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Abstract: The conformation8 of S3P, 1 and EPSP, 2 bound to E. Coli EPSP synthase have been determined 
using two dimensional transfer NOE (2D TRNOE) measurements. Both S3P and BPSP bound to the enzyme 
retain the half-chair conformation with the phosphate group in an axial position similar to “free” S3P in solution4 
The cis enol proton of bound EPSP is in close proximity to Hq on the ring. 

Shikimate-3-phosphate (S3P). 1, is a substrate for 5-enolpyruvoylshikimate-3-phosphate synthase 

(EPSPS) [EC 251.191, the sixth euzyme in de nova aromatic amino acid biosynthesis. EPSPS catalyzes the 
transfer of the carboxyvinyl moiety of PBP spec%caBy to the S-OH of S3P producing inorganic phosphate (Pd in 

a rare biochemical reaction (Scheme 1). This enzyme, found only in plants and microorganisms, is the target for 

the broad spectrum herbicide, N-phosphonomethylglycine (glyphosate). The enzymatic mechanism proceeds 

through a singles kinetically competent6 tetrahedral intermediate. With an estimated Qof 50 pM7, this 

mechanistic intermediate bind8 approximately 3000 times tighter than glyphosate to EPSPS. Close structural 

analogs of this intermediate am potent BPSPS inhibitors.8 Consequently, spatial mimics of this intermediate offer 

an attractive target for new inhibitor design. The design of more synthetiwlly accessible inhibitors could be 

attempted with an experimentally defined three-dimensional model of this intermedkte to use a8 a template. The 

characterization and comparison of the three-dimensional solution structums of “ke” and bound substrates is an 

important aspect of enhanchrg our understanding of substrate-enzyme recognitiou.~ 

2 
Scheme 1 

The three-dimensional characterization of EPSPS is not assessable by NMR techuiques due to its size, 

(46.5 kDalton8). Ahhough x-ray data on the enzyme have been reported, no information on bound ligands or 

substrate sites is available.ro The exchange rates between the “free” and bound states for S3P and BPSP are much 

larger than the,lH spin lattice relaxation rates for the free substrate8.1r These conditions permit us to employ 
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transfer NOE experiments, (TRNOE) to elucidate the structures of the bound substrates through IH-*H 

internuclear distances.t2 

A molar ratio of 20~1 for S3P to EPSPS was used to collect the phase sensitive TRNOE data sets.ts The 

TRNOE cross peaks of S3P can be distinguished from the protein background by their narrow linewidths and 

greater intensity. Cross peaks associated with S3P are in phase with the diagonal peaks. This is consistent with 

cross relaxation effects due to bound S3P as opposed to NOE correlations associated with free S3P. IH chemical 

shifts of free S3P and in the presence of the enzyme am very similar (Table I; Figure I).4 

Table II contains the internuclear distances calculated from the experimental data. All long range vectors are 

listed as 23.54 to indicate that some cross relaxation was observed but the distance could not be quantified 

accurately in the data sets. A comparison of the bound S3P data with the energy minimized half chair conformation 

orienting the phosphate group in the axial position and the experimental H-H internuclear distances for free S3@ 

indicate that within experimental error all three structures are identical (Table II, Figure 1). 

The binary complex of EPSP*EPSPS was also studied by TRNOE techniques. This experiment is 

complicated by two enzyme catalyzed side reactions: hydrolysis of EPSP to S3Pt4 and the formation of the EPSP 

ketal.15 In addition, the EPSP enol protons undergo deuterium exchange in the presence of the enzyme with D20 

as the solvent.16 These limitations prohibit the collection of quantified TRNOE data. Thus, the cross correlations 

observed in the 2D TRNOE experiment with EPSP and the enzyme were treated qualitatively using the S3P 

TRNOE data as a reference. The *H chemical shifts for EPSP in the presence of the enzyme am presented in Table 

I. The most striking features of the TRNOE data for EPSP are the intense Hq-e cross peak which distinguishes 

the half chair conformation with the axial phosphate and a weak enol-Hq cross peak which locates the cis enol 

proton in the proximity of H4.17 The low intensity for this latter correlation could be due to deuterlum exchange at 

this en01 position. 

In summary, the S3P half chair solution conformation with the phosphate group in the axial position is 

maintained when this substrate is bound to the enzyme as determined by 2D TRNOE data. Presumably the small 

angle l&rations observed in the free substrate are more constrained when bound to the enzyme. There am no large 

conformational perturbations between the free and bound state. Even the ring flip to a conformation which, on the 

basis of molecular mechanics calculations, is only slightly higher in energy does not occur. Furthermore, the 

conformation of the ring structure is maintained even after the biochemical transformation of S3P to EPSP is 

completed. 

These data have important implications for EPSPS inhibitor design and have recently been used to 

construct a three dimensional template model of the tetrahedral intermediate.t* This experimentally defmed model 

suggests that planar structures should be reasonable EPSPS inhibitors. The first potent aromatic bisubstrate 

inhibitors have recently been identified.*9 

Acknowledgement: We would like to thank Mr. William C. Hutton (Monsanto Corporate Research) for his 
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Table I. tH Chemical Shifts 

H 

: 
4 
5 

6e 
6a 

enol 

Bound S3P &mm) 

6.46 4.62 
3.80 
4.05 
2.71 
2.19 

Bound EPSP @pm) 

6.51 4.67 
4.09 
4.47 
2.96 
2.23 
4.57 

Figure 1. S3P Free/Bound Conformation and 2-D TRNOE Data 
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Table II. H-H Distances for SW 

H i-i . . Free ri_i (&a Bound ii-i (A) 
2-3 ___ 2.5 
2-4 3.1 23.5 
2-5 4.1 23.5 

2-6a 4.2 23.5 
2-6e 3.8 23.5 

3-4 2.6 2.6 4-5 _ _ _ 2.9 
4-6a 2.8 2.8 
4-6e 3.6 z3.5 
5-6a 2.6 3.0 
5-6e 2.3 2.4 

e NOE data for S3P at pH = 5.04.4 

Calculated ri.i (A}b 
2.4 
3.7 
4.1 
4.1 
4.2 

f :: 
2.6 
3.7 
3.1 
2.4 

b Molecular mechanics calculation for the half chair information with the axial phosphate 
group (MM-2).4 
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