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Abstract: [Objective] To provide premise and theoretical basis for application of Curvularia tsudae
C12 in treatment of heavy metal environmental pollution and enrich theory of fungal heavy metal resistance
mechanism, the tolerance of Curvularia tsudae C12 to heavy metal lead was determined and the related
physiochemical mechanism was analyzed in this study. [Method) The growth statuses of C. tsudae C12 un-
der different Pb*" concentrations (0,200,400,800,1 200,1 600 and 2 000 mg/L.) were measured by both
solid and liquid culture methods. The EC;, value of Pb*" was calculated according to hyphal dry weight,pH

Clchs H#]  2018-11-02

[T H] EHEARBFEES T H (31300543) ; 15 bR ARELEE K 2 3 A BHIF QDB — i 5 B (2452013QN108, 2452015343) 5 P b4
MBS 2= 5 3 AABHE R 3 2 5 B (Z111021204)

[EHERAD SRIEE (1993 =) s 2, Hf I A FE e 2 2 N F R AE W2 P 5T

LGEfEEE] THRMA79—) & I BRI A B 252 800+ A8 S0, 5 5 R ZRAMBUE W 2198 . E-mail: chunyan@nwsual. edu. cn



116 P JEAMB R 722 4R CB AR 4 O AT

value and organic acids concentration in liquid culture medium. The contents of glutathione (GSH) and ma-
londialdehyde (MDA) in liquid culture hyphae were also analyzed. [Result) C. tsudae C12 could grow un-
der all tested Pb*" concentrations, but the hyphal dry weights and Pb*" EC;, values (990. 8 mg/L) in liquid
culture condition were significantly higher (P<C0. 05) than those in solid culture condition at same concen-
tration. Under Pb*" stress (200—2 000 mg/L.) , the colony diameter, hyphal dry weight and pH value of liq-
uid culture medium were significantly (P<C0. 05) decreased compared to the control (0 mg/L), but the
concentrations of organic acids in liquid culture medium and hyphal GSH were increased. The concentra-
tions of oxalic acid and citric acid were significantly higher than tartaric acid and malic acid. With the in-
crease of Pb*" concentration in culture media,the hyphal color and morphological characteristics of C. tsu-
dae C12 were varied and the colony diameter and hyphal dry weight were decreased gradually. The oxalic
acid concentration was increased firstly and reached the maximum value under 800 —2 000 mg/L, but the
concentrations of tartaric acid, malic acid, citric acid and total organic acids increased firstly and then de-
creased with maximum values under 400 — 800 mg/L. The pH value of liquid culture medium decreased
firstly and then increased with the lowest value under 800 mg/1L.. The hyphal GSH content was increased
gradually and significantly lower (P<C0. 05) under low Pb*" concentrations (200—1 200 mg/L) than under
high Pb*" concentrations (1 600—2 000 mg/L). The hyphal MDA content was increased firstly, then de-
creased and increased again without significant changes (P>>0. 05) under all concentrations. [Conclusion])
C. tsudae C12 showed higher lead tolerance, especially under liquid culture condition. The morphological
changes,secretion of melanin,and accumulation of hyphal GSH and organic acids, especially oxalic acid and
citric acid,may be one of the potential mechanisms for C. tsudae C12 to reduce damage of lead.
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Fig. 1 Morphology characteristics of Curvularia tsudae C12 on PDA (25 C,10 d) and PDB (25 °C,7 d) media
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Influence of Pb*" on growth of Curvularia tsudae C12
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Table 1  Half effect concentrations (ECsy) of Pb*" to Curvularia tsudae C12 under solid and liquid culture conditions
Kigr FAHEEHTEY =aX+b) PeE REU(RD) N .
o . . I .. ECso/(mg+ L™1)
Training mode Regression equation Determination coefficient
[# 1A 4% % Solid culture Y=1.4557X+1.652 8 0.830 0 199. 1
WK B F% Liquid culture Y=3.509 7X—5.513 7 0.997 5 990. 8

TE: X R P2Y BTk B Y FR A KA S LR

Note: X represents Pb?>" mass concentration,Y represents the probability value of growth inhibition rate.

2.2 EBpENZEHTRCLZEFRGEDEIRESE
#n pH By =20

AHEH 25 Cl2 35 3% i b 2L A I 2 55 R 0 A
MR ERIR FLIR L O TR FTIETR IR FAMR 7 Fh /Ny T
AR Hoh LR L 3% R N FL IR (1 % i R B IK L i
AESTHT . I 3 AT B B SR R P T vk
FEMIG I S Cl2 WP RS /e R
FE(P<<0.05) Fhw, Pb*" R E N 800 mg/L B
IRBNE K I THRE . A IR S R IR FAT 15 1R 1)
BRI B Ph* T v B G e T R AR
I TR B AE P R MR 400 mg/ LA ik 3
BORAA . 4 FiA HLER AH Fo T 5 R A0 AT 1 R Y
SEE TN Ph* SR B (200~2 000 mg/L) R 1
F i T (P<0. 05) 11 1 R RN 37 IR . HLAT B R 1 &
I E Pb* BT B Oy (200~800 mg/ L) B i 35 %

(P<C0. 05) B g, H7E Pb*" J5i & #k BE Hy (1 200~
2 000 mg/L) I} & F K T (P<<0. 05) F R, K
U A LR B B P T B R0 S S T R e B
ot FRE. ol W, 5 4 8 45 AR 0 o | A i
C12 3 ZFp/N oy A HLIR - Ju H O P i i vk &
9 800 mg/ L B i fie A BIR BE M 0 A LR 1 43
%8 & R e B Pb* ip38 (1 200~2 000 mg/L) 4>
M VLR I 430 . X5 MRS IR 550 T 4 e
X 25 96 C12 A K ) 52 e — 350, 38 B A BILIR 43 Wik
I AT R A A CL2 x4 s L B R
I A2 M v e AL . PR R O 200 ~
800 mg/L WriE T . HH & C12 DL Jy Wb 5 R 0y
Bk 4 A B 2 PhYT SRR EE R 1200
~2 000 mg/L Jiia ~ , i H A C12 D) 3= 223 1o 2k
FRE R 1Y HER % ORI A R AR I

5r1 B2 Oxalic acid; (1 A B Tartaric acid; [C]3% 5 B Malic acid; N8 B Citric acid
a
” a
= 4r
=8
e
(=]
£5 30 N S . . a
i 5 N
Qs b N
8 7 3
=2 N
;e c
O 1L a N
a 'I' a § C
ab| N abab) b be b
b be bc
0 d bcb 4 b b
0 200 400 800 1200 1600 2000
Pb™ i B ¥k E/(mg * L") Concentrations of Pb’
B3 EY R aa ok A A Cl2 15 95 Wb A ML & R i R i
Fig. 3 Effects of Pb*" on organic acid content in liquid culture medium of Curvularia tsudae C12
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Table 2 Effects of Pb*" on pH value in liquid culture medium of Curvularia tsudae C12

Pb2t ik B/ pH {fi pH value Ph? i e g/ pH {& pH value
(mg e+ L1 . (mge+ L1 . L
Pb2* mass AEHE A C12 B3R X R Pb2" mass RN C12 Bl Xt B
. Curvularia tsudae C12 Control . Curvularia tsudae C12 Control
concentration concentration
0 6.42+0.114 b 6.83+0.15 a 1 200 3.53+0.030 jk 3.86+0.01 f
200 3.76+0.056 g 5.2540.07 ¢ 1 600 3.52+0.020 jk 3.68+0.01 h
400 3.577+0.020 i 4,97+0.02d 2 000 3.48+0.040 k 3.62+0.01 hi
800 3.394+0.010 1 4.247+0.01 e

TR AP ARG 78R 22 57 1k 3% (P<20. 05) .

Note: Different lowercase letters indicate significant difference (P<Z0.05).



120 P JEAMB R 722 4R CB AR 4 O

BT

H1 3% 2 WAL AN IS PDB 8537 rh Pb™
HBEM 0 B hNE] 2 000 mg/L I pH {2 Wik
I, X R WY R B B PDB 55 32 W19 pH {E FEAIK.
Pb*" i T R A CI2 /Y9 PDB #5572 pH
45 0 2K T A 42 B 50 % B (P <C0. 05), 45 51 &
Pb*" J5T ¥k B 7E 200 ~ 800 mg/L B}, 4% it FH 25 11
Cl2 ) PDB ¥ 35 W& pH {6 B AR T AN £z 14 19 % B
X F W HH A L Cl2 v {ff PDB 5532 19 pH {H %
I, 3X 5 WAL Po™ i Wk T R KB AP
BILIR 7™ it 5 w8 AH — B
2.3 $EpEMEHTR CIZEZE&H GSH M

MDA & 2 /& I

o1 B 4 W LUE S BRSSP P 5 R R Y
R, HE A C12 B 22k P9 GSH 1 & & 52 R i
LTS IR PO YR 2 000 mg/L i ik F
e KA BN IR THE T 80. 6% . FERUAK Pb? ' i ik
J¥(200~1 200 mg/L)pill T . B 22 i) GSH & &

250
a

200 l

150
100 [
b
b b
50 b b
L[]
0 200 400 800 1200 1600 2000

Pb* &K E/(mg « L")
Concentrations of Pb’

GSH% B/(nge-g™)
GHS content

2SR AR FE(P>0.05),HE FM T (P<<0.05) &
Pb*" JE B JEF (1 600~2 000 mg/L) il F i) GSH
ora. AL UL AR AT M N T S CL2
22 GSH iy~ 4, Hii 22 GSH & & 5 Pb* i
W RIEMG., X RUE 2 GSH & # i R
Al RE & A C12 X HF e L HOE & Pb™ R
VR A L 4R R I 52 R T AR L 2 —

MDA J2& A= Y 7E 30 858 45 10 5 77 A8 1 R 2o 480 Ak
PR Z — A AN P ) MDA i R] R AE H A2 5
iR, R 4 W LLE S HEE B SR PR
VR TS A C12 @2 Kb MDA 1y &
RN S BEAR T 0 L AE PO RV
400 F1 1 200 mg/L B 43 51l 35 2 e K AE A /ME B
TEFRIN Ph> " & ik BE (0~2 000 mg/1) F #4763
PEARAL (P=>0.05), A] UL, A HF 5% v 5 4 J 45 %)
H 2516 C12 B 22 R N MDA 5 5 JC i V52 e .

1.01
~ 08F 2
‘OD a
— &
gga) 0.6 l a a a
i‘ﬂo 0.4F
%=
)
= 02
0

0 200 400 800 1200 1600 2000
Po* T B WK FE/(mg « L)
Concentrations of Pb’

&4 YA T EHEE S Cl2 B2 F GSH(A) il MDAB) & 8 152
Fig. 4 Effects of Pb*" on mycelial GSH (A) and MDA (B) contents of Curvularia tsudae C12
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