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Abstract—An inhibitor of prephenate dehydrogenase has been identified that has no effect on the chorismate mutase activity in the
Escherichia coli T-protein, thus supporting the idea of two separate active sites. # 2002 Elsevier Science Ltd. All rights reserved.

Tyrosine (Tyr) is biosynthesized in Escherichia coli and
other enteric bacteria from p-hydroxyphenylpyruvate
(3, Scheme 1), In E. coli, 3 is produced from chorismic
acid 1 by the action of the bifunctional T-protein, which
exhibits chorismate mutase (CM) and prephenate dehy-
drogenase (PDH) activities.1 An analogous biosynthetic
pathway to phenylalanine (Phe) in E. coli utilizes the
bifunctional P-protein, which consists of CM in tandem
with prephenate dehydratase (PDT).

T and P-protein alignment studies suggest that the CM
activity of both proteins is located in the N-terminal
region.2 Indeed, subdomain cloning and expression
studies on the P-protein have identified discrete separ-
able mutase, dehydratase and regulatory domains.3,4

However, the spatial relationship of active sites is not
nearly so clearcut in the T-protein. Mutagenesis studies
on the T-protein and kinetic studies using substrate
analogues suggest that the CM and PDH reactions
occur at overlapping5 or perhaps closely proximal6

active sites. The strongest evidence for two separate CM
and PDH active sites comes from pH rate profile ana-
lysis,7 and from various substrate and product-based
inhibitors that affect the two catalytic activities with
differing degrees of selectivity.8 At one extreme, a well-
known oxabicyclic mutase inhibitor9 has been shown to
inhibit CM in the T-protein without affecting PDH.6

In conjunction with our continuing interest in the
mechanism and structure of PDH and other shikimate
pathway enzymes, we report here the first example of an
inhibitor, diacid 4 (Fig. 1), that disrupts PDH activity in
the E. coli T-protein without affecting CM activity.
Since the product of the CM reaction is the substrate of
the PDH reaction, the competitive inhibition observed
with 4 further strengthens the case for discrete binding
pockets for the two enzymes.
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Scheme 1.
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Our initial goal was to use known prephenate mimics as
lead compounds around which to optimize an inhibitor
specific for PDH. Reasoning that the prephenate bind-
ing site of PDH might resemble that in PDT, we decided
to test PDH for inhibition by S-6,60-dinitrobiphenic
acid (S-DNBA), which had earlier been shown to inhi-
bit PDT competitively as a prephenate mimic.10 How-
ever, assays of S-DNBA showed no effect on PDH at 1
mM. Therefore, an array of known, low-molecular
weight, racemic, mono-, di-, and tricarboxylic acids 4–
28 (Fig. 2) was assembled and screened for PDH inhi-
bition using a standard T-protein11 assay [5 min, 37 �C,
50 mM Tris (pH 7.8), 2.5 mM EDTA, 20 mM mercapto-
ethanol, 0.01% BSA, and 333 mM chorismic acid
(Km=290 mM)]. The residual activity of PDH was
determined by monitoring the formation of NADH at
340 nm.12

None of the mono, di, or triacids 5–28 inhibited PDH at
1 mM concentrations in the initial screen. However,
trans-2,3-pleiadanedicarboxylic acid (� )-413 displayed
promising inhibition of PDH, with an IC50 value of 250
mM. From analysis of a Lineweaver–Burk plot (Fig. 3),
inhibition of PDH by (� )-4 was found to be competi-
tive, with a KI of 212�10 mM. Moreover, (� )-4 had no
effect at concentrations up to 1 mM on the chorismate
mutase activity of the T-protein.

The promising selective activity of (� )-4 prompted an
investigation of close structural analogues. Attempts to
epimerize diacid (� )-4 to its cis-isomer were unsuccess-
ful. An electronic substructure search uncovered the
known, conformationally constrained analogues,
monoacid 2914 and diacid 30 (Fig. 4).15 However, nei-
ther compound inhibited CM or PDH in the T-protein.

In earlier studies using inhibitors to elucidate the spatial
relationship between the mutase and dehydrogenase
sites, Christopherson et al. observed that several chor-
ismate and adamantane derivatives functioned as linear
competitive inhibitors of the T-protein catalytic activ-
ities (Table 1).16 Judging from the tabulated data, PDH
inhibition by these substances (which were achiral or
pure enantiomers) was comparable, or slightly superior,
to that observed with (� )-4. However, only (� )-4
selectively inhibited PDH in the T-protein.

In conclusion, we have identified an inhibitor of pre-
phenate dehydrogenase that has no effect on the chor-
ismate mutase activity of the E. coli T-protein. Our
findings support the hypothesis that the CM and PDH
catalytic domains may utilize discrete binding pockets
within separate or partially overlapping active sites.Figure 2.

Figure 3. Reciprocal plot of the velocity of the PDH reaction versus
the concentration of prephenate 2 in the presence and absence of dia-
cid 4 (conditions: 40 mM Tris buffer, 0.4 mM EDTA, 80 mM mer-
captoethanol, pH 7.5, 37 �C).

Figure 4.
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Table 1. Kinetic constants for known inhibitors of PDH and CM

activities in the E. coli T-protein

Compd KI (CM)
(mM)

KI (PDH)
(mM)

2-Hydroxyphenylacetate 320�40 170�30
Adamantane-1-COOH 430�40 310�140
Adamantane-1-acetate 220�60 130�30
Adamantane-1,3-diacetate 340�30 150�50
Adamantane-1-phosphonate 200�20 140�20
Chorismate-5,6-epoxide 230�30 130�20
5,6-Dihydro-5,6-dihydroxychorismate 410 110
�6-Dihydrochorismate 430 590
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