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— 1k AT S 1k P& R[5 S AY Compostibacillus B4 58 R 43 14

HE B AKE NWE EN HEW
HhEA AR S F TR ORISR Tt B 062552

B OE. (7)) BiEE 2 kmAedmid, LhR T HREREST 10°4/mL v L, HBEA
REAHRT RAETOREN LY, KT ihik b 6% LR R b e A Y, FHERET Lt
Y KR, REBAAIHIE bR, At—FRGMAED Kb EEZR. [ 8 6] iHg IRz
M RIAFOE AR, AT HBAT S AL F AR i, [ &) AR Rob A R 6 £ FUIL g b
BE RATO B AR, BT SRR, A3 A LN A . 16S IRNA KB 5 5] 547 5 5 2 H AR89 o K Mo ds.
B S r&ﬁ%éﬁwfaz%mwwmrﬁ% . [25 RIS AL i R S b B A A
PoBFH AR BE R BLGT4, 25 Mo R AR AR AR LI ES R T RFE
(Compostibacillus humi)ég#f H 4k, FRM 99.6%. ZE 694 KR E A 30-60 °C (RiE iR E 45 °C),
pH 6.5-9.5 (3Ri& pH 7.0), NaCl KE 0%—7% (R =4RAIL). HAk BLGT4 £ 2R RIBHRA P25,
H R B REKA A 563 mN/m, LA 95%, L4 Rib R ERE 0.5%. RE 45 °C 951t
Tiﬁ-% 20 d, Af/Rib ey M ET X 40.8%. [45#] Bk BLG74 AT LR Rib a9 3R R, H A
WA TIACER R B GERAEL TR — RS,

KR Robilib, Mg, Rib, R IATE R
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Abstract: [Background] By implementing multiple cycles of microbial oil recovery, the reservoir
produced liquid bacteria concentration reached more than 10° CFU/mL, forming a stable microbial
fermentation field in the reservoir. To further improve the effect of microbial oil recovery, the crude
oil-emulsifying and hydrocarbon-degrading bacteria from the reservoir was selected to cultivate for
microbial oil recovery application in the reservoir. [Objective] The strains with good performance of crude
oil-emulsifying and hydrocarbon-degrading capacity are screened out to carry out multiple taxonomic
identification and performance evaluation. [Methods] Crude oil was chosen as substrate for strains
selection. Through morphological observation, biochemical and physiological characteristics and 16S
rRNA gene sequence, the taxonomic position of the strain BLG74 was identified. The crude
oil-emulsifying and hydrocarbon-degrading capacity of the strain BLG74 were investigated by emulsifying
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ability and degrading rate. [Results] Strain BLG74 was selected from the production water sample of
Huabei oil field. 16S rRNA gene sequence analysis showed that the strain belonged to the genus
Compostibacillus and most closely related to Compostibacillus humi with identity of 99.6%. Its growth
environment has a pH of 6.5 to 9.5 (optimum at pH 7.0), a temperature of 30 °C to 60 °C (optimum at
45 °C) and a salinity of 0% to 7%. Strain BLG74 was cultured in crude oil degradation medium. The
surface tension of the fermentation broth was 56.3 mN/m, and the emulsifying capacity was about 95%.
It was cultured for 20 days under the initial crude oil mass concentration of 0.5% and temperature of
45 °C, resulting in the degradation rate of up to 40.8%. [Conclusion] Strain BLG74 is a new member of
bacteria capable of emulsifying and degrading crude oil, presenting a remarkable potential in microbial
enhanced oil recovery with its crude oil-emulsifying and hydrocarbon-degrading capacity under hot salt

conditions.

Keywords: Crude oil-emulsifying, Degradation, Crude oil, Compostibacillus sp.

Bt E NATTRE A7 s G A A8 S R A M 42
SRR H 4 DT , A7 AR 5 AN S B (1 R A St
FRRR A 4230 )2 Wk HE 2T 3 gk L e ok D T
(1R UL B A Fi v i SR AT 48 S 2 0 SR o 9 1)
FE NP, T e R R R
TNSR I, T B 07 18 RELE = il S5 12F B ZLAL R ik
SRAF BT A TR H AT R AT R A S e A
& A HEPIE AT & (Ther moleophilum) . HURE
J& (Thermomicrobium) . 276 FF 1 J& (Bacillus) . i
2EHUAT # )8 (Geobacillus) FI G #4 # J& (Thermus)™ ™)
A M B ZEF AT 7 8 (Compostibacillus) & i Yu 2510
T 2015 AR ERGEHIFIE, J8 TIREERT T Hh—4>
T A TR G o HEJE ZF AT 77 R BAN A 25 - SR T 2
T I (Compostibacillus humi)—4~Ff, 438 A
T AR HENE 37 VR Ve HE T o AR SC AR L i H b )2
TR i v 43 B AR B — Bk I P - 38 R IE ZF A AT TR
(Compostibacillus humi) BLG74, % B EIMA K
U B FLARE AR DI RE , HARR A [ T 2 el 1Y - S
NEZERIFF TR TR AR, SRt 1 LA AR St (B D5
1 MEEE
1.1 R
111 FE|RFANER

Ai, srtral AR, Wil TR FHCA TR
Ay HEE, bral AR, iR EEs A B A Al
API ZYM. API 50CH, H#HIRAwW]; Arilifk, 75

Mraf, st IR A R A F] s TSA Bidrdt,
bt g R AE Y HARA FRTHE A ]

TR IR &%, (Lo R ORE B AR A PR AR A1
22 WA, ALt AES T BT, FEI
ovuly AN EE T, FRE O RBHEL (h
ENARA R SAHEIE, ZRERAR; Rk
AL, T AE AR Sl B AIL A F
1.1.2 EHEE

HHER IR (g/L): NH,CI 1.0, NaNO; 2.0,
K,HPO, 0.5, Na,S0O,4 2.0, MgS0, 0.2, Na,CO; 0.5,
NaAc 0.2, BEEEKY 0.5, FEKF 1.0, i 50.0,
pH 7.5, [EMARRFREEA A 1.5% 305

JE I i 5 5 i (/L) : NHLC1 1.0, NaNO; 2.0,
K,HPO, 0.5, MgS0O,40.1, NaCl 10.0, E&rkls 2.5,
EKIHK 5.0, J5h 50.0, pH 7.5,

FOKIEREFERL(g/L): NH4C11.0, NaNO; 2.0,
K,HPO, 0.5, MgS0,40.1, NaCl 10.0, Efbky 2.5,
EKH 5.0, pH7.5,
1.1.3 EHRKiIR

WPk BLG74 435 B Aedb i H 5 & X b 2
KA
1.1.4 BEHNE

Bk B FARALH H BT K RS 50 mL $ERhE]%E
A 50 mL & AESEFREEAIE T, 55 °C. 200 r/min &
Vit E LA R AR, DA i 3 R
WAE AR, TEFFESRAE T T 2R TR %
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AR RS YAR RS, FEAS T IR A A 4 R 57
B BRI A A B, R RN AT PR T v 2
Tl F 5 AR R S i R AR FLAE R R T, FL
AR T G B TR R O B Atk — 2B 5%

1.2 EHRZHESALE

1.2.1  FERSE4HE

PPk BLG74 1E TSA St FRIZ R F%, 345
PR, W TEIEA, JHA A 22 BB Fds
B B 8% (transmission electron microscope, TEM)WH
LRI SR
1.2.2 S KHEHE

1E 30-65 °C i [l NI PR TE 45N BE T 7Y
AR FEREARKEET, WEEEREAR pH
R b AR K i Rl AR IR B RS pHL 4%
T, ME AR NaCl BRI A KR, Bk
A A K 5 L ODggo R4 5
1.2.3  EIBELHE

B | WA L bR K T R A 43 AR AR
3 API ZYM . API 50CH % EilkH 4%, #%
Rl PR T3 . S IR R 75 2R Dy il g
PPk BLG74 WAUALREE . BEER K AR . il A L
T PR I T o
124 WEHERSEEFES T

(1) R s ER e

i 10 PR B 2 7 12 IR Sassert 512,
B3 S P s b e st e ED BT

(2) BMERR I

KA - R g i ig S, &%
Minnikin 2005 3 i FH AR OSORA 2 B 12 2 58 W
PERR 4

(3) BRI &

PO PV E DNA BY(G+C)mol% w5 i 15 52 M
RPN E DNA/DNA AN, SRR
Tk AT o B2 T AR Sk T B ME R ZE A AT T bR
(Compostibacillus humi) DX-3,

1.2.5 16S rRNA EEFH4o
AT 16S rRNA KeR@ 5 T 7%

PCR, 5I¥FHUNF : 27f: 5'-AGAGTTTGATCCTG
GCTCAG-3'; 1492r: 5-GGTTACCTTGTTACGAC
TT-3'. PCR SRR J S0 445 ek dn 214y
JrEiE T, PCR PPt db st R A AR, H545
F B FFES ] GenBank i BLASTn #E4 T80 22 [t
Xt , FHMEGA 5.2 #4435 d ) Kimura 2-parameter
A EEANE S, ] Maximum-likelihood 32:44
R KRB, EEIMEE 1000 KT RGEW 4> 2
SRR
1.3 FLICPERRE B
1.3.1  JRIMPERRERNIE

FE e 0 TR R X T 1) R A 2% B i o
P BRFE 1% M 3 8] 0.5% sl R 32 38
45°C, 200 r/min 408 FEGFR, DAATERR G I 344
YR, 4% 3 AR BER—E RIS, mERRIE
A 20 mL FillE, FoR S ISR 20 e
b R LEEROERIEAREM 50 mL
BLOE R, 10 mL A ihEE e = A, K
Ve LR 2 43 W <1 v WU BT PR E Y
50 mL .04, FEE 10 mL A iRk e S R
SE B PR S R IR  AEBOR A 5T o BRI TR
T 68 °C [ F 28 Kt ik, B 2 5% A ih
Yoy TR EEE, FRE. AR E A
T H=(m—my)/myx100%, =X H: H B
AR A8 (%) s my g it B B 3 5 o (5 i B () 5
My A2 TR A 15 R T8 R A BT T £ ()
1.3.2 HEMERRIRRBIRE S D

FA A 5T 43 B 8 A 0V R R R aeh i 4
O3k o B0 1 A R AR AR 1% R RS 0.5%
JRIM AT FREE T, 45 °C . 200 r/min £/ TR SR,
RGN I, 45 3 4IFARE. 8598 20 d
5, ISR 20 mL &k, RAOEY
J5 . FERSEI S . PR 10 mL A e ok
PR 2 ww b, RS HE, IR
2R AR . PRI 10 mL A ik ehk
SR, K R S R K R R BOR AT, K
3 ASEATRRIR A 9 H IO B e it 17 T8 . AR
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AR ETEAGHET TR 5y 43 . (%A . HP-PONA
50 mx0.20 mmx0.5 pm; FEFHIEEE . P 60 °C,
THE# Z 6 °C/min, 9 300 °C, 1H iR 2 TCIE IR
AL . 300 °C; Kl % (FID)EE : 310 °C;
N3 (He) Wi i# : 1 mL/min; RS (Hy) W
30 mL/min; BYAS(Air)ii & : 300 mL/min; FEIX .
30 mL/min; S04 : 99.99%; &4 : 99.9%.
1.3.3 iREEZL A HIH9ME

B S mL ABRBERM) & BER L3 E T 10 mL ik
Brp, FIRE I | mL AT, BIZE
EEMPHE 24 h EWEF RS R, ez b
EEE . UL E T BE=hy/hx100%, E FE
T RO T AR 1 (%) s hy TR 2 5 BE (em) s
hy A FAL)Z S B (cm).
134 FEKRDERNE

K IR R 5K ), K ERAE 4 000 r/min
20 5 min RFRTAM, BOE & FIE A R IK )
S R TH K T

2 HR54H
2.1 ERDBERSFEEHE

WAL H 52 e i DR KRR i 8 SRR 97
HH T EEREFE, 55°C., 200 t/min JEi%IEsE 5-74d,
U B BE SR A [ R 8 5% 0 EA T AR R LR A AR AR
PUTEVE B A T VR B A TR D i R R
55 °C 7 355% 48 h, e imLAbRCR, 155 H
A R A AL EE 1 B Ak BLG74.

R BLG74 76 IR0 0 BRI [ A ks 77 3k
FAEK R, 45 CEFE 48 h G WA 2 1 ¥ e,
B 2-4 mm, FAETRIE, D%V, Fk BLG74
MEIEASME 1 PR, ke, K/h0.4-0.5)x
(2-5) pm, Wi REIKZEAL, FAAEMERIZE), $i2200
Pefa BHE, e IREA K
2.2 EHTF 16S rRNA EEH ARG LB

745 2] B #k BLG74 (1) 16S rRNA FE[H 751,
4 1387 bp, H: GenBank &3¢S KT246122.
Ik BLG74 (1) 16S rRNA JE[H 7415 GenBank Hf)7
HEA T, 2 BRS AR ZEAAT i (Compotibacillus)

B 1 Bk BLG74 IS
Figure 1 The morphological of BLG74

Note: A: Phase contrast micrograph; B: Electron micrograph.

A AR s R A LM, Maximum-
likelihood J7 L EE I R0 & B (1K 2)F ] 5 + 45
HE B 2 74T 14 (Compostibacillus humi) DX-3" 3£
KEEY], FPAALIEERE T 99.6%.
2.3 HERREIEAE RSN

itk BLG74 RETE pH 6.5-9.5 IS FAEK,
il A pH 7.0; A KR EEER 30-60 °C, #x
TEAEAIR B 45 °C; =i REMSZ 7% (Bt AR L) NaCl,
FEGAT 3% NaCl 254 FAK SRS ZWEHRARTFE
A O g - S JIE 25 S0 AT (Compostibacillus hurmi)
DX-3" #l GIESS002, 3% PRk ER 1) focidh A KR N
50 °C, 4K pHJEM 7.0-10.0, FHodEdK pH 8.0, 4=
KAFEL NaCl, W7E 10% (B fAR ) NaCl FA K,

WPk BLG74 ANRERTER FIRAL AR, 2Tk
FH 356 HH iS00 (Voges-Prokauer test, V-P)F1H 4]
5256 (methyl red test, MR), Fgff. KA. #ifb=
PR REERER IS JECR B, . AALEE . e
A M ROKAE R A s R BLG74 BB A 1] D-
SbE. D-TEgMlE . D-Z2 2005 . D-2F4E 0% . e .
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10

r Compostibacillus humi GIESS002" (KJ024967)

0.005
15

76

LCompostibacillus humi DX-3" (JX274434)

BLG74 (KT246122)

28 28 I: Ornithinibacillus bavariensis R2-308" (XJQ659618)

Ornithinibacillus californiensis MB-9" (AF326365)
Paucisalibacillus globulus B22" (AM114102)

100 —— Terribacillus halophilus 002-051" (AB243849)

L Terribaacillus aidingensis Y17-61" (F1386524)

99

Streptohalobacillus salinus H96B60" (F1746578)

Paraliobacillus quinghaiensis YIM-C158" (EU135728)
Bacillus subtilis DSM10" (AJ276351)

&2 ®Bkk BLG74 £F 16S rRNA EFEFFIHENRZE L B

Figure 2 Maximum-likelihood phylogenetic tree based on 16S rRNA gene sequences showing the relationships between

strain BLG74 and related species

TE: 55 N NERR) 16S tRNA JERFFHILE GenBank HFE 55 HELRTY 5 1 A9 %H)E l Bootstrap {H; A1 0.005 fLFK 7511

SrEE.

Note: Numbers in parentheses represent the accession numbers in the GenBank for the 16S rRNA gene sequences of the strain; Number
at notes present bootstrap percentages (based on 1 000 sampling); Bar 0.005 represents sequence divergence.

D-TESE0E . L-FIhi abs . . D-#%HE . LB
D-1ALEE =R, ANREFIF D-#%kE . D-FUbE . D-2f
FUME . D-FTRCms . LAKE . L-1LAYKE . L-F20E .
D-HFPAE . AREEREAT R . o A AL
M|y Az | A i R K S W BRI AN ]
B 438 M B 498 3 A 2 70 4T 15 (Compostibacillus
humi) DX-3" Fl GIESS002 & #k .

WPk BLG74 HIAHILAR I RR AL A3 an % 1 s,
H F /A is0-C15:0 (42.03%), iso-C17:0
(15.00%), 1s0-C16:0 (9.41%), anteiso-C17:0 (7.96%)
1 anteiso-C15:0 (7.67%). kRS L5 — i A e
i (diphosphatidylglycerol , DPG) . T ig Bt H
W ig W 2 B
(phosphatidyl ethanolamine, PE)FIH 4~ 1) 2 Jk
BERR(E 3), BRSO HGER 2 Bk IR ZE AT
T4 (Compostibacillus humi) DX-3" #1 GIESS002 (¢ £H
WAL, HAk BLG74 & DNA f9(G+C)mol% Ky
41.1%, 51 DX-37 1) DNA 24485 83%:+4%,
VLA Bk BLG74 A2 3E AE 25 F0 AT B8 J 1 B b, 2
J& F - e HE B ZE 41 1 (Compostibacillus humi)fi
AN TR TR R

(phosphatidylglycerol , PG) .

2.4 FLICPERRIR MR

PR BLG74 280 T A3 B i) TSA KR 361
FORHFREFRIL T, F 45 °C 4 F FREFR 2 d, J5h
A BRI, JEm AR RS AETE, #2355 F4r
BRPERE FRIE AR T A 22 T %) 6 5% 7 35 v Dl o D,
FLAL(E 4).

* 1 Btk BLG74 RO4RRRAR AFER A &
Table 1 Cellular fatty acid profiles of strain BLG74

IR i
Fatty acids Content (%)
S ARG iR iso-C14:0 1.73
SR ERIEFAE R is0-C15:0 42.03
S 5T A AR I R anteiso-C15:0 7.67
S ISR FIAE MR iso-C16:0 9.41
w7c- 175k B AN 0 g D BR /w6e- T 7S filk B 1.88
NuFINEIiEE C16:1 w7c/16:1 wée
TISERAIFIRR IR C16:0 5.04
SR AL RRIE G IR iso-C17:0 15.00
SRR AR TR anteiso-C17:0 7.96
S5 A A /B 15 BR /w6, 9¢- 1 /\ B XL 1.22
A FNRE R antei-C18:0/C18:2 w6,9¢
C-T/\BR ARG R C18:1 w9e W7 1.14
C-T/\BR AT FIRE TR C18:1 w7c W7 2.07

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



696 (P ESTE

Microbiol. China

B3 E#k BLG74 1A EIE
Figure 3 Polar lipid profile of strain BLG74 by
two-dimensional thin layer chromatography

1:: DPG: Z_®BEfsmtHh; PG: ®EfsmEHh; PE: BEIRMEL
BEffe; APL: AL

Note: DPG: Diphosphatidylglycerol; PG: Phosphatidylglycerol;
PE: Phosphatidyl ethanolamine; APL: Unknown.

Hitk BLG74 765 0.5%J5IH A TSA 1557 HL5:
7220 dJi, JIMFEEEER 61.2%, TE% 0.5%/5H
KRR TR AR IR 20 d U5, BRIMFE AR SRR
40.8%. FEASCREMTOA RS, ¥l
MK B i 3 pRE R R, aalE T
Bacillus, Geobacillus Fll Petrobacter, ‘&1 GEWS7E
55 °C Mtk IRAE A, XFJE 0 i B AR 2 0 51oh
56.5% . 70.01%F01 31.87%; B CASSHIGE T —hk
i ZF FAT 7 (Geobacil lus)7E 65 °C 1537 A it is
58.5%. HUARTRE BLG74 78 KRR FRIL P A

—=— Blank
—a— Control

[

[ S I

Percentage content (%)

Sample

Sample

Control

4 EIPk BLG74 7 TSA SEFHEA) MR mMEmREFE
B)hiEFERMBFLILER

Figure 4 Emulsification of crude oil by strain BLG74 on
TSA medium (A) and corn steep medium (B)

W A: TSAREFRIL; B: BB E.

Note: A: TSA medium; B: Corn steep medium.

KALTAE TSA e, [AXTE IR AR R A2
TE TSA B4R, U B TR X I Y B3 A OCR AN
I SRR AE KA . Rahman 2618 RIFSY %691,

DA ) B A Rk 232 B R AL B L WIIR VR B | A
IREEACMRGIRLEE . pH 45) S RIPE B SRR SF 052,
AT A A 2387 T 1 2 57 o AR i e Al 45 SR %
BA(E 5), SEYIVERG nCis—nCog M55 FAHXT R
i, nCionCia. nCy—nCsy FSFHYBEIE Y 5 HEAHNS
ThEr, ULBHERRE BLG74 F &M Co LA T I IER
Keka, X S e BH I R A

0 | | | | Il Il Il | | | | Il Il Il Il | | | Il Il Il Il | | | Il Il Il Il |

S - A o T N o X S = Ao
~~~~~~~~~~~~~~

Carbon

5 Etk BLG74 {ERRIEE/RARES T

mmmmmmmmmmmmmmmmmm

= 1

umber

Figure 5 Distribution of the n-and iso-alkane before and after the degradation effect of BLG74
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HET WAk BLGT4 77 RIETEVERIIE N, K
WD BR G R 5K 1R 56.3 mN/m, 148 (AR5
JEH9 60.1 mN/m, FEBHREFRITRE i IR = AR SR TS
PEFFAE AR . Rk BLG74 Ffi )50 5 22
A FLAVE RS
3 WikE4R

AT FE A A A 2 KRR A o i A )
— Wk B A A% T BLG74, % 1 bk AR 77 2 T v
RIFFEAR R, (HRES ARG ZLIL AR il . 208
BUEE . A FRAE AL RN E L 16S rRNA JE[A
JPONVH R G EF500T, B8y T S HENE 2R AT
P (Compostibacillus humi), {HJH:—ub 4 B A {4k

= 2 HFk BLG74 SiIEGiREREHKERE W ERILE

AEA S T IEHENE 2R AT R R 25 5% A AR K 4%
8. BB AL . Wl AR | OBEREAR AN (G+C)mol%
Sl FUITEME BLG74 SRR T O A T
Rk DX-3" FIE #& GIESS002 f) Compostibacillus
humi J B AR (3R 2). B TG T HEE 2R AT 7R
T AR T A AR rr 43 2 5 g — AR, %R
R 2L Ak 8 A D v 1) B T oK DL AT MR GE . TR R
BLG74 &1 UCHRIE 4325 F A5 1 HENE 2F fL AT
PR ALY, T DAZESAER A N ZUAL A vty , 38 m
JEIM AT S, R T FEGRA: W R b el A v v
W1, HAE SR T R AT A 1 4 Dy B e L]
HA E— 58 MM A

Table 2 Different morphological and physiological characteristics of strain BLG74 and related species

Rtk B Stains

Characteristics 1 > 3

3 JEYE Rl Temperature range for growth (°C) 30-60 30-60 30-57

pH & [Fl pH range for growth 6.5-9.5 7.0-10.0 7.0-10.0

fod A K IR Optimal temperature for growth (°C) 45 50 50

Fod A K AR Optimal salinity for growth 3.0 6.0 5.5

fodE K pH B Optimal pH for growth 7.5 8.0 8.0-8.5

60 °C " . _

10% NaCl = + _

pH 10.0 - 4 4

pH 6.5 4+ = —

n5| Ik 7= A= Indole production 15 - -

B i Ak Hydrolysis of gelatin - + 4+

Lt R K f# Hydrolysis of esculin + = =

H ¥l Glycerol + = =

D-H ##% D-mannose + = -

D-£f- 4 3 D-cellobiose 4 = -

D-ZZ ZF % D-maltose + = -

JERE Sucrose + - =

D-i3 i M D-trehalose + = -
41.1 43.7 43.2

DNA (G+C)mol% & i DNA (G+C)mol% content

7. 1: Strain BLG74; 2: Compostibacillus humi DX-3™7; 3. C.humi GIESS002!"". —. BAE; +: FHE.
Note: 1: Strain BLG74; 2:Compostibacillus humi DX-3"7: 3: C. humi GIESS002[7. — Negative; +: Positive.
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