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Abstract : The redox properties of i-1-yeast cytochrome ¢ and its mutant F82H
were studied by surface-enhanced Raman spectroscopy and cyclic voltammetry. The re-
sults showed that the replacement of phenylalanine-82 with higidine led to a more stable
globa structureof the protein. A negative shift in the redox potentia of the mutant rel-

ative to that of wild type proteinisascribed to aligand switching reaction during the re-
dox processes.
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Homogeneous and heterogeneous electron tranger processes asociated with the c-type cy-
tochromes have been widely studied because such studies can yield important information not only
about thermodynamic, kinetic and structural propertiesof the proteins, but al< provide nove in-
sghtsinto the electron traner mechanism of theproteinsin vivol* 3. The emergency of molec-
ular genetic techniques provided an opportunity to study a variety of gectroscopic properties on
the structure bassand the correlation between the electron trander and structure of theproteinin
such a desgned way that the structure of the proteins can be gecificaly modified!*!. In this par
per , attention was mainly focused on the effect of this mutation on the stability and redox proper-
tiesof yeast io-1-cytochrome ¢ (WT) and its mutant F82H.
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The Surface-enhanced Resonance Raman Scattering (SERS) pectraof W T measured at bare
roughened slver dectrodesat 0.2 and - 0.5 V , repectively , revea that mixed statesof WT,
corregponding to five- and dx-coordinate state of heme iron, gppeared in both oxidized and re-
duced forms. Thisresult indicatesthat WT waspartialy denatured or unfolded , due to the direct
contact of the protein with metal surface. The ectrum of F82H , however , was mainly charac-
teristic of dx-coordinate, low—spin state of heme, implying that the globa structure of F82H was
well preserved under the same experimental conditions. Thus, the replacement of Phe82in WT
with His82 in F82H led to a more stable globa structure of the protein.
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The SERRS measurements were further performed on 11-mercaptoundecanic acid (MUA)
modified roughened slver surface to prevent the proteinsfrom being denatured (Fig. 1) . Under
the open circuit conditions, in addition to the band at 1 373 cm™ * for the oxidized form of the pro-

tein, the characterigtic band for the reduced form was a0 observed at 1 362 cm™ L.

The corre-
sponding coordination and pin state mark bands gppeared at 1 494 cm™ * | along with the band at
1 503 cm™* for the oxidized form. The gppearance of reduced form in the gectrum of WT
demonstrates that WT adsrbed at the M UA-modified roughened dlver dectrode surface was par-
tialy reduced under the experimental conditions. This may be ascribed to the photoinduced dec
tron transer between the nano-structured slver particles at the surface and the adsorbed gecies as
we described previoudy for cytochrome ¢ adorbed on dlver colloid with idiodine ions. Only the

oxidation state marker band at 1 376 cm™ * and the 9in and coordinate state marker band at 1 507
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cm’ ! were observed in the ectrum of F82H. Thus, the mutant has less ability to accept pho-
toexcited electrons. The potentia dependence of the SERRS ectra was measured to estimate the
redox potentids for both proteins. The midpoints of the plot of relative intendties of oxidation
state marker bands as a function of gplied potentia were 0.025 V for WT, and - 0.432 V for
F82H , regectively. Obvioudy , the redox reaction of F82H occurred at more negative potential
than that of WT.

The dectrochemistry of mitochondria ¢ has been extensvely studieson various electrodes®!.
The reduction potential of mitochondrial cytochrome c is usuad about 0 V. Cyclic voltammetry
(cv) wasfurther performed to confirm the redox potentias for the proteins adsorbed on MUA
modified Ag eectrodes. In the caseof mutant , for an instance, the oxidation and reduction peaks
were located at - 0.39 and - 0.51 V , regectivdy. The formal redox potentids estimated from
the CVsarein good agreement with those obtained in SERRS. The negative shift of the redox
potentia of the mutant is unlikely to be the result of the protein conformationa change due to the
adsorption. Consdering the resultsof our previous Resonance Raman pectroscopic study as well
as the studiesof NMR and CD gectrosoopy , aligand switching process during the redox reaction
of the mutant isproposed.. The electrochemica reactionsof F82H could be expressed as follow-

ings:
For the reduction process,
His(82) - Fe(lll) + e - His(82) - Fe(ll) (1)
His(82) - Fe(Il) + Met(80) - Met(80) - Fe(ll) + His(82) (2)
For the oxidation process,
Met (80) - Fe(ll) - e — Met(80) - Fe(lll) (3)
Met (80) - Fe(l11) + His(82) - His(82) - Fe(lll) + Met(80) (4)

where His(82) - Fe(lll) etc. represent the sixth ligand and the oxidation states of F82H.
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