
Isolation of Nicotiana plumbaginifolia cDNAs encoding
isoforms of serine acetyltransferase and O-acetylserine (thiol)
lyase in a yeast two-hybrid system with Escherichia coli cysE
and cysK genes as baits��

Frantz Liszewska1, Dali Gaganidze2 and Agnieszka Sirko1�

1Institute of Biochemistry and Biophysics, Polish Academy of Sciences, Warszawa, Poland;
2Scientific Research Center of Agriculture Biotechnology, Tibilisi, Georgia

Received: 23 December, 2004; accepted: 03 March, 2005

Key words: cDNA cloning, cysteine biosynthesis, genome walking, tobacco, yeast two-hybrid system

We applied the yeast two-hybrid system for screening of a cDNA library of
Nicotiana plumbaginifolia for clones encoding plant proteins interacting with two
proteins of Escherichia coli: serine acetyltransferase (SAT, the product of cysE gene)
and O-acetylserine (thiol) lyase A, also termed cysteine synthase (OASTL-A, the prod-
uct of cysK gene). Two plant cDNA clones were identified when using the cysE gene
as a bait. These clones encode a probable cytosolic isoform of OASTL and an
organellar isoform of SAT, respectively, as indicated by evolutionary trees. The sec-
ond clone, encoding SAT, was identified independently also as a “prey” when using
cysK as a bait. Our results reveal the possibility of applying the two-hybrid system
for cloning of plant cDNAs encoding enzymes of the cysteine synthase complex in the
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two-hybrid system. Additionally, using genome walking sequences located upstream
of the sat1 cDNA were identified. Subsequently, in silico analyses were performed
aiming towards identification of the potential signal peptide and possible location of
the deduced mature protein encoded by sat1.

Many steps of the sulfur assimilation path-
way are conserved among bacteria, fungi and
plants (Kredich, 1996; Marzluf, 1997; Leustek
& Saito, 1999; Brzywczy et al., 2002; Takagi et
al., 2003). Two enzymes, serine acetyl-
transferase (SAT; EC 2.3.1.30) and O-acetyl-
serine (thiol) lyase (OASTL; EC 2.5.1.47) are
responsible for conducting the two final steps
of the cysteine biosynthesis pathway, namely
(i) production of O-acetylserine (OAS) from
serine and acetyl coenzyme A and (ii) incorpo-
ration of sulfide into OAS resulting in
cysteine production, respectively. SAT and
OASTL from Escherichia coli and Salmonella
typhimurium have been intensively studied
and are well characterized (Burkhard et al.,
1998; Hindson & Shaw, 2003; Tai et al.,
2001). In plants, several genes for each of the
two enzymes exist (for a recent review see
Hell et al., 2002). cDNAs from plants encod-
ing various SAT and OASTL isoenzymes have
been isolated. Location of these enzymes in
various plant compartments (plastids, mito-
chondria and cytosol) is well documented
(Kuske et al., 1996; Noji et al., 1998; Jost et
al., 2000). SAT and OASTL can form a bi-en-
zymatic complex (also called the cysteine
synthase complex). This process plays an im-
portant regulatory role in the cysteine
biosynthesis pathway. Molecular interactions
between the enzymes forming the complex
were studied in vitro for both bacterial (Mino
et al., 2000) and plant (Berkowitz et al., 2002;
Droux et al., 1998) enzymes. Moreover, mixed
interactions between plant isoenzymes from
various compartments were shown in the
yeast two-hybrid system (Bogdanova & Hell,
1997). However, heterologous bacterial-plant
interactions have only been observed in vitro,
in gel-filtration experiments with protein ex-
tracts from bacteria transformed with plant
cDNA encoding SAT (Droux et al., 1998).

Functional substitution of the bacterial en-
zymes by their plant counterparts is possible
and this fact has been successfully employed
for cloning of plant cDNAs encoding SAT
(Saito et al., 1995; Howarth et al., 1997; Wirtz
& Hell, 2003) and OASTL (Noji et al., 1994)
due to their ability to complement function-
ally the respective E. coli cysteine auxo-
trophic mutants. On the other hand, at least
two research groups, including ours, have re-
ported expression of bacterial genes encoding
SAT and OASTL in plants (Blaszczyk et al.,
1999; 2002; Harms et al., 2000; Liszewska et
al., 2001; Sirko et al., 2004). The ability to
form in vivo the mixed bacterial-plant com-
plexes might be a significant factor affecting
the total yield of the reactions catalyzed by
the SAT and OASTL enzymes in such trans-
genic plants. However, the problem of poten-
tial interactions of these bacterial enzymes
with plant proteins has not been explored suf-
ficiently. Therefore, we decided to screen an
Nicotiana plumbaginifolia cDNA library for
clones encoding proteins involved in
heterologous interactions with bacterial SAT
and OASTL using the yeast two-hybrid sys-
tem (Fields & Song, 1989).

MATERIALS AND METHODS

Bacterial strains. The standard E. coli
strains (DH5�, XL1Blue) used for cloning
and plasmid amplification were grown in LB
with ampicillin (100 mg l–1). For the selective
rescue of appropriate plasmids extracted
from yeasts after cDNA library screenings
the E. coli KC8 strain (Clontech) was grown
on solid M9 minimal medium (Sambrook et
al., 1989) supplemented with thiamine-HCl
(0.5 mg l–1), histidine (20 mg l–1), and either
leucine (100 mg l–1, for rescue of the DNA-
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binding domain fusion plasmids) or tryp-
tophan (20 mg l–1, for rescue of the activation
domain fusion plasmids).
Yeast two-hybrid screening. The Nico-

tiana plumbaginifolia cDNA library was a kind
gift of Dr. Witold Filipowicz, Friedrich
Miescher Institute for Biomedical Research
(Basel, Switzerland). Yeast plasmids pGBT9
and pGAD424 were from Clontech; plasmid
pCL1 (Fields & Song, 1989) containing the en-
tire GAL4-encoding sequence, was used as a
positive control. Manipulation of yeast cells
and library screening were carried out ac-
cording to standard protocols (Clontech Yeast
Protocol Handbook, PT3024-1). The Saccha-
romyces cerevisiae strain PJ69-4 (James et al.,
1996) was used in all experiments.
DNA methods, oligonucleotides used. All

restriction enzymes (MBI Fermentas) and T4
DNA ligase (Promega) were used under condi-
tions recommended by the suppliers. Conven-
tional techniques were used for DNA manipu-
lation and transformation (Sambrook et al.,
1989). The genes cysE and cysK were ampli-
fied by PCR using genomic DNA of E. coli
K-12 as a template, Pfu polymerase (Stra-
tagene), and the following pairs of primers:
5�-CGG AAT TCA TGT CGT GTG AAG AAC TGG

AAA-3� and 5�-CGG TCG ACT TAG ATC CCA TCC

CCA TAC TCA-3� for cysE, and 5�-CGG AAT TCA

TGA GTA AGA TTT TTG AAG-3� and 5�-CGG TCG

ACG CTG GCA TTA CTG TGC-3� for cysK. The
PCR products, 0.8 kb (cysE) and 1.0 kb (cysK)
were subsequently cloned into pGEM-T easy
vector (Promega). The final plasmids:
pCE-GBT and pCE-GAD (containing cysE)
and pCK-GBT and pCK-GAD (containing
cysK) were obtained by sub-cloning of the re-
spective EcoRI-EcoRI inserts from the
pGEM-T easy-based plasmids into pGBT9 and
pGAD424, respectively.

�-galactosidase assay. �-Galactosidase liq-
uid culture assay using o-nitrophenyl
�-D-galactopyranoside (ONPG) as a substrate
was performed according to the procedure de-
scribed in the Clontech Yeast Protocols Hand-
book, PT3024-1. One unit of �-galactosidase

activity is defined as the amount of enzyme
which hydrolyzes 1 �mole of ONPG to
O-nitrophenol and D-galactose per minute per
cell. �-Galactosidase activity in yeast grown
on plates was visualized with X-�-Gal (Calbio-
chem) as a substrate.
Cysteine synthase assay. Yeast extracts

were prepared from 30 ml yeast cultures in
SD-TL liquid medium grown over night (O/N)
at 28�C with shaking. Cells, suspended in
100 mM Tris/HCl pH 7.5 with addition of
Complete® proteases inhibitors (Roche),
were mechanically disrupted using acid-
washed glass beads (425–600 mesh, Sigma).
Protein concentrations in the extracts were
determined using Protein Assay Kit (BioRad)
and bovine serum albumin as a standard.
OASTL activity in the yeast extracts was as-
sayed by monitoring the formation of
L-cysteine from OAS and sulfide after addi-
tion of 5 �l yeast extract to 145 �l reaction
mixture containing: 100 mM Tris/ HCl
pH 7.5, 100 mM dithiothreitol (DTT), 8 mM
OAS and 3 mM sodium sulfide. After 5 min
incubation at room temperature, L-cysteine
content in the mixture was measured spectro-
photometrically, according to a procedure
adapted from the Gaitonde’s method
(Gaitonde, 1967). One unit of OASTL activity
is defined as the amount of enzyme which cat-
alyzes the formation of 1 nmole of L-cysteine
per minute under the conditions of the assay.
Genome walking. Construction of genome

walking libraries and DNA fragment amplifi-
cation were performed using the Geno-
meWalker® Universal Kit (Clontech-BD Bio-
sciences) and gene-specific reverse outer and
nested primers designed for this purpose
(PSATo and PSATn). The PSATo (5�-GTC
GAT TTG GGG CTT GTT TGG ATC AC-3�)
and PSATn (5�-GTG GAT TTG TAG GAG
GAG TTT TGG TT- 3�) primers were designed
according to recommendations and sugges-
tions of the manufacturer.
Computer analysis. Similarity searches

were performed with tblastn, blastp and blastx
at NCBI [http://www.ncbi.nlm.nih.gov/

Vol. 52 Cloning of plant cDNAs encoding SAT and OASTL 119



BLAST/]; translation maps of DNA sequences
were generated with the Sequence Manipula-
tion Suite at [http://bioinformatics.org/
sms2/]. Multalin (5.4.1) at INRA [http://
prodes.toulouse.inra.fr/multalin/] (Corpet,
1988) and T-COFFEE (Version_1.41) [http://
www.ch.embnet.org/software/ TCoffee.html]
(Notredame et al., 2000) were used for align-
ments production. Location of the potential
plant promoter was computed by the TSSP
program [http://www. softberry.com]. Phylo-
genies of OASTL and SAT isoforms were in-
ferred by programs from the Phylip 3.36 pack-
age (Felsenstein, 2004).

RESULTS AND DISCUSSION

Screening of the cDNA library of Nicotiana
plumbaginifolia with the bacterial baits

The S. cerevisiae strain PJ69-4, which has
three reporter genes: HIS3, ADE2 and lacZ,
was transformed with either pCE-GBT (con-
taining cysE gene encoding SAT) or pCK-GBT
(containing cysK gene encoding OASTL-A),
respectively. Subsequently, both strains were
transformed with the N. plumbaginifolia
cDNA library and approximately 3 � 106

transformants were plated in each case. True
positive prey clones, after re-transformation,
were confirmed for their ability to activate
the three reporter genes: HIS3, ADE2 and
lacZ when co-transforming yeasts with the re-
spective baits. In summary, the two-hybrid
screen of N. plumbaginifolia cDNA library re-
sulted in three clones, two (Clone2 and
Clone7) for the pCE-GBT bait and one
(Clone6) for the pCK-GBT bait (Fig. 1). Bacte-
rial SAT and OASTL were used as positive
controls for the interactions. To our knowl-
edge, this is the first demonstration using the
two-hybrid system of interactions between
bacterial enzymes SAT-SAT and SAT-OASTL.
Interactions between bacterial OASTL mono-
mers were undetectable in the two-hybrid sys-
tem applied (not shown), probably because

flexibility of the N-terminal part of the en-
zyme is a prerequisite for dimer formation
(Burkhard et al., 1998). This is in agreement
with the previously reported observation that
interactions between plant OASTL mono-
mers could not be demonstrated by a two-hy-
brid screen (Bogdanova & Hell, 1997).

Characterization of the identified cDNAs

The inserts of the identified clones were se-
quenced. Analysis of the sequences revealed
that all three clones contain the deduced
ORFs in frame with the activation domain of
GAL4. The stop codons of the deduced ORFs
were followed by non-coding sequences, ter-
minating with poly(A) tracks. Clone6 ap-
peared to be identical to Clone7. These clones
contain ORF with a deduced amino-acid se-
quence having a strong similarity to serine
acetyltransferases. Clone2 contains an ORF
with a deduced amino-acid sequence having a
strong similarity to OASTL enzymes. The se-
quences of the N. plumbaginifolia cDNAs have
been deposited in the GeneBank under the ac-
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Figure 1. Reconstitution of yeast two-hybrid in-
teractions between the bacterial baits and the
identified N. plumbaginifolia cDNA clones
(preys).

Combinations of the plasmids transformed into a yeast
reporter strain are indicated on the left. The cells were
grown on a synthetic dropout medium lacking
tryptophan and leucine (SD-TL), lacking histidine,
tryptophan and leucine (SD-HTL) or lacking adenine,
tryptophan and leucine (SD-ATL); positive interac-
tions were also confirmed by �-galactosidase activity
test (SD+XGAL).



cession numbers AY450296 (sat1) and
AY450295 (cs1).
The closest known homologues (97% and

77% identity, respectively) of N. plumba-
ginifolia NPSAT1 identified by us, encoded by
Clone6 (and Clone7), are SAT4 and SAT1
from N. tabacum (Wirtz & Hell, 2003), which
are most probably a mitochondrial and a
plastidic isoform of SAT, respectively. Since
the cDNAs for N. tabacum SAT1 and SAT4

did not contain complete open reading frames
it was difficult to evaluate the number of
missing N-terminal codons in the N. plumba-
ginifolia cDNA isolated in this study (Fig. 2A).
Comparison of N. plumbaginifolia SAT1
(NPSAT1) to the known plant SAT proteins
revealed the strongest evolutionary homology
to the organellar enzymes (Fig. 2B).
The closest homologue (94% identity) of the N.

plumbaginifolia CS1 (NPCS1) protein encoded
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Figure 2. Amino-acid sequence alignment (A) and
phylogenetic tree (B) of N. plumbaginifolia
NPSAT1 and its selected homologues.

Panel A. Primary structure alignment of NPSAT1
(AAR18403) with E. coli SAT (AAA23648) and its two
closest homologues, the organellar SAT4 (CAC88763)
and SAT1 (CAC88762) from N. tabacum. The amino ac-
ids identical to those in NPSAT1 are highlighted in
both sequences of N. tabacum proteins. Panel B. The
twenty closest plant homologues of NPSAT1 with
known (or at least presumed) intracellular location
were selected after BLAST searches and the E. coli pro-
tein was included for comparison. The phylogenetic
tree was constructed using full length proteins by the
parsimony method and 100 bootstrap replicates
(SEQBOOT, PROTPARS and CONSENSE of the
Phylip v.3.63 program package). The GenBank acces-
sion numbers and the source organisms of the proteins
used to generate the tree are included. The bootstrap
values are given at the respective branches.
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by Clone2 is a cytosolic isoform of OASTL from
Solanum tuberosum (Maruyama et al., 2001).
Also in this case, the cDNA appeared to be in-
complete and it could not be excluded that the
protein is much longer at the N-terminus. How-
ever, it is worth emphasizing that the sequence
comparison to the closest homologues suggests
that only two N-terminal codons are missing in

the identified cDNA (Fig. 3A). Comparison of
the deduced ORF (NPCS1) to the known plant
OASTL proteins including A. thaliana iso-
enzymes confirmed that it is located rather
away from the organellar OASTL isoforms on
the phylogenetic tree and revealed its strongest
evolutionary homology to the cytosolic isoforms
(Fig. 3B).
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Figure 3. Amino-acid sequence alignment (A) and
phylogenetic tree (B) of N. plumbaginifolia
NPCS1 and its selected homologues.

Panel A. Primary structure alignment of NPCS1
(AAR18402) with E. coli OASTL-A (CAA31137) and its
closest known homologues, the cytosolic isoforms of
OASTL from potato (S. tuberosum) and watermelon
(C. vulgaris), AAC25635 and BAA05965, respectively.
The stars indicate residues identical in all aligned pro-
teins. Panel B. The twenty closest plant homologues
of NPCS1 with known (or at least presumed) intra-
cellular location were selected after BLAST searches
and the E. coli protein was included for comparison.
The phylogenetic tree was constructed using full
length proteins by the parsimony method and 100
bootstrap replicates (SEQBOOT, PROTPARS and
CONSENSE of the Phylip v.3.63 program package).
The GenBank accession numbers and the source or-
ganisms of the proteins used to generate the tree are
included. The bootstrap values are given at the respec-
tive branches.

A

B



Enzymatic activity of OASTL in yeast cells
transformed with the plasmids used in the
two-hybrid analysis

The two-hybrid interactions indicated that
despite the long N-terminal extensions due to
the presence of the activation domain of
GAL4 protein, both the NPSAT1 and NPCS1
proteins retained the tertiary structure en-
abling interactions with other components of
the cysteine synthase complex (Fig. 1 and
Fig. 4A). In order to test whether such hybrid
proteins still possess their catalytic proper-
ties we assayed the SAT and OASTL activity
in yeast cells harboring the plasmids of inter-
est. In S. cerevisiae endogenous SAT and
OAS/OAH-TL activities are detectable, how-
ever, these enzymes were found not to consti-
tute a cysteine biosynthetic pathway and
L-cysteine is assumed to be exclusively syn-
thesized through the cystathionine pathway
(Ono et al., 1999). In none of the yeast
transformants was the SAT activity increased
in comparison to the control yeast strain
transformed with empty vectors (not shown).
The reason for this result is not clear, how-
ever, it cannot be excluded that the long N-ter-
minal extension of SAT resulted in reduction
of the enzymatic activity of this enzyme. Nev-
ertheless, in the transformants harboring the
plasmids that encoded either bacterial or
plant OASTL, this enzymatic activity was in-
creased 1.5 to 6-fold in comparison to the con-
trols (Fig. 4B). Hence, despite the reduced
ability for the OASTL-OASTL dimer forma-
tion (due to the fusion at the N-terminus), the
enzyme is capable of catalyzing the reaction.
It is necessary to note that the background
OASTL activity observed in the yeast strain
transformed with pCE-GAD and pGBT9
plasmids was defined as a background activ-
ity resulting from the yeast O-acetylserine/
O-acetylhomoserine sulfhydrylase (OAS/
OAH-TL) enzyme (Yamagata et al., 1974). In
S. cerevisiae, impairment of the cystathionine
pathway leads to cysteine auxotrophy
(Brzywczy et al., 2002). Investigations on

cysteine auxotroph strains harboring sepa-
rately or simultaneously the E. coli cysE and
cysK genes have been reported recently
(Takagi et al., 2003); while yeast cells produc-
ing only exogenous SAT grew on a medium
lacking L-cysteine, those producing only exog-
enous OASTL did not grow at all. The authors
concluded (i) that S. cerevisiae SAT cannot
support cysteine biosynthesis and has no met-
abolic role in vivo, and (ii) that S. cerevisiae
OAS/OAH-TL produces L-cysteine provided
that enough OAS is produced by E. coli SAT
(Takagi et al., 2003). Expression of a plant
SAT from sugar beet (Beta vulgaris) in
S. cerevisiae took advantage of the OAS/
OAH-TL activity with OAS as substrate and
introduced an alternative cysteine biosyn-
thesis pathway in yeast (Mulet et al., 2004).
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Figure 4. Enzymatic activities of yeast trans-
formed with plasmids used in the two-hybrid
analysis.

Each column represents an average value calculated
from two independent colonies each assayed twice in
triplicate with standard deviations indicated. The in-
teractions monitored by �-galactosidase activity are in
panel A, while the OASTL activity in panel B. The dot-
ted vertical line indicates the background OASTL ac-
tivity observed in the yeast strain.



OASTL is mostly active as a free enzyme,
and a decrease of its catalytic activity while
bound in a complex with SAT has been re-
ported for both plant and E. coli enzymes

(Droux et al., 1998; Mino et al., 2000). In ac-
cordance with these data, we observed re-
duced activities of both OASTL enzymes
(plant NPCS1 encoded by Clone2 and bacte-
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Figure 5. General scheme of the genome walking experiment (panel A) and the nucleotide sequence of
the N. plumbaginifolia genomic DNA fragment upstream of sat1 (panel B).

Construction of the genomic library consisted of two steps: fragmentation of genomic DNA by a blunt-end restric-
tion enzyme, followed by ligation of an adaptor to the ends of the DNA fragments. DNA was amplified from the li-
brary by two successive PCRs using an appropriate pair of oligonucleotides. AP1 and AP2 were complementary to
the adaptor, PSATo (outer primer) and PSATn (nested primer) — complementary to the sat1 cDNA.
Oligonucleotides used for cloning (AP2 and PSATn) and sequencing (PSF2 and PSR2) of the amplified genomic
DNA fragment are indicated. The sequence corresponding to the GenomeWalker adaptor (removed) is shown in
parentheses. The potential TATA-box and the potential transcription start point are indicated by stars. Translation
of the DNA sequence in frame with the ORF encoding NPSAT1 revealed two possible “start” ATG codons (indi-
cated by arrows).
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rial OASTL-A encoded by either pCK-GBT or
pCK-GAD) in the presence of any isoform of
SAT (either bacterial SAT encoded by
pCE-GBT or plant NPSAT1 encoded by
Clone7) in comparison to the controls without
SAT (Fig. 4B). However, this effect was statis-
tically significant (P < 0.05) only for the bacte-
rial pair of the enzymes. The reduced OASTL
activity in yeast overproducing simulta-
neously both SAT and OASTL isoenzymes
corresponded to the significant increase of
�-galactosidase activity in these strains, in
comparison to the controls without SAT
(Fig. 4A). Therefore, this system could be use-
ful for an initial screening of the effects of tar-
geted mutagenesis of OASTL on its activity
and interaction with SAT. An advantage and
simplicity of the system is that in the same
cultures both OASTL activity can be assayed
and interactions between OASTL and SAT
monitored by �-galactosidase activity. Never-
theless, the results of such simple screening
must be validated in other systems because
an influence of yeast endogenous enzymes on
the properties (both activities and interac-
tions) of exogenous SAT and OASTL cannot
be excluded. It is worth mentioning that no
structural domains responsible for interac-
tions of OASTL with SAT have been identi-
fied yet in the OASTL protein despite resolv-
ing of the crystal structures of bacterial SAT
(Pye et al., 2004; Olsen et al., 2004) and
OASTL-A (Burkhard et al., 1998).

Genome walking upstream of sat1 se-
quence

The upstream genomic sequence of sat1 was
revealed by genome walking. A general
scheme of the experiment is shown in Fig. 5A.
A DNA fragment of 999 bp was isolated from
the N. plumbaginifolia genome that had a
43 bp overlap with the sat1 cDNA (Fig. 5B).
The sequence was deposited in the GeneBank
under the accession number AY898624. The
nucleotide sequence (956 bp), identified as lo-
cated upstream of the cloned cDNA, con-

tained a potential plant promoter with a
TATA-box upstream of the sequence encoding
the N-terminal residues of the deduced pro-
tein including its potential signal peptide.
However, experimental verification of the
transcription start point should be performed
in future in order to confirm the potential 5�-
terminus of the Ntsat1 mRNA. Since the clos-
est homologues of NPSAT1 (SAT4 and SAT1
from N. tabacum) were identified as partial
cDNAs, we decided to make an alignment of
NPSAT1 with their counterparts from A. thal-
iana; AtSAT1 (located to the mitochondria,
the product of the intronless At3g13110 gene)
and AtSAT3 (located to the chloroplasts, the
product of the intronless At1g55920 gene).
The alignment revealed a slightly higher per-
centage of identical residues between NPS-
AT1 and AtSAT1 than between NPSAT1 and
AtSAT3 (Fig. 6A). The homology was rather
poor in the N-terminal part of the proteins
containing the signal peptides, which compli-
cated the homology-based prediction of the
intracellular location of NPSAT1. Addition-
ally, computer analysis of the entire NPSAT1
protein failed to indicate the location of the
mature product in one compartment with a
high degree of certainty. In fact, plastidic, mi-
tochondrial as well as secretory pathway-spe-
cific locations were suggested (Fig. 6B). The-
refore, in silico analysis was not sufficient to
answer the question about the intracellular lo-
cation of NPSAT1 and additional experi-
ments need to be conducted in order to solve
this ambiguity.

CONCLUSIONS

In this study we demonstrated that the inter-
actions between heterologous (bacterial- plant)
components of the cysteine synthase complex
are strong enough to enable cloning of the
cDNA encoding plant enzymes using the bacte-
rial enzymes as baits in the yeast two hybrid
system. To our knowledge this is the first dem-
onstration of application of this technology for
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cloning of such cDNAs. The isolated clones
contained almost complete open reading
frames, as judged by sequence homologies as
well as the 3�-terminal non-coding sequences.
Moreover, we propose that the two-hybrid ap-
proach could be a useful method for rapid veri-
fication of the effects of targeted mutagenesis
of OASTL since it allows for uncomplicated
monitoring of both the SAT–OASTL interac-
tions and the enzymatic activity of OASTL in
yeast cells transformed with the respective
plasmids. In an attempt to obtain information
about the nucleotide sequences located up-

stream of the coding region of Npsat1 a ge-
nome walking experiment was performed and
the potential transcription and translation
starts were identified by computer analysis.
The deduced full-length ORF of NPSAT1 has a
slightly stronger homology to the mitochon-
drial than to the chloroplastic SAT
isoenzymes. Thus, this protein is envisaged to
be located rather in mitochondria. However,
the programs predicting intercellular locations
by analysis of signal peptides failed to localize
NPSAT1 to any cellular compartment with a
high degree of confidence.
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Figure 6. Alignement of the primary sequence of the longest deduced product of the sat1 gene with its
closest homologues from A. thaliana (panel A) and a suggested intracellular location of the mature pro-
tein (panel B).

The residues identical between NPSAT1 and AtSAT1 and between NPSAT1 and AtSAT3 are highlighted. The sug-
gested cleavage sites of the potential signal peptides are indicated and the locations of the mature protein accord-
ing to the indicated computer programs are shown.
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