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INTRODUCTION & AIM

Objective: To create synthetic magnetotactic bacteria (MTB) mimicking
structures using liquid crystals (LCs), ferrofluids and phospholipids.

Magnetotactic bacteria (MTB)

* MTB are gram negative aquatic prokaryotic
organisms with different morphological types.

* MTB consist of magnetosomes which are
membrane-bound organelles containing
crystals of iron oxides or iron sulfides.

* Magnetosomes form well-ordered chains and
align with Earth’s magnetic field

Magnetotactic bacterium. Credit: Imperial College London

Liquid Crystals (LCs) [1]

Thermotropic LCs

Lyotropic LCs Ferrofluids Surfactants and phospholipids [4]

A ferrofluid is a colloidal
suspension which consists
of magnetite (Fe,0,)
nanoparticles dispersed in a
Newtonian carrier fluid [2].

Magnetic force on ferrofluid particles [3]: Fhespholipid

Temperature

+ Surfactants and phospholipids are substances that have the
property of adsorbing onto interfaces of systems.

= Chemically, they consist of a hydrophobic part and a hydrophilic part

* They can be used to coat the ferrofluid droplets in the LCs with a
membrane
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Spike effect in EFH1 ferrofluid
observed under influence of
external magnetic field. Ferrofluid
nanoparticles are ferromagnetic.
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LC phases are exhibited with
change in concentration.

F, — force of applied magnetic field

M — mass magnetisation of ferrofluid
Ho — magnetic permeability of vacuum
VH — magnetic field gradient

LC phases are exhibited with
change in temperature.

METHOD

Ferrofluid droplets in LCs
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Stokes’ law [3]:

Magnetic Moment
(Boundary Layer)

Ferrofluid boundary layer
5
My, - VB Boundary layer is independent of droplet size and
i Oy anchoring condition and only depends on the
= nature of emulsion.

Measured Values for SCB [5]
Yparallelz 45 + 1 mPa S
=129+ 4 mPas

m

y — viscosity of LC

r — effective radius of ferrofluid droplet (radius of
droplet minus boundary layer thickness)

M, — volume magnetisation of ferrofluid

Yperpendicular

Droplet chains in 5CB Drag force of chains [6]:
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Magnetic Moment
(Boundary Layer)

Fyrag — drag force
L. effective length of the ferrofluid droplet chain
(length of the chain minus twice boundary layer
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Hyperbolic hedgehog defect q=-1 (blue) in r.s—average effective radius of droplets in chain
the vicinity of a microparticle/droplet (average radius minus boundary layer)
acting as a q=+1 defect (orange). — /\—//\ — / y-viscosity
Veq — €quilibrium velocity
L=2rN

Ferrofluid droplet chain boundary layer. The ferrofluid
droplet chain is approximated as a cylinder.

From surfactant to phospholipid

Most efficient phospholipid
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DOPE-PEG (2000) Carboxylic acid sodium salt (Zwitterionic lipid)
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(A) A ferrofluid droplet chain coated with a surfactant in SCB. Here, the hydrophilic headgroup
(green sphere) adsorbs into the ferrofluid while the hydrophobic tail is in the LC. (B) A ferrofluid
droplet chain coated with a lipid bilayer in 5CB. Here, a bilayer is formed by the lipid molecules

with the hydrophilic part in the ferrofluid and the hydrophobic part in the LC.

RESULTS & DISCUSSION

Synthetic structure

* 5CB mixed with DOPE-PEG(2000) Carboxylic acid
sodium salt (zwitterionic lipid) dispersed in
chloroform.

* Chloroform is evaporated by freeze-drying.

* Water-based ferrofluid WHKS1S12 is dispersed in
mixture by mild vortexing.

* Emulsion isfilled into Hele-Shaw cell (with planar
alignment) and observed under POM.

Ferrofluid droplet chain coated with lipid
bilayerin 5CB

Live MTB magnetosomes Synthetic MTB droplet chains

Composition Inorganic magnetite crystals Ferrofluid droplet chains
Size 30-50 nm 10-25 um
Shape Cuboctahedral Spherical

Rotation with magnetic field (synthetic structure)
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Yrot = 85mPas [7]

Rotation with magnetic field (live MTB) [8]

Time t (s)

CONCLUSION

A synthetic structure which mimics a magnetotactic bacterium has been created using nematic
5CB, water-based ferrofluid and PEGylated lipids.
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