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Glucose oxidase. a highly glycosylated flavoprotein, is one 
of the most widely usee! enzymes in medical diagnostics and food 
processing. The enormous economic significance and intensive 
application of glucose oxidase as biosensor enzyme, as integral 
part of food production and in fermentation control was contra
dicted so far by the lack of structural knowledge. 

The enzyme is a homodimer of !55 Iilla with a glycan moi
ety of the 'high mannose' type representing 13% of the molecular 
weight. Crystals suitable for X-ray diffraction were obtained only 
after enzymatic cleglycosylation removing 95% of the sacchmide 
residues. As confirmed by the high resolution structure the mono
mer of the deglycosylated protein comprises 587 amino acid resi
dues, 5 N-acetyl glucosamine. 3 mannose and l FAD molecule. 

The exceptional stability of glucose oxidase might be based 
on the lm-ge surface area bmied upon dime1ization and defined by 
(i) hydrophobic contacts, (ii) extensive salt bridges and, surpris
ingly, (iii) by a cluster of well ordered water molecules trapped 
between the monomers with no contact to the bulk. The 67 lilla 
monomer is comprised of two domains only. The FAD binding 
domain is separated from the substrate binding domain by a deep 
cavity filled with a well defined network of l 0 water molecules. 
At the given resolution this water cluster might suit as a stm·ting 
point for the modeling of the substrate glucose bound to the bi
nary enzyme:FAD complex. 

The high resolution structure of glucose oxidase facilitates 
the use of protein engineering with the goal to design highly ac
tive enzyme derivatives with the capability to transfer directly elec
trons to semi-conductors and/or increased tolerance against hy
drogen peroxide, sulfur dioxide and hydrogen sulfite. 
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4-0xalocrotonate tautomerase (4-0T) is a highly efficient 
enzyme with an unusual mode of catalysis and an unexpected 
crystal packing scheme. 4-0T takes part in the meta-fission 
pathway encoded by the Pseudomonas putida mt-2 TOL plasmic! 
p WWO for catabolism of toluene, m- and p-xylene, 3-ethyltoluene, 
and 1,2,4-tJimethylbenzene to Krebs cycle intermediates. I 4-0T 
catalyzes the isomerization of 2-oxo-4-hexenedioate to 2-oxo-3-
hexeneclioate through the intermediate, 2-hyclroxymuconate. The 
structure has been solved to 2.5A resolution by the Molecular 
Replacement method with a recombinant 4-0T isozyme from 
Pseudomonas sp. Strain CF600 serving as a model. 

4-0T is a hexamer composed of small monomers of 62 amino 
acids an·anged with 32 symmetry.2 The monomer consists of a 
two-stranded parallel ~-sheet with a linking helix: dimetization 
leads to a four-stranded sheet with anti parallel helices on one side. 
Each dimer contains two active sites with an unusual catalytic 
amino-terminal proline.3 The active site has residues contributed 
from both subunits of the dimer. 

4-0T crystallizes in space groups R3 (a=98.7 A, 0:=52.5", 6 
dimers/a.u.) and P321 (a=88.0A, c=124.6A, 4.5 dimers/a.u.). In 
both crystal systems, the crystal packing is dictated by a shifted 
stack of three hexamers. Current work includes cocrystallization 
of native enzyme with mechanism-based inhibitors. 

!Chen L. eta!. (1992) JBC. 267. 17716-17721. 
2Subramanya, H.S. eta!. (1996) BiochemisTry. 35, 792-802. 
3Stivers .. J.T. eta!. (1996) Bioclzemisi!J'. 35, 803-813. 
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Formaldehyde dismutase (FDM) (MW=180kDa) was crys
tallized by the hanging drop vapor diffusion technique. FDM, 
found in a formaldehyde resistant bacterium (Pseudomonas putida), 
catalyzes the clismutation of aldehydes and alcohol. Amino acid 
sequence alignment indicates that FDM has the NAD-binding motif 
conserved among the NAD-dependent dehydrogenases. However, 
the binding mode ofNAD(H) in FDM appears to be very different 
from those in other NAD-dependent clehydrogenases. The NAD(H) 
in FDM does not dissociate but stays bound in the enzyme through
out the reaction, therefore there is no enhancement of its activity 
on the addition of an excess amount of NAD(H). In order to elu
cidate the nature of the stronger binding, we started a project to 
determine the three-dimensional structure of FDM. 

Crystals suitable for an X-ray diffraction experiment were 
acquired by equilibration of FDM solution (17 .5 mg/ml) against 
30%(wt/v) AS in lOOmM potassium phosphate buffer (pH7.0). 
The protein solution was filtered to eliminate unwanted aggrega
tion detected by a DynaPro (Protein Solutions) ptior to the crys
tallization. FDM crystallized in the tetragopal space group P41 
(or P43) with unit cell dimensions a=b=92.4A and c=225.0A. X
ray diffraction data were collected to 3A resolution on an RAXIS 
IIc. We are now trying MR methods using coordinates from NAD
dependent dehydrogenase structures. 
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Xylose isomerase catalyzes the conversion ofD-xylose to D
xylulose (D-glucose to D-fructose) and divalent cations (Mn++, 
Co++, or Mg++) m·e required for activity. Several crystal struc
tures of xylose isomerases have been determined and there is a 
great interest in protein engineering of this enzyme. Thennus 
caldophilus xylose isomerase is a tetrameric enzyme with mono
mer molecular weight of 43,000 Da. The optimum temperature of 
Thermus caldophilus xylose isomerase is 93 °C, and this enzyme 
is stable up to 95 °C. 

The crystal stJ·ucture of xylose ismomerase from extJ·eme ther
mophile, Thermus ca/dophilus, has been solved by moleculm· re
placement using xylose isomerase fromActinoplanes missouriensis 
(Jenkins. et al. (1992) Biochem. 31, 5449- 5458 PDB ID code 
3xin) as a starting model. 


