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Properties of sophorolipid produced by the yeast Candida bombicola
grown on different lipophilic carbon substrates

SONG Dandan'™ LIANG Shengkang® SHANG Yujun' WANG Xiuli'
(1. High & New Technology Research Center of Henan Academy of Sciences, Zhengzhou, 450002, China;
2. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, Qingdao, 266100, China)

Abstract; In the present study, sophorolipids were produced by yeast Candida bombicola ATCC
22214 when cultured on various lipophilic carbon substrates, such as oleic acid, rapeseed oil,
cottonseed oil, and frying waste oil. The structure and surface active properties were investigated.
Fed-batch fermentations of Candida bombicola resulted in sophorolipids yields of 101, 73 and
51 g-L™" from oleic acid, rapeseed oil, and cottonseed oil. The structures of individual sophorolipid
components were quantified and identified by HPLC-MS/MS system. Results showed that the
products were heterogeneous mixtures of acetylated lactonized and acidic sophorolipids, and the large
majority of the sophorolipids existed in the lactonic forms. Among the lactonized sophorolipids, the
predominant component is sophorolipid containing hydroxyoleic acid (C18:1) as the lipid moiety.
Sophorolipids had high surface activity, such as low surface tension and CMC and good stability. The
minimum surface tension of the produced sophorolipids in aqueous solution were found to be 36.0—
37.0 mN - m™" regardless of the carbon substrates while disparity occurred in the CMC values.
Unhindered surface activity of the sophorolipids was found at wide range of pH(2—10) , temperature
(heating at 100 °C for 2 h) and salt concentrations (0—20% NaCl).
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LG R 5 AR TG PERIAR LG SR A= 1R S MR AN (CRAT 143 ZLAL TR PR i 7k )
SEVE T LA TEEE | TR RS SR DT TR 25 B HAR AR R R AR R
TS YRR By T BAT H2 g, VT, BRI AR P 2 i A 32 0 Y S B R S A 7 A i v
DRI, 5 32 2 AR i 2 0 T O A 7 A T, e FH A A ISR, S PTG 7 AR B e A

W52 5 Z2 O RBR IR P A T R (R L2 R TR ( . bombicola) , 1| FH 7 5 P i Y5 8 26 3 0B ¥ P A A
TEBRURHER T A IR HEAL R TTIK 70% , RBEREA: 7 i 1 3% 400 g+ L7 RGET, R EER R B A 24
o A T R B LY 30%—50% " MU NR A TR A 7 IR, DR TRtk AR 1 B2 AR 7 SR A TR I st sk
TEUSAS T LA 28R ARRR A 1) A0 A%, JC R AR i P s U U AR . Solaiman 5517 4 T 1% 9% M1 22 I B 1
(C. bombicola ) I}, 7ER A AW AR hy B Y (0 B il b, 22 350R IR BRI S0 28 A Il i S I JbRokF
THAE FRA B I AR, MR A 77 AT 2 R AR IR AN 5], 45 28] (4 MR i 248 28 9 2 1k 75 1
FIAERFIPERE AT BEAN IR, PR, TRABIE ST S A W LA [ B U5 1803 10T 35 1570 190 45 4 PR B, X A Y
SEPR N EAT R R

AT e B WWERR 1 77 B 2 B RE B ( C. bombicola ) FUFERN -, e A [R)BR IR I AR 2 A FR AT
R A AR PRI, 558 T AR IR F7 250 T Bk B IR BE ) BB AR 4540 S R T i 1k
FHAIE.

1 SEEHR 4

1.1 AR 510

HAERE MR (AR, KT BT RAC TABRA R bl AR (LLZR RN AR & S R )E ) RTAE
Pl (22 195 RS ) JEMTRERE(100—200 H) (35 B #EAL T ) (M (HPLC,MERCK 23] ) (BT
FHASGER FHZK Ay I 1 405K

FME R 22 BE T (C. bombicola) ATCC 22214 , Ky 263 T /e S 06 28 (R A7

e RACTR A 0 1% - 5 0 PR T 1 A ( HPLC-MS/MS) , ZE [ Agilent 235, 1290 HPLC-Bruker maXis Q-
TOF,JZ-200A A 3h i ik 1AL (KRG 2 XA FRA ] ).
1.2 STk

(1) Btk & Bess =

BRI & A5 3% 7 Tk TR AR S 560 28 LR ik 1) AR 0 0 A K Vs P i L, SR il A e 0 I J2 3
SRRV ERRE , R PRI I3 AL 7 3K, 25 5002 Tk A AR [ B 5 B JSREUARE g 10 P BB , S 58 15 1
1 PR ARYER | ORIE AL TI050 7R K 8 d S EA TRIE I KL= 4 e () 0 5

R BLZIERET ATCC 22214 F A [RIBR IR BB I A R F7 B4 A
Table 1 Composition of fermentation media for sophorolipid production by C. bombicola
ATCC 22214 grown on different carbon source

SR TR KRR/ (g- L) REIRTERRIE/ (g L") FEEERS/ (g- 17 JRE/ (g L")
1 HIR 60 8 2
2 HHFFIl 60 8 2
A 60
3 fiyiafi FakFi 60 8 2
4 RUKE 3 60 8 2

(2) HLE U ryJZ kL ik alife

SR TR R IO 30 %k R BRI I EA T 53 B8 BRI A5 SRR i 1 KL=, %45 390 1 R N AL = 0 a0
ik oK 3 ¢ JEHRERL (100 H,110 CHG1E 4 h)IET 15 mL (9 LR LB5: HEE(10:1, V/V) FIR A 77
I FESIBE RS JAATRE (1.2 emx30 em) 1, TS FEA 1 em TCKBRER A, BL 0.05—0.10 g KL= & 7 5
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2 mL FRIES R, B EMEETER, 40 mL EIRIESVEFH% 1.6 mL-min" B9 HRYEMR. & I8 1k
TR, 3 A e 28 KA 40 C R, A RIAEME RR 2ifb r= i 2 RS B 1 mL 3%/, 38 1 HPLC-
MS/MS HEATHEMERE 2544 4858 3B

(3) Zlifk =¥y i) HPLC-MS/MS 45 #4347

KH Agilent 1290 HPLC-Bruker maXis Q-TOF & 73 ¥ 01 i L #% , (435 4%y Waters ACQUITY UPLC
BEH130 C18 2.1 mmx150 mmx1.7 wm.SZ55 55 i sl A:0.1% 2 1% NG /KE W w804 B.0.1% H
FRZNE; T M 0.2 mL-min™' RS MF M. 80% B. AR 30 °C, AL 1 pL, UV A& )% K .
207 nm, JCo i E ARG 25 - FESE IR B R SRV ] m/z 200—1000; BAIAE L 4.5 kV;
W25 1.5 psi; THEAU(N,) Ji .6 Lemin™ 3 SARIEE . 180 °C ;43 ¥#4% . 50000.

(4) MLHH AR B 2 T I M) o

R FH 7 BRI AS () e It 7 A2 A R i 1o e (I 3R 1T 7 7 B I S J ARk B85 ( CMLC) R A7
[ 258 T S [RMBE ] (76 100 °C A& 20,40 .60 .80, 100,120 min) ,£h)¥ ( NaCl ¥ ¥ 2% 5% 8% .
12% 15% 18% .20% ) K pH(2.00.4.00.6.00.7.00.8.00,10.00,12.00) X 54 IS %5 W e 1% 22 1 7K J1 19

.
2 RIS

2.1 AFEBRIEREFR A T ERIE ™ &

Wi BEIRMERR IR BUMANERAS N (43 3 Y, B0 1 d 30 1 %) 153 8 d Ja BERHIs ML= P ry e, B
PRGR LR 2. 7] LA | LAIR 1y B Ve P i D AR B 7 1 D 101 g - L1 LASRORF Il AR FF il AR Tl R
Jei MRMERE F A PR AR AT R R A e AR R 7= o, 43381 ok 73 .51 g-L_l. Solaiman %57 SR FH K T2
S SRR A IR AR 7 St A T R AT 6 RIOE 20l by v PRI L, B A i 7
HRUR, X AT RESE T ERUE R R ™ A 7 R TR R A A 3 A PR BT SR T, AR v DR Il 2 A 143
A AR, 7 B T Y MR e L33 JUA IR PR BRI ) AR AH 228 . R e, 7R S B A 7 v, AT AR 40 24
Hiy S 25 A R RS T B 20 15 1 NS P ik U

R 2 AFBBERSRA TR i

Table 2 Yields of sophorolipid production with different carbon souces

IR P Pk U5 R gEat i)/ h BRBENR 4/ (g-L71)
GiEsLi R 196 101
b Sk 196 73
A Lihastii 196 51
HIE b FYE 196 22

2.2 MHERR R R L4EFS B HPLC-MS/MS %3¢

I FHZ AT RE IR 5 TR LA ST Sk IR Vs e Al Y0 %) & IR W ik — 2L ik J5 |, A HPLC/ESI-TOF/
MS ST TR T =BG (5] R 454 16 1 25 1 T BB g IR R 9759 HPLC/ESI-TOF/MS &5 it [¥].
3 MG T A5 T BT FHI I B T8 i AT i 45 AN A5 I T2 o B a8 ) R S0 36 %
L& @ i XA R B Ao )45 2L 43 A0 TR R B0 A M 45 SRR AT 285, PREMAS AN 4 P, &5
SRRl LUHIWrZ A& B b & 7 FsERE R 224, BR DR BRI TE] O 3.0.6.7,6.9 min 1Y 3 FhEH 730 A HI R 1Y
Ab HAE N N BERYZE 43X AT Solaiman AT oY 4 R R AR — 5 M A PR 22 %R ( C. bombicola ) 7E L)
ORI I R Ry G R A A, BT 7 A B T2 LA PN IR A B S TR A T Ak B 24 T R
(C. bombicola) 7¢ LIFE AN ER AR IR ™= A= RIS [ R 0, RSS20 5 959% .
2.3 AN[RIRRUE A& B bE 7 r MR 45 #8 43 br

DI TR B 5 A e JOT = MR MR AR A T HPLC-MS/MS I 5 43 AT , JH Hb LI 265 W Sk A s i L, 5 i s
T UG ST 2 T = O AL AE R 2 B, 0 S IR v P i D T 7R R AT B B I TR A5 A T e TR T = AL
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JEHY HPLC-MS/MS il % 45 S 5 H % Lb , 85 0 UL 3% 5. %R [l w5 & B T P M BB AR b A T 25 & o i, R B
Shy T TR T PR T TR i TR 5 0 LT 7 %) 7 ) S R R TR g 5 (RIS, 35055 PR D A T A By
1 /G R (C18:1) BRI AIE A 0 191 /\ e B2 ( C18:0) L5 ORI AR | 3 — 25 SR AR 2 F 7 & O
FEEE BT A IR A R AN [ 45 R 1 17 TR 35k A MR PN R 4 T4 M AN % 6 R, nT LLE H USR] B
VLR IR A & RS A 0 7 (AR PN T v s T R L Y 45 40 A BT 25 57 (L S IS D B ST AT EE N 1 -
JETR(C18: 1) 45K 3 R & C18:0 F1 C18:2 4544, LR (4549 K C18:1) N4 Wk IEN, Al LI
W= R RS C18:0 A1 C18:2 45K I NS P24 , Nunez 25101 R0 35 B 22 BERE T (€. bombicola) 43 F
SR A X RN R R ) AR — 2R E T IS5 8.

20X107[ 7.6
1.5%107 [
&
P L
= 1.0X107
r 10.0
0.5X107
1 L L 1 L 1
2 6 8 10 12
PR [i)/min

1 (&R ATCC 22214 Frr=fi g i) HPLC /ESI-TOF /MS AL B F i K
Fig.1 Total ion liquid chromatogram of sophorolipids produced by C. bombicola ATCC 22214

RT3 LIFEFEREERTI0 N LB T B 22 IR ( C. bombicola) ATCC 22214

FERRBENG [ 289 S 4 20 53 B A5 R FIAR X 5 ik

Table 3 Structure and relative abundance of the sophorolipid homologues produced by C. bombicola

ATCC 22214 with the carbon source of goucose and rapeseed oil

14 87 it , FET By EEBETER

W Hi 44 AR e g
Bl & ]/ min (e (m/z) % (m/z)
L[ (27-O-B-D-RH, I 7] 28 H H-B-D-Ait i 7 24 - 729.37,707.38,589.25,
B3 -0-1-1T /\UGER-6',6"-—. L TRlg 30 e 707.3830 398 503.32
17-L-[ (2-0~B-D-NH I 5 % 4 Jik-B-D- ML 1 4]
I ) -0-]- Nk G BR-17, 47- P FiR-6'- 4.7 PN T 75 647.3626 2.86 669.34,647.36,485.31,
Z R 467.30
17-L-[ (2-0-B-D-NH I ] % 4 Jik -B-D- N 1 74
PRI ) -0-] -1 /\ Bk — I e-1", 4"- P Fig-6"- 5.6 PN Tl 75 647.3620 3.69 669.34,647.36, 443.30
Z R
17-L-[ (2-0-B-D-NH I 5] % 4 J2k-B-D-NH I 4 20934 687.36
PRI ) -0- - A\ Bk M ER-17, 47- N -6, 6.2 PR 687.3576 13.85 T IR
&' 7 W 669.35, 651.34
17-L-[ (2"-0-B-D- Ntk i 4 45 M 3 -B-D- ik Il - 685.34, 663.36,
HBEEE ) -0-] -1 /\IRTR-6"- £ TR TR 67 ma 663.3579 6.3 645.35, 627.34, 483.30
18-L-[ (27-0-B-D-NH I ] % 4 Jik -B-D- N I 4 - 685.34, 663.36,
EpREEL) -0- -+ /\ IR -6"- L IR TR 6.9 B 663.3573 4.21 645.35, 627.34, 483.30
17-L-[ (2'-O-B-D- IR 15 %5 4% 3-B-D- ML 1 4
HFEIE) -0-1-1 /R IR-17, 4"- N iE-6, 6" — 7.6 PRI 689.3747 53.66 711.36, 689.37, 671.36,
7B 653.35, 485.31, 467.30
18-L-[ (2'-0-B-D- Wi 7] %5 1 5&-B-D- ik Wi 7

j ) 711.36, 689.37, 671.36
A _0O.1. 2N %}_ ’ "_ l:_ ’ ”"— bﬂ . ’ E) ’
?E? 0-1-+ /\MER-1', 4"- 1 li§-6', 6" — 7.7 A i 689.3743 653,35, 485.31. 467.30

H

17-L-[ (2'-0-B-D-MH. e 7] %5 i Jo-3- D- NI i
HREEL ) -0-1-+ N\ B fR-17, 4"- N fiK-6', 6" — 10.0 PN T 75 691.3891 10.51 713.37, 691. 39, 673. 38,

LR

655.37
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x4 BB YU AE B (/) ST
Table 4 MS/MS data [ M+H]" ions (m/z) of sophorolipids
7 B8 B[]/ min

PLWE G 5T
3.0 4.7 5.6 6.2 6.7 6.9 7.6 7.7 10.0

[M+Na]* 729.37 66934 669.34  709.34  685.34 68534 71136 711.36  713.37
[M+H]* 70739 647.36  647.36  687.36 66336 66336  689.37  689.37  691.39
[M+H-H,0]* 589.25 -~ -~ 669.35 64535 64535  671.36  671.36  673.38
[M+H-2H,0]" — -~ -~ 65134 62734 62734 65335 65335  655.37
[M+H-2CH,C0O]* 623.25 -~ -~ — -~ — — - —
[M+H-C H,,05] * — 485.31 — - — - - - -
[M+H-C4H,,0,] * 503.32 -~ 44330 48330 45930 45930 48531 48531  487.33
[M+H-2C,H,,0,]" 299.26 -~ 297.24 -~ -~ 29926 29926  301.27

RS RLZEERER ATCC 22214 DI [RIBRIE A JFE 1 5 19 7 MUBR NG [7) 22 900 S 4% 4L o A5 R AR NS 55

Table 5 Structure and relative abundance of the sophorolipid homologues produced by C. bombicola
ATCC 22214 with the different low cost carbon sources

o, RS A AR
R e 7T TR T N TN
KBS MEER e

L-[ (2"-O-3-D-NH. I 3 7] i 2-B-D- M T 44 % Bl 5 ) -0- ] -+ /\ Bk

66" T L8] 705.3692  V(5.48) T o
é&%@{?f{i%?:;?g??ﬁ@fﬁﬁﬂ'u& G R 647.3626  \/(4.49) % i
g&é;ﬁﬁfﬁqbﬁg&;ﬁ&i@ﬁ%ﬁﬁmmmﬁﬁ EHEHL) -0-] -\ Bk —— 6473620 % % %
é&%;i?ﬁf);]&g?? i‘fﬁ%@gg AT ERRIE) O ) E AR ey 687.3576  \V(22.40)  V(28.66) %
%éfg&?uﬁ%%%%%_B_D'uwﬂﬁq%%%%)'O'J T e 663.3579  V(12.07) V(36.94) V(27.21)
L-[ (27-0-B-D-NH I 5 % 1 -3~ D-Lk Wi 4] 28 A 2k ) -0- 1 - /U . 207 3830 V(643) % %

Wi-6',6"-— Z M

L-[ (2-0-B-D-IH I 75 %5 i 5-B-D-IHe il 3 2 W 322 ) -0- 1 -\ U
fR-1',4"-Nf5-6' 6" — 2 TRl

L-[ (27-O-B-D-H 5 7 76 il F5-3-D- Nt e 7 289 W 35 ) -0- 1 -+ /e
f2-1',4"-HiE-6' 6" — Z TR

P i 75 689.3747  V/(38.61)  V(20.60)  V(34.96)

PN 75 691.3891  V/(10.50) V/(13.80) V/(37.84)

&6 PRBENES T IR T FRHE AL A
Table 6 Distribution of sophorolipid lactones
AR PAY T 1 B 7 2 s £ 2EL FSUARL X 2/ 9%

KRR Jispea el

C18:2 C18:1 C18:0
G iR 27.2 35.0 37.8
CikaL Sk 21.4 67.5 11.1
G Liasil 45.4 32.7 21.9
A HFE 35.4 50.8 13.8

LR ERRIEA R R W, B K BE P S A — A AN R A MR (C18: 1 RS Al ) R B 22 B R
(C. bombicola) ) F- 271y , 1l Chen 451 & T MM SR FH A1 3 Am 10 V5 S E (¥ 285 1) — B, T %
LR AR (1 22, R EUARBEAR T C18:1 JUZS A 24 1 N R ARAEAR 1 77% , FR RURR MR AR h C18:1
TILS K 29 5 TR R IR ) 85%.
2.4 AIRINREPERRIREE F5 A 0F T 7 MUBHING B4 2 T I 1

BT ANRIBRIRE SR AT BRI BRI A SR 6 . 45 R WL 7, aT LA 4 FhAS Rl B I8 5%
SAE TR T P R A VR ) R AR TR 5K ) 7E 36—37 mN-m ™" Z [A], 53X 5 R FH oS B iR T /\BERR | T/
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R B/ ke — W TR R R R I R AR O 4 R — 352 TR R AR [ i i I O 7= MR s 114 AR T PR B 240
LRI FRBE AT & 4. 100 CMC A4 BT AN TR] , 2202 th T e AN [ g v P a DR 55 37 45 06 5 B #p i
Hh I R % 1 28 B L AR ), BRI (1) CMC 32 K R g B B e e i o B

T AT T RLBERET ATCC 22214 78 7 SUMRIR ) 2 1106 14
Table 7 Surface-active properties of sophorolipids produced by C. bombicola ATCC 22214

with the different low cost carbon sources

Jlg Vst B R
i P iRl RIERE
FARE MK S/ (mN-m™) 36.1 37.0 36.9 37.0
CMC/(mg-L7") 36.5 30.1 43.6 38.3

R T RS RRMERR AR M, B TR RIS (] R EE AT pH XK BE S 200 mg - L MLBEAR A R AR
FI 5K T S, D E 25 RN 2 s a] LU RSB AR B K b 2 b s HER gk ) LT
AR, 2R DI WE IR A AR 4 1Y PR 8 1k 5 7R 3h MR B2l 0—20% 315 [ 247 O 457 8 v 1Y 2 T % 1, T
Ghojavand %5 3R I8 T A B ZEHUFT 1 ( Bacillus subtilis PTCC 1696) 7= A M1 22 1 5 MEFIAE 4% —8% (1) 3h ik
JEE S0 B P DR A e R T T P, U R i %o v R SR A AR R BT 327 s 7 pH 2—10 Yu R P, MR bEAE % 81
R R T, 2 pH (R 12 i, HERTH 5K J1 A 55 35 40.3 + 0.08 mN-m™", CET RIS ARV i b
JEA BRI ZURIE ST O VTR S DS TROE WPIRES , AT RESE BN 1 I IR B 1 ) R R S AR 23544

pH

2 4 6 8 10 12
41 7 T T T T T T T T T
40+ —m= JhoK IR ]
= | —eo— NaCl & JiF
g | —a— pH
= 39
E
=38F
2 |
=55
g 37
i& 36 _/i i — / .
@rg / [ e
L - L]
;% 3512 x /*X;/%/

7%}
=
T

NaCl ¥& & /%
1 1 1 1 1 1 1 1 1 1 | 1 |
0 20 40 60 80 100 120
WK ep N ] /min

B2 R[] R pH A R B AR VAV (200 mg- L") R 7K 1 B 20
Fig.2 Effect of heating time, salt concentration, and pH on surface tension of sophorolipid

solution with the concentration of sophorolipid 200 mg-L™"

3 45

PAVHITR SERF I SRR A IR 7 P A R I I 22 BB B ATCC 22214 A6 25 B IR MR 7= i, & K
FIREREAE A R BRSO &A L-8 35 1/ \ s T 119 P9 T 28 R 5 AR B ) 3R A A0 i L LA A g 78 A
R A 3 LAAS ) g Vs P e 15 Ay & I IV A0 0T g () A PR I o Al U 5 P 5 i A i 22 5 (B R 2 DURB i 6 AN
TRURTEE A 1 /TR (C18:1) Z544 Sy 32 Jr =AM BE EL AT A1 17 R 1 7k ) s B sV B (CMC) |, I
TR 7K 1129 36.0—37.0 mN-m™" 1] CMC A3 Jir 22 5. [Al i) i B ME AR 2 A R 4r i Ase o, LR g
PERTEE 100 °C RAREE 2 h FEACRAS | I A7 0—20% 19 NaCl Eh¥ 7 M pH {Hh 2—10 JEH N R 1
) 2% 1T 376 2
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