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Abstract: [Objective] This study aimed to reveal the composition of endogenous microbial
community degrading the polymers for oil displacement in the reservoir and analyze the influence of
bio-competitive exclusion on the microbial degradation of polymers. [Methods] Through indoor culture
experiments, we observed the influence of bio-competitive exclusion on the viscosity of the polymers,
and used high-throughput sequencing technology to analyze the microbial strains related to polymer
degradation in Bohai J-oilfield. We then mined the genes (encoding amidase, oxygenase, hydrogen
sulfide-generating enzyme) with high abundance and involved in polymer degradation in the samples.
After that, we employed the real-time fluorescence PCR to compare the abundance of the
above-mentioned functional genes between samples, and finally annotated the microbial taxa carrying
the above-mentioned functional genes. [Results] Bio-competitive exclusion mitigated the viscosity loss
of the polymers for oil displacement. Nine taxa of microorganisms related to the degradation of
polymers were identified, including Acetomicrobium, Tepidiphilus, Thermoanaerobacter,
Fervidobacterium, Ralstonia, Halomonas, Roseovarius, Deferribacteraceae, and Comamonadaceae.
High-throughput sequencing revealed that bio-competitive exclusion significantly down-regulated the
abundance of 7 genes involved in the polymer degradation in the samples. The measurement of
abundance in samples showed that the abundance of the amidase gene ansB and the oxygenase gene
ssuD was down-regulated by bio-competitive exclusion, which was consistent with the sequencing
results. The community composition annotation indicated that bio-competitive exclusion significantly
inhibited Delftia, a highly efficient bacterial taxa for polymer degradation in Bohai J-oilfield.
[Conclusion] We revealed the endogenous microbial taxa related to the degradation of polymers for oil
displacement in the oilfield and discovered the inhibitory effect of bio-competitive exclusion on the
degradation, confirming that bio-competitive exclusion can help to stabilize the viscosity of polymers
for oil displacement in offshore oilfield.

Keywords: community composition; bio-competitive exclusion; viscosity; high-throughput sequencing;
polymer flooding
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Table 1 Primer sequences for real-time fluorescence
quantification

Genes Primers sequences (5'—3")
16S rRNA!'8 F: AGAGTTTGATCCTGGCTCAG

R: GCTGCCTCCCGTAGGAGT

ansB F: AAGTCCGTAAACATCAAGACCGAA
R: ACGTTCCCGTAGCCGTAAGC
ssuD F: CCACGGATCAGGTCGATACTTACT
R: CCTGCCCAGAGGTTTGGAGAA
nicD F: CTGGTGCTGATCGACCCG
R: GCAGGTGTGCAGCCATTCG
hipO F: CGCTACGGCTGAGGTTACGC
R: GCCTTTGGGTTGGGCTTCC
glpE F: AAAGAGGCGGTGCTGGTCG
R: CCTTTGCTGCTATTGCCGTGA
cysJ F: GGCGTAGCAACAGCCTTCC
R: ATGACCCTCCGCCACCA
tauD F: TGACCTTTCTGCCGACACC

R: CGCTCCAACGGGAATGACT

10 L, ddH,0 8.9 uL, 1E . JZ[M5[#4% 0.05 uL,
DNA 1 pL), PCR i F2/%(95 °C 5 min; 95 °C
30s, 55°C 30s, 72 °C 1 min, 40 ME¥R; 80 °C
10 s),
1.7 ERERENFEZS

Kt WP e I R b BoE AR R
NCBI £ SRA (Sequence Read Archive) (¥ %,
5250 PRINA688608 . PRINA688392,

2 BERXR504

21 BREMFEHNE

PL 7 d yla)bE, s X1 .X2 Hsr b dHAEA
PEATER D E . i 1 R, 7E0-7 d, X1
FEARBEEEH 17.2 cP B2 3.7 P, TFE T 78.5%;
S T RZJE, FEARFE BT B 35am ir- 22,
BAFEW, KEER 2.7 P MIELZT, &
BCX ALY X2 IFHEAAERT 7 d, B 13.4 cP
2 5.8 cP, FEIEH 56.7%, A5 4.9 cP.
A AT DL BCX I ZE T R G W R R R B

20
-~ X1

-- X2

10 -

Viscosity/cP

0 7 14 21 28
td

E1 REVHETL

Figure 1 Changes in polymer viscosity under the
action of BCX. X2 was a hydrogen sulfide
treatment well, while X1 was a non-treatment well.
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Wilcox FkANA: 5 (K 3), & BUAE I A SR A R A
YR )2 KFEAR R, H Tepidiphilus . Ralstonia
Acetomicrobium . Halomonas . Thermoanaerobacter .
Roseovarius . Deferribacteraceae . Fervidobacterium .
Comamonadaceae %5 9 ZSHFILE I N PR G4 AE
W are v 2H P B T R T AN N RS W AR R T
Ho AT, X9 FEERNAETE S SRR A
KRG B VIRHR, BATTREAE A IS P iy
REWIEERwi, M4 B RS LR
FHT.
2.3 REYIERED)aE B E B9 iFIE F136 IE

BLT UM R AW 2> 745, TR T A
P i B 14T, 420t AT 1 P Gtk A0 00
R LA AR 23 B ZH WY il 3545 1) RPKM
(B, PCBREA Z 0] 5 1 o ik ) E B — Tt e i
IARCEE Ak A O D R R R 2 S
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Figure 2 Relative abundance distribution of bacteria. The ordinate showed sample names, in which the
experimental group was cultured with oil displacement polymers added to the formation water, while the
control group was cultured with only formation water added. The abscissa showed the proportion of bacteria
in the samples.

== Control
95% confidence intervals = Experiment

Pseudomonas | —— - ® i 0.0867
Tepidiphilus | g H&H *0.0127
Ralstonia g }—0—1: * 0.0126
Acetomicrobium g ! * 00127
Halomonas [y e 0.876 3

Delfia [ —o— 0.2129 5

Thavera [ & 01607 =3

Marinobacter 8 H— “0.001 8 :_
Thermoanaerobacter — I-.-l: “ 0.0126
Roseovarius |g H& 0.8149
Norank_f_Deferribacteraceae g H®, *0.0127
Klebsiella |f II 0.119 5
Sunxiuginia 8 L 3| “*0.000 5
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Unclassified_f _Comamonadaceae |y @ 0.528 4

6 1I0 2I0 3I0 410 5|0 —3‘0 —50 —LIO(I) lb 2|0 3|0 4|0 SIO 6|0
Proportions/% Difference between proportions/%

3 Wilcox #1230

Figure 3 Wilcox rank sum test of bacterial relative abundance. The ordinate showed names of the strains,
and columns corresponding to the strains indicated the respective abundance in the samples. The
experimental group was cultured with oil displacement polymers added to the formation water, while the
control group was cultured with only formation water added. The position of dots indicated the difference in
the abundance of bacteria between samples, and the color of dots showed samples with higher abundance of

the bacteria. *: 0.01<P<<0.05; **: 0.001<P<0.01; ***: P<<0.001.
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M TAU W25 T b &L i i . D25 RN
FERKSF- VBT BCX XA 4y e fige Uik 3t 38
AW Thte e

X RS AP R ) BCX R IEFEER
REVEMGIIRERL R, HISEH 28 & PCR Jr
AT THRAE. Wi 5 FioR, £ BCXEATF,
FHEE X1 H, X2 HFEAR B IL A ansB . il
AMFEE ssuD M E RSN TET 72.5%H
87.5%, LA 4 b 2 R TEREA Z [B] 1Y

L0

800 | X2
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400 -
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B4 BREVEBIEERNREIES

Figure 4 Differences in the expression of polymers
degradation functional genes under the action of
BCX. X2 was a hydrogen sulfide treatment well,
while X1 was a non-treatment well. The RPKM
value meant the number of reads (read length,
obtained from a single sequence) aligned to each
gene with a unit of one thousand bases in every one
million sequences. The RPKM value was a standard
to measure the level of genes expression.

150 —E

=]

Fold change

<o
W
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Figure 5 Quantitative verification of BCX inhibiting
polymers degradation functional genes. X2 was a
hydrogen sulfide treatment well, while X1 was a
non-treatment well. **: 0.001<P=0.01.
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B Delfiia
B Pseudomonas
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0.0 0.1 02 03 04 05 06 07 08 09 1.0
Percent of community abundance on genus level

6 W ansB EEMEFFE S HE

Figure 6 The abundance distribution of floras carrying the ansB gene. The ordinate showed sample names,
X2 was a hydrogen sulfide treatment well, while X1 was a non-treatment well. The abscissa showed the
proportion of bacteria in the samples.
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Figure 7 The abundance distribution of floras carrying the ssuD gene. The ordinate showed sample names,
X2 was a hydrogen sulfide treatment well, while X1 was a non-treatment well. The abscissa showed the
proportion of bacteria in the samples.
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