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Cloning and expression in yeast of a higher plant chorismate mutase

Molecular cloning, sequencing of the cDNA and characterization of the Arabidopsis
thaliana enzyme expressed in yeast

Jenny Eberhard, Hanns-R. Raesecke, Jiirg Schmid*, Nikolaus Amrhein

Institute of Plant Sciences, Swiss Federal Institute of Technology, Universitdtstrasse 2, CH-8092 Ziirich, Switzerland

Received 16 September 1993

Chorismate mutase (EC 5.4.99.5) catalyzes the first step in the branch of the shikimate pathway which leads to the aromatic amino acids,

phenylalanine and tyrosine. We have isolated a cDNA for this enzyme from the higher plant, Arabidopsis thaliana, by complementing a yeast strain

(aro7) with a cDNA library from A. thaliana. This is the first chorismate mutase cDNA isolated from a plant. It encodes a protein of 334 amino

acids. The identity of the deduced amino acid sequence is 41% to the chorismate mutase sequence from Saccharomyces cerevisiae. The N-terminal

portion of the deduced amino acid sequence has no homology to the S. cerevisiae sequence but resembles known plastid-specific transit peptides.

The A. thaliana chorismate mutase expressed in yeast revealed allosteric control by the three aromatic amino acids, as previously described for
plastidic chorismate mutase isozymes.

Shikimate pathway; Chorismate mutase; Arabidopsis thaliana

1. INTRODUCTION

Many natural compounds containing one or more
aromatic rings are derived from the shikimate pathway,
the occurrence of which is restricted to bacteria, fungi
and plants. In plants, besides the three proteinogenic
aromatic amino acids, phenylalanine, tyrosine, and
tryptophan, which are metabolites of primary metabo-
lism, this large group of aromatic compounds contains
thousands of secondary metabolites such as alkaloids,
amines, phenolic compounds, flavonoids etc.

Chorismate mutase (EC 5.4.99.5) is the first enzyme
of the branch of the shikimate pathway which leads to
the aromatic amino acids phenylalanine and tyrosine
(Fig. 1). It catalyzes what is formally a Claisen rear-
rangement of the enolpyruvyl side chain of chorismate
to form prephenate and appears to be a very rare exam-
ple of a pericyclic process in primary metabolism.
Chorismate mutase activities have been characterized
from many different bacteria and fungi and they differ
remarkably from organism to organism. The enzymatic
properties of some chorismate mutases have been stud-
ied in great detail, and some of the corresponding genes
have been cloned. The enzyme from Saccharomyces ce-
revisiae is a monofunctional polypeptide, and the corre-
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sponding gene has been cloned (for a review, see [1,2]).
Considering the known extensive homologies between
the sequences of some shikimate pathway enzymes from
eukaryotic and prokaryotic organisms, it is remarkable
to note that the S. cerevisiae sequence has no apparent
similarity to prokaryotic sequences [2], whereas the
prokaryotic sequences share a certain amount of ho-
mology with each other [3].

Chorismate mutase activity has also been found in a
variety of higher plants, and frequently two isozymes
(designated CM-1 and CM-2) could be separated. The
enzymatic properties of the two sets of chorismate mu-
tase isozymes have been studied in detail (for a review,
see [4,5]). One of the chorismate mutase isozymes (CM-
1) is allosterically activated by tryptophan and is inhib-
ited by phenylalanine and tyrosine, whereas the other
(CM-2) is insensitive to all three aromatic amino acids.
The CM-1 activity has been shown to be localized in
plastids, while the CM-2 activity was reported to be in
the cytosol [5-7].

To analyze the different chorismate mutase isozymes
in more detail, we are in the process of isolating the
corresponding cDNAs. Here we describe the first clon-
ing and characterization of a chorismate mutase cDNA
from a higher plant, i.e. Arabidopsis thaliana.

2. MATERIALS AND METHODS

2.1. Materials
The two chorismate mutase mutants of S. cerevisiae (aro7 and aro7,
ura3) were a gift from Dr. G. Braus, ETH-Ziirich, and the A4. thaliana

233



Volume 334, number 2

COOH
Ha,
NH,

0 COOH COOoH

H
y phenylalanine
—_—
[¢] COOH

@ N ' . \ COOH
o OH OH ® He, NH,

arogenate

H
¢oo HOOC,,,

chorismate prephenate

oH
tyrosine

Fig. 1. The pathway from chorismate to phenylalanine and tyrosine

in higher plants. The enzymes are: 1, chorismate mutase; 2, prephenate

aminotransferase; 3, arogenate dehydratase; 4, arogenate dehydroge-
nase.

c¢DNA library in the vector pFL61 was a gift from Dr. M. Minet,
Gif-sur-Yvette. All chemicals were of the highest grade available.
Yeast cells were grown either in the rich medium, YPD (1% bacto-
yeast extract, 2% bacto peptone, 2% glucose), or in the minimal me-
dium, SD (0.67% yeast nitrogen base without amino acids, 1% glu-
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cose). The vector pBluescript SK(+) was from Stratagene (Heidelberg)
and the T7 sequencing kit from Pharmacia (Diibendorf). Chorismic
acid was prepared according to the procedure in [8].

2.2. Complementation assay

The preparation of competent yeast cells and their transformation
with the 4. thaliana cDNA library were performed according to [9].
Plasmid DNA was isolated from selected yeast colonies as described
in [10] and used to transform Escherichia coli strain DHS according
to [11].

2.3. Molecular technigues

The basic molecular techniques were adopted from [9,12]. The se-
quence of both strands of the cDNA was determined by the dideoxy
chain-termination method [13] using the nested deletion method [14]
for one strand and defined oligonucleotides (16-mers) for the other
strand. The sequence comparison was done with the program,
BESTFIT (Genetic Computer Group Inc, GCG package, version 7).

2.4, Preparation of crude extracts and chorismate mutase assay
Yeast cells were grown and protein extracts prepared according to
[15].
Chorismate mutase assays were performed in 100 mM potassium
phosphate buffer (pH 8) using 1 mM chorismic acid as substrate. The
assays were carried out as described in [16].
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Fig. 2. DNA sequence and deduced amino acid sequence of an Arabidopsis thaliana chorismate mutase-specific cDNA clone. The proposed cleavage
site of the plastid-specific transit peptide is indicated by A.
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3. RESULTS

A yeast mutant (aro7, ura3), which has no chorismate
mutase activity, was complemented with a complete 4.
thaliana cDNA library in the yeast expression vector,
pFL61 [17]. Transformants were selected to grow on
minimal medium. Using 10 ug plasmid DNA a single
colony was obtained. After testing the transformant by
plating it on fresh minimal medium, plasmid DNA was
isolated and used to transform E. coli by selecting for
ampicillin resistance. Plasmid DNA was isolated from
a single E. coli colony and used to again complement
two distinct yeast mutants (aro7 and aro7, ura3). The
complementation frequency for both yeast strains was
about 1 x 10* colonies per yg plasmid DNA. This exper-
iment confirmed the original complementation experi-
ment and proved, in principle, that a cDNA fragment
encoding A4. thaliana chorismate mutase had been iso-
lated. The plasmid containing the A. thaliana chorimate
mutase cDNA was called pAtCM.

The Notl fragment which contained the cDNA insert
was isolated, ligated into the Notl site of the plasmid,
pBluescript SK(+), and its sequence determined (Fig. 2).
The ¢cDNA without its poly(A) tail is 1,207 bp long and
contains an open reading frame of 1,002 bp which has
the capacity to code for a peptide of 334 amino acids
with a calculated M, of 37,679. The 5’ untranslated
region is 12 bp and the 3’ untranslated region is 193 bp
long. The deduced amino acid sequence exhibits a se-
quence identity with the chorismate mutase sequence of
S. cerevisiae of 41% (Fig. 3). Hardly any similarity was
found to known sequences of bacterial chorismate mu-
tases (data not shown). The N-terminal region of the
deduced A. thaliana chorismate mutase sequence is,
however, not similar with the S. cerevisiae sequence, but
does resemble known plastidic transit peptides [18]. The
sequence V°*HA [V® is similar to the consensus se-
quence (I/V)X(A/C)| A for the cleavage site (]) of plas-
tidic transit peptides. If the proposed processing site is
indeed used in vivo, the mature chorismate mutase is
expected to have a M, of 31,328.

Table I

Allosteric effects of aromatic amino acids on Arabidopsis thaliana
chorismate mutase activity expressed in yeast

Specific chorismate mutase activity (pkat - mg™')

Without effectors +100 4M Tyr ~ +100 uM Phe +100 uM Trp

187.5+ 6.7 298+53 76.8 £ 5.8 2883+ 11.2

Chorismate mutase activities were measured in a desalted crude ex-

tract from mutant yeast cells (aro7) harboring the plasmid, pAtCM,

with or without the addition of aromatic amino acids (100 zM) to the

assay. An extract from mutant yeast cells (aro7) without the plasmid,

prepared as a control, did not contain detectable chorismate mutase
activity.
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Fig. 3. Comparison of the deduced amino acid sequence of Arabidopsis

thaliana chorismate mutase (At CM) with that of Saccharomyces

cerevisiae (Sc CM). The numbers refer to the amino acid sequence of
the A. thaliana chorismate mutase as shown in Fig. 2.

Chorismate mutase activity was only detectable in
extracts from mutant yeast cells (aro7) transformed with
the plasmid, pAtCM (Table I). The activity was inhib-
ited by phenylalanine and tyrosine (both 100 M) by
59% and 84%, respectively, and tryptophan (100 uM)
stimulated the activity by 50%.

4. DISCUSSION

The putative N-terminal transit peptide, as well as the
regulatory effects of the aromatic amino acids on the
chorismate mutase activity of transformed yeast, clearly
identify the cloned chorismate mutase from A. thaliana
as a plastidic enzyme (CM-1 type). Since chorismate
mutase activities have not been analyzed in A. thaliana,
it is not known whether this plant also contains an
unregulated, and presumably cytosolic, chorismate mu-
tase isozyme (CM-2 type).

Expression of the enzyme in yeast in an active form
suggests that the chorismate mutase precursor polypep-
tide is enzymatically active, as previously shown for
precursors of other enzymes of the shikimate pathway,
such as 5-enolpyruvylshikimate 3-phosphate synthase
[19] and shikimate kinase [20]. As yet, we cannot ex-
clude the possibility that yeast cells process the precur-
sor to the mature form by an unknown mechanism. The
A. thaliana enzyme expressed in yeast is regulated by the
three aromatic amino acids (Table I) as has been re-
ported for mature plant chorismate mutases of the CM-
1 type.

Present efforts in our laboratory are now directed
towards the identification of a cDNA coding for a CM-
2 type chorismate mutase.
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