DNA and protein binding on Ultrananocrystalline Diamond (UNCD) Surfaces

Scientific Achievement

A collaborative effort between researchers at Argonne National Laboratory and the University of Wisconsin has lead to development of a method to covalently link DNA oligonucleotides to ultrananocrystalline diamond (UNCD) thin films. Quantitative hybridization measurements show the DNA-modified UNCD surfaces exhibit high selectivity and unprecedented stability, opening up opportunities for a new class of ultra-stable biological sensors based upon chemical/biological modification of UNCD films.

UNCD is grown using a novel microwave plasma process developed at ANL, and is a phase-pure diamond material that can be deposited onto a wide variety of substrates as an ultra-thin, pinhole-free film and at relatively low temperatures (~350 °C). Also, regions of UNCD surfaces that are not functionalized are naturally chemically inert (hydrogen-terminated diamond), which is key if the non-selective adsorption of analytes is to be avoided.  The chemical modification of UNCD surfaces begins with a photochemical reaction between hydrogen-terminated UNCD and an organic molecule bearing a protected amine group and a terminal alkene group. Core-level photoelectron spectroscopy measurements show that this reaction is self-terminating, and optimization of the subsequent chemical steps produces a homogeneous layer of amine groups that serve as sites for DNA attachment.  After linking DNA to the surface, quantitative studies of hybridization of surface-bound DNA oligonucleotides with fluorescently tagged complementary and non-complementary sequences were performed.  These studies show no detectable non-specific adsorption, with extremely good selectivity between matched and mismatched sequences. The most striking result, however, is that DNA-modified diamond surfaces exhibit superior stability.  Repetitive hybridization, denaturation, and re-hybridization cycles showed no observable degradation in the degree of selective adsorption. Samples stored in buffer solution also appear to retain their sensitivity and selectivity.  Comparative experiments of diamond with other DNA-modified substrates such as silicon showed that the DNA modified diamond surfaces have superior stability, due to strong carbon-carbon covalent bonds that link the alkene group to the diamond surfaces and the fact that these bonds are not susceptible to hydrolysis.  In contrast gold-thiol and Si-C bonds are both susceptible to oxidation, leading to degradation of the DNA-modified interfaces.  Protein binding has also been explored using biotin and avidin.
Significance

The demonstration of robust, stable, functionalization of UNCD surfaces and the extremely selective adsorption of complementary analytes onto these surfaces represents a fundamental advance that sits at the cross-roads of nanoscience, microbiology, and chemistry. It is a result that will have an immediate impact in both basic science as well as national security, as this work should enable the expression of delicate biomolecules such as proteins and amino acids and the subsequent study of selective adsorption onto these surfaces heterofore unachievable using conventional substrates and chemistries. Also, this result should enable the development of a whole new generation of UNCD-MEMS biosensors with unprecedented sensitivity and reliability. 
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