










	
   111	
  

not exhibit the same feature at 487 nm. Interestingly, we found that Cu(II) appears to 

also quench Trp fluorescence stoichiometrically, yet does not produce the putative 

charge transfer peak (Figure 6.3). More work will be needed to determine why Cu(II) 

has a quenching effect, since it has been shown previously not to bind to CusF.  

We next used the fluorescence signal at 350 nm and 487 nm to track metal ion 

transfer from CusB to CusF, which was successful (Figure 6.4), and finally, 

performed a series of cold temperature (~5 °C) kinetic experiments, wherein 

anaerobic, apo CusF was rapidly stirred just before the point of vortex, and a 

concentrated solution of Cu(I)-loaded CusB was injected into the septa-sealed cuvette. 

 

Fig 6.1 The metallochaperone CusF exhibits a novel fluorescence peak at 487 nm 
when Cu(I) is bound.  
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Fig 6.2 Excitation fluorescence spectrum of Cu(I)-CusF when energy is parked at 487 
nm. The novel fluorescence peak at 487 nm of Cu(I)-CusF is attributed to excitation 
of Trp 44 as evidence by an emission at 304 nm.   
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Fig 6.3 Fluorescence spectra of the Cu(I) and Cu(II) titration of CusF, with excitation 
at 295 nm. Top panel, Cu(I) titration, with insets of signal versus equivalents of Cu(I) 
added for both the 350 nm peak and the 487 nm peak. Bottom panel, Cu(II) titration, 
with inset of signal versus equivalents of Cu(II) added for the 350 nm Trp 44 peak.  
  

487 nm Cu(I) Trp emission 



	
   114	
  

 

Fig 6.4 Fluorescence spectra of the incubation of W17A Cu(I)-loaded CusB NT with 
apo CusF, as compared to apo and Cu(I) loaded CusF. 
 

 

The resulting increase in fluorescence at 487 nm was monitored in real time, but we 

believe that the limited time resolution of the fluorescence spectrometer was only able 

to capture an initial time-of-mixing curve; Nevertheless, the data do provide a relative 

time frame for metal-transfer (~5 seconds, with the initial reaction occurring within a 

second) that was used to design a rapid freeze quench XAS experiment. At room 

temperature, Cu(I)-loaded, CusB NT (at two equivalents of CusB in order to ensure 

full final Cu(I) transfer to CusF) was rapidly mixed with one equivalent of anaerobic, 

apo Se-Met labeled CusF in 50mM HEPES and 5% ethylene glycol as a glassing 

agent. Samples were sprayed into liquid ethane and packed into adapted XAS 

cuvettes, as described in Chapter 2.4. Time points were taken at arbitrary intervals 

with the earliest point at 15.2 ms and the latest point (aside from the endpoint) at 5 

sec. Samples were analyzed by Se EXAFS by the methods previously described in 
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this dissertation.  

 While preliminary the results are extremely promising, and appear to indicate 

a biphasic mechanism, with an extremely fast phase of initial Cu(I)-CusB to apo CusF 

transfer, followed by a slower transfer phase (Figure 6.5). These experiments will be 

replicated at cold temperatures in order to better resolve the early transfer rate, as well 

as conducted with various glassing agents to improve the freezing time. 

 

Fig 6.5. Se edge FT of the metal transfer reactions between Cu(I) loaded CusB NT 

and apo CusF via freeze quench preparation. Time points are indicated in the inset 

figure legend.  
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6.3 Future Research and General Conclusions  

  The nature of the pathway to maturity of CuA is still under investigation, 

particularly with regards to the possible metallochaperones involved. While PCuAC 

has been implicated, the work described in this dissertation indicates that PCuAC is 

only responsible for metallation of a single site of CuA with CuA. More work is 

needed to understand the mechanism of PCuAC to CuA metal transfer, in the form of 

RFQ XAS experiments in which the Se edge of Se-Met labeled CuA is monitored for 

changes. In the case of the Sco metallochaperone, we have begun the design of a 

streptavidin tagged construct of Sco, which will be incubated with CuA in a series of 

experiments designed to react the two proteins to form the dead end complex. We 

then will separate the reacted proteins by the use of a streptavidin column for further 

analysis by UV-vis, and XAS. Further, the overall mechanism of detoxification by the 

CusC(F)BA Cu/Ag efflux system has been described in this dissertation, yet the 

nature of the relationship between CusF and CusB is still unclear. The RFQ-XAS and 

fluorescence experiments described in section 6.1 are well underway and indicate a 

complex communication between the two proteins.  

 Metal ions as used in living systems can act as a double-edged sword –they 

are vital bionutrients and act in a plethora of biochemical processes, yet in even slight 

excess, are harmful, if not fatal. We have come to understand that in Nature, by 

limiting the locations where each metal ion is permitted in the cell, tuning metal 

affinities in metalloproteins to exert thermodynamic and kinetic control, and using 

quick-responding gene regulation to respond to times of metal ion dearth and excess, 
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homeostasis can be successfully maintained. However, there remains much work to 

be done in order to understand the intricacies of the bioinorganic chemistry of the cell.  

 The work in this dissertation is a combination of protein biochemistry and 

spectroscopy, and attempts to further illuminate our understanding of how a metal is 

loaded into the correct protein and what mechanisms underlie protein-to-protein metal 

transfer. The use of SeM labeling in tandem with x-ray absorption spectroscopy, as 

well as stopped flow UV-Vis techniques and EPR, have proven instrumental to 

determining the mechanism of assembly of CuA, the initial electron transporting 

subunit of cytochrome c oxidase. The same tandem SeM labeling XAS technique, 

combined with the use of multiple types of metal ions have illuminated the pathway 

of metal ion travel in a highly complex bacterial efflux pump, where ambiguity has 

hitherto frustrated our efforts to understand.  

 The future investigation of metalloprotein systems by the use of metal binding 

competition, rapid freeze quench XAS, and steady state or stopped flow fluorescence 

spectroscopy will further aid our goals, and our hope remains that these continued 

findings may have human health implications, as well as lead to basic discoveries of 

our incredible, natural world. 
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