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Optimization of culture conditions for biofilm formation of
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Abstract: Bacillus paralicheniformis, a Gram-positive, facultative anaerobic, motile
rod-shaped endospore-forming bacterium, can be used as a species of potential plant
growth-promoting rhizobacteria (PGPR). In this study, B. paralicheniformis HMPM220325
was isolated from the fruit fermented milk. This strain can form biofilms at the gas-liquid
interface during static cultivation. [Objective] To study the effects of different environmental
factors on the biofilm biomass of B. paralicheniformis HMPM220325 and provide data support
for the later development and application of HMPM220325 as a PGPR strain. [Methods]
Effects of different environmental factors and nutrients on the biofilm formation of
B. paralicheniformis HMPM220325 were quantitatively detected by crystal violet staining, and
the optimal conditions for the biofilm formation of the strain were optimized by orthogonal
experiments. [Results] The optimal environmental conditions for the biofilm formation of
B. paralicheniformis HMPM220325 were incubation at 50 °C and pH 9.0 for 36 h. The optimal
medium was composed of maltose 15.0 g/L, urea 10.0 g/L, magnesium sulphate 20.0 mmol/L,
disodium hydrogen phosphate 2.5 g/L, and bovine heart infusion 17.5 g/L. The optimized
culture conditions increased the biofilm biomass by 58.28% compared with the original culture
conditions. [Conclusion] This study explored the biofilm formation of B. paralicheniformis in
a variety of environments and optimized the culture conditions for biofilm formation of this
strain, providing an experimental basis for further development of PGPR.

Keywords: plant growth-promoting rhizobacteria; Bacillus paralicheniformis; biofilm;
orthogonal optimization
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Table 1 Table of orthogonal factor levels

Level AMaltose (g/L) B Urea (g/L) C Mg®" (mmol/L)
1 10.0 10.0 10.0

2 15.0 15.0 15.0

3 20.0 20.0 20.0
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Scanning electron microscope image of Bacillus paralicheniformisbiofilm. A: 5 000x; B: 10 000x.
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Figure 2 Effect of oxygen on the biofilm formation capacity of Bacillus paralicheniformis. A: Biofilm
morphology of Bacillus paralicheniformis formed in anaerobic environment. B: Biofilm morphology of
Bacillus paralicheniformis formed in aerobic environment. C: Biofilm volume quantitative results of Bacillus
paralicheniformis formed in aerobic and anaerobic environment. Data with different letters are significantly

different (P<0.05) among different groups.
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Figure 3 Effect of different incubation times on the
biofilm formation capacity of Bacillus paralicheniformis.
Data with different letters are significantly different
(P<0.05) among different groups.
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Figure 4 Effect of different incubation temperatures
on the biofilm formation capacity of Bacillus

paralicheniformis. Data with different letters are
significantly different (P<0.05) among different groups.
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Figure 5 Effect of different initial pH on the biofilm
formation capacity of Bacillus paralicheniformis,
Data with different letters are significantly different
(P<0.05) among different groups.
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Figure 6 Effect of different media types on the biofilm
formation capacity of Bacillus paralicheniformis,
Data with different letters are significantly different
(P<0.05) among different groups.
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Figure 7 Effect of carbon sources on the biofilm formation capacity of Bacillus paralicheniformis.
A: Different types of carbon sources. B: Concentration of maltose. Data with different letters are significantly

different (P<0.05) among different groups.
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B8 FURXT B SF AT & YIPE B RE RS20
Figure 8 Effect of nitrogen sources on the biofilm formation capacity of Bacillus paralicheniformis. A:
Different types of nitrogen sources. B: Concentration of urea. Data with different letters are significantly

different (P<0.05) among different groups.
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Figure 9 Effect of metal ions on the biofilm formation capacity of Bacillus paralicheniformis. A: Different
types of metal ions. B: Concentration of Mg®". Data with different letters are significantly different (P<0.05)

among different groups.
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IR SRR = 4 58.28% ( 10),

*®2 EXREERSN

Table 2  Analysis of orthogonal experiment results

Experimental A B C Biofilm
group (ODs79)
1 1 1 1 1.536

2 1 2 2 1.505

3 1 3 3 1.574
4 2 1 2 1.713

5 2 2 3 1.570

6 2 3 1 1.565

7 3 1 3 1.603

8 3 2 1 1.480

9 3 3 2 1.482
K 4.616 4.853 4.581

K, 4.849 4.556 4.701

Ks 4.567 4.621 4.748

K 1.538 1.618 1.005

ko 1.616 1.518 1.567

ks 1.522 1.540 1.582

r 0.094 0.099 0.056
Order of influencing factors: B>A>C
The optimal combination: A,B,;C;

25

2.0 |

138

ODS?U

10 =

0.5

0.0

Control Optimization

5 10 BIMRFAFEREERFEEIES
Figure 10 Validation results of optimal culture
conditions of Bacillus paralicheniformis. Data with
different letters are significantly different (P<0.05)
among different groups.
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