I R PN 45 Fh Y S AL TR =K
TR, ROV AR R Pk B g T g, ek
A K SRR Y P AR N, 2SR
BSOS M PO AL FAAVRA , TR OLE I ]
ARGt 2 ARk, SO A 1 M R AT A PEAR
R LR, SR 20 It ) S B T 7 e LA I R
M Rk, S e Bt A T A R
BREGFH R, FRHR A B S5 A Y S S T A AR
ftath. HRCHIRIE N 15.0 /L I, WURHLA
e Ak 114 /Lo Pl a et P A K M s i
Fr i FEARCSENER 2 PR,

3 4G

(1) T. tepidarius INU-2 [FJHEARFHAN 12 h, ek
oA K BUR (tmax) 9 0.207 W', 40 h J5 HEAFEE ],
AT LLIAF] 4.0x10° cells/mL . 2835 24 h J5 98%
BT ACBR AR B T AR S, IR BT A 3k 3 fe
KAEHN 0.8 g/L, BEJE ST A BRI, e
FAETE 0.2 g/L,

(2) X} T. tepidarius INU-2 SAALGRALY) A2 L
TRRAR DG IR BRI PR R A T B R R Sl e
BRUE . AJR . MgSO4. FeSO, MR Y M B AE 4
f44: CO,. NH4C10.5 g/L. MgS0, 0.5 g/L. FeSO,4
0.1 g/L 1 NayS,05 15 g/L. AbJG i E 4 i
PASFAR ARk E] 4.8%10° cells/mL F1 1.14 /L.
FEXFFOACHT, BT A= A= T 42.5%.

A s5¢ B 6, 15
%«4' gs -1.25
= | 24 é
2 3 3 {09 2
151 © =

3- N
8 2 = 06 &
N D 1 V. E
= 520 2
Sy ° 03 ™

il Jo.

0.

0 20 40 60 8 100
t(h)

3 5 10 15 20
Concentration (g/L)

—p—: Na,S —¥—: Na,SO, —4—: Na,S,0; —A—: Na,SO; —m—: Elemental sulfur N cru
B4 BERYMEFRENEYERERTFE00FM

Figure 4 Effect of energy substrate and concentration on the production of biomass and elemental sulfur
Note: A: Energy substrates types; B: Concentration of energy substrates.

x2 MILETEEEERSHK

Table 2 The comparison of key parameters between before and after optimization

2 S=Ein | R A KR 2T kR it S° EefpaR AP
Par:meters Culture time Hmax Final biomass Sulfur titer Conversed rate Productivity
(h) ™ (cells/mL) (g/L) (g S%cell) (g S%(cellh))

Blank 84 0.207 4.0 E6 0.80 2.00x107"° 2.38x10712

Optimization 84 - 48 E6 1.14 2.33x107"° 2771072
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