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Electrodes with immobilized DNA can be used as DNA
sensors, and for many other applicatiénglerein we report
stable films of calf thymus (CT) double stranded (ds) DNA and
proteins on pyrolytic graphite (PG) electrodes in which direct
electron transfer involving heme protein Fe(lll)/Fe(ll) couples
is achieved. DNA films on PG also extracted heme proteins
from solution. Myoglobin diffused into pure DNA films much
faster than hemoglobin.

DNA has been immobilized on surfaces by covalent bdfds,
by adsorption to Pé& or to Al(Ill) alkylphosphonate films on
Au,¢d and by binding to polymer. Detection was achieved
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Figure 1. CVs at 25°C and 100 mV s! for the following: (a) DNA
film on a PG electrode in buffer solution, (b) Mb-DNA film on a PG
electrode in acetate buffer pH 545100 mM NaBr, and (c) Mb-DNA
film on a PG electrode in tris buffer 7.5 100 mM NacCl. (Buffers
contain no protein.)
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Electrophoresf® of both CT ds-DNA and DNA-protein
solutions indicated MW= 15 x 1P, showing that ds-DNA
remained intact when bound to proteins. Aqueous mixfres
of 7 uL of 0.5 mM myoglobin (Mb) or 0.1 mM hemoglobin
(Hb) and 3uL of 1 uM ds-DNA were cast onto PG di%
electrodes. Alternatively, only DNA was cast onto electrodes.
Films were dried in air (22C). The average thickness from
specular reflectanééwas 40+ 12 um. Some 15um films
were also used.

Protein-DNA films in deoxygenated buffers gave nearly
reversible cyclic voltammograms (CV) at scan rateof 75—

by voltammetry and electrogenerated chemiluminescence, both200 MV s (Figure 1). Peaks appeared at potentials slightly

utilizing metal complexes bound to DN®&:<cd Fast electron

negative of those of the heme Fe(lll)/Fe(ll) couples of Mb and

mediated by DNA

Electron transfer rates between electrodes and heme protein
in liquid crystal films of surfactants are enhanced compared to

proteins in solutior!:> Electron transfer is facilitated partly by

adsorbed surfactant, which blocks adsorption of inhibiting .

macromolecule& The relative independence of kinetics on

surfactant type suggests that rate enhancement might occur wit

a range of surface active materials.

Ordered films have been made from DNA and polycat#iss,
and from proteins and polyiorislkeda et af promoted electron
transfer of cytochrome in solution with nucleic acids, which

they proposed were adsorbed onto the electrode. Thus, we fel

that DNA and redox proteins, both polyions, might provide films

that could facilitate electron transfer between electrodes and

proteins.
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pH, as in surfactant film$> Dissolved Mb or Hb gave no peaks
n bare PG between 300 ar@00 mV. Electrodes coated with
NA alone gave no peaks in protein-free buffers in this potential

range.

Between 75 and 500 mV-§ peak currents for Mb and Hb

in DNA films were proportional tov'2 suggesting diffusion

eontrol!® At v < 6 mV s71, symmetric peaks were found

with peak current proportional te, as expected for thin-layer
electrochemistry! CV and specular reflectance showed that
films in buffers lost about 5% of their original signals in 1 week,
and 40% in 3-4 weeks.

Since the diffusion layer in CV is much thinner than film

tthickness (40um), diffusion-kinetic theorl? was used to

estimate electrochemical parameterormal potentialsE°®’)

of proteins were slightly negative in DNA films compared to
solutions (Table 1), possibly reflecting interactions within the
film environment!2b Electron transfer rate constanks'j were
much larger than in similarly purified protein solutions on bare
electrodes, even compared to the most active surfaces (e.qg.
In,O3) or when using mediators. Charge transfer diffusion
coefficients D¢ of Mb in DNA films were 5-fold smaller than

in solution. D¢ of Hb, which has four Mb-like subunits, was
much smaller than for Mb. This is consistent with Hb moving
much more slowly within the DNA film.
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Table 1. Electrochemical Parameters from CV for Mb and Hb at 18
25°C
% 16 [

sample/ 10D} E*, 10%", electroactive r
pH electrode cnm?st VINHE cms?! proteirf  ref < 14F
7.0 aqMb/bare 103 5 0.05 0.007 12a :_:,' I
7.0 aqHb/Pt 0.14 0.003 13 12
5.5 Mb-DNA/PG 12 -0.01 11 67 tw I
7.5 Mb-DNA/PG 0.9 —0.072 2.6 39 tw 10 -
7.5 Hb-DNA/PG 0.013 -0.10 1.4 55 tw r

gl 4 L o
2Included 100 mM NaBr at pH 5.5 and 100 mM NaCl at pH 7.5, 100 -100 -300 -500

but no proteins; tw= this work. All values were averages of two E mV SCE
films; uncompensated ohmic dropl mV.°D for films is charge » MV vs.

transport diffusion coefficient E> from mediated potentiometry, Figure 2. Square wave voltammograms of a A& thick DNA film
values up to 0.1 V more negative were found by spectroeletrochem- on a PG electrode at 25 Hz, 2 mV step, 15 mV pulse after immersion
istry 1< Value ofk” on Azure A-coated P “Estimated as amount  itg 5 pH 5.5 buffer containing 0.5 mM Mt 100 mM NaBr for (a)

of electroactive protein in the film found by integration of CVsvat ' .

6 mV st divided by the amount of protein deposited on the electrode. 10, (b) €0, (c) 80, (d) 102, (e) 130, and (f) 180 s.

at pH 7.5 shifted 5 nm to the blue compared to a native Hb
Square wave voltammetry (SWV) was used after protein- film, suggesting a conformational difference.
free DNA films (154m) were placed into protein solutions. A Circular dichroism (CD) of Soret bantfsof free and DNA-
SWV peak for MbF¥ appeared within 10 s (Figure 2), and bPound proteins in solution showed small difference¥ at 40
increased with time. From the relation of root mean square °C, suggesting small conformational changes for bound proteins.

displacement? to diffusion coefficient D)0 At T > 40°C, differences in CD spectra suggested that protein
bound to DNA is significantly unfolded compared to native
A2 = 2Dt protein.

Our results show that electrons can be exchanged between

we estimated the breakthrough it pass through a 16m electrodes and heme proteins bound to DNA. The proteins bind
film. For Mb, D= 1.2 x 10~ 7 cn? s % (Table 1), and = 9 to DNA films, and electron transfer rates are enhanced compared
. ) ct— & [} -

s. This agreement with experiment suggests that Mb can diffuse© bare electrodes. Small conformational changes in proteins
into the DNA films24 For DNA films in Hb solutions, initial  2"d DNA upon binding are likely, as suggested by visible
growth of an Fe(lll) peak was also found. Subsequently, the 322?&[6‘6‘2”&05;55202:5?3 gltlawtieosnoilecr:troﬁdre; T}?é’fe
peak did not increase significantly for several minutes. Results actions ’ P

suggested more complex diffusion/charge transport for Hb in :
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