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Abstract 

Parkinson’s Disease (PD) is a neurodegenerative disorder that causes a loss in motor 

capabilities, tremors, bradykinesia, cognitive capacity, and sometimes dementia. The Parkin 

gene is an essential gene that has a fundamental role in the ubiquitination of proteins and the 

maintenance of mitochondria. Mutations in the Parkin gene are related to PD. In this study, 

we got the required DNA to activate the Parkin gene through a CRISPR activation system as 

a therapeutical objective. We show that using the DH5α strain of E. coli is not the best option 

to transform and clone the plasmids that have the genetic information. The DH10B strain is 

a better option for obtaining linearized DNA. It strains requires fewer steps to achieve 

colonies with the plasmid, and the amount of DNA recovered is notably more significant 

than with the DH5α. 
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Introduction 

Parkinson’s Disease (PD) is the second neurodegenerative disorder that mostly affects the 

population in world, only overcome by Alzheimer’s Disease (Poewe et al., 2017). Its 

prevalence was about 106,28 per 100.000 inhabitants worldwide in 2019 (Ou et al., 2021), 

and 98,51 per 100.000 inhabitants in Colombia in 2015 (Orozco et al., 2020) with a 

significant increase in persons >60-65 years old. The symptoms are marked by progressive 

loss in movement capacity, tremors at rest, muscular stiffness, and bradykinesia. These 

symptoms are due to the gradual loss of dopaminergic neurons in the substantia nigra pars 

compacta (Simon et al., 2020) and only emerge when 60-70% of the dopaminergic neurons 

are lost. Currently, there is no cure for PD, and with its progress, the loss of motor capabilities 

and cognitive abilities is more evident.  

 

Treatments are based on the control of the symptoms with drugs (Oertel & Schulz, 2016). 

The most common drug used is L-DOPA. This drug can go through the blood-brain barrier, 

be metabolized by the dopa decarboxylase enzyme, and be converted into dopamine, 

decreasing motor-related symptoms (Korczyn, 2022). The L-DOPA can be used together 

with Catechol-O-methyltransferase inhibitors like tolcapone or entacapone. These drugs can 

avoid the metabolization of L-DOPA into dopamine, allowing a specific dose of L-DOPA 

can be used for more time without increasing it (Korczyn, 2022). Nevertheless, had been 

found that this drug can be related to dyskinesias in the long term (Schapira, 2005). Other 

medicines like Rasagiline are related to neuroprotective effects by inhibiting the monoamide 
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oxidase B, which allows reducing the dopamine metabolism (Korczyn, 2022; Schapira, 

2009). 

 

The etiology of this disorder is not well understood yet, but some genetic factors could be 

related to the emergence and progress of the disease. One of the most accepted causes is the 

accumulation of misfolded alpha-synuclein in mitochondria and the formation of Lewy 

bodies. In that case, the mitochondria can’t function properly and increase the production of 

reactive oxygen species, harming the dopaminergic neurons and bringing on the symptoms 

of PD (Fields et al., 2019). Furthermore, it is important to mention that the misfolded alpha-

synuclein can pass from one neuron to another, damaging all the present neurons (Freundt et 

al., 2012). In addition to the above, some important genes are related to genetic PD: Parkin, 

LRRK2, Pink-1, and DJ-1 (Wirdefeldt et al., 2011; Klein & Westenberger, 2012).  

 

Parkin gene encodes for an E3 ubiquitin ligase, which is related to ubiquitination, the process 

of marking the proteins already used or misfolded as ready to be degraded. Problems with 

this process can involve the misfolded alpha-synuclein proteins. It is well known that 

mutations in Parkin can cause the accumulation of Aminoacyl-tRNA synthetase-interacting 

multifunctional protein type 2, which is present in Lewy bodies (Dawson & Dawson, 2010). 

In addition, Parkin shows a relation with mitochondrial biogenesis and, together with Pink1, 

is related to mitophagy, which is the process of degradation of the damaged mitochondria 

(Kamienieva et al., 2021). 

 

In this project, we want to use the activation CRISPR system to turn on the Parkin gene. This 

system consists of a “dead” Cas9 protein (dCas9), which has two mutations: D10A and 

H840A in SpCas9. Due to those mutations, the Cas9 loses its ability to cut target DNA, 

however, it can still bind properly to genetic material. (Kanafi & Tavallaei, 2022). Once the 

sequence has been found, an activator domain, commonly VP64, is targeted to de DNA. This 

transcriptional activator comprises four domains V16 of Herpes Simplex Viral Protein 16 

and acts as a promoter when bound to the gene (Lowder et al., 2018). To improve the 

activation of the gene, a system of MS2-p65-HSF1 was used, which has been proven that 

works synergically with VP64 (Konermann et al., 2015).  

 

General objective: 

• Make enough DNA of each guide of CRISPRa, to be used in mixt cell culture of 

astrocytes, neurons, and glia to determine the guide more efficiently activating the 

Parkin gene.  

Specific objectives: 

• Transform the construct into a strain of E. coli and leave a frozen stock of E. coli 

transformed with each of the two guides. 

• Standardize the PCRs to replicate the DNA in case of being necessary.  
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Methodology 

 

Plasmid and Guide Preparation 

The Addgene plasmid #62987 was used as a base (Supplementary Material: Fig. S1). First, 

the DH5α Escherichia coli strain was prepared for chemical competence using calcium. For 

this process, we prepared 50mL of LB medium, seeded a colony of E. coli, and waited until 

its optical density was about 0.4, using dilutions to ensure that the behavior of the sample 

was linear. Once the competent cells were ready, a first transformation was performed to 

clone the plasmid. This transformation was made using 50ng of the original stock plasmid 

and leaving it with the cells in ice for 30 minutes. Next, the cells were exposed to a thermal 

shock at 42°C for 50 seconds. Then, the cells were seeded at LB agar with ampicillin 

(100mg/mL) at 37°C overnight (ON). A miniprep for plasmid extraction was carried out with 

the Monarch® Plasmid Miniprep Kit (New England Biolabs, NEB). Using the DNA 

extracted with the miniprep, digestion was prepared with restriction enzymes BamHI at 37°C 

for 4 hours and then with BsmBI at 55 °C ON. Once the plasmid was linearized, the guides 

were prepared using two complementary primers of 26bp that left sticky ends to allow 

adequate insertion inside the plasmid. To ensure the joint of both primers, a thermocycler 

was used with the following temperatures: Initial denaturation at 90°C for 2 min; 

Denaturation at 90°C for 30 sec; Annealing at 55°C for 30 sec; Extension at 25°C for 30 sec 

(20 cycles); and a final extension at 25°C for 5 min.   

 

Once the guides were prepared, a ligation was carried out. This reaction was performed using 

200ng of the linearized plasmid,17ng of the prepared guide, 1µL of T4 Ligase, 2µL of T4 

ligase buffer, and the remaining in water to reach 20µL. That reaction leaves at 16°C for 4 

hours and 4°C ON. The length of the guides after insertion was 20bp, and the plasmids after 

the guide insertion were named:  

  

PRKN1: 5’-GGGGCGAGCAGGACCTACGC-3’ 

PRKN3: 5’- ACCCTCCCGGTGACCATGAT-3’ 

 

The two guides used were previously selected using the Broad Institute sgRNA design (Bittar 

et al., 2020). Once the ligation was ready, a transformation in E. coli was made. This time, it 

used 2.17µL of β-mercaptoethanol at a concentration of 0.1X in the DH5α cells for 40 

minutes, pipetting every 2 minutes to improve the transformation efficiency. The entire 

amount of the ligation reaction (20µL) was added to the bacterial cells and left in ice for 30 

mins. The thermal shock was at 42°C for 50 seconds. Then, the cells were seeded in LB agar 

with ampicillin (100mg/mL) at 37°C ON. A colony PCR was accomplished to select the 

colonies that had the plasmid. With the colony chosen, a 10 mL liquid LB medium with 

ampicillin (100mg/mL) was used and left for 15 hours at 37°C. With that liquid culture, 

another Miniprep for plasmid extraction was made. With the obtained DNA, digestion was 
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prepared using the PvuI restriction enzyme to ensure that the bands were correct. With that 

verification, the remaining liquid culture was used to freeze the bacterial cells and leave stock 

in the ultra-freezer (-80°C). To freeze the cells, the culture was 1mL with 500µL of glycerol 

at 50%.  

 

DNA preparation 

For the cell experiments, the requirement was that the DNA was linearized. To achieve that 

condition, a PCR was performed using the forward primer that constitutes each guide and a 

primer in the gene that encodes to ampicillin resistance: 5’-

CGGAGGACCGAAGGAGCTAAC-3’. Approximately 2µg of linearized DNA was required 

for each guide. One PCR with 20 reactions was performed to obtain the total amount of 

linearized DNA. The reactions were purified using the Monarch® PCR & DNA Cleanup Kit 

(5µg) (New England Biolabs, NEB). 

 

Another two plasmids were linearized. The first has as name “Scramble” and contains the 

same genetic information as the PRKN1 and PRKN3 plasmids but instead uses a randomized 

guide (5’-GCACTACCAGAGCTAACTCA-3’). This plasmid works as a control to ensure that 

the CRISPRa system does not affect the expression of the gene of interest, and the changes 

in the expression are due to the complementary bases in the two guides used. The second has 

the name “Enhancer” and contains genetic information to improve the activation efficiency 

in the PRKN gene (MS2-p65-HSF1). In our system, is required a union to the VP64 domain 

codified inside the plasmids with the guides, a condition that is accomplished with the 

enhancer plasmid.   

 

Problems with DH5α strain and use of new DH10B strain 

Difficulties were experienced with the standardization of DNA extraction and cloning 

processes with the DH5α strain. We had many problems ensuring the obtention of the DNA 

required and standardizing the PCRs with all the plasmids. After approximately 6 months of 

work with the DH5α strain and unfinished results, we decided to change the strain to the 

DH10B. Using this strain, we made all the processes mentioned above for all the plasmids 

with more successful results. With the new results, it was decided to work only with the 

DH10B strain and leave aside the DH5α strain.  

 

Results 

 

Results with DH5α strain 

Once the first transformation, cloning, and ligation of the two guides were carried out, the 

number of colonies recovered from the LB agar was about 20 colonies for the PRKN1 guide 

(Fig. 1A). Also, it seems that for PRKN3 (Fig. 1B) there are not isolated colonies, the reason 

why this guide was repeated, since the beginning, for three times. The colony PCR was 
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carried out with these colonies, as shown in Fig. 2. The number of colonies analyzed was 

high (even more considering that the process was repeated about 3 times with each guide). 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Colonies recovered after the ligation and second transformation with the DH5α strain for A). 

PRKN1 B). PRKN3  
 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Colonies seeded apart from the original petri dish with the DH5α strain for A). PRKN1 B). PRKN3 

 

 

Even though the number of colonies was relatively normal, when the PCR was run to 

determine which colony or colonies had the plasmid with the guide, the results were daunting. 

In some cases, we have one positive colony of 20 or 25 (Fig. 3A & Fig. 3B). In the case 

shown, only colony 13 has the plasmid. In others, none of the 25-80 colonies had the plasmid 

(Fig. 3C & Fig. 3D). Something important to highlight is that with this strain, we see a band 

in about 2-3Kb when the expected band was 7,3Kb. This band is shown in Fig. 3A and Fig. 

3D. It could be related to something in the strain because, as it will see later, this band does 

not appear with the DH10B strain. It is important to clarify that this band was seen too, when 

the PCR for linearizing the plasmid was carried out.  
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Despite the problems with that strain, a liquid culture was used to make a Miniprep plasmid 

extraction when we identified a positive colony. Unfortunately, this step also had multiple 

issues. As shown in Fig. 4, almost all the extraction was a failure. The most successful 

extractions do not exceed 110ng/µL (Fig. 4A), and we have approximately 28µL of each.  

 

 

Figure 3: Gels of colony PCR. Expected Band in all the gels: 7,3Kb. A). 20 colonies for PRKN1. B). An 

approach of the colonies 11-15 of PRKN1. C). 26 colonies for PRKN3. D). 81 Colonies for PRKN3.  

  

Although some of these extractions had the appropriate quantity, multiple troubles were 

found when we tried to standardize the PCRs to obtain enough linearized DNA. Some of 

these problems were related to the amount of DNA required for the PCR, with the annealing 

temperature, and on some occasions, with causes beyond our understanding. We tried to 

standardize all these factors, but the information we got became obsolete relatively quickly. 

Besides, as shown in table 1, the obtention of linearized DNA could only be carried out for 

PRKN1. The linearized DNA obtained for PRKN1 was with a total of 20 PCR reactions of 

25µL, making recovery of DNA very inefficient. 

 

Table 1: Linearized DNA obtained with DH5α strain. *Comma represents decimals. 

Plasmid Quantity of DNA The total amount of 

DNA 

PRKN1 191,992ng/µL* 5,38µg 

PRKN3 ---- ---- 
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Figure 4: Some nanodrop curves of the extraction with Miniprep Kit for PRKN1 and PRKN3. Quantification 

of each graphic: A). 108,428ng/µL. B). 24,422ng/µL. C). 23,885ng/µL. D). 29,812ng/µL. Comma represents 

decimals. 

 

For that reason, the strain was changed to try to improve the DNA extraction of each guide, 

or at least of PRKN3. The new strain corresponds to DH10B of E. coli.   

 

Results with DH10B strain 

Once we decided to change the strain, the results were highly positive. Therefore, we begun 

with a transformation of PRKN3, Scramble, and Enhancer plasmids. The number of colonies 

recovered after the ligation and transformation were high. We had more than 250 colonies in 

each petri dish (Fig. 5). This, at first glance, could mean more work in the colony PCR. Still, 

to our surprise, the proportion of the colonies with the plasmid of interest was extremely 

high. For that reason, the colony PCR made was with few colonies (Fig. 6). We found that 

approximately 3 or 4 colonies are positive for our plasmid for every 5 colonies analyzed (Fig. 

7). This makes it possible that the liquid cultures could be made with more than one colony 

(individually), increasing the probability that obtains the linearized DNA. 

 

The extraction of DNA with the minipreps was successful for both plasmids. As shown in 

Fig. 8, the quantification with nanodrop for PRKN1 and PRKN3 was considerably high. With 

values above 200ng/µL, the results seemed more stable. To check if the plasmid extraction 

had the expected genetic material, enzymatic digestion with the PvuI enzyme was carried 

out. The results indicate that the extraction had only the plasmid of interest since only two 

bands in the expected size are visible: 1,8Kb and 6,4Kb (Fig. 9). Further, the standardization 
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of the PCRs was efficient and quick. We obtained about 1.5 times more DNA with 7-8 

reactions of PCR of 25µL each (Table 2). This represents less than half reactions needed with 

the DH5α strain to obtain more DNA.  

 

 

Figure 5: Colonies recovered after the ligation and second transformation with the DH10B strain for A). 

PRKN3 B). Enhancer and Scramble. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Colonies seeded (12) apart from the original petri dish with the DH10B strain. 
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Figure 7: Gel of Colony PCR. Expected band: 7,3Kb. Wells from 2-6 is another plasmid used in the project. 

Wells from 7-11 are for PRKN3.  

 

Figure 8: Some nanodrop curves of the extraction with Miniprep Kit for PRKN1 and PRKN3. Quantification 

of each graphic: A). 272,937ng/µL. B). 157,844ng/µL. C). 302,561ng/µL. D). 268,803ng/µL. A) and C) are 

for PRKN1. B) and D) are for PRKN3. Comma represents decimals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Gel with some of the plasmids used in the project. Wells 5 and 6 represent plasmids with PRKN1 

and PRKN3 guides. Expected bands: 1,8Kb and 6,4Kb 

 

Table 2: Linearized DNA obtained with DH10B strain. *Comma represents decimals. 

Plasmid Quantity of DNA The total amount of 

DNA 

PRKN1 299,784ng/µL* 8,39µg 

PRKN3 266,754ng/µL* 7,47µg 
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Discussion 

Even though both strains are commonly used to clone plasmids in CRISPR systems (Wani 

& Ganaie, 2019; Liu et al., 2015; Hidalgo-Cantabrana et al., 2019; Wu et al., 2019), there is 

not so much information about the restrictions in uses of each strain. Some studies mention 

that the DH5α strain can integrate six strands of DNA until 7Kb (Kostylev et al., 2015), 

reaching sizes of even 56Kb in a single plasmid (Wooley et al., 1996). This means that the 

size of our plasmid, which is 8,2Kb, shouldn't have been a problem in the DH5α strain. It is 

essential to mention that some manufacturers place the DH10B strain as more efficient to 

transform plasmids of more than 7,5Kb than the DH5α strain (NEB® 10-beta Competent E. 

coli (High Efficiency), New England Biolabs). This means that it is possible that our plasmid 

was outsize, and the efficiency of transformation was slight in the DH5α strain. 

  

Another theory could be that the plasmid was effectively transformed in the DH5α strain, but 

this strain recognized methylated DNA and degraded it (Dy et al., 1993). In contrast, the 

DH10B strain can accept methylated DNA without degrading it (Durfee et al., 2008). This 

could explain the bands in 2-3Kb obtained with the DH5α strain in the PCRs (Fig. 3) but not 

in the DH10B strain. Nevertheless, it is necessary to evaluate the methylation patterns of our 

plasmid to determine if specific patterns can affect the cloning of the plasmids with the DH5α 

strain.  

 

Indeed, other factors related to the maintenance of the DH5α strain could be related to the 

troubles mentioned above. It is possible that the strain was incorrectly stored, causing it to 

lose its properties and making the competence procedure very difficult. In that case, the strain 

cannot incorporate the plasmid, resulting in the impossibility of recovering the DNA 

required. Another possible cause is that the strain was too old when it was freezing and would 

have accumulated many mutations, making it useless.  

 

The results show that the DH5α strain is probably not the best strain for cloning plasmids 

with our characteristics. The multiple troubles we had trying to obtain a colony with the 

plasmids are not typical. Therefore, we recommend using the DH10 strain to clone plasmids 

with similar characteristics to ours.  

 

Conclusions  

It is necessary to evaluate the methylation patterns of the plasmid used. It is possible that the 

problems with the DH5α strain could be associated with specific methylation patterns of the 

plasmid used in the project, causing DNA degradation or modification when it is transformed. 

On the other hand, the DH10B strain worked very well, which could be related to the fact 

that the DNA used had specific methylation patterns recognized by the strain. Therefore, it 

was possible to obtain enough linearized DNA to be added to the cells by transfection. All 

the work presented here will help to determine which of the two guides is a better option to 

activate the Parkin gene in future work. 
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Supplementary Material:  

 

 
Figure 1: Plasmid used in the project for PRKN1 and PRKN3 
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