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Inducible Expression of Pathogenesis-Related 
1 Protein Gene in Transformed Plants 

Yuko OHASIIl, Masahiro OHSIIlMA and Makoto MATSUOKA 

Abstract 
Induced expression of tobacco pathogenesis-related (PR) I protein genes was analyzed. The 
base sequence comparison of the active three genes (PR la, PR lb and PR le genes) indicated 
that there was a well conserved region in 5' flanking 180 nucleotides in their promo tor 
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 transformation 
of tobacco with a binary vector mediated Agrobacterium infection with the same chimeric 
gene suggested that the cis-acting element responding to stress or salicylic acid be present in 
the 0.3Kb sequence of the 5' flanking region of PR!agene. 
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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 fungi20>. They arc also 
induced in healthy plants by some chemicals such 
as sal icylic acid10·21), or plant hormone1·11>. Some 
stresses caused by cutting, mechanical injury and high 
osmotic pressure a lso induce the accelerated symhe
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 13-1, 3-glucanase7> or chitinase 
activity8>. However, the function of tobacco PR I 
proteins, consisting of PR I a, PR I b and PR I c 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 PR I proteins in defence mechanism of 
tobacco to pathogen is suggested6

•
13>. PRI proteins 

were found in the intercellular spaces of the 

t issue4
•
11

•
12·18

> and secreted into the medium of tobac• 
co suspension cultures 11 >. 

The authors9> and others2·19> have recently isolat
ed cDNA clones of PR I proteins and characterized 
thei r properties. The analysis or cDNA clones and 
translation experiments in vitro reveals that these pro
teins are synthesized as larger precursors with signal 
peptides for a secretion signal. PR I protein genes 
are encoded by a small multigene fam ily comprising 
PR I a, I b and le, and that these components are very 
similar in their amino acid sequences9>. 

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

I) Ge11omic c/011i11g of PR I ge11es of tobacco 
In order to characterize 1he genes encoding PRn 

proteins in Samsun NN 1obacco genome, 1obacco 
genomic DNA digested with EcoR I was hybridized 
with l2P-labelled PR la cDNA under the conditions 
where 1he probe could also be hybridized with PRI b 
and PR I c genes, because these genes have a high 
homology in their base sequences. Several bands 
were identified on Southern blotting analysis (Plate 
I). These fragments were cloned using >..gt 11 as a 

vector, followed by recloning into pSK( +) 
(Stratagenc) for further analysis. From the results 
of sequencing, i1 is revealed that the flagmelll of 
2.4 Kb, 3 .5 Kb and 6.0 Kb each contains one PR Jc 

gene, one PR la g.ene' 7> and one PR lb gene, rcspcc-
1ively, per haploid tobacco genome. The other posi-

Kb 

23.1- - pseudo 
9.4-
6.6-

-PR 1b 

4,4-
....._pseudo 
-pseudo 
-PR 1a 

• 

2.3- -PR1c 

2.0 -
-pseudo 

Plate I. Southern blot analysis of tobacco PR! 
protein genes 

EcoR I digested Samsu n N N tobacco 
DNA was probed with PRla cDNA. 
Band assignments are described in the 
1ex1. 
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tive fragments contain an inactive pscude-gene or 
another type of PRl -related gene3•15·t6>. 

Tobacco plant, Nicotirma /{/bac11111, is an am
phydiploid of N. sylvestris and N. tomentosijormis. 
Sou1hern blotting analysis of these two genome 
donors indicaies lhat PRla and PRJc are derived 
from N. sylvestris and PR I b from N. 10111e111osi
formis151. 

2) Comparison of the regulatory sequences of PR/ 
genes 

Fig. I shows the comparison of DNA sequences 
of PR! genes which were isolated and sequenced by 
the authors. The right open box shows coding 
regions, and iLs upstream is 5' non-coding region of 
PRI gene. All genes have cap site (-29) and TATA 
box ( -63), which are ubiquitous in eucaryote. PR I a 
and PR l b genes isolated by the authors have an in
sertion as shown by a solid line beLween black box
es, 1haL are the iarget sites of this insertion. PR le 
gene a lso has an insertion shown by a dotted line 
beLween shaded boxes. The 5' flank ing 180 11ucleo-
1ides fragment just ups1ream from coding region arc 
highly conserved in these active three PR I protein 
genes. Far ups1ream of that region, the sequences 
arc not conserved. These results show that a cis
acting elemem of PR ! gene expression may exist in 
this conserved region. 

Analysis of PRla promoter in tobacco cells 

I) Direct gene tmnsfer of fused PR la gene 
The expression of PR I gene was analyzed for two 

different systems. The first system was a direct gene
transfer imo tobacco mesophyll protoplasts wi1h 
electroporation. The second system was a gene
transformation through a binary vecto r. A chimer
ic gene consisting of 5' flanking region of PR la gene 
and a reporter gene (13-glucuronidase: GUS) (Fig. 2) 

were transferred directly into protoplasts. As a posi
tive control, a fusion gene consis1ed 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 activi1y pattern depending on 
the time of incubation. Protoplasts were incubated 
for various periods with or without sa licylic acid, 
which is an inducer of PR ! protein synthesis. The 
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286 AGATC 
TATA 

182 TATGGTAACCT Cap ATG -----l----..... 1----l--------i~f:?0'.2;0~y-;~~~I---_J____ll-{1 == 
Accl PR1a 

PA1b 

-™··· ··· · · · · · · · · · · · · · · · · --~W~~Z~'.2'./'/,CL~:::1-1- ------{=== 
PR1C 

Fig. I. Base sequence comparison or 5' flanking region or the cloned PR I protein genes 
Direct repcmcd sequence 'AGATC' is duplicated by insertion observed in PRla 
and PR I b, both or which arc presented by black boxes. The 1argc1 sites of inser
tion in PR le gene :,re presented by shaded boxes. 'TATA' and 'Cap' mean TATA· 
box and capping site, respecti vely. Open boxes mean protein coding regions. 

cap site (-29) 

TATA(- 63) ATG(1) 

PR1a S'u stream 2.4Kb lucuronidase (GUS) 

pPR-GUS 
NOS terminator 

I glucuronidase (GUS) 
CaMV-35S promoter 

pCaMV-GUS 

Fig. 2. Structure of chimeric genes; PR-GUS and CaMV-GUS 
The lefl pan of PR-GUS is a 2.4 Kb fragment or 5' flanking region of PR la gene. 
The promoter sequence of CaMV-35S gene is used as positive control in the experi
mcm of constitutive expression. The right part of these chimeric genes is a coding 
region of the GUS gene of £. coli linked 10 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 electropora1ed pro
toplasts. Salicylic acid activated the GUS induction 
at al l time. Fig. 4 shows salicylic acid-induced GUS 
acti vi ty in pPR-GUS and pCaMV-GUS imroduced 
cells. Protoplasts were d ect roporated in the solu
tions containing the fosion gene and various con
centrat ion of salicylic acid, followed by incubation 
in a salicylic acid-rree 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 wi th the case 
in pCaMY-GUS-introduced cells. These results show 
that salicylic acid activates expression of the Gil.JS 

gene under the control or the PR I a gene in the iso
lated protoplasts. 

To define cis-acting clement of PRJa 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 resu lt shows that the 0.3 Kb 
fragment is enough 10 salicylic acid-inducible expres
sion of the GUS activity, suggest ing that this frag
ment contain a cis-acting element involved in gene 
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GUS activity in tobacco protoplas1s a fter clectropora1ion with pPR-GUS fusion gene 
Tobacco mesophyll protoplam (2 x 10~ cells) were clcctroporatcd wit h 100 µg of 
cDNA and 10 1•& plasmid DNA in 0.5 ml of 0.5 M ma nnitol. The washed cells were 
then incubated in culture medium with (• ) or wi1hou1 (0 ) 20 1,M salicylic acid al 

2s•c. Af1er an appropriate incubation period, pro1oplas1s were harvested, and 
homogenized wi1h lysis buffer. GUS ac1ivity was measured by the lluorome1ric method 
described by Jefferson ct al.5

> 

Fig. 4. Erfec1 or salicylic acid on 1he 1ransiem expression of GUS-fusion gene 
(right) Tobacco proto1itas1s were elec1roporated in the presence of salicylic acid with 10 ,,g 

of f)lasmid DNA containing GUS fusion gene. 

regulation. T he 5' nanking sequence upstream rather 
than 0.3 Kb fragment may be necessary for the more 
effective expression of the gene 14

•
17>. 

2) Tra11sfor111atio11 of tobacco by pPR-GUS using 
a binary vector system 

The chimeric gene, pPR-GUS, or S' deletion series 
of the fusion gene, was ligated to a binary vector 
plasmid, pT RA 4 15, which had a kanamycin 
resistance marker gene (Fig. 6). T obacco plants were 
transformed by the standard leaf co-cultivation 
method, and then transformants were selected by 
their kanamycin resistance. Southern blot analysjs 
probed with the GUS coding region demonstrated 
the presence o f the introduced chimeric gene in the 
kanamycin resistan t plants. A positive s ignal was 
identified at 4.5 (Plate 2), 3. 1 or 2.8 Kb fragmenls 
(data not shown) , which was the expected si7.e of 
each insen in the plants transformed by the chimeric 
gene with 5' nanking region o f 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. T he cornpara1ive analysis with the 
band intensi ty of standard markers, suggested that 
the copy number of the int roduced chimeric gene of 
1ransformants E- 2. E-4, E-6, E- 10 and E-14 be one 
each per haploid genome. And the kanamycin resis
talll and sensit ive phenotypes of the sclf-pollina1ed 
progeny of these transgenic plants segregated 3 to 
I , suggesting that one chimeric gene be introduced. 
Other transformants with more st rong signals have 
two or more copies per haploid genome. 

Further analysis rela1ed 10 the expression level of 
the introduced chimeric gene in the transgenic plants, 
which had one introduced gene per haplo id genome 
(Fig. 6). The GUS activities in the leaf d iscs were 
measured immedia tely as well as in two days after 
i.ncuba1ion wi th water or sa licylic acid (Fig. 7). In 
the control leaf discs of non-transformant, no GUS 
activity was identified in both dates irrespective of 
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Fig. 5. Expression or GUS-rusion genes with 5' deletion series or 5' nank ing region 
of P Rl a gene in electropora1cd tobacco protoplasts 
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dpt 
TATA 

pTRA415 

Fig. 6. Bina ry vector plasmid used for stable transformation mediated by Agro-inrection 
P R-GUS is the same as described in Fig. 3. The right pan of the schematic 
plate is a selectable marker gene which consists or a promoter sequence of 
CaMV 35S gene, and Neomycin phosphotransfcrase or£. coli Tn 5 (NPTI I) 
and the fragment containing poly-A adding signal or T ml-gene or octopin type 
Ti plasmid, pTi 15955. Arrows indicate the direction or transcription. BL and 
BR mean the border sequence or T-DNA region or Ti plasmid. 
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wi1h and wi1hou1 salicylic acid. The GUS ac1ivi1y was 
induced by 1he s1ress of culling ; ils high level was 
induced by the treatment wi1h salicylic acid in all 
PR (2.4 Kb)/GUS transformed plants. The induc
tion of GUS ac1ivity by salicylic acid was correlated 
wi1h 1he increase in 1he amounl of PR I pro1ein in 
1he same tobacco leaf. These resu lts clearly show 
1hat the GUS ac1ivi1y is con1rolled by !he promo1er 
of PRla gcne16· 17>. 

The hypersensitive reac1ion-induced expression of 
the introduced chimeric gene wi1h each or 1he 2.4, 
1.0 or 0.3 Kb fragmems or PR!a promo1er was ana
lysed cytochemically in 1he 1ransformed Samsun NN 
tobacco plams. In 1hrce days af1er TMV-inoculat ion, 
local lesions developed well in the leaf discs with 
TMV-infection. The discs were subjected lO GUS
active siaining, using X-glucuronide as a subs1ra1e. 
Blue narrow rings developed clearly just around lhe 
local lesions on the leaf discs transformed by 1he 

(Kb) 

23.1-

9.4 -
6.6-

4.4-

2.3 -
2.0-

-
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chimeric gene wi1h 2.4 Kb fragment as a consequence 
or produc1-accumulation of GUS (Pla1e 3A), while 
broad blue rings developed on the discs 1ransformed 
by 0.3 Kb fragmenl (Plate 38). No blue rings ap
peared in 1hc control leaf disc of 1he non
transformam (Plate 3C). The cytochcmical evidence 
shows tha1 the 0.3 Kb 5' nanking region of PRla 
gene regulates the gene expression in the forma1ion 
of local lesions caused by TMV inrec1ion. 

Utilization of the inducible promoter of 
PR l gene 

In normal lObacco plants, PR I proteins are in
duced in the course of formation of local lesions 
caused by TMV infection, cuuing stress, or trcat
mem with salicylic acid, and accumula1ed only 
around the local lesions or in the Lreated area. In 
pPR-GUS transformanls, the GUS acti vi1y is also 

Sc 1 Oc 

-2. 1 

EcoR I cut 

EcoRI Eco RI 
vl==~2~.4~ K~b==l====c2=. 1=K= b==4-y-------1 ==i t C3! 

BL PR 1 a GUS CaMV / NPTII BR 
p robe 

Pla1c 2. Sou1hcrn blot analysis of EcoR I cligcs,cd transformed tobacco DNA probed 
wi1h GUS gene 

Band assignments arc clcseribecl in the text. 
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Fig. 7. Expression of the introduced chimeric gene in the transgenic plant by Culling 
and salicylic acid 1reatment 

T he GUS activity was measured by nuoromctric assays>. 
The amount of PR I pro1eins was determined by rockct-immuno-electrophoresis 
using anti-PRl a antibody10>. 

(C) 

Plate 3. GUS-active staining on the transformed tobacco leaves 
TMV was inoculated 0111 the transformed Samsun NN tobacco leaves and 
incubated at 20°C for 3 days. Local lesions developed on the leaves with a 
TMV infection. 
Discs were prepared from the leaves and vacuum-infiltrated in a I mM X
glucuronidc so lution . In 12 hr after incubation at 37°C, the discs were treated 
with ethanol to remove ch rolophyll, and photographed. Reaction product GUS 
was represented by blue color. (A): trans formant introduced by chimeric gene 
constructed with 2.4 Kb fragment of 5' nanking region of PRl a gene and 
GUS gene, (D): transformam introduced by that with 0.3 Kb, and (C) : con
trol non-transformam. 
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induced by lhese treatments predominantly around 
the local lesions or in lhe trealed area as shown i11 
Plale 3 or fig. 7. 1u 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 PR I promoter, 
instead of GUS gene, and introduced in to plants. 
the transgenic plants may produce plenty of an ti
pathogenic gene-products predominantly on such 
regions of the plants as shown in the GUS activities 
in Plate 3 or Fig. 7. These transgenic p lants may 
effectively acquire the resistance against pathogen 
auacks. 

Conclusion 

All the PRl genes in Samsun NN tobacco were 
cloned and their characteristics were identified. The 
comparison of the 5' flanking region of PR I genes 
suggests that the common 180 bp upstream region 
from the first A TO of coding region possibly play 
an importam role in regulating expression of PRl 
genes. By two gene-transfer methods, i.e. a d irect 
gene transfer into protoplasts and a stable transfor
mation by a binary vector, it has been confirmed 
that the cis-acting element of PR I a 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 PR I promoter and a usefu l gene, 
the product of lhe useful gene could be synthesized 
in special regions by lhe induction treatment like a 
stress. Such an inducible promoter may have a 
greater advantage lhan 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 
not necessary. 
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