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Abstract

The leaf spot disease caused by Alternaria alternata in Avicennia marina in Yanb'a city, Saudi Arabia showed
significant alterations in chlorophyll a, chlorophyll b, and total pigments as compared to control plants. Glucose as well as
fructose (monosaccharide hexose sugars) was increased significantly in the diseased leaves whereas sucrose (disaccharide),
sorbitol (sugar alcohol) and inositol (carbocyclic polyol sugar) were decreased. The infection with A. alternata also caused a
significant decrease in total lipids, triacylglycerol and sterol, however, diacylglycerol, sterol ester and non-esterified fatty
acids increased significantly in diseased leaves. All phospholipid fractions decreased except phosphatidic acid, which
increased as compared to healthy leaves. Gas chromatographic analysis of esterified fatty acids revealed the appearance of
caprylic (Cg) and a significant increase in the amount of both palmitic (C,) and palmitoleic (C¢,). A significant increase in
total saturated fatty acids was observed in the infected leaves of A. marina as compared to healthy leaves. Such biochemical
alterations were directly related to the destructive effect of the causal organism and its mycotoxins on the chloroplast of A.

marina.
Introduction

The mangrove [Avicenna marina (Forsk.) Vierh.]
plants are found in the tropical intertidal forest
communities like Saudi Arabia (SA). These plants are used
as land builders and coastline stabilizers (Jithesh et al.,
2006). Their main use is for the production of tannins, fire
wood, and for deriving potential medicinal compounds
(Mmom & Arokoyu, 2010). The leaves are used as fodder
for animals (Amer, 2000).

The major disease of mangrove forests is leaf spot
disease (LSD) caused by Alternaria alternata (Kjer et al.,
2009). It causes major leaf defoliation and decrease in yield
up to 40% (Shrestha et al., 2005). Severe LSD was found
to occur on A. marina at the central industrial region of
Yanb'a city, SA.

Such infections induce defense responses against the
infection and cause alterations in the secondary metabolites
of the host plant (Pati et al., 2008). The pathogen tries to
manipulate the plant metabolism for its own need and
causes an increased demand for assimilation in the plant
(Swarbrick et al., 2006). The infection of leaf usually leads
to the development of chlorotic and necrotic areas hence
decrease in photosynthetic assimilate production (Ciuffetti
et al., 2010). Such decrease in photosynthesis might be
attributed to the destructive effect of the pathogen or its
metabolites on chloroplasts (Chen et al., 2005), may be by
blocking the electron transfer chain of the thylakoid
membrane (Dai et al., 2004). The role of sugars in plant-
pathogen interaction has been studied and it was seen that
ketohexose variation during infection is directly related to
the degree of pathogen infection and plant resistance.
Srivastava & Pandey (2012) reported a pronounced
decrease in the contents of total carbohydrates with
significant increase in soluble and reducing sugars due to
fungal infection.

Lipids are building blocks of biological membranes
(Voet et al., 2006). They have important role in major
physiological activities like respiration, energy transport,
and photosynthesis (Radwan & Mangold, 1976). Thus,
they play essential role in host-parasite relations
(Manocha, 1980). The alterations in lipid metabolism
have been used as an important criterion for studying
plant-pathogen interaction and toxicity mechanisms of the
metabolites produced by the pathogen (Kim et al., 2010,
Kim, 2012).

The present study explores the physiological
alterations in Avicennia marina associated with natural
infection of Alternaria alternata (LSD) in Yanb'a city, SA.

Materials and Methods

Sample collection: Samples were collected from the
central industrial region (Naturally infected plants) and 30
Km away, towards the north for healthy control plants in
Yanb'a city, SA (Fig. 1).

Plant analysis: The quantitative estimation of
photosynthetic pigments was estimated according to the
method of Lichtenthaler & Wellburn (1983). The pigments
were extracted from fresh leaves by acetone and the
homogenate was centrifuged at 3000xg for 15 minutes. 1ml
aliquot was mixed with 2ml acetone and the absorbance was
read spectrophotometrically at 622, 664 and 440 nm
wavelength.

The oven dried (105°C overnight) leaves were used for
estimation of sugars. Soluble sugars were extracted in 80%
(v/v) ethanol, the extract was transferred to 5 ml pear shaped
flasks then completely dried in a stream of air and stored in
desiccator until used for silylation as described by Holligan
& Drew (1971). In this method, each sample was dissolved
in 0.8ml anhydrous pyridine, then 0.2 ml of N-
trimethylsilylimidazole — TSIM (C¢H;,NSI) - added as the
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silylating reagent. The flasks were placed in a water bath in
60-70°C for 30 min. After cooling, the samples were
transferred to small injections vials for gas liquid
chromatography (GLC). The peak areas of both samples and
standard were compared corresponding to retention time of
standard sugars for qualitative as well as quantitative
estimation of sugars. Standard sugars (arabinose, fructose,
glucose, mannitol, sorbitol, inositol, sucrose, maltose,
raffinose, and cellobiose) were used as references.

Total Lipids were extracted using chloroform:methanol
(2:1, v/v), with 0.05% (w/v) of butylated hydroxytoluence
(BHT; 2.6 di-tert-butyl-p-cresol). Total lipids were estimated
using the charring method of Marsh & Weinstein (1966),
with stearic acid (Sigma) as the standard. The neutral lipids
in the extracts were separated on thin layer chromatography
(TLC) plates (chloroform:methanol:water, 65:35:3; v/v/v,
used as mobile phase). The qualitative estimation was carried
by reaction of TLC plates with acid dichromate for
clarification. The quantitative estimation was carried out
spectrophotometrically according to Amenta (1964).
Phospholipids were separated by two-dimensional
chromatography with CHCI;-MeOH - 28% (w/v) NH,OH
(13:5:1, v/v/v) for the first dimension and CHC;- Me,CO -
MeOH - HOAc - H,0 (6:8:2:2:1, v/v/v/v/v) for the second
dimension (Rouser et al., 1970). Fatty acid methyl esters
were prepared by methanolysis in H,SO,-MeOH (Kates,
1972) and methyl esters were analyzed by gas liquid
chromatography (GLC) (Perkin-Elmer Model 910, Perkin
Elmer, Shelton, CT, USA) equipped with a flame ionization
detector (Johnson & Stocks, 1971). Qualitative and
quantitative analysis of peak fatty acid methyl esters was

30 Km north the central

industrial region

A.A. ALQARAWI ET AL.,

carried via comparing their retention times with those of an
authentic methyl standard (Sigma Co., St. Louis, USA).

Statistical analysis: All experiments were repeated three
times. The data were statistically analyzed using analysis
of variance for a completely randomized design.

Results and Discussion

The results related to the effect of A. alternata on
pigments are depicted in Table 1. A decrease of 42.3, 45.4
and 43.2% was observed in chl. ‘a’, ‘b’ and total pigment
content respectively in diseased plants when compared to
healthy plants. A minimum decrease of 2.9% was
observed in carotenoid content in the diseased plants
when compared to the control. Such decrease in
photosynthetic pigments might be due to the negative
effect of pathogen (A. alternata) or its mycotoxins on
chloroplasts (Chen et al., 2005). It might be due to the
reduction in the rate of electron transport in the non-cyclic
photophosphorylation (Dai et al., 2004). Jia et al., (2013)
and Zhao et al., (2013) also reported that A. alternata
infection significantly decreases chlorophyll content in
tomato and cotton respectively. Photosynthetic process
seems to be quite important as it contributes to growth,
development and yield of plants. Chlorophylls were
proven to be a very useful tool for the evaluation of the
effect of the biotic stresses on photosynthetic properties
and plant metabolism (Zhu et al., 2012).

central industrialregion

Fig. 1. Google map showing the locations of sampling areas.
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Table 2 discusses the effect of A. alternata on sugar
content of A. marina. Glucose and fructose showed an
increase of 17.8% and 67.1% respectively in diseased
plants as compared to the control. However, a decrease of
34.4% in sucrose, 57.8% in sorbitol and 50.6% in inositol
was also observed in diseased plants as compared to the
healthy plants. The change in sugar profile in our results
indicated catabolic processes towards hydrolysis of sugars
associated with the pathogen infection and appearance of
LSD. Timmer et al., (2003) reported an increase in rate of
respiration in the citrus fruits infected with Alternaria, as
defense response of citrus. The increase in
monosaccharide content as well as decrease in
disaccharide content of diseased leaves indicated that
phytopathogen produce carbohydrate hydrolytic enzymes
during the penetration and degradation of the plant cells
(Qin et al., 2007). The water stress developed during
fungal infection of plant (Otani et al., 1995) play
stimulatory effect on carbohydrate hydrolytic enzymes of
host plant (Abdalla & El-Khoshiban, 2007) which have
proved to increase monosaccharide contents in diseased
plants compared to control plants. Furthermore, the
production of carbohydrate hydrolytic enzymes by A.
alternata during the infection increases the endogenous
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reducing and soluble sugar contents in diseased plants
(Ijaz et al., 2011; Chung, 2012).

The effect of A. alternata on total and neutral lipids
of A. marina is presented in Table 3. The total lipids
decreases by 33.5% in diseased plants as compared to the
healthy ones. The neutral lipids, diacylglycerol (DG),
sterol ester (SE) and non-esterified fatty acids (FAA)
increases by 159, 314 and 48.8% respectively in
diseased plants as compared to control plants. However, a
decrease of 42.7% in triacylglycerol (TG) and 47.7% in
sterol (S) was also observed in our study. Lipids are
known to play an important role in the development of
plant tolerance to biotic (Shah, 2005) and abiotic (Popov
et al., 2012) stresses. A significant deterioration in the
host lipid metabolism and induction of systemic
physiological changes towards catabolism has been
reported, suggesting a negative correlation between the
fungal infection and the host lipid metabolism (Kim,
2012). Similar observations were also reported with the
mycotoxins produced by Alternaria alternata in
duckweed and susceptible varieties of tomato (Abbas et
al., 1995). The alterations in total and neutral lipids by
leaf pathogen might be due to decrease in photosynthesis
(Chen et al., 2005; Kim et al., 2010).

Table 1. Effect of leaf spot disease caused by A. alternata on pigments system of A. marina.

Pigments system (mg/g fresh weight)
Treatment Chlorophyll a | Chlorophyll b Carotenoids | Total pigments
Healthy control 41.01 22.93 0.329 64.26
Diseased plant 23.64 12.50 0.339 36.47
LSD at 0.05 8.1549 7.5155 0.0871 10.34

Table 2. Effect of leaf spot disease caused by A. alternata on sugars content A. marina.

Sugars content (ng/g fresh weight)

Treatment Glucose | Fructose Sucrose Sorbitol | Inositol
Healthy control 175 60.75 274.7 41.33 78.6
Diseased plant 213 184.8 180 17.43 38.75

LSD at 0.05 11.936 14.493 17.761 7.204 10.171

Table 3. Effect of leaf spot disease caused by A. alternata on total and neutral lipids of A. marina.

Total lipids Neutral lipid fractions (ug/g fresh weight)
Treatment (ng/g fresh weight) DG | TG | s | SE | FAA
Healthy control 3533 670.64 868.98 766.41 804.7 225.21
Diseased plant 23.49 797.92 497.46 400.41 1173.2 440.14
LSD at 0.05 0.743 5.7777 34.723 51.807 42.07 143.88
DG, diacylglycerol; TG, triacylglycerol; S, sterol; SE, sterol ester; FAA, non-esterified fatty acids
The results pertaining to the effect of A. alternata on ~ phosphoric acid to lipid moiety, which leads to

phospholipid fractions of A. marina is presented in Table
4. The phosphatidyl choline (PC); phosphatidyl ethanol
amine (PE); phosphatidyl glycerol (PG); phosphatidyl
inositol (PI); phosphatidyl serine (PS) are decreased by
49.4, 31.9, 44.3, 49.3 and 39.2% respectively in diseased
plants as compared to control plants. In the present study,
phosphatidic acid (PA) is the only phospholipid fraction,
that showed an increase of 51.8% in diseased plants as
compared to the control. As phospholipids are the most
abundant membrane lipids which play significant role in
membrane structure (Liu et al., 2008). An increase of PA
in infected plants indicates alteration in phospholipid
biosynthesis. The infection decreases the incorporation of

accumulation of free PA in the infected plant tissues
(Miraazimova et al., 1997). Chung (2012) reported that A.
alternata infection induced rapid lipid peroxidation and
generation of ROS which could be ascribed to the
enhancement of several phospholipid hydrolyzing
enzymes that contribute to a decrease in the phospholipid
fractions except PA (Canonne et al., 2011). Furthermore,
the water deficit stress induced by phytotoxic metabolites
from Alternaria species (Otani et al., 1995) plays a
significant role in the alteration of phospholipid fractions
of stressed plants (Navari-Izzo et al., 1993) and helps in
defense mechanism against uncontrolled increase in
membrane permeability (Belous & Bondarenko, 1982).
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Table 4. Effect of leaf spot disease caused by A. alternata on phospholipids fractions of A. marina.
Phospholipid fractions (ng/g fresh weight)
Treatment
PA PC PE PG PI PS

Healthy control 31.13 18.598 16.3 34.57 11.62 14.15
Diseased plant 64.64 9.407 11.090 19.243 5.895 8.607

LSD at 0.05 10.206 3.2229 2.6003 6.6304 2.0436 1.3503

PA, phosphatidic acid; PC, phosphatidyl choline; PE, phosphatidyl ethanol amine; PG, phosphatidyl glycerol; PI, phosphatidyl
inositol; PS, phosphatidyl serine

Table 5. Effect of leaf spot disease caused by A. alternata on cellular fatty acids profile of A. marina.

Fatty acid profile of A. marina (%)

Treatment

hidi

Caprylic | Capric | Lauric Myristic Palmitic | Margaric | Stearic | Oleic | Linoleic | a Linolenic | Ar: Arachid Un-
C8 C10 C12 C14 C16 C:17 C18 C18:1 | C18:2 C18:3 C20 C20:4 saturation %
Healthy control 0.00 0.00 0.00 0.00 2.65 0.55 14.68 10.02 9.04 17.09 17.78 28.19 64.34
Diseased plant 2.38 5.15 1.85 1.40 431 1.34 19.04 5.94 6.82 14.36 21.95 15.80 42.93
LSD at 0.05 02312 0.5827 03151 0.4779 0.4532 0.5623 1.6235  1.7169  1.0823 1.8328 1.9008 1.3163

The results discussed in Table 5 revealed the
significant increase of four saturated fatty acids namely
palmitic (Cyg0), margaric (C,;), stearic (Cigo) and
arachidic (C,,) 38.5, 58.9, 22.8 and 18.99% respectively,
as well as significant decrease in the unsaturated fatty

Amenta, J.S. 1964. A rapid method for quanti-cation of lipids
separated by thin layer chromatography. J. Lipid Res., 5:
270-272.

Amer, A.F. 2000. Mangrove as a potential fodder crop in the
Red Sea coastal areas of Egypt. Egypt. J. Agri. Res., 78:

acids namely oleic (Cjs,), linoleic (Cjs;), o linolenic 521-528.
PRI - ‘ Belous, AM. and V.A. Bondarenko. 1982. Strukturnye
(C1g:3) and arachidonic (Cy.4) fatty acids by 40.71, 24.55, izmeneniya biologicheskikn membran pri okhlazhdenii

15.97 and 43.95% respectively. Such results of saturated
fatty acids are in agreement with the observation of
Joubert et al., (2011) in Arabidopsis thaliana infected
with Alternaria brassicicola. The alteration in plant fatty
acid profile directly relates to the resistance mechanism
against pathogenic fungi (Reina-Pinto & Yephremov,
2009; Kim, 2012; Kim et al., 2013). The unsaturated fatty
acids are considered essential membrane components and
play important biophysical roles such as control of
metabolism, mediator in signal transduction and fungal
disease tolerance (Wu et al., 2009). Fatty acid
hydroperoxides could be formed enzymatically by
lipoxygenase activity of unsaturated fatty acids such as
linoleic (Cig.2) and linolenic (Cig;), stimulated by the
phytopathogens (Vick, 1993).

In conclusion, the present study uncovers the effects
of LSD caused by A. alternata on pigments system, sugar
fractions and lipid metabolism and is reported for the first
time in mangrove leaves.
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