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Direct Electrochemistry of Immobilized Human Cytochrome P450 2E1
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Cytochrome P450 2E1 from human liver is a member of the o-10 A B 0.10
super family of heme-thiolate monooxygenases involved in the z % 005 &
phase | metabolism of pharmaceuticals and other xenobiotics such g 000 000 }:
as paracetamol, chlorzoxazone, tamoxifen, ethanol, and phenolic 5 0 Rl
compounds.The general reaction catalyzed utilizes molecular oxy- Z:: Z::
gen as the ultimate electron acceptor and includes the energetically "4 02 00 0204 w02 00 02
demanding insertion of an O-atom into a nonactivatedH®ond? 0.10 02

In this communication we report the first electrochemical study L 0 c aat D 3; z
of the human P450 2E1 either absorbed or covalently linked to £ ow PO
different electrode surfaces. No reports on the electrochemistry of § -0.05 02 §
human P450 of family 2 have been published to date. In general, .10 o
direct electrochemistry of P450 enzymes on unmodified electrodes O e 02 oo o2 04 02 oo oo
has proven very difficult due to the deeply buried heme cofactor Potential (v) Potential (V)
and instability of the biological matrix upon interaction with the
electrode surface. Most efforts have been focused on characteriza-
tion of the electrochemistry of P450cam using either a bare z
edgeplane graphite electrdde glassy-carbon electrodes modified =z
with lipid, polyelectrolyte film, or sodium montmorillonite. %

More recently, direct electrochemistry and catalysis of P450 £
BM3,> human 1AZ and 3A4 has been shown on polyelectrolyte- E‘:;
modified electrodes. Furthermore, Shumyantseva and collaborators
showed that the immobilization of the semi-synthetic form of two
rabbit flavocytochrome P450’s, 2B4 and 1A2, improved the 0 500 1000 1500 2000 2500
catalytic performance when immobilized, underlining the impor- [p-nitrophenol] (M)

tance of the regulation of the electron transfer to the hemegiron. Fig?fe 1 ( A%yglic v?ltammogt;ams( B?)fgé%)DiEBl (fér)‘ gi(‘;ffF[engAdag;roAd?
. . . . . . _ surraces. are glassy caroon; ) ) u
Immobilization is an important aspect in the production of nano- &y sAM/MALIM. Scan rate 50 mv/s in 500 mM potassium phosphate pH

devices, as sensitivity may strongly depend on both concentration7.0. (E)p-Nitrophenol titration of Au/CYSAM/MALIM/P450 2E1. Circles
at the surface and specifi orentation. Control over these two 2hd Yianglsie ophenol i 560 M potasei plesplete B 10 for
requirements can be achieved in a number of ways, depending on
the nature of the support, properties, and stability of the biomolecule. indicating that the protein is adsorbed to the electrode surface. The
Nonspecific adsorption to a metal-oxide surface and carbon- coverage, calculated from surface charge transfer was>0.963
electrode surface and/or inclusion in polyelectrolyte/conducting molecules per cf indicating monolayer coverage. The electron-
polymers lead to the formation of a randomly oriented layer. transfer rate was calculatdrom the peak position in the function
Differently, alkane-thiol or other thiol-terminated chains covalently of the scan rate, and it was found to be 3 €Trable 1). This value
bound to a noble-metal surface and functionalized at the other endis close to what has been previously observed for other P¥50's
with a group able to interact specifically with a unique group on but is not as high as that found for the highly efficient and coupled
the protein surface will generate an oriented, tightly packed P450BM3.5 When a surfactant, like didodecylammonium bromide
monolayer covalently bound to the gold surfdce. (DDAB), was used to help the interaction with the GC electrode,
The human liver P450 2E1 used in these studies was N-terminally the CV showed two waves with a midpoint potential-e85 mV
modified and expressed Escherichia coliand purified according and two additional waves with lower intensity centered at about
to the literaturé? The direct electrochemistry of P450 2E1 was +60 mV (Figure 1B). The peak current is linear with the scan rate
investigated at 28C using cyclic voltammetry and chronoamper- up to 1 V s for the first redox couple, while the second tends to
ometry on glassy carbon (GC) and gold electrodes. (Electrochemicaldisappear at scan rates higher than 100 mV Ehe quality of the
characterization was performed under strictly anaerobic conditions signal prevented an accurate measurement okgheSimilarly,
(<1.5 ppm oxygen) to prevent formation of the'Falioxygen when the polymer poly(diallyldimethylammonium chloride) (PDDA)
complex of a second electron transfer. Catalysis experiments werewas used, the CV showed two waves with a midpoint potential of
perfomed in fully oxygenated buffer. All potentials indicated are —85 mV and two additional waves with lower intensity centered

vs NHE.) at about+60 mV (Figure 1C). The peak current is linear with the
The cyclic voltammogram (CV) of P450 2E1 adsorbed onto bare scan rate up to 30 V3 for the first redox couple, while the second
GC shows two waves with a midpoint potential-e690 mV (Figure tends to disappear at scan rates highen th&% s 1. The coverage

1A). The peak current is linear with the scan rate up to 1°¥ s is similar to that observed with the bare GC. The electron-transfer
rate was found to be 2 and 1sfor the first and second redox
T Imperial College London. couple, respectively.
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Table 1. Redox and Catalytic Parameters for P450 2E1 cysteine to the maleimide layer. The CV showed two waves with
Immobilized on Different Electrode Surfaces a midpoint potential of-177 mV (Figure 1D). The peak current is
surface En (MV) ks(s™1) [p-nitrocatechol] (M) linear with the scan rate up to 30 V15 and the electron-transfer

bare GC —90+5 5+0.5 —b rate was found to be 1075 indicating faster electron transfer
GC/DDAB B - compared to that with the other modifications. While the coverage
GC/PDDA —85+5 2405 1.4 was that of a monolayer, 12 10" molecules per cAyas the one
AUMPA/PDDA ﬁg‘iig %ig:g o1 observed with the GC, the faster electron-transfer rate observed
AU/CYSAM/MALIM —177+5 10+ 0.5 22 for the Au/CYSAM/MALIM/P450 2E1 is probably due to the

controlled and favorable orientation achieved with this strategy.
Moreover, the control over this parameter results in only one
midpoint potential comparable to that of "H&€' of other P450
enzymes in anaerobic conditions.

To investigate the ability of the immobilized protein to catalyze
the hydroxylation of a substrate marker of P450 2E1 activity, a
potential bias of—300 mV was applied in the cell where the
oxygenated solution was constantly stirred. The formation of the
product of conversion op-nitrophenol intop-nitrocatechol was
guantified spectroscopically at 515 nm usingeass of 12.4 mM1
cmL. The concentrations of the product formed are reported in
Table 1. While nop-nitrocatechol was detected in the absence of
the enzyme, in its presence 1M and 2.2uM of the product
were detected on GC/PDDA/P450 2E1 and Au/CYSAM/MALIM/
P450 2E1, respectively. This finding supports the evidence that the
electrochemical signal is associated to catalytically active im-
Figure 2. Delphi surface (A, C) and-carbon ribbon (B, D) representation ~ mobilized P450 2E1. To test its ability to work as a biosensor, the
of P450 2E1. (A, B) reductase binding face (proximal); (C, D) substrate  Au/CYSAM/MALIM/P450 2E1 electrode was immersed into an
entrance face ((_iistal). Electrostatic _potentia_ls are indicated in blue (_positive) oxygenated buffer and titrated wighnitrophenol. The results shown
and red (negative), and the cysteine residues are represented in yellow, T° - . .
space-filled. in Figure 1E indicate that the |mmoblllz_ed enzyme _responds to the

presence of the substrate in a Michaeldenten fashion and that,

Electrochemical response on gold electrode could only be ob- S .
served after modification of the surface. Derivatization with mercap- when the Cer'bUtlon of the buffer is subtracted,.the net current at
saturation is about LA. The plot of the catalytic current as a

topropionic acid (MPA) and subsequently with PDDA gives origin . .
to two waves with a midpoint potential #1191 mV (data not shown). funct_lon of the substrate goncentratlon showka .Of 130+ 3
uM, in good agreement with the 19V value previously found

This value is in agreement with what was observed in similar for 2E1 i lutiorts Thi N th for the i tigati
conditions with human P450 3A4The peak current is linear with or n solution-> This report paves the way for the investigation
of human P450 immobilized in an oriented format in which the

a scan rate up to 30 V/s, and the electron-transfer rate was found . . . . .

to be 2 s*. The coverage was calculated to be 80 molecules catalytic properties can be tailored for specific biosensing purposes.

per cn?, indicating a multilayer formation of about five layers. Acknowledgment. We thank the BBSRC and NBD Ltd. (UK)
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constructed on the basis of the structures of the FBIBIB heme

domain?® rabbit P450 2C8%% and the human P450 2G9.The References
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