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Hydrogen is exploited as a fuel by a diverse array of organisms. Chart 1. [FeFe] Hydrogenase Active Site and a Model Compound
Hydrogenases, enzymes for the reversible oxidation of hydrogen Utilizing a Cysteine Ligand

into protons and electrons, utilize base metals, either Fe or Ni and OMe  OMe
Fe, to catalyze this important reaction. Understanding these enzymes =g Os¢’
. . ; X
is essential not only fqr Fhe developme.nt. of.hydro.gen-based biofuel (( BocHN)\ rkNHBOC
cells but also for providing mechanistic insights into a broad array [4FedS] ~g, S .S S._S

. - VN oc, XA o
of natural omdort_eductase_s. However, complexity in _hyqlrogenase OC- Fe ---- Fe—CO oc—‘,FeK-———Fej—co
structure and their catalytic cofactors means that their direct study NC \C/ ©N oc co
has left many fundamental catalytic and biosynthetic questions o]
unanswered. Considerable help addressing these questions has Enzyme active site Model complex

come from inorganic chemists who have sought to create mimics a. Boe is fert-butoxycarbonyl.

of the hydrogen-activating site of hydrogenadésTheir small SynHyd1 was synthesized via solid-phase peptide synthesis and

orgalno.meltalllc mozels ha\ée provEndlnvaIuabIe n .m.|m|c|_l|<|ng the purified using reversed phase HPLC. Circular dichroism demon-
catalytic cluster and reproducing hydrogenase activity. HOWeVer, gy aaq that the peptide had a well-defined secondahelical

contributions to mechanism and activity that in nature are derived structure. Purified peptide was then reacted witg(€8)., and

fromb_burl_al of_t:e cata(ljytlc C'(;’_S‘ef n ahheterogeneous Site I 1he reaction mixture was repurified via HPLC to obtain peptide
combination with second coordination sphere contacts are neces, optical absorbance maxima at 280 and 335'AReaction of

sarily absent in these_ mode_ls. De rovo deS|gnf9d proteins, maquettes‘r%(co)lz under the same conditions either in the absence of peptide
can be constructed in a size scale intermediate between enzymes i the presence of a peptide in which the cysteines were

and organometallic moqel compounds and promise many of the exchanged for alanines did not lead to any species with an
anantages of both regimes. Maquettes have been designed tha!\bsorbance maximum at 335 nm, indicating that the cysteine
ﬁ'nd a number of ngturaltl agld unnaltufral mstalloccc)jfactc;rs, and Ithey residues are essential for the reaction. Furthermore, the molecular
ave proven an invaluable tool for the study of complex weights of SynHyd1 and ReSynHyd1 were determined via mass

oxmo.re.ductase.?;. In this paper, we have designed a cysteine spectrometry to be 3193 and 3473, respectively. This difference of
containing peptide that reacts withsf@O);, to assemble a maquette 280 is consistent with incorporation of a #&80) cluster and

containing a diiron cluster related to the [FeFe] hydrogenase active demonstrates that F&ynHyd1 is a monomeric peptide

site. L Figure 1A shows the circular dichroism (CD) spectrum of-Fe
The hydro.gen-a.ctlvatl.ng cluster (H-cluster) of the [FeFe] hy- SynHyd1, indicating that the secondary structure of the Fe-

dr_ogenasgs IS deplcted in Chart 1. It consists of a [4':?43] CIUStercontaining peptide remainedhelical. Cline and co-workers have

bridged via ﬁ_ystc(ejlpe to;nh_u:lusual [Zd':?zs] clulgtArvarr:ety Ofb demonstrated in peptides related to apo-SynHyd1 that the exact

organometa ic diron dithiolate model comp exes have DEen ,acement of cysteine ligands within the helix does not diminish

synthesized that reproduce some of the spectroscopic and structuraﬁs(”l) binding, but the secondary structure of the resulting As

features of the H-clustéf~17 Inspired by the direct reaction of ke S . . . . .
(COI; with the BocL-j rotected Fr)r:eth Iyester cl)f o steiml, 0 rgduce peptide is dramatically influenced by ligand positiSExperiments
12 P y y P are currently underway to investigate the effects of the relative

: 9 -
the model compound shown in Cha__rt 21w¢ opt_ed_ to Ut'"?e placement of the two cysteine ligands on both the synthesis of the
cystgmyl sulfur as the anchor for a diiron site within a designed i cjuster and the secondary structure of the resulting Fe-
peptide. . . containing peptides.

For the first generation of our hydrogenase maquettes, we sought Figure 1B shows the Uvis spectrum of FeSynHyd1. Two
a peptide sequence t.hat would p”resent the two cysteine side Chain?eatures characteristic of{SRS)[Fe(COJ, complexes are ob-
necessary for formation of the diiron complex on the same face of served: an intense absorption with a local maximum at 335em (
ana-helix. Short, unusually stable, alanine-rich peptides have been _ 10 000 M* cm-1) and a weaker, broader absorbance centered
describt_eql by Marqusee_and cc_)-worké’ré'.hese sequences, with at 460 nm ¢ = 1040 M1 cm™Y). Both the positions and extinction
the addition of tV\.IO cysteine residues placed at positigmali+3, coefficients of these bands are very similar to those observed for
formed th(_e basis for our hydrogenase maquette, SynHyd1. Itsthe comparable FeFe hydrogenase model compat(S4CH)sS)-
Zequenf(il':vl\\l/ngg}\TSAAAKAACAKCAAAKAAAAKA, e Fe(CO). The characteristic absorbance of the tryptophan residue

AARA . 2 is also seen in the 280 nm region. The CO and-Gigands of
hydrogenases and their model compounds absorb in the IR region

§ University of Pennsylvania. 1 . . .
 Department of Chemistry and Biochemistry, Arizona State University. 1800-2200 cn1?, a region dey0|d of Pther peptide absorbances.
*School of Earth and Space Exploration, Arizona State University. Thus, the presence and chemical environments of these ligands can

14844 m J. AM. CHEM. SOC. 2007, 129, 14844—14845 10.1021/ja075116a CCC: $37.00 © 2007 American Chemical Society



COMMUNICATIONS

I3
o
5

Absorbance
°
>
Absorbance

195 215 235 250 400 550 2100 2000 1900

Wavelength (nm)

Figure 1. Characterization of ReSynHyd1 via (A) CD (peptide concentra-
tion 7.8uM in 10 mM phosphate buffer at pH 8), (B) UWis spectroscopy
(Fe cluster concentration of 32V in water), and (C) FTIR spectroscopy
(0.49 mM peptide in water).

Wavelength (nm) Wavenumber (cm-1)

be conveniently monitored with FTIR spectroscopy. Figure 1C
shows the FTIR spectrum of F8ynHyd1 in this region. Three

clear bands attributable to the CO ligands are observed at 2076,
2040, and 2000 cni. Both the positions and shapes of these bands

are very similar to those observed for(S(CH,)sS)Fe(CO) at
2072, 2033, and 1993 crh confirming that the CO ligands are

present in the peptide-coordinated cluster and that the electronic

structure of the cluster is not substantially different from that of
inorganic complexest

In this paper, we have demonstrated the synthesisieSR)Fe-
(CO) complex coordinated to a simpleshelical peptide via two

cysteine residues. This peptide serves as a first generation [FeFe
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