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Desferrioxamine E synthesis pathway

■ DesD : catalyzes iterative amide bond formations with 
– N-hydroxy, N-succinyl cadaverine (HSC) 
– Desferrioxamine D (dfoD)
– Desferrioxamine G (dfoG)

■ Desferrioxamine E (dfoE) is a clinically useful iron-chelating agent 



The importance of Iron

■ A cofactor in metabolic processes such as aerobic and anaerobic ATP biosynthesis 

■ Scarcity of ferric iron 
– Commonly complexed with hydroxide and insoluble in aqueous solutions

■ As a result, acquiring iron is key to establishing an infection



Why study DesD?

■ Catalyzes iterative amide bond formations in an NIS synthetase mechanism

■ Inhibition of DesD is a possible strategy for combating pathogenic bacteria
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Kinetics assay

■ Isothermal titration calorimetry (ITC) experiments were performed in 
– 50 mM HEPES buffer at pH 7.5, containing 150 mM NaCl, 5 mM TCEP, 15 mM 

MgCl2 and 25% glycerol 
– With care taken to avoid metal contamination from glassware

■ Single injection of concentrated DesD enzyme for a final concentration of 1 mM

■ The binding cell contained 1 mM substrate and 5 mM ATP, or 1 mM substrate and 
0.5 mM ATP 

■ The difference in thermal power (dQ/dt) was collected continuously as the substrate 
was fully depleted



Kinetics assays

■ wild type kinetics of DesD with 
1mM dfoG(black), HSC(blue), 
and 5 mM ATP. 

■ dfoG - Michaelis-Menton or 
hyperbolic curve

■ HSC - cooperative curve?

Substrate Kcat / s-1 Km / mM

dfoG 11.11 0.349

HSC 5.416 1.024



Conclusions

HSC synthesis has been 
confirmed with NMR  

Kinetics of DesD with HSC are 
significantly different from dfoG



Next Steps
■ Completion of gram scale synthesis testing 

different reaction conditions to increase 
yield

■ Testing of DesD variants with HSC



Acknowledgements 
& Funding

■ Drs. Hoffmann and Kingsbury

■ My peers in the Hoffmann and Kingsbury 
labs 

■ NSF grant 1716986 awarded to Dr. 
Hoffmann & Stauffer Fellowship



References

[1] Kadi, N., Oves-Costales, D., Barona-Gomez, F., and Challis, G. L. (2007) A new family of ATP- dependent oligomerization-
macrocyclization biocatalysts, Nat Chem Biol 3, 652-656. 

[2] Lifa, T., Tieu, W., Hocking, R. K., & Codd, R. (2015). Forward and reverse (Retro) iron(iii) or gallium(iii) desferrioxamine E and 
ring-expanded analogues prepared using metal-templated synthesis from endo-hydroxamic acid monomers. 
Inorganic Chemistry, 54(7), 3573–3583. https://doi.org/10.1021/acs.inorgchem.5b00141 

[3] Oves-Costales, D., Kadi, N., & Challis, G. L. (2009). The long-overlooked enzymology of a nonribosomal peptide synthetase-
independent pathway for virulence- conferring siderophore biosynthesis. Chemical Communications, (43), 6530. 
https://doi.org/10.1039/b913092f

[4] Katherine M. Hoffmann, Eliana Goncuian, Kimya L. Karimi, Caroline Amendola, Yasi Mojab, Kaitlin M. Wood, Gregory 
Prussia, Jay Nix, Margaret Yamamoto, Kiera Lathan, Iris W. Orion (2020) Cofactor Complexes of DesD, a Model Enzyme 
in the Virulence-related NIS Synthetase Family. Biochemistry, DOI: 10.1021/acs.biochem.9b00899


