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Abstract

Project Code : RSA5580001
Project Title : Novel environmental-friendly emulsion stabilized by bacterial cells and polymer network
Investigator : Assistant Professor Dr. Jirarut Wongkongkatep
Department of biotechnology, Faculty of Science, Mahidol University
E-mail : jirarut.chu@mahidol.ac.th
Project Period : 3 Years

Emulsion, or the phenomenon that that oil droplets disperse in an aqueous media, are of great
practical interest because their application is almost every chemical industry, such as in detergent,
dyestuffs, paints, paper coatings, inks, fibers and plastics, personal care and cosmetics, agrochemicals,
pharmaceuticals and food industry. A conventional emulsifier or stabilizer, however, is a product from
petrochemical industry, which has a limited resource and always shows some toxicity to our
environment. Therefore, there is an urgent need to search for a natural-origin and renewable bio-based
interface material.

In this research, a natural-origin positively-charged polymer was used to neutralize the
negatively-charged bacterial cells and increase their surface hydrophobicity, resulting in a newly-
developed bacteria interface emulsion. Chitosan demonstrated the best performance in charge
neutralization, hydrophobicity enhancement as well as emulsion stabilization. Chitosan concentration
and size of the bacteria affected the emulsification index significantly. Pseudomonas putida F1 showed
the highest cell viability and activity when exposed to emulsion system which is promising in the
application to bioremediation of oil and organic solvents. This bacteria interface emulsion, nevertheless,
is sensitive to agitation and physical forces especially within 24 hours after emulsification. Static
storage of the emulsion at room temperature more than 30 days can reduce this sensitivity up to 50%.
When considered about its practical use in bioconversion and bioremediation which require the live
cells or the activity of the bacteria, the kinetic of the emulsion has been accelerated by adding

hydroxypropyl methyl cellulose as a secondary stabilizer.

Keywords : bacteria, emulsion, chitosan
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HEWIITWIY
UNH (Introduction)

Emulsions are of great practical interest because their application is almost every chemical
industry, such as in detergent, dyestuffs, paints, paper coatings, inks, fibers and plastics, personal care

and cosmetics, agrochemicals, pharmaceuticals and food industry.

An emulsion is a system consisted of dispersed emulsions of one immiscible liquid in another
stabilized by surfactants or emulsifiers. Surfactants are involved in almost every industrial product or
process. As a result, they enter the environment in effluents from industrial and household wastes.
Contamination of phosphate-type surfactant to the environment has caused “Algae Boom” in the reservoir
and depleted the dissolved oxygen during nighttime which will result in the serious effect to all life species
in the water system. Due to the adverse effect of surfactants to the environment, it has been required to
find an alternative to a conventional surfactantin order to reduce its environmental impact. Since the
original work of Ramsden (1903) and Pickering (1907), solid colloidal particles have been proved to adsorp
at the interfaces to form “Pickering emulsions”. Interest in Pickering emulsions has increased over the past
10 years, especially for health and cosmetics applications where the use of surfactants can cause an
adverse effect to the environment. Indeed, Pickering emulsions not only present good mechanical
properties, but also produce good stability, thereby leading to a reduction in the use of non-environmental

friendly surfactants (Rosen et al., 1999).

However, the raw, non-hydrophobically-modified materials are usually not surface active due to
their lack of hydrophilicity/hydrophobicity, or great tendency to aggregate. Methods involving hydrophobical
modifications or the addition of cosurfacting compounds are required to produce particles/material suitable
for Pickering stabilization (Binks, 2002). Such methods increase the use of hazardous chemicals and make
the process complicated and not suitable for large-scale production. Research efforts are being focused on
the development of an environmental friendly, bio-based Pickering emulsion with simple preparation. Few
studies have described stabilization by particles derived from renewable resources (Kalashnikova, 2011)

whereas no reports concerned with bio-based Pickering stabilization.
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Bacteria are prokaryote microorganisms, typically a few micro-meters in length, ubiquitous in every
habitat on earth. The bacterial cell is surrounded by negatively charge lipid membrane which encloses the
contents of the cell and acts as a barrier to hold nutrients, protein, enzyme and other essential
components of the cytoplasm within the cell (Madigan et al., 2003). An electrostatic interaction between
the negatively charged bacterial cell surface and polycationic polymer has been well studied (Li et al.,
2010). We utilize our expertise in creating a novel functional gold nanoparticle by coating a polymer which
is well summarized and reported (Wongkongkatep et al., 2010). In this project, we aimed to create a novel
function of bacterial cell by coating with a specific polymer. Our unique strategy is that the strong binding
affinity of polycationic polymer toward the negatively charged cell surface would neutralized the surface
charge of the bacterial cells, resulting in a self-assemble bacteria-polymer network which could provide in
a single step and able to stabilize the novel type of bio-based Pickering emulsion useful for industrial

application (Scheme 1).

- &=

» |
-

Bacteria-polymer Network

+

it 4+ : Cationic polymer .
5 Pickering emulsion stabilized by

- : Bacterial cells )
- bacteria-polymer network

Scheme 1. Bio-based Pickering emulsion prepared from bacterial cells and polymer network
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25n15naaas (Methodology)
Preparation of polymer modified bacterial cell

Polymer-coated Bacteria was prepared by combining an appropriate amount of polymer dissolved
in aqueous solution (0.3 mL) with the bacteria cell suspension (OD = 2 in 0.1 M sodium phosphate buffer
pH 6.8, 0.9 mL) then vigorously mixing for 2 min. The obtained polymer-coated Bacteria was imaged under
epifluorescence microscope (Olympus BX 51, Japan), confocal laser scanning microscope (CLSM,
Olympus FV-1000, Japan) and scanning electron microscope (SEM, S-2500, Hitachi, Japan). Zeta
potential (Nano Zetasizer ZS, Malvern Instrument, USA) and CAM (KRUSS G-10, Germany) measurement

will indicate the successful coating of polymer to bacteria.
Fluorescence microscopy

Fluorescent imaging was carried out using an epifluorescence microscope (Olympus BX 51, Japan)
which is equipped with a UHS1030L mercury lamp and DAPI (U-MWU2, 330-385 nm excitation and > 420
nm emission), FITC (U-MWB2, 460-490 nm excitation and > 520 nm emission) and nile red (U-MWG2,
510-550 nm excitation and > 590 nm emission) filter sets. A 1.5 million pixel single CCD camera (DP71)
will be used to capture digital images. Confocal laser scanning microscope (CLSM, Olympus FV-1000,
Japan) equipped with Ar and He laser was used to identify the position of polymer-coated bacteria in the
emulsion system. FV10-ASW 1.7 image analysis software supplied with the microscope was used for

projection images and 3D images reconstruction.
Scanning electron microscopy

An observation was recorded using scanning electron microscope (SEM, S-2500, Hitachi, Japan).
A suspension of Bacteria at appropriate growth was harvested, washed twice and then centrifuged at
12,000 rpm for 5 min. The pellet was firstly fixed with 2.5% (w/w) glutaraldehyde in 0.1 M cacodylate buffer
(pH 7.2) at 40C for 2 hours, washed three times, and secondly fixed with 1% Osmium tetroxide in 0.1 M
cacodylate buffer (pH 7.2) at 4°C for 1 hour. The samples was dehydrated in a graded ethanol series and
then coated with platinum/palladium alloy. The polymer-modified Bacteria cells was prepared and imaged

using the above-described procedure.
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Zeta potential measurement

Zeta potential was recorded on Nano Zetasizer ZS, Malvern Instrument at 25°C. The bacterial cell
suspension was prepared in 0.1 M sodium phosphate buffer solution pH 6.8 with optical density (OD) = 2.
Coating of polymer was performed by mixing 3 mL of bacterial cell suspension with 1 mL of polymer

solution. In the control experiment, 3 mL of bacterial cell suspension was analyzed for its zeta potential.
Contact Angle Measurement (CAM)

Washed Bacteria cells was suspended in 0.1 M sodium phosphate buffer (pH 6.8) at a
concentration of ODggy = 2. A mixture of 0.1 M sodium phosphate buffer (pH 6.8) containing Bacteria at
the equivalent cell density was prepared for the polymer-coated Bacteria. A 50 mL of suspension of
Bacteria cells with or without coating was filtered on a nylon membrane with mean pore size of 0.45 um,
47 mm in diameter (Millipore, USA). The lawns was kept on a 1% agar plate at room temperature to
prevent drying. The lawn was immersed in organic solvent bath, and a 2-uL droplet of distilled water was
placed softly on the cell lawn. Then the three-phase contact angle between the water drop, bacterial lawn,

and organic solvent was measured using a contact angle meter (KRUSS G-10, Germany).
Formation of polymer-coated Bacteria emulsion

Polymer-coated Bacteria emulsion system was prepared by combining an appropriate amount of
polymer dissolved in aqueous solution (0.3 mL) with the bacteria cell suspension (ODgg = 2 in 0.1 M
sodium phosphate buffer pH 6.8, 0.9 mL) prior to a vigorously mixing with an equal volume of organic
solvent (1.2 mL). The bacterial emulsion was kept at room temperature and then observed under

fluorescent light microscope (Olympus BX 51, Japan) or measure Emusification index (El) at time interval.
Emulsification index (El)

Emulsion of coated Bacteria was prepared as described previously. El was evaluated by measuring
the total volume of the mixture (Ht) and that of an emulsion layer (He) after allow to stand for time interval.
The value of El (%) indicating the ability to stabilize the emulsion by the coated cells, was calculated as
He x 100 / Ht.
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Cell viability in 3D scaffold of emulsion

Every sample was introduced under sterile conditions in 7 mL disposable cylindrical polyethylene
containers containing 1 mL of culture medium. This polyethylene container was inserted into a cylindrical
polystyrene container that has four stainless steel electrodes. The outer container was filled with 2 mL of
36 mM (2 g/L) potassium hydroxide aqueous solution. The outer container was hermetically closed by a
stopper that causes the aseptically opening of the inner one. Containers tempering to 37°C promotes
bacteria growth and hence carbon dioxide release (C4H,04 + 60, — 6CO, + 6H,0). The carbon dioxide
flows from the inner container to the outer one, where it is adsorbed by the KOH solution (CO, + 20H —
CO32_ + H,0) and causes the change of the conductivity of the KOH solution. Data will be acquired every

10 min.
Addition of secondary stabilizer

Emulsions were prepared by mixing chitosan with hydroxypropyl methyl cellulose or xanthane gum
solutions at appropriate concentration (4.8 mL) and E. coli DH5a cell suspension (ODggy =2, 14.4 mL) as
an aqueous phase. The mixtures were then homogenized with soybean oil (6 mL) at 11,200 rpm, 30 sec
and rest 2 min for 4 cycles to perform emulsion stabilized by chitosan and hydroxypropyl methyl cellulose

or xanthane gum.
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Figure 1. Zeta potential (bar) and contact angle measurement (*) of E. coli DH5 alpha after associated with

chitosan (left) and PLL (right) at different concentrations.
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Figure 2. (above) SEM images of E. coli DH5 alpha after network formation with chitosan at concentration
of 0 (A), 0.75 (B), 7.5 (C), 75 (D) and 750 mg/L (E). (below) SEM images of E. coli DH5 alpha after

network formation with PLL at concentration of 0 (A), 25 (B), 100 (C), 200 (D), and 250 mg/L (E).
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Figure 3. Droplet size (surface average diameter : D(3,2)) of bacteria interface Pickering emulsion
consisted of E. coli DH5 alpha and chitosan (left) and PLL (right) at different cationic polymer

concentrations in different storage days at 25°C.
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(Figure 5).
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Figure 4. Bacterial cell viability of E. coli DH5 alpha in the bacteria interface emulsion system consisted of
chitosan at the concentration of 0 (O), 0.75 (®), 75 (m) Laz 750 (@) mg/L. The C-14, n-tetradecane, were
used as an oil phase.
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Figure 5. Calibration curve of carbon dioxide when accessed by gas chromatography (above left),

conductivity (above right), gas sensor (below left) and acid-base titration (below right).
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Figure 6. Area of metabolic CO2 production (upper) and cell viability (lower) obtained from an emulsion
prepared using E. coli DH5alpha with 4 types of oil phase (soybean oil, decane, hexane and toluene) and

positive control (bacterial cell suspension at the same cell concentration of cell added in emulsion)

subtracted by area of negative control (abiotic buffer) at each sampling time.
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Figure 7. Area of metabolic CO, production (upper) and cell viability (lower) obtained from an emulsion

prepared using P. putida F1 with 4 types of oil phase (soybean oil, decane, hexane and toluene) and

positive control (bacterial cell suspension at the same cell concentration of cell added in emulsion)

subtracted by area of negative control (abiotic buffer) at each sampling time.
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