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In the MEOR field test project conducted in Fuyu Oilfield, Jilin Province, China, Enterobacter sp. CJF-002
which produces water-insoluble polymer was injected into the reservoir. As a result, the volume of oil produc-
tion in the test area increased by more than twice because the high permeable zones were plugged with the water-
insoluble polymer produced by CJF-002, and the water channeling in the reservoir was reduced.

CJF-002 is a facultative anaerobe isolated from the rock of the oil reservoir in the Fuyu Oilfield. This
microbe was identified as belonging to the genus Enterobacter based on 16S rRNA gene phylogenetic analysis.
Cells are gram-negative, motile rods. The isolate was grown with 1% Chinese molasses as substrate and pro-
duced water-insoluble polymer ca. 180 mg-dw/l. This water-insoluble polymer could absorb water at 200 times
the dry weight, and formed a gel in the culture medium. This water-insoluble polymer was a cellulose derivative
which consisted mainly of glucose.

The effect of cultivation conditions, such as concentration of molasses, temperature, pH, salinity, sugar, oxy-
gen, pressure and initial concentration of bacterium, were evaluated for the growth and production of water-in-
soluble polymer by CJF-002. CJF-002 was suitable for the MEOR process in the Fuyu Oilfield, because this
microbe could grow and produce adequate polymer under the conditions of the test field. Moreover, CJF-002
could be applied widely to a broad range of reservoirs, because growth and production of the water-insoluble
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polymer were observed under various reservoir conditions except the condition of greater than 1% salinity.
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Table 1 Contents of CM®
Contents

Total nitrogen [%] 1.32
Ash [%)] 7.2
Volite basic nitrogen [ppm] 200

P [ppm] 62
Fe [ppm] 366
Ca [ppm] 1458
Na [ppm] 11220

K [ppm] 23800
Mg [ppm] 286
cl [ppm] 11020
Fructose [%] 0.54
Glucose [%] 0.96
Sucrose [%] 40
Direct reducing nitrogen  [%] 2.3
Total sugar [%] 44 .4
Amino nitrogen [ppm] 2600
Sulfur dioxide [ppm] 10
Nitrate [ppm] 3400
Cu [ppm] 0.62
Zn [ppm] 9.24
Mn [ppm] 12.72
SiO; [ppm] 34
Al [ppm] 3

a) Lot. June 12, 1998.
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DOREYH % 2L S &3 I1E SRR & J8HE < € 5 0 3R TR
HTHHEEZOND, T2, MBNOBEWAERE L A
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R —FERESE D MEOR 70t 22OV THE L TWwWh,
ZOWgETIE, BNERIZE ZEASEOBRFTS 74—V F
FAMNETEIT>TBY, 2T 14—V K72 FTldtio Tx)
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BLEWAHOFEDD, BFH 74—V PO EHBE LI
A DR & LAEWAEY & OB BT 5 G, CIF-002
ORIFEM LRI A B & L7z AR oM, WENIcs
I7 % CIF-002 O#4fE - BB OBHE, 7 5 OIIEKREERY
% — OAEFENRE D HHIE N TR O B ZE B AL O AT 7 & & AT
W, IR IR NS BT B IR O 258l &Rl R L o
PIEMEZHONICT L EEHMELZDDTH S,
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L CIF-002 23 AEFET 2 IEREER Y = — DLF A B S
M L7z F7o, BARRECE O pH % & O IARN 2 5;
FEANEDT CIF-002 DG 70 & IIERBETER ) < — DA FEIZ
ITTREXH S A, LT, CIF-002 % MEOR IZH W A #5412
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2.1. CJF-002 OMEMFHIFRICEAT 284

2.1.1. EEZHMIROHES X

BAED LI MEIR DM EIIE T B R EEEARR (A S
A) DREIEFY N THAHIDT A - EB20 (HKHEIER) #
w72,

2.1.2. 16S rRNA Eo3(C & 2B A&

16S IRNA GE{ET D 7 0 — =¥ 7 % {7\, CIF-002 O IEE
B & AT L 72o 97, InstaGene Matrix #:® (BIO-RAD ft#%)
% I T CIF-002 D4tk DNA #3iit L, 5% DNA & L7z,
¥ 72, 5-AGAGTTTGATCCTGGCTCAG-3’ & 5°-AAAG-
GAGGTGATCCAGCC-3’ % % 4 il B X O F il 75 4 <
— 2\, Tag DNA KU x5 —+ (Eif#E3) T PCR BIEL
726 PCR U3 —~< W41 7 5 — (Perkin-Elmer #) % i\,
Denaturation (94C X 143), Annealing (52°CX2%) 7 & NI
Extension (72°C X245) OJInH A 7 vz 30 [Al#E 0 K L 72,
TIAI RN & —~OPCREIBWI D20 —=> 7121
pMOS Blue T-vector Kit (Amersham International plc #) %, 15
FWIIEKIGE  (Escherichia coli) IM109 & Hl\2 72, KIGE O
T #Ria1E Sambrook 5D FEO (XY, LEH (FY T
10g/l, BERET % A 5g/, NaCl5gl, ZVa—A 1gl, pHT.2)
rHW, JUEWEARNT 2551 100ugml 7 ES ) v &
Wiz, 70 —=2 27 L7 16S rRNA {513 B B AT 3 &
ABI DNA Sequencer & ABI PRISM Dye Cycle Sequencing Kit (\»
TN D Perkin-Elmer #13L) % W THEFT L 720 FHIEPEEHT 121
BLAST search program'’ % i ] L, % 7f#&t L 72 CJF-002 ®
16S rRNA & {n O FEES % HA DNA 7— % /N> 7 (DDBJ)
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Table 2 Analysis Conditions

GC (Hewlett Packard, HP5890A)

Column SPB-5 (Supelco Japan Ltd., fused silica capillary, 25 m X 0.25 mm I.D.)
Carrier Helium
Oven 60°C (1.0 min) to 280°C (0 min) at 8 C/min
Injection Splitless, 1 p/; inlet at 250°C
MS (JEOL, JMS DX-303)
Ionization method EI
HPLC (Shimadzu Corp., LC-9A)
Column TSK-gel Sugar AXG (Tosoh Corp., 150 mm X 4.6 mm I.D., for analysis of neutral sugar)
Shimpak ISA-07 (Shimadzu Corp., 250 mm X 4.6 mm I.D., for analysis of uronic acid)
Eluent 0.5mM (1 M = 1 mol-dm™) K,B40 (pH = 8.7)
Flow rate of eluent 0.4 m//min (for analysis of neutral sugar), 0.8 m//min (for analysis of uronic acid)
Column temperature 70C
Postcolumn marker 1% arginine/3 % boric acid
Flow rate of postcolumn marker 0.5 m//min
Reaction temperature 150C
Injection 10 W
Detector Fluorescence Recording Spectrophotometer (Shimadzu Corp., RF-535)
Wavelength Ex. 320 nm, Em. 430 nm

\ZBSR L7z (727 E Y ¥ a »F5:BD091017),
2.2. CJF-002 EET BIFKBHERY v —DILERHEED
bR

— I, MEMDEET AR -3 EHETH DL LN
<, CIF-002 BEMRET BIFREMUR) v —bLHTH D EE 2
bNb, ZZTC, ZORY) T —EHEKT 58 L ORI
OWCHYRT 2 720 I F OS5 217 2 72,

2.2.1. BREOAIISE

$¥, CIF-002 # TEEET LA 4% OEH (LT, 208
% CM4% Biith EREFRS 2) T3 HIEEFEE L CAE S 723k
REWAR) v =& mI L, ZARAKCTHRE LR, SE5TERT
%o ZOHEEREZ, 000M (1M=1mol-dm™) » 2 T
VRS VRS M) U AR (pHS.0) PTEE L, v
Z — ¥ TRL (Tricoderma viride ) % #EE 01% & 75 X
INHREIML T, 50C T3 HEOMARSFLELZ 4T - 72, JLHE
# O % HPLC (high performance liquid chromatography) ( £
FERAVEITE, LC9A) ATt L, fEROHE & <7z, HPLC O
SEM 72 0HT 411 1L Table 2 127R9

2.2.2. X FIEARICL ZBRIEOEEBERDOAIMF
CIF-002 2SHE3E L 72 IERIEVE R ) ~ — OBz 1830k 2 F v
T, WAKEBILT U7 A3 VRS F e A F L
T, I L72 ATFIALSHEE N 7))V F aFERE Tk L <
HEICT 5, SRR EKEERE-Y) Y VB CEILT T vt
LT, WA FMEBET VI — VD7 v F VLR AT
MET7T VY b=V T7t7—1F) &L, GC-MS (gas chromatog-
raphy mass spectroscopy) (2 & 257 Hi & 17572 GC-MS IZ & 5
M4 Table 2 127K,

2.3. CJF-002 OHEIEEFEKRBMRY v —DEEICRITTIE

BEHOFEICEATIRRAE

CJF-002 % MEOR |25 2 BRI E B RS d AN 4
Sl LT, BUMOGAE, 7 ARE, W, W pH,
SriEEE, RFEBRE, W, %o OICWIEIREREE 2 b
¥, SIS DS CIF-002 DG 7 & NZIEKREWER ) <
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2.3.1. BERNEEEZG

EEBRTIX, REFEOEEIIMET2EREBEVT, CM1%
Fedh & JARE M & L CHI W7z, iR L7255 30 ml & AFR% =
50ml DONA T IVIRICANEH L, BEESHRE (121C, 20
), KA R BREERT L. ORI, WlER
TEHLTERENZCF002D 1 20 =— %484 L CHHE
L, 30C T2 HMEENSET L, ChEaikiEL L, ZOH
BeRRi A BB o (MEEE T & AR IR L) (12
BT DDA RIREE & %0 % & 9 1CHAE LT, 30C 12 TRy
ARG 5. B, ZOEMBOMI pH L 6.7 THo72,
2.3.2. MEMBOEBFEELUHKBERY v —4EE

DRIERE

CJF-002 D W KHEEE % CFU (colony forming unit) & L CTH i
L7zo Thbb, BEaili% ALK T 100~ 1005742 S0 B
FERY IS BUR, & O A U & 3% 58 58 K55 i FAR 112 100 wl &
i b, Tk 30T T 24 RElEEE L 722 PR EIDEH S 1L
fan=—ZFBL, SRR Iml TOREREE L,
F 7o, FEKBEMERY v —0ApERlE, ERGEORREINFEET
BIKEMAR) v —&EILL, ZZEAKITRELTI121C TI15
SO BERLRE LI % 47 > 7214, B % kEEIc L -
ThHEL, SRl CEesrllE L7,

2.3.3. IEEBEEMHOEE

(1) BUMOAAE DB T 5 EBRSA

HiHh 12 CIF-002 % 6.0 x 10° cells/ml & 72 5 X 9 |ZHEHE L 7214,
PAMMERME Sm/EE L, SHMETEREHR L CHEE
Biatrotz, B, ik 2505, AWF7EClAHME R HE
W2 BV T CIF-002 ICIEKBEMERY) ~— DA ITbE 5 2 L
HWE L TR DD, DBEOFERTIZFEMmE G L 2w
BEHwsZ & L7,

(2) T L AREOLBIIMET D EREN

BEMOET L AWEEE 001, 0.1, 1, 5% 502 10% IZ%E
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Table 3 Composition of Polysaccharide Production Medium

Contents [mg/l]
(NH4)>HPO4 1500
KH,PO4 1000
Sodium citrate 1000
MgSO4-7H,0 500
FeCh * I’leO 10
NaCl 10
CaCl,-2H,O 10
CaCO; 3000
Thiamine-HCI 5
Biotin 5

L, ZNENOFHIZ CIF-002 % 1.0 x 10°cells/ml & 7% % X9
A L CHEBRE 1T 5 72,

(3) IMEEDFEICET 2 EER ST

FARIRE % 5~30C DM TS BRI S TEBREIT-
720 F 72, CIF-002 DR ARIREE L 8.5 x 10° cells/ml & L7z,

(4) #08 pH DB BT 5 FEER S

CM1% 55HiIZ3EMER & OUKER(L- bU w2 xlminL <, 5
WO pH % 3.0~12.0 DT 13 BB ICHHE L 72, CIF-002
OHIHRARIEEE 1L 1.0 x 10° cells/ml & L7,

(5) MR IEEE OB 5 IS

CMO.1% ¥;HilZ NaCl % 0 (i00), 0.01, 0.1, 1, 2% &
b LML 7z. F 72, CIF-002 O W R AR X 1.0 x
10° cells/m! & L7z,

(6) WFRFFED BB 5 EER S

R Y —HEMEDOEFICL AL G TH S
Polysaccharide production medium'? (LLF, PPM Ki#h & #5395 )
2, AZ70—X, VA=A b7V 7 b—AZENL7
Wil x Hv7z. PPM Bi b O ML % Table 3 1283, A2 H—
A, TNVA—=AG b7V b= ADHENEEY, ThEn
1, 2, 4, 6% \ZZ b &7z, CIF-002 O H AR L 1.2 %
10° cells/ml & 72 % X 9 \Z3EME L 72,

(7) BFOEEIET 2 EEEMT

WEFREMEE LT, RSN, MFERSE07 0 IR SN %
FE L7oo WFRSRIFIEINA TOVIEIS TV I 5 A )V & BTl
LI ETHEL, MIFREMIHE LA 7TIVHENOA
M OIEEEBIT S THREL. $77, BRI
FE L7235 TV O KM ICEF 2R EAL T LI128D
g L 720 CIF-002 DRI AL 1.0 x 10° cells/ml & L7z,

(8) N DEEZT 5 FEBdelt

fif 2 1) > 47— |2 CIF-002 % Rl L 7854 % Folif%, 30 atm
WCIEL T, R OREEZGHIL 72, BihD €T AREE
0.1% BXWU1% & L, CIF-002 DM R KIEE % 50x%x10°
cells/ml & L7z,

(9) WIHATH IR O R 3 5 FEBRse

CIF-002 D& JE A 1.0 x 10° cells/ml, 1.0 x 10° cells/ml 7 & O
12 1.0x 10% cells/ml & 70 B X 9 \ZEE M\ Z 94 0E L CRE3EFBE 2 1T

72
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3. BREEE

3.1. CJF-002 DIEMFRIIFH

CJF-002 (&, ik L7z MEOR [E 3L FF7E1C B 1) 5 M
W OBEFROMIET, PHARMIOMEE X 58S ey
Thhbo TDCIF-002 DELRFEHB IO ID 7 A b - EB-20 12
£ B BB PEIROF ERE R % Table 4 12T, 25 DR
% Bergey’s Manual of Systematic Bacteriology” [ZFE#K S 11T\
% Enterobacter cloacae DHEALFIHIMEIR & LR L 72458, Table
4 \Z/R9 X 9 12 Strain CJF-002 OMERIE D-F 7 4/ —AHBD
B A= B RE % R < AT H1d Enterobacter cloacae ATCC & 4= { [Alfk
OMWIR%E IR L7z, & 512, 16S RNA BIEFDIERES] (1533
bp) % fEc LA E AT 2 4T o 7245 9, Enterobacter cloacae
ATCCI1304" & OMFEMEAT98.8% TH Y, TNHDOEEE,S
CJFE-002 & Enterobacter JE )& T 5 Z & DR ENT2,

CIF-002 (3i @ N IZJA SR L TW 2 AEW Tld 2 v as,
JC A& HEPIICBER L CW 2 MEW C©H % 72, MEOR 1258wV
TIHBHNTOWMIEDS AR TH DL EEZ BN 5, T2, CIF-002
I EEREE M TR T 5 &, Hf - LhIROIFHN a0 =
— % T 5729 (Fig. 1), BEEOMAY & DRAEORE
IZBWT, oty & ORI IRNES TH 5 &) Bl
VHET b B, EFEWE ALtz L ), CF-
002 DELEHIZOVWTHIER I N TV D,

3.2. CJF-002 BEFET 2IEKBTHRY ¥ — DIFH

CIF-002 25 FET 5 IEKBMERY v~ — DB H % Fig. 2 |1I/R
T, Fig. 2(a) BV THIZ SN 7T VIREO2 5 HETw 5
FIVIROWER, BER L @E LIEKEER) v —Th b,
COXR) Y — 2 EFUMETELT 5 &, g0 BIRORE
WSRO L (Fig. 2(b) o SN, HHEELSEHSNS
RN Y =PHEIKAE> TR SN -bDEEZENL, &
B, TOFR) I —FHMKTHERE L, FELERHZETOERZE
EEMET A LX), ZORY T =HHED 200 HEFEE DK
EUETELIEDGholze 2O LIL, CIF-002 2T
BIKEVER ) ¥ — WFATAED 72 7 7 A V2 ET 5D
WCHELZECHRE SO TWREESE W EEZREZL TV
5o

CDIEKREMERD = 12DV THH LR, 2 O
&, KEBaas7va—A (973%) THH, Zoftic, 7€
=2 (13%), #5927 b—2A (1.0%) Z5TIIvy /) —A
(04%) kRSN, va VBREIME SN2 o7, 72, X
F VAL DGR, 14,5-TV-0-T L FNV-23,6-bV-0-AF N7
VY b= ¥—=rPibRERE—27 L THRE SN, &
DY =27 OWEE, BB NVI—R (15-V-0-T L F
W2346-FT FT-0-AFNVTIVY F—)) OY— 7 HiEx 1 &
L72Aa122922TH Y, Zoichit sz Y — 27 omf
(FRT 05Kl ICHLTHROTREDP 72, ZOREENDS,
FAKBEUERY v —DEELFHERNT 14 KETH L EHEEL
2o E512, ZOIKREMR) =1L, a- 145 20MT 5
T3IT—ETROMENT, BlafiazitsLrs—+¥
THRENDL I EZFERLTEY, BlAMEaTHL EHETES
s,

VDR &, CIF-002 23HEFEY A IERIETER ) < —
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Table 4 Morphological, Biochemical, and Phenotypic Features of CJF-002%

Characteristic CJF-002 Enterobacter cloacae
Morphology
Cell shape Straight rod Straight rod
Cell size [um] 0.5-1.0x 1.5-3.0 0.5-1.0x 1.5-3.0
Color of colony White White
Gram stain - -
Motility + +
Temp. range for growth [C1 4>~45 20-30 (environmental strains)
Suitable temp. range for growth 25-35 37 (clinical strains)
pH range for growth 2.2-9.53 2.2-9.53
Suitable pH range for growth 4.11-9.30 4.11-9.30
Aerobic growth + +
Anaerobic growth + +
Fermentation analysis
Catalase + +
Oxidase - -
Urease - d
Cabon source utilization
O-F test (glucose fermentation) F F
Gas production from glucose + +
Acid production from glucose + +
Inositol — [-1
Sorbitol + +
Arabinose + +
Rhamnose + +
Mannitol + +
Adonitol — [-1
Raffinose - +
Sucrose + +
Lactose + +
Test for Enterobacter
Indole production - -
Citrate utilization + +
Lysine decarboxylase - -
Arginine dehydrolase + +
Ornithine decarboxylase + +
Phenylalanine deamination - -
H>S production - -
Additional properties
Gelatinase - -
Malonate + [+]
ONPG + +
Esclin + d
“4+7: positive, “=: negative, “[+]”: majority of strains positive (generally more than 89%), “[-]": majority of strains negative (generally

more than 89%), “d”: differ among strains (generally from 11-89% positive).

Fig. 1 Colonies of CJF-002 on Nutrient Agar Plate

J. Jpn. Petrol. Inst.,

TV —2ADFERTHL EEZEZOND, 2Dz, Y

BEREE D W I E AT E N, MEOR (2B W Tl Nk o

FEAATEE L 72800 12k LT b R E 2 B F AR AT A

5o

3.3. CJF-002 DEIFEELFEKRBUERY v —DEEICKIFTTIE
BRORE

3.3.1. EXNAEBERGT TOMIEL S OICIEKBHRY

¥ — D& EEE)

T, AW LEEREMETICBI S CIF-002 ORFE7Z & N2
JEAKIEVEAR ) ~ — DHEREEEN OWTIRE L7, BEae bkt
% Fig. 312587,

CJE-002 1, JHH OMAEY ORHEFIZFRS 55 FE (7
AT RIS CHERE 3 2 ) AV <, BEHICHIA fi <0 2 12kt
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Fig. 2 (a) Polymer Production of CJF-002 with CM4%

Medium and (b) SEM Image of

the Polymer Produced

by CJF-002
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@: Viable cell number, X: Polymer production.

Fig. 3 Growth Curve and Polymer Production of CJF-002

with CM4 % Medium at 30C
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(O Viable cell number (without oil), X : Viable cell number
(with oil), []: Polymer production (without oil), ll: Polymer
production (with oil).

Fig. 4 Effect of Oil Addition on Growth and Polymer Produc-
tion of CJF-002
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Fig. 5 Effect of CM Concentration on Growth and Polymer
Production of CJF-002 after 24 h of Incubation at 30°C
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Fig. 6 Effect of Temperature on Growth and Polymer Produc-
tion of CJF-002

Table 5 Effect of pH on Growth and Polymer Production of
CJF-002

Viable cell number

Setting pH [CFU/mI] Polymer
3 1.0x 107 -
4 1.0 x 107 -
5 5.0% 10 +
5.4 1.0 x 108 +
6 1.0x 108 +
6.64 22x10° +
(No regulation)
8.0 1.4 % 108 +
9.0 1.3x 108 +
9.5 7.4 % 10° -
10.0 10' > -
12.0 10" > -
“+”: polymer present, “—"": no polymer.
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Fig. 7 Effect of NaCl with CM0.1% on Growth and Polymer
Production of CJF-002 at 30°C
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Fig. 8 Effect of the Sugars on Growth and Polymer Produc-
tion of CJF-002 at 30C
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Fig. 9 CJF-002 Growth and Polymer Production under Aero-
bic or Anaerobic Condition at 30°C
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