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ABSTRACT: Genome editing, particularly using CRISPR-Cas9, is a powerful tool for manipulating 

genomes, including Escherichia coli. This study aimed to genetically engineer the lacZ gene in E. coli using 

CRISPR-Cas9 to assess its role in amylase production during submerged fermentation of sweet potato peels 

(Ipomoea batatas). Edited and wild-type E. coli were cultured at 37ºC, under pH 6.2, 7.0, and 8.4 conditions, and 
the resulting amylase was purified using ammonium sulfate. Amylase production was screened using starch as a 

glucose source, with enzyme characterization performed at varying temperatures and pH levels.  CRISPR-Cas9 

edited E. coli without the guide RNA (gRNA) and arabinose showed blue colonies, while those with gRNA, Cas9, 
but without arabinose showed no colonies. Edited E. coli with Cas9, and arabinose, but without gRNA also 

produced blue colonies. Colonies displayed a white phenotype when subjected to Cas9, gRNA, and arabinose. 

Gel electrophoresis revealed that E. coli exposed to Cas9 and arabinose had two bands at 650 bp, while blue 
colonies exposed to Cas9 without gRNA and arabinose showed bands at 1,100 bp. The positive control exhibited 

three distinct bands, whereas the negative control had none. Amylolytic screening shows similar clear zones of 

wild-type E. coli and CRISPR-edited E. coli. pH 8.4 provides the most favorable conditions for wild-type E. coli 
growth and pH 7.0 for the CRISPR-edited E. coli growth during 15 days of fermentation. Temperature and pH 

assays indicated that both wild-type and CRISPR-edited E. coli showed similar maximum amylase activity at 

45ºC and pH 7, with no significant difference in enzyme production. These results suggest that the lacZ gene does 
not significantly affect amylase production in E. coli. 
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The ideal metabolic catalyst are enzymes, which 

provide various endogenous biochemical reactions via 

a clearly defined pathway. (Singh et al., 2019). Since 

enzymes are present across all naturally occurring 

species, including plants, animals, and microscopic 

microorganisms, they can be used for industrial 

reasons. Furthermore, under controlled circumstances, 

a variety of microbial enzymes are recognized 

catalysts for the production of various compounds 

from a wide range of substrates. The two most 

important enzymes for industry out of all of them are 

amylases and proteases. According to Mondal et al., 

(2022), amylase, which breaks down starch or 

glycogen, makes up more than 30% of all enzymes 

generated worldwide. Microbes, animals, and plants 

are just a few of the sources from which they can arise. 
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Microbes are easily manipulated to produce enzymes 

with desired properties, which is the main benefit of 

employing amylases derived from microorganisms 

(Golgeri et al., 2024). Several techniques have been 

used to increase enzyme production, and techniques 

such as protein engineering, gene shuffling, and 

directed evolution have enabled the development of 

enzymes (Sharma et al., 2021). Genetic research now 

includes studies of enzymes among its many uses, 

thanks to the identification of CRISPR (Clustered 

Regularly Interspaced Short Palindromic Repeats) and 

CRISPR-associated (Cas) proteins (Uddin et al. 2020). 

 

According to Sandomenico et al., (2020) and Osgerby 

and Overton (2023), the gram-negative bacterium 

Escherichia coli is the preferred expression host for 

producing 30% to 40% of recombinant enzymes (also 

known as recombinant protein production, or RPP) in 

the industrial setting. This bacterium can be grown on 

relatively inexpensive media, replicates quickly, and 

exhibits elevated intracellular product titers. It is 

typically employed for insertion of the desired gene 

since these advantages frequently exceed several 

purification processes and the absence of 

glycosylation sequence on the recombinant result 

(Kielkopf et al., 2021). We have moved past the 

studying phase of genetic data to the post-genomic 

period, as rewriting as well as a novel creation of the 

genome are becoming realities, thanks to the quick 

growth of biotechnology and life sciences. The 

development of many life science fields has been 

greatly advanced by the simplicity and effectiveness 

of CRISPR-based gene editing tools, which have 

become mainstream through constant exploration and 

iteration (Wei and Li 2023) and are the reason behind 

our isolation and characterization of amylase 

generated from CRISPR Cas9 edited lacZ gene in 

Escherichia coli using potato peel as enzyme source. 

 

MATERIALS AND METHODS 
Materials: Out of the Blue CRISPR Kit with catalog 

number12012608EDU was purchased from Bio-Rad  

Research Company, USA. Containing; lyophilized E. 

coli HB101-pBRKan, Transformation solution, 

80ng/µlpLZDonor, 80ng/µl pLZDonorGuide, LB 

broth capsule, Streptomycin, Arabinose, KIX Mix 

(containing the antibiotic kanamycin. K) Instagene 

mix (IG), Master Mix Plus Primers (MMP), sterilized 

conical flasks,500ml and 1L, sterilized plates, plastic 

inoculating loop, four capped 2ml tubes, four micro 

centrifuge tubes, 250ml bottle, distilled water, 

arabinose, weighing balance, incubator, vortex 

machine, water bath, ice bath, micropipette and tips, 

(100-1000µl), (20-200µl), (2-20µl), 2ml micro test 

tubes, ice bath, tube racks. 

 

Potato peels were collected from a local potato chips 

company at Akure, Ondo State, Nigeria. All other 

reagents used were obtained commercially and of 

analytical grade. 

 

Genome Editing Analysis: LB Agar Plate 

Preparation: Two beakers 500ml and 1L flask were 

labeled as KIX and KIX/SPT respectively, 3ml of 

distilled water was added to the arabinose vial for 

reconstitution and the mixture was vortexed for 

10mins till it was fully dissolved. 500 µl of distilled 

water was added to the streptomycin vial and the 

mixture was vortexed, shaking it after each vortex 

until it was fully dissolved.700 ml of distilled water 

was added to the flask labeled KIX/SPT and left to 

stand. 3.0 ml of distilled water was added to the KIX 

Mix vial (which contains kanamycin, IPTG and X-gal) 

and the mixture was shaken for 5 secs. The vial 

containing the KIX Mix was thoroughly rinsed until 

the mixture became clear. The KIX Mix mixture was 

then poured into the flask labeled KIX/SPT containing 

700ml distilled water and the solution was swirled 

until the white powder was evenly suspended. 200ml 

of the solution was then poured into the 500ml KIX 

flask. 7g of LB agar powder was added to the KIX 

flask and the remaining to the KIX/SPT flask. Both 

flasks were microwaved and brought to boiling point 

3 times in the microwave. The flask was allowed to 

cool a bit but careful not to allow the mixture to gel 

up, while the KIX/SPT flask was kept at 50ºC in a 

water bath 8 plates were pre-labeled IX and another 8 

IX/ARA 40 other plates were labeled IX/SPT. The 8 

plates labeled IX were quickly filled with the molten 

KIX LB agar up to one-third of the sterile Petri dish. 

1.0 ml of rehydrated arabinose was added to the 

remaining molten KIX LB agar. 

 

The mixture was swirled to reconstitute and poured up 

to one-third full into the eight Petri dishes labeled 

IX/ARA. Once the KIX/SPT flask could be held 

comfortably, 500µl of rehydrated streptomycin was 

added and the mixture was swirled. The 40 plates 

labeled IX/SPT were filled to one-third full with the 

molten agar. All the plates were allowed to solidify for 

about 30mins, then allowed to dry for 48hrs in a dark 

sterile room before it was stored upside down and 

refrigerated at 4ºC for use. 

 

LB Broth Preparation: 50ml distilled water was 

poured into a sterile 250ml bottle. LB broth capsule 

was added to the 50ml distilled water and placed in the 

microwave with the cap of the bottle loosely tightened 

before bringing it to boiling point 3 times. The broth 

was allowed to cool to room temperature before the 

cap was tightened and stored in the refrigerator at 4ºC. 
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Rehydration of E. coli: 250µl of LB broth at room 

temperature was measured and added to a vial of 

lyophilized E. coli, the vial was gently shaken to 

resuspend the bacteria. The remaining LB broth was 

then microwaved to boiling point once with cap 

tightened loosely to prevent contamination. 

 

Streaking of Starter Plates: The eight IX and IX/ARA 

plates were streaked with the rehydrated E. coli using 

a sterile plastic inoculating loop.  The quadrant method 

of streaking was used to spread the bacteria properly 

on the plate.  A fresh inoculating loop was used for 

each plate to avoid contamination. The starter plates 

were then incubated upside down in a dark incubator 

for 24 hours. 

 

Dispensing of Solutions: Four 2ml tubes were labelled; 

TS, LB, pD and pDG. The LB, pD, and pDG were 

brought to room temperature by rubbing against the 

palms, careful not to shake up the contents of the vials. 

The pLZDonor and pLZDonorGuide vials were pulse 

spun to collect liquid at the bottom of the tubes.1.2ml 

of transformation solution (TS) was measured and 

added to the tube labeled TS. 1.2ml of sterile LB broth 

was measured and added to the tube labeled LB. 25µl 

of pLZDonor was measured and added into the tubes 

labeled pD. All dispensed solutions were capped and 

stored in a refrigerator at 4ºC for the genome editing.  

 

Editing the lacZ Gene with the sgRNA and the Donor 

Template DNA: Four 2ml microcentrifuge tubes were 

labeled A, B, C, and D, and incubated on ice.  IX 

(IPTG/X-gal) were added into tubes A and B while IX 

ARA(IPTG/X-gal/ARA) were added into tubes C and 

D. 250µml of T.S (Transformation solution) were 

added into tubes A, B, C and D, 10µml of plasmid 

donor (Pd) were added into tubes A and C while 

10µml of plasmid donor guide (Pdg) were added to B 

and D. All four tubes were incubated on ice for 10 

mins and heat shocked for 50sec at 60ºC, tubes were 

immediately transferred to an ice bath and incubated 

for 2mins. The four tubes were returned to the rack and 

250µml of LB was added to them. Tubes were 

incubated at room temperature for 30 minutes. Four 

plates were labeled A, B, C, and D. 100µml of tube A 

was transferred to plate A and spread using a sterile 

spreader, 100µml of tube B was transferred to plate B 

and spread using a sterile spreader, 100µml of tube C 

was transferred to plate C and spread using a sterile 

spreader, 100µml of tube D was transferred to plate D 

and spread using a sterile spreader, the plates were 

covered properly and stacked. Plates were then 

incubated at 27ºC for 72 hours and observed for 

significant changes. 

 

Genomic DNA Extraction: Five capped tubes were 

labeled S, C, D1, D2 and D3. The insta-gene matrix 

(IG) was inverted to mix up beads and 250µl was 

measured and pipetted into each tube. A sterile pipette 

tip was used to pick a single colony from the starter 

plate, and was transferred into tubes. A fresh sterile tip 

was used to pick up another single blue colony from 

plate C and transferred to tube C, the tip was swirled 

until no bacteria remained on the tip. Another fresh tip 

was used to pick a single white colony from plate D. 

The Colony was transferred to tube D1 and swirled 

until no bacteria was left on the tip. Another colony 

from plate D was picked and transferred to tube D2, 

and the last colony was picked from plate D and 

transferred to tube D3. The capped tubes are closed 

properly and vortexed to mix properly. The tubes were 

then incubated in a dry bath for 15 minutes at 56ºC. 

the tubes were allowed to cool slightly before it was 

vortexed again. The capped tubes were then incubated 

in a dry bath at 95ºC for 8 mins. Tubes were allowed 

to cool slightly before vertexing to mix again. The 

tubes were put in the centrifuge and spun at 6000 

rev/min for 5 minutes. 

 

PCR Sample Preparation:  Seven PCR tubes were 

labeled S, C, D1, D2, D3, -, and +. 10µl of master mix 

plus primer (MMP) was added to each tube. 10µl of 

supernatant from each of the screwed-capped tubes 

was added to their complementary PCR tubes, using a 

fresh tip each time. The mixture was mixed thoroughly 

using the pipette. 10µl of the positive PCR control 

DNA was added to the positive (+) tube, and 10µl of 

the negative control DNA was added to the negative 

tube (-). The tubes were capped, placed in the 

thermocycler, and amplified. 

 

Gel Electrophoresis: To mix what was contained in 

the tubes, PCR samples were vortexed briefly. For 

each sample, 5μl of loading dye (LD) was pipetted 

using a brand-new pipet tip, and the solution was 

gently mixed with the pipet. When preparing the 1% 

TAE agarose gel, it was positioned with the wells 

nearest to the black electrode and put into the 

electrophoresis chamber.  To completely cover the gel, 

400 ml of TAE electrophoresis buffer was added to the 

electrophoresis chamber. A fresh pipette tip was used 

for every sample as 15µl was poured into each of the 

eight wells. After replacing the electrophoresis 

chamber cover, the power supply was linked red to 

black and red to red. 30 minutes at 100 volts were 

spent running the gel. The gel was gently taken out and 

placed under the UV lamp for visualization after 30 

minutes. 

 

sgRNA and Donor Template DNA Design 

DNA target 
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5’tacaccaacg tgacctatcc cattacggtc aatccgccgt 

ttgttcccac ggagaatccg 3’ 

3’atgtggttgc actggatagg gtaatgccag ttaggcggca 

aacaagggtg cctcttaggc 5’ 

20-nucleotide protospacer: 

3’gttgc actggatagg gtaat 5’ 

5’caacg tgacctatcc catta 3’ 

3’ guugc acuggauagg guaau 5’ 

5’caacg ugaccuaucc cauua 3’ 

 

The designed sgRNA 

5’caacg ugaccuaucc 

cauua3’5’UUUUAGAGCUAGAAAUAGC 

AAGUUAAAAUAAGGCUAGUCCGUUAUCAAC

UUGAAAAAGUGGCACCGAGUCGGU 

GCUUUUUU3’. 

 

Donor template DNA 

Inserted sequence: tgcgcccatc 

3’ |homology arm | 

5’tacaccaacg tgacctatcc cattacggtc aatccgccgt 

ttgttcccac ggagaatccg 3’ 

 5’ |homology arm| 

3’atgtggttgc actggatagg gtaatgccag ttaggcggca 

aacaagggtg cctcttaggc 5’ 

5’ homology arm: ctatcc cattacggt 

3’ homology arm: tacggtc aatccgcc 

Note: The PAM sequence is colored in blue, and the 

target sequence is colored in red. 

 

Donor template 

Deleted base 

ctatcc cattacggt tgcgcccatc tacggtc aatccgcc 

5’homology arm inserted gene 3’homology arm. 

 

Enzyme Synthesis 

E. coli Inoculum Preparation:  The test strains were 

kept as stock cultures for five days at room 

temperature and then stored at 4°C for routine 

subculturing. The cultures were actively growing for 

two days. The composition of the used media was as 

follows (in g/L): KCl2.4H2O 0.5, MgSO4.7H2O 0.5, 

Peptone 6.0, and Starch 1.0 were the inoculation media 

used in all of the tests. After being injected into sterile 

inoculation media, the pure culture was cultured for 

the entire night at 37°C on a rotary shaker. For the 

growth investigation and enzyme production, the fresh 

culture cultured overnight served as an inoculum. 

 

Substrate Preparation: Potatoes peels served as the 

substrate for the enzyme production. Sweet potatoes 

were gotten and peeled to get the back; the back was 

then oven dried for 1hr till they were crispy. The 

potato peels were then crushed with a mortar and 

pestle to break them to small size before they were 

blended to a smooth powder form. 20g of potato flour 

was measured and poured into 1000 ml of distilled 

water. 

 

Amylase Extraction/ Isolation: Utilizing the 

submerged fermentation method, the bacterial strains 

of both wild-type and modified isolates were 

examined for their capacity to produce amylase. 

Depending on the number of isolates, 100 mL of the 

potato peel media were distributed into a 250 mL 

conical flask in triplicate with three different pH 

conditions (pH 6.2, 7.0, 8.4). The media was then 

autoclaved at 1210C for 15 minutes to sterilize it. 

Following sterilization, the flasks were given some 

time to cool before 2 mL of the isolates were added to 

the potato peel medium in each of the 250 ml flasks. 

Then, the flasks were positioned in a shaker incubator 

that was set to run at 30 °C and 120 rpm for 15 days, 

and optical density was taken every three days. 

Fermentation broths that had been inoculated were 

kept at 37ºC for a full day. The crude enzyme source 

was extracted from the supernatant of the fermentation 

broths after they had been centrifuged for 15 minutes 

at 5000 rpm in a chilled centrifuge after the incubation 

period. 

 

Amylase Assay: Amylase activity of edited and wild 

type was assayed according to (Saha et al., 2023). 

Utilizing the subsequent formula, the enzyme activity 

was calculated:  

 

 
𝐸𝑛𝑧𝑦𝑚𝑒 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (

𝐼𝑈

𝑚𝐿
) = Amount of sugar reduced × 1000 ×   dilution ratio    

Amount of glucose in moles × time × volume of the 

enzyme           

 

A single enzyme activity unit (U) is the quantity of 

enzyme that, in a conventional assay, releases one 

micromole of glucose from a substrate in one minute. 

 

Enzyme Purification 

Ammonium Sulfate Fractionation: To achieve the 

ideal ammonium sulfate ratio, varying saturation ratios 

(20, 40, 60, and 80%) were added. Salt was gradually 

added to each 20 ml of crude amylase enzyme in an 

ice bath while stirring, and the mixture was 

centrifuged for 25 minutes at 6000 rpm. The 

precipitate was then taken and dissolved in 5 ml of 

distilled water, and the protein content and enzyme 

activity were assessed for each distinct fraction 

(Dennison 2002). 

 

Partial Purification of Amylase: Following 

submerged fermentation, the protein solution was 

transferred into a magnetic-bar-equipped beaker and 

heated to 4°C. A milliliter of the protein solution was 

taken, and 0.6g of ammonium sulfate was added. The 

protein solution was then agitated, and before adding 
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the next portion, a small amount of ammonium sulfate 

was added and allowed to dissolve. At last, the beaker 

was left to stand for the entire night (Agho et al., 

2022). 

 

Characterization of Amylase enzyme: The pure 

amylase was characterized by determining several 

parameters, including the ideal pH and ideal 

temperature. 

 

Amylase optimum pH and temperature determination: 

By changing the substrate's pH in 0.1 M phosphate 

buffer to different values (4.5, 5.0, 6.0, 7.0, and 8.0), 

the ideal pH was found. The ideal pH was maintained 

at the required temperature. The best temperature for 

the enzyme was found by adjusting the ideal pH range 

for the incubation temperature, which is 25, 35, 45, 55, 

and 65 degrees Celsius. the activity of enzymes was 

calculated using the Mandels technique (Witazora et 

al., 2021). 

 

Statistical Analysis Used: Statistical analyzers used 

include; mean, variances, standard deviations bar 

charts, and plots. 

 

RESULT AND DISCUSSION 
CRISPR Cas9 gene editing of the lacZ gene in E. coli 

was carried out in four different petri dishes. The 

observations of the petri dish after 48 hours of 

incubation at 37°C are shown in Fig 1. The results 

from the genome editing revealed a mixture of lacZ 

genes with and without editing.  Plate A contains a 

bacterial source without arabinose with an active 

plasmid donor without a guide RNA and an active 

repair mechanism resulting in the blue color of 

colonies growth, it yielded the growth of blue colony 

bacteria. Plate B comprised an active plasmid donor, a 

guide RNA system, and a bacterial source devoid of 

arabinose as well as an inactive repair mechanism.  

The donor template DNA contains a stop codon that 

inhibits the development of functional b-

galactosidase, which is why Plate C also produced 

growth of blue colonies while Plate B produced no 

bacterial cell growth at all. A bacterial source with 

arabinose, an active plasmid donor guide, a guide 

RNA system, and an active repair mechanism are 

found on Plate D. Plate D revealed a white bacterial 

growth; the bacteria's white growth indicates that their 

DNA has been disrupted and repaired. Plate 2 shows 

PCR samples that were run on an agarose gel by 

electrophoresis with different band pattern obtained 

from the CRISPR-Cas9 experiment. Each PCR sample 

yielded specific amplicons by the primer sets, which 

provided the information about the DNA insertions. 

The bands on each lane represents the amplicons 

yielded by each PCR sample. The molecular ruler on 

zzthe extreme left produced amplicons with weight; 

1000bp, 700bp, 500bp, 200bp and 100bp. Wild-type 

lacZ gene(unchanged) produced an amplicon with 

1,100bp as seen in the positive (+), S and C, while the 

edited lacZ gene produced an amplicon with 650bp as 

seen in D1, D2 and D3. 

 

 
Plate 1: A =  Petri dish showing CRISPR Cas9 unedited E. coli with 
Cas9 enzyme but without single guide RNA (sgRNA) and repair 

machinery (arabinose (ARA)) showing blue colonies; B = Petri dish 

showing CRISPR Cas9 edited with Cas9 enzyme and sgRNA but 
not subjected to repair machinery (no arabinose (ARA)) with no 

colony of E. coli; C = Petri dish showing CRISPR Cas9 unedited E. 

coli with Cas9 enzyme and active repair machinery (arabinose 
(ARA)) but without single guide RNA (sgRNA) exhibiting blue 

colonies; D = Petri dish showing CRISPR Cas9 edited E. coli with 

Cas9 enzyme and sgRNA subjected to active repair machinery 
showing white colonies. 

 

 
Plate 2: Amplicons of the CRSIPR Cas9 edited E. coli and 

unedited E. coli PCR products 

 

Key: 1 = Molecular weight ruler (MWR); 2 = Negative PCR 

Control (-); 3 = Positive PCR Control (+); 4 = PCR Sample S; 5 = 

PCR Sample C; 6 = PCR Sample D1; 7 = PCR Sample D2; 8 = 

PCR Sample D3 

 

Key: D3=Edited E. coli 3; D2=Edited E. coli 2; D1=Edited E. coli 

1; S = Starter plate E. coli, C= wild-type E. coli; (+) = Positive 
control, (-) = Negative control 
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Enzyme Amylase Analysis: E. coli. Plate 3a shows the 

wild-type E. coli petri dish and plate 3b shows the 

CRISPR Cas9 edited E. coli petri dish. Plate 4a shows 

amylolytic activities of wild-type/unedited E. coli petri 

dish after being subjected to iodine had a clear zone 

surrounding the colonies; 4b shows amylolytic 

activities of CRISPR Cas9 edited E. coli petri dish 

after the medium was subjected to iodine also having 

similar clear zones surrounding the colonies in the 

amylase medium as in 4a. After submerged 

fermentation of potato peel with CRISPR Cas9 edited 

E. coli and unedited E. coli, the crude enzyme was 

extracted. Plate 5 shows the purified amylase enzyme 

extracted from CRISPR Cas9 edited E. coli and 

unedited E. coli after ammonium sulfate was used to 

partially purify the amylase enzyme extracted from 

both CRISPR Cas9 edited and wild-type E 

 

 
Plate 3a: Wild-type E. coli (right) on amylase medium 

 

 
Plate 3b: CRISPR Cas9 edited E. coli (right) on amylase medium 

 

The study compared enzyme production between 

wild-type E. coli and CRISPR-Cas9-edited E. coli 

under different pH conditions. Fig. 1 presents the 

growth of wild-type E. coli in a potato peel medium 

over 15 days at pH levels 6.2, 7.0, and 8.4, showing 

that growth was most significant at pH 8.4. 
 

 
Plate 4a: Amylolytic activity of wild-type E. coli (left) 

 

 
Plate 4b: Amylolytic activity of CRISPR Cas9 edited E. coli 

(right) 

 

 
Plate 5: Crude enzyme extracted from different pH conditions. 
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Fig. 2 shows that CRISPR-Cas9 edited E. coli 

exhibited a significant increase in optical density 

(O.D.) at pH 7.0, particularly after day 3.  

 

 
Fig. 1: Effect of pH on CRISPR Cas9 unedited Escherichia coli in 

potato peels medium. (Each plotted value is a mean of two 

determinations ± SD) 

 

 
Fig. 2: Effect of pH on CRISPR Cas9 edited Escherichia coli in 

potato peels medium. (Each plotted value is a mean of two 

determinations ± SD) 

 

The effect of temperature on amylase production by 

wild-type E. coli is represented in Fig. 3, which 

showed that amylase activity gradually increased with 

temperature, peaking at 45°C (p<0.05) with an activity 

of 0.544 U/ml. Above this temperature, amylase 

activity decreased to 0.284 U/ml at 55°C and 0.077 

U/ml at 65°C (p<0.05). The temperature activity curve 

for amylase produced by CRISPR-Cas9 edited E. coli 

also peaked at 45°C with the same activity of 0.544 

U/ml, followed by a steady decrease to 0.284 U/ml at 

55°C and 0.077 U/ml at 65°C. The effect of pH on 

amylase activity is shown in Fig. 4, with a steady 

increase (p<0.05) from pH 4 to a maximum activity of 

0.821 U/ml at pH 7. Then, a significant decrease 

(p>0.05) was observed with further increases in pH, 

dropping to 0.483 U/ml at pH 8. Fig. 4 also shows the 

rise in amylase activity in CRISPR-Cas9 edited E. coli 

with an increase in pH (p<0.05) until it reached a 

maximum activity of 0.821 U/ml at pH 7, followed by 

a sharp decrease in activity to 0.483 U/ml at pH 8 

(p>0.05). 

 

 
Fig. 3: Effect of temperature on purified amylase enzyme obtained 

from potato peels with wild-type E. coli an CRISPR-editeded E. 
coli (Each plotted value is a mean of two determinations ± SD). 

 

 
Fig. 4: Effect of pH on purified amylase enzyme obtained from 

potato peels with wild-type E. coli and CRISPR-edited E. coli. 

(Each plotted value is a mean of two determinations ± SD) 
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The emergence of the CRISPR-Cas9 system has been 

revolutionary, allowing precise modification of the 

lacZ gene in Escherichia coli using donor template 

DNA and sgRNA through the HDR mechanism 

(Deligianni and Kiamos, 2021). The successful editing 

of the lacZ gene demonstrated the effectiveness of the 

sgRNA and donor template DNA. In the genome 

editing experiments, small bacterial colonies formed 

on each plate, resulting from the editing of the lacZ 

gene in E. coli HB101-pBRKan, using either 

pLZDonor or pLZDonor Guide plasmids to activate 

HDR and insert DNA. Blue colonies indicated 

functional beta-galactosidase activity, which 

hydrolyzes X-gal (5-bromo-4-chloroindol-3-yl-b-D-

galactopyranoside) and is expressed when the lacZ 

gene is functional and induced by IPTG (Isopropyl 

beta-D-1-thiogalactopyranoside). The absence of blue 

color in the presence of both X-gal and IPTG 

suggested that the lacZ gene was not functional. Most 

samples produced the expected results, with the 

sgRNA and donor template DNA leading to the 

anticipated colony colors, except one plate where 

bacteria grown without arabinose did not survive.  

 

This study highlights that the CRISPR-Cas9 system 

requires engineered crRNA (or sgRNA) and donor 

template DNA for gene editing. Modified lacZ genes 

produced white colonies, while unmodified genes 

resulted in blue colonies. Amplicon amplification 

provided further evidence of DNA alteration. In 

multiplex PCR, disruptions in primer binding sites or 

the absence of donor template DNA inhibited target 

sequence amplification. Each PCR sample produced 

specific amplicons with the primer sets. A 1,100 bp 

amplicon indicated a failure to modify the Cas9 cut 

site, while a 650 bp amplicon showed successful repair 

using donor DNA. PCR samples with a 350 bp 

amplicon contained chromosomal DNA and passed 

the PCR test. Gel electrophoresis visualized the PCR 

products as DNA bands, with a fluorescent dye band 

indicating successful PCR.  

 

The desired sequence appeared as a single DNA band, 

while multiple bands suggested additional sequences. 

The blue-white screening technique confirmed 

successful genome editing. PCR results validated the 

successful knockout of the lacZ gene in samples D1, 

D2, and D3, as they produced amplicons without the 

1,100 bp gene representing lacZ. These findings align 

with the discovery of Naeem, (2022). Amylase 

production and characterization from E. coli supported 

the findings of Hassan and Jebor (2018), which stated 

that E. coli isolates are suitable for amylase production 

in technological applications. The potato medium used 

in this study effectively supported the growth of the 

organism, aligning with Kargapolova et al., 2020, who 

noted that all microbiological media must meet the 

organism's needs for carbon, nitrogen, minerals, 

growth factors, and water, without containing 

inhibitory substances.  pH 8.4 provides the most 

favorable conditions for wild-type E. coli growth 

during fermentation, as it shows the highest increase 

in O.D. (0.29) over 15 days and pH 7.0 shows the 

highest increase in O.D., This agreed with Dong et al., 

2021 who reported this indication may be the most 

favorable pH for CRISPR E. coli growth under these 

conditions. Optimization studies on amylase enzyme 

production by E. coli in fermented potato medium 

revealed that various factors significantly impacted 

amylase production. This finding agrees with 

Fentahun and Kumari (2017), who emphasized that 

optimizing culture conditions, and chemical and 

physical parameters like pH, temperature, salt 

concentration, and incubation time is crucial for 

microbial amylase production. In this study, amylase 

produced from wild-type E. coli was compared to that 

from Cas9-edited E. coli regarding temperature and 

pH. Temperature studies (Fig. 3) showed that wild-

type Escherichia coli and Cas9-edited Escherichia 

coli in potato fermentation medium exhibited 

maximum enzyme activity of 0.544 ± 0.005 U/mL/min 

and 0.543 ± 0.002 U/mL/min, respectively, at 45°C in 

both assays. This result suggests that the lacZ gene 

does not affect amylase activity. pH studies (Fig. 4) 

showed that both wild-type and Cas9-edited 

Escherichia coli exhibited a steady increase in 

amylase activity, reaching maximum enzyme activity 

of 0.821 ± 0.005 U/mL/min and 0.820 ± 0.005 

U/mL/min, respectively, at a pH of 7 in both assays, 

indicating that the lacZ gene does not significantly 

influence amylase production. These findings suggest 

that the lacZ gene is not a critical factor in amylase 

production, as both wild-type and CRISPR Cas9-

edited E. coli displayed similar enzyme activity 

regarding pH, temperature, and enzyme yield. 

 

Conclusion: Overall, the study's results indicate that 

the temperature and pH of the wild-type and CRISPR 

Cas9 edited E. coli samples yielded similar results for 

their amylase activity. Therefore, it can be concluded 

from the aforementioned research that the LacZ gene 

has no discernible effect on the production of amylase, 

and that both the wild-type and CRISPR Cas9 isolates 

of E. coli can serve as a solid basis for the production 

of amylase that is used in industry and technology.  
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