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intracellular sugars condensation occurring during the 
growth and metabolic processes of the microorganisms 
[1, 4, 5]. Among the natural sources of polysaccharides, 
microbial ones are superior to other sources in sev-
eral ways, including outstanding structural consistency. 
Additionally, the probability of accomplishing a high 
EPS output by applying synthetic biology techniques and 
improving culture conditions is a promising and emerg-
ing research field [6, 7].

Microorganisms within numerous taxonomic groups 
can produce EPS with remarkable physicochemical and 
functional characteristics [8]. However, yeast-produced 
EPS exhibit various preferences such as low expense, 

Introduction
Polysaccharides are valuable biopolymers retrieved 
from various natural origins, including bacteria, fungi, 
seaweeds, plants, and more [1–3]. The high molecular 
weight carbohydrate polymers that are released extracel-
lularly by microorganisms to the environment, known 
as microbial exopolysaccharides (EPS), are believed to 
be harmonized through chemical reactions that involve 
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Abstract
The marine black yeasts are characterized by the production of many novel protective substances. These 
compounds increase their physiological adaptation to multi-extreme environmental stress. Hence, the 
exopolysaccharide (EPS) producing marine black yeast SAHE was isolated in this study. It was molecularly identified 
as Hortaea werneckii (identity 98.5%) through ITS1 and ITS4 gene sequencing analysis. The physicochemical 
properties of the novel SAHE-EPS were investigated through FTIR, GC-MS, TGA, ESM, and EDX analysis, revealing 
its heteropolysaccharide nature. SAHE-EPS was found to be thermostable and mainly consists of sucrose, maltose, 
cellobiose, lactose, and galactose. Furthermore, it exhibited an amorphous texture and irregular porous surface 
structure. SAHE-EPS showed significant antiradical activity, as demonstrated by the DPPH radical scavenging assay, 
and the IC50 was recorded to be 984.9 μg/mL. In addition, SAHE-EPS exhibited outstanding anticancer activity 
toward the A549 human lung cancer cell line (IC50 = 22.9 μg/mL). Conversely, it demonstrates minimal cytotoxicity 
toward the WI-38 normal lung cell line (IC50 = 203 μg/mL), which implies its safety. This study represents the initial 
attempt to isolate and characterize the chemical properties of an EPS produced by the marine black yeast H. 
werneckii as a promising antiradical and anticancer agent.
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non-toxicity, and being eco-friendly. In addition, they are 
appealing for large-scale manufacturing since they can 
be separated from the growth media more readily than 
those produced by bacterial cells [8, 9] EPS have been 
reported to be made up to this point by yeasts belong-
ing to different genera of Hansenula, Aureobasidium, 
Bullera, Debaryomyces, Lipomyces, Pichia, Candida, 
Trichosporon, Pseudozyma, Rhodotorula, Kluyveromyces, 
Hanseniaspora, Metschnikowia, Sporobolomyces, Pho-
mopsis, Exophiala, Tremella, Kazachstania, Clavispora, 
and Cryptococcus [10–13].

Since EPS polymers are a significant element affect-
ing survival in extreme environments, marine microor-
ganisms’ ability to synthesize peculiar EPS with various 
biological activities is enhanced by their exceptional liv-
ing conditions, including high pressure, low temperature, 
high salinity, and oligotrophic conditions [14, 15]. The 
structural and compositional variations, as well as the 
biological activities exhibited by marine EPS, hold poten-
tial for advantageous applications in the field of medici-
nal and pharmaceutical industries [16, 17]. Moreover, the 
multifunctional properties of these substances, including 
their ability to stabilize, thicken, gel, and emulsify, make 
them highly valuable in various sectors, including but 
not limited to the food, cosmetics, pharmaceutical, and 
petroleum industries [6, 18]. For example, the fungal EPS 
Scleroglucan is used in industrial applications to enhance 
oil recovery. Scleroglucan, also known as Schizophyl-
lan, is used under the trade name BIOVIS, developed by 
Degussa society, in the manufacturing of drilling fluids 
[19]. Farwick et al. [20] documented the significant water 
retention ability of Scleroglucan on epithelial cells. Addi-
tional industrial uses for this EPS included the formula-
tion of adhesives, watercolors, printing inks, and animal 
feed composition. Moreover, it finds use in the produc-
tion of cosmetics as well as in a range of skincare prod-
ucts, including creams and protective lotions [20].

Despite all mentioned, due to their reduced yield and 
elevated production costs, these polysaccharides con-
stitute a limited portion of the present polymer’s mar-
ket [6]. Due to advancements in analysis techniques and 
separation approaches, marine EPS from microorgan-
isms have become a new hub for investigation [21, 22]. 
Since these extracellular polymers are one of the critical 
factors that can aid in overcoming harsh environmental 
circumstances, it is intriguing to inquire about the abil-
ity to produce such significant biomolecules with various 
applications in industrial and medical applications, such 
as anticancer treatments with bifidogenic properties, 
plasma expanders, and pharmaceutical excipients. More-
over, EPS is used in many surfactant, food, and packaging 
edible film industries [5].

Among the marine fungi is an exclusive group of 
black yeasts that can yield vital metabolites essential in 

overcoming their surroundings’ harsh conditions. Black 
yeasts are polymorphic, polyextremotolerant fungi that 
have filamentous and meristematically like yeasts mode 
of growth and can thrive in vast adverse environmen-
tal conditions, such as high temperature, limited nutri-
ent accessibility, osmotic or mechanical stress, as well as 
acidic, alkaline, and toxic environments [23, 24].

The marine black yeast “Hortaea werneckii” is an 
extremely halotolerant species that can flourish through 
a broad spectrum of NaCl [25]. H. werneckii is classified 
within the Capnodiales order of the Ascomycota phy-
lum [26]. It has been previously isolated from marine 
samples. Elsayed et al. [26] reported H. werneckii isola-
tion from salt marsh, and Brauers et al. [27] reported H. 
werneckii isolation from Mediterranean sponge, while 
Plemenitaš et al. [28] reported its presence in hypersaline 
water in Europe. Additionally, it was found as a contami-
nant in Amazonian salted seafood, leading to food dete-
rioration [29]. At the same time, H. werneckii isolation 
is not widely reported. This may be attributed to the fact 
that the process of isolation and purification of the black 
yeast H. werneckii is very challenging as it exists mainly 
in extreme habitats characterized by limited nutrients, 
detrimental UV radiation, low oxygen levels, osmotic 
stress, or a combination of these characteristics. It also 
grows slowly and needs a prolonged incubation period, 
which increases the chances of contamination with other 
fungi [30].

H. werneckii is a pathogenic yeast causing skin infec-
tions; it is the etiological agent causing tinea nigra [31], 
and it is not safe to be used directly for industrial applica-
tions. However, it is documented to produce several ben-
eficial bioactive compounds, such as EPS and melanin, 
which are useful for UV protection, antioxidants, and 
wound healing. These derived bioactive compounds are 
safe and more suitable for cosmetics and pharmaceutical 
applications [32].

To the best of our knowledge, no existing documen-
tation is available about the production of EPS by this 
particular yeast strain. Thus, the current study’s main 
intention was to produce, characterize, and investigate 
some bioactivity of the produced EPS from the locally 
isolated marine black yeast as an eco-friendly and eco-
nomical source.

Materials and methods
Isolation of marine black yeast
Black yeast isolation was carried out from marine 
samples (water and sediments) collected from Alex-
andria International Coastal Road, Egypt (31.068709” 
N, 29.774321” E). Serial dilutions were prepared for 
each sample using sterile aged seawater. After that, one 
mL of each dilution was inoculated on Sabouraud dex-
trose agar (SDA) enriched with L-tyrosine, 150  mg/L 
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chloramphenicol to suppress bacterial growth, and 10% 
NaCl [32]. Plates were incubated at 30  °C for 21 days. 
Black melanized colonies were picked up by a sterile 
platinum loop and were successively streaked on SDA for 
purification. Finally, pure isolates were examined under a 
light microscope and stored as glycerol stocks (20% v/v) 
at -20 °C for subsequent investigations.

Molecular identification and phylogenetic analysis of 
isolate SAHE
Out of the obtained isolates, the marine isolate named 
SAHE showed a distinctive black mucoid appearance, 
indicating exopolysaccharide production [5]. It was 
examined under a scanning electron microscope (SEM) 
and molecularly identified through ITS1 and ITS4 gene 
sequencing analysis. Elim Biopharmaceuticals Compa-
ny’s Pathogen spin DNA/RNA extraction kit (California, 
USA) was employed to extract the DNA from the experi-
mental strain SAHE. ITS1 and ITS4 genes were ampli-
fied using the forward and reverse primer pair (5’-  T C C 
G T A G G T G A A C C T G C G G, − 3’) and (5’- TCC TCC GCT 
TAT TGA TAT GC, -3’), respectively. Then, the PCR 
reaction was conducted following the protocol (initial 
denaturation at 95 °C for 5 min; 30 cycles of denaturation 
at 94 °C for 40 s; annealing at 58 °C for 40 s, and exten-
sion at 72 °C for 40 s). In the end, the reaction was left for 
5 min at 72 °C for final extension. The same primers were 
used to sequence the purified PCR product through Elim 
Biopharmaceuticals (USA) [33]. Basic Local Alignment 
Search Tool (BLAST), available through the National 
Center for Biotechnology Information’s (NCBI) website, 
was used to analyze the sequences and find DNA com-
monalities using Hall’s BioEdit sequence alignment edi-
tor (version 7.2.5). The Prodist-Neighbor-joining method 
(version 3.6a2.1) was employed for the phylogenetic anal-
ysis of ITS region sequences.

EPS production
The new marine black yeast isolate SAHE, identified as 
Hortaea werneckii SAHE, was used for EPS production. 
Briefly, the SAHE seed culture was prepared by inocula-
tion into a 250 mL Erlenmeyer flask containing 50 mL of 
the following medium (g/L):

sucrose, 30; (NH4)2SO4, 2.5; KH2PO4, 1; yeast extract, 
1; MgSO4. 7 H2O, 0.5 and CaCl2 − 2H2O. 0.1 [34] was pre-
pared using aged seawater at pH 5 and incubated at 30oC 
for 10 days in an orbital shaker (150 rpm). After incuba-
tion, 1% (v/v) of the prepared seed culture was used to 
inoculate 1 L of the same medium and incubated under 
the same conditions for EPS production.

SAHE-EPS recovery
The yeast culture was centrifuged at (5,000  rpm) for 
20 min to recover the cell-free supernatant. The gathered 

supernatant was mixed with 10% trichloro acetic acid 
(TCA) for 30 min to get rid of proteins, then centrifuged 
at (5,000 rpm) and pellets were disposed of. Two volumes 
of 95% chilled ethanol were mixed with the remaining 
supernatant and kept for 24 h at 4 °C to ensure precipi-
tation of the EPS. Then, the precipitate was gathered by 
centrifugation at 5,000  rpm. The obtained pellets were 
dried at 30 °C overnight [35]. Deionized water was used 
to dissolve the precipitate, transmitted to dialysis bags 
(12–14 kDa) for 48 h, and freeze-dried to get the EPS. The 
final gained EPS after drying was weighed as 250 mg/L.

Characterization and chemical analysis of SAHE-EPS
Morphological and elemental studies
About 10  mg of SAHE-EPS was examined under SEM 
(JSM-IT 200, Jeol, Japan) to determine its morphological 
properties and surface texture. Prior to visualization, the 
sample underwent a gold (15 Å) coating process using 
physical vapor deposition for 2  min. The visualization 
was performed at an accelerating voltage of 20.0 kV [36, 
37]. The elemental analysis of SAHE-EPS was afterward 
conducted without any prior treatment utilizing a scan-
ning electron microscope-energy dispersive X-ray (SEM-
EDX) spectrometer. The X-rays that were emitted were 
used to ascertain the weight and atomic percentages of 
the recorded elements [38].

Fourier-transform infrared spectroscopy (FTIR)
FTIR spectroscopy analysis was conducted on the puri-
fied SAHE-EPS powder to detect its prominent and 
distinctive functional groups. The purified SAHE-EPS 
powder 10  mg was mixed with KBr, forming a pellet, 
and it was loaded onto the single crystal germanium of 
the FTIR spectrometer (Bruker, ALPHA, Germany). 
Following background subtraction, the spectral data 
was acquired within the wavenumber range of 4,000 to 
400 cm− 1 at a spectral resolution of 4.0 cm− 1 [39, 40].

Gas chromatography-mass spectrometry (GC-MS)
The silylated glycosides that make up the sugar compo-
nents of SAHE-EPS were identified by an acid hydroly-
sis process, a silylation derivatization step, and a GC-MS 
analysis [41, 42].

To perform acid hydrolysis, 20 mg of SAHE-EPS were 
treated with 3.0 mL of sulfuric acid (2  M) in a sealed 
glass tube. The mixture was heated to 105 °C for 10 h for 
complete hydrolysis [35]. Before being neutralized with 
barium carbonate (pH 7.0), the tube was cooled at room 
temperature. After that, the precipitate was eliminated by 
centrifugation, and the supernatant was filtered through 
a 20 μm syringe before being lyophilized. Then, the dried 
hydrolysates were silylated with 1:1 pyridine-BSTFA 
(N,O-bis(trimethylsilyl) trifluoroacetamide) (50 μL/mg) 
at 80  °C for 16  h. 2 μL of the derivatized sugars were 
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injected into a GC-MS instrument (MassHunter GC-MS 
1989–2014, Agilent Technologies, Inc.) using a previously 
established separation procedure. The temperatures of 
the detector and injector were consistently maintained at 
320  °C. The column used was HP5MS, with dimensions 
of 30 m × 0.25 mm × 0.25 μm. Initially, the column was 
set at 100  °C for 1 min. It was then gradually increased 
from 100 to 260 °C at a rate of 4 °C for 1 min. Finally, it 
was held at 260  °C for 10  min. The carrier gas, helium, 
was adjusted to a 1 ml/min flow rate. The detected sugars 
were identified using the NIST library [36].

Thermal gravimetric analysis (TGA)
The polysaccharide was subjected to thermogravimet-
ric analysis using a Perkin Elmer Diamond TGA system. 
A test material weighing 15 mg was used for the analy-
sis. The TGA signal, expressed as a percentage change 
in weight, is plotted along the y-axis of the TGA curve, 
while the temperature of the reference material is rep-
resented on the x-axis. The EPS underwent a consistent 
rate of 20  °C per minute of heating within a platinum 
crucible. The procedure was executed under a nitrogen 
atmosphere and a temperature range of 26 to 500 °C. The 
resulting decrease in weight was measured and recorded 
[43].

SAHE-EPS antiradical activity
The antiradical activity of SAHE-EPS was assessed using 
the 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) 
assay. Briefly, SAHE-EPS was dissolved in DMSO at a 
concentration of 1000  μg/mL. Then, 100 μL of freshly 
prepared DPPH reagent was added to 100 μL of the sam-
ple or vitamin C. The plate was then shaken to ensure 
thorough mixing, wrapped in aluminum foil, and incu-
bated at room temperature in the dark for 30 min. Subse-
quently, the color intensity was measured at a wavelength 
of 450  nm using an Optima spectrophotometer. The 
radical scavenging activity was calculated using the sub-
sequent formula: DPPH inhibition (%) = (AC-AE)/AC) × 
100, where AC represents the absorbance of the control, 
and AE represents the absorbance of the test. In addi-
tion, the IC50 value was determined using the formula 
Y = aX + C where Y = 50, a = slope, X = concentration of 
sample inhibit 50% of DPPH, and C = intercept [44, 45].

SAHE-EPS superoxide anion scavenging activity
For confirmation of the antiradical activity, the SAHE-
EPS superoxide anion scavenging activity was assessed. 
Briefly, riboflavin (100 μl), 200 μl EDTA, and 100 μl nitro 
blue tetrazolium were mixed with various quantities of 
SAHE-EPS (10, 50, 100, 200, and 500  μg/ml) and incu-
bated at 25 °C for 15 min. The absorbance at a wavelength 
of 590  nm was determined by comparing it to a blank 
using an Optima spectrophotometer. The reduction in 

absorbance of the reaction mixture indicated an increase 
in the activity of scavenging superoxide anions [46]. The 
test was conducted in triplicate.

Percentage of superoxide anion scavenging activity = 
[(AC - AE)/AC] × 100.

AC: The mean of absorbances of negative control; AE: 
The mean of absorbances of SAHE-EPS.

The interpolation method was used to determine the 
values by analyzing the graph of inhibition % versus 
sample concentration using linear regression equations 
(y = ax + b and R2).

Y = 50; a: Slope of the linear regression equation; x: 
IC50 value of SAHE-EPS (μg/ml) at which 50% of super-
oxide anion radicals are repressed; b: Intercept of linear 
regression equation; R2: Regression squared.

SAHE-EPS hydroxyl radical scavenging activity
SAHE-EPS hydroxyl radical scavenging activity was fur-
ther assessed as follows: 1  ml of a serial dilution of the 
SAHE-EPS (10, 50, 100, 200, and 500  μg/ml), together 
with either the positive control ascorbic acid or the refer-
ence compound piroxicam, was combined with 1  ml of 
salicylic acid, 1  ml of FeSO4, and 1  ml of H2O2. Subse-
quently, the combination was subjected to incubation for 
60 min at 37° C. The absorbance was measured at a wave-
length of 510 nm using an optima spectrophotometer. A 
decrease in absorbance implies an increase in the activ-
ity of scavenging hydroxyl free radicals [47]. The test was 
conducted in triplicate.

Percentage of OH scavenging activity = [(AC - AE)/AC] 
× 100.

AC: The mean of absorbances of negative control; AE: 
The mean of absorbances of SAHE-EPS; It was calculated 
by interpolation from the graph of inhibition percent-
age against sample concentration using linear regression 
equations (y = ax + b and R2).

Where; Y = 50; a: Slope of the linear regression equa-
tion; x: IC50 value of SAHE-EPS(mg/ml) at which 50% 
of hydroxyl radicals are repressed; b: Intercept of linear 
regression equation; R2: Regression squared.

SAHE-EPS cytotoxicity and anticancer activity
For this experiment, a volume of 200 μL of either the 
normal lung WI38 (ATCC: CCL-25) or the cancer cell 
A549 (ATCC: CCL-185) suspension, which contained 
3000 cells per well, was added to each well of a 96-well 
plate and left to incubate for 24 h. After the initial incu-
bation, the plate was re-incubated for 24 h in a CO2 incu-
bator with specific conditions: 37  °C temperature, 5% 
CO2, and 90% relative humidity. The incubation was car-
ried out with 100 μL of different doses of EPS in RPMI 
medium, excluding fetal bovine serum. After 24  h of 
incubation, 20 μL of MTT solution was introduced into 
each well. Subsequently, the plates were incubated for 3 h 
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in a CO2 incubator to allow the reaction of MTT. Then, 
the medium was removed after plate centrifugation at 
a speed of 1650 rpm for 10 min. The formazan crystals, 
a byproduct of MTT, were dissolved again in 100 μL of 
DMSO, and reading was measured at a wavelength of 
570 nm using an optima spectrophotometer.

The % viability was calculated as follows: (AT-Ab /AC-Ab) x 
100
AT = mean absorbances of cells treated with different 
concentrations of EPS.

AC = mean absorbances of control untreated cells with 
culture medium only.

Ab= mean absorbances of cells treated with vehicle of 
EPS (RPMI without fetal bovine serum).

Using the percentage viability derived from the serial 
dilutions of each EPS concentration, the GraphPad Instat 
software calculated the cytotoxicity assay of the molecule 
and expressed it as IC50.

Statistical analysis
The experiments were conducted in triplicate, and results 
were presented as the mean ± standard deviation (SD). 
The data was analyzed using Microsoft Excel 2010, and 
statistical significance was determined by applying one-
way analysis of variance (ANOVA). The observed differ-
ences exhibited statistical significance at a significance 
level of P < 0.05.

Results and discussion
Isolation, morphological, and molecular identification of 
SAHE isolate
The marine isolate SAHE displayed a unique characteris-
tic of black-pigmented mucoid colonies on SDA medium 
supplemented with L-tyrosine (Fig.  1a) among the 
obtained isolates. The SEM analysis revealed that SAHE 
cells exhibit a columnar shape with distinct budding, 
characteristic of most yeasts (Fig. 1b) [32]. Therefore, this 

promising yeast strain was selected for EPS production 
(Fig. 1c) and further investigation.

The molecular identification of SAHE demonstrated 
high similarity between the isolate SAHE under inves-
tigation and Hortaea werneckii (identity 98.5%). The 
obtained sequence was deposited into the GenBank with 
accession number OR361772. The phylogenetic relation 
of H. werneckii SAHE and its closely related counterparts 
was determined and illustrated through the neighbor-
joining tree in Fig. 2.

Characterization of SAHE-EPS
Structural functionalization by FTIR
The characterization of SAHE-EPS was started by FTIR 
analysis to determine its main functional groups. The 
FTIR spectrum of H. werneckii SAHE EPS displayed 
polysaccharide-distinguishing functional groups at 
4000–400 cm− 1 (Fig. 3).

The obtained IR spectrum displayed robust broad-
band at 3388 cm− 1, matching the hydroxyl (O-H) group 
stretching vibration. The peak at 2924 cm− 1 corresponds 
to aliphatic C-H group stretching vibration, represent-
ing the polysaccharides [48]. The band at 1654 cm− 1 was 
characteristic of the C = O group involved in the H-bond 
[49]. The absorption area at 1400–1200 cm− 1 was corre-
sponding to the flexural vibration of C-H within the poly-
saccharide’s structures [48] and the stretching vibration 
of C = O of the carboxyl (COO−) group [50]. The band 
at 603–813  cm− 1 denoted to α- and β-glycoside link-
ages between sugar moieties [51] with a maximum peak 
around 1029  cm− 1 apportioned to the stretching vibra-
tions of the C-O and C-O-C groups [50]. The autograph 
of the IR spectrum in the current study is in accordance 
with other previous reports concerning the exopolysac-
charides [40, 48, 52]. The FTIR analysis proposed that 
the produced EPS by H. werneckii was an acidic poly-
saccharide owing to the presence of a broad absorption 
band at 3500–3000  cm− 1 in addition to the appearance 
of bands at 1400–1200  cm− 1 region corresponding to 

Fig. 1 Morphology of the marine black yeast isolate SAHE cells on SDA medium (a), scanning electron microscopy (SEM) image of SAHE yeast cells (b), 
and dried SAHE-EPS (c)
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Fig. 3 FTIR spectrum of the purified exopolysaccharide produced by H. werneckii SAHE

 

Fig. 2 Phylogenetic tree constructed according to the ITS partial gene sequence of the black yeast strain SAHE identified as Hortaea werneckii by BLAST 
(NCBI). The tree was constructed using the website https://www.phylogeny.fr

 

https://www.phylogeny.fr
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the asymmetric and symmetric vibrations of carboxylate 
(COO−) group which is in consistence with other micro-
bial EPSs [5, 52].

SAHE-EPS composition by GC-MS
GC-MS investigation for the derivatized EPS was per-
formed to investigate the sugars forming the EPS. The 
GC-MS chromatogram (Fig. 4) revealed strong peaks in 
the region at 40.28 min with the identification of 3 kinds 
of sugar, namely maltose, cellobiose, and lactose, with an 
area of 8.9%, and at 39.77 and 39. 27 with the identifica-
tion of one sugar, namely sucrose, with an area of 6.34% 
and 25.29%; respectively while mannopyranose, gluco-
pyranose, and galactose were detected at 26.14 min with 
area 0.57%. These results reflect that the highest occur-
rence was for sucrose, representing an area of 25.29%.

The GC-MS analysis revealed SAHE-EPS’s heteroge-
neous nature as they are formed mainly from sucrose, 
maltose, cellobiose, lactose, and galactose. This result is 
in line with previous reports of EPS from other yeast spe-
cies, namely Rhodotorula glutinis [53], R. mucilaginosa 
GUMS16 [54], and Papiliotrema terrestris PT22AV [5]. 
That indicates the heterogeneous nature of yeast EPS.

Morphological and elemental investigations by SEM and 
EDX spectroscopy
The purified SAHE-EPS SEM images revealed an irregu-
lar morphology characterized by an uneven and porous 
surface structure (Fig.  5). Similarly, prior studies have 
reported the detection of comparable morphology in dif-
ferent yeast EPS [55]. .

At the same time, the elemental analysis of the purified 
EPS via EDX (Fig.  6) indicated that oxygen and carbon 
are the predominant constituents, comprising mass ratios 
(w/w %) of 55.36% and 42.69%, respectively. This obser-
vation suggests the carbohydrate nature and the efficient 
purification of the EPS. This confirms that the purified 
EPS is predominantly composed of carbohydrates. The 
presence of additional heteroatoms, specifically nitro-
gen (0.91%) and phosphorus (0.06%), also confirms the 
purity of the EPS, as only tiny amounts of protein and 
phospholipids are present in the EPS. Additional hetero-
atoms were also identified, including Na, Cl, Si, Mg, Ca, 
and S. A comparable observation was demonstrated by 
Zaghloul et al. [52] who observed the presence of hetero-
atoms such as Na, Cl, and Mg in the purified microbial 
EPS EDX analysis. These elements in the EPS may play a 

Fig. 5 Surface morphology of H. werneckii SAHE EPS investigated under SEM at 100X (a), 250X (b), and 2,000X (c)

 

Fig. 4 GC-MS chromatogram of the purified EPS produced by H. werneckii SAHE
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role in interacting with hydroxyl and carboxyl groups of 
monosaccharides [56].

The TGA analysis
The TGA analysis of SAHE-EPS was conducted with 
dynamism between temperature and loss of weight. As 
displayed in Fig.  7, the tested EPS exhibited an initial 
weight loss at temperatures between 124 and 294oC, 
where weight loss was about 10.74 and 31.28% at 124 and 
294oC, respectively. Less weight loss (19%) was detected 
at 48oC. This initial weight loss may be accompanied by 
moisture loss and high water-bound carboxyl groups 
[57]. The variations between values of the degradation 
temperature (𝑇𝑑) of different EPS may be attributed to 
their diverse structure. The fact that EPS from H. wer-
neckii SAHE could be subjected to a range of tempera-
tures close to 100 oC denotes its thermostability and 
rheological characteristics, indicating that SAHE-EPS is 
a promising applicant for the food industries [58]. The 
produced SAHE-EPS exhibited more thermostability 
than other microbial EPS as the initial weight loss of EPS 
from Streptococcus thermophilus CC30 was recorded to 

be between 50 and 99 oC, and a significant loss of weight 
was detected at 110.84 oC [59].

Biological activity of SAHE-EPS
Antiradical activity
The SAHE-EPS antiradical activity was examined at vari-
ous concentrations (ranging from 0.1 to 5 mg/mL) using 
the DPPH radical scavenging assay. Results shown in 
Fig. 8 showed that the DPPH scavenging activity exhib-
ited a dose-dependent increasing manner; the highest 
activity (80.25%) was recorded at 1500 μg/mL, while the 
IC50 value was estimated to be 984.9 μg/mL. Moreover, 
the antiradical activity of the SAHE-EPS was further 
confirmed by assessing the superoxide anion scavenging 
and hydroxyl radical scavenging activities. SAHE-EPS 
showed interesting results and recorded IC50 of 142.23 
and 103.9 μg/mL, respectively (Fig. 9).

The obtained results indicate that SAHE-EPS is a 
promising antiradical agent as higher IC50 values were 
reported for EPS produced by different yeast strains, 
namely TSPS-1 produced by Tremella sanguinea showed 
increased dose-dependent antioxidant activity of 56% 
at a concentration of 2.5  mg/mL, and IC50 of 1.92  mg/

Fig. 6 SEM-EDX analysis of the EPS produced by H. werneckii SAHE
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mL [60]. The yeast strain Rhodotorula mucilaginosa sp. 
GUMS16 exhibited a scavenging activity of 28.7 ± 2.62% 
at 7.5  mg/mL [54], while the yeast strain R. babjevae 
exhibited a scavenging activity of 25.2 ± 1% at a concen-
tration of 10  mg/mL, and R. minuta IBRC-M 30,135 
exhibited a scavenging activity of 21.8 ± 0.7% at a concen-
tration of 10 mg/mL [9, 54].

Thus, due to its potent antiradical activity, SAHE-
EPS can be recommended as a natural substitute for 

synthetic antiradicals in the pharmaceutical, food, and 
cosmetic industries. It was reported that the EPS anti-
radical activity primarily relies on its structural prop-
erties, encompassing factors such as the contents of 
monosaccharides, glycosidic linkage configuration, and 
molecular weight [61]. The scavenging capabilities of EPS 
might also be due to OH groups existing in the polysac-
charides, which cause the reduction of free radicals to 

Fig. 8 Antiradical activity of the SAHE-EPS using the DPPH radical scavenging test

 

Fig. 7 TGA analysis of the EPS produced by H. werneckii SAHE
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highly stable formulas or break the chain of free radicals 
through donating electrons [62].

Anticancer activity
The cytotoxicity and anticancer activity of SAHE-EPS 
were evaluated against normal lung cell line WI-38 and 
A549 human lung cancer cell line, respectively. The EPS 
was tested at various concentrations (ranging from 156 
to 5000 μg/mL). As the EPS concentration increased, the 
cancer cells’ viability dropped (Fig. 10). However, differ-
ent sensitivity of the tested cell lines was observed toward 
the tested EPS. The highest activity against A549 can-
cer cells of 99% was detected at 5000  μg/mL, while the 
IC50 was recorded to be as low as 22.9 μg/mL (Fig. S1). 
On the other hand, SAHE-EPS IC50 against WI-38 cells 
was recorded to be 203 μg/mL, indicating its safety at low 
concentrations and promising anticancer activities, as the 
Sorafenibon anticancer drug used as control recorded 
IC50 of 89.52 and 10.98 against WI-38 and A549 cell 
lines respectively.

Several studies have described EPS’s major anticancer 
mechanisms, including inhibiting angiogenesis, immu-
nomodulation system preservation, apoptosis of cancer 
cells, and breaking the cell cycle [63].

In accordance with our results, Wu et al. [64] con-
firmed the effective anticancer activity of Glehnia lit-
toralis polysaccharides on the A549 human lung cancer 
cell line in a dose- and time-dependent manner with 

the highest influence on growth reduction detected at 
380 μg/mL. Kogan et al. [65] investigated the anticancer 
potentiality of polysaccharides from the yeast Candida 
utilis, showing that beta-D-glucan derivatives improved 
tumor necrosis factor-alpha (TNF-alpha) and exhibited 
the capability for treatment of 2 types of lymphosarcoma 
and Lewis lung carcinoma.

The chemical conformation of SAHE-EPS, which 
included sucrose, mannopyranose, galactose, and glu-
copyranose, could clarify its anti-tumor activity. For 
example, galactose is extensively used to support the 
nanocarrier in cancer therapy, which is advantageous for 
designated therapy of tumors. It could conjugate with 
platinum (II), resulting in a complex with therapeutic 
influence [66].

Conclusion
The current study represents the first attempt to highlight 
the importance of the marine black yeast H. werneckii 
and its EPS. It achieves this through conducting a molec-
ular taxonomic analysis of a novel black yeast strain, H. 
werneckii SAHE, using ITS1 and ITS4 gene sequencing. 
SAHE was used for EPS production, characterization, 
and assessment of its antiradical and anticancer activi-
ties. SAHE-EPS appears in the form of irregular block-
shaped structures that have a rough, porous surface. It 
exhibited significant antiradical properties and showed 
promising anticancer effects on human lung cancer A549 

Fig. 9 Superoxide anion scavenging activity of SAHE-EPS (a), Ascorbic acid (b), and hydroxyl radical scavenging activity of SAHE-EPS (c), and Ascorbic 
acid (d)
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cell line with much lower cytotoxicity against normal 
lung cells. In addition, SAHE-EPS showed thermosta-
bility, making it suitable for industrial applications. The 
examination of SAHE-EPS using FTIR, GC-MS, EDX, 
and SEM indicated that it primarily consists of sucrose, 
maltose, cellobiose, lactose, and galactose. These results 
indicate that H. werneckii SAHE could be used as a safe 
source of bioactive compounds for pharmacological uses. 
Further in vivo examination, however, is required to 
demonstrate the beneficial bioactivities in the food and 
medical sectors.
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