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Abstract 

Cunninghamella is a fungal genus that belongs to family Cunninghamellaceae and has been involved as promising 

tool in many important mycotechnological applications. Cunninghamella is an endophytic fungus, their secondary 

metabolites are of potential biological activities especially as antimicrobial agents. The aim of this review is to 

highlight the description, ecology, and important in medicinal and industrial applications of the genus Cunninghamella 

in general. Moreover, describing the importance and potentials of this fungus in order to encourage for further studies 

to search, isolate, and purify already known metabolites. Also, screen for, and discover novel metabolites produced 

by this potent fungi in order to be involved in additional applications. 
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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]. Mucorales is the largest order of 

fungi, it is classified into the subphylum named Mucormycotina [2], that 

is formed of about 57 genera with 15 families and that comprise about 

334 species [3]. Mucorales members are found in soil, water, dung, plants, 

stored grains, and fungal masses [4, 5]. Many of mucorales members 

show rapid growth and they colonize and sporulate on a variety of 

carbohydrate-rich, and terrestrial substrates. 

The genus Cunninghamella (Cunninghamellaceae, Mucorales) was 

established by Matruchot in 1903. The species of this genus are 

characterized by the formation of the uni-spored sporangia and pedicellate 

on the vesicle surface [6]. About 14 species are identified in this genus [7, 

8]. These species are usually found in soil, organic substrates, and stored 

grains, etc. [9, 10]. Some species are reported to cause infection such as 

human mucormycosis [11, 12], however other species are reported to be 

very helpful in treating many diseases as well as that can destroy tumors 

[13]. Based on the morphological characterization, the taxonomy of 

Cunninghamella has been identified. This include the colony color, shape 

and size of vesicles, branching pattern of sporophore, sporangiola shape, 

and the length of the spines [6, 14].  

Another study reported that Cunninghamella genus was monographed 

upon the maximum growth temperatures together with the morphological 

characteristics [6]. Moreover, other studies have sequenced the internal 

transcribed spacer (ITS), 28S, and elongation factor 1α gene regions of 

the accepted taxa and represented the phylogeny to be compatible with 

Zeng and Chen's taxonomical results [15, 16]. 

The endophytic fungus, Cunninghamella sp., is considered an enormous 

source of chemical leads with promising biological activities. Different 

Cunninghamella species have proved their ability to produce plenty of 

secondary metabolites including fatty acids (Palmitic acid, oleic acid and 

stearic acid) in addition to two steroidal compounds; α-amyrin (A4), and 

β–sitosterol with various biological activities, such as antifungal and 

antibacterial [17-19]. Cunninghamella species capable to produced 

different enzymes that can perform both phase I and phase II 

biotransformations [20]. 

Secondary metabolites differ from primary nutrients in that they are not 

essential for growth, but they play a vital role in the survival and 

adaptation of producing organisms in nature [21]. The genus 

Cunninghamella contains species of importance in medical mycology and 

in biotechnological processes. Cunninghamella is a filamentous fungus 

found in soil and plant material, particularly at Mediterranean and 

subtropical zones. Cunninghamella bertholletiae, Cunninghamella 

elegans and Cunninghamella echinulata are the most common species. 

Cunninghamella colonies are rapidly growing, full mature in 4 days, 
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colony shape is cottony and white to tannish-grey in color. 

Cunninghamella elegans produces purely gray colonies. [22, 23]. 

The genus Cunninghamella description and ecology 

Colonies fast growing, completely filling the plate on Czapek’s, malte 

extract, or potato dextrose agar, after 3-5 days of incubation at 25°C, 

floccose, up to 3 cm high, white to dark grey; mycelium non septate, often 

becoming septate without order in age; hyphae broad up to thick. 

Sporangiophores (Conidiophores) erect, branched in verticillate or 

irregular, each branch terminating in globose, obovoid pyriform to clavate 

vesicle furnished with small sporangioles (Conidia) bearing denticles, 

usually sporangiophores swollen at point of attachment of lateral 

branches; sporangioles arising from denticles synchronously (Figure, 1, 

2). 1-Spored globose, ovoid or elliptical, smooth verrucose or echinulate, 

hyaline mostly heterothallic. Zygospores globose to somewhat flattened, 

dark brown, tuberculate, suspensors equal. When mature colonies greyish 

white; terminal vesicles up to 40 um in diameter, sporangioles smooth, 

species is Cunninghamella elegans. When mature colonies pale grey, 

terminal vesicles up to 50 um in diameter, sporangioles echinulate, 

species is Cunninghamella echinulata. Cunninghamella echinulata most 

common and is worldwide distribution [24-26].  

 

 

 

 

 

 

 

Figure 1. Cunninghamella different species with different shapes on different media (cited in: www.thunderhouse4-yuri.blogspot.com and 

https://www.natur.cuni.cz). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Cunninghamella elegans with smooth globose conidia isolated and identified by Dr. Waill Elkhateeb (Photographs was taken by Dr. Waill 

A. Elkhateeb, Locality: National Research Center of Egypt).  

Cunninghamella secondary metabolites and their 

biological activities 

Various fungi produce many secondary metabolites that have diverse 

molecular structure [27]. Several phytochemical groups have been 

isolated from fungi, these include alkaloids, carbohydrates, fatty acid, 

phenolic compound, polyketides, and terpenes [28]. Nowadays, over 

90,000 species of fungi have been identified [29], nevertheless, not all 

these fungi have been fully studied for their potential biological and 

chemical properties [30, 31]. Cunninghamella is a fungal genus that 

belongs to family Cunninghamellaceae. This family may exist in soil, 

plant and animal material, and Brazil nuts, etc. [32]. Members of this 
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genus are characterized by possessing cytochrome P-450 monooxygenase 

systems similar to those found in mammals [33]. Thus, they have been 

applied to many drugs where they act in a manner that similar to those of 

mammalian enzyme systems [34]. For this reason, Cunninghamella 

species have been applied as biotransformation media, because of its 

capacity to convert different molecules to valuable medicinal substances 

[35].  

Among the objectives of the recent European Union legislation governing 

the testing and evaluation of chemicals, REACH (Regulation, Evaluation, 

Authorisation and Restriction of Chemicals), is to minimize depending on 

animals in testing experiments. Since some microorganisms including the 

actinomycetes bacteria and Cunninghamella fungi are able to metabolize 

different xenobiotic compounds in a way which is analogous to that of 

mammals [22, 23], [36, 37]. These microorganisms have been considered 

as potent models of mammalian metabolism [38], even though many 

concerns are found about their predictive value (8). However, some 

microorganisms are very crucial in the generation of useful quantities of 

drug metabolic intermediates [39]. 

Various Cunninghamella species have shown different biological 

activities. For example, Cunninghamella echinulata has been reported to 

biotransform the drug “loratadine” to its active metabolite “desloratadine” 

and which was proved to be more potent (about four times that of 

loratadine) when consumed at low doses. Desloratadine is a potent 

antihistaminic drug that has showed its efficacy in allergic disease [40, 

41]. Also, Cunninghamella elegans ATCC 9245, showed its ability to 

biotransform doxepin which is a tricyclic antidepressant drug [42]. 

Interestingly, previous studies revealed diverse pathways for 

Cunninghamella blakesleana AS 3. 153 to metabolize verapamil, in a way 

similar to humans that is why this species could be a useful model for 

studying mammalian drug metabolism system [43]. 

This species also showed its importance in treatment of cancer. Some 

studies reported that the potential of employing Cunninghamella species 

to transform many xenobiotic compounds in an analogous way similar to 

mammals. Cunninghamella species were able to biotransform the anti-

cancer drug flutamide into four fluorometabolites. Among the produced 

metabolites, the most predominant one was the 2-hydroxyflutamide 

which is known to be a major pharmacologically active compound in 

mammals. Cunninghamella species also play an important role in 

inflammation treatment. They can biotransform flurbiprofen “the 

fluorinated anti-inflammatory drug”, where, mono- and dihydroxylated 

metabolites were detected by gas chromatography-mass spectrometry 

(GC-MS) and fluorine-19 nuclear magnetic resonance spectroscopy 

(19FNMR). 4′-hydroxyflurbiprofen was proved to be the major metabolite 

being converted by both microbial and mammalian systems [44].  

The antimicrobial activities of Cunninghamella blakesleeana ethanol 

extract has been examined against different Gram-positive and Gram-

negative bacteria, as well as other fungi. Some of the isolated compounds 

showed their ability to inhibit the growth of some microorganisms. The 

maximum antimicrobial activity of Cunninghamella blakesleeana alcohol 

extract was reported against Staphylococcus aureus this was followed by 

Streptococcus pyogenes. On the other side, the maximum antimicrobial 

activity was reported against for both Candida albicans and Pseudomonas 

aeruginosa [17]. Cunninghamella blakesleeana has been also reported to 

produce many fatty acids. About ten of them were detected. Stearic acid 

was the major fatty acid isolated from C. blakesleeana (74.61%), palmitic 

acid was considered the second high percentage (10.35%), however, 

docosanoic acid showed the least percentage (0.01%) [17]. These lipids 

can be applied in various industries such as essential oils, natural food 

colors, spice, and oleoresins. Also they can be used in cosmetics and 

medicinal uses [45]. Additionally, Cunninghamella elegans showed its 

capacity to produce polysaccharides when the fungus was grown on corn 

steep liquor and cassava wastewater. The obtained chitin and chitosan 

showed deacetylation degrees of 40.98 and 88.24%, and a crystalline 

index of 35.80% and 23.82%, respectively. The produced chitin and 

chitosan are found to be non-irritating since they do not promote vascular 

change such as vasoconstriction, haemorrhage, and coagulation [46].  

Recently, more effort has been directed towards the production of fungal 

chitin and chitosan as an alternative source of biopolymers in order to 

overcome the undesirable side effects of the traditional extraction 

methods of these polysaccharides [47, 48]. Additionally, the microbial 

chitin and chitosan have more consistent quality and homogenous 

characteristics [49, 50]. Chitin and chitosan extracted from mycelial 

biomass of C. elegans were able to remove various metals such as copper, 

lead, and iron from their aqueous solutions, where chitosan (1% w/v) 

showed the highest capacity for copper biosorption (75%). While chitin 

(1% w/v) showed the maximum capacity to remove iron metal (56%), 

both experiment were conducted at pH 4 and 2.0 mM metals 

concentration [51]. 

Moreover, the dye biosorption potential of has been proven to be very 

effective, where it was found to remove some industrial dyes such as R80 

and B214.  Dye and toxic metals biosorption with fungal biomasses are 

considered important alternatives to other traditional wastewater 

treatment techniques that aim to reuse water. Fungal biomasses have the 

advantages of being cheaper, easier in operation and insensitive to toxic 

pollutants [52]. Also, Cunninghamella elegans showed its ability to 

remove toxic metals, where it was able to grow in the presence of large 

amount of toxic copper [53]. Cunninghamella blakesleeana, 

Cunninghamella homothallica, and Cunninghamella elegans to show 

their ability to grow in the presence of different metals such as cadmium, 

cobalt, and chromium [54]. These results indicate that Cunninghamella 

species can offer a new natural way for bioremediation of toxic industrial 

wastes such as dyes as well as other toxic metals. 

 

Conclusion 

The application of microbial models has gained a great attention as a 

complementary tool to study drugs metabolism. Microorganisms may be 

employed as an efficient and valuable alternative to animals or even 

synthetic chemistry to study many drug derivatives. The expression of the 

cytochromes P450 in heterologous systems (such as fungi) has been 

successfully employed as a tool for investigating the metabolism of a wide 

variety of drugs. Among these fungi species is Cunninghamella species 

that can find a great application as a reliable alternative to in vitro models 

to study various drugs metabolism. Cunninghamella species have been 

reported to produce some metabolites such as polysaccharides and fatty 

acids, that show valuable applications. Moreover, Cunninghamella 

species can be employed as a powerful bioremediation tool to get rid of 

many harmful industrial dyes as well as toxic metals.  
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