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The study on efficient screening, high-density fermentation and
preservation methods for extremely Acidithiobacillus sp.

FENG Shou-Shuai YANG Hai-Lin GAO Kai CHEN Jin-Cai JI Yun-He WANG Wu'

(The Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University,
Wuxi, Jiangsu 214122, China)

Abstract: [Objective] Considering of the extremely special biochemical characteristics of
Acidithiobacillus sp., the efficient double-layers screening, fed-batch high-density fermentation
strategy and preservation method was respectively established and optimized for enhancing the
utilization and reservation efficiency of these microbial resources. [Methods] The heterotrophic
microorganisms such as Sacchromyces ellipsoideu and Rhodotorula sp. was employed as bottomed
culture when the transmission electronic technology (TEM) was employed for observing the
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morphological differences. Based on the designed sulfide medium and elemental sulfur fed-batch
strategy, the logarithmic phase of Acidithiobacillus thiooxidans was extended when the specific
growth rate was improved. The effects of different preserved methods on cell survival rates were also
investigated. [Results] Using heterotrophic microorganisms——Rhodotorula sp. as the underlying
culture in the double-layers culture, the screening cycle was reduced by 1/3, while the plating
efficiencies of Acidithiobacillus ferrooxidans and Acidithiobacillus thiooxidans were improved by
about 3 times. More regular cell morphology was shown by TEM in the double-layers culture. The
average specific growth rate of Acidithiobacillus thiooxidans was improved via fed-batch
fermentation strategy in the Starkey-sulfide medium. The biomass conversion rate of sulfur and
productivity were improved by 31.1% and 187.9% respectively, compared to the batch fermentation.
The simple and efficient 4 °C cryopreservation perseveration was more suitable for preserving
Acidithiobacillus sp. with the validity period about 1-3 months. [Conclusion] The screening
efficiency of Acidithiobacillus sp. could be effectively improved by the double-layers culture with
the auxiliary culture-Rhodotorula sp.. High-density fermentation of Acidithiobacillus thiooxidans
was achieved via fed-batch fermentation strategy in the Starkey-sulfide medium. Simple and efficient
4 °C cryopreservation preservation was more suitable for preserving Acidithiobacillus sp. in the
short-term.

Keywords: Acidithiobacillus, Double-layers culture, Fed-batch strategy, Culture preservation
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Table 1 The main characteristics of strains

Strains Nutrition type Energy substrate Medium Optimal temperatrljllje, pH
A. ferrooxidans CUMT-1 Chemolithoautotrophy Fe/S° 9K 30-35 °C, pH 1.8-2.5
A. thiooxidans ZJIN Chemolithoautotrophy g Starkey 28-32°C, pH 0-2.0
S. ellipsoideus Chemoheterotrophy Organic substance YPD 30-37 °C, pH 3.0-5.5
Rhodotorula sp. W1 Chemoheterotrophy Organic substance YPD 30-37 °C, pH 3.0-5.5
1.1.2 #BFE£: (1)K (/L)' Bl (NH,),80,  50-60 °C
3.0 KCI 0.1 K;HPO, 0.5 MgSO47H,0 0.5 A. ferrooxidans CUMT-1  A. thiooxidans ZJIN
Ca(NO3), 0.01 H,O 700 mL FeSO47H,0 30 °C
443 H,0 300 mL (2) Starkey (g/L)t¥
(NH4),SO4 0.3 KH,PO4 3.0 MgSO47H,0 0.5
CaCl,2H,0 0.25 FeSO47H,0 0.018 H,O 1 000 mL 1.3 BEEREAEBEAIIESSE
10.0 (3) YPD (g/L) ) A. thioodidans ZJIN
20 20 10 100 mL  Starkey-S pH
113 #WHu f: 1.8 5% 30 °C 170 r/min
pH
2) Starkey
2 Zn Mn Ni Pb As 5S¢/l
Ag Au Co Cd Hg (<0.05%) 2 g/l
1.2 WNBETFREERLE
05 ¢g 5% 3) Stakey-
37 °C 0.5h YPD Starkey 0.2%
30°C 24 h Rhodotorula Starkey
sp. W1 YPD 30 °C 24 h 1.4 BEMIREESIE
9K A. ferrooxidans CUMT-1
Starkey 9K 3d A. thioodidans
%2 BUTEBRELE ZIN Starkey 2
Table 2 The main element content of sulfide ore 9K Starkey
4 °C 2
Parameter Content and description 4 °C
S (%) 12.80+0.10 4 °C 3
Fe (%) 32.50+0.50
Cu (%) 1.0120.02
Ca (%) 3.700.20 15% 20 °C
Mg (%) 3.7340.20
Al (%) 1.40+0.12 -20 °C
Particle diameter (pum) <48 100%

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



2568 WA 2# ik Microbiol. China 2014, Vol.41, No.12

3
1.5 #&mAx

151 ESFRFEBESHI.  25% ( )
0.5 h
(6 000xg 5 min) 1.25% ( )
1 mm
2.5% ( ) Rhodotorula sp. W1
0.5 h 3 A. ferrooxidans CUMT-1  A. thioodidans
1% ( ) ZJIN 1
l1h 1% ( 10-11
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Figure 2 Transmission electron microscopes of A.
ferrooxidans and A. thiooxidans by double-layers
(Rhodotorula sp.) and traditional single-layer plating
methods
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1 um; 25.5xk); C: A. thiooxidans of double-layers plate (bar,

1 um; 42.5xk); D: A. thiooxidans of traditional single-layer plate
(bar, 1 um; 42.5xk).
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( 6
3
3
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8.0% 4 °C
123.3%
31.1% 187.9% (1I-3 )
A. thiooxidans (]
Starkey A. ferrooxidans
22.6%
28.9%

®3 ZHERARNTEESHIER

Table 3 The comparison of key parmeters between the three culture methods

Culture method Culture time Consumed sulfur Average of u Final Biomass Conversed rate Productivity
(h) (g/L) (™ (cells/mL) (cells/g s%) (cells/(mL-h))
Batch culture 120 7.8 0.032 12.8 E7 1.64 E10 1.07 E6
Fed-batch-Starkey 120 16.2 0.040 28.7 E7 1.77 E10 2.39 E6
Fed-batch-Sulfide 120 17.2 0.040 36.9 E7 2.15E10 3.08 E6
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Figure 6 The effects of different preservation methods on cell survival rates
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Note: A: A. ferrooxidans; B: A. thiooxidans. T—1: Continous culture; EZZ2: Plating preservation; KNN: 4 °C cryopreservation
preservation; KXX3: Glycerol suspended-freezing preservation; EEE: Freezing-drying preservation.
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