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Transportation characterization of copper ion
in adapted Thiobacillus f errooxidans

YAO Jing, XU Wen-jing, LI Hong-yu
(School of Life Science, Lanzhou University, Lanzhou 730000, China)

Abstract: Copperresistance mechanisms of the adapted Thiobacillus f errooxidans were studied in this thesis by
in the wide T. f and the adapted T.{. The resulis

when the content of Cu®

comparing the uptake and transport characterization with Cu®
show that wide T.f is largely affected by Cu® is bigger than 10 g/ L, the active oxidation
of Fe” reduces gradually till completely restraining. The adapted T.f is quite resistant to the heavy metal copper,
in the

exhibiting in the active oxidation of Fe** and its speeding oxidation rate. Further, the accumulation of Cu®*

cell of the adapted T.f is always lower than the wide T.f. Compared with the wide T.f, the adapted T.f possesses

higher power in exporting Cu®*

Key words: Thiobacillus f errooxidans; Cu®

and the efflux system is related to the activity of AT Pase.

ion; transportation characterization; oxidation activity
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FE AR Y L AERRE, YT
IS o AR N T AL 2 SRR 25 ( poly P) 7K A 7= AL IE
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FRER(Pi) SR Z 40 b, Tohl 2 R BER & 4] I
(PPX) BI& =B B3N, T MA polyP K& &L
R TR, HENX RS PPX &N mA
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Table 1 Analysis of mineral components

and attribution( mass fraction, %)

Total Free Bonded Secondary Primary
Cu CuO CuO CuS CuS
0.320 0. 002 0.020 0.020 6 0.277

1.2 BRI

Adapted T. f KL A: FE3EH — & (KR
9 K R %3 (1 = M P I N BRI BE 1) Cu®™ (LA
CuSOs JERIIN), 2R J5H N Z A0 1 A8 A I 2R
Fr AT IR EE SR . TP AN IE N, BRI (A
AReEK, FHEENFRIETAEKE, BERE
BESHE R Cu™ IR IR P gkt 77, I
WIS, MR —IR, #IEE Cu™ WKE, HEW
WEEREZ (B (I BA FEANBE I K, 75 JUIIE AN B 47 19 2%
oWk HHMT R 2, BUASRAES Cu® B BRI
IR AR

1.3 Cu™ S TABRAT I Fe* A AbiG 2 m

BUHECHI) 9 K B3R T 100 mL #E T2 i,
Hocu™ WS 0.10.20.30 .40 g/ L, pH 1H
M 1.8, % 10% ¥ i 43 il B P s 56 B 40 v ( B AR
FAIIIALER) , T 30 CIRGREFE, RARER Sk
W Fe™ FfF

1.4 FZHESEK:

FREX 2.5 g BIARARKT 50 bm (808, TK
B 5 100 mL HETEHEH, MAKEE R 9 K ok
WA FREL 50 mL, BRI pH £ 2.0, £7pH &
ST, BERMARI BN 10% 19 T f B, THERR G
TN 40 mg/ L MEREHER, LAHBRSER TR ]
RES BTG YL, HIRARIE LB . REBUR &G, #
30 °C 4R K 120 v/ min WM 1 25 d. 52
KRR R 10 1 MBRIR AT pH {H, AWK
ANFEFTZER IR Y . e I EURE FE T 7 IR A 4303 =2 43
T T P ) B TR
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L5 AL TEERBRAT B Cu™ M
O B0 W 27 2R R AN AL B R, B WU T

1, EVE)E 2 BT Cu®™ KE R 10,20, 30 .

40 .50 g/ L 79 K M4 (BSR4 R FE K3~ 4g/ L
protein, 30 CIERIRF ;T . #FF 10 min, B —
U, 2h SERUR Y . B ORI, FER A R T I)
VLA PR ) Cu®™ B

1.6 S AL KGR AT B 40 o I ZE X Qo™ B f i 52
EI[EJ[H]

SO0 5005 1 BT A B R A v R R, OB
&, THUEE&F T CT M ¥ ( 100 mmol/L Tris
Cl, 150 mmol/L KCl, 50 mmol/L NaCl, 5 mmol/L
MgSOs, pH= 6. 5) H, W4 M, B0 2 h
(4% 10* v/ min, 10 C) W40 fa B TE . K DT TE &
T RS, R R 7205 vE, 2ol
BRITFT CT BB (& Se/L Cu™), FHFMHEE
EEWEER] 3~ 4o/ L KA AR T 37 ClEEIR
Y557 30 min FALELSS, B 0.5 mmol/ L [f] ATP,
JAEIE H . FEFE 10 min, BU—KEE, 40 min 58 R
N, KA R IRBGE AR Co™ WREE .

B A bR 2R AE K 5 #% B Bradford )
O lE G250 VA

B R P8 B, BULUTAT 3 AN
mh, N H origin AT 4T .

2 SRR

2.1 R EHREYIETR

2 B MR — AE PR B T AR A, U — PRl
G HIFEE, 2440w 1 AR RA R R, o)
AR, it R wstr: . 5SHEEDH
FAREE, 4 BRI Sh IR AR A B A 5 5 1A 38 MY g
73, BVRTSE R YIE 8T I7 7 AL B 25 1 ™ I )
CAPRET

X2 BRI R LR A R KRR A 9 e SR
B, Cu™ VT AR BN B AR K BRI 2
FmEIER . Bk, YRR T, REEATE
BT R 0] B <5 R 5 ) HU I M SRAT v 25 R S B ol
BATNEE . ABFURAIMLIE IR T, WA
PEERBRAT B BEAT Cu™ Bk . Wi EEBOZEAEA
[ Cu™ WREET Fe™ SALAE AR L, WEE T A
NERBRAT B AE YL T JE X Cu™ BIFLHE .

R 2FUAARIREE Cu™ B AL TR0 AT B
X Fe™ EALBE IR ., R 2 TLLEH, X4

Cu™ WIZHEIT 10 o/ L i, &AL WEBAT & (I11k
i) X Fe™ 4L A8 T W52 230, 24 Cu™ WREER
20 g/ L I, % A TRk rh 2 Fe™ AL T
I 264 hy 24 Cu®™ WREEN 30~ 40 g/ L B, Kr
FRHEEPI Fe™ WPEJLF AR AR AL . 5 Y14k HT AR
bt WIS SR BRAT B 7E R BE Cu™ IR ( Cu™
Wy 30~ 40 g/ L), HEARES W Ew, Al
Br R B A Fe™ IS BT 75 I 18] 5353 4 40 #1148
h. RIPZE LY FR)G, ST ESEANTEE
SHEEE, £ Cu™ RN 40 o/ L 1Y, WRILHEK
rr AR . BB ET DL, AR I ES R
MIIIGEE (TR PT Cu™ WREER 40 g/ L) FIAE AR
WA TR KK
*2 AFH Cu®™ RER
AL R B A I Fe™ EALRE T AR 1k
Table 2 Changes of ferrous iron
oxidation ability by T.f under

different Cu®* contents

Cu* concentration/ Time of Fe?* oxidated/ h

(g+ L7 By wide T. f By adapted T. f
0 28 28
10 43 30
20 264 36
300 40
40" 48

1) —Fe* keep no change.

2.2 O XA ARG AT 1 S8 A 1 1R s
I E AR Cu™ 9B B B A= T A 91k 1 4R
R FRIE A8 Fe™ BT FE ), WET Cu™
XA BRBRAT B A VS 52, JERIF 5% B 0
EEBWPUE, SR ME 12 P . mE 1
2AEH, HAERAANE Cu™ KiRiEd, Huas
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Fig. 1 Effect of Cu” concentration on

ferrous ion oxidation by wide T. f
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Fig. 2 Effect of Cu®™
ferrous ion oxidation by

wide T.f and adapted T. f

concentration on

B FRFEE ) Fe™ T TRIT ] (1) 4 28 h, #E Cu™
WEEN 10 g/ L IEFREEF, 1ol 44 h . EAREHIR
REFRFLMLL, 78 Cu™ RN 20 g/ L IRGFREE A,
ZH I Fe™ AL E I B K, Sk, ME
230 180 h J&, A RENPIEELI B, 1. 302 264
hﬂﬁ%@”%gﬁaﬁmmyLm%%%¢,%
FREW P WEILFRAEMENL ., X—8 R
R, uﬂmﬁﬁﬁinh%mﬂwéﬁ%m&
K, BCu™ WRERT 10 g/ L B, 4158 Fe EAbiG
PEBWI AR E R e I0H . SR AEFEAME, YR
Cu™ WREEA 20 A1 40 o/ L #5575k, I Fe™ S AbiE
P BIR S, AR BEFRE T Fe T 2
Wl Jg 33 A48 h . Ut BHEAL W EKERAT 2 YL R 75,
AT A R AP IRPUa R

B9 A5 T AN DAL T PR3 H I R X8 SR I S i
Bl3pn. HE 3 /[EH, ELRRERT, A
AN ERZMERNER 2, B 25d )5, Rl
RHAF 4.53%, WiEf&TA WERN TR 1R
s B S BRI A R H2IA B T 23. 438%
EC BT A= BRR T A4 KR 2R 1K) 17. 888% FHE TR
% HAKRHEOA IR KRR, TERIAW
ANJTTH: 1) ERARKRGAH, FARIR PRl feid MY 36
5E, 2) Fe MAMNERBARKMWIRS . AL
ARG A YR TR G, WS4 R I 1P
FEME, VRO BERR I I 1 v 6 BR AL AR AT ()9 2
ZRFEMN .

2.3 SFEALTEREAT E X Ca™ W

R T R FUEE AL AR B AT B R 4 A B AL
i, RH R FIRRE I AN F Cu™ KR Cu™ £
AL R BT AT B (T 2E B RN DI BE) 40 B i BB AR
O OWE T AR BT Cu™ IR, 453
K4 F15 Fios
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Fig. 3 Effect of leaching time of wide T. f
and adapted T. f on leaching rate
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Fig.4 Cu” uptake by wide T.f at
different Cu®
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M 4 F1 5 AT 50, ZEEBAI 30 min 1N, BEAE X
N HIEEHT, TR B AR Y E, HX Cu®™ 1
W #FGEIE A0; 30 min J5, R N BWE T E4,
Mprh Co®™ SEAFEEZFWIN. 120 min KN4
W

LA Cu™ 7657 AE B AN 940 581 40 P 1 2 (AL
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Fig. 6 Comparison of Cu®*

wide T.f and adapted T. f

at different Cu™

uptake by

concentrations

ZACTH AR, HEZEMNAZRYE; 2R NVEH
1) Cu™ IEE| 20 g/ L B, BPAREANM K Co®™ &
KLY BE 40 ML I 1. 191 £i%; (H 24 & N 19
Cu™ FEFET 20/ LI, BFAREN Cu™ MR
D1 KT YA, B AR 0 40 () Cu™ &=
BRI TYMLE, 2R N T Cu™ 155 50 ¢/ L
i, A Co™ WREIX27.45 mg/ g Y,
TR RAZYMEE A M 1. 715 75, KU
B AT BE B T 9> % Cu™ IER N B @ i
ey Cu™ MIHER, SR B N S R R A

2.4 LI ERER AT A0 A R E X Qo™ IRaz K
N BE— PSR AR BT B0 <6 4 (197
PERLH], ABE TR R 7 Rk, I R e b

TR Cu™ W 1A AR Ak Sk 0 252 S8 A S 42 AT B 40 e
JRBEST Cu™ WS HTE oL, DAl e A A0 AR BR AT 3
XF Cu™ PUHENLE] . B 2R TE B0 40 B JEE 28 2 o L)
S R, A AN R R (JL
H ATPase) A X RN IR ATP /=4
O 2B R, ARHIE ST R 40 B B X Cu™ 1
iEH, BN RSN RIEEERT Cu™ Bk . ] 7 FTR
HAE ATP BT, 40N ZESS Cu®™ IS % .

60

= —Wide T.f
e — Adapted T.f

W
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T

Cu?* concentration in
in protein/(mg°g~!1)
(e
[

1 1 1
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B7 4R Cu™ Bk

Fig.7 Cu™

inside-out membrane vesicles of
wide T.f and adapted T.f

transportation by native

SRR, M FEYIHEAET, A 0.5
mmol/L ATP JA3) & N 40 min J&, 465 70
PEXT Cu® WIZHVKIE N 54.91 mg/ g, 1T & T HF
AR ZENT Cu™ IRIZHI(25. 24 mg/g) . KW
LY TR A SE A A L, BA SR
BRI Cu™ BIHEHBE ), IR K2 25T AR w1
2.176 fi5 . AT UYL X Cu™ IS HTE —Fh ik
BT ATP feftpe & 1 E3hisfnd 72, B 76 AH [\
ZAT, EYIG T SMRI R NT Cu™ 132 5 = B A4
AR 0.5 mmol/L ATP . 1 mmol/ L A&
B AT Pase #II51) KA ATP, WELYIAL TR B 5h
BIEEER) Cu™ &%, 2R WK 8 Fik .

HILATLLE H, ATP B S &Sl K5 m
Y4k B S FHIRZERT Cu™ KB H . £ R NI FEF, A
IATP R NX Cu™ [iEH— BA TRIKKT,
KM 40 min J5, HXF cu® MERREK RA
10. 771 mg/ g, RHIMLEXT Cu®™ FIHEHTFZ ATP
ROtReR . FIFE, 7ERMAARFIMA 1 mmol/L 41
Mh, YAk B AR X Cu™ HIE % % B
W, RMNEEHRE, HXF Co™ EHiME S T A M ATP
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ISR, IXWTRE A T YL B Co™ KR R4
R T AT Pase I EBhsAh, EAFAE S SR
Ktz i, sE L TEERM T —#0 Cu™
FTE.

3 iHe

3.1 Cu™ XA TEERBRAT i Fe™ Ak iE 1 (1) 5% e

AWFFMEE T Cu® XA T ARBT AT 181 ( B 26 1
Y w) Fe* ATEERZm, 4R ER, Cu™
STEFAE Fe™ AIG R K, BE R R+
Cu®™ IRFERIBE N, Cu™ X 40 B i Rl i 2 2 ok
WO SR AEREME, E5 Co™ IR ORE
h 40 ¢/ Ly, JIA0EE 2RI H 40 m A TE 1, 3
Fe* bR ik 334 mg/ (L * h) . #WEA
WA YRR G, "4 R P
Fetk, @A YRR G, HYMLE AT HE PR
Cu™ KN 40 g/ L, iR 65 BRIHT A IR 5T 45 R It
A—g D RIE Ik R, AR R AT R 2
FhEE & 834 v 3RA8 R IF PT /e .

3.2 FATEERGRAT BN Cu™ (TR

AT 53 o W %2 SR AL WP R B AT B Cu™ R
W, RILR 30 min J5, A ATEERBRAT X Cu™
IR T, A G HFEAHER
EHON . LRE Cu® 78 B A2 B A I AL R 40 e ) A
RO EEH, SEAERML, Co® EIIMLEH
frh & B 28 EHER BB TR A
HCu™ B &, X5 Agnes 5 EF 5T A AL B BR

FE T 7 A2 1 55 B B 0 Cu™ VR A 2 36 i 75 45 2R
AR —F . RN, 7] S 2 2 N
W Cu™ EEET 20 g/ LOXKIKRE T B A AT
P REAC) , BFAE TR A Cu™ 5 R U
T YMEE, JEBEE R Cu™ SR, B
e R At R (2, 2% B e I 94k T A AT e
DR Cu™ BB LA R IR Cu™ IIHER, >k
A PN < AR R T

3.3 SR REX O [k

N BE— 1 58 A R AT B X Cu™ HUPEAL
TR A N4l L Cu® I HE H I8 & K & D>
Cu™ MIBEN, LXMW T AN XS Cu™ i3
fn . S5 RERW], 75 ATP WIMEATT, &MY 40 min )5,
YL SR ZEXS Cu™ ISR 54. 91 mg/ g, Y
WM FEXT Cu™ 1B i TR AR . th
W, S@YMbREFRER w5 B A mmEE, B
B R A Y Cu™ HEH I BE ), JIMKEE K&k
BT 2. 176 £, HFHAE ) ATP 2 4tRE &,
se— M EZhIE R AR . ook B R R AR TR A B
TR 2R N Cu®™ 183 50 o/ L i, B4
BN P Cu™ IREE 27. 45 mg/ g, 109110 B 41 i
W Cu®™ WRIE 16. 58 mg/ g . W B HH, FEAL Wk
BRAT B A T E47 20 10 P PR B8 1 B8, SR IR 222
TR NG BN Cu™ FOHEH, AT A 1 A
WK RS Cu® UPENL ] 5 22 58 n 40 g A
Cu™ MIHEH R RS Cu™ IR .

4 e

1) fE—ERIRBEVLE A, 25880 & 1 1
WRE, W53 A R AR AT B A e A T,
YA bR 5 B A W AR AT B, SR R4 I ST e
b

2) GBS AT v oA B A 28 1 o 3 1 F Be B
J: 1) T D X A T I OO 3R T i R A
BT hE; 2) W HO g A Cu* BHE SRR
R LA B T e

3) ICRE N R A Cu™ HEH SRR BT
YA S S A 1) ) B vy A kD ke
T (R R BTRAIR DL ot TR B A 125 1 A )

4) TERREE Cu™ B R, YL M g
WAL AT Pase [¥1RH B 5 FMATZR G K I 40 B A 47
FETBOM T2 1 JE A B 121 PRI L
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