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Abstract: The aim of this study was to select the effective microbial agents to remediate heavy metal pol-
lutants by investigating the potential of the growing biomass of the three endophytic fungi through bioaccu-
mulation to remove metals from contaminated water. In this study, three endophytic fungi Fusarium sp.
CBRF14, Penicillium sp. CBRF65, Alternaria sp. CBSF68 tolerant Cd, Pb, and Zn were isolated from
rapes growing in DaBao metal contaminated soils. And then we investigated the effects of initial metals
(Cd, Pb and Zn) concentrations on the biomass, the metal bioaccumulation capacities and bioaccumula-
tion percentages of the endophytic fungi. The results showed that the bioaccumulation percentages of Cd

and Zn by CBRF14, CBRF65 and CBSF68 decreased with the increase of initial concentrations of Cd and
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Zn in general, however, the bioaccumulation percentage of Pb by CBRF14 and CBSF68 showed a pattern

of “increase-decline” .

With the increase of the initial Cd, Pb, and Zn concentrations, the biomass of

CBRF14, CBRF65 and CBSF68 showed the declined trend, but the bioaccumulation capacities of metals
increased. The maximum bioaccumulation capacities of CBRF14, CBRF65 and CBSF68 were 20.5 ~
53.4 mg - g~ for Cd, 188.9 ~356.6 mg + g~ ' for Pb, and 28.4 ~ 292.8 mg - g~' for Zn, respective-

ly. The results indicated that the three heavy metal-resistant endophytic fungi from rapes could live and

accumulate metals in solutions with heavy metals, which suggested that they had the potential to remove

heavy metals from metal-contaminated water. The results also indicated that plants accumulating multiple

metals might harbor diverse fungal endophytes suitable for bioaccumulation of metals.

Key words: fungal endophytes; bioaccumulation; growing mycelium; heavy metals.
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Table 1  The initial concentrations of Cd, Pb and Zn

used in the bioaccumulation assays
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Cd., 15 mmol/L Pb 1 40 mmol/L Zn H G Pr 4k,
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mmol/L Pb 130 mmol/L Zn EHHiME, X3 N4
FLE XS Cd Pb H1 Zn BRI BaF A HibE, B
AR BEE AT T 5 220 5 R W RS
HFHENEEHRWMFES (E1) K&ITSI -5.8S -
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H CBRF14, CBRF65 1 CBSF68 [l T-JE 2 4544 K
ITS LR P 5 AL B 4 3 5 Fusarium J& . Penicilli-
um J& , Alternaria J& M5 (ITS K& DX AH AL 45 75
97% Lk £, HBLEANT AT 73 5B E N Fusarium
sp. CBRF14 | Penicillium sp. CBRF65 F Alternaria
sp. CBSF68

CBSF68

1 PNHAEF CBRF65, CBRF14, CBSF68 )i T4
Fig. 1 The spores morphology of endophytic Fusarium sp. CBRF44 | Penicillium sp. CBRF65 and Alternaria sp. CBSF68
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Table 2 The comparison between the ITS sequences of endophytic fungi and the most similar ITS sequences in GeneBank

N A= B R 45 & GeneBank %55 AL R &2 GeneBank % 55 AL/ %o
CBRF65 (KU663376) Penicillium citrinum FJAT -30994 (KU687813) 97
CBRF14 (KU255178) Fusarium oxysporum LCF32 (FJ867936) 99
CBSF68 (KU663377) Alternaria porri AP —12 (JF422727) 99
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1.5 mmol/L B}, CBRF65 {4k ¥+ V& A 1 %
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Pt 52 BLSEHE I b i A2 A Zn WG
A 0 mmol/L 7+ & 1 mmol/L i}, CBRF14 {4 4+=
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6 mmol/L H}, HA:= ¥y & WA Wi /b
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1.2
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——Pb 1.0 Pb
—a—7n -

0.8 —7Zn
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0.4
0.2F

0.0

Initial concentration/(mmol-L")

B2 TE4JE Cd. Pb, Zn WLV XT PN AE FLTH CBRF14 . CBRF65 . CBSF68 A K fy52 10
Fig. 2 Effects of Cd, Pb, Zn on biomass of CBRF14, CBRF65 and CBSF68
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Effects of initial concentrations of Cd, Pb and Zn on their bioaccumulation percentages by CBRF14, CBRF65, and CBSF68
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Fig. 4 Effects of initial concentrations of Cd, Pb and Zn on their bioaccumulation capacities by CBRF14, CBRF65 and CBSF68
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R AR )R, HEEREEE LR, RN
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Pibk, PTLAEE & RS R AR R . SRR
BT B G E, AR S pH RS
FEE BRI R RGN A, BRAENTH R
FAU o DRy B e R A A A m ik, HLAE
TEZ2 I 5 SRR BE A pH (B BB REAE S A Bl A= 4
WAL AN E 2, — BRI REAE BB R I

RIFARKIFREEEESBEE, Mgy — 1A
HHAREHRE N MESBE RS . AP LM
P4 B CBRF65 . CBRF14 Fil CBSF68 BEFE & #4555
WIE Pb., Zn WSS FRRP AR, FEXTEATHEA B
ABRRE T : BNy Pb W14V B 2.5 mmol/L
it, CBRF65, CBRF14 fil CBSF68 % Pb [ & 4 %
BIFET0% LA L 1024 Zn F1GWEE SN 1 mmol/L i,
CBRF14 il CBSF68 i Zn () & 4 R} #8 11 80% .,
% 4 CBRF14 . CBRF65 F1 CBSF68 7 Cd #)HG ik Ji
0. 1 mmol/L 55 th AE K RAF, i Cd A%y
Wk 85% | 100% F173% , ENIIEMRIKE Cd 4
R ERH BRI E LS . DL g SRR X
HA RSB E L/ NEERA B @
HAY &SRR — S B R S, NS E
GBI YR K AL P

®3 OAWIFPNERREESEE Cd, Pb, Zn Wt 15 E A SCRRITGE BRI HLAL
Table 3 Comparison of uptake capacities (mg+g™") of Cd, Pb, Zn between the endophytic

fungi in this study and microorganisms reported in the literature

Maximum Cd uptake

Maximum Pb Maximum Zn

Microorganisms Reference
capacities uptake capacities uptake capacities
Growing Rhizopus arrhizus 17.7 16.9 [7]
Live Mucor rouxii biomass 8. 46 35.7 [20]
Cupriavidus taiwanensis TJ208 19.6 50. 1 [21]
NaOH pretreated Aspergillus niger 34.9 [22]
Caulerpa lentillifera 4.69 28.99 2. 66 [23]
Dried non-living biomass (NB) of different Pseudomonas strains 45.58 19. 06 [24]
Myriophyllum spicatum L. 6.8 [25]
Growing endophytic fungus CBRF14 20. 54 299.8 28.43 This study
Growing endophytic fungus CBRF65 53.43 356. 6 117.9 This study
Growing endophytic fungus CBSF68 27.25 188.9 292.8 This study

A o0 B 4 J A PR AL A 32 2 A 9 AR AL
il AMERLE XL BLE . AR K E ARG, o
AR 1R T 5 5 S TR RN Sk R 4
it 71308 3 240 P 2 % 3] 240 FEL oA 1 — S RE RE Y i A
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—RrE WE BRI, DB IR 2 a4 e ik
AP DR K R A R 3 A A
2@ 1 RE T 32 B MU SIS 1 T 4 JR VR EE (2 R . TE
%} CBRF14 1 CBRF68 &4 Pb (i3 XM, MEH
Py BER T, R RIS T M AR i
2o M Pb AU EH 1 mmol/L FE%| 2.5 mmol/L
iif, CBRFS9 Xt Pb LR SN E, PrAE TR .
Perez — Rama 25t R BUAHI DAY B4, 24 Cd i ft
WIEH 0.6 mg- L' J} & 45 mg - L™'I, Tetraselmis

suecica "E R MRS Cd 1 LB T, R4 Cd
PFEPERG IR, ) T B AERK, MY Pb K EEH
2.5 mmol/L F} & #| 4.0 mmol/L, CBRFI4 i
CBRF68 Xif Pb (4701 LASMELE o 3, Fr DL &
R P R [ A W %) A R A IR A
i), HOE 3l SO MIERL ] Ay B2 9 B 505 20n] RE
25, M LR RESREE B4R nk T
AP R B AN Al 9 A2 fa %, il an CBRF65 >
Pb #itA M E H 1.5 mmol/L F+ & 2 mmol/L B, &
IANHEBLEI SN =, X Ph (8 TR 24 Ph Ik E
i 2 mmol/L _EFFZEF| 3 mmol/L, & 1]l i & ik
Yyt el T 4 Jm 4 5 RS W) BORHR ST P Y BEIE, W
SRR B A g, I EBCE LT R M Pb
WY E | 3 mmol/L #—THE E 4 mmol/L,
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TEH 453 8 15 Y A8 52 T v AT PN 2 40 T B
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