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Abstract: Bacillus spp. are probiotics and can secrete a variety of natural antimicrobiol active
substances, of which lipopeptides are an important class. Up to now, about 90 lipopeptides have been
identified, and most of them are cyclic lipopeptides. surfactin, iturin, fengycin, bacillomycin and
polymyxins are widely studied, and the first three have huge potential for application due to their
properties of surfactants and anti-fungal, anti-bacterial, anti-viral, anti-tumor and anti-inflammatory
functions. In this paper, the research progress in the structure, function, synthesis regulation, separation,
purification and production of surfactin, iturin and fengycin was reviewed. Synthetic biology is a vital
means to increase the yield of lipopeptides, and in the future, lipopeptides can be used in crop
cultivation, animal farming, food, medicine and petroleum industries as well as environmental
protection. Future research should be strengthened on the discovery of new lipopeptides, synthesis of
high-activity lipopeptides, economical production of lipopeptides on a large scale and their safety

evaluation.

Keywords: Bacillus subtilis; lipopeptides; structure; function; biosynthetic regulation

EHFTE B (Bacillus spp.) ANEET 12 HiAT
TETAYRFALS D, E—HKTEL0l . Tolk )
P 24 13 A S 40 ek FL A R AN (B e A e
HAMEZERIAT B (Bacillus subtilis) J&=—Fh2s
NIRRT, ©) 1z F ARG S P iR R s
I3V SEFRFT TR 20 B S B T M 9 05 S G
AL A AT R A, RERS AR HEAR Y A
KW F Sy A FPED, PR R
DA R 3 3k 5 4 3 6] VB 3% B0 4 X TAE Y0
JE A S B, B AR ZE AT R A A 25 AR
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PR e ZRHL0, BH0EE IS b & Y
SRR A R R EEN R —, Wik
Bt B IR B9 TR A 5T HAA E1 2 3R 3 A
AN E

ZRCFHIAF A AR i PORYER)
HeRK. BRI SR gS i i ge 2 4E, PERE
FasE, REEWILR, Al AR, A
1 DN 7SN = o |4 2 o7/ U 2 i
UM RWmEME R (surfactin) . PAEEE R
(iturin) FIZF¥HZE (fengycin) ZEHKAY 3 N E
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BRI X 3 DRIGHZIIRIR, #EH—1
AR C HER ) B-F2 I NE T IR B S ph AN [m) 2 ik
PR B PRIRAR . BT C 85K BE AN [R) e Z S
WA, 8o AR, BARFER)
fit. AT AXPUA RN surfactin, iturin, fengycin
FELER 5 UIRE . A BOPL AN 8 45 25 T B LS
HEMEHERE . 3 FIRIRIKRG AR BN E, )
REFIN FHINEA B KR 2ZE R . 9 EIR surfactin
ANAXT 4 7 1z sl A P R 0 B iR CAE
JUU B TR PTR BE /BT TR T M o A 2 1 T
PR EA 2 A", fengycin F iturin 18 % L
BT EE S N N #A . = H
T AR A IR S S Y, (H=F G
B R S R EEAILTAS TR o i i B R
FEOUIF R, BRREAE surfactin 177 5 KR4
R 12,8 g/LM, SHIRENR K MU A I RE
TR, AR ERC A D RS
TR (H G BlegE A b R LSS R . ASORE
1A 45 surfactin, iturin Fl fengycin FJZ5H4) |
Tiee . A AL RS L o Al A AN e A
DL R 38 45 7 B ke, IR R AR & e
WA TR, A BT A AR X SR AR AR
Ao FIRAEALE . ERIPLEE . RO R K
TE7 it B e AR o

1 4UH B R S ) o

JI K S — 25 P 5% K0 BORR B A 4k P B K
FEE 7K A K B B 7 12 79 38 4 2 K %) 485 v v
ZREVER A R PR, T AR
() AN [6] AT 43 A FRAR B BR A PR BR BRI 2 o
JIK 25 A4 1 22 B 1 B g S TR D 2 AN TR 5 B
Ah, BRI R A 1Y K B AN 4y 30 25 Sl R R
K. BT, 26 MFEHL 90 ML EDIE
e, Hrb 24 AFKIEH 86 Rk N IR
K, RAFRTH 2 KK 4 PR LN
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JRUST S 7= i ok A Bk A g 2 R 2 AT B 4
W, WA ZERFE B (B subtilis) . HIAZEAUAT
B (Bacillus licheniformis) . 2 #h %f ffd ¥
(Bacillus polymyxa). f#IER ZFAFTFR (Bacillus
OO % AU 2F A e
(Bacillus methylotrophicus) . %= 48 # # T
(Bacillus atrophaeus). R (3%) HuA 25 fFF A
(Bacillus paralicheniformis) . %8 /]y 2F # #F
(Bacillus pumilus) . 3% K ZF L FF & (Bacillus
cereus) . ELRZFHAF®H (Bacillus megaterium)
&, RN MEER  (surfactin) . AL B R
75 R HE %R
(bacillomycin) . Z i # & (polymyxins) &5 &
SEAUFT B P AR AT B I IR IKU S BN TR AR T
DL A /b — R IR K, A B AR AT [ I A2
surfactin, iturin F1 fengycin!""®, J&IEEA T
METEE, FER0 R A KOy R
1.1 Surfactin

Surfactin J& i & 27 A 1877 A2 1 — 28 e
BEPURTEPEYI . 1968 4F Arima 55 I W24
HAE Ry — Fh A 0 BE i R, JF Ao
surfactin®**!, A W1k 4 MK E , surfactin
A% 17%HINRFA 13%01 ke . B4 surfactin
JEH 7 o~ BRI A — K C13-C15
PFRFERG IR, LA EREESE 58 A SRR A S
Yyor ¥ BRI, surfactin 47 7 HL AT )
Glu 1 Asp JE W — UMM AELSF3, EPT
T BRI RS ORISR, (A
Fl &AL A 2 R surfactin 78 KR b i
R R FEFRITF /& L-Glu'-L-Leu®-D-Leu’-L-
Val*-L-Asp’-D-Leu’-L-Leu’™!, WK 1A Frs.
TS B35 2. 4. 7T REERARSY, NBIITR
HRR S BOAS [F) S A Y 1) 25 55 B0 surfactin H
AMRZIE ZY AR A4, 1991 4F Baumgart
GHRIE T E MR REE A LA 7 AL L-Leu 439l

amyloliquefaciens) .

(iturin) . (fengycin) .
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B L-Val F1 L-lle FrfUCHBIFS surfactin [A] 5
Y, surfactin A (Val’) Fl surfactin B (Ile”)**,
1994 4 Peypoux 55 X il | —Fh e S8 ik 55 20
WHIES 4 f L-Val #% L-Ala FrHUCHY surfactin
(Alah*, il (4 BIF 53 RS o b 5 T+ AR
[ ZY . AENERA surfactin HA 405 A0 40 #E
R 25 5o

R, RE R SR TR IS R R R DT R B K R
GEH N C10-C12) HyIGAnmsg s, Ji s mRsE &
HHRLZMET (14 5 16) RIIRKEA FiRbt
20 0 5 M BT BB TR PE RO, surfactin BRBE AY 1K
5 ) FL R TG e BE B RE T, BE & AR IR B ik
R BH M 2, sk RS, KR B BE
F1 5P

A CO—1-Glw'—1-Lew? —p-Lew’ B CO —Lr-Asn'— p-Tyr’ —p-Asn’ C
| I | CH,-(CH,),-CH(OH)-CH,-CO — 1-Glu' — p-Orn?
CH, CH: : N -
7 L-Val* | LG Gt — b Ty — Lolle —— 0 — Ty
CH-(CH,),-CH CHyGRHGHACTL)GR | e -
| R' R? NH— L-Ser” — p-Asn®— L-Pro’® L-Pro’ p-Ala® —— 1-Glu®* —— p-Thr

O—r-Leu"— p-Leu® — L-Asp’

1 Surfactin. iturin 0 fengycin &— % 544252
Primary structures of three lipopeptids. (A) surfactin, n=9—11. (B) iturin, n=14—17. (C) fengycin,

Figure 1

n=11-15. n: the number of CH; groups in the peptide chain. L and D are L-amino acids and D-amino acids in
the a-amino acid residues, respectively. Modified from [28-29].

Surfactin HAJHEF PR E5 1, 20T/
AT VR, RE A% AR TR R R TE 9K T
B RGFrEM . . . KRz ibsy
P, e Tl i B2 W A (R Herpxd
s R FLARAE R, R] ] T A s e A 3
MR, ATRRSeA i, sRfb AR, B
fift 83BN, surfactin 16 BEAT R /N R K T 2
[ A5K T, SRR ER e 2, I A
BBl ae 1,

Surfactin HAKMPLEIEH . Krishnan 5
TERSN K& B surfactin XF 5 ER 8 JJ B (Fusarium
moniliforme) SR ZH R #E g %,
Park 25 % B0 D1 S 25 /AT IE  (Bacillus velezensis)
GH1-13 73 WA 17 surfactin X 22 R g 47955 It L R A
BORMEEHOER, BRI 24 K BY,

FrICZ b surfactin A RILH PO EE . B
FIPL S AT, HA R R SR A7 m D e,
Qi % HiB Bacillus amyloliquefaciens WH1 7=4=
—AhRmIETER, @48 WHI fungin®, Gao
ERIAELU/NFCONBARIF 3250 WHI fungin

&: 010-64807509

REfE R T RUBE IR,

Az )RR — Tl 25 0 52 4 1) 22 A B A W
%, A2 R ee LR Al e, I A
BHAEY) R o surfactin 78 25 BRI AR TE WG 1)
A= W) T Dy T R B A R RE o VT 2 SRR
B, surfactin BE M FRAR A BEDRS B T Ik
JEH) surfactin 5 B — 20 B 5l TR 45995 Jt A4 et B[]
LMl REME IR HAE MR . DR, 7E LB R ik
HEYTEINBFFEAR A RS, A3 A
YIRE BRI, surfactin $U4H 1R 26 & 14 NPT 40 B
TE 1A P JE e P LA W A Y = 2 o A A

EHRFERENE, AR A surfactin i85
FIBTES R R IHE o Geetha 543 25 1 — Bk 2F
AT T8 43 W 18 surfactin XF #582 M I (dedes
aegypti) . RNAEWL (Anopheles stephensi) F13R K
FEML (Culex quinguefasciatus) AT KBEEPE,
AT B 6 AL R e 45 0 T Bl 45 i H
1.2 TIturin

Tturin & — S5 ZU 40 i B 5 A 09 A Ak
BB . TELEH 1 surfactin 80250, [H]
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FEALE —AH 7 4> o-Z BERR AR HE A A IR
MR K. LR 7 a5 R
Ser, HH 14-17 4> C JRF IR INTRR BE 1) p-24 5
MR ok E % (B 1B). LR LR T 51N
(L-)Asn-(D-)Tyr-(D-)Asn-(L-)GIn-(L-)Pro-(D-)Asn-
(L-)Ser, ZZE G FEAFERAIA .« iturin A
C. D. E, HHEMNER (bacillomycin) D, F.
L. Lc M¥LEHEH K (mycosubtilin), 1
k% (bacillopeptin) 212, Hodh i HAA R E
1 iturin A H—F 23-17 IR F 1Y B-2
FERR WL 7 A2 B PR ik B4l Y FRIR S 4
HIRIREEMI 7 2K Ser RURFLA B-E L Ag Wi
R )RR AT, Ser6-Asn7  H 40 f# (L
mycosubtilin, ‘ERPLETETEW iturin B 5. 1
bacillomycin FJEARZEHI A iturin A 224, HJE
TE1, 4, 5. 6 F17 (L EMEASERA AR, 7
A bacillomycin D, F, L. Lec.

Iturin X &5 JK (Cucumis sativus) AP
PR AEE R . /N2 (Triticum aestivum) R%F
WA B RAF B AR Y, Ak iturin 5 1R5%
I AR, (HHAEPRTE MR surfactin N[,
XFEE (RAEEEREE) BA SRR,
(RS AR ASHUVE AR /NS, B9 R0, B
R 2N 21 €0 T oA LA A A A
Iturins PUEHE) ", FUEMES, #EMEAL, ok
ik, WHETRT .

1.3 Fengycin

Fengycin H B-# 05 MR A1 10 2 JE IR 5%
FEMNRA B, Mg nE 1C R, JBN
PREEFEAE R 14-18 a2k, ARBE &
4 4~ D-FFERFN 6 > L-F MR, HKEE ZAIERR
ZH )8 A L-Glu'-D-Orn*-L-Tyr’-D-Thr*-L-Glu®-
D-Ala® (Val)’-L-Pro’-L-GIn®-D-Tyr’-L-Ile'’, Jik%f
55 10 £ EAY Tle FRIEMIE 3 A7 Tyr bEEHE
BATE IR GE T,
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Fengycin FZAGMFPEA! (fengycin A Fil
fengycin B), MRKEEMTEE 6 7 L& Ala B, J&
T fengycin A, T 24 BKEEIEE 6 7 I J& Val B,
J& T fengycin B**, 23 FH7E 1 500 Da A£47
il w5 A5 W R
BMG302-fF67 fil B. subtilis 168 j=H: i)—Fh il
fengycin AR WML R AGIK, HG5H S BT Fl
fengycin KECHIE, HATZHBOCHMGHIHZE T
fengycin £ %1%,

Fengycin HAT RAFAII LR &M, JUHXT
2o AR ECTE S A A o X 4 R R R G4 AR,
READ ) 05 A Mg A W RE I A2 AUTEPE. AR,
fengycin I HA B AMERSY, Piewngam
SEUE MRS BL2E AR AT 1R 77 £ 1Y fengycin R 4x
O EBR A (Staphylococcus aureus) TE/)
PR e s
1.4 Surfactin. iturin X fengycin Z5#3%0
Ih e B ELER

ZEHUFF B 77 A 19 surfactin iturin & fengycin
HRIR IR RIS /N FIE R T, R A SRk
JREEFUE R ksEE, BAXUEN:, #EAZH/
AEYNEYE, B =F A B AR, DhREdA
225, I WA AN F (R 1. B
IKEA ZMAYETE (NPT . PUWEE . I
R AR, JERR— MR E 2 n Fe ik 2 iR Y
JEZE AL, BV A B 1 40 R LT B AR )
JEE, i IR BUAL BRI B0s E VA, AT
A AT . XA REE AT LLUAS B i K A P 3%
PEAF LSBT, G Rl 40 M8 i JOR 19 T 3] 2 4 %
TR A A A R P S AR ) 2 D) R A, Xt
FLFGANTE . TR RN BN B TE N ) 22 R0 AR 0 D A
WA FEHUE . Tturin 1 fengycin HAHLEETE
PE, T surfactin FHA B 72 BT RS P
WP FAVES) R H )

(plipstatin) J& FH B. cereus
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% 1 Surfactin. iturin X fengycin Z5#JFNIh ERY LL 3R

Table 1 ~ Structures and functions of surfactin, iturin and fengycin
Items Surfactin Tturin Fengycin References
Molecular About 1 036 Da About 1 057 Da About 1 463 Da [21,43,47]
weight
The length of  B-hydroxy fatty acid chain, C13-C16 B-hydroxy fatty acid chain, p-hydroxy fatty acid [21,42,47]
fatty acid chain C14-C17 chain, C14-C18
The length of  Seven a-amino acids Seven a-amino acids Ten a-amino acids [21,42,47]
cyclic peptide
chain
L-Glu'-L-Leu*-p-Leu’-L-Val*-L-Asp’-D-Leu®- L-Asn'-D-Tyr’-p-Asn®-L-  L-Glu'-D-Orn*L-Tyr’-D-  [21,42,47]
L-Leu’ GlIn*-L-Pro’-p-Asn®-L-Ser’  Thr*-L-Glu®-p-Ala® (Val)®-
L-Pro’-L-GIn®*-D-Lyr’-L-Ile"
Subtypes Surfactin A, Surfactin B Iturin A, ITturin C, Iturin D Fengycin A [53]
Esperin, Halobacillin Iturin E, Bacillomycin D Fengycin B
Pumilacidin Bacillomycin F, Plipastatin A
Bacillomycin L, Plipastatin B
Bacillomycin Lc,
Mycosubtilin, Bacillopeptin
Main activity ~ Strong surfactant, antifungal, antibacterial, Surfactant and antifungal ~ Surfactant and antifungal [16,53]
antiviral, anti-tumor, anti-mycoplasma,
biofilm removal, strong hemolysis and pore
formation
Applications Biopesticides (plant disease control, such as  Biopesticides (plant disease Biopesticides (plant [16,54-55]

sclerotinia, stem rot, and soybean root and
leaf diseases); Medicine (antiviral,
anti-fungal, anti-bacterial, anti-cancer,
anti-thrombotic); Cosmetics (emulsifiers,
antibacterial agents); Food safety (biological
surfactants and emulsifiers); and oil
extraction, etc.

control, such as sclerotinia,
stem rot, soybean blight,
and powdery mildew of

melon)

disease control, such as
soybean blight,
sclerotinia, stem rot, apple
gray mold, and melon
powdery mildew etc.)

2GR IR e AL R R

PO R KBGO R T SR L mRNA
Bt . tRNA S B4 55 B85 AR 1 BT 0 8
A, A IEAZ AR EE A S (nonribosomal
peptide synthetase, NRPS) & i #IP°", NRPS
SRR . BOTE B RN e s LR v ]
VRFN = W) KA Z B b il , 2 H AT BT & LR K
MR, EHELR. PRMLIE 3 HFERYIE
B IR A 2 e 2, B — DA A [A] Y 25
TS (BT 2A) . B B AT LR b o 1) 2 2
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[ R AN S ¥ C AN R e = R T DL N
AT REA A T2 BE R 4N p-BL PR N -2 S
B o- SRR . NRPS 1 5638 1o B 1 ot 1b 235 74 35
(adenylation domain, A domain) H%]. 455K
Yy, JE¥EH ATP fiTtE (9 AMP WM EN R bl
HWOE 5 WG WY S 4 - IRz eSS 2 ke
R sIELE G, H 4Bz Mo C W gh e 1E
A A domain T IF A KT I 2R A B 1 25 A B
(peptide carrier protein, PCP-domain, L FRZ
4 T domain) b5 TE4EG45#)3K (condensation
domain, C domain) FYYEF T 5 a7 — e m
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JRBE AR 4, e A4 BEOAH QB B i 45 2 0
P U AR O 1) i LB 22 KA A . AEAZ A
AR G S0 I IV 66 114 di J — A A AR v L
— 20 A EELERY  (epimerization domain, E
domain), HAERERBIER L-2IEMF LN
D-ZAEMR , HLld UM b RE HHTE L DR
MBI, 25 AR, AR L f A
i MEURR 2 B 23 TR HES T A, R i 0t
Tt S FHES G Fp o IR BE RO K . SRR Ay
FEHF o AAZHEAR IR G LA 2 P .
2019 4F Reimer ZE7EAFAZMEMA IR L Y
Thae Iy UG E SR, AR X G4 b
PRER, S NRPSs 4t 18 & 0 B4 3D &

(A)

(F)

/ Product release

Condensation

N\ N/

1%, S%5—E P NRPSs (4, i
B 55 K 1) 2H 4 2k 22 TR) Y 5% R R AT A B0 0
g, XTI LB, bR T BLHLATHME A BER
Hh ) A DN —AS AR Sl £ 36 3 — A TAE 2551,
Hoh A R e 2 (R ER e = R, MR HOR
JE DA 2R s At AH 2y HES TS AT R
FEVEZ AR AR 7 B HES], NRPSs HA &
B RGBT T IR IKIE & 9 & Bk
Ao F AL, AT AT 22 2 K Bk
TEEAEAZOME 1A KA B A5 el 45 ) 35k 1 HE 51
Ja, EATRA ML EA R B NRPSs, M
T 5 21 ELAT 8 B R S R 4 R g kA T, MR
1T BT A 25 P B L SE A

(B)
Activation
—_—

\
N : :
\\. Peptide synthesis

\
\
e o
\\\
©
/é /; /i
Adenylation

Condensation

B2 FEAXFEIRBRE X (NRPS) H9% tsbrigm (o

Figure 2 Multi-module model of non-ribosomal peptide synthesis (NRPS) (Modified from [61]). A schematic
arrangement of domains within a hypothetical three module NRPS that contains an initiation (blue), an
elongation (red) and a termination (green) module. A domain: adenylation domain; T domain: aminoacyl
carrier domain; C domain: condensation domain; TE: thioester domain; It is in turn responsible for the
activation and transfer of amino acid substrates, the formation of peptide bonds, the termination of extension

and the release of products on the domain.
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H AT AT @ a5 s g B . U R
YL R IR IIEH] . Gao 5 MBR fengycin & Al
SRR R AN B S IR RS, (HMER
557 ALY A/T domain 7= A T 8 O 2 PR
Ak (C16-C17B-OHFA-Glu-Orn-Tyr-Thr-Glu-Ala/
Val), Mk A6 domain KA fREBRERELS, 7=
A3 ANETRLE fengycin WAL, FK (C16-17p-
OHFA-Glu-Orn-Tyr-Thr-Glu) . 7Sk (C16-17B-
OHFA-Glu-Om-Tyr-Thr-Glu-Ile) F1/\ik (C16-17p-
OHFA-Glu-Orn-Tyr-Thr-Glu-Gln-Tyr-1le)!*?!, {H
XoF 3B B R A ) A 0 0 R O B A SRR
2.1 Surfactin BEMEH R EIBE

Surfactin & i EEIEH srf44 . srfAB . srfAC,
srfAD L[RIFE AL srfd #RIN T, BERLEK A 27 kb,
H1 srfAA Rl srfAB 9t & A 01 5T A< AL 6 i 2
MR, srfAC Gnhh e FIALEES 7 fLE B MR . sifAC
MR — D ERBRZS B TE 7 97 4 1k i SE
IR Z =Y, srfAD b5 58 — s
Mk 5t % % 45 #4 31 (thioesterase/acyltransferase
domain, TE/AT domain) | 5 # 1% 3 )5 3h
surfactin JIK &% & 0 0 i S RELS . b 4h, 1E
srfA BEOT IR, &H — surfactin & b
T B IR 12 T S 3k O W FE F FS T (PPTases) J
sfp, ATH0E surfactin & L EAY ShAECY )
B2 AT R A AR ISR BT AR R A W) 5 LAY
TP B N TEAR Y2 surfactin, Surfactin
B B A A O 45 O ol 2 AR B RE SRRV R
ComQXPA W ZHPIK e, 2T
15 B R ComX B2 AR, KA 40 % B
SEhNTIRE A, A0 R R B —E B, (F
Z ComX 5 I H AR ComP 455, 15
S ComP Ay H #EMRAIL . WERRALAY ComP HE TR
PR B M e B 2R 1 ComA . BERRILRY
ComA Y surfactin 5 SR srfd 095 3147

&: 010-64807509

XA S, P RNA REW, f sifd iR
BSOS W rap FEDR G AS 14 KA E B B R
ity 5T U phr BP0 65 0 832 2SI CSF
AT, KRR, DBk AR
ComA WIBERRILAE, fiff ComA &b FiEfbAR
A, FITF srfd FEH % SR surfactin 945 Y,
AN A Rap (REAARBEIREE). CodY
(GTP i 3¢ filf 24 B 2 ARt 1) 2 si 9 49 IX )
PerR (Fur ZKJGH ). Sinl (§% ¥ A
T). Spx (FATE ). PhoP (RUICH:M K I8 +5
#)o A CodY i) ELHEAE A srfd Ja s+l
HFER, Spx #LLBHWI7E G 3 F X3 ComA 5
RNA RAEAEF MG surfactin & 5,
Sinl 3 &F 1E 17 98 15 AR W B A O B 2 O A
surfactin & ", 2R AN F DegU X}
surfactin & R IEWEAEH . @bk degU 2
K, S350 srfd FEB R B2 TR, b,
FEH swrC (B yreP) #1 lialHGFSR 9\ ¥ 9m
#2171 57 surfactin %32 F140 M X surfactin i
Z AT,

Z PR R IR AT A2 7 surfactin, {Hy™ &
BAR (<1 g/L). Jiao FFFIMHshFltis, fHEA
FiFk THY-7/Pg3 surfactin F= i1k %] T 9.74 /LU,
Wu 5% F R G A TR 7 LA 8 surfactin (195
FETR, B2 surfactin PRI E 12.8 g/L, U
J3 65.0 mmol/mol FEME (FEIEF=R 1K) 42%)14,
XLEHFFE N surfactin B ARABEAE J= S 41 18T i £
V7 A
2.2 Tturin BYEYE R KR HIBE

Iturin ZX R W IR IR BT IA 2R 2 AR ZE A 1Y
W . H bacillomycin D i bam/bmy 3 [H %
354 i, mycosubtilin i myc FEHERFERN TS
B, iturin A B itu FERFE GRS AT G . itu
R TE 4 ASFFRCREZHE (ORFs), 4370

X: cjb@im.ac.cn
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itud . ituB. ituC. F ituD"* HA bam/bmy
SRR 5y R BAEAE T B. subtilis AU195 il
B. amyloliquefaciens FZB42 W', %3 H % datd
— N ZIRRE S, R DIENIRS R
— B RSB — RS O . SR — DI
FEEHEZR bmyD | ituD F fenF 9mt N — k4 i
A R, B ATFEIRERE bmyA . itud T
mycA Gy ghs RIS A RN . BEELAUA
H 1 (CAP) . B-iil 2 5 A Bl I 70z 22 T 405 4
I, Tturin K% mycosubtilin 4425 R P85 1 K
TEA B, mycosubtilin fE Ak B. subtilis ATCC
6633 1R E| B, myc #EH\F 1R BMKHE T
ComA , 5B A mi &N A 3¢ . SigH [ 7 F
SpoOH W52 myc #EHFFik, BRI I
PhrC & [ 7] LR MR spoOH i 2k 5 A8 1477 A=
FIELS: . AbrB Al LIS myc ik, Mg abrB
LR AT ISR mye RIKUYS BT fen #Y
¥, RN degQ 2 bmy I+ 1 —A~1E ]
BEHF . BUT sfd BRI+, &RFEENT
DegU Fil ComA X bmy B9\ 1 1) 455 S5 3G wh
Anfb, DegU BHIEVET bmy B\ TH 31
UL, X bmy FRIBEEEMEH . M
H. DegU i i 1 YczE Xt bacillomycin %% 5%
R R EEMEH., 5 fengycin Fl surfactin &5
NEIK—FE, LT Sfp 1A Lpa-14 Xf iturin
(A AT U B s 8 F C2up flA itu
BY T I, AT iturins 2T
2.3 Fengycin BYE & B K HiFIE
Fengycin A Y& WAL RS 5 A TFCR
BEHE ORFs, 73 ll4mtis fengycin & BCEEY 5
I fon BN TFALE fenC (4t 287 kDa ).
fenD (%fih 290 kDa #E[). fenE (9h% 286 kDa
). fend (%il% 406 kDa 5 1) 1 fenB (4mh
146 kDa #H[1), EMLMEHES L= 438

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

T [l REHL, BEIH sfp % fengycin B B4 A
AJ /b, B. subtilis 168 B IR TEENY fen HY\
+, HET sp PRIEE -NLIEEHTF, 7
;M Sfp HMAARTEE, KEA M fengycin', (H
{SUREAR sfp FEIRIY) B. subtilis 168 B ¥k fengycin
FEAEARARAL, IR R deg0 MR FIX
10 B FR—02E T RN T C, Hikix
RSB35 DegQ™. DegQ J& —Fl 4125 11
MR, ML — DA 46 MRAERNZ
JK, RTZAETE T A R R 2R
Pl 2 P oK A 7 A . degQ R R BR 23
S84 fengycin [f] ZY)A BUKFI 2 R BF
Kb KB, HEX) B. subtilis F29-3 H fen #9\
F I 50T, RNA REWGAT LIS S TE fen 132
WFIRsh 7 EifE & AR T R8EFRRh UP o
X3, MIBESE fen T HHE R, 2T
PR W iR AL i XF  fengycins & A A B E W ,
pnpA FEFRIER fengycins 7= 5 K il T RE,
Spo0A HE [ HI ComA &ML fen JF 8145
EENLTEBE fengycins BY7= B AR,
fengycins 947" T AWA TE RS, WAT
4 [ A A B 2 3% fengycins 17 A= W) 45 AR FZ4H it
[ AR 7 fengycins % AR B0 Sl AR AR
fengycins BL5E T L4

3 BMRAE AT fnp &AL

SUE TR G VR IR IR B AT 2 B0 T
(L S5 B 17 D DR A R A ™ R i 2 2]
B PR o SR T B o A 400 ke e 70 R [
TR WE . T AR IS R e A i
K F AN TE <5 JB 0 R A T BOW A A
B 3R B oy EAT AL, R 23 A 1 kb
ko3 4t e e Oy 32 82 AR B 2E AT T A
DU BN KB o 0 7 AT B ORI R Y e T o
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2006 4F Yeh 25418 LA ppch 1E 2k B & #2481
72 h WK, B. subtilis ATCC 21332 Ktk
surfactin A= TRk 6.45 g/L, N 2.0-4.3 5%,
7E LB B3R R B PR 0.35% Mgk
FJ&, B. subtilis ATCC 21332 ¥k fengycin j=
0 X R ZH Y 310 mg/L 53] 680 mg/L, 15
T 1.1 A5

TERG AR ST, R IR B ) 43 15 . SR ali i
ERAYEER R, WIKLRT SR Z
i S SO R S W 3N i 7/ D% WA N e e N 7
BT, T H R Z 5 A Rl A WA DL B AR
NERRPI L. TEMGIR SRR, PUE AR B iy

x2 DBEMALARMREREEMERTEZMEAK

Sy E AL R T TS TARRY SRR E , =5
i AT B B — o B R 5 3% R LAAE AT Ao — ol
i R S 2 R TR W PR SR O 4R H R
(EXESTBURIRLIRFN /Sy i

FURT, X008 2% 0090 5 K i) 0 s 24k
FEREBS AL A, RRUCE, BRI
UE . BPEMM L ERIA RIS, Ba
BT AHZNT . EAAHC (SPE) . IR LM
W 25 5 vk 19 B Bt — 25 i Ak Y B0 IR JIK
(& 2)o AFRBAFIBREAR (F 2), X
i G B0 TR N UK 8 2 2 4l SR T I U 4
AL WML TR B

Table 2 Methods and techniques for separation and purification of lipopeptides surfactants

Extraction/purification Advantages Disadvantages References
methods
Precipitation by acid It is an effective method for recovery of crude The product is acidic [91-94]
treatment lipopeptides and can be applied on large scale. It
cost low and operation process is simple
Precipitation by The operation process is simple Dialysis is required for [95-96]
ammonium sulfate reducing salt pollution
Extraction by organic It is an effective method for recovery of crude It is expensive and toxic [30,97-99]
solvent lipopeptides and can be applied on large scale.
The organic solvent for the lipopeptide extraction can
be reused
Separation by The product possessed high purity It required complicated [100-102]
collection of foam equipment
Membrane The process is fast and the product possessed high It is expensive and must be [103-104]
ultrafiltration purity operated under high pressure
Ion exchange The process is fast and the product possess high Different effective resin [105-107]
chromatography purity. Resin can be reused materials need to be selected
Adsorption resin The product possessed high purity and high quality.  Desorption is need with [108]
Resin can be reused. The process is fast organic solvent
High performance The product possessed high purity. It can be used for Retention rate is low [108-109]

liquid chromatography fractionation of different lipopeptides, the

(HPLC)

and quantitative analysis of lipopeptides

Thin layer
chromatography (TLC)

Gel filtration Matrix can be reused

identification of lipopeptide isomers, the qualitative

It can be used for identification of cyclic lipopeptides The retention rate is very low [110-112]

and is generally used to
identify lipopeptides
The retention rate is very low [98,113-114]

&: 010-64807509
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4 FERRAT X B G AR

R ZRRAT I AR AR BRI 5% 2 RS T4
KikRe, IF HEA W HNE, BR8IAE R &b
e E RN IRV . 64k, (A
o1 EAN R R REE /NI = L AL surfactin
iturin Fl fengycin 557 &, U Sigma 1 OKA 24
A AR R O™ o T IR AT ISR R Ak
FE b, BV R E AN A AR S, Al
PR RRATI AL & Z 0 R o Sl AR . SR TR 6% 7™ A=
BEAK BRI A2 BN A2 0, an i bkl
SR B A, B 2E S I L T S 2 A M AR 2 A
.

U5 B BV 7E i i FH AN X B R S A 7R
BRI BRPE , AR LA N iR mmE e sE . 1)
i e KRR bk o 2) NEIIK A 22 A v ik =
RGEMIE . Lt IR M . 25 Rl
U TR et S, HT AR — SE R IR
HWEsE, (B LA 2R AR. 3) &)™
BEUT IR IR AR P R . H AT R BE R A 7 £ B
FIH R R MR B TR BRAR D LA T8, ™
WA E . HET R A a5 KIS A W7 it
55, UAREIERA =&, B, Jiao U7,
Wu 20 surfactin (7= =4 BT 2 9.74 g/L
Ml 12.8 g/L. (HibGk = 8 H AL 438
aifb TEWAR . TR E AL T2 R
g B R MR K B T RR TR o R BE AN 1Al P
FEYINE ]y A 7 IR DA AR 7 A 2 A R
SERITT I . 4) miEPERERROR ST . R T M AR K
JEARRME M EE H bR, Al G Y
IEC D i 19 R 4% ) 4 BE B ek A8 R B vh 2 SRR
B RASTE LU R RR K, B Rk = 5 T
IR RRAL G Y. 5) EA B YIReNE IR 3K 15 .
ARl = A Z R RARIB K, A [R LA 9 40 i
PINRRRFP WA, AL fg RS =ARME, (AT

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

REHA B AW RE, Xl i K 48 5
LB IRIXE, 5 BB B o B AR EOR | 251 o)
PréiA.

5 Z%h

JE e A P I EA S, BA
W DURRE . PURAE . PUMIESEZFIIEE, J
G5 DIRE NS BRI Y O BUR B E
HW A ER, AT, FRE, &
a BEZY L AT T SE U . ROR AR IR K
it LR R RS KA A B L 7 i P I A A 7
AR 7 B AR AR BB K B A5 R K B 4 4
P25 TN
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