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— MR DIOK B TR L T4, B W R
R (MEOR) WA 9¢ 3 f 7E T AE WA 2 AL 384l
FRASFNSC I AL . B A T 2Rl i)
SEG A FT EL R LR, (H A 4 R i A v A
) 2 T 5 P AR S T BE L R ) Rk i 98 i 4 /0
oy AW R T — P HE R A Y R . T
H. B ARl ) 52 50 F8 e LU IR , A RE SRS
R BRE AT s"

SRR 2 B AUl PSR A R R A SR
) A 4 T TG R, 2 A B R R A
T 0l B2 MRS 5 B A 2 A Rhl &R 51 3L ), Horp
I FE Y FE R RhIA F1 RhIB £ . RhIA FE[A 5
il ER 2= W I i PR p- Y2 S MBI R (HAA) 197/, RhiIB
JE R 78 0K HAA 5 40 PR R ZEMERE ' . Castro
S et A SE PR AR A A & B, Y RhlA S
DRI 2 BRI, 28 AR PR MR AN TS I A i BRZEHE N , 1
H RhIB 5 [H i 3R I8 R KRG, ARG R R,
RhIA FE KX FRZE B I 19 25 W 6 e 5 22 DG T B2 1Y)
YR, 17 RhIB 3 R ) 22 15 1152 Rh1A & K] 9 5200
Shatila ">/ 3 11 RTQ-PCR 77 1% % RhIA FI RhiB %&
[A ) 223k EAT 2 1, IR R B T RN TRl e U5 L /LU
X} T RhIA Fl1 RhIB £ R GA 52, 25 5 R W, Fe
AN Fe B 45 F1F RhlA 1 RhIB JE A () 323k , A
[ A YR | LR X T RhIA 1 RhIB & B 338 (1) 5% i 4
YR B R, H 205 ™ & 1 55 RhlA 1 RhIB
FERF A BRI SEE . (HORRBRIR T T
RhIA F1 RhIB % [H 3235 i 520 B 22 4 1] B i 5
M ) 2 B 1140 2 R S, TR 25 75 RhlA Al
RhIB JE K R A2 I il RERE I Bz . TFATiess ™
T o S A2 1 PCR AR ST KB, T 3K
FH £ P ORI R SR T DD BE TR SRR B RS TR AR
R (NRB) DA BB B2 b8 J5 1R (SRB) () D i L A
Bynr gt sh B R, 4 ik & 3, 721 SRB Y
HIRIVE ] 35T NRB 1 &5 WA T It .

AR SC B B8 7 B W A 1 AH G Dy B S5 K] Rh1A AT
RhIB JE [K F& T , i i # 37, RhIA 1 RhIB 3k [K] SZ A} ¢
A X E B (Q-PCR) 72, W AN ) e B A ] ) ]
SRR TR X7 & TRV B s P P AR T AN [) o J22 7K
1 RhIA F1 RhIB 3 [H %) 22 55 5, -0 % 1 7%
PE LTS T FLAR RS E P PR B R 5T Rh1A
I ROIB 3 P 14 32 35 B X AR I 52

1 SEEE

1.1 W5

S £ A1 PR R TR X7 Ay B AR 2 I A g
FHAIGE T PR 5 122 7K R0 ST 3 R A T v b 394K i
FH 1 R0 A I, ELAA W36 15 PESI-T 347 il DH5 &
ZAYM A T AEY TR (L) BMHAERAR.
TR B RNA ffidalifb i35 &  MightySeript 2 —
5% cDNA & i Master Mix (3£ K 2 DNA) \Ezup #F
34 7 5L K 41 DNA il $2 5057 & . Taq PCR FUIR W
(2x) . DiaSpin 1 3X DNA it [ icial 7 & . P DNA
#4250  DiaSpin Bk, DN A /IMEiiRIAFI &
SGExcel FastSYBR qPCR TR , A= T A9 TR (L
T B A BRAE] . Bo K LB TK,

Rhl A 3K frfifi i PCR 38 54 : PCR _L3ii# 5
¥) CGAGACCGTCGGCAAATAC . PCR F % 51 ¥
GCACCTGGTCGATGTGAAA; Q- PCR | i 51 ¥y
GAGATACCGCCCCAGGAC. Q-PCR F i 51 #
TGATCACCAAGGACGACGA . Rhl B 3 (X fF fifi
H PCR Y™ #7514 : PCR L U751 % GCGACGTATTT
CCCTTCATCGG . PCR T i 51 ¥ CTATGACAAC-
GTTCGACCACCT; Q- PCR I35 |# TAGTTCCA-
GATGGTTTCTTCCTT.Q-PCR Fi#5|4#) CCTGCC-
GAAAGTCTCCCT,

K1 FEREREFRERMEKERENR B bR

Table 1 Surface tension of the formation water and viscosi-
ty of the crude oil samples

i SRAERE FUMFREE(S0 T/ HbJEKSRIEIK S/
HFHH (mPa-s) (mN-m™)
1 2021-05-13 80000 7247 67.89
2 2021-11-24 50 2647 54.71
3 2022-02-16 700 7245 65.52
4 2022-03-18 40754 64.70

Biometra Tone PCR 1, i [ HE & 43 b {45 e 73
A7) ;Roche 480 #14x [ Z 5 fit PCRAL, B [Gi2
W7 7= i () A BRZA 7] WD-9413B BUSE I 15 4
FrA, AL R AT R — 444 ] s Nanodrop 2000 %1 {3 & 4%
ARSI, FEBR R BHEAT BR A A
12 LEH*

1.2.1 RhIA .RhIB A& K &5 3
H2 3 NCBI 1 7 it ) Pseudomonas aeruginosa
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PAO1 RhlA #I Pseudomonas aeruginosa PAO1 RhIB
BETE M PCRY 5519, Rhl A L5 |9 CGAGA-
CCGTCGGCAAATAC, F i 51 ] GCACCTGGTC-
GATGTGAAA; Rhl B I Ji# 5] ¥ GCGACG-
TATTTCCCTTCATCGG , Fii#5|%) CTATGACAAC-
GTTCGACCACCT. VI ZR{B A B X7 (3R 4
DNA it , il ik PCR 334 3545 H 5L, PCR K
FZMEMWT . PCRAKF (25 pL) : Taq PCR Mix
(2X) 12.5 pL. IE/ 519 (10 mM) 45 1 pL AR
DNA 1 uL =B F7K % 25 pL. RhlA JEH PCR 4%
.95 ‘C W28 2.5 min, 95 ‘C A8 155,58 ‘CiH k
305,72 ‘CHEMH 1 min(35x FFR) , 72 “CHEAH 10 min,
4 ‘CH47F ; RhIB %5 [H PCR 414 : 95 ‘C i 78 2.5
min, 95 ‘CZEME 155,55 CiB 2k 30 s,72°C #Effi 1 min
(35x ffE¥R) , 72 “CHEMH 10 min, 4 CIEAE. PCR=Y)
25 1% BB I P R DU I 0 Jsg el
122 FTahxhEh sz Ampiti

P Lk HAIFER ) PCR =12 1% Bilg e
FELUKAIN I VD IR , 5525 [ PESI-T Bobi i 4 13
$2 AT < Sx PRHGEHESE P 4 uL . PCR ™
Y1 4 uL \PESI-T ki 4844 1 pL (50 ng) .tk DNA
HEHERG 1 pL  Fe BT KAMNE 2 20 pl s AE B0 L6
Bi3~5s, BIRHCE 20 min J5 & Tk b, T e 42
ZAMMEEAL, Fe b )ik SRR & . FIH DiaSpin
FEZ TR DNA /)Nt b 4 3 7] 6 2 B PR vk 174 o 4 o
WL R B RE RN Y DT HET blast X3S IE
123 ELfA0 5 B Al S P N0t

ek A A E 7% 25 100 mg/L Amp Y LB 1A
Rrgeseh 78 37 °C 180 r/min FI &1 TR H: 35 12
h. ] DiaSpin # 2 Fi6r DNA /i il $2 38057 & 4
T R (4 E 4 K, FH Nanodrop2000 AZ RGNS
S E 21 R A W B R Al B, P (D) TR A
P& DU

CN=6.02x10%x¢c/M (1)

o, CN—3E K 45 DL, copies/uL ; c—2 M Ak FokE
BV B, @/l s M— 5 40 SO () ARG 20 - i 2, BRIV
FEH Tl 660,
1.2.4 A5/ b 25,69 244

I 10 f5 80 BERR R, 1 FH R #5 DUE Y B 40
JEARLAE) BT AR, i Q-PCR B AR A 74
K4, UL EbREE A P DUECH R Q-PCR A 45 2R

http://ythx.scu.edu.cn

oA BSOS A W IR PR B I A, #a
RhIA F1 RhIB 55 47 3 b th 2 . i =0 (2) 11
B PCR ¥ B4R E, Hoh EAB (015 B Y 7E 90% ~
110%Z [H]
E=(10""-1)x100% (2)

K, E—PCR ¥ B4R, %o ; ST Ze iRl 3

Q-PCR 5| ¥ : RhlA I {i% 5] ¥ GAGATACC-
GCCCCAGGAC, T 1iF 51 ¥ TGATCACCAAGGAC-
GACGA; RhIB I Jif 5] % TAGTTCCAGATG-
GTTTCTTCCTT, F i 51 ¥ CCTGCCGAAA GTCT
CCCT. Q-PCR WA % (10 pL) : 2xSGExcel Fast-
SYBRIEARAR 5 uL 1/ 514)(10 mM) £5-0.2 uL .
FEH DNA 1 pL ., JG RNA fiff 25 3 F /K i & 10 pl.
Q-PCR S 5544 :95 “CHIAEM: 3 min, 95 ‘CAEME10 s,
57 CiB:k 30 .72 ‘CHEMf 1 min(45x G, 72 ‘CHE
15 min, W IHZEARIT 95 "CAEME 15 5,60 "CiB k
1 min .95 ‘CZEfH 10 s,
1.2.5 RhlIAFRhIB A F #9i# R EF R AL F

FIHAE A0 TE A RNA Sl 4l Al 75 & HURE
i AL RNA, B J5 F) H MightyScript 55 —%% cD-
NA & i Master Mix ( 2= %E K 241 DNA) XJ #£ i B
RNA BT 58 o SRR RN  BRZ ) 15 uL .
4X 11T M-MLV RT Mix 5 uL. W55 404 :25 C
5min.55 °C 15 min.85 °C 5 min, W5 F =W TG
%2 Q-PCR JZ v/ , Q-PCR [ 1 1A & Fil Jz hj 25 12 B
12.4,
12.6 AEHEREHRRE T F

TR R T2 - 5% ] o I B M B X7 K P
T BRI A TR AR R, SR FH HE T P e B2
NEFEAT 0 A B BN 90 mm 1Y 55 5%
L B AEARARAR [, A 20 mL A ZEE K, IFAEH e
A 20 uL JRHIE B — 2. DL NB B3 383 h i%
% BRI A v A A TR EE AR RS, B 10 L Y B
ZEWE R A TR e 2 SEHETIE B AR
DL B2 B R BB vk 5 (mg/L) hy x Bl HE I B B AR
(em) Hyy ez hlbraE i 2, A ml g 5 . LA
A 2% 0 28 AN [ ek PR ] S o M v X7 K e L3
TR BRI e A, EAC A 5 AR A R B
FRZWERRHR A .
127 R EHNG 616 F A R R L & & & 2

K 2R T8 5K 7735 D e BB IR 14 I S e o
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JE o s LA 100 mg/L S0 6 B, FE i BT e B2 Ok
0~ 1000 mg/L 1 5208 s MLER W) ZK W, 4o
E A5 R R R ) BT 9K T, 22 ) BR 2 NI T Uk
J& (mg/L) A1 3% 1 5K J7 {8 (mN/m) 3¢ 2 #i 28, i
B 22 BRI 1% T390 A i SR TR R

#4335 °C 180 t/min 514 T 3555 AN 7] A& P Hisf ]
) 2 A1 PR P X7 PR T 8000 r/min 4 C 454 R
B0 20 min BBREEAR, I L IE WK ) .
1.2.8 R EAER G SULERL S SLILAR T 2

5 4 mL A KM ML QIR A 0 A T
B 5 4 mL B9 A [6] & B2 R (] 7 4 2 A5 B 1T X7
K b RO IRI B 2K AR 10 mLiRE IR A,
FEAHREE 1 min, SRS 7EE R (20 °C) FCE 24 W',
LA )Z S R B 2 T R A A PR B X7
R B2 AR P FLALFR 55

fdi FH 1 mol/L HC1 #1 1 mol/L NaOH ¥4 I8 5 k¢
A ) pH AR, B BB BE R 1000 mg/L 1Y SRZEBENIR %%
WAL AR R P (4,25 .35 .45 .60.80.100,121 C) A
[ pH{E.(2.4.6.8.10 F1 12) AR [R] £k B (NaCl 57 it
I3H0.3% 6% .9% . 12% . 15% . 18% .21% .25%) T
ARFE T RN AR IR (20 C) IR SRR S # i ik
FIRFLACFE B e D FLARAR )
129 MmkiEk

Z: I8 [ A A0 A T e R e 5 B R Aol s o
Q/SH1020 1519—2016CH 7 B 738 FHE A 518D ,
Fie BRI K 723, 76 50 mL B BSO8R A 28 g 1K)
JE i B 12 mL AN [) A ] 0] 3 {2 PR AT X7 R B I
TR [ B 2K, FR7E 50 CARIBTRERE 1 h
JEPREE 1 min, 75 50 °C 2 S AL B B,
JE R 4h 20 S Lk T A 2 22 R DAL 0D AR
FETH AR

2 SRS

2.1 RhIA 0 RhIB E E #J Q-PCR ¥ B #R # £ 19
g

[ 1(a) Ay RhIA F1 RhIB £E K 4 5 7= 9y o, 1k (5]
RhIA 1 RhIB R34 7 ¥ 7 £ 880 bp £l 1200 bp
A I R S R S S B R b3,
FH I TERE T RhIA FIRhIB K[ Bf | 5R H A3k
(BRI S5 AT VI R, I 525 11 PESI-T Bk,
WEAT 2 B 5 e 0 T A OB A DHS o3z 245

i, 7E 37 °C 180 v/min 25 F 53245 BB , I IE
W SRR 20 ok E AT PCR ¥ IE S blast U 4T, 45 9
WL 1(b), 45 kL PCR =) 78 £ 880 bp £l
1200 bp Ab A W] 45 S VR4 4547, H blast [ X 45
H 7R, Rh1A 541 Ok T 91 [AE M  99.55%, RhiB
A ORI 8 [A VR R 99.7% ; DNA star 22 3371 e
XT i 7~ RhlA = 20 k7 3 91— Pk 99.36% , RhiB
2 JFORLFE 81— 3P 8 99.91%, %61 RhIA A1 RhiB
FER )i H Ak

bp Marker RhlA RhIB
B500347

Marker RhIA RhIB

2000

1000
750

500

200

100

(a) (b)

11 RhlA Fl RhIB JE 54973 7 ) (a) A1 2 21 50KE RhIA 1
RhIB 2 K444 (b) HE 3K K]

Fig.1 Electrophoresis of RhlA and RhIB gene amplification
products (a) and amplified products of recombinant
plasmid RhIA and RhIB genes(b)

RhlA \RhIB %K Q-PCR § M4 b i i 2 U & 2 fr
N, ep TH A 5T 5 38 B SR Ik H BR BT 2 05 i 344
G A HC, op (BB /)N D) 56 PR e 5 b 5 . L, Rh1A
JE A Q-PCR ¥ 3 b #E il £k /Y 81 )3 )5 72 4
y==3.234x+36.15, R*=0.9964 , " H4 5 %} 103.8% ;
RhIB & A 19 Q-PCR 4" 1§ A i il £k 9 [l 05 J7 72 oy
y=-3.465x+37.69, R*=0.9919, ¥ 1 %k # Ky 94.3% .,
Bt 2 20— SRUI5 e bk R AT
2.2 RhAFMRhBEREMFEERIMNIKAES

FEAE IS Y op (AR A B A v Hh 4355
TS BIAR) A& AT 6] X7 & B H RhIA \RhiIB 5& 5+
DUBC, S5 5 NE 3 TR . WA & BERS TR] A AE K, H 2
1% A B X7 &% B Rh1A  RhiIB 3 R £ ik 7 Se T
5 R AE 24 h B IR B RME, S TR 60 h
TR, ULEH & BER I 7E 24 h A2 A0 7 SRR B
TG K, T B2 W R A £ 3R B [B) R #E 12~60 hiH
] . RhIA FEPR Kk fit fe KAE A 2.51%10° copies/uL,
RhIB 3 K ik 5 KAEH M 3.25%10° copies/uL. 1%

http://ythx.scu.edu.cn
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(a)
20
P
a
© y=-3.234x+36.15
10 R=0.9964
0 L L L
0 2 4 6 8
lg[ CN/(copies-uL™) |
30
(b)
20k
g
5y
y=-3.465x+37.69
ok .
R*=0.9919
0 L L L
0 2 4 6 8

lg [CN/(copies-uL™) ]

K2 RhIAZEP (a) RhIBIEA (b)) Q-PCR ™Mb ifE i £k
Fig.2 Q-PCR amplification standard curve of RhIA gene
(a) and RhIB gene (b)

3x10°

(a)

2x10°}

1x10°}F

FL R F% 185 (copies - uL™)

0 L 1 [l 1 1 1

0 20 40 60 80 100 120
SR T)/b

4x10°

3x10°

2x10°

1x10°

FL R ¥ 1%/ (copies - ul™)

R EERT ] /b

13 ORI BE e 1] X7 & BV Y RhIA 5K (a) \RhIB 2
(b) 18 DUEL
Copy number of RhlA gene (a) and RhIB gene (b) in
X7 fermentation broth at different cultivation times

Fig.3
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—4 54 2 7K ) RhIA 3 (R 36 35 54390 o 87,
1359259 498 copies/uL, 1 5 —4 5 #iy JZ 7K Fh
RhIB 3[R FK 84351 15,439 .73 .205 copies/uL.
23 REMEREHEREES

L ERZS WG o B v B (mg/L) Sy x Bl HESih P8l
2 (em) 2Ry y Sl 2z il s o R 2, M Inl I 5 72 5 y=
0.004x+0.2073 , R*=0.9915, i 52 AN [i) Fisf [ia] 4] % {1 Ff
N el d AR AL S N AW N AT B
D7 R R A R v B, S5 AN K 4 s . AR
TR X7 DA NB WA 5% 77 2 & W, 76 35 °C L 180 r/min
5T 85 5% 60 h AR 2R T i M R B AR
HIAFIECK, N 824.08 mg/L, H & TEIHAIE 12~60 h
1) B2 MR A = G PR b T, U B A L I B 2
WERRAE B I ER , 5 4= Yy R 5 L] B9 D g H A ik
P A IE AR O

1000

800 |

600

W/ (mg-L™")

400 |
g

& 200

0 L L L 1 L 1
0 20 40 60 80 100 120

K EENTTE]/m
Pl 4 A [ ik IV B R ) 25 T 3% A1) 5 B
Fig4 Biosurfactant content in bacterial broth at different
fermentation times

24 BREREBEEAKRRRESKREEE

B2 T HEL 4 5 R 1 9 T sk g I vk R 1) A
& 5 (a) T o Bl B2 38 OV VI 3R 1T 5K ) B¢
5%, J5 B FE A 500 mg/L s, Y5 9 A0 2 T K 7 38 )
e/, 2R 32,31 mIN/m g 2k S5 48 DR v B B I V17 % T
K I MANTEREE TR, U B IR FLEE 1) come
{H7E 500 mg/L =47 o 17 38 2k 000 g A [) Fsf i) A P b
AR K 1[5 (0) 1A, DL NB W AR 7 365
7%, 7F 35 'C (180 r/min F5 44 T & 1 24 h Y & B 3%
TR AT 5K 13k B R ARAEL(32.31 mN/m) , Ba A LAt
P TR ) AR 2 T T PR R i =500 mg/Lo
i K B 2 TR A 2, R TH TR R L L T BE
I K HR ) R T R I R B
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Bk, B LT, B4 : RhIA \RhIB 3 R 6 35 5 8 A= 7% i B 5% il

70F (a)
60
50 F

40

ik )1/ (mN-m™)

30 F

100 200 300 400 500 600 700 800 900 1000
SRR E/ (mg-L™)

(=)

50

(b)

45

40}

Fisk J1/(mN-m™)

35k

30 L 1 1 1
0 20 40 60 80

S TEmT Al /h

K5 BB NR LR P i i 2 115 ) Bl 32 7284 (a) A

R TR X7 Kl B2 ik /1 (b)
Surface tension of rhamnolipids crude extract solu-
tion at the different concentrations (a) and the fer-
mentation supernatant of Pseudomonas aeruginosa
X7 (b)

100 120

Fig.5

25 AMFEHESIHBENE

AN T} i g st T61) ) 2 T 375 YOV s /K Ak A (i
AT I ROASE T AT ) LA TSR QL 6 TR . B
ZEWEREAH SR P 000 T A A e ORISR S 2 L
AR FLTE M, FLATEEOTE 50% 25 47, b Xt
AR A S B ZLAAE R, ZLARFR B0 54.19%.
ZEWERE HAT A FLAL R , B — PR AL
TG HEIBGR, AT LA U E DRI AT oK o Ty )2
KX AR A P FLA T R 22 , FLAL R BT 10%
e h L LA SR B A O 2 5 2 KRR
(2021.11.24) , Xy AR A 8% RO v L v 1 2L Ak 3
BN 8.20% . 11.96% . 6.45% ; FLACRCR Fe 25 1 2
1 S HbJZ K FE S (2021.5.13) , X VAR A7 I B il
SR B AR SR B FLAL IS, Al RS K R 15 2K
B SRR A AR

J R BE R 1000 mg/L A RS L E 0 VA T
FEARIRNR B pH B R BT 2Rk AFLA s £can
B7 i . M7 W], % BRZE M R R 4 1y 3 T

285
60
50 F
e 40F
8] -o- Wik A
sz 30 .
S - i
w 20 —-A- J5h
10
0 L 1 L L 1
0 20 40 60 80 100 120
AT [R]/h
K6 AN i & g 7L A 1
Fig.6 Emulsification activity of the supernatant of Pseudo-
monas aeruginosa X7 fermentation broth
80 80
20} @ 170
o 60 160
g —— & & N
<50 =— - s 150 <
Z FLILHE%L &
E 40t 140 3z
= =
3 30 &k P =
i 20 120
® 10 110
o g
0 20 40 60 80 100 120 140
R/ C
80
o)
70 170
- 60t ) 60
.E l,/.'__. &
z 01 FLALHEE 159 g
£ 40 {40 =
= S8
= e =
s 307 RIS 30w
= 5ot _
® 20
10+ 10
0 1 1 1
2 4 6 8 10 12 0
prE
80 80
70+ (C) 470
60 160
250} s—i—s—, 50 &
% 40 140 fﬁ
= HkS) 5
R 30t * 130 =2
% 5
I= 20 120
T
10 ML 1o
=5 10 15 20 25 °
ERFTEEU%
7 BRSO R E P (a) , pHERE P (b)),
EFEME(e)

Fig.7 Temperature stability (a), pH stability (b), salt sta-
bility (¢) of rhamnoliqids crude extract solution
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T PEFIFLAL TS PR AT LATE 4~ 121 “C B3 36 Bl A
SE R FEAE ], H R 5K v AR E) 33 mN/m, il
AL R B TT LIS S 50% LA E X Se R IE S T B
ZENER SR i Ry Yt o

4 FZER IS AR P VA 1 pH{HLAF 2~ 8 Y LN
AT, F MK ) A CRRR R, (H 2 pH {EAF 8~
12 B P, sk I3 BT LI AR SR PR 457 34
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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 C, 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.

Keywords: polymer flooding; curing degree; seepage characteristic; plugging; profile control and oil displacement; enhanced oil

recovery
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Effect of RhlA and RhIB Gene Expression on Microbial Oil Recovery
WANG Qie', FAN Yonghong', GUO Bin', MEDINUEL', QIN Xinzheng’
(1. College of Life Science and Technology, Xinjiang University, Xinjiang Key Laboratory of Biological Resources and Genetic Engineering, Urumgi,
Xinjiang 830000, P R of China; 2. Institute of Microbial Application, Xinjiang Academy of Agricultural Sciences, Urumgi, Xinjiang 830000, P R of
China)

Abstract: In order to explore the effect of RhlA and RhIB gene expression on viscosity reduction in microbial oil recovery, a
real-time fluorescent absolute quantitative (Q-PCR) method for RhlA and RhIB 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
RhIB 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 Rhl1A
and RhIB 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 RhIB 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 RhlIA and RhIB genes were 2.51 x 10° and 3.25 % 10° copies/uL. The highest expression level of RhlA and RhIB 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 RhIB 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.

Keywords: rhamnolipid; functional gene; heavy oil viscosity reduction; microbial oil recovery
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