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ABSTRACT 
Genetic engineering is the artificial manipulation and recombination of DNA or other nucleic acid molecules in 
order to alter the genetic makeup of an organism, typically to introduce or modify specific traits. Different types 
of genetically engineered microorganisms (GEMs) have been developed through recombinant DNA and RNA 
technologies; these have been applied in the field of medicine, food industry, environment and agriculture. 
GEMs have been utilized in medicine for the production of antibiotics, vaccines and heterologous proteins such 
as insulin. Microorganisms are used in food production either as integral parts in the preparation of various 

fermented foodstuffs or to produce food additives and processing aids (organic acids, flavouring agents, food 
enzymes).  Modifications are made to the genetic makeup of microorganisms to either produce a new protein 
or other food ingredient, to improve or enhance the production of an existing protein/ingredient, or to tailor the 
characteristics of an existing protein to a new application. Genetically engineered microorganisms can be used 
for the bioremediation of polluted soils and therefore increase soil productivity. They can also be used as bio-
detectors to monitor soil pollution so that it can be managed more efficiently or prevented. They can also 
enhance nitrogen fixation and nutrient uptake in the soil. Microbial biological control agents (MBCAs) are an 
example of GEMs that could be used in agricultural practices to make them more environmentally friendly and 

less polluting. The present study reviews the applications of genetically engineered microorganisms in 
medicine, environment, food and agriculture. 
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INTRODUCTION 
Genetic engineering is the use of molecular biology 
technology to modify DNA or other nucleic acid molecules in 

order to alter the genetic makeup of an organism, typically to 
introduce or modify specific traits (Lanigan et al.,2020). It 
involves the use of laboratory tools to change the nucleic acid 
sequence of an organism by removing or adding base pairs, 
inserting or inactivating an unnecessary virulence gene; 
creating a new characteristic in microorganisms. Genetically 
modified organisms (GMOs) are plants, animals, or microbes 
that have had their DNA changed using genetic engineering 

techniques. Genetically Engineered Microorganisms (GEMs) 
also known as Genetically Modified Microorganisms 
(GMMs) are microorganisms (bacteria, molds and yeasts) 
whose genomes have been engineered or modified in the 
laboratory in order to favour the expression of desired 
physiological traits or the generation of desired biological 
products. Hence, micro-organisms can be genetically altered 
to add or enhance certain properties, giving them a wider 
range of application than regular microbial products. The 

Bacillus thuringiensis bacterium, for instance, can be 
modified to produce an additional toxin that originates from a 
related strain. This allows the bacterium to be used as a 
pesticide against not only harmful caterpillars, but also 
harmful species of fly. Organisms may also be modified to 
retain their effectiveness under unfavourable weather 
conditions. So far, only a few genetically modified micro-
organisms are commercially available outside Europe as plant 

protection products (Scheepmakeret al., 2016). Insulin is now 
produced in microbes rather than sacrificing pigs to harvest 
their pancreas, the original source of insulin. Many other 
techniques such as chemical mutagenesis and interspecies 
crossing can be used to modify the genetic makeup of a 
microorganisms, but not all of these techniques fall under 

regulatory definitions of genetically engineered or genetically 
modified (NRC, 2004). 
In conventional livestock production, crop farming, and even 

pet breeding, it has long been the practice to breed selected 
individuals of a species in order to produce offspring that have 
desirable traits. In genetic modification, however, 
recombinant genetic technologies are employed to produce 
organisms whose genomes have been precisely altered at the 
molecular level, usually by the inclusion of genes from 
unrelated species of organisms that code for traits that would 
not be obtained easily through conventional selective 

breeding (Fridovich-Keil and Diaz, 2024). 
With recent advances in genome sequencing and genetic 
techniques, it is possible to make alterations in the gene 
sequence of phages and a wide range of bacterial strains to 
introduce new strains applied for the prevention, diagnosis or 
treatment of an infection (Waksman, 2019).Various 
mutations, transformation, conjugation, protoplast fusion, 
electroporation, recombination technology, and molecular 
genetics are commonly used in genetic engineering. In the 

past and before molecular genetics methods were invented, 
researchers used mutations induced by UV radiation and 
chemicals (Hashimoto et al., 2015). Through a combination 
of biotechnology and genetic engineering science, there are 
three gene-editing tools including zinc finger nucleases 
(ZFNs) technology, transcription activator-like effector 
nucleases (TALEN) technology, and clustered regularly 
interspaced short palindromic repeats-CRISPR associated 

(CRISPR-Cas) technology as first, second, and third 
generation technologies in recent years for gene editing by 
double-strand breaks in desired sequence of genes. The ZFNs 
and the TALEN are restriction endonuclease-based systems 
that show limitations such as inducing nonspecific mutations 
and are time consuming, expensive, and nonspecific methods 
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(Li et al., 2017), while the CRISPR technology is a more 
efficient and powerful editing method with more flexibility 
and simplicity (Citovsky et al.,2007). 
 

MATERIALS AND METHODS 

Techniques for Gems Production 
There are different methods to modify microorganisms for 
their application in medical and life sciences. In microbial 
genetic engineering, target genes are first sheared, spliced, 
and integrated using genetic operation tools before being 
inserted into chassis cells. Recombinant genes are therefore 
incorporated into the intended products or provide the 
bacterium with new phenotypes (Ari et al., 2024). Techniques 

used for the genetic manipulation of bacteria include 
CRISPR-Cas9, molecular cloning and recombinant DNA 
technology, bacterial artificial chromosomes (BACs), 
transformation, transduction, phasmid transfection, protoplast 
fusion, conjugation, and transposition recombination, 
Transduction, Gene knock-out/knock-in, Polymerase Chain 
Reaction, Blue white screening, Homologous 
recombination (Ramesh et al., 2006). 

 

Applications of GMMs in Medicine and Pharmaceutical 

Industries 
Many microorganisms (bacteria, viruses, and fungi) have a 
high potential to treat diseases such as HIV infection, colitis, 
and cancer trough applying genetic changes to them. 
Engineered viruses can be used in treatment of cancer and 
hereditary vision loss due to retinal dystrophy and in 

prevention of alcoholism (Nemunaitis et al., 2006; Wiese et 
al., 2009). Various applications of engineered bacteria in 
different fields include combating specific pathogens, 
stopping the emergence of antibiotic resistance, electrical 
conductivity, and maintenance of uric acid levels in treatment 
of obesity, as well as removal of pollutants in nature. 
Prevention of malaria transmission through restraining 
sporozoites from sticking to salivary glands is one of the 
applications of bioengineered fungi in the medical field 

(Ghosh et al., 2009). 

 

Antibiotics Production 
The widespread use of antibiotics in medicine, veterinary, and 
agriculture causes the emergence and spread of antibiotic-
resistant bacteria. With the increase in bacterial infections 
caused by pathogens that are resistant to one or more 
antibiotics, the world has entered another challenge, these 

challenging pathogens include E. coli, S. aureus, P. 
aeruginosa, Acinetobacter baumannii (A. 
baumannii), Klebsiella pneumoniae (K. pneumonia), and E. 
faecium (Egeland et al., 2011). In addition to being resistant 
to antibiotics, these mentioned bacteria are able to spread this 
resistance to other antibiotic-sensitive strains. This is a 
worrying issue and should be replaced by newer treatment 
methods. One of these new methods is genetic engineering 

and synthetic biological sciences, which with the 
conceptualization and protein engineering and in silico design 
will ultimately lead to the development of new treatment 
methods that combat antibiotic resistance. genetic 
engineering technology with recombinant DNA tools are 
widely used to genetically manipulate antibiotic-producing 
microorganisms to produce more antimicrobial compounds 
(Gorlach, 1994).  

Mutation and genetic engineering technology with 
recombinant DNA tools are widely used to genetically 
manipulate antibiotic-producing microorganisms to produce 
more antimicrobial compounds. The main goal of genetic 
engineering in antibiotic-producing microorganisms is the 

synthesis of new strains of microorganisms that produce the 
desired antibiotic in larger quantities by changing antibiotic 
biosynthesize pathways to improve the rate of antibiotic 
production and synthesis of hybrid and new modified 
antibiotics (Gorlach, 1994, Mahdizade, et al., 2024).  

 

Vaccinology 
Vaccines are the main strategy for preventing most infectious 
diseases.  Nonpathogenic bacteria can be changed by genetic 
engineering to express antigens on their surface, resulting in 
stimulation of the immune system. Such GEMs provide long-
lasting immunity and stable protection in constructed 
vaccines such as recombinant vaccinia virus and herpesvirus 

of Turkey (HVT) modified to prevent rabies and Marek's 
diseases by vaccination (BOC, 2026).  
Advancements in vaccine technology are increasingly 
focused on leveraging the unique properties of both 
pathogenic and commensal bacteria. This revolutionary 
approach harnesses the diverse immune modulatory 
mechanisms and bacterial biology inherent in different 
bacterial species enhancing vaccine efficacy and safety. 

Pathogenic bacteria, known for their ability to induce robust 
immune responses, are being studied for their potential to be 
engineered into safe, attenuated vectors that can target 
specific diseases with high precision (Lloren et al., 
2024).Since commensal bacteria colonize the host without 
causing disease, recombinant commensal bacteria can be 
engineered to express antigens from pathogens. For example, 
Lactobacillus casei has been engineered to express antigens 

from Rotavirus which induced protective immunity when 
administered orally (Zhang et al., 2022a). Lactobacillus 
strains are engineered to express tetanus toxin fragment C 
(TTFC) which when administered via mucosal route, will 
induce antigen-specific IgG and IgA antibodies against 
tetanus (Grangette et al., 2001). Bifidobacterium longum has 
been used to deliver Clostridium difficile toxin B fragment 
against C. difficile infection (Wei et al., 2018). 
In recent years, major strides have been made in exploiting 

bacterial vectors to deliver plasmids or antigens into the host 
cells (Schoen et al. 2004). Some examples of well-studied 
attenuated bacteria serving as carriers for DNA vaccines 
include Salmonella spp. (Liang et al., 2014), Shigella spp (Xu 
et al., 2003), Yersinia enterocolitica (Al-Mariri et al., 2002), 
and Listeria monocytogenes. Additionally, non-pathogenic 
lactic acid bacteria such as Lactococcus spp., Streptococcus 
spp., and Lactobacillus spp. have also been explored as 

promising candidates in DNA vaccine delivery systems. 
These bacterial vectors offer versatile platforms for DNA 
vaccine delivery, with the potential to elicit robust immune 
responses against targeted pathogens or antigens. Careful 
consideration in selecting bacterial strains is essential, as each 
bacterial species possesses unique immune modulatory 
mechanisms and intracellular lifestyles such as invasion, 
replication and dissemination. For example, Salmonella 

features an intravacuolar lifestyle (Röder et al., 2021) whereas 
Listeria demonstrates an intracytoplasmic lifestyle 
Genetically engineered vaccines are applied in the prevention 
of infectious diseases, therapeutic cancer vaccines, including 
Sipuleucel-T (Provenge), have been genetically modified to 
activate the immune system to identify and eliminate cancer 
cells, the vaccines are frequently tailored according to certain 
tumor markers or antigens. Examples of genetically 

engineered vaccines include; the genetically engineered 
vaccine for infectious hematopoietic necrosis virus (IHNV), 
this vaccine offers substantial protection to rainbow trout 
against both waterborne and injectable challenges in fish 
weighing between 2 and 160 g. Vaccine effectiveness trials in 
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Atlantic salmon and other commercially relevant species also 
shown markedly high levels of protection against IHNV. 
Another example is the AstraZeneca (ChAdOx1-S) COVID-
19 vaccine. It is a viral vector vaccine utilizing a genetically 
engineered chimpanzee adenovirus to express the SARS-

CoV-2 spike protein. This vaccine, similar to others in its 
category, utilizes a non-replicating viral vector to effectively 
introduce the antigen into host cells, therefore eliciting a 
protective immune response. The Hepatitis B Vaccine is 
among the first genetically designed vaccines, utilizing 
recombinant DNA technology to generate the hepatitis B 
surface antigen (HBsAg) in yeast cells, therefore eliciting 
protective immunity against hepatitis B. Potential for immune 

escape and genomic integration are the few limitations of 
genetically engineered vaccines. 

 

Production of Heterologous Proteins 
Heterologous expression is the introduction of either 
complementary DNA (cDNA) or RNA (cRNA) encoding for 
a protein of interest from one species into the cell of another 
species, such that the hosts' cellular machinery expresses the 

foreign protein (Gagnon, 2009). In 1982, insulin, expressed 
from human insulin genes on plasmids inserted into 
Escherichia coli, was the first genetically engineered 
therapeutic agent to be approved for clinical use in humans. 
Human growth hormone (hGH), a protein made naturally by 
the pituitary gland, was the second of such product to be 
approved for clinical use in humans. Inadequate secretion of 
hGH in children results in dwarfism. Before the advent of 

recombinant DNA technology, hGH was prepared from 
pituitaries removed from human cadavers (Glazer and 
Nikaido, 2007). 

 

Engineered Microorganisms for the Treatment of Cancer 

and Inflammatory Diseases 
As the science of genetic engineering advances, researchers 
have turned their attention to target tumors using genetically 
engineered bacteria. There are several types of anaerobic 

bacteria such as Salmonella typhimurium, Clostridium, E. 
coli, and Bifidobacterium known as live biotherapeutic 
products (LBPs) that are able to survive in the tumor site due 
to their anaerobic nature and adaptation to hypoxic condition. 
They would have many benefits for cancer treatment by their 
ability to spread and carry the drug, anticancer compounds, 
proteins, and pre-enzymes to the anaerobic space of the cancer 
mass (Pan et al., 2021). They have many potential benefits for 

cancer treatment related to their ability to spread and to 
transfer and release drug or anticancer compounds to 
anaerobic space of the cancer mass (Ghanavati et al., 2020; 
Pan et al., 2021). Following genetic modification of the 
bacteria to harbor genes and proteins, colonization in tumor 
site occurred, resulting in not only transfer of antigens or 
cancer-fighting compounds but also stimulation of the 
immune response (Parisa et al., 2020). 

GEM is used as a new method in the treatment of many 
diseases especially inflammatory diseases (Alvarez and 
Fernandez, 2017). Engineered L. lactis strains were designed 
by Steidler et al. (1979) to produce IL-10 as an anti-
inflammatory cytokine. Results of their study showed 50% 
reduction in colitis symptoms in murine chronic colitis model 
induced by dextran sulfate sodium (DSS). In addition to being 
cost-effective, this treatment method also causes localized 

delivery and an active synthesis in situ. 
Engineered Bifidobacterium spp. (B. longum), also have been 
developed for the treatment of inflammatory bowel disease 
(IBD) to deliver α-melanocyte-stimulating hormone (α-MSH) 
exhibiting an anti-inflammatory effect on the intestine. Well 

intestinal colonization with engineered B. longum and 
significant anti-inflammatory effects by high α-MSH 
expression were observed in rat model of ulcerative colitis. 
Actually, this engineered bacterium reduces IL-6, TNF-α, 
nitric oxide (NO), and myeloperoxidase enzyme from which 

all are proinflammatory factors in ulcerative colitis and also 
increases IL-10 as an anti-inflammatory cytokine (Dosoky et 
al., 2020). 
Another strategy used in the treatment of colitis is the 
expression of enzymes with antioxidant properties. For 
instance, Streptococcus thermophilus (S. thermophilus) 
strains genetically modified by a plasmid to express catalase 
and superoxide dismutase were able to reduce colitis in a 

mouse model by reducing reactive oxygen species (ROS) 
production. So, these findings suggest that genetically altering 
a bacterium candidate with inherent immunomodulatory 
capabilities (S. thermophilus CRL 807) by inserting a gene 
encoding an antioxidant enzyme improves its anti-
inflammatory effects to express catalase and superoxide 
dismutase and is able to reduce colitis in a murine model  
In addition to bacteria, bacteriophages can also be used in 

genetic engineering technology to express anti-inflammatory 
peptides on the surface of phages for the treatment of 
inflammatory diseases (Zhang et al., 2022b). Several anti-
inflammatory medications have been created over the years to 
lower the concentrations of inflammatory mediators in the 
body, for the treatment of inflammatory illnesses such as 
rheumatoid arthritis and carditis, as well as cancer (Zhang et 
al., 2022b). 

One of the applications of modified bacteria is in treatment of 
obesity. This chronic metabolic disorder considerably 
increases the risk of cardiovascular diseases and diabetes. In 
addition, since obesity is associated with inflammation, it may 
lead to autoimmune diseases such as IBD. Surgery and drugs 
commonly are used for treatment of obesity, but due to the 
long-term impacts of the current diets and lifestyles, these 
treatments are not responsive. Transformation of E. coli by 
the N-acyltransferase gene obtained from Arabidopsis 

thaliana (A. thaliana) resulted in development of a new strain 
called At1g78690 to prevent the absorption of fats through 
different mechanisms such as oxidation of fatty acids and 
reduction of food consumption by expressing N-
acylphosphatidylethanolamines (NAPEs) as precursors of N-
acylethanolamide (NAE), leading to obesity control (Chen et 
al., 2014). 
Another important disorder is uremia, which occurs following 

increase in uric acid levels resulting from the decrease in the 
excretion rate and subsequent accumulation in the kidney 
(Montefiori, 2015). Uremia mostly is caused by renal failure, 
diabetes, and excessive consumption of alcohol. One 
approach for maintaining normal uric acid levels is oral 
administration of genetically engineered E. coli DH5 cells 
(Rodríguez et al., 2001). The urease gene isolated 
from Klebsiella aerogenes (K. aerogenes) was inserted to 

the E. coli DH5 strain. The E. coli strain was genetically 
modified to form a sodium alginate-encapsulated 
semipermeable membrane to persist throughout the 
gastrointestinal tract. Then, urea molecules quickly spread 
inside the microcapsules containing bacteria, resulting in 
reduction of urea amount. These modified bacteria orally 
were administered and completely excreted through the feces, 
indicating the safe use of this strain (Piñero-Lambea et al., 

2015) 
Various species of genetically engineered bacteria 
including E. coli species and some probiotics showed 
promising results in reducing hyperglycemia and improving 
diabetes. For example, genetically engineered E. coli species 
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can produce insulinotropic proteins including GLP-1 or 
pancreatic β-cells-specific transcription factor PDX-1 from 
pancreatic β-cells and intestinal cells. Similar studies used an 
engineered Lactobacillus to reduce hyperglycemia in mice 
through secreting GLP-1. Also, some bacteria especially E. 

coli Nissle strain increased glucose uptake by pancreatic 
endocrine cells with upregulation of Notch associated with the 
ngn3 gene by using expression GLP-1 or PDX-1(Duan et al., 
2015).   
 

RESULTS AND DISCUSSION 

Applications of GMMS in Food Production 
Microorganisms have been used throughout human history to 

aid in the production of food, even before humans knew that 
these organisms were responsible for the fermentation 
processes involved (Zhang et al., 2017).  Microorganisms are 
an important part of the food industry as these are helpful in 
food preservation and production. Usually, microorganisms 
are used in making dairy products (yogurt and cheese), 
fermented vegetables (olives, pickles, and sauerkraut), 
fermented meats (salami), and sourdough bread. These are 

also utilized for the production of wine and several other 
beverages. Recently in the food industry, the use of 
microorganisms has started on a large scale for the production 
of chocolate, food color, from preserving fruits, vegetables 
and meat, and as probiotics which are helpful for human 
health. Different types of the microorganisms produce 
enzymes of nutritional value such as microbial 
transglutaminase for fish production. As the human 

population is increasing, we need to adopt new techniques for 
producing qualitative and nutritious food. These 
microorganisms can be used to cope with the shortage of food 
supply (Mazhar et al., 2022). 
Microorganisms (bacteria, yeasts and filamentous fungi) are 
used in food production either as integral parts in the 
preparation of various fermented foodstuffs or to produce 
food additives and processing aids (organic acids, flavouring 
agents, food enzymes) (Wright and Bruceb, 2003).  

Modifications are made to the genetic makeup of 
microorganisms to either produce a new protein or other food 
ingredient, to improve/enhance the production of an existing 
protein/ingredient, or to tailor the characteristics of an 
existing protein to a new application (Hanlon & Sewalt, 
2020). 
Microorganisms, typically through production of their 
endogenous enzymes, have been critical to food production 

for thousands of years for foods like beer, yoghurt, kefir, 
cheese, soy sauce, wine, vinegar, and many more. Following 
the discovery of the microorganisms responsible in the 1830s 
(Barnett, 2003), food producers began examining ways of 
harnessing these microorganisms to make them more 
efficient. While it took thousands of years for humans to 
discover the microorganisms responsible for the existence of 
many foods, once discovered it only took approximately one 

hundred years (and the discovery of DNA) for humans to 
begin using techniques to optimize the use of 
microorganisms, including the modification of their genetic 
makeup to make food production using microorganisms more 
efficient. 
In comparison with traditional agricultural production of 
plant-based substances, such as stevia extracts and vanilla, 
GEM-based production of steviol glycosides (Philippe et 

al.,2014) and vanillin (Brochado et al., 2010) has many 
sustainability benefits including a reduction in land usage, 
production of less waste, and provision of a more stable and 
affordable supply to meet the rising consumer demand. 

 

Role of Lactic Acid Bacteria 
Lactic acid bacteria (LAB) are Gram-positive bacteria that 
produce lactic acid as the main end-product of glucose 
fermentation. LAB are classified according to their 
phenotypic and metabolic characteristics such as cellular 

morphology, growth conditions (as temperature and sugar 
utilization) and the production of substances to inhibit the 
proliferation of other microorganisms during the fermentation 
process. LAB are members of the phylum Firmicutes, and 
order Lactobacillales (Mokoena, 2017), they are comprised of 
the genera  Lactobacillus,  Lactococcus,  Streptococcus,  
Enterococcus,  Leuconostoc,  Carnobacterium,  Oenococcus,  
Pediococcus, Tetragenococcus, Vagococcus, and Weissella. 

Due to their historical long-term use they are regarded as safe, 
and some of the species are used as probiotics, as they have 
beneficial effects on people. Moreover, when describing their 
characteristics, LAB are often claimed to have a ‘generally 
recognized as safe’ (GRAS) status, which confirms their 
safety. 
Lactic acid bacteria are being used in a number of food 
production and storage methods in the modern food 

industries. Lactobacilli are commonly used for the storage of 
uncooked fermented sausages, hams and sliced meats to avoid 
pathogenic Listeria infection (McIntyre, 2012). These 
bacteria have replaced the chemical additives such as sodium 
lactate and potassium acetate which were used for the safety 
and quality of the above mentioned meat products; however, 
these additives leave numb mouth feel or warmed over flavor 
upon eating (Vermeiren, 2006). 

The basic mechanism of action of lactic acid bacteria in raw 
fermented sausages is the conversion of sugars to lactic acid 
through fermentation. This contributes to the unfavorable 
conditions for the growth of pathogenic and spoilage 
microorganisms. Other than the production of lactic acid, 
these bacteria produce small amounts by products such as 
acetic acid, acetoin, ethanol and pyruvic acid which act as the 
precursors for production of other compounds besides adding 
aroma to the food (Fontana et al., 2012). 

Genetic engineering of LAB offers various tools to improve 
the strains and to enable greater viability and stability, and 
production and growth rates. The possibilities to effectively 
express therapeutic proteins and to use LAB as vaccines 
further strengthens their potential uses (Chowdhury et al., 
2014). However, no matter how effective a specific GM-LAB 
might be, a drawback that stands in the way of its marketing 
is that it has been genetically manipulated; this is mainly due 

to low consumer acceptance of GM microorganisms 
(particularly in the European Union) and regulatory 
restrictions as to their use. At the combined 2018 International 
Probiotics Association World Congress and Probiota, it was 
noted that GM probiotics would be perfect from a scientific 
point of view, and would probably not encounter problems 
with their registration with the European Food Safety 
Authority (EFSA).  

 

GMM Used for Optimization of Food Enzyme Production 
The use of microorganisms for food enzyme production has 
the following advantages: (I) Many microbes produce 
enzymes extracellularly, which simplifies the extraction 
method during the purification. Even when the production of 
the enzyme is intracellular, the disruption of microbial cells is 
easier than the extraction from plants and animals (Robinson, 

2015). (II) Particular microbial strains can be selected to 
obtain well-characterized enzymes with specific properties 
(Chang et al., 2016). (III) Due to a shorter production time, 
smaller production facilities are needed, resulting in a reduced 
production cost. Additionally, animals and plants need to be 
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transported to extraction facilities, which are not needed for 
MB fermentations, where the whole production takes place in 
only one location (Hjort, 2007). (IV) Higher yields can be 
obtained for MB enzymes. Moreover, the availability of 
enzymes from animal and plant sources is also depended on 

the time of the year, therefore reducing the total yield and 
limiting the ability for continuous production (Singh et al., 
2016). (V) Microbial enzymes usually have a higher activity 
and stability. For instance, enzymes obtained from 
thermophilic microorganism will have a higher temperature 
tolerance (Vieille and Zeikus, 2001). (VI) Microorganisms 
can easily be genetically modified in order to obtain 
optimized enzyme products, higher yields, and better 

characteristics. Additionally, modifications of animals and 
plants are technically more difficult, and modifications of 
animals, especially, are ethically more sensitive (Liu and 
Kokare, 2017) 
Considering the different advantages of using 
microorganisms for food enzyme production, the ease of 
introducing genetic modifications in the production microbial 
strains to further improve the industrial enzyme production is 

probably one of the biggest advantages. These modifications 
can be obtained by either the genetic modification of the 
production strain or by the use of recombinant enzymes. The 
use of genetically modified microorganisms for the 
production of food enzymes allows the production yield to be 
increased, improving the characteristics of the produced 
enzyme, limiting the production of unwanted metabolites 
(such as mycotoxins), and expressing enzymes in organisms 

that normally would not produce this enzyme (Olempska-
Beer et al., 2006). Recombinant enzymes are used to improve 
an enzyme’s characteristics, such as its activity, temperature 
optimum, and pH stability (Trono, 2019). 

 

Nisin production by genetically modified Lactococcus lactis 
The antimicrobial peptide nisin is composed of 34 amino 
acids that are produced during the growth of 
various L. lactis strains. Generally, nisin inhibits and prevents 

the spread of Gram-positive bacteria. This constitutes an 
important element to be used as an excellent food preservative 
and additive in the food industry (Chen et al., 2023). 
The analysis of nisin biosynthesis shows the way for carrying 
out genetic modifications designed to raise nisin yield. The 
genetic modifications were centralized on the issues that limit 
the production of nisin. Innovative genetic approaches have 
increased nisin production with L. lactis strains expressing 

the aox1, pfk13, and pkaC genes (Papagianni et al., 2012). 
These recombinant nisin producers induced oxidative 
respiration and glycolytic activity. Additionally, nisin Z 
production was improved through the use of protoplast fusion 
and genome shuffle in L. lactis ssp. lactis YF11. By 
simultaneously expressing the hdeAB, Idh, and murF genes, 
the nisin production of the producer L. lactis was improved, 
as was its acidic tolerance. Herewith, over-expression of 

the asnH gene increased the acidic tolerance in the nisin 
producer L. lactis (Portieles et al., 2023). Thus, genetic 
engineering of L. lactis has shown to be very helpful in 
increasing both yield and effectiveness of nisin. 

 

Genetically Modified Probiotics 
Probiotics are live microorganisms which when administered 
in adequate amounts confer a health benefit on the host (Binda 

et al., 2020). Probiotics play a great role in many aspects, such 
as preventing and treating various clinical diseases, improving 
the intestinal microenvironment, inducing immune 
regulation, preventing physiological stress, inhibiting the 
growth of pathogens, and improving the barrier function of 

the intestinal epithelium, establish homeostasis in the 
microbial flora, modulate the immune response and metabolic 
pathwaysetc (Suez et al., 2019; Sedighi et al., 2019). 
Considering that the impacts of probiotics are significantly 
related to the type of species and its prescribed dose, their 

performance can be attributed to their ability to inhibit the 
colonization of pathogens, establish homeostasis in the 
microbial flora, and modulate the immune response and 
metabolic pathways (Sedighi et al., 2019).  Genetic 
engineering can be helpful in the reduction of probiotic 
pathogenicity and reinforcement of their useful properties. In 
addition, genetic engineering can make probiotics safe for 
human applications such as vaccination and delivery of target 

proteins and drugs (Sedighi et al., 2019). Bioengineered 
probiotics would be more useful in the diagnosis and 
treatment of specific diseases  
An engineered Lactobacillus casei strain that can 
produce Listeria adhesion protein was developed by an 
American team in the year 2020. This strain is colonized in 
the intestine of mice, competitively reducing the colonization 
of Listeria mucosa and systemic transmission, protecting 

mice from fatal infections. They can also enhance the 
intestinal immune regulation function by accumulating 
intestinal mucosal regulatory T cells, CD11c+ dendritic cells 
and natural killer cells. The method of engineering  L. 
casei ATCC334 to reduce Listeria infection and protect the 
intestinal tract is worth learning. Some researchers have 
designed and constructed an engineered probiotic based on E. 
coli Nissle 1917, which can specifically target and kill the two 

most common vancomycin-resistant Enterococcus, and 
significantly reduce the number of Enterococcus 
faecalis and Enterococcus faecium in the feces of model mice 
(Geldart et al., 2018). Some researchers have 
engineered Saccharomyces boulardii so that the engineered 
bacteria secrete a fusion protein (ABAB) that can neutralize 4 
different Clostridium difficile toxins (Chen et al., 2020). The 
preventive administration of these bacteria can significantly 
relieve the inflammation and tissue damage related to the 

infection of Clostridium difficile in the mouse intestines 
mucosa, therefore reduce the mortality of these mice. In 
addition, researchers have developed some engineered 
probiotics to better prevent and prevent and diagnose bacterial 
infections. Some researchers have genetically 
modified Lactobacillus lactis to produce engineered 
probiotics that recognize the cholera autoinducer 1 (CAI-1) 
produced by Vibrio cholerae and cause color changes in feces 

(Mao et al., 2018). Another researcher has constructed an 
engineered lactic acid bacteria that can be used to detect real-
time changes in autoinducer peptide-I (AIP-I) produced 
by Staphylococcus aureus (Lubkowicz et al., 2018). The 
researchers also engineered E. coli Nissle 1917 to specifically 
kill pathogens by detecting the autoinducer N-acyl 
homoserine lactone (AHL) of Pseudomonas aeruginosa and 
releasing antibiotics and anti-biofilm enzymes (Hwang et al., 

2017). This series of studies may provide a new direction for 
the treatment and prevention of drug-resistant bacterial 
infections. It is hoped that the safety and effectiveness of these 
engineered probiotics can be further confirmed, and these 
products can serve the clinic as soon as possible. 

 

Applications of Genetically Modified Microorganisms in 

Environment 

It is known that microorganisms play a vital role in 
remediation of soil pollutants like heavy metals, pesticides, 
hydrocarbons, etc. However, the indigenous microbes have a 
limited capacity to degrade these pollutants and it will be a 
slow process. Genetically modified microorganisms can 
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catalyze the degradation process as their altered metabolic 
pathways lead to hypersecretions of various biomolecules that 
favor the bioremediation process (Rebello et al., 2021).  
Researchers try to insert specific novel genes that do not exist 
in nature and have high degradation capacity as compared to 

wild microbes. GMMs are more powerful in their degradative 
potential than wild microbes because they can easily 
acclimatize themselves against new pollutants. Hence, 
GMMs can give an alternative solution to degrade complex 
waste like toluenes, oil spills, halobenzoates, naphthalenes, 
trichloroethylene, xylenes, and octanes etc. instead of wild 
strains that degrade complex compounds very slowly (Rafeeq 
et al., 2023). The use of GMMs for waste management and 

sustainable agriculture offer benefits in both eco-friendly and 
cost-effective ways as compared to available conventional 
technologies. GMMs reduces the need for additional 
fertilizers, pesticides, and herbicides which promote plant 
health and can increase agricultural production and soil 

productivity. GMMs can enhance nitrogen fixation, and 
nutrient uptake from the soil and could be used for the control 
of diseases, weeds, or pests in crop plants to make them more 
environmentally friendly. 
GMMs are used in the management of environmental issues. 

For example, some bacteria can produce biodegradable 
plastics, and the transfer of that ability to microbes that can be 
easily grown in the laboratory may enable the wide-scale 
“greening” of the plastics industry. In the early 1990s, Zeneca, 
a British company, developed a microbially produced 
biodegradable plastic called Biopol (polyhydroxyalkanoate, 
or PHA). The plastic was made with the use of a GM 
bacterium, Ralstoniaeutropha, to convert glucose and a 

variety of organic acids into a flexible polymer. GMOs 
endowed with the bacterially encoded ability to metabolize oil 
and heavy metals may provide efficient bioremediation 
strategies (Fridovich-Keil and Diaz, 2024). 

 

Table 1: List of Recombinant Microbes with Different Xenobiotic Compounds  
Name of the microbe Type of xenobiotic removed Significant features 

Caulobacter crescentus JS4022/p723-6 H Heavy metals like cadmium Over expresses hexahistidine peptide on the surface of the 

bacterial cells. Acid treatments help to recover metals as the 

microbe is acid tolerannt 

Escherichia coli DH5α Uranium and chromium Hydrogels containing engineered metalloproteins, super uranyl-

binding proteins (SUP), and naturally occurring 

molybdate/chromate binding proteins (ModA) 

Apostichopus japonicus (AjFER) Cd2+, Hg2+, Cr3+, Pb2+, and As3+ Recombinant ferritin 

Escherichia coli Cadmium Neurospora crassa metallothionein protein 

Escherichia coli Cd, As, Hg, and Zn Recombinant sheep metallothionenin protein fused with the 

maltose binding protein (MBP) 

Recombinant Rhodococcus erythropolis Removes nitrogen and organic matter 

in landfill leachate 

Hydroxylamine oxidase (HAO) and ammonia monooxygenase 

(AMO) genes (rRH-HA) 

Recombinant Deinococcus radiodurans Cadmium and uranium 

bioaccumulated in cytoplasm 

Synechococcus elongates metallothionein protein expressed in S 

Layer proteins Hpi and SlpA of Deinococcus 

Indigenous bacteria of soil Hydrocarbon degradation Catabolic genes for petroleum hydrocarbon degradation from E. 

coli transferred by mating 

Acinetobacter baumannii S30 pJES Hydrocarbon degradation Degradation by lux-tagged A. baumannii S30 pJES 

Streptomyces coelicolor M145 n-Hexadecane degradation Over-expressing alkB gene encoding for the enzyme alkane 

monooxygenase 

Acinetobacter sp. BS3 Aromatic hydrocarbons Insertion of xylE gene encoding for catechol 2,3-dioxygenase 

enzyme from Pseudomonas putida strain BNF1 

Protoplast fusion of Sphingomonas sp. GY2B 

and Pseudomonas sp. GP3A 

High capacity of degrading 

phenanthrene 

Random fusion done 

Escherichia coli Atrazine pesticide degradation Hydrolase producing gene-based recombinant 

Sphingomonas sp. BHC-A Hexachlorocyclohexane (HCH) and 

methyl parathion degradation 

Methyl parathion hydrolase gene (mpd) 

Pseudoalteromonashaloplanktis TAC125 Wide range of aromatics Toluene-o-xylene monooxygenase coding gene 

Source: (Rebello et al., 2021) 
 

Applications of Genetically Modified Microorganisms in 

Agriculture 

In agriculture, the goal of genetic modification is to provide 
enhanced features to plants by altering their genetic makeup. 
This is done by inserting a gene into the genome of a plant. 
FlavrSavr tomatoes were the first genetically modified plants, 
and they were modified to delay the ripening process, 
preventing tenderness and rot. Complete crop production 
increased significantly after the introduction of GM crops at 
some point during the generation; some of these increases 
may be due to GM technologies and crop protection advances 

that have been made possible (Yali, 2022). 

 

Microbial Biological Control Agent 
Genetic modification or gene editing of plants to increase 
yield, to protect them against biotic and abiotic stresses and 
the use of RNAi sprays to regulate gene expression in plants, 
are among the many biotechnological developments taking 
place in agriculture (Scheepmaker et al., 2016).Another 

biotechnological approach is the use of microbial biological 
control agents (MBCAs) for the control of plant disease. 

Biological control of plant diseases is the suppression of 
populations of plant pathogens by living organisms (Heimpel 

and Mills, 2017). Amongst beneficial microorganisms’ 
isolates can be selected which are highly effective against 
pathogens and can be multiplied on artificial media. 
Application of such selected and mass-produced antagonists 
in high densities once or several times during a growing 
season is called “augmentative biological control” (Heimpel 
and Mills, 2017; van Lenteren et al., 2018). For commercial 
augmentative biological control of diseases, growers use 
MBCAs containing living microorganisms that are registered 

plant protection products produced by biocontrol companies. 
In some cases, antimicrobial metabolites produced by selected 
microbial organisms are included in the product, and some 
products even contain only antimicrobial metabolites without 
living cells of the antagonist (Glare et al., 2012). 
Microbial biological control agents (MBCAs) are applied to 
crops for biological control of plant pathogens where they act 
via a range of modes of action. Some MBCAs interact with 

plants by inducing resistance or priming plants without any 
direct interaction with the targeted pathogen. Other MBCAs 
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act via nutrient competition or other mechanisms modulating 
the growth conditions for the pathogen. Antagonists acting 
through hyperparasitism and antibiosis are directly interfering 
with the pathogen (Köhl et al., 2019). Hyperparasites invade 
and kill mycelium, spores, and resting structures of fungal 

pathogens and cells of bacterial pathogens (Ghorbanpour et 
al., 2018). Production of antimicrobial secondary metabolites 
with inhibiting effects against pathogens is another direct 
mode of action (Raaijmakers and Mazzola, 2012). Low 
amounts of in situ secreted secondary metabolites support 
antagonists to gain a competitive advantage. In some cases, 
biocontrol agents have been selected which secrete already 
efficient secondary metabolites into the growth media during 

mass production that are applied together with or without 
living cells of antagonists in the biological control product. 
Since the nineties of last century research has been performed 
to improve the efficacy of MBCAs by genetic modification. 
This can be done by combining traits in one organism or by 
increasing the persistence of the MBCA or increasing the 
expression of bioactive components (Walsh et al., 2001). 
Soil microbes play a central role in the formation and 

improvement of soil fertility, farmland material circulation, 
enhancing stress resistance in plants, resistance towards soil-
borne pathogens, degradation and detoxification of heavy 
metals in soil (Barret et al., 2013). Soil microbiota interacts 
with the plants either directly or indirectly improving the 
health and fitness of the plants (Baslam et al., 2011). Healthy 
plant-microbial interactions support plants to manage with 
varying stress conditions and diseases; it improves the 

exchange of mineral substances such as nitrogen or 
phosphate, and act as biocontrol agents to prevent pathogen 
attack in plants (Benckiser and Bamforth, 2011). 
In agriculture, microbes are mainly used as inoculants for 
providing nutrition and protection to plants. Several strains of 
bacteria can influence the growth, production, and protection 
of plants. Bacterial strains, which are used to increase plant 
growth by enhancing the uptake of the nutrient to the plants, 
are known as plant growth-promoting rhizobacteria. The 

strains, which protect the plants from the disease-causing 
pathogens, are used as biocontrol strains. However, the 
agricultural applications of microbe are not very successful 
because of their low efficacy in the field. Microbes are 
therefore modified genetically to improve efficiency. To 
accomplish this goal, scientists utilize genetic engineering to 
modify microorganisms and construct new strains with 
improved properties. For example, genetically modified 

(GM) Rhizobia and Azorhizobium are now used as 
biofertilizers with efficacy. These bacteria have good survival 
capability in the field, and have better competitive fitness as 
compared to the wild-type strain. Besides, some GM bacteria 
like Agrobacterium and Pseudomonas have good potential to 
protect the plants from insects, various disease-causing 
pathogens, and frost injuries (Madhu et al., 2022). 
Meeting agriculture productivity without losing the quality of 

agricultural land is more promising by the application of 
microbial inoculants. Taking this into consideration, 
researchers have contributed valuable time for developing and 
engineering microbial inoculants that could be applied in the 
agricultural land as biopesticides, bioherbicides, biocontrol 
agents and biofertilizers. Microbial inoculants are destined to 
be eco-friendly and sustainable plant nutrient transporters. 
They have the capability to minimize chemical input impacts 

and accordingly intensify the quality and quantity of farm 
products. Use of microbial inoculants reduces the application 
of chemical fertilizers (Hardoim et al., 2015). 
Microbial engineering techniques such as gene editing, 
CRISPR/Cas9, RNAi and others alter the genetic makeup of 

the microorganisms to improve their beneficial roles towards 
metabolization of toxic compounds that help plant growth for 
higher yield and to clean environment (Eltarahony et al., 
2023). The engineering of wild microbes to produce a potent 
microbial inoculant offers improved crop productivity, 

biological control, plant growth, tolerance against biotic and 
abiotic stresses, nutrient uptake and increased soil fertility. 

 

Biopesticides 
Biopesticides are modified or natural microorganisms instead 
of chemicals. Genetically engineered microbes can be used as 
environmentally friendly pesticides because it has a lesser 
negative impact on the ecosystem (Ayilara et al., 2023). The 

use of biopesticides reduces the use of chemical pesticides to 
manage insects. Pests are the most significant threat to 
sustainable agriculture because they reduce the plant’s yield. 
Pests include insects, nematodes, plants with parasitic 
infections, and illnesses (Omran et al., 2023).  Insect 
infestations hindered crop cultivation and economic 
development during the 20th century which employed the 
development of synthetic pesticides (SPs) (Yadav et al., 

2023). The industrial sector employs numerous synthetic 
pesticides, including DDT, aldicarb, fenobucarb, carbofuran, 
atrazine, deltamethrin (pyrethroids) and simazine (triazines). 
SPs, in their vast majority, induce neurotoxicity. 
Notwithstanding their efficiency, these SPs have drawbacks 
that contravene the tenets of sustainability. It is critical to 
prioritize the utilization of biopesticides over chemical 
insecticides. The excessive use of synthetic pesticides can 

cause negative chronic health impacts such as cancer, damage 
to the liver, kidneys, lungs, brain and nervous system, birth 
defects, infertility and other reproductive problems. 
Agricultural workers are more exposed to pesticides with 
adverse health outcomes. 

 

Plant Growth Promoting Rhizobacteria (PGPR) 
Several microorganisms and rhizobial endophytes 
like Rhizobium, Bradyrhizobium, Sinorhizobium, 

Ochrobactrum, Azorhizobium, 
Allorhizobium, and Mesorhizobium are commonly used to 
inoculate enhanced agricultural yield (DeMeyer et al., 
2015). PGPR aids bioremediation by breaking down 
xenobiotics and contaminants such as heavy metals and 
pesticides. The various mechanisms exhibited by PGPR as 
plant growth enhancers including potassium 
solubilization,nitrogen fixation (Ahemad  and 

Kibret,2014) siderophores production (Rathore, 
2015), phosphate solubilization (Oteino et al., 2015), nutrient 
fixation (Kumar, 2016), phosphate solubilization (Kaur et al., 
2016), and suppression of plant pathogens (Vocciante et 
al.,2022). PGPRs are also exploiting diverse methods to 
reduce the effect of stress (Zhang et al., 2022c). During 
drought and high soil salt concentrations, plants experience 
water stress, osmotic and ionic imbalances, and increases the 

production of ROS.   
Based on the interactions with plants, PGPR can be separated 
into symbiotic bacteria, whereby they live inside plants and 
exchange metabolites with them directly, and free-living 
rhizobacteria, which live outside plant cells (Gray and Smith, 
2005). The working mechanisms of PGPR can also be 
separated into direct and indirect ones. The direct mechanisms 
are biofertilization, stimulation of root growth, 

rhizoremediation, and plant stress control. On the other hand, 
the mechanism of biological control by which rhizobacteria 
are involved as plant growth promotion indirectly is by 
reducing the impact of diseases, which include antibiosis, 
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induction of systemic resistance, and competition for nutrients 
and niches (Egamberdieva and Lugtenberg, 2014). 

 

Biofertilizer 
Biofertilizers consist of efficient genetically modified 

microbes, organic products and waste parts of plants which 
gradually increase crop yield by enhancing soil fertility. 
Microbes inoculated in soil provide resistance against many 
stresses, like hydrogen ion concentration, high moisture 
content, salinity, and clay content. GMMs offer better nutrient 
accessibility to crops and thus increase the growth of plants 
and crop yield as well. The most significant biofertilizers are 
symbiotic bacteria like Rhizobium, 

Bradyrhizobium and Sinorhizobium which forms root 
nodules and fix nitrogen for plants. Genetically modified 
biofertilizers are found to be superior in terms of their activity 
and survival rates. GMM-based biofertilizers supply better 
nutrient accessibility for crops and supports agricultural 
practices (Ali et al., 2020) 

 

Biological Control of Plant’s Diseases 

Microbial engineering may facilitate the establishment of 
biological control methods for plant diseases. Genetically 
modified microbes have the potential to produce compounds 
that exhibit antibacterial or antifungal characteristics, thus 
assisting plants in their resistance to infections (Kandasamy 
and Kathirvel, 2023). By reducing the use of fungicides and 
antibiotics, this strategy contributes to the environmentally 
sustainable management of agricultural diseases.Many 

reports are available that indicate the influence of microbes to 
retard the growth of potent fungal pathogens (Auge et al., 
2015). The best example of antibiosis is the use of agrocin 84 
produced by Agrobacterium radiobacter for controlling plant 
disease. The genetically engineered Pseudomonas 
putida WCS358r strains, produce 2,4-diacetylphloroglucinol 
(2,4-DAPG) and phenazine, which cause inhibition of wheat 
pathogens (Bakker et al., 2002).  
The discovery of genome editing by using the CRISPR/Cas9 

technique is a major breakthrough to apply against plant 
pathogens. Microbial engineering provides a better solution 
for the growth of a healthy environment and higher 
agricultural productivity over the existing methods and 
resolved the challenges worldwide related to development of 
sustainable agriculture and greener ecosystems (Singh et al., 
2024). 

 

CONCLUSION 
Microorganisms can be genetically altered to add or enhance 
certain properties, giving them a wider range of application 
than regular microbial products. This review has shown that 
microbial engineering and formulations are very important for 
specific applications especially in medicine, environment, 
food and agriculture. Genetically engineered microorganisms 
are being utilized for the production of antibiotics, vaccines 

and heterologous proteins such as insulin. They are also used 
to produce new food ingredients, improve or enhance the 
production of an existing protein/ingredient, or to tailor the 
characteristics of an existing protein to a new application. 
Genetically engineered microorganisms are applied in the   
bioremediation of polluted soils, as bio-detectors to monitor 
soil pollution, and to enhance nitrogen fixation as well as 
biopesticides, biofertilizers, plant growth promoting 

rhizobacteria to mention but a few. 
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