JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Conformationally Gated Electron Transfer in Iso-1-cytochrome

c: Engineering the Rate of a Conformational Switch
Saritha Baddam, and Bruce E. Bowler
J. Am. Chem. Soc., 2005, 127 (27), 9702-9703+ DOI: 10.1021/ja0527368 * Publication Date (Web): 15 June 2005
Downloaded from http://pubs.acs.org on March 25, 2009

Met80

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 3 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja0527368

JIAIC

S

COMMUNICATIONS

Published on Web

Conformationally Gated Electron Transfer in

06/15/2005

Iso-1-cytochrome c: Engineering

the Rate of a Conformational Switch

Saritha Baddam and Bruce E. Bowler*
Department of Chemistry and Biochemistry, bbrsity of Demer, 2190 East lliff Aenue, Dener, Colorado 80208

Received April 27, 2005; E-mail: bbowler@du.edu

Through the use of simple, rational protein engineering methods,

Chart 1. Square Kinetic Scheme for Reaction of H73

we have increased the rate of an electron transfer (ET) conforma-Iso-1-cytochrome c with asRu*

tional gate by nearly 500-fold. As a starting point, we used the
well characterized, but slow~30 s time scale), ET conformational
gate due to the alkaline state (lyseme ligation) of oxidized
cytochromec (Cytc).! We have developed a Lys 73 His variant
(H73) of yeast iso-1-Cytthat significantly modulates the thermo-
dynamic$ and kinetic8 of formation of the “alkaline” state of this
protein and shifts the conformational change to physiological pH.
Here, we study the intermolecular reduction{Fe> F&*") of this
protein with the small inorganic reagent, hexaammineruthen-
ium(Il) chloride (aRw?"). A 50—100 ms time scale conformational
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becomes the rate of conversion from the «@y€" —His 73) to the

ET gate is observed, demonstrating that protein engineering canCytc(Fe" —Met 80) conformation.

provide ET gates with tailored rates. The pH dependence of the
ET rate constant for this kinetic phase matches well the indepen-
dently measured rate constant for conversion of the Hishi&ne
conformation into the Met 86heme conformatiof, allowing
unambiguous assignment of this conformational change to the ET
gating step.

Conformational ET gates are likely important in regulating
biochemical pathwaysFor Cyt, conformational changes involving
substitution of the Met 88heme ligand may play a role in
modulating flow of electrons along the electron transport chain
during oxidative phosphorylationResonance Raman studies of
complex formation between iso-1-@yand cytochrome oxidase
provide support for this proposél.

Theoretical treatments of conformationally gated ET are con-
sistent with the kinetic scheme shown in Chart®lEvidence for
conformationally gated ET has accrued in both protein and small
molecule system%:1° Decoupling of the rate constants in this
scheme has been possible for €g@nd plastocyaniff where gating
involves changes in metal ligation. Indirect methods, such as
observation of a viscosity dependence for ET rates, are usually
required to demonstrate conformationally gated*E+92.°Only in
the case of ET reactions of small inorganic complexes has it been
possible to fully validate this kinetic mechani$m.

For H73 iso-1-Cwt, path B in Chart 1 is expected to be dominant,
except at high concentrations ofRar*, because the reduction
potential of the bis(Hisyheme of Cyt(Fe' —His 73) should be
near 0 mV versus NHE, much smaller than the reduction potential
of 290 mV versus NHE for the Met/Hisheme of Cyt(Fe" —Met
80)52 With path B dominant, the rate law for the bimolecular
reaction betweensRU2" and the F# state of H73 iso-1-Cythas
the form given in eqs 1 and®2where the rate

—d[Fe"heme]/d = k,, JCytc(F€" —His 73)][aRU*'] (1)

Kobs = { Kee)Knma! (kET(B)[aeRLJZ+] + Kuna)} (2

constants are defined in Chart 1.Kér@g[asRwP*] > kuns, then
the rate law in eq 1 becomes independent @R[&"] and Kqps
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At pH 6.5, the equilibrium constant for formation of
Cytc(Fe'' —His 73) from Cyt(Fe!'—Met80) is ~0.252¢ so at the
appropriate [gRW?], both direct ET to Cyt(Fe'—Met 80) and
conformationally gated ET involving CgtF€" —His 73) should be
observable. Figure 1 shows stopped-flow data for the reaction of
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Figure 1. Stopped-flow data for the reduction of H73 iso-1-€yy
aRUW" in 10 mM MES, pH 6.5, 100 mM NaCl. The concentration of
aRU2, from left to right, is 5, 2.5, and 1.25 mM. The final concentration

of H73 iso-1-Cyt is 5 uM. The data points are shown in gray. The solid
curves are a fit of the data to a double exponential rise to maximum equation.
The inset shows the dependence of the fast phase rate constant on the
concentration of gRU?".

oxidized H73 iso-1-Cyt with asRW?+ at pH 6.5. There are clearly
two kinetic phases. The fast phase is strongly dependent on
[asRW?"] (Figure 1, inset and Table 1). The slow00 ms) phase,
within error, is independent of JRW?*]. The bimolecular rate
constant obtained for the fast phase is, within error, independent
of pH, being (3.94+ 0.5) x 10* M~1 s, In control experiments
with wild-type (WT)?2iso-1-Cyt at the same set of pH values, no
~100 ms kinetic phase is observed, only gRa?*]-dependent fast
phase. A bimolecular rate constant for reduction of the WT protein
by aRW" of (4.8 + 0.4) x 10* M~ s! was obtained. We assign
this bimolecular reduction reaction to direct ET to the Met 80-

10.1021/ja0527368 CCC: $30.25 © 2005 American Chemical Society
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Table 1. ET Data for agRu?" Reduction of H73 Iso-1-Cytc?

Slow phase Fast phase
[asRu?*] Kops amplitude Kobs amplitude
pH  (mM) (s (au) s (au)
6.0 125 11.6:t1.5 0.023+0.004 41+ 4 0.069+ 0.004
2.5 13.6+ 1.5 0.014+ 0.002 74+ 2 0.0754+ 0.003
5.0 14.8+ 3.0 0.014+0.003 174+9 0.083+ 0.001
6.5 1.25 7.6 0.4 0.032+ 0.002 33+ 2 0.072+ 0.003
2.5 8.4+ 0.2 0.024+ 0.001 76+ 2 0.079+ 0.001
5.0 8.7+ 0.8 0.022£0.001 167+2 0.084+ 0.001
75 1.25 6.1+ 0.1 0.034£0.001 33.6:-0.3 0.056t 0.001
2.5 6.8+ 0.4 0.028+0.001 82.1+1.1 0.060+ 0.002
5.0 7.9+ 0.3 0.029+0.001 196+ 13 0.058+ 0.003

a All data were acquired at 28C in 10 mM buffer at the indicated pH
with 100 mM NaCl added (MES, pH 6.0 and 6.5; Tris, pH 7.5). Reported
errors are the standard deviation from the average of at least four trials.
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Figure 2. Comparison of the slow phaseys for reduction of H73 iso-1-
Cytc by asRU" to the rate constankus) of the His 73-Fe**—heme to
Met 80—Fe**—heme conformational change as a function of pH. The solid
circles with error bars are the average and standard deviatikyp<it all
[asRU2] for the slow phase reduction at each pH. The solid curve shows
the pH dependence of the rate of formation of the MetB&me state from
the His 73-heme state determined by pH jump methods (eq S11, ref 3).
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On a 100 s time scale, an even slower reduction phiaseof
0.062 + 0.006 s?), independent of both pH andgRLP"], is
observed. Its amplitude drops with decreasing pH, as observed for
the slow phase observedh @ 2 stime scale. Since the Lys 79
alkaline conformer of H73 iso-1-Cgtis negligibly populated in
this pH regime (see also Table S5 for WT iso-1-€}y we assign
this very slow phase to a cis to trans isomerization of Pro 76
required for Cy¢(Fe" —His 73) to revert to Cyt(Fe''—Met 80)3

Broadly speaking, engineering metal ligation in ET proteins
appears to be a fruitful target for modulating rates of ET gates,
providing time scales from microseconds (plastocyamiB) us)°2
to milliseconds (His-heme, ~100 ms, this work) to seconds
(Lys—heme,~30 s)! Finer tuning could be achieved through local
sequence manipulation (proline, etc.). Such flexibility should be
useful in engineering both protein function and “designer” com-
ponents for protein-based molecular electronics devices.
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