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Chemically-Rich Structure and Dynamics in the Active Site of Tryptophan Synthase
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Introduction 

The pyridoxal-5'-phosphate (PLP; vitamin-B6)-dependent tryptophan synthase (TS) α2β2 bienzyme complex catalyzes the last two steps in the synthesis of L-Trp. The proposed mechanism for tryptophan synthase shows βLys87 playing multiple catalytic roles:  it bonds to the PLP cofactor, activates C4' for nucleophilic attack via a protonated Schiff base nitrogen, and abstracts and returns protons to PLP-bound substrates (i.e. acid-base catalysis). These changes corresponding to mechanistic steps where this lysine residue has been anticipated to play alternating acid and base catalytic roles that help steer reaction specificity in tryptophan synthase catalysis.  Here we test mechanistic hypotheses in TS using 15N solid-state NMR spectroscopy and 15N{31P} REDOR experiments.
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The 600 and 900 MHz solid-state NMR spectrometers (both equipped with low E-field triple resonance magic-angle-spinning probes) were used at the NHMFL to perform both 15N solid-state NMR and 15N{31P} REDOR experiments on ε-15N-lysine labeled TS.

Results and Discussion


The chemical shift of the (-amino group of the catalytically active (Lys87 side chain is indicative of its charge state, but challenging to obtain.  In the spectrum of (-15N-Lys TS (Fig 1a), a large number of mostly overlapped resonances centered at 33 ppm are observed.  These correspond to charged (-amino groups on the labeled lysine residues, and presumably (Lys87 is among them.  We have previously reported that in the aminoacrylate intermediate of TS the amino group of (Lys87 is neutral and resonates at 24.2 ppm, and that the addition of 2AP to form the quinonoid correlates with the loss of this resonance.  These data suggest that upon moving from the aminoacrylate to the 2AP quinonoid that the (Lys87 side chain switches from neutral to positively charged – consistent with the proposed mechanism in tryptophan synthase, where (Lys87 plays alternating acid and base roles.  Direct spectral observation of the (Lys87 resonance in the 2AP quinonoid comes from 15N-observe, 31P-dephased (15N{31P}) rotational-echo double-resonance (REDOR) experiments (Fig 1).  These experiments edit out (dephase) 15N resonances that are strongly dipolar coupled, and therefore close in space, to a 31P atom. The spectra in Figure 1a and 1b form a REDOR pair; each has a 25 ms echo period on 15N before detection, but 1b includes the application of dipolar dephasing to 31P.   In these spectra, there is a single site at 31.5 ppm that is selectively dephased under dipolar couplings to 31P.  Given its proximity to the PLP phosphoryl group, this resonance is assigned to (-amino of (Lys87, confirming its charged state.  
Conclusions

These experiments allowed us to verify the hypothesis that the protonation state of the ε-amino group switches between protonated and neutral states as the (-site undergoes conversion from one intermediate to the next during catalysis.
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Fig.1 15N-solid-state NMR CPMAS spectra of the tryptophan synthase 2AP quinonoid complex used to assign the (-15N chemical shift of (Lys87 using 15N{31P}) REDOR.  









