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The reduction and detoxification to selenite
by Rhodopseudomonas palustris
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Abstract: The reduction and detoxification mechanism of sodium selenite by Rhodopseudomonas pal-
ustris were studied in this paper. Effect of factors on the reduction and detoxification of sodium selenite
based on a single-factor test and orthogonal experiment were investigated. Results showed that selenite
removal rate by the reduction and detoxification of Rhodopseudomonas palustris were achieved at
98.2% under optimal conditions with concentration of sodium selenite at 25 mg/L, 15% of inoculums
amount (W/W) and cultivation for 5 days. The researches indicated that selenite reductase with the mo-
lecular weight of 182 kD was composed of four subunits polymers and distributed in cytoplasm. Re-
ducing selenite into selenium particles with diameter in 5 nm—200 nm during reduction and detoxifica-
tion of Rhodopseudomonas palustris were also primarily identified by transmission electron micro-
graph.
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AV FEBE . b R A T 5 K HE SR N2
Bl ) FRBE TP HEOR S A, 3 SRR TS S, R K
Hl VR B Al 170—4 900 pg/L, HEHTF R & K
T e B 3-330 pg/L, 487 JF 2R & K i i BE
200-33 000 pg/L, KAA & A H X HERE K rh i v B
{35 300 pg/Lo X BE AT H R AM 5 B s T E KT
IK G HERORRE ) (GB8978 1996)H T KL AE (14 S 1l ik
J#<0.1 mg/L i —ZHERT bR EN

il 14 2 1 A A ) P M S O T IR
1l /iR £k (SeO,>) I WV i iR £5 (SeO5°7) 349 J& 7K ¥ 1 19
R VIR B AR ) LA B . BT RV K,
AN T AP R,

A ARG ) 2 38 22 B v A A Tl g 7K
AL B, H A 8B 2 58 2R R b R s R K
ARG A= o4 G %) R 3 B ) FH AR 9 Y TRk
W SEARIE R A YRR TR ALY A BT
2 F BRI IR IRAE AR, R HX 2 FhiE
Fofr A% 119 41 1 22 H5CHR B H47 76 T o ok STV AT i 8 v A i iR
JE o HJRE, 7= e R AT TR B AT A HLE 5 A i R A
WFSE o 0436 2 T Xk S0l R 3 A 05 o 1) Tt 2 17,
I RERE VA TR P B AR R R A B, T A A 41 €8 LR
PG 75 A P85 5 /I L BE PR AR, AR R A% 5 AT A 0 4 7 A
TSR

AR5 DA S 58 5 O B A B P O S S S STV AT
iR B A A i i 2 M RIS i BE T R R BR, UE S LA R
e 2T A0 BRLTORT R E H0 o ASBIFSE Y A 2 5 B R 2R
Lo(3%) 1E 3¢ 328 56 X 32 B A 208 D IV A 7 55 455 7% 2% 1 ik
Titietl, S0 AY R 6 38 IR IR A T I 5T, 5 XoF VA 7R
AR AL TR ]

1 MRS
1.1 XEHEEMHERIERE

F 52 50 3 DR A D66 A TR Hh 0 9 15 31— R TE
2T {5 SR R B AR DO

R 3% 3 (g/L): MgS0,7H,0 0.2, NH,CI 1.
NaHCO; 5. NaHPO, 0.5, NaCl 2, B} 2, LB
2 mL,
1.2 FERFNESNHFEE

I F: 2 mol/L (NH,),SO4, 0.04 mol/L MgSOy,,

50 mol/L X} & E.¥f, 10 mmol/L NADPH flg##&;,
NaCl, NaSeO;, Bradford i&#|(Jt ot FE0h), B LEE
T MIAPAED), 0.2%% 52w g O (% Dl
W R250 2 g,HIfiE 454 mL, VKESRR 92 mL, &%
Z 1L), BEBGET 10%0KETR-25%C BER 7K R),
5% PB-BiELEE(VIYV), SCHCHIRBE G-100, RN B
b5 S200 (WF 1 f FHA=9)

HEH iRl i A LA (250 kD), 40
(150 kD), 75 H(66 kD), iR {LEE B (97.4 kD),
A= 1ML 7E A A F(66.2 kD).

g B A% 3 Hr i (1CS200, 36 [F 82 A
Al), KR, BURE.OHL(TLL C, Jbnt IR
SEANER AR A, EIRE R4 (PYX 250G B, T
AR OGRS A A BR 2 |, 8 7 20 A 4
(Xinyi IID, ‘T 08 2 B AR AR, S4haT L
HeAr WL EETH(CANY UV-765, ks L2 A BR
D), 7 ST 2 48 (PHILIPS TECNAI-10, fif 2%
R FipE
1.3 AEHERESENE

ICP-AES(HLIEHH G 55 85 1O 2 o Sh AT
ARFRUTE B 1S mL A G AN R R ICT HCLO,:
HNO; 4 1:4 MR & M W h 78 & ik, i
B 90 min, il BE MK T 130 °C, Bjlk SeO;™
ViR . THALIS AR L B oK RS 25 mL & it
R EZE, ME SeOs” MM .

1.4 AEHEFF XS HE L R LA & 8
A

1.4.1 TERAER $9 7K FE 3 S & 4 1 E T I A R 5k Y 52
M Gy G ) 8 5 Ok B AR R R S ol 25, 50 N
100 mg/L MR IAEE IR, WRMEEFEY 15%, 2|
i 200 mL, 30 °COGMENEFE, FERGFRMEE 7 RiE
SeO:” Ay .

1.4.2 35350 ) 33 ¢ & 40 & E R i A AR 26 A9 82 0
AR AN N 50 mg/L. FEFE 15%. e
200 mL. 30 °C JEREMIE IR, 3 AERE TR0 4R 3
TSR, ETRIME SeO> Mg

1.4.3 EMEME LS HEC R AR L85
Me: 7F VARG R A % 224 100 mg/L, %3 &~ 200 mL
(3585 32 R 43 3 5% . 10%F1 15% 0 T A 3 i
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), 30 °COLMRRE IR, 7ERTFRAYEE 5 KIE Se0;™
W
1.5 REMHEIE R R E LR

SRy U 7 S R S R 5% 3 B () R R e A
XoF V2R 1 {15 P T A I G 55k SR A R ), e
WARFRER . R Fp AR SRR 3 MR 3 A4
K, B Lo(37) IE 3SR H0 R A7 1R 385, &R K&
KRR 1P, $ER T DPS #4114 Hr
4iit.
1.6 BRFEZE A9 E

Bl R =(A—B)/Ax100%, X F A HICEYIH K
FrH W AR R AN P 4G W B, me/L; B A EE IR
WA RNV, mg/L.
1.7 ZHAERELE R ER

TEINA 3 R B P G R AP 45 5 000 r/min
B0 20 min JEUCERIK, KB FOKUER, BIRAE
15 mL 74 2% " 7 (50 mmol/L Tris-HCI, 1 mmol/L
PMSF, pH 7.5) . & IFW7E 0 °C RS Pk 15 min,
B0 20 min 5 FEIUE, 65%—85%h ik & vt B 1% 1 (41
MR BOR) HEATEAT

B VE ) L AR T AR R R B i, LR
FRRITTE, i 65%BR AR 2R i d
I 85% i R B L VE R Ax 45 1 o, A0 4% WAl R £ 8
R, 85% i R 4% B it B s, Tris-HC1 22 il
WRRUITE, JFAE 4 °C F THRIZ P & T 12 h,
B 3 /B — BTG 0P
1.8 iR 28 % R EERYIR 41

FRILBIRPESE A Tris-HC1 28 whii ~F- 1y,
0—2 mol/L B 2 Bk FE VEME, Vi 3.5 mL/min, W4E
A VR, 15308 18R BB S FH 2SI R A

(200 cmx1 cm) JZ#7; pH 7.0 ) 50 mmol/L Tris Z& i
WA, I 0.75 mL/min, WOHE YRR I%

A A M G-100 EEFSLIEM(1 ecmx 150 cm)il]
SE R SRR 2> T, FH Tris-HCI 22 /b (50 mmol/L,
pH 7.5) - .

1.9 TrAfER 58 R B 89 48 Bl 72 L

i 2 o A I 240 L ) 5 9% R (g/L): MgS0, 2.2,
K;PO, 8.32, B % 0.4, £ 10 mL, 0.04 mol/L B
iR 40 2% v (pH 7.0)5E 45 o

B 100 mL J5i A BT (R B V%, 13 000 r/min &5
058 5 min, WA JFEA TR, W0 0.04 mol/L W
R4 . 0.002 mol/L i BBk e 42042 W A% T il foff L
7S i o
1.10 B EMLEMERRNE

il 76 M FR OB HHI AE, 4% Guillaume 2501,
W72 GE IR AR 4 A Y 7 7%, ] NADPH 5% NADH
Adk.

FH T 100 S A T2 5 3 I T 1) R N R A R
Fi: 430 pL X —H O HZ v (50 mol/mL, pH 6.0),
7 uL NADPH (10 mmol/L), 70 pL fifi B2 &
(100 mmol/L) K 7 pL 4l 1 4~ 5AA 1% BTG ) 9E
UK, B EMELL 1 pmol JIRHIAE R A B R
F SR Bradford 352, DL Mg & HAEN
Frif
1.11 SDS-PAGE Hjk

i LaemmLi A2 & 775" 17 SDS-PAGE H1
VK, 5% N W Tk e 4 Sl MEFRBE IS, 12% 79 s kR AR Ry 43
BIEEIE . BERCHE DR i P R G A 1 h, AR
(a7, 4% Hochstrasse %54 i () 7 2 R 1,

£1 BEIABERETETREMNENL LG)EZRERARKTER

Table 1 Variables and ranges of reduction and detoxification of sodium selenite by Rhodopseudomonas palustris in the
orthogonal experiment table

[Ef7S

[A & Factors

Strain KV ST 76 P2 4 5 o e 2 P B i 35 F2 5 1]
Level Concentration of selenite (mg/L) Inoculum amount (%)  Cultivation time (d)
1 5 3
TRPELL R T 5 10 5
Rhodopseudomonas palustris
3 15 7
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1.12 ESBEFERBETEM S EmRE &

(1) [ BEAARAIE, Ph15% M
A 100 mg/L WANFR MM ) RCVBN #5555, T
30 °C A N RE R, 565 5 KRB ABER 10 000 r/min
B30 10 min JE YRR, H 2.5% M 2 2% b 36—
FEWE ETE 1.5 mL B0, 4 °C 117

(2) isK: A3 0.1 mol/L WEMRZE mr bk 3
K 1% OsO,4 M1k 10 min; 0.1 mol/L MR 2% il rhise
3 50%ZEEMPE 10 min; 70%Z YL 15 min;
90%Z. B #h i 15 min; 90% A il : 90% L BE(1:1) 1
YE 15 min; 90%N B 5k 15 min; 100% P4 Rk 3 7k,
BFR 15 min; 100%P ;A5 (1:1)32# 10 min;
SR 2 h, A ZER & (K4 40 °C); 60 °C
B4 24-48 h,

(3) WEE: HHUBCRAEELS %I 3 700, 6200,
8 900 1 15 000 1% 1325 57 H 45 ML EE TR A AR, 491
i R

2 GRE50H

2.1 CAREREN IR B X L & 4 PR AR R B R0

FEVRPRLL IR IR B B R P, SeOy” WRIES 1
FEAR, H7E R RS SR R O AT AT E
Y5, A T A0 B A R AR ) B R U vE . He,
T8 R 2T 15 B IR BT 1 85 G 20K SR A IV R S A
25 mg/L A 1 95.4% (B 1), UiBIEFL
B A X A (R A R ) SIS R M 2 BRI T e
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Fig. 1 Effect of selenite concentrations on the removal rate
of Se0s> by the Rhodopseudomonas palustris
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FEVRRLL R IR A B SR b, BB 55 95 i ) A
A A, TR AR B BT 5 A Rt A AE B B R[]
TEREFRINEE 5 K, X WA g 6 14 2% o 2308 3 e KA
98.1% (& 2).
23 EMEMEXEESMEEREERE N
FER PR R W A 2500 T, TR LR A M T
Xof AP R R 1Y) 25 BR A B B 0 25 5, DATRI R4
Pl oy 5%t BRI He i =, 5% 98.2% (& 3).
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Fig. 2 Effect of cultivation time on the removal rate of
selenite by the Rhodopseudomonas palustris
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Fig. 3 Effect of inoculums on the removal rate of selenite
by the Rhodopseudomonas palustris
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Table 2 Reduction and detoxification of Selenite by Rhodopseudomonas palustris in the orthogonal experiment of

culture conditions

bz IV iP5 PR A 4 0 2R T T Bi Rt [a] A PR A
No. Concentration of selenite (mg/L) Inoculum amount (%) Cultivation time (d) Concentration of selenite (mg/L)
1 25 5 3 0.602
2 25 10 5 0.340
3 25 15 7 0.508
4 50 5 3 0.670
5 50 10 5 1.097
6 50 15 7 0.692
7 100 5 3 6.509
8 100 10 5 4.801
9 100 15 7 0.816
K1 0.483 2.594 2.032
K2 0.820 2.079 0.609
K3 4.042 0.672 2.705
R 3.559 1.922 2.096

B B A AR Rk 1 B A5 A 25 mg/L ARG
BREM, 5537 5 d, 15%AN BRI (E 2).

TR LT PN B 7 E S IR L 25 1, X
AT R 0 P 3 SR S RO R A TS R IR o 25 SRR,
FESRARIR LR AT, BRARIERE 3255 5 KA
KB 98.2% (K 4),

__1oo r
é
g 9% r
I
g 80 r
2
Q
E 70
@
60 L L . )
0 2 4 6 8
Cultivation time (d)

4 RAFGTIBFLPRAEE IR 2 A9 PRIEE
Fig. 4 Removal rate of selenite by the Rhodopseudomonas
palustris under optimal conditions

2.5 BEMEN

PR IR LRI . ANMRE L JRAE IR . SR
A TR VR T ) TG R A D TR PR AT RS, R B
Ji A JB AR %) S 86 2 A D G A e v, 3 A
iR £ 340 i il K s A AE T ) AR SR Hh (3R 3)
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Table 3 Localization of enzymatic activities

H5y it 17

Components Enzyme activity (U/mL)
347 B Suspension medium 0.026
HHIEE Cell wall 0.004
JEAE UK Protoplasts 0.016
JEAE AT Protoplast lysate 0.620

SESLUEBH, AT PR R A D R A0 T, I
1 5 5 A B PRI B K 1 BT

£ NADPH SALAEFT, THFRLL AR S0 M 1R R
LA A VG R A S i S B TR o VAR B R TR
A DY %) SIS R R 5 SR RE AR 2y 17 3% 1) 240 B v 4
P4 ali o g o 340 5 E 2 R B B A RSS2 BT
B,
2.6 THEERELICIREGS FENE

2] 0ty £ 4 B T R T S TE 1 R (NHL),.S Oy
W UTTEH A o i i (NH,), SO, ULTE i 25 H I W
e N R FL TR B 8 S HE o MR R (NHL), SO, VR JE hy
0.7 mol/mL B}, AR I EGAESS 4 4> AL Bk
VEME(E 5o AT PR 56 3 I il 76 B 4R 3 (150 kD)
AL F(250 kD) Z (BB Va3l 1H5R, 482
182 kD,
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Fig. 5 Solution profiles of selenite reductase from Rhodop-
seudomonas palustris by Phenyl Sepharose chromatography

2.7 SDS-PAGE T /& B £E B ik

SV AT PR A R R S IR A T R B, &
SDS 2R PR 475 ot e B e FEL UK 257, 4 F 5 43 Sl 2 70
65. 50 Fl1 25 kD (& 6), Z5RRM, AR R i Ji7
il 7E AT IR0 25 08 T RIS IO 2R A W R Ak
FEALE S

1 2 3 4 5 6 kD

—

-— 70
== S .
= = -5
-
= T .50
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-

6 BEFABRPMAIMEBRLFBRAPZES
SDS-PAGE X7

Fig. 6 Different fractions obtained from the selenate re-
ductase of Rhodopseudomonas palustris by SDS-PAGE

Note: 1: Cell extract; 2: Ammonium sulfate precipitation; 3:
Phenyl-Sepharose extract; 4: Sephacryl S-200 fraction; 5:
Sephacryl S-100 fraction; 6: Molecular mass standard.

2.8 E[EFEY BRI E TEM B&#H %R

T A ) T V5 AP P AT PR e 15 % 1) B o 4
Fh T & WARER (100 mg/L)AY RCVBN R 3a e, T
30 °COLIRARMFS, FERGFRIEE 5 KA Bl W i
WEZ, TR A BT IR IR TG B B AR 1k, B R 2 T R
TN B R £ R

E— 253 7 G L A AR, TR AR 4l

W BRI BL S, 4 BEE I, i Hh BLER
WURLRR 2, A7 L A0 M R i AT MR B, PN A
BB (1R 7)o BRI A 1T B S J3 25 8] R 77 A o HL 2
WURL, Kt 5 nm—200 nm, #7252 WA RR G4 75 T8
PR L AIBBA ML TR A B D A T BB, SRR AR
HE— BT T AT BT

1w ‘
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Fig. 7 Transmission electron micrograph of Rhodop-
seudomonas palustris cell grown in the presence of selenite
(%3 700, x6 200, x8 900, x15 000)

3 ik

Painter B £ BE, 2 BEH K P A 5L [R) G iR
AR E 0 N s, BEWEIE B Selenotrisulfides
(RS-SE-SR), #nf i 11,

4RSH+2H"+Se0;%> —RS-Se-SR+RSSR+3H,0

(1

YA TR, S A 3 P I S DA e RK Y
R AETE . 1971 4E, Ganther & BLA Bt H K 5 0 A
2 6 N 5, [A FE AT DL AR B RS-SE-SR, i 44
Selenodiglutathinose (GS-SE-SG)!'®, YEHIEY),
FEA I BGA B . B 4AUA B A DR A R e
i it B A TR 30 D it 45 2 ol A A 30 D it S T B A
P A E AR JFE R BN AR A GS-Se AR AE,
SRS 5 S T RN T A B AR E AT BT,
A=W/ (I

4GSH+2H +Se0;* —GS-Se-SG+GSSG+3H,0

2
GS-Se-SG+NADPH—GSH+GS-2Se +NADP"

3)
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GS-Se +H'—GSH+Se’ 4)
HJG, TEXTIRL ARG . BRIV 2 40 5 M K
PRSI PR R Ao T R B, YA I R R AR
BF, STV PR 1 3 Dk Bt 25 AR, T A AR L 5
A5 K 1% 52 07 R TR) R 02 2E 45 e O 348 D Tl ) 7=
Az, DT E— 25 TiE B A I H R A o T R 3 it g 2
5T WAlERER R I . 75 4k, Kessi 45 X623 I H K
5 WA R W AR AP S B i AT T 2P S, R
TEAT e H R Jir S A5 PR 3 g B JBAlG 174 ok 7 v 257 A=
AR B (0,), X LR T Al R 5k A= W s kY
B, WL S:
6GSH+4H"+38¢0:> —3GS-Se-SG+20, +5H,0  (5)
2 TR, Kessi 25X} Ganther Z542 RIS e H
FRZ: 5 19 B A SR R R AT T ek iR R AR A
e H R (GSH)VE by Ha F b1 1 e 5 AT R AR (SeO5™)
(R S), REES 1 AHhiE] =) GS-SE-SG A
DIVE R 23 e H s Jirt il 55 40048 25, 11 340 it 1l 1) IS 40
YOS 3), 135] GS-SE-, i it 4k i i (2
N 4), A:a GSH R G At (Se®) . SR =AY O,
Al LA AN B A AL BRI A% . NADPH 5 GSH [
FA g U
X T 40 B A B AR Ak A G 7 A T 0 BT AG £ BIL
M, AU, AERERm T Lss
AL TSN ) T AN ], 1T RBAE A AN [R) 9 i i i
BUBE o S5 200 T 44 L PN 3 D g R 00 I 7 2 6 30 1 il
i 12 5 340 35t il 0 TC ML 3 i A FH AL S A AL ARG Ak
G AR T — 2D AR

it

AT T IS 565 % R 1) D' A 20 B P O 3 45 3 %
IV A PR N A A iR T A2 A JRLAE T A AR, IESE B
AP LA RE S . R | Le(3Y)IEE
T2 500 X 1% P A A DIV A R R 4 7R Ak AR AT A, AR
FI VA PR LT AR BN R I SR R A B S T
TGRSR TR N Ky 25 me/L, HEFRINEE 5 K, 15%H
BeRpi o FEEAAE TR, X 0 R 4k 25 B R ATk #)
98.2% X AT R A SR B A AF 5% 2 0L, AR R R A
J G = EEAFAE T UM, o> 84970 182 kD, H 4

F~N
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