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ABSTRACT

P. aeruginosa M14808 was screened to produce rhamnolipid with high yield by mutation in a high
magneto-gravitational environment. After silica gel columniation chromatogram, the components of the crude
biosurfactant extract were analyzed by TLC, FTIR, and ES-MS. The major components were characterized as
rhamnolipids. The rhamnolipids consisted of two main types, mono- and di-rhamnolipids. Di-rhamnolipids showed
significant anti-proliferative activity against human breast cancer cell line (MCF-7) at a minimum inhibitory
concentration (MIC) of 1 ug/mL as opposed to a minimum inhibitory concentration of 5 xg/mL against human
non-small lung cancer cell line (H460).
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INTRODUCTION

Microbially-derived surfactants called biosurfadtanare amphipathic molecules produced by a widéetyaof
bacteria, yeasts and filamentous fungi. Biosurfaisténave properties of the general surfactantsclwheéduce the
interfacial tensions between liquids, solids andegaand confer excellent detergency, emulsifyingming and
other versatile chemical process. Compared wittmited surfactant, biosurfactants offer several atges, such
as low toxicity, inherently good biodegradabiliand ecological acceptability [1]. Furthermore, laiatiic activity of
some biosurfactants [2-4] and their inhibitory effen algicidal activity [5] have been reported.e$é properties
make a variety of potential applications, includingsmetics- pharmaceutical formulations, agricakufood
industry, oil recovery and environment protectieahnology [4, 6-9].

Bacteria of the genu®seudomonas are known to produce a glycolipid surfactant cuomig rhamnose and
3-hydroxy fatty acids [10]. Rhamnolipids, which @group of secondary metabolitesPspudomonas aeruginosa,
have been widely studied and are reported to bextura of the homologous species RL1 (Rilz), RL2
(RhaGg), RL3 (Rha C;¢Ci) and RL4 (RhgCyo) [11]. Rhamnolipids are easily isolated from ctdtibroth and can
be produced using hydrophobic and hydrophilic gabss such as carbohydrates, hydrocarbons, vegatdblor
wastes from food industry [12-14]. In recent stadihanomsulet al. [15] found that Rhamnolipidsad significant
inhibition effect on the growth of human breastaancell lines (MCF-7) and insect cell line (C6/38}ipcevicaget
al. [16, 17] reported that di-rhamnolipids had diffetiel effects on the growth of human keratinocysesd
fibroblasts and also could improve the healingedmburns.

In this paper, we describe the biosurfactant primdustrain. Also, we determine the structure arsl tifological
activities of these biosurfactants against two eacell lines in vitro in order to verify.
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EXPERIMENTAL SECTION

Microorganisms, cell lines and media: Pseudomonas aeruginosa M14808 mutated in High Magneto-Gravitational
Environment was selected as the highest biosurfaptaducer and stored at 48Gn 50% glycerol. Two cancer cell
lines, human non-small lung cancer cell (H460) hndhan breast cancer cell line (MCF-7), were appiiethe
study and provided by Wenzhou Medical University.

Medium (g-L*): NaNQ; 3.0, KHPQ, 2.0, KHPO, 1.0, MgSQ- 7H;,0 0.50, KCI 0.1,CaGl2H,0 0.01,FeSQ 7H,0
0.01, yeast extract 0.01,vegetable oil 40, 0.05mte-element solution containing(¢H)LH;BO; 0.26, CuS@ 5H,0
0.5, MnSQ-H,0 0.5, MoNaO,-2H,0 0.06, ZnSQ@ 7H,0 0.7. pH was adjusted to 7Z®.2.

Production and extraction of biosurfactants: P. aeruginosa M14808 was cultivated in 500-mL Erlenmeyer flasks
containing 160 mL of medium. Cultures were incubdae30°C on a rotary shaker at 220 rpm for 7dakse. culture
broth was centrifuged at 10000 rgor 20 min at 4°C. The supernatant was adjustgoH®.0 with 6M HCI and
then incubated at 4°C overnight. The total brotts watracted twice with chloroform—methanol (2:1y)v/The
mixture was stirred with Magnetic Stirrer for 20mirhe organic phase was concentrated by the vadistitiation

at 40°C. After evaporation, the resulting yellowish, oilyjude product containing biosurfactants was obtained.

Purification of biosurfactants: The crude extract was purified by silica gel coluoimomatography which was
eluted with chloroform and then with a sequencethdéroform—methanol 10:1 (v/v) 100mL, 4:1 (v/v) 100, 2:1
(v/v) 100mL, 1:1 (v/v) 100mL. The different glycpldic types were separated by analytical thin-layer
chromatography (TLC), carried out on silica geltgdaGF-254 using chloroform/methanol/acetic acif:16:2,
viviv) as developing solvent. Then the plates wesealized with sprayed phenol,$0, and developed at 100°C
for 5 min.

Structure characterization of the purified compounds: Fourier transform infrared spectroscopFTIR) , FTIR
spectroscopy can be used to elucidate the chermsinattures of some components in an unknown mixbyre
identifying the types of chemical bonds or the fiowal groups present in their chemical structuheghis present
study, a Bruker TENSOR 27 FTIR spectrometer was tiggrovide a chemical analysis of the componanthe
crude biosurfactant; Electrospray ionisation—-ma&ssometry (ESI-MS), ESI tandem mass spectra aegeired
by mass-selecting the target ion using a quadrupwss analyzer. The conditions of the analyses :WeS€)
Quantum ultra (AM) quadruple instrument (Finniga.l. Foster City, CA, USA). Negative ion mass spegtere
used. The scanning mass range was 30~800 Da.

Antitumor activities: Antiproliferative test against the cancer cell limas performed using MTT assay. These two
cell lines (MCF-7 and H460 were grown in DMEM, at 37°C, 5% GOThe cancer cell line culture was
supplemented with 10% fetal bovine serum and pkinicand streptomycin at 100 unit/mL and 1Q@/mL,
respectively. The cell lines were pooled, dilutedtte cell density T0cells/mL and dispensed into a 96-well plate.
Biosurfactants were dissolved in DMSO, sonicated #en diluted 10 fold with the culture medium auted to
the cells to final volume 100L per well. After 48 h of incubation at 37°C, 5% &Q@mg/mL MTT were added to
each well and incubated for another 4h. Then lODMSO were added and mixed thoroughly. The absmbavas
measured at 570 nm using a microplate reader (TE@#Nite M200 PRO, Austria). The positive and ntdga
controls were included in the assay.

RESULTSAND DISCUSSION

Purification and detection of biosurfactants: The crude extract showed two major spots with Rfiev®.40 and
0.78 analyzed by silica gel TLC. According to tltdoc reaction, the spots with Rf value 0.40 (narRdd and 0.78
(named R2) are glycolipids (The data was not shdWed separation of biosurfactant was accomplighedilica
gel column chromatography. The fractions with samiRf value were combined and dried under reducedspre
with a rotor evaporator at 40°C. Sample R1 and B&wprepared.

Chemical structures of biosurfactants: The chemical composition of each component fraetied from the crude
biosurfactant was preliminarily investigated by ngsiFTIR technique. The FTIR spectra of the two Kiraf
glycolipids (R1, R2) were partially similar, sugtieg that the three fractions should have similaerical
structures (in Fig. 1).
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Fig. 1 FT-IR spectrum of glycolipid (R1, R2)

The important adsorption bands (R1, R2) locate2B&0, 2928, 2857, 1738, and 1300-1100" émdlicate that all of
them have chemical structures identical to thosehafmnolipids, which are composed of rhamnose rargs long
hydrocarbon chains [18].The presence of an estectste is clearly indicated by the absorbance batdhe wave
numbers of 1738, and 1128 ¢nthe first corresponds to the stretching of e€te® and the latter to the stretching
of C-O-C. The strong absorbance at the range 08-38650 crit indicates the presence of hydroxyl groups in the
chemical structures of the biosurfactants. Thengtradsorption peaks present at 2928 and 2858armexpected to
be the C—H stretching vibrations of the hydrocarbleain positions.
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Fig. 2 Average mass spectrum of sample R1

With the use of MS analyses, the chemical strustofaghe isolated fractions were revealed. Frormtlass spectra,
the possible molecular weights were identified ffacctions R1 and R2 respectively. Fig. 2 and FighB8wed the
average mass spectrum of R1 and R2.
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Fig. 3 Average mass spectrum of sample R2
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The mass spectrum of sample R1 shows intense natdons at m/z 333,475,503,529 respectively anteoubar
ions at m/z 503 is the predominant component. Thase are consistent with the structure of monear@ipids.
In the case of sample R2, the presence of signat¥§za479,621,649,677,685 in the mass spectrunespond to
di-rhamnolipids [4, 19-21] and the predominant comgnt is molecular ions at m/z 649.
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Fig. 4 MS/M S spectrum of RhC10Cyo

16901

Relative Abundance
g

20- 503.13
162.93

02.98
11894

5 88,98 186.98 339.09

8
5908 | 14493) | |10505 22505 27280 3084 || 36100 30718 saad0 46743
LA LA LA L L e s e S e e et e B e

50 100 150 200 250 300 350 400 450 500

miz

Fig. 5 M S/M S spectrum of and Rh,C10C1o

In order to confirm the structures and the posgiofi the fatty acids, these molecular ions werarstied to the
tandem-MS mode. The main ion of RW£ 503, Rha-Gy-C,o) showed daughter ions atz 333, corresponding to
the rupture of the ester linkyz 169, corresponding to the released fatty acids,ramd 63, corresponding to the
rupture of the link in the rhamnose-alkylic chaim Eig. 4).

The major molecular ion witim/z 649 (Rha-C,o-C;) in sample R2 was also analyzed by tandem-MSalieg
daughter ions that indicate the rupture of therdsb@d between the alkyl chains, releasing Rba (m/z 479) and

hydroxyl decanoatenf/z 169). A daughter ion withn/z 163, corresponding to a single rhamnose, was désttified

(in Fig. 5) [22]. Tandem-MS was also performed lom dther ions of R1 and R2 in Tab. 1.

Antitumor activity analysis: The R1, R2 and the crude extract of this strainucelwere applied in anti-tumor
experiments. The result was that R1 and the cruttaa didn't have anti-tumor activity (Tab. 2)ténestingly, R2
showed significant inhibitory effect against MCFRaid H460, at the minimum inhibitory concentratiomgimL
and 5ug/mL respectively. The MS analysis result couleirthat di-rhamnolipids were the dominant compornt
R2. Nevertheless, no inhibition effects were obsdrwith the biosurfactant crude extract. This maydbe to the
relatively low concentration of di-rhamnolipids time total biosurfactant crude extract. The inhityitactivity of R2
was obviously observed in dose dependent manrercagn in Fig. 6§-value<0.05).
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Tab. 1 Sructure of the rhamnolipids from sample R1 and R2

NO Rhamnolipid m/z Main fragmentationls NORhamnolipid m/z Main fragmentations

1 RhG: 301 159, 187, 131 11  RBCyc 621 451, 169, 247

2 RhG 305 163, 141 12 RB.Cs 621 479, 141, 247

3  RhGo: 329 159, 139, 171 13 RBCizs 647 195, 452

4  RhGc 333 169, 163 14  RB1Cic 649 479, 169, 247

5  RhGCy 475 169, 141, 305 15  RBCizs 675 479, 365, 193, 247, 149
6 RhGCs 475 333, 311, 141 16  RBiiCic 675 505, 365, 169, 247

7 RhCic 479 309, 169, 247 17 RyCy: 677 479, 367, 195, 247, 151
8  RhGCyc 503 169, 163, 333, 103 18 Rh.Cyc 677 507, 367, 169, 247

9  RhGCCi2s 529 333, 365, 193 19  RBCuss 703 480

10 RhG»Cyc 529 359, 65, 169

Tab. 2 Biological assay of the biosurfactants produced by P. aeruginosa M 14808 against various cell lines

Compound MCF-7 H460
R1 NS NS
R2 Iug/mL  5ug/mL
N1 NS NS
Crude extract NS NS

NS means non-significant difference in the celllifecative activity of the tested compounds complat@ negative
control. Numerical values represent the minimumikitbry concentration that gave a significant pieiative
activity different from controls.
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Fig 6 Dose response effect of R2 on the proliferation of MCF-7 & H460 cells after 48 h incubation
CONCLUSION

After the characterization of the purified metahbsliof P. aeruginosa M14808 by TLC, FTIR and ESI-MS, it was
found that there were two major products, mono+mhmalipids, di-rhamnolipids. Rha1&C.q and RhaC;-Cyq
were respectively verified as the major componeaftthe mono- and di-rhamnolipids. Di-rhamnolipidsosed
significantly anti-proliferative activity while thether two fractions and the crude extract didavd this potential.
The MIC of di-rhamnolipids to MCF-7 and H460 wasd/mL and 5ug/mL, respectively. Thus, di-rhamnolipids
produced byP. aeruginosa M14808 could have potential applications as antieadrug.
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