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Abstruct: Chorismate is a biosynthetic precursor of the aromatic amino acids and many natural products. 
[2.6.9-%]Chorismate and [1.3,5,8-t3C]chorismate have been prepared microbialiy from [1-%]glucose and 
[2-‘3C]glucose, mspectively, using the culture filtrates of Klebsiella pneunmiu sti 62-l. This is an inexpensive, time 
saving and easy method in comparison to other published methods for the preparation of selectively ‘sC-labelled 
chorismate. 

Chorismate is a versatile biosynthetic precursor in the shikimic acid pathway in microorganisms and higher 

plants. 1-4 The carbon skeleton of chorismate derives from one molecule of erythrose-4-phosphate (E4P) and two 

molecules of phosphoenolpyruvate (PEP) as illustrated in Figure 1. The conversion of chorismate to prepbenate, an 

unusual enzyme-catalyzed 3.3-sigmatropic rearrangement, is the first committed step in the biosynthesis of 

phenylalanine and tyrosine. Tryptophan is also 

derived from chorismate via anthranilic acid. 

These aromatic amino acids in turn lead to the 

biosynthesis of a variety of natural products such 

as alkaloids,’ coumarins. flavanoids,6 and lignin 

precursors.’ Chorismate is also a precursor to 
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Figure 1: The biosynthesis of chorismate 

Chorismic acid has been an immensely popular compound in bioorganic chemistry and yiekied itself to total 

synthesis (as a racemic acid) a decade ago.* Unlabelled chorismate is routinely prepared from glucose using the culture 

filtrates of KZebsielZa pnemwniue strain 62-l (Kp62-1). a mutant which lacks chorismate mutase activity, as described 

by Gibson.9 A stationary phase culture of Kp62-1 established in rich growth media can be. induced to accumulate 

chorismate when transferred to a defined medium containing glucose as the predominant carbon source with 

L-aypophan present to hrhibit anduaniliite synthase activity. Recently. we have improved this method with a three-sold 

increase in the yield of chorismate and used [U-13C]glucose in the preparation of [U-‘3CJchorismate.10 

‘sC!-labelled compounds are essential to the t3C NMR study of enzyme mechanisms and biosynthetic pathways. 

Completely 13C-labelled compounds are not often used in such studies because an extensive carbon-carbon coupling 

netwodc complicates the spectroscopy. Additional limitations are imposed by the commercial availability and cost of 

13C-labe.lled starting materials. In the absence of an appropriate total synthesis for optically pure chorismate, Synthetic 

procedures have been coupled with enzyme-catalyzed reactions in the preparation of selectively isotopically labelled 

chorisn~ate.~~*t* These pmcedures rely on the biosynthesis of chorismate from E4P and PEP (Figure l), neither of which 
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is commercially available as a 13C-labelled compound. For example, labelled E4P can be prepared by the lead 

tetraacetate oxidation of labelled glucose-6-phosphate which in turn is prepared enzymatically from labelled glucose 

using hexokinase.” Here we report a novel application of our improved method” which uses commercially available 

mono-‘3C-labelle.d glucose in a straightforward microbial preparation of multiply ‘3C-labelled chorismate. These 

‘sC-labelled compounds may prove useful in studies of chorismate metabolism. 
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Figure 2: NMB spectra of [2,6,9-13C]chorismate (a=‘H, b=13C) and [1,3,5.8-‘3C]chorismate (c=‘H, d=13C) 

[2.6,9-‘aC]~orismate was prepared from 99% [l-13C]glucose using Kp62-1 and purified directly fmm the growth 

medium by HPLC according to our published method.‘O The ‘H and 13C NMR spectra of the product were obtained on a 

7T spectrometer (Bruker AM300) and are presented in Figures 2a and 2b.13*14 The satellites in the proton spectrum 

(which correspond to a proton attached to 13C) were integrated with respect to the center resonance (which corresponds 

to a proton attached to ‘*C) to calculate the absolute 13C enrichment (see Figure 2a). The Ha, resonance could be 

integrated accumtely, because it does not overlap with other resonances; C, has 34% absolute enrichment. Inverse gated 

decoupling was used to quantify the 13C NMR resonances15 (Figure 2b); the relative 13C enrichment of Ca. Ce, and C, is 

1.5:1.0:1.4. Therefore, the absolute 13C enrichments at C, and C, are 36% and 24% respectively. 



Microbial production of [2,6,9-‘3C]chorismate 1455 

[1,3.5,8-13C]chorismate was prepared analogously from [2-‘3C]glucose. The proton NMR spectrum of 

[1,3,5,8-13C]chorismate is shown in Figure 2~‘~ The absolute 13C enrichment of Cs as calculated by integration of the 

upfield H, satellite is 32%. One of the 13C satellites of the H, resonance is visible, whereas the ‘2C-H3 resonance falls 

too close to the water signal to be. accurately integrated. The 13C NMR spectrum of [1.3.5.8-‘3C]chorismate,*5 as 

ihustrated in Figure. 2d, shows the four resonances from C’, C,, C, and Cs in a ratio of 1.1:0.3:0.7:1.0.17 Therefore, the 

absolute enrichment at Cl, Cs, Cs. and Cs are 50%. 1496,324, and 46% respectively. 

The formation of [1.3,5.8-13C] chorismate from 99% [2-13C]glucose was initially surprising due to the significant 

enrichment at C3 and Cs. Based on the pentose phosphate pathway, Cl-C, of E4P arises from Cs-C, of glucose and thus 

C3-C, of chorismate would not be predicted to contain any label (see Figure 1). On the other hand, the glycolytic 

pathway divides each [2-‘3C]glucosc into two equivalent PEP molecules, each expected to contain -50% 13C label at q. 

Therefore, a straightforward prediction is that [2-‘3C]glucose would result in the formation of [1,8-13C]chorismate 

containing 50% 13C-label at Cl and Cs. To rationalize the existence of 13C at C, and Cs. the 13C must derive from 

[1-13C]B4P and [3-13C]E4P and must arise through the combined trioscphosphate isomerasc [nM], transketolsse [n<], 

and tmnsaldolase [TA] catalyxed reactions as illustrated in Scheme 1. By a similar analysis, a straightforward pmdiction 

is that -50% [2,9-13c]chorismate would arise from 99% [l-‘3C]glucose. The observed 13C label at C, must come from 

[4-‘3C]E4P whose production is rationalized in Scheme 1. By analogy [3-“C]glucose is predicted to yield 

[3,4,7,10-‘3qchorismate. 

mp, md, #, wrddeh~de-s-~, E~P, erythro&‘-eP; XusP, xyhnose-5-p; RSP, riise-5-P; S7P, .=dohept’dose-7-P; 
I, peutose +sPh,ue )othynpc, II, -h&s; T&U, triooe phoqbam isemsra=; TX t’=“sahh’h=; 7K tm”sketoBse 

One probable applicstion of ‘3C-labelled ehorismate is the preparation of its ‘3C-labelled metabolites. For 

example, we have used [2,6.9-13C]chorism&te hr the preparation of [2.6,9-‘3C]prephenate via the chorismate mutase- 

catalyzed reaction” as shown in Figures 3a and 3b.‘* The Ha and H6 resonances of prephenate are degenerate; the 

absolute “C enrichment on Cdc, is 60% and C, is 40% based on the ‘H proton spectrum. 
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Figure 3: The ‘H (a) and 13C (b) spectra of [2,6.9-‘?]prephenate 
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14. [2.6,9-‘3C]Chorismate ‘H NMR chemical shifts (relative to d4-methanol at 6 3.35): Ha 6 6.91, H, 6 6.39, 

H, S 6.04, H,, 8 5.54, H, 8 4.87, and H, 6 4.74; One bond carbon-proton coupling constants: Ha-C, 168 Hz, 
He-C, 162 Hz, H,,-C, 165 Hz, and H,,-C, 159 Hz. 13C NMR chemical shifts (relative to d4-methanol at 6 49.0): 
C, 8 134.54 c, 6 122.76 c, 6 97.14. 
15. The amount of ‘%! labeling was quantitatively estimated using inverse gated decoupling and a relaxation delay of 

140 s between pulses, during which the decoupler was gated off, for complete recovery of quartemary carbon signals. 
The samples were 9 mM in concentration, and a 5 mM broad band probe was used. The other spectrill parameters 
include a spectral width of 15625 Hz. 64 K data points, composite pulse decoupling. and a 900 pulse width of 9 pa. 

16. [1,3,5,8-‘3C]chorismate ‘H NMR chemical shifts (relative to d,-methanol). see ref. 14 and H, 64.98. One bond 
carbon-proton coupling constants: H&s 168 Hz; H3-C, 138 Hz. 

17. [1,3,5,8-‘3C]chorismate 13C NMR chemical shifts (relative to d,-methanol at 6 49.0): C, 6 130.90 C3 8 81.86 
C, 8 133.45 C 

18. [2,6,9- ‘3 
8 151.63. 
C]Chorismate in 50 mM Kpi (DaO) at pH 8.0 was converted to [2,6.9-‘3C]prephenate using a catalytic 

amount of B. subtilis chorismate mutase. ‘H NMR chemical shifts of [2,6,9-‘3C]prephenate (relative to external TSP at 
6 0.0): Hz/He 8 6.03; H, 6 5.93; H, 6 4.52; and Hs 8 3.14; one bond carbon-proton coupling constants: Ha/He-C&e 
165 Hz, H,-C, 131 Hz. 13C NMR chemical shifts of [2,6,9-‘3C]prephenate (relative to external TSP at 6 0.0) 
C,/c, 6 134.04, and c, 6 50.62. 


