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Phosphoglucosamine mutase (PNGM) is an evolutionarily conserved bacterial enzyme that participates in 

the cytoplasmic steps of peptidoglycan biosynthesis. As peptidoglycan is essential for bacterial survival 

and is absent in humans, enzymes in this pathway have been the focus of intensive inhibitor design efforts 

[1,2].  We have previously determined the crystal structure of a PNGM [3] from the human pathogen and 

bioterrorism agent Bacillus anthracis. The protein has 456 amino acids arranged in a four-domain 

architecture with a centrally located active site cleft.  An apparent dimer (molecular mass 93.1 kDa) 

observed in the crystal has been confirmed in solution using dynamic light scattering and small angle X-

ray scattering [4].  Among other structural features, a large conformational change (30° rotation) of the 

C-terminal domain of B. anthracis PNGM is observed when comparing the two protomers in the crystal 

structure.  We believe these likely represent the apo- and ligand-bound conformers of the enzyme.  

However, crystallization of an enzyme-ligand complex has not been achieved for this enzyme, or for any 

related proteins in the PNGM family.  This limits our understanding of its ligand bound conformational 

state, a barrier to structure-based inhibitor design.   

 

Studies of PNGM conformers are also relevant to fundamental issues of enzyme mechanism, as suggested 

by normal mode analyses of the PNGM dimer [4].  These indicated that conformational changes of the 

two C-terminal domains of the dimer are alternately coupled, i.e., when one protomer opens, the other 

closes.  This dynamic behavior has implications for understanding the catalytic mechanism of the enzyme, 

including whether negative cooperativity occurs between the two active sites of the dimer.  Negative 

cooperativity implies a reduction in binding affinity to second after site following initial binding of ligand 

to the other, and its structural basis is poorly characterized.  

 

To better understand these issues, we have initiated electron microscopy (EM) studies of the B. anthracis 

enzyme.  This protein will serve as a model for the entire PNGM family, which has not been well 

characterized structurally. Ultimately, we plan to pursue cryo-EM to characterize varying conformational 

states of the enzyme (open, closed, half-open, ligand-free, ligand-bound, etc.), as different classes of 

particles. This may allow us to determine changes in protein conformation upon ligand binding, as well 

as possible changes in dimer symmetry (or asymmetry) under different conditions (e.g., one protomer 

open/one closed, both open, both closed). 

 

To assess feasibility of this goal, initial negative staining data on B. anthracis PNGM have been collected 

at University of Missouri’s Electron Microscopy Core, using the JEOL JEM 1400 LaB6 TEM. Results 

shown below are for PNGM negatively stained with nano-W (methyl amine tungsten), which shows 

reasonable distribution of similarly-sized particles.  A battery of negative stains are being tested to perform 

data collection for 2D classification and averaging with Relion 2.0.3.  Despite its small size (< 200 Å), we 

anticipate performing single particle reconstruction with cryo-electron microscopy as part of the Midwest 

High Resolution Cryo-electron Microscopy Consortium at Purdue University, with recently implemented 

FEI Volta Phase Plate to enhance contrast of small proteins.  Data collection is underway, analyses are 

ongoing and will be presented [5].   
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Figure 1. (top) Two representative 

transmission electron micrographs of 

PNGM (2 µg/mL) negatively stained 

(white) with nanoW taken at a 

nominal magnification of 25,000 X 

on a JEOL JEM-1400 TEM at 120 

kV on a Gatan Ultrascan 1000 CCD 

camera.  (bottom) X-ray protein 

crystallography structure (pdbid: 

3PDK) of the PNGM dimer (Chain A 

– blue, Chain B – purple), with 

phosphates shown in green.    

 


