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ABSTRACT 
 
Studies were performed to investigate the changes of potato pathogenesis-related proteins (PRPs) upon infection with late 
blight pathogen. Obtained data showed that in both resistant and susceptible potato cultivars, inoculated leaves with 
Phytophthora infestans showed a significantly higher amount of total protein than the healthy ones. In a bioassay experiment, 
the crude protein extracted from leaves of resistant potato cultivars showed the lowest, while those from susceptible ones 
indicated the highest fungal growth. SDS-PAGE analysis of acidic soluble proteins extracted from inoculated potato leaves at 
different periods of inoculation with P. infestans showed that nine proteins with molecular weight ranged from 12-45 kDa 
were increased gradually with time. RT-PCR analysis showed that in spite of the variation between tested potato cultivars in 
their resistance to late blight disease, the gene encoding osmotin-like protein (OSM-1 gene) existed at DNA level. At RNA 
level, an induction of OSM-1 gene expression was detected potato cultivars after inoculation with P. infestans. The expression 
of OSM-1 gene in the resistant cultivar occurred earlier (6 hpi) and stronger, while being induced later in the susceptible 
cultivar. Earlier and higher accumulation of PRPs in the resistant cultivars suggested that they were related to the defense 
mechanism against P. infestans. © 2010 Friends Science Publishers 
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INTRODUCTION 
 

Phytophthora infestans the causal agent of late blight 
disease, causes serious losses to potato and tomato crops 
worldwide and is probably the most important pathogen of 
both crops (Fry & Goodwin, 1997). This disease was the 
cause of the Irish potato famine in the 1840s, which resulted 
in about one million deaths and the emigration of about 1.5 
million people to other parts of the world. Even now annual 
crop losses and fungicide costs amount to about US$4 
billion throughout the world. While considerable efforts 
have been invested in plant breeding and genetic 
engineering, sources of resistance to late blight are still 
greatly needed (Solis et al., 2007). 

Plants responding to infection by pathogens, or to 
various abiotic stresses, are induced to express a set of 
defense-related genes, such as the genes encoding 
pathogenesis-related proteins (PRPs). PRPs are a 
heterogeneous group of low molecular weight proteins 
selective solubility at low pH, resistant to proteolytic 
degradation and predominant accumulation in intercellular 
leaf spaces (Van-Loon, 1985; Bol et al., 1990; Schroder et 
al., 1992). They accumulate rapidly at the intra-or extra-

cellular level under various biotic and abiotic stimuli, 
including fungal, elicitor and physical or chemical 
treatments (Heller & Gessler, 1986; Van-Kan et al., 1992; 
Van-Loon & Van-Strien, 1999; Graham et al., 2003). 
Eleven PR-protein groups have been isolated and 
characterized in various plants (Kim et al., 2002). Among 
these proteins, PRP-2 is known for their β-1, 3-glucanase 
activity, PRP-3 for their chitinolytic activity, and PRP-5 for 
their osmo-permeabilization of fungal plasma membranes. 
The mode of action of members of PRP-1 family remains 
unclear (Wang et al., 2005). 

The importance of PRPs to plant defense has been 
related to: (a) their rapid and early accumulation often 
associated with incompatibility, (b) their antimicrobial 
activity and (c) their ability to reduce symptoms 
development (Schroder et al., 1992; Wang et al., 2005). So 
constitutive expression of genes encoding PRPs is one of 
the strategies proposed to obtain a broad and durable level 
of resistance against different phytopathogenic fungi 
(Veronese et al., 1999). To check this possibility, we 
investigated the role of PR-proteins, in relation to resistance 
to late blight disease during P. infestans-potato interaction in 
resistant and susceptible cultivars. 
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MATERIALS AND METHODS 
 
Potato manipulation and plantation: Six potato cultivars 
(S. tuberosum) varied in their ability of resistance to late 
blight disease were used in this study (El_Komy, 2007); 
Hanna, Cara, (resistant) Spunta, (moderately resistant) 
Diamant, Lady-Rosetta and Lady-Olympia (susceptible). 
Potato cultivars were obtained from International Potato 
Center (CIP) Kafr El-zayat, Egypt. Potato plants were 
generated from high quality potato seed tubers and grown in 
clay pots containing mixtures of soil: sand: peat moth at a 
ratio of 4:4:1, respectively. Potato plants were kept in a 
growth chamber at 18ºC for 16 h photoperiod for 6 weeks 
prior to inoculation. 
Phytophthora infestans isolate: Phytophthora infestans 
were isolated from samples of potato plants showing 
symptoms of late blight. The pathogenic potentiality of the 
P. infestans was tested as described by Malcolmson (1979). 
Determination of the changes in total protein content: 
Total soluble proteins extracted from inoculated (in vivo) 
potato leaves [resistant (Hanna, Cara) and susceptible 
(Lady-Rosetta & Diamant)] with P. infestans were prepared 
as described by Niderman et al. (1995). Studies were carried 
out 12, 24, 48, 56, 72 and 96 h post-inoculation (hpi). Un-
inoculated potato leaves (treated with sterilized water & 
measured immediately) were served as control. 
Approximately, 5 g of potato leaves tissues of four potato 
cultivars (for each period) were immersed in liquid nitrogen, 
ground into a powder using a mortar and pestle and then 
suspended in 5 mL protein extraction buffer (0.1 M 
Phosphate buffer pH 7). The solution was centrifuged at 
10,000×g for 20 min at 4°C and the supernatant was 
collected. The protein content was estimated according to 
Bradford (1976). 
Antifungal activity of total protein extracted from potato 
leaves: Total soluble proteins extracted from inoculated (in 
vivo) potato leaves [resistant (Hanna, Cara) and susceptible 
(Lady-Rosetta & Diamant)] with P. infestans were prepared 
and adjusted to 250 µg mL–1 in phosphate buffer as 
described previously. Total protein was then sterilized by 
filtration through a 0.22 µm membrane filter (Millipore, 
Bedford, MA). The fungal growth bioassay was conducted 
according to the method of Ali and Reddy (2000). 
Sporangia were harvested from 3 weeks-old cultures of P. 
infestans by rinsing the plates with 10 mL sterilized distilled 
water. The sporangial suspension concentration was 
estimated using hoemocytometer to 1 × 105 sporangia mL–1. 
Fifteen µL of sporangia suspension and 50 µL of liquid pea 
broth media were added to each well of a sterile 96-well 
titer plate. 250 µg of the extracted potato leaf proteins were 
applied in replicates of four wells for each treatment. Plates 
were covered with sterile lids and placed in a sealed 
polystyrene box with moistened filter paper to maintain 
humidity and incubated for 48 h at 18°C. Optical Density 
(OD) readings were taken at 630 nm over a 48 h time course 
by Universal automated microplate reader El x 80. 

Fungal growth rate = [{Final OD reading-initial OD reading (0 
times)}]/Initial OD reading] X 100. 
 

Determination of the changes in polypeptides profiles: 
Potato cultivars were inoculated with P. infestans as 
described previously. Acid soluble proteins were extracted 
as described by Tonon et al. (2002) as following, five grams 
of potato leaves cultivars were immersed in liquid nitrogen, 
ground into a powder using a mortar and pestle. The powder 
was re-suspended in 5 mL sodiumacetate buffer pH 5.2 
(containing 0.1% β- mercaptoethanol & 0.1% w/v ascorbic 
acid) and centrifuged at 10000×g for 10 min. The protein 
content was estimated according to Bradford (1976). Acid 
soluble proteins extracted from leaves were analyzed using 
SDS-polyacrylamide gel electrophorisis (Laemmli, 1970). 
Expression of Osmotin-Like Protein (PRP-5) 
Molecular analysis at the structural level (DNA level): 
Total genomic DNAs were prepared from resistant (Hanna 
& Cara), moderately resistant (Nicola & Spunta) and 
susceptible (Lady-Olympia, Lady-Rosetta & Diamant) 
potato cultivars according to protocol of Griffith and Shaw 
(1998). Potato leaf tissue was processed by freezing with 
liquid nitrogen and was ground into a fine powder using a 
mortar and pestle. Approximately 100 mg of that powder 
was transferred to 1.5 mL micro-centrifuge tube and 600 µL 
of warm (65°C) modified CTAB extraction buffer (100 mM 
Tris-HCL [pH 8.0], 1.4 M NaCl, 2% CTAB 
[hexadecyltrimethylammonium bromide], 20 mM EDTA 
[sodium salt, pH 8.0]). Tubes were vortexes for 1-3 sec and 
incubated for 60-90 min, in water bath at 65°C. After that 
the sample was allowed to cool to room temperature for 
5min. A volume of 700 µL chloroform/octanol (24:1) was 
added, the solution was gently mixed for 5-10 min. The 
mixture was centrifuged for 10 min at 8000×g. Six hundred 
micro-liters of upper, aqueous layer were transferred to 
clean1.5 mL micro-centrifuge tube and a volume of 600 µL 
of cooled isopropanol was added to precipitate the DNA. 
The mixture was centrifuged at 5000×g for 2 min at room 
temperature. The supernatant was decanted and 600 µL of 
70% ethanol was added at room temperature and gently 
inverted the tube several times to wash the DNA. The 
mixture was centrifuged at 3000×g for 2 min at room 
temperature. Carefully the ethanol was aspirated using a 
pipette. The tube was inverted onto clean absorbent paper 
and air dried the pellet for 15 min. DNA pellet was re-
suspended in 100 µL TE (10 mM Tris-HCL [pH 8.0], 1 mM 
EDTA [pH 8.0]) and stored at –20°C. DNA concentration 
was determined using spectrophotometer (Beckman DU-65) 
and was adjusted to 50 ng µL-1. 

PCR amplification was carried out in 25 µL volumes 
containing: 1 µL (50 pmol) of each primer, 0.3 µL Taq 
DNA polymerase (5 U µL-1), 2.5 µL PCR buffer, 1 µL 10 
mM Mg Cl2, 1 µL 2.0 mM dNTPs (for each), 1 µL of 
template DNA (approximately 40 ng) and 17.2 µL sterilized 
distilled water. The PCR amplification conditions were 
initial denaturation at 94oC for 5 min, followed by 35 cycles 
consisting of denaturation at 94oC for 30 sec, annealing of 
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primer for 40 sec at 55oC, extension for 1.5 min at 72oC and 
finally addition of 3’ terminal A for 10 min at 72oC. The 
specific primer for OSM-1 g gene was designed based 
(GenBank accession no AY770739), the primers sequence: 
Forwared primer: 5' ATG GGC TAC TTG ACA TCT 
TCTT 3'. Reverse primer: 5' TTA TGG GCA AAA AAC 
AAC CCT AT 3'. Amplified products were electrophoresed 
on 1.2% agrose gel containing 0.5 µL ethidium bromide 
with 1 X TBE running buffer. 1 kb DNA Ladder (New 
England Biolabs) with size marker, ranged from 500 to 
10000 bp was used as a molecular size standard. 
Molecular analysis at the functional level (RNA level): 
Leaves of resistant (Hanna) and susceptible (Lady-Rosetta) 
potato cultivars were inoculated (in vivo) with P. infestans 
as described previously. Studies were carried out 3, 6, 9, 12, 
18, 24 and 30 hpi. Un-inoculated potato leaves (treated with 
sterilized water & measured immediately) were served as 
control. Total RNA was isolated from inoculated leaves 
using Biozol reagent (BioFlux). One hundred mg of the 
leaves were ground to a powder in a small mortar with 
liquid nitrogen and homogenized in 1 mL of Biozol 
solution. The lysate was transferred to a 1.5 mL tube and let 
stand for 5 min. at room temperature. Two hundred µL of 
chloroform was added and the mixture was centrifuged for 
15 min at 12,000×g. The upper aqueous phase was 
transferred to a new tube and the volume was measured. 
While doing so, an equal volume of isopropanol was added, 
mixed and left for 10 min at room temperature. The 
precipitated RNA was collected by centrifugation for 10 
min at 12,000×g. The pellet was air dried for 10-15 min and 
dissolved in sterilized distilled water (Ghazy, 2006). 

DNA contamination was removed from RNA 
preparation using DNase I. The RNA, 10 to 50 µg, was 
transferred to a 1.5 mL tube. DNase I reaction buffer, 5.7 µL 
was added followed by the addition of 1 µL of DNase I (10 
U). The solution was mixed well and incubated for 30 min 
at 37oC. Forty µL phenol: chloroform: isoamyl alcohol 
(25:24:1) was added, vortexed for 30 sec and the mixture 
was left for 10 min on ice. The mixture was centrifuged for 
5 min. at 12,000×g. The upper aqueous phase was 
transferred to a new tube and 5 µL of 3 M sodium acetate 
was added to the aqueous phase followed by 200 µL of 
ethanol. Samples were incubated for 1hr at –20oC and 
centrifuged for 10 min. The supernatant was removed and 
the pellet was washed with 0.5 mL of 70% ethanol. The 
final pellet was dissolved in distilled sterilized water. RNA 
was electrophoresed to check the quality of the RNA 
(Ghazy, 2006). 

Reverse transcription was done in 20 µL total volume 
in RT buffer 1 mM dNTPs, 0.5 µg Poly T Primer and 0.2 µg 
of total RNA. The following PCR program was used to 
synthesize the first strand cDNA: 70oC for 10 min. After the 
5 min, 37oC for 5 min, 42oC for 60 min and 70oC for 10 
min. After the 5min at 37oC the program was paused, 1 µL 
(200 U) of M-MuLV reverse transcriptase (fermentas) was 
added to each tube and the incubation was continued. At the 

end of the reverse transcription tubes were set on ice or 
stored at –20oC for later use (Ghazy, 2006). PCR 
amplification was performed as described previously, to 
amplify specific regions of the OSM-1 gene. 
 
RESULTS 
 
Changes in total protein content: The changes in protein 
content in leaves of resistant (Hanna & Cara) and 
susceptible (Lady-Rosetta & Diamant) potato cultivars after 
different periods of inoculation with P. infestans were 
determined. The protein content expressed as mg g-1 fresh 
weight. Data in Table I show that in both resistant and 
susceptible potato cultivars, inoculated leaves showed a 
higher amount of total protein than the healthy ones. Total 
protein content increased gradually with time. In period of 
96 h post-inoculation the resistant potato cultivars showed a 
significant higher increase in the content of total proteins 
which reached 0.822 and 0.793 mg g-1 fresh weight in 
Hanna and Cara cultivars, respectively. The susceptible 
cultivars Diamant and Lady-Rosetta showed less increase in 
the content of total proteins, which reached 0.694 and 0.660 
mg g-1 fresh weight, respectively. 
Antifungal activity of total protein extracted from potato 
leaves: A bioassay experiment was adopted using microtiter 
dishes, in order to determine the effect of total protein 
extracted from leaves of resistant (Hanna & Cara) or 
susceptible (Lady-Rosetta & Diamant) potato cultivars, 
inoculated with P. infestans at different periods after 
inoculation on the growth of P. infestans. Sterilized protein 
solutions (250 µg) were added to a suspension containing 
sporangia of P. infestans (1×105 sporangia mL–1) and pea 
broth media. Optical density (OD) readings were taken at 
630 nm over a 48 h. Fungal growth rate was measured as 
the initial OD reading (0 times) subtracted from the final 
OD reading, divided by the initial OD reading X 100. As 
shown in Table II, there was significant difference between 
fungal growth on crude protein of un-inoculated resistant 
cvs. (Hanna & Cara) and the parallel susceptible potato 
cultivars (Diamant & Lady-Rosetta). Fungal growth rate on 
crude protein of un-inoculated Hanna, Cara, Lady-Rosetta 
and Diamant reached 18.0, 17.9, 22.5 and 21.9%, 
respectively. The percentage of the fungal growth was 
decreased in varied degrees with crude protein extracted 
from infected leaves with time in resistant or susceptible 
cultivars. Crude protein extracted from infected potato 
cultivars at 72 h post-inoculation, showed the lowest fungal 
growth rate (14.9%). Compared with control, the total 
protein extracted from inoculated leaves of potato cultivars 
caused the highest inhibition rates of fungal growth 41.7% 
in case of Hanna (72 hpi), 29.6% in case of Cara (48 hpi), 
17.3% in case of Lady-Rosetta (96 hpi) and 24.4% in case 
of Diamant (72 hpi). The main effect of crude protein 
extracted from leaves of resistant potato cultivars Hanna and 
Cara showed the lowest percentages of fungal growth 14.1 
and 14.4, respectively. Conversely crude protein extracted 



 
EL_KOMY et al. / Int. J. Agric. Biol., Vol. 12, No. 2, 2010 

 182

from susceptible potato cultivars Lady-Rosetta and Diamant 
showed the highest percentages of fungal growth 19.6 and 
19.3, respectively. It can be noticed that, crude protein 
extracted from leaves of resistant cultivars Hanna and Cara 
resulted in inhibitory effect on the growth of P. infestans 
than that from the susceptible potato cultivars. 
Changes in polypeptides profiles: Studies were carried out 
in vivo to investigate the changes in PR-proteins pattern in 
inoculate leaves of potato cultivars varied in their response 
to infection with P. infestans at different periods from 
inoculation. Studies were noticed at different periods 12, 24, 
48, 56, 72 and 96 h post-inoculation. Un-inoculated 
treatment was served as a control. Acidic soluble proteins 
extracted from leaves of potato cultivars were 
electrophoresed under denaturing condition using sodium 
dodecylsulphate polyacrylamid gel electrophoresis (SDS-
PAGE). 

Analysis of acidic soluble proteins extracted from 
leaves of the resistant potato cultivars Hanna and Cara 
showed that, nine proteins with molecular weight ranged 
from 12-45 kDa were increased gradually with time. The 
molecular weight of these proteins were 12 (P12), 14 (P14), 

20 (P20), 22 (P22), 24 (P24), 26 (P26), 30 (P30), 34 (P34) 
and 45 kDa (P45) (Fig. 1). The accumulation of these 
proteins started at 12 h post-inoculation and reached the 
maximum within 56–96 h post-inoculation. The 
accumulation of proteins with molecular weight of 56 (P56) 
and 60 kDa (P60) were increased after 12 h from 
inoculation and reached the highest increase at 24 h then 
slight decrease was detected. The high molecular weight 
protein (84 kDa) was decreased with time. Inoculated leaves 
of the susceptible potato cultivars (Lady-Rosetta & 
Diamant) showed a weak accumulation of P45, P34, P30, 
P26, P24, P22, P20 P14 and P12 (Fig. 1) The accumulation 
of these proteins started within 12 and 24 h post-inoculation. 

These results indicated that, proteins with molecular 
weight ranging from 12-45 kDa were related to the defense 
mechanism against P. infestans. The quantity of the 
accumulating acid soluble protein depended on the 
resistance or susceptibility of potato cultivars. The 
accumulation of PR-proteins was earlier and higher in the 
resistant potato cultivars than in the susceptible ones. 
Expression of osmotin-like protein (PRP-5): In this study, 
the regulation of OSM-1g gene, which encoding osmotin-

Table I: Changes in protein content in leaves of resistant (Hanna & Cara) and susceptible (Lady-Rosetta & 
Diamant) potato cultivars inoculated with P. infestans expressed as mg g-1 fresh weight 
 
Time post inoculation 
(hpi) 

Potato cultivars Mean effect of 
time Hanna Cara Lady Rosetta Diamant 

Mean* **D (%) Mean D (%) Mean D (%) Mean D (%) 
***Control 0.56 - 0.55 - 0.56 - 0.56 - 0.556 f 
12 0.66 +17.9 0.63 +14.5 0.59 +05.3 0.60 +07.1 0.621 e 
24 0.81 +44.6 0.76 +38.1 0.69 +23.2 0.69 +23.2 0.731 d 
48 0.92 +64.3 0.86 +56.4 0.70 +25.0 0.73 +30.4 0.801 c 
72 1.02 +82.1 1.03 +87.3 0.77 +37.5 0.81 +44.6 0.909 a 
96 0.97 +73.2 0.93 +69.0 0.68 +21.4 0.78 +39.3 0.836 b 
Mean effect of  cultivar 0.822 a 0.793 b 0.660 d 0.694 c - 
*Mean of 4 replicates 
**D% = Difference % compared with healthy control among the same cultivar 
***Control= un-inoculated leaves (treated with sterilized water and measured immediately) 
-L.S.D0.05 for interaction= 0.047 
-Values followed by the same letter (s), are not significantly different at (P=0.05) 
 
Table II: Antifungal activity of total protein extracted from resistant (Hanna & Cara) and susceptible (Lady-
Rosetta & Diamant) potato leaves during 96 h post inoculation with P. infestans expressed as percentage of fungal 
growth rate 
 
Time post inoculation 
(hpi) 

Potato cultivars Mean effect of 
time Hanna Cara Lady Rosetta Diamant 

Mean* **D (%) Mean D (%) Mean D (%) Mean D (%) 
***Control 18.0 (25.1) - 17.9 (25.0) - 22.5 (28.3) - 21.9 (27.8) - 20.1 a (26.6) 
12 16.7 (24.1) - 07.2 15.6 (23.3) - 12.9 21.9 (27.8) - 02.7 20.3 (26.7) - 07.9 18.0 b (25.0) 
24 14.4 (22.3) - 20.0 14.8 (22.5) - 17.3 20.4 (26.8) - 09.3 19.2 (25.9) - 12.3 16.9 bc (24.2) 
48 14.4 (22.2) - 20.0 12.6 (20.8) - 29.6 19.2 (25.9) - 14.7 18.4 (25.3) - 16.0 16.1cd (23.6) 
72 10.5 (18.9) - 41.7 12.8 (20.9) - 28.5 18.8 (25.7) - 16.4 17.6 (24.8) - 24.4 14.9 d (22.6) 
96 10.6 (19.0) - 41.1 13.0 (21.1) - 27.4 18.6 (25.5) - 17.3 18.1 (25.2) - 17.4 15.0 d (22.7) 
Mean effect of  cultivar 14.1 B (21.9) 14.4 B (22.3) 19.6 A (26.2) 19.3 A (25.9) - 
*Mean of 5 replicates 
**D% = Difference % compared with control (0hpi) among the same cultivar 
***Control= un-inoculated leaves (treated with sterilized water) 
-Values between brackets are the arcsine square root of the transformation percentage of fungal growth rate 
-L.S.D0.05 for interaction= 2.30 
-Values followed by the same letter (s), are not significantly different at (P=0.05) 
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like protein (PRP-5) and induced during the P. infestans 
potato interaction in resistant and susceptible potato 
cultivars we investigated. 
Molecular analysis at the structural level (DNA level): 
PCR was conducted to confirm the presence of the OSM-1g 
gene in the 7 potato cultivars varied in their resistance to late 
blight disease (Nicola, Spunta, Cara, Lady-Olympia, Lady-
Rosetta, Diamant, Hanna), using specific primer, which is 
designed, based on the sequence encoding OSM-1g 
(GenBank accession no AY770739). As shown in (Fig. 2) 
the OSM-1g gene showed a band size of 681 bp in both 
resistant and susceptible cultivars such as Hanna (resistant) 
and Lady-Rosetta (susceptible). These results indicate that, 
in spite of the tested potato cultivars varied in their 
resistance to late blight disease, the gene encoding OSM-1g 
was existed at DNA level. 
Molecular analysis at the functional level (RNA level): 
Expression of OSM-1g gene was tested on the RNA 
extracted from two potato cultivars differ in their levels of 
susceptibility to late blight disease, caused by P. infestans 
(isolate, P14); Hanna (resistant) and Lady-Rosetta 
(susceptible), before and after the inoculation (in vivo) with 
P. infestans across a different time course (post-
inoculation). This was performed in order to study the time 
course and the spatial accumulation of this gene transcript in 
the potato-P. infestans interaction. RNA was extracted 
before inoculation and considered as control. After 
inoculation RNA extracts were obtained at 6, 9, 12, 18, 24 
and 30 hpi. 
 As shown in Fig. 3 an induction of OSM-1g 
expression was detected in both cultivars (resistant & 

susceptible) after inoculation with P. infestans, as compared 
to the healthy controls. The expression of osmotin like 
protein was found to differ between resistant and susceptible 
potato cultivars. In case of resistant cultivar (Hanna), a 
detectable increase in OSM-1g transcription levels was 
observed at 6 hpi and was increase gradually at 9, 12, 18, 24 
and 30 hpi. On the other hand in susceptible potato cultivar 
(Lady-Rosetta), gene transcripts was detected at 12 hpi and 
reached a maximum at 30 hpi. These results indicated that, 
OSM-1 g gene was related to the defense mechanisms 
against potato late blight. The expression of OSM-1 gene in 
the resistant cultivar occurred earlier and stronger, while 
being induced later in the susceptible cultivar. 

Fig. 1: Polyacrylamid gel electrophoresis (12%) of acid soluble protein showing accumulation of PR-proteins in 
leaves of the resistant (Hanna & Cara) and susceptible (Lady-Rosetta & Diamant) potato cultivars inoculated with 
P. infestans at different periods of inoculation. Loaded samples were adjusted to constant amount of protein (15 µg) 
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Fig. 2: Polymerase chain reaction product for OSM-1g 
gene (681 bp) from different potato cultivars varied in 
their resistance to infection with P. infestans 
M = DNA Marker, Ni = Potato cv. Nicola (Moderately resistant), Sp = 
Potato cv. Spunta (Moderately resistant), Ca = Potato cv. Cara (Resistant), 
Lo = Potato cv. Lady Olympia (Susceptible), Lr = Potato cv. Lady Rosetta 
(Susceptible), Di = Potato cv. Diamant (Susceptible), Ha = Potato cv. 
Hanna (Resistant) 
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DISCUSSION 
 

Two different types of late blight resistance are 
known, the qualitative and quantitative resistance. 
Qualitative resistance is mediated by R-genes, which leads 
to a race-specific hypersensitive response. This type of 
resistance was overcome quickly by new races of the 
pathogen having virulence alleles compatible with the 
resistance alleles in these cultivars. By contrast, non-race-
specific resistance is controlled by many interacting genes 
that do not prevent infection, but slow down the 
development of the pathogen at individual infection sites on 
the plant. This type of resistance lasts longer, because it is 
race-non-specific and polygenic (Colon et al., 1995; Song et 
al., 2003; Ros et al., 2004), therefore current breeding 
strategies concentrate, on improving horizontal resistance. 

Pathogenesis-related proteins (PRPs) accumulate 
rapidly at the intra-or extra-cellular level under various 
biotic and abiotic stimuli, including fungal, elicitor and 
physical or chemical treatments (Van-Loon, 1985; Bol et 
al., 1990; Schroder et al., 1992; Van-Kan et al., 1992; Van-
Loon & Van-Strien, 1999; Graham et al., 2003). The 
proteomic studies carried through out this work indicated 
that, in both resistant and susceptible potato cultivars, leaves 
inoculated with P. infestans showed a significantly higher 
amount of total proteins than the healthy ones. In addition, 
total proteins content increased gradually with time. These 
results coincided, to a certain extent with the studies carried 
out by Hoegen et al. (2002) who showed that, inoculation of 
potato leaves with P. infestans led to massive accumulation 
of PRPs. The total amount of proteins increased due to 
infection from about 0.1 to 1 mg mL-1. Also we found that, 
in period of 96 h post-inoculation the resistant potato 
cultivars showed a significant higher increase in the content 
of total proteins, which reached 0.822 and 0.793 mg g-1 
fresh weight in Hanna and Cara cultivars, respectively. On 
the other hand, the susceptible cultivars showed less 
increase in the content of total proteins. Such results are in 
harmony with those reported by Schroder et al. (1992) and 
Tonon et al. (1998 & 2002), who indicated that the absolute 

amount of accumulated PRPs was higher in incompatible 
interaction than the compatible ones. 

PRPs s have been shown to have antifungal activity in 
vitro, among them PRP-2, which are known for their β-1, 3-
glucanase activity PRP-3, which are known for their 
chitinolytic activity and PRP-5, which are known for their 
osmo-permeabilization of fungal plasma membranes, while 
the mode of action of members of the PRP-1 family remains 
unclear (Schroder et al., 1992; Wang et al., 2005). In the 
present work, a bioassay experiment was adopted using 
microtiter dishes, in order to determine the effect of total 
protein extracted from leaves of resistant (Cara & Hanna) or 
susceptible (Lady-Rosetta & Diamont) potato cultivars, 
inoculated with P. infestans at different periods after 
inoculation on the growth of P. infestans. Results showed 
that, the percentage of the fungal growth was decreased in 
varied degrees with crude protein extracted from infected 
leaves with time in resistant or susceptible cultivars. The 
main effect of crude protein extracted from leaves of 
resistant potato cultivars showed the lowest percentage of 
fungal growth. Conversely crude protein extracted from 
susceptible potato cultivars showed the highest percentage 
of fungal growth. Based on these results, it can be noticed 
that, crude protein extracted from leaves of resistant 
cultivars resulted in inhibitory effect on the growth of P. 
infestans than that from the susceptible potato cultivars. 
Niderman et al. (1995) tested three distinct basic 14 kDa 
proteins, P14a, P14b and P14c, isolated from tomato leaves 
infected with P. infestans. They exhibited antifungal activity 
against P. infestans both in vitro (inhibition of zoospore 
germination) and in vivo with a tomato leaf disc assay. 
Osmotin has been shown to have antifungal activity in vitro 
(Liu et al., 1994; Ibeas et al., 2000 & 2001; Narasimhan et 
al., 2001) and when tested in combination with chitinase an 
β-1, 3-glucanase, showed enhanced lytic activity (Vigers, 
1992; Sela-Buurlage et al., 1993; Lorito et al., 1996; Jeun & 
Buchenaue, 2000; Kyu Hong et al., 2004). AP24 is one of 
the PR-proteins, which also accumulated in tomato plants 
infected by P. infestans. AP24 inhibits hyphal growth and 
cause lysis of sporangia of P. infestans at conc. >40 nM and 

Fig. 3: Reverse-transcriptase polymerase chain reaction analysis showing expression of the OSM-1g gene (681 bp) 
in leaves of the resistant (Hanna) and susceptible (Lady-Rosetta) potato cultivars inoculated with P. infestans at 
different periods of inoculation 
- M = DNA marker, - 0 = Un-infected leaves (treated with sterilized water and measured immediately) 

Hanna Lady-Rosetta 

Time post-inoculation (h). Time post-inoculation (h). 
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severely inhibited hyphal growth at conc. >400 nM 
(Woloshuk et al., 1991). 

During plant-pathogen interaction accumulation of 
PRPs was detected as a response to infection. These PRPs 
included; four chitinase (26, 27, 30, 32 kDa) (Lawrence et 
al., 1996), tow β-1, 3- glucanase (33 & 35 kDa) (Lawrence 
et al., 1996; Anfoka & Buchenauer, 1997; Tonon et al., 
2002), tow osmotin isoform (22 & 24 kDa) (Woloshuk et 
al., 1991; Takemoto et al., 1997), PRP-1 type protein (14 
kDa) (Niderman et al., 1995; Jeun, 2000; Hoegen et al., 
2002; JeumKyu & ByungKook, 2002), a 45 kDa protein 
(Fischer et al., 1989) and a 69 kDa protein, which may be 
similar or identical to the alkaline endoprotinase (Lawrence 
et al., 1996). During in vivo studies we investigate the 
changes in protein pattern in infected leaves of potato 
cultivars, which varied in their response to the infection with 
P. infestans at different periods from inoculation. Also we 
examined the relationship between the accumulation of 
PRPs and potato's late blight resistance. SDS-PAGE 
analysis of acidic soluble proteins extracted from leaves of 
the resistant potato cultivars Hanna and Cara showed that, 
nine proteins with molecular weight ranged from 12-45 kDa 
were increased gradually with time. The molecular weight 
of these proteins were 12 (P12), 14 (P14), 20 (P20), 22 
(P22), 24 (P24), 26 (P26), 30 (P30), 34 (P34) and 45 kDa 
(P45). The accumulation of these proteins started at 12 hpi 
and reached the maximum within 56-96 hpi. Also, the 
accumulation of proteins with molecular weight of 56 (P56) 
and 60 kDa (P60) were increased after 12 h from 
inoculation and reached the highest increase at 24 h then 
slight decrease was detected. On the other hand, inoculated 
leaves of the susceptible potato cultivars showed a weak 
accumulation of P45, P34, P30, P26, P24, P22, P20 P14 and 
P12 proteins. The accumulation of these proteins started 
within 12-24 h post-inoculation. These results indicated that, 
proteins with molecular weight ranging from 12-45 kDa 
were related to the defense mechanism against P. infestans. 
The quantity of the accumulating acid soluble proteins 
depended on the resistance or susceptibility of potato 
cultivars. The accumulation of PRPs was earlier and higher 
in the resistant potato cultivars than in the susceptible ones. 
Such results are in harmony with those reported by Schroder 
et al. (1992), Tonon et al. (1998 & 2002), JeumKyu and 
ByungKook (2002) and Kyu Hong et al. (2004) who 
showed that, strong accumulation of PRPs occurred in 
response to infection by P. infestans. PRPs induced at lower 
levels in the susceptible cultivars than those observed in 
resistant cultivars. 

Constitutive expression of genes encoding PRPs are 
one of the strategies proposed to obtain a broad and durable 
level of resistance to different phytopathogenic fungi 
(Veronese et al., 1999). In the present study we investigated 
the regulation of OSM-1g gene, which encoding osmotin-
like protein (PRP-5) during th P. infestans-potato interaction 
in resistant and susceptible potato cultivars. Results showed 
that, in spite of the tested potato cultivars varied in their 

resistance to late blight disease, the gene encoding OSM-1g 
was existed at DNA level. At RNA level results showed 
that, OSM-1g gene was related to the defense mechanisms 
against potato late blight disease. The expression of OSM-1 
gene in the resistant cultivar occurred earlier (6 hpi) and 
stronger, while being inducted later (12 hpi) in the 
susceptible cultivar. Such results are in agreement with 
those reported by Kyu Hong et al. (2004) Wang et al. 
(2005), who demonstrated that expression of osmotin gene 
was higher and earlier in the incompatible interaction than 
the compatible interaction. Differences in defense response 
production between these potato cultivars might be due to 
differences in the expression of R gene, which are 
considered to play a role in specific pathogen recognition 
(Trognitz et al., 2002; Polkowaska-Kowalczyk et al., 2004). 
Trognitz et al. (2002) found differences in the number of 
osmotin gene copies in the genome among potato cultivars. 
Resistant cultivar had high copy numbers compared with 
susceptible ones. In a summary earlier and higher 
accumulation of PRPs in the resistant cultivars suggested 
that they were related to the defense mechanism against P. 
infestans. 
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