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N APPROACH to determine the changes of free amino acids
and protein patterns in different healthy cucumber cultivars and
infected with downy mildew caused by Pseudoperonospora cubensis
under greenhouse conditions was made using sodium dodecyle
sulphat-polyacrylamnide ge! electrophoresis (SDS-PAGE). Results
revealed that, total free amino acids were higher in the highly
susceptible cultivar than in the least susceptible ones. Downy mildew
infection increased total free amino acids in the infected plants
compared with the healthy ones. Data obtained also showed that
downy mildew infection caused an increase in protein bands from the
- infected leaves compared with the healthy ones. New types of proteins
bands were found in the infected plants using finger print for both
healthy and infected susceptible and least susceptible cultivars.

Changes in proteins and total free amino acids in different infected plants have
been reported by many investigators (Ali, 1984; Mohamed et @/, 1995 and El-
Kafrawy, 1997). Infection of cucumber with powdery mildew increased total free
amino acid contents in leaves and stems of different cucumber cultivars and the
magnitude of increase was more pronounced in samples of the highly susceptible
cutlivars (Ali, 1984). Also, downy mildew infection of cucumber increased total
free amino acid in both resistant and susceptible cultivars (Mohamed et af,
1995).

Gel electrophoresis is a powerful technique with numerous applications in
plant pathology. Plant pathologists have adopted this technique to settle some
taxonomic disputes, identify “unknown” cultures, “fingerprint” patentable fungal
lines and plant cultivars, trace pathogen spread and d etermine ploidy levels of
fungi and other plant pathogens (Bonde e al, 1993). Antoniwa et al. (1980)
reported that proteins accumulated in the pathogen-infected plant tissues in
response to infection, are termed “pathogenesis-related™ (PR) proteins. Sang and
Joo {1992) mentioned that total soluble proteins isclated from rice plants infected
with leaf blight discase, caused by Xanthomonas oryzae pv. Oryzae, showed
polypeptide changes. Marititano et al., (1994) recorded that during conservation,
the ascorbate oxidase enzyme (extracted from Cucurbita pepo fruits) becomes
progressively dissociated in molecular form with a molecular weight of 70 000
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Da. Gouvea et af,, {1995) studied total, soluble and microsomal fraction proteins
in leaves of healthy and virus-infected cucumber and tomato plants by DSA-
PAGE, and reported the accumulation of a microsomal fraction protein in
scverely infected plants. The proteins that accumulated in the host, showing
severe disease symptormns, exihibited the same clectrophoric mobility and had a
MW of 39 Kda. Bonfitte et al, (1999} mentioned that the use of capillary
clectrophoresis (CE) in conjunction with SDS-PAGE increased the possibility of
its use for cultivar identification.

The present investigation aimed to study the effect of downy mildew disease
on the conceniration of total free amino acids and protein patterns in some
cucumber cultivars grown under greenhousc conditions.

Material and Methods

Cucumber cultivars

Three susceptible cucumber cultivars (Pasandra, Betostar and Rawa) and two
least susceptible ones (Premoand Marmar) werc tested in this study during the
growing seasons (auturmn and spring) of the two successive years 1998 and 1999,
Fresh cucumber leaves previously naturally infected with downy mildew were
collected from the greenhouse, 7 days after the first symiptoms appeared at each
age of sampling. Disease severity was estimated according to the grading system
adopted by Horsfall and Barrtt (1945).

Determination of total free amino acids

Free amino acids were determined in the ethanolic extract of naturally
infected and fresh cuctmber leaves at different growth stages during the twe
scasons (autunm and spring) zccording io the method described by Rosein
(1957}

Reagents
a- Stock of sodium cyanide (NacN) 0.01 M (0.49 mg/ml).
b-Acetate buffer (pH 3.3 - 5.4) : 270 g sodium acetate.
3H,0 + 2 L. HyO + 500 ml galacial acetic acid and made up to 7.5 L with H,0.
c-Cyanide acetate buffer: 0.0002 M sodium cyanide in acetate buffer (20 ml of
stock solution) and made up 1o one liter with acetate buffer).
d-Ninhydrin 3% in acetone.

Procedure

Five ml of ethanolic extract, 0.5 mi of cyanide acctate buffer and 0.5 mt 3%
Ninhydrin were added and the mixture was then heated in boiling water bath for
10 min. After cooling of the rcaction mixture under running water, 5 ml of
isopropyl alcohiol : water mixture (1:1 v/v) were added and the developing
colour was measured using spectronic 20 at 570 nm. Free amino acids type in
different samples {three replicates) were calculated as mg/g per g fresh weight
sample.
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Electrophoretic studies
Electrophoretic detection of protein was carried out by sodium dodecyl
sulphate, polyacrylamide gel electrophoresis (SDS-PAGE).

Polyacrylamide gel electrophoresis (PAGE) was used to determine the
quantiative changes that occur in the soluble proteins of the least susceptible c.v.
{Premo)} and highly susceptible one (Betostar) of both inoculated and
uninoculated plants (Borglie ef al., 1986).

Protein extraction

Leaves showing different degrees of disease scventy {0 to 7 scores) were
taken. Two g. from each sample were ground in .05 M sodium acetate buffer +
sea sand in a mortar in liquid nitrogen at 4°C. After that, 50 mg of the extract
plus 0.7 ml of ES (4% SDS, 5% Sucrose, 50% mercaptoethanol) were shaken for
10 min at room temperature with gentle steering. The extract was centrifuged at
18,000 rpm for 30 min and the clear supematant was heated at 100°C for 2-5min
and then cooled to room temperature. Proteins were precipitated by adding cold
(20°C) acetone (8x volume of the supernatant). Protein content of the supernatant
was determined using the method described by E kramoddaullah and D avidson
(1995). Bovine serum albumin (BSA) was used as a standazd.

Staining of protein bands

The silver staining method for protein described by Hochstrasser et al,
{1988) was used, where the membrane was stained with 0.1% coomassie blue R-
250 in 50% methanol for 48 min and then destained in 50% methanol for 8 min
at room temperafure. The membrane was then rinsed with water for 10 min. and
the stained membrane was scanned by a lasar scanner. Proteins separated by
SDS-PAGE were electrophoretically transferred to 1mmob1lon-P membrane, as
described by Matsudaira (1987).

Results
Total free amino acids

{a) Autumn season

Datain Table 1 demonstrated that, after 35 days from planting the healthy
cultivars Pasandra and Premo contained (6.95 and 5.67 mg free amino acids / g.
fresh weight, respectively), which is higher than thatin Marmar and B etostar
(4.04 and 3.25 mg/g. fresh weight, respectively). After 55 and 75 days, the
highest total free amino acids were recorded in Marmar and Pasandra (4.67 and
3.11 mg, 5.5 and 7.99 / g fresh weight, respectively.

The infected c.v. Betostar and Pasandra contained higher total free amino
acid (8.91 and 7.73 mg /g fresh weight, respectively) at 35 days from planting.
The same results were also recorded at 75 days {rom planting, while at 55 days
the infected c.v. Marmar and Pasandra recorded the highest amounts of total free
amino acids (7.25 and 6.53 mg /g. fresh weight, respectively).
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TABLE 1. Effect of downy mildew disease on the concentration of total {ree amino
acids (mg/g fresh weight) in healthy and infected different cucumber
cultivars during autumn and spring seasons.

Cultivars Season [/ total free amino acids (mo/ fresh weight)

Days zfter Autumn Spring
planling

I Increase 9% 1.
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1: healthy
I : Infected leaves about 20, 4¢, 60% diseose severily ot 35, 55 and 75 days respectively.

In general, the total frec amino acids decrensed then increased with lhe
increase of the plant 2ge in the healthy and infected cultivars except in Mari

It could be also observed that, P. cubensis infection increased totnl {ree
amino acids in leaves of the high susceptible (Beiostar, Pasandra and Ravn) and
the Isast susceptible cultivars (Maymar and Premo). The high sz.scc;)uble
cultivars contain higher total free amino acids than thie least susceptible one

(b} Spring season

Dat p:xscﬂtcd in the same Table show {hat, 35 days 2fer planting, the
hc1ilhv aves of Pasandra and Premo contaired hwhcr {oia] frec amino acids
(2.51 and ?..36 mg/fg. iresh, weight, .Ls*mcuvcly) a5 compared with e.v. Marmar,
Rawa and Betostar (1,47, 2.42 and 1.17 mg /g {resh, weight, respectively). Adter
35 days {rom plaating, the healthy cuItw"rs Rawa, Paszndra and DBelostar
contained the highest total free amino acids (4.94, 4.67 and 3.74 mg / o. fiesh
weight, respectively) than Premo and Marmar(2.91 and 2.69 mg/g. {resh weight,
respectively), while at 75 days highoy tofal frec omino acid conlent was recorded
in Pasandra and Marmar (5.44 and 5.15 mg /g. fresh weight, raspeetively).

Total free amino occids at 35 days from planting date were higher in the
infeeted cultivars Rawa and Pasandra(9.61 and 3.83 mg/ g, ivosh weight). At 55
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days the highest total {ree amino acids were recorded in Rawa, Pasandra and
Betostar {(8.22, 8,13 and 6.99 mg / g. fresh weight, respectively), compared with
the least susceptible oncs Premo and Mammar (4.45 and 4.56 mg/g. fresh weight,
respectively), the same result was recorded after 75 days of planting.

From the data presented it could be seen that, downy mildew infection
increased total free amino acids and that the susceptible cultivars contained
higher amounts of total fiee amino acids compared with the tcast susceptible
ones especially at 35 and 75 days {rom planting. Data also showed that the toial
free amino acids in the infected evs. increased with mcreasing the plant age m 21l

the tested cvs. The same results were recorded in the healthy cvs. except for ew,
Rawa.

Generally, it could be concluded that, downy mildew infection increase iotal
free amino acids in both seasons. The susceptible cultivars contain higher (ofal
{ree amino acids than the least susceptible cultivars and the content of totai {ice
amino acid increased with increasing the plant age in both seasons except for
healthy cv. Rawa at spring scason and infected cv. Mermar at antumn one.

Electrophoretic studies

This cxperiment was carfied out to document protein paticins of the {wo
cucumber cuitivars Primo and Betostar and to develop fingerprinting patterns for
the disease severity, since the pathogenic fungi is zin obligate parasite. The results
revealed the possibility of using clectrophoretic pattems to differentiate cultivars
and the levels of disease severity. A photograph of the Gel clecirophoretic patieims
of proteins oitained from the exirzets are presented in {Tig. 1).

1 2 3 4 5 6 7 t
Fig. 1. Phatographic protein p aiterns o btained fromeaves extracts from & samples o { (wo

cucember cultivars duering four different levels of disease sever
1-4, for Betostar and 5-8 for PremoGrade of discnzz severily :
samples 4&5, Diseased (grade 5) =s2mples 3 & 6, (prade Sy = sz
7)= samples I & 8.

Cultivars: Sa
calihy (grade ¢
iles 2& T and {orade
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The data presented in Fig. 2 & 3 show denistometer scanning of protein
profiles obtained from samples of the two cucumber cultivars Premo and
Betostar. The drawn profiles of the protein patterns of all the eight samples are
given in Fig. 2,3 for illustration of the position, molecular weight in KD,
percentage area and the total scanned area of separated protein bands.

Data presented in Fig. 2, 3 also show that healthy samples of the investigated
cultivars Betostar and Premo (lanes 4, 5) gave 9 sharp and equally stained
protein bands for each one. A smgle band of 59-62 KD at Ry value of 0.43 was

' characteristic to the cultivar Betostar while the cultivar Premo was distinguished
with another single band at Ry value of 0.51 with molecular weight of 49-52 KD.
Eight bands were completely similar in molecular weight, namely bands No 1

* and bands No 3 to 8 (Fig. 2). Such charactenstlc smgle band disappeared in case

of the cultivar Premo. The characteristic band (No 2) appeared clearly in all
diseased samples. -

Since the causal pathogen of the disease is an obligate parasite, protein bands
of the fungus only could be determined but it seems that the fungus shares the
host plant almost in-all their 9 protein bands. Moreover, diseased plants
- contained more bands than healthy samples 4 of the 6 lanes of diseased samples
{lanes 1, 3, 6 and 7) as compared with the healthy samples (lanes 4 & 5). In the
four grades of diseased samples, the fungus was dlstmgu:shed by bands
separated at R value of 0.32, 0.72, 0.33 or 0.26 with molecular we1ght of 27-30
KD and R; of 1.46 with molecular weight of 6-9 KD.

The fungal host protein could be more clearly monitored in Fig. 3 percentage
~ area of scanned protein bands in the healthy samples (lailes 4 & 5%) was
generally reduced in most bands w1th few exceptlons These excepted bands may
_ refer to the fungal protem o

Data preseuted,'m F.ig. 3 show the total area of stained protein area in each
band. The sum of the total protein areas showm in the-last row, clearly indicate
that the least total area was recognized in Premo cultivar either in healthy sample

_or the diseased sample with high severity, On the other hand, the least total area
of stained protein in case of Betostar was recognized in the healthy sample,
followed by the diseased samples with moderate and high severity. In both
cultivars the maximum total area was recogmzed in diseased samples with low

" severity.
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Fic.2. Densitometer scanning of protein patterns obtained from samples extracts
from the cucumber cultivar Betostar wiih four different levels of disease
severity. Grade 0 = 0% , Grade 3 = 6.12%, Grade 5 = 12.50% Grade 7 =
50.88% of infected leafl aren.
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Fig. 3. Densitometer scanning of protein patterns obtained from samples extracts
from the cucumber cultivar Preme with four different levels of disease
severity. Grade 0 = 4% , Grade 3 = 6.12%, Grade 5 = 12.50% Grade 7 =
50.88% of infected leaf area. = o
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Discussion

The results abtained show that, higher amount of total frec amino acids were
detected in the infected leaves of highly susceptible cv. Than in the healty least
susceptible one. It could be noted that P. cubensis infection increased total free
amnino acids in the leaves of both susceptible and least suscepiible cvs. The
results arc in agreement with those obtained by El-Korachy (1991) and
Mohamed er ol (1995). The increasc in amino acids or the synthesis of new
amino acids may be due to the host - pathogen interaction. A mino acids may
accumulate in the infected leaves due (o the blockage of protein synthesis or

protein lysis caused by the pathogen s previously reported by Singth and Shukla
(1987).

The results provide clear evidence for changes in protein pattern of cultivars
after infection by P. cubensis and that the changes weye higher in susceptible
cultivar, These results may be explained on the basis that susceptible cultivar is
snore suitable for growth and reproduction of the pathogen causing some
disappearance of proteins and formation of new proteins in infected plants.
Infection with P. cubensis resulted in ihe induction of new polypeptides. These
results may indicate the formation of pathogen-related proiein (PR-Protein) as
mentioned by Antoniw ef al. (1980). Generally it could be concluded that (PR~
protein) reficcted a particular type of stress protein which are induced during the
infection. The present results are in accordance wiih those reported by Sang and
Joo (1992). Further studies are necded using more varities with different degrees
of resistance and susceptibility to cvaluate finger printing (eclmique for
differentiation of various cultivars.
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