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Effect of Thiosulfate on the Carbon Fixation Capability of Thiobacillus thioparus

and Its Mechanism
LI Huan, WANG Lei*, WANG Ya-nan

(State Key Laboratory of Pollution Control and Resource Reuse, College of Environmental Science and Engineering, Tongji University,
Shanghai 200092 , China)

Abstract: The effect of Na,S,0, -5H,0 on the carbon fixation capability of Thiobacillus thioparus (DSM 505) was determined by
measuring the total organic carbon ( TOC) concentrations under different concentrations of Na,S,0, - SH,0. In addition, the
mechanism was clarified by analyzing the transcription characteristics of RubisCO-encoding genes (cbb genes) and the concentrations of
extracellular free organic carbon (EFOC) under different concentrations of Na,S,0, -5H,0. The result showed that by increasing the
concentrations of Na,S,0, -5H, 0 appropriately, the carbon fixation capability of Thiobacillus thioparus could be promoted and the ratio
of extracellular free organic carbon to total organic carbon fell significantly. Moreover, the analysis from the transcription characteristics
of ¢bb genes revealed that Na,S, 0, -5H,0 had no significant effect on the transcription efficiency and transcription pattern of cbb genes.
So Na,S,0,+5H,0 might improve the carbon fixation capability by promoting the cytoskeleton synthesis rate as electron donors to
eliminate the inhibition effect of extracellular free organic carbon on the carbon fixation of Thiobacillus thioparus.

Key words : CO, assimilation; electron donors; inhibition effect of organic carbon; RubisCO
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I DA A G 2 HE B AT 1R A AR A R IS,
SN A K AR UR. (H B AT OE TR R AR AL
Na,S,0,-5H,0 ZEHEG AT & i B b e, 2
FLXT [ RE 77 52 M AL i A DA e i, AR 52
B0 MR IT Na,S,0, -5H, 0 Xt HE AT B [ 5% GE 11 Y
SEMR SHAE HPLE], W2 T AN A Na,S,0, -5H,0 ¥
JE T HEGR BT B 1) [ 8 7, I DA ] ok i O gkt ity
FEIR cbb 5% ST PR S0 I 5 AT BB 1 T 43 A
T Na,S,0, « 5H,0 5% i HE 6% &5 AT B & o 19 75
HL.

1 #BE57HE

1.1 AR

HEGLRR AT DSMS05 1) [ 72 [ 13l A 4y 1 o o
HC (DSMZ) |, FF i [l 5% R 27 PR B B2 T TR 7 B
IR S AR I 5.

1.2 EFEES&M

Fi 7 B 2 5L (g - L7'): (NH,),S0, 0.10;
K,HPO,4. 0; KH,PO, 4. 0; MgSO, -7H,0 0. 10; CaCl,
0.10;FeCl, -6H,0 0. 02 ; MnSO, - H,0 0. 02 ;Na,S, 0, -
5H,0 10;pH 6. 6.

I iy By R 3 (g L ) (NH4)2SO4 0.10;
K,HPO,4. 0; KH,PO, 4. 0; MgSO, -7H,0 0. 10; CaCl,
0.10;FeCl, -6H,0 0. 02;MnSO, -H,0 0. 02;pH 6. 6.

Tl 75535 .78 100 mL I 35802 A 40 mL F1-
R L K 5 (121°C,20 min) 3 A HF (W A
DSMZ) , H1 %k i € % B 5 mpi i A 21% 0, M
10% CO, , K FHE D EE D5 | B TR R CIR & 5
7% 3 d(28°C,160 r-min ") J5 B R FHAE 5 285

AN[F) Na,S,0, « SH,0 ¥ B T HE 6 A7 AT 5 19 55
F%.7E 100 mL IE 3 A 40 mL FEAIREF= 5L, 0
AHLFHHA Na,S,0, -SH,0 i H IR E SR N 1,5,
10, 15,30 150 g-L~", KK 5 (121°C,20 min) %

P 1 mL Pl B8, FH R R 2E 2 B S P A
21% 0, } 10% CO,,RHF OB O, & FHIR
BEOCIRZ R FE 3 d(28°C,160 romin™").
1.3 ik
1.3.1  [EEKEE S B M AN B A AILRRI

D [ R RE 1 < >R H 5 TOC-VCPH A ALk 5y
M4 ( Shimadzu Seisakusho Co. Ltd. , Kyoto, Japan ) il
FE RS IR B TOC A, LA B £ A= 9 %) [ Bk fie
J1. MR TOC Hr s R ER TR FF I B 1) pH =
4.0 24, LATH SR TGRS XS 5 45 S i 52

2 B A7 5 AT MILA VA B < 8 355 % I %) TR VR
i1 0. 22 wm FKARGFLUERE , DA R A9 5 12 0 2
TR TOC A, LA W A M B3 A LA
1.3.2  cbb SERFRE KR

DNA $2HL, RNA $RHCR S i 5% BL— 5 it 5%
JE W BERE AF 0. 22 wm TAFL U8 R A5 HE BT B3 AT B
AR, % H DNA 2 BUR 7 & ( UltraClean® DNA
Isolation Kit, MoBio USA ) £ HU & 4 [ DNA. R H
TRIzol® Plus RNA 2lifki5f & (Invitrogen, USA )
HUEL RNA, o #% 2 % 5t {X NanoDrop ND- 2000
(Thermo, USA ) Il & DNA Ff 5 A1 RNA FE 5 (1) ¢
KAl SR G S 3BT cbb R St | AT
ST, gDNA Eraser ( Takara, Japan ) b BRAE i
(42°C ,2 min) DLEBRIEHF 4 DNA BT, 4L 35 /Y
S 5% s8] & PrimeScript’™ RT reagent kit
(Takara ) AR 4G HARAE T W AT R 5% 5% G A8 cDNA.

cbb B&H 3= B K 5 it 4 B ok FH A2 i PCR
(qPCR) 73 B4 53 513 % DNA 1 cDNA ¥ i v (1)
cbb BRI ¥ DAL, TAT] 43 AR ER cbb BRI F B ) cbb
FEN LR, ABFTER F4e % G B 7 He A RE vk
B ARE B A AR HAREEE (cbbL/ cbbM ) (1) TR A 1
s KA EERH I AR A IR 2, R FR il 2R LA 10 A5 5K
AL BR BE R R, b o ek B AR LS L R 107 ~ 10°
copies* L ™' ARUEMIZE R KT 0.99, HLAE & Rk
RKIE90% ~110% . qPCR S T IS 14 B 4y 14
MR 1 R, WA qPCR B9 22 2R A ABI 7500
Real-time PCR 1% ( Applied Biotechnologies ) #1743
Mr. qPCR JZ WAk %% ] SYBR Premix Ex Taq " 4 %
(20 L), Hr DNA/cDNA Jy 2 pL. fEEMEH Y
e — AP BOBCER N, v ik it Ze T A2 46 R 60 ~
95°C ARYEFE SRR BB ( Ct {HD) THEFE G Y B 5
DL
1.4 BURAE 5500

K SPSS 20. 0 Ge it 53 847 %t 52 95 Bl i 47



2498 2N 53

B 38 %

R 2 )7 2% 4 BT (ANOVA) I LSD £ & [t &
(Duncan #%) , 73T Na,S,0, - 5H,0 ¥ J& A [R5 4548

FRA 2% 5 5 250 SR SPSS 20. 0 483120 8 2 ot
BARPRIEAT B IR AR AL 7

&1 PCRETASIMIFIREER"

Table 1  Primers and experimental conditions for qPCR of cbb genes

7N 5 R 5 -3’ LIRS 2% ik
EpE-955] (W& Bl19F51(5-3") LIRS & ik
WL K2F  ACCAYCAAGCCSAAGCTSGG FiAS M (95°C ,3 min) —40 MFHR (Stepl : 95°C [13]
¢ V2F  GCCTTCSAGCTTGCCSACCRC 10 s, Step2:62°C ,40 s, Step3:72°C ,30 s)
75 ; AETR .
bbMF  TTICTGGCTGGGBGGHGAYTTYATYAARAAYGACGA V2 TE(95C .3 min)——40 3 (Siepl :95°C ,
chbM bbM-R  CCCTGRCCRGCVCGRTIGGTARTG 30 s, Step2:55°C,60 s, Step3:72°C,60 s, Stepd: [14]

83%C,15 s)

1)M=A/C;R=A/G;W=A/T;S=G/C;Y=C/T;K=G/T;V=A/G/C;H=A/C/T;D=A/G/T;B=G/C/T;N=A/G/C/T

2 HFR5ITE

2.1 AN[FEWEE Na,S,0, -5H,0 &0 FHERBAT B
[l BE 1

P HER B AT B 1.2 Y B9 O Bk AE R ) ik
Na,S,0,-5H,0 &M F it frhi g%, 4ad — K2 5
Ji I 5 v [ B B (TOC ) |, BTS2 SR 1 o,

80

{
70 - 1

bt

60

50 -

HH e

40

TOC/mg L™

30

He

20

HH =

= e

10

0

! ’ 10 15 30 50
Na$,05-5H Ok jiE /gL

BB F7 LA [ B B i, o [ A (mg - L0) =
B35 3 d JRH TOC {5 - B FR MM LA TOC {4
1 AERE Na,S,0;-5H,0 £ THRHATE M B #eE N
Fig. 1 Variation of carbon fixation capability of Thiobacillus

thioparus with the concentrations of Na,S, 05 +5H,0

Al PLAE H Na,S,0, -5H,0 A B 5 50 HERR
AT B BE 1. 4 Na,S,0, -5SH,0 KR 1 ~
15 g-L7 "B, ERRE BB Na,S,0, -5H,0 ¥ 5 T i
T+, 1024 Na,S,0, -5H,0 ¥R 8 % 30 g- L',
8 F 4R K R B 1B Na, S, 0, -5H,0 ¥ 1 FF
MR, PRI R B3 2 808 8 i = 1l
BTG, I AR g
2.2 A[AWE Na,S,0,-5H,0 &0 F HER BT &
cbb FEPR e s Rk

[ g 35 140 O B 2 11 17%) %3 o B LA AR T M
S HE B AR AT E E AR EER R - BT

RubisCO [ 85 4% B AARHME LG S, 17 cbb fY mRNA
W25 L 5 RubisCO il (1 28 15 KCF- JE AR — 2, ik
KM 13,2 g5 k50 TR TA] Na,S, 0, - 5H,0
WREET cbb PG S pi e | D I [ 42 R A0F il (1) %
KK, FRSE Na,S,0, - 5H, 0 52 0 HEFR 5T 12 5 5%
fiE 1 HVE FH L.

SERANE 2 (a) IR, cbb FEREE 5 5 [F B BE
TR A — 5, —HF R W EIEME (r =
0.837,P <0.05) ,{H cbb Fe PR 5% 5t 2 W AR
(RS, TOC {F 8 2 PR i S B0 00 AT 7 4 2 A0
15, BRI LY ebb FE PR e s it T N R AR R B T 1R
(1) cbb FEPR % 343, it —25 B Na,S,0, -5H,0
W EEXT B2 cbb BE PG SEASCR I RE M, AR 52 56
FIE T AFERES Y cbb FERFRE. diE 2(b) AT LA
F L ARFHE Na,S,0, -5H,0 500, FES Y cbb
SEPR = S R RE ) AR AR A B, B
IEAHSE(r=0.963,P <0.01). XEWFEZE Na,S,0, -
SH,O HRPBERIHM (1 ~15 g-L™"LAIN) , 20 o 85 B 4
T, DT 25 cbb PR = B T 28 It Si it Bl 2 361,

I 2(c) AT W, AN A BE Na,S,0, -5H,0 5&AF
T, cbb FEDR 0% (BB cbb BE DR 48 DL % 5%
i) o EEE S XU Na,S,0, -5H,0 X cbb %
PRI SR 350 TG B 35 %2 W, B Na, S, 0, + SH, 0 5% M HE
A AT B [ e (4 AL AT BB AS 2 38 0 5% 1 L b
RPN SRR, 2 Na,S,0, -5H,0 WJE R 30 g- L',
50 g-L~'A, [ E B R, {H cbb 5 PR SEAB0R
B X Ui 3t B Y Na,S,0, -5H,0 % H 2 4m i
T HEBR AR AT R 9 2E R B, A L b SEA
&S
2.3 R[REIWIE Na,S,0,-5H,0 504K cbb K Fik
5y

cbbL F1 cbbM 4351 /& RubisCO I A1 RubisCO II P
Tl 7610 1 i S Sl T %o 7 ) K IV 366 2 A 6 ), AN [
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HH RubisCO il A L5 HE 7T RE AR A0, ot
A . PRSI, SESE R B 26 (AT RR I b ST £
£ 20010 | AT M A HGES I T 0, B CO, X cbb 3
5w | R B hE R, e AR T RubisCO Y LA f 3
3 AT BB T 1 RubisCO T (4715
g oo : LB IE AR I35, T RubisCO T MAHIZ,
Ssoxiel v b HAEUSTE CO, BeNRMBREE T A Ak
m i s it EHETE NayS, 0, -SH,0 W EEAS (b S 75 4l
0o A LR cbb JEIR 9 FE MR, T B W A 3 | A
45x108 SCLA ebbL, cbbM FEPR (R SRERURAE KL cbb JE [F % 5%
soxior | OMERER. MR A R ] Naus, 0, -5H,0 7T 2%
2 z;:; [ 4 P T HER BT cbb FEPR 0 F ket 25 0 (00
- S S J62) BB RT B [ R A BRI S B chbL
% 2oxiot | Fl cbbM ,Na, S, 05 -5H, 0 Y Y EA0XT cbb HeH YR
| IR IR T ATV T 0 cbbL, JEIR 1 7%
5 Lowaos L b 5 o s XA
5.0%107 | 2.4 ANIFEHRPE Na,S,0, -5H,0 &1 T AN A
R LBV I G 5 A ) AT
F G % B, SRR BT WL 2 R AL B 1
ST (@) coptiteaK BRI 1 Faoh 8 VR o 7 R R A
20x107 | FFHAE E CO, , ST B R M 15 5 1 mmol - L~ B,
Froacte o v 2 b b FOU T AL B B AT B CO, 4 R T gk
: U S O D O s St s sk st e 2m
# 12107 | PAEWI E FE I R, A RS R, e 3
T 80x10 | BTETCHLERE F 153 0 A FE AN 2 7 A 11
a0x10 | AL I T 895 140 M B T A R L
T e T HUBRAN | A0 AL i 2 5 A
NaS:03 SHOHefiE/g L™ OB A ALK B AN IR v A HLRR I A AE 2
cbb FERE TR = cbb HE DS Tt/ cbb FeH L eI NENE B0 i S ] Na,S, 0, -5H,0 &7 2550
B2 ARERENa,S,0,5H,0 FH THRAAHE cbb HLAME AR (e 3 T 55 00 4 R 11 35 15 1 6 ok g
EFRERE., cbb EERFER cbb EEHETHE jj, E A 4 A RS .
S WP 3 () P 7%  AEHEGRGUFT B B o 27
thioparus with the concentrations of Na,S, 05 +5H,0 A3 BRI AN i B A HLER , HONa,S, 0, -5H, 0 )

F2 AERE Na,S,0;-5H,0 £HT cbb HEREFRIEEXA G

Table 2 Transcription pattern of cbb genes under different Na, S, 05 -5H, O concentrations

Na,S,05+5H,0 cbblL chbM J cbb chbl, cbbM
/g L7! [ € LB ES L2 € =y JT oy He?
1 3.66 x 10 72 1.15x10 73 3.77 x10 72 0.97 0.03
5 3.23x1072 5.73 x10~* 3.29 x10 2 0.98 0.02
10 6.60 x 1072 1.17 x10 73 6.71 x10 72 0.98 0. 02
15 7.26 x10 72 4.92 x10 3 7.75 x10 72 0.94 0.06
30 6.43 x10 2 1.15x10 3 6.55x10 2 0.98 0.02
50 6.30 x10 72 1.16 x10 73 6.42 x10 72 0.98 0. 02

1) cbbL JI i EE = cbbl, JEDR e TR/ 6 cbb SEINFE SRR 2) cbbM BT b = cbbM BEDNFESRAAR/ K cbb JEDIFE Al
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