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Atmospheric pressure plasma technology for 1-step immobilization of
biomolecules
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The deposition of ultra thin bio-functional coatings is of great interest for a variety of

applications like for e.g. biosensors, biocatalysits, labs-on-a-chip, biomimetic materials

etc. Existing techniques for biomolecule immobilization suffer from substantial

drawbacks like complex processing steps, poor reproducibility, substrate dependency,

limited lifetime, inhomogeneous biomolecule distribution or up-scaling problems, which

hamper commercialization of such surface treatments.

At present, the application of plasmatechnology for biomolecule immobilization is

mostly limited to surface activation for the generation of functional groups at surfaces

prior to wet-chemical reaction with biomolecule solution(s). Here we propose a new

1-step immobilization method using a dielectric barrier discharge type of plasma for the

deposition of organic or hybrid biofunctional plasma polymer. By feeding an

atmospheric plasma discharge zone simultaneously with aerosols of a polymer

precursor and an enzyme solution, a plasmapolymer matrix is deposited in which

enzymes become entrapped.

The structural integrity of biomolecules after plasma-assisted immobilization is

demonstrated with allophycocianin, which is an autofluorescent protein that consists of

three αβ monomer subunits and only emits light at 660 nm at very high quantum

efficiencies when its quaternary structure is precisely preserved. Wide field

fluorescence microscope and laser excitation at 633 nm are use to visualize the

proteins after immobilization. More importantly, retention of enzyme activity after

immobilization of glucose oxidase and lipase was proven with a clear effect of the type

of carrier gas (Helium or Nitrogen), discharge frequency (between 1 and 10 kHz) and

applied voltage on immobilization efficiency. In general, nitrogen plasmas give rise to a

better retention of enzyme activity. Finally, also antibody recognition of immobilized

His-tagged alkaline phosphatase could be demonstrated, which again shows that

fragile biomolecules can withstand the relatively harsh plasma environment.

Given the results obtained, the newly developed immobilization technology clearly

offers broad perspectives as it overcomes most of the drawbacks of conventional

immobilization techniques.
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