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Glucosamine-6-phosphate deaminase is a hexameric enzyme (266

residues per monomer) that catalyses the reversible conversion of D-glucosamine-

6-phosphate (GlcN6P) into Fructose-6-phosphate and ammonia. The GlcN6P

deaminase exhibits ah intense homotropic cooperativity towards GlcN6P

(substract) which is allosterically modulated by the activator N-acetyl-D-

glucosamine 6-phosphate. Biochemical studies showed that 2-deoxy-2-

aminoglucitol 6-phosphate is a competitive inhibitor of the GIN6P deaminase. To

increase our understanding about the catalytic and allosteric sites, we studied

these sites using X-ray crystallographic techniques. The enzyme was initially

incubated with activator (and inhibitor) and subsequently, this solution was utilized

for growing crystals by the vapour diffusion method using Na/K phosphate and

sodium acetate (NaAc) as précipitants. The crystals obtained had maximum

dimensions of 0.5x0.4x0.2 mm. The data collection was performed using an image-

plate detector RAXIS-II (RIGAKU CO). The space group is R32 and cell parameters

a=b=125, c=223 Å for both crystals types. The crystals are isomorphous with native

ones (the native structure of GlcN6P deaminase was already determined by us)

and using difference Fourier techniques, it was possible to locate the inhibitor and

activator binding sites. The refinements were made using the XPLOR program

(Brunger. 1992). There are six catalytic and six allosteric sites (one catalytic and

one allosteric per monomer). The allosteric site is located between two monomers.

On the basis of analyses of the contacts of the inhibitor with the enzyme, a catalytic

mechanism is proposed for the isomerisation-deamination of GlcN6P deaminase.

This work has received partial support from PADCT-SBIO, CNPq, FAPESP and

FINEP.
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GAPDH is an enzyme composed of four chemically identical subunits,
which catalyses the NAD+ dependent oxidative phosphorylation of D-
glyceraldehyde-3-phosphate to 1,3-diphosphoglycerate. The structural basis of its
reaction mechanism has been extensively studied because of its biological
importance and interesting properties regarding cooperativity of NAD binding. The
GAPDH's from different species are highly conserved, an indicator of the specific
relevance of their biological role. Holo-GAPDH from duck muscle crystallizes in the
monoclinic space group P2i with a=68.93 A, b=159.47 A, c=77,76 A and p=97,68°,
containing two functional tetramers (mol. wt=144 kD) per unit cell. The structure
was solved by molecular replacement (MR) using the package AMoRe (Navaza,
1993) with the human enzyme as model structure. The self-rotation function
confirmed three molecular non-crystallographic dyad axes in an approximate 222
arrangement. The refinement of the model was carried out in various steps of
simulated annealing with the package X-PLOR, restraining the model with the non-
crystallographic symmetry relations. The final cycles of refinement resulted in an R
factor of 20,1% for 39416 reflections (Rfree=26,3%). The final model includes all
332 residues for each of the four monomers, 4 NAD+ molecules, 8 sulphate ions
and 163 water molecules. The structure has been analyzed with respect to
molecular symmetry, cofactor binding, intersubunit contacts and active site
geometry. The refined model shows the four subunits similar apart from local
deviations of some side chains, mainly due to packing contacts. Each monomer
has one bound NAD+ molecule. The functional phosphate binding sites are
occupied by sulphate ions, similarly to the structure of lobster and Bacillus
stearothermophilus GAPDH, and the stability of anion binding can be understood
from the structure conformations of their ligands. The analysis has revealed the
presence of several internal salt-bridges stabilizing the structure. Several ordered
water molecules have been located, and play an important role in the structural
integrity of the protein. This work has received support from: PADCT/SBIO, CNPq,
FINEP and FAPESP.
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Glucosamine-6-phosphate deaminase has a key role in the catabolic
metabolism of the amino sugars D-glucosamine-6-phosphate and N-acctyl-D-
glucosamine-6-phosphate in Eschericha coli. This is an allosteric enzyme that
catalyses the reversible conversion of glucosamine-6-phosphate to fructose-6-
phosphate and ammonium. It is a homohexamer and presents intense homotropic
cooperativity towards its substrate and has N-acetyl-glucosamine-6-phosphate as
allosteric activator. The amino acid sequence presents 4 cysteine residues (C118,
C219, C228, C239). Biochemical data shows that the C118 and C239 are
important for the catalysis and allosteric transition. We have crystallized and
collected a data set for the C118, C239S double-mutant of the enzyme
glucosamine-6-phosphate deaminase in both states, T and R. Preliminary models
were obtained using initial phases of the native enzyme due to the fact that the
mutant crystals were isomorfous in relation to the native. So far, the refinement and
the temperature factor analysis has been carried out for R state mutant. This
refinement was accomplished with the X-PLOR program using simulated annealing
and testing three weighting schemes (Wa) between the crystallographic and
stereochemical terms. During this testing phase we tried to refine the atomic B-
factors using initial values of 15.0 Å (type I) and native structure B-factors as
starting values (type II). The best refinement scheme was that with weight of 80%
and native initial B-factors. The final R-factor was 20.3% without water molecules.
The temperature factor analysis was performed separately for the two monomers (A

and B) in the asymmetric unit. The specific analysis of the Ser118-Oy and Ser239-
Oy B-factors showed low values in both monomers and were comparable to the
lowest values of the native Ser-Oy B-factors. In addition to these results, the mutant
and native structure had no large differences (Ca-superposition rms=0.24 Å) and
the electron density for the Se 118-Oy and Ser239-Oy was also similar to the
respective Cys118-Sy and Cys239-Sy in the native structure. Further experiments
are being conducted to unambiguously determine the effective nature of the protein
material present in our crystals. We gratefully acknowledge the financial support of
FAPESP. CNPq and FINEP.
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