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The use of antimicrobial peptides (AMPs) to control phytopathogenic bacteria and fungi has been suggested to be a potential alternative to conventional pesticides and antibiotics 
(Montesinos, 2007). Transgenic plants expressing AMPs could represent a good strategy to fight phytopathogens, although some concern still exist about several their intrinsic 
drawbacks (Keymanesh et al., 2009).  A more ecofriendly approach and less resistance inducing is that based on an infective-inhibitory specific activity. To this purpose, we proposed 
the use of short peptides preventing the assembly of the Type Three Secretion System (T3SS). In this work, we describe the stable transformation and expression in Nicotiana 
tabacum plants of two of these anti-infective peptides, AP17 and LI27 (17 and 27 aminoacids respectively), designed and synthesized by our Lab, targeting the T3SS of Pseudomonas 
syringae pv. tabaci and secreted into plant apoplast. The same approach was used to induce stable transformations in Actinidia deliciosa (kiwi plants) with PSA21, an analogous 
peptide we designed to be specifically effective against the T3SS of Pseudomonas syringae pv. actinidiae. 

The binary vector pCambia1305.2 (Fig. 1A), carrying the signal peptide for the apoplastic localization of the GUSplus 
protein (GRP signal peptide), was chosen as a suitable vector. Downstream the GRP signal peptide, GUSplus gene was 
removed by a double digestion and replaced with the sequences encoding LI27, AP17 and PSA21 (Fig. 1B). 

Fig. 1 - Map of the binary vector pCambia1305.2 
(A) and recombinant strategy (B). 
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1. Expression Plasmid Assembly  

Transgenic tobacco plants were tested by RT-PCR analysis to 
demonstrate the in vivo expression of AP17 and LI27 peptides. The 
amplifications were carried out on cDNA, obtained by RNA reverse 
transcription derived from leaf powder extract (liquid nitrogen 
maceration), using GRP-FOR and AP17/LI27-REV primers (Fig. 3). 

Tobacco plants were transformed according to Horsch et al. (1985) with Agrobacterium 
tumefaciens EHA105, carrying binary vector pCambia1305.2-AP17 and pCambia1305.2-Li27. Leaf 
discs co-cultivated with each transformed bacterial suspension (Fig. 2A) were put on 
regeneration medium (RM) and incubated for 48 h at 24°C and 70% umidity (Fig. 2B). RM was 
supplemented with 1 mg/L BAP (6-Benzylaminopurine) and 0,1 mg/L NAA (naftalen acetic acid). 
Leaf discs were then transferred to a selection medium (SM), with 1 g/L carbenicillin and 50 
mg/mL hygromycin (Fig. 2C). The obtained tobacco shoots were grown on LS medium (Linsmaier 
and Skoog, 1965) without any hormone supplementation (Fig. 2C and 2D). 
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3. Transgenic Plant Expression 

1. Symptomatology induced by Pstab on Tobacco Transgenic Plants 
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Fig. 2 - (A) Tobacco explants co-cultivated with A. tumefaciens EHA105 (pCambia1302.5). (B, C) Leaf discs 
grown on RM and SM medium respectively. Transgenic tobacco plants obtained with pCambia-AP17 (D) and 
pCambia-LI27 (E) plasmids. 

Fig. 3 – Electrophoretic 
analysis of RT-PCR: 100bp 
ladder LIFE Technologies 
(M); plant negative control 
(1); pCambia-GUS, negative 
transformant control (2); 
pCambia-AP17 (3); pCambia-
LI27 (4); pCambia-AP17 
plasmid positive control (5); 
PCR negative control (6). 

Transgenic tobacco plants were 
sprayed with 1 ml of bacterial 
suspension of Pseudomonas 
syringae pv. tabaci ATCC 11528 
(Pstab) at 0.5 OD.  
After 10 days from artificial 
inoculation, typical Pstab symptoms 
were recorded and evaluated (Fig. 
4), according to an arbitrary disease 
index (0-5, with 0 = no necrotic 
symptoms and 5 = fully necrotized 
leaves), for a proper comparison 
among the different symptoms  
observed in wild type and 
transgenic tobacco plants (Fig. 5). 

Fig. 5 – Disease index on transgenic tobacco plants. 

2. Growth of Pstab into Transgenic Tobacco Plants 

Transgenic tobacco plants spray-inoculated with Pstab were grown in vitro up to 20 days.  
Bacterial multiplication into host tissues was evaluated as CFU per gram of plant tissue. These 
data demonstrated the anti-infective activity of AP17 and LI27 peptides against Pstab, with a 
significant reduction of bacterial growth into AP17 and Li27 transgenic tobacco plants (Fig. 6). 

Fig. 6 – Bacterial growth 
in N. tabacum wild type 
and transgenic tobacco 
plants inoculated with 
Pstab, evaluated 20 dpi. 

Our system composed of transgenic plants, expressing infective-inhibitory 
peptides, was demonstrated to be a good strategy to fight bacterial 
pathogens. The same approach here fully described for the system Pstab-
Tobacco was also applied to Actinidia deliciosa against P. syringae pv. 
actinidiae, obtaining transgenic plants giving  highly promising results 
following bacterial infection.  

Fig. 4 – Phenotype analysis of tobacco plants before 
(1) and after 10 days from bacterial spray 
inoculation (2): wild type (A), pCambia-GUS, 
negative transformant control (B), pCambia-AP17 
(C) and pCambia-LI27 (D). 


