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An in-situ culture device for microorganisms based on polymer
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Abstract: [Objective] Conventional culture methods can merely uncover a fraction of microbial
diversity. A vast number of microorganisms remain unculturable under laboratory settings. The
advent of in-situ culture technology offers a key solution to this predicament. This study endeavors
to innovate the in-situ culture technology, explore microorganisms under hitherto unknown culture
conditions, and probe into their potential applications within the realm of uncultured
microorganisms. [Methods] PCR tubes were employed as the core of the device, and the idea of
sorting prior to culture was introduced. Microorganisms were separated from the environment by
means of polymer membranes for independent culture. The efficacy of the device was validated
through the pure culture of Escherichia coli. Moreover, this device was applied to in-situ culture in
diverse environments such as soil, sewage, and mountain spring water. [Results] The abundance of
E. coli increased significantly in the pure-culture device. When the concentration of the polymer
membrane reached 15%, the encapsulation effect effectively prevented the escape of E. coli. The
co-culture experiments further corroborated this finding. In the in-situ culture experiments, the
device designed in this study successfully cultured single-cell microorganisms from sewage, soil,
and mountain spring water samples. Sequencing results indicated that this device could culture
species recalcitrant to be cultured in the laboratory. Comparison with the NCBI database verified
that new species were successfully cultured, which demonstrated the effectiveness of the culture
device in various environments. [Conclusion] The culture method designed in this study is suitable
for single-cell microbial culture, enrichment of specific microbial communities, and co-culture of
multiple microorganisms. The device can isolate and culture richer and more microorganisms than
conventional culture methods. This new technology not only isolates and cultures more
microorganisms but also manages to culture those previously unculturable under laboratory
conditions. It holds great significance for microbiological and ecological research.

Keywords: microbial dark matter; in-situ culture; sorting prior to culture; uncultured
microorganisms; polymer membrane
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Complete experimental operation flowchart.
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Figure 2 Encapsulation verification experiment flowchart.
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Figure 3  Physical image of the cultivation device
and microscopic observation results. A —B: Physical
image of the cultivation device; C—D: Cultures with
membrane concentrations of 12.5% and 25% under
the microscope; E: External culture medium under

microscope.
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Table 1

(Pseudomonas stutzeri) ] AN, I
KW, BE&HE B0 FE D08 9521%.
96.46% F1 99.18%., 3 Fifk B A0 AL A 5 Py o
KAREWE SA Fros. Hrb, TERREKE R 20%
R F7 %6 B P LA ) 14 RRANEE, X 14 BRANEE
T 4 BR5 NCBI A T 16S rRNA FEP 4K
FIFEAPE /N T 95.00%, iFBH BT A 7l G2 5T
Pk, MEZT, XA WA SR 4
YOE R R T 151 pRANTE ,  H b CC B M v
(Pseudomonas stutzeri) () L BN A 2.25%. Bk
2 20% LA ARG 35 405 55 57 5 R BEZH B
VLA LI 4B TR

R R ARy T 2 WA B R
(Candidatus Sphingomonas) 5. 41 }g 1Y) 15% 5 ik
T/DMF 5 & ¥ M5 £ 25 1 85 75 e v 245 3]
31 BRAAEE, X 31 #RANE A 9 PS5 NCBI £k
JErF 16S rRNA JE A A KA A UTE /N T 95.00%,
IEENTIRA ATRE R HT R, Hor, ZriEny Ff
7€ 2 W 5B 1 (Candidatus Sphingomonas) = Ji
N 71.08%, Zeid NCBI BLAST L4341 Je ik 1
HRREEFEY)

3 S N S D T = o AN 3 )
(Pseudomonas stutzeri)’y it 2| 4 13 2 15 77 1) 15
FRREN, HE RN 12.5%, £ 16S
rRNA JE K %5 i 2LA5 51 81 pRA T, bt [T
B B B A (Pseudomonas stutzeri) W Lt 15 4

Comparison of cultivation conditions of polyether sulfone/DMF polymer membrane with different

concentrations

e 2 S R S N 7LaRt RS

Membrane concentration (%) Contamination rate of culture medium (%) E. coli abundance (CFU/mL)
10.0 70 3x10°

12.5 20 1x10°

15.0 0 6x10°

20.0 0 3x10°

25.0 0 5x10°

Rk AT 10H AR S0, WO 02 H(EIH

Conduct 10 repeated experiments for each concentration, and calculate the average of the 10 concentrations.
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Figure 4 Comparison of community composition between single-cell culture group and control group. A:

Wastewater; B: Soil; C: Mountain spring water.
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Figure 5 Relationship between samples of different concentrations with species and 3D bar graph of cultivation

abundance. A: Relationship diagram between samples and species at three different concentrations; B: 3D bar

chart of soil culture and soil suspension culture abundance.
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Figure 6 Comparison of low temperature cultivation of Changbai Mountain spring water samples for one month

and two months.
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Table 2 Proportion (%) of all microbial species detected by high-throughput sequencing after 1 month and 2

months of culture

Yrkh 11H 2
Species One month Two months
Unclassified Pseudomonas 82.36 68.62
Unclassified_Sphingomonas 6.27 2.76
Brucella_melitensis 3.61 1.19
Delftia_tsuruhatensis 1.88 0.42
Acidovorax_delafieldii 1.17 0.79
Unclassified Rhodocyclaceae 0.79 8.07
Unclassified Rhizobiaceae 0.68 0.11
Rhodococcus_erythropolis 0.55 0.17
Staphylococcus _caprae 0.45 -
Methylobacterium-Methylorubrum 0.36 0.21
Acinetobacter _baumannii 0.31 -
Pseudomonas_azotoformans 0.20 0.82
Sulfuritalea_sp. 0.17 0.37
Unclassified Novosphingobium 0.13 0.71
Paracoccus_yeei 0.10 0.03
Sediminibacterium_sp. 0.06 0.13
WCHBI-32_sp. 0.04 7.53
Caulobacteraceae_sp. 0.03 0.11
Desulfovibrio_mexicanus 0.03 0.16
Unclassified Desulfovibrio 0.03 0.17
Hyphomicrobium_zavarzinii 0.03 0.10
Edaphobaculum_sp. 0.02 0.23
NS11-12 _marine_group sp. 0.02 0.22
Bacteroidetes bacterium_37-13_sp. 0.01 0.10
Caulobacter_sp. 0.01 0.14
Novosphingobium_aromaticivorans - 0.26
Limnohabitans_parvus - 0.11
Azospira_oryzae - 343
Pseudomonas_thivervalensis - 0.91
Lutispora_sp. - 0.90
Others 0.70 1.23

—: REGME], othersEIFAHNXTEE/NT0.10%.

—: Not detected, others combined relative abundance is less than 0.10%.
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