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Abstract 

The aim of this study is to outline a simple method to efficiently disrupt eGFP gene in PK-15 
cells using RNA-guided Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)/Cas9 
system. We co-transfected a plasmid encoding both eGFP and it is sgRNA with a plasmid encoding 
Cas9 into PK-15 cells using Lipofectamine. After 24 hrs of culture, an about 65% of the cells had lost 
eGFP expression via non-homologous end joining (NHEJ), examined under the fluorescence 
microscope. When a donor plasmid carrying a blue fluorescence protein (BFP) with arms homologous 
to eGFP was introduced along with CRISPR plasmids, a BFP fluorescence replacing the green 
fluorescence of eGFP was observed, possibly induced by homology-directed repair (HDR). In 
conclusion, CRISPR/Cas9 system was successfully utilized in PK-15 cells to inactivate eGFP. This 
might be a useful technique to be developed to inactivate foreign genes, including invaders such as 
viruses and internal parasites reducing their burden. 
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1. Introduction 

The site-specific modification of the genome to study the function of genes and 
regulatory elements can be achieved by the recent advanced genome editing tools that include 
Zinc finger nucleases (ZFNs) and transcription-activator like (TAL) effecter nucleases 
(TALENs). Recently, the prokaryotic clustered regularly interspaced short palindromic repeat 
(CRISPR)/CRISPR-associated (Cas) 9 system was discovered (PRASHANT MALI & al. 
[11]). More recently, the prokaryotic type II CRISPR/Cas9 nuclease system (RODOLPHE 
BARRANGOU & al. [1]) has been optimized to engineer the genome of mammalian cells 
(PRASHANT MALI & al. [11]). The technique is straightforward, cost-effective, and 
efficient, permitting modification of multiple genes within weeks (QIURONG DING & al. 
[4]). In brief, a complex of Cas9 nuclease and a sgRNA recognize the target via Watson-Crick 
base-pairing with genomic DNA sequences. The sgRNA consists of 20 bp sequences 
complementary to the target genomic sequences next to NGG, the protospacer adjacent motif 
(PAM). When the target site recognized, Cas9 induces a double-strand breakage (DSB) 
adjacent to PAM site that undergoes repair through non-homologous end joining repair 
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(NHEJ) or by homology-directed repair (HDR) when a donor template is provided (VAN 
TRUNG CHU & al. [3]). This CRISPR/Cas9 method has been used in different applications 
such as knock-in and knockout (XIAOGANG GUO & al. [5]), library screening (TIM 
WANG & al. [14]), genetic engineering of organism models (HAOYI WANG & al. [13]) and 
gene therapy (YUXUAN WU & al. [15]). Currently, CRISPR/Cas9-coupled lambda red 
recombineering was also developed to manipulate E.coli genome (JUN XIA & al. [16]). 

A recent publication in PNAS, demonstrating comparable design with our project, 
verified the potential of this technology in some cell lines (WENHUI HU & al. [7]). In related 
studies, CRISPR/Cas9 system was used to disrupt a chromosomally integrated eGFP gene in 
bovine somatic cells using NHEJ methods (WOOJAE CHOI & al. [2]). Herein, we describe 
NHEJ and HDR methods to transiently manipulate the eGFP gene in PK-15 cells confirming 
that, this new powerful and accessible gene editing technology can be used to inactivate 
foreign genes in various cells.  

We first cloned the eGFP-sgRNA into pSD-sgRNA plasmid that harbors eGFP; we also 
synthesized a donor of blue fluorescence protein (BFP) and cloned into a pMD18-T vector to 
yield pMD18-BFP donor vector. We generated gene deletion by transient co-transfecting the 
two CRISPR plasmids (sgRNA with Cas9) and the resultant DSBs will be repaired by NHEJ. 
On the other hand, when the donor template of BFP is used with CRISPR system, an HDR 
might occur utilizing the arms homologous to the eGFP target sites.  

We report that eGFP knockout in PK-15 cells exhibits a substantial reduction in the 
eGFP expression. We also report that eGFP deletion increases the abundance of the BFP, 
suggesting the occurrence of the homologous recombination. 

Our studies further indicate the ability of the CRISPR/Cas9 system to attack foreign 
DNA, and this phenomenon might be helpful to combat invaders such as viruses and other 
parasites. 

 
2. Materials and methods 

Plasmid pSD-sgRNA/U6 (Fig. 1A) containing an adaptable CRISPR RNA 
(crRNA)/trans-activating crRNA chimera and adjacent sites for protospacer guide  sequence 
was purchased from Biomics Biotechnology Company (China). The pCDN-Cas9 vector (Fig. 
1B) containing cDNAs encoding human codon-optimized S. pyogenes Cas9 (hSpCas9) was 
constructed. The Super-Fidelity DNA Polymerase and Cas9 primers listed in (Table.1) were 
used to PCR amplify Cas9 gene from a plasmid encoding Cas9-NLS. The product was cloned 
into pcDNA3.1 (+) at NheI and ApaI restriction enzymes sites by infusion cloning using 
ClonExpressTM MultiS One Step Cloning Kit (Vazyme Biotech, China). The cloning was 
confirmed by enzymatic digestion of pCDN-Cas9 vector with NheI and ApaI restriction 
enzymes. The DNA was also sequenced by primer walking method (GeneScript Company, 
China), assembled and the sequence was aligned with corresponding sequences of Cas9 gene 
on database using BLAST from the website http://www.ncbi.nlm.nih.gov/blast. Sequence of 
4167 bp corresponding to complete Cas9 gene was obtained. Both pSD-sgRNA/U6 and 
pCDN-Cas9 plasmids are Ampicillin resistant and were amplified in XL-10 competent cells 
(Vazyme, China). Other reagents such as the restriction enzymes and Lipofectamine TM 2000 
were purchased from the New England Biolabs (NEB) and Invitrogen respectively. 
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Fig. 1: Vector map of pSD-sgRNA/U6 (A) and pCDN-Cas9 (B) 

 
Table.1 List of primers used to amplify Cas9, de novo synthesize the donor BFP and cloning of the synthesized 
BFP into pEGFP-N2 plasmid 
 

 

* Restriction enzyme sequences were in bold. 
 

Porcine kidney-15 (PK-15) cells were grown in Dulbecco's Modification of Eagle's 
Medium (DMEM) supplemented with 10% FBS (Gibco). We transfected PK-15 cells  (1×105 
cells/well) grown in a 96-well plate with 100 µl of free DMEM medium containing 500 ng of 
each desired CRISPR plasmids and 1µl of Lipofectamine TM 2000 reagent. Six hours later, the 
free-medium was replaced with complete medium containing 10% FBS, incubated at 37 °C 
for 24 hrs and the cells were analyzed for the expression of fluorescence proteins. Expression 
of eGFP reporter was employed to monitor the transfection efficiency. Effect of the 
CRISPR/Cas9 manipulation on cell viability was assessed by MTT assay. 

The sequences of eGFP on pSD-sgRNA plasmid and BFP on pREST-BFP plasmid 
(Thermo Fisher) were aligned. It was found that the N-terminal or left arm (designated A) and 
C-terminal or right arm (designated C) of both eGFP and BFP are identical (Fig. 2A). Left 
arm (A, 239 bp) and right arm (C, 406 bp) including additional sequences from the vector for 
homologous directed repair (HDR), were directly amplified from the pSD-sgRNA vector 

Primer Sequence (5'-3') 

Cas9-Infusion-F 
ACCCAAGCTGGCTAGCCTAGCACCATGGACAAGAAATACTCTA
TTGG 

Cas9-NLS-Infusion-R CAGCGGGTTTAAACGGGCCCGGCCCCTATCCTGCAGC 

B-P1-F 
AGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGAC
CCGCGCCGAGGTGAAG 

B-P1-R 
TACGGGAAGTCGAGCTACGCCAAGTGGTCCCACAGCGGGAGCT
TGAAGTGGAGCCGCGC 

B-P2-F 
GCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTC
CAGGAGCGCACCATCT 

B-P2-R 
TGAGGTCGAACACGGGGTCCTACAACGGCAGGAGGAACTTCA
GCTACGGGAAGTCGAGC 

B-P3-F 
ACCCACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGA
AGCAGCACGACTTCTT 

B-P3-R 
GACGAACAGCCGGTACTATATCTGCAACACCGACAACTTCAAC
ATGAGGTCGAACACGG 

A-F AAACCAGATCTGGTTTAGTGAACCGTC    
A-R GAAGCACTGCACGCCGTGGGTCAGGGTGGTCACCAGGG 
C-F GTCTATATCATGGCCGACAAGCAGAAGAATGGCATCAAGG 
C-R AAACCGAATTCATTCTATGTAACTACTCAAACC 
BFP-BamHI-N2-F AAACCGGATTCGGTTTAGTGAACCGTC  
BFP-NotI-N2-R AAACCGCGGCCGCATTCTATGTAACTACTCAAACC 
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through Splicing by Overlapping Extension-PCR (SOE-PCR) using (A-F, A-R) and (C-F, C-
R) primers respectively. Less homology was observed in the middle portion (designated B) 
(Fig. 2A). Therefore, it was de novo synthesized. 

To de novo synthesize the middle portion (B, 320 bp); we used three sets of primers (B-
P1-F/R to B-P3-F/R). First, B-P1-F and B-P1-R primers were annealed. The product was used 
as a template and was PCR amplified with B-P2-F and B-P2-R. This product was again used 
as a template and was PCR amplified with B-P3-F and B-P3-R to get the full length of 
fragment B. To assemble A, B and C fragments into full BFP, first fragment C was splice 
ligated to fragment B by SOE-PCR using (B-P3-F and C-R) to generate B/C fragment. To this 
B/C complex, the fragment A was assembled by using primers (A-F and C-R) to get the full 
length of BFP (A/B/C). The diagram to generate the full length of BFP was shown in (Fig. 
2B) and the product in (Fig. 2C). The final product of BFP was T/A cloned into a pMD18-T 
vector to yield the donor vector pMD18-BFP (Fig. 2D). The pEGFP-N2 vector was digested 
with BamHI and NotI restriction enzymes to remove eGFP gene. The PCR amplified BFP 
gene (BFP-BamHI-N2-F and BFP-NotI-N2-R primers) was then cloned into pEGFP-N2 
vector at BamHI and NotI restriction enzymes sites downstream to CMV promotor. The 
resultant vector designated pBFP-N2 (Fig. 2E) and was primary used to evaluate the emission 
of the blue fluorescence (data not shown). Forward and reverse primers used to synthesize 
and clone BFP, were shown (Table1). 

 

 
 

Fig.2: Synthesization of BFP and construction of donor (pMD18-BFP) and pBFP-N2 vectors: (A) Alignment of 
eGFP with BFP: left arm (A) and right arm (C) showed homology to each (green color), but not the middle part 
(B). (B) Diagram of synthesization of BFP fragments. (C) Annealing and PCR product to de novo synthesize and 
assemble A, B, C fragments to generate the full BFP. Fragment A (239 bp) and C (406 bp) were PCR amplified 
directly from pSD-sgRNA plasmid; while fragment B (320 bp) was de novo synthesized using B-P1 to B-P3 
primers. Fragments B and C were first assembled followed by fragment A to get the full length of BFP (965 bp). 
The BFP was then T/A cloned into pMD18-T vector to yield the donor vector pMD18-BFP (D) and was used to 
replace eGFP by HDR. The BFP was also cloned into pEGFP-N2 vector at BamHI and NotI sites replacing eGFP 
and the vector was named pBFP-N2 (E). This vector was used to primary evaluate the blue fluorescence of BFP.  
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Two sets of a 20 bp guide sequence targeting eGFP DNA in pSD-sgRNA plasmid were 
selected (Fig. 3) based on the predicted high specificity protospacer (PAM) target sites in the 
eGFP (Table 2). BLAST was used to exclude the off-target binding effects. The structure of 
the selected sgRNA was further analyzed to predict the free energy as described previously 
(MICHAEL ZUKER [17]). These complementary oligos containing the eGFP guide sequence 
were synthesized by Genscript Company (China). 2.5 µl of 100 µM of each oligos was 
annealed using 10× NEB buffer (New England Biolabs, NEB) in a total volume of 20 μl in a 
water bath at 95 °C for 5 min and chilled in ice for 10 min. The annealed oligos were ligated 
into the pSD-sgRNA vector using 2 µl of annealing product, 6 µl of vector, 1µl of 10× T4 
DNA ligation buffer and 1 µl of T4 DNA Ligase. The ligation mixture was transformed into 
XL-10 competent cells (Vazyme, China). Following plasmid DNA extraction, the sequence of 
the construct was PCR verified using primers (U6-F and gRNA-R) flanking the sgRNA 
cloning sites (Table 2) and confirmed by DNA sequencing. 

 

 
 

Fig. 3: Designing of eGFP-sgRNA (PAM sequence are yellow highlighted) (A), and the homologous directed 
recombination (HDR) with BFP donor vector (B). 

 
 
Table.2 Sequence of GFP-gRNA and the primers used to confirm insertion 

 

PK-15 cells were transfected with two CRISPR plasmids as described above. Twenty-
four hours later, the reduction of eGFP fluorescence following the effect of the CRISPR/Cas9 
system (NHEJ) was measured with the fluorescence microscopy. Fluorescence of eGFP was 
quantified immediately as previously described at an excitation 485 nm and an emission of 
535 nm using an infinite F200 Tecan Microplate  Reader (JULA HUPPERT & al. [8]), and 
the data were acquired using i-control software (both from Tecan Trading AG, Ma¨nnedorf, 
Switzerland). Values were set in relation to controls. 

Primer Sequence (5'-3') 

GFP-gRNA/1-F GATCGCGCGCCGAGGTGAAGTTCGAGTTTTAGAG 
GFP-gRNA/1-R CTAGCTCTAAAACTCGAACTTCACCTCGGCGCGC 
GFP-gRNA/2-F GATCGTTCAAGAGCGCCATGCCTGAGTTTTAGAG 
GFP-gRNA/2-R CTAGCTCTAAAACTCAGGCATGGCGCTCTTGAAC 
U6-F  TACGATACAAGGCTGTTAGAGAG 
gRNA-R CTTGCTATTTCTAGCTCTAAAAC 
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PK-15 cells were transfected with two CRISPR plasmids along with the donor plasmid 
(pMD18-BFP) as indicated above and 24 hrs later, the replacement of eGFP by BFP 
following the HDR effect was observed under confocal microscopy (Olympus, MVX10).  

 
Statistical analysis 

Data were recorded as Mean ± SD values, and subjected to one-way analysis of 
variance (ANOVA) using the SPSS data analysis software (version 16.0, SPSS Inc., Chicago, 
IL, USA). P < 0.05 was considered statistically significant. 

 
3. Results and Conclusions 

The BFP was de novo synthesized and cloned into a pMD18-T vector to generate the 
donor vector pMD18-BFP (Fig. 2). BFP was also ligated into pEGFP-N2 vector to initially 
evaluate the BFP function (data not shown).This donor vector was transfected along with 
CRISPR plasmids to promote HDR, replacing GFP fluorescence by BFP fluorescence.    

The CRISPR/Cas9 systems are RNA protection mechanisms in bacteria and archaea, 
which lead to foreign DNA degradation (PATRICK D HSU & al. [6]). In 2013, type II 
CRISPR system of Streptococcus pyogenes was engineered to edit genes in mammalian cells 
by optimizing the S. pyogenes Cas9 enzyme for eukaryotic expressing systems (PRASHANT 
MALI & al. [11]). The target site is always located next to a PAM i.e. NGG in S. pyogenes. 
The sgRNA-associated Cas9 enzyme binds to this target site and induces a DSB near the 
PAM that are repaired by NHEJ. This resulted in the formation of insertions or deletions 
(indels) that create a mutation in turns terminates protein synthesis (FANN RAN & al. [12]).  

Deletion of eGFP protein expression in PK-15 cells that affects the abundance of the 
eGFP was evaluated. Cell transfected with eGFP plasmid along with CRISPR/Cas9 system 
containing two sgRNAs specific for eGFP, we noted a substantial decrease in the eGFP 
fluorescence of both sgRNAs used compared to controls (Fig. 4A), indicating that the 
CRISPR/Cas9 machinery introduced indels into the eGFP genomic sequence.  

The possibility to extract total cell DNA to detect the psD-sgRNA plasmid by PCR, is 
very low given that the plasmid does not replicate (Since there are no "natural" mammalian 
ORIs) and integrate into the PK-15 cells genome, hence it will be degraded or diluted over 
time. Therefore, the direct validation of the intact indels that created nonfunctional eGFP 
gene products was not performed. However, we quantified eGFP fluorescence in both two 
sgRNAs experiments compared to controls which indicated that eGFP indels significantly 
reduced eGFP expression by approximately 65% (Fig. 4B). Taken together with the 
significant decrease of detectable eGFP florescence, these findings confirm the inactivation of 
exogenous eGFP in PK-15 cells lines using the CRISPR/Cas9 system. The effect of the 
manipulation by CRISPR/Cas9 system on PK-15 cells viability was initially evaluated by the 
MTT assay, and was found that, the inoculation of these plasmids did not affect cells ability to 
grow (data not shown). While Cas9 nuclease activity only occurs at target sites next to a PAM 
(MARTIN JINEK & al. [9]), the off-target effect  due to the short length of the sgRNA (20 bp) 
is expected (CEM KUSCU & al. [10]). To exclude that the reduction of eGFP abundance 
observed in PK-15 cells was due to the off-target effect, we performed an HDR experiment 
with a donor encoding BFP. For this study, PK-15 cells were transiently co-transfected with 
the CRISPR/Cas9 system along with BFP donor, and 24 hrs post-transfection, we evaluated 
BFP protein abundance by confocal microscopy.  
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Fig. 4: eGFP fluorescence reduced in PK-15 cells, induced by non-homologous end joining repair (NHEJ). PK-
15 cells (1×105 cells/well) seeded in 96 well-plates, were transfected with 0.5 µg of each CRISPR plasmids 
(sgRNA and Cas9) and 1µl of Lipofectamine TM 2000 using free DMEM medium. 6 hrs later, the free medium 
was replaced with complete medium (10% FBS) and cells were further incubated. 24 hrs later, the eGFP 
fluorescence was examined under fluorescence microscopy (A). In control (Pos.=positive), Cas9 plasmid was 
co-transfected along with empty pSD-sgRNA while in last two panels (right) was inoculated with pSD-sgRNA 
harboring either eGFP-gRNA-1 or eGFP-gRNA-2. FITC-fluorescence was measured at OD 535 using an infinite 
F200 Tecan Microplate Reader (B). *** P ＜ 0.001 vs. control. Scale bar = 100 µM. 
 
  

 
Fig. 5: The eGFP fluorescence reduced and replaced with BFP, induced by homologous directed repair (HDR). 
PK-15 cells 1×105 cells/well) seeded in 96 well-plates, were Lipofectamine TM 2000 transfected with 0.5µg of 
CRISPR plasmids along with a BFP donor plasmid. Twenty-four hours later, the cells were examined under 
confocal microscopy. In control (Pos.=positive), Cas9 plasmid and a BFP donor vector were co-transfected 
along with empty pSD-sgRNA while in last two panels (right) were inoculated with pSD-sgRNA harboring 
either eGFP-gRNA-1 or eGFP-gRNA-2. Scale bar = 100 µM. 
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Consistent with an on-target effect, the expression of reconstituted BFP protein driven 
by CMV promoter was observed in PK-15 cells (Fig. 5). Expression of BFP protein in PK-15 
cells might indicate both the specificity of eGFP deletion and the insertion of BFP in the 
desired site to be driven by the CMV promoter since the BFP donor was carried in pMD18-T 
vector that lacks promoter of mammalian systems. Nevertheless, it is essential to verify that, 
the inactivation of a target gene is responsible for a specific observed effect. 

In conclusion, we report a simple approach that uses CRISPR/Cas9 system to inactivate 
exogenous eGFP in PK-15 cells even a replacement of eGFP with BFP. Thus, our data 
demonstrate how this new and powerful genome-editing tool can be used to inactivate 
exogenous eGFP in mammalian systems. 
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