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Members of the Brassicaceae accumulate sinapate esters as
major phenylpropanoid secondary metabolites, which are
fluorescent UV-protective compounds, as shown with Arabi-
dopsis thaliana [1]. A pivotal enzyme in sinapate ester biosyn-
thesis is UDP-glucose:sinapate glucosyltransferase (SGT, EC
2.4.1.120) which catalyzes the transfer of glucose from UDP-
glucose to sinapate and some other hydroxycinnamates
(HCAs), including 4-coumarate, caffeate and ferulate [2]. 1-
O-Sinapoylglucose is the immediate acyl donor in reactions
leading to sinapine (sinapoylcholine) in seeds [3] and sinapoyl-
malate plants [4,5].

The first gene in sinapate ester biosynthesis has been cloned
from Arabidopsis [6] and encodes 1-O-sinapoylglucose:malate
sinapoyltransferase (SMT, EC 2.3.1.92). The second gene in-
volved in this metabolism has very recently been cloned from
rape (Brassica napus) [7]. It encodes UDP-glucose:SGT. Here
we report the cloning and identification of four Arabidopsis
glucosyltransferase (GT) genes encoding cinnamate and HCA
GTs. These genes have previously been putatively assumed to
encode indole-3-acetate (IAA) GTs ([8]; Y. Nakamura, NCBI
protein database accession number BAB00006). We unambig-
uously demonstrate, however, that the heterologously ex-
pressed Arabidopsis enzymes do not catalyze the synthesis of
the TAA glucose ester, but rather specifically cinnamate and
HCA glucose esters. This is a prominent example of misiden-
tification of new genes. It shows again that the assignment of
genes without functional expression carries a high risk of er-
ror.

As the corresponding nucleotide sequences retrieved from
the databases reveal no introns, the Arabidopsis genes encod-
ing the proteins BAB00006, D71419, E71419 and F71419 were
amplified by polymerase chain reaction (PCR) with genomic
Arabidopsis DNA as template. Genomic DNA was isolated
according to Brandstddter et al. [9] from rosette leaves of
S-week-old Arabidopsis plants (Arabidopsis thaliana Heynh.
ecotype Columbia) grown in the green house. The following
specific primers were used: BAB00006: 5'-ATG GAG CTA
GAA TCT TCT CC-3' (forward) and 5'-TTA AAA GCT
TTT GAT TGA TCC-3' (reverse); E71419: 5'-ATG GAC
CCG TCT CGT CAT ACT CAT G-3' (forward) and 5'-
CTA GTG TTC TCC GTT GTC TTC TCT CG-3’ (reverse);
F71419: 5'-ATG GAG ATG GAA TCG TCG TTA CCT C-
3’ (forward) and 5'-TTA CAC GAC ATT ATT AAT GTT
TGT C-3' (reverse); D71419: 5'-ATG GTG TTC GAA ACT
TGT CCA TCT CC-3' (forward) and 5'-CTA GTA TCC
ATT ATC TTT AGT CTT CG-3’ (reverse). The PCR prod-
ucts were inserted into the Smal-linearized vector pQE-32
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(Qiagen). Sense and antisense constructs were used to trans-
form the Escherichia coli strain M15 (pREP4).

E. coli M15 (pREP4) cells harboring the Arabidopsis genes
on the pQE-32 vector were grown to logarithmic phase. Ex-
pression of the recombinant Arabidopsis proteins was then
induced by incubating the cells for another 20 h at 30°C in
the presence of 1 mM isopropylthiogalactoside (IPTG).

The enzyme assays were performed as described [7]. In
short: IPTG-induced E. coli cells harboring the Arabidopsis
GT genes were collected, suspended in lysis buffer (0.1 M Mes
buffer, pH 6.0), disrupted by sonification and centrifuged.
Aliquots of the supernatants were incubated for 30 min at
30°C with 4 mM UDP-glucose and various acceptor mole-
cules (cinnamate, HCAs, benzoate, hydroxybenzoates or
IAA, 2 mM each) in the presence of 0.1 M Mes buffer (pH
6.0). The reactions were terminated by adding trifluoroacetic
acid. Enzymatic products were identified by liquid chromato-
graphic-mass spectrometry (LC-MS) and photodiode array-
high performance liquid chromatography (PDA-HPLC) anal-
yses. Quantification was achieved by external standardization
with cinnamate and HCAs purchased from Sigma. Further
details on PDA-HPLC and LC-MS are described elsewhere
[71.

In a recent paper [7] we presented results on cloning and
heterologous expression of a rape cDNA encoding UDP-glu-
cose:sinapate GT (SGT1). The rape SGT1 sequence showed
64, 63 and 61% sequence identities to putative Arabidopsis
TAA GTs [7]. In addition, a recent data base search showed
the highest identity of rape SGT1 (81% on amino acid level)
to a new entry assigned also to an Arabidopsis IAA GT-like
protein (Y. Nakamura, NCBI protein database accession
number BAB00006). These results prompted us to clone and
functionally express the four Arabidopsis genes in E. coli, ex-
pecting to find rape SGT1-like enzymes.

We amplified the four respective genes by PCR with ge-
nomic DNA isolated from rosette leaves of 5-week-old Arabi-
dopsis plants. These genes were introduced into E. coli cells as
sense and antisense constructs and their expression induced by
the addition of IPTG. Crude E. coli protein extracts were
assayed for GT activities. Testing potential acceptors, it was
found that none of the recombinant enzymes was active to-
wards TAA (Table 1). Thus, the earlier putative assignments
of these genes are incorrect. Instead, the recombinant enzymes
catalyzed specifically the formation of cinnamate glucose ester
(1-O-cinnamoylglucose) and HCA glucose esters (1-O-4-cou-
maroyl-, -caffeoyl-, -feruloyl- and -sinapoylglucose) with
markedly different acceptor specificities. Possible glucose es-
terification of benzoate, 4-hydroxybenzoate and salicylate was
not observed.

Identification of the products, cinnamoyl- and HCA-glu-
cose esters, was achieved by chromatographic comparison
(PDA-HPLC) with standard compounds available from a pre-
vious study [7] and by LC-MS. The latter gave the expected
molecular mass for cinnamoylglucose of 310, for 4-coumar-
oylglucose of 326, for caffeoylglucose of 342; for feruloylglu-
cose of 356, and for sinapoylglucose of 386. Neither heat-
denatured proteins (5 min at 95°C) nor that from E. coli
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Table 1
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Acceptor specificity of the recombinant Arabidopsis GTs in 0.1 M Mes buffer (pH 6.0)

Substrates® Relative activities (%)
AtSGT1 (BAB00006)® AtHCAGTI1 (F71419)® AtHCAGT?2 (D71419)° AtHCAGT3 (E71419)®

Sinapate 100° 1004 57 32
Ferulate 7 77 77 94
Cinnamate -£ 24 24 76
4-Coumarate - 66 100° 100
Caffeate - 23 72 45
Benzoate - - - -
4-Hydroxybenzoate - - - -
Salicylate - - - -

Indole-3-acetate (IAA)

22 mM at 4 mM UDP-glucose.

"NCBI protein database accession numbers.

©35.5 ukat kg™! protein.

417.9 pkat kg™! protein.

173 pkat kg™! protein.

87.6 ukat kg~! protein.

¢, no product detected by the HPLC system applied.

harboring cDNA antisense constructs showed any GT activ-
1ties.

One protein (accession number BAB00006 with 81% iden-
tity and 87% similarity to rape SGT1) exhibited unexpectedly
high specificity towards sinapate. Only ferulate was also es-
terified, but with a relative activity of only 7% compared to
sinapate. Cinnamate, 4-coumarate and caffeate were not ac-
cepted at all by this protein (based on the HPLC system
applied). In contrast, the other enzymes showed broad accep-
tor specificities. F71419 (63% identity and 76% similarity to
rape SGT1) catalyzed the esterification of sinapate (100%),
ferulate (77%), 4-coumarate (66%), cinnamate (24%) and caf-
feate (23%). E71419 (64% identity and 76% similarity to rape
SGT1) and D71419 (61% identity and 74% similarity to rape
SGT1) converted cinnamate and all the HCAs tested, how-
ever, with highest activities towards 4-coumarate (Table 1). In
conclusion, BAB00006 can be classified as UDP-glucose:SGT
(AtSGT), E71419, F7141 and D71419 as UDP-glucose:HCA
GTs (AtHCAGTSs). We propose that the four Arabidopsis
genes and the previously identified rape SGT1 gene [7] as
well as a limonoid GT from Citrus unshiu [10] belong to a
distinct subgroup of GTs catalyzing the formation of 1-O-
acylglucosides (B-acetal esters).
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