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ABSTRACT

Salinity is one of the most important factors infl uencing plant growth by participating in 
abiotic stress. Plants have developed a number of physiological mechanisms responding 
to abiotic stress. A well-studied response is the concentration of free proline and soluble 
sugars, which through various mechanisms enhances plant resistance to abiotic stress. What 
is less studied is that the mechanism of proline and sugars is present in other categories 
of organisms such as fungi. There are even less bibliographic data on a relationship of the 
mechanism of proline and soluble sugars accumulation in fungi. The purpose of this study is 
to investigate proline and soluble sugars accumulation in the fungus Aspergillus creber under 
salt stress tolerance.
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Introduction
Aspergillus series Versicolores members, can be found in a wide range 

of environments such as indoor environments, food, clinical materials, 
soil, caves, marine or hypersaline ecosystems [1]. Aspergillus creber 
belonging to the revised group Aspergillus section Versicolores [2]. This 
newly characterized fungus is airborne and according to recent literature 
data, produces the substance Sterigmatocystin (ST), that is a carcinogenic 
precursor to afl atoxin B1 [3]. Very little bibliographic data have been 
gathered so far regarding the physiology of Aspergillus creber. t is of 
even greater interest to study the physiology of this fungus under stress 
conditions and more specifi cally under salinity stress.

Two of the well-studied mechanisms of plants response to abiotic 
stress is the accumulation of free proline [4-6] and soluble sugars [7-8]. 
here is a lack of data on the variation of these substances in fungi under 
abiotic stress. 

The study of free proline and soluble sugars accumulation in the 
fungus Aspergillus creber aims to understand how this organism responds 
to stress in a more comprehensive way. Both free proline and soluble 
sugars have been shown to accumulate in response to abiotic stress, and 
their accumulation may play a role in protecting the fungus against the 
adverse eff ects of stress. By investigating the mechanisms underlying the 
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accumulation of both these compounds in Aspergillus 
creber, hope to gain insight into the fungal stress 
response and develop strategies for improving the 
organism's resilience in agricultural and industrial 
settings. In addition, this research may have wider 
implications for understanding how other fungi and 
even other organisms respond to environmental 
stress. Ultimately, a better understanding of how 
Aspergillus creber responds to stress could have 
signifi cant practical and theoretical implications for 
the fi eld of microbiology.

Overall, measuring soluble sugars and free proline 
in Aspergillus creber provides valuable insights 
into the metabolic and stress response processes 
of this fungus. This information can be useful in 
understanding the biology of Aspergillus creber and 
can help researchers identify potential targets for 
intervention or manipulation to improve its growth 
and productivity.

The Role of Proline
Proline is produced in plant cells either in the 

cytoplasm or the chloroplasts from glutamate, which 
is reduced to Glutamine-Hemialdehyde (GSA) by 
D-1-Pyrroline-5-Carboxylate Synthetase (P5CS). 
GSA can be converted to Pyrroline 5-Carboxylate 
(P5C), which is then further reduced from P5C 

Reductase (P5CR) to proline. Proline is degraded in 
the mitochondria by Proline Dehydrogenase (ProDH) 
and P5C Dehydrogenase (P5CDH) to glutamate [9-11].

Intracellular proline levels are determined by 
biosynthesis, catabolism, intercellular transport, 
and diff erent cell compartments. Predictions by 
computational models and experimental data suggest 
the detection of biosynthetic enzymes (P5CS1, P5CS2 
and P5CR) in the cytosol, while a mitochondrial 
detection is predicted for enzymes involved in proline 
catabolism, such as PDATH, PDHH/OD5, PDHH/
ERD. The partitioning of proline metabolism implies 
that extensive intracellular and apoplastic transfer 
of proline must take place between the cytoplasm, 
chloroplasts and mitochondria [12]. 

It is well known that the ability of plant tissues 
to accumulate proline has been associated with 
resistance to abiotic stress. Proline is thought to act as 
an osmolyte associated with the degradation of ROS, 
as well as a molecular companion by stabilizing the 
structure of proteins [13], thus protecting cells from 
damage caused by stress (Figure 1). Accumulation of 
proline in drought conditions, salinity, high light and 
ultraviolet radiation, heavy metals and in response 
to abiotic stress has been reported by numerous 
colleagues [14-18].

Figure 1 Schematic presentation of proline involvement in stress response mechanisms.
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The Role of Soluble Sugars
Non-structural carbohydrates, such as solube 

sugars, are the main reserves in fungi, necessary to 
support the phenological events that occur in them 
and to from abiotic stress. Soluble sugars (sucrose, 
glucose and fructose) play an important role in 
maintaining the overall structure and growth of fungi 
acting as both nutrients and regulators of metabolism, 
growth and response to stress throughout the life of 
the fungi [19]. In addition, sugars play an active role in 
regulating growth, carbon distribution, carbohydrate 
and lipid metabolism, osmotic homeostasis, protein 
synthesis and gene expression, as well as stabilizing 
membranes during various abiotic strains. Studies 
have shown that fungi, under conditions of osmotic 
stress or drought, activate various mechanisms that 
result in the accumulation of osmotically active 
substances or the accumulation of substances that act 
as osmoprotectants [20,21]. Osmotic stress is caused 
by a decrease in osmotic potential. The osmotic 
potential is reduced (at more negative values) by the 
accumulation of water-soluble molecules such as 
sugars, to reduce the intake of e.g. water in drought 
conditions Therefore, the soluble sugar content can 
be used as a physiological indicator for assessing 
resistance to osmotic stress.

Fungi and Proline
 It is suggested via the literature that the presence 

of increased proline in fungal media is associated 

with resistance to abiotic stress [22,23]. Fungi belong 
to heterotrophic organisms. They do not synthesize 
proline and are therefore bound to the uptake of 
proline by their substrate through specifi c membrane 
transporters [24]. 

Materials and Methods
The fungus was used for the experiments was 

Aspergillus creber ATHUM 9676. This strain has been 
isolated from the air and comes from ATHUM Culture 
Collection of Fungi of the National and Kapodistrian 
University of Athens Mycetotheca. 

Four diff erent Sabouraud Dextrose Agar (SDA) 
nutrients were prepared with increased concentration 
of NaCl:  SDA (control), SDA + 2% NaCl, SDA + 4% 
NaCl, SDA + 8% NaCl. The cultivation of the fungus 
was carried out at 25°C until they were fully developed 
[25]. The fungus were carefully removed from the 
nutrient medium. The nutrient material SDA contains 
2.84% proline [26]. The fungus were then dried in 
an oven at 45°C for 5 days and were ground. Proline 
content was determined spectrophotometrically [27]. 
The powder was homogenized with sulphosalicylic 
acid (20 mL, 3% w/v), and then fi ltered through 
Whatman # 2 fi lter paper. Two ml of the fi ltrate 
reacted with acid-ninhydrin solution (2 mL) and 
glacial acetic acid (2 mL) in triplicate test tubes. The 
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Figure 2 Proline content in samples treated with NaCl. Different letters above columns correspond to statistically signifi cant differences 
between treatments (one-way ANOVA, Tukey’s test at p < 0.05; for all cases n = 10). SDA + 2% NaCl corresponds to 340 mM, SDA + 4% NaCl 
to 684 mM, SDA + 8% NaCl to 1370 mM.
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tubes were heated at 100°C for 1 h in a water bath 
and the reaction terminated in cool water. After 
cooling, the reaction mixture was extracted with 5 mL 
toluene, and homogenized in a vortex.  The toluene 
that contains the chromophore used to measure the 
absorbance at λ = 520 nm and toluene was used as 
blank sample. The results of proline concentration are 
given in μmol g-1 d.w.; L-proline (Serva, Germany) 
solutions were used for the standard curve.

Soluble sugar content was estimated 
spectrophotometrically [28]. Soluble sugars were 
extracted from dried leaf tissue (dwt) with 80% 
ethanol (v/v) and tissue residues were used to 
determine starch content. The ground sample was 
placed in 10 ml of 80% ethanol (v/v) in a shaker and 
the extract was fi ltered using Whatman No. 2 fi lter 
paper. Soluble sugar concentrations were determined 
using a modifi ed phenol-sulfuric acid method [29]. 

Statistical Analysis
ANOVAs indicated no signifi cant treatment 

between experiments, and thus, means were averaged 
over experiments. No data transformation took place 
judging from the normality and homogeneity of 
variance tests. Statistical analysis was performed 
using SPSS 20 (IBM, Armonk, NY, USA). Both ANOVA 
and Tukey’s tests were set at p ≤ 0.05.

Results
There is an increase in free proline accumulation 

in Aspergillus creber which grows in an environment of 
increased salinity. There are statistically signifi cant 
diff erences (p ≤ 0.05) between fungi that grew in 
nutrient medium with NaCl compared to those that 
grew in nutrient medium without NaCl (control). 
Compared to control, fungi grown in 2% NaCl showed 
a 17.14% increase in free proline concentration, in 4% 
NaCl proline increased by 11.90% while in 8% NaCl 
57.57%.

There is a decrease in soluble sugars accumulation 
in Aspergillus creber which grows in an environment of 
increased salinity. There are statistically signifi cant 
diff erences (p ≤ 0.05) between fungi that grew in 
nutrient medium free of NaCl (control) compared 
to those that grew in nutrient medium with NaCl. 
Compared to control, fungi grown in 2% NaCl showed 
a 55.95% decrease in soluble sugars concentration, in 
4% NaCl soluble sugars decreased by 59,65% while in 
8% NaCl 73,99%.

Discussion
Free proline appears to be accumulated in the 

fungus Aspergillus creber under salinity conditions. 
The well-studied mechanism of free proline 
accumulation in plants might be involved in fungus 
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Figure 3 Soluble sugars content in samples treated with NaCl. Different letters above columns correspond to statistically signifi cant differences 
between treatments (one-way ANOVA, Tukey’s test at p < 0.05; for all cases n = 10). SDA + 2% NaCl corresponds to 340 mM, SDA + 4% NaCl 
to 684 mM, SDA + 8% NaCl to 1370 mM.
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life cycle. However, the macroscopic picture of the 
fungal colonies did not diff er between fungus exposed 
to salinity 8% NaCl) and control fungal specimens. 
The fungus has the ability to absorbs and accumulate 
proline from its substrate contributing to endurance 
to abiotic stress. 

Total soluble sugars serve as a source of energy for 
cells and are involved in various cellular processes, 
such as osmotic regulation and signaling. Our results 
showed that the levels of total soluble sugars were 
signifi cantly higher in control compared to the 
treatments, suggesting that this fungus has a high 
demand for energy under salinity. It seems that 
the increase in salinity leads to a decrease in their 
concentration in the fungus. There is evidence that 
the reduced concentration of sugars in fungi may be 
due to increased metabolic rates in order to cope with 
the increased salinity [30].

Our results showed a signifi cant increase in the 
accumulation of free proline in Aspergillus creber 
compared to the control, indicating that this fungus 
is likely experiencing osmotic stress and responding 
to it by accumulating free proline. One of the main 
roles of proline in osmotic regulation is to act as 
an osmoprotectant. Osmoprotectants are small 
molecules that help cells maintain their shape and 
function under conditions of high osmotic stress. 
Proline, in particular, can stabilize proteins and 
cell membranes, preventing damage caused by 
changes in water potential. Additionally, proline 
can act as a signaling molecule, helping to regulate 
various cellular processes under stress conditions. 
Accumulation of proline and sugars in fungi as a 
result of response to abiotic stress is an understudied 
fi eld. There is not enough literature data on whether 
these mechanisms exist in a large number of fungi. 
In plant organisms it has been established that these 
mechanisms are present in the majority of them, 
which has led to practical applications. More studies 
should be conducted in this fi eld including more 
fungal species.
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