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Abstract; A uranium-cadmium tolerant fungal strain A-2 was isolated from the roots of Ma-

cleaya cordata growing in the uranium tailings repository. In solid medium, the minimum
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inhibitory concentration (MIC) of uranium and cadmium for this strain is 160 mg/L. and
160 mg/L. In liquid medium,the MIC of uranium and cadmium for this strain is 80 mg/L
and 80 mg/L,respectively. The morphological observation and molecular identification con-
firmed that the strain belongs to the Fusarium,its GenBank accession number is
MH978624 , and it can be named Fusarium sp. A-2. In addition, the results from further ex-
periments show that under uranium-cadmium co-stress,the strain can secret large amounts
of organic acids including oxalic, malic and succinic acids, which can complex with
uranium and cadmium to reduce the toxicity of uranium and cadmium to the strain. This
may be the mechanism by which the strain can resist high concentrations of uranium and
cadmium and reduce uranium and cadmium toxicities. Fusarium sp. A-2 may have potential
application prospects in the remediation of the uranium-cadmium contaminated soils.

key words ; uranium-cadmium contaminated soil ; uranium-cadmium tolerant fungal ; Fusarium

sp. A-2;uranium-cadmium tolerance
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Table 1 Mass concentrations of uranium and cadmium

in different media (mg - L")
WS AbEA BSTEWRE W TTERE

CK 0 0
1045 10 5
20+10 20 10
CDM 30+20 30 20
40+40 40 40
80+80 80 80
160+160 160 160
CK 0 0
10+5 10 5
20+10 20 10
CDA 30+20 30 20
40+40 40 40
80+80 80 80
160+160 160 160
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Fig. 1 Fungal strains isolated from the roots
of M. cordata
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Fig.2 Colony diameter of A-2 under uranium

and cadmium co-stress

2.1.2  HlRdRIL PG T TERE A-2 BT 22T

WMk A-2 22 (BET 5 ) BBl 59 0T vk
FERSE IR (&1 3) o Hery ) il 60 590 Jo 6 vk 2
4390 10 mg/L Ml 5 mg/L B, B 22 & (HE T
Jo) JF IR R R, Al RN B R U R o R
80 mg/L 180 mg/L B, 4% 1L A 22K 1Y)
Pt (HET ) B BRALBEAR T 91.2% , FEWRAK
BrgRshh Al AR B R A-2 9 f /NI TR U R Ry
80 mg/L H180 mg/L, AWFFERI] MAKEE IR %
PR AR T Bl P 55 ARG 3% 3 R PR T B ]
PRBEFR Il SR NEE A RS Bl B TR 22 TR I
[ S5 R R SR A T Bl R T e v R A T
(LS EE L I TR e IS N S E2 20/ 111V a4
e g
2.2 THSHSREE A2 WETE
2.2.1 JEERFME

TE CDA 35558 b Wbk A-2 1F B 7% e 52
FUR TETEM 1 €0 5 TR % ST IR 8 0, i o I (] 3
I, RV BTN ; T 22 AR % (1A 4
(a) . (b).(c)) . HF BN MEZ 7] WL/
R4 F B RDE ; JEREESE 7 B8 | 3RO

T, AT A B2 A T 22 Ta) R 2R R 4
(F4(d) (e) () ; FrIRmE 2= IR B 0 ] 1k
Bx,

CDMIE I A2 224K T R /g
S oo o = = =
EEN N oo [=) (3] -

T

<
()

<
<)

CK  10+5 20+10 30+20 40+40 80+80 160+160
RbPRZ

3 SHIRELEMET A2 NELERE(RTRE)
Fig.3 Mass of mycelium of A-2 under uranium and

cadmium co-stress ( after drying)
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Fig. 4 Morphological features of strain A-2 on CDA media
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Fig. 5 Phylogenetic tree based on the ITS sequence of strain A-2
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Table 2 Organic acid mass concentration in CDM

medium of Fusarium sp. A-2 under uranium

and cadmium co-stress (mg-L")
g VRE AR T
CK  755.2+12.9* 38.5x1.1* - 20.4£2.1°
10+5  826.3+15.0" 43.0+1.7° - 43.5+2.4"
20+10 959.123.8° 55.7+2.4" - 48.5+2.3"

30420 1430.4+29.5" 71.9+1.5°23.5+1.7" 57.4%1.1°
40+40 834.8+20.4" 37.71.3" 10.20.8" 21.420.9°
80+80 - - - -
160+160 - - - -

TE =" FOR AR KN A HUER (49 43 Wb 5 [R5 vh R TR] /N g 3
IRAN IR Ak BN FR B 5% 1 22 57 5. 35 ( P<0. 05)

3 4 ®
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BRI B I 40 B ¥R (MIC) R 160 mg/L Al
160 mg/L, 7 1A 35 35 35 vl 760 50 0 32 T ok 1)
MIC J9 80 mg/L #1180 mg/L, ZIE A2 MELHISy
THEGE LB N ) R FLA, GenBank 8 %5
>k MH978624 ,éﬁZj@ Fusarium sp. A-2,

2) FEAAER L E A T, Fusarium sp. A-2 fig
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HAT i s i e S RE DR ph i 7 LB —

S

[1] VANHOUDT N, VANDENHOVE H, HOREMANS N, et
al. Study of oxidative stress related responses induced in
Arabidopsis thaliana following mixed exposure to uranium
and cadmium [ J]. Plant physiology and biochemistry,
2010,48(10) :879-886.

[2] HOREMANS N, VAN HEES M, VAN HOECK A, et al.
Uranium and cadmium provoke different oxidative stress
responses in Lemna minor L[ J]. Plant biology,2015,17
(1) :91-100.

[3] PLANT J A,SIMPSON P R,SMITH B, et al. Uranium
ore deposits; products of the radioactive Earth[ J]. Re-
views in mineralogy and geochemistry, 1999,38 (1)
255-319.

[4] DAS S,DASH R H. 1-Microbial Bioremediation; a po-
tential tool for restoration of contaminated areas[ J]. Mi-

crobial biodegradation & bioremediation, 2014, 2014 .

1-21.

[5] ABHILASH P C,POWEL J R,SINGH H B, et al. Plant-
microbe interactions : novel applications for exploitation
in multipurpose remediation technologies[ J]. Trends in
biotechnology ,2014 ,30( 1) :416-420.

[6] WU G,SUN M, LIU P,et al. Enterococcus faecalis strain
LZ-11 isolated from Lanzhou reach of the Yellow River
is able to resist and absorb Cadmium/[ J]. Journal of ap-
plied microbiology,2014,116(5) :1172-1180.

[7] MARIA-ISABEL DE S,EVA-MARIA P,CALLEJO M A,
et al. Environmental adaptation factors of two yeasts iso-
lated from the leachate of a uranium mineral heap[ J].
Fems microbiology Letters,2002,210(2) :233-237.

[8] KUMAR R,ACHARYA C,JOSHI R S. Isolation and ana-
lyses of uranium tolerant Serratia marcescens strains and
their utilization for aerobic uranium U(VI) bioadsorption
[J]. Journal of microbiology,2011,49(4) ;568-574.

[9] NEDELKOVA M, MERROUN M L, ROSSBERG A, et
al. Microbacterium isolates from the vicinity of a radioac-
tive waste depository and their interactions with uranium
[J]. Fems microbiology ecology,2010,59(3) ;:694-705.

[10] JEBE Al W 52, A6 — ok i 410 5 5 T 10 07 32,
SIEARHE T[T ] IR 4, 2017,37(6)
2076-2084.

[11] TAMANDEGANI P R,ZAFARI D. Evaluation of different
Fusarium species-wheat interactions effect on Cd bio-
sorption by wheat seedlings[ J]. International journal of
environmental science & technology,2017(1) ;1-12.

[12] KHAN A R,WAQAS M,ULLAH I, et al. Culturable en-
dophytic fungal diversity in the cadmium hyperaccumu-
lator Solanum nigrum L. and their role in enhancing
phytoremediation [ J |. Environmental & experimental
botany,2016,135.126-135.

[13] NIE J,LIU Y,ZENG G,et al. Cadmium accumulation and
tolerance of Macleaya cordata;a newly potential plant for
sustainable phytoremediation in Cd-contaminated soil[ J].
Environmental science & pollution research, 2016, 23
(10) :10189-10199.

[14] B, 8w, BRAT 45, 17k ml AT el VA8 5 s e
THERBETE (1], R e R £R 2018, 52 (10) -
1748-1755.

[15] RSO WG A, 55, 1 BRERIN 32 FLUA C12 1Y%
E PR SZ PEREE [ )], P ACRMBHE K222 (A
SRFFFT) ,2017,45(9) :71-80.

[16] BAN Y, TANG M,CHEN H, et al. The response of dark
septate endophytes ( DSE) to heavy metals in pure cul-
ture[ J . Plos one,2012,7(10) :479-63.

[17] Vo BH. B0 50 E 1 55 0 o Ja R 1) o 4R S H A L
TERIBLERRTSE[ D], Kb IR K 2014,

(DTS AR )



