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AV REEEFIE R B L
R E N AR ER"

(BRI TR ®at 210094)

WE A& EME (surfactin) £ —FF R Bg AR A A A @ E WA, LA A6 £/ @&, 8% 2
FARRGE TR FNBREFORAA LR F IR FRPRIRATAD TR, EE
2 R o BAL, B TR AR B LA AR K6 R A, AR 5 6 R A e B Z 58 S A 6 8 )
ABAL AN A ERETRE AR K, 558, XREOMRLIHETREL T RSN, HRT
surfactin #9 25 #) AF R K B4 & Bt A4 e fe B2 T surfactin £ E F @6 B AR o
XA AmEFHE SRR AHERBERA WA

HEASKES Q815

FIATGPER (surfactin ) J& — 2R PR KBS A= ¥ 3 10
TP, PR AR IR ECE R MG R, BA R R/ 5%
TR e, SR T 9 i 22U, 2 3% TR V% A e iR 1 A ) 3% T i
PHH|Z — . Surfactin FF-F 1968 4EHy Arima 25" 7E 4G
FLZFARAT T B SR W A B, B R TE & R B
surfactin F 240 4 Fh[a] R, B R B R IF 00 4 PETR
PE L BEE RIS ITR A, surfactin 4% & I AE 05 VA A (1%
W) ML LT 20 M A iR A AR B ek, R AA LA Bt
T DU RS A YNE R BLAh, S5k R m g M7
FHLE , surfactin B {IRHEE 2 LE W R A R AT I R AR 2
PR AL TR 25 Al f il At i A i R S5
T AR A 2 R TS ], R AR R I . 4R
M7 H i surfactin (4 5 [ A 77 A 7 B AR R REASE /)N 452 1]
R, B AR 7 A B, TC 5 A A R THE T N S
o A HEE surfactin (35 7= R RE , LA R A 7= T2
PABE i surfactin [ 7 52 2 > il /7 2 A D 1) 1 22 ) AL
WA, it — 2P IF 4 surfactin JURR Y I F U AT HE AT 554k
SR ATE P FRIE BT 2 Al AN )

A SO A 4 surfactin 1) 45 44 F1 B A0 P T, 25 0R
surfactin [ 2 AR 7 A ER 1 FH 25 07 1T ) BIF 7 BRAR, 2
B B [1 L, FF X6 AR 18 e Dy [l AT e 2
Wk H #4:2019-12-14 & [8] H #:2020-01-16

= [ ARFE AL 4 (51778293) BE BT H
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1 Surfactin B SIELER

Surfactin J&—FP R EVERRIRAR AR, th 7 D2 HEER TR
SR IKFR S EE K 13 ~ 16 DERIF T 19 B-FE 3L
Ui R e LA P B SR 2 T B, T 81 1 R . TR
FREE KB I A BL IR I R R ANAL B AN ], surfactin H
BUZRZAYRFHIA . BRTEBR ZAET R
2% TP ) surfactin K224 C13 .C14 .C15 .C16 PUFFAS|A]
K EERR Wi BE 1 Hg BT G40, B IA v 9 58 7K P 22 0 1 3%
FE— AL F 2.3 4.6 FIT AL, M4 2008 FlR Al iR ik I
SRR T 1AL S O, B FRIABIAS s
A2 K B surfactin S5 44 ) B2 56 S I R 1) Bk
JRFEWA R 12 ~17 N, [FEF C 5% L-Leu 1 7] 4
L-lle L-Val BT o PR AL EESR 1 5 51 il L 47
153 F NABEAEF , surfactin BA % i F 4544, 76
TKARFAK /SR L, surfactin 5 FH“ T 3R 254, 1B
PR B-Haske ™™ m IR S & 0 T AR R
MRE Y surfactin =ZELE M FE 0 L6 4> T A% L 1 — Dl
BRI 2 FIEREL 6 TEMRPEA ZIR-1 TR A2 IR-5 M HE Fff
AR EAER B S — A /N g A ek, 8 5 — M, 5%
54 5IRBEMEEM R T — A EE MK, Kb
TR 3 FERHL 7 MOMIEES " Surfactin ) = 4E45Hy
PE— BB T surfactin f 4 030 2 1 I 4



106 h [E &) TFE 2K China Biotechnology

Vol. 40 No.5 2020

TEW A, surfactin 1] 5 o T2 AR F 55— AH Y
e LG VAT O VAT R VAT DI % o L4 =Y NI
AR 1™ o AV Y surfactin ik 31— 5 W JEF
I, g K B 2 BUK A HERS 12 A 3l AR AR, Kk
VA o055 7K 4 fih TR SRS AT, B £ surfactin ¢ B2 FR
Al B e TR Mk JF ( critical micelle concentration, CMC)
AE R ST P i i 14 A ) 3 T 3% 1R ) 2 — , surfactin AT
KK AR T 5K I3 A 72mN/m [ 52 27mN/m , 3 H,
o CMC B IR, AL 8 ~ 25mg/L, He 2% /K S il F-

QN

o

D-Leu

(' hydrophile lipophilic balance, HLB) {H & 14, EL.fF K 4F
AFLALTEVE, U A X O/W BRI FL, & I T4
REBAARITENER o R, surfactin A K471 i £
Pk, wT7E 3 B A 21% 19 S B A AR AR RIS ~
80°C )36 Y5 I A pH 8.0 ~ 130 {35 Bl A 5 e i
W R BTG FURE HUE R PR RO I
ST AE T T RO 2 R F L R B
P ATE R BT AN AT R RE

L-Glu

C12-surfactin A CsoHg7N7013

C13-surfactin B Cs HgoN; O3

L-Leu

Cl4-surfactin C  CsoHo N7 O3

Cl5-surfactin D Cs3HosN7013

1 Surfactin YL F %

Fig.1 Chemical structure of biosurfactant surfactin

2 Surfactin B9 % B4 =1 R IR

2.1 X% surfactin BIE KR E s

Surfactin 3% HH 7 22 45 22 [ FH P B A0 2 AT 1 L 5L
PR T A I 2 T A ™, 20 e 00 22 B 1 T
BV e A surfactin'®) ) HL AR B ZE AT
ST surfactin G8J) F SR LA o AR 2 FRLAT A2
— ML R T IR A AR AN T, AR R AE A,
ST RS B R L R IZ A T A
RIGREA I W NE TR IOH AT R 5, 58
A 2R R AN, BT R T PR 9 A B
REST S N 1 TR, KR R 2 AR R T
AT AP A 7 surfactin, 1B R 22 B0 AR 19 7 2 AR AR 1K
(< 1g/L), HETE,B. subtilis ATCC 21332 J& HHi
3 rp R B AR T TR G IS I R B R AR
HP=REAT K 6. 45g/L7 o RV It S3RE 7 e G
P R SE PR AR P T TR I A R R B I A X
ANFE P AE TR AT T AR 53 s DA i H 7

B. subtilis THY-7 J& — Fh ]\ 3 v 70 85 1 1y

surfactin 4= 7= J , surfactin =AY 0 0. 55¢/L, 4K
A Jiao 2550 F RS L2024 40 7, N B, subtilis THY-7
LR A R S8 JF sk 1 4 A3 31, PgroE \Pedd |
PrplK FI PsspE . Jl 3 i 16 , & I Pgrok e )8 3l ¥,
I 168 3o B A SR B R 8 THY -7 surfactin 5 i
(stfA) JRZH o SRIMT, FFAH I & A Pgrok WU LA 1A
WRIFABE G I surfactin, RGBT 142 35 FH REME 5 3 7Y
JAE) T PsacB I PsacP A PsifA, i 15 2 18 Bk 1Y
surfactin F=3243 50 1.09¢/L 1 0. 22¢/L, FGEABATA
THIEEY 3 NG RIRIA ST Pel \Pg2 FI Pg3 T ik
— s THY-7 Wikk, %G RUR 3T Pel Bhe T 3h
¥ PgroE 1J-35 ~-10 J¥ 3 #l PsacB 1) ME % TR 2 1E 7
(RAT) i ICF 74, A H Ak THY-7/Pgl 17 5 2
THEN 1. 44g/L, ZeB BUE 8T Pe2 JE1E Pl fH5ERE I
£ PgroE f41-35 ~-10 5l & 1 — B lacO 2\ T
Fe 4, 4 bR THY-7/Pg2 Ry 7™ & 3 19 m 2
5.98g/ LB R 3l 1 Pe3 2 AR 4 A B 28 J AT 1T Y
sigma K §- 70 (oA) 19-35 ~-10 RYLRSF 51 LA S s R 7%
Pg2 12> Gl 55 1 B it B D523 10 2 19, e ¢ 1 20 T R
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Table 1 Yield of surfactin produced by different strains
Microorganism Scale Surfactin yield(g/L) Reference
B. subtilis ATCC 21332 500ml flask 0.33 [22]
B. amyloliquefaciens MT45 500ml flask 1.04 (23]
B. subtilis CWS1 500ml flask 0.99 [24]
Bacillus subtilis MZ-7 250ml flask 0.28 [25]
Bacillus subtilis BS5 250ml flask 0.3 [26]
Bacillus subtilis E8 3.7L 0.75 [27]
B. subtilis SPB1 250ml flask 0.72 [28]

Microorganism Surfactin yield (g/L) Strain modifications Surfactin yield(g/L) Reference
B. subtilis fmbR 0.38 Replacement of PsrfA with Pspac 3.86 [29]
B. subuilis THY-7 0.55 Replacement of PsrfA with PgroE 0 [30]

Replacement of PsrfA with PsacB 1.09
Replacement of PsrfA with PsacP 0.22
Replacement of PsrfA with Pgl 1.44
Replacement of PsrfA with Pg2 5.98
Replacement of PsrfA with Pg3 9.74
B. subtilis THY-15 1.2 Replacement of PsrfA and Pg3 8.2 [31]
Introduce VHb gene 10.2
B. subtilis 168 0 Introduce srfA gene 0.4 [32]
Deleting the biofilm formation-related genes 1.4
Deleting the nonribosomal peptide synthetase/polyketide 1.7
synthase pathways
Over-expressing potential self-resistance associated proteins 3.8
Engineering the branched-chain fatty acid biosynthesis pathway 8.5
Enhancing srfA transcription 12.8

THY-7/Pg3 7E 5L KMl T ( BLA MR i &) & i
32h IR E] T 9. T4/ L, WL, SRS B 1 R A
W, THY -7 TA% B 8010 i )7 L s 28 77 3R S5 R
PR

B. subtilis THY-15"7" J& ly T 25 i 45 M\ 4 1 v i 1
H R o — MR G UL 22 [ B T, 1T AE 50°C (pH ly
5.7.7% NaCl B0 N AR TR RE SR 3 surfactin
PR IA 1L 2g/L, O T iE— 2D 4R JL 7 A, Wang
SV RLTHY 15 /R 36 AR T bR, EAT 3058 LRI I LA
HTPTG 753585 3 1 Pe3 ARG A 1A P 1) surfactin
B B Bl PstfA AR5 B B Bk THY-15/Pg3- sifA,
surfactin [/ 5 BB WA % 8. 2¢/ L, {HAE SL R EHEH
BB RS TR THY-15/Pe3-sifA I, i T A I 2
P E R S B RAA R, BL R A 5. 6g/L,
R TS TR AN R, AT R B T — gl R I 2T B

F1——3% B B A 1M1 % 1 (VHD) ) VHb 7746 T &1
o AL T ) B o RS E B SR A TS o I
At . 7E KRR MR A 3 T K 3 T, 6
pHTKanR-VHb HeHF Iy VHbD LR S A THY-15/ Pg3-srfA
LA T — R ey AR THY-15/Pg3-srifA(VHD) |, 87
) T AR A LEAR I A P2 5 10 2/ L, el VHD TREH
M= 1 25% FE R IERE ) =ik 8. 6g/L, R R
REMA I R4 0L v 1 o (A TR AR B il . R
S v A R AR ARG, 35 S T 3o R P R 09 96 UK ) A
AIF o Surfactin £F: A 2 T 175 P A5 5 08 4 1 25 40 2 1 35
PR, A8 R WA 7= i R v, il 2 0 2R B, A T ke
LR g I DNURZ NI BB S CM R, N U AE P
SECA R T, R T A A K TS B0 R
W, FEssmat ol A VHD 3P o) 075 5 T e,
W REAR T IH I AAS .
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B. subuilis 168 HA7 W Aff 5t 4% F & 15 5, IEBOUW
PEHAEB A RO WIMIE DNA 5 T oAk, T st 15 1
VERRE X A= 9, (H AR B R 7 surfacting V175 K2 1Y
Wu % PR T B, subilis 168 fE R T £, R R
G LA M A surfactin (175 P (1) flLAiTHf
NGNS BT o 7 B L I VOl =T I
amyloliquefaciens MTA45 [R 523K sfp LK HE A3 B, subtilis
168 H i AT A A surfactin (4 RE 7, 15 1 1) H 20 14 bk
%5 16881, 775 0.4g/L, (2) flufi 1221 BR 1T —
o W JE B RE R M 56 3k [H epsA-O . tasA-sipW-
yguM 0 LR R R & R T pps
dhb | pks fE1FRE R TR F B 3B surfactin A2
FAHR XA surfactin P — 2B T 3.3 %, (3)
T surfactin ALy 0P RS R AT RA —E B HRIAE T, A
MITF B. subtilis 168 [ surfactin F= &k —E 42 5, K
AT A e N A R S Bl P43 kil KRGk B
subtilis 168 T AE 4T IE A DG F1 , LA O 243 240 M X
surfactin [T 52 1. AT IR B 2 63K T %€ 4 surfactin
B I SwrC FIVEAERYS B BB SCHY AcrB™ 1A
LW 5y 2255 lial HGFSR ﬁ%?})&%m] , 13— 2% surfactin
PR T 8.5 M. (4) 1A A IE i B S BE R T 1R
A=W LR AR G TN 1A S BRI R ) AR 1V, 4 surfactin
PR A 8. Sg/L, LW IR B RR A 7 R e T 20. 3
fo (5, b T 40 0 A S W T A 2 A, At 1D 5 14
S srfA e Al SR A O A KRR R B
surfactin A= ¥& %, 2% surfactin PN 12. 8g/L,
725K 65. Ommol/mol JEME (PRI /= 21 42% ) . %t
FERHARBNR AR A A IR A 7 T bR A & 7 TR AR,
surfactin [R5 7= K BEBEE T RAFAOFERE
2.2 REBEFRERRBSHMAN
2.2.1 REEFREWYE B FIELREKE
PR I — R ST B, e K Tk R R A
Wil R BT 2 — o Al B 2F ST ™ surfactin (Y315
Frdk T EA R R IR AN TR =R, XS
SEYERF RARAE A QA SRR , X surfactin ()77 B2
LIRS Ne

BT, G 2 MR G T L TR AL 470 3 45 R
TEP surfactin, LRABEZERRIFE NG & surfactin (1 &
FiEr 7= Al-Ajlani 25/ 1 Liu 261 282 7 — R 55T
JEORE S A 55 25 F AT 17 surfactin (952 00 , 6065 3 45 4% |
BB CEFURE 22 200 RERE BRIl VA PR Ve by A
Ko PHLHSZG 25 R I, 25 R s 2 W A i U5

B, surfactin = 54w  (H G2 (9 28 90 85/ o R, T
AT &, AR IZ T surfactin AR BEA T, I
Sb, Bt 2L BT SR W], B IR 2 o A A A BEAE 20 ~
40g/ L BN I8 L, WA W B 1 e 2 S EUR BRI pH .
ETWE, AF T surfactin BIACHHE R .

N T R R W AR R S T I AR AT
TR 222 221 B ) Al P2 5 8T AR Ay D e
(BB e surfactin, Q1% 2 Ff/R o i, Zhu 2
JH Bacillus amyloliquefaciens XZ-173 LIFg 5 F K G4 K
FRFURLEAT [ 25 A B 45 surfactin, 7E 250ml {35 57
L B AR IR AR NG SR B P O A Sg Kk 4g AL,
2% (m/m) 7% ZEHER 2. 65% (m/m) H i, pH g 7,
15.96% F4%Fh it ,26. 9°C 5 9% 48h,, BifiJ5 16 S0L % [
R f A A5 1, 7 AL 15, 03me/g J5URE, Zhi
S R BER R (DGS) 1F b SRR 4 BLAT 507K fife i
PR B, amyloliquefaciens X82 5 W] Az 7 surfactin fY
Bacillus amyloliquefaciens MT45 H:33% 3% | 5 K =35 5
3.4g/L JE MR SR 1.5 i, R AN, (HiX 2K B
AR R AR, BRI R B R 2, XS S
surfactin )3 B AR K AL B 25 R AR . I,
KA surfactin K BEATS LB BSORE A

Tl 5 2 PR T A3 5 8 surfactin 5 A o a] 1 TG
R AL IR CRLEE PR R DA R I 2 el
THALY & K 900 24 DY S B R B 4R SO ) 1
TAHLAIR[ 46 NH,C1 \NaNO, Fl1(NH,),S0, ], Abdel-
Mawgoud 25 PEAN T — R A4 HLA IR (R R R K
TP RESRIRCY) A R T EE R ORI ) AN ML AU
[ NaNO, .KNO, .NH,NO, .NH,CI .NH,Br.(NH, ),CO, Fi
(NH,),S0,] X surfactin =& f) 521 , 45 5 2 HH NaNoO,
S % surfactind (6 5 HE LR, FL NaNO, ¥ JE Y S -
10g/ L}, Bacillus subtilis BS5 ) surfactin 7= i 2 5
1. 6%, 153 0.75¢/L, HWZ ST N NaNO3 2 i
AHT surfactin K AR PSRRI BEAh, B SR B i
C/N Xt surfactin ()77 AE A HA B E 520, Ghribi
F Ellouze-Chaabouni ™ 3@ 33 J# %5 C/N F Ak surfactin
W e =i, B3 C/N N 7 i} Bacillus subtilis SPB1 &
JEY surfactin {7 i8R T L2 A .

A i TR 2 5 Z A RS, WA
surfactin JIAEMIE AL, Hrp Mg®* K+ Mn®* il Fe** X
HELE AT B A3 B surfactin FLAT T BB 0 Wei
a5 Taguchi method Bf55 T Mg®* K" Mn*" il Fe*
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F2 AREFETEHN AR INEE LT surfactin 7=

Table 2 Production of surfactin using agricultural and industrial waste as carbon source by different Bacillus subtilis

Microorganism Agro-industrial waste Addition of agro-industrial waste Surfactin yield Reference
Bacillus amyloliquefaciens XZ-173 ~ Rice straw and soybean flour ~ 5g soybean flour, 4g rice straw, 2% 15.03mg/ gds [41]
maltose and 2.65% glycerol
Bacillus subtilis MTCC 2423 Rice mill polishing residue Total carbohydrate ; 4.76g/L 4.17g/kg residue [42]
Bacillus subtilis MTCC 2423 Waste frying sunflower oil 50g/L 14.9mg/g [43]
Waste frying rice bran oil 50g/L Ilmg/g
Bacillus subtilis Hydrolysis of olive mill waste 5% 26.5mg/L [44]
B. amyloliquefaciens MT45 Distillers’ grains 200g/L 3.4g/L [23]
and B. amyloliquefaciens X82
Bacillus subtilis 37 Feather hydrolysate waste FHW (1%, V/V) 0.523¢/L [45]
and glutamate mill waste GMW (4% , V/V),
Bacillus pumilus UFPEDA 448 Okara 50% 3.3g/kg dry solids [46]
Bacillus subtilis ATCC 6633 Rehydrated whey powder 10% ~20% 0.18 ~0.29¢/L [47]

X} Bacillus subtilis ATCC21332 7= 4= surfactin 1 5% W o
TEBAH Mg a8 K I, surfactin 475 T3 0. 4¢/L,
YARTEAE Mg® ™ i Fe’ " i, 7= il PR 0. 69/L A 47 o
RING, 24 Fe’ " & Mn®* ot LA — MR B surfactin 72
eI an B AR = B 4 5 T 80% , X R W)X 4L 43 ) 15 1
Z I A] BEAAAE —Se Pp R4 . Wei S5 3E— 2044k T
Mn® 20 Fe? 2 i A, SR ERAIN Mn® " F1 Fe®* 1Y
B AR L, U 0. 01mmol/L Mn** A fifi surfactin F= &%
H1 0.33g/L #2555 2. 6g/L, ¥ fill 4. Ommol/L i) Fe’*
surfactin ;=1 5 75 3 000mg/L 4 g ¥k &, surfactin 7= 5F
S3 TGN 8 A5 10 %, surfactin {47 80 4 15 5 24 mg/
(L-h),
2.2.2 REHEESHMRAA BRTEFRERITIN, K
Wt A P A E S B 23 B 0 surfactin (19774,
S PR R A AR IRLRE (pH e Gl AU A

ANTR R A= 77 T AR G R ) % R Ui R A5 AN AR TR] R %
BORG B 2E AT B REAE 25 ~ 37°C IR AR K, (H AR 3t
PR surfactin B A9 RE AR AR O AN [R] T AS 7] - Sen
H1 Swaminathan"™' % B}, Bacillus subtilis DSM 3256 =4
surfactin [ AR} 37.4°C . Banat™ W] & 4 Fig
PEFAAT B AE 40°C DL E AT LAA: 7™ surfactin, HASFE 1A
surfactin (YT Mo A [ ik B2 X [7) — T ok 119 7™ L
AR K 5% WL 1, Abdel-Mawgoud % { fk T
Bacillus subtilis BS5 15 37 &1F, K Y B FRIEE N
25°C 8% 35 ~45°C i, surfactin P= {4 0.8 ~ 1. 0g/L,
7E 30°C B, surfactin P2 R #2755 %] 1. 5¢/L, A UL, ii&
JSE R TR X R T R S AR . A, B 3R ALY pH

% surfactin 2 A 55, Abdel-Mawgoud 250 ()
S ZE LR 7 pH K 6.75 B, Bacillus subtilis BSS 4=
7% surfactin f{ I, 0 2. 252/ L,

Surfactin Y & B AR 7 1 R O e S S A DA I fi
AL U surfactin A2 T UL R RSB
—o Yeh 257 [5G 28 A PR B PIH  A  E
JEE XA R ZF FFF R AE 7 surfactin 47 RSN , $3P 0
TE 200r/min B, surfactin (19 72 48 #% &5, A 3% 3. 5¢/L,
Ghrib I Ellouze-Chaabouni ™ 7£ 2. 6 L % [ i fi A5 F %f
Bacillus subtilis SPB1 4 77 surfactin B 1A R & 34T T
WF5E. R T BB AR AE surfactin A= = rp )2 il
TIHERA R B i ] TR IR s i 2k 25 2R 3%
B, it 5 v i S 125 21 30% , B AR 2L K D surfactin f 4
FEERAR RN TGS . FEIRE T, surfactin [ )7 R A
F 4. 922¢/L, MR B £ W12 24. 61mg/10" CFU,
SR, Bt V8 Ak S )k — 2D G 0, surfactin 4 7 4 25 (.
F AR, SR E 53 0 40% 1 60% I, surfactin [
R 4. 230g/L Fl 2. 609g/ L, 3X 2 PR Ay 45 1 32
TSR R 2 3t S A TR VR MR Y TR S AR, O 9 R M AR
S PHRFE L 3, 3 B4 Wy /b, 1 Jo 3 4 e, A
M4 surfactin (977 EFEAR o SO, 7™ A YLK (L RLIA
SIMORGLTE YA A ) B RS R, AT,
BRI S EREA AT surfactin (= 4R T (HIE ™
T ULIR )RR ] 1 % B0 23t ok — ZR 91 ™ B A A A
oM, PRI, surfactin & PRIt P i 9 96 DR 445 1) a2 e s
AR — 20 O B SC B RE 22 B H i Bk 2 A
R F-Bo
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AN 78 K AR TP s in /b i [ 22 FLARAA (AN i
A IR 1) R 2 R R A R 2 A T Y surfactin
PR B, R SR A 25¢/L I A gk, AT
surfactin & & 15 2] 3. 6g/L, L JC 2R W 1A 15 37 1)
surfactin 74555 H 36 5, Kan 25 £ & T Gh 0
A 2¢/L 185 JE R IE ALY (Mg-Al LDH ) #J i
Bacillus subtilis CWS1 {1 surfactin P2 $2 5 £3. 789¢/L,
AN Mg-Al LDH S 41 18 A 2 0 g 35 7E H, PRk )
WOFEI 1) A0 B 53 W 5T 22 1Y surfactin SRLR$ H £, Chang
S5 4E Bacillus subtilis ATCC 21332 5324 Hh s de/ L
ft) Mg-Fe LDH( Mg / Fe BE/RH, ok 20 1) B} surfactin f= 1
A3k 5. 280g/ L B2 BN AN 4 v S A . AATRYBT SRR
W H 4K Mg-Al LDH 7E—E R B o I 40w i AR I
{H Mg-Al LDH R k25 [ it 5045 F1) T surfactin (1)
G I, A R B, (H 2 surfactin (147 5 X))
W AR TR AR R4

AR BT, HE R Wy 00 TR 1 0 b L 25
DRRIR s B P 4 S I [ | BU 2R AR W o, DT 52
AR P /=, Ghribi fl Ellouze-Chaabouni ™’ 3§ 3 & 3
HeR i, B8 T AREWIR ODgo Xt surfactin 7 5 (52
R MW ODgy, 2 0. 15 B surfactin [ )% 5 fx
fE, 735 2. 04g/L, LL AL 42 5 1 2. 55 5. Sen F
Swaminathan** $E4T T 5 [y BE 1 Rl 3L B i)
Jop T AR AR A RN 23 Ao BB R4S B Y Bacillus subtilis
DSM 3256 S5 fEHERf i 730 Sy « S A A1 0 A e o
39010 56h F15.5% (V/V) RA SR AR FI4 7 it o
K 4.5h f19.5% (V/V), 85REY, —PHEKR—
PRALFD R AR — B Pl i B AR — A M 4E
U R R P A R A T R surfactin 7 1) B
A5

KZEL A7 52 5 K RO & I ) 7R 1 s i, {HL
SEBR b KA R A R 3R ) S AR A 2E B TR O — 2k
PR BN AL R TR 2255 5 8 21 R DA 31 5
HERIE IR Ao Fan 2507w 17 i 17 9545 31 5% 5% B.
amyloliquefaciens B15 H)EA3: 5514 « %% b 36. 28¢/L,
T BRI 12. 77 ¢/L, 50 100ml 4] 84 pH 6. 82, %%
3 2251/min,37°C 1555 51. 69h, 2 surfactin P72 5
T 23.19% . Wiz S TR 3% 08 A6 A% 2] Bacillus
subtilis LM2303 5z 4t & W T 20 45 4 S 15 37 39h il JZ
31°C H5# 1731/ min JEFPE 5% 25 3E 100ml/250ml
R EBE ST, surfactin P2 R SR RALET 1. 6 £,
AR AN BEIE S PR R AN LM T

R 255 X surfactin % B S TR R G 2 B HE AT
k.

IR AT AT D TR PR B R I AR LA L RN
BRI S A X surfactin i & B AL 7 00T T R AL
b, surfactin (& 7 5\ 1g/L &7+ 2 12¢/L, Jy itk
— S surfactin f & BEAS 77 BEE T R AT SRR, H
H R A TS Ay 55 50 28 0 R Bl /)N e T 2 7 R
IRTCTE W 2 S BRI . b, TN T Y 2
surfactin %2 [ 2F 77 1o T v 14 77 31 3 UK ) R ) T
SRR TR BRI (4 R, A BR ] surfactin
AT R OGS R R BE 22, IR UL, E BB B, surfactin
(R R T AE 7™ AR 348 38 T % 5 Ak 2 3 1T M SRR AL

T
3 Surfactin B9 E{EA

Surfactin (i T HAEZIL R Ak, EEZ) Lol &
i B AR AR A U B A R4 TR S (HE
REH I AU AR T A 22 e T 1% 14 90, 72 H A
1 S A 77 BIDIR T, surfactin 3 6 325 15 14 2% 3% D P 571
HATTE S, Joik HAESC I Tk AR o
3.1 Surfactin By 951

VAR, K A58 L BT, surfactin H A 3 62
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Fig.2 The mechanism of destroying cell membrane treated by surfactin

(a) Schematic diagram of inserting into cell membrane
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% 3 Surfactin X} 455 E#k A MIC 1 MBC &
Table 3 MIC and MBC values of surfactin against different strains

Microorganism Inhibited-strain MIC(g/L) MBC(g/L) Reference
- Shigella dysenteriae 0.15 0.2
B. subtilis MSH1 [72]
Staphylococcus aureus 0.2 0.25
Bacillus subtilis S. aureus ATCC65389 0.032 0.128 L]
B. subtilis MB198 , MB245, MB199, Candida albicans SC5314 >0.1 [39]
and MB200
Bacillus safensis ¥4 Staphylococcus epidermidis S61 6.25 [73]
Staphylococcus aureus ATCC 9144 1.56
Agrobacterium tumefaciens 3.125
B. subtilis AM1 Legionella bozemanii ATCC 33217 0.001 [74]
B. subtilis PB2-11 Fusarium moniliforme ATCC3893 0.05 [75]
Bacillus subtilis ATCC 6633 Staphylococcus aureus ATCC 29213 >0.5 [76]
Bacillus subtilis pB2 Staphylococcus aureus AS1.2465 0.02 [77]

surfactin S EY 15 22 Rt 1 245 106G 1o 0T 4 i 48 S
JEAR AR K BBt RO . AT B T 45 2R R 1
P A 1 surfactin [ 24 (surfactin A \B.C Fl D) f) MIC
20 64 pg/ml, surfactin C 5 R E R (COL) (i I»
B (NFX) | 18 FR (0TC) HEF R (SM) Mg R (TIA)
Ft[a] fd ] A] i & B I Pathogenic M. hyopneumoniae
(ATCC 25934 ) FAFI% 28, R I RAFMHBE R, X
M surfactin V7 1] A Sy SR 26 G 1 9By 5030 97
Wil
3.3.3 A & ATE M R A Nitschke 2™ BF5Y T
surfactin 5% W & 4 2 %% Listeria  monocytogenes .
Enterobacter sakazakii F1 Salmonella Enteritidis 1£ /55X
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BRI 26 B F1. 3R R & B surfactin YR NN
471.56mg/kegP 943, 12mg/kg [N 1 1 886. 24mg/kg A
I I87X6F P ALTE 4°C i s B A — 8 IR EEASCR . S5 X IR
HAR L , =Fh R NE Y surfactin G8BH W8 2% A AL P FLIER
TR AIBCERL I T JR 1) A K B, IR MU R 2R 5 O R TR
SECEAR , 5 R B AT/ T 20mg N/100g 1A,
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MR F Nisin 2H, pH AH X 2K, J2%CE 45 fr £ W
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FRRORARL 75 5 | A2 5 T, UG 52 W) 25 T e R ) 7
IR AR, A, surfactin (19 42 96 M AE A AL, B
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Recent Progress on Fermentation and Antibacterial Applications of Surfactin

MEI Yu-wei YANG Zi-yun YU Fan LONG Xu-wei
(Nanjing University of Science and Technology, Nanjing 210094 ,China)

Abstract Surfactin is a kind of cyclic lipopeptide biosurfactant mainly synthesized by many Bacillus subtilis
strains. Surfactin is well-accepted as one of the most powerful biosurfactants, presents excellent surface activities,
can significantly reduce the surface tension force of water to below 27mN/m at a concentration of 10-30mg/L. In
addition, surfactin has great biological activities like: anti-fungal, anti-virus, anti-tumor, insecticidal and anti-
mycoplasma, and thus has of great applications potential in the fields of medicine, agriculture, food, cosmetics
and petroleum industries. However, its real industrial applications were limited by the high production cost and
lack of specific application yields. Many efforts have been done towards the improvement of surfactin production.
The recent progresses on surfactin production, and its applications as an antibacterial agent have been reviewed.
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