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ZREARA BRAT AR A AL EE ) A BB R Em K ), STA RSB . el s BR A4 K AE A
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Screening of a glycolipid biosurfactant-producing strain for
kerogen biodegradation
LIDe-Yu SHANGAo ZHANGDi JIANG Hai-Long WANG Wen-Xing
(College of Life & Health Sciences, Northeastern University, Shenyang, Liaoning 110819, China)

Abstract: [Objective] Biosurfactant-producing strains were screened from an oil-shale environment
for the biodegradation of kerogen in oil shale. [Methods] Wastewater samples of the Fushun
oil-shale mine were collected and used for the primary screening of biosurfactant-producing strains
using the blood-agar plate method. Oil spreading, emulsification activity, and surface tension
methods were further used to re-screen the biosurfactant-producing strains. The target strain was
identified by 16S rRNA gene sequencing and phylogenetic analysis, as well as by determining its
physiological and biochemical characteristics. Surface-active components in the zymotic fluid of the
target strain were analyzed by thin-layer chromatography. The culture conditions were optimized for
biosurfactant production by the target strain, and its biodegradation of oil-shale kerogen was
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examined preliminarily. [Results] A glycolipid biosurfactant-producing strain, B-1, was screened and
identified preliminarily as a Pseudomonas sp., and it showed the advantages of good oil displacement
and emulsifying ability, and low surface tension. Strain B-1 used alkanes, unsaturated fatty acids, and
carbohydrates as carbon sources. In a glucose-containing culture medium (pH 7.0) with 0.3% NacCl,
strain B-1 grew well at 30—34 °C, and the surface tension of the zymotic fluid exhibited its lowest
value (27 mN/m). After 30 d, the kerogen degradation rate of strain B-1 in the glucose-containing
medium was 2.85%, compared with 1.04% in a control medium without glucose. [Conclusion] Strain
B-1 is a good glycolipid biosurfactant-producing bacterium with the potential to degrade kerogen.

Keywords: Biosurfactant-producing strain, Screening, Oil shale, Kerogen, Biodegradation
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Table 1 Hemolytic zones, oil spreading zones, emulsifying
activity and surface tension of the tested strains

1Lk HEh el FURIEME  RmEsks
FRER Hemolytic Oil spreading ~ Emulsifying Surface
Strains  zones zones activity tension
(cm) (cm) (%) (mN/m)
B-1 3.5+0.3 5.240.2 56.0+1.1 31.58+0.16
B-3 2.6+0.4 3.3+0.3 14.0+1.2 38.61+0.07
B-10  2.5+0.7 3.240.5 0 45.20+0.11

1 Bk B-1 KEERAHEREE N (A). FLILEEH (B)FI TLC Z&(C)
Figure 1 Oil spreading ability (A) and emulsifying activity (B) and TLC result (C) of strain B-1 fermentation liquid

Note: a: Strain B-1; b: Staphyloccocus aureus; c: Escherichia coli.
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WHERGE K BWE 2), £ B-1 5 Pseudomonas
aeruginosa KF20849.1 FoEZ CR% Y], FFAIAHLL
PEIRE] 99% . W45 G RHE . A A by
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100 ¢ Strain B-1 (MF 973076)

Pseudomonas aeruginosa (KF208491.1)

Pseudomonas resinovorans (NR026534.1)

Pseudomonas sagittaria (KX984114.1)
Pseudomonas nitroreducens (JF441245.1)
Pseudomonas citronellolis (KM210233.1)
100 Pseudomonas denitrificans (KT337532.1)
Pseudomonas mendocina (KT380543.1)

Pseudomonas pseudoalcaligenes (AB276371.1)

Pseudomonas stutzeri (HQ285873.1)

"
0.05

Lactobacillus pentosus (KF923751.1)

B2 Etk B-1 5T 16S rRNA EEFFINAZEZ B
Figure 2 Phylogenetic analysis of strain B-1 based on 16S rRNA gene sequences
T 5P 5 A S IMERTE GenBank RS 733 m EIEITFIORBER HWHIRFORIFEZIRE, 0.05 FIR 5% 2.
Note: The sequence numbers in parentheses correspond to the GenBank accession numbers of the reference strains; The numbers at branch
points represent confidence level; The bar scale indicates the rate of substitution per base, 0.05 represents a replacement rate of 5%.
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Figure 3 Effect of media with different carbon sources on
the growth of strain B-1 and the surface tension of the
fermentation liquid

TE: 1 AREEARERIE; 2. PRI 3. AR
B 4 HOBEINIEIRIL; 5. AARERETRIL

Note: 1: Beef extract peptone medium; 2: Mineral medium with
hexadecane; 3: Mineral medium with parraffin; 4: Mineral medium
with olive oil; 5: Mineral medium with glucose.
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Figure 4 Effect of the initial pH on the growth of strain
B-1 and the surface tension of the fermentation liquid

2.6 EFREREND

H & 5 ATg, REFRIEEXFRIAR B-1 AR KAk
THI 5K STERAT BRI . AR KRR 25 °C
FHE 37 °C, Btk B-1 MW E2mIgn, 2
30-34 °C WF-HHE XERITRE; midRimg
IEM . I, REFREETE 30-34 °C Z IR K
AR R, FETRIIBRIK.
2.7 NaClKEHIEMm

HIE 6 AI%1, NaCl MREEM 0.1%H %] 0.3%
BF, BEfR B-1 MUBRVMREERG R, RIATK IR 2 RAK;
0.3%—0.9%E B XS BRE B-1 AR KA HITK 1)
UM, TR N, Rk LA
k. UL, 0.3%J &4 AiE FM NaCl W
2.8 MTUE TERIR AYPERR

P 7 AT, BRI AR B-1 7E H A e (5 T ERAR Y
AR CHLER R R ) P B MRl 2.85%, 7

60 ZZAaSurface tension 110
’é\ r —A= ODgy —) oo
Z 50 '
= 108 .
‘% 40 | o
g 107°
g
€307 10.6
wn

055 30 34 37 03

Culture temperature (°C)

Bl 5 tEFREMEE B-1 BEKINKREKHZE
Figure 5 Effect of culture temperature on the growth of
strain B-1 and the surface tension of the fermentation liquid
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Figure 6 Effect of NaCl concentration on the growth of

strain B-1 and the surface tension of the fermentation liquid
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Figure 7 Biodegradation of oil-shale kerogen by strain B-1
TE: WIY: &5tk B-1 FIT BRI TCHLERIE AL Glucose: %
Btk B-1. TRAARFIHIEBEN IO 2L ; Control: NE B
Bk B-1 {HE TRAR I TCHLEL RS IR 5L

Note: WIY: Mineral medium with kerogen and B-1; Glucose:

Mineral medium with kerogen and glucose and B-1; Control:
Mineral medium with kerogen and without B-1 strain.
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