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Abstract 

Gene editing technology has gained popularity over the past two decades with the scientific advancements being made in genetics 

and computational biology. CRISPR-Cas9 technique allows us to target genetic material and perform accurate manipulation of 

targeted gene function. Cgr operon, commonly found in the gut microbiome bacteria of E. lenta has several attributes which can 

be modified using the CRISPR-Cas9 methodology. Here, we briefly describe how the Cas9 nuclease can be used to prevent 

Digoxin from being suppressed by the cgr gene, directly correlating to improved cardiac function. The editing tool is described 

to assist in mutating the genetic material of cgr gene discussing the inhibition of Na+/K+ ATPase in cardiac myocytes and CG-

content. The principle of operation behind CRISPR-Cas9 is described using non-homologous end joining or homology-directed 

repair cellular mechanisms. Target site selection, designing sgRNAs and introducing various mutations are discussed with 

limitations of current technology and possible applications in the field of point of care diagnostics and biosensing developing 

therapeutic interventions using cgr operon. 
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1. Introduction

Clustered Regularly Interspaced Palindromic Repeats 

(CRISPR)-Cas9 was first discovered by a Japanese Research 

Group in 1987 while originally studying the genes involved in 

phosphate metabolism [1]. Post discovery, they tested nine 

nucleotide sequences to successfully find transcription sites 

[2]. However, not much was known about the biological 

implications for humans of this discovery. CRISPR was found 

to be an already-existing defense mechanism against viruses 

in bacteria. Later, similar repeated sequences were found in 

the archaeon Haloferax mediterranei. The researchers first 

suggested that CRISPR was responsible for the regulation of 

gene expression. However, this would not be possible in 
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bacteria [1]. In 2007, two food scientists, Rodolphe Barrangou 

and Philippe Horvath, learnt the first piece of experimental 

information about the working of CRISPR as they worked on 

cultures of yogurt.[3] A few years after this discovery, the use 

of the protein Cas-9 as molecular scissors in CRISPR was 

developed. Emmanuelle Charpentier and Jennifer Doudna 

first studied CRISPR as a genome editing tool in bacteria in 

2012. Consequently, in 2020, they became the first two-

women team ever to be awarded the Nobel prize for the 

essential molecule for nuclease activity named tracrRNA 

(trans-activating CRISPR RNA) [3].  

CRISPR-Cas9 is a gene editing tool used in various fields of 

study to modify genomes [4]. The CRISPR-Cas systems are 

divided into two classes, I and II, based on the complexity of 

the Cas protein. Cas9 is a widely studied protein due to its 

relative simplicity. The Cas9 protein along with the guide 

RNA (gRNA) forms the CRISPR-Cas9 system. The gRNA 

guides the Cas9 protein to the desired gene sequence. The 

gRNA is specific to the target sequence. Then, the Cas9 

protein acts like ‘molecular scissors’ and cuts the DNA 

forming complementary ends, also known as sticky ends. If 

another gene sequence is to be inserted, DNA ligase is used 

[5]. The CRISPR-Cas9 technology is highly specific and 

efficient compared to other gene editing tools [6]. Moreover, 

CRISPR is simpler and more versatile and hence has the 

potential to solve many pressing issues[7]. Firstly, CRISPR 

can be used to modify crops to make them resistant to drought 

and pests. Statistics show that 50% of the growth in the annual 

production of maize is due to genetic modification [8]. 

Additionally, CRISPR can be used to overcome drug 

resistance in breast cancer patients and improve the 

effectiveness of the treatment.[9] CRISPR’s specificity also 

makes it the best technique to treat genetic disorders as it can 

precisely alter the mutated gene with lesser off-target effects 

and can also determine the genetic causes of certain 

phenotypes. [10] Lastly, CRISPR-Cas9 is pocket-friendly and 

easily accessible, which makes it a great tool for further 

research and developments of new treatments [10]. Today, 

CRISPR-Cas9 is being studied widely to truly understand the 

spectrum of opportunities with the gene editing tool. Recent 

developments showed that improving the Cas9 codons could 

improve the efficiency of gene editing as a whole. Later, a few 

methods were identified to reduce the off target effects. The 

protein Cas9n has shown to reduce off-target effects as it cuts 

only one strand of DNA, unlike Cas9. Furthermore, replacing 

Cas9 with the nuclease Cpf1 would add to the attempts to 

reduce off-target effects. xCas9, the result of mutation of 

Cas9, is more precise than Cas9 itself. Lastly, CRISPR-Cas9 

now allows scientists to modify just a few bases in a genome 

instead of having to insert a completely new gene [11]. 

 

Figure 1. 3D Schematic of gene editing via CRISPR-Cas9. 

The cardiac glycoside reductase (cgr) gene is an essential part 

of an operon (commonly found in the gut bacterium 

Eggerthella lenta) responsible for the metabolism and 

inactivation of digoxin, a drug used to treat cardiac conditions. 
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The cgr operon contains multiple strains, cardiac glycoside 

reductase 1 (cgr1) and cardiac glycoside reductase 2 (cgr2) 

being the most researched genes. While cgr1 supports electro 

transfer, cgr2 is directly responsible for digoxin metabolism. 

In this review, we explore the possibilities of supporting 

characterization studies wherein CRISPR-Cas9 may be used 

to create a knockout of the cgr2 gene for regulation, gene 

modification, in-vivo studies and therapeutic applications 

indicating the challenges and limitations to consider. 

2. Cardiac glycoside reductase  

The cardiac glycoside reductase (cgr) gene is part of the gut 

bacteria Eggerthella lenta. Two genes encode proteins that are 

homologous to bacterial cytochromes. Cgr operon is predicted 

to encode a protein that is homologous to the NapC/NitT 

family of cytochrome c reductases, which is cardiac glycoside 

reductase 1 (cgr1) and encodes protein related to fumarate 

reductase, which is cardiac glycoside reductase 2 (cgr2). 

These normal functions are known by sequence homology 

(PSI_BLAST) [12] and secondary structure predictions 

(HHPred) [13]. 

It has been biochemically confirmed that cgr2 is responsible 

for reduction and inactivation of digoxin. Bioinformatics and 

network analysis show the uniqueness of cgr2 as it employs a 

mechanism of substrate binding and reduction. Furthermore, 

microbial isolation and sequencing of human-associated 

isolates demonstrate that this gene is exclusive to a subset of 

Eggerthella lenta strains and is very well conserved at the 

amino acid sequence level [14]. The role of cgr1 is to serve as 

a hemebinding domain in this process. In digoxin there are 

alpha, beta-unsaturated lactone and in fumarate there is an 

unsaturated carboxylic acid. These share structural and 

electronic similarities and thus this research is able to 

hypothesize that digoxin (and other related cardiac 

glycosides) are able to occupy the binding pocket of cgr2 and 

undergo reduction by a similar mechanism. This is why they 

have the capability of using digoxin as an alternative electron 

acceptor. The genes signify a predictive microbial biomarker 

for the inactivation of digoxin [15]. To test the functionality 

of cgr, researchers grew E. lenta cultures in rich medium with 

low and high levels of arginine (arginine is known to inhibit 

reduction of digoxin) in the presence of absence of digoxin. 

RNA-Seq was performed on the cellular biomass and it was 

found that the two-gene operon (cgr) was highly up-regulated 

[16].  

The FASTA sequences below are for cgr1 and cgr2 but they 

are named Elen_2528 and Elen_2529, respectively. This 

change may be due to the way that the authors decided to code 

the genes. As indicated in Table 1, gene Elen_2528 and 

Elen_2529 correspond to cgr1 and cgr2. 

FASTA (cgr1): >NC_013204.1:c2958598-2957948 
Eggerthella lenta DSM 2243, complete 

genome 

ATGGCTGAGGAACCTGTGGTGATCGGGGATCCCGCGCCCCG

GACGAGGAAGTGGCCCATCGTCGTGGGCG 

TTGTCGTGGTTGTCTTGATTGCAGCCGGTGCCGGCTTCTGG

GTTTGGCACGAGCAGCCGAGCTTCTGCGC 

CGCCATCTGCCACACGCCGATGGACGAGTACTTGGAAACGT

ACGAGCAGGAAGCAGGCACGGCGGGCGTC 

GACAAGTGGGGCAACGAAGTTGCCAACACGAACGCGATGCT

GGCCGTCTCGCACAAGGCTCAGGGCAAGG 

ACTGCATGGCCTGCCATGTGCCGACGCTGAGCGAGCAGATG

TCCGAGGGCATGAACTGGGTCACCGGCAA 

CTACGTGTACCCGCTTGAAGAGCGCGACACGGAGATGCTGA

CCGAGGCTCGCGGCGTTGACGCCGACGAG 

TTCTGCCTGAACGAGAGCTGCCACAACCTGACGCGCGACGA

CCTGATCAAGGCCACGAGCGACATGGAGT 

TCAACCCGCATCAGCCGCAGCACGGCGAGATCGAGTGCAGC

GAGTGCCACAAGGCGCACCGCGCTTCCGT 

GATGTACTGCACGCAGTGCCACAGCGAAGCCGAAGTGCCGG

AGGGCTGGCTGACCGTCGCCGAGGCCAAC 

AAGCTTTCGACGGCGGCGTAG 

FASTA (cgr2): >NC_013204.1:c2960290-2958608 

Eggerthella lenta DSM 2243, complete 

genome 

ATGGAATACGGAAAGTGCCGCGGCATCGAACGGGGAATGGG

AAGGCGAGACTTCCTCAAGGCGGCCACGC 

TGCTCGGCGCCACGGCGGCAGGAGCAGGCATGTTGGCCGGT

TGCGCGCCGAAAAGCGCATCCGAAGCACA 

GGCTCAGACCGCGCCTGCGGCAACCGGGGGCCTCGACCCGG

CCGACGTCGACTGGAAGTACGAGACTGAT 

GTCGTCATCGTCGGCTCGGGCAGCGGCGGCACGTGCGCGGC

CATCGAGGCGGCAGAGGCCGGCGCCGACG 

TCGTCGTGTTCGAGAAGGACAAGGCGATGTACGGCGGCAAC

TCGGCACTATGCGGTGGATACATGCTGGC 

AGCGGGTTGGTCCACTCAGGAAGAGATCACCGGCTACGCGG

GCGATACGGGCGAAGCGTTCGCGAACCAG 

ATGCTGCGCTGGTCGCAAGGTCTGGGAAACCAGGATATGAT

CCGCGAGGCGTGCTTGCGCTCCGGCGAGG 

CCGTCGATTGGATGATGGACACCGGTCGCACGTACGAGGGC

GCAAGCCCGCTGCCCCCGGTCTGGTCATG 

CGGCGACACGGAGGCCGATGTCGTGCCGCGCTCGGTGTACA

ACCACAATGCCTACGGTGCGACGGAAGGC 

CATATGGCAACGCTGAAAAAGCGCGCCGAAAGCCTGTCGAA

CATCGAAATCGAGATGGGCTGCGAGGTGG 

CGCACATCCTGAAGAACGCCGAAGGCTCCGTTATCGGCGTG

CAGCTGGCCGACGGCTCCTTCGCCAAGGC 
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GCGAAAAGGCGTGGTCATGGCGTGCGCTTCGGTGGACAACA

ACCTTGAGATGTCTAAGGACCTGGGCCTC 

ATGCAGAACGTCTGGGGCCTAACGCTCGAAGGCGCAGGGCT

GCTCGCTCCGGGCAACCCCGATATGGACT 

CGAATACCGGTGACGGGGTGCGGATGCTGCGCGAGATCGGT

GCTGAGCTTTGCATGCAGCAGGCCGTGTG 

CATGAACGATTCTATCTACGTAGGCGGCATCAGCGACTGGG

GTATGAGCGAGATCCTGGGCAAGGACGTC 

AATATCCACGACTCGTCGAACATAGACGCCATCCTCGTGGA

CAAGACCGGCAGACGGTTTTGCCAGGACG 

ATGCCGAGTGGGGCTATGTCATGCACGAGTGCGCGCAAGCT

GCATGGAAGCAGGGTTTCACCCCCGACGA 

TCCGACTACGGGTTATATCTTCTATGTGTACGATGCGACCG

GGGCGCCTTTTTTCGAGATGAAAGGGCAT 

ACGCCCGACACGTGCGATACTACGTTCTCGGCCGATTCGGT

TGATGGCCTCGCCGAGTTTATCGGCTGCG 

ATCCGACCGCCCTCGCCTCCGAAGTGGAGAGGTGGAACTCT

TTCTGCGAGGCCGGTTTGGATGCCGACTT 

CGGCCGCAGGGCCAACATGGCCCCCATCGCGACGCCGCCGT

TCTACTGCGATGTCGTGCGCCCCGGCCCT 

ATGGGCACCTTCGCCGGCGCGAAGTCCAACGTGGAAGCCGA

GATCATCGGCCTCGACGGCAACCCCATTC 

CACGGCTGTACGGCGCCGGGTGCATCATCGGGGGTAACGTC

TCGGGTGCCTTCTACTTCGGCTGCGGCTG 

GTCCATCACGAACACCGTCGTCTGGGGCCGCGAGGCCGGGC

GGAACGTGGCCGCCCTCGAGCCGTGGGAGTAG  

2.1. Survival 

E. lenta has a total of 3,181 genes but since it is a difficult 

bacterium to cultivate, its survival and effects are rarely 

reported [17]. A reason for this is because E. lenta is involved 

in mixed infections with less fastidious bacteria. Thus it is 

difficult to conclude whether the cgr operon affects its 

survival. However, by understanding the mechanisms of cgr1, 

cgr2, and activation or deactivation of the drug, one can make 

hypothetical inferences based on the literature. In this two-

gene operon, cgr2 is the soluble reductase partner that 

interacts with the hemebinding domain of cgr1 (in either a 

transient or stable complex on the extracytoplasmic side of the 

membrane). Thus cgr2 requires cgr1 to fully function. 

However, in terms of the survival of either cgr genes, cgr2 can 

survive without cgr1 because cgr2 is necessary (exclusive to 

E. lenta) but cgr1 can be replaced with any other operon that 

has a hemebinding domain. Heme-containing proteins are 

found in all living species [18]. Thus this hemebinding domain 

(cgr1) can be justifiably replaced after thorough 

experimentation to attain an adequate alternative. 

 

Figure 2. Digoxin mechanism of action.
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Table 1. E. lenta specific primers used for quantitative polymerase chain reaction (PCR).

Digoxin is activated with the inhibition of Na+/K+ ATPase in 

cardiac myocytes [16] and cardiac ATP-sensitive K+ channels 

(KATP) are heme-dependent. KATP channels regulate the 

excitability of cardiac ventricular myocytes, which is apparent 

in ischemic heart disease and myocardial infarction [18]. 

Therefore, cgr1 (the hemebinding domain in E. lenta) 

modifies Na+/K+ ATPase, which leads to 

activation/deactivation of Na+/K+ ATPase, resulting in 

increased/decreased target affinity. In conclusion, for the cell 

to survive, cgr1 is vital as it regulates cardiac ATP-sensitive 

K+ channels. The regulation of these channels is necessary for 

dictating the microbial drug metabolism of digoxin. This 

information allows the prediction or manipulation of 

microbial drug metabolism. 

2.2. GC Content 

The GC content, otherwise known as the percentage of 

guanine and cytosine nucleotides in a genome provides 

valuable information about DNA stability or repair 

capabilities, dictate primer conditions for PCR experiments, 

have the potential to facilitates open chromatin and active 

transcription, influence chromosome structure and protein-

coding sequences. The GC content is calculated as a 

percentage of nitrogenous bases on a DNA molecule, which is 

either guanine or cytosine following the equation, 

𝐶𝑜𝑢𝑛𝑡 (𝐺 + 𝐶)

𝐶𝑜𝑢𝑛𝑡 (𝐴 + 𝑇 + 𝐺 + 𝐶)
× 100% 

The cgr1 DNA length (Elen_2528) of 651bp showcased GC 

content of 64.208909% [19]. On the other hand, cgr2 DNA 

length (Elen_2529) of 1683 bp demonstrated GC content of 

63.874034% [19]. These calculations were performed by a 

contract research organization (CRO) Biologics International 

[20]. Recent studies have shown that genes that recombine 

have a greater GC content. Additionally, there seems to be an 

evolutionary force that is driving GC values to be higher in all 

bacterial species (with the exception of AT-rich genomes). 

Recombination has proven to enhance efficiency of selection 

by breaking linkage among sites [21]. In CRISPR Cas9, the 

targeting specificity depends on the 20 nucleotide sequence at 

the 5’ end of the gRNA. Thereby, increasing the importance 

of the GC content when designing the 20 base pair guiding 

sequence of gRNA. The GC content should be in a 40%-80% 

range as it stabilizes the RNA:DNA duplex and also decreases 

off-target hybridization [22]. Thus with >63% GC content in 

both cgr1 and cgr2, the cgr gene is a justified choice for 

finding suitable CRISPR editing sites. 

2.3. Exclusivity 

Since cgr2 is exclusive to E. lenta, only cgr1 is found in other 

organisms. The cgr1 gene is found in the following bacteria 

and it plays a different role in each as shown in Table 2. 

Although the search output produced 1494 gene related results 

on the National Center for Biotechnology (NCBI) gene 

database, only eight included information about cgr1 in 

related research as cgr1 does not have significant function in 

those bacteria. Of the eight cgr1 genes in various bacteria, 

three were found to be relevant to the human gut microbiota 

and the other five plant related. In C. elegans development, 

Ras-mediated signaling is necessary for the induction of 

vulval cell fates. Cgr1 was identified by 

 

Study Microorganism Role of cgr1 

[23] Saccharomyces cerevisiae Ribosome biogenesis 

[24] Candida albicans Loss of function mutation 

[23] C. elegans Ras-mediated signaling 

Table 2. Selected microorganisms discussing role of cgr1

screening for suppressors of the vulval cell fates (caused by a 

gain-of-function mutation of the let-60 ras gene). Cgr1 

positively regulates induction of vulval cell fates by two cgr1 

loss-of-function mutations. It is necessary for larval viability 

so it also functions early in development [24]. It is suggested 

by Sun J et al. that cgr1 has a role in ribosome biogenesis for 

S. cerevisiae [25]. It encodes a conserved fungal protein that 

localizes to the nucleolus. Moy et al. tested to see if the 

localization reflected a role for cgr1 in ribosome biogenesis 

by examining two yeast cgr1 mutants. They examined for 

defects in ribosome synthesis and found that both of the strains 

had impaired growth rates [26]. 

https://pubmed.ncbi.nlm.nih.gov/7266632/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4833257/
https://www.ncbi.nlm.nih.gov/nuccore/NC_013204.1?from=2957948&to=2958598&report=genbank&strand=true
https://www.ncbi.nlm.nih.gov/nuccore/NC_013204.1?from=2957948&to=2958598&report=genbank&strand=true
https://www.biologicscorp.com/about-us/#.Wgo8QRNSxQI
http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1004941
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7451903/
https://europepmc.org/article/MED/11932453
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1456255/
https://europepmc.org/article/MED/11932453
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1456255/
https://www.ncbi.nlm.nih.gov/pubmed/11116400/
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2.4. Gene editing strategy 

Digoxin, a drug derived from plant-derived cardiac glycoside 

Digitalis lanata has the ability to improve cardiac output and 

control heart rate in conditions of heart failure. Therefore it is 

imperative that the drug remains activated in the human body. 

The cgr operon must be mutated so that it no longer has the 

ability to reduce the drug. Since cgr is composed of cgr1 and 

cgr2, either one or both of these genes can be mutated. Before 

editing the gene, it is crucial to understand the way that 

digoxin works and how it is inactivated. Digoxin takes effect 

indirectly when there is an inhibition of the Na+/K+ ATPase 

in cardiac myocytes, causing an efflux of NA+, and raising the 

intracellular Ca+ concentration. This drug has a very narrow 

therapeutic range, which is 0.5-2 ng/mL [16]. Some patients 

that take digoxin excrete dihydrodigoxin, which is the inactive 

digoxin metabolite where the lactone ring is reduced. This 

change in ring structure is what causes decreased target 

affinity due to shift in positioning within the binding pocket 

of the Na+/K+ ATPase. A study done by Haiser et al., 2014, 

concluded that the saturation of the lactone ring of digoxin is 

catalyzed by the drug microbiome causing drug inactivation 

after doing ex vivo incubation with rat and human fecal 

samples [15]. There is an increase in the excretion of reduced 

metabolites following the administration of prolonged release 

digoxin formulations. However, they also found that broad 

spectrum antimicrobial therapy blocks the formation of 

reduced digoxin metabolites with an increase of serum level 

in the drug. With this study along with others done over the 

years, it can be concluded that the gut microbiota is 

responsible for digoxin inactivation. Since the α,β-unsaturated 

lactone of digoxin and the unsaturated carboxylic acid of 

fumarate (cgr2 exhibits structural homology to FAD-binding 

fumarate reductase enzymes) are structurally and 

electronically similar, digoxin is able to occupy the binding 

pocket of cgr2. This explains the shift in positioning within 

the binding pocket of Na+/K+ ATPase, causing inactivation 

of digoxin. Arginine is an amino acid used in the biosynthesis 

of proteins and it inhibits the reduction of digoxin. This is 

because arginine can repress cgr operon expression and thus 

it is able to inhibit conversion of digoxin to dihydrodigoxin. 

This has been proven by RNA-seq and qRT-PCR [16]. 

Interestingly, since arginine is the main source of nitrogen and 

carbon for E. lenta, it stimulates E. lenta cell growth at the 

same time. With the cgr gene is responsible for the 

inactivation of the cardiac drug digoxin, which is used to treat 

heart failure and heart rhythm problem, the key experiment 

that demonstrates that this gene is bad for health is when the 

researchers incubate low reducing fecal samples with the type 

(reducing) and FAA 1-3-56 (non-reducing) strains of E. lenta. 

They noticed that communities that were incubated with the 

type strain were able to reduce more digoxin than the type 

strain alone. This goes to show that co-culture of E. lenta with 

the fecal microbiome enhances the efficiency of digoxin 

reduction. This in turn increases the cgr ratio (the relative 

abundance of the cgr operon to the E. lenta 16S rRNA gene). 

Therefore, in the presence of a microbial community, the 

abundance of the E. lenta type strain is significantly increased 

so having a larger amount of the cgr gene in our gut means 

that digoxin will always be reduced more.   

2.5. Specificity 

The gRNA can bind to either of the two DNA strands, 

however, it should perfectly complement the region that needs 

to be targeted. For target binding to occur, the PAM 

(protospacer adjacent motif) has to be positioned right after 

the target. The sequence of the PAM is necessary for target 

binding and depends on the Cas9 species, ie, the GC-content. 

Specificity can also be modified prior to Cas9 being 

introduced. The architecture of the gRNA can be changed or 

even the Cas9 protein itself.  To narrow down the gRNA target 

sites, there are some rules that can be followed for greater 

specificity. For example, target sites that code for amino acids 

near the 3’ terminus of the protein should be avoided so that 

the cell is less able to use an alternative ATG downstream of 

the start codon. Another factor would be to avoid target sites 

that code for amino acids close to the 5’ terminus of the 

protein in order to increase the likelihood of creating non-

functional allele. An important factor to consider is the 

homology directed repair where new information goes into the 

DNA. For successful gene knockout, single cell cloning and 

subsequent cloning is required and thus editing the DNA with 

the right gRNA is vital. Before using Homologous-Directed 

Repair (HDR), it is advised to create indels and conduct a 

mismatch cleavage assay (e.g. Surveyor) to make sure that 

gRNA is efficiently cutting the target sequence. Additionally, 

it is important to keep in mind that efficiency goes down 

drastically if the cut site is >30 nucleotides from the proximal 

ends of the repair template and therefore the choices for 

gRNAs is further limited. Another aspect to consider is off-

target binding. Off target-effects of the CRISPR Cas9 system 

can be due to mismatch tolerance between the gRNA and 

target site [27].  

3. Conclusion 

Our approach proposes a method for insertion of arginine into 

cgr2 so that E. lenta is able to grow, blocking its ability to 

reduce digoxin. Although it has been shown that high arginine 

https://pubmed.ncbi.nlm.nih.gov/7266632/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4063850/
https://pubmed.ncbi.nlm.nih.gov/7266632/
https://doi.org/10.60087/jklst.vol3.n4.p160
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levels are able to block digoxin metabolism, the methodology 

remains unclear. Further research via computational analysis 

of transcription factor binding sites or screening E. lenta 

genomic libraries for transcription factors can help uncover 

why arginine prevents digoxin from being metabolized. 

Interactions of cgr could be tested with arginine, to get 

heterologous expression of the cgr operon and subsequent 

purification of the encoded proteins.These gene-editing 

methods could further be tested ex-vivo and in-vivo in mice. 

Other factors that limit use of CRISPR-Cas9 technologies are 

delivery mechanisms, off-target effects and specificity. Due to 

the large size of the associated Cas9 protein, traditional 

methods of delivery are not as effective to reach target cells or 

tissues [28]. Off-target effects are caused due to modifications 

in the genome caused by CRISPR-Cas9 outside of the target 

cell or tissue, this can be harmful as it can lead to alteration in 

cellular function [29]. Future work focusing on optimizing 

CRISPR-Cas9 protocols for enhancing efficiency and reliable 

modifications supported by innovative bioinformatic tools can 

further advance precision medicine [30] [31] [32]. 

While this study elaborated on the cgr operon function with 

respect to CRISPR-Cas9, there are numerous gene 

applications to be explored. These applications can have 

various effects on point of care diagnostics, hydrogel 

microneedle applications and lab-on-chip technologies [33] 

[34] [35]. A hydrogel based matrix can be useful for targeted 

transdermal delivery, proving to be a useful alternative to 

traditional deployment techniques, improving efficiency of 

gene editing over time [36] [37] [38]. Furthermore, capacitive 

micromachined ultrasonic transducers (CMUT) based 

technology can be utilized to detect and monitor CRISPR-

Cas9 activity [39]. 
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