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Directed cultivation of efficient petroleum hydrocarbon-degrading
microbial consortia via gradient domestication and exploitation of
functional bacterial resources

DU Xueyuan"*, LI Shupeng"?’, QIU Jingcong'?, GUO Lili"?, CHANG Hui'?, LI Jiachen'?,
ZHANG Ran'?, LI Lijie?

1 National Engineering Laboratory for Site Remediation Technologies, Beijing, China
2 BCEG Environmental Remediation Co., Ltd., Beijing, China

Abstract: [Objective] To investigate the structural characteristics of microbial consortia in
different concentrations of petroleum hydrocarbons, cultivate efficient petroleum hydrocarbon-
degrading microbial consortia, and mine the strain resources capable of degrading petroleum
hydrocarbons. [Methods] We used 0# diesel as the sole carbon source to domesticate oil-
contaminated soil samples through five successive generations by gradually increasing the 0#
diesel concentration. The structural changes of microbial consortia were uncovered by 16S rRNA
gene amplicon sequencing. The strains with petroleum hydrocarbon-degrading potential were
isolated and purified via dilution plating and streaking. Finally, the improved 2, 6-dichlorophenol
indophenol (DCPIP) cultivation system was employed to identify efficient degrading strains.
[Results] During domestication, when the concentration of 0# diesel was raised to 7 000 mg/L, the
relative abundance of petroleum hydrocarbon-degrading bacteria including Bacteroidota and
Bacillota significantly increased. A total of 58 bacterial strains belonging to 25 genera, 22 families
of 4 phyla were isolated, including 31 (53.45%) strains of Pseudomonadota, 13 (22.41%) strains of
Actinomycetota, 11 (18.97%) strains of Bacillota, and 3 (5.17%) strains of Bacteroidota. From the
isolated strains, 18 petroleum hydrocarbon-degrading strains were screened out. [Conclusion]
Through gradient domestication, seven natural microbial consortia were successfully enriched,
achieving over 70% degradation of petroleum hydrocarbons at 7 000 mg/L of 0# diesel. Amplicon
sequencing revealed that varying 0# diesel concentrations altered the microbial consortium structure.
Additionally, 18 strains capable of using 0# diesel as the sole carbon source were identified,
providing potential microbial resources for the bioremediation of oil-contaminated soil.

Keywords: petroleum hydrocarbon degradation; gradient domestication; microbial consortium,;
bacterial isolation
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Figure 1

Schematic diagram of domesticated microbial consortia with increasing concentrations of 0# diesel.
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Figure 2 The degradation effect of domesticated microbial consortia on TPH in 0# diesel of different
concentrations. A: Degradation rate of TPH in 2 000 mg/L 0# diesel by the third generation domesticated
microbial consortia; B: Degradation rate of TPH in 5 000 mg/L 0# diesel by the fourth generation domesticated
microbial consortia; C: Degradation rate of TPH in 7 000 mg/L 0# diesel by the fifth generation domesticated

microbial consortia. Different lowercase letters indicate significant differences among treatments at the 0.05 level.
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Figure 3

Analysis of fungal and bacterial alpha diversity in each generation of domesticated consortia. A:

Shannon index of bacteria; B: Chaol index of bacteria; C: Shannon index of fungi; D: Chaol index of fungi. ****:
P<0.000 1; ns: Not significant. 3G: 2 000 mg/L 0# diesel; 4G: 5 000 mg/L 0# diesel; 5G: 7 000 mg/L 0# diesel.
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Figure 4 Phylum-level composition of domesticated microbial consortia. A: The composition structure of
bacterial communities at the phylum level in the 3rd, 4th, and 5th generation domesticated microbial consortia; B:
Changes in average relative abundance of bacterial community phylum in each generation of domesticated
microbial consortia; C: The composition structure of fungal communities at the phylum level in the 3rd, 4th, and
Sth generation domesticated microbial consortia; D: Changes in average relative abundance of fungal community
phylum in each generation of domesticated microbial consortia. The relative abundance of microbial communities
in figures A and C is the average of three replicates. 3G: 2 000 mg/L 0# diesel; 4G: 5 000 mg/L 0# diesel; 5G:
7 000 mg/L 0# diesel.
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Figure 5

Changes in average relative abundance of bacteria and fungi in each generation of domesticated

microbial consortia under different concentrations of 0# diesel pressure. A—H: Analysis of relative abundance

differences of Pseudomonadota, Chytridiomycota, Bacteroidota, Bacillota, Basidiomycota, unclassified Fungi,

Mortierellomycota, and Ascomycota in each generation of domesticated microbial consortia. *: P<0.05; **: P<
0.01; ***: P<0.001; ****: P<0.000 1; ns: Not significant. 3G: 2 000 mg/L 0# diesel; 4G: 5 000 mg/L 0# diesel;

5G: 7 000 mg/L 0# diesel.
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Figure 6 Changes in the average abundance of some bacteria and fungi at the genus level in each generation of
domesticated microbial consortia. A — L: Analysis of the relative abundance differences of Acinetobacter,
Pseudomonas, Alcanivorax, Parvibaculum, Flavobacterium, unclassified Lachnospiraceae, unclassified
Muribaculaceae, Saitozyma, Fusarium, Mycothermus, unclassified Fungi and Mortierella in each generation of
domesticated microbial consortia. *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.000 1; ns: Not significant.
3G: 2 000 mg/L 0# diesel; 4G: 5 000 mg/L 0# diesel; 5G: 7 000 mg/L 0# diesel.
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Table 2

Information on the most similar type strain or strain of isolated bacteria

Strains

The most similar type strains or strains

GenBank accession number

JGXF-1

JGXF-2

JGXF-3

JGXF-4

JGXF-5

JGXF-6

JGXF-7

JGXF-8

JGXF-9

JGXF-10
JGXF-11
JGXF-12
JGXF-13
JGXF-14
JGXF-15
JGXF-16
JGXF-17
JGXF-18
JGXF-19
JGXF-20
JGXF-21
JGXF-22
JGXF-23
JGXF-24
JGXF-25
JGXF-26
JGXF-27
JGXF-28
JGXF-29
JGXF-30
JGXF-31
JGXF-32
JGXF-33
JGXF-34
JGXF-35
JGXF-36
JGXF-37
JGXF-38
JGXF-39
JGXF-40
JGXF-41
JGXF-42
JGXF-43
JGXF-44
JGXF-45
JGXF-46
JGXF-47
JGXF-48
JGXF-49
JGXF-50
JGXF-51
JGXF-52
JGXF-53
JGXF-54
JGXF-55
JGXF-56
JGXF-57
JGXF-58

Agrobacterium pusense LMG 256237
Brevundimonas pondensis LVF1T

Stenotrophomonas acidaminiphila JCM 133107

Pseudomonas aeruginosa JCM 59627
Agrobacterium tumefaciens ATCC 47207
Brevundimonas diminuta ATCC 115687
Escherichia fergusonii ATCC 35469
Tsukamurella tyrosinosolvens DSM 44234"
Tsukamurella conjunctivitidis HKU72T

tenotrophomonas acidaminiphila JCM 133107

Rhizobium rhizogenes K599

Escherichia fergusonii ATCC 35469"
Brevibacillus nitrificans DA2"

Klebsiella pneumoniae ATCC 138847
Agrobacterium divergens R-317627
Bacillus licheniformis SCDB 14

Gordonia amicalis DSM 44461
Agrobacterium pusense LMG 25623T
Achromobacter veterisilvae LMG 303787
Aeromicrobium tamlense SSW1-57"
Pseudomonas aeruginosa JCM 59627
Acinetobacter gyllenbergii FMP0O1"
Flavobacterium alkalisoli XS-57
Sphingobacterium puteale MO5W1-28"
Microbacterium paraoxydans NBRC 103076"
Brevundimonas pondensis LVF1T"
Brevundimonas intermedia VKM B-1499"
Enterobacter hormaechei DSM 166877
Pseudomonas nitroreducens LMG 216147
Acinetobacter calcoaceticus NCTC 129837
Sphingomonas echinoides ATCC 148207
Bacillus polymyxa ATCC 842

Bacillus megaterium ATCC 14581

Serratia marcescens ELP1.10
Acinetobacter baumannii ATCC 19606
Pseudoalteromonas tunicata D2
Achromobacter denitrificans LMG 1231
Rhodococcus erythropolis R138
Staphylococcus pasteuri FDAARGOS_1069
Gordonia alkanivorans NBRC 16433
Acinetobacter gyllenbergii JGXF-41
Brevibacillus nitrificans DA2T
Brevibacillus nitrificans DA2T

Bacillus licheniformis SCDB 14
Tsukamurella tyrosinosolvens DSM 442347
Gordonia amicalis strain DSM 44461
Pseudomonas aeruginosa JCM 59627
Tsukamurella tyrosinosolvens DSM 44234"
Alcanivorax dieselolei CGMCC 1.3690
Bacillus licheniformis ATCC 14580
Staphylococcus pasteuri DSM 10656
Alcaligenes faecalis ATCC 8750
Acinetobacter baumannii ATCC 19606
Arthrobacter crystallopoietes DSM 20117
Bacillus polymyxa ATCC 842
Pseudomonas aeruginosa JCM 59627
Rhodococcus qingshengii CS98

Gordonia alkanivorans NBRC 16433

GCA_900102105.1
GCA_017487345.1
GCA_001431595.1
GCA_000615485.1
GCA_011684035.1
GCA_000204035.1
GCA_000026225.1
GCA_900104775.1
GCA_007858475.1
GCA_001431595.1
GCA_016864595.1
GCA_000026225.1
GCA_003710965.1
GCA_000163455.1

GCA_002074115.1
GCA_012395955.1
GCF_900102105.1
GCA_900496975.1

GCA_000615485.1
GCA_001682515.1
GCA_008000935.1
GCA_003627955.1
GCA_001552495.1
GCF_017487345.1
GCA_027922165.1
GCA_001729705.1
GCA_900188285.1
GCA_900444805.1
GCA_033842725.1
GCA_022811565.1
GCA_006094495.1
GCA_030291735.1
GCA_009035845.1
GCA_003568825.1
GCA_902859715.1
GCA_000696675.2
GCA_016599795.1
GCA_000225505.1
GCA_001682515.1
GCA_003710965.1
GCA_003710965.1
GCA_002074115.1
GCA_900104775.1
GCA_012395955.1
GCA_000615485.1
GCA_900104775.1
GCA_014644575.1
GCA_034478925.1
GCA_003970495.1
GCA_958448115.1
GCA_009035845.1
GCA_002849715.1
GCA_022811565.1
GCA_000615485.1
GCA_015099595.1
GCA 000225505.1
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Figure 7 Phylogenetic tree of bacteria isolated from the fifth generation of domesticated microbial consortia
based on 16S rRNA gene sequences. The color range indicates the classification of the phylum level.
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Figure 9 Qualitative analysis of the degradation function of 0# diesel by isolated strains. Red solid circle: The

strains have the ability to degrade 0# diesel.
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Table 3 The potential of potential functional strains to degrade petroleum hydrocarbons (characterized by the

degree of 2,6-DCPIP fading)

7

<3

2,6-DCPIP fading degree

+++
+

Strains

Number

Pseudomonas aeruginosa JGXF-4

+

8

Brevibacillus nitrificans JGXF-13

Tsukamurella sp. JIGXF

+++

-15

Agrobacterium divergens JGXF

Achromobacter sp. JGXF

-19

+H+
+H+

Pseudomonas aeruginosa JGXF-21

-22

Acinetobacter sp. JGXF

-32

Acinetobacter baumannii JGXF-35

Bacillus polymyxa JGXF

++
+

Pseudoalteromonas tunicata JGXF-36

10
11

-40 +++

Gordonia alkanivorans JGXF

Acinetobacter gyllenbergii JGXF-41

Brevibacillus sp. JGXF-42

12
13
14
15
16
17
18

+++
+++

Tsukamurella sp. JGXF-45

Pseudomonas aeruginosa JGXF-47

Tsukamurella sp. JGXF-48

+++
+++

Bacillus licheniformis JGXF-50

(il

Arthrobacter paraffineus JGXF-54

++FIG G 2,6-DCPIPSE A (R, ; ++HITE (D, 2,6-DCPIPAR (AL 48, +HIZR(0,. 2,6-DCPIPAR (O TR AE R I .

+++ and orange: 2,6-DCPIP is completely faded; ++ and blue: 2,6-DCPIP is moderately faded; + and green: 2,6-DCPIP is slightly

faded.
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Figure 10  Analysis of the degradation rate

differences of domesticated microbial consortia under
different concentrations of 0# diesel. **: P<0.01;
**% P<0.001; ****: P<0.000 1. 3G: 2 000 mg/L 0#
diesel; 4G: 5 000 mg/L 0# diesel; 5G: 7 000 mg/L 0#
diesel.
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