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1.1

X7

1 PESI-T DH5

RNA MightyScript

cDNA Master Mix DNA Ezup

DNA Taq PCR

2× DiaSpin DNA DNA

DiaSpin DNA

SGExcel FastSYBR qPCR

Rhl A PCR PCR

CGAGACCGTCGGCAAATAC PCR

GCACCTGGTCGATGTGAAA Q- PCR

GAGATACCGCCCCAGGAC Q-PCR

TGATCACCAAGGACGACGA Rhl B

PCR PCR GCGACGTATTT

CCCTTCATCGG PCR CTATGACAAC-

GTTCGACCACCT Q- PCR TAGTTCCA-

GATGGTTTCTTCCTT Q-PCR CCTGCC-

GAAAGTCTCCCT

Biometra Tone PCR

Roche 480 PCR

WD-9413B

Nanodrop 2000

1.2

1.2.1 RhlA RhlB

NCBI Pseudomonas aeruginosa

1
Table 1 Surface tension of the formation water and viscosi-

ty of the crude oil samples
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PAO1 RhlA Pseudomonas aeruginosa PAO1 RhlB

PCR Rhl A CGAGA-

CCGTCGGCAAATAC GCACCTGGTC-

GATGTGAAA Rhl B GCGACG-

TATTTCCCTTCATCGG CTATGACAAC-

GTTCGACCACCT X7

DNA PCR PCR

PCR 25 L Taq PCR Mix

2X 12.5 L / 10 mM 1 L

DNA 1 L 25 L RhlA PCR

95 2.5 min 95 15 s 58

30 s 72 1 min 35x 72 10 min

4 RhlB PCR 95 2.5

min 95 15 s 55 30 s 72 1 min

35x 72 10 min 4 PCR

1%

1.2.2

PCR 1%

PESI-T

5x 4 L PCR

4 L PESI-T 1 L 50 ng DNA

1 L 20 L

3 5 s 20 min

DiaSpin

DNA

blast

1.2.3

100 mg/L Amp LB

37 180 r/min 12

h DiaSpin DNA

Nanodrop2000

1

CN=6.02×1023×c/M 1

CN copies/µL c

g/ L M

660

1.2.4
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110%

E= 10 1/S 1 ×100% 2

E PCR % S

Q-PCR RhlA GAGATACC-

GCCCCAGGAC TGATCACCAAGGAC-

GACGA RhlB TAGTTCCAGATG-

GTTTCTTCCTT CCTGCCGAAA GTCT

CCCT Q-PCR 10 L 2×SGExcel Fast-

SYBR 5 L / 10 mM 0.2 L

DNA 1 L RNA 10 L

Q-PCR 95 3 min 95 10 s

57 30 s 72 1 min 45x 72

5 min 95 15 s 60

1 min 95 10 s

1.2.5 RhlA RhlB

RNA

RNA MightyScript cD-

NA Master Mix DNA

RNA 15 L

4X III M-MLV RT Mix 5 L 25

5 min 55 15 min 85 5 min

Q-PCR Q-PCR

1.2.4

1.2.6
14 X7

90 mm

20 mL

20 L NB

10 L

mg/L x

cm y 15

X7

1.2.7



41 2

http //ythx.scu.edu.cn

ccmc 16 100 mg/L

0 1000 mg/L

mg/L mN/m

35 180 r/min

X7 8000 r/min 4

20 min

1.2.8

4 mL

4 mL X7

10 mL

1 min 20 24 h 17

X7

1 mol/L HCl 1 mol/L NaOH

pH 1000 mg/L

4 25 35 45 60 80 100 121

pH 2 4 6 8 10 12 NaCl

0 3% 6% 9% 12% 15% 18% 21% 25%

1 h 10 20

1.2.9

Q/SH1020 1519 2016

7 3 50 mL 28 g

12 mL X7

50 1 h

1 min 50

2

2.1 RhlA RhlB Q-PCR

1 a RhlA RhlB

RhlA RhlB 880 bp 1200 bp

RhlA RhlB
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DH5

37 180 r/min

PCR blast

1 b PCR 880 bp

1200 bp blast

RhlA 99.55% RhlB

99.7% DNA star

RhlA 99.36% RhlB

99.91% RhlA RhlB

RhlA RhlB Q-PCR 2

cp

cp RhlA

Q-PCR

y= 3.234x+36.15 R2=0.9964 103.8%

RhlB Q-PCR

y= 3.465x+37.69 R2=0.9919 94.3%

2.2 RhlA RhlB

cp

X7 RhlA RhlB

3

X7 RhlA RhlB

24 h 60 h

24 h

12 60 h

RhlA 2.51×106 copies/µL

RhlB 3.25×105 copies/µL 1

1 RhlA RhlB a RhlA
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Fig.1 Electrophoresis of RhlA and RhlB gene amplification
products a and amplified products of recombinant
plasmid RhlA and RhlB genes b
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4 RhlA 87

1359 259 498 copies/µL 1 4

RhlB 15 439 73 205 copies/µL
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mg/L x
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0.004x+0.2073 R2=0.9915

X7

4

X7 NB 35 180 r/min

60 h

824.08 mg/L 12 60 h

2.4

5 a

500 mg/L

32.31 mN/m

ccmc

500 mg/L

5 b NB

35 180 r/min 24 h
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2 RhlA a RhlB b Q-PCR
Fig.2 Q-PCR amplification standard curve of RhlA gene

a and RhlB gene b
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Fig.3 Copy number of RhlA gene a and RhlB gene b in
X7 fermentation broth at different cultivation times
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fermentation times
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Fig.5 Surface tension of rhamnolipids crude extract solu-
tion at the different concentrations a and the fer-
mentation supernatant of Pseudomonas aeruginosa
X7 b
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Fig.6 Emulsification activity of the supernatant of Pseudo-
monas aeruginosa X7 fermentation broth
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Fig.7 Temperature stability a pH stability b salt sta-
bility c of rhamnoliqids crude extract solution
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4 121

33 mN/m
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Fig.8 Crude oil viscosity reduction rate of Pseudomonas ae-
ruginosa X7 fermentation supernatant at different cul-
tivation times
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polymer oil displacement technology is proposed. At 70 polymer systems with different viscosities and curing degrees ranging

from 60% to 100% were prepared by varying the stirring time of mechanical stirrer. The study investigated the seepage

characteristics and oil displacement performance of polymers with different curing degrees in porous media based on macroscopic

and microscopic models. The results showed that compared to fully cured polymers partially cured polymer systems exhibited

better viscoelastic properties enabled better mobilization of residual oil and improved microscopic oil displacement efficiency.

Partially cured polymer systems could establish higher resistance coefficients and residual resistance coefficients and then could

retain higher effective displacement viscosities after shearing through porous media. The degree of polymer curing was too low to

facilitate the entry of polymers into the deep part of reservoir. In polymer system with curing degree of 60% the blockage mainly

occurred near the injection end of sand-filled tube at 0 1/5 distance while in polymer systems with curing degrees of 80% and

100% the blockage mainly occurred near the injection end of sand-filled tube at 1/5 2/5 distance. Compared to water flooding

the incremental oil recovery rates of macroscopic oil displacement for polymer systems with curing degrees of 60% 80% and 100%

were 26.2 percentage points 29.0 percentage points and 23.3 percentage points respectively. Meanwhile the incremental oil

recovery rates of microscopic oil displacement were 37.3 percentage points 44.9 percentage points and 36.0 percentage points

respectively. For heterogeneous reservoirs the residual undissolved polymer particles in partially cured polymers exhibited good

plugging and conformance control properties. As a result the liquid absorption in low-permeability layers was increased the

affected volume was expanded and thus the recovery rate of low-permeability layers was enhanced. The research results could

provide theoretical guidance for field tests of partially cured polymer oil displacement.

polymer flooding curing degree seepage characteristic plugging profile control and oil displacement enhanced oil
recovery
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In order to explore the effect of RhlA and RhlB gene expression on viscosity reduction in microbial oil recovery a

real-time fluorescent absolute quantitative Q-PCR method for RhlA and RhlB genes was established and the Pseudomonas
aeruginosa X7 fermentation broth and Karamay Oilfield at different culture stages were detected. The expression levels of RhlA and

RhlB genes in different formation waters were measured and their rhamnolipid production surface activity emulsifying activity

emulsifying stability and crude oil viscosity reduction rate were determined. The results showed that the expression levels of RhlA

and RhlB genes were positively correlated with rhamnolipid production surface activity emulsifying activity and crude oil

viscosity reduction rate. With the increase of fermentation time the expression levels of RhlA and RhlB genes in the fermentation

broth increased continuously and reached the maximum at 24 h then decreased and stabilized at 60 h and the maximum expression

levels of RhlA and RhlB genes were 2.51× 106 and 3.25× 105 copies/µL. The highest expression level of RhlA and RhlB genes

reached the maximum value of 824.08 mg/L at 60 hours. The surface activity of the fermentation broth crude oil emulsifying

activity and heavy oil viscosity reduction rate also increased with the increase of fermentation time and reached the maximum value

at 24 hours 48 hours and 60 hours respectively. The rhamnolipid crude extract in the fermentation broth had good stability and

could work stably under certain extreme conditions. RhlA and RhlB genes probably affected microbial oil recovery by affecting

rhamnolipid production surface activity emulsifying activity and viscosity reduction rate of crude oil. This study preliminarily

revealed the influence of functional gene expression related to biological surface activity on the viscosity reduction effect of heavy

oil which was important to promote the industrial application of microbial oil recovery.

rhamnolipid functional gene heavy oil viscosity reduction microbial oil recovery


