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Effects of different incubation time periods on synthesis of
extracellular polymeric substances by dark septate endophytes
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Shaanxi, China
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Abstract: [Objective] To explore the changes in the yield and composition of extracellular
polymeric substances (EPS) of Alternaria sp. CGMCC 17463, a strain of dark septate
endophyte (DSE), cultured for different time periods. [Methods] We conducted the shake flask
experiment to compare the yield, structure, composition, and activity of EPS synthesized by a
DSE strain cultured for different time periods. [Results] From day 4 to 12, the growth of the
DSE strain entered the logarithmic and stationary phases. During this period, the EPS synthesis
rate was high, with the yield reaching 1.41 g/L on day 12. Afterwards, the EPS synthesis rate
gradually decreased. The component analysis revealed that the extracellular polysaccharide
content was the highest on day 12 in the EPS samples of equal mass. As the growth of DSE
continued and entered the decline phase, mycelial lysis occurred, significantly increasing the
protein content in the EPS. Functional group analysis showed that as the incubation time was
extended, the functional groups in the EPS presented changes only in the content but not
species. The results of scanning electron microscopy and particle size analysis showed that the
EPS composition gradually changed with the increase in incubation time. Specifically, the EPS
components with the particle size smaller than 5 um presented increased volume percentage,
while those with the particle size larger than 100 um showed gradually decreased volume
percentage. Furthermore, the EPS possessed the ability to scavenge oxygen free radicals and
retain water, which were significantly influenced by the changes in EPS composition.
[Conclusion] The day 12 marks the optimal time point for the production of EPS with high
polysaccharide content, while the day 24 marks the optimal time point for the production of
EPS with high protein content. This result establishes a foundation for the application of EPS in
the complex eco-environment of mines.

Keywords: dark septate endophytes; extracellular polymeric substance; extracellular
polysaccharide; free radical scavenging; hygroscopicity
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Effect of different culture times on the growth of DSE and EPS production. A: Biomass and pH. B:

Figure 1
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EPS production and residual sugar. C: Viscosity. D: EPS synthesis rate.

http://journals.im.ac.cn/actamicrocn



1180

BI Yinli et al. | Acta Microbiologica Sinica, 2024, 64(4)

DSE
morphology

EPS
morphology

2 EHEFAEIXT DSE 1 EPS F2ASEI 200

Figure 2  Effect of different culture times on the morphology of the DSE and the EPS.
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S 0 1 I I I I Y

FW], ARG IR mEA] 59 EPS 2H 0 I R & ARk As
3 000-3 500 cm ™ AFFAER TERIIRISCHT , T RES

—OH FI-NH By dadkshige, 7350k A EPS thiy
BEFR AR 0, -1 638 cm ' AbpIHR S ] Rk
JE PP I (-NHC=0-)H1 i) C=0 {455 4% 33
B, A5 AT e JCHL I A it a8 etk b i 2R
FIRKEE, JFH EPS rhdRalm RN, FIIXL,
F7E EPS " & s ARXT K. 1249-1 424 cm ™' 4b
B4R S5 AT BE Sy EPS 4544 th C—H 78 £ 4%
B, FE—1 023 om" A 55 4 R AT U Ay Mk g A 2
g5, Hirh DSE 53% 12 d 25U EPS 7EIL AR,

0.0len L L L L 1L

4 8 12
t/d

16 20 24 4 8 12 16 20 24 4 8 12

16 20 24
t/d t/d

B3 AEHEFFAIEX EPS BLESLER]. FasrSHEFER~ 2N

Figure 3 Effect of different culture times on the proportion of each component in EPS. A: Proportion of
extracellular polysaccharide, protein and other components. B: Extracellular polysaccharide production.
C: Protein production. Column height represents the average and the error bar represents the SD of
measurements with four samples.
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Figure 4 Effect of different culture times on EPS
particle size.

5 AEIEFATEIXT EPS R0
Figure 5 Effect of different culture time on EPS structure. Red arrows represent differences between different
treatments.
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Jaam RS 7). AR T A R
FE] Y EPS, 553755 12 K EPS iR AE 115558,
W R IR F T 5.92%, AT Eb T HAt At ] S H )
EPS 425 1 1.78%—19.88%. X Al AE 2t T A A
W EPS H, MUSREHEARXT G KA. HHE
T F o3 F 250 R AR 1A

A

80 — [10.2 mg/mL

0.3 mg/mL
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2 oot B 0 mem
.°§ < B 1.0 mg/m
S 40t
25
8 —
=4 20 i
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0
4 8 16 20 24
t/d

B
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=y X1 0.5 mg/mL
o & 60 B8 170 ma/mL
T o
S 2wl
8
a5 20
0

6 TEIEFRAEER EPS MEBHREMBEASEFEHEBREZNFI

Figure 6 Effect of EPS on the clearance rate of hydroxyl (A) and superoxide anions (B) by different culture
times. 0.1-1.0 mg/mL represents the concentration of EPS solution. Column height represents the average and
the error bar represents the SD of measurements with four samples.
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Figure 7 Effect of different culture times on the moisture absorption capacity of EPS. A: EPS moisture
absorption capacity. B: Before EPS moisture absorption. C: After EPS moisture absorption.
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