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B E: AALHR LIE S B R LINEA RN 65 EHRF SC27 REAMMEH B ARHA,
st H IR = M 0 E L Ry AT AT, ERA: FIATE SC27 FALER, FEH 5.04 g/L;
REERE OB, BT e EBEE R A 1316.6. 513.3 4= 176.2 U/mL, K A& & A5 b B, Je
SRS E 3t L K P QPR E R, B E R TR Z SRARKNE OB, FA 8K A
MREOBLIE, ABR_ATRERMG I BT RSB ESTAH T EAEL T XK(10.28%).
ST R R AN (7.87%) . 2,4- =R T KB (2.92%)F7 2 AN R A (4.47%. 2.36%).
KEIE: FRATE SC27, MRS Z 4, WA E M, BE

Analysis of activity and components on extracellular
metabolites of Bacillus SC27

LIU Ying XU Chun-Hou"

(Guangdong Ocean University, Zhanjiang, Guangdong 524088, China)

Abstract: The activities and components of extracellular metabolites of a mutant Bacillus SC27 which
was isolated from mangrove soil and was mutated via combined nitrosoguanidine (NTG) and UV were
analyzed. The results showed that the Bacillus SC27 produced lactic acid of 5.04 g/L. The activities of
protease, amylase, cellulase in the fermentation fluid were 1 316.59 U/mL, 176.2 U/mL and 513.3 U/mL,
respectively, while no lipase activity was detected. The extracellular metabolic products showed higher
anti-bacteria activities against Gram-positive bacteria than those against Gram-negative bacteria, and the
anti-bacterial products of Bacillus SC27 could withstand treatment of high temperature, enzymes of papain,
proteinase K and trypsin. Main chemical compositions of fermentation fluid extracted by dichloromethane
were hydroxytoluene of 10.28%, dimethoxydimethylsilane of 7.87%, 2,4-bis(1,1-dimethylethyl)-phenol of
2.92% and 2 unidentified compounds of 4.47% and 2.36%.

EEWA: T RERHEHRI H (No. 200620301023, 2010B020313002); L VT V5 1 7 41 1 % I K JL35 9 B F 58 (No. 1012017)

*BHAEE: Tel: 86-759-2383378; b<: xuchunhou@sina.com © hERERREMHRFHTIHEARIED http://journals. im. ac. on
IS HER: 2011-03-29; #EZF HHER: 2011-06-22



XUBAEE: 2T SC27 MIAMCH ™ My iy i 15 18 2370 B

1223

Keywords: Bacillus SC27, Extracellular metabolites, Anti-bacterial activity, Enzyme activity

g A2 B S — P AT S O i T A8 T X B
Wi fin A A 52 e 1) 3 AR RS IR, b g
A ZR AT R AE AN R B BB v n ] S M, RERE T
U BREE LA S ALY e S AR A R, 3 T i)
B, S S A S TG K, TEAR N RBAS AT B
AR T A 45 45 A= T RE, A0 3 A RN G 2R
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177 50, USRS A 5 e B, vt 4.
JBT . fe SR AR P 2F AR B A I 300 R 0 T R A F
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1 AR5
1.1 HEH

PR B R ZF AT SC JE ML AR L1 rp 2y
PAR, IR SIE A AR UEE . Biolog RALLE
SE M 16S rRNA Bl B 5 5 70 Hr, %85 O 28 MU AT
J& (FI1627944-1), AE HiFR 4P 3@ 1L 52402 R Al
FME G152, Tkl —MREFRFF R SC27 IE M %R
AR RO,

F8 78 1 4 0 (0 18 29 BR 8 (Staphylococcus aureus) .
K W ¥ 75 (K W (Escherichia. coli) . 3 EHM T
(Salmonella pullorum). 2 ZVEU [GHTFIH (Pasteurella
multocide) FRG B 25 BT 1§ (Bacillus  subtilis), Y21
T R 2 T

1.2 EHRE

1.2.1 GYPIEFE(g/L): HEHE 20, HEHME 10, B
5 5, pH 6.8-7.0, 1x10° Pa K 20 min,

122 BEABERE: EHBARERE(L): £
Ky 40, SAAKE 30, AR 2, #i4BE 5, K,HPO,
1.5, (NH4),S04 1.5, CaCl, 0.3, MgSO47H,0 0.6,
MnSO, 0.1, NaCl 2.0, i&-80 0.3 mL/L, pH 8.0; £F

YR MR WSS (g/L): EAKM 40, #kHE 30, T
¥3 20, %A 3, NaCl 5.0, KH,PO, 1.0, Na,HPO, 1.0,
MgSO47H,0 0.5, pH 7.0; JEMHEE KL B =5 (/L):
Tk Hr 40, ERIHY 30, CaCl, 0.2, MgSO,7H,0 0.2,
NaCl 2.5, K,HPO, 2.0, FFE& R4 2.0, (NH,),S0,
0.75, Na,HPO, 2.0, pH 7.0; g0t %& B 35 5 (g/L):
EoKk 30, TOHIH 20, MM 50 mL/L, K,HPO,
10.0, MgSO, 7H,0 1.0, (NH4),SO, 1.0, NaCl 5.0,
pH 7.5,

1.3 FRSME PR 14 4 Bl E

D0 1 4l 9 L IR s 1 i VSl ok R, SR oo RO
FHETEAL(H A B, LC-20A) I 5 2F FAT 7 SC27 15
Y LW
1.4 FRSMRS =1 BE A 1 E
1.4.1 FFNERG RS &: KT SC27 #EFh
# GYP ¥4k I+, 37 °C. 130 r/min JR¥Z 1557 24 h,
P TR W e 3%4% Fh B A [F] 1) 1 2 I 335 35 e v
37 °C. 130 r/min $R 7% 15 57 24 h J5 B 5 % 24 h, f%
B: 39 4 000 r/min #5.0> 30 min, W DI, JHIE
A3k 108 BRIV A A 00 KL il K
1.4.2  BEEAME: FFI0H B b i 2 F RS i
&K FH Folin ML Ve Ky WE J7 000 & R 3,5- Al
Sk bRkt L7 4 RS J10 58 R i CMCA-DNS
B B S 000 5 R FE S R R ik
1.5 BasMUE A A R AL R HI & R 14
151 HETERETFEREOEE: K 5 FERHE,
4 ¥ (0 B BR 7 (Staphylococcus  aureus) . KRS
[K i (Escherichia. coli). ¥ EFIV 1 (Salmonella
pullorum) . 2 %1% UL R W (Pasteurella multocide)
MG L ZF MOAT 18 (Bacillus subtilis) 53 5 Fh 25 5 A

© PERFERHBEDA AT S4ESE http://journals. im. ac. cn

http://journals.im.ac.cn/wswxtbcn



1224 s ER

2011, Vol.38, No.8

WREFRIE, 37 °C B 5% 18 h, fit il i 10° CFU/mL (1)
BRI T8 R B

152 RFFYTENIBE RO & B 2F AT
W SC27 #:A 3| GYP 575, 37 °C.130 r/min R
SR 24 h G E IR 24 h, B ELL, B
WED R FEIRE S 1, 4’50 No.l; ¥ LiEWET
100 °C b3 30 min, BIAFRMAFES 2, 450 No.2;
B LW o BT RN AR (1.0 g/L) . HE
it} K %5 (1.0 g/L) Mg HES7 (1.0 g/L)H, 37 °C
BEE 1 h, B Rr AR S 3. 4. 5, 50k
No. 3. No.4. No. 5,

1.5.3 HEGEMEME: SRR P 0 6 76 4,
FH A B P AR 1) /N R R 10 B T T 1 I TR
FHZS L SRk R] 1 A AR S X R

1.6 BESMRIE=HIR 2 5 4R

1.6.1 FE#RIESR: ZFFT I SC27 &iGfL)E, % 3%
BEME| GYP B35k, 37 °C. 130 r/min R%5 55 5%
240 JEERE B FE 24 h, FrEEFEY 4 000 r/min B O
30 min, B EIHWEUE, BIAS RS SR -

1.6.2 RESMRIE 4RO ZEBL: BUR MRS TR, 2
AW BEtE . BRME . BRI T A, LA 3
W, BCREARIG GYP 3538300 — & H e 2 LY 1
Hyas A IR

1.6.3 SHEBIZEH: KH CMS-QP2010 < AHE
T A TN E o A P B AT A DB-5 (30 mx
0.25 mmx0.25 pm), Ei%HRFFEFM: VG IR
JF 60 °C, {£4% 4 min J5, LA 5 °C/min AR THE =
300 °C If-PR4F 5 min; #fk: 2R, A0, FERTE:
123.3 kPa; #EFECIIREE 310 °C. il 41 EI i
TETHE, 70 eV, BFURENE: 320 °C; HfiFEE
FEl: 100400 amu; 493 [EIBE: 0.5 s,

2 5RE54H

2.1 ERMEMIRINZE

MR 1S, ZEMATE SC27 W R A o1 (513
I A Y A B IS A 4 2,633 min, 5 (O hRFLIR AY £
B EFIA](2.628 min) AT, FIWHZY BN LR, AL
FRit ol 5.04 g/L, B —REBE ™ 4= FLIR 1Y) 25 41
FFIA -
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Fig. 1 HPLC chromatogram of lactic acid (A) and bacte-
rial strain SC27 fermented liquid (B)

22 GEHMEMNE

221 BEEMME: FMATHE SC27 78 37 °C ¥ist
48 h i, FEABEIE S 4 1 316.6 U/mL, JEREFIG
5133 U/mL, 42/ J1o0 176.2 U/mL, Kk
DU g T e, BAWX bR e AR 2 R0, JF B A
1) B 1 0

222 HIEEMME: B3R 1AW, FMTE SC27
RSN = xd 5 s s o A — s A0 B S
HorpoG 2 b 2 B R 0 B O A R 3
B QMR AT IE W2 R AL B B3 0 X
SFVD TR IR P B RS A B S AN, XTHE 4 RS
JN TR A BT R, (R R P A T R e K
MR A W A 5.5%, ULHIZ @ HRAC Y
PO TR 5 1 0 ST i A7 — R A AL, VE R
AR B TRALHR S, X 5 Fids 7% o 0 1 Pl L
BRI FET 5.6%. 1.2%. 1.6%. 3.0%. 0.9%; %
FE AR K RRANES, XF 5 Fhg s 0w B B K
WERHET 4.7%. 2.4%. 4.1%. 0%. 0.9%; ZJHE
FIBHA AL ERIS, XTS5 Fhde /s s o s AR T B
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Table 1

E#k SC27 REE R A R AR EE N E B B2, mm)

Anti-bacterial activity of strain SC27 different treated culture (Diameter of inhibition zone, mm)

EE TR G (A A R PN 7B M| XS RIS T B AR RATE i B2 AT
Sample No. S. aureus E. coli S. pullorum P. multocide B. subtilis
No 1 232 16.5 12.3 13.5 21.4
No 2 22.6 15.6 12.5 12.9 20.5
No 3 21.9 16.3 12.1 13.1 21.2
No 4 22.1 16.1 11.8 13.5 21.2
No 5 223 16.2 12.3 12.5 20.7

T 3.9%. 1.8%. 0%. 7.4%. 3.3%; M 3 FhaEH
SIS IS PR RGO AT, ZFRATR SC27 R
H AT R I T 0 I T T 7 R T 1 A B

2.3 RaSMRIFEYIRR S 2
231 MEBESEHRB_SBPREZERYE GC-MS
VX TR R i S DORAY S PP YA d
WEATAE, HARY)H GC-MS 3 Hr i3 68 1 i &
(B 2)F B 2= (R 2)o ST EMLNAE bR
FRiEPEREZR, W3 2 B, Wi Xt BRIRCA 40 Fhik
gy, HoP AR A EAE 2.0 DLERIR A 13 Bl AR
FETE 80%LL BRI A 13 B EHRIAY A 30
b, Hob XS EAE 2.0 IERIRY A 12 Fl, AL
FETE 80% Lk L B4 10 F g

232 EHBRSXBIR GC-MS MM EERH Lt
B WRBER 2 TR S X R AL A W AR X B
ATRVE W, TR AR SREER, = AR
FE T B 53T O BARRE S B R A T, 1T B AR P
AR A B RO BRI EE RS I, JF H BBl T
— X B IR A LG . BRI, Rtk K
FER i BB LAY T RO . T
AR o 28 I S B O BE RS A, A il yg o T
634.6%"55 610.1%, [AIETER 2 )5k 18 5 19 (4 2
ik & P MO h A, e 5 e mie &y
DUDEAE | 4-5-2-f B 2R W il AL, JHEARARLEE 4 33
= 78% . 75%, W BN MR A R Tk —
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Fig.2 GC-MS total ion chromatogram on contrast liquid (A) and strain SC27 fermented liquid (B)
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Table 2 Comparison of main constituents and contents between strain SC27 and contrast liquid by GC-MS

1 B B [ AR 25 AR
¥ o . ~ g3 . S
B Retention time (min) & Molecular Relative content (%)  Comparability (%)
No R XTI Compound formula T BRI XHBR AR Xt BRI
' Strain _ Contrast strain contrast strain contrast
— ey ]
1 10.60 10.62 —_Eﬁ%—qﬂ_ﬂ%ﬁ& C4H,,0,Si 9.09 1.28 97 97
Dimethoxydimethylsilane
2 19.99 19.99 — TR R Ci5Hp40 11.90 1.62 97 97
Butylated hydroxytoluene
-— D b \
3 20.21 20.22 2,4 fﬂT%ﬂS% Ci14sH20 11.96 9.04 95 97
2,4-bis(1,1-dimethylethyl)-phenol
AR R R TR
4 27.90 2791  1,2-benzenedicarboxylic acid, CisH20 2.64 5.66 96 95
bis(2-methylpropyl) ester
s A S i _a)-3-Py AN
s 2889 o893 o R rETHMIE(2-a)3-MAME CHN.O  3.66 3.35 92 92
Hexahydro-2H-pyrido(1,2-a)pyrazin-3(4H)-one
IS A -3-(2-H BE Y 3 )- ML O [1,2-a ML - 1,4 i
6 29.27 2930  [1,2-a]pyrazine-1,4-dione,hexahydro-3-(2-methyl ~ Ci1HisN2O; 5.13 4.89 88 92
propyl)-pyrrolo
A — 5 — b
7 2978 2979 SA_FE-TH CiHnOs 272 - 536 93 97
Dibutyl phthalate
7S E-3-CR L R)- L Mg 3 [1,2-a]
8 3714  37.16 MHE-14ZH CLH N0, 156 1.60 94 94
[1,2-a]pyrazine-1,4-dione,
hexahydro-3-(phenylmethyl)-Pyrrolo
A — FH ip — ELSe b
9 3061 306 SA-FMSEER CasHag0s 5.40 6.33 97 96
1,2-benzenedicarboxylic acid, diisooctyl ester
— =
10 5091 50.92 2,33%_1-@%.1_@%_1_%% N CiH Si 4.54 4.38 73 73
2,3-dihydro-1-methyl-1-propyl-1H-1-silaindene
=
11 56.44 56.46 3-%%%%{@‘% Ci6Hi3N;0, 15.72 14.22 70 70
3-aminodiftalone
12 = 24.53 L;%m CsHol = 2.56 = 89
(2-iodoethyl)-benzene
2,2',5,5!- -1, 17-BR R
13 - 24 PERGERELUIBE CieHs - 213 - 85
2,2',5,5'-tetramethyl-1,1'-biphenyl
14 - 2673 (WPET—REE CisH;0 - 2.64 - 94
(1-methylundecyl)-benzene
15 - 2703 S REEB CsHy00s - 231 - 91
3,5-dimethoxy-phenol
16 - 2880 A -RAURG2.D% =M CsHioCl, S 5.79 S 71
3,4-dichlorobicyclo[3.2.1]oct-2-ene
1
17 19.58 = J‘%%, CpH3NO, 2.36 = 78 =
Bemegride
18 28.78 - ARIRERRE CHCINOy 447 - 75 -

4-chloro-2-nitrobenzyl alcohol

TE: = AR B BA R
Note: —: Corresponding compound had been not detected.
3 Wi

ZFAUAT I SC27 g A FLIR, IRAEIE MZF A, B
HATFLRRA I ZF AL AR . Ohara Hi0GE 128 4T
B SHO-1., SEFEZFAIFT IR . BELSFUATIR . R
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ZEFAT B AT DA A R i AR T, 3T LA
AT oA E 23RN, WEDE AR IR
AT 5% R S - 9 vl A 38— Ak A 2T 2 1 A R T
(AS-820), ZZ AL I IESEE N ERFTH, —
PRBEF™ A 5 PRt B $AM: e by i 1) 43 25 PRl 2
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SERZEMFT B R ZEMFT B SC27 S LT ARAE
RINAESIHE BR8N, e N T REFLEE
A — R AT R AR, EALRE T A FLR,
17 LA B8 ™ A 2R U . Ve Rl . T 4 A T O
PEY T, FLIE ) 5T e T g T AT B G AL B
IS AR P R AR T R B 2SR O TR —
B, R R TR R AE LT 2 2 6T R
B 35 A8 R AT — RPN, K BLAENS W 25
[N ORGSR 5 ie T b - 9 SRR
W BRE SR E RS, R G REAS [ R
SRR MUY | Rk EC R HE B, HE O B E
i 22 4 i I 25 28 T, 38 7% 0 TR RR TR AR P 0 TR IR
B BETERE. LSS Y L 2T
WA,

2t GC-MS 43, WM H ZE AT B SC27 1 i ok
TR =) B T IR . R T
A RERE, H 5B AE AR E TS L AR
JETE 95%LA 1o Hh T EBRIH IR F 257 1k
Ao dl &S IORIIE B B BT AR, R HE SR Bk B 1k
JE Wi A AL BRI, JFRERT AR AL E R AIE ., —H
B WP E SRR HESS MR . YRR, e
BUBIN TPERE, HE-R IR A A i 47 At T 000 A
HEMBPE S, B GC-MS M 2 Fiib &40
P55 DL A% R 4-G-2- i R Y REAR AL, AR RURE A
78% F175%, Horfr4- G -2- il K8 B A W0 /R
AR TR B o % B AMC I A I 1 2
53X PR A O, I HE ATl R 5 o A
Tt — PR 5%,
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