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Abstract: [Objective] To screen out a surfactant-producing microbial strain Bacillus subtilis
SX-20 from the soil contaminated by crude oil for a long time and then extract and analyze the
products of the strain. [Methods] We used cetylpyridinium chloride-brominated thymol blue
combined with blood agar plate for the screening and obtained a strain capable of producing
lipopeptide. The crude fermentation product of the strain was extracted by acid precipitation,
methanol extraction, and rotary evaporation, and it showed good inhibitory effect on
Propionibacterium acnes. Its composition was analyzed by Fourier transform infrared
spectroscopy (FTIR), amino acid analysis, and liquid chromatography-mass spectrometry
(LC-MS). [Results] The surfactant-producing strain screened out was identified as Bacillus
subtilis and named SX-20. The product of the screened strain was a cyclic lipopeptide
containing a C15 fatty acid chain and 7 amino acid residues. [Conclusion] This study provided
a theoretical basis and technical route for the screening of biosurfactant-producing strains,
which is conducive to the subsequent acquisition of high-yield and low-cost biosurfactants.
Keywords: crude oil-contaminated soil; Bacillus subtilis; surfactant; lipopeptide; screening;
identification
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VR A I B A0 SO X PR 7 i, Rt
49 N 8 T O T2 Y S R 7 AR T T R R B 4 A
TR AR o AT TERE Sy e R0 M i 3 i O e BB A A AL
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FRHL 10° BE# 100 pL T 900 uL 0.9% NaCl ¥ ik
RAT, 0k 107!, IRREIARRRE, EHEl 107,
SRJGHL 100 pL 6 BEFR BEIUAE VR T LB B AR A
A%, BT 37 °C HIREFAREA
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48 FLAR R T ROY 5 min, 5 BRI 75
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Xof O e R (B AR O A0 i 2 BRI DR A, R IR sk
WM o
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JERIEAT AT SC8 . S A R P EIE A
2 R EREH & R I RHECA R A
Ay, H R & AU B TR X B bk
P22 Qe h s APT SR80, AREEH & vl ]
F AT EAE, 6/ Bacillus subtilis ATCC 21332
Jp T PR B R . TERE SR KA B VR AR Bk
TR A AR, HEE R A R A S fL . 37 °C
ER 55 TR A s R, AR R RS g B R
X IRZE AR, S IR e s T B, IF7E
RGP HEAT O, B TR R E C R .
1.2.4 16S rRNA ERFE BKRINT 18 N FFN R G
ZER

PRIGE B 4R U DNA H AR B 75, IR
A 1 mL BICH B 17K, SR R 2 20
R 240 R R 7 o e, 2R AR, AT E ]S
H 1492R: 5-TACGGCTACCTTGTTACGACTT-
3'; 27F: 5'-AGAGTTTGATCCTGGCTCAG-3’,
TEJA D) Tag BRETEHAET 9715 H A9 5
) 16S rRNA B[, HAIEAFEF AT . 95 °C,
3 min; 95°C, 15s, 56°C, 30s, 72°C, 15s;
PEI 34 Yk, 72°C, 5 min. B389 H H B H B
) PCR j=4) 5 ki ik pUC19 16 % 2 E
JHT 16 °C WE A, %458 U BORL% 1k
IR, R & %R 78 AR (ampicillin,
Amp) . 5N HE-B-D-Bi A2 FLHE H (isopropyl-B-
D-thiogalactoside, IPTG) . B-f-ZLH# il (X-Gal)
BRI - M PR AT 0 B e, BEHCH BERA 75
FI 514 MI3F: 5'-TGTAAAACGACGGC
CAGT-3'; MI3R: 5-AGCGGATAACAATTTCA
CACAGGA-3'i#1TH# % PCR, SRJ5HATINT,
HIFEE 16S rRNA JEH 751 114 %] EzBioCloud
(https://www.ezbiocloud.net/) 5 % 20 & #k £ 17 Eb
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1.5 #IEXE

Sk B UE 7 W B0 M, BEHUR A R R
(Escherichia coli), 405 BRI (Staphylococcus
aureus) . JEIENIRFTE IV (Propionibacterium
acnes V) (FFP¥ ARSI = Fr - AF)VE NEE =
WE . RIBCEARITFLIE AT IR S50, IR
AR EESN 2 g/L, bEAEECH 50 uLo KRG A
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WS T B RN o R N IR AT 18 T IR AU
£ 37 °C fEIR KA B SR AT H 1557 48 h, FEULEALE
SRANTEE . HIC Y 7 2 10 1 2 A T AR
ZEFTH ATCC 21332 (Bacillus subtilis ATCC
21332)FERHMXT IR, 35 BOC E AKASBH PF B
1.6 HEMHTRIINRIG

h T W A 2 T R ) R A A
REMTAREAATE BT, ML BRUTTE P AR, B
T 28 TR R W BN By, (el B e
BT CIEX AT b o BRI TR IR AL
Bf(KBr) 100 mg 1 1 mg ;=Y s, ok =9
SRR SE IR AN BN 30 s il
B F, 7E 400 cm' %] 4 000 cm ' Z [AICHE Sy
BEFEN 2 em ™ 1 FTIR OGEEE, JHH 75047
1.7 f[EBRSW

KT ARBO= )b B &% 19 2 FE R b 28 K%
i, AT TR SRR, I IR L
FH BN GAD , O B R 2 mg/mL (A i &
PRI 1:1 5 12 mol/L HCLIR S, iR pH
N6, FEIMVAHR R 120 °C [ 2 h, RS H)E
JFaifE 80 °C WEIRYN Trhzs Koy, HEhht
ok B, A R o A A AT o0 A, O
it FH B BE R s v i D ) R
1.8 LC-MS 94

W 07 108 BT A5 BRI PR SX-20 B & T 7= 2 i+t 42
WRUTE B 2 % T MR, WROAR €83 - U s R
(liquid chromatograph-mass spectrometer, LC-
M)t HOHL P ) #E 4T 4540 o3 A o IR B AR K
ARAE M TCTE 28 7K, i 0.22 pm /Y
KORH U R, ) R A o ORE (R
R EIRE N 5000 V, BAE IR E I E N
320 °C, #4< (sheath gas) 45.00 arb, HiBI A4
(aux gas) 20.00 arb, Fx KMi% Hifi(max spray
current) 80.00 uA , Y AH A 3% - AL 27 HL S HR
YR DU A Jo i 1 B - MR, WRAH BT R S
ZORBAX SB-CN 4.6 mmx75 mm, 3.5 pm, i
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A A: HEE. B: 0.1%H &K, #HI& 30 °C,
P 0.4 mL/min, #4£ 20 uL, 15%] LC. MSI,
MS2 K,

2 ZEREQM

21 RIEEREREMERE

el 9 A i 5 AL 7S Jod S ik B AR
BBy AN E T, DL PR ) 4 T
e, MJEIHTE G R PRELE 1 000 ZRER
PRrefr, PRkt 2 B A i o A ke (B v 1Y
BRIV, DI SR TR sk 5 v R A At T
PRELGFAY, BeJa ik —ik, ' 0 SX-20,

X SX-20 AEHAAR LI EE R oK, X
(AR 75 SR AN RN, RERLRE , 2 O EaARSE
B, S22 [RBHPE R, 750625 AR 10x100 £%
YR R NG Th 7 N o (0 VA B NG A
f, WK 1A, 1B fr7n; API 50 CH J 20E 52
st B N Z W S5 Bacillus subtilis WAL K
99.7%, ZEFWFE 1 Pin. REEH SX-20 (1)
16S rRNA ¥, Y Bacillus subtilis NCIB 3 610
(DRALE A 99.80%, 52IE 2 FixRryidEfk
W, GEREBREME SX-20 5 Bacillus subtilis
NCIB 3 610 (T)7E Rl —43 32 I, 4564 3 A b5

1 BEPk SX-20 MEEEMEZIREE

I 2 SR VAT s S R PR AR R ZE AT A
22 TRiEEMKAESRINEER

i vE AT AR B RE SX-20 FI7=4, X KIAFF e
S T BR DA | SR Y IR AT TR EL A S A R P
FH X 9885 PR RR AT T 4 100 a4 R AR 22 A ) 4 h
T8 . IEBAE 3 s, HIEHJCH 28
TR MR XTI, R I8 KA B BE Bacillus
subtilis ATCC 21332 fiBHPEXT IR 18] 3A ™
YIX KIGAF B R IR, 1 3B R =it 4
A ER T IR, B BRI Bacillus
subtilis ATCC 21332 5 SZI0TR BE SX-20 XJ 1 AgfL
YA R E L, B RS EMEE . B
3C & SX-20 K™ %o S8 PR AT AT TV B 41 1 3%
B TETCRSMET 20 ul ML=y XHHs 7 AT
IVEA BB s RCR AR B A =&, K
3D i SX-20 ™ Py P HEEHE R AT B TV S8 2 (4
PRI PR ] o 255 L BT aAS DA 1 R I A T B R
FRR . A R M BR B DA SRR TR R AT T 2B
23 AEFYEE

PPk SX-20 W R T W) AR UTTE LR B
EIREOMAR, REHRICY) & 2R 1.03 g/L.
L B AR R 2T A T 25 B K o R AR AR Y
W AP 4 TR, Z0AMEELE 3 396 cm™ (N-H

AR T
v

s

( 5 pm

Figure 1 Single colony and Gram staining of strain SX-20. A: Single colony morphology of strain SX-20, single
colony around irregular, rough surface and opaque. B: Gram staining of strain SX-20 (imaging under optical
microscope 10x100 times, spores in the central/paracentral), spores located in the center or paracentral.
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F 1 SX-20 EHRBYEIRSE L4FIE

Table 1 Physiological and biochemical characteristics of strain SX-20

Characteristic 1 2 Characteristic 1 2
Spore location C/P C/P Colony color Cw CW
Pigmentation o o Control _ _
Glycerol + + Salicin + +
Erythritol B B D-cellobiose + +
D-arabinose _ _ D-malt sugar + +
L-arabinose + + D-lactose _ _
D-ribose + + D-melibiose + +
D-xylose + + D-sucrose + +
L-xylose _ D-trehalose + +
D-adonitol _ _ Inulin + +
Methyl-a-D-xylopyranoside _ _ D-raffinose _ _
D-galactose _ _ D-raffinose + +
D-glucose + + Starch + +
D-fructose + + Glycogen + +
D-mannose + + Xylitol _ _
L-sorbose B B D-gentiobiose + +
L-rthamnose _ _ D-toulon sugar _ _
Melampyrite _ _ D-lyxose _ _
Cyclohexitol + + D-tagatose _ _
Mannitol + + D-fucose B _
Sorbitol + + L-fucose _ _
Methyl-a-D-pyranoside _ _ D-arabitol _ _
Methyl-a-D-glucoside + + L-arabitol _ _
N-acetylglucosamine _ _ Potassium gluconate _ _
Amygdalin + + Potassium 2-ketogluconic acid _ B
Arbutin + + Potassium 5-ketogluconic acid _ _
Esculin and ferric citrate + + 2-nitrophenyl-B-D-galactopyranoside  + +
Decomposition under anaerobic conditions of: Arginine B Decomposition of urea B _
Lysine _ _ Decomposition of: Tryptophan _
Ornithine B B Production of indole B _
Utilization of citrate _ _ Voges-proskauer reaction + +
Hydrogen sulfide production test _ _ Gelatin liquefaction + +

1: Bacillus subtilis ATCC 21332; 2: Strain SX-20; C: Central; C/P: Central/Paracentral; P/S: Paracentral/Subterminal; S:
Subterminal; O: Opaque; CW: Creamy-white. +: Positive; —: Negative.

SRRSO FI 1 649 cm™ (CO-N FEAHIHEIR)
b EA KRR 257 76 1415 em™ AT 1252 em™
A 1) 6 7 1) 2 M 7 I 8 (—CHLs . —CHL) 3 47,
X SO BH = W R S R AR LR R T I S AL B
DA e e 38 43 B2 o A A ) A8 i R L A7 A
N-H # . CO-N ##F1-CH; . —CH, 5 43 BY Fr {5
AR, X FB R PR SX-20 7= A f A W 1

<l actamicro@im.ac.cn, & 010-64807516

TP 5 2R 18 AR ) 254 B AR AL 43 o
T 7 )R B B AR TR o AT 4 AR a0
S5A. 5B fii/R, SX-20 AYHLEEEG=HH & 14 Fb
IR : Asp. Thr, Ser. Glu. Gly. Ala, Val,
Met, Ile. Leu, Tyr. Phe. Lys Fll Arg, FHH
Asp. Glu, Val fil Leu FYEE /R & 553514 6.875.
17.542, 7.272. 27.138 nmol, Asp. Glu. Val
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Bacillus amyloliquefaciens DSM 7" (FN597644)

69

Bacillus nematocida B-16" (AY820954)

5867 Bacillus siamensis KCTC13613" (AJVF01000043)
81
91 SX-20

89 & Bacillus subtilis NCIB 3610" (ABQL01000001)
Bacillus atrophaeus JCM 9070" (AB021181)

Bacillus paralicheniformis KJ-16" (KY694465)

79 Bacillus glycinifermentans GO-13" (LECW01000063)
96 —I:I: )
75

AUQZs NSP9" (AUQZ01000032
Bacillus licheniformis ATCC 14580" (AE017333)

Bacillus xiamenensis HYC-10" (AMSH01000114)

MKZNs GM3FR" (MKZN01000032)

100 85, Bacillus safensis subsp. safensisi FO-36b! (ASJD01000027)
62 Bacillus safensis subsp. osmophilus BC29" (K'Y990920)
84
9

Bacillus pumilus ATCC 70617 (ABRX01000007)
Bacillus zhangzhouensis DW5-4" (JOTP01000061)
; LDWHs LK16" (LDWHO01000014)

0.01

2 ET 16SrRNA ERAFIHMENRFELER

100=— VFMVs GN17" (VEMV01000001)

Figure 2 Phylogenetic tree based on 16S rRNA gene sequences. Neighbour-joining phylogenetic tree based
on 16S rRNA gene sequences showing the relationship between strain SX-20 and closely related species in
the Bacillus subtilis. Bootstrap values were expressed as a percentage of 1 000 replications. Only bootstrap
values of more than 50% are shown. Bar: 0.01 substitutions per nucleotide position. Numbers at nodes are

percentage bootstrap values based on 1 000 replicates.

B3 XBHFEA). £EEEHKEB. OMELRABRTEIVO)INEE

Figure 3
acnes IV (D).

1.0

<
N=)

o
>
‘HO-L9'TST 1
HO-LV'¢¢€

Transmittance (%)

<
N
T

HO-L8'STY 1

S
>
C (]
3396.44-NH . .3 .
40003 5003 0002 5002 00015001000 500 0

Wavenumbers (¢cm™)

B4 Bk SX-20 ZE 1) FTIR [Ei%
Figure 4 FTIR spectra of fermentation products of
strain SX-20.

HN-106€6 T~

<
o)
T

O

Inhibition zone of Escherichia coli (A), Staphylococcus aureus (B, C) and Propionibacterium

5 Leu BE/RF AL T 1:2.5:1:4, 530K
HHRIE ) Asp. Glu, Val Fil Leu tW{H M 1:1:1:4
R, KRR T Glu & RE R, R
AWFSE R BRGSO T KR a8 ZRIEN
REERHTAYI T, (BIA 3 Fh =22 S R 10 B2
IR W 522 SOk AR B, 45 A LA
IR Z B /R S M, R A) 20 4] DB 4t ) 32 T ok
R W) R TS R 2R o WO - B35 B P 7 T 2
T WAL AR 2] SX-20 & = Wy 0 WA 3 32
WELE 10.27 (B 6A), XF 10.27 &bFEAT B 434,
3B — R E (B 6B), 4Bl A3 i
T3 R Cs3HoqO13N7, 43T FiiE A 1 036.689 3,
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X5 Sk R GE A o R R R . AR factin#section=LC-MS)#EA7TXT [t , 7] 15 H i Bk
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B 7 Bk SX-20 KBTI L4
Figure 7  Structure diagram of strain SX-20
fermentation product.
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