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Condition optimization and identification of secondary
minerals produced by Leptospirillum ferrodiazotrophum

ZHANG Cuijing', ZHANG Shuang', LIU Tao"?, ZHAO Dan', YAN Lei '*

1 Heilongjiang Provincial Key Laboratory of Environmental Microbiology and Recycling of Argo-waste in Cold
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Abstract: [Background] Leptospirillum ferrodiazotrophum can produce a large amount of
secondary minerals during the culture. [Objective] This study optimized the culture
conditions of L. ferrodiazotrophum for secondary mineral production, aiming to provide
materials for the subsequent application of biogenic secondary minerals. [Methods] Single
factor tests were carried out to investigate the effects of pH, temperature, rotation speed and
liquid loading on the production of secondary minerals by L. ferrodiazotrophum, on the
basis of which the response surface method was employed to optimize the culture
conditions. Subsequently, the produced secondary minerals were characterized and tested.
[Results] The single factor tests showed that the secondary mineral yield reached the
highest under the conditions of pH 3.00, 35.0 °C, and rotation speed of 150 r/min, and the
effect of liquid loading on the secondary mineral production was insignificant. The optimal
conditions for producing secondary minerals were pH 2.82, 31.7 °C, and rotation speed of
135 r/min. After the optimization, the yield increased from the highest value of 57.714 mg/(L-h)
in the single factor tests to 65.436 mg/(L-h). X-ray diffraction results showed that the
produced mineral had poor crystallinity and was an amorphous hydroxyl high-iron mineral.
The mineral had a short needle-like structure and a large specific surface area.
[Conclusion] This study optimized the biosynthesis conditions of secondary minerals
through single factor tests and response surface design, laying a foundation for applying
secondary minerals in the future.

Keywords: Leptospirillum ferrodiazotrophum; secondary mineral; response surface method;
biooxidation
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Table 1 Response surface factors and horizontal design
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Level A:pH B: Temperature (°C) C: Rotation speed (1/min)
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Figure 1

Effects of various factors on productivity of secondary mineral synthesis. A: pH. B: Liquid charge.

C: Temperature. D: Rotation speed. Different lowercase letters indicate significant differences at the P<0.05

level.
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Table 2 Response surface test results

EW s A: pH B: Temperature (°C)  C: Rotation speed (r/min) 47~ 3
Number Productivity (mg/(L-h))
1 2.75 35.0 150 58.158
2 3.25 35.0 150 55.054
3 3.25 30.0 120 57.261
4 2.75 30.0 120 62.884
5 3.00 30.0 150 61.752
6 3.25 30.0 180 63.192
7 2.75 25.0 150 37.111
8 3.00 35.0 120 59.333
9 3.00 30.0 150 54.014
10 3.00 30.0 150 67.801
11 3.00 25.0 180 35.626
12 3.00 30.0 150 63.820
13 3.00 35.0 180 53.009
14 3.25 25.0 150 35.500
15 2.75 30.0 180 62.626
16 3.00 25.0 120 34919
17 3.00 30.0 150 62.579

®3 MEEIXEEEE YIS

Table 3 Regression analysis of response surface test model

SR -5 A H B ¥75 F1E P& &
Source SS DF MS F value P value Significance
Model 1926.19 9 214.02 12.78 0.0014  Significant
A: pH 11.94 1 11.94 0.71 0.426 5

B: Temperature (°C) 848.68 1 848.68 50.66 0.000 2

C: Rotation speed (1/min) 0.0003829 1 0.0003829  0.000 02286 0.996 3

AB 0.56 1 0.56 0.033 0.860 4

AC 9.57 1 9.57 0.57 0.474 3

BC 12.36 1 12.36 0.74 0.418 9

A 0.056 1 0.056 0.003 358 0.955 4

B’ 1031.68 1 1031.68 61.58 0.000 1

c? 1.61 1 1.61 0.096 0.765 6

5% 2% Residual 117.27 7 16.75

ZRUT Lack of fit 16.13 3 5.38 0.21 0.8830  Not significant
4li{% # Pure error 101.14 4 2528

KL Cor total 2043.46 16
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Figure 2 Residual normal probability distribution
diagram. The scattered dots in the figure represent
the response values, with colors ranging from blue,
green, light green, yellow, light yellow, and orange to
red, indicating that the response values have
increased from small to large.
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AR B o B B A — e R B 5 /ML
BT DA O, DR SR A (] B840 A 03 S AR [
ARSI s 0 DX A2 B Y &) 18 1 J2 R A AR b
WL, ZEE BT, BRORHBIE N T A0 iy HE R TR

3 W54
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Figure 3 Response surface and contour diagram of interaction of each factor. A: Contour plots of pH and
rotation speed. B: Response surface plots for pH and rotation speed. C: Contour plots of temperature and
rotation speed. D: Response surface plots for temperature and rotation speed. E: Contour plots of pH and
temperature. F: Response surface plots for pH and temperature.
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Figure 5 SEM map of secondary minerals. A: Magnification of 10 000x. B: Magnification of 100 000x.
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