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Chromosomal integration of red fluorescent protein gene in
rhamnolipids-producer Pseudomonas aeruginosa SG and its
application in petroleum reservoir
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Abstract: [Background]| Microbial transfer in oilfiled production facilities is closely related to reservoir
microbial community compositions and microbiologically improved oil production process. However, it is
hard to distinguish the targeted microorganisms from the numerous indigenous microorganisms containing
the same specific genes. Therefore, constructing microorganisms with specific gene marks is necessary.
[Objective] In order to effectively track microbial transfer in oilfiled production facilities, an engineering
strain Pseudomonas aeruginosa SG-rfp containing specific mark gene was constructed. [Methods] The
red fluorescent protein gene (rfp) with a constitutive promoter was inserted into amp gene encoding
B-lactamase on chromosome of rhamnolipids-producer P. aeruginosa SG isolated from petroleum
reservoir by homologous recombination using integration vector pEX18Gm-URD and amp gene. [Results]
P. aeruginosa SG-rfp constitutively expressing rfp gene was constructed. Strain SG-rfp is intolerant of
ampicillin, kanamycin, streptomycin, and gentamicin. As well as the wild-type strain SG, SG-rfp can
produce biosurfactants in aerobic and anaerobic conditions and significantly enhance oil recovery
efficiency from oil-bearing core. Using strain SG-rfp, diffusion-limited microbial transfer in oil-bearing
porous media was investigated and demonstrated via core-flooding test. [Conclusion] This study provides
a powerful tool for in-depth investigation of microbial transfer in oilfiled production facilities and
microbiologically improved oil production process.
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Microorganisms  occurring in  petroleum
reservoir have great significances for oil production
process because their metabolisms and metabolites
can enhance oil recovery from oil-bearing rocks,
prevent reservoir souring or equipment corrosion!'’.
To date, microorganisms that produce biosurfactants,
gases, and polymers have been widely employed to
enhance oil recovery for high water-cut reservoirs
Microbial technique that uses isolated
microorganisms associated with their metabolites to
recover entrapped oil from oil-bearing rocks is

known as exogenous microbiologically enhanced oil

recovery (EMEOR), and that use indigenous
microorganisms occurring in oil reservoir via
nutrients  stimulation is called indigenous

microbiologically enhanced oil recovery (IMEOR)™..
Recently, MEOR has been proposed as an effective
alternative way for depleted oil reservoirs®™).

No matter EMEOR or IMEOR process, selected
exogenous microorganisms and or nutrients are
delivered into petroleum reservoir via water-injection
well, resulting in biologically active zones within

reservoir, wherein the growing microorganisms and

[1-2]

produced metabolites mobilize entrapped oil from
oil-bearing rocks. A critical process of EMEOR is
whether the injected microorganisms actually grow
and metabolize in oil reservoirl”. Another is the
transport ability of the injected microorganisms in
oil-bearing strata, which directly influences the
sweep efficiency of EMEOR process’™. To track
microbial transfer, it seems to be practicable to detect
specific genes that can represent the existence of
injected microorganisms by PCR or quantitative PCR
(qPCR), such as, srf4 for surfactin-producers, licA
for lichenysin-producers, and rhiR for
rhamnolipid-producers. Nonetheless, it is hard to
distinguish the injected microorganisms from the
greater number of indigenous microorganisms
containing the same specific genes. Therefore,
constructing microorganisms with specific gene
marks is necessary and attractive.

Indigenous microorganisms are fed by injected
nutrients, and then grow throughout petroleum
reservoir in IMEOR process”. Before diving further
into the implementation, one must first dissect the
microorganisms inhabiting in the petroleum reservoir
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and then decide on the proper nutrients used to
stimulate the indigenous microorganisms. However,
water-flooding seems like an inoculated process
because injected water generally contains a large
diversity of exogenous microorganisms with
dissolved oxygen and inorganic ions'”). Whether the
microorganisms in injected water could enter
oil-bearing strata, and how they influence the
subsurface microbial communities, afterwards, the
application of IMEOR process? To reveal the
question, microbial microorganisms with specific
gene marks are needed, because it is difficult to
accurately reflect whether the microbial strains in
injected water can enter the deep environment of
petroleum reservoir by solely relying on analysis of
microbial 16S rRNA gene[g].

MEOR has been proven as an energy-efficient
and environmentally friendly alternative oil recovery
method for depleted petroleum reservoir, yet it still
has not been widely implemented for oil industry due
to the paucity of detailed MEOR mechanisms,
including the foresaid issue. In this study,
Pseudomonas aeruginosa SG Aamp(amp::rfp) that
can stably constitutively red fluorescent protein gene
(rfp) in the absence of antibiotic selection was
constructed via chromosome integration of 7fp gene
into chromosome of rhamnolipids-producing
P. aeruginosa SG, which was isolated from
petroleum reservoir”). P. aeruginosa is a common
rhamnolipids producer, belongs to aerobic or
facultative bacteria, and are frequently detected and
isolated from petroleum reservoirs''"*!. In addition,
in-situ production of rhamnolipids by P. aeruginosa
has been proven as a promising MEOR

approach!'*"*!,

1 Materials and Methods

1.1 Main reagents and equipments

AxyPrep™ Genomic DNA Miniprep Kit and
Plasmid Miniprep Kit were purchased from Corning
Life Sciences (Wujiang) Co., Ltd. The endonucleases,
PrimerSTAR Max DNA Polymerase, T4 DNA ligase
were purchased from TaKaRa  Biomedical
Technology (Beijing) Co., Ltd. The main instruments
include MyCycler PCR (Bio-Rad Laboratories) and
UV-5500 ultraviolet and visible spectrophotometer
(Shanghai Metash Instruments Co., Ltd.).

1.2 Strains, plasmids, primers and cultivation

In this study, P. aeruginosa SG was isolated
from produced water of an oil production well’.
Escherichia coli DH5a0 was used as the host strain
for plasmid construction. E. coli S17 serving as
transformation host was used to transfer plasmid
pCom8-rfp or pEX18Gm-URD into P. aeruginosa
SG by bi-parental mating. All strains were grown in
Luria-Bertani (LB) medium at 37 °C. When required,
media supplemented  with  ampicillin,
kanamycin, streptomycin, and gentamicin. For
biosurfactants production, the wild-type strain SG

were

and constructed strain SG-rfp were cultured in
fermentation medium (FM) with pH of 7.2,
containing, g per liter of distilled water, Na,HPO, 0.6,
KH,PO, 0.2, NaNO; 4.0, CaCl, 0.01, FeSO4 0.01,
MgSO, 0.3, yeast extract 0.01, and glycerol 20.
Cultivation was performed at 37 °C and 180 r/min.
The plasmids and primers used in this study are
listed in Table 1.
1.3 Bacterial transformation

Competent E. coli cells were prepared and
transformed according to Douglas Hanahan’s
method!"*!. Plasmid pCom8-rfp and pEX18Gm-URD
were introduced into P. aeruginosa SG by
bi-parental mating using E. coli S17. The detailed
protocol was described in the following sections.
1.4 Preparation of rfp gene containing a
constitutive promoter

A 782-bp DNA fragment carrying rfp gene with
5" artificial constitutive promoter Prfp was generated
by PCR amplification with plasmid
pDsRed-Express-N1 as a templet using primers R1-F
and R1-R. The fragment was cloned in pMD19-T,
resulting in pMDI19-rfp, and then transformed in
E. coli DHS5a for plasmid amplification. The DNA
sequence of the promoter Prfp is shown in Figure 1.
The DNA upstream of the transcriptional start site
(+1) was derived from Ptacl promoter''”!. Differing
with the Ptacl, /lac operator that can be repressed by
lac repressor and derepressed by isopropyl
f-D-thiogalactoside was removed from the DNA
downstream of position +1. Prfp contains
Shine-Dalgarno sequence allowing protein synthesis
to start at the ATG of 7fp gene.
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Table 1 Plasmids and primers used in this study

x1 AXABBBRIFGIY

Item Description Source
Plasmids
pMD19-T vector Cloning vector, Amp® TaKaRa, Dalian
pDsRed-Express-N1 The source of the red fluorescent protein (7fp) gene Lab stock
pCom§-aaccl E. coli-Pseudomonas shuttle vector, GmR, oriT, Pus, alkS Lab stock
pCom8-rfp Gm", oriT, Pfrp, rfp This work
pEX18Gm Gene replacement vector, Gm", oriT, sacB, Lab stock
pEX18Gm-URD Gm", oriT, sacB, Pfip, rfp This work
Primers (5'—>3")
R1-F GAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAAGTTCACGTCACTAAG This work
GAGAATACCATATGGTGAGCAAGGGCGAGGA
RI-R AGCTTACTTGTACAGCTCGTCCATGC This work
R2-F GATACGGAATTCGAGCTGTTGACAATTAATCATCGGCTC This work
R2-R ATGACGGGATCCGCTTACTTGTACAGCTCGTCCATGC This work
R3-F ATGGTGAGCAAGGGCGAGGA This work
R1-R AGCTTACTTGTACAGCTCGTCCATGC This work
ampUP-F GATACGGAATTCGATGCGGTCGAAGGAGTCACACAG-3 This work
ampUP-R TACGAGCCGATGATTAATTGTCAACAGCTCTTAGGCGAGGGTGGCGGTGAAGGTCT This work
rfp-F AGACCTTCACCGCCACCCTCGCCTAAGAGCTGTTGACAATTAATCATCGGCTCGTA  This work
rfp-R CTTGTCCTGGGTCAGGGCATAGCCAGCTTACTTGTACAGCTCGTCCATGC This work
ampDN-F GCATGGACGAGCTGTACAAGTAAGCTGGCTATGCCCTGACCCAGGACAAG This work
ampDN-R ATGACGGGATCCTGAGGATGGCGTAGGCGATCTTCA This work
sacB-F TGTTCAAGGATGCTGTCTTTG This work
sacB-R CAAAAGCCATATAAGGAAACATAC This work
SG-F ATGCCGCCAGCCTGGGAGTGAC This work
SG-R GGGGCGTGCGTCTGCTGGTAGT This work
1.5 Construction of pCom8-rfp and into SG by bi-parental mating via conjugation

transformation in SG

Plasmid pCom8-aaccl, an E. coli-Pseudomonas
shuttle Vector[m], was first linearized with EcoR I and
BamH 1, and ligated to a PCR fragment containing
Prfp and rfp gene that was amplified from plasmid
pMD19-rfp using primers R2-F and R2-R and
digested with EcoR I and BamH 1. The recombinant
plasmid called pCom8-rfp was verified by
sequencing with primers R3-F and R1-R, then, was
transformed into E. coli S17, and finally transformed

+1

transfer as follows. The donor E. coli S17 containing
plasmid pComS8-rfp and receptor SG were inoculated
into 5 mL LB liquid medium containing 10 pg/mL
gentamicin and 50 pg/mL kanamycin, respectively,
and cultured at 37 °C, 180 r/min overnight in a
shaker. The cultures were harvested by centrifugation
at 6 000xg for 2 min to collect cells, which were
washed twice using 2 mL of 10 mmol/L sterile
magnesium sulfate solution, respectively. The
collected donor and recipient bacterial cell pellets

Prfp  GAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAAGTTCACGTCACTAAGGAGAATTCCAT......

+1

Figure 1
1 H Ptacl B TFHER Prip B DNA FHER

DNA sequences of promoter Prfp modified based on Ptacl promoters

Note: The —35 sequences and the Pribnow box sequence of the promoters are underlined; The Shine-Dalgarno sequence of ribosome site
is overlined; The /ac operator is indicated with broken lines; The transcription start sites are indicated with +1; Dots indicated every tenth

nucleotide.

T TRIZHTRN-35 X Pribnow HE; _ERILPIR WZRHALS G405 SD A1 IBARFURN lac BT FH]; +1 e if (s

M EARRUR S 10 .
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were suspended by adding 100 pL sterile magnesium
sulfate (10 mmol/L). Subsequently, inoculating the
cell suspension in a sterile filter membrane placed on
LB agar plate, and then, was incubated at 37 °C for
16 h. The bacteria were collected from the filter
membrane by washing with 200 pL. 10 mmol/L
sterile magnesium sulfate, and were evenly coated on
LB agar plate containing 10 pg/mL gentamicin and
50 pg/mL kanamycin, and then, were incubated at
37 °C until colonies developed. The transformants
containing pComS8-rfp were verified by PCR
amplification and DNA sequencing using primers
R3-F and R1-R.
1.6  Construction of recombinant plasmid
pEX18Gm-URD

A DNA fragment containing amp gene was first
obtained from P. aeruginosa SG using primer pairs
SG-F/SG-R. Then, the upstream and downstream
homologous arms (approximate 700 bp and 850 bp,
respectively) of amp gene were amplified by PCR
from the above DNA fragment using primer pairs
ampUP-F/ampUP-R and  ampDN-F/ampDN-R,
respectively. The rfp gene with Prfp was amplified
from pMDI19-rfp using primers rfp-F/rfp-R. Then,
overlapping PCR was performed to splice the
upstream and 7fp fragments, and was subsequently
spliced with downstream fragment, resulting in DNA
fragment URD. After digestion by EcoR I and BamH 1,
the fragment was ligated into pEX18Gm digested
with EcoR I and BamH 1, resulting in recombinant
plasmid pEX18Gm-URD (Figure 2A), which was
verified by enzyme digestion and PCR amplification
(Figure 2B).
1.7 Chromosomal integration of P. aeruginosa
SG

The recombinant plasmid pEX18Gm-URD was
first transformed into E. coli S17, and then,
transformed into P. aeruginosa SG via conjugation
transfer by bi-parental mating according to the
method described above, with modifications as
follows. After conjugation and transfer on sterile
filter membrane, the suspended cells were spread on
LB agar containing 10 pg/mL gentamicin and
50 pg/mL kanamycin, and incubated at 37 °C for the
selection of single-crossover recombinant, in which
the plasmid pEX18Gm-URD was integrated into the
genome of SG through homologous recombination

involving either of the homologous arms (Figure 2C).
The grown transformants were further verified by
PCR amplification using primers sacB-F/sacB-R and
R3-F/R1-R. The verified single-crossover colony
was cultured in LB agar for 20 generations, and then,
spread on LB agar containing 5% sucrose to select
second recombinational colonies, followed by
screening for ampicillin-sensitive and gentamicin-
sensitive colonies. The colony with correct
integration was verified by PCR amplification using
primers SG-F/SG-R.

1.8 Growth, surfactant production, and oil
recovery test for P. aeruginosa SG-rfp

The growth and surfactant production curves of
P. aeruginosa SG and SG-rfp were determined when
growing on FM medium with inoculation of 2% at
37 °C and 180 r/min. The inoculated seed liquid was
prepared in LB liquid at 37 °C and 180 r/min for 16 h.
Samples  were  collected continuously  for
determinations of cell concentration (ODgoy) on
ultraviolet-visible spectrophotometer and surface
tension using POWEREACH JK99B digital
tension-meter at 25 °C.

The enhanced oil recovery efficiency of P.
aeruginosa SG-rfp was evaluated by core-flooding
test using artificial heterogeneous cores. The cores
are 29.8 cm in length, with cross-sectional area of
20.1-20.7 cm’, permeability of 0.319-0.388 pm?,
porosity of 25.91%—26.28%, and pore volume (PV)
of 157.4-160.0 mL. The cores were first saturated by
crude oil with viscosity of 50.1 mPa-s, subsequently,
were water flooded at injection rate of 0.5 mL/min
till water content of the effluent reached 95%, which
is close to high water-cut oil production wells. To
calculate the enhanced oil recovery efficiency (ORE),
0.5 PV of FM medium was injected into one core as
the control, and 0.5 PV of fermentation broth of
SG-rfp was injected into another core. Then, the
cores were sealed and incubated at 37 °C for 7 days.
After incubation, the cores were water flooded again
till water content of effluent reached 95% to
calculate the ORE that means the volume of
displaced oil divided the volume of original oil in
core.

1.9 Transfer of P. aeruginosa SG-rfp in
oil-bearing porous medium

Transfer of P. aeruginosa SG-rfp in oil-bearing
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Figure 2 Scheme of chromosomal integration of rfp gene in P. aeruginosa SG
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Note: The construction of plasmid pPEX18Gm-URD (A) verified by EcoR I and BamH 1 digestion and PCR (B); Scheme of recombination
events leading to gene insertion, and chromosome structures of final mutants (C); Color of the cell pellets of wide type stain SG and
integration mutant SG-rfp cultured in LB medium, red fluorescence emitted by SG-rfp observed under laser scanning confocal

microscope (D).
TE: A: JiUR pEX18Gm-URD 4#; B: EcoR I/BamH I fFYIF1 PCR §5iE; C: [RUHEH KR TYEAMRE
A GEAETY AR A B  BOBO R L SR AR IR A #T.
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porous medium was tested in core-flooding
experiment. The cores are 7.0—7.1 cm in length, with
cross-sectional area of 4.91 cm?’, permeability of
0.203 pm* and 1.373 pm”. The cores were prepared
as described above. The oil-bearing cores were first
water flooded till water content of effluent reached
95%, then, were flooded by displacing water
containing 10’ cells/mL P. aeruginosa SG-rfp at
flow rate of 0.5 mL/min. The fluorescence of the
effluent liquid was determined using a PerkinElmer
EnSpire multiscan spectrum with excitation
wavelength of 587 nm and emission wavelength of
610 nm.

2 Results and Discussion

2.1 Constitutive expression of rfp gene in
P. aeruginosa SG

In order to constitutively and stably express rfp
gene in P. aeruginosa SG in absence of inducers, an
artificial promoter Prfp derived from tacl promoter
was first designed'?. As shown in Figure 1, Prfp has
same DNA sequences as the Ptacl upstream DNA of
the transcriptional start site (+1), but lacks the lac
repressor binding site. The tacl promoter is about
11 times more efficient than the lac UVS promoter
and at least 3 times as strong as the fully derepressed
trp promoter, because of the consensus —35 sequence
(T-T-G-A-C-A) and the consensus Pribnow box
sequence (T-A-T-A-A-T)!"?. Due to the absence of
lac operator, rfp can be expressed in absence of
inducer isopropyl B-D-thiogalactoside. To test the
feasibility of constitutive expression of rfp in
P. aeruginosa SG, rfp gene containing promoter Prfp
was cloned in expression plasmid pCom8-aaccl, an
E. coli-Pseudomonas shuttle vector containing
oriT!®! resulting in plasmid pCom8-rfp. The
recombinant plasmid pCom8-rfp was transferred into
SG by bi-parental mating. The transferred plasmid
was verified by plasmid extraction and restriction
enzyme digestion. The expression of the cloned rfp
in strain SG was confirmed by the observation of red
fluorescence using laser scanning confocal
microscope (LSM710, Germany). In addition, the
centrifuged cell pellet of the transformant is rosy red
that is easy to identify from wild-type strain SG.
2.2 Chromosome integration of rfp gene in
P. aeruginosa SG

The plasmid pCom8-rfp is easily lost in

transformed P. aeruginosa SG in the absence of
selective pressure from antibiotics. However, it is not
practically feasible to add a mass of antibiotics in
industrial  applications.  Therefore, rfp  gene
containing promoter Prfp was integrated into the
chromosome of P. aeruginosa SG via homologous
recombination (Figure 2C) using the integration
vector pEX18Gm-URD (Figure 2A) and the amp
gene that encodes B-lactamase, which is responsible
for the resistance to P-lactam antibiotics in many
Gram-negative bacteria, including FEnterobacter
cloacae and P. aeruginosa'”. The clones with
chromosomal mutation were identified by colony
PCR using the primers SG-F/SG-R, which generated
PCR products of 4.5 kb for the successful inserted
mutations that were designated SG-rfp. The color of
the centrifuged cell precipitation of SG-rfp is rosy
red that was significantly different with that of the
wild-type strain SG (Figure 2D). Red fluorescence
emitted by SG-rfp was observed under laser scanning
confocal microscope (Figure 2D).

The stability of SG-rfp was tested in LB agar in
absence of antibiotics and inducers by continuous
passage cultivation for 30 generations. The results
indicated that strain SG-rfp could steadily and
constitutively express rfp gene in absence of
antibiotics and inducers. Due to the deficiency of
amp gene, strain SG-rfp is intolerant of ampicillin. In
addition, SG-rfp is intolerant of kanamycin (equal or
greater than 50 ug/mL), gentamicin (equal or greater
than 10 pg/mL), and streptomycin (equal or greater
than 50 pg/mL). Differ with the genes generally
existing in petroleum reservoir or oil-polluted
environments, such as, s7f4 gene, licA gene, rhiR
gene and 16S rRNA gene, the inserted rfp gene
makes it possible to efficiently distinguish the strain
SG-rfp from the vast microorganisms around, or to
be specifically quantified by PCR or qPCR. For the
above advantages, strain SG-rfp shows great
application potential for investigations of microbial
migration in oil beating porous medium and MEOR
process.

2.3 Growth, surfactant production, and oil
recovery efficiency of SG-rfp

The cell density (ODgy) and surfactant
production (surface tension) during SG and SG-rfp
cultivation process were measured in shake flasks.
As the time curves of cell growth show (Figure 3A),
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the cell density increased with the extending of
incubation time for both the SG and SG-rfp, and
reached the stationary phase at 72 to 96 th. In the
stationary phase, the cell density of SG was slightly
higher than that of SG-rfp. The surface tension of
culture liquid was decreased from approximate
65 mN/m to 30 mN/m in 24 h for both SG and SG-rfp
(Figure 3A), indicating that chromosome integration
of rfp gene in chromosome of P. aeruginosa SG did
not obviously influence the production of
biosurfactants. In addition, the fermentation broth of
SG-rfp turned dark compared with that of SG, and
the bubbles were smaller (Figure 3B). The
phenomenon may be explained by the massively
produced red fluorescence protein.

Consistent with strain SG, anaerobic cultivation
performed in serum bottles indicated that SG-rfp is
also capable of producing biosurfactants under
anaerobic conditions. The surface tension of the
culture could was decreased from 65 mN/m to
approximate 30 mN/m. It has been confirmed that

A 80.0 14.0
700} 133
£ 13.0
Z 60.0
E T} 12.5
= <00 *SG 0Dy, * SG-tfp ODy, s
2 ©SG surface ® SG-rfp surface 12.0 Q
:,_-!) 40.0+ tension tension 115 S
Q -
<
= 30.0 - == 1.0
mmo— 192
’ 0.0
0.0 40.0 80.0 120.0 160.0  200.0
 (h)
B

=W ? '-' «

SG SG-rfp

Figure 3 Time curves of cell growth and surface
tension (A) and fermentation liquid (B) of P. aeruginosa
SG and SG-rfp cultured in fermentation medium for
72 h

3 HAEBEKSG RRABEBEFRCEN SG-rp £1K
SREHKNTUMEQA) REIELE 72 h TLERIRTSB)

cell growth and biosurfactants production of
P. aeruginosa in the absence of oxygen is feasible
via anaerobic denitrification!"®!.  Biosurfactants
produced by a wide variety of microorganisms
consist of hydrophilic and lipophilic moieties, and
consequently are able to partition at the oil-air or the
oil-water interfaces and to lower surface or
interfacial tension, respectively!'?. These properties
make them ideal agents to recovery the entrapped or
residual oil in small pores within rock matrix in
petroleum reservoirs toward the end of the secondary
stage of oil recovery. The oil recovery efficiency
(ORE) of SG-rfp was measured via core-flooding test.
As shown in Figure 4, the first round of water
flooding recovered 48.86% crude oil from the control
core and 51.91% from the experimental core.
Compared with the control core (ORE=52.95%),
more 9.6% of oil was recovered from the core
injected SG-rfp fermentation broth in the second
round of water flooding process.
2.4 Transfer of SG-rfp in oil-bearing porous
medium

The transfer of microorganisms in oil-bearing
strata is one of the most important issues that needed
to be investigated, because it directly relates to swept
volume of EMEOR!"!, and may influences IMEOR
process via influencing subsurface microbial
community composition. Geographic isolation is
supposed as an important habitat filter that influences

70018
)

~ 60.0 E ‘Oo.oooo" eoscecsccoe o
g 2L
= 50.0 _5.::-#IIIIIIIII EEEEEEEEEE ®
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Figure 4 The curves of oil recovery efficiency with the
increase of injected displacing liquid in core-flooding
tests
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microbial community composition via preventing
microbial dispersal®. For petroleum reservoir, the
low permeability of oil-bearing strata will inevitably
exert a significant influence on microbial dispersal.
Ren et al. propose that the transportation of injected
bacteria in oil-bearing strata was impacted by the
varied permeability from injection well to each of the
adjacent oil production wells!®'. Unfortunately,
whether microorganisms could migrate or be brought
into oil-bearing strata is still problematic, because it
is hard to distinguish the injected microbial strain
from the microorganisms around.

Using strain SG-rfp, microbial transfer along
with displacing liquid in oil-bearing porous medium
was investigated via core-flooding test. As shown in
Figure 5, fluorescent signal was obviously observed
in the effluent after 1 PV of displacing fluid
containing SG-rfp was injected for the core with
permeability of 1.373 pm®. The fluorescent signal
increased with the injection of displacing fluid, and
reached up to maximum after 2 PV displacing fluid
was injected. For the core with permeability of
0.203 um’, the fluorescent signal was observed in the
effluent after 2 PV of displacing fluid was injected.
The fluorescent signal increased slowly with the
injection of displacing fluid, and reached up to
maximum till 15 PV of displacing fluid was injected.
It could ©be concluded that exogenous
microorganisms could be transferred by injected
displacing liquid in oil-bearing porous medium, and
the transfer process 1is limited by formation
permeability. However, a large number of detailed
transfer mechanisms, such as, migration resulted by
microbial  flagella, microbial absorption in
oil-bearing rocks, the dynamics of microbial
migration, need to be further investigated. Although
P. aeruginosa has been usually detected in petroleum
reservoirs, and has been proven as an in-situ
contributor in MEOR[”'B], there is still much to
learn about the survival of SG-rfp and its impacts on
subsurface microbial communities.

3 Conclusion

Strain SG-rfp that can constitutively express red
fluorescent protein gene in absences of antibiotics
selection was constructed by chromosomal integration
of rfp gene in rhamnolipids-producer P. aeruginosa
SG. Strain SG-rfp is sensitive to multiple antibiotics,

1 600
GD
= 1400 oa g
§ g gl g /M T pefa_no
& 1200 o g DDD qoog Bhasd
[
S 1000f 7 ° Sy At
‘5 AAA AA‘ \
5 800t pk A
E N
8 600t e
8 X
2 400t y
—
_g o A o Core with permeability of 1.373 pum?
= 200f A 4 Core with permeability of 0.203 pum?
A
At

00123435678 9010111213141516171819
Volume of displacing fluid (PV)

Figure 5 The fluorescent intensity of effluent from
oil-bearing cores flooded by displacing liquid
containing P. aeruginosa SG-rfp

5 RAEZEBEFERCEK SG-rfp HLREXE P~H
BRAESHEEETL

satisfying the security requirements of application in
petroleum reservoir. The strain SG-rfp shows promise
as an effective tool for in-depth investigations of
microbial transfer in petroleum reservoir, and sweep
efficiency of MEOR process.
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