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Figurel. Soil sample distribution map.
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(MP, Biomedicals, USA)idil &M 2E. I3
M ITSIF (5-CTTGGTCATTTAGAGGAAGTAA-3)
M ITS2R (5-GCTGCGTTCTTCATCGATGC-3')%}
18S rRNA 1 ITS X 17 PCR Y4, AR
2 Ik [14], I HEFT I IR (GeneJET,  Thermo
Scientific), LT lllumina MiSeq PE300 Il F-&
1E |75 Majorbio Bio-pharm Technology Co., Ltd
ML . FLASH X344 5L Y reads 36 7
Piee, FIA Qiime HEAT T4, UCLUST )%
PEAT IR AT LA 97% 1 — B M4 e 51 R 28 B
OTUs, H Usearch #{45 Unite ik k414 %
THREIIHT

KR E A7) S PR HUR B DNA, SR IG#F1T
ITS BRI PCR Y14, FIH51# 1TSL (5-TCCGT
AGGTGAACCTGCGG-3)#l ITS4 (5-TCCTCCGC
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R 1%B N8 58 e L PRI J5 26 2 R AR T
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[ La® 1 50 mg/L i Zn* iy MD [E{RE 3R 5L, ¥
BRI 22 F1 G TR F- AR 70 320 2] 11 44 155 77 35 0088 B vk
|
1.5 SrE AR 48 BT I M RE I A I

(1) 7E 250 mL #EIEH A 100 mL & FH
100 mg/L 1y La* 8 Zn®* i ik 35 3% MD, Il 5E
HYRE N Coo Y pH Ay 6.8-7.0. BEEUCFNE R
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(4) FHiFk 4000 r/min B0 15 min 25 FiE
W, SRIFHCE T 80 °CHET 12 h FfHE, Frapt
TIRMBEOE R, MT RS 555
O ZEMHAHEETE G,

(5) B I AR5 DNVR A 20 0.45 pm Y 8 AL
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1 1 nJ HI 4385 Yt fif 5 4k B4>B5>B3>B1>
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Tablel. Concentration of rare earth element and heavy metal and pollution index in soil

Heavy metal/(mg/kg)

Rare earth/(mg/kg)

Samples PLI
Cr Cd Pb Zn Sm Nd Pr Ce La
c 36.31 0.01 15.70  46.88 4.66 6.90 5.77 8.47 4.85 0.41
+2.84c +0.01d +3.14b +9.53d +1.3le +0.38e +3.3%9e  *1.85e +0.24c  +0.04e
B1 86.31 0.07 15.78  40.16 55.84 697.50 206.48  1863.74 1093.53 7.70
+9.18c 10.02b +3.55b +9.63d +8.86c +107.34c +32.70c +28257c  +221.91b +0.85c
52 46.20 0.04 9.76 461.75 23.82 210.54 117.63 612.24 338.21 4.70
+4.39c +0.02cd +9.65b +58.75a +9.52d +5.79d +12.61d £71.53d +46.72c +1.12d
B3 39.52 0.085 25.09 267.96 86.85 101751 299.25  2504.90 1080.60 10.98
+2.81lc +0.0l1ab +5.31b +40.13b +3.31b +49.40b  +13.22b +343.14b  +577.11b +0.93b
B4 182.53 0.10 2721  132.00 108.38 1381.89 41175  3823.75 2167.28 14.98
+22.03b +0.02a +3.03b +9.07c +12.47a +161.88a *48.5la *478.79a +310.84a +2.74a
B5 506.12 0.06 142.00 183.50 63.36 796.94 236.28  2142.83 1169.72 14.98
+92.17a +0.00bc +8.52a +2.32c +2.63c +44.69c  +10.85c +72.82bc  +42.58b +0.42a
Background value 36.5 0.037 15.0 48.6 3.81 19.2 5.68 49.1 32.8 -

In bold showed that the metal contents of the sample were more than three times of the background value of Inner Mongolia. PLI was
calculated based on the background value of Inner Mongolia®®. Different letters indicate significant differences between different
sites, the test level P<0.05.
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Table 2. Diversity indices of soil fungal communities

Sample Taxon tags

Diversity index
OTUs

Shannon Simpson

C 4327665927
Bl 38982-60855
B2 50441-71687
B3 41658-62554
B4 40802-59203
B5 51258-57470

633+45.76a 4.04+0.24a 0.07+0.02b
184+36.29bc 3.11+0.91ab 0.14+0.01ab
250+13.52b 2.64+0.24b 0.22+0.05a
140+26.08cd 3.23+0.12ab 0.10+0.02b
73+£15.31d 3.33+0.57ab 0.06+0.03b
143+64.63cd 2.97+0.65b  0.13+0.09ab

Different

letters indicate significant differences between
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Figure2. Fungal community structures of soil samples. A: Phylum; B: Class; C: Genus.
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Figure 3. Redundancy analysis for soil fungal
communities and soil physicochemical factors.
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# 3. TEBINECEKESBKFEMBEDIEXES
Table 3. Correlation coefficient between concentrations of metal and genus-level dominant group

Heavy metal/(mg/kg) Rare earth/(mg/kg)

Fungus Cr Cd Pb Zn Sm Nd Pr Ce La
unclassified Fungi -0.376 0254 -0.354 0579 -0.414 -0.388 0440 -0.378 -0.301
Lecanicillium -0271 -0323 -0274 0827° -0414 0451 0325 0428 —0.398
Podospora 0249 0333 0223 0171 0512° 0456 0438 038  0.203
Aspergillus 0.111 0427 0.048 0332 0504 05477 0541 0576  0.604"
Rhizophagus -0290 0280 -0.130 0.238 0378 0324 0304 0250  0.080
unclassified Pleosporales 0.096 0498 0187 0123 0585 059" 0.607" 0.623° 0642
unclassified Agaricales -0.293 0272 0137 0226 0373 0319 0298 0244 0073
unclassified Davidiellaceae 0.820° 0.088  0.752** -0.001 0.110 0130 0110 0136  0.143

Unclassified Cordycipitaceae -0.271 -0.308 -0.270 0.837" -0.409 0451 0323 0427 -0.397
* and ** indicate significantly different at the 0.05 and 0.01 probability levels, respectively.

23 SEHEKRN ITSERRERE S ARGk BER(E 4 B/REtk B6-4, B6-2, B6-6, B6-5
A 100 mg/L (9 Lafl Zn g MD 155 5 Aspergillus flavus S5 2k (FBLEESE i 99%-100%),
Xf B4, BS LHERESH TR L, 55 6k B6-3H1B7-170% 5 Aspergillus nidulans CMXY 2059
T, q: 5tk)E T E R B EE, 1 *ﬁg)g'q:%)j (MG991576) #11 Fusarium verticillioides HS17
JBICH, KRR TS FH) SR L, g (KY426418)53 2% (99%-100%).
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Figure 4. Phylogenetic tree of fungal isolates based on ITS gene. The numbers in the brackets are gene sequence
accession numbers in GenBank; The numbers of nodes indicate bootstrap values and represent the percentages of
1000 bootstrap replications in which the taxato the right are placed together; The scale bar represents the horizontal
branch lengths and the number of substitutions per nucleotide position.
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2.4 SrEIEIMKRE )R R RE S I E
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Figure 5. Adsorption capacity/rate of La®* and zZn®*
for four representative strains.
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Fungal community structure in mining soil and its adsor ption
Kinetics of rare earth-heavy metal ions
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Abstract: A large number of contaminants from rare earth-mines are discharged into the surrounding soil through
the floating dust, surface runoff and leachate of the tailings dam, and affect particular fungal communities.
[Objective] To investigate the adaption of fungal community structure to the long-term pollution stress by both rare
earth and heavy metals, and to characterize the adsorption kinetics of rare earth and heavy metal by fungi isolates.
[Methods] Based on the internal transcribed spacer (ITS) gene, Illumina-Hiseq sequencing technique was used to
analyze the fungal community structure in five soils from B1 to B5 with increasingly higher contents of rare
earth-heavy metal around Baotou rare earth tailings dam, in addition to an uncontaminated control soil about 20 km
away from tailings area (sample C). Meanwhile, a total of 6 fungal isolates were obtained by culture-dependent
technique, and their absorption kinetics of both rare earth and heavy metals were analyzed. [Results] At the phylum
level, Ascomycota was abundant in fungal communities in all samples (13.5%-90.5%). At the class level,
Sordariomycetes was apparently higher in B2 (73.1%), B3 (28.4%) and B4 (20.8%) than control C samples (7.4%);
and the relative abundance of Dothideomycetes was lower in the B1 (3.5%) than B5 (11.8%). At the genus level,
Podospora showed strong adaption to contaminant stress, from the low relative abundance of 0.9% in control soil,
to 23.6% in B3. Meanwhile, Aspergillus, unclassified Pleosporales, and unclassified Davidiellaceae were also
detected with high relative abundances in B1 (3.0%), B4 (10.5%) and B5 (5.8%), respectively. Intriguingly,
Lecanicillium was detected only from the B2 sample and dominated (51.6%). The effect of Zn pollutant on fungal
communities was greater than that of rare earth elements, and negative correlation was observed between soil Zn
content the relative abundance of dominant unclassified fungi. Six fungal isolates were obtained from contaminated
soil, and could be assigned to genera Aspergillus (five isolates) and Fusarium (one isolate). All fungal isolates
showed significantly higher adsorption capacity of La®* than that of Zn®*, and the Aspergillus sp. B6-3 had the
highest adsorption rates for La®* (19.7%) and Zn?* (3.9%). [Conclusion] This study provided a mechanistic basis
for the use of fungi to remove rare earths and heavy metals towards the optimization of biosorption
process-oriented strategy for environmental bioremediation and protection.

Keywords: rare earth element, heavy metal, molecular survey, fungi community structure, culture-dependent
technique, biosorption process
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