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PR RIS UEA T T RS, LU sl surfactin
AR 22

1 Surfactin W& M4 K 5 A RILE

Surfactin Y 5% /K BE AT (P L A1) 2l 74> 2 0
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Figure 1. Structure of surfactint*!.
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B 2. NRPS#{LH surfactin &RLiZ 12
Figure 2. Surfactin synthesis catalyzed by NRPS. A: anadenylation domain; PCP: peptidylcarrier protein domain;
C: condensation domain; E: epimerization domain; TE: thioesterase domain.

*z 1. AREIELHEH surfactin 7=

SIfA-C(3.8 kb)

srfA-D(0.7 kb)

Module 7

Table1. Surfactin yields of recombinant strains

Strains Conditions Production/(g/L) Reference
B. subtilis fmbR Native PsrfA 0.380 [14]
B. subtilis fmbR-1 Replacement of PsrfA with Pspac 3.860

B. subtilis THY-7 Native PsrfA 0.550 [11]
THY-7/Pg3-srfA Replacement of PsrfA with Pg3 9.740

B. subtilis 168 BBG111 Native PsrfA 1.500 [15]
BBG113 Replacement of PsrfA with PrepU 1.200

B. subtilis 3A3B Native PsrfA 0.070 [16]
Jwsurf2 Replacement of PsrfA with Pveg 0.260

B. subtilisDSM 10T Native PsrfA 0.620 [16]
JwsSurf3 Replacement of PsrfA with Pveg 0.040

B. subtilis 0.021 [19]
B.subtilis (pHT43-comXphrC)  Overexpression of ComX and PhrC 0.135

B. subtilis THY-7 0.550 [13]
TS589 Overexpression of THY-7-Pgrac-ycxA 1.150

TS593 Overexpression of THY-7-Pgrac-krsE 0.930

TS662 Overexpression of THY-7-Pgrac-yerP 1.670

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



1714

Fangxiang Hu et a. | Acta Microbiologica Snica, 2018, 58(10)

2.1 NRPSIjgEERA sfA B8 37l

STA J2& surfactin 5 A PIRERE, 22— K
ik 26.2 kb K/NYFERE, I, il Rikix s
KRR AL surfactin (-G BURRTERAR FAATERR
MERE . ZIIREEER Z B R B PsrfA BYIETE,
Je Bl s s T DATE — 8 AR BE b e T bk Y AR 7
REJy, BEUL, Jo sl TR b R R B R R T b
7R R AT B

Jei Bl S AR 1 7 o R T A LY B ) 2R
kBT R E P H AR R s S R . Sun 2505
3o [ 5 5 240 (09 )7 4% B. subtilis fmbR H 4 5 5+
PsrfA B4 sl — K UR T B. subtilis 958 175 5 R
¥ Pspac, 5% T HAWMK fmbR-1; 7£ IPTG
(300 pmol/L)5F T HAFE M fmbR-1 1 it & B
A BV R ARG 10 4%, 7o ERiA#] 3.86 g/l fETC
IPTG INSAE T, fmbR-1 (/= L A] LI E ik 5 %
Ao BT B —e KRG sh 7o, dnl LIk
o2 N TA BRI IERRY T 2
H17E surfactin (4 3l 20 J7 B 545 1 1
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subtilis THY-7 A% e 5, & B B pk s ol
surfactin & B IR IR 87 PSfrA J&2—N55)0 30
T, B & BT bR BB — 2R S B T
(PgroE. PsacB. PsacP); 4 Af5tid i 2 5t 3l
¥ PgroE F i Jiilf a8+ PSfrA J5, EALEHEA
REA A surfacting Bififs A THYEE T 3424 A R
3+ Pgl, Pg2 il Pg3 Ml T i B. subtilis THY-7
Rtk 4B BN BT Pol @A Tk shF PgroE i)
—35 #|-10 J¥4 1 PsacB 1 RAT i FIolbv4l,
B R THY-7/Pgl B~ 8358 T 144 g/l 25
A5 2h+ Pg2 &7E Pgl (Al I, 7€ PgroE #9-35
#-10 JpH PGS T —B lacO 89\ 7351, &
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farfE i surfactin Jitid P ATLIEAT G 2E— 25 I IEAE
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srfA (5% SOKF 2 25 H 3 ComX FlEsz A%
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FPhrk) AL 11 AN SR A 2 T s R 1R ol R I 2 1
(RapA %I RapK). Phr I3 X+ 7] LI i %) srfA 17
PR Rap % (RapC, RapF il RapK) Ay i1
ComX 545G i = MR ComP AHEAEM,
HAeZ 20T AR IL, K5 F L R 5L A1 7%
BRI E T ComA HR 22 s IRAk %L, BERRILiY
ComA 5 srfA FIJE s+ XIS &, s RNA RE
RIS ), 1 sefA JFAGFE %, PR, B. subtilis iifiid
= E A T ComX 1 PhrC 3 T4 i e Ak
s HLiI (quorum sensing, QS)if surfactin 28,
Jung Mg B. subtilis Hid 35 comX Fil phrC 3t
K, 52 HE4 % B. subtilis(pHT43-comXphrC)f)
surfactin J~ & KIEHE R, ZXTREARRRY 6.7 fi%.
Wang 2295845 T B. subtilis 1) ComX J& i 81 52
B 3 AR R A PRIk AL , 45 R ff surfactin
6 RE I KRR TR

ANMIREAIER N 520 T surfactin 4 A &A1
i, ComX fUI°F- 24w surfactin 45 = RE S 19—~
SCERIRIZE, BRIT, o 2 B PR I 4% (1 F 52
ANz, BHI, X QSN surfactin & 1l fiE
T3 HIBIFSE T o P B R A 2 7 BE T AL, FR
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MW R, TR AT H A g A Y
B WA A AR AE IR R IR T2 R s M e vh &
T EEEN, XA R A A S Y
REAIFE 38 0 00 SR B L0 () Bh e sl M o
31 ABEANFKAERE surfactin st
SF

JEAZAEAA R B W A AL A5 A 0 A JRTE 9 R s
FER L g | BR AL dEA L IMBR L R R g
2 Koglin ZE25g 1 %f surfactin &5 i % NRPS
B SRR A B AT S oy PR R B 5, 3 W
BT A DI R E e B R A R, el
A PP 4 H o AR IR AR oA, B 4G
PR E B 45 MY I (A domain) JiE 47 308 R Y« 2 B
Fr——10 NEGERRIR S, A R AR T AR
55, XAERLAT LK NRPS HrE O B A2 SR %
AR R HABEIERR . B0, Wi SRR, #
FHe C-Ag-PCP H1 ) Lys239 A5 K GIn239; 4=
o AN R B R, AR R 45 F 3 A R
MEILRRH Glu 288 Gin; 1Ak, 5] Asp HIR
FREs It T AR AR R Asn, R ILSEHE , B
FREAG T HA surfactin FIZERZEBIHP, 04
WG XS NRPS BYokis , SRR aE Xy
AR S g B AR R AR IR A TR B TS AL
QPRI PN 2R B A 235 B ) 5 728 ek
i, A RAR IR A S A SR E B
M AE KRR S R A SRR, Ml DL & A - gk
Husigen ¥f it sz iz o A3 /Y« s i Ak 27 (click
chemistry) i K= & 1 BRBLS ) A 1EP,

it B T AR T Bt H AR BR T 45 00 81 7
TCSLIEAR , SRFES B IR EE SR T R
MRo Lo, TEFRIESRDHEARAS TSR, BFEE
¥ surfactin JER AL 2 Bde, FRAG— DAL
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B Leu R4 84, RIZSAK surfactin o0+
K surfactin ST 40 A TEPEREAR , TR AE 14
8 (AT A SRR E SR S8 T SR
surfactin 1 H AT BFAE TR R Y 5%-10%, & TRk
¥ 25-50 mg/L#, NRPS B I i if LAfE)
e, RIMLR B A &R AE K B AT, TE ™9
H B-FRILNRMES AR (FA-Glu), A MIRFFE R0,
HAL G FA-Glu Bl Ab 2% w1 1 77 A 5
A AR B TR (4 1 S e AR v B2 (CM C) R 13 114
KPR, (B FA-Glu By AR, 8k
Rt surfactin F=HE (0 15%/4 AT, K REHRE AL
200250 mg/L'%, Jiang %10 i R SR 43 50 ik
Fr T B. subtilis PB2-L1 H'i9;™ surfactin ) NRPS
Bt SrfAA-Leu. SrfAB-Asp fil SifAB-Leu, %58
FAAET 3 RS KSR surfactin BiAb- S8, 2
Bl Leu-3. Asp-5 Fll Leu-6; 55K AY surfactin
G, HIPIE AT LD 8, 58 B R4t
FR M, (EBrSsH surfactin 728 (R 2k 1
i, HA47 0.82-1.35mg/L.

HAE DA B ARTET & surfactin Br4k#a
YRI5, BEAFELIS WAF e PR . ok
NRPS X 38 A DLy A B A B 1 P 08 29 45 44 43
T (HJE NRPS 4514 52 Ze PEim i i AT AR 42,
B SR P | R X 2L R 80T AT 2B
PR RN AR 3 o TR O SR W S IR AE )
GRS, S ALY, 5%
B L ) NRPS AL BCR K KBEAL . =i KK
Wl
3.2 Surfactin FIEBEEE L5 I BLHE

M FELHWEAMITT NRPS 4k surfactin
RRIRGE A 1 %, surfactin 4 BTk 3L 45 #4112
PR N A5 R PR Surfactin HR g %Y
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KEE M Ci—Cis, M LA Cly Fl Cis 53N F
(60%-80%) , Mg JIi7 W& 2H 7 Y 25 ) 22 S o 2 X A B
Ak A AE YT A B R R TEPLE A
WSRO T, A TERE R straight(n)i® T
iso T anteiso; £ & IfLHE S /Tl Cig-surfactin 5
F CiaFl Cis Bt % surfactin fg i K BE (38,
HR R v B AR, R, surfactin gl
BRZH 4y b surfactin Je = de 6o 2 T VG P 14 5% i 4
TR, iso-ZFEAR Wi R S A A LE n-fEE5 g 017 2 S5 4
PR LA W g HE T S B ARG R B g
B surfactin 7E[F %5 TAEMREE T, Cis-surfactin ZH531%
b, PSRRI R AR Y
PG, 7EXT surfactin BOS5H ZAEEERTSE T, E 1)
o B R AR RE B R 43 1Y) surfactin 7PN AR
i surfactin i b [ A B2 3

N 25 A= gy 2 T T 1 00 B O
fE, HgiKEEHmER SR IENTR ;. FElEHY
B 7K 45 F) i TR 6 B 4 B AN R B 5 T AR R A
K, W RBEEEA G, BEIRRILH K B P
(Rl W LT P (P I B = NNl
T AE I B IR DT R AN REfE i surfactin &%, X
T LA A A, Xt AR AT surfactin Hh
14 B 15 R 45 460 ] BB T ISk A5 iz A% o

A% surfactin B R AS H4) f) SR 5% J2 i 2o
AR BE SRR T S BERR A 4R 2B, WNAE B. subtilis
T89-42 IR kMG FHErh Ui Arg, Gln 8% Val 7] LA
WEIAE A B-FRILAG TR UL 5> (Cra, Cag), TSN
Cys. His. lle, Leu, Met, Ser 5 Thr 0] L3 fin#y
B B-FIERENTTRZ1 93 (Cra, Co)™ BUJF, AMTiE
o ol Bl Ak R S SR A BLE R, hEIR T
surfactin =4 (1 I 1 R 4 23 72 4k, . Coutte 25105 i
sl L-Leu A& TE, fHi45 B. subtilis 168 1i74:

EPkT surfactin 7 &4 S T 1.6-20.9 £ Hrp,
R codY BEK LUS , AUk surfactin ()7 1153
e, #fS surfactin BOZE R4 kA T A5 4k
X IR AR Cis Al Cog FOLLSM 435102 39.7%F0
21.2%, TR T codY P (I HL 4351k 26.5%
1 40.6%. J53k, Coutte Z5CU7ERISY ik 5 LR
iR R, TEmBR T 0 3 R 2 R i e
— R LA 1pdV J5 , 7 A ELEE Cuq i surfactin
Fefilgm 1 2.5 1%,

WA, FIFHAMIE R I 28 5L R 41 43 5 9 el
IR A BRI MELLSE BN surfactin B R 45
PR W 4a il s BT X AR T BR 451 1 ke, BT 4L
RA PR surfactin FIIEY 3-FRIENRN IR infi = 5
NRPS M4 a8, Steller 25U a5 KB, 18
surfactin (& BRI ER S, Y 3-FILNRNITR
TENETE CoA 144 (fatty acyl CoA ligases, FACLS)
YEFT 543 A (CoA)ZE A, DL 35235 Tt CoA
BOEIEAS 58— 2R Glu RIBEETER .
HATTSHAG EL2E AT B 4 > FACLs (LcfA . YhfL .
YhfT F1Y ngl)BEA 7 miBR 52 0 A 3, B — B H B
FE surfactin 177 5 AR 38%-55%, 7 mclR
2-3 P ELA Y surfactin = 5 20k 20%—65%, [A] i}
MR 4 BRI P R R T 84%, X —45 R
surfactin & g AR, AR ITRRTE LR TE CoA
WiEIE FACLs W REAEEZ LR B 24 )
T

NRPS & i it srfA-Al 9 C domain
XTIEYIARIWITE CoA fYZEREMEXT T surfactin 45 Y
A i B H S Kraas 25 ODR T 3-¥2 % A o RE AR
CoA. FEMEAREE CoA. Z%HRME CoA. 3-HIL TR
It CoA &y surfactin & B I BEH (b1, 25583
] C domain i£#f 3-F2 1P T5E Ik CoA NIk
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FrmEAL R, AL A SR IR T TE CoA it
It o X —Z5 R NRPS & i ih itk
sfA-AL i C domain 7 7] B A A i 1 Ik 245 #4 el i
OEE SRR, Gl AT B R AR srfA-AL
C domain [ JIE YL BEVENLE], SEA AT REdE— 2038
1o 588 SR AR A5 BE A b 4 Ik 45 4 i THE L RS 4 1 i
IR,

B2, MHILEZWAMER NRPS fiE{biy
surfactin JRIREE 4, AR DR 2514 20 53 (14 & S
PELB R AFFEAR 2 A A X 8k 5 ARAS e R Ik L 45
F#Y surfactin B Ak & W AR BCA IR B R DT 3
FEATHE I 8 L SR AL R TR 1Y Mk G R AR, Bt

BT CoA i il FACLSFI-& Bt I ALk C domain
HIICYI e REE , A ) Bl AR 8 N Tt 25 A4 7Y
surfactin 243 .

4 MERZE

Surfactin t T HA ZREYETE, AR
Al S8 AN Al B FH S22 vz A, (O 2
() surfactin %2 [ T. 25 KA T il 7 1415 AS BE s J2
Tl TR o FERBE T 207 1H , FEil R W
PR A IR IR SR R AR S P i Bk, TR
TR 2 AT K MR surfactin B T3R
TR P R 1) R TR R L VAR i 1 B SR R A )
B geah, FERBEM B AR R RR R R R
TERLAS . iRk surfactin Tl Ak FH A9 A 3% T Bt o
UNAS TR R a2 AW I KOS R RV R &
GBI P BRI IR . NG R VR 55 RN A DL
IR & e 2% surfacting, ANUBEAR T BB EA, 842
HE T A TR i R AL A A

AR, PRI R
AR R MR E surfactin 77k AR %
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BRI b, 3 ) o R RSO R Rk
OB A R HESh surfactin 72l Ak AL R
surfactin Ji; FH S5 ) S R AR - B NRPS f 2544
fEdT LA LA HE A R FE NRPS 251 g o
N, € I eaE BE K surfactin 9 %6 IR 20 3R 15
TR S22 M, surfactin (S 7 BESEH 4K
SRR Z AL I PE AR T-B, /0 surfactin 2
Fa v R R WA 9 D Sk A5 i 42 K5 5 surfactin
R, AMERDESE surfactin BT AR
HPETE i, WA B IF K g ) A 4% TR Tk 245 4
i surfactin LS9 .

2 % LW
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Directed modification of strainsfor surfactin production

Fangxiang Hu, Shuang Li’

College of Biotechnology and Pharmaceutical Engineering, Nanjing Technology University, Nanjing 210009, Jiangsu Province,
China

Abstract: Surfactin, a lipopeptide biosurfactant produced by Bacillus strains, is one of the most surface-active
biosurfactant. It is assembled by nonribosomal peptide synthetases (NRPSs) as secondary metabolites in
microorganism. Due to its good stability, biodegradability and excellent surface activity in extreme environments,
surfactin is gaining increasing attention as a valuable chemical with great potential in medicine, agriculture, food,
cosmetics and microbial enhanced oil recovery. However, the low yields and high production costs of natural strain
largely limit the large-scale industrial applications of surfactin. This article briefly summarizes the mechanism for
surfactin biosynthesis, and reviews the main strategy for improving the yield and changing structure of surfactin
including promoter engineering, enhancing efflux system, modifying NRPS domain and engineering fatty acid
synthetases. At last, we discussed the prospect of the research on surfactin in the future.

Keywords: surfactin, lipopeptides, NRPS, promoter engineering, directed modification
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