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BRI IR Z R DPRE AR (eI BEBR RS I FE 2 M), e TR B ET ] 1R
FRARUZEER 1 To BeAt, WFF0UEEIL, A E SR IR SR K. 24 pH {EN 4 B, DO ER N REIR
(s, SRR 32 Z L, Acidiphilium J& R Acidobacterias J& 4 15 78 LSRR A AETR K & EWH, 90%
W AEYIE T Acidiphilium; 75 LARRBRE 2k S 5TGm A B RER A BEURIK & 284541 1, Acidiphilium 11 Pseudomonas
AT

X8R EUA 4 CEMREE. BRbiPE: PCR-RFLP: MW HU/K
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Effect of culture conditions on microbial community with
high concentration of nickel ion

GUAN Hao, YIN Hua-qun, LIU Jie, LUO Yan-jie, LIU Xue-duan, QIU Guan-zhou

(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: The influence of energy resources on leaching microbial community was studied. AMD (Acid mine drainage)
microbes was cultivated and selected. In high concentration (59 g /L) of nickel sulphate, with different energy resources,
the microbial community diversity was analyzed by polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) technique. The results show that there are several kinds of bacteria in high-concentration nickel ion, which
are close to Firmicutes, Acidobacteria, and Proteobacteria in affinity respectively. Moreover, the results indicate that the
different culture conditions show great impact in the microbial community. Acidiphilium and Acidobacterias are the
dominant species in microfloras enriched in pH=4 media with ferrous iron as energy sources. In microfloras enriched in
pH=4 media with sulfur as energy sources, about 90% of the bacterium are Acidiphilium. With the energy source
including ferrous iron, sulfur and yeast extract, Acidiphilium and Pseudomonas are the dominant species.
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i W 2B A TR ) 4 A e U RE AR AL BB E AL 1A 3R
17, U AR S AR GRS, BRI L X L
G R A A B A 1) S AL 4 Y R ik,
AMD HEE A SRAFAE 35 A TG g R 4,
ek IR Bt IR A, Rk, WS BE
VRSN R AR AL RO T AR 1 20 235 J 4
AR AR A EE WIS LM E. SENA
wERbins, HASPEE T ETRE T SE5
1.2 mmol/L, FEZT gy, STMAEY =A™ E ) 2 1
o BeAh, B RIS, pH (EEm(pH>4), —
WO A (— A KOS T pH<3.5)4EK 532 3
i, FIRA R AR R RO, AR Y. A,
AT G 48 305 A AR IR H OB ZE M s A R RE, 2 Rl
A TR — AN O R . AR
B 3 P E SRR P UM TR E s R w4, OF
T IT PCR-RFLP [ )5 7:5%% S A 0 A7 Rk v 4 il oy
T WFFL i R P8 R [ R SRR A AR T T
Wi, SR AR R SR R b N FH R LB 18 25

1 PRSI

1.1 #H&EkiR

JE AR /KFEE YLV A TOPUH L &) v
BRI YK, X5 KFEEAT ICP A T03R iTo
AR KFELE 40 CLRAT o
12 EHEEF
12.1 EHA

FEARREFRILN OK TCHR IR W Bk I atias 7 3E, Ll
il (NHgSO, 3 g, KCI 0.1 g, K,HPO, 0.5 g,
MgSO47H,O 0.5 g, Ca(NO;), 0.01 g, FeSO,7H,O
442 g, MHO % 1L,

TEFERBEREFEFE R A3 NN . 44.2 g/L R W2k (LA
NF % 7R); 44.2 /L W R VAR AN 1% 5T (LA NS 3 71);
44.2 o/L TR 1% 000 A 0.1%BERER (LA NY
F£oR), pH HIYHTTE 4.0, FFHEIEL 121 CKE
20 min, 3 IFFEREEA BRI W AR A TT,
0.22 um JEMET JERR 1 -
122 F&HZFH

e, M3 AFER T EECS mL RAAKFER A I
SHIINMN 3 dUE e aRdkrh, [N, 78w deaRit
A 02 mol/ L Ni¥'(Bi MR MHAT w4, 7
30 CHEMMEGFR . FrifidRills Wb i A vk L ik 3
107 4~/mL I, S 1 ARSI & a4 P 25 S mL 42

NI 0.4 mol/L il FRER I & A3 bk, Ib)E, B4R
UGN NI W, IR 0: 0.2, 0.4, 0.6, 0.8,
1.0 fl 1.2 mol/L. >4 Ni* ¥R FEiL H] 1.2 mol/L I, A
WICAETE, FTLL, BT RS M AR ) AR K R IK
5 W ¥ (Minimal inhibitory concentration, MIC) A
1.0 mol/L. LA 1.0 mol/L Ni*' #REALACEE %, Salm‘k
Kheor, IEEOERE R WA NiT1 3 AE 4
BR IR BRI T AR FEA 73 AR NF, NS A NY.
1.3 H[F2H DNA B9 EUA K 16S rRNA £ FE B 15

BARRTIRN 3 AR ALK 4] DNA A 41
BFE R 4] DNA $2 A5 £ (Tiangen, DP302)32HL.

DAJEINIZH DNA R AR, RAEH 5149 27F K&
1492R(_bifg A= T AR TREH AR 25 A7 BRA =) 28 7=) HE
1T 16S rRNA K[ PCR 14 . TRIRSHORE N 1F
94 “C R 5 min; 7F 94 C LRI 45 s; 75 55 TR 45 s
£ 72 CHREL 90 s, 3% 30 MIEHR; HJafE 72 CIRIR
7 min.

PCR 4 34 77 ) 5% 1 1% 189 3¢ W0 gt I el vk Ay
W, FKH E.ZN.A Gel Extraction Kit(Omega)ififl] &
Eiflie
1.4 16SrRNA ERFEMRE. §HESNF

PCR /¥ 5 pGEM-T 7 [ % 4 (Promega)i&i % , %%
A E.coli DHS5a /852 25 41 ff(Tiangen) #4) o % SC P2 . B
ANEE S BEALPRIE 25 /D 100 4 11 (8 58 B 134T PCR 471
Gk, JEHEAT HIRAI o X BHAE TR PCR PRI
Hinp I F1 Msp I, &F 37 ‘CREATBRGIMEEED] 5 he B
YIP=H4di ) EB B0 11) 2.5%B bt s e ik s HL ki
HEAT RFLP 453501 A IR B ) ek 4k s e A ok —
Flt RELP 5 BB, PRI MR (6] B o e ik
AT -

15 RFELES

7 RFLP B 3Eah L, Jepkik 29 A Bkt
1) 16S rRNA 7 A BEAT I 753 #r . 7415k H
NCBI ) BLASTN TR 2K%w, K5, KA
Neighbor-Joining V2% JT 1 ] FH AZ R 791 1) R 48 K
BT . TV MRZRKE 4R, &
1 168 rRNA 3 K7 71 -1 4 4 P ok H ok I T
CLUSTAL W R R K F 4 .

2 HERESH

21 E&EYH 16SrRNA EE =X ES T
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KJZM) 16SIRNA FEH(4) 1.5 kb), 4 T-A sel%)mdt3k
#3233 4~ 16S rRNA JER B ve e, bl ik b v e ik
AT RELP 73 #, V44 29 A~ AT 454 73 25 B 96(OTU) . RFLP
LELLW], NY &EYT OTU % i 8w 1At 2
ANE DRSNS A NF)FE L. 3 A& SRR 1
16S rRNA JE 5] 5[5 SC A AT B, 70 2SR Hh A7
fE—3 5 F AR OTU. fE NF FESL T, OUT (1)
NF-1 HINF-2 75 553 5l Ay v SO S 301 51% 0 27%
7E NS FEfH T, NSO1, NS02 Fl NS04 St # i Al 1
IYRETG, S NS SERE SO R 52%, 13%A
17%. 1M NY #Ean ) 5 A~ 32 OTU NY1,NY3,NY4,
NY7 F1 NY8 735l A i AF it e [ SO S0 10%,
26%; 14%, 10%F1 14%(F 1),
2.2 16STRNA ERFRGZAE S
RARB N RWE 2~4 Fron. AlW, 29 A
16S rRNA HE K 71 Bt N R 4 181 43 J& 5~ 3 AT T 5 A&
Y. Hd, K#E%» OTUNFO1, NFO05, NSO1,
NS04, NS06, NY02, NY03, NY07)& T2 14 1]
(Proteobacteria) it B2 AT 1 JE (Acidiphilium), FLAHRL:
H 98%~99%. {EARJEW 1Y, A 7 4~ OTU(NFO8,
NS05, NYO01, NY04, NY05, NY08, NY10))& T
FLJ B 8 (Pseudomonas), AHBLTE 92.7%~99.3%; it
# 5~ OTUNFO03, NS03, NY09, NY13 fil NY15)
J& ¥ g R B AT 1 i (Acidithiobacillus),  HLAHALEZ) Ky
99%; A5 1 A OTUNS07) 5 ¥y &5 & ¥ 1% )&
(Citrobacter)4ll 1843 B K e, HARBIEZ hy 94%.
AL, 47 2 A OTU 73 )& T-BAT A1) (Acidobacteria) il
JERER [ T(Firmicutes)(WLK 2). 7& NF &EM+, 7)E
T Acidiphilium A1 Acidobacteria [¥) % 2E 4 /& 16S

RNA R EW ERRAFRE, eI 2358
BTLREEN 55%F0 27%(FR 1), TEREF % F 4
k37 485 AT 14 (Acidithiobacillus ferrooxidans)fy iy 7%.
Ak, —2843 J&E T Strepococcus sp. Al Pseudomonas sp.
R AE AR I () 2(a)), 20 50l kBN A D T
M 3%M 8%. &Y NF ML, NS £f i
Acidiphilium B )& W Bt R, 2 N4 NS i
1 90%. 7F NS &&EMH, 5 4)JFFI(NS01, NS02,
NS04, NS05 FI NSO7)H XA E(E 3). FFE, BT
Acidithiobacillus ferrooxidans B (1154 M1 v 1R 2>
5y, 294 NS 16S rRNA T B SCIE ) 4%(K 1). 7F
NS ®HEWH, H 2%MHEY) S E T AR e
(Citrobacter) 4 1%, {HHARIEL Y 94%. TMi7E NF
AW RIS Strepococcus sp., 7E NS &EYT
WA I AENY BV, R JE T Pseudomonas 1]
AR BALIAIFEE, £ NY 16S rRNA 72 32 (1)
47%. HUE Acidiphilium 405, k3 B ST
37%. T 2 FlE YA, NY A B R S R
Acidithiobacillus ferrooxidans 7 [%, 215 NY 16S rRNA
FLRESCPEN) 10%(F% 1),
23 it it

Acidiphilium J& 7 & F 85 7R R 3y A
F= /£, Acidithiobacillus Ja B g A H, H AT b E
5 fiko Kenneth SF BRI, ek 7% Acidiphilium
JE AARE B R T B R B8 I FR2ETE, IR, B RE
fi ) FH 7 6 B RN I RE SR U AT S R AR DT,
Acidiphilium JE T A2 — KRS IEATHITIAE R, R
A WA Hk S = 8k i 3R 15 RE b AT A e
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Fig.1 OTU distribution of 16S rRNA clone libraries taken from three enrichment samples
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Fig.2 Phylogenetic analysis of microbial community based on 16S rRNA gene(NF)
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Table 1 Microbial community composition under different richness conditions w/%

wH4E  Acidithiobacillus ferrooxidans Acidobacteria Acidiphilium Streptococcus sp. Pseudomonas sp. Citrobacter il

NF 7 27 55 3 8 0 0
NS 4 0 90 0 0 2 4
NY 10 0 37 0 47 0 6

AR RAE T, %R R AR TR K Acidithiobacillus B B 4 Bt ¥ B 7 A
i, BERSIE N pH (M 1.5~6.0 (MRS, M4 T  Acidithiobacillus J& 40 5k 2 5UE TR IF A ML AE
Acidithiobacillus J& & b 1 B 5. ik, {F pH {E FJR 8 22 OB ), o, Sk AT
4.0 BFIREFRAAME T, HO BB (Acidithiobacillus ferrooxidans)LLV2k. TG itk 4 Jm

AN, ERERER DA FREELMET, TRACH ™A RE R, WA, WSS CHLE - o,
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DL P A Ry AR KU R Rl R
AT AR, AR AT A A A 2
PR WA —. BEUEW: A R R S
FALIRAAT TR A5 AR a7 B4 s A i A o
TE 25% M SRR LR, =il 14 d )5, BRI 2L H|
80.2%!'®),

TEPUER I A5k A A T v ade A 28] B 1 i
W, HAERERER A G TR R R b F R . S4h,
FE VIR 55 T A4 R PRl 20 A IR AT A1 e 4 1
] B S X L AR WA AW D e G, —L
WU I, B ER B B 20T o 4 B ek AL 3 22
SN (R LA B T AT AR R AT T e 40 W1 1R AT BILAR
Wk IR A R A 4 S SR BT Ee ), X
BEREPE ] e A2 IX 2 PR REAS LR B R IRk R b AR A

MR DR, edh, SRR B A AR A T
MU At N o3 7 A WU, X SRR AR AR
PRERI TR #R B BCH WU N 738 p, B — e RN
VAR VR ARG, i S AR R T AR X LA LA i
BRAm], X T R AT R BRAT B 5 A i — 2
Frv U Acidiphilium == BE5 s 1 JeU DN o kAL B AN S
TR AR, W RS b Al IR R B SR
A R YU A U (R RO,

AR — R E WY R TR e
1o TELMERAE ARSI, 2% RIS
WIAEAE T2 R G ER T A BT R Y, HE,
XRFAY RS BAG LR R TIRE, AR E
2o MBAh, BRI R TR RE A | REER B
W, HACREE T Die A R FRE— 0.
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Fig.3 Phylogenetic analysis of microbial community based on 16S rRNA gene(NS)



548 RS2 (1A R B RR) 55 40 4

1000

994

1000 |

Pseudomonas aeruginosa strain EU331416
Pseudomonas aeruginosa strain EU344794

N
740 — NY11

NY12

NY14
Serratia sp. AB061685

1000

431

1000

Enterobacter bacterium AB114268

Citrobacter bacterium AF025365

963_Beta proteobacterium EF061949

Delftia sp. EU567042

Limnobacter bacterium AJ289885

Gammaproteobacterium AM749761
Acidithiobacillus ferrooxidans AJ295655

875
466 913FI{ 2\\;;5

NY13

Hyphomicrobiaceae bacterium EU266805

Unculture soil bacterium DQ378172

778 957 | Acidiphilium sp. EF556239

1000
1000 —NY2

Acidiphilium sp. EF556242
1000 1000| N3

NY7

Streptococcus sp. DQ346432

Deinococcus sp. EF093134

986 Actinobacterium EF612361
Uncultured Acidobacteria bacterium DQ829636
998 l Acidobacteria bacterium AB252946

802
6'5)7|

Leptospirillium ferriphilum strain DYDQ444291

Chlorobi bacterium AB252950

4 PAEMBETEE 16S IRNA 2L L F 5 H(NY)
Fig.4 Phylogenetic analysis of microbial community based on 16S rRNA gene(NY)
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Acidiphilium JEA1 Acidithiobacillus J&7EA 6] GEIR RS F7
A N ¥AFAE, T Acidiphilium JEANEF LR R, X
LR Ay nl Re R B AR b R E LR, Rl 2
B4 2% pH {H 5 5 (pH > 4) [ IR PR H . )
4l Pseudomonas J&. Citrobacter J&. Acidobacteria J&
LA g R, R, H2ERAAEYR D6
WA — 9.

b. ANEIK & ARG TR AR AP S AR K o
76 pH B 4 I, BAVER ) REVR I & 2R, B
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