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The visualization of protein motions is one of the many exciting, cutting-edge uses of an X-ray 
free electron laser. Time-resolved mix-and-inject-serial (MISC) crystallography studies have 
directly visualized the reaction catalyzed by the enzyme, β-lactamase (Olmos et al.). This class 
of enzymes confers antibiotic resistance by hydrolyzing a broad spectrum of antibiotics in many 
bacteria, including Mycobacterium tuberculosis. The previous MISC results using the third-
generation antibiotic, ceftriaxone, showed the development of an intermediate and the approach 
to a steady state involving product inhibition. While this approach has directly shown the course 
of the reaction in near-atomic detail, the technique has some practical limitations stemming from 
the packing of molecules in the crystal, the need for high concentrations of substrate, and the 
lack of synchrony throughout the crystal. Nevertheless, kinetic behavior can be determined from 
the structural information, including the postulation of product inhibition, which was 
subsequently confirmed by Szyperski, et al. (unpublished).2

To further connect the crystallography result to enzymology, the enzymatic reaction was studied 
in solution under conditions that more closely mimic the reaction in the microcrystals. In 
particular, UV-vis spectroscopy was employed to monitor the activity under various conditions.
The solution reaction rates are indeed variable and dependent upon the components of the 
solution used for crystallization. Compared to the standard conditions for assays, pH and other 
buffer dependent effects were observed on the enzymatic activity. 

Taken together, the integrated results of MISC and UV-vis spectroscopy show new insights for 
the basic enzymological activity of a medically important enzyme. 
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