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Reactive and Highly Submicron Magnetic Latexes for

Bionanotechnology Applications
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Summary: Colloidal particles are largely used in biomedical applications as a solid

support, as a carrier, as nanoreactors and as labels for target molecule detection. With

the recent development of bionanotechnology, more appropriate colloidal particles

should be elaborated. In this direction, new specification are listed in order to develop

reactive nanoparticles to be use in microsystems, microfluids and all combined

systems in which we can conduct sample preparation, specific capture, purification,

concentration and detection in small volume (generally less than 100ml). Then the

aim of this short review is to give to the readers some recent orientations of reactive

magnetic latex particles for in vitro bionanotechnology applications.
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Introduction

Various kind of colloidal particles are used

as solid support in numerous biomedical

applications such as immunoassay,[1] cell

sorting,[2,3] nucleic acids capture and detec-

tion.[4] Such applications require various

steps in which particles’ separation is

absolutely needed. In this area two separa-

tions are often used: particles filtration or

centrifugation. Then, to avoid such heavy

separation processes, which limit the auto-

mation of biomedical diagnosis methodol-

ogies and time consuming, magnetic

colloids are of great interest.

Various steps involved in biomedical

applications are reduced by the develop-

ment of magnetic nanoparticles (Fe3O4:

magnetite, g-Fe2O3: maghemite).[5] In fact,

the main advantage in using magnetic

particles and particularly magnetic latexes

is related to the fast particles separation

upon applying even low permanent mag-

netic field. The magnetic particles separa-

tion under magnetic field is related to

various parameters: iron oxide chemical
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nature (g-Fe2O3, Fe3O4. . .), amount of

magnetic domains in the final composite

microspheres, particle size, physical den-

sity, viscosity of the medium and finally, the

intensity of the applied magnetic field.[6]

Consequently, each biomedical application

needs well-defined and appropriate mag-

netic carrier.[7]

Since the first elaboration of iron oxide

nanoparticles (ferrofluid solution), various

magnetic colloids have been prepared[6]

and evaluated in numerous biomedical

diagnosis applications.[8]

In fact, increasing interest has been

focused on the preparation of magnetic

latex particles and their use in biomedical

diagnostic based. All elaborated magnetic

latexes are principally used as a solid

support of biomolecules involved in specific

capture of the targeted biomolecules such

as antigens in immunoassays and in mole-

cular biology for specific nucleic acid

detection.[8,9]

Nowadays, the main objective in bio-

medical diagnosis is to enhance the sensi-

tivity, to reduce time consuming, price and

volume by elaborating new submicron

reactive magnetic latexes for in vitro

biomedical diagnosis based on bionano-

technology methodologies. The general

problem in this field is related to the
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limited sensitivity level. One possibility to

partially solve this problem is to increase

the concentration of the captured targets

(antigens, viruses, bacteria, nucleic acids

etc. . .) before specific detection step. Then,

the use of appropriate magnetic colloids

particles and methodologies (micro system,

lab-on-chip, biosensors)[10–12] for extrac-

tion and concentration of biomolecules is of

extreme interest. The objective of this

contribution is to present and to discuss

the elaboration of reactive submicron

magnetic latexes from oil in water magnetic

droplets and their use for specific and non-

specific extraction, concentration and

detection of biomolecules using recent

biotechnology based methodologies.
Elaboration of Submicron Magnetic
Latex Particles

In the state of art, numerous interesting

approaches have been reported regarding

the encapsulation or iron oxide nanoparti-

cles in polymer matrix in order to prepare

magnetic latexes. The developed

approaches are ranging from classical

heterogeneous polymerization processes;

emulsion, suspension, dispersion, miniemul-

sion inverse emulsion or inverse microemul-

sion as well as some multi-step synthesis

procedures.[6]

Briefly, two major strategies leading to

submicron particles have been reported,

one using miniemulsion polymerization,

the other is based on the use of oil in water

ferrofluid droplets as seed in emulsion

polymerization.
Miniemulsion Polymerization
Process

Miniemulsion has been largely explored in

order to prepare submicron hybrid latex

particles.[13,14] But such process has shown

various undesirable limitations such as:

heterogeneous distribution of magnetic

nanoparticles in the polymer matrix and

low magnetic content in the polymer
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particles and finally low particles size which

lead to low magnetic separation under

classical magnetic field.[15]

Via such approach, various interesting

works have been recently reported in order

to target the one step elaboration of

functionalized mondisperse magnetic latex

particles.[16–19]

To overcome the above-mentioned lim-

itations, Joumaa et al.[18] prepared mag-

netic polystyrene nanoparticles via mini-

emulsion polymerization (Figure 1). The

process consists in using a nonconventional

phosphate-based poly(propylene glycol)

methacrylic monomer as stabilizer of iron

oxide nanoparticles in oil (octane). This

surfmer has a phosphate group well known

to strong link to iron oxide surface.[26] The

methacrylic function was used to favor

irreversible incorporation of iron oxide

inside the polystyrene particles through

copolymerization with styrene. As a gen-

eral tendency of the obtained results, the

authors report a broad particle size dis-

tribution but associated with a high iron

oxide loading (�30 wt %).
Transformation of Oil in Water
Magnetic Ferrofluid Droplets into
Magnetic Latex Particles

The use of oil in water as seed in emulsion

polymerization has been first reported by

Montagne et al.[20] This new approach is

based on the transformation of magnetic

droplets into magnetic latex particles via

radical emulsion polymerization using

hydrophobic monomers (i.e. styrene). The

used magnetic seeds are submicron droplets

of highly stable magnetic emulsion

(Figure 2). The particle size distribution

was controlled by the size distribution of

the initial magnetic emulsion. It was

evidenced that homogeneous encapsula-

tion of the iron oxide nanoparticles was

efficiently achieved using styrene/DVB

monomer mixture; potassium persulfate

as initiator. High iron oxide content of

about 60% wt% and high carboxylic sur-

face charges were reported.[20]
, Weinheim www.ms-journal.de



Figure 1.

Schematic illustration of miniemulsion polymerization process leading to submicron magnetic latex particles.

The oil in water emulsion was prepared by using for instance iron oxide nanoparticles stabilized by phosphate

containing surfmer and dispersed in styrene monomer as reported by Joumaa et al.[18]
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In addition to direct emulsion polymer-

ization, inverse process has also been

explored in order to obtain reactive and

suitable magnetic latex particles. Such

process has been reported to be appropriate

to elaborate highly magnetic latexes for in-

vitro biomedical application as reported

recently by Horak et al.[21]

It is interesting to notice that inverse

emulsion has been expended to various

polymerization in dispersed media pro-

cesses, such as that inverse microemul-

sion[22] as well as some multi-step processes

as reported.[23–25]
Some Fine Applications in
Bionanotechnology

In recent years, increasing interest has been

given to the preparation of functionalized

latex particles for diagnostic applica-

tions.[26] All elaborated latexes are princi-

pally used as a solid support for covalent

immobilization of biomolecules involved in

specific capture of a given target. In fact, the
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magnetic colloids are largely used in

immunoassays (i.e. ELISA Enzyme linked

Immuno Sorbent Assay) and nucleic acid

detection (ELOSA, Enzyme Linked Oligo

Sorbent Assay). The main objective in

biomedical diagnosis is the elaboration of

new polymer supports and tested meth-

odologies in order to enhance analysis

sensitivity and specificity. The problem

encountered in this field, and particularly

in the area of nucleic acid probes, is the

level of sensitivity. One possibility to

partially solve this problem is to increase

the concentration of the target biomole-

cules such as (RNA and/or DNA), proteins

and viruses in the considered medium

before specific detection of the target

probe. Then utilization of appropriate

colloidal particles for adsorption of biomo-

lecules would be of extreme interest.[26,27]

Magnetic particles have been used in

various biomedical applications. In fact,

they have been used in as a carrier in

conventional biomedical diagnostic in

order to replace the heavy process related

to the centrifugation step. They are also
, Weinheim www.ms-journal.de



Figure 2.

(a) Turn (o/w) magnetic emulsion into magnetic latex via radical polymerization and (b), Transmission

microscopy analysis of magnetic latex particles.[20]
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used for in vivo diagnostic as in MRI for

cancer disease detection.[28–30] Actually,

magnetic particles are used in different in

vitro biomedical and biotechnological

applications such as in automated micro-

system, microfluidic[3,31] based technology

and also bionanotechnology[32] which com-

bines capture, purification, concentration

and detection of the targeted biomolecules

or pathogenic or toxic molecules as below

listed:
(i) S
Copyr
pecific and non specific extraction

and concentration of nucleic acids.[8,33]
(ii) C
ell sorting and identification using a

combination of fluorescent antibody

and magnetic particles[34] (Figure 3).
(iii) S
Figure 3.
pecific bacteria isolation and identi-

fication
Schematic illustration of direct and indirect cells
(iv) V
sorting.
iruses extraction, purification and

detection.[35]
ight � 2010 WILEY-VCH Verlag GmbH & Co. KGaA
(v) I
, Wein
mmunoassays for rapid capture and

detection of antigens and anti-

bodies.[36,37]
The specificity and the sensitivity of the

targeted application efficiency are directly

related to the surface properties of the
heim www.ms-journal.de
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particles and to the accessibility of the

immobilized biomolecules or reactive com-

pounds on the particles surface. The

interactions between biomolecules and

reactive particles are strongly dependent

on the colloidal and surface properties of

the dispersion, and the physico-chemical

properties of the used or targeted biomo-

lecules. In this direction, considerable

attention has been paid to the preparation

of magnetic latex particles for automated

Microsystems based on bionanotechnolo-

gies applications.[38] The main advantage of

colloidal magnetic particles is due to their

separation upon applying an external

magnetic field. For more information

regarding the use of magnetic particles in

automated systems, micrsystems, microflui-

dic, readers can be consulted with the

following recent book.[26]
Conclusion

To enhance the sensitivity of biomedical

diagnosis, the specific and non-specific

extraction, the purification and the detec-

tion of targeted biomolecules are being

attracted special attention of all industries

involved in life science. The only way to

reach such objective is to combine sub-

micron magnetic particles, microsystems

and biosensing in order to perform all steps

rapidly and in small volume. The biosensor

should be of high sensitivity so as to

enhance the sensitivity. In this direction,

the use of colloidal magnetic particles and

principally magnetic latex particles has

been reported to be promising way to

enhance the sensitivity and to avoid time

consuming compared to conventional tech-

niques. The use of magnetic particles is well

appreciated to replace centrifugation, fil-

tration and sedimentation.
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