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P A DR AU R BRI~ DI RS 5 B W R WAL P AE R 2R, AT D A W A 25 A W 5 A 5%

TR B DT R AR A B
KR HEATIL, EaEE R,

TAE P XT 1 R C R IR I A s &
T R R AT Z N DR R ST A W 2
FEPE S LT RE X IR b R A A A B i A B
W WA R AT AT IR P E
A R BURE T, [ I 2y OB BB T ) B R
SETEFIC R YIS SV, A 3 REGE A W L IR
WA P 3k 5 M e AR R b Bl 22 b oo R T 2R 4R
Y5 DR w2 O 9 ARy b ER R 2 )
T 40U 22 — B, B W A0 i IR A P 2 R i
T R Hh R AR A R A i AR Y
P o B LR BB A B A R A b 2 R ik
M 2RIt ER, TR 2R RS2 RN
ZNAER B EE TR Z —, HoREE R
WAL S REAS FTAR, IFAE R It BE U5 <6 Jas 1T A
HAF M E" e, e ik e c 24
FFRET, % B Y Re w2 s B R AL Y 3
J1% . BB R A A R AL, (R
WY XA S TR D2 AT ik = B8 TN,
il 24 7 By AR LR ) 2 — 2B 5T

TR X ER 0 0 3 VB 2 i o,
LML K 240 e iz 6 R A3 7 g 4 s 4 11280
Rezza SR . RHCA . BAK AN 4
oy Bl 2 (Aspergillus niger) . 25 {4 il 55
(Penicillium purpurogenum) . ¥RZLFH:(Rhodotorula
rubra), 3 Mo nliE o R LB BN YR )Z
R IR IR 43 Wb« 1 5 240 LA 0 P S5 i
PR A7 A A4 g 2R H R AR B
BREAEFR T Bk diaE, AR WA A Y

M AL, MERERLH, DIReHn

TEVE ZREMERE oY e HLA 2 R ML B 5T . R
16S rRNA i &l P BOR AT DUIPRs | ERf b 3K
IR BEREA T UE M REE AR B E R, &4E
WA 2 53 B R B W) R B3 W T A= W e 2 FF
PEL BB, BRI YRR K )RR
A W A Y A TR A FE AL T

A5 Al A T RIAE b A AR 2 TR 2 A i L 1
WIRERY, 2T E A i e R A PR IR .
T B I T R 5 IR B R, AR
DX BRI S a B A R0 R, BT
AR LB B BRI B S Ao E AT
/N @S YO R Y S NE Pa N (B R I
KA, WL HELR S B, o
A TR AE DO, AR A KU SE R | A
PRAE B o BN S kR 3 AR Herp e B
PREL AR REAEAT Y, AR, KA. A
R B A R AT T H AT
BH L5 it 25 78 ™ RNV P A8 1 LR I F 54X
P RAET A B L IR A 0 2 B B
I XA IR I o A S 2 ek . BRI D Re T
IS5 5 TR AR DGR o AR SCRE BRI RS 48 5 [ HL Bl
BH L5 i TR 22 4 i ™ R VT VG A A ) o R
P RIS S, 53 R U 3 55 AL
FlsE KA =P REAS , JEF 16S rRNA =38 P+
AR 555 2% 1A R P o T 41
B IR MR, 8 7R AN ) X AR A R X
A TR R A5 R LT Rt L, A i — RS IR
YIFED A WG A v VR AR A T UEHE
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L AbRA T %
1.1 HARE

AR YR FE 43 ) R4 T IR T PE LD R A
FH i 1 A5 di A 0 A (NK-1) S )UK 7= 1 (NK-1F)
LV AL XA B A (YK-1, YK-2, YK-3)
B H A= (YK-1F . YK-2F)3t 7 fFREAR

NK-1 fl NK-1F F* 2019 4 10 f] 5 H 7E g
A B E BB R PH L R 4E (GPS S A B
33°52'23.55” N, 110°42'49.12" E; 33°51'59.03" N,
110°44'17.31" E); YK-1. YK-2. YK-3. YK-1F,
YK-2F F 2020 4£ 9 F1 5 HAEM WA EENEE
B s (GPS %E i {5 1. : 28°36'38” N, 114°57'48"
E). M % (GPS & fif5kE : 28°60'56.28" N,
114°99'16.54" E) R4 . XAk 7= WAk A< SR 4 b o5 Bt
LS 3 M (R BIEEZ) 0.5 m), # R« F 4
TRA A “BHE TR R B 2T A

TR HY ] 5256 % 4 °C RAAE (R 1)
1.2 BAT YR 5B

F S 25 200 H LAF FEEAR A AR A
F DMAX ZIIRERTEHY(RAPID 11, HAR)#EFT X
SRR T . AR S 51 50 kv FI
40 mA, fLERINRN Cu Ko FRETHE, 20 £ 10)iat
TN 5°-70°, MK K 0.02 °fs, MKy
30 min, {#F JADE 9.5.1 #1585 ¥ WA 437 o
1.3 WFHAmAL

26 2K B A B Rl - A1 50 mL 4l K FE R
T A REAR R T, JHorh YK-3 AR 2 2Rl R
O ST A3 I TR, VRV R A AR A
RALFEAR S FRIL 10 g, fiIlA 90 mL JCiRi/K, &+
30 °C. 120 r/min JEFE 24 h, IR B 4 55 fih g (L
JZ 0.22 pm JEAR) L BRIEWRUG B T — IR MR AR,
X5y 3 Yy, 4°C & .

1. f#yaimRemYRAe
Photos of the Li ores and corresponding weathering products. A: NK-1; B: NK-1F; C: YK-1; D:
YK-1F; E: YK-2; F: YK-2F; G: YK-3.

Figure 1.
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1.4 DNA $EEUFI 16S rRNA 338 Fiill

FEA L 2] DNA 4250, 16S rRNA FERH 4"
R0 ER b s R SO BB 4 AR A
SERL. CTAB (A A 756 ik — W ) ik 2 U RE
AN DNA, FZEALTFEWR: 1.5 g AL
VO S R K, A 800 pL CTAB #& Bt 2% i
TR &, 12000 r/min B .0 15 min 315 FiS R,
AT . 4% 400 uL EEAEEAR, EE
FRIR 2-3 R TE BEWEH A 2 F5IRFR Y 95%
P, =20 °C YTLIE 1 h, 12000 r/min &.» 10 min
FEk FIEW, 70% L BEVERDITE 2 K, Bl T4
5-15 min, JLIEX T 30-50 pL DEPC £& T /K
o, TR A R A H DR T Al B 1 DNA 2l K
W

DL 1 ng/ul $2H DNA AR , M4 15514
& 515F-806R, XNy 16SV4, 4% vhil H
Phusion High-Fidelity PCR Master Mix with GC
Buffer (New England Biolabs); PCR Sz W F25%

98 °C 1 min; 98°C10s, 50°C30s, 72°C30s,
30 MME#; 72 °C 5 min; PCR F=#)4 2%3ifig
BB I HL Yk, 157 & (MinElute Gel Extraction
Kit br) (QIAGEN) [l H i 447 ; TruSeq® DNA
PCR-Free Sample Preparation Kit 7 22 a5 & 4
OO, ML SCEL T Qubit I Q-PCR &
i, FEXEAHE, i NovaSeq6000 #7171
LT o

1.5 WFHIEALH

#c & Barcode 41 . PCR ¥ 14519541, ¥F
OB S REAKE, Mt L Barcode K 51¥)T
§); 2 FLASH (V1.2.7)%} Reads #17Bf 415 51 It
ih Tags B (raw tags)®?; Raw Tags £55f g 4b B
153 /5 i it 1 43 A Tags %idi (clean tags), Tags Jit

EEHRAE S Qiime (V1.9.1), Clean Tags %%
P 5 W Fb 3 B BOHE PR R AT B R A I e A 1A
G, 2 RBRILIF A, 15 8 B AH RO

(effective tags)?,

1.6 OTU BAEMYMER

Uparse # {4 (Uparse v7.0.1001) %} Effective
Tags AT RS, BRINDL 97%0) — BUHEK 7 51 R 2
Ak OTUs (operational taxonomic units), OTUs H
AR = i BIE S OTUs iy 512,
Mothur J5 7454 SILVA138 i) SSU rRNA $4E 7%
XF OTUs 341 i 47 4 A v B o v (B 91
0.8-1.0), 43 AIAEI T FIE K P Gid T & AR A VR 4 Ak
DL R e TR BE AN 5 5 J WF 45 AR AR I B s i A 1 1
— AL I, DIAEAS rh g i d D B bR R AT 1Y
—feab R,

1.7 EWERZEST

VG B 2= o i s 0 KA T 91 508 o
Br. OTUs 4345 45 L] . Alpha Z2H:ME 007 . il
YIREVE BT . A IRV 25 ] oA . REAR )
b 3 B SR S AIRT S A TR B e T 43 A o

2 HERAAT

2.1 BT YRS R

XRD WA AT KB, NK-1F &4 A%
(quartz) . fHFIA (illite) . 23R A (chlorite) AR #%E
£1(spodumene); B T A, YK-1, YK-1F, YK-2,
YK-2F & H K A (albite) . £ = £ (lepidolite)
I H =B (muscovite), YK-2F HiR&H —E =)
521 47 (montmorillonite) (& 2), NK-1. YK-3 ¥
A XRD 20 53 53 A AS e LS S a7 % T
AR, BULARMWE (K 1), NK-1 il
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‘ 3 T 0 4y = = 20000 L 2 = B =
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£ 40000 | i
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S 1, . '.‘-‘.‘ patha )
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20/(°)
2. AMRLFYE XRD EiE
Figure 2.  XRD patterns of ores and weathered products. A: NK-1F; B: YK-1; C: YK-1F; D: YK-2; E: YK-2F.

PO KERRKA RO AT ML AR

YK-2 %R 5 KA 7= 8 (Y K-1F) AT (Y K-2F) ¥4 S i

WAL DA SRR A m B i . DR R A
FEAR AR YK-3 7 0 AT BRIl
AR A R R BAOR YL NK-1 57 B0R
WA AR 55, AR 5 (NK-1F) XUAE 2K R A
YK-1. YK-2 & &4 55 KALPERT, YK-1 )X
b B E, MRAMEAREHE; YK-1,

/I\
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AT I LB A fE 48577-64420, Hirf YK-3,
YK-1 Fl YK-2F FEAS A %07 50 0 v T A
FEAR (R 1), PRI EE 50 414 427, 409,
412, 408, 411, 406 bp, ‘5 16S rRNA V4 [X 5]
KIERBWIA . P X B HX R 1) R AE =4
FEA OTUs ¥t Z A7 78 22 77816 ,NK-1 7 OTU
BH ST NK-1F 2 2 £, YK-1 () OTU £ H g K
F YK-1F, YK-2 f§ OTU ¥t H It YK-2F £ 143,
YK-3 & HiFEA ) OTU $ HEAK, 10 604, fh

- NK-1
1200 | *NK-1F
~+YK-1F _—
YK-1 !
1000 o yK-2F i

-2 T
800 | &3 /
600 f / "

s e
400 | e sl
}./

200 f'/

Observed species number

0 5000 10000 15000 20000 25000 30000 35000
Sequences number

3. WAMRUFMHHRH%E
Figure 3. Dilution curve of ores and weathered
product samples.

F 1. T XHE 16S rRNA I F 2 4R
Table 1. Bacteria 16S rRNA sequencing analysis
data in the mining area

Number Average Proportion of
. . Number
Sample of filtered sequence  effective
of OTUs
tags length/bp  sequences/%
NK-1 49961 414 58.9 1010
NK-1F 49265 427 60.5 540
YK-1 56495 409 66.7 835
YK-1F 48577 412 55.9 828
YK-2 51512 408 62.8 1117
YK-2F 55776 411 64.76 974
YK-3 64420 406 77.54 604

UERTAL, 3 AN A EEA ) OTU %t H ¥ 5 F B X hif
WAL= TR, wE B LA S A A (NK-1)
OTU #(H m FHEMMILILR ST A (YK-1,
YK-3), WEETF YK-2; Piw XKL= kA,
HE A XA Y (YK-1F, YK-2F)fy OTU %t H
B T B L XA P 1 (NK-1F)

2.2.2 OTUs +FBE: AP AFFA OTUs
AR ECR, WETEEE 4). 7 AHA
by OTUs Bih 65 4, 4055 NK-1,
NK-1F, YK-1, YK-1F, YK-2. YK-2F, YK-3
& H OTUs $UE 11 7.2% ., 26.0% ., 22.4% ., 21.8% .
6.4%. 8.9%. 4.6%.

2.2.3 Alpha ZHHr: Alpha ZHE0ERR >
FIREA AR I RE IS (0 2 RETE, ZREEHR BUR
il = 5 AN 50 4R A 4R AR, Shannon 5%
JE R REAR P U E Y Z R HE S —
Shannon #& ¥k K, U0 W BE V& 2 A PR B
Coverage FEEUE S HEA SCE M 5558, E a0
FE U REAS v A Bl I A BRSBTS T2 2 IR

YK-2F NK-1

658 837

Core
65
YK-2 940 233

YK-1F

74 224
YK-3 YK-1

4., AEHZAR OTUs 9% Venn

Figure 4. Venn diagram of OTUs distribution of
different samples.
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x2. FEMXT AFRLEME o-Z HMEELE

Table 2. a-diversity index of lithium ores and weathered products in different regions
Samples Number of species  Shannon index Simpson index Chaol index ACE index Coverage index
NK-1F 536 5.08 0.94 676 731 0.994
NK-1 1028 5.83 0.89 1487 1219 0.990
YK-1F 803 6.48 0.97 963 998 0.993
YK-1 823 3.13 0.54 1148 1307 0.988
YK-2F 1123 6.87 0.97 1156 1454 0.986
YK-2 1139 7.04 0.98 1447 1507 0.992
YK-3 506 3.50 0.68 611 662 0.994

7 MEAHY Coverage {HIYTE 98.5% LA |, Sz
JRN 25 R SREA TP B = B, St b
A B R a5 R A kA, YK-2,
YK-2F [ Shannon F84K ; YL XA 4 XAk
7 HI(YK-1F . YK-2F) Shannon #5500k 154 FH 1L 4™
A WAL= (NK-1F); NK-1 [ Shannon 5%k T
YK-1, YK-3.
2.3 TRAEYIRETE A R

MRIEDFERAR, 10 20KF B A EEHEA
B 10 YyFPAARRS £ EAEREA NK-1, NK-1F,
YK-1. YK-1F, YK-2, YK-2F, YK-3 # Hif
PRI 1A EL AV R 91.9% ., 98.7% , 96.5% , 83.9%
91.8% ., 91.0%70 98.8% (/%] 5). NK-1 fuf% 8 4~4
BT, AP PL TS F B >1%) i &L ]
(Actinobacteria, 40.7%) . £ JE [ ] (Proteobacteria,
35.8%) . #FF1# 1] (Bacteroidota, 4.8%). JEREEH
I'T(Firmicutes, 4.3%) R+ 14 [ ] (Acidobacteriota,
1.5%); NK-1F 5 7 Nl ], AT R
JERETE [J(Firmicutes, 66.7%). 2 H ]
(Proteobacteria, 27%) . £ 1] (Actinobacteria,
3.2%). HEMIIL R &MY A YK-1 a3 9 4
], TR (Actinobacteria,
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73.2%). JEEEE [ J(Firmicutes, 11.3%). ZFTEH
6.6%) . R I W I
(Acidobacteriota, 2.7%); YK-1F f045 9 N4,
Pe#E ] N A5 L 1] (Proteobacteria, 37.6%). i
2% B '] (Actinobacteria , 20.5%) . 2 #F & [
(Acidobacteriota, 13.4%). JEEER ] (Firmicutes,
3.0%). 75 [ J(Chloroflexi, 2.3%). WPS-2 |]
(1.5%); YK-2 35 10 N, RS hiE
321%) . A @ ]
(Proteobacteria, 23.3%) . it £ & [ ] (Actinobacteria,
20.3%) . & #T I# '] (Acidobacteriota, 5.4%)% ;

YK-2F G4% 10 AT, L3 il
(Actinobacteria, 16.1%) . = 1 ] (Proteobacteria,
32.5%). MRFT ] (Acidobacteriota, 14.3%) .

4 25 B 1] (Chloroflexi , 9.6%) . & i & 17
(Crenarchaeota, 3.2%); YK-3 AHX} 3= i i 4L
PR ] N W ] (Cyanobacteria, 63.3%). Z5JE
I'J(Proteobacteria, 22.4%). it ¢/ iin, &%
e A DR AT 1K ERA B 22 R
(P<0.05), Hrh NK-1F 5 YK-1F fERRF 1. &
BETRIT] . ORI A AE A CH: i 3 22 5% (P<0.001) ;

[l NK-1F 5 YK-2F | YK-2 5 YK-2F 7¢ J&BE 3
I IAEFE M H: i 25 25 7 (P<0.001)

I'] (Proteobacteria

B I (Cyanobacteria |,
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5. BEEMMMBEIIEN

Figure 5.

2.4 WUAEYREE S B

AR SAPIR I B, B B LA A AR
NK-1 FIVLPE HAAL <A AR YK-1,YK-2, YK-3
A= WA 2H 22 S B 5 () — 3 s U 2 ] 4
YK-1F Fl YK-2F, [A]—Hb &0 G ZEdn YK-2 il
YK-3 R, MEMBRES AL, AR
W, ARz, I YK-2 5 YK-2F,
NK-1 5 NK-1F, A=Y h Bk 22 57 (1% 6).

NK-1F

NK-1

YK-1F

YK-2F

YK-1

YK-3

YK-2

|FETT FFFTL PR FRPPL FRTT FRTTE FRTE] PR Pere |
0 0.1 02 03 04

Weighted unifrac distance

6. UPGMA BERHIKE
Figure 6. UPGMA clustering dendrogram.

Composition of dominant phyla community.

25 B YFFERENE
TEBCEAEA T EEHEZ BRI 35 A Al i 5
KEAMMEE 7). NK-1 858 (X F
JIF>1%) M ZF fFF i )& (Bacillus, 1.1%) ., #%4 i
ffl B J& (Sphingomonas , 8.7%) . & %% H J&
(Massilia, 9.0%) . 2Bk & (Blastococcus, 2.5%) .
Rubellimicrobium J& (1.8%) . Ellin6055 J& (1.4%) .
WA TEAT 8 (Microvirga, 2.4%). Roseisolibacte
J&(1.3%) . A= ZFHIAT I J& (Tumebacillus, 1.7%) .
JRAT B8 J& (Hymenobacter, 3.0%); NK-1F {L#J&
5 FE @ (Massilia, 21.3%) . KEMITEHE
(Paenibacillus, 25.3%). ¥k 4w J& (Bacillus,
40.2%) . 24 B R I )& (Sphingomonas, 1.2%);
YK-1 i 3@ 4 K 55 XK 75 18 J& (Finegoldia,
4.3%); YK-1F fit #J8 N 5 %% i J§ (Massilia ,
4.0%) . 1174-901-12 Jm (1.7%) . 4 % 15 20 i 1 s
(Sphingomonas, 1.7%). #FEKFE J& (Blastococcus,
8.4%) . 2R I# [E A 4T 15 J& (Candidatus-Solibacter,
7.2%). Noviherbaspirillum J& (6.1%). 7 [C % )&
1.5%) . A& N E B EE

(unidentified-Comamonadaceae, 1.1%). 75 [

(Bryocella ,
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7. BORKFEEAMHFEEERLESH

Figure 7.

¥ & & (Klebsiella , 2.1%) . 18 & 4 % & 8
(Bradyrhizobium, 1.1%). &% 1 J& (Acidiphilium,
2.3%) . 1A 5 # /K 78 [C @ J& (Burkholderia-
Caballeronia-Paraburkholderia, 11.49%). A jifl i
J& (Sinomonas, 4.4%); YK-2 {E#JE M K # 8
(Bryocella, 2.0%). 1174-901-12 J&(4.6%). #4%
1= B4 it 14 )@ (Sphingomonas, 1.4%) . I JLAF i )&
(Methylobacterium, 4.6%) . "& % k& & (Acidiphilium,
1.4%) . #IRFT 5 JE (Corynebacterium, 1.5%). %%
BR A | (Streptococcus, 1.0%). % K% & (Rothia,
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Cluster analysis of sample species richness at the genus taxonomic level.
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Figure 8. Microbial function prediction of different lithium mines.

http://journals.im.ac.cn/actamicrocn



1660

Ting Zhao et al. | Acta Microbiologica Sinica, 2021, 61(6)

BN, Yub AR . e (R BT . REEME R
Ab PRAEACIE I % . (EAS QIR SRR )
ReF AW E 2R, B, fLEeRIF=IERfEE
FRAFEA S, (A ] F DI RE 25 FRAE, 0
NK-1. YK-1F ., YK-2F HA R Z 40 0AEH], YK-2
M YK-3 BADGRE A IR, FEin YK-2F B4R
Ak, RIER R, FEF, YK-2 f YK-3,
YK-1 F1 YK-1F, YK-1F 1 YK-2F Zfg RS A

PR

3 Wi

ARSCHET 16S rRNA il w2 7 45 AR 434 %
b TR AR XA B KUK T I A ) TR
SERVRRE, R0 AR 05 R K
E¥IHg OTU S H . BEIS AR ZREMEAA AR 225,
ANTRIRE 36 e B L R I AR 2 D RE Y T 8 M
31 #PYHBRSHMAEY SN

WAL 07 A7 B L IRUAR ™ 00 1 240 TR R T 25 44
R R BRI B W 4B TR W 2 R )
S, XF AT XA A KL= # ) OTU %L
H AR ZREPERRAE, T LAR B LA A
(1) AR AREHEDFRAEHBER
HrE NI AE B S TR A YK-2 RS di s T A1
NK-1 R4 Z PR B2, SHXEE
YR ZA %, YK-3 MM EH SRS R
FEAL BN YA K. (2) #413%1E OTU % H
KT HXR R4 OTU %0H . Bt s % m
) OTU % H L XA =i sE 2, X R L A
A Z | UKL 22 5% KA G, a1 NK-1 4
ARHEE, KABPE R ES, AT R Ea <A
TR EARAT . VR A ST 4 (0 BV AR A LA

actamicro@im.ac.cn

Sk OB R G D B S A AR A A,
YK-1. YK-2 R K a5 At b =< 5
WHR AT WA kA . A st 974
KA Z DR L0 A KA AT,
B AATE I A B9, G0 NK-1F PR AT UL =B
A7 BERDRLFNXUAL 5k B 1Y 25 IR EIUME 47, X SR
YRR A 2R KSR, ST
YA ke la], DT 0 3 A 0 A 2R & T e
A1o () [l —Har 43 XA TE B A [ 7 49y v 4 A
R R RCR I 22 57, AT RE S 5 I R
WA, APPSR YK-1F #1 YK-2F 4T
ATE B RALIR S, YK-2F & Ta AL 9 A4 K5 |
YK-1F, FRESE 7 Hm M 2.
3.2 BRI REVE 4 UL 2

PR AR A7 S H R AR 7 P e % 2 8] 43 A1 R
W RAFE AL B 22 T 00 XU AE TR AR —
B SE , PIAT L BE A JL S IR i AL S A 1
B AFTE 22 % . TETTKE B, ZBIRET]
(Proteobacteria) . it£& %[ ] (Actinobacteria) . i pdl
I"J(Cyanobacteria) . J&EE [ [ ] (Firmicutes)7E #i b
W4 R Ay h ¥ o e . BAE)E K
b, S EE TP AT R T 5% JE A T
ANE, F B S A BB A NK-1 R 2
i P it 1 J&8 (Sphingomonas) . & ZE i & (Massilia)
KAk NK-1F Ry 26 ZF 14T 7 J& (Paenibacillus) |
FFAR 41 75 J& (Bacillus) Fl Th FE 1 J& (Massilia) ; ‘B &
AL AE KA R A YK-2F D db B A s
(Kitasatospora) . 5 #¢ )& (Massilia), YK-1F JZf
BR 14 J& (Blastococcus) . A& Bk A [ 1A AT @ )R
(Candidatus-Solibacter) . Noviherbaspirillum J& .
1A 78 & /K 1% X 1# J& (Burkholderia-Caballeronia-
Paraburkholderia), YK-2 >4 unidentified-Chloroplast



RIS | RUEY, 2021, 61(6)

1661

J&, YK-3 & 1174-901-12 J& . H 34T )&
(Methylobacterium), %3 4k YK-1 #H%t 3 B K F 5%
P e AN . ZEJE R (Proteobacteria) . i
28T ] (Actinobacteria) . i & | ] (Cyanobacteria) .
JELRETE ] (Firmicutes) A] i 52 4% i 5 42 J@ K F, IF
ST AR DG 7o O N L N -
(Proteobacteria) i) A= #8514 55 4 52 IEAH G
PP, Bk PR S R B RE R TR SRR A
A Z R AACIRE ST, BRBETEDC A S5 N BUE & il
MR R R BT Hh b4 7 S AR Y, S RETE AU = 3R
W R ARy, IR KR KT+
HESE IR, 1 22 e e S PR R ]
(Actinobacteria) fg ™ A 31 43 WA IR AR 7 1) 5 i
HoAbBE M B G FRBA T (Cyanobacteria)
22 AR P RO 6E VR AN A i fa) 3 TR AR =X
AR IR, JERE ] (Firmicutes) g 2 £l
T HCPLIE N A5 Bl R BE BT R R
(Sphingomonas) A FEi& ) 20 i 15 i 7 # M i, ml
i 52 3% 37 M AR AR s i AR A 7, () Inf L RE A [ i
Fr AN I, TEAREETS YRS Y HR
AU ELA T R B R RS, A s SRR A R AT
TEJURRRBRTA ], filin, BRI SRT A
0 FF AT 19 4% B 1] (Chloroflexi) J& — AN 37 45
We TR BE 73 S AT 2RI, BB 2HE, 2004
T3 PR R R BT T R RUE R R
W 1 (Crenarchaeota) & i T R 4t & B WAL i i
SRR TR, FECAEIRGE, S AT
“BRIRFREE IR AR, X 2 ANE T SR AR R B
ARG Y, HACHE MRl Re 5 B R W bk Ak
FATNA R, EBERALR
3.3 PICRUSt ZNREHIM 4347

AN TRV RE 2 B HH R A= W2 D RE R = 1k

e SR i SR ok A s S AR
R B AR S A 5 A ) A AR AR
REA I ThREEE R = AL mi o, fbRe =R AR
7 AR RUE D R e AR . ThEE T
W 2R 286 Ak A 1 ol 3 B SR SIS L X 4 s BT A
AR VE RV IR S A, HLaE AL T RE R A 2
NCERESFE, VTP EHET AR YK-2 1 YK-3,
YK-1 F1 YK-1F 7EHRE 5 A Py VR 45 14 7 a1
B E, TR BE LA S KR NK-1 Al
NK-1F ZEY R £ 5 B B BRI, T RE SR L
INFRMERAR, X b g iR, ZREQ
FET YA F ARG . PR B L A 75 45 S [R] 52
B R T B

4 ik

BT AN [R) BT A S L KUA 7 ) i T A
YIRS AT, R IR W 2H 2 5 e B T 2 1 1Y)
KN R, fidha BELT A R IbAE s 5 24
WA R ER Y XA Y+,
S5 AWM WHRER=A K, BN EIRRT]
(Proteobacteria) . ik 1] (Actinobacteria) . i B
I'](Cyanobacteria) . JERETR | ](Firmicutes) & /i~
XAVFRIEC ST, 2T Re 5L B w44, 1L
PN ] AT BRI AT ML o3 e AR . AN
Yy . SGRE B IR SE LT LY I 52 e 5T A B
F IR S Y RO P REAH G, AN AE )
R, e RS, Rk, &K
FRTR T AR EA AR
B2 R ANV E /R E v S SR/N AV S BT iR )
MR AL AT R 5 A W R 7 45k 7 Al 22 ) Y 5%
R THL R,

http://journals.im.ac.cn/actamicrocn



1662

Ting Zhao et al. | Acta Microbiologica Sinica, 2021, 61(6)

Z % X W

[1]

[2]

3]

[4]

[3]

(6]

[7]

(8]

(9]

Feng WN, Peng PH, Xie CS, Luo W. Microbial effects on
elements migration in rock-soil-Paeonia szechuanica system.
Bulletin of Soil and Water Conservation, 2020, 40(4): 67-74.
(in Chinese)

ERYR, SZRLF, WRUR, 2%k, A -E-Iu ST
ZIEBRR PR RO, KL RRHER, 2020, 40(4):
67-74.

Min MZ, Xu HF, Chen J, Fayek M. Evidence of uranium
biomineralization in sandstone-hosted roll-front uranium
deposits, northwestern China. Ore Geology Reviews, 2005,
26(3/4): 198-206.

Ranchou-Peyruse M, Auguet JC, Maziére C, Restrepo-Ortiz
CX, Guignard M, Dequidt D, Chiquet P, Cézac P,

Ranchou-Peyruse A. Geological gas-storage shapes deep life.

Environmental Microbiology, 2019, 21(10): 3953-3964.
Weynell M, Wiechert U, Schuessler JA. Lithium isotopes
and implications on chemical weathering in the catchment of
Lake
Geochimica et Cosmochimica Acta, 2017, 213: 155-177.
Murphy MJ.

Donggi Cona, northeastern Tibetan Plateau.
Pogge von Strandmann PAE, Frings PJ,
Lithium isotope behaviour during weathering in the Ganges
Alluvial Plain. Geochimica et Cosmochimica Acta, 2017,
198: 17-31.

Garcia MG, Borda LG, Godfrey LV, Lopez Steinmetz RL,
Losada-Calderon A. Characterization of lithium cycling in
the Salar De Olaroz, Central Andes, using a geochemical and
isotopic approach. Chemical Geology, 2020, 531: 119340.
Zhang HL, Bloom PR, Nater EA, Susan Erich M. Rates and
stoichiometry of hornblende dissolution over 115 days of
laboratory weathering at pH 3.6-4.0 and 25 °C in 0.01 M
lithium acetate. Geochimica et Cosmochimica Acta, 1996,
60(6): 941-950.

Tsuruta T. Removal and recovery of lithium using various
microorganisms. Journal of Bioscience and Bioengineering,
2005, 100(5): 562-566.

Sethurajan M, Gaydardzhiev S. Bioprocessing of spent
lithium ion batteries for critical metals recovery - A review.

Resources, Conservation and Recycling, 2021, 165: 105225.

actamicro@im.ac.cn

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Karavaiko Gl, Krutsko VS, Mel’nikova EO, Avakian ZA,

Ostroushko lul. Rol’ mikroorganizmov v razrushenii
spodumena [Role of microorganisms in the destruction of
spodumene]. Mikrobiologiia, 1980, 49(3): 547-551.
Karavaiko GI, Avakian ZA, Krutsko VS, Mel'nikova EO,
Zhdanov  AV. Mikrobiologicheskie issledovaniia na
spodumenovom mestorozhdenii [Microbiologic studies of a
spodumene deposit]. Mikrobiologiia, 1979, 48(3): 502-508.
Rezza |, Salinas E, Calvente V, Benuzzi D, Tosetti MISD.
Extraction of lithium from spodumene by bioleaching.
Letters in Applied Microbiology, 1997, 25(3): 172-176.
Rezza |, Salinas E, Elorza M, Sanz de Tosetti M, Donati E.
Mechanisms involved in bioleaching of an aluminosilicate
by heterotrophic microorganisms. Process Biochemistry,
2001, 36(6): 495-500.

Lundberg DS, Yourstone S, Mieczkowski P, Jones CD,
Practical innovations for

Dangl JL. high-throughput

amplicon sequencing. Nature Methods, 2013, 10(10):
999-1002.

Zhou QF, Qin KZ, Tang DM, Wang CL, Ma LS.
Mineralogical characteristics and significance of beryl from
the rare-element pegmatites in the Lushi County, East
Qinling, China. Acta Petrologica Sinica, 2019, 35(7):
1999-2012. (in Chinese)

JRR, ZFrww, FEm, THER, SR8 ARBSRK
i 5 4 J8 A i A SRR B W) S R I R B . A
24, 2019, 35(7): 1999-2012.

Liu S, Wang SL, Xing XL, Wang LF, Zhang Y. Distribution,
types and prospecting potential of lithium deposits in Jiangxi
Province. Resources Environment & Engineering, 2019,
33(2): 195-198, 207. (in Chinese)

XNFE, FoACR, WE e, K, k. VLA ERREIR
SrA BRI R AR AT TR BEIRIR S TR, 2019, 33(2):
195-198, 207.

Zhang GW, Dong YP, Yao AP. The crustal compositions,
structures and tectonic evolution of the Qinling orogenic belt.
Geology of Shaanxi, 1997, 15(2): 1-14. (in Chinese)

RE, EaM, Bk a0 REACH NG 45 f
HAby Ak, PETTHLIT, 1997, 15(2): 1-14.



RIS | RUEY, 2021, 61(6)

1663

[18]

[19]

[20]

[21]

[22]

[23]

[24]

He MS, Huang X, Zou GS. Characteristics, utilization status
and suggestions of lithium containing porcelain stone (soil)
mineral resources in Jiangxi Province. China Non-Metallic
Minerals Industry, 2014(6): 41-43. (in Chinese)

PO AE, A, ARERAR. VLPO LA (R)0T BT IRRHE  JF

KA FRBUR B s il AR & E - Tk 51, 2014(6):

41-43.

Caporaso JG, Lauber CL, Walters WA, Berg-Lyons D,
Lozupone CA, Turnbaugh PJ, Fierer N, Knight R. Global
patterns of 16S rRNA diversity at a depth of millions of
sequences per sample. Proceedings of the National Academy
of Sciences of the United States of America, 2011, 108(Suppl
1): 4516-4522.

Bokulich NA, Subramanian S, Faith JJ, Gevers D, Gordon JI,
Knight R, Mills DA, Gregory Caporaso J. Quality-filtering
vastly improves diversity estimates from illumina amplicon
sequencing. Nature Methods, 2013, 10(1): 57-59.

Wang Q, Garrity GM, Tiedje JM, Cole JR. Naive Bayesian
classifier for rapid assignment of rRNA sequences into the
new bacterial taxonomy. Applied and Environmental
Microbiology, 2007, 73(16): 5261-5267.

Edgar RC. UPARSE: highly accurate OTU sequences from
microbial amplicon reads. Nature Methods, 2013, 10(10):
996-998.

Kéljalg U, Nilsson RH, Abarenkov K, Tedersoo L, Taylor
AFS, Bahram M, Bates ST, Bruns TD, Bengtsson-Palme J,
Callaghan TM, Douglas B, Drenkhan T, Eberhardt U,
Duefias M, Grebenc T, Griffith GW, Hartmann M, Kirk PM,
Kohout P, Larsson E, Lindahl BD, Liicking R, Martin MP,
Matheny PB, Nguyen NH, Niskanen T, Oja J, Peay KG,
Peintner U, Peterson M, P6ldmaa K, Saag L, Saar I,
SchiBler A, Scott JA, Senés C, Smith ME, Suija A, Taylor
DL, Telleria MT, Weiss M, Larsson KH. Towards a unified
paradigm for sequence-based identification
Molecular Ecology, 2013, 22(21): 5271-5277.

Li B, Zhang XX, Guo F, Wu WM, Zhang T. Characterization

of fungi.

of tetracycline resistant bacterial community in saline

activated sludge using batch stress incubation with

high-throughput sequencing analysis. Water Research, 2013,
47(13): 4207-4216.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Zhang M, Liu YL, Wei QQ, Gou JL. Effects of short-term
application of Moutai-flavor vinasse biochar on nitrogen
availability and bacterial community structure diversity in
yellow soil of Guizhou Province. Huan Jing Ke Xue, 2020,
41(10): 4690-4700. (in Chinese)

W, XER, Bl4dr, RS, TN A ok 0t A Xt
Bt B R A A R A T R VR S A AR S L R
iR, 2020, 41(10): 4690-4700.

Chao YQ, Liu WS, Chen YM, Chen WH, Zhao LH, Ding QB,
Wang SZ, Tang YT, Zhang T, Qiu RL. Structure, variation,

and Co-occurrence of soil microbial communities in
abandoned sites of a rare earth elements mine.
Environmental Science & Technology, 2016, 50(21):

11481-11490.

Liu JJ, Liu W, Zhang YB, Chen CJ, Wu WX, Zhang TC.
Microbial communities in rare earth mining soil after in situ
leaching mining. Science of the Total Environment, 2021,
755: 142521.

Deng JJ, Bai XJ, Zhou YB, Zhu WX, Yin Y. Variations of
soil microbial communities accompanied by different
vegetation restoration in an open-cut iron mining area.
Science of the Total Environment, 2020, 704: 135243.

LiJK, Li S, Wei YL, Lin LB, Zhang Q, Ji XL. A preliminary
study on bacterial diversity from Wenshan bauxite area in
Yunnan. Chinese Journal of Microecology, 2015, 27(11):
1258-1261, 1265. (in Chinese)

Ztgl, 2, Mok, Mk, KR, FEHFR. IW X
WA 0 A Z RS, P EBERRRE,
2015, 27(11): 1258-1261, 1265.

Valaskova V, de Boer W, Klein Gunnewiek PJA, Pospisek M,
Baldrian P. Phylogenetic composition and properties of
bacteria coexisting with the fungus Hypholoma fasciculare
in decaying wood. The 2009, 3(10):
1218-1221.

EERB. LAY R PR R K G LR s R TR 2R R R
SRAWETE. Pl RAE P A 08 3, 2013.

Jose PA, Maharshi A, Jha B. Actinobacteria in natural

ISME Journal,

products research: Progress and prospects. Microbiological
Research, 2021, 246: 126708.

http://journals.im.ac.cn/actamicrocn



1664 Ting Zhao et al. | Acta Microbiologica Sinica, 2021, 61(6)

[33] Kieninger AK, Maldener I. Cell-cell communication through communities associated with fungal bioremediation in
septal junctions in filamentous Cyanobacteria. Current petroleum contaminated soil. Journal of Hazardous
Opinion in Microbiology, 2021, 61: 35-41. Materials, 2021, 403: 123895.

[34] Govil T, Paste M, Samanta D, David A, Goh KM, Li XK, [36] Xian WD, Zhang XT, Li WJ. Research status and prospect
Salem DR, Sani RK. Metagenomics and culture on bacterial Phylum Chloroflexi. Acta Microbiologica Sinica,
dependent insights into the distribution of Firmicutes 2020, 60(9): 1801-1820. (in Chinese)
across two different sample types located in the black BESCAR, SKEERE, 2530H. SR B BUR KR, %
hills region of south Dakota, USA. Microorganisms, 2021, H Y224, 2020, 60(9): 1801-1820.

9(1): 113. [37] Lehtovirta LE, Prosser JI, Nicol GW. Soil pH regulates the

[35] LiQQ, LiJB,Jiang LF, Sun YT, Luo CL, Zhang G. Diversity abundance and diversity of Group 1.1c Crenarchaeota.
and structure of phenanthrene degrading bacterial FEMS Microbiology Ecology, 2009, 70(3): 367—376.

Differences and causes of the terrestrial surface distribution of
microbial communities in two lithium mines located in Lushi,
Henan and Yichun, Jiangxi

Ting Zhao', Xiancai Lu® Zhe Yin? Xiangjie Cui?, Huan Liu® Yumei Li°
Kangkang Feng', Juan Li?, Dongmei Zhang"

! State Key Laboratory of Pharmaceutical Biotechnology, School of Life Sciences, Nanjing University, Nanjing 210023,
Jiangsu Province, China

? Key Laboratory of Surficial Geochemistry, MOE, School of Earth Sciences and Engineering, Nanjing University,
Nanjing 210023, Jiangsu Province, China

®Key Laboratory of Mesoscopic Chemistry, MOE, Key Laboratory of Advanced Organic Materials of Jiangsu Province,
School of Chemistry and Chemical Engineering, Nanjing University, Nanjing 210023, Jiangsu Province, China

Abstract: [Objective] To reveal the diversity of bacterial communities on the surface of lithium ores and
weathering products on the ground. [Methods] We performed high-throughput sequencing for the amplification of
bacterial 16S rRNA fragments, and analyzed the composition, diversity and functional properties of bacterial
communities on the terrestrial surface of different lithium ores and their weathering products. [Results] The
bacterial community diversity on the surface of pegmatite-type lithium ores and its weathering products in
Nanyangshan, Lushi, Henan Province was different from that on the granite-type lithium ores in Yichun, Jiangxi
Province. The OTUs of Nanyangshan pegmatite ores and weathering products, Yichun granite ores surface and
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weathering products (NK-1, NK-1F, YK-1, YK-1F, YK-2, YK-2F, YK-3) were 1010, 540, 835, 828, 1117, 974 and
604, respectively. The difference was significantly related to the different mineral composition. Both mines had
their own dominant microorganisms at the phylum level, and Actinobacteria and Proteobacteria were their
dominant phyla. At the same time, there were significant differences in the composition of microbial communities
in the two mines (P<0.05), and the differences in weathering product samples from different mines were
particularly significant (P<0.001). At the genus level, the relative abundance of pegmatite ore NK-1 dominant
genera (greater than 5%) was Sphingomonas, Massilia; weathered product NK-1F was Paenibacillus, Bacillus,
Massilia. The dominant genera of the weathered ore YK-1F was Blastococcus, Candidatus-Solibacter,
Noviherbaspirillum, Burkholderia-Caballeronia-Paraburkholderia, YK-2 was unidentified-Chloroplast, while the
granite ores YK-2F and YK-3 were Kitasatospora, Massilia 1174-901-12 and Methylobacterium, respectively. The
functional annotations of ore and weathered material samples from different mines all involved six metabolic
pathways, including metabolism, genetic information processing, and environmental information processing.
[Conclusion] 16S rRNA high-throughput sequencing revealed that there were differences in bacterial diversity of
lithium ores and its weathering products in different mines, each with unique dominant groups. The differences in
bacterial composition, diversity and functional properties between samples closely associated with the mineral
composition, weathering degree, and the geographical location. The revealed potential relationships between the
elemental geochemical functions of the dominant microbial groups and the surface weathering of
lithium-containing minerals provides new data for studies on the microbial ecological distribution and development
of microbial resources.

Keywords: lithium mine, high-throughput sequencing, bacterial diversity, bacterial community structure, function
prediction
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