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M. tuberculosis possesses a sulfite reductase (MtsirA) that is over-expressed when the 
bacteria is in its dormant stage of infection. MtSirA catalyzes the six-electron reduction 
of sulfite to sulfide.[1] Previous kinetic studies of MtsirA have used methyl viologen 
(MV), a chemical reductant, as an electron donor. The goal of this work is to purify and 
characterize a ferredoxin[2] from M. tuberculosis (MtFd) and determine if MtFd can act 
as an electron donor to mtSirA, with the ultimate goal of using it as a more 
physiologically relevant electron donor in kinetic studies of mtSirA. We have found that 
that MtFd purifies without a cluster and must be chemically reconstituted. MtFd likely 
contains a [4Fe-4S] cluster, and may be able to donate electrons to mtSirA. 
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  We were able to purify MtFd from E. coli ∆iscR using GST as a fusion protein to facilitate the purification process. 
  Chemical reconstitution is always necessary even when MtFd is purified anaerobically. 
  MtFd appears to contain a [4Fe-4S] cluster, but the cluster may be less stable when the GST is removed.   
  MtFd may be able to pass electrons to MtsirA, suggesting MtFd could be used as a more physiologically relevant electron donor in MtSirA 
kinetic studies. 

12. Conclusions
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2. MtsirA 
MtsirA is a monomer and contains an electronically coupled siroheme and [4Fe-4S] 
cofactor set. It catalyzes a six-electron reduction of sulfite to sulfide, presumably using 
a Fe-S cluster-containing ferredoxin as its electron donor in vivo. 

8. Iron content  

10. MtFd PFV 
Turnover


• Purify M. tuberculosis  ferredoxin (MtFd) 
• Characterize MtFd, and determine the nature 

of its Fe-S cluster. 
• Determine if MtFd can act as an electron 

donor to mtSirA. 

MtFd is one of several ferredoxins found in Mycobacterium tuberculosis and is 
potentially the electron donor for MtsirA. The Fe-S binding motif of this ferredoxin is 
unusual as one of the Fe-S cluster-ligating Cysteine residues has been replaced with a 
Histidine. This ferredoxin has not been previously purified or characterized. 

4. Project Goals 

5.Purification 

6. Chemical Reconstitution 
of Fe-S cluster 

An MtFd/glutathione-S-transferase fusion protein (GST–MtFd) was express using 
the E. coli ∆iscR strain. Cell growth was carried out in the presence of oxygen 
while cell lysis and protein purification was carried out anaerobically. Clusters 
always needed to be chemically reconstituted. 

Iron assay results for different preparations of MtFd. The MtFd-GST fusion 
appears to contain approximately four irons, which is consistent with this 
preparation containing a [4Fe-4S] cluster. When the GST is removed, the cluster 
may be less stable. 

9.Protein Film Voltammetry 
(PFV) 

Uv-Vis spectrum showing MtFd before (red trace) and after (black trace) chemical 
reconstitution. After reconstitution, MtFd exhibits a broad absorption feature 
centered at ~ 425 nm, which is indicative of the presence of an Fe-S cluster. 

Chemical reconstitution was carried out anaerobically, with 1 mM DTT as a 
reductant. Small aliquots of ferrous ammonium sulfate and sodium sulfide were 
added periodically over an hour until the color of the protein solution turned a 
deep brown color. Excess iron and sulfide were removed with a desalting column. 

Protein film voltammetry of MtFd. (A) 
MtFd-GST fusion protein adsorbed to a 
PGE electrode results in small signals 
centered at –345 mV.  

A) 

B) 
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(A) Uv-vis spectrum of as-purified and Ti(III) citrate (Control) reduced mtSirA. (B) 
Uv-Vis spectrum of as-purified mtSirA and mtSirA in the presence of reduced 
MtFd. Shift in Soret band suggests MtFd can reduce mtSirA. 

Uv-Vis spectrum of as-
purified and dithionite 
reduced MtFd. Reduction 
of MtFd results in a 
bleaching of the absorption 
features centered at 425 
nm, which is commonly 
observed for Fe-S clusters. 

C) 

(B) Cleaved MtFd, which does not 
contain GST, results in an unusual 
voltammetric response where the first 
scan exhibits a non-reversible reductive 
peak centered at –210 mV. The return 
oxidative scan contains a peak that is 
shifted much higher at +100 mV. 	



In the second scan (C) the reductive 
peak is shifted more positive but is 
centered at a significantly lower 
potential than the oxidative peak. 

 This behavior suggests that a 
redox-dependent shift occurs upon 
reduction of MtFd. This may be due to a 
less stable Fe-S cluster in the cleaved 
protein, which is consistent with our 
iron-assay results.	



In a protein film voltammetry 
experiment[3], protein is 
adsorbed to a graphite 
electrode, which allows 
exchange of electrodes 
between the electrode 
surface and the redox 
cofactors within the protein.  
 The potential of the 
electrode is changed in a 
cyclic manner, which 
produces a pair of current 
peaks centered at the 
midpoint potential of the 
redox cofactor.  
 When an enzyme is  
adsorbed and substrate is 
present, a sigmoidal wave is 
observed. 
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