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EEEHE Cu’ iME N5 & Ferroplasma thermophilum 5
i Fp E g A = AV EER

PLTR4E, BEE, 2K, FHH, Eikk
(PRI REIN T SAEY TR YR S8E HE AL, Kb 410083)

B E. AW SRR B Cu?' N R, 5 B Ferroplasma thermophilum TE4 ) 5 HABET Flh g B
M (Leptospirillum ferriphilum 1 Acidithiobacillus caldus)iR 51578 2 W0 A ARTHBE - SEE0AE 250 mL FE 384T,
KAk SIS FE BT, S8 986E i PCR(Quantitive  PCR, Q-PCR)EAFEEL F thermophilum 43 )
55 A WA o BERERA B RN B A o 85 SRR 7 0.04%(w/v) BRI UNA T, L. ferriphilum YSK 285 724 )
R B 5E A, 110 At caldus s2 AR AE KA Z NG F thermophilum L1 5 L. ferriphilum YSK JR & 5577
Tk T IR X L. ferriphilum YSK FIFNHIEH HARHILAAK; E thermophilum L1/At. caldus s2 JR-GE:F-KR AT,
F thermophilum L1 BN BEALEE AW A caldus s2 #IEK. 75 /L CO*'WHAN, F thermophilum L1 55
L. ferriphilum YSK WRERF, E thermophilum L1 AR, L ferriphilum YSK R K2 F thermophilum
L1 5 At. caldus s2 W & ¥EFRRE A RBP4, L R E kA A A AR R

KBIR: VBN Ferroplasma thermophilum; WhRIfER: BERERY; Cu®

HEDES: TGl464 NHEkFRERD: A

Synergies between archaea Ferroplasma thermophilum and
two moderately thermophilic bacteria under
stress of yeast extract or Cu**

ZHANG Li-juan, JI Hou-guo, WANG Yu-guang, WAN Li-li, ZHOU Hong-bo

(Key Laboratory of Biometallurgy, Ministry of Education,
School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: The purpose of this study was to explore the ecological functions of Ferroplasma thermophilum when it was
mixed with Leptospirillum ferriphilum or Acidithiobacillus caldus under the stress of yeast extract or Cu®". Population
dynamics of pure culture and mixed culture were compared by using Quantitative PCR, and synergies between
Ferroplasma thermophilum and the other two moderately thermophilic bacteria were evaluated. The results show that the
growth of pure L. ferriphilum YSK is inhibited under the stress of 0.04% (w/v) yeast extract. Yet, L. ferriphilum YSK
grows well in the presence of F. thermophilum L1, which indicates that the toxicity of yeast extract to L. ferriphilum YSK
is reduced in the mixed culture. The results also show that there is no influence of yeast extract on the growth of 4z. caldus s2
in the pure culture, and compared with the pure culture, the cell density of Az. caldus s2 at the stationary phase increases
in the mixed culture. Under the stress of 5 g/L Cu®’, when E thermophilum L1 and L. ferriphilum YSK are mix-cultured,
the growth of F thermophilum L1 can be promoted, while the growth of L. ferriphilum YSK is inhibited. The mixed
culture of F thermophilum and At. caldus has a positive effect on the growth of each other, and can mutually promote
ferrous or sulfur oxidation under the stress of 5 g/L Cu®".
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IR, B FASFEARRAR K E, 7}11)”
AR Z R R R, SE TRl & 2 R
Acidithiobacillus ferrooxidans N JE L HFIEE, WEEPE
W AR RO 5 [ Ak 2 0 1R il ) e rp g
I Ferroplasma J& 5 BIALRA Ja AR &b K &AL
LR, B H H %2 S A B 2 R B R AR
MRt ARIE LD, BRI A S D RE, Xﬂlﬂbk{ﬁ‘é

Tl S e i R A TR A B X

Ferroplasma J& 1 TR AL W2k, &TEEE&\ B
GBS P EW A N REAAERY, Hire A 3 i
Ferroplasma 7 W M1 K5 4r 43 2], (45
Ferroplasma acidiphilum Y\ Ferroplasma acidarmanus
Fer1™™. Ferroplasma cupricumulans BH2P', 117 A 5256

ENR W R LW EAA R T H 4 b
Ferroplasma thermophilum, 34,0 L1, %5 s

pHE N 1.0, HIEHEEHN 45°C, IV ERIRAT RE
TESTAE AN, A ol Bk S5 5 72 A vh afe v 2k
Koo BTN AP 3 fift ™ ) ol B A AT WL
FIEEAHA, A EFRdpE, JUH R Bk AL B
TR (U Leptospirillum <54 BPEAE AU, JfIHAE
Kl a R )y, BRI RCR . Ak, &
WHARPEE S SHESEE T, HAED A #E
HHEH . 1 Ferroplasma J&VEMR & T MR . BL
4 8 SR AU SR PRI ot )z NV H T4
AR MBI, R R . W OKIBE A
JOHNSON"R I, Ferroplasma MT17/Leptospirillum
MT6/At. caldus W& & ¥ H 280 % R & 1,
Ferroplasma 384 FERA & 2 PG B 5 HoAth iy A
BT A TAE A AR IR R i A . Ut
Ferroplasma spp A5 & & ifd 2] EEAEH] .
EARWEFE, A SCVE 7 AAS S50 = 1 0k 743 21 1)
Ferroplasma thermophilum L1 1E HIFRXN S, FHEHE
A HIDCAREBRR 1 AR 2) R 43 25 1 (LA Cu fE A
RFWNE T E thermophilum L1 435 5 At. caldus s2-
L. ferriphilum YSK Z [AJ[WJUrEAER, CAWIE T
Ferroplasma spp {5 EWNG G b A 25D g

1 LG

L1 EFRIEFFN

ASEIG BT R R At. caldus s2, L. ferriphilum Y SK
N F. thermophilum L1 ) H#E 58 AEWVE 4 A 5L
EIYBRAF . At caldus s2+ L. ferriphilum YSK Al
F. thermophilum L1 53742 B O HIE SCERIY 7

yJ[10.14-15]

1.2 SR
1.2.1 ERRERIA T E thermophilum L1 4355
At. caldus s2 L. ferriphilum Y SK 2 [A] ¥l [F)4E
1t 0.04%(W/V)BERER WME T, F thermophilum L1
5 At caldus s2 L. ferriphilum YSK 2 [8] ¥ [Al4E
FSZ kR 1 fisl. E thermophilum L1 Fl
L. ferriphilum Y SK #% LIV ZRAT A GEds, P DA 5T HAE
A B 38 1) B E) A I S B A VS i 50 g/L
FeSO, 7TH,O LASE 78 L ALY 1T H1 T At caldus 52
DL iAo s s, Jirbh B thermophilum L1 Y5
At. caldus s2 Z 1A HLA P AR HIBIE SR 5 40 S50 2 )
RN 20 g/L FeSO47H,0 F1 10 g/L B JFehRAE Ky BEUEA
ot T AT SR A0 106 pHAE AN 1.5, Bi IR 45 °C,
ERE 12 h HOREDUSE 200, SR A ko ook oF S

=1 AAIIHE SR BT

Table 1 Experimental design under stress of yeast extract

Test F - L. 0.04% Yeast Mark

No. thermophilum  ferriphilum  extract
1 + - + Fer
2 - + - -L.f
3 - + + +L.f
4 + + - X
5 + + + +X

Test F At. 0.04% Yeast

No. thermophilum caldus extract Mark
6 + - + Fer
7 - + - —s2
8 - + + +s2
9 + + - -X
10 + + + +X

+ Containing F. thermophilum, L. ferriphilum or Yeast extract
in culture
— Without F thermophilum, L. ferriphilum or Yeast extract in

culture

1.2.2 £ Cu WA R E thermophilum 5y 55 At. caldus.
L. ferriphilum 2 8] [F] 4 H
Cu>' (4 HT4l CuSO4SHO Ay il 30 73 sk 1) M
WEIRIE Sy 5 /L. EMINASAETS, E thermophilum 53
M5 At. caldus~ L. ferriphilum 2 1003 [5) 1 A0 SE 565
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Table 2 Experimental design under stress of Cu®" %51
Test F L. Yeast extract Mark % 787
No. thermophilum  ferriphilum (W/v) %)f)
1 + ~ 0.02%  Fer = 74l
2 - + - OLf g
3 - + 0.02% 2Lf =
o 7.0F
4 + + 0.01% IM ©
5 + + 0.02% 2M
2 66 1 1 L 1 1 1
Test E o At caldus YESTERIAC o 0 20 40 60 80 100 120
No. thermophilum (W/v) )
0.02% Time/h
6 + - . Fer s N N 8
’ Bl 1 ALK SR A R S A0 e K A
7 - + 0.02% 2Ac . . o .
Fig. 1 Variations of cell densities in pure culture and mixed
8 + + 0.02% 2M

+ Containing F. thermophilum, L. ferriphilum or Yeast extract
in culture
— Without F thermophilum, L. ferriphilum or Yeast extract in

culture

1.3 Q-PCR #fiEEET L

s SRR G R IR R A 2 2L 20 DNA
TIANGEN 4 # % K41 DNA $2 U S L. $2H)
4HEINZH DNA FJH] NanoDrop® ND-1000 spectrophotometer
(Gene Company limited) ¥ 141 5 J 5€ 18 At. caldus F
L. ferriphilum ¥550E519 % 8 LIU U 06 .
FE. thermophilum 'F§ 5 1E51 2 [ ZHANG 2" S0k .

L PCR 2 W 1F T-Gradient Thermoblock PCR 1%
(Biometra, Gottingen, Gemnany)H'#17. Quantitative
PCR Jx N filf X #% &y iCycler iQ Real-time PCR
detection system (Bio-Rad Laboratories, Inc., Hercules,
USA). H &R % & 850 01 2 | ZHANG 45170
ZAMMIT 25575

2 FHR51R

21 EBEBMBIEBT E thermophium L1 5
L. ferriphilum YSK Z |8t E{EF

GAO M5y R I, L. ferriphilum YSK X ELE
B UK, 0.04%~0.08%(w/v)EERER O A 3%
YESWHEIE] o F thermophilum L1VO3fE 3 955, Wk
WA HARK BT, LAE 0.02%~0.05%BERER} 441 T
WRe BRI A K. Rk, 76 AHF 50 bk BUA
0.04%(w/v) R E R 8 55 o 2lils 95 SOl A 5557
A ZR A WA VR SRR A DL 1 2.

culture
1.0
()
08 F. thermophilum
23 L. ferriphilum
.S 0.6}
b=
1)
2,
£ 04f
0.2+
0 NN RTTRTTTIOTT
0 36 72 120
Time/h
1.0
b) U F. thermophilum
D L. ferriphilum
0.8
g 06p
=1
1)
2,
£ 04f
0.2}
0

0o 36 72 120
Time/h

2 RERFRRR L. ferriphilum/F thermophilum BEVE 451
A

Fig. 2 Molecular monitoring of bacterial community structure
in L. ferriphilum/F. thermophilum mixed cultures at different
times determined by Q-PCR: (a) Mixed culture without yeast

extract; (b) Mixed culture with 0.04% yeast extract
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25 R LW, A6 0.04% I BE Ry B8 2% 14 1
L. ferriphilum Y SK 4l 95 K52 252 24 HIOL K 1),
X5 GAO MR TMTF . W 2@)FIREA
IS INEERER R G R FRA6 R P, L ferriphilum YSK 1E
WK H A X T E thermophilum L1 £ K52 3]
el . Xk — 0 KW BERERY I AF AR X
L. ferriphilum YSK ‘E & =40 HH, HE N
F. thermophilum L1 1E% Kb o

VN IR BERY IV 5 R TR R AWK W2 T %2l
B FRR RIREE(LIE 1), (b nT#EW, L. ferriphilum
YSK 75 I RER (R & 55 75 b I AR KT REAS 1552
PRI, Q-PCR 45 Rt — D IAIE 1 I HERT 1) 1E
TTECILEE 2). K 2(0) BT~ iR A B F- ik R BEE A4k T
H1, F thermophilum L1 W IIAMARER T ERER 4011
F, ARHE T L. ferriphilum YSK 2K, JUHAEHT 72 he
L. ferriphilum YSK fEIR G B K R PAE I H] (36«
72 1120 h) I o L5140 5l 80%. 85% K1 30%, HIH
PRV L 30 2 v TNV T Al I8 ik e (LR
3), Hp e AL KR i R ik 2 16 5L 3).
ERBRETARR G W, E thermophilum L1 f {3, I
TEVR G AR Z T IR AR P iy T 2B IR I R, T
4D JER DR A2 TR AALE S5 S g sl A 43 = R K i AR
YERF AR AR

AR 1 M2 15, E thermophilum L1 A7 AEDR,
B TRRE T L ferriphilum YSK FOFNHIVER, {uk
L. ferriphilum Y SK {5 AR S T Th 2B K 1
P AR AR B R A e i O B A TR S TR AR R
F. thermophilum L1 J5¥/EK: .

2.2 HEEEEMINET E thermophilum 11 5 At. caldus
s2 Z Bt EI1ER

&l 3 A%, BERERS(0.04%) ITEAEXT At. caldus 2
ARBEAMEEH . X SARREH L Gt g K—
B, At. caldus 2 FTAGREA TR, REREHIH S 5hn . fift
T RANSEAE R REls BT, e HUADCR PR B RERy ak
HIZEBIDAEE P IEF AR,

EFFREWMNE R, At caldus/F. thermophilum &+
BEFAR R W2 i T & AR IR R, HIg T
PRI IR IR L Z AL 3), dlid Q-PCR #—2D
ST SR B AR AR . SAEH LA T
At. caldus 2 25 I, F thermophilum L1 I
P T AR At caldus s2 RIEWREBE(ILZ 4); £ 72h
PRSI, At caldus s2 fEIRG R FRARZR T I BRIR FEIA
F) 12X 10° celimL, = T~ HE4ERT % 1 KR B (8.9 X 10cell/
mL). {EIRGEEFRAER Y, F thermophilum L1 {EH]

R3  REMWNA FL. ferriphilum M E thermophilum{E4li 1%
e BB B SR A AN I 8] FRYRRTR RE LR

Table 3 Comparisons of L. ferriphilum or F. thermophilum
cell densities between in pure culture and mixed culture with

stress of 0.04% yeast extract

Mixed culture/
(107cell'mL ™)

Pure culture/
(107 cell'mL™)

Time/h
L. F L. F
ferriphilum thermophilum  ferriphilum thermophilum

36 0.8 1.4 4.16 1.04
72 0.5 10.2 8.33 1.47
120 1 7.7 5.88 13.72
8.4
B SEITET
82t - L,
N
g 8.0+
3 78
=0
> L
g 1.6 =— Fer
g e—-52
g 74‘ *_+52
(o] v——X
© 7.2+ a—4X
«—+s2/Fer
70 1 1 1 1 1 1
0 20 40 60 80 100 120

Time/h
B3 ARG BRI R A A Kt AR 1
Fig. 3 Variations of cell densities in pure or mixed culture
(4—Sum of A4t. caldus and F. thermophilum cell densities in
their pure culture respectively under stress of 0.04% yeast

extract)

136 h ) KEAAAE, Py LBl 56%, HRHE R
TAURE IR B (IR 4), J5U R B B v b gk
Rl s /2, H At caldus s2 ¥ TCHURE A AT HLIRE
BEE thermophilum 11 {/EK) oR S E thermophilum
L1 {EBANRG R IR R DIy Eefl (L 4) SRk i
(WL 4Bt IS 8] PR A T /), BAIC T L aliis o
HERTH, JRF AT R REETE FEAR)S, BAK
B LR AU = T 2 RE R, (AT AL caldus s2
KEAKET, HMHEFEE 2 A, SRR oA
FAR T E thermophilum L1 *EK:, H 4 S8IET,

2.3 E thermophilum L1/At. caldus s2/L. ferriphilum
YSK 43 Cu* it 5
FEARTA] Cu® WRPBEAAE T 5 3 Bl S g B i X b
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FERERERY R Cu® WA R 4 1 Ferroplasma thermophilum 5 W30 e S EFRAN B 1 0 [ 46 269

0.8

| EAAL caldus
0. 3 F. thermophilum

0.6F

0.5F

0.4F

Proportions

0.3r
0.21

0.1r

0 0 36 72 120

Time/h

E4 FEEEER e NIRG IR HE thermophilum/At.
caldusT & 25 F7L A,

Fig. 4 Molecular monitoring of bacterial community structure
in At. caldu/F. thermophilum mixed culture at different times

determined by Q-PCR under stress of 0.04% yeast extract

R4 CEWEEMMRA T F thermophilum T At. caldus TE2RE
e FHVE 15 1 77 o AN [7) I T P s R 2 B A

Table 4 Comparisons of F thermophilum and At. caldus cell
densities between in pure culture and mixed culture under

stress of yeast extract

Mixed culture/
(107cell'mL ™)

Pure culture/
(107cell'mL ™)

Time /h
At. F At. F
caldus  thermophilum caldus  thermophilum
36 4.9 3.1 4.84 6.16
72 8.9 10 11.75 4.35
120 7 8.7 6.9 2

AR S AR W 5 o . BRI 5 T4 F thermophilum
L1 SR PTIE, BARBEE Cu® W 8 i,
HAKZ B — @ mEl, B Cu™ W BERIER nE] 20
g/L If, HATREAERC,  H LG M A0 kA AL 22 7001
J 0 g/L Cu* T 36%H1 67.9%. L. ferriphilum YSK
PSRz, B Cu™ MR, JEHEON Rk
2 F 0 BANE; 24 Cu R EIA R S @/L I, L. ferriphilum
YSK IEAS IEAE K % S C AT s — 8.
AR, ARER . e B R N AN I AR ) e Sy
WK E BT, L. ferriphilum B &y LE#195,
Il Ferroplasma spp. it b L34, 5 L. ferriphilum
YSK MLk, At caldus s2 WPAHIYEN B55E, 24 Cd’
WIEH S gL, BIIREN 0 g/L Cu™' 1 50%; {H2
Cu™ WK T25F 10 g/L i, HAE K2 21 W 4] H.

22
20— 3 At. caldus
13 L. ferriphilum
- e@ F. thermophilum
16

14K
1211
10K

Cell density/(107cell-mL™")

o N b o
[

1 3 5 10 15 20
Concentration of Cu*/(g-L™")

5 Cu™'Wixt F thermophilum L1 At. caldus s2 ¥l L.
Serriphilum Y SK ZE K1 5200
Fig. 5 Effects of Cu®'
F thermophilum L1, At. caldus s2 and L. ferriphilum YSK at

concentration on growth of

exponential phase

RPBOU B AR BT A RS R, Cu® e st
Brhik e 5 g/L ¥ Cu® WRIEAE R 41k

2.4 TECUW'BMET E thermophilum L1 5 L. ferriphilum

YSK zZ 8 E{ER

HIE 6 I, 7655 g/L Cu® AR, AN BER uk
AN INEERER ) L. ferriphilum YSK 4537 4E K 52 3]
st HIERSEARE IR Z 240, 132h J5, W
BREAEIINUN 29% 25475 T2 BB A Cu® i1
RCEANEIE ], IS INEERER 1K) L. ferriphilum YSK 2ii3;
FrAE RS2 3 A A FH S i

KU TERER XS L. ferriphilum YSK A KA 4005
YER, i E thermophilum L1 £ LAV ZRAE Ay Mk — BEJR I
ABEIER R, PFrEAARSCIRIR AR IR I 0.01%A0
0.02 %M BF By w5 /S BRBEBFJUAE Cu® " ihid
F. thermophilum L1 5 L. ferriphilum YSK 2 [a] 1 [ /F
Mo HE 6 A, MAREG TR R I BEIRAL D
TALREFRSER A, A Q-PCR BEVA At 2 AL (W,
)T, BERERY A N TSR 0.01%18 %
0.02%, F thermophilum L1 {E3EANRAG R A R Y
AT AL, ARG R IR ES S T B S
AREFE BRI FE (LR 5) o 1X /2 T B S8 F. thermophilum
L1 S girkss; HIk L. ferriphilum YSK K325
Cu™ A>T WAk B IR S AR, FL 4N
fit =yl aedt— At F thermophilum L1 £ 1lxt
FLHAS 1 0.01%18 BRI 75 18 R (LK 7(2)) A1 0.02% 1%
BERP RS AR R 7(b)RIL, 16 0.02%7% B
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7
=—2Fer
6L e—2Lf
A—(OLf

v—2Mix
“\\ *—2Mix
N — 2Fer+2Lf

Cell density/(107cell-mL™")

0 24 48 72 96 120 144
Time/h

6 1F Cu™' it FAliRiIR SR A B IR R AR AR 1K

Fig. 6 Variations of cell densities in pure or mixed culture
under stress of 5 g/L Cu®*" (O—Sum of L. ferriphilum YSK
(2Lf) and F thermophilum L1(2Fer) cell density in their

respective pure culture with 0.02% yeast extract)

RZ M, L. ferriphilum YSK [F)24E K BSTUR LT, X2 H
T F thermophilum L1 & ERERIIRE N 0.02%. {11L
5AER, F thermophilum L1 Kt , AUREE T
RERY X} L. ferrviphilum YSK FIF0HIVE T, [RIRHE A AT HE
et L. ferriphilum YSK Pt B, ik 5 w41,
L. ferriphilum Y SK 75T A4 Z P (R TR BEAI T HL AR
FEAR R YRR S, 3X 72 T LA XCE A6 E H -

ZE PR 7E Sg/L Cu®' A N, E thermophilum
L1 5 L. ferriphilum YSK I8 535721, F thermophilum
L1 (K2 BEHE, 1 L. ferriphilum YSK th¥ Cu®*
BEPE SO 5 A5 AL [R5 i 52 2140 o

2.5 Cu™'BMET E thermophilum L1 5 At. caldus s2
Z a8yt E1E R
MRS 2.2 W45 R, WERERY X At. caldus s2 [HE
KBRAMHER-, FrUASEE 25 3 452507k R

(a) U F. thermophilum
L0 3 L. ferriphilum
0.8}
72}
=
)
£ 06
o T
2,
o
= 04l
0.4F
0.2t
0 Y E—
0 36 72 132
Time/h
1.01(b) = F. thermophilum
= L. ferriphilum
AR T
:\\\\\\\\\\:}\\Q \\\\\1\;\;\
0.8 AN M
\\;\\\\\\\ AN
\\ \\\\\\ LN
2 DA DN
WA AL
2 0.6f AN AN
5 \\\\ AN
S |mm NN AN
S AN AN AN
04NN AN AL
. AR A A
NN NN \ NN
LN AN \\ \\\\\:\
NN AN AN
DN AN AN
0.2 N\ NN NN
NN AN AN
AN AN A
W NN AN
0 AN NN NN
0 36 132

Time/h
7 RAREIRSINL F thermophilum/L. ferriphilum BE/% %5

Fy Azt

Fig. 7 Molecular monitoring of bacterial community structure
in F thermophilum/L. ferriphilum mixed cultures at different
times determined by Q-PCR under stress of Cu®: (a) With
0.01% yeast extract; (b) With 0.02% yeast extract

AT 0.02% R, AR ST M JEERE FA R 2
1AL AR B I 4 P

AEERFRRNR A RFREVREE . Fe®' S SO MR AR L
W 8 s, G9RFEN]: REFHIERIVEKEL W%

F£5 1 CoZMHA T E thermophilum 1 L. ferriphilum TF25537 J T2 5557 AN ) I A) AR R0 HL 3¢

Table S Comparisons of £ thermophilum and L. ferriphilum cell densities between in pure culture and in mixed culture under stress

of Cu™*
_ Pure culture/(10”cell-mL ™) 1M Mixed culture/(10"cell-mL ™) 2M Mixed culture/(107cell-mL ")
fime F thermophilum L. ferriphilum F thermophilum L. ferriphilum F thermophilum L. ferriphilum
36 3.44 1.07 4.54 0.135 4.140 0.430
72 3.89 1.11 5.204 0.036 5.028 0.101
132 3.2 0.8 3.64 0.006 3.261 0.010

1M containing 0.01% (w/v) yeast extract in mixed culture; 2M containing 0.02% (w/v) yeast extract in mixed culture
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TR TR R, HU T AR o Al 7R
PR IEZ (LK 8(a)). HHULATHERT, M aR AR 7=
PRZ A, PR FEE E 2 AR A K VR 5
4b, M Q-PCR e 45 14 S AR A (LT 9) F il ik —
S8 e AT IR A B TR R b AN [ B[R] 25 ey 1) e

120
(a)
2100t
»é =—Fer
= g0} °*TAc
D *—FertAc
=)
= 60 ke
& 40t
Q
<
3 20}
0_
-20 0 20 40 60 80 100 120 140
Time/h
4 — Fe?" in pure F. thermophilum L1 culture 40
(b
4.0t ®*—Fe* in mixed culture
= v—S0j" in pure At. caldus s2 cultre 127 =
= 3.5H\ 4—S0;" in mixed culture =
2 124 2
& 3.0r o
o
e}
g 25 121 @
1
o
- =
% 2.0 lig B
£ 15¢ g
§ ' 115 5
£ 10p 2
S g
0.5 12 ©

40 60 80 100 120 140
Time/h

8 fE Sg/L Cu’'HHa FARRAIR S BRI AR
)% Fe* Rl SO KR FE A 1L

Fig. 8 Variations of cell densities (a) and concentrations of

020

Fe** and SO (b) in pure culture and in mixed culture under
stress of 5 g/L Cu®"

Halw s (WA 6). tHIbTT A Sailh Rk 2L,
BAKZR T E thermophilum L1 F At. caldus s2 K
JERI R RS R PAESE: AE Ca AR, PR
R G E IR Re A A A AR K.

HH & 8(b) T LA th: S2i5F-HLL, . thermophilum
L1 Y5 At caldus s2 WG 355, R SE 4540 (1) I 1]
PERIIT 24 h, HIRGRRTM SO WAL W3 T4l
FEFRAR AP, RISE 22 1R B SThm e S o Eh O RTHAE,
1t F thermophilum L1 Y5 At. caldus s2 £ Cu™ AR,
A b2 TBAFAE 8 A P [ R H

0.8

S F. thermophilum 11
0.7 3 At. caldus s2

0.6}

0.5F
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Fig. 9 Molecular monitoring of bacterial community structure
in F thermophilum/At. caldus mixed culture at different times

determined by Q-PCR under stress of Cu®"
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Table 6 Comparisons of F thermophilum/At. caldus cell densities between in pure culture and in mixed culture under stress of Cu*"

at different times

Pure culture/(10”cell-mL ™)

Mixed culture/(10"cell-mL ™)

Time/h
At. caldus F thermophilum At. caldus F thermophilum
36 2.6 13.52 16.76 9.91
72 29.33 21.67 31.33 36.67
132 50 1.3 52.64 39.93
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