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Abstract: Biosurfactants (BSs) are highlighted owing to their multiple advantages in diverse applications. To screen a
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superior strain that producing a blend-biosurfactant of lipopeptide and glycolipid, the hemolytic activity assay on blood agar
plates, the modified oil-red spreading test and MALDI-TOF Mass Spectrometry identification of the purified products was
carried out. Bacillus subtilis THY-7 was selected and its principal products were surfactin and dirhamnolipid. The medium
component and culture conditions of THY-7 were optimized by both single factor and orthogonal experiments. After 48 h
optimal batch culture in flask, the cell density (ODgyo) was 37.0 and the product titer was 2.4 g/L, which was 3.4 folds and 3.1
folds of that under original condition, respectively. A fed-batch culture in a 5 L fermentor was further performed coupling with
in situ recovery of foam, in which the titer of blend-BS increased to 4.5 g/L at 25 h. Quantification by HPLC and anthrone

colorimetry revealed that surfactin and dirhamnolipid accounted for 74% and 22% of the blend-BS, respectively.

Keywords: lipopeptide and glycolipid, blend-biosurfactant, Bacillus subtilis, mass spectrometry identification, orthogonal

optimization, quantification analysis
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Fig. 1 Bacteria screening, product preparation and
MALDI-TOF MS analysis. (A) Colonies with transparent
circle on the blood plate. (B) Colonies without transparent
circle. (C) Oil-red spreading test of THY-7 broth at 48 h. (D)
Dried powder of products. (E) MALDI-TOF MS spectrum of
THY-7 products. Cyg.1/Co.;, fatty acid chain C10 or C9 with
an unsaturated bond at unclear position. Rha, the rhamnolipid
group. C;4/C;s: fatty acid chain C14 or C15.
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Fig. 2 Carbon and nitrogen sources of THY-7. C: 6 carbon
sources; 1—6: sucrose, brown sugar, glucose, glycerol, starch
and molasses at 30, 30, 31.5, 32.2, 28.4 and 40 g/L,
respectively. Org N: 5 organic nitrogen; 1-5: yeast extract,
tryptone, corn steep liquor, beef extract and soybean powder
at 1, 1, 3, 1 and 1 g/L, respectively. Inorg N: 5 in-organic
nitrogen; 1-5: NH4Cl, (NH4),SO4, NH4;NO;, NaNO; and
urea at 8.7, 10.87, 6.59, 17 and 4.94 g/L (equal N-element),
respectively. Experiments were performed 3 times.
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Fig. 3 Medium optimization of THY-7. C/N: sucrose/
yeast extract; Nitrate: NaNOj; Phosphate: KH,PO,/
Na,HPO412H,0; Mg (II): MgSO47H,0; Mn (1D):
MnSO4H,0; Fe (II): FeSO47H,0; 1-5: for C/N: 30:1,
40:1, 50:1, 60:1 and 70:1; for nitrate: 4.25, 8.5, 17.0, 34.0
and 51.0 g/L; for phosphate: 0.1/0.3, 0.333/1.0, 1.0/3.0,
2.0/6.0, 3.0/9.0 g/L; for Mg (II): 0, 0.03, 0.15, 0.6, 1.0 g/L;
for Mn (II): 0, 0. 67, 6, 20, 60 mg/L; for Fe (II): 0, 0.67, 2,
6, 20 mg/L, respectively. Experiments reproduced 3 times.
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Table 1 L25(5° orthogonal test design for THY-7

Ls A B C D E FE
I 30 17 0.3:1.0 0.05 0.5 2.0
II 40 25 0.7:2.0 0.15 1.0 6.0
Inr 50 34 1.0:3.0 0.60 2.0 20.0
IV. 60 42 1.5:4.5 1.00 6.0 30.0
\ 70 51 2.0:6.0 1.50 20.0 60.0

Ls: levels; A: C/N ratio; B: NaNO;, g/L; C: KH,PO4 (g/L):
Na,HPO,12H,0 (g/L); D: MgS047H,0, (g/L); E, FeSO4 7H,0,
(mg/L); F: MnSO4H,0, (mg/L). Experiments were performed
two times.

23 MiETEHmERM~MIRNE LR

XF THY-7 #EATRALHT G B FE AT 5%, T
S 20 B AN A W AR E TE R A, S5 A 4A
M1 4B, $55% 48 h B, ZiJifl ODgop 4 37.0, =¥
JEH 2.4 g/L, 4y HUERALETRY 3.4 F1 3.1 f5 . i

WAL, &P 32 h i KEEFRAEC L
FKIRZEM (] 4C), L& RIEARZL L, K
I, 78 5 L R BEREHHET TAMEL L5 55, W16 56K
H 2L, 10h f1 12 h 535l sk 55 57 5 60 mL,
K R BGEIR I ). KR 25 him, il
R IR R 4.5 o/L, 2 H AR i = N A
Ko

24 THY-7 =P RERA SRS ENEE N

TG TE R bR EM A THY-7 729 HPLC
ik E s SA 1 5B TR o 7E 200 mg/L THY-7 7™~
Y, SERuESY B IENT EARF A 4 FhRETEER
B 147.8 mg/L, 7 74% . JEHEA A

W E 2 BE IR FRAE S S THY-7 774, 455K sC
15D 7R, fE 100 mg/L THY-7 7=#p, 45 &L
ARG N 22.0 mg/L, 5 22%.

FEYIEREPEMT IR W], THY-7 ARK-BEASTR A
A= 2 1T SR EL A R B/ R G L FLAE
PERERIINAZ S PR, Xy b i HL A BRI AR
T 9256 2 AT A A e 4K A5 9 B. subtilis TU2!, 45
EETE YRR I S AT R AT S BRI o

A B C
40 . Q
2. '
30 Afer 257 ¥ /,7"
20 215 RN
10 Before ™ £ 10 \\‘ -
505 n L) % e
0.0 -/ =
10 Zt()(h3)0 40 S \Q& {&b
&
B4 EMmMALEE LR R MU

Fig. 4 Flask comparison before and after optimization and
microscope observation. (A) Cells’ optical density at 600
nm (ODgp). (B) Biosurfactant concentration (dry weight) at
48 h. (C) Microscopic cell morphology of THY-7 at 32 h
after optimization. Bar represents 4 um.
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Fig. 5 Quantification of surfactin and rhamnolipid. (A)
HPLC-UV spectra of surfactin standards (Sigma) in 40, 80,
120, 160 and 200 mg/L, corresponding to O - &,
respectively. (B) HPLC of THY-7 product with respect to
surfactin  standard. (C) Anthrone colorimetry of
rhamnolipid standards in 100, 80, 60, 40 and 20 mg/L,
respectively. (D) Anthrone reaction of blank control (left)
and 100 mg/L THY-7 product (right).
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