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RERE SRRV YEREE A RTE, B NANRER AL M7 B 317 FF R AR, 0 60 2 8 R i
FEHERETVYTENENTAERLRE. ABRABBEFR SN RE S 0 I B8 (Aspergillus
Sfumigatus) Xt & BREEBREL T Y MELUH MBI 4 B RALME AT . X8k A ICP-OES | 2 8 5.10.20.30 d #5FHK
TR Mgt Si B B[R i XA LR B pH AR S Y 4T 4 A B E L R AT SEM R TEM W4 S Y
WMEY-TYEEE. GRRAEHEERRIA MR REERR T M 1 SIFREAR N SAMBEEK
REA K, MEHST Y8 REEHWARR, AR BN A E 5 BUH M B BAMIM BREER IR P = ERRKE
T By T X0 9 9 KL s SEM I TEM JLER 45 2R B W 3 & 7 H A b 28 X o S0A FVBOME & 89 AL 7 AR 3 .
SR B AT A o A S0 RO T B XA PR R K R BR VR R R L3 A B 5 A A D B 2 A 5 4
BT KX BERERMEAGHE. BRAERAFTER ST YWMAEAEH L8R 50U DR RUAE Y B R B8

AT BT IRR A T AR .

KB R ECE A KL E R R B2

HERETFYEBRA AR, SALKET
MEFEBEHX., MAEYEREY YK XALEA
TR 5 YL B LBF R B2 5 £ i E (Bennett et
al. , 2001; Maurice et al. ,2001; Gaylarde et al. ,
2004; Rogers, 2004; Aouad et al., 2005;
Benzerara et al. , 2005; #EE%,2005; Fisk et al. ,
2006; Liu et al., 2006; Kulczycki et al. , 2007;
Liermann et al. , 2007; £ ¥ %,2007; Daghino et
al. , 2009; Sanz-Montero et al. , 2009), F E & I
EMEYES BT (Dong et al., 2003; Favero-
Longo et al., 2005; Konhauser et al., 1994,
1999, 2002) . YW EM MK BN EREHE L
(Crawford et al. , 2000; Lian et al. , 2008; Welch
et al. , 1993, 1996; Wu et al. , 2007, 2008) .+ 1%
R 5 #E 1t (Barker et al. , 1997, 1998; Favero-
Longo et al. , 2005; Rajkumar et al. , 2009), 1 1
AL REY WA RE F (Badr et al. , 2006;

Vacha et al. , 1995) % FiH. TENR, M HMEY
G EA L RAE R IERE R KE LR
BH A Ay A TE LA B4 BRRAE 3 55 5 SU B 5T 51
BT AN Z R E(Fisk et al. , 20065 Kulezycki
et al., 2007), —pg ik BREL 9 ) e 8O AU
FOEAERBOAN AT A TREEE CO, Fri i Mg’
MBAAIRENHR S EEMEERALY T E
IR AT WA 5 3K (Baris et al. , 2008; Teir
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KEERER L ABEYELAEERETVYRA
BEFEIR MRS M A, X EEHF A
TR Wy R B SO AU A P B DL A2 8
FAEME. W B AR B MM E (Aspergillus
fumigatus M B 8T (Aspergillus niger)) RAL &
HEEREY YRS MR CBUSH 2 # R (Lian et
al. , 2008; B §E %, 2011), AT BF X R FERTHI L4
B Rl L, T FR 0 il o i S0 A RO A XA AE A
RSV , R AE Y TF R e 80h R
ARELULA#E—-BERRBEERET WA T
CO. [ 2 B FE SR AL R
1 MR ETT
1.1 ##
1.1.1 HEH™

Wi & THO003 B # ( Accession No.
DQ459328, GenBankdatabase-

www. ncbi. nlm.

nih. gov) {777 i [ A} 2 B th 3R AL 2 BF 5% B SR 3R A=
VR¥SEAMRF L. ZAERERBEEREN
30~50C, 40 CREE RS HZEERMEBE.
1.1.2 ##

WA AR MHEREHERLY Y. L¥0TF
A A (Mg.Fe ALLNDSi, O, (OH), , H“HEEA”
ANEERSSIOJMEEF AT #E L 14
BHREHBEITTZE. MO —f S REMERE
T8, 4245y F XK (Mg, Fe), [SiO, 1, 8 # H B
A (Forsterite) Mg, SiO, 5 & # #% 7 (Fayalite)
Fe,SIO. B B4 M. BATRR . REESEEET
ROEEEZHANRAR CRELM S ,2003; ZH#F
%,2003), KB A SCA MR ARELS S HPE
P2 Bt 3t 2R AL 4 BT 5 B LS Y 58 R Mg B F X A
B, wsCaRREFBSHAZRNE BB,
MM AERRAEBREY. BRLFEREEBER
WD SRD IRE 07, K LB T .

®1 BEANEMATUHLERS (%)

Table 1 The chemical composition of serpentine and olivine( % )

SiO; TiO; Al O; Fe; O3 FeO MnO MgO CaO Na; O K:O P20s LOI Total
S 41.33 0.01 2.41 2.50 4.13 0.02 37.25 0.11 0. 07 0.05 0.13 11.61  99.62
(6] 43.49 0.012 1.81 9. 30 - 0.076 43.13 1.38 0.24 0.00 0.013 0.56  100.02

i+ : S—serpentine; O—olivine,

1.2 A&
1.2.1 EMHEFRSHE

FHERAMBEACKENERE EERE
(NaNGQO, 3. 00g, K, HPO, 1. 00g, MgSO, *« 7H, O
0.50g,KCl1 0. 50g,FeSO, « 7TH,0 0. 01g, B 30. 0
g, Bk 18. 0g,4liZk 1000mD B EH, F 40CHKMT
RFE, 15 1L 3d JFER—3R 4 A 100mlL 2 B WA 3 3%
3,7 40°C. 150rpm £A TR G EF 1. BIEH
B AE R T RE A KL 5 R i k.
1.2.2 myAMERAREREN M . Si RER

W5/

(1 KRBT H: BT 407 M il 2 Xt i 80A Fiaig
WAT e, HEBRFE B AR  BE R L4 FoK 4 F
SFRm XS AR A SR RE 4 dAHE,
B EE I B ER; QO KEH(ZEXEALE
FERBEEEER:Q BREGEREREEMRO®
diKVER . FEAS A B B 6] (8] B (38 5.10.20,30d) 4
BB 43 A % B AR XAk e 80 B XA O A B R

B Mg™ #0 Si ¥ E .

B 250ml =i, K4 EO. QMO M
A 100ml # KB FF IR (B IR VBAR 3 SR B oh 19 MgSO,
« TH,O A% E K K, SO, B #, DRI R G B 5
gk DA M Mg® ) A BE @ insisk 100ml; R G
L AL 28 R Ay B SUE S A T8 0. 5, H AL
HERE  EMALEEOMAREMK 2ml, L BEO M
BHRREEBR: L EOMONEALE K 2ml, BH
SAEAT A0 C /M T HEFR, U (O AL I
wm,

(2) WAL BT SR . 43 BI7ESS 5.10.20,
30d MO .Q.Q..@% 3, REEE S /F M H
pH {H, B .0 B EiE WS g, ICP-OES (Inductively
Coupled Plasma Optical Emission Spectrometer,
Varian, Vista MPX)OIEMERBBHPE FHEE.

X ¥ B ¥k R 20d BORE G BOE iR RASY ) TR
A # SEM (Scanning Electron Microscopy, Jeol,
JSM-5600) i 22 & fE & EDS (Energy Dispersive
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Spectrometer, Shimadzu, Vantage) 43 #7., H{&k#
FE 35 3% 47 i A PR IR A8 B S Y R F SEM 4% 5
8L, BRETGE, B R E A =L A B
20min, SEM TAESH N : TIEMBEBE 15KeV,

B RABEBR AT ESY R TERER T
H.REETHMNEL, BRKETE#17 TEM
(Transmission Electron Microscopy, Jeol, JEM-
2000FX) %, TEM T{EH £ Ky 80KeV,

BEEFFHEAMSE BL, M EBFBRA GCMS
(Gas Chromatograph-Mass Spectrometer, Waters,
GC-TOF,) #47 M #h B /E A e 80A B A =9
WE. LK HM: A%t DM-FFAP, 30m X 0. 25
mm,0. 25pum; 3 X.: & 4 He, 1. 2ml/min; £ 8
. 100°C £ %F 5min, 100 ~220°C, 10°C /min, {£ £
12min; #RE . BERE T 250°C, A EL 5 ¢ 1, R
1.5upL,

2 ZRHHH

2.1 HELABUARXBERR M Si RESH
2.1.1 A ERAERERER Mg RE S

AR B 7E B R WE S0 B R B B R
A, BT ERE B A KB Me™ T 3 BUH i
BXT YN —LHE TR, & 1A 2
SRR U, M il B AF A o S0a OB AR BT R
A9 Mg™™ W BB R T H A =% A A, 7
R A KA SCa MBI A B YE A . A E
Ve R e 800 A A Bk Me™" iy B 2T LB
MR BAE SRR BT, Me® WEFES 5~
10d #y Bt ] Bz A A8 4k B bR, U BA 785X A1 B TR BT I A
HH 28 B9 A A T 0 B HE R, X 0 B0 B UL AR o B
B . T T B A A R Mg IR TR
20~30d B B 1A] Bz A A2 1 B bR 5 P it 2 X e L
A AR A B9 AL A RIS AR 5 0 o 28 0 A R UL AR
K, BS5T YR EEmEX.

XHHE 1 M 2 85 R A LUE B, 5 ik B E A i
SCA AR FEA R B 1 T A BB ) Mg™ WRE B B
TR A R, UGB T M B0 A X O A R 5
A TR, XS PR YR [ B R R A R S
EH K. WOARRREM, BEE/N, 755, Rikzs
FERARTHET KB EBE T, B FR54n
SEALAT, BT LU X B 5 9 KA s T RO 4 22 55 R 45
BRI R B8, RS BAR D TE B B T K B8
ERE T, EELSM R XL, BT LT EL
BE, ABERA. 75, 5HESEREELRFE KN
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Fig.1 Analysis on the Mg?* released from the

samples of serpentine
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Fig.2 Analysis on the Mg®* released from the

samples of olivine

B M A R BEESS 20~ 30d M Bt Mg®* Kk B A
TR, 3 T RE 2 B F RN 0 S IR G54 Lo R
RIS AR 10d EARBER BB Z MW
Mg e R AL/ A R BN 7 25 55 o 3E , 3 L o 1) 7=
Wy R ME U, B 1 B I A9 FE K i — 2B AL,
BB A R BoRfE 30d EE BB Z M
Mgt ,
2.1.2 BYEAEMEREEN S RESH

A0 i B DXL 7 P 0 B0 OB 7 I R AT
Si W BEWISE , 4558 L 3.

B PR 3 45 BTN, M A0 FVBIE A R B Si
Rove B B R AL A A 5 B Mg® W
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Fig.3 Analysis on the Si released from the samples

of serpentine and olivine

UMY, LAt SCa MM A g i BAE A R
HET Y REEES, RS WBR. & TERA
4 & A S5 F 5 0 80 MR R R E L B B0A R R R
SimBRAELMBARERRY SIKEES., X
W R REGEW N IESCA LS REBWHEAES
% A it B XA e A
2.2 HHEBERAREAMBRARKEN pHES
L1 GC-MS 4 #f
HE—2 T BEHE R AR YRR D
Mg 1 Si L, X B T KAk 3 5% 2 A 4L
B pHEGR 2).

R2BgA WUAREARENE pH EHEL
Table 2 Changes of pH value to the samples of serpentine

and olivine in different time

B 5] wea A
d 1 2 3 4 1 2 3 4

0 7.9317.93|7.9416.53|8.02|7.95/7.96]6.40
5 6.8518.10|8.18|8.08|7.79|8.16 (8,22 |8.14
10 6.43 [ 8.08 ;8.18(8.26|7.17|8.04|8.20]8.34
20 6.33(8.07 |8.20|7.62{6.577.928.33]8.56
30 6.2718.12|8.12(8.10|6.08|7.93|8.26|8.52

W1 HWER 22— RIS W R S— B R B 4—kER

MEE 2 PERBATLIE L, REH H 0d) i+
w0 B L KO A AN R A 4 B4R R B e Aa A
WA REEH RN, gk ERMRHEZHRE(H
3% 6.5) . AR KERE RS, M il EE RN
REEpHEAEE TR, 258, HWHRMT Y%
M EREAE R Y Mg™ .SI SEBRERKERKN
MR YA X, AW pH H 2 FREK.
TiHAM =A% A RN pHEREHF TR 25

B R KT B A IR B A AR R AL D
diKfE AR ERRE pH EEAR K. /TS5 KR CO,
KAEF HCO; ERA X. RBREMN 4 HEEFHFE]
AEBEMAN KB O FBEE RSB, pH
HAEZ 7.9 FRE 6.1 FHir; %t B 45 i iR RE
BH—EHATHEE, pHER 8 £4, X 3B 4 i
BT Y BP 4 T AT g a M
A7 A RAGE R A=

AR SCH R AL 35 32 W0 1, R A GC-MS 43 #7
7 o A XU B SO R B R A N T ER PR AR
WYL SR LE 4,

5.68

100 L. TBR B
il
—_~ 1.33
§
bl
4t S
2% *
735 14.67
0
0 4.00 8.00 12.00 16.00 20.00 24.00 28.00

if 8] (min)

A4 AHMEEMABLARRE GC-MS 447
Fig.4 Analysis of GC-MS on the sample of

serpentine by fungi

B 4 B, 4 il AR i 80 R B AL R
EETRIABFR.CBRNEREFNY, X LR
P ) B Al B XA e S A E R AR T BR R 18
TEEEH. MBS RINESELEBHIRF
fits . 5- B -2k g BV B L 2- 2 R AR -5- PR Rk g 45+ L
A YLER , T RE XS 4 ) AL A s — € TR .

RTHMAEY RACERT WP, F BN
R A 7 ) B A WA T X B ) R A
VR 5 Y B AL 2 R A W AL % 1B I (Barker et al.,
1998; Ehrlich, 1998; & & %, 2002; Gaylarde et
al. , 2004; Wu et al. , 2007; Lian et al. , 2008), fif
B REHBRENR S ™Y EEQHF HNO, #1 H, SO, %
THLRR, U R B R MR R R,
MEAAEmENER. R BRI ERR.N
EER % & fb A HLBE (Welch et al. , 2002; Chapelle
et al. , 1996; Barker et al. , 1997; Bennett et al. ,
200D, XEHFRFEEPFEMNAGRE . BRKAFR
4. BE BHE . 8. RRA ANA EH SR
BREL B Wy o RAL BT 52 b, X e S FVBE G 8 0 B9
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Experimental Study of Weathering of Serpentine and
Olivine by Aspergillus fumigatus

YAO Minjie" ? , LIAN Bin”
1) State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences,

Guiyang, 550002; 2) Graduate University of Chinese Academy of Sciences, Beijing, 100049

Abstract

Mg-bearing silicate minerals are very important natural resources, which are developed and exploited
widely using the traditional chemical methods at home and abroad, yet microbial releasing of magnesium
and silicon from silicate minerals has not been reported. This paper mainly studied weathering of silicatic
minerals such as serpentine and olivine through Aspergillus fumigatus THO003 using the methods of shake
culture and control groups. Concentrations of Mg®" and Si in the first 5, 10, 20, 30d, the changes of pH
value, and metabolites have been analysed using ICP-OES and GC-MS, and microbe and mineral congeries
were observed using SEM and TEM. The results demonstrate that change of the concentrations of Mg?**
and Si in the solutions of serpentine and olivine is related not only to growth of the Aspergillus fumigatus
but to crystal structures of minerals, with serpentite easily prone to weathering than olivine through
Aspergillus fumigatus. In addition, acidic metabolites produced during the growth of Aspergillus
fumigatus are conductive to weathering of minerals. The observation result using SEM and TEM displays
the traces of serpentite and olivine weathered by Aspergillus fumigatus. Integrated analyses demonstrate
that the mechanisms of microbe-mineral weathering are a comprehensive effect of acidolysis, attachment of
mycelia nets on surface of minerals, adsorption of mycelia to nutrient and so on. Therefore, our research
will provide some basic information for studying the process and mechanism of fungi-mineral interaction,

and for the microbial development and utility of serpentine and olivine in industry.

Key words: Aspergillus fumigatus THO003; serpentine; olivine; weathering; geomycology



