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Pine stilbene synthase cDNA, a tool for probing environmental stress
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Stilbene synthase cDNAs were isolated from i pine (Pinus syfvestris) cDNA library, Poly(A) RNA required for the preparation was oblained from

young secdlings challenged with Borrveis cinerea. A full-length ¢eDNA encoding pinosylvin-forming stilbene synthuse was sequenced, and the

deduced umino acid sequence wus compared with sequences of resveratrol-forming siilbene synthases, The ¢cDNA coding for the key enzyme of
pinosylvin formation is u valuable tool for detecting early elfects of environmental siress in pine needles,

Phytoulexin: Pinosylvin: Stilbenc synthase sequence: Pines svlvestriy

1. INTRODUCTION

Pinosylvin and its methyl ether were first described
from the heartwood of the Scots pine (Pinuy sylvestris
L.) by Erdiman [1]. Later, the importance of heartwood
constituents for resistance against fungal and insect at-
tacks became evident [2.3]. In recent years, the enzyme
responsible for the formation of pinosylvin (Fig. 1) from
malonyl-CoA and cinnamoyl-CoA has been isolated
and characterized [4-6]. The induced formaltion of the
enzyme is an early, selective and sensitive process elic-
ited by fungi or environmental stress. Especially, young
pine seedlings respond quickly to the attack of various
fungi by synthesizing the enzymes required lor the for-
mation of phytoalexins typical of pine species [6]. Thus,
rapidly activated stilbene synthase-encoding genes are
responsible for plant resistance {7].

Stilbene synthases occurring in a small number of
plant genera have been grouped into two types. The
enzymes from peanul [8] or grapevine [9] use p-cou-
maroyl-CoA and malonyl-CoA as substrates and form
resveratrol while the pine enzyme [6] acts with cinnam-
oyl-CoA and malonyl-CoA and leads 1o pinosylvin
(Fig. 1). Ring A of the stilbene is formed by the poly-
ketide pathway. Ring B stems from the phenylpropane

ranch of the pathway. As a hydroxylation in position
4’ does not occur at the level of stilbenes, the branching
point [or the synthesis of the two subclasses of stilbenes
is at the conversion of cinnamic acid (Fig. 1).

We isolated and characterized a full-length piiosylvin
synthase ¢cDNA. The homology between pinosylvin-
forming stilbene synthase and resveratrol-forming stil-
bene synthases is less pronounced than the homology
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between resveratrol synthase and chalcone synthase
both using p-coumaroyl-CoA as a substrate.

2. MATERIALS AND METHODS

Poly(A)'RNA was isoluted rom 3-week-old seedlings of Pinus
sihvestris L. challenged with fungus [6]. The method of Hughes and
Galuu [10] in u slightly modified form wus used to sepurite RNA from
phenols und polysiccharides. Following extruction with 8.5 M KAe¢
in the presence of I mM aurintricurboxylic acid, the solution was
clarified by centrifugation and carefully sepurated from mucilage.
Crude RNA was preeipitated for 2 h at —20°C by adding 0.1 Vol, 3
M MNuAcand 0.5 Vol. isopropunol. The pellet was resuspended, and
the RNA precipituted with 0.25 Vol, 10 M LiCl. The following steps
included precipitation with § M KAc and extraction with phenol/
chlorolonm. Afier removal ol polysaccharides by precipitation with
0.1 Vol. ethanol, totial RNA was oblained by sedimentation with 2
Vol, ethanol, Poly(A) RNA was isolated as deseribed [11].

Cinnamic acid ————— p-Coumaric acid

{

Cinnamoyl-CoA p-Coumaroyl-CoA

+ 3 Malonyl-CoA

m.\

+ 3 Malonyl-CoA

,.,.\

1 Pinosylvin
OH : Resveratrol
oH
Derivatives Derivatives

Fig. 1. Two different pathways leading to stilbene derivatives. The

metabolic sequences corroborated by work with different plants in-

clude sieps cutalyzed by 1wo distinet stilbene synthases. The structure
of the pinosylvin-forming enzyme is the subject of this paper.
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A cDNA library in E. coli NMS522 (Stratagene) using the vector
pT7T3-18U was constructed following the supplier's recommenda-
tions (Pharmucia). Positive clones were identified by sereening with
c¢DNA fragments derived [tom various parts of grapevine stilbene
synthase cDNA[121, Subsequently, the sequence of both DNA strunds
wis determined by the dideoxy chain termination method using syn-
thetic oligonucleotide primers which were 0.3 kb upuri,

Treaiment on 3-week-old pine seedlings grown in continuous light
was performed with conidia suspensions (10° spores/mi) at 20°C and
90% humidity for the time indicated [6], Total RNA was isolated us
described above. For Naorthern blol analysis, 20 g of 1otal RNAs
were denutured at 50°C in the presence of glyoxal und separated
electrophoretically in 1.5% agarose gel. After blouing onto Hybond-N
fillers (Amersham). prehybridization and hybridization with the insert
ol pSP-54 wus performed us recommended by the manufacturer, Hy-
bridizition was done for 16 h a1 37°C.

The mRNA activity was assayed by trunslition in vitro. Tolal RNA
(5 pp) was translated in a reticulocyte lysute (20 g1) in the presence of
[¥S]i-methionine, From the trumslation mixture, stilbene synthase
protein was isoluled by immunoubsorption of the antigen-antibody
complex on prolein-A Scpharose [11]. Subsequently, the products
were analyzed on SDS-polyacrylamide gel electrophoresis and fluoro-
graphy. In parallel, the enzyme uctivities of stilbene synthuse, chalcone
syhthase and L-phenylalinine ammonia-lyase were monitored during
the period of fungul treatment. The determinalion of enzyme activities
wils as described eurlier [6,11].

3. RESULTS

3.1. Isolation and characterization of clone pSP-54 con-
taining full-length stilbene synthase ¢DNA

A plasmid (pT7T3-18U) cDNA library constructed
from poly(A)"RNA from fungus-challenged pine seed-
lings was screened with various ¢cDNA fragments en-
coding grapevine stilbene synthases. By screening of
approximately 7x10° clones, we obtained 28 positive
clones with inserts of 0.4-2.0 kb. They were further
analyzed by restriction enzyme mapping and sequenc-
ing. The main portion of the nucleotide sequence and
the derived amino acid sequence of the pSP-54 ¢cDNA
are shown in Fig. 2. The sequence presents a 1176 bp
open reading frame which encodes a peptide with 392
amino acid residues, The molecular mass of the peptide
was calculated (o be 42.6 kDa which closely corre-
sponds with the 43 kDa described earlier for the resve-
ratrol forming stilbene synthases of grapevine. On the
basis of comparisons with resveratrol-forming stilbene
synthases and due to the fact that several stop codons
in frame are upstream of the open reading frame, we
conclude that the insert of pSP-54 encodes a full-length
stilbene synthase cDNA.

Inspection of the critical amino acid residues between
positions 212-218 shows that an enzyme of the stilbene

&=

Fig 2. cI2NA scquence of pine stilbene synthase and the amino ucid

sequetice deduced. For compirison, an approximale consensus se-

quence for resveratrol-forming siilbene synthases from grapevine and

peanul is underneuth {denoied as G/P). The numbering of nucleotides
refers to the sequence in pSP-54,
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Fig. 3. Time course [or the induction ol extractable stilbene synthase
mRNA activity. The mRNA wus assuyed by translation in vitro and
quuntitation of immunoubsorbed protein. (7-0) sample from seedlings
treuted with lungus: (e-¢) unlreated plants. Insert; Northern hybridi-
zalion unalysis of the mRNAs encoding pine stilbene synthase in
needles from conirol (C) and fungus-treated (F) seedlings,

synthase type and not a chalcone synthase was cloned
in pSP-54.

3.2, Northern blot analysis of RNA from treated and
untreated pine seedfings

According to the electrophoretic analysis of
poly(A)*RNA from induced seedlings and hybridiza-
tion with pSP-54 cDNA on Northern blots a size of 1.6
kb was determined for the pine stilbene synthase
mRNA., This value agrees with a coding region of 1.2
kb and 0.1 kb 5’ and 0.3 kb 3’ non-coding region. A time
course experiment was performed using fungus-treated
seedlings and water treated controls to investigate the
onsel of stilbene synthase gene expression. This kind of
study was paralleled by examination of both the in vitro
testuble mRNA activity governing the translation of
stilbene synthase and the protein synthesis monitored
by in vivo labelling. Fig. 3 provides both the analysis of
mRNA activity and a representative example of gene
expression as obtained by Northern blot analysis of
total RNA. The samples of seedlings were taken at dif-
ferent times after onset of treatment with fungus.

Enzyme activity was induced 70-fold within 10 h of
exposure to Botrytis citerea conidia (data not shown).
Stilbene synthase mRNA increased substantially within
8 h after induction (Fig. 3; insert). The needles con-
tained a constant very low level of stilbene synthase
mMRNA throughout the time course. This level was vir-
tually undetectable on Northern blots but within the
range of detection if the translation activity of the RNA
isolated was determined in vitro. By means of immu-
noabsorption, gel electrophoresis and fluorography, the
level of mRNA coding for stilbene synthase was esti-
mated (Fig. 3).
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4. DISCUSSION

4.1. Comparison of the deduced amino acid sequence
with the structure of other stilbene synthases
The structure of pinosylvin synthase for the first time
allows a comparison between enzymes converting phe-
nolic or unsubstituted aromatic substrates. All stilbene
synthases and chalcone synthases described act on p-
coumaroyl-CoA. The most remarkable properties of pi-
nosylvin synthase are, besides the homologies to resve-
ratrol synthases and chalcone synthases, the insertions
of 3 amino acid residues in the N-terminal part. The
insertion of a glutamyl residue at position 90 and the
changes in charged residues in the region 81-89 may
reflect the fact that pinosylvin synthase acts on a non-
hydroxylated substrate and should, therefore, lack in-
teractions to the dipol of a phenolic OH-group.

4.2, Pine stilbene synthase cDNA as tool to detect envi-
ronmemtal stress

As the pinosylvin-forming stilbene synthase cDNA
differs in substantial parts from the cDNA sequence of
the known resveratrol-forming stilbenen synthases [12-
14] it was important to obtain a reliable tool to analyze
the gene activation responsible for the stilbene forma-
tion in pine species. Low concentrations of fungal
spores, during states of high humidity. substantially ac-
tivate the expression of stilbene synthase, The quick
response of young seedlings to fungal attack seems to
be an important means for defence [7.15]. In addition,
even slightly enhanced concentrations of ozone cause a
substantial increase of stilbene synthase activity [16]. In
this respect, the level of pinosylvin synthase mRNA is
an excellent indicator of environmental stress. Prelimi-
nary experiments [17] provided hints that attacks by
insects lead to a systemic response in pine plants. Fur-
thermore, it was found that wood impregnated with
0.01% of pinosylvin monomethyl ether was not eaten by
the dry-wood termite Cryptotermes brevis. These data
stress the correlation between defined ecolegical situa-
tions and the expression of pinosylvin-forming stilbene
synthase,
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