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3. PAPER II: KINETIC ANALYSES OF THE MAGNESIUM 

CHELATASE PROVIDE INSIGHTS INTO THE MECHANISM, 

STRUCTURE, AND FORMATION OF THE CCOMPLEX  

3.1 Synopsis 

o Kinetically characterized magnesium chelatase from Rba. capsulatus and proposed a reaction 

mechanism  

o Determined the Km of Rba. capsulatus magnesium chelatase substrates; ATP, magnesium, and 

proto  

o BchD behaved as the enzyme, while BchI and BchH were substrates 

o BchI had a 1:1 interaction with BchD, while BchH:BchD or BchH:BchI▪BchD was at least 2:1 

o Additional catalysis of magnesium chelatase involving removal of Mg-proto from BchH and 

binding with fresh proto substrate was the slow step of the reaction mechanism 

o ATPase activity was stimulated by addition of BchH to the BchI▪BchD complex and 

continued after magnesium chelatase activity ceased suggesting an ATP-dependent structural 

reorganization of magnesium chelatase subunits; BchH and BchI▪BchD in additional catalytic 

cycle 
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3.2 Journal article

This research was originally published in The Journal of Biological Chemistry. Artur Sawicki and Robert D. Willows 
(2008), Kinetic Analyses of the Magnesium Chelatase Provide Insights into the Mechanism, Structure, and Formation of 

the Complex. The Journal of Biological Chemistry 283(46):31294-31302, http://www.jbc.org/ © the American Society for 

Biochemistry and Molecular Biology. Reprinted with permission.  
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3.3 Supplementary data  
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3.4 Addendum 

Kinetic Analyses of the Magnesium Chelatase Provide Insights into the Mechanism, Structure, 

and Formation of the Complex. Artur Sawicki and Robert D. Willows VOLUME 283 (2008) 

PAGES 31294-31302 

 

During further analysis of the magnesium chelatase BchI▪BchD complex, it was found that the 

free magnesium concentration calculated in this study was incorrectly determined. No account was 

taken for the magnesium content associated with the protein solutions and we apologize for this 

mistake. After re-analysis, a co-operative effect (Hill constant of 2.15) was found with free 

magnesium, not the originally stated hyperbolic relationship. This was repeated several times with two 

separate protein preparations on separate days (four triplicate sets for most of the data and at least two 

triplicate sets), and the culmination of this data was combined to produce the revised Supplementary 

Figure 1a. This amended data now agrees with several previous experiments from pea, cucumber, 

Synechocystis, and green sulphur bacterium, Chlorobaculum tepidum which indicated the regulatory 

effect of free magnesium on magnesium chelatase activity (Richter and Reinits, 1982; Guo et al. 1998; 

Jensen et al. 1998; Reid and Hunter, 2004; Johnson and Schmidt-Dannert, 2008). The updated kinetic 

results for free magnesium on magnesium chelatase summarized in the revised Table 1 now highlight 

the sigmoidal nature of the substrate in the purple non-sulphur bacterium Rba. capsulatus.  
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Table 1. Revised kinetic constant of magnesium chelatase substrate; Mg
2+

.  

The revised kinetic constant for free magnesium was determined from Appended Supplementary 

Fig. 1a with App.Vmax stated as (nmol Mg-proto.min
-1

.nmol
-1

 BchD). The apparent S0.5 value for 

free magnesium was newly determined by taking into account the magnesium present in BchI, 

BchD, and BchH-proto solutions. The new results were fit to the Hill equation, whereas the kinetic 

properties of ATP substrate remained the same, and could not be fit to the Hill equation. 

Substrate  App.Vmax App.Km or S0.5 (mM) Hill constant 

Free Mg
2+ 

ATP 

4.4 ± 0.04 

4.5 ± 0.1 

1.3 ± 0.04 

0.091 ± 0.009 

2.15 ± 0.1 

N.D. 
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Supplementary Fig. 1. Revised kinetic constants of the magnesium chelatase substrate; Mg
2+

.  

A. Free magnesium (Mg
2+

) was newly determined by taking into account the magnesium content 

present in BchI, BchD, and BchH-proto solutions with error bars stated as ± S.D. Assays were 

performed at 1 mM ATP with variable Mg
2+

 concentrations; 0.028, 0.14, 0.29, 0.49, 0.72, 0.95, 1.2, 

1.4, 2.4, 3.4, 4.4, 5.4, 7.3, 9.3, 11.8, 14.3, 19.2, 29.1 mM. B. Assays were performed at 15 mM 

MgCl2 with variable ATP concentrations; 0.025, 0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1, 2.5, 5 mM. This 

Figure did not change. 
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