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Tolerance of three fungal species to heavy metal manganese
and the adsorption of the metal

WEI Tianhui, SONG Jinzhu*, LIU Shiyu, GONG Dianliang, WANG Qi, SUN Yao

School of Life Science and Technology, Harbin Institute of Technology, Harbin 150000, Heilongjiang, China

Abstract: [Objective] To explore the tolerance of three fungal species to manganese ion, the
optimal conditions for them to adsorb Mn*" in solution, and the mechanism for the adsorption,
and thus to provide technical reference for the control of manganese ion pollution. [Methods]
The minimum inhibitory concentration (MIC) of Trichoderma harzianum, T. atroviride and T.
asperellum was determined and the optimal adsorption conditions were explored. Based on
scanning electron microscopy-energy dispersive X-ray spectroscopy (SEM-EDS) and Fourier
transform infrared spectroscopy (FTIR), fungal cells before and after the adsorption were
analyzed. [Results] 7. harzianum, T. atroviride, and T. asperellum could tolerate the maximum
manganese concentration of 1 600 mg/L, 1 800 mg/L, and 2 000 mg/L, respectively. The
optimum adsorption conditions are pH 7, adsorption time of 80 h, and temperature of 28 °C,
and the highest adsorption rate was up to 23.7%. The functional groups involved in the
adsorption of 7. harzianum were —OH, and —C—N— and—C=O0 in the amine group, and those of
T. asperellum were —OH and —NH. The functional groups of 7. atroviride were —C—H, and
phosphate groups P=0, P—OH, and PO,’". [Conclusion] The screened T. harzianum, T.
atroviride, and T. asperellum showed strong adsorption of heavy metal manganese, which can
serve as a reference the treatment of manganese pollution in soil.
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Figure 1 Effects of different culture time on

mycelial biomass of three fungal. Error bars in
figure represent standard deviation.
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Figure 2 Growth of Trichoderma harzianum (A),
Trichoderma asperellum (B), and Trichoderma
atroviride (C) on different concentrations of Mn*"
medium. Error bars in figure represent standard
deviation.
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Figure 3 Effect of different adsorption time on

adsorption of three fungal. Error bars in figure
represent standard deviation.
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Figure 4 Effect of initial pH of different medium
on adsorption of three fungal. Error bars in figure
represent standard deviation.
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Table 1 Combination of strains
Experiment number

Strain combination

1 T. harzianum
2 T. asperellum
3 T. atroviride
4 T harzianum:T. asperellum=1:1
5 T. harzianum:T. atroviride=1:1
6 T asperellum:T. atroviride=1:1
7 T. harzianum:T. asperellum:
T. atroviride=1:1:1
8 T harzianum:T. asperellum:
T. atroviride=1:2:1
9 T. harzianum:T. asperellum:
T. atroviride=2:1:1
10 T. harzianum:T. asperellum:
T. atroviride=1:1:2
10
*
8t Eh ¥
=
S ok
é 6F *
gl
g z M L
5 Y
g
@] s
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Figure 5 Concentration of Mn”" in the supernatant
of different mixed strains. *: P<0.05; ***: P<0.001;
*Exk: P<0.000 1.
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Figure 6 SEM of three fungal before and after adsorption of manganese ions. A: Before Trichoderma
harzianum adsorbs Mn”>". B: After Trichoderma harzianum adsorbs Mn®". C: Before Trichoderma
asperellum adsorbs Mn>". D: After T. asperellum adsorbs Mn>". E: Before T. atroviride adsorbs Mn>". F:

After T. atroviride adsorbs Mn*".
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Figure 7 Element analysis diagram before and after the adsorption of Mn”". A: Before T. harzianum adsorbs
Mn?". B: After T. harzianum adsorbs Mn*". C: Before T. asperellum adsorbs Mn?". D: After T. asperellum
adsorbs Mn”". E: Before T. atroviride adsorbs Mn>". F: After T. atroviride adsorbs Mn*".

P4 actamicro@im.ac.cn, & 010-64807516



FRES | MWW, 2023, 63(3)

1031

W VR o RIS o TR B BT R
FE A3 LUAR A, PERORE TR TR & i b ST
RIRE I 4.91%, BIHARE N 2.24%, IR
LEAREEHN 8.90%. HH UL AT UF B TR & A B A AH [
Mn> W T, W Mo> FOSUR b, 5458
2.4 PR R EE L —3L
253 HEMTIRIINEFT-IR)GE RS

M 3k 2.5.2 (5 H T AT 3 Fl BC TR 2 36 T 40
Jif0 % T %) W B0 DE 1 R e B 4 e S . B
3 PR TR T, AR
FEHBREZEEREA NG R RIS,
H5E4REZ MY BGEMEET) . BEER SR
AT, TR, g vk R A R S
3 PEE A, — A S TR R R 4
SR ) OAPS R - S DNS SR (IREEE 7 NS e e =X
FH 5 | e P 75 A o W 9 A B TR 22 W B Min™
TG A B AR S 2T AT 45 R A 5] 8A IR
WBTE 3 328 om™ A — IR IIE, X)W —OH
SEE RS, A T B S R A A R A 0 Y TE 3G
S, JEHERB SR 3 242 em P, FEBEAL
1627 em™ ' b A Bf7 AT LAV P F C=0 [ hi
X T8 1 SRR B A ST SR -CN (B e 1)
LM -NH 25T 3882, 7940 1 366 em™ b
MILLAM IS IR T o, W RIAR TR, IR Ab i
ot L G W i I B P=O e 4 41 511241

A K 5 T 22 W B Min® T S A e L A
Beal SMEik g Fan i 8B iR, WO i 1F 3%
50 WO Y P A B, 2T AR RS SEAS AL, Ky
g T AR, &3 3 500-3 200 cm ' A K
Ak, X EEAR ALK [{ T A0 M AN B T A 2
(extrasporar polysaccharides, EPS)E A & 11k
) B BT S B0, BAK R oK ik A 0 -OH
) fif SR A 2 RN 9 e 47 4 2l 3 (W] V T A9 235
SRES2T IR 3 506 em ! AL F—OH JEi f fif
AiPRE), WEREF] 3 452 em Ak, [RINF 3 395 cm™!

Ak BT AR A S, L I S 32 B2 -NH
F8 fef 20 4 0 A B

TRERAF T 22 B Min® i Sy 2 4h
JEREEE RN 8C FrR , WS B P 33 5 T AT

A 120 — Before adsorption of Mn?*
----- After adsorption of Mn?;
g M W
< |
% 100k 3328 1592 1347
E o90f N P e
§ :" i A .'
) (RIS
3242 1627 1366
70 1 1 1
4000 3000 2 000 1 000 0
Wavenumber (cm™)
B 140
— Before adsorption of Mn**
S 130F After adsorption of Mn**
Py
é 120
E 110
g 3
= 100
90 1 1 1
4000 3 000 2 000 1 000 0
Wavenumber (cm™)
¢ — Before adsorption of Mn?*
1or . After adsorption of Mn**
S
(5]
% 80 R
£ 2 920 L 101717
g ' -WM“:
S 60F i i
= I 1022
2921 0
40 1 1 1
4000 3000 2 000 1 000 0

Wavenumber (cm™)

B8 =MEHELKRM M BIEHERMTH
LTSNS 4 R

Figure 8 Fourier transform infrared spectroscopy
results of three fungal hyphae before and after
adsorption of Mn*". A: T harzianum. B: T.
asperellum. C: T. atroviride.
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