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Abstract 
 

 The antifungal mechanism of Ephedra alata against aflatoxigenic seedbrone Aspergillus flavus was studied. The 
sensitivity of A. flavus to E. alata was investigated via studying the alteration in some biochemical compositions of mold 
mycelia. It has been observed that E. alata caused significant inhibitory alterations on synthesis of nucleic acids (DNA and 
RNA), and non-soluble nitrogen fractions (protein-N2 and total N2). The alteration in free amino acids of the experimental 
mold due to E. alata indicated significant increase in glutamic acid, proline, serine, leucine, and phenyl alanine. The results 
recorded here, clearly indicated the possibility of using the alteration in free amino acids in mycelial growth of A. flavus as 
sensitive monitor for the possible suggested mechanism of E. alata. 

 
Introduction 
 

During the past three decades, crop production has 
been greatly influenced by the dramatic increase in the 
use of fungicides as protection factors for crops against 
phytopathogenic fungi. The continuous uses of fungicides 
lead to an environmental disaster which is harmful to 
wildlife and to no-target as well as other beneficial 
organisms (Davidse, 1973; El-Hissy et al., 1995; Chen et 
al., 2008). For the above mentioned reasons and more, an 
increased effort must be carried out to develop alternative 
non-toxic means to control plant pathogenic fungi 
especially mycotoxigenic. Among these approaches, 
using biofungicides from plant sources such as range 
plants. Many investigations used such plants in the 
traditional medicine focused their antimicrobial potential 
(Abourashed et al., 2003; Cottiglia et al., 2005; Bagheri et 
al., 2009; Alqarawi et al., 2011). Ephedra is one of the 
most widely distributed range plants in Saudi Arabia 
(Abourashed et al., 2003). It has been used as feed-stuff 
for many grazing animals due to their acceptable aroma 
(Hussain & Durrani, 2009). Additionally, antifungal 
potential of Ephedra has been reported against 
aflatoxigenic molds (Bagheri et al., 2009; Alqarawi et al., 
2011; Alqarawi & Abd_Allah 2012). Nevertheless, the 
antifungal mechanism of Ephedra against the growth and 
metabolic activities of aflatoxigenic molds still poorly 
understood. In our previous investigations, we have 
reported that E. alata caused significant inhibition in 
conidial production, conidial germination and germ tube 
elongation of seedbrone aflatoxigenic A. flavus (Alqarawi 
et al., 2011). In the same context, significant alterations in 
lipids metabolism of A. flavus towards catabolism has 
been reported by E. alata (Alqarawi & Abd_Allah, 2012). 
The objectives of this investigation were to study the 
antifungal mechanism of range plant E. alata against 
aflatoxigenic seedbrone mold (A. flavus) as model via 
investigation the alterations in nucleic acids, nitrogen 
fractions and free amino acids composition in its mycelia 
as sensitive monitor for the in vitro resistance profiles 
towards the antifungal potential of E. alata. 

Materials and Methods  
 
The organism: The experimental mold was aflatoxigenic 
seedbrone isolate similar to Aspergillus flavus Link, 
which was used in our previous study (Alqarawi et al., 
2011).  
 
The range plant: Ephedra alata Decne (fresh aerial 
parts) were collected from Wildlife Research and 
development station at Thumama, Riyadh, Saudi Arabia. 
 
Preparation of plant extract: The aqueous ethanol 
extract of E. alata has been done according to Alqarawi et 
al., (2011) and expressed as weight (w) of air dry plant 
materials as gram per volume (v) of mold culture growth 
medium as ml (w/v). 
 
General culture conditions: The experimental mold (A. 
flavus) was grown using glucose-ammonium nitrate salt 
broth medium (Brain et al., 1961) in 250 ml capacity 
Erlenmyer conical flasks, each contain 100 ml culture 
medium. After autoclaving, the culture flasks were 
supplemented with different concentrations (0.5, 1.0 and 
2.0%, [w/v]) of plant (E. alata) extract as described in 
details by Alqarawi et al., (2011). Control flasks were 
used as reference. Discs (0.5 mm diameter) of seven days 
old culture (A. flavus) were used for inoculation. The 
flasks were incubated at static state (28oC±1) for 10 days 
in dark. At the end of incubation period, the cultures were 
filtered through filter paper (Whatman no 1) followed 
with washing carefully using distilled water. The mycelial 
growth dried at 80oC up to two successive weights were 
obtained and used for biochemical analysis.  
 

Biochemical analysis  
 
a. Nucleic acids: Nucleic acids (DNA & RNA) were 
extracted according to Shiboko et al., (1967). The 
quantitative estimations of DNA and RNA were carried 
out according to Burton (1968) and Ashwell (1957), 
respectively. 
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b. Nitrogen fractions: Soluble nitrogen fractions were 
extracted according to the method adopted by Said & El-
Shishiny (1944). The methods described by Chaney & 
Marbach (1962) used for determination of ammonia-
nitrogen spectrophotometrically. Standard curve of 
ammonium chloride (10-70 μg) was used as reference. 
Protein-nitrogen was estimated according to the method 
described by Lowry et al., (1951). Total soluble and total 
nitrogen contents were determined using the conventional 
micro-kjeldahl method (Allen, 1953). Crude protein 
calculated mathematically (crude protein= total nitrogen 
content X 6.25) according to Conklin-Brittain et al., (1999). 
 
c. Free amino acids: Free amino acids were extracted 
from dry mycelial growth using ethyl alcohol (80%, v/v) 
according to Malik & Singh (1980). The qualitative and 
quantitative determination of amino acids was carried out 
using LKB 415 alpha plus amino acid analyzer according 
to Christias et al., (1975). Standard amino acids were used 
as reference.  
 
Statistical analysis: In each experiment, the data were 
statistically analyzed and means were compared using the 
protected least significant difference values according to 
Daniel (1987).  

Results and Discussion  
 

The antifungal potential of plants belonging to 
Ephedra has been reported previously in vitro (Bagheri et 
al., 2009) and in vivo (Alqarawi et al., 2011) and 
attributed to presence of cis-3,4-methanoproline (Caveney 
et al., 2001), citronellol (Rosato et al., 2007) and 
heptadecane (Bagheri et al., 2009) which were recorded 
as antimicrobial substances and had been found in 
Ephedra. The antifungal mechanism of Ephedra alata 
against some metabolic activities of Aspergillus flavus 
indicated clearly to the inhibitory effect of plant (E. alata) 
extract on synthesis of nucleic acids (DNA and RNA) and 
increase the number of nuclei per germ tube in directly 
proportional with increase contamination of plant extract 
(Table 1). The mechanism of E. alata observed here is 
agree with other mechanisms of chemical fungicides 
(Richmond & Phillips, 1975); mycotoxins (Torralba et al., 
1998) and antifungal from plant sources (Helal et al., 
2007) and can be ascribed to an interference with mitosis 
(Davidse, 1973) hence arrested mitotic activity 
(Richmond & Phillips, 1975; Ezzat et al., 2005). In the 
context, it was observed that, RNA synthesis was less 
inhibited than DNA (Table 1). Such mechanism striking 
resemblance with that reported by Bogle et al., (1994) and 
Ghannoum & Rice (1999).   

 
Table 1. Effect of different concentrations of E. alata extract (w/v) on number of nuclei /germ tube and nucleic 

acids (DNA and RNA) of A. flavus. 
Nucleic acids (mg/g dry weight) Treatments concentrations of 

E. alata extract (w/v) Number of nuclei /germ-tube DNA RNA 
Control 3.125 ± 0.295 13.907 ± 0.378 29.997 ± 0.439 

0.5 % (w/v) 4.625 ± 0.323 5.562 ± 1.644 21.897 ± 1.120 
1.0 % (w/v) 6.375 ± 0.375 2.457 ± 0.243 16.475 ± 0.852 
2.0 % (w/v) 8.375 ± 0.263 0.820 ± 0.076 10.852 ± 0.354 
LSD at: 0.05 0.918 2.629 2.337 

± : Standard Error = Standard deviation / √n 
 

The results demonstrated significantly that E. alata 
caused an increase in ammonia-nitrogen and total soluble 
nitrogen (soluble nitrogen fractions) with association by 
significant decrease in protein-nitrogen, total nitrogen and 
crude protein (non-soluble nitrogen fraction) as compared 
with those of control A. flavus (Table 2). These results 
were in agreement with analogous reports by Moharram 
et al., (1994) and El-Hissy et al., (1995) who reported that 
chemicals antifungal caused significant decrease in 

peptide (protein)-nitrogen and total nitrogen contents. The 
further increase in ammonia content of A. flavus indicates 
that E. alata stimulated protein-hydrolytic enzymes such 
as protease. This was in agreement with the finding of 
Sonawane & Chavan, (2005). In the same context, it was 
reported that plant extract of neem (Azadirachta indica) 
caused stimulatory effect on protease activity of 
Macrophomina phaseolina (Dubey et al., 2009).  

 
Table 2. Effect of different concentrations of E. alata extract (w/v) on nitrogen fractions  

(mg/g dry weight) of A. flavus. 
Nitrogen fractions content (mg/g dry weight) Treatments Concentrations of E. 

alata extract (w/v) Amino-N Protein-N TSN TN CP 

Control 0.6200 
± 0.0288 

29.1400 
± 0.6781 

7.1833 
± 0.2082 

58.7900 
± 0.6141 

367.4376 
± 3.8385 

0.5 % (w/v) 1.3800 
± 0.0550 

23.5266 
± 0.7217 

12.7666 
± 0.1581 

43.8166 
± 0.4734 

273.8546 
± 2.9592 

1.0 % (w/v) 1.6733 
± 0.0260 

19.0133 
± 0.3976 

15.0733 
± 0.1393 

31.1666 
± 0.1602 

194.7920 
± 1.0013 

2.0 % (w/v) 0.4400 
± 0.0152 

16.7933 
± 0.4420 

4.8966 
± 0.0920 

20.8600 
± 0.1289 

130.3753 
± 0.8059 

LSD at: 0.05 0.1127 1.8836 0.506 1.3083 8.1764 
TSN= Total soluble nitrogen; TN= Total nitrogen; CP= Crude protein 
± : Standard Error = Standard deviation/√n 
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The results revealed the presence of 13 free amino 
acids namely aspartic acid, tyrosine, serine, glutamic acid, 
proline, glycine, alanine, valine, methionine, isoleucine, 
leucine, phenyl alanine and tryptophane in mycelial 
control A. flavus (Table 3). Ezzat & Sarhan (1991) 
reported parallel report. The alteration in amino acids 
composition of molds has been used as sensitive monitor 
for mold resistance against abiotic stress of fungicides 
(Perea & Patterson, 2002; El-Mehalawy et al., 2008; 
AbdEl-Ghany et al., 2009). In the same context, our data 
shown that, employment of E. alata at 0.5% (w/v) caused 
significant increase in glutamic acid, proline, serine, 
leucine, and phenyl alanine, however aspartic acid, 
tyrosine, glycine, alanine, methionine, isoleucine and 
tryptophane has been decreased as compared with amino 
acids of control A. flavus. A concentration 0.2% (w/v) of 
E. alata caused disappearance of tyrosine, serine, alanine, 
valine, isoleucine, leucine and phenyl alanine likewise 
appearance of histidine, lycine, threonine and arginine 
with clear decrease in total free amino acids content. The 
accumulation of glutamate amino acids (glutamic acid 
and proline) in mycelial growth of A. flavus due to E. 
alata means activation of their biosynthesis from 
glutamate via both glutamate kinase followed by γ-
semialdehyde dehydrogenase (for proline) and glutamine 
synthetase (for glutamic acid), respectively (Albert et al., 
2002). On the other hand, the consumption of such 
glutamate amino acids decreased due to E. alata to 
support more energy (Adenosine Tri-phosphate, ATP) 
required for mold resistance against antifungal potential 
of E. alata (Yamaguchi & Fujimura, 2005; Chen et al., 
2008). In the same connection, proline amino acid was 
shown to minimize cellular damage by enhancing the 
stability of proteins and biological membrane (Csonka, 
1989) as suggested mechanism of E. alata. 
 In conclusion, the present data in our current 
investigation demonstrated that nucleic acids and protein 
(involve amino acids) metabolism in A. flavus directly 
influenced by antifungal potential of E. alata, and such 
aspects of mold physiology can be employ as sensitive 
monitor for mold resistance against antifungal from plant 
origin. Our investigation will extend to study the 
antifungal potential of E. alata on ultrastructure of A. 
flavus as model for seedbrone aflatoxigenic fungi has 
been inhabited by E. alata. 
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