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The goal of the proposed sabbatical is to develop and employ techniques 

to selectively label peptides with Ru(bpy) chromophores for the measurement of 

electron transfer rates between the designed iron center in the peptide and the 

chromophore. The peptides will be modified with an azido group and 

conjugated to the chromophore using “click” chemistry—Copper-catalyzed Azide-

Alkyne Addition. The resulting construct will then be subjected to fast photolysis 

and transient absorption spectroscopy to measure the electron transfer rate 

between the iron center and the ruthenium chromophore. 



 

 

 

 

 

 

 

 

 

 

Much biochemical research has focused on researching the function and 

structure of proteins. Protein design allows for the demonstration of a full 

understanding of protein structure, folding, and function as well as for a more 

detailed investigation of proteins. For example, it is possible to investigate 

whether certain features are crucial for function or simply the result of 

evolutionary baggage. Protein design also allows for the exploration of features 

beyond those found in nature i.e. features that are possible, yet unsampled. 

Ultimately, knowledge gained through protein design could then be applied to 

the preparation of designer enzymes for a wide variety of applications1.  

 The two most common methods of protein design are protein redesign 

and de novo design. Protein redesign involves taking an existing protein of 



known structure and making specific structural changes to obtain the desired 

characteristics. De novo design, which is employed in the Pecoraro lab, is the 

genesis of proteins from first principles—“from scratch”—to achieve a scaffold 

with the desired structure, stability, and function. De novo design has the 

advantage of being a truly robust test of the understanding of first principles 

and is not constrained to sequences related to known proteins. Over the past 

twenty years de novo design has seen success in the preparation of various 

types of structures including helix-loop-helices, α-helical bundles, and β-sheets2-

4. More recently, de novo design efforts have turned toward incorporating 

functional activity into de novo designed proteins1,5,5. Of particular interest to the 

Pecoraro group is the design of metalloproteins.  

 Metalloproteins comprise an estimated 30% of all proteins and roles for 

the metal can vary from structural to storage, electron transfer, oxygen 

activation or other catalytic functions6. Iron is the most abundant and 

biologically important transition metal and its role as a catalytic center in 

proteins ranges from electrostatics, to oxygen activation, to electron transfer. As 

an electron transfer center, iron is found either as heme or as part of an iron-

sulfur cluster 7. Iron-sulfur clusters are an ancient catalyst, as they would have 

formed relatively easily in an anaerobic atmosphere and been readily acquired 

by primitive enzymes. Although not technically considered an iron-sulfur protein 



due to its lack of inorganic sulfide, rubredoxin is the simplest protein that uses 

a sulfur-ligated iron center (FeCys4) for electron transfer reactions 7. 

The objective of this project is to design and characterize a redox-active 

tetrathiolate metal-binding site in an α-helical scaffold. Further studies will be 

directed towards fine-tuning the reduction potential with the introduction of 

hydrogen bonding residues and examining the effect of location on the site, 

looking toward the possibility of a multi-site multi-function construct, which has 

not yet been achieved with any type of site or scaffold. This approach allows 

for the investigation of requirements for the design of electron transfer centers 

and serves as the first step towards the long-term objective of a multi-site 

multi-function construct. 

 



To create a construct 

with four endogenous thiol 

ligands for metal binding, pET15b-α3DIVH72C, a modification of a previously 

characterized construct, was ordered from Celtek genes, but when expressed in 

E. coli it was found that this gene product gives a peptide with an extra four 

residues relative to α3DIV: two glycines, a cysteine and serine, due to a 

missing stop codon in the gene received from Celtek. The average yield 

achieved for α3DIVH72C-GSGC is about 9 mg/L. Circular dichroism studies 

reveal that the construct is a well-folded α-helical bundle8 that follows a two 

state model of unfolding upon denaturation with guanidine hydrochloride9. A 

comparison of circular dichroism denaturation studies of three constructs with 

and without these four extra amino acid residues show that the four extra 

residues impart a stabilization of roughly 1 kcal/mol (Plegaria, J and Cangelosi, 

V, unpublished results).  This data confirms observations based on protein yield 

that the extra two residues (termed –GSGC from here on) confer extra stability 

to the protein.  

 To determine if the four endogenous cysteines were capable of binding 

metals, Cd(II) was titrated into α3DIVH72C-GSGC and monitored by UV-vis 

spectroscopy to determine binding as described previously10. Binding to Cd(II) 

showed a λ max of 232 nm with a molar extinction coefficient of 8835 M-1cm-1. 

Binding stoichiometry showed that Cd(II) binds to α3DIVH72C-GSGC and 

Figure 1: 20 μM α3DIVH72C-GS titrated with Cd(II) in 75 mM TRIS 
buffer with 50 μM TCEP at pH 8.0. λmax occurs at 232 nm (ε=8835 
M-1cm-1)  and absorbance ceases to increase after .73 eq of Cd(II) 
are added (see inset). 



absorbance ceases to increase beyond 0.73 equivalents of Cd(II)(Figure 1). The 

λmax matches previous data for CdS3O species, while the molar extinction 

coefficient and binding affinity appear to be significantly lower10. This is likely 

due to trace air oxidation of the cysteine residues, as adding a fourth cysteine 

to an already air sensitive construct only increases its reactivity with air. These 

results seem to indicate that the fourth cysteine residue is not binding to the 

Cd(II); however, to confirm whether this was the case, 113Cd  

NMR was performed. 113Cd NMR is sensitive to 

the ligand environment and a CdS4 environment 

would be expected to have a chemical shift 

further downfield relative to a CdS3O 

environment—above 650 ppm11-13. Spectra from 

α3DIVH72C-GSGC with 0.8 eq 113Cd(II) in 10% 

D2O show a single peak at 595 ppm, which can 

also be seen in Cd(II)-bound α3DIV (Figure 2), therefore indicating CdS3O 

binding. As a result of this data, the original assignments for α3DIV 113Cd NMR 

have been revisited. Initially it was thought that the signal at 595 ppm 

represented a CdS3N species while the signal at 583 ppm, reflected a CdS3O 

species. Yet comparison of 113Cd NMR data from α3DIVH72C-GSGC and α3DIV 

reveals that the signal at 595 ppm actually must represent the CdS3O species. 
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Figure 2: 113Cd NMR comparison of 
α3DIV and α3DIVH72C-GS shows that 
there is no significant difference in 
signal in α3DIVH72C-GS. 
Experiments were performed on 500 
MHz Varian (3 hr acquisition time) 
with 3 mM peptide in 10% D2O.  



Correlation (PAC), a solid state technique that is sensistive to coordination 

sphere, was performed and showed that while CdS3O is the major species, 

there is a minor species that shows CdS4 coordination in relative abundance of 

about 6.3:1.7 (data not shown). However, a different construct with four 

endogenous cysteines will be pursued to achieve tetrathiolate metal coordination 

as the major species (vide infra).  

Rubredoxin contains a Cys-X-X-Cys motif at its iron-binding site that 

allows for a chelate effect when binding iron. Incorporating a motif like this into 

a tetrathiolate binding site is a reasonable strategy for improving iron binding.  

Examination of the sequence of α3DIV reveals that Leu21 is two residues away 

from Cys18 and is located at a site that would allow it to access the metal-

binding site. Thus, the next design under investigation is α3DIV L21C, a 

construct designed to incorporate a canonical iron-binding Cys-X-X-Cys motif.  

This construct has been expressed and preliminary binding studies reveal that it 

is capable of binding Fe(II) and can be air oxidized to yield Fe(III), which is 

stable at room temperature for at least 24 hours. 111mCd PAC performed on 

this construct showed that the major species in this construct is indeed a CdS4 

center, with a minor component of CdS3O in a ratio of 5.0:1.9. This construct 

will be studied using EXAFS, UV-vis spectroscopy, cyclic voltammetry, 

Mössbauer spectroscopy, and NMR. 



I propose to travel to Paris, France, to complete research that is 

essential to my thesis and to begin a collaboration with Dr. Ally Aukauloo. The 

goal of this collaboration is to develop a system for measuring electron transfer 

rates in de novo designed metalloproteins by affixing polypyridine ruthenium 

complexes to the protein. This combines the area of expertise of the two 

collaborating labs: the Aukauloo lab (Université de Paris-Sud) specializes in 

ruthenium complexes, fast photochemistry, and electron transfer rate 

measurements; and the Pecoraro lab (University of Michigan) specializes in 

bioinorganic chemistry and metalloprotein design. 

Recent work by the Aukauloo group has focused on the light-driven 

activation of inorganic manganese(II) complexes using a ruthenium(II)-based 

sensitizer. It was shown that light activation is capable of inducing oxidation of 

Mn(II) by and activated Ru(III) complex.14 The group has been able to measure 

electron transfer rates and perform kinetics on these systems.15 Excitingly, 

electron transfer has now been shown to be possible through a triazole linkage, 

such as is produced by “click” chemistry using the Copper-catalyzed Azide-

Alkyne Cycloaddition16. Click chemistry takes place under relatively mild 

conditions and has been shown to be compatible with in vitro work to label 

proteins. We plan to use this new technology to probe the electron transfer 

characteristics of our peptide constructs. This aspect of our collaboration is 



crucial to my thesis as we do not have access to the technology to make this 

kind of measurements at the University of Michigan.   

In addition to collaborating with Dr. Aukauloo, my presence in Paris will 

allow me to take advantage of other standing collaborations with Dr. Cédric 

Tard to perform cyclic voltammetry on my peptide construct as well as Dr. 

Jean-Marc Latour to perform Mössbauer spectroscopy. These experiments all 

take advantage of expertise that we do not have in the Pecoraro lab and allow 

me to realize a more well rounded thesis project. 
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