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Compound performance of XJ-21 strain in guar gum fracturing fluid system

ZHAI Huaijian', DONG Jingfeng', ZHANG Fengjuan',
YIN Jianyu', SUN Xiupeng?, ZHAO Jing”"
(1. Research Institute of Engineering Technology, Xinjiang Oilfield Company, PetroChina, Kelamayi 834000, Xinjiang,
China; 2. Dalian Chivy Biotechnology Co., Ltd., Dalian 116000, Liaoning, China )

Abstract: During the process of reservoir fracturing modification, guanidine gum fracturing fluid is
difficult to break gel at low temperature and has poor reservoir reconstruction effect, which needs to be
solved urgently in reservoir development of Xinjiang Oilfield. Herein, microbial enhanced oil recovery
technique was applied in guar gum fracturing fluid trying to solve these problems. The oil sludge was
collected from the Shaofanggou group in Ji 7 block of Xinjiang Oilfield, and a strain named XJ-21, which
was capable of producing high-yield surfactant, was obtained after enrichment culture, isolation and
screening. This strain was identified as Bacillus subtilis based on its morphology, Gram Staining and 16S
rRNA sequence analysis. Moreover, FTIR analysis revealed that the biosurfactant in XJ-21 metabolites had
the same structure as cyclic lipopeptides. When XJ-21 strain was combined with an exogenous strain
ZW-027, the formed compound system exhibited wide adaptability to reservoir environment, could produce
biological enzymes to break guanidine gel in the temperature ranging 35~55 °C, also could reduce the
crude oil viscosity in the sample block at 50 °C with the viscosity reduction rate reaching 95.45%. The oil
displacement efficiency could be improved by 10.14% by flooding with the combination system compared
with water flooding only.
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BEpria, FEFCREF IR GB/T 4756—2015 $h4T,
SRAEAT B I K TR AR O e S # R 24 h S o
2515 2 b2 B AR H 7K oS B SY/T 0520—2008 .
GB/T 510—2008. SY/T 5329—2012 Fl SY/T 5523—
2016 1 5E FRA5 0 L2 S0 AR K T A

SER AN T A0 il ik ik S ik

AN 8 T AR A K A A YR A R w
PR ARAF R I P BE TR ZW-027,
1.3 EHRHE

TCHLER AR B 372 3 (B e, g/L, FIA )
#1758 30.0 \NH,CI 6.0 . K,HPO,+12H,0 6.0 . KH,PO,
3.0, CaCl, 0.5, MgSO4+7H,0 0.1, FeSO,+7H,0 0.01 .
MnS0, 0.002, CuSO45H,0 0.002, pH N 7.0~7.2,

THLER ARG F2 5 B R Bt vk T, g/L, T IR ):
Bl 20.0, HAF TCAHLER A IR 3

IO AR 35 R 58 (B vk B, g/L, TR »
K 10.0, NH4C1 6.0, K,HPO412H,0 6.0, KH,PO,
3.0. CaCl, 0.5, MgSO,4*7H,0 0.1, FeSO4+7H,0 0.01 .
MnSOy4 0.002, CuSO45H,0 0.002. Fifig 20.0, pH
g 7.0~7.2,
14 FHik
1.4.1 MR EERA ARG IF ik

B IE . 7E 250 mL HEE 2 A 100 mL G
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KRR, 37 °CIESR 48 h, HilfH & E W
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REPE TR A = A W i T R O BE 7, HET B S 56 mT
DL S B A A R TR A RE T, R R AR A
A 10 2 TR A R AR AR ol J5E2 Th 5 7 198 A ol i i o
BT B — M B . HER B Szt % 0.5 ¢
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B, KB FRIE TR EIRE A 37 CF 60 s )5
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pH % 2.0, EASHIMERTIE; 4 CHELRE,
T 10000 r/min 250> 20 min WCEEVTIE ; {8 5 mL pH
2.0 BERBR VR DIE 3 K, 5 5 mL pH ly 8 1Y
T TR B 7K S W AT DV ATV A, HE(-5242) CF I
VR R T8 12 h 5 RVRAS A W 3R a0 s M AL )

afifl . FREC 1 g 34 B A 2 1 6 PE AL =4
i 5 mL pH by 8 BYBREREA /K WA fR, DLV (&
P5) « VOHEE) =3 : 1Al 15 mL IRAEF ST
B, DAEBRFIAME AR LTS F, HHEEUE
F KA B SR AT (AR R ERLTC R %
FEWEE , LI AEA RIEAT, LR (-52+2) °C)
12 h J RIAS A o AR 4B A 5 0 A 9 2 TG 79 o

TR A E . BRI 1 g 2lifb 5 104 Y R s
PRI T 100 mL Jor /K, A5 BT s B2 10 g/L
2l Ak AE P 2 T MR KA, B 20 mL LIS T
4= [ gl Lk AR AR AR Ttk AT 3 T e
M 3 WBCFHAIE .

FTIR 3k« SR AR L AR S 21 A6 1E 0T 2lifk
Ja WA T S MR AT I, BRG] 4000~400
em ', RES A TS BRI 95 A I Oy vk
1.44 AR DEABREE TR R IR E TN
1.4.4.1  NIRTIBE TR AR PR BT I PR PR

T R 3 IO P PR POV g P R B T R T TR TR
(5mL ) # 5%ZF A0 T 100 mL & K TCHL
ERRARIE SR, RIBT R G RE pH £ 7, WAL
J0, K LR KR RS AN R 1Y) AR YR R
FRAANIEFE 5 d; L BRIE RIS SRR IR 4 S E
40, 45, 50, 55, 60 A1 65 °C; ¥53% 5 dJm, it
SR EERY, Goi RN T AR K A R AR

pH A& W HEPE P FER AR, 1 mol/L
)k TR 1 S S B T 43 K L KB 1 TE AL R YA
FRFEPpHIHZE 4. 5. 6. 7. 8 M9, FLEHIELY
AETE RIS IL A (5 mL) #% S%%Rh A T AR [H
pH 1Y K TCHLER AR BE 72 5L (100 mL) P, [A]H
LRI E 0, K LR EETE 35 C T %
F%5d, W EHOTEGE, GitaA pH FAK R
HE

WAL I PR Kl ) e ) JE LR TR
BRI R 43 B 2 0.5%10% F1 1x10° mg/L,
Fie S%HEA K PR D) RE AR TG AL TR (5 mL) 42
PP ARRT LB AR %L (100 mL) P, TR SR
HpH £ 7, 35 CTF¥E5E 5d, EFARIHGE, &
AR T AR K R AR
1.4.4.2  SFCIR R ASEIE W M

B LR PR B 5 4%, b b 2R . pH A {k
JEE XTI A W i A A R A A AN TR R B s, Rt
T B Xk 6 PR 28 X o FH I Ak A s A

TFVEAY , AR T P RE RS TR S 25 14 T IE W B K
KIEIIRE

SR R TG AL TRV & . B ZW-027 BERETAR,
PRH 2 A BT VS HERD 3] 100 mL K B 19 TCHLER [ AR 1%
FRHEEN, 37 °CHEFF 20 h 193] ZW-027 THFE A6 L
W FE v CNIRDIRE R RIS LR )+ 1V (ZW-027
FEMRIE AL ) =1 = 1 BYLel, K VR DO RE B R 16
TR A ZW-027 TR B IE AL TR (2 5 mL ) 4% 5%
PR R T B KB B B AR R R 52 3 (100
mL ) , 37 °CE;iFF 20 h 58 & Bk R 5L T -

TR N VAN . AR v (N TRIHRE E ARG 1k
W) =V (ZW-027 BFEIG LR ) =1 = 1 I ERf,
K5 PN VR I BE R BR TS AL B TR M. ZW-027 T AR TG 1k 1 TR
(35 mL) 4% S%EZEFp R T 2 K 0 oML R
AL (100 mL) , VAR RS pH £ 7, LE
K0, K AR IR IICE TS R R ) L BE TR
FRAANRESR 5 d, L RRIE TR R R R 4y R E
40, 45, 50, 55. 60 f165 °C, ¥3: 5 d 5, it
ARG, SR T AR A AR

pH & W APETFH . FERW AT, i 1 mol/L
() b Rl S A AL ARV W 43 K BE 3R 3 1 pH A o
4,56, 7, 8F19, FI v ( NIRIIREEKRIG LI
W) 2V (ZW-027 BRTE LB ) =1+ 1 M ELf,
4 IR B8 TR AR TG AL TR M. ZW-027 BERETE AL TR
(5 mL )% 5% %R M TR pH B3R5 3%£( 100
mL) P, B LR FREAE 35 C R 5 d, it
SEACTEGE, G A pH T AR K I AR

WA JETE R PRV - 4 I B o) A% JC WL TR A 4%
FRILR AT AL =N 0. 5x10° A1 1x10° mg/L, $%
5% R R RIS (v (VR T RE B Bk
WAL ) - vV (ZW-027 WERTEL I ) =1 : 1, 5
mL ) A T AR 55 R 5 (100 mL) Y, 34
W FEIE pH K 7, 35 C TR 5d, @it Eaitsk
%, BT T AR K R AR
1.4.5 JR b &R M AR

FIH PRI BE bR 5 ZME ZW-027 BERRIEFT IR
MERE SRy . S MSCHR[24]: TERHAMT, 15 4
BRI BN 70 g SE56 XB A B AK S, H
H 3 AR BN 30 mL PN VR B fE R AR IS AL
.30 mL ZW-027 B RRTG LR M 30 mL & Bk &
AL, 59— IR A 30 mL AR TCAL
ERMARREFRIE, 37 CCFHE5R 72 hy KK 72 ha
) ZW-027 TEACTE . PN VR I BE B AR 6 AL o T & 2
Fic PR 22 95 1k B O SR A 0 43 B 100 mL 4%
P, CRERL R T e IR 50 °C, M 3 4
SCIHTIE R B AR L. % ZW-027 EERAL. K
TR RE TR MR AL S SR LR R AL NS0 4, AU



55 4 1] B, A XT-21 TR UK e 20 M 2R rP i e St ) 52 5 PE + 915
ZEXRA, BERRIE AR (1) FR: MRSk Ty, B 1 BRI BRI ik
wegh o = L0 7M1 00 (1)  HIPERE, RRX AR PRAT 40 XT-210 XJ-21 WK B

Ho VEIZAILIE 1o fETCHLER A AR IR A b, XT-21 Tk

Kf: o HEAIERE MR E R, mPass;
AES E X BRI AR, mPa-s,
1.4.6 1A BBk RO AR I

A2 P AR 2R MICIGE A i 52 56 WG 0.1 mL 1.4.4.2 75
il 75 ) 52 AR R I AL DAL, 3050 0 A e DICRE T 4% 1
FRILFH, F 37 CREFE 24 h, MEHEE A KGN .

AR R RIS S50 FRER 3 g B, 4%
EANAE] 100 mL [ kK, [FEPes e, fd
100 mL J5i 4 B2 R 30 /L A I I 0, 5 A2 i 1k &
AL (3 mL ) % 3% 2 32 b IR 75
(100 mL) J5, fIA 0.5 mL 3¢HB65] SITAR-TT (K
HAHE R A R AR, BMMAL: http:/www.
chivybio.com/Product/Content.aspx?Productld=78 ) Jf:
PO HE BT BRI, KR o BB AE 35, 45,
55 °CMEEIEFE 24 h, FH B PEPRHE VR O S e
B0, P00 5 A e S N7 o TS P 268 8 TR J ¥ 2% 1T
iK1,
1.4.7 AW I Bk 23R 5

ST IEEPIR K S om BN TR0
BT 105 CT AN THET, R RS
A3 AT IR L

(1) ZK3K . i S0 X B G 1 )2 K E A 73R8
HE A RAN A DA BT E, A Bk EIK
IR BRI T K o0 B A A 2 B R R, TR
BT 2%« BRI/ Y%o=( SR & /A0 JE R Bl )% 100,

(2) BEAARRIK: AR BARREFTRALRE 10
PV DL BB, 0 SREE 1 ORI B S &A1Y
AT, PRFEFIECH 2 MPa, fEJedEdn i
PUHLJZ IR ERFE 7 d; HSE50 DX ey 2 /K 3K 20
HOMIE, ICSEEE 2 YRR, BRI ORI
HZM, ARG E T R A RICR. &R
W /%= (RN A O AR &l ) <100,

2 #R5iTe

21 WIBEIhBERE BRI IFIE

AT GE N2 50 DX B SR SRR B A A 4
15y o HBTHRH H S 7 1 DXORE s VA R A I AKIR &
Yy e B2 5, B AR . M2 R B
PR . BRE 0.905 g/em®; ZhJE 4400 mPa-s; J5E [H] A5
22 °C, HBTHR I 7 FF X 5 1 21 SR AR A i 7K TR
Gt U BRI K, KEERT LN 7682 mg/L,
Cl &)y 4865.2 mg/L, /K&Jy CaCl, %I,

WA E R IR L PRI A I BT AR £
DOARHL 4 RREGPIERIRE, BT DE 4 R PRIS 10 AR

WIERRBEN, BiREE, Pk, Kb .
i (B 1a) o XI-21 kRS 5 QY2 Ao FHME
(E 1b) . SEM M ZE R IR, XI-21 EHE NP,
K/NH(0.2~0.3) pmx(1.0~2.0) pm, JTCFHE (K 1c) ,
iz g, 16S tRNA FEH FFIM ¥ f5, HX o #r i os
XJ-21 B#k S Bacillus subtilis NBRC101239 B A
YRR, P S AR XT-21 R 2R AR R R
( Bacillus Cohn ) WIRNELZEAIFT R . K XJ-21 1Y
ARG KB WA 2 s, I 2 AT, XJ-21
¥k 5 Bacillus subtilis NBRC101239 B kI 3£ 46
EX§ I

a—LB ( Luria-Bertani ) 4 F I ETEIE A b—F 2 [R5 53
c—XJ-21 HHRH) SEM &
K1 XI-21 Btk EEIES
Fig. 1 Colonies of strain XJ-21

37 Bacillus amyloliquefaciens BCRC14193 (EF433408)

33 Paenibacillus favisporus 2R100 (EF178460)
Bacillus licheniformis BOH108 (AY947531)
‘Bacillus polyfermenticus GR010 (DQ659145)
Bacillus subtilis BS-2 (AY172513)

55 Bacillus pumilus 1Re3 (EF178456 )

XJ-21

0.01 100 Bacillus subtilis NBRC101239 (AB825584)

68

Bl 2 XJ-21 RRRAY R G AR
Fig. 2 Phylogenetic tree of strain XJ-21

22 WRMEEEHRENEREES T

TR Wy R T 0] 14 7 e B O™ A E P T L
e 5 I HG A B R B A TR 5 g L R T A S
FLALIEh B A AT 15 B BE 1SR S R 7R o XT-21 T
RTETCHLER AR BE 7745 37 °CHE5R 24 h e, BiFRdk
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By FmE Tk S 69.7 mN/m F#CE 28.3 mN/m, F M
L R R AR AR R T ok ) fPERE . RIRE XJ-21
TEAL T A HEh B LI 3. 2985 XT-21 BRI AL
VRO B 5 P2 TG (o A A i B FR L L,
s R, HEMIE B 7 em( & 3 )5 26 XT-21
PRI L B ) S0 . AR A IR A #E 24 h
Jei o R TR R TR A TRORD TR A A W B R TR A FLA
EE AR 5.8 F1 5.5 cm. H_EIRSCE 45 R AT )
HHIWE, XI-21 FERRRERS = AR mig e, JFH
et A kAR R ok 1, BB Bt iy S TG R

K3 TRk XI-21 36 f R Y R
Fig. 3 Oil drain ring of activated strain XJ-21 bacteria
solution
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Fig. 4 GC diagram of crude oil degradation by strain
XJ-21 activated bacteria solution
I 4 AT%0, 22 XT-21 ARSI, R 2
EAETHRMA L, H 5~10 min ()1 R E P,
o FEETN Co~Cig BIERIEI 53 45 A A TR

AR HE 0 R i) R HE At B AT AR 7 45 SR S OVAT ) )
W TR R RS R A T2 R R IR A sy . SR
Wi, IXEERR R A 2H A3 AE XT-21 T AR i AY 5
EATEAER, DA XT-21 T Bk I B — & iy %
fEAVER .
23 HBRGEEHKREYREEEFEED T
Jalifg, FREWRIE N 10 g/L falifbd: 43 mis
PERK SR B EL 5K 1 24.5 mN/m, itk A%
TG PEFIRR A FTIR 3R WA 5. E 5 fir,
3434.86 cm ' 4boh N—H Wit shliold, 1626.81
F11355.99 em ' Ab 45 R BERE T 345 FnmEie 1 37
Vi B AR W 2 T PR R S — N BE AR K K
§i 5 2925.41 cm™ &b A BE W AR 9 C—H i ZE 4k 3h
W, 1047.25 cm' Ab SR T AR I IR i ie , 33d B 1t
A= 3 T PR AT B K FE S — 28R R 4 T
55 IR KIS A 4 2 1w M R R T G PR K ( Surfactin )
FR 25 R A — 35 PO

1047.25

3434.86

/' \1355.99
. 1626.81 .
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WeE/cm™

IS Bibk XI-21 A2 IS PEFRURE fH 19 FTIR j
Fig. 5 FTIR spectrum of biosurfactant sample from strain
XJ-21

2.4 RIBEIhsEE MR S K RN EE N TN
241 RRAEEARE LR RIEEE S EIFN

TEREFREL pH o 7 0L 0 A1, XJ-21
Wk M B ER R ATE 35~65 °C F IR E K &=
1.0x10° CFU/mL, ¥EI B4 KEET, M
WA XI-21 TR R FLAAR 2060 I B ) A5 A AN B
B XJ-21 AR S A KRN 35~55 °C, 7l
TR XI-21 M R4 K& =1.0x10" CFU/mL ( %
1) o IAh, XJ-21 EHkS ZW-027 Bk 8] BA B
W ECAAS =, EE N R S s A 7 X
BV 4 50 CHYIRBERF IR A o

F£ 1 EEXNEK XI-21 RERKRERKERZT

Table 1  Effects of temperature on growth of strain XJ-21 and its compound system

&% /°C
[
35 40 50 55 60 65
XJ-21/(CFU/mL) 1.0x107 1.0x107 1.0x10° 1.0x107 1.0x107 1.0x10° 1.0x10°
& ik £ /(CFU/mL) 1.0x10° 1.0x107 1.0x107 1.0x107 1.0x107 1.0x10° 1.0x10°
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242 WRDEEHREL B F pH & B HIFH

pH XTI #R XJ-21 Ko S2 e i 5 A K i s e L 3%
2, MR 20H, FERERETLE S 00 KRRy
35 CHILZMET, XJ-21 HAR TGRSR R ( pH<
4 5 pH=9) MM IEH AR ZE, [AfEd k&
SR (pH R 6) . 59087 (pH K 8) MY T AT L
BifER, AERKE=1.0x10" CFU/mL, XJ-21 Htk
By AR K pH g 6~8, 5% 07 AR 3 8 pH BRI 4R AE
PR —3, B R AR SR A5 T B TEHk IE
WA, AYESSER (pH A S M 6) | ik, 550k
P (pH N 8) &K TFAKREL, AKiE=1.0x10
CFU/mL., HAEARMEEAK pH By 5~8, [FAIFEE
R T pH 5% .

2 pH MK XJ-21 BB R A K B AR

Table 2 Effect of pH on the growth of strain XJ-21 and its
compound system

"% o
4 5 6 7 8 9
?‘CJ%%]/mL) 0 1.0x10° 1.0x107 1.0x107 1.0x107 1.0x10°
P
(Ecﬁgjgi/ 0 1.0x107 1.0x107 1.0x107 1.0x107 1.0x10*
m

243 RRBRAEARALBAIR R ERTIEE R
PEIF

HZ KA BE X B bR XT-21 K AR &R K
B DL 3, 3 3 nIAT, XUI-21 R HZ K5
A BE AR 35 R U 7R R E S 0. pH 2 7.35 °C
BT, 8535 24 h J5 XJ-21 TR BR 0 T8 7% 50T ik 5]
1.0x107 CFU/mL; 7EHAbSM AR, T 4B R 5x
10* mg/L B, XJ-21 T8 & 6% 800 1.0x 10°
CFU/mL, B LI B2 ; i 245 fb B> 5x10°
mg/L B, BRI 5L K Z B B, B 1k
JEA 1x10° mg/L BB P& 45 1R AR o 12 R K51k
BEXH B oA R AR 5 X B AR XT-21 A2 IR
TERALEE g 0 J2 5x10% mg/L i, BkEAY 7% 508 K
1.0x107 CFU/mL, {H 45 {LJE>5x10* mg/L B, B4
AR Z I R ANG, HAET LA 1x10° mg/L &
IEA K . S X B )2 R oK P30 R BE 20 R 7
10° mg/L, 7EMAMET, XI-21 RERKRAKEY
HeFETE KT

F 3 MEAKT N R XT-21 RER AR A KA
Al
Table 3  Effects of salinity in formation water on growth of
strain XJ-21 and its compound system

WAL /(x10* mg/L)

&
0 5 10
XJ-21/(CFU/mL) 1.0x107  1.0x10° 0
Sk % /(CFU/mL) 1.0x107  1.0x10’ 0

25 EiBBEFHIH

AREFFEAE 50 CFME T 3 LKA /EHAFTE
JRIM P ZE AR L . KSR 72 h R ZW-027
XJ-21 MBEARZMEHIESPEIA 100 mL LEFR
o, TR B R T A TR B, S5 ank 4 P
No MR 4 TTAL, ERERRERTEMmE, JFm
ZHBE 4400 mPa's F#AILE] 200 mPa-s, [EZFiA 5
95.45%, LB ZW-027 Bk XI-21 BbkiA
RINEFR G, WA EAR S ZW-027, XJ-21 Hi
Tl AT Wk A A A 2 A e 7 A A [ A 0 2 T 3 ) L
BWRER, BRI TEMOFAESHE, NNRER
RHE i IR R P2

T4 Ok ZW-07. XI-21 & LR R SRR
Table 4 Viscosity reduction of crude oil in the compound
system of strains ZW-07 and XJ-21

WE, v o (EHEEE EHERE, R

= °C  v(k) (mPas) (mPa's) /%
ZW-027 50 7:3 4400 1500 65.91
XJ-21 50 7:3 4400 1000 77.27
HhkR 50 7:3 4400 200 95.45

26 WEMERERBEERITMN

WU T M R TR AR TR 0.1 mL TR A3 T IOBE P-4,
Bigr 24 hm, WIMBUE, SPRIIE 6. 4R IR,
YA T ST 2 T TR P MICIRE S A 3 T e 30K
EVIE (K eb) , XN, HiFREEN IR EE
B ZR i R 1/ TR2E, JCTR MUk A
R, FrEU A T IR, U R BCR FR T L
W Sy B AT A A S0, BT e G

a—7Z5 IR HRZH 5 b— 5 E A 3% WA MICJe (o Lo 4% €5 )5 () T AR o
%5 i el

K6 ST R MR B A I8
Fig. 6 Photos of guar gum degraded by compound system

PR BCAR RIEATRERE IS, 25 LER 5.
FSH, BRGEEARMI)S, 7£ 35, 45, 55
CoHA FIEIRES 3% 24 h G Y52 0k, WS B
S9N 1.7, 1.6, 1.7 mPa-s, K050 29.1,
28.9. 293 mN/m, Z53RFEH, EEIAREA R
MR, AT DA R 249 58 e, DT b e 4
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Table 5 Results of gel breaking by compound system

0D FhE/ Eiﬂi T IR W 3R T 5K g/
(mPa-s) e (mN/m)
XA 0.15 89.0 FNIT —
35 °C 2.29 1.7 T fi 29.1
45 °C 2.31 1.6 T fie 28.9
55 °C 2.24 1.7 T fie 29.3

2.7 WMAEYME R RIKHEEITMN

ARSZIRPEEL 2 N ANT A, A0 FHBERN
0.15 pum®, FEEIKIRRUCR Fy 48.44%, 0B 5L
R EE R LR 6. i 6 nA, JKIKiE R AL
5 51.55%0Y Iy 5% B 5 A A ) 2 e AR R AE
AT 7 d ZJ5 FRRESETIRE, BRE e x Jai il
B 0R IR 10.14% G593, A0 A E B
WRJG, EHCRER = A 0 A 2 1 1 TR A
OFLBR A JE, P T AR AR R 26 R
8, DA O FL B 2 T 1 I B T RIS, PRI 42
T RIM AR KRS, kS ] A2 B A R T
UK R AR R 10.14%, BRIMSCR L

6 OB SR I A R

Table 6 Test results of core displacement experiments
i OKBRIMAR% SRR REGHR /% B AERIEE %
1 49.30 10.11 59.41

2 47.59 10.17 57.76

3 #it

!

(1) AR50 % B iyl 5 7 R X i 4l
FIHZKRE S E AT R 95 RN e, 19 8 —pR s 7 AR R
T 7 MR A N TR R T bR XT-21, 8 TR A
g2 B G ] 16S RNA JEIIAHT, S8 B bk
XJ-21 FhGREZERAF R, LA™ AR A 2 1 3 4 5
28 FTIR 53#r, e AR Y BT, XJ-21 BEERAE
37 °CH55% 24 h )5, WIRERITKJIH 69.7 mN/m [%
% 28.3 mN/m, [FIE}, Z5&FALTHLER, Fkk
XJ-21 AR HA R AF B REAR R 1 5K 77 S FLAE R
T PERE

(2) itk XJ-21 5 BA7 WIOKE 5 A 58 71 0 TR bk
ZW-027 %18 V(XJ-21) : V(ZW-027)=1 : 1 EF7 4L .
SRR s KRR 35~55 °C, mili £ K pH
N 5~8. BLE <5x10* mg/L B, REMARE A
Ko RS R R WS A KA 5 5 B T AL X B

MBS LA )z 3 N

(3) S HC IR Z X g [ 7 X b A 4 i
JKFIMARE G R RT3k 95.45%, A OB R It 52 56
gER IR, TEKIRIE, RSl A B AR £ ]l ok
BCRFLR LR 10.14%, KRR B2 . Wi A5
FRAT B I - 3K i & A T RE ek 2B ) R TG e 2 TR
TR R AE = LI A2 L KT A e S 4 v 3 B
19T RAFMIRCR o F A B RO A PR R 0 A A
Bt B2, SEEL T TR -SMIR R A W0 28 7 T 4 P Y
W -SRI D RE—RAAVE T, i 0 16 24 14 TT & K
N BRI T PR A IR A, -t oA J G ) v SO 41
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