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Abstract

Induced expression of tobacco pathogenesis-related (PE) 1 protein genes was analyzed. The
base sequence companison of the active three genes (PR 1a, PR1b and PR 1c genes) indicated
that there was a well conserved region in 9" flanking 180 nucleotides in their promotor

sequences. Direct gene transfer into tobacco protoplasts by electroporation with the chimeric
gene of PR la promoter and a reporter gene (B-glucuronidase: GUS), and stable transform ation
of tobacco with a binary vector mediated Agrobacterium infecti on with the same chimenc

gene suggested that the cis-acting elementresponding to stress or salicylic acid be present in

the 0.3Eb sequence of the 57 flanking region of FEla gene.
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Introduction

Pathogenesis-related (PR) proteins are host-coded,
novel and soluble stuff induced by hypersensitive
responses to a wide range of pathogenes, including
viruses, viroids, bacteria and fungi’®. They are also
induced in healthy plants by some chemicals such
as salicylic acid'®?", or plant hormone''", Some
stresses caused by cutting, mechanical injury and high
osmotic pressure also induce the accelerated synthe-
sis. This fact indicates that the relevant incidents
are associated with the stress-inducible proteins. In
a tobacco plant, Nicotiana tabacum cv. Samsun NN,
more than ten kinds of PR proteins were identified
so far, and recently, it has been found that some
of them have B-1, 3-glucanase” or chitinase
activity?. However, the function of tobacco PRI
proteins, consisting of PR1a, PR1b and PRIc as well
as of well-defined major PR proteins with low
molecular weight, is not clearly identified yet. Based
on the finding that they are induced in parallel with
acquired resistance against virus infection, a possible
role of the PRI proteins in defence mechanism of
tobacco to pathogen is suggested®'®. PRI proteins
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were found in the intercellular spaces of the
tissue™ 1% and secreted into the medium of tobac-
co suspension cultures'?,

The authors” and others®'® have recently isolat-
ed ¢cDNA clones of PR1 proteins and characterized
their properties. The analysis of ¢cDNA clones and
translation experiments in vitro reveals that these pro-
teins are synthesized as larger precursors with signal
peptides for a secretion signal, PRI protein genes
are encoded by a small multigene family comprising
PRIla, 1b and lc¢, and that these components are very
similar in their amino acid scqucnccs'”.

This paper summarizes experimental results of the
analysis of the PRI gene expression, including: 1)
cloning of single PR1 genes in tobacco, characteri-
zation and comparison of the regulatory sequences
of these genes; 2) direct gene transfer into tobacco
protoplasts by electroporation with the chimeric gene
of PRla promoter and a reporter gene; 3) stable
transformation of tobacco leaf disc with binary
vector system mediated by Agro-infection, and in-
duced expression of the introduced gene by stress
or chemical in the transformants; and 4) some pos-
sible practical uses of the PRI gene.
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The multigene family of tobacco PR1 protein
genes

1) Genomic cloning of PRI genes of tobacco

In order to characterize the genes encoding PRI
proteins in Samsun NN tobacco genome, tobacco
genomic DNA digested with EcoR1 was hybridized
with 32P-labelled PR1a ¢cDNA under the conditions
where the probe could also be hybridized with PR1b
and PRIc genes, because these genes have a high
homology in their base sequences, Several bands
were identified on Southern blotting analysis (Plate
). These [ragments were cloned using Agt 11 as a
vector, followed by recloning into pSK(+)
(Stratagene) for further analysis. From the results
of sequencing, it is revealed that the lMagment of
2.4 Kb, 3.5 Kb and 6.0 Kb each contains one PRIc
gene, one PR1a gene'” and one PR1b gene, respec-
tively, per haploid tobacco genome. The other posi-
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Plate 1. Southern blot analysis of tobacco PRI
protein genes
EcoR| digested Samsun NN tobacco
DNA was probed with PR1a cDNA.
Band assignments are described in the
text.

JARQ 24(2) 1990

tive fragments contain an inactive pseude-gene or
another type of PRI-related gene®'$1®

Tobacco plant, Nicotiana tabacum, is an am-
phydiploid of N. sylfvestris and N. tomentosiformis.
Southern blotting analysis of these two genome
donors indicates that PR1a and PRlc are derived
from N, sylvestris and PRIb from N. tomentosi-
Sformis',

2)  Comparison of the regulatory sequences of PRI
genes

Fig. 1 shows the comparison of DNA sequences
of PRI genes which were isolated and sequenced by
the authors. The right open box shows coding
regions, and ils upstream is 53" non-coding region of
PRI gene. All genes have cap site (—29) and TATA
box (—63), which are ubiguitous in eucaryote. PRla
and PRI1b genes isolated by the authors have an in-
sertion as shown by a solid line between black box-
es, that are the target sites of this insertion. PRlc
gene also has an insertion shown by a dotted line
between shaded boxes. The 5° flanking 180 nucleo-
tides fragment just upstream from coding region are
highly conserved in these active three PR1 protein
genes. Far upstream of that region, the sequences
are not conserved. These results show that a cis-
acting element of PRI gene expression may exist in
this conserved region.

Analysis of PR1a promoter in tobacco cells

1) Direct gene transfer of fused PRla gene

The expression of PRI gene was analyzed lor two
different systems. The first system was a direct gene-
transfer into tobacco mesophyll protoplasts with
electroporation, The second system was a gene-
transformation through a binary vector, A chimer-
ic gene consisting of 5’ flanking region of PRla gene
and a reporter gene (A-glucuronidase: GUS) (Fig. 2)
were transferred directly into protoplasts. As a posi-
tive control, a fusion gene consisted of the promoter
sequence of cariflower mosaic virus (CaMV) 35S gene
was used. Expression level of the introduced gene
was measured by induced GUS activity in the in-
cubated protoplasts.

Fig. 3 shows a GUS activity pattern depending on
the time of incubation. Protoplasts were incubated
for various periods with or without salicylic acid,
which is an inducer of PRI protein synthesis. The
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Base sequence comparison of 5' flanking region of the cloned PR1 protein genes
Direct repeated sequence *AGATC' is duplicated by insertion observed in PRla
and PR1b, both of which are presented by black boxes. The target sites of inser-
tion in PR1c gene are presented by shaded boxes. *TATA’ and ‘Cap’ mean TATA-
box and capping site, respectively. Open boxes mean protein coding regions.
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Fig. 2. Structure of chimeric genes; PR-GUS and CaMV-GUS

The left part of PR-GUS is a 2.4 Kb fragment of 53" flanking region of PR la gene.
The promoter sequence of CaMV-35S gene is used as positive control in the experi-
ment of constitutive expression. The right part of these chimeric genes is a coding
region of the GUS gene of £, coli linked to the fragment of NOS gene including

poly-A adding signal,

GUS activity was induced in 12 hr under incubation
and increased till 44 hr in the electroporated pro-
toplasts, Salicylic acid activated the GUS induction
at all time. Fig. 4 shows salicylic acid-induced GUS
activity in pPR-GUS and pCaMV-GUS introduced
cells.  Protoplasts were electroporated in the solu-
tions containing the lusion gene and various con-
centration of salicylic acid, followed by incubation
in a salicylic acid-free medium. With the increase
in the concentration of the salicylic acid, a greater
activity of the induced GUS was seen in pPR-GUS-
introduced protoplasts in comparison with the case
in pCaMV-GUS-introduced cells, These results show
that salicylic acid activates expression of the GUS

gene under the control of the PR1a gene in the iso-
lated protoplasts.

To define cis-acting element of PRla gene, 5'
deletion series of the fusion gene were transferred
into protoplasts by electroporation and the GUS ac-
tivity was measured after one-day incubation (Fig. 5).
The activity induced by a fusion gene with 1.0 Kb
fragment in the 5" upstream region of PRla gene
was the same level as that with 2.4 Kb and it
decreased to the level of one third with that of 0.3 Kb
fragment. This result shows that the 0.3 Kb
fragment is enough to salicylic acid-inducible expres-
sion of the GUS activity, suggesting that this frag-
ment contain a cis-acting element involved in gene
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Concentration of salicylic acid (pM)

GUS activity in tobacco protoplasts afier clectroporation with pPR-GUS fusion gene
Tobacco mesophyll protoplasts (2 x 10° cells) were electroporated with 100 ne of

cDNA and 10 pg plasmid DNA in 0.5 m/ of 0.5 M mannitol. The washed cells were
then incubated in culture medium with (@) or without (O) 20 M salicylic acid at
25%C. After an appropriate incubation period, protoplasts were harvested, and
homogenized with lysis buffer. GUS activity was measured by the fluorometric method

Fig. 3.
(left)
described by Jefferson et al™
Fig. 4. Effect of salicylic acid on the transient expression of GUS-fusion gene
(right)

Tobacco protoplasts were eleciroporated in the presence of salicylic acid with 10 pg

of plasmid DNA comaining GUS fusion gene.

regulation. The 5’ flanking sequence upstream rather
than 0.3 Kb fragment may be necessary for the more
effective expression of the gene'*'”,

2)  Transformation of robacco by pPR-GUS using
a binary vector system

The chimeric gene, pPR-GUS, or 5' deletion series
of the fusion gene, was ligated to a binary vector
plasmid, pTRA 415, which had a kanamycin
resistance marker gene (Fig. 6). Tobacco plants were
transformed by the standard leal co-cultivation
method, and then transformants were selected by
their kanamycin resistance. Southern blot analysis
probed with the GUS coding region demonstrated
the presence of the introduced chimeric gene in the
kanamycin resistant plants. A positive signal was
identified at 4.5 (Plate 2), 3.1 or 2.8 Kb fragments
(data not shown), which was the expected size of
cach insert in the plants transformed by the chimeric
gene with 5' flanking region of 2.4, 1.0 or 0.3 Kb,

respectively. No signal was identified in the non-
transformed control plants under the same condi-
tion as above. The comparative analysis with the
band intensity of standard markers, suggested that
the copy number of the introduced chimeric gene of
transformants E-2, E-4, E-6, E-10 and E-14 be one
each per haploid genome. And the kanamycin resis-
tant and sensitive phenotypes of the self-pollinated
progeny of these transgenic plants segregated 3 to
1, suggesting that one chimeric gene be introduced.
Other transformants with more strong signals have
two or more copies per haploid genome.

Further analysis related to the expression level of
the introduced chimeric gene in the transgenic plants,
which had one introduced gene per haploid genome
(Fig. 6). The GUS activities in the leal discs were
measured immediately as well as in two days after
incubation with water or salicylic acid (Fig. 7). In
the control leafl discs of non-transformant, no GUS
activity was identified in both dates irrespective of
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Fig. 5. Expression of GUS-fusion genes with 5 deletion series of 5' flanking region
of PRIa gene in electroporated tobacco protoplasts
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Fig. 6. Binary vector plasmid uscd for stable transformation mediated by Agro-infection
PR-GUS is the same as described in Fig. 3. The right part of the schematic
plate is a selectable marker genc which consists of a promoter sequence of
CaMV 358 gene, and Neomycin phosphotransferase of E. coli Tn 5 (NPTII)
and the fragment containing poly-A adding signal of Tml-gene of octopin type
Ti plasmid, pTi 15955. Arrows indicate the direction of transcription. BL and
BR mean the border sequence of T-DNA region of Ti plasmid.
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with and without salicylic acid. The GUS activity was
induced by the stress of cutting; its high level was
induced by the treatment with salicylic acid in all
PR (2.4 Kb)/GUS transformed plants. The induc-
tion of GUS activity by salicylic acid was correlated
with the increase in the amount of PRI protein in
the same tobacco leal. These results clearly show
that the GUS activity is controlled by the promoter
of PRla gene''".

The hypersensitive reaction-induced expression of
the introduced chimeric gene with cach of the 2.4,
1.0 or 0.3 Kb fragments of PR1a promoter was ana-
lysed cytochemically in the transformed Samsun NN
tobacco plants. In three days after TMV-inoculation,
local lesions developed well in the leaf discs with
TMV-infection. The discs were subjected to GUS-
active staining, using X-glucuronide as a substrate,
Blue narrow rings developed clearly just around the
local lesions on the leal” discs transformed by the
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chimeric gene with 2.4 Kb fragment as a consequence
ol product-accumulation of GUS (Plate 3A), while
broad blue rings developed on the discs transformed
by 0.3 Kb fragment (Plate 3B). No blue rings ap-
peared in the control leal disc of the non-
transformant (Plate 3C). The cytochemical evidence
shows that the 0.3 Kb 5’ flanking region of PRla
gene regulates the gene expression in the formation
of local lesions caused by TMYV infection.

Utilization of the inducible promoter of
PR1 gene

In normal tobacco plants, PRI proteins are in-
duced in the course of formation of local lesions
caused by TMYV infection, cutting stress, or treat-
ment with salicylic acid, and accumulated only
around the local lesions or in the treated area. In
pPR-GUS transformants, the GUS activity is also
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Plate 2. Southern blot analysis of EcoR| digested transformed lobacco DNA probed

with GUS gene

Band assignments arc described in the text.



= 0r 4800 §
:; 1 Healthy j!
o 1 Cutting f
8 a0l BN Cutting+SA 1600 —
£ :
2 5
s 20p 4a00 2
= | o
= 3 £ i -E
E i i E i s
S 10} - ! [ 4200 &
0 i | -
=) : J ! T
3 j 1* | | s =
o H { i | H r!.-. E 0
E-2 E-4 E-6 E-10 E-14 11
Control PR1a(2.4Kb)/GUS CaMV35S/GUS

Fig. 7. Expression of the introduced chimeric gene in the transgenic plant by cutling
and salicylic acid treatment
The GUS activity was measured by fluorometric assay™.

The amount of PRI proteins was determined by rocket-immuno-electrophoresis

using anti-PR1a antibody'”,

Plate 3. GUS-active staining on the transformed tobacco leaves

TMV was inoculated om the transformed Samsun NN tobacco leaves and
incubated at 20°C for 3 days. Local lesions developed on the leaves with a
TMYV infection.

Discs were prepared from the leaves and vacuum-infiltrated in a 1 mM X-
glucuronide solution. In 12 hr after incubation at 37°C, the discs were treated
with ethanol to remove chrolephyll, and photographed. Reaction product GUS
was represented by blue color. (A): transformant introduced by chimeric gene
constructed with 2.4 Kb fragment of 5' flanking region of PRla gene and
GUS gene, (B): transformant introduced by that with 0.3 Kb, and (C): con-
trol non-transformant.
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induced by these treatments predominantly around
the local lesions or in the treated area as shown in
Plate 3 or Fig. 7. In case where an anti-pathogenic
gene, such as an antisence strand of plant virus, a
coat protein gene of plant virus or a gene of an anti-
bacterial peptide is linked with a PR1 promoter,
instead of GUS gene, and introduced into plants,
the transgenic plants may produce plenty of anti-
pathogenic gene-products predominantly on such
regions of the plants as shown in the GUS activities
in Plate 3 or Fig, 7, These transgenic plants may
effectively acquire the resistance against pathogen
attacks.

Conclusion

All the PR1 genes in Samsun NN tobacco were
cloned and their characteristics were identified. The
comparison of the 5' flanking region of PRI genes
suggests that the common 180 bp upstream region
from the first ATG of coding region possibly play
an important role in regulating expression of PRI
genes. By two gene-transfer methods, i.e. a direct
gene transfer into protoplasts and a stable transfor-
mation by a binary vector, it has been confirmed
that the cis-acting ¢lement of PR1a gene is contained
in the 0.3 Kb fragment of the 5" upstream of the
gene.,

The use of such an inducible promoter provided
a bright prospect in the field of plant breeding. In
the putative transformants introduced by the chimeric
gene comprising a PR1 promoter and a useful gene,
the product of the useful gene could be synthesized
in special regions by the induction treatment like a
stress.  Such an inducible promoter may have a
greater advantage than the use of a promoter with
constitutive expression, i.e. CaMV 35S promoter.
Because the inducible promoter may function more
effectively in the limited area, though the latter may
function at any time, even when the expression is
nol necessary.
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