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1 AR %

L1 ##
L L1 ARARIE AR T BP0 AR
WACRR FE R AT (g b AR ) AT X A3, SR AR I [A]
2007 10 H 21 Ho & b KR KU B A+
a2 icoh HOMLL, & 3 iy, H3EFEGIE N S, 6
3, PRAF T IC R ARAR Py [l S22, 4 CARAE R
L1L2 i3k OF &L R 10.0 g,
(NH,),S0, 1.0 ¢, K,HPO, 2.0 ¢, MgSO, - 7H,0
0.5 g,NaCl 0.1 g, REE 0.5 g,CaC0,4 0.5 g, BifiR
20 g, 2 B5F7K 1000 mL,pH 7. 2 ;@SSKM #5235
( source-mineral salts K-limited medium ). J&
10.0 ¢, (NH,),S0, 1.0 g,Na,HPO, 0.5 g, MgSO, -
7H,00.5 g,NaCl 0. 1 g, B REF 0.5 g, AKVEET T4
K A8 10 g, 2581 7K 1000 mL,pH 7.2,
1.1.3  FEXFNF{LES : rTag DNA polymerase, R
HIPERZ R N VI Mspl A1 pMDI19-T simple vector i
H K% % A9y (TaKaRa) T3 7] PCR =Wy 3 IE b
B D) & B AL 5 RAR (TianGen ) 4= AL RH%
237 3 PCR AL (PTC-200) I [ 3 [¥{H K ( Bio-Rad ) 2
s FAH T U (S-3000N) I FI H AS H Sz kX
St ERE B X 2T 45 (D/Max-RA ) g H H
AR Rigaku 247
1.2 TARAREESUERAEARTHT

WA R S WLEER FH 44 7 WA, s
HUE R 15 KV, TAEREE N 15 — 16 mm, 447 4y
BT SR e PR X SR 2R A3 SRS, 3 2 1 S < 5 0L
B 50 kV,150 mA, HIMHAE 3 -70,4K 0.02, 4
T E 10 s/step, FUTITIH] 0. 2, 4B Cu, 3EH TN
Graphite , $¢4% 1,1,0.6,0. 6,
L3 BE#%HSE

FREX 10 g #50E T 90 mL JCR K o, R FHFG B
SFHRIETEA AR TR AL K SSKM 85 550 | 53 12 i
TEAN [] XA AR B R A 3R T B -8 v iy AT 5 5 A
HV Wy 53k A0 O 1150, PR IR R s 22 I a4k s e
e Rhm IR 4 C oA
1.4 EHRBENBESW

ZRESCER [ 11 ] A TR R, 28 “C IR 3%
F27 d, B85 mL & EEHES 0> (5000 t/min, 10 min) , B
TR SR B L A S VO A R S
1.5 16S rDNA R 14 EsY] £ 2515 5 47 ( Amplified
rDNA Restriction Analysis, ARDRA)

PR R 19 BE K ZH DNA $2 3% 16S rDNA f4

YW 225 SCHR (12 ], >R JH 40 & 1 51 8 276 (5 -
AGAGTTTGATCCTGGCTCAG-3 ) 1 1492r (5°-
TACGGCTACCTTGTTACGACTT-3" ) ¥ ¥ 40 B 16S
tDNA, PCR Jz W& & & 50 plL, £ 45 10 x PCR
Reaction Buffer 5 pL, 2.5 mmol/L dNTPs 4 pL,
5 umol/L%l%] p,L,f#j’}Li DNA £itg 1 pl,2.5 U
rTaq DNA polymerase, PCR JZ Jij 5544 :95 °C i 4%
£ 5 min,95 CA5ME 1 min,55 CiE 'k 30 5,72 C 4k
190 5,30 AMEFF, i) 72 CHEfH 10 min, PCR JT
NP2 EB Yt i) 0. 8% Bt g W58 e L K AG T
Ve PRI N VIR Mspl Xf PCR 43574 i 47 B U1)
Wit BEUTER R 10 wLe 0.5 Wl BG4 B b,
1 wL 10 x buffer, 1 wL. PCR 7#4),7.5 wL JoT& M4l
Ko RMWIRAYT 37 CKE2 h,RJ5H1 pL 10 x
Loading Buffer Z¢ 11z Vi, B 5 wL BV r=¥+E 3%
TEREBERE (150 V, 1 h) LK, EB Je(a, R KI5 22
R B AR R S, TR R — AL 8 A Sl i 17,
F ryac S (07, SR IR I AE B 0% Bl ek
( Unweighted Pair Group Mathematical Average,
UPGMA ) 47 RIS 3 M AL PR 3
1.6 16S rDNA FINER RFELBEZ5SH

MR 16S rDNA FR ] 14 i U7 7 B 5 26 70 #r 45
B BUAS [A] #2443 2% 890 ( Operational Taxonmic
Unit, OTU) AR , 44 N9 15 19 16S rDNA R H]
TR HEE R D) & 2l Al J5 % H2 pMD19-T 244,
BRI AL KT DHS o B2 S0, 7654
X-gal (40 pg/mL ). IPTG (40 pg/mL )., Amp
(100 pg/mL) [ LA P-4l b G 2 - P A I 25 A
HPRAEETRE, PORBATEwREh iR Y4
ARAFRA A SE M 16S rDNA JE 41 I o 45 I 2 1Y)
£ BLAST #{45 GenBank Hr L 119 16S rDNA
Fe AT [ P51 e 5 A GenBank Hr 4R 45 1Y -
ZHLRIPk 16S tDNA J3#51]—ii2, 48 CLUXTALL. 83 %k
A% Homs X4 I MEGA 4. 0 {440 Neighbor-
Joining ¥, % Bootstrap 118 1000 K J5 #4 # R & &
FIFHEF IR

2 HEHRAMN

2.1 TYHHBARENS BT

SR U B A I B R i ARG TR v R/ R3S
PR AE , AN ) XU JEE 0 A 2 T D - S A
i LGRS F) 35 AR 0 Ak A BT, FL o A R 6
Pio 10 BRENTR 7385 F o B /R B4 2, iR T
FEFR AT T T WAEIR A8 Yy A = 1 AN 573
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Aii, WAFHUEE A (& 1-A (B) |, X7 5 70 % B dh
PRHC A S R BUR, A UCER YR A .
JERAH™ 41 R A AR LR B M) 771, 73 2
18 BRE ) 0 ik AT

HIR 1 A, - SERE Al P Al SR A R RO e 2

W) o3 A RO R 22, R KR A 0 ) 35 i
ML B A &2 1 R Yo e .
FRLBE T ARXALH 1 R MDEHT, FEE A AT Y
TRH A R AT, S A D B A R e £, 20 LA
B 1-C) .

R1 ARRAEERRKAEMIEFRPEFEEST MO BERLE ARDRA HE R T WARK

Table 1  The biomass of cultured bacteria (CB) and mineral-solubilizing bacteria (MSB) , ARDRA patterns and
composition of the different weathered K-feldspar and soil samples by XRD analysis.
Samples B/ MSB / Strains ARDRA XRD
(CFU/g) (CFU/g) pattern Phase 1 Phase 2 Phase 3 Phase 4 Phase 5  Phase 6

S 3.13x10’ 3.9x10° F72 2 Quartz Kaolinite  Gibbsite K-feldspar Tllite Chlorite
F54 4
k71, ¥77 7
F52, F57 11

H 1.82x10° 1.8 x10° F19 3 Quartz Kaolinite ~ K-feldspar Illite - -
F11, F13 4
F12 6
F5, FI7 7
F2 8
F18 10
FL, F3 1

M 3.73x10° 2.6 x10° F30 1 K-feldspar Quartz K-feldspar - - -
21, 28, F35,
F39, F42, 84, F86
F24, F81 5
F31 6
F37, F45, 7
F27 9
F80 10
F23, F33, F40 11

L 5.67x10° 5 x10* F48 4 K-feldspar ~ Albite Quartz Kaolinite ~ — -

S: soil; H: high-weathered feldspar; M: middle-weathered feldspar; L: low-weathered feldspar.

- : no detection

1.5um

1.5um

1.5um

1 AERUEEHRKERERSEM BR
Fig. 1 SEM photographs of different weathered K-feldspar samples. A high-weathered K-feldspar (3500 x ) ; a: higher-resolution
SEM image of boxed region; B: middle-weathered K-feldspar (14000 x ) ; C: low-weathered K-feldspar (14000 x ).
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2.2 TYSBEAENEESEEST

LA 276 1 1492r Sy 5] Y5 4f X B #k 168 rDNA
BEP R B AT 0 TR R BER/ANA 1.5 kb, SR
FHBR S VEN YOG Msp 1 %F PCR P~ ¥y kA5l , 1%
BAE . ik 35 BRI R TE 60% FHRIK P BRI
114~ OTU, %5 4.7 A1 11 A~ OTU 43543 55 1) B R 2L
R 11.6.7, & SR E 69% . T Bk F30,F72,
F19 F2 . F27 435 A7) ARDRA %1, OUT 4 fif
LI 1L KRB BR 20 A T 4 DR, B 64% T ok
XU R SR A i 5 T P B XA A =T A 18
MRor B w AR AT 43R 8 A [A] OTU, AR 4E UPGMA
ORI PRI OTU AR R BB 12 Bkt 4T 1 168
rDNA 51 , 25 R BV LA W e RS R F K
FERSRHS AEH, B «ZTEHEN (a-
Proteobacteria) , y-Z% & ¥ & 44 ( y-Proteobacteria ) ,
JEEERE ] ( Firmicutes) , 2 H ] ( Actinobacteria) I
P B 1) ( Bacteroidetes ) (18 3), 40 45 i 16 J&
(Pantoea ) | ¥ 75 X B J& ( Serratia ) | 8 5. i B J&

& F31 (GU120648) N
@ F3(GU120658)

Serratia sp. (EF070125)

@ F1 (GU120657)

Serratia nematodiphila (EU036987)

Serratia marcescens (EF208031)

0.05 100

99

( Pseudomonas) . Y& FT 1 J& (Agrobacterium ) | 3 /)N
T % J& ( Exiguobacterium ). 1 ¥ W &
( Microbacterium ) Ml # & B T H B
( Sphingobacterium) ., ~vy-Proteobacteria ZEIZ W X )
Sy b AL Ho Iz & ((Pantoea) (V7R I
BB (Serratia) FR BN T J& ( Pseudomonas ) 1 T 1)
B W W 2 T H AR R bR, SRR
2.3 F YN RME R

FH & 2 AT, I 35 MRANTABR PR F19 SM54
—EM I YIRE ST o 43 A e BE XU B A R T
R R F17 BHA B35 00 RAERE T, HAE TR A B &
PRI HH A A B S LT RS T 206% 517 BRI TR
PRAERE RE ) v 8, 422 T b B ) A T A v A AR
B B I 101% - 166% , & & 0 B bk 7Y
49% ,Hrb 12 #k (71% ) 405 53 25 A XA ™)
R ,3 Bk (18% ) AT 3 25 A e BE AL )4 i, 2
PR(6% ) 7385 BB IX 13, R XA ¥ 2% T 40 TR
F48 XA A AT — e B fE

92

® 2 (GU120645) y-Proteobacteria

100 100( F13 (GU120659)
@ Pantoea ananatis (AB304809)

100 [— Pseudomonas vancouverensis (AM293568)

72| Pseudomonas sp. (AY263471)
73|, @ F17 (GU120660)
@ F81 (GU120663)
100—4A F72 (GU120649)

E Pseudomonas veronii (AF064460)

a-Proteobacteria

L Agrobacterium rhizogenes (NR025832)
100 |0 F30 (GU120647)

| Exiguobacterium indicum (AJ846291) Firmicutes

100 — ¢ F80 (GU120662)

Actinobacteri
L Microbacterium trichothecenolyticum (EU714362) ctmobacteria

100|— Sphingobacterium multivorum (AY787820)

95 @ F27 (GU120646) Bacteroidetes

Lt. F19 (GU120661)
66 L Sphingobactetrium sivangense (EU046272)

B2 +IHRAEKRES GenBank HiEEHHHXHMEME R 16S rDNA FIIA MM RE L FH

Fig. 2 Neighbor-Joining tree constructed showing the phylogenetic relationships among 16S rDNA sequences obtained from the isolates randomly

selected and their closely related sequences downloaded from GenBank etc. Si-releasing bacteria strains sequences from this study are bold with

triangle (from soil ), circle ( from high-weathered K-feldspar), and rhombus ( from middle-weathered K-feldspar). Numbers in parenthese

represent the sequences accession number in GenBank. Numbers at rodes indicate the bootstrap values ( >50% ) based on neighbor-joining

analyses of 1000 resampled datasets. Scale bar indicated 5 conserved nucleotide changes per 100 base pairs.
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Fig.3  Amount of silicate (Si) released by bacteriual strains after 7 days inoculation in liquid cultures. Control was inoculated by

SSKM medium without inoculation.
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(DGR Eis L AIUNSTL Y -2 S SWNHIEX7/: 523
AR AR AT SR RIG TR S JHL T 50
B VKO0 A5 45 25 b T B B TP R BB AE W Y A
FELR O AIEYE R, R UURUS K452 H ROk
AHR BT 5 1 Bl A 0 A R A Y L 10° - 107 44
B - em T 22T ARG & A ) KU AR
YIS AE 107 - 10° Z (8], 5/7 AW 5¢ ikGE
— 3, HL e BE XA A i 2R T A0 TR ) 2
JERAE AR KA P4 19 10 £545 1000 %, AT 85
I 4 P AR Bt o A ) XA T T o v XA
ARG i TADRELRE B2t AR W 8 A0 o |y ST L, 4 40 4
it 2 PR E AN [] XA AR B8 BB A R T AN X - S v 3
A o3 AT, HLA W03 i 0 R S ) AR A TR
—EAH M A BRI A TR 5 A AR Y B
IR FRAE IO — L TRADT I

AAF5E K ARDRA 7543 85 1 AN [7] KA R B
PR A AT R IERE S b Y 35 Bk B[R] I TE S
OB 0 f A0 A EAT T DR A B, 455 16S rDNA
Fe 5 o3 B g R ar i X bR 4o 11 4> OTU, 5
TS DRGEFRE,6DRLT D& ATERFE ML
W 2 A, Kb Z TE & ( Pantoea) , 15 5 K TH &
(Serratia) , i B W 55 J@& ( Pseudomonas ) 40 B8 -~ L
FIRE 1245 R 5 /N e LT DA ) AR bR AT 35 5%
ANEAPRE I AR o T O R R A IR
T Y S BAE RSN R], 200 b i) 4 fie
TR 5 A5 2 FEVEI P A 4R 0 1 Ok F . FEMbIRER)Z T

b A R T B R LA S BRE IR AR A W XU, O
AT v R T DR AR A A T 6 R 5RO
R BRI B B OB RE B bR F17 32 AL
P 4 TR v A A4 B i O X BRI 206% . R
WAEHRIE T 43 25 H -0 NBT T8 B ] {15 57 v b
SRR 226. 02% 7, 2EH MR KD AR 4B R
FR A3 B H AR 98 A #T 1 ( Agrobacterium tumefaciens )
AFM2 Btk Al il & B WD BB T A R R
29. 8% ' T BURHR S5 HGHE T DU )IE (0 i RERR R
20 AT 5 % R R SECHR 1 R B2 AR 0. 66% —
10.789% 21 pE AT UL , AR 6] 2 A5 IR o (5 4 43
AN T Y RS R R BR BE ) AE e B B 22 5. Hop
y-AEIEHT 7 44 ( y-Proteobacteria ) 2 1/ 758" ) KUk
PRl ge e 7R E /R, L HEZ HIE
(Pantoea ) | Vb 75 [ 18 J& ( Serratia ) | i 52 1 J&
( Pseudomonas ) AN R ANME) 32 4345 T A 6] KAL T2 B
FYBRR A R T, B B RR B4 3 BE ) IR
R BT 8 57 8 SO ) 4 A A FH RIS ) B 5
9 A= B IRARAE P R I A ) 2 A 5 8 A o A 3
WA

-0 A EAE R b sk 3R A PR T
(1 ST IS AL, B T RERR Eh 4 4 1Y G2k P XA 5
Wi 25 b 3K ) S 7 P K 2t 350 114 T iR A%, e H A2 )
i I Hb R A 2 S O o BB AE T IR BV
AR 2 TSR MR E T T B T R IR A
Yy, RA R T B R 5 OR B R OT ik 8 G R A REHLIE
S M 2 REE Y R, Bl PR A T A
SR AN Z B, DGGE,RT-PCR, 16S tDNA 7 & &
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Isolation and genetic diversity of mineral-solubilizing
bacteria of different weathered potassium-feldspars

Fei Zhao, Zhi Huang, Linyan He, Peng Wang, Xiafang Sheng®
(College of Life Science, Nanjing Agricultural University, Key Laboratory of Microbiological Engineering of Agricultural
Environment, Ministry of Agriculture, Nanjing 210095, China)

Abstract ; [ Objective] We isolated and characterized potassium-bearing mineral-solubilizing bacteria from the surfaces of
weathered feldspar as well as soil samples. [ Methods] We isolated cultivable mineral-solubilizing bacteria by plating and
screening from the surfaces of different level of weathered feldspar as well as soil samples. We characterized bacteria
regarding their ability of releasing Si from feldspar samples and further classified by amplified rfDNA restriction analyses
(ARDRA). Twelve typical bacterial strains were identified by 16S tDNA sequence analysis. [ Results] Thirty-five Si-
releasing bacteria were isolated from the surfaces of weathered feldspar and soil samples and classified by ARDRA in 11
different operational taxonomic units (OTU) at the similarity level of 60% , belonging to 5 major phylogenetic groups, 6
families, and 7 genera ( Pantoea, Pseudomonas, Serratia, Agrobacterium, Sphingobacterium, Exiguobacterium, and
Microbacterium) . Pantoea, Pseudomonas and Serratia were the dominant groups. Inoculation with the isolates was found
to increase the Si in the solution by 101 ~206% compared to the control. [ Conclusions ] Different mineral- solubilizing
bacteria inhabited in different weathered K-feldspar surfaces and soils in the potassium mine. ~y-Proteobacteria might play
an important role in the process of K-feldspar weathering.

Keywords: geomicrobiology; potassium mine; mineral- solubilizing bacteria; amplified rDNA restriction analyses

(ARDRA) ; genetic diversity

(A4 25%)
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