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ABSTRACT Chili (Capsicum annuum L.) is a highly valued vegetable, renowned for its unique taste and aroma. However, chili
production faces challenges in meeting the high demand due to infections caused by pathogens such as ChiVMV (potyvirus).
Previous studies have suggested that chili eIF4E1 plays a crucial role in potyvirus gene transcription. Therefore, this study
explores the potential of CRISPR‐Cas9‐based genome editing to enhance chili resistance by introducing premature stop
codons or truncated proteins. Two sgRNAs were designed, targeting the first and second intron of the eIF4E1 gene.
The production of Cas9 protein was assessed with varying IPTG concentrations in Escherichia coli BL21(DE3), carrying
4xNLS‐pMJ915v2‐sfGFP plasmid with a TEV protease cut‐site at the N terminal. The findings indicate that the optimal
IPTG concentration is 500 µM. Purification using an IMAC column confirmed the presence of Cas9 in the initial 2 mL of
the eluted fractions, although there were numerous background proteins. Nevertheless, successful formation of Cas9‐RNP
complexes was achieved for both sgRNAs. The nucleolytic activity of Tag‐Cas9 (carrying the MBP‐tag) and Cas9 was
confirmed through in vitro endonuclease activity assays. The next step involve transfecting chili protoplasts with these RNP
complexes to edit the chili eIF4E1 gene.
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1. Introduction

As of 2019, Indonesia experienced a decrease in the pro-
duction quantity of Capsicum annuum L. compared to
2018 (Ministry of Agriculture of the Republic of Indonesia
2019). Several provinces in Indonesia experienced a de-
cline for more than 21.73%. This decrease was partly due
to the high susceptibility of Capsicum annuum L. towards
pathogens, such as potyvirus (da Costa et al. 2021). The
transgene free method to modify this gene could be one of
the solutions to increase Capsicum annuum L. resistance.
eIF4E1 protein is utilized by potyvirus through potyvirus
genome-linked protein or VPg to replicate, so the knock-
out of this gene is expected to increase the resistance of
Capsicum annuum L. towards potyvirus (Wang and Kr-
ishnaswamy 2012). VPg itself is located at the 5′ termi-
nal of viral genomic RNA. This protein will compete with
plant’s m7G mRNA to bind with eIF4E1 protein and ini-
tiate viral RNA translation (Piron et al. 2010; Moury et al.
2014). The eIF4E1 protein is approximately 25 kDa that
will bind through hydrogen bond with m7G mRNA (To-
moo et al. 2003). Once the bond is formed, eIF4E1 will

trigger eIF4A and eIF4G to form eIF4F complex (Wang
andKrishnaswamy 2012). The eIF4E1 itself is also known
to have an isoform called eIF4(iso)E. Several studies show
that the presence of only one of these two isoforms in mu-
tant plants do not affect plant growth and fertility (Duprat
et al. 2002).

One of the transgene-free methods that has been
widely used is the CRISPR-Cas9 system (Aliaga-Franco
et al. 2019). This method is highly favored due to the min-
imum introduction of foreign genes to the targeted organ-
ism and easy handling (Anzalone et al. 2020). Other gene
editing tools such as zinc finger nuclease (ZFN) and tran-
scription activator-like effector nuclease (TALEN) have
several disadvantages compared to CRISPR-Cas9 system,
such as the troublesome design process and low work-
ing efficiency (Petersen and Niemann 2015). Clustered
regularly interspaced short palindromic repeats (CRISPR)
belongs to a DNA family in the genome of prokaryotes
that plays a role in bacteria immune defense against bac-
teriophage (Aliaga-Franco et al. 2019). The CRISPR-
Cas9 system is composed of Cas9 with an endonuclease
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catalytic domain and specific guide-RNA that will deter-
mine the specificity of this system. Together they form
Cas-RNP (Wright et al. 2016). Later this RNP will intro-
duce a double-stranded break (DSB) and that will be re-
paired in the organism through non-homologous end join-
ing (NHEJ) and resulting insertion-deletion. The inactiva-
tion of targeted gene will occur due to the sequence dis-
ruption by frameshift reading (Hsu et al. 2014; Khan et al.
2018).

The sgRNA consists of a spacer sequence that comple-
ments the targeted gene and a scaffold sequence that forms
a bondwith the REC domain at Cas9 (Palermo et al. 2018).
This scaffold sequence, containing the crRNA and tracr-
RNA, is highly conserved and connected through a stem-
loop secondary structure (Khan et al. 2018). For Cas9
protein to function, it must locate the protospacer adja-
cent motif (PAM) adjacent to the target sequence (Cribbs
and Perera 2017). The complementation of the targeted
sequence and sgRNA activates the Cas9 nuclease do-
main, breaking the hydrogen bond three bases upstream
of PAM. The RuvC domain attacks the sequence identical
to sgRNA,while the HNH domain attacks the complemen-
tary sequence of the sgRNA (Qi et al. 2013).

The effectiveness of the CRISPR-Cas9 system relies
heavily on the design of the sgRNA to be used. This
sgRNA dictates the locus of the targeted genes, with an ex-
pected GC content of 20–60% GC, including four purine
residues at the 3′ terminal of the spacer sequence to en-
hance its binding capacity to the REC domain at Cas9
(Liang et al. 2016). Studies have demonstrated higher ef-
fectiveness of Cas9 with sgRNA targeting transcribed se-
quences compared to regulatory sequence (Bortesi et al.
2016; Budiani et al. 2019).

In this study, the eIF4E1 gene from chili pepper (Cap-
sicum annuum L.) was used as a model for genome editing
through targeted gene knockout using the CRISPR/Cas9
system. The primary objective was to validate the effi-
ciency of the designed sgRNA and the produced Cas9 pro-
tein before advancing to in vivo testing. It is expected
that the results of this study can be applied to develop
potyvirus-resistant superior chili strains in Indonesia.

2. Materials and Methods

2.1. Plasmids, bacterial strains, and culture media
Escherichia coli BL21(DE3) was transformed with
4xNLS-pMJ915v2-sfGFP (pCas9) expression vector was
obtained from Addgene Plasmid Repository (#88921,
Jenifer Doudna deposit). The pGEM-T Easy plasmid
(Promega, Madison, USA) was used to clone sgRNA and
eIF4E1 CDS. E. coli DH5α was used as cloning strain.
Each resulting construct was confirmed by screening on
LB containing 100 ppm ampicillin and colony PCR.E. coli
BL21(DE3) was first developed by F. William Studier and
Barbara A. Moffatt. In this strain cannot be found lon and
ompT protease at the membrane which will support the
protein expression due to the minimum degradation level

(Jeong et al. 2015). This protein is also regulated by T7
promoter that requires T7 RNA polymerase. This RNA
polymerase is tightly regulated by lacUV5 promoter that
is induced by IPTG (Zhang et al. 2015).

Themedium used in this study was Luria-Bertani (LB)
complex medium (Himedia, Maharashtra, India). LB agar
medium (solid) contains the same composition as liquid
LB except that 15 g/L of Bacto agar (Himedia, Maharash-
tra, India) was added. A final ampicillin concentration of
100 ppmwas also used in LBmediumwhen growing trans-
formant strains.

2.2. sgRNA design and production

In silico sgRNA design was performed with the tools Cas-
Designer (Park et al. 2015), Cas-OFFinder (Bae et al.
2014), and RNAFold (Kerpedjiev et al. 2015). The
eIF4E1 gene sequence from Capsicuum anuum L. (Gen-
Bank id: AF521965.1) was used as the base for design-
ing the sgRNA. Cas-Designer was used to generate target
sequences (spacers) that had appropriate parameters (GC
content, PAM, and out-of-frame score). Cas-OFFinder to
select sgRNAs based on the number of possible off-targets.
RNAfold is used to predict the secondary structure of sgR-
NAs to match the general secondary structure of active
sgRNAs.

The sgRNA template used was as follows (Ma et al.
2021).
5′- NNNNNNNNNNNNNNNNNNNNGTTTTAGAGCT
AGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTA
TCAACTTGAAAAAGTGGCACCGAGTCGGTGC-3′

2.3. Cell growth and expression of recombinant Cas9
protein in E. coli

Inoculum was prepared by growing bacteria on LB ampi-
cillin medium overnight. A portion of the inoculum cul-
ture was inoculated into a shake flask (5% inoculum) and
grown until an OD600 value of 0.6–0.8 was reached. The
culture was then induced by the addition of IPTG, and the
culture temperature was lowered to 16 °C for 16 h. IPTG
concentration optimization was performed by induction
at varying isopropyl β- d-1-thiogalactopyranoside (IPTG)
concentrations; 0.00, 0.25, 0.5, 0.75, and 1.00 mM. Cell
samples were harvested by centrifugation (6,000 × g, 5
min, 4 °C). The pellet was dissolved in cold lysis/binding
buffer (0.01 M imidazole, PBS 1×) at 100 μL for every
0.01 gram of pellet (whole-cell fraction). Cells were then
lysed by sonication at 30% power, 1/3 pulse (3s on, 6s
off) for 10 min. The soluble fraction (cytoplasmic crude
extract) and the undissolved fraction (inclusion bodies,
cell debris, contaminants) were separated by centrifuga-
tion (14,000 × g, 55 min, 4 °C). The soluble fraction was
in the supernatant, while the insoluble fraction was pel-
leted. The pellet of the undissolved fraction is resuspended
with cold lysis/binding buffer before analysis. The frac-
tions can then be analyzed by SDS-PAGE.
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2.4. Cas9 purification with IMAC
Cas9 protein purificationwas performedwith immobilized
metal affinity chromatography (IMAC), specifically His-
Pur™Ni-NTA chromatography cartridges gravity column
(Thermo Fisher, Waltham, USA) equilibrated with bind-
ing buffer. The protein soluble fraction was filtered and
loaded into 10 mL of column, followed by washing with
wash buffer (0.02 M imidazole, PBS 1×), and elution with
elution buffer (0.3 M imidazole, PBS 1×). The elution
fraction containing proteins was dialyzed in dialysis buffer
(400 mM Tris pH 7.5, 200 mM KCl, 10 mM MgCl2, and
3% glycerol) overnight alongwith TEV protease treatment
(NEB, Ipswich, UK) in dialysis tubes. The dialysis results
were concentrated by ultrafiltration using Amicon®Ultra-
4 Centrifugal Filter MWCO 100 kDa (Merck, Darmstardt,
Germany). Purification results were analyzed by Bradford
assay, SDS-PAGE, and densitometry. Purification results
were stored at –80 °C.

2.5. Endonuclease assay substrate production
The eIF41 CDS was obtained from Capsicum annuum L.
leaf samples. Total RNA was isolated using TRIsureTM
(Bioline, UK) and cDNA synthesis kit (TOYOBO, Osaka,
Japan) was used. eIF4E1 CDS was then amplified from
the cDNA using PCR with primers targeting the gene.
PCR amplified eIF4E1CDSwas used as dsDNA substrate
for Cas9 endonuclease assay.

2.6. sgRNA production
Designed synthetic sgDNA (sgRNA encoding DNA)
were synthesized by Macrogen (Seoul, Korea). sgRNA
was produced by in vitro transcription and purified
using MEGAscriptTM T7 Transcription kit (Thermo
Fisher, Carlsbad, USA) and purified by LiCl precipitation
method. sgRNA was stored at –80 °C.

2.7. Cas9‐RNP complex production and in vitro en‐
donuclease activity assay

A test reaction volume of 20 μL was used, consisting of 1
μg Cas9, 1 μg sgRNA and 2 μL 10× Cas9 reaction buffer
(0.2MHEPES, 0.1MMgCl2, 5mMDTT, 1.5MKCl), and
100 ng eIF4E1 CDS PCR product dissolved in NFW. The
mixture was gently resuspended and reacted at 37 °C for 1
h. The reactionwas stopped by heating at 65 °C for 10min.
The reaction results were analyzed by gel electrophoresis.

3. Results and Discussion

3.1. The design of sgRNA
The sgRNA is the easiest factor to engineer to maximize
the targeting specificity of CRISPR/Cas9. CRISPR/Cas9
can be programmed by simply replacing the 20-nt spacer
sequence on the sgRNA according to the desired target se-
quence (Anzalone et al. 2020). Characteristics of a good
sgRNA include: (1) Targeting DNA sites that have a PAM
(5′-NGG-3′) sequence at the downstream position (An-

ders et al. 2014); (2) has low off-target potential (Fu et al.
2013); (3) target the exon region of the target gene to in-
crease the probability of knockout mutations; (4) has at
least a duplex repeat-antirepeat secondary structure, and
stem loop 1 (Jiang and Doudna 2017); (5) contains a GC
spacer content of 20-80% (Schindele et al. 2020); (6) and
have a high probability of frameshift (out-of-frame) muta-
tions (> 66%) (Bae et al. 2014).

The sgRNA spacer design can be easily done using
Cas-Designer web-tools (Park et al. 2015). Cas-Designer
can quickly generate spacer sequences with optimal pa-
rameters based on queries of target genes and target or-
ganisms (Park et al. 2015). The selected spacer sequences
can be further analysed in terms of off-target activity us-
ing Cas-OFFinder web-tools (Bae et al. 2014) and in terms
of secondary structure using RNAFold (Kerpedjiev et al.
2015).

Our sgRNAs were designed to target the eIF4E1DNA
sequence of chili (Capsicum annuum) based on sequences
from the NCBI GenBank database (accession number
AF521965.1). The off-target potential is indicated by the
number of mismatch base pairing with similar sequence
within the genome. This is important as Cas9 is known to
tolerate up to 2-base mismatches (Anderson et al. 2015).
Computation using Cas-Designer resulted in 15 Cas9 tar-
get candidates (Table 1) that were screened for optimal
sgRNA parameter values. Here, we have filtered the result
for zero off-target mismatch and single on-target match.

When programmable nucleases including CRISPR are
used, 1-3 bp deletions or 1 bp insertions are frequently
induced via the nonhomologous end-joining (NHEJ) re-
pair pathway, whereas deletions involving microhomolo-
gies of more than 2 bases are frequently introduced via
the microhomology-mediated end joining (MMEJ) path-
way (Bae et al. 2014). Out-of-frame (OOF) score pre-
dicts the mutation patterns induced by the MMEJ pathway
and estimates how frequently undesirable in-frame dele-
tions occur. To maximize desirable OOF deletions in a
protein-coding sequence as much as possible, target re-
gions with high OOF scores should be chosen (Bae et al.
2014). Hence, Cas9 target with OOF score lower than 66
must be avoided. In addition, Cas9 target in the upstream
region within the gene would be more favourable to pro-
duce knockout mutation. For that reason, Cas9 target in
the position of 196 and 300 (Table 1) were selected and
developed into two sgRNAs, sgRNA196 and sgRNA300.

The sgRNAs were fused with T7 promoter for high
yield in vitro transcription (IVT) method. To ensure high
yield of sgRNA, at least two guanine (G) must be added
to the 5′ end of each ORF (Kuzmine et al. 2003). This ad-
dition is predicted to not interfere with the sgRNA func-
tion as RNA:DNA complementarity and binding at the 5′
PAM-distal end is not required for nuclease activity (An-
derson et al. 2015). The expression cassettes of sgRNAs
used in this study are dislayed in Figure 1.

The secondary structure prediction results of
sgRNA196 and sgRNA300 (Figure 2) showed a marginal
spacer interaction with the scaffold and a preserved essen-
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TABLE 1 Potential Cas9 target on Capsicum annuum eIF4E1 gene exons generated using Cas‐Designer and filtered for zero mismatch.

Cas9 Target (5′ → 3′) Position* Exon %GC (w/o PAM) OOF score
Mismatch

0 1 2

TAAGCAATGGAAGCAGTTTCTGG 582 4 40 80 1 0 0
CGTTTCATTTGCAGCATTCTTGG 542 3 40 76.7 1 0 0
CATTTTCCATGTCCCTCCATTGG 380 2 45 76.1 1 0 0
GCTTGTTTCGATTTCGCCTCTGG 196 1 50 72.4 1 0 0
CTCCCACAACTAACTTGCTTGGG 300 2 45 72 1 0 0
AGTAGTTAGTGTCAGAGGTAAGG 498 3 40 69.7 1 0 0
GCTCCCACAACTAACTTGCTTGG 301 2 50 69 1 0 0
TTTCTGGTTTGATAATCCAGAGG 180 1 35 65.3 1 0 0
TGCTGCAAATGAAACGGCTCAGG 549 3 50 65.3 1 0 0
CAAGAATGCTGCAAATGAAACGG 543 3 35 65.2 1 0 0
TAGAGCATTCATGGACTTTCTGG 164 1 40 63.1 1 0 0
GGAGCAGTAGTTAGTGTCAGAGG 493 3 50 62.7 1 0 0
CTCCACTGTTGAAGATTTTTGGG 255 1 35 57.6 1 0 0
GACGTTTGATGAAGCTGAGAAGG 30 1 45 57.2 1 0 0
AGCATCCATTAGAGCATTCATGG 155 1 40 56.8 1 0 0

*Position corresponds to CDS nucleotide of the gene.

FIGURE 1 Expression cassette of sgRNA designed for T7‐dependent in vitro transcription method. To ensure high yield of sgRNA, G nu‐
cleotides (gray font) was added to the 5′ end of each sgRNA spacer (green font) so that a total of two Gs. Image was generated by Bench‐
ling.com with modifications.

FIGURE 2 Predicted RNA secondary structure of sgRNA196 and sgRNA300. All theoretical sgRNA secondary structures that are important
for Cas9 activity were observed in both sgRNA designs. The color indicates the positional entropy value which is inversely proportional to
the stability of the structure. The RNA structure prediction was carried out using RNAFold (Kerpedjiev et al. 2015).

tial sgRNA secondary structure. All sgRNA secondary
structure features including repeat-antirepeat duplex, stem
loop 2, and 3 were observed in both sgRNAs (Jiang and
Doudna 2017). The stem loop 2 and 3 structures showed
high stability based on positional entropy values. The
stem loop 1 structure was also observed, although it was
not formed solely from scaffold sequences, but via the

interaction between the spacer and the scaffold. These
results suggest that both sgRNAs would perform well in
cleaving target DNA. Graphical illustration of Cas9 cut
site using sgRNA196 and sgRNA300 is shown in Figure 3.
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FIGURE 3 Graphical representation Cas9 cut site of the designed sgRNA196 (yellow) and sgRNA300 (blue) on Capsicum annuum eIF4E1 gene
and cDNA substrate.

3.2. Cas9 protein expression
Escherichia coli strains commonly used to produce re-
combinant Cas9 are BL21(DE3) and Rosetta(DE3) (Liang
et al. 2018; Carmignotto and Azzoni 2019; Qiao et al.
2019). Expression of recombinant proteins with these two
strains is suitable using T7 expression vectors and induc-
tion of expression with IPTG (Hayat et al. 2018). The
Rosetta strain has the advantage over BL21 of being able
to express rare codons better (Hayat et al. 2018). How-
ever, Rosetta(DE3) is known to produce lower Cas9 pro-

FIGURE 4 An engineered pMJ915 expression vector (Addgene
Plasmid ID: 88921) was harnessed to achieve co‐expression of
NLS‐Cas9‐sfGFP in E. coli. The nuclear localization signal (NLS) is
important for eukaryotic genome editing. The Cas9 were prepared
by Ni‐NTA column purification and cleavage of His‐MBP tags using
a TEV protease.

tein yields than BL21(DE3) that might be due to addi-
tional metabolic burden from pRARE plasmid expression
(Carmignotto and Azzoni 2019).

Cas9 expression plasmid acquired from addgene
repository (#88921) (Figure 4) was utilized to produce the
Cas9 protein. This plasmid is designed for bacterial pro-
duction of tagged Cas9-GFP fusion protein for eukary-

(a)

(b)

FIGURE 5 Cas9 protein band density measurement from (a) cyto‐
plasmic fraction and (b) insoluble fraction using ImageJ showed 500
µM IPTG produced highest Cas9 band density.
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otic genome editing. The Cas9 fusion protein contains
MBP purification tag, 6xHis purification tag, SV40 nu-
clear localization signal (NLS), and green fluorescent pro-
tein (GFP) (Staahl et al. 2017). SV40 NLS sequence is a
highly conserved signal peptide and enables the transloca-
tion of Cas9 into cell nucleus (Niopek et al. 2014; Groves
et al. 2019; Lu et al. 2021). sfGFP acts as reporter to con-
firmCas9 entering the nucleus (Dinh and Bernhardt 2011).
Treatment using TEV protease cleaves purification tags
from the rest of the Cas9 fusion protein.

Our first step was to evaluate the optimal IPTG
concentration for Cas9 fusion protein expression using
BL21(DE3) as host. The protein expression was per-
formed in 50 mL conical tube with 15 mL of Luria-Bertani
(LB) broth. The induction occurred during exponential
growth phase via the addition of IPTG when OD600 nm of
0.6–0.8 was reached and the protein expression was per-
formed at 18 °C for 16 hours. Five different IPTG concen-
trations (0, 250, 500, 750, and 1000 µM) were evaluated.
The cell soluble cytoplasmic and insoluble fraction of each
condition was analyzed using SDS-PAGE and densitome-
try. The results are presented in Figure 5.

The results obtained indicated that Cas9 protein ex-
pression at low temperature requires IPTG concentration
of 500 µM for optimal expression (Figure 5a). The Cas9
protein was also observed in the insoluble fraction that in-
creases as the IPTG concentration increases (Figure 5b).
This might be due to misfolded Cas9 protein aggregation
into insoluble inclusion body (Wingfield 2015; Bhatwa
et al. 2021). As Cas9 protein expression rate increases,
metabolic burden on E. coli cells rises and protein aggre-
gations are more likely to happen (Donovan et al. 1996;
Bhatwa et al. 2021). These explain why soluble Cas9 pro-
tein does not increase while the insoluble Cas9 increases
when IPTG concentrations rise above 500 µM. The band
density graph showed a consistent result with literature
suggested IPTG concentration to induce Cas9 protein ex-
pression. The band density graph showed a consistent re-
sult with literature suggested IPTG concentration to induce
Cas9 protein expression (Liang et al. 2018).

3.3. One‐step Cas9 protein purification using IMAC
Here, we attempt to yield reasonably pure Cas9 protein by
using only one-step purification for efficiency. The Cas9
protein was purified from crude extract soluble fraction
using IMAC (Ni-NTA resin) by taking advantage of His-
tag present at the N-terminus of the Cas9 fusion protein.

The Cas9 protein expression was carried in shake flask
with 100 mL LB broth following expression condition

TABLE 2 Recovery of protein obtained during each Ni‐NTA purifi‐
cation step.

Total protein (mg) Recovery (%)

Feed 115.920 —
Washing 113.879 98.239
Elution 2.051 1.769

as mentioned in the previous section and using the opti-
mal IPTG concentration for induction. The purification
was evaluated using spectrophotometry (A280nm) and SDS-
PAGE. The results are presented in Figure 6 and Table 2.

The gel shows the presence of a 225 kDa band in the
fractions collected in the flowthrough and during the elu-
tion step, which corresponds to the Cas9 protein. These
results indicate that Cas9 protein binding to the IMACwas
not optimal and this explains the low overall recovery of
Cas9 protein. Overloading of protein during purification
and low buffering capacity of the binding buffer might be
the contributing factor for the low recovery, since the pu-
rification condition was not optimized in this study.

Result (Figure 6b) indicates that E. coli BL21(DE3)
produced plenty background proteins that were co-purified
along with Cas9 protein that are barely visible in the gel
due to low amounts of sample loading but become visible
by closer inspection. This result is commonly seen in sin-
gle purification-method, especially His-tag based IMAC
(Cao and Lin 2009; Andersen et al. 2013). Most of these
proteins belong to stress-responsive proteins with repeti-
tive histidine residues. Other than that, ArnA and SlyD are
two proteins that are commonly found due to certain bind-
ing affinity towards Ni2+ (Williams et al. 2005; Bolanos-
Garcia and Davies 2006). It takes almost the same level
of imidazole concentration (> 80 mM) as in the elu-
tion buffer to remove these proteins (Bolanos-Garcia and
Davies 2006). The utilization of two purification method

(a)

(b)

FIGURE 6 Protein analysis of protein purification process using
IMAC (Ni‐NTA resin). (a) SDS PAGE analysis of protein during each
purification step. (b) A280 (mg/mL) chromatogram of protein during
each purification step (OS: Original sample, FT: Flow‐through, W:
Wash, E: Elution).
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FIGURE 7 Visualisation of Cas9‐RNP in vitro endonuclease activity assay towards Capsicum annuum L. eIF4E1 CDS as the target. Two
different Cas9: Cas9 and Tag‐Cas9 was assayed its endonuclease activity. eIF4E1 CDS without addition of Cas9 protein and sgRNA was
used as control. Both Cas9 and Tag‐Cas9 showed no cleavage activity toward eIF4E1 CDS without the presence of sgRNA. The cleavage of
eIF4E1 CDS was performed successfully by Cas9 and Tag‐Cas9 with two different sgRNAs (Agarose 2%+TBE 1×; Ladder 100 bp (Geneaid,
Taiwan)).

and low background protein strain E. coli (LOBSTR) are
highly suggested to avoid the occurrence of background
proteins (Andersen et al. 2013; Flottmann et al. 2022).
Furthermore, optimization of binding and wash buffer im-
idazole concentrations might be beneficial to enhance pu-
rity as other studies have demonstrated (Carmignotto and
Azzoni 2019).

The purified Cas9 protein was then dialysed, treated
with TEV protease, and concentrated by centrifugal filtra-
tion before being evaluated for its DNA cleavage activity.

3.4. Cas9 activity assay
The activity of the purified Cas9 protein produced in both
LB broth was tested by in vitro DNA cleavage. The
Cas9 protein and two different sgRNA (sgRNA196 and
sgRNA300) containing the C. annuum eIF4E gene target
sequence were incubated with linear dsDNA encoding the
eIF4E CDS (687 bp). sgRNA196 targets the substrate ds-
DNA into 201 bp and 486 bp fragments, while sgRNA300
targets the dsDNA into 303 bp and 384 bp fragments. Both
tag-removed (Cas9) and unremoved Cas9 (TagCas9) was
evaluated. The results shown in Figure 7 indicate that both
Cas9 protein did not cleaveDNA in the absence of sgRNA.
Unspecific Cas9 nuclease activity without the sgRNA is
found only in the presence of Mn2+ cofactor (Sundaresan
et al. 2017). Due to the lack of Mn2+ in our Cas9 reaction
buffer, this activity does not occur.

The results showed that ribonucleoprotein complexes
formed by both Cas9 and TagCas9 and both sgRNA tested
were able to cleave the eIF4E1 gene sequence. This indi-
cates that Cas9 protein activity is highly robust as it could
still performs well in the presence of protein impurities
and large protein fusion. However uncut DNA was still
observed after incubation which was commonly found in
double-stranded oligonucleotide target (Anders and Jinek
2014; Mehravar et al. 2019). Overall, these results vali-
dated the in silico sgRNAs design scheme used to design

both sgRNAs. Further in vivo genome editing assay in C.
annuum is necessary to evaluate off-target activity of the
designed sgRNA.

4. Conclusions

The sgRNA targeting the 196 and 300 base of Capsicum
annuum L. eIF4E1 was successfully designed that satis-
fied the prerequisite of good quality sgRNA. Cas9 Pro-
tein was successfully produced with 500 µM as optimum
IPTG concentration. The Cas9-RNP complex was suc-
cessfully produced and in vitro endonuclease activity to-
wards eIF4E1 of Capsicum annuum L. was confirmed.
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