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Abstract

Microbes in general and fungi especially are promising biotechnological tools that are used for green synthesis of numerous
products. Fungi in particular are potent producers of many industrially important compounds. B-Glucans are a group of
biologically-active fibres or polysaccharides from natural sources with proven medical significance. 3-Glucans are known
to have antitumor,; anti-inflammatory, anti-obesity, anti-allergic, anti-osteoporotic, and immunomodulating activities. On the
other hand, cyclosporin is a cyclic undecapeptide with a variety of biological activities including immunosuppressive, anti-
inflammatory, antifungal, and antiparasitic properties. It is an extremely powerful immunosuppressant and is approved for
the use in organ transplantation to prevent graft rejection in kidney, liver, heart, lung, and combined heart-lung transplants.

Hence, this review aims to focus on -glucan as immunostimulatory and Cyclosporine A as Immunosuppressants

Keywords: Fungi; Immunostimulatory; limmunosuppressive; Cyclosporine; B-glucan

Abbreviations: GRAS: Generally Recognized as Safe;
FDA: Food and Drug Administration; EMA: European
Medicines Agency.

Introduction

Fungi play important role in human life such as in agriculture,
food industry, medicine, textiles, bioremediation, natural
cycling, as bio-fertilizer and in many other ways. Fungi are
ubiquitous on earth and represent essential components
of many ecosystems where they are involved in many vital
processes [1-5]. Fungal natural products have, historically,
played an important role in drug discovery. Fungal natural
products with diverse chemical structures and biological
activities are rich resources of both drugs and toxins, thus
causing Janus-like effects on human beings Fungi are rich
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sources of biologically active natural compounds, which
are used in the manufacturing of wide range of clinically
important drugs. Fungi produce important antibiotics such
as the beta-lactam antibiotics members, penicillin and
cephalosporin, which and whose derivatives are dominating
the most important antibiotic market until now [6-10]. Fungi
generally and endophytic ones specifically represent future
factories and potent biotechnological tools for production
of bioactive natural substances, which could extend healthy
life of humanity [11-15]. There are unlimited uses of the
numerous promising secondary metabolites originated
and secreted by endophytic fungi. The application of fungal
secondary metabolites in various fields of biotechnology
has attracted the interests of many researchers. Bioactive
compounds have various applications in pharmacology and
agriculture [16,17].
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B-Glucans are groups of dietary fibres or polysaccharides
composed of D-glucose monomers, linked by 1,3; 1,4 or 1,6
B-glycosidic bonds, and are naturally found in the cell wall
of bacteria, fungi, algae, and higher crops, such as cereals.
Highly-pure B-glucans are enzymatically extracted from
the cell wall of yeast, fungi, seaweed, or grain seeds [18].
The biological and physiochemical properties of B-glucans
strongly differ, depending on the source of extraction [19].
The degrees of purification, as well as the extraction method,
also influence the physiological activity of B-glucans [20].
B-glucans are allowed in several countries, including the
United States of America, Canada, Finland, Sweden, China,
Japan, and Korea, as potent immunological activators [21].
B-Glucans are used as a disease-preventing agent, as well as
a part of anticancer or anti-inflammatory therapy. Among
soluble fibres, B-glucans are the most commonly-consumed
immunomodulators [22], with strong anticancer, insulin
resistance, anti-hypertension, and anti-obesity effects.
B-Glucans are believed to stimulate the immune system,
modulating humoral and cellular immunity, and thereby
have beneficial effects in fighting infectious diseases, such
as bacterial, viral, fungal, and parasitic diseases [22]. Daou
C, et al. [23] demonstrated the immune-stimulating activity
of oat -glucans by activating macrophages and increasing
the amounts of immunoglobulin. Murphy E, et al. [24]
reviewed the immune modulating effects of B-glucans and
their subsequent benefits on infectious diseases and cancer.
Ooi and Liu F [25] reviewed the immunomodulating and
anticancer effects of B-glucans from mushrooms, as well as
the relationship of their structures and antitumor activities.
Cyclosporines A are a member of the group of cyclic peptides
and are composed of 11 amino acids. Cyclosporin A is neutral

and very soluble in all organic solvents. Molecular weight
of cyclosporine A 1202.6 g/mol with UV absorption of 215
nm [26]. Cyclosporine A is the major component of the
cyclosporines, which distinguishes from other cyclosporines
by the type of amino acid at carbon number 2. It is the
only member of this group used clinically [27]. It has anti-
inflammatory, immunosuppressive by acts as T-lymphocytes
suppresses and also inhibits interleukins, antifungal and
antiparasitic properties [28]. Also, used in combination with
other immunosuppressant and steroid medications and use
to treat canine skin disease and rheumatoid arthritis [29]. The
present study was, therefore, designed to explore 3-glucan as
immunostimuli and cyclosporine A as Immunosuppressant.

Fungi as Inmunostimulatory

B-glucan has promising bioactive properties. Therefore,
the use of B-glucan as a food additive is favoured with the
dual-purpose potential of increasing the fiber content of food
products and enhancing their health properties. This review
aim to evaluate the important of Beta glucan (B-glucan) as
immunostimulatory and represent the other biological
activities (antimicrobial, antitoxic, immunostimulatory,
and anticancer). B-glucan extracted from Saccharomyces
cerevisiae and from many other natural sources [30].
B-glucan is a natural polymer of D-glucose which is produced
by many different types of organisms. It is found in the cell
walls of fungi, bacteria, algae and some higher plants such as
barley and oat. The glucose monomers are linked together
by B-glycosidic bonds [31]. Different source of B-glucans and
fine structure are shown in the Table 1 [32].

Type of  -glucan

Organisms and sources

(1,3)-B-glucans

Bacterium Alcaligenes faecal - curdulan

(Linear homogeneous)

Algae Euglena gracilis - paramylon

Poria cocos Pachyman

Vitis vinifira - callose

(1,3),(1,6)-B-glucans

Algae Laminaria Sp.- Laminarin

(linear with (1,6)-linkage -glucosyl side branch)

Claviceps purpurae - wall glucan

Sclerotinia sclerotiorum - wall glucan

Brown algae Eisenia byciclis - Laminarin

Mushroom Lentinula edodes - wall glucan

(1,3),(1,6)-B-glucans

Yeast Saccharomyces cereveciea - cell wall glucan

(branch structure)

Mushroom Schizophyllum commune - wall glucan

(1,3),(1,4)-B-glucans (linear)

Cereal (-glucans

Iceland moss Cetraria islandica

Table 1: Examples of B-glucans with different structures, isolated from different natural sources.
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B-glucans are naturally occurring homopoly saccharides
in fungi such as mushrooms and Saccharomyces cerevisiae
[33]. The yeast cell wall consists of 30-60% polysaccharides
(B-glucan and mannan oligosaccharides), 15-30%
proteins, 5-20% lipids and a small amount of chitin. The
yeast cell wall, especially of baker’s and brewer’s yeast
(Saccharomyces cerevisiae), is an important source of 3-D-
glucans. Yeast B-glucans have been proven as beneficial for
many human and animal diseases and disorders. B-1,3-D-
glucans and 1,6-D-glucans are called biological response
modifiers (BRMs) due to their ability to enhance and
stimulate the human immune system [34,35]. Among yeasts;
Saccharomyces cereveciea is the major source of B-glucan,
other sources include Zygosaccharomyces bailii, Kloeckera
apiculata, Kluyveromyces marxianus, Debaryomyces hansenii,
Schizo- Saccharomyces pombe and other fungal group. Among
them are the edible fungi that are grown in the form of eaten
mushrooms. The most famous mushroom sources include
Agaricus brasiliensis, Pleurotus tuberregium, Grifola frondosa,
Pleurotus eryngii and Pleurotus ostreatoroseus [36]. The
-glucan component in the Saccharomyces cerevisiae cell wall
with the function of maintaining the rigidity and shape of the
cell is often named simply glucan or yeast glucan [35]. Major
factors that affect yeast cell wall composition include yeast
strain, growth conditions (growth medium, temperature,
osmotic pressure, toxic metabolites) [37]. Fuel alcohol
fermentation is a high stress process and the cell walls of
the yeast collected as a by-product contain a high amount
of B-glucans. In general, yeast strains of Saccharomyces
cerevisiae that are used in baking (baker’s yeast) have a
higher -glucan-to-a-mannan ratio than those that are used
for alcohol fermentation (brewer’s yeast), therefore it is
advantageous to use pure baker’s yeast for producing high
quality (1,3), (1,6)-B-D-glucan for medicinal applications
[37].

B-glucans are reported to have several beneficial
properties and because of that they have found a wide
variety of uses in human and in veterinary medicine,
immunopotentiation, pharmaceutical, cosmeticand chemical
industries as well as food and feed production [38]. B-glucan,
derived from yeast, could have numerous applications in
curing of patients by improving their immune system. Among
the most attractive properties of B-glucans are activities
against many types of cancer and infectious diseases. They
can also prevent negative effects of radiation exposure,
septic shock, allergic rhinitis, elevated blood cholesterol and
fatty acids and help in wound healing, arthritis and others.
Natural preparations of B-glucans like oat milk, barley or
yeast B-glucans preparations added to juicy drinks could be
used instead of expensive drugs with dangerous side-effects
[39,40]. One of the most important biological activities of
B-glucan is prevention of bacterial infection. It can elevate
the general level of resistance to pathogens and reduce the
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risk of infections. Numerous studies and clinical trials have
proved that soluble B-glucan improve resistance to bacterial
infection [41-43]. $-(1,3), (1,6)-glucan increases resistance
to many diseases enhancing leukocyte anti-infective activity
in human whole blood. Numerous studies and clinical trials
have proved that soluble B-glucan improve resistance to
bacterial infection [23]. B-(1,3), (1,6)-glucan increases
resistance to many diseases enhancing leukocyte anti-
infective activity in human whole blood, without increasing
the inflammatory cytokine production [23]. Saccharomyces
cerevisiae (3-glucan extract was shown to have antimicrobial
activity against Staphylococcus aureus and Escherichia coli
resistant to antibiotics [42,43].

Other p-glucans Medical Applications

Many other therapeutic applications of B-glucans have
been published. One of those is their use as: Radio protective
agent, in fact preparations of soluble -glucans are able to
protect blood macrophages from free radical attack during
and after the radiation allowing the cells to continue their
function in the irradiated body [44]. B-glucan could also be
used to prevent some digestion problems, like constipation
and stomach troubles. -glucan as prebiotics can improve
the growth of lactic acid bacteria from genus Lactobacillus
and Bifido bacterium, microorganisms living in intestinal
tract that have healthy effect in humans [43-45].

Other p-glucans Applications

B-Glucans obtained from yeasts cell wall can also be
used in food industry as dietary fibres, fat replacers and
emulsifiers due to their ability for holding water, oil and fat
[46]. Their incorporation in food helps in lowering blood
sugar. Yeast (-glucan extract is considered as safe for oral
applications and recognized as generally recognized as safe
(GRAS) by the US Food and Drug Administration [47].

Fungi as Inmunosuppressive

Immunosuppressants, such as cyclosporine A,
Tacrolimus, Rapamycin, and Mycophenolate mofetil, have
gained considerable importance in the world market [48].
Tacrolimus (FK-506) is an immunosuppressant agent that
acts by a variety of different mechanisms which include
inhibition of calcineurin. Itis used as a therapeutic alternative
to cyclosporine, and therefore represents a cornerstone of
immunosuppressive therapy in organ transplant recipients
[49]. Rapamycin (Sirolimus), is an immunosuppressive
drug that was approved by the United States Food and Drug
Administration (FDA) in 1999 and by the European Medicines
Agency (EMA) in 2000 as an immunosuppressive agent for
renal transplantation patients once its T-cell suppression
characteristics were recognized [50]. Mycophenolate mofetil
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is one of the most frequently used immunosuppressive
drugs in solid organ transplant recipients. Mycophenolate
mofetil is an inhibitor of inosine-5'-monophosphate, and is
able to preferentially inhibit B-cell and T-cell function. The
immunosuppressive abilities of Mycophenolate mofetil have
made it one of the most successful anti-rejection drugs in
transplant patients [51]. In this review we will focused on
cyclosporine as the most common immunosuppressive
compound.

Cyclosporine has received meticulous attention owing to
itsimmunosuppressive and biological activities. Cyclosporine
is a cyclic 11 membered fungal peptide metabolite which is
widely used as a powerful immuno-suppressant to prevent
graft rejection in transplantation surgery [28]. Cyclosporins
were initially discovered by Dreyfuss M, et al. [26], as
antifungal antibiotics produced as a secondary metabolite
by a fungus namely Trichoderma polysporum. The striking
specific immunosuppressive activities of Cyclosporins
observed in early experiments [52] started an extensive
investigation of these fungal secondary metabolites, which
led to its use in organ transplant surgery. Twenty five
natural occurring Cyclosporins have been described to
date [28]. The subsequent dramatic increase in the success
of using cyclosporine A in organ transplant surgery made,
cyclosporine A is one of the very important therapeutic
agents of the last decade. Cyclosporine has been approved by
food and drug administration (FDA) as immunosuppressive
drug for clinical use for the prevention of graft rejection in
transplantation. It is applicable in treatment of autoimmune
diseases (rheumatoid arthritis, psoriasis, and systemic lupus
erythematosus) [53]. Cyclosporine A is a major secondary
metabolite usually produced by an aerobic filamentous
fungus, Tolypocladium niveum [54]. Although cyclosporine
A was initially developed as an antifungal antibiotic, it
is currently prescribed as one of the most important
immunosuppressive drugs for the treatment of organ
transplants, as well as patients with autoimmune diseases,
including AIDS, owing to its superior T-cell specificity and low
levels of myelotoxicity [28,54,55]. The drug was first isolated
from Tolypocladium inflatum and after that very few studies
were planned to explore other sources for its production.
Until now most of the research work related to cyclosporine
A deals with Tolypocladium inflatum and Aspergillus terreus
[28].

Cyclosporine A is the first microbial metabolite to
be used clinically to regulate the growth and function of
a normal mammalian cell. It spurred studies providing
unique insights into cell biology, and is proved to be
invaluable tool of basic immunological research. A better
insight into the mechanism of cyclosporine A action on the
molecular level might help to design novel highly potent
immunosuppressants with no or negligible side effects
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[55]. The twenty five naturally occurring cyclosporine and
their structures they are modified in nine of eleven amino
acid positions. Various cyclosporins differ in amino acid
composition often by only one residue [56]. Cyclosporine A
is widely produced by submerged fermentation of aerobic
fungi identified as Trichoderma polysporum but currently
identified as Tolypocladium inflatum. Since its discovery,
very few studies have been carried out to search for other
microbial sources for its production. Most of the research
work on cyclosporine A is based on fungi Tolypocladium
inflatum and Aspergillus terreus [57]. Besides being produced
by Tolypocladium inflatum so far, this drug has been reported
to be produced from Aspergillus terreus, Fusarium solani and
Fusarium oxysporum [58]. Anjum T, et al. [57] reported that
Penicillium fellutanum is a new fungal source of cyclosporine
A production. On the basis of the broad therapeutic uses of
cyclosporine A, fermentation processes have been made using
submerged and solid-state cultures of several fungal species,
particularly Tolypocladium inflatum [59]. Cyclosporine A was
also produced by Fusarium solani [60], Fusarium roseum [61],
Fusarium oxysporum [62], Neocosmospora vasinfecta [63],
and Aspergillus terreus [58]. Cyclosporine A production was
also reported by submerged fermentation using different
fungal species such as Aspergillus terreus, Cladosporium
columbinum, Penicillium fellutanum, Cylindrocarpon lucidum,
and many Trichoderma species [57]. Trichoderma polysporum
was reported as a producer of both cyclosporine A and
cyclosporine C in submerged culture and were extracted
therefrom using organic solvents. Similarly, Trichoderma
harzianum, has produced cyclosporine A, and the amount of
drug calculated was 44.06 pg/mL on a medium composed of
glucose, 5%; peptone, 1%; KH2P04, 0.5%; KCL, 0.25% (w/v),
and using butyl acetate for the extraction process, and high-
performance liquid chromatography for detection [52].

Endophytic Microbes the New World of
Immunosuppressive Drugs

Endophytic microbes represent a relatively untouched
reservoir of biologically active compounds that have
potential uses in medicine and agriculture [64]. Some of these
organisms make such notable compounds as the anticancer
drug taxol, and a plethora of antibiotics, antioxidants
and immunosuppressants [65]. Immunosuppressants
are required for an array of medical purposes, such as
organ transplantations and the treatment of autoimmune-
associated diseases [66]. However, most of the currently
available immunosuppressive drugs have been shown
to inevitably possess severe adverse effects, such as
hepatotoxicity, nephrotoxicity, and hypertension induction
[67]. Therefore, there is an urgent need for new therapeutic
agents for modulating the autoimmune response. Dalesconols
A and B are potent polyketides with a unique carbon skeleton.
These immunosuppressive agents are produced by a mantis-
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associated fungus [68].

Colletotrichum dematium is an endophytic fungus
recovered from a Pteromischum sp. growing in a tropical
forest in Costa Rica. This fungus makes a novel peptide
antimycotic, colutellin A. Both cyclosporine A and
collutellin A possess immunosuppressant effects. Most of
the immunosuppressant compounds isolated from nature
are lipopeptides, cyclic peptides or cyclic lipopeptides,
but few have low cytotoxicity accompanied with high
immunosuppressive activity. This fact makes the prospects
for collutellin A, as a potential drug, seem promising since it
has little or no toxicity and reasonable immunosuppressive
potential [69]. Immunosuppressive activity guided chemical
investigation, four alkaloids (1-4) and eight polyketides
(5-12) were isolated from mangrove-derived Aspergillus
fumigatus HQD24. Amongst, immunosuppressive agent
fumigaclavine C (2) used to be isolated as a major component
from Aspergillus fumigatus CY018 by Ramana Murthy MV, et
al. [70-80].

Conclusion

B-Glucans are believed to be strong immune-modulatory,
modulating humoral and cellular immunity, and thereby
have beneficial effects in fighting infectious diseases, such as
bacterial, viral, fungal,and parasiticdiseases. Also, cyclosporin
Ais one of the mostly used antifungal that are easily produced
from a biological organism fungus. This compound is used
to treat patients with organ transplantation, canine skin
disease and rheumatoid arthritis.

References

1. Elkhateeb WA (2005) Some mycological,
phytopathological and physiological studies on
mycobiota of selected newly reclaimed soils in Assiut
Governorate, Egypt. MSc Thesis, Faculty of Science,
Assuit University, Egypt, pp: 238.

2. Elkhateeb WA, Daba GM (2018) Where to Find? A Report
for Some Terrestrial Fungal Isolates, and Selected
Applications Using Fungal Secondary Metabolites.
Biomedical Journal of Scientific & Technical Research
4(3): 1-4.

3. Elkhateeb WA, Daba GM (2019) The amazing potential of
fungi in human life. AJPS 5(3): 12-16)

4. Elkhateeb WA, Daba GM (2019) Epicoccum species as
potent factories for the production of compounds of
industrial, medical, and biological control applications.
Biomedical Journal of Scientific and Technical Research
14(3): 10616-10620.

Elkhateeb WA, et al. Fungi between Immunostimulatory and Immunosuppressive.

Biotechnol 2022, 7(4): 000239.

10.

11.

12.

13.

14.

15.

16.

Elkhateeb WA, Daba GM (2019) Myrothecium as
promising model for biotechnological applications,
potentials and challenges. Biomedical Journal of
Scientific & Technical Research 16(3): 12126-12131.

Daba GM, Mostafa FA, Elkhateeb WA (2021) The
ancient koji mold (Aspergillus oryzae) as a modern
biotechnological tool. Bioresources and Bioprocessing
8(1): 1-17.

Daba GM, Elkhateeb WA, Thomas PW (2018) This era
of biotechnological tools: an insight into endophytic
mycobiota. Egyptian Pharmaceu ] 17(3): 121-128.

Elkhateeb WA, Ghwas DEE, Kolaibe AGA, Akram M, Daba
GM (2021) Yeast the Present and Future Cell Facture.

Open Access Journal of Mycology & Mycological Sciences
4(2): 1-5.

Elkhateeb WA, Elnahas MO, Daba GM, Zohri AN (2021)
Biotechnology and Environmental applications of
Trichoderma spp. Research Journal of Pharmacognosy
and Phytochemistry 13(3): 149-157.

Elkhateeb WA, Kolaibe AG, Daba GM (2021) Cochliobolus,
Drechslera, Bipolaris, Curvularia different nomenclature
for one potent fungus. Journal of Pharmaceutics and
Pharmacology Research 4(1): 1-6.

Elkhateeb WA, Kolaibe AG, Elnahas MO, Daba GM (2021)
Highlights on Chaetomium morphology, secondary
metabolites and biological activates. Journal of
Pharmaceutics and Pharmacology Research 4(1): 1-5.

Elkhateeb WA, Zohri AAN, Mazen MB, Hashem M, Daba
GM (2016) Investigation of diversity of endophytic,
phylloplane and phyllosphere mycobiota isolated from
different cultivated plants in new reclaimed soil, Upper
Egypt with potential biological applications. Inter ]
MediPharm Res 2(1): 23-31.

Elkhateeb WA, Daba GM (2022) Insight into secondary
metabolites of Stachybotrys, Memnoniella, Doratomyces
and Graphium between benefits and harmful. ]
Biotechnology and Bioprocessing 3(1): 2766-2314.

Elkhateeb WA, Daba GM (2021) The endophytic fungi
Pestalotiopsis what’s for it and what’s on it?. Journal of
Pharmaceutics and Pharmacology Research 4(1): 1-5.

Elkhateeb WA, Daba GM (2021) Stemphylium and
Ulocladium between Benefit and Harmful. ] Biomed Res
Environ Sci 2(11): 1117-1120.

Elkhateeb WA, Daba GM (2022) Chemical and Bioactive
Metabolites of Humicola and Nigrospora Secondary
Metabolites]Journal of Pharmaceutics and Pharmacology

] Microbiol Copyright© Elkhateeb WA, et al.


https://medwinpublishers.com/OAJMB
https://econpapers.repec.org/article/abfjournl/v_3a4_3ay_3a2018_3ai_3a3_3ap_3a4000-4003.htm
https://econpapers.repec.org/article/abfjournl/v_3a4_3ay_3a2018_3ai_3a3_3ap_3a4000-4003.htm
https://econpapers.repec.org/article/abfjournl/v_3a4_3ay_3a2018_3ai_3a3_3ap_3a4000-4003.htm
https://econpapers.repec.org/article/abfjournl/v_3a4_3ay_3a2018_3ai_3a3_3ap_3a4000-4003.htm
https://econpapers.repec.org/article/abfjournl/v_3a4_3ay_3a2018_3ai_3a3_3ap_3a4000-4003.htm
https://www.arcjournals.org/pdfs/ajps/v5-i3/3.pdf
https://www.arcjournals.org/pdfs/ajps/v5-i3/3.pdf
https://biomedres.us/fulltexts/BJSTR.MS.ID.002541.php
https://biomedres.us/fulltexts/BJSTR.MS.ID.002541.php
https://biomedres.us/fulltexts/BJSTR.MS.ID.002541.php
https://biomedres.us/fulltexts/BJSTR.MS.ID.002541.php
https://biomedres.us/fulltexts/BJSTR.MS.ID.002541.php
https://biomedres.us/fulltexts/BJSTR.MS.ID.002869.php
https://biomedres.us/fulltexts/BJSTR.MS.ID.002869.php
https://biomedres.us/fulltexts/BJSTR.MS.ID.002869.php
https://biomedres.us/fulltexts/BJSTR.MS.ID.002869.php
https://bioresourcesbioprocessing.springeropen.com/articles/10.1186/s40643-021-00408-z
https://bioresourcesbioprocessing.springeropen.com/articles/10.1186/s40643-021-00408-z
https://bioresourcesbioprocessing.springeropen.com/articles/10.1186/s40643-021-00408-z
https://bioresourcesbioprocessing.springeropen.com/articles/10.1186/s40643-021-00408-z
https://www.epj.eg.net/article.asp?issn=1687-4315;year=2018;volume=17;issue=3;spage=121;epage=128;aulast=Daba
https://www.epj.eg.net/article.asp?issn=1687-4315;year=2018;volume=17;issue=3;spage=121;epage=128;aulast=Daba
https://www.epj.eg.net/article.asp?issn=1687-4315;year=2018;volume=17;issue=3;spage=121;epage=128;aulast=Daba
https://medwinpublishers.com/OAJMMS/yeast-the-present-and-future-cell-facture.pdf
https://medwinpublishers.com/OAJMMS/yeast-the-present-and-future-cell-facture.pdf
https://medwinpublishers.com/OAJMMS/yeast-the-present-and-future-cell-facture.pdf
https://medwinpublishers.com/OAJMMS/yeast-the-present-and-future-cell-facture.pdf
https://www.proquest.com/openview/4895a1da484a3d01e91ace5b4ceed5d0/1?pq-origsite=gscholar&cbl=1096443
https://www.proquest.com/openview/4895a1da484a3d01e91ace5b4ceed5d0/1?pq-origsite=gscholar&cbl=1096443
https://www.proquest.com/openview/4895a1da484a3d01e91ace5b4ceed5d0/1?pq-origsite=gscholar&cbl=1096443
https://www.proquest.com/openview/4895a1da484a3d01e91ace5b4ceed5d0/1?pq-origsite=gscholar&cbl=1096443
https://www.auctoresonline.org/uploads/articles/1632744024Highlights_on_Chaetomium_morphology.pdf
https://www.auctoresonline.org/uploads/articles/1632744024Highlights_on_Chaetomium_morphology.pdf
https://www.auctoresonline.org/uploads/articles/1632744024Highlights_on_Chaetomium_morphology.pdf
https://www.auctoresonline.org/uploads/articles/1632744024Highlights_on_Chaetomium_morphology.pdf
https://medipharmsai.com/home/article_abstract/56
https://medipharmsai.com/home/article_abstract/56
https://medipharmsai.com/home/article_abstract/56
https://medipharmsai.com/home/article_abstract/56
https://medipharmsai.com/home/article_abstract/56
https://medipharmsai.com/home/article_abstract/56
https://www.auctoresonline.org/article/insight-into-secondary-metabolites-of-stachybotrys-memnoniella-doratomyces-and-graphium-between-benefits-and-harmful
https://www.auctoresonline.org/article/insight-into-secondary-metabolites-of-stachybotrys-memnoniella-doratomyces-and-graphium-between-benefits-and-harmful
https://www.auctoresonline.org/article/insight-into-secondary-metabolites-of-stachybotrys-memnoniella-doratomyces-and-graphium-between-benefits-and-harmful
https://www.auctoresonline.org/article/insight-into-secondary-metabolites-of-stachybotrys-memnoniella-doratomyces-and-graphium-between-benefits-and-harmful
https://www.auctoresonline.org/uploads/articles/1626440351The_endophytic_fungi_pestalotiopsis_what.pdf
https://www.auctoresonline.org/uploads/articles/1626440351The_endophytic_fungi_pestalotiopsis_what.pdf
https://www.auctoresonline.org/uploads/articles/1626440351The_endophytic_fungi_pestalotiopsis_what.pdf
https://www.jelsciences.com/articles/jbres1356.pdf
https://www.jelsciences.com/articles/jbres1356.pdf
https://www.jelsciences.com/articles/jbres1356.pdf

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Elkhateeb WA, et al. Fungi between Immunostimulatory and Immunosuppressive.

Open Access Journal of Microbiology & Biotechnology

Research 5(1): 1-4.

Elkhateeb WA, Mousa KM, ELnahas MO, Daba GM (2021)
Fungi against insects and contrariwise as biological
control models. Egyptian Journal of Biological Pest
Control 31(1): 1-9.

Elnahas MO, Elkhateeb WA, Daba GM (2020) All in one
Thermoascus aurantiacus and its Industrial Applications.
International Journal of Pharma Research and Health
Sciences 8(6): 3237-3241.

Elkhateeb W, Akram M, Zohri A, Daba G (2022) Fungal
Enzymatic Cocktails Benefits and Applications. Open
Access Journal of Pharmaceutical Research 6(1): 1-8.

Elkhateeb WA, Daba GM (2020) The Exceptional
Endophytic Fungi, Emericella (Berk.) and Phoma (Sacc.)
Genera. International Journal of Research in Pharmacy
and Biosciences 7(1): 1-6.

Elkhateeb WA, Kolaibe AGA, Daba GM (2021)
Bioactive metabolites of Cunninghamella, Biodiversity
to Biotechnology. Journal of Pharmaceutics and
Pharmacology Research 4(3): 1-5.

Elkhateeb WA, Daba GM (2022) Botryotrichum and
Scopulariopsis Secondary Metabolites and Biological
Activities. ] Biotechnology and Bioprocessing 3(1):
2766-2314.

Elkhateeb WA, Daba GM, Elnahas MO, Thomas PW
(2019) The rarely isolated fungi: Arthrinium sacchari,
Beltrania querna, and Papulaspora immersa, potentials
and expectations. Journal of Pharmaceutical Sciences
5(4): 10-15.

Elkhateeb WA, Kolaibe AGA, Elkhateeb A, Daba GM
(2021) Allergen, pathogen, or biotechnological tool? The
dematiaceous fungi Alternaria what's for it and what’s
on it?. Journal of Pharmaceutics and Pharmacology
Research 4(3): 1-6.

Elkhateeb WA, Daba GM (2022) Insight into Secondary
Metabolites of Circinella, Mucor and Rhizopus the Three
Musketeers of Order Mucorales. Biomed ] Sci & Tech Res
41(2).

Elkhateeb W, Daba GM (2022) Marine Endophytes
a Natural Novel Source for a Treasure of Bioactive
Compounds. ] Adv Microbiol Res 5(18): 2.

Elkhateeb WA, Ghwas ED, Zohri NAA, Daba GM (2022)
Biotechnological Application of Citric Acid and Kojic Acid
Produced by Fungi. ] Pharmacy and Drug Innovations
3(5): 1-5.

Biotechnol 2022, 7(4): 000239.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Harada T, Ohno N (2008) Contribution of dectin-1 and
granulocyte macrophage-colony stimulating factor (GM-
CSF) to immunomodulating actions of B-glucan. Int
Immunopharmacol 8(4): 556-566.

Kuczaj M, Pre’s ], Zachwieja A, Twardo'n ], Orda ], et al.
(2014) A Effect of supplementing dairy cows with live
yeasts cells and dried brewer’s yeasts on milk chemical
composition, somatic cell count and blood biochemical
indices. Vet Med 17(3): 6.

Vetvicka V, Vetvickova ] (2007) Physiological effects of
different types of B-glucan. Biomed Pap Med Fac. Univ
Palacky Olomouc Czech Repub 151(2): 225-231.

Kim SY, Song HJ, Lee YY, Cho KH, Roh YK (2006)
Biomedical issues of dietary fiber B-Glucan. ] Korean
Med Sci 21(5): 781-789.

Vetvicka V, Botelho MFP, Santos AAD, Oliveira CAFD
(2014) Evaluation of a special combination of glucan
with organic selenium derivative in different murine
tumor model. Anticancer Res 34(12): 6939-6944.

Daou C,Zhang H (2012) Oat beta-glucan: its role in health
promotion and prevention of diseases. Comprehensive
reviews in food science and food safety 11(4): 355-365.

Murphy EA, Davis JM, Carmichael MD (2010) Immune
modulating effects of B-glucan. Curr Opin Clin Nutr
Metab Care 13(6): 656-661.

00i VE, Liu F (2000) Immunomodulation and anti-cancer
activity of polysaccharide-protein complexes. Curr Med
Chem 7(7): 715-729.

Dreyfuss M, Harri E, Hofmann H, Kobel H, Pache W, et al.
(1976) Cyclosporin A and C. European journal of applied
microbiology and biotechnology 3: 125-133.

Budavari SM, Neal OM], Smith A, Heckelman PA (1996)
The Merck Index: An Encyclopedia of Chemicals, Drugs
and Biologicals. 12®(Edn.), Merck Research Laboratory,
New Jersey, pp: 1498.

Sallam LAR,Refai AMHE, Hamdi AHA, Minofi HAE, Elsalam
ISA (2005) Studies on the application of immobilization
technique for the production of cyclosporin A by a local
strain of Aspergillus terreus. ] Gen Appl Microbiol 51(3):
143-149.

Calne RY, White D], Thiru S, Evans DB, McMaster P, et
al. (1978) Cyclosporin A in patients receiving renal
allografts from cadaver donars. Lancet 2(8104-8105):
1323-1327.

Amer EM, Saber SH, Markeb AA, Elkhawaga AA,

] Microbiol Copyright© Elkhateeb WA, et al.


https://medwinpublishers.com/OAJMB
https://ejbpc.springeropen.com/articles/10.1186/s41938-020-00360-8
https://ejbpc.springeropen.com/articles/10.1186/s41938-020-00360-8
https://ejbpc.springeropen.com/articles/10.1186/s41938-020-00360-8
https://ejbpc.springeropen.com/articles/10.1186/s41938-020-00360-8
http://www.pharmahealthsciences.net/pdfs/volume8-issue62020/1.vol8-issue6-2020-MS-15832-Minireview.pdf
http://www.pharmahealthsciences.net/pdfs/volume8-issue62020/1.vol8-issue6-2020-MS-15832-Minireview.pdf
http://www.pharmahealthsciences.net/pdfs/volume8-issue62020/1.vol8-issue6-2020-MS-15832-Minireview.pdf
http://www.pharmahealthsciences.net/pdfs/volume8-issue62020/1.vol8-issue6-2020-MS-15832-Minireview.pdf
https://medwinpublishers.com/OAJPR/fungal-enzymatic-cocktails-benefits-and-applications.pdf
https://medwinpublishers.com/OAJPR/fungal-enzymatic-cocktails-benefits-and-applications.pdf
https://medwinpublishers.com/OAJPR/fungal-enzymatic-cocktails-benefits-and-applications.pdf
https://auctoresonline.org/article/bioactive-metabolites-of-cunninghamella-biodiversity-to-biotechnology
https://auctoresonline.org/article/bioactive-metabolites-of-cunninghamella-biodiversity-to-biotechnology
https://auctoresonline.org/article/bioactive-metabolites-of-cunninghamella-biodiversity-to-biotechnology
https://auctoresonline.org/article/bioactive-metabolites-of-cunninghamella-biodiversity-to-biotechnology
https://www.auctoresonline.org/article/botryotrichum-and-scopulariopsis-secondary-metabolites-and-biological-activities
https://www.auctoresonline.org/article/botryotrichum-and-scopulariopsis-secondary-metabolites-and-biological-activities
https://www.auctoresonline.org/article/botryotrichum-and-scopulariopsis-secondary-metabolites-and-biological-activities
https://www.auctoresonline.org/article/botryotrichum-and-scopulariopsis-secondary-metabolites-and-biological-activities
https://www.arcjournals.org/pdfs/ajps/v5-i4/2.pdf
https://www.arcjournals.org/pdfs/ajps/v5-i4/2.pdf
https://www.arcjournals.org/pdfs/ajps/v5-i4/2.pdf
https://www.arcjournals.org/pdfs/ajps/v5-i4/2.pdf
https://www.arcjournals.org/pdfs/ajps/v5-i4/2.pdf
https://www.auctoresonline.org/uploads/articles/1626433200Allergen.pdf
https://www.auctoresonline.org/uploads/articles/1626433200Allergen.pdf
https://www.auctoresonline.org/uploads/articles/1626433200Allergen.pdf
https://www.auctoresonline.org/uploads/articles/1626433200Allergen.pdf
https://www.auctoresonline.org/uploads/articles/1626433200Allergen.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.006575.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.006575.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.006575.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.006575.pdf
https://pubmed.ncbi.nlm.nih.gov/18328447/
https://pubmed.ncbi.nlm.nih.gov/18328447/
https://pubmed.ncbi.nlm.nih.gov/18328447/
https://pubmed.ncbi.nlm.nih.gov/18328447/
http://www.ejpau.media.pl/volume17/issue3/art-06.html
http://www.ejpau.media.pl/volume17/issue3/art-06.html
http://www.ejpau.media.pl/volume17/issue3/art-06.html
http://www.ejpau.media.pl/volume17/issue3/art-06.html
http://www.ejpau.media.pl/volume17/issue3/art-06.html
https://pubmed.ncbi.nlm.nih.gov/18345255/
https://pubmed.ncbi.nlm.nih.gov/18345255/
https://pubmed.ncbi.nlm.nih.gov/18345255/
https://pubmed.ncbi.nlm.nih.gov/17043406/
https://pubmed.ncbi.nlm.nih.gov/17043406/
https://pubmed.ncbi.nlm.nih.gov/17043406/
https://pubmed.ncbi.nlm.nih.gov/25503119/
https://pubmed.ncbi.nlm.nih.gov/25503119/
https://pubmed.ncbi.nlm.nih.gov/25503119/
https://pubmed.ncbi.nlm.nih.gov/25503119/
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1541-4337.2012.00189.x
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1541-4337.2012.00189.x
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1541-4337.2012.00189.x
https://pubmed.ncbi.nlm.nih.gov/20842027/
https://pubmed.ncbi.nlm.nih.gov/20842027/
https://pubmed.ncbi.nlm.nih.gov/20842027/
https://pubmed.ncbi.nlm.nih.gov/10702635/
https://pubmed.ncbi.nlm.nih.gov/10702635/
https://pubmed.ncbi.nlm.nih.gov/10702635/
https://link.springer.com/article/10.1007/BF00928431
https://link.springer.com/article/10.1007/BF00928431
https://link.springer.com/article/10.1007/BF00928431
https://agris.fao.org/agris-search/search.do?recordID=XF2015016741
https://agris.fao.org/agris-search/search.do?recordID=XF2015016741
https://agris.fao.org/agris-search/search.do?recordID=XF2015016741
https://agris.fao.org/agris-search/search.do?recordID=XF2015016741
https://pubmed.ncbi.nlm.nih.gov/16107751/
https://pubmed.ncbi.nlm.nih.gov/16107751/
https://pubmed.ncbi.nlm.nih.gov/16107751/
https://pubmed.ncbi.nlm.nih.gov/16107751/
https://pubmed.ncbi.nlm.nih.gov/16107751/
https://pubmed.ncbi.nlm.nih.gov/82836/
https://pubmed.ncbi.nlm.nih.gov/82836/
https://pubmed.ncbi.nlm.nih.gov/82836/
https://pubmed.ncbi.nlm.nih.gov/82836/
https://pubmed.ncbi.nlm.nih.gov/33917024/

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Elkhateeb WA, et al. Fungi between Immunostimulatory and Immunosuppressive.

Open Access Journal of Microbiology & Biotechnology

Mekhemer IMA, et al. (2021) Enhancement of 3-glucan
biological activity using a modified acid-base extraction
method from Saccharomyces -cerevisiae. Molecules
26(8): 2113.

Rahar S, Swami G, Nagpal N, Nagpal M, Singh GS (2011)
Preparation, characterization, and biological properties
of B-glucans. ] Adv Pharm Technol Res 2(2): 94-103.

Peltzer M, Delgado JF, Salvay AG, Wagner JR (2018)
-Glucan, a promising polysaccharide for bio-based films
developments for food contact materials and medical
applications. Current Organic Chemistry 22(12): 1249-
1254.

Chiozzi V, Eliopoulos C, Markou G, Arapoglou D,
Agriopoulou S, et al. (2021) Biotechnological addition of
B-glucans from cereals, mushrooms and yeasts in foods
and animal feed. Processes 9(11): 1889.

Varelas V, Liouni M, Calokerinos AC, Nerantzis ET
(2016) An evaluation study of different methods for the
production of -D-glucan from yeast biomass. Drug Test
Anal 8(1): 46-55.

Zohri A, Moubasher H, Hay HA, Orban M (2019)
Biotechnological B-glucan Production from Returned
Bakers Yeast and Yeast Remaining after Ethanol
Fermentation. Yeast 4: 5.

Ahmad A, Munir B, Abrar M, Bashir S, Adnan M, et al.
(2012) Perspective of 3-glucan as functional ingredient
for food industry. ] Nutr Food Sci 2(2): 133-139.

Kwiatkowski S, Kwiatkowski SE (2012) Yeast
(Saccharomyces cerevisiae) glucan polysaccharides-
occurrence, separation and application in food, feed and
health industries. The complex world of polysaccharides
47-70.

Tominac VP, Krpan VZ, Grba S, Srecec S, Krbav¢ic¢ PI, et al.
(2010) Biological effects of yeast 3-glucans. Agriculturae
conspectus scientificus 75(4): 149-158.

Geller A, Shrestha R, Yan ] (2019) Yeast-derived -glucan
in cancer: novel uses of a traditional therapeutic. Int ]
Mol Sci 20(15): 3618.

Chen ], Seviour R (2007) Medicinal importance of fungal
B-(1- 3),(1- 6)-glucans. Mycol Rse 111(Pt 6): 635-652]

Vetvicka V, Novak M (2011) Biological action of 3-glucan.
Biology and chemistry of Beta Glucan 1: 10-18.

Zekovi¢ DB, Kwiatkowski S, Vrvi¢c MM, Jakovljevi¢ D,
Moran CA (2005) Natural and modified (1- 3)-B-D-
glucans in health promotion and disease alleviation. Crit

Biotechnol 2022, 7(4): 000239.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Rev Biotechnol 25(4): 205-230.

Thompson 1], Oyston PCF, Williamson DE (2010)
Potential of the B-glucans to enhance innate resistance
to biological agents. Expert Rev Anti-Infect Ther 8(3):
339-352.

Obrador E, Palmer RS, Villaescusa ]I, Gallego E, Pellicer
B, et al. (2022) Nuclear and Radiological Emergencies:
Biological Effects, Countermeasures and Biodosimetry.
Antioxidants (Basel) 11(6): 1098.

Sharma M, Devi M (2014) Probiotics: a comprehensive
approach toward health foods. Crit Rev Food Sci Nutr
54(4): 537-552.

Worrasinchai S, Suphantharika M, Pinjai S, Jamnong P
(2006) B-Glucan prepared from spent brewer’s yeast as
a fat replacer in mayonnaise. Food hydrocolloids 20(1):
68-78.

Krpan VZ, Tominac VP, Krbav¢i¢ IP, Grba S, Berkovi¢ K
(2009) Potential application of yeast -glucans in food
industry. Agriculturae Conspectus Scientificus 74(4):
277-282.

Survase SA, Kagliwal LD, Annapure US, Singhal RS (2011)
Cyclosporin A--a review on fermentative production,
downstream  processing and  pharmacological
applications. Biotechnol Adv 29(4): 418-435.

Fung J] (2004) Tacrolimus and transplantation: a decade
in review. Transplantation 77(9 Suppl): S41-5S43.

Mazo AB, Nuin BR, Ramirez P, Pons JA (2016)
Immunosuppressive potency of mechanistic target of
rapamycin inhibitors in solid-organ transplantation.
World ] transplant 6(1): 183-192.

Ritter ML, Pirofski L (2009) Mycophenolate mofetil:
effects on cellular immune subsets, infectious
complications, and antimicrobial activity. Transpl Infect
Dis 11(4): 290-297.

Azam A, Anjum T, Irum W (2012) Trichoderma
harzianum: A new fungal source for the production of
cyclosporin A. Bangladesh ] Pharmacol 7(1): 33-35.

Germano V, Diamanti AP, Ferlito C, Podesta E, Salemi §, et
al. (2011) Cyclosporine A in the long-term management
of systemic lupus erythematosus. ] Biol Regul Homeost
Agents 25(3): 397-403.

Sil PN, Joo PH, Boem HK, Soo KE (2006) Heterologous
expression of novel cytochrome P450 hydroxylase genes
from Sebekia benihana. Journal of microbiology and
biotechnology 16(2): 295-298.

] Microbiol Copyright© Elkhateeb WA, et al.


https://medwinpublishers.com/OAJMB
https://pubmed.ncbi.nlm.nih.gov/33917024/
https://pubmed.ncbi.nlm.nih.gov/33917024/
https://pubmed.ncbi.nlm.nih.gov/33917024/
https://pubmed.ncbi.nlm.nih.gov/33917024/
https://pubmed.ncbi.nlm.nih.gov/22171300/
https://pubmed.ncbi.nlm.nih.gov/22171300/
https://pubmed.ncbi.nlm.nih.gov/22171300/
https://www.x-mol.com/paper/1309252090890260480?recommendPaper=1261101759400615936
https://www.x-mol.com/paper/1309252090890260480?recommendPaper=1261101759400615936
https://www.x-mol.com/paper/1309252090890260480?recommendPaper=1261101759400615936
https://www.x-mol.com/paper/1309252090890260480?recommendPaper=1261101759400615936
https://www.x-mol.com/paper/1309252090890260480?recommendPaper=1261101759400615936
https://www.mdpi.com/2227-9717/9/11/1889
https://www.mdpi.com/2227-9717/9/11/1889
https://www.mdpi.com/2227-9717/9/11/1889
https://www.mdpi.com/2227-9717/9/11/1889
https://pubmed.ncbi.nlm.nih.gov/26190751/
https://pubmed.ncbi.nlm.nih.gov/26190751/
https://pubmed.ncbi.nlm.nih.gov/26190751/
https://pubmed.ncbi.nlm.nih.gov/26190751/
https://www.longdom.org/open-access/perspective-of-glucan-as-functional-ingredient-for-food-industry-2155-9600.1000133.pdf
https://www.longdom.org/open-access/perspective-of-glucan-as-functional-ingredient-for-food-industry-2155-9600.1000133.pdf
https://www.longdom.org/open-access/perspective-of-glucan-as-functional-ingredient-for-food-industry-2155-9600.1000133.pdf
https://www.intechopen.com/chapters/40576
https://www.intechopen.com/chapters/40576
https://www.intechopen.com/chapters/40576
https://www.intechopen.com/chapters/40576
https://www.intechopen.com/chapters/40576
https://hrcak.srce.hr/66000
https://hrcak.srce.hr/66000
https://hrcak.srce.hr/66000
https://pubmed.ncbi.nlm.nih.gov/31344853/
https://pubmed.ncbi.nlm.nih.gov/31344853/
https://pubmed.ncbi.nlm.nih.gov/31344853/
https://pubmed.ncbi.nlm.nih.gov/17590323/
https://pubmed.ncbi.nlm.nih.gov/17590323/
https://www.eurekaselect.com/chapter/3213
https://www.eurekaselect.com/chapter/3213
https://pubmed.ncbi.nlm.nih.gov/16419618/
https://pubmed.ncbi.nlm.nih.gov/16419618/
https://pubmed.ncbi.nlm.nih.gov/16419618/
https://pubmed.ncbi.nlm.nih.gov/16419618/
https://pubmed.ncbi.nlm.nih.gov/20192687/
https://pubmed.ncbi.nlm.nih.gov/20192687/
https://pubmed.ncbi.nlm.nih.gov/20192687/
https://pubmed.ncbi.nlm.nih.gov/20192687/
https://pubmed.ncbi.nlm.nih.gov/35739995/
https://pubmed.ncbi.nlm.nih.gov/35739995/
https://pubmed.ncbi.nlm.nih.gov/35739995/
https://pubmed.ncbi.nlm.nih.gov/35739995/
https://pubmed.ncbi.nlm.nih.gov/24237003/
https://pubmed.ncbi.nlm.nih.gov/24237003/
https://pubmed.ncbi.nlm.nih.gov/24237003/
https://www.sciencedirect.com/science/article/abs/pii/S0268005X05000494
https://www.sciencedirect.com/science/article/abs/pii/S0268005X05000494
https://www.sciencedirect.com/science/article/abs/pii/S0268005X05000494
https://www.sciencedirect.com/science/article/abs/pii/S0268005X05000494
https://pubmed.ncbi.nlm.nih.gov/21447377/
https://pubmed.ncbi.nlm.nih.gov/21447377/
https://pubmed.ncbi.nlm.nih.gov/21447377/
https://pubmed.ncbi.nlm.nih.gov/21447377/
https://pubmed.ncbi.nlm.nih.gov/15201685/
https://pubmed.ncbi.nlm.nih.gov/15201685/
https://pubmed.ncbi.nlm.nih.gov/27011916/
https://pubmed.ncbi.nlm.nih.gov/27011916/
https://pubmed.ncbi.nlm.nih.gov/27011916/
https://pubmed.ncbi.nlm.nih.gov/27011916/
https://pubmed.ncbi.nlm.nih.gov/19497072/
https://pubmed.ncbi.nlm.nih.gov/19497072/
https://pubmed.ncbi.nlm.nih.gov/19497072/
https://pubmed.ncbi.nlm.nih.gov/19497072/
https://www.banglajol.info/index.php/BJP/article/view/10084/23247
https://www.banglajol.info/index.php/BJP/article/view/10084/23247
https://www.banglajol.info/index.php/BJP/article/view/10084/23247
https://pubmed.ncbi.nlm.nih.gov/22023764/
https://pubmed.ncbi.nlm.nih.gov/22023764/
https://pubmed.ncbi.nlm.nih.gov/22023764/
https://pubmed.ncbi.nlm.nih.gov/22023764/
https://koreascience.kr/article/JAKO200617033429547.page
https://koreascience.kr/article/JAKO200617033429547.page
https://koreascience.kr/article/JAKO200617033429547.page
https://koreascience.kr/article/JAKO200617033429547.page

65.

66.

67.

68.

69.

70.

71.

72.

Elkhateeb WA, et al. Fungi between Immunostimulatory and Immunosuppressive. ] Microbiol

Open Access Journal of Microbiology & Biotechnology

Rehéagek Z (1995) The Cyclosporins. Folia microbiologica
40(1): 68-88.

Wenger RM (1985) Synthesis of cyclosporine
and analogues:  structural requirements for
immunosuppressive activity. Angewandte Chemie
International Edition in English 24(2): 77-85.

Anjum T, Azam A, Irum W (2012) Production of
Cyclosporine A by Submerged Fermentation from a
Local Isolate of Penicillium fellutanum. Indian ] Pharm
Sci 74(4): 372-374.

Sallam LAR, Refai AMHE, Hamdy AHA, Minofi HAE, Salam
ISA (2003) Role of some fermentation parameters on
cyclosporine A production by a new isolate of Aspergillus
terreus. ] Gen Appl Microbiol 49(6): 321-328.

Murthy MVR, Mohan EVS, Sadhukhan AK (1999)
Cyclosporin A production by Tolypocladium inflatum
using solid state fermentation. Process Biochem 34(3):
269-280.

Sawai K, Okuno T, Tereda Y, Harada Y, Sawamura K, et
al. (1981) Isolation and properties of two antifungal
substances from Fusarium solani. Agric Biol Chem 45(5):
1223-1228.

Ismaiel AA, Sayed AE, Mahmoud AA (2010) Some optimal
culture conditions for production of cyclosporin A by
Fusarium roseum. Braz ] Microbiol 41(4): 1112-1123.

Refai HAE, Elsalam ISA, Sallam LA (2004) Kinetic studies
on the growth and cyclosporine A production by a local
isolate of Fusarium oxysporum NRC. Acta Pharm Turcica
46(3): 197-204.

Biotechnol 2022, 7(4): 000239.

73.

74.

75.

76.

77.

78.

79.

80.

Nakajima H, Hamasaki T, Nishimura K, Konda T, Kimura
Y, et al. (1988) Isolation of 2-acetylamino-3-hydroxy-4-
methyl-oct-6- enoic acid, a derivative of the ‘C9 amino
acid’ residue of Cyclosporins, produced by the fungus
Neocosmospora vasinfecta E. F. Smith. Agric Biol Chem
52(6): 1621-1623.

Strobel G, Daisy B, Castillo U, Harper ] (2004) Natural
products from endophytic microorganisms. ] Nat Prod
67(2): 257-268.

Ren Y, Strobel GA, Graff ]C, Jutila M, Park SG, et al. (2008)
Colutellin A, an immunosuppressive peptide from
Colletotrichum dematium. Microbiology 154(Pt 7):
1973-1979.

Hackstein H, Thomson AW (2004) Dendritic cells:
emergingpharmacologicaltargetsofimmunosuppressive
drugs. Nat Rev Immunol 4(1): 24-34.

Kahan BD (2003) Individuality: the barrier to optimal
immunosuppression. Nat Rev Immunol 3(10): 831-838.

Zhang YL, Ge HM, Zhao W, Dong H, Xu Q, et al. (2008)
Unprecedented Immunosuppressive Polyketides from
Daldinia eschscholzii, a Mantis-Associated Fungus.
Angew Chem Int Ed Engl 47(31): 5823-5826.

Strobel G, Daisy B (2003) Bioprospecting for microbial
endophytes and their natural products. Microbiol Mol
Biol Rev 67(4): 491-502.

Xu ZY, Zhang XX, Ma JK, Yang Y, Zhou ], et al. (2020)
Secondary metabolites produced by mangrove
endophytic fungus Aspergillus fumigatus HQD24 with
immunosuppressive activity. Biochemical Systematics
and Ecology 93: 104166.

Copyright© Elkhateeb WA, et al.


https://medwinpublishers.com/OAJMB
https://link.springer.com/article/10.1007/BF02816529
https://link.springer.com/article/10.1007/BF02816529
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.198500773
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.198500773
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.198500773
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.198500773
https://pubmed.ncbi.nlm.nih.gov/23626396/
https://pubmed.ncbi.nlm.nih.gov/23626396/
https://pubmed.ncbi.nlm.nih.gov/23626396/
https://pubmed.ncbi.nlm.nih.gov/23626396/
https://pubmed.ncbi.nlm.nih.gov/14747973/
https://pubmed.ncbi.nlm.nih.gov/14747973/
https://pubmed.ncbi.nlm.nih.gov/14747973/
https://pubmed.ncbi.nlm.nih.gov/14747973/
https://www.sciencedirect.com/science/article/abs/pii/S0032959298000958
https://www.sciencedirect.com/science/article/abs/pii/S0032959298000958
https://www.sciencedirect.com/science/article/abs/pii/S0032959298000958
https://www.sciencedirect.com/science/article/abs/pii/S0032959298000958
https://academic.oup.com/bbb/article-abstract/45/5/1223/5969800?redirectedFrom=fulltext
https://academic.oup.com/bbb/article-abstract/45/5/1223/5969800?redirectedFrom=fulltext
https://academic.oup.com/bbb/article-abstract/45/5/1223/5969800?redirectedFrom=fulltext
https://academic.oup.com/bbb/article-abstract/45/5/1223/5969800?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/24031594/
https://pubmed.ncbi.nlm.nih.gov/24031594/
https://pubmed.ncbi.nlm.nih.gov/24031594/
https://www.actapharmsci.com/abstract.php?lang=en&id=54
https://www.actapharmsci.com/abstract.php?lang=en&id=54
https://www.actapharmsci.com/abstract.php?lang=en&id=54
https://www.actapharmsci.com/abstract.php?lang=en&id=54
https://www.tandfonline.com/doi/abs/10.1080/00021369.1988.10868854
https://www.tandfonline.com/doi/abs/10.1080/00021369.1988.10868854
https://www.tandfonline.com/doi/abs/10.1080/00021369.1988.10868854
https://www.tandfonline.com/doi/abs/10.1080/00021369.1988.10868854
https://www.tandfonline.com/doi/abs/10.1080/00021369.1988.10868854
https://www.tandfonline.com/doi/abs/10.1080/00021369.1988.10868854
https://pubmed.ncbi.nlm.nih.gov/14987067/
https://pubmed.ncbi.nlm.nih.gov/14987067/
https://pubmed.ncbi.nlm.nih.gov/14987067/
https://pubmed.ncbi.nlm.nih.gov/18599825/
https://pubmed.ncbi.nlm.nih.gov/18599825/
https://pubmed.ncbi.nlm.nih.gov/18599825/
https://pubmed.ncbi.nlm.nih.gov/18599825/
https://pubmed.ncbi.nlm.nih.gov/14704765/
https://pubmed.ncbi.nlm.nih.gov/14704765/
https://pubmed.ncbi.nlm.nih.gov/14704765/
https://pubmed.ncbi.nlm.nih.gov/14523389/
https://pubmed.ncbi.nlm.nih.gov/14523389/
https://pubmed.ncbi.nlm.nih.gov/18576440/
https://pubmed.ncbi.nlm.nih.gov/18576440/
https://pubmed.ncbi.nlm.nih.gov/18576440/
https://pubmed.ncbi.nlm.nih.gov/18576440/
https://pubmed.ncbi.nlm.nih.gov/14665674/
https://pubmed.ncbi.nlm.nih.gov/14665674/
https://pubmed.ncbi.nlm.nih.gov/14665674/
https://pubag.nal.usda.gov/catalog/7135303
https://pubag.nal.usda.gov/catalog/7135303
https://pubag.nal.usda.gov/catalog/7135303
https://pubag.nal.usda.gov/catalog/7135303
https://pubag.nal.usda.gov/catalog/7135303
https://creativecommons.org/licenses/by/4.0/

	_Hlk113595771
	OLE_LINK29
	OLE_LINK28
	OLE_LINK33
	OLE_LINK27
	OLE_LINK26
	OLE_LINK31
	OLE_LINK30
	OLE_LINK37
	OLE_LINK36
	Abstract
	Introduction
	Fungi as Immunostimulatory
	Other β-glucans Medical Applications
	Other β-glucans Applications
	Fungi as Immunosuppressive
	Endophytic Microbes the New World of Immunosuppressive Drugs

	Conclusion 
	References

