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ABSTRACT 
Actinomycetes are free, spore-forming, high (G+C) ratio (>55%) saprophytic 

microorganisms that are widely distributed in most soils, colonize plants, and are prevalent in 

water. This is frequently accompanied by the production of filament airborne mycelium. 

Actinomycetes are well-known microcolonies for creating antibiotics and other critical 

bioactive components that are beneficial to humans. Approximately 70% to 80% of 

commercially available medications and antiviral active compounds have been synthesized so 

far. Secondary metabolites produced by microbes have the potential to be used in a variety of 

sectors, including antimicrobial agents, enzyme technology, pigment manufacture, antitumor 

agents against cancer cells, and toxin production. antiviral medications, protein innovation, 

pigment production, generally pro agents, and toxin creation. Around 7000 botanical extracts 

that come from actinomycetes' bioactive molecules were added to the list of natural products. 

Pollution may be defined as an introduction of unwanted and unacceptable compounds into 

the natural system which in turn may prevent natural processes in environment and may have 

undesirable health effects Biotechnological applications are helpful to obtain microbial strains 

with high efficiency toward pollution control. The genetic engineering approaches and strain 

improvement techniques are useful to develop a microbial system with a good ability to degrade 

environmental pollutants. The sake of bioremediation there requires several genetic systems to 

be exploited, additionally, the strain utilized in study was improved through a variety of 

techniques, including immobilization and mutation. Actinomycetes perform a variety of 

environmental functions. these are epiphytic bacteria that digest inorganic debris, notably 

complicated polymers like chitosan, keratin, hemi-cellulose, synthetic rubber, cellulose 

nanocrystals, gelatin, and glucose, as well as some active ingredients found in soil, also crucial 

in  rhizosphere plant link because they can control plant life and shield plant roots from toxic 

fungus. Actinomycetes also break down pesticides with a large number of different structures, 

like organochlorine pesticides, triazinones, s-triazines, organophosphorus, esters, acetanilides, 

organophosphonates, and sulfonylureas, which are all types of pesticides. Modern technology 

and biotechnological equipment advancements have led to creation of a number of highly 

integrated software-based strategies for maximizing final product generation in any bioreactor 

or process. The Analytical Method (RSM), when combined with a relevant analysis design, 

seems to be a relatively recent development and critical technique for accomplishing this goal.    
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 علميةقالة م
 الصفات العامة للبكتريا الخيطية ودورها في التربة والنبات وصحة الإنسان

 

 ناصر كلبوي عبد المجيد هدى مصلح محمود ايمان عباس خضير
 –كلية العلوم  –قسم علوم الحياة 

 جامعة الانبار
 –كلية العلوم  – علوم الحياةقسم 

 جامعة الانبار
 –لية علوم الهندسة الزراعية ك

 جامعة بغداد
 

 المستخلص
منتشييييرة علا نطاس واسيييي  علا  GC (>55%)من ، ذات نسييييبة عالية مجهرية، مكونة للأبواغ حية الأكتينوميسيييييتات هي كا نات

، تسيييييتعمر النباتات وتتواجد في المال. االب ا ما تصون مصيييييحوبة ب نتاس خيو  مايسييييييليا هوا ية وتتمالز الميكروبات المختلفة التربة سيييييطح 
ة للإنسيييان. ان ما تسيييلسيييلات مختلفة. الأكتينوميسييييتات تتميز بمسيييتعمرات دقيقة معروفة ب نتاس المضيييادات الحيوية وبعي المركبات المفيد

 . النشطة والمضادة للفيروسات الموجودة حاليا هي نتيجة الأكتينوميسيتات والمركباتا  من الأدوية المتاحة تجاري%80 إلا   %70رب منيقا
ان مركبات الايي الثانوية التي تنتجها الميكروبات تستخدم في مجالات متنوعة، بما في ذلك كعوامل مضادة للميكروبات، وتصنولوجيا 

 7000الإنزيمات، وتصني  الأصباغ، والعوامل المضادة للأورام السرطانية، وإنتاس السموم والأدوية المضادة للفيروسات. تمت إضافة حوالي 
تلك التي تنتجها البكتريا الخيطية إلا قا مة المنتجات الطبيعية. يمكن تعريف التلوث علا أنه إدخال مركبات اير مراوب فيها مستخلص من 

 واير مقبولة الا النظام الطبيعي، والتي بدورها قد تمن  العمليات الطبيعية في البيئة وقد يكون لها آثار صحية اير مراوب فيها. تساعد
لوجيا الحيوية في الحصول علا سلالات جرثومية ذات كفالة عالية في مكافحة التلوث وتساعد أساليب الهندسة الوراثية في تطبيقات التصنو 

ضافة تطوير نظام ميكروبي لتمت  بقدرة ممتازة علا تحطيم الملوثات البيئية. تتطلب المعالجة الحيوية عدة أنظمة وراثية ليتم استغلالها؛ بالإ
ين السلالات المستخدمة في الدراسات من خلال تقنيات مختلفة، بما في ذلك تقنيات التثبيت والتطفير. البكتريا الخيطية إلا ذلك، تم تحس

والصيراتين  مجموعة متنوعة الوظا ف البيئية حيث ان لها القابلية علا هضم البقايا اير العضوية، ولا سيما البوليمرات المعقدة مثل الصيتوزان،
، بالإضافة إلا بعي المكونات النشطة الموجودة السليلوز النانوية ، والجيلاتين، والجلوكوز ، وبلوراتوز، والمطا  الصناعي، والهيميسليل

ا مهمة في ارتبا  جذور النبات في الأرض لأنها تستطي  التحكم في حياة النبات وحماية جذور النبات من الفطريات  في التربة ، وهي أيض 
ا بتفصيك المبيدات الحشرية، مثل مبيدات الآفات العضوية الصلورية، والتريازينون، والتريازينات ، والفوسفور السامة. تقوم الاكت ينومايسيتات أيض 

قد أدت التطورات في التصنولوجيا الحدلثة ومعدات التصنولوجيا  لأسيتانيليد ، والفوسفات العضوية، والسلفونيل لوريا.العضوي ، والإسترات ، وا
 .ة إلا إنشال العدلد من الاستراتيجيات المتصاملة للغاية للاستفادة من الاكتينومايسيتات في مجال المعالجة الحيوية الحيوي

 المعالجة الحيوية للتربة,  المركبات النشطة البيولوجية,  منتجات الايي الثانوي.  : الأكتينوميسيتات, الصلمات المفتاحية
 

INTRODUCTION 

Actinomycetes are unique, 

bodacious, and appealing gram-positive 

filamentous bacteria that have a high 

G+C content (more than 55%) and 

precise aerial hyphae. They are 

members of the phylum Actinobacteria, 

which is one of primary taxonomic 

groupings among 18 major lineages that 

have been identified within the bacterial 

domain, with numerous variations 

within the soil category (Farda et al., 

2020).  Phylogenetic and molecular 

methods have also had a big impact on 

how they classify things when they've 

been used (Devanshi et al.,2021). On the 

other hand, thanks to the emergence of 

molecular technology, a number of 

creatures that were previously classified 

incorrectly have been reclassified 

(Jagannathan et al.,2021). However, in 

recent years, 16S rRNA and the use of 

PCR for sequencing and analysis have 

frequently resulted in classification of 

species and phylogenies (Rathore  et al., 

2021). At the microscopic level, life cycle 

of actinomycetes has three distinct 

appearances: vegetative mycelium 

(growth), aerial mycelium bearing spore 

cuffs (Mishra et al.,2021). Both culture 

and microscopic traits work together to 
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help researchers organize actinomycetes 

until they reach a genus (Bhattacharyya 

et al.,2022). Approximately 70% to 80% 

of commercially available medications 

and antiviral active compounds have 

been synthesized so far (Rajivgandhi et 

al.,2021). Due to the declining success 

rate of discovering novel strains, A lot 

more work was done to look for new 

chemical compounds, but it didn't work 

out very well because actinomycetes 

have been improving their abilities for a 

long time(Cimermanova et al.,2021). 

Actinomycetes manufacture over 80% 

of all rationally developed antibiotics, 

with Streptomyces and 

Micromonospora being the most 

common producers (Xie et al.,2022). 

Furthermore, actinomycetes include a 

variety of bioactive compounds, 

including anthracyclins, 

aminoglycosides,carbapenem, 

cephalosporins, quinolones, lactams, 

proteomics, nucleobases, hydrocarbons, 

polyamides, and oxytetracycline( Raja 

& Prabakarana., 2011). Antimicrobials 

pure components or quasi-derived 

products of natural bacteria ( He et 

al.,2022). The separation of secondary 

metabolites from novel actinomycetes 

remains an important endeavor for 

achieving this exciting isolation and 

characterization of novel actinomycetes 

from natural income (AbdElgawad et 

al., 2021). Streptomyces is most common 

actinobacteria strain found in the 

natural environment( Dai et al., 2021). 

Actinomycetes can be antimicrobial, 

plant estrogens, immunomodulatory, 

fungicidal, antibiotic, genotoxic, 

antitumor, and antiviral in nature( Rani 

et al.,2021). 

 

LITERATURE REVIEW 
The Origin of Actinomycetes 

Actinomycetes are respiration, 

fungal growths, and staphylococci 

bacteria that relate to actinomycetales 

arrange (Shanthi, 2021). Their DNA 

showed a high (G+C) ratio (>55%), 

which is phylogenetically linked to 16S 

ribosomal cataloguing and DNA-rRNA 

combination study findings 

(Rastimesina et al., 2022). It is one of the 

main taxonomic groups of the 18 major 

bacterial lineages that we know about 

now(Afianti et al., 2022). Actinomycetes 

are derived from Greek words "attacks" 

(a ray) and "makes" (fungus), implying 

that it possesses both fungi and bacteria-

like features(Shengping et al., 2022). 

Antibiotics, immunosuppressive agents, 

anticancer agents, and enzymes are 

examples of them, furthermore, 

antibacterial, antioxidant, antifungal, 

anticancer, neurogenic, antialgal, 

antimalarial, anti-inflammatory, and 

antihelmintic properties have been 

demonstrated for these metabolites 

(Shengping et al., 2022). They play a big 

role in soil nutrient cycle in environment 

because they help move vegetable matter 

around in soil (Kapoor et al., 2021). 

Actinobacteria are intended to make up 

a third of the human gut microbiota and 

most important probiotic bacteria genus 

is good for humans and nutrition (Xue & 

Wang., 2021). Additionally, to 

accomplish this objective, concentrated 

hard effort can be increased to isolate 

and screen unique strains for the 

discovery of new substances 

(Kalmykova et al.,2022). 

 

Environment of Actinomycetes The 
Actinobacteria are the most 

prevalent micro-organisms in essence, 

and they are grown as familiar spores. 

That also makes the dirt smells like a 

"woodsy scent" when it's just been 

converted over (Shanthi et al.,2022). 

Actinomycetes are a varied group of 

microorganisms that are found in a wide 

range of environmental habitats 

worldwide (Figure 1). These are 
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predominantly terrestrial (soli) dwellers 

(Roulia et al.,2022) and have been found 

in a very wide range of marine biological 

units, including samples recovered from 

the sea (Yang et al., 2021) and the 

Mariana Trench's maximum 

depth(Bhattacharjee et al.,2022). Their 

presence has also been documented in 

harsh environmental conditions, most 

notably in cryophilic locations(Magan et 

al.,2022). For example, soils have been 

collected from Antarctica (Nayak et 

al.,2022) and even from desert 

dirt(Turan et al.,2022). It has been 

demonstrated that in a proportionate 

survey, actinomycetes are the most 

abundant residents of soils and that they 

originate from a surface layer that 

gradually diminishes in depth, 

actinomycete strains are present in all 

soil strata(Sehrawat et al.,2021). While 

the information on the actinomycete 

diversity in limestone settings is still 

lacking, certain studies on the microbial 

community of caves, particularly 

limestone caves, have been 

allowed(Anode & Onguso et al., 2021). 

 

 
Figure 1. Diversity of the actinomycetes colonies (Jose & Jebakumar, 2012). 

 

In nature, actinobacteria have 

been the most common class of 

microbes(Gunjal, A., & Bhagat et al., 

2022). That unpleasant odour, mostly in 

the atmosphere following a rainstorm 

during a drought, is caused by soil 

actinomycetes producing 

geosmin(Costa-Gutierrez et al., 2021). 

Currently, the literature review cites 

around 600 Streptomyces species 

(Kontro & Yaradoddi., 2021). Certain 

species, like Frankia, have very 

improved growth conditions and 

hatching requirements, nevertheless, 

several actinobacteria grow on 

commonly used laboratory media, 

including nutritional media, gram stain, 

tryptose peptone, and dextrose agar, and 

mind-heart flow agar (Javed et al., 

2021). 

 

Existence of Actinomycetes 
A natural cycle is characterized by 

various tissues (fungal growths, 

photosynthetic, and fertile hyphae), as 

well as physical variation and alterations 

that are strongly related to physiological 

segregation (Roulia et al., 2021). 

Apoptosis occurrences are part of the 

multistage biological growth cycle of this 
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bacteria, which serves as an example for 

complex microbes(Wani et al., 2021). 

Streptomycetes have a complex life cycle 

and are classed as neither multicellular 

nor unicellular (Tatar., 2021). The 

vegetative mycelium next evolves into 

sporophores that grow vertically to the 

surface, resulting in formation of aerial 

mycelium, and the polynucleated aerial 

mycelium is generated when filamentous 

and spiraling are fragmented, the final 

sheaths dissolve into germs, beginning 

the cycle where microbes' bioactive 

compounds are nearly chemical 

molecules found naturally (Tripathi et 

al., 2021). 

 

Actinomycetes: Structure, Diversity, and Taxonomy 
At their most basic level, 

Actinobacteria are defined by their 

tendency to generate growing filaments 

or poles where mycelia are not usually 

septated but septa can appear in a 

variety of shapes and sizes under certain 

conditions also the sporulating 

mycelium can be branched or not, linear 

or spiral in shape (Behera et al.,2022). 

Actinomycetes produce spores that are 

spherical, cylindrical, or oval in shape, 

furthermore, actinomycetes create early 

microcolonies that are made up of 

branching filaments that convert into 

diptheroids, short chain, and 

coccobacillary forms within 24 to 48 

hours(Chougule & Bangale et al., 2021).  

Actinomycete, epithelial tissue seems to 

be an unyielding layer that maintains 

the form of  unit and prevents it from 

exploding owing to excessive hydrostatic 

potential(Shakya  et al.,2021). The 

exterior is made up of a variety of 

different compounds, such as 

glycoprotein, teichuronic acid, cysteine 

residues anhydride, and carbohydrates 

where peptidoglycans are made of an 

unstructured sequence of acids 

(NAM) acid ,diaminopimelic 

hydrochloric, and  (NAG) and (DAP), 

that are found solely inside the cellular 

membranes of microbial systems as well 

Teichoic and teichuronic acids, as well as 

peptidoglycan, have chemical linkages 

(Nahas, 2021). Although their cell walls 

are chemically identical to those of gram 

positive bacteria (Salam & Nilza,N. 

2021). 

 

Isolation of Actinomycetes  
The practice has demonstrated 

that when novel selection algorithms are 

utilized, previously undiscovered and 

significant natural bioactive chemicals 

are discovered (Tripathi et al., 2021). 

Actinomycetes are difficult to isolate 

from natural diverse microbiology due 

to their modest growth rate compared to 

other bacteria. However, there are still a 

lot of ways to get rid of actinomycetes 

that are important for technology 

(Sharma, P., & Kumar., et al  2021). 

 

Substrate Selection 
Actinomycetes have been isolated 

from soils, freshwater, and marine 

environments(Dilip et al., 2013; Valli; et 

al., 2013). Isolating actinomycetes from 

marine environments thus opens up a 

new avenue for developing new 

organisms and medicines (Lakshmi et 

al., 2021). Streptomyces has been the 

subject of studies on the diverse cell well 

shapes of actinomycetes spores during 

germination (Tripathi et al., 2021). 

Additionally, When fungal strains 

sections are cultivated on a flat 

substrate, they produce a complexity of 

mycelium that grows on either the top or 

bottom of agar (Tripathi., 2021). One 

that results in formation is referred to as 

"aerial hyphae," while the one that 

forms beneath the surface is referred to 

as "subsurface mycelium." grows under 

the surface is referred to as "substrate 

hyphae." Normally, the existing septa 
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split the hyphae into long cells (20 mm), 

each of which contains several bacterial 

chromosomes (Tripathi., 2021). 

Actinomycetes are gram-positive 

actinobacteria that contain a high 

proportion of nucleotide bases in their 

DNA (about 69%–73% mol), 

considerable substrate branching, and 

aerial mycelia(Mandragutti et l., 2021). 

 

Media Selection 
In the isolation media, bioactive 

molecules like phenolic or Potassium 

Acetate have also been established to 

restrict bacterial activity and molds, 

hence encouraging the growth of 

actinomycetes, also such changes 

frequently allow the growth of 

pollutants in permissible quantities and 

may also hinder the growth of 

actinomycetes at greater concentrations 

(Rahayu et al.,2021). Chitin agar treated 

with sodium chloride is more successful 

at extracting actinobacteria from liquid 

than chitosan gelatin alone, as well as 

Chitin agar, exhibited a higher degree of 

selection, over other media when it came 

to isolating actinomycetes from water 

and dirt (Rahayu et al., 2021). 
 

The Incubation Period 
Antibiotic-producing 

actinomycetes species thrive best at 

temperatures between 25 and 30oC 

(Goodfellow & Williams, 1986). Systems 

engineering is cultured at a temperature 

of 40–45oC, and microbes are incubated 

at a temperature of 4–10oC. Plate 

separation requires an incubation 

period of between 7 and 14 days 

(Goodfellow & Williams, 1986). Longer 

incubation times have frequently gone 

unreported because actinomycetes are 

candidates who are unfit for commercial 

and residential fermentation (El-Gendy 

& Nassar, 2021). Nonetheless, by giving 

bioactive molecules, certain species of 

bacteria can modify the nutritional 

condition of the separation plates (El-

Gendy & Nassar, 2021). 

 

Establishment of bacterial colonies 
The one that takes the longest 

aspect of the isolation process is selecting 

the colony for isolation and it depends on 

the screening plan's objectives, and 

there may be considerable duplication of 

colonies in the screening protocol 

(Shanthi et al., 2022). Experts are now 

using a binocular microscope to pick out 

promising colonists and transfer them to 

a wooden pole with a point at the top for 

them to grow(Tripathi et al., 2021). It is 

helpful to define and choose 

microcolonies. To facilitate better 

transmission, the coarse wooden tips 

contain a suitable number of germs or 

mycelium pieces (Yang et a l., 2021). The 

sample frame, the goal of the enrichment 

technique, knowledge of an isolate's 

bioactive compound, and the purpose of 

the culture media all play a role in 

separating possible isolated types 

(Chougule & Bangale, 2021).  
 

Identification of Actinomycetes 
Numerous actinomycete species 

grow on standard bacteriological such as 

nutritional gel, agar media, tryptose 

agar, medium supplemented agar and 

Sporoactinomycetes require specialized 

media to facilitate segregation and 

pigment development of their unique 

spores (Williams & Cross, 1971).  

However, many of these environments 

are economically unavailable and must 

be created in laboratory using liquid 

chitosan, plant elixirs, and ground 

extracts (Lakshmi et al.,2021). When the 

bacterium is cultivated on a medium 

that is more suitable for growing, 

including oats or chemical starch agar, 
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colonies that are pale and hard can be 

warped into light yellow colonial 

possessions that are chalky white and 

have spirals of arthrospores (Lacey & 

Dutkiewicz, 1976). This is acceptable 

only if there is no evidence of strain 

degeneration due to culturing or 

inappropriate care (Vijayakumar, 

2021). Specific varieties of such species, 

including S.cerevisiae, cover the colonial 

using straight, loose mycelium 

enveloped by a hydrophilic coating that 

grows further into  land's residual air 

(aerial mycelium) (Magan et al., 2022). 

Colonies seem velvety or powdery and 

can easily be distinguished from more 

conventional bacteria. S. cerevisiae 

organisms possess distinct spore rings on 

their mycelia that are not present on the 

foundation mycelium (Magan et al., 

2022). The fundamentals of recognition 

are as follows: separation of anaerobic 

colonies grown on gram staining or 

embryo culture, accompanied by 

confirmation via laboratory tests, 

application of new species lists or genetic 

technology (Nayak & Nanda, 2021). 

 

Optimizing Actinomycetes' Bioactive Compound Production 
Traditionally, increasing the 

synthesis of any bioactive substance 

from actinomycetes species has been 

accomplished using a number of 

physicochemical, molecular, dietary, 

immobilization, and mutation-regulated 

mechanisms (Janardhan et al.,2014). 

The Analytical Method (RSM), when 

combined with a relevant analysis 

design, seems to be a relatively recent 

development and critical technique for 

accomplishing this goal (Turan et al., 

2022). Numerous actinomycete species, 

particularly Streptomycetes, are 

capable of growing on nutritional, 

Lange yeast extract using the soya plate 

method with trypticase (Sehrawat et al., 

2021). as well as on any Carbon or 

Nitrogen source. Additionally, air, heat, 

pH, electrolytes, as well as a few 

additional factors, all contribute 

significantly to the synthesis produced 

by separated actinobacteria (Anode & 

Onguso, 2021).  
 

The Significance & Variety of Bioactive Compounds in Actinomycetes         
Bioactive compounds are 

byproducts of actinobacteria germs, and 

are natural materials believed to 

contribute to  progress, reproduction, 

and survival of the microbes (Javed et 

al.,2021). Secondary metabolites 

produced by microbes have the potential 

to be used in a variety of sectors, 

including antimicrobial agents, enzyme 

technology, pigment manufacture, 

antitumor agents against cancer cells, 

and toxin production. antiviral 

medications, protein innovation, 

pigment production, generally pro 

agents, and toxin creation 

(Bhattacharjee et al., 2022). 

Actinomadura species have also yielded 

napthacene-quinone and macrolactam 

antimicrobials, while Saccharopolyspora 

and Micromonospora strains have 

yielded a variety of macrolide-type 

antibiotics (Sehrawat et al.,2021). Apart 

from antimicrobial chemicals, 

actinomycetes generate a variety of 

other important compounds, such 

immunotherapy, vitamin supplements, 

and enzymes that are used as 

biocatalysts in a wide range of 

applications are also on the list (Xue & 

Wang, 2021). 

 

Actinomycetes: Secondary Products of Metabolism 
Actinomycete has the potential to 

create a vast Numerous 

pharmacologically important chemicals, 

including antibacterial agents, 

immunomodulatory, proteolytic 

enzymes, enzymes, and functional 

ingredients for animals and plants 

(Kalmykova et al., 2022).  
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Actinomycetes uses in environmental and ecosystem sciences 
Actinomycetes perform a variety 

of  environmental functions (Dilip et al., 

2013).These streptomycetes are 

epiphytic bacteria that digest inorganic 

debris, notably complicated polymers 

like chitosan, keratin, hemi-cellulose, 

synthetic rubber, cellulose nanocrystals, 

gelatin, and glucose, as well as some 

active ingredients found in soil (Roulia et 

al., 2021). Additionally, it has been 

demonstrated that some Streptomyces 

species protect several plant species 

from soil-borne pathogenic fungal 

diseases (Kontro & Yaradoddi, 2021; 

Vijayakumar, 2021). Similarly, Frankia 

and other actinomycetes are capable of 

N2 fixation in the environment(Cheng et 

al., 2022).  They have a broad host range 

and have been proven to produce root 

nodule symbioses with over 200 types of 

flowering plants(Wani et al., 2021). 

 

Actinomycetes' role in biodegradation agents 
Some of effluents will be cleaned 

up by color removal or even the dye will 

be absorbed into the molecules (Cooper, 

1993). Actinobacteria found in 

environment and other oil-based 

materials have a main 

biotransformation activity, releasing a 

wide range of proteolytic enzymes and 

illustrating the ability to digest 

refractory compounds (Narancic & 

O'Connor,2019). Moreover, among 

several ground actinobacteria, there are 

many examples of a wide number of 

approaches, from periods of rapid 

growth and sporulation to preserving 

the population. through slow growth 

and scavenging (Nayak & Nanda, 2021). 

Actinomycetes native to the soil, 

particularly durian, have been reported 

to breakdown the pesticide (Tripathi et 

al., 2021).  

 

Potential Enzymes of Actinomycetes  
Enzymes are acknowledged as 

antimicrobial producers and are 

currently being investigated extensively 

(Anode & Onguso, 2021). Additionally, 

mycolytic and bacteriolytic enzymes 

extracted and isolated from 

actinobacteria, they can be used to 

purify wine and beer, as well as to serve 

as quasi-preservatives. Additionally, 

actinomycetes'-produced enzymes 

appear to be particularly as frozen 

solutions for normal clinical diagnostic 

procedures, they appear to be promising 

(Kalmykova). Food processing, 

detergent manufacturers, 

pharmaceutical manufacturing, textile 

industries, therapeutic treatment, 

molecular genetics, and bioorganic 

chemistry all make extensive use of 

enzyme production, among many other 

things (Nahas et al., 2021)  
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