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Abstract

This study was conducted in Plant Bacterial Diseases lab at Damascus university -
faculty of Agriculture, and Molecular Biology lab at National Commission for
Biotechnology, In this research, recombinant Harping, protein was used, the native
source for it is the bacterium Erwinia amylovora, which causes fire blight on apple.
At the Atomic Energy Commission, HrpN gene which is responsible for producing
this protein, was cloned into the Pmal C2 plasmid, then modified Pmal C2 plasmid
was introduced into transformation-efficient Escherichia coli DH5a strain. After
ensuring the accuracy of insertion, the modified plasmids were isolated and
introduced into expression strain "E.coli BL21". The total protein was obtained,
which Harpin was purified from was performed using amylose resin column.

Harpin purity and its molecular weight was studied using SDS-PAGE method, clear
band was obtained that had a molecular weight of 44 kDa, which is the Molecular
weight of harpin protein in E.amylovora, also thermal stability of Harpin was tested as
a one of important characteristics. It was exposed to different temperatures (30, 45,
60, 70, 80 C) for 5 minutes, then Harpin was injected into tobacco leaves after cooling
Harpin to room temperature, after that Hypersensitivity reaction (HR) at tobacco was
noted, the result showed appearance HR at tobacco leaves.

After confirming the characteristics of Harpin protein, its efficiency in inducing
defense reactions in wheat plants was studied. Harpin was applied on 10-day wheat
seedlings by spraying, to study its effect in increasing wheat resistance by measuring
the activity of superoxide dismutase (SOD) enzyme, sterilized distilled water was
used as a control, samples were collected from plants at (0, 1, 2, 4, 18, 24, 48, 72, 96)
hour post-treatment and stored at -70°C, total protein was extracted from frozen
samples ,their concentrations were estimated using Bradford assay.

Superoxide Dismutase (SOD) activity was determined by using spectrophotometer
assay for the protein extracts of all post-treatment samples, the results showed
increasing in the activity of the SOD enzyme in wheat seedlings which were treated
with Harpin protein compared to ones which were treated with distilled water, the
noticeable increase in the effectiveness of the enzyme began from 18 hour after
spraying, and were still increasing to 96 hours post-treat, where they reached 2.68
times the concentration of the enzyme in the control samples, The SOD activity was

determined by native polyacrylamide electrophoresis for post-treated-samples, the



enzyme was detected through the transparent bands that appear as a result of the
competing between SOD and Nitro Blue Tetrazolium (NBT), the density of these
bands increased in the samples treated with Harpin from 18 hours after spraying,
compared to samples treated with water for these times, whose density remained
approximately at the same degree. Gene expression of zn-SOD was studied by reverse
transcriptase polymerase chain reaction (rt-PCR) and electrophoresis on agarose gel,
actin expression used as an internal control, the results showed gradual increase in the
density of the zn-SOD bands in post- Harpin treatment samples, the highest band
density was at 96 hours post-treatment with Harpin in comparison with control which
is treated with water. On the other hand, the study of actin gene expression showed,
the same density of bands in post-treatment samples in both treatments (Harpin and
water) i.e gene expression was constant, which indicates that the effect of Harpin
protein on stimulating the SOD enzyme activity is by increasing its gene expression.
Also, the efficiency of spraying wheat seedlings with the recombinant Harping,
protein was evaluated in increasing the activity of the peroxidase enzyme (POD),
spectrophotometry and polyacrylamide gel electrophoresis (native-PAGE) assays
were used for that, the results of enzyme activity measurement by spectrophotometer
showed increasing in POD activity at wheat seedlings which were treated with Harpin
compared to seedlings that were treated with water (control). The highest activity of
the enzyme was at 72 hours post-treatment with Harpin compared to control (it
reached 1.828 times concentration of the enzyme in the control), then it had decreased
slightly at 96 hours after spraying. Detection of POD enzyme activity by
polyacrylamide electrophoresis (Native-PAGE) confirmed the last result,
electrophoresis showed that the density and intensity of the peroxidase bands
gradually increased in samples treated with Harpin and reached the highest
effectiveness (the highest density and intensity of the resulting band) at 72 hours post-
treatment with Harpin, then the band density decreased slightly at 72 hours post-
treatment with Harpin.

Gene expression of GPX (one of the genes responsible for peroxidase enzyme) was
conducted, and was compared to gene expression of Tap-actin gene as internal control
on agarose gel. The results showed stability in gene expression by time for both
genes, whether in wheat seedlings treated with water or seedlings treated with Harpin,
i.e. there wasn't any effect of treating wheat with harpin protein on the GPX gene
expression, which indicates that gene expression isn't the effect of Harpin protein in



stimulating activity of peroxidase enzyme, maybe there are other genes that play a
role in increasing its activity.

The effect of Harpin on concentration of total flavonoids in wheat was studied using
aluminum chloride colorimetric method, and showed double increasing in harpin
treatment, compared to control treatment at 96 h post-treatment samples.

Also, the effect of Harping, protein on the growth of wheat was evaluated. The
percentage of germination, root and peduncle length, number of roots, wet and dry
seedling weight, and chlorophyll concentration were recorded as primary indicators of
growth. The experiment showed that there was a significant effect of Harpin on length
of root and peduncle and in wheat seedlings compared to the control. Also, there was
asignificant increase in wet and dry weight of seedlings treated with Harpin, the
amount of chlorophyll had increased significantly from 11.2 mg/g in the control to
14.2 mg/g in the seedlings treated with Harpin.

On the other hand, the effect of Harpin protein in inducing wheat resistance to root rot
disease was studied. Three fungal isolates of Fusarium, Pethium, Rhizoctonia were
used in this study to infect the Bohoth 5 variety which is susceptible to this disease.
Harpin was compared with water and difenconazole. the results showed that Harpin
protein stimulated defense response in wheat against root rots, in comparsion to
control.

The activity of Harpin protein in reducing the pathogenicity of the Bacterium
Xanthomonas translucens which caused Bacterial leaf streak (BLS) on wheat was
evaluated. Two isolates of the pathogen Xt10 and Xt4.2, and the wheat cultivar Sham
6 which is susceptible to disease were used. Harpin treatment showed decreasing in
infection severity in both isolates (14.8, 13.2)%. respectively compared to the control
; Whereas, the rate of infection severity with isolate Xt10 was 6.4% in wheat
seedlings treated with Harpin compared to control which was 43.2%, while in
seedlings infected with the isolate Xt4.2 reached (5.2, 39.2)% for seedlings treated
with Harpin and water, respectivel. Decreased infection severity of the two isolates
was associated with a decrease in bacterial growth in the tissues, where the decrease
in the bacterial count of the two isolates began 72 hours after infection, and the count
was 50 times less in the plants treated with Harpin compared to control for isolate
X110 and 120 times lower for Xt4.2 isolate.

As a result, this study showed the possibility of treating wheat with Harpin protein

which is locally produced to increase its immunity and resistance to various pests.



