JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by ISTANBUL TEKNIK UNIV

Communication

Evaluation of the Functional Role of the
Heme-6-propionate Side Chain in Cytochrome P450cam

Katsuyoshi Harada, Keisuke Sakurai, Kenichiro Ikemura, Takashi
Ogura, Shun Hirota, Hideo Shimada, and Takashi Hayashi

J. Am. Chem. Soc., 2008, 130 (2), 432-433 « DOI: 10.1021/ja077902I
Downloaded from http://pubs.acs.org on February 8, 2009

P450cam

More About This Article

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

Supporting Information

Links to the 1 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

ACS Publications

W 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



OURNAL OF THE AMERICAN CHEMICAL SOCIETY

JACS

Subscriber access provided by ISTANBUL TEKNIK UNIV
. 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/ja077902l

JIAIC[S

COMMUNICATIONS

Published on Web 12/19/2007

Evaluation of the Functional Role of the Heme-6-propionate Side Chain in
Cytochrome P450cam

Katsuyoshi Harada,’ Keisuke Sakurai,* Kenichiro Ikemura,® Takashi Ogura,® Shun Hirota,"
Hideo Shimada,** and Takashi Hayashi* '

Department of Applied Chemistry, Graduate School of Engineering, Osakaldity, Suita 565-0871, Japan,
Institute for Protein Research, Osaka Warsity, Suita 565-0871, Japan, Graduate School of Life Science,
University of Hyogo, Ako 678-1297, Japan, Graduate School of Materials Science, Nara Institute of Science and
Technology, Ikoma 630-0192, Japan, and Department of Biochemistry, School of Medicine, keitsitjni
Tokyo 160-8582, Japan

Received October 15, 2007; E-mail: thayashi@chem.eng.osaka-u.ac.jp

The heméb (protoheme 1X) prosthetic group binds to the protein o

matrix of hemoproteins via multiple noncovalent interactions to
form a holoproteirt,in which two peripheral heme-propionates have
been generally regarded as functioning as anchors for the heme
group by forming interactions with the generally polar protein
matrix2 In the case of the cytochrome P450cam (P450cam), the
monooxygenase responsible fdrcamphor hydroxylation, the
heme-6-propionate side chain forms hydrogen bonds with Thr101,
GIn108, Argl12, and His355For example, the 6-propionate
Thr101 hydrogen bonding interaction is known to contribute to the
thermostability of the proteifiThe 6-propionate side chain has also
been proposédo participate in an electron-transfer pathway from
reduced putidaredoxin (Pdx) to the heme via Arg112 located at
the Pdx binding sit€.Therefore, to understand the exact role of
the 6-propionate side chain in P450cam, we prepared a novel
P450cam reconstituted with a “one-legged heme” (Figure® 1)
where the 6-propionate side chain of the heme is replaced with a
methyl group. Here, we discuss the structural and functional roles
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Figure 1. Structures of one-legged heme and protoheme IX.
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of the 6-propionate side chain by spectroscopic and structural
analyses of the reconstituted protein.

Insertion of the one-legged heme into apoP450cam was carried
out according to the method of Wagner et®alith minor
modifications. The UV-vis spectrum of the purified reconstituted
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Figure 2. Time-dependent conversion of ferric P450 into an inactive P420
species for reconstituted (open triangles) and wild-type (open circles)
P450cams, respectively, monitored at 391 nm in 50 mM potassium

ferric protein has a Soret band wavelength at 391 nm characteristicphosphate buffer at pH 7.4 containing 1 niMamphor and 100 mM KClI

of the high-spin state in the presence of 1 nitMamphor with
100 mM KCI (Figure S1, Supporting Informatio)The difference
spectrum between CO-bound and reduced forms of the reconstitute
P450cam indicates a Soréfax at 446 nm, indicating that the
thiolate of Cys357 is ligated to the heme iron of the one-legged
heme as seen in the wild-type protein. For the reconstituted ferric

at 25°C. [P450cam}= 2 uM.

c1(:0nsumption was found to be tightly coupled to total product

formation as seen in wild-type P450cam. These findings indicate
that the enzyme activity is maintained despite the removal of the
6-propionate side chain from the heme framework. In contrast, the

P450cam, the resonance Raman spectrum of the high-frequenC)PdX affinity for the reconstituted protein is approximately 3.5-fold

region and'H NMR spectrum of the downfield region are com-
parable with the analogous spectra of the camphor-bound wild-
type protein (Figure S2 and S3, Supporting Information). This

suggests that removal of the 6-propionate side chain does not have

a serious influence on the electronic and structural properties of
the heme.

The rate constant of NADH oxidation by reconstituted P450cam
with the one-legged heme was found to be 1180 min—?! (uM
enzymey?, while the rate for wild-type P450cam is 1350V
min~Y(uM enzyme) . The only product in the reaction with the
reconstituted P450cam wasxe-hydroxycamphor, and the NADH
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weaker than that observed for the wild-type protein, although the
electron-transfer rate from reduced Pdx to ferric P4A50cam was found
to be similar for both proteins (Figure S4, Supporting Information).
These results indicate that the lack of the 6-propionate side chain
has a slight influence on the Arg13Pdx binding event.
Surprisingly, the reconstituted ferric P450cam was converted into
an inactive species at 2& with a half-life of 300 min at a protein
concentration of «M (Figure 2) (no clear decay was observed
for the wild-type ferric protein under these conditions). The final
UV —vis spectrum which exhibits maxima at 369, 416, and 540
nm is similar to that obtained by pressure-induced ferric P420cam
(Figure S5, Supporting InformatioA)!? This species, which is
inactive toward the catalytic hydroxylation ai-camphor, is
proposed to be the P420 structure derived from the protonation of
the thiolate of Cys357 in P450cath!® The resonance Raman
spectra of the reconstituted P450cam in the low-frequency region

10.1021/ja077902| CCC: $40.75 © 2008 American Chemical Society
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the formation of intermolecular tight salt-bridge with Asp202 in
the crystals (Figure S6, Supporting Information). In contrast to wild-
type P450cam, the thiolate of Cys357 is partially visible from the
@ 351 molecular surface of the crystal structure of the reconstituted
P450cam. This suggests that bulk water could be accessible to
Cys357 as a result of the removal of the 6-propionate side chain.
Therefore, the reconstituted protein is readily converted into the
(b) inactive P420 species as a result of facile protonation of the Cys357
: : : thiolate.
= 3%%,“3" sﬁﬁ? (cm™ )400 In summary, the present results c!early de_monstr_ate_ two important
Figure 3. Resonance Raman spectra of 100 reconstituted (a) and wild- functional rqleslof the heme-6-p.r0pllonat.e side chain in cytochrome
type (b) ferric P450cams in the 28@20 cntt region in 50 mM potassium  P450cam; fixation of the Pdx-binding site by the Arg112 residue,
phosphate buffer (pH 7.4) containing 1 mi¥camphor and 100 mM KClI and stabilization of the FeS (thiolate) coordination to prevent the
at room temperature. The excitation wavelength was 363.8 nm and the laserformation of the inactive P420 species. Particularly, the latter role
power was 6 mW. indicates that the 6-propionate side chaamino acid interaction
f\" is essential for P450cam to retain its enzyme actidfity.
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