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OB b THRBBE RS B BEE A, R R E R A Y SR S L AR AR
WA RIEAT T REBR SR M B 1020 55, T2 — AR5 GSY —5* WIF= S ZEAUAT 1 . I i N & BB
A4 S5 R TR AE LA S T AR RS F7R SR, REZ A R B AR K /D A (1~ 1.2) Bm x (4~ 7) Bm, SEJE 2 HEE,
K/NA(5~ 15)Bm x (10~ 30) Bm; 3FFRFH= LM, FHREMEATE, KAKN(1.5~ 1.7) Bn x (3~ 4) bm . B
THREMEAIZS), KA WERNME . ZE A KT pH b 7.3~ 8.4, RIEAEKIEEN 30 C. EH W[ AR 77
B KR, BABRMNEFAED) . 8 PO T2 AT v A X R R I AR B AR AR R AE, TTIACH GSY —5#
TR A2 Tk R 6 40 A1 I 2E F AP BT . (8 GSY —5* BBk S B B A RS RERR S 4 1048 AT AT T AR R
BHA&MN pH 7.2, 30 'C, 200 t/min, W HEE S%, BH 7d.5 FHFEKA/S 5 M 4.58, 6.74, 6.03,
5.09, 2.93 $2F % 5.88, 8.45, 8.55, 6.79, 13.54, R ZAREER M H A — €M BRERE T .
OBRIR]: RERR RGN MOCETAT I 0k MU REMGME; WL B
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Screening of silicate bacteria and bioleaching silicon from bauxite

NIU Yinrjian, QIU Guan-zhou, ZHOU Jrkui, QIN Wemr ging
( School of Resources Processing and Bioengineering,

Central South University, Changsha 410083, China)

Abstract: In order to obtain some strains of bacterium which may liberate silicate from bauxite with a high Si content,
some strains of bacterium were isolated from materials such as garden soil, biological fertilizer and bauxite mineral using
nitrogen media. The phenotype characteristics such as morphology, physiology and biochemical tests show that GSY —5*
bacteria belong to Bacillus sp because they are rod shaped and can produce oval endospore. The sizes of bacteria and en-
dospore are (1 1. 2) Hm X (4 = 7) Bm and (1.5~ 1.7) Hm X (3 = 4) Bm, respectively. The cultivating conditions of
GSY —5" on solid media and in liquid media were identified. The results show that GSY —5* grows best within pH range
of 7.3~ 8.4, and the optimum temperature for the growth is 30 C. T he microorganism can fix nitrogen because it grows
very well on solid nitrogen-free mineral media and show apparent capsule. It can produce a rich variety of exo-polysac
choride in liquid nitrogerrfree media. In comparison of characteristics of GSY —5* bacteria with those of mold strain of
Bacillus mucilaginosus, GSY —5% bacteria are a strain of Bacillus mucilaginosus. In this experiment five bauxite sam-
ples containing aluminosilicates as impurities were leached with silicate bacteria GSY —5* at pH 7.2, 30 ‘C, 200 r/ min,
for 7 days, and the ratio of Al,03to SiO5(A/S) in samples is increased from 4. 58 to 5. 88, from 6. 74 to 8.45, from 6.
03 to 8.55, from 5.09 to 6.79 and from 2.93 to 13. 54, respectively. The leaching results indicate that leaching with sil-

icate bacteria is useful in the improvement of low-grade high-SiO; bauxite.
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1912 4F B 5 A BT 5] i 38 v 43 59 H — Tl g
OMRRERR SR G40 B . 1939 4F R R e 3 W 7 1L K
BRAA T HEN I 5 SIS BXFh A, Ik
HAR M HERR th 41 54 ( Silicate bacteria)[l] . LT
T3 — PR PR AN R, B R o AERAN AN ER R R SR AN

R R S A R E A, ANCEATHEBE L AT

BREMIVER, IR RAREH> Y AR
iy 44 4 B 5t ZF AT 1 ( Bacillus mucilaginosus), 1t
T B H % ORI AT B, B K RIE
I RIORZERIFT B (Bacillus circulans)'™ ™',

P A2 o e R 3k 4 TR REAT T 22 07 T R
Gl T BN A SRR, B %
e B AR A = 01 D TR B R T, R A
N EN H TR I 2% o TEIR Fh 40 B AEH ) N
AT IR 9 ad 15 B AEREAE B B, ELLE i 07 TH R B
FARGE 2! O S A AR T A B R AT
THRRERIFE, Iy B 2] T 2 REERR 25 40 1,
RO = It T PTR E Y &

o
1 =55

1.1 4045 M e

1) 3 7R R RN AR S 3 M
woOTECESE, Rl 1t 2F, 3 B E2 A
RNEMT 5, 4%, 5% .

2) YR WIEE IR AL, gy
6" .

3) R RASK R, G T .

1.2 R

1) 4385 TS R A s R 2 R S g,
Na,HPO, 2 g, MgS0,4°7H,0 0.5 g, FeCl; 0.005 g,
CaC030.1 g, #+H 0.5g IHE 10~ 20 g, /K
1 000 mL, pH 7.0~ 7.5. 121 ‘CKHi 20 min . 3544
B TR B PR VR EOE AT E

2) Wik FEE MRS g, NaHPO4 2 g,
MgS04°7H,0 0.5 g, FeCl; 0. 005 g, CaC0O3 0.1 g,
EH0.5g, /K 1000 mL, pH 7.0~ 7.5.121 C
K 20 min .

1.3 SETE

KPR BT st

1) PR . % A IR 2 I #us b, AR
55~ 60 CIF, 43 HEIAN 28 AN(£9 em) T K B (K355

me, MBI 10~ 15 mL 55373, S0 B &
SERR BT

2) &M EBTF . BT FORFEI 2 24 RS
10 g, 73BN B34S 90 mL 5 & ZK O 4E 7 i,
SRIGAEDEFESE LIR A BEHE 15 min, {E40 8 M2 B 44
BEESET Sk, #iHEJEEE 20 min, 15 240 5# &
W K E R 10 5 BV MR W B B 4 AN
[F) A< P55 ) 4 AT AR

3) WRATTAR . RS s 20 0 4 o A % 0. 5
mL, XM FIREE TR, H IR
A HUAERBIRTT .

4) BFRET 28 ClRMTIEEFE 24 h, F7FiK
KEAFAHKFEE, BIER, 85553~ 5d, MR
NS A T B v AR KA DL

5) PR VR G TR . AR B VRS H B0 I TE) DA R B
WITERS, MBEFREEAR Bk BB k1) 3% B
W%, AT, HBBRB AR .

1.4 AR MIEES BB R E R

1) BFEMEARMEL . 3B GSY —5" 40 1 43 Wil Fh
TR R R AN A AR P L, 28 CH:
I 48 h, WL AR AN B 1 AR B LA BT S R
M EREESFEEEIR .

2) ME AN | MER I 24~ 48 h
F BRI GN R 12 3, 5 Ak 508 i 41 B8 4>
BIBHAT F 22 e | ZEfa et | SER YLt MR Y
o, WA ITEA, WS008 K

3) RS FRIEE MBS pH WF9T . kR 2 4
SRR 3 B (M) BRI R pH WRILLT 5 /ME L
H: 5.6, 6.6, 7.3, 8.4, 9.1, 1% 48 h HIHEWK,
TRy B A B LL B 5 B pH HISFE#R b, AR
P HE %0 BT 5 % AR B )3 AN PR AR

4) WAREE FEIE P A B AE K 5E pH WFST . B
PR b 40 W AR 55 72 2 ) pH P B CLR 7 AME A
M: 4.7,5.5, 6.1, 6.7, 7.5, 8.2, 9.1, %5 48
h BB, 4% 1% B LB 53 Epp 2 DL E 7 FAFE
pH MIRERRER VR AR 75 38, BRI T 28 C. 200
r/ min FISE T 8555 48 h, I8 & Ak BB 1% 55 0
SRR RGN

5) RiFRiR XA E A K . FHE9F 48 h
MR, $% 1% [ LLplBph BIRERR Ehl ik R 7R 56,
Sy RIAE 15, 25, 30, 36, 45 CHIZ&M: FHERIE 72
h, W5 AN R B TR 15 TR R RS 40 A

6) 20 B e A B AE AL R R AT . SR LT
AT, B LR R PR KA, R
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1.5 B0 20 MR o

FHRERS Thal % GSY —5* %f A .B.C.D .E 3t 5
AN REHAT AP RS . FoP R A D R R
WIRF f, B.C.D.E 38— /KA 5 &g
AR A AR 4 1(RE L) L
BIM R 4 FARKANTREY, &0 K
ALOs F1 Si0, FfE AR 1. SEIRTE 250 mL [ HETE
P EEH T, AT 90 mL B N AR R R,
5g W FE(RifR< 75 Bm), B 10 mL EESHE L
W IR AR 2 5 P b T 5 B K I GSY —5* Rk
TR  HEEE T3 R 200 o/ min 3R 5
FERT, fE30 CHRMETEFET A RGEEMT K
RR HARYIFE 60 min, WA AR, I 0. 1%
1] NaOH #9300 Bl AR M PES 5 min, W5 B 8 44
BE BTN REN  R BT T ALOs 1 Si0;
TEME, 5344w R

1 BT SRR ALOS FI
Si0, HHR(ESH, %)
Table 1 Contents of Al,O3 and SiO; of

bauxite samples( mass fraction, %)

Bauxite sample Al03 Si0, A/S
A 60.71 13.26 4.58
B 69. 99 10. 38 6.74
C 68.9 11.42 6.03
D 68.92 13.54 5.09
E 62.3 21.28 2.93

2 ZERE50MH

2.1 HRSELR
TETR E6 40 B 73 B9 P AR AE 28 CTRE5FR 48 h, JF
AR BRI o IR B[R 73 B A R A HY Y
B HEA 7 e, Horp HIREADR R R R R 40 v 43 B
AR B R SR, TR S
R RGEEE AR, SeaPki 13 FRE vk
NG EVIRA B, %S GSY —1~ 13",
X 13 PRYH B AERERR Eh Al P i R 7R 2k B HEA TSI,
W [ B IR R A R SR A R 2 AT
( Bacillus mucilaginosus) 153X W ¥k 1) B 7% 2F 1T b
B, RILGSY —5* WMk 2, W& AEST,
R, EY, WikPhEn &AM, Thdkse,

E R R I R RS O AR . KRBk GSY —
5" W BEATALRESR, X IEA | BRI UK
AR AT S E

2.2 HBETFRMER
2.2, 1 BRFRMhANEE RIEESR IR
8 GSY —5* g pH= 7. 3 HIRERR £ 40 3
WARREFREE T, 7F 28 °C . 150 r/ min 5488 T 3555 48
h, IR ELSR 108 AN/ mL, AMESEKREL .28 C
FEEE 48 h, MEIKEHEES 107 A/ mL MLE.
TS HE PR TR IR B T E W Ay
B, IRz . MR SREE TN 0. 1% MBS
B, 4 AR I, 40w T, (HE
TR FE BRI
2.2.2  BHRTAR 40w B TR R
FERE B AR B GSY —5* 4R AE 30 CF
B 48 h, W2 i, WEIEST, R,
FEW, AR, PolRm TR ks, RAEPRE, WK 1.

Bl1 GSY—5" Mm% LA
Fig. 1 Lucent type colony of GSY —5% strain

2.2.3  IEUIERH 40 IR IR
i _ERIR, WE R, FHEHNN, i
K, EW] .

2.3 MRHIBESUEE

S RSP AR B AR AR T B GSY —5* 4
WIHEATE 2 Qe | R | SEIR G | BB G
0 BIVERLEE SR . R I T S K
FE, BARKFIR, KAK(1~ 1.2) Bm x (4~ 7)
Um, JLIE 2. 4w SRR, SMETE, KN
(5~ 15) Hm x (10~ 30) Bm, 5 SCHR[ 5] RIEHE 3
FAARL . B 22 IR YLt M . 7 AR 2R A, B A S
3R, FREMEE, KAK(1.5~ 1.7) bm x (3
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~ 4)Hm . BB NP URAEAIES) . HBROAKE
MEBHE .

- K-

v
0.5 pm

K2 GSY—5* 41 BA(TEM)
Fig.2 TEM image of GSY —5% strain

B3 GSY —5* 4T {38l o)
Fig. 3 Micrograph of capsule of GSY —5" strain

2.4 pH XA A K

ME T 5 FAIE pH B~ E B S A 7 A
ANE] pH IR ARES TR 5 h A IR B, 45 R LR 2 F
3 RIAIR AR AR W] AP AR E 2 e A 1 77 2k
B, fE pH= 7.3~ 8.4 W4 B A K 4F, £ pH=
6.1~ 9.1 Jul N AR REAE K .

2.5 WEXAMEAKRIZmN
BHITABEIRE A 6. 4 x 10° AN/ mL [ GSY —
5% BHE BRI AR 15, 25, 30, 36, 45 CHIZAT:
THERSE 48 h, K 5 FREEE R B R0 1 4
WRE, G5 ILE 4, RIL GSY —5" K BEEK
R 30 C, 715 CLATAI45 CULEAREAK.
H& 2R 3IPHMBEIRELE, RKILGSY —5* 41
PIERR R R AR Kk, Rz A K< .

2.6 GSY —5" it = A M AR

St GSY —5* 4H B ¥ JL I 3 2 A B AR Ab 4R A gt
ITTIE, BFEXER R 2 MRaTFHEaym
IYfE, XPRIERE RENE SRS E A WA
Mo, XTAERRE RN EIRSE 2 MEARLEWH
AN ffE, LA S A T ) i g e 2, U5 &5 2R A
X5, LRI, GSY 5" 4E 5 B. mucilaginosus
B R ) AR B AR A RE M AR R

2.7 GSY 5" AU XA [ 28 A R4S+
W
GSY —5" 4 X 6 PR 1 FE i I 7k 2k 5 L
FKo6. A LURIL, A E N — /KA S IR A .

R 2 PARIEIE IR pH (B 4 B AR W (AL N mL)
Table 2 Effect of pH value of solid plate on bacterial growth (unit: cfu/mL)

Original pH value 5.6 6.7

7:3 8.4 9.1

1.9% 107

Number of bacterium

8.0x 10’

1.4x% 108 1.3x% 108 5.1x 10’

®3PERBAARIRE P pH {0 0w R KK (AL 4N/ mL)
Table 3 Effect of pH value of liquid culture medium on bacterial growth (unit: cfu/mL)

Original pH value 4.7 5.5 6.1

6.7 7.5 8.2 9.1

5.9% 10° 5.1x10°

Number of bacterium

1.9x 107

9.0x 10’ 1.5x 10% 1.3x 108 9.1x 10’

F 4 WX GSY —5* M AEKMEM (A A/ mL)
Table 4 Effect of temperature on bacterial growth (unit: cfu/ mL)

T emperature/ ‘C 15 25

30 36 45

3.3x10*

Number of bacterium

2.1x10°

4.2x10° 3.9x 10° 5.9x 10°
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#£5 GSY —5" [y —Lu R E A AP
Table 5 M ain physiological and biochemical

characteristics of GSY —5" strain

Physiological and

B. mucilaginosus  GSY —5*
biochemistrical reactions
Decomposition of high

molecular mass compound
Amylum + +
Glutin + +

Decomposition of carbohydrate
Glucose + +
Sucrose + +
Fructose + +
Lactose + +
M altose + +
D- mannitol + +
Citrate - —
Decomposition of nitric compound
Nitrate - —
Phenylalanine = -
Other reactions

Catalase + +

Oxidase - —

“+ 7 indicates positive reaction; “— ” indicates passive reaction

PR A AR AN TIRA WE — &
PIBRERCR . o 5 &S A B FER) A/ S B T
AT 6. 74 $2 3 8. 45, SRR AT FE A/S
HR AT 6.03 325 3 8. 55, 5 M-I A7 it B A
) A/S R H AT 5. 09 $2 52 6. 79, 154 Sl
PR FER) A/S T E ¥ AT 2. 92 & & E 13. 54,
ORI . H ALOs Rl &, #7E 90% LA k. {H
KB GSY —5" AN AR T SRR A A v Ak SR
AR, A/S UNER HHTH) 4. 58 2= %) 5. 88, H.
ALO; FICEAT, RA 73% . BB 45 Rk

%6

F, GSY —5" iEMREb AN A B — e rIMiRERE ) .
2.8 TR R YL T

RS 6 40 BN AR RE IR AR W () VR A LER H Rl
AR %1 Grondeval I\ K TERR H 40 B X AR e
IREEIAEH S0 25 M A IR « A 41 43 1 v A F
B g R N L AR, S ER 2B
YN B 2> WA A LR (5 B R B AT AR %) SE N .
SR VR T A4 A Je B R TR v 0 ok, A B
BRI 43 Va8 1T s T RN T BT 1) i 0 68 it P T
P, AR A BCR BT . (HAA BF AT R IURE TR £ 40 v
TERE TR FE IR A=, AW R B 4 B 7E 85
FESFEPIR DR, HFHMy EHAHE, BRER
AR SR KRER AN 2B . AT
TR, mA  RFA i DL S A
WURL(RLAE< 75 Bm) 7EIXFh 2 8 Wl 2R R4
srictEe, Horboa e i o B E PR o T [R)AE R
PR — KB AR A AR T T S AR PR UTE - A REIR
RGN BN T ke B BT A 2 R AR AR
YR IEAE R BT S, A TR AR R SR R il 2 A
FLOEUBNE R A, — KB AR AT W) 2R BT T RS
UL ReR R £ 40 BN A T A B R AL B LA R AR
R W RERREZE, BT EAHA.

3 4ie

1) FeEMR Eh 40 B A2 RE 8 2 MR ER RE TR 3h ™ O AL
ARG — KRB, KR AR SR
VIR RIEFEHE N 0 B ENZRME . AR 55
Fl—HRg 5 A GSY —5" BIZERAT B, @i 5% B
AT IR A AR A SR R BURRAE DL K FEL A © A
B &AM, 5 R A B ( Bacillus mu-
cilaginosus) 13X B8 bk LA K SCHRT 13] #1945 Rt 4T
bL A, R GSY —5% B bR & — MR AR IR h 40 B i

FERR R B GSY —5* W48 1 v Bk ()98t R

Table 6 Result of silicate bacteria GSY —5" leaching silicon from bauxite

Bauxite Pre bioleaching Post-bioleaching Recovery rate of
sample w(ALO3) /%  w(Si02)/ % A/S w(ALO3) /%  w(Si02)/ % A/S ALOs/ %

A 60.71 13.26 4.58 62. 66 10. 65 5.88 73.0

B 69. 99 10. 38 6.74 70. 36 8.33 8.45 92.9

C 68. 90 11. 42 6.03 72.15 8. 44 8.55 97.8

D 68.92 13.54 5.09 71.22 10. 49 6.79 95.9

E 62.30 21.28 2.93 74.21 5.48 13.54 97.1
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2) 1 FRERR Eh 4l B GSY —5* BHEH &R [6] Groudrev S. Use of heterotrophic microorganisms in min-

R Y 4, 76 pH 7.2 .30 C. 200 r/
min « 5% W KRR BT, B 7d, 585
FERI A/S 23 IM 4.58 .6.74 .6.03 .5.09 .2.93 2
55,88 .8.45.8.55.6.79 . 13. 54, KW iZbkAE
IR Eh Al B R R T B — e RSO

3) X AN B R AL EREEAT T 4128 0 HT .
A FERRAS JE 4l 1R Ak ) 32 2 R R, 0 T 0 A e TR
P FEAE AN S . 4B T ikt
B BT Ao AR K AR T AR B A 2 BT D

IR, 0 A AR RERR AR W ORLRE 7))
AT BRI W, T KA A 2R E

RS .

4) KM EW I ERATR L0 B, AT EL
fermtn AL, SR Y R R, F
] B K PR L AR EEK . I izt — Dk
R, IR B RCR I AR, At
LY BRERT SR AL 2 A A R, R ALAGR
HAAE, R TV N T 26
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