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PhD Candidate Speaker Mahmoud Kamal Ahmadi 

Biosynthetic Engineering and Green Manufacturing Applications for the Nonribosomal Peptide-Polyketide 
Siderophore Yersiniabactin 

Yersiniabactin (Ybt) is a mixed nonribosomal peptide-polyketide natural product natively produced by the pathogen 
Yersinia pestis.  The compound enables iron scavenging capabilities upon host infection and is biosynthesized by a 
nonribosomal peptide synthetase featuring a polyketide synthase module.  This pathway has been engineered for 
expression and biosynthesis using Escherichia coli as a heterologous host.  The biosynthetic process for Ybt formation 
has been improved through the incorporation of a dedicated step to eliminate the need for exogenous precursor 
provision.  Furthermore, precursor-directed biosynthesis was used to systematically produce Ybt analogs.  Upon doing 
so, resulting compounds were tested in applications that highlight the metal chelating nature of the compound.  More 
specifically, the compounds are being tested for industrial wastewater heavy metal removal and recovery with the goal 
of aiding the environmental and economic outcomes associated with processes across the electrical, plating, 
semiconductor, solar panel, automotive, and e-waste sectors.   

 

PhD Candidate Speaker Mohammad Ghasemi 

Dissolution of Semicrystalline Polymers: Insights for Efficient Biomass Utilization Obtained by Phenomenological 
Modeling 

Crystallinity is an important property of macromolecules (polymers) of synthetic or natural origin as it affects profoundly 
material properties such as mechanical, optical, and barrier.  The presence of crystalline domains hinders the dissolution 
of semicrystalline polymers and thus constrains their subsequent physical and/or chemical processing.   
Cellulose is a prime example of a semicrystalline polymer the recalcitrance of which to most solvents prevents the 
efficient conversion of the abundant and renewable cellulosic biomass toward high-value-added products.  Despite 
research efforts, many aspects of semicrystalline polymer dissolution such as solvent-induced decrystallization and 
polymer chain untangling are not well-understood.   
 
Our research is addressing these fundamental issues with the practical goal of gaining insights into the swelling and 
dissolution of cellulose that support the preparation of cellulose-based functional polymers and nanomaterials.  To this 
end, we have developed a phenomenological model that captures the transport phenomena governing the dissolution 
of semicrystalline polymers, e.g., solvent penetration, transformation from crystalline to amorphous domains, specimen 
swelling, and polymer chain untangling, as well as the thermodynamics and kinetics of dissolution.   
This model fits well experimental data for swelling and dissolution of cotton fibers in the ionic liquid [Bmim]Cl, and 
allows the quantification of two important features, i.e., effectiveness of solvent 
 
(i) in cellulose decrystallization and (ii) in untangling cellulose chains, the balance of which controls the mechanism and 
kinetics of cellulose dissolution.  The insights obtained from this study facilitate the design of efficient solvent systems 
and processing conditions for the dissolution of cellulose and other semicrystalline polymers. 
 
 

 

 

 

 


