A0 4 HEBE

PR TR TR Rkl
AR GGAER (o SR
L3 - SERBBHER

(RS 1~6 ~—2)

&

EE REII TR TERABROEED & ZAIZEA LR SN,

TRZEEE - FERERMERK 200 &

(AR ]

- REIZUODOERNRH D ET, ZORMEMFZBHWTIEWTEEA,

- ZOME, ZoOFRELEOM, BE6 =50 9, FHREAMIMEARKICITVIAAT
BY 3D E£T,

- REFRRIE, B4 £

- RBR IR OFIRIAREER, X—T 0% T - BT R OME OB E LR DOWTESEIE,
Frm< LFTEEREICHLETIEE N,

- FREARR, FHEAK, RIEM OB EMICSEBRE S 2L TRRAL TS,

« BRLMEMMICERETLAT D ERAINBRWEERH D £,

- REARRICIE, REBEIZBRO VT, S, FFREATRALTUIWIT EE A,

- MO A E BICHE > TV EE A,

- FREFARK, FHEMK, RREEMIIOTI L RERE TRICEIL L E T,



I urosxsEs Jespersen © 3% L 7= “Chemistry: The Molecular Nature of Matter, 6™ Edition” (Wiley,
2010) @ “12.1 Gases, Liquids, and Solids and Intermolecular Distances” 35 XU “12.2 Types of Intermolecular
Forces” 7 b &k¥ LT E OWHLRY - ALFHIMEICET 2 XNETH D, ZOXEHEEHAH, LUTFOR 1~
M4 IZE 2720,

(CE MR )

11 TR a)lZBEIC A TEWEORIE, K, BLOEEO K RMEO —fMa2mH Lz b DT
bo, MEEHENRT DR T OGAMREOBLENS, KUKDBHNIIE> T, HIES X OEIEDOFHEIZ S
WTIREMICRER L T D MERMEE] 23X THVWTEALND Z EZRALLR S,

[ 2 THEES b)IC DOV T, GoN. Lewis (Vb A) [F === == -----------om-soommsommooooo !

A ARETER D
1916 F DL Y F KRR FET bl v =
M TG EF LA TRT g CO, BH; SFe

AREER) BB LI L ERE L, B
Eo@mBbF iz ofEz2 e [E

X SO, ALFREA 2200 R < Bl
LETNELTASEL LTS, T,
FHED CO, DEHIZ, 8 DOBEA TN E 1 o e
iz I+277 > b %) HIJ 23k NE223, BH3 X SFe D X 512 Z DOIERIAMT L H kv 772
WIGEAENH D, TNHOBNZRE-T, NOOD LA 2EER] 2i# LS,



3 THE )ZDOWNT, NOIFZZEDNA ZEERXDOREMN S, FERNIZHBNT, AR TLO LIcHEL
|

BT HIEHEER (EOREN T ORI | WO EEREEOLA X
M, KOV RRETohm 1 BRST Witz —fi |
ERIHDTHS 2 LRSS, 0 1 . . |
B EH & RIS B0 L7 S U, 00 ‘0:0: ‘O:H !

R !

4 TR dICoWT, NO IEHIR « 7 E TR
KTH DN, BHEIT 5 & WERRIEN LT 5 Z L 2R L TWVW5H,NO I, #E TOMAIL—152°C,
ARIE—164°C TH Y, KRS UTHET DIREREIIIER 12V, LI TER Lo FOoMmE
DBLS % ZEZ, NO BIEIKE UTHET 2IREFEBEVEERIC OV TE R b D 2 & 2k ~78
W,



I #mns 2010 iz 2 % o 2o & 7= O HEHIT & > T U7 Lo e A TAE ) bt
L7ZBEHTH D, MO FUHTR I FESIZ VT,
ANT = AR 8T X0 FUHOIEH Z M 2 TEIY 5
FERREOND, L LenD, 20X KBS
JEFZ2JFRTTHIC BV T, FREOEICERH S D &
21T, EERE e St mmiE ME A (surfactant) 2 FH VT, JicH L7z
JE 2K IS A< B S, fRIRZX D,

Z OFERIFIEICE LT, #ERE T RZF(TE)D Feng 5
I 7f75% RSC Advances (Z#7 L\ lipopeptide () &~ 7 F
F) 2572 5 FETEMEANC R Damsc 2 B L, 2019 4F
WKL, UTOEIZIZEDO—HE2HBELTZLOTH

) Photo: Public Domain — Michon Scott NASA's
Do ZONEZFH AT, LFOR 1~ 6 2% 72 SV, Earth Observatory NASA Goddard Space Flight
Center.

[A] Dispersants were globally applied to physico-chemically enhance the dispersion of oil in water and were
assumed to stimulate oil biodegradation by indigenous microorganisms and to reduce the environmental impact of
oil spills. Since the 1960s, chemical dispersants have been applied as an emergency response to oil spills in marine
ecosystems, and have showed effectiveness at removing oil slicks from the coast. However, most of the chemically
synthesized dispersants are inherently toxic to various aquatic species and hardly biodegradable in the natural
environment. The application of chemical dispersants in the 2010 Gulf of Mexico oil spill also raised concerns
regarding the toxicity and the potential environmental impact, and caused a debate about the effectiveness of
chemical dispersants on the rates of oil biodegradation. Biosurfactants are promising dispersants in oil-spill
remediation, owning to their environmentally friendly and biodegradable properties. Chemical surfactants could be
replaced with biosurfactants and this change would diminish the environmental impact of traditional dispersants.
Lipopeptide produced by microorganisms is one of the representative biosurfactants and has showed great potential
applications in food, medicine, microbial enhanced oil recovery, and other fields. Nevertheless, the knowledge about

the application of biosurfactant lipopeptide in marine oil-spill remediation is still limited.

[B] In the present work, the dispersion effectiveness, aquatic toxicity, biodegradability and environmental
compatibility of the biosurfactant lipopeptide were determined using recognized standardized methods, and the
biosurfactant lipopeptide used as a bio-dispersant for marine oil-spill remediation were studied, which is, to the best

of our knowledge, the first report about biosurfactant lipopeptide used in oil-spill remediation.

[C] The lipopeptide samples were isolated from cell-free broth of B. subtilis HSO121 at our laboratory. 5 The typical

chemical structure of the lipopeptide used in the study was shown in Fig.1 and its critical micelle concentration

(CMC) was 8.69 x 10 °mol/L. Dispersion effectiveness (DE) of lipopeptides was examined at different

surfactant-to-oil ratios (SORs), temperatures, pH values, and salinities. It indicated in Fig.2 that DE of lipopeptides
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25 °C, and an increasing DE values Fig. 2 The dispersion effectiveness (DE) of lipopeptides under different SORs
when pH values raised, the largest DE (a-e), temperatures (f-h), pH values (i-l) and salinities (m-q).

was 77.45% at pH 11. DE of lipopeptides increased from 56.12% to 71.14% with increase in salinity. Higher DE at
higher salinity was observed for anionic biosurfactants, which can be attributed to the electrostatic repulsion

between polar head groups reduced by ions, and a close-packed arrangement of surfactant molecules at the oil—

water interface were formed.

stimulate:fE#£7" % indigenous : 175 « EAHFED inherently : AEHIZ

cell-free broth : 5538 HiHIR (& L7 & Z A BHllEZ BLY RV 2HR)

B. subtilis HSO121 : fERLE O —Hf, RO U RSTF RBERS LD,

wiw BRIl wiv  BEARKERE  viv  (KFEEE abrupt: 272 salinity: ¥847 anionic: fEA A L PED

J-Q. Feng, H-Z. Gang, D-S Li, J-F Liu, S-Z Yang and B-Z. Mu,
“Characterization of biosurfactant lipopeptide and its performance evaluation for oil-spill remediation”
RSC Advances, 9, 9629 (2019) £V 7 U= A F 47 3E X 3.0(CCBY-NC 3.0) (2D X #xdH,



1 BRAIB L OBIORIR A S L2, BEHILZ O SC MBS REFETH D &l TV 5 )
BIZE Z TR 30,

2 BACKREGDHTERTHE, WlEiy | :
F”ﬂ }Xj 7k$ =R Swa) % Tj—fﬁ (=) *%L REES : /\/ :CHa(CHz)ZCHs _'I_ :C(CH3)4 - CoHy, !
WRT T, AROBIO X SICRT I ENE OH :
uu:@mubkﬁwmmu@fmﬁémxw\i‘*% [HCOOH K77 (CHO 5
BREEHAOS FREFE LR S, AL, | !

EFEF DR FBEITROER L5, H:1, C:12,

"1”\‘)\,\,)\“/”' : H,NCH(CH,)CONHCH(CH,)COOH
H
N:14, O:16,

[o]

M3 SmTEMEA] A2 AR L T2 50 71X 3CHH @ critical micelle concentration (CMC) & L TEFR STV D
WRELLEIC2 5 IR CHEA LTI BAZEAL, WROMEREINIEVMELRT, THR a)D 3
FEIZBIT D CMC OfE L Fig1(b) TREND VT 7 L OREFREFHI L7 X\,

M4 —fEic L < AVLRTHD REENAIE LT v VLKL b U ™7 A(CHy(CH2)11SOsNa, /L
B 288 g/mol)id D, Z DREIENERID CMC 1% 8.2x10 *mol/L T 5, Fig.1(a) T/~ L 7= ik
PEFIZ DT 7 UKIRT Y 7 A2 A5 XV FIERSH HHBICOWT, @ik Eh
TWHZ&ab EITBELL, LS,

15 Fig2 Danrb qETOHEISTI 7D, 4 50F =X ZFE—DLDTH D, BIECl1ZHr, TD
Fl—DOF—% 4 2% anb qETORTTTRTEZRI, £7o, TOHRBICEEBEFRT D EFE
ZHREMHL, BAREIZGRLTEZ R I, 7272 L, TTORE L Z AR T 2 0 8I1IH 0 TH A,

16 Fig.2 ® m-q D7 7 75 #3235\ dispersion effectiveness (DEYEZME HAL TV 5 |
ZERDOND, ZORRIZONWTAIHF THA SN TV DFEE BREEATIS Z & & Figld(a) TR
ENTWDYRXRTTF ROGFDOEEZEZIZLT, TOHBIZONWTERLEBRELTR L X
Uy,



I & 2 w0 smpmsiss 2 1 s P 2 B I AR OB 2 15 < T, WO RAFEE AT AL T
%o I TIHMIEOBHERERIE L LT=F L 7Y a— L LK(ENVEE: 18.0 g/mol) & DIRATKR % H
WHZ LI L, =mF L7 ) a— VIKETEOEIE TIRE T, TORE LEBSOEGRE FTERIZ
FLim, TITTF LU Y a—LDFELLE xp6 &1
xgg= TF LT ) a—LOYWEE(ZT L) a—LOWEE+KOWE E)

LERINDOIEMTHD, ZD&E, =F L 7Y a—/LOREMITEMEICANTIRGKAZ 5 1°C O
HETWHAEIL, BB —RRICEET 2RE L Lz, RB=F L2 7Y a—LOENALSFERN 0310 LLED
RRZIE, D <UZARFITIZEBME 2 B0 IRB 2 4 0 K35 (S =—0—) O RIc#Ey, 3B —HRICER
B LT B0 1°C OMETIEL, T 2RELHE L7z, ZORICEHINTOLENHKRD 4
OOFEIZONWTERL, bRTEDOBEZ 2R LIEREHOGEZERK L2 S0,

TF LT a—)LOREICHT DIRAROEEROEL (77 7 AREFEH LTI

WHIEE D D> < 1T A DA D A

IR D VBRI pE T E L Kr=1.86 °C-kg/mol & IR DEEE i & D BIf%

AR 2 —30°C OB BHENCTERIFT DB E R T4 7 A4 A(FHER:—79°C) & W TRFT 545
FIZBNT, EhEnEETREZ L

IFLYJYI—LORE BEBED
ELGE HERE HETLEE| #gESR
XeGc* Cec(wt%) Cec(mol/kg) tm(°C)*
0 0 0 0
0.051 15.6 2.98 —5.69
0.113 30.5 7.07 —14.7
0.155 38.7 10.2 —214
0.209 47.6 14.7 —31.6
0.225 50.0 16.1 —34.6
0.262 55.0 19.7 —42.2
0.288 58.2 22.5 —49.0
HELTAALESRS
0.310 60.7 24.9 —55.2
0.329 62.8 27.2 —61.5
0.335 63.4 28.0 —63.7
MNIFALTERESERE NMRALELES
0.310 60.7 24.9 —47.9
0.312 61.0 25.2 —47.7
0.366 66.5 32.1 —45.1
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