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Isolation and degradation characteristics of hydrocarbon—degrading endophytic bacteria from the salt—tolerant
plant Chloris virgata

WU Tao'?, XU Jie?, XIE Wen—jun'?, YAO Zhi-gang', LIU Jun—hua?, YANG Hong—jun? SUN Chun-long"?, WANG Shu-ping'

(1.Shandong Provincial Engineering and Technology Research Center for Wild Plant Resources Development and Application of Yellow
River Delta, School of Bioengineering, Binzhou University, Binzhou 256600, China; 2.Shandong Provincial Key Laboratory of Eco—Environ—
mental Science for Yellow River Delta, Binzhou University, Binzhou 256600, China; 3.Department of Bioengineering, Binzhou Vocational
College, Binzhou 256603, China )

Abstract: The degradation characteristics of hydrocarbon—degrading endophytic bacteria isolated from salt—tolerant plants may provide the
foundation for phytoremediation of petroleum—polluted saline soils using endophytic bacteria. Twenty—four strains of endophytic petroleum—
degrading bacteria were isolated from the salt—tolerant plant Chloris virgata, which grows in a heavily saline—alkaline, crude oil-contaminat—
ed environment in the Yellow River Delta, China. All 24 strains were able to utilize diesel oil as their sole carbon and energy source. Their a—
bilities to degrade diesel oil were compared to screen one highly effective petroleum—degrading bacterium named BF04. The strain BFO4 was
identified as Bacillus pumilus based on physiological and biochemical characteristics, and 16S ribosomal DNA analysis. In addition, we
studied the kinetic characteristics of diesel oil degradation and the capability of the strain to utilize different hydrocarbons. The results
showed that strain BFO4 could utilize straight—chain paraffin, branched paraffin, and mononuclear aromatics, but could not utilize phenol or
polycyclic aromatic hydrocarbons. The degradation rate of diesel-oil short—chain n—alkanes(nC11~nC23) was relatively higher than that of
long—chain n—alkanes(nC24~nC27) in the mineral salts(liquid ) medium. The degradation of petroleum may be expressed using a first—or—
der kinetic model. Moreover, the strain BFO4 degraded diesel-oil effectively in the presence of 3% NaCl, indicating that strain BFO4 has po—
tential application in the bioremediation of petroleum—contaminated saline—alkaline soils.

Keywords: petroleum contamination; saline soil; endophytic bacteria; Bacillus pumilus; salt—tolerant plant; petroleum degradation
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B S BRI AR T, 2R
BE RS IR, A5 b mifk A B, 2 Bl
T s () — P B AT 55 AR IE e —FP B AR R
Be ARG g EHEA IR AR . WS UERH , T $h A4 e
PJIN R e wz e RV SR NPT 5 A N T EE /s
TP TE Yebhini b+ B R IR RS A
) N HE 4 TR (Endophytic bacteria ) & 48 45 1 75 fidt B AE
Y BB SURIAR B R FER (AR i R B R R ) g
KA AT, R N AR 20 TR BEER 1 3 AR
15 YL 32 AR UERE A K, 9 HREAEAR 412
HHREfRA DL L), 80 BT P B B S 52
Wi 1 ) AR B0 A AR BRI A A EL , AR
YA AT RN, R e AR  TE e 5
PRSI e R B ELA AT S P A A A i R A A
AT Y T RIS L A L - SRR A
S —FE ER B AN Y , BEAE R 0.53% .pH 10.51
) - AR v T B AR K X 5 e e e, AR
YIS A s Yok Ak -3 HAT AR R RV P,
A ST ] = A A S Y R Al 5 A
Y ERAE ) 17 FERE( Chloris virgata SW. )i 1R
TR R N AR A T S T A AR A A AL RRAE
16S rDNA JPF1 Hexb st Fotbf 74, [R5 1
TR A TR , U R A Al B D R A B 2
A1 YR AL R R

1 RS

1.1 e

MR ) PR R B R TR — A N AT Y E
M IX (37°51'58.6"N, 118°48'56.0'E. ) , SRAE I 58 444t
PR AR R AFERE S IR AERE 77 1] 52 36 28 57 B
AT BRI o3 BT

S SR OF, ) B L AR A8 T ) T Jnk X A
RS =t
1.2 tEHRE

LB [ R R 55 BERERY 5.0 ¢, BB MK 10.0 g,
NaCl 10.0 g, Bifi§ 15.0 ¢, % T 1000 mL 7&4% /K ,pH
7.4,

TCHLERRARRE IR FE(MSM) : KH,PO, 1.5 g, Na,HPO,
1.5 ¢,MgS0, 0.2 g,(NH,),80, 1.0 g, iE T RIR G 1
mL, ZEIEAKEZSZ 1000 mL,pH 7.4, Hrhii ot iR
4 W :CoCl, -6H,0 4.0 g,H:BO; 0.5 ¢,ZnCl, 2.0 g,
NaMoO, -2H,0 2.0 g,CuCl, -2H,0 1.0 g,CaCl, 40.0 g,
FeCl; - 7H,0 40.0 g, MnCl, -4H,0 8.0 g, AlCL -6H,0 1.0

g, % F 1000 mL ZE1#7K

TMLER EARRE R 3L . 2E TR AR KRG 3538
15 g- L (s AZNS

Oil-Ms—agar [E{A8; 35355, 7FICHLER A S 77 5
WSy | B L S AT R il
1.3 EYMRNERREND B 5L SMHkEEeE

KK R ARAE Y 30 min, FEFHZE K e 3
W, BFIR 3 ming W TAEYI R K53 KRR 3 A
22 =34, B3 T0% B0, 2 min, TG
BKYE 3 R, BN 1.2% AR PR 30
min, JCEE 7KL 3 YK, BER 2 min B i — IR e e
P7K 100 wL, ¥4 F LB [ R KE 7RI 57 24 h k50
FERR R TS 75 75 56 42 7ER 1 TH B AR AL 2 o
A0 fERFRINBERREh 2 v, WHEE S ##E 5 min K
B IRATT Oil-Ms—agar [E{A$EFEHE, 30 ClHEIREEEF7
4 d, PR S TS, £85I/ F T LB
B 77 SR

il %5 40 BB 2 R 1x10° CFU -mL™ 1) B 2 0, 3%
S%FER 1A LSS A ME— Bl 1) JCHILER R A 1 77
B, Hodr, SEahE T 0.22 pm A HLIEIRERFS % 3 ¢
L B, AN IERT I S 5 5 360 S X B, I
3AEE . pHAE R 7.4, F 30 CHEIK 200 remin™ 15
F2 7 d, SE ik EE R 20 AN A (A2 R,
OILABO)MISE . SeimFa g 2 B (1) 145

D(%)=(Cy—C.)/Cx100% (1)
D R EE IR P SRR AR 2, %o 3 Co Sy R IR 56 i
Jr B SRR SR B, g - L7 € DR A R i i s S
Hh SR, g L7
1.4 HRREE

B R A P A S 2 BE SR 1013261 7, 16S tDNA
SeRES BOSCHER[ L1325 7. IEM 514 :5'-AGAGTTTG-
ATYMTGGCTCAG-3"; Jz[15]4):5'-CGGTTACCTT-
GTTACGACTT-3', 16S rDNA J¥5I (4 T A T.7#%
() A BRZS W o K00 5 )7 91 4E. GenBank
W Blast #0F5 2 F0P A EA T R YE o0 b, R
Mega 5.0 JF001 12 SIDCHECHES , ASRHEL (Neigh—
bor—Joining Method )% 16S rDNA R4 B & W«
L5 E#%F AR R EMRNEES T

BOE RE R FOR B A A A, 85T 0.22 pm
AHLIERBRTE 5 A K = fi b, fr & & 58
ATCHLER AR F 38 1 Cobe FRC e 1B 2 b 7o
B IE T Nke R R IR 0.22 pm A LR R
WS B A TCHER AR IG5, 2% 0 500 mg -
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L A AN S 2 A 1x10° CFU -mL™" il 18 20, 3%
5% 43 I A LA RS R ME— BRI i oL
WARKEFRIE . DAIAS NG IR FR 3L A0 30 Sy xof B, 5
NIRRT 3 AER . JH pH {EN 7.4, T 30 ClEER
FEPK 200 remin™ {535 5d, F 600 nm AbE G o
i3 600 nm AR S EE /N R R B BRAE A5 FE 2 oy
ME— I TR R A 5 3 b (9 AR R AR O

1.6 Btk el Fh )R B 4 B PR AR SE IR

Pl 1.3 I ik T IR AR S TR AR SE 00 . B AR T d
J& , BE SR A R 2 5 R R OE Ce 2R B, ToK iR
B, A BOR T RERREE R AT, GC-FID(Agilent,
T890A ) WE A543 M o FIE M BE SRR A A UE W (nC8 ~
nC40, AccuStandard ) HEF T4 1E , Rl A MR 14 HE N7 2P
5 SROE LR, T IEA B & i BRI (R )F
mER(2)iE.

R{(%)=(P,~P.)/ P,x100% (2)
KR N BREOEFREIE IR SRR, %o 5 Py Pk B
| BREOEA e & i mg - L7 P g NG BRI @ TREL
IEA bR i, mg - L

I AN Agilent HP-5 MS, 30
mx0.25 mmx0.25 pwm; &M 48~ FID S K0 B 46
s AN AR(99.999% ) 5 AL TR E A 290 °C
TSI EE 7 300 °C; FHEFEF A 50 C3-4F 2 min, DL
B4 6 CRYEE B THE] 300 °C, FF7E 300 CLEEE 16
min, PEFEREN 1 L, AR 7 =CHERE , FE R 1
mL+min™,

1.7 HRRBEARLE B FIREE

e S9HER R A LSS R ME—RRIE 1) TCHLER
B SR AL (SR E R 3 g L) Horp 55556 NaCl
We oy B BN 1% 3% 5%, %5 0.1.3.6.10.15 d B
FEME B P S sk B . KR A o S
SR B 1.3 FTik.

1.8 BIES T

SEREHRY DL 3 R E AR B bR G 220k R
7N, K H Microsoft Excel 2007 £l Origin 8.0 #1754
BT 54: R SPSS 19.0 #1722 5o

2 HBRESMW

2.1 REENEREARENS S ST

MR ZEANIHrh o B3 LU S Sy E— ik
DA N AR AT 24 Bk, AR AR 11 PR (%5 BFOL~
BF11),25H 8 Bk (4’5 BFI12~BF19), it-H 5 k(45
BF20~BF24). BMRAETCHLERBAAIE IR 5597 7 d

Je PR SRR A 1o Pl AT, 5 B BRSS9 1
R RAE 11.3%~69.6% 2 ], H i ZEFIn 43 55
MRS 2205 h 38.1% . 31.1%F1 40.7%., 255
SR S AR AN A A B R A R
H i TP R R #2(P<0.05) , i 5 it 43
B R RV Y R R 22 7 A B 35 (P>0.05) . BFO3 |
BF04 .BF06 .BF10 . BF20 F1 BF22 6 #R & XL rRafi
KT 50%, Hp BFO4 XFSEim i Fi R B 5w T
BF03 .BF06.BF10 .BF20 il BF22(P<0.01), %35 7 d %
fif Rk 569.6%, [FI, BEBERIME BFO4 VEHE—AH5%
22 HHRERE

PIPE BFO4 7 LB [& {55773 F455% 24 h, V%
RETE, FLO 6, NS, T, o8 8 SRR bR
FEIR, /N (0.7~0.9) wmx(1.7~2.5) um , iz gtk 7~
ZETR, 2 Y R B AR AR AR S5 R L3 1. BFO4
5 Bacillus pumilus FBEFPFEE AL A8 45 - HA
AHIR] AT o

FE BFO4 f) PCR 473 7y 200 7 5545 7 Be i
J& &y 1507 bp,GenBank % % 5 &y MF073272, #E
GenBank Bdi % ip L X, TERE BFO4 15 £ 4238 A9 46/
ZHEAT I (Bacillus pumilus ) FPAARRITES 99%., HR4E
TEAEE A FAALERAE RN 16S rDNA JE51 Hxt, HEWT

0
ST R %
P H AR TR A A 3 T e (0] S e R A 6 22 S (2 (P<0.01)

Different letters indicate significant differences(P<0.01) in degradation of

isolated strains
B | BRET RS T B RS R
Figure 1 Degradation of isolated strains for diesel—oil in the

mineral salts(liquid) medium
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& | Btk BFO4 3B LT

Table 1 Physiological and biochemical characteristics of

strain BFO4

FHE 4k FRAE %
5| - LA A -
IKIFTERD - HEg +
V-P l5E + I +
HH ek + BTRLAF +

F LT A6 + AWk +
fiH MR IR I - R +
i AR I + TREH +
Fefit + K55 C +

IR BN - K160 C +
JIR e + A4 :65 C +

B RIVR - K70 °C +

T+ B = B

Note: +, Positive ;—, Negative.
BFO4 S/ IN2ERIFFIR . W MEGA 5.0 . SR NJ
DARRGUR B, B e, 45— 2 R
2.3 FHRF ARE R XY RNE ST

A3 AU R B ke bk be ke R T

Tt TR IR AN [ A IR AL 539 5k e
— BRI TR SR, M EE AR BFO4 X A7 e 45 41
AR FIRE 1. Wik BFO4 XN RIS B i 1 F S
BLULER 2. HHRATAL FENCYIR R 500 mg- L™ 9T
WL AR R F2 5 vh , TR PR BRO4 DLTE %  IE 75 b
S E— R VE A KR AT, DUIE CbE S e i i AR K
B REVAFRC bE 2R B IR ABRIEAE K, DIZER) |
ZEREAE M —RIEANREAE £ . RIITRR BFO4 X B
otk HLA B AR RE ), OO SR e ke, ne A Gl
INGEIR TR IR ST I8 , AN BRIk B 8 500 mg- L
PNV IERTS 3 <E e~

[T— 1 100 T
’ | I BF0O4(MF073272)

Bacillus subtilis "(AJ276351.1)

3 2 Etk BFO4 TR EE KM RAF A
Table 2 Growth substrate utilization profile of strain BF04 on

selected hydrocarbons

el A RABB el ARABB
EC ke ++ o +
IEFbE HHt THZR +
1ET75kE e+ K -
SFEALE ++ # -
W ke + E[B -

VST Ky T SR RETE 0.1~0.3 2] S+ 3
IR GRETE 0.3~0.6 Z[A] 5 “+++ " FRET IO EEAE 0.6 L) I
Note: —, No noticeable increase; +, an increase by 0.1~0.3; ++, an in—

crease by 0.3~0.6; +++, an increase by 0.6 or more in A gy of the culture.

2.4 EHRITSER IR A S RN EE ST

JF7iE BFO4 XA [RIBREICE 8 1A B2 A 1 O, SR
GC-FID X &3 Bt e e ke AL oy 64 740 M, LM
@IS 3 FioR. ATAE I G5 7 d )5, Seim R TH
BB AR e KRS AN TRV RE E AR At o R R A MRTR ST
LRVE S AR IE LR TR IE A IR P A, 25 2 L3R
3. HFEAAL S8l nC12 .0nC13 .nC14 . nC15 .nC16,
nC17 .nC19 .nC20 .nC21 .nC22 .nC23 .nC24 FinC25 1F
PR e AR 45 vy, BB IR B 90% LA o nC11 il nC27
R R AR AR, 239N 63.9% \74.5% ., HE 8RR
nC11~nC23 FEfRZERT] 93.2% , K4k Sk nC24~nC27
R IR T 86.9%. 2557 WV HT R I, BFO4 X} 45
EBE e (nC11~nC23) B i o B 2 & T K A b 2
(nC24~nC27)(P<0.01),
2.5 BERRXTSEM P AR RIS 1S

Btk BFO4 7EA[R] NaCl 25 55 358 FE b ) 83 iy
Rt DL AN 4 FioR . nT LA L K595 15 d )5, NaClsy
A SRR IR S 1 5R BE R R 3 T NaCl

Bacillus pumilus ATCC 7061"( AY876289.1)

| Bacillus acidicola 105-2"( AF547209.1)
0 — Bacillus carboniphilus"(AB021182.1)

| s Bacillus thermocopriae SgZ—7V"(]X1 13681.1)
._{ — 7 7': .................................................... Bacillus megzllerium 1AM 13418"'(1)16273.1 )
1 1 T T Bacillus rigui WPCB074"(EU939689.1)
------------------------------------ B(WL[[M/S glbsorlll DSM 8722I( X76446.1 )
100 Bacillus rhizosphaerae SC-NO12"(FJ233848.1)

e e e e e e

"""""""""" Bacillus vulcani 35-1"( AJ293805.1)

2 BF 165 1DNA EE R SR E#k BF04 REER HHY
Figure 2 Phylogenetic analysis based on the 16S rDNA gene sequences of strain BFO4
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Figure 3 GC-FID chromatograms of diesel oil extracted from the aqueous phase of the medium after 7 days of incubation with 3 g-1.!

diesel with and without inoculation with strain BFO4

& 3 Ekk BFO4 XF5€iH B IE M AT I8 B B A
Table 3 Degradation of diesel-oil n—alkanes by strain BF04 in the
mineral salts(liquid ) medium after 7 days at 30 °C and 200 remin™

bekedlsy BB BRI bkkdsy B0 R
WE—k aCll 639g  FZ—kE  nC21 99.2a
Tk nCl2  926cd  EZHThE nC22 98.4a
W=k aC13 972ab FZF =k (23 99.7a

E+DgE  nCl4 94.5bc  IE POk nC24 92.7cd

WF+HE  nCl5 98.1a EZ=THE  nC25 93.9bcd
FE7ke nCl6 974ab  IEtoxki nC26 86.4¢
Et+tkE nCl7  90.7de  E—t-bki  nC27 74.5¢

ETAkE nCI8 87.3e
IE+JukE nC19 98.2a
EZ % nC20  96.6abe
T A RIING FREFROR IR R 5 22 57 B 3% (P<0.05) , AR RS
FAEFR nCl1~nC23 5 nC24~nC2TRE R MR R 2 Fbl 25 (P<0.01) ,

Note : Different lowercase letters indicate significant differences (P<

nC11~nC23  93.2A
nC24~nC27 86.9B

0.05) in degradation of n—alkanes, different uppercase letters indicate sig—

nificant differences(P<0.01) between nC11~nC23 and nC24~nC27.

SN 1% F1 3% 35 854 (P<0.01) , NaCl & 228
1% 55 3% 11 35 3 56 vh S8l i 5 BF o 25 S/ AN i 2 (P>
0.05), FEHH 3% NaCl ¥ B 345 1] BFO4 X281 1)
Bﬂﬁﬁ:,S% NaCl ¥ B HH 52 176 BFO4 X L3 i e f . A
[} NaCl 7 f X} BFO4 [ fif 52 3 R 52 A 7] . 78
NaCl 0 1% M55SR b, SEImRE i fc R 3
TEREFE 1~3 d; 7F NaCl &0 3% 85 32 3 h , 283
R fifp B DR HH AR R 57 3~6 d57E NaCl &0 5%

MIREFRIE, Seql R AR R B RS 7R 6~10 d,
FA B2 0 B A 38 0, BRO4 ot 456 1 5 K ok Mt 1 % 3%
WS

NE R BFO4 i 56 HOR %) s

33007 106 NaCl 3% NaCl - 5% NaCl
30001,
B T
To2500F  wE T
\E 2000 ""w é. ...................... _.l.
¥ 15001 e
&R 1000 e
500 LB
0 .
0 2 4 6 8 10 12 14 16
FiFrmal/d

IR R NE FREFROR KRR 15 d &AL BRI 22 55 35 (P<0.05) , KRRl K
PR BRI 22 54 825 (P<0.01)
Different lowercase letters indicate significant differences(P<0.05) among
different treatments after 15 days, different uppercase letters indicate

significant differences(P<0.01) among different treatments after 15 days

B 4 Btk BFO4 FEAR[E] NaCl & B3 75 o Xf S it 40 P A% B 2%
Figure 4 Degradation curves of diesel oil by strain BF04 in

different NaCl concentration cultures

LR DR SN A T Ak, S BEEAERY . ARk
fiffaed R — A AR SO, LR 0 ] R O
FOR o MR R BRI LR B/ INGE R T LK O,
TS TR RGO, N — G O, i T S IR T
BFE A S R, — G NI N K R h -
— 2 Inc=a+k, ¢ (3)
BRI rc=b+kot (4)
Ko NI ; b R REAf R 48
X 4 B EE 43 i — G AR 2 R g T R
BIA 45 R E B, 15 AR NaCl 7 & 5535 56 BFO4 %
*biﬂaﬁkﬁ’%ﬂﬂé;%f?/*#z&}iﬂ@ 5). MK S AALAE
1% 3% 5% NaCl [ 32 3 th , BFO4 [ i S8 1
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85 1% NaCl
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75 ¢ e
70 | Qe
[ y=-0.104 2x+7.869 7
65 L R=09301
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0 2 4 6 8 10 12 14 16
Fr SR A/
831 3% NaCl
8.0%g
| e
75 ¢
70
y=-0.101 8x+7.977 3
6.5 k R?=0.969 9
6.0 e
0 2 4 6 8 10 12 14 16
Fr R A/
851 5% NaCl
8.0 :}""" ------ L
i =] i
| - A
75 I- e
7.0}
y=-0.028 4x+7.966 6
65| R’=0.936 6
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HiFrf)/d
5 B BFO4 BEARSEIM BN 1 F IS MLk

Figure 5 Degradation kinetics curves of diesel oil by strain BFO4

WAt 2 B B0 )R 0.104 2 .0.101 8.0.028 4 d', L
BN Bh S REBUN, A0SR 35 W b S 8 4 R
fi#% ,BFO4 1E 75 1% NaCl (3535 3 h 2 76 d, 765
3% NaCl B855I p T2 78 d, MAE & 5% NaCl {154
FRIPTTEL 284 d,

3 e

TE AT B TS G LR F 2Bk T P R 2
REGICE DI BCR ARG, e A0 R A i 2R
AU 2T . A Fh 8 B 10 PR 2 e e 2 1
FHRFFEIAFE, X Ta e 2 A i {5 Rl 7
A W T T B0 A 25 A CRAT R S AT

WO =AU TS e R E AR KRR
BRI BERE R S B N AR AN 24 Bk HP A R iR 22,
EWwz gD X5 Pawlik ZEMHT Fatima 2509 DA
T AL S S R F AT S N AR 2 T B e 3 — 3
— AR - A A ) N AR A T ) 32 R, 7R
TPy P B S5 OSSR A e A T BB S i,
A 200 T R 285 R S T

ANEREEC R LN A AR RN ] ST
PO e 1 G R N B Y el A e
B3N Pseudomonas fulgida,Pseudomonas fluorescens
Fl Pseudomonas poae, WE MK KRG AL [n] H 25>
5 A T 0 0 9504 A 40 % 8 Actinobacteria
sp., Bacillus sp. #1 Pantoea sp."*™, & EEEAE N —Fhifi
AR TR A TS Y R B AR ) , 3B AR DL A A A AT Y
ACHIE . H Hi A I RERE A TS S A0 -
A Pseudomonas sp., Sphingomonas sp., A cinetobacter
sp., A lcaligenes sp., Micrococcus sp., Bacillus sp., Flavo—
bacteriumsp., Arthrobacter sp., A lcanivorax sp., Mycobac—
terium sp., Rhodococcus sp. F1 A ctinobacter sp.*", T £
BFO4 il i AR Az BRAE ALRFIE AN 16S yDNA J251)
ST, 258 N Bacillus pumilus . 5¢F Bacillus pumilus
M O AR ZH0E Y, X SRR Al Ts
YeWni¥) Bacillus pumilus F553 85 H H3EFK RS,
TP IR 53 2515 B R ff A W IR B Bacillus pumilus
B0 Fatima 55\ A B B ( Lolium perenne )
OB — BRI AR A Bacillus pumilus LOSI68, 1%
REA]FH It AN 25 Ry M — B I 3 A K AEANBER AR
ot AEZS e IE T BERNE T 7SbE . Ho ZERM ™ 5
FK 232 43 B8 M N A= A0 B Bacillus pumilus C3 Fi
Bacillus pumilus E10, [ C3 FIE10 #ERHEF] FZER  H
KRR R ME— IR . BFO4 BEAATIE
/RSN o 2 ST VAN ST 7 o ST Z NP 5T L St
RRIEAER, ARRFIARD . JEMZE, X5
LOST68 AR A i Fh AN R], S EIC3 FIEE E10 £
AR o AR TR o R 2 GA: PG A e i v 2
T8 FALY A REE A ST Y 2 Rn 1AL
PRS2 BFO4 5 LOSI68 .C3 . E10 A4E {7 FRE AN,
A BB T BOX L [ R A 1 G IR R AN [ Y
AL

Seh 3 2 i P R BRI AR (C10~C29) 4 P,
BFO4 BERESR IR 73X Sebeks , Hoh Xt nC12~nC17 Fl
nC19~nC25 TEMLERE AR RIAE] 90% LA L, X nC11
FnC27 BEAREHUR, 5350 63.9%F1 74.5%. &l
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FH T 01235 ) LA AR 2I ] i B i B 25 5 Wl e
e N X0 O e e /I SR G AP A R 2|
TR 200 RS T ol AN R 58 SR, R BE bt vl T
iAok A R A A e ) 4 B P e R ) A R 5
ZREfREN, BFOA X4 be ke (nC11~nC23 ) BEff% = T
KAEEBESR (nC24~nC27), 3% 5 Nkem Z55Y M A7 i 5 Y
TERER 23 B BB GS FI WRI A 58T 45 e I 24 43
TR —350, — S T B A bR A 40 1 SR R
o i DRI AR A, 1K SRS 2 o 1) RO i L 0 2 A TR T A
G , 7 A T 22 K AT, T TR O A e i 2
I3RS | 38 A b A I Aot R v ™ A i v (R A
Rt BRI , BB AL IR (nC24~nC2T ) B 28 15
{E‘EBI—}Z]O

iR A G BRI A T TS YR A XA
YRR E W E BT X R AE S AR RS
FEA) B FL P AR TR PP e i o 38 B 2 B A 35 i
AR ARSI BT RE TR, MEREE>3% 0T,
— AR M AR 232 B, B AR A T R I
FEAR . 3% NaCl ¥ B WA ] BFO4 [ S i (9
fifg Ik, P RS AR W R AT R A T
22l PR, B W A S IR B A5 I o 8 TR
FRIE L B 5 N 3%~3.5%", BFO4 75 & 47 3% NaCl
WA R ELA R I AR ST BE T TR S A
15 YL E R AT —E N Y T o ER v B
PRAE R BfE R G0, TR AR AR Hh 42 1438 0 19
AR X B R T S, A TS ) R R GT  i Ar e
fif R X T RE 2 S8k BRO4 [ifi 25 1 7 35 v £ i 1 134
0, XS B R P A R S A I R . B E A A
MR —NEARNEY AR, AR e,
MAMEHETK, AYRE R R A OVIR R B £
A0 4 o B ARG A R 5 TEAN[R] NaCl 5 i 5 75
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(1) AMIFFE BT = N A ik 75 G s R o A K
R RE AT ES Y 24 SRINAE I, ZWRIARE TR
SMPEARRTS , BE T — PR SRR A T AR N A
4H B BFO4, 2% 5E BFO4 A48 /N ZEFAT B (Bacillus

pumilus ),

(2) BRI ¥k BFO4 BEASFIF IE %8 . S8 L IE 75
Bt IE CUBE IR CE SRR FE R | DRSS
K NRERI I ZE FESE 2 05 IR TR . BFO4 REREAR
seam o R ke ks, HorR X nC12~nC17 F1 nC19~
nC25 IEMGE R R4 m, XF nC11 Fl nC27 1EFINE
YRR AN AR . BFO4 Xeb a8 k42 (nC11~nC23)
Rff R m TR AL (nC24~nC27) .
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FIZERR R ARS8 R 1% 3%H1 5% 544 % 4¢
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