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Abstract: In this study, we conducted an in-silico study of single guide RNA (sgRNA) construction as the
initial stage of CRISPR-Cas9-based genome editing on Salmonella bacteriophage SSE-121 to broaden its
host range. The results of the study discovered 188 sgRNA candidates using CHOPCHOP prediction. All
selected candidates were docked using free website-based docking tools HNADOCK, therefore the top seven
candidates of sgRNAs were docked using HDOCK with the Cas9 protein. The molecular dynamics
simulation of the most optimum sgRNA-Cas9 protein (docking score -387.43) and sgRNA-Cas9-DNA
(docking score -431.58) were calculated using AMBERZ14 forcefield in YASARA Dynamics. Based on the
in-silico evaluation, the gRNAG6 was obtained as the optimum single guide RNA. The docking score with
DNA targets was -592.23 and Cas9 protein was -387.43. The comparison between the Cas9 and Cas9-
sgRNA complex showed that the binding effect of sgRNA could maintain better conformational stability
than in the single form.
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1. Introduction location, season, and level of primary health of a

Foodborne disease cases are still highly found in
daily life. World data shows that one out of ten
peoples are infected by foodborne diseases and up
to 420,000 die every year. In 2019, Indonesia
reached 20 million cases of food poisoning,
including 7,244 people suffering from foodborne
diseases, among those 3,281 felt unwell and five
people passed away [1,2]. The common disease
causing-agent can be classified into pathogenic
bacteria, viruses, and parasites. Salmonella enterica
species is the most species found in foodborne
disease and its presence is independent of the
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country [3].

Commonly, therapy and treatment to overcome
Salmonella infection is using antibiotics. But it will
lead to a new problem, called bacterial antibiotic
resistance. Several strains of Salmonella are
resistant to fluoroquinolone, ceftriaxone, and three
or more groups of antibiotics (multidrug resistance)
[3-5]. According to Patra et al. [4] Salmonella
enterica Typhimurium in South Asia countries
(Malaysia, Thailand, Vietnam, Indonesia,
Cambodia, Singapore, and the Philippines) are
resistant to three or more groups of antibiotics
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(multi-drug resistance). Therefore, the application
of antibiotics is not adequate to solve this problem.
Another treatment for bacterial infection is using
bacteriophage.  Bacteriophage treatment for
Salmonella using mice in the laboratory and
chicken in the poultry sector was safe, efficient, and
a great potential for solving bacterial infection.
They used two kinds of bacteriophages that infected
the Salmonella typhimurium. The bacteriophages
were delaying and reducing the Salmonella
typhimurium infection in the mice [6-8]. The host
specificity directs the bacteriophage to minimize
the impact on normal flora bacteria in the human
body. The treatment for Salmonella using
bacteriophage might have advantages also
limitations due to its various serovars. An
alternative way to solve the limitation of the host
range is using a jumbo phage. According to Kwon
etal. [9] Salmonella jumbo phage, pSal-SNUABM-
04, has been isolated and can infect a broader host
range. Accordance to the large genome size
indicates the jumbo phage has more functional
genes. Therefore, it is more effective in infecting
bacteria and has a wide host range. However,
jumbo phage isolation is difficult due to its large
size so it is difficult to separate by filtration and
diffusion in media to form plaques on the bacterial
lawns [10,11].

Genome editing provides another alternative way to
solve the bacteriophage host range limitation. There
is three kind of genome editing methods: Zinc-
Finger-Nuclease (ZFN), Transcription Activator—
like Effector Nuclease (TALEN), and Clustered
Regularly Interspaced Short Palindromic Repeat
(CRISPR) and CRISPR-associated (Cas) protein
[12]. The CRISPR and Cas system is the most
widely used in molecular biology laboratories
around the world because of their simple design,
low cost, high efficiency, excellent reproducibility,
and short-cycle advantages [13,14]. CRISPR-Cas
systems are composed of two main components,
single-guide RNA (sgRNA) and Cas proteins.
Single guide RNA is very important for guiding
Cas9 protein to the target gene sequence for cutting
it down.

During the genome editing process, sgRNA and
Cas9 protein complexes can be mobilized to
specific locations in the genome and create double-
strand breaks (DSBs) at specific sites. Two repair
mechanisms can further repair these DSBs; the

error-prone non-homologous end joint (NHEJ)
pathway and the homology-directed repair (HDR)
pathway [15]. According to Duong et al. [16]
Escherichia coli phages were bioengineered using
the CRISPR-Cas system. After successful
CRISPR-Cas genome editing, the K11, M13,
PPO1, ¢$X174, T3, and T7 phages have a broader
host range.

The potential target gene for modification is the
phage tail fiber protein gene. Tail fiber protein is
used for phage recognition to the host during the
adsorption phase.17 Hopefully, after this gene was
edited, the phage might be infected with more
serovars of Salmonella. In this research, single
guide RNA (sgRNA) will be designed for
Salmonella phage as the first step of CRISPR-Cas
genome editing in Salmonella phage.

2. Computational Method

2.1.  Optimum single guide RNA Design

The whole genome of Salmonella phage SSE-121
was obtained from the NCBI (Accession ID:
NC_027351.1). The target gene encodes the
Salmonella phage tail fiber protein of SSE121
(Accession ID: YP_009148843.1). The Cas9
protein was retrieved from the RCSB PDB protein
bank (https://www.rcsb.org/) with the entry code of
47T0.18 The sgRNA is constructed by using
website-based sgRNA design tools CHOPCHOP
(http://chopchop.cbu.uib.no/) [19]. RNA composer
website (https://rnacomposer.cs.put.poznan.pl/) is
used for the 3D structure visualization of the
sgRNA candidate that has been selected.20

2.2.  Single guide RNA molecular docking

This research used a molecular docking approach.
First, the docking of candidate SJRNA with target
CRISPR RNA (crRNA) using HNADOCK
(http://huanglab.phys.hust.edu.cn/hnadock/) [21].
Second, the docking of selected sgRNA with Cas9
protein using HDOCK
(http://hdock.phys.hust.edu.cn/) [22,23]. Specific
residues used as binding sites are residue numbers
1-20 (sgRNA) and 775-908 (Cas9 protein). Third,
the docking of complex Cas9-sgRNA with target
DNA using the HDOCK server
(http://hdock.phys.hust.edu.cn/). Specific residues
used as binding sites are residue numbers 1-10
(sgRNA) and residue numbers 11-20 (DNA). The
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docking results represent the binding affinity
between the ligand and receptor. The interaction
between docked compounds and proteins is
visualized using BioVia Discovery Studio 2019
software [24].

2.3.  Single guide RNA molecular dynamic
simulation

The interaction and stability of Cas9-sgRNA and
Cas9-sgRNA-DNA were calculated and visualized
using the YASARA molecular dynamics
application developed by Biosciences GmbH [25].
Three samples are used in this step, Cas9 as a single
target, Cas9-sgRNA, and Cas9-sgRNA-DNA as a
complex. The first step is to input each sample into
the program using the Options menu, then the
Macro & Movie is selected, and finally Set Target.
Furthermore, macro input is carried out to do the
molecular dynamics simulations that have been
prepared previously in the temperature (310K) and
physiological pH (7.4) [26]. In the next step, set the
running time of 10,000 ps (10 ns) in macro md_run.
This simulation uses the AMBER14 forcefield
(because it has been optimized for DNA and RNA
samples). The snapshot save is done every 25 ps.
The results of potential energy analysis, number of
hydrogen bonds in the solute, number of hydrogen
bonds between solute and solvent, Root Mean
Square Deviation (RMSD), and radius of gyration
are obtained by running macro md_analyze.
Furthermore, the Root Mean Square Fluctuation
(RMSF) analysis was carried out using the macro
md_analyzeres, meanwhile for the Molecular
Mechanics Poisson-Boltzmann Surface Area

(MMPBSA) analysis was used the
md_analyze bind energy.

macro

3. Results and discussion

3.1.  Single guide RNA Design

The purpose of this study was to understand the
construction process of single guide RNA in
Salmonella phage, especially Salmonella phage
SSE-121. This Salmonella phage has been granted
a patent on March 9, 2010 with patent number US
7,674,467B2 by Alexander Sulakvelidze Towson,
MD (US); Shanmuga Sozhamamnnan,
Timmonium, MD (US); and Gary R. Pasternack,
Baltimore, MD (US).27 Designing of single guide
RNAs of Salmonella phage SSE 121 tail fiber gene
using CHOPCHOP suggesting about 14 single
guide RNAs based on efficiency on target, GC
content, and self-complementarity (Table 1).
Molecular docking of single guide RNA candidate
The 3D structure of all sgRNAs was docked with
the target crRNA using the DNA-RNA hybrid
algorithm-free docking HNADOCK. The docking
score used in HNADOCK describes the binding
mode and binding affinity in the relative ranking of
the complex model [21]. The docking results
showed that the docking score among the fourteen
sgRNAs with the target sequence is quite low
ranging from -443.39 to -607.19 (Figure 1). These
results indicated that the interaction between RNA
and the target sequences occurs due to sequence
complementarity. The median docking score of the
14 single guide RNA candidates was at a score of -
522.15. Among fourteen suggested sgRNAs, only
six predicted sgRNAs showed lower than average
energy ranging from -543.61 to -607.19.

Docking Score sgRNA-crRNA Target

-515.21
-504.19
-565.01
-568.05
-469.99
-520.26
-543.61
-585.58
-592.23
-607.19
-443.39
-502.40
-479.72
-524.03
-700.00 -600.00

-500.00 -400.00

sgRNA14-DNA14
SgRNA13-DNA13
sgRNA12-DNA12
sgRNAL11-DNAI1I1
sgRNA10-DNA10
SgRNA9-DNA9
SgRNAB-DNAR
SgRNA7-DNA7
SgRNAG6-DNAG6
sgRNAS-DNAS
sgRNA4-DNA4
sgRNA3-DNA3
SgRNA2-DNA2
sgRNA1-DNA1
-300.00

-200.00 -100.00 0.00

Figure 1. sgRNA — crRNA target docking score. Blue colour indicates the selected sgRNA based on

average value for the next docking steps
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Table 1. The selected final SgRNA candidates

Code  PAM sgRNA sequences Target DNA Er‘:fll‘f;er’;‘g ;fnfeﬁt Compiﬂén -
sgRNAL  CGG  GAGAUUGUACAACGACGCAG  CTCTAACATGTTGCTGCGTC 74,39 50 0
sgRNA2  TGG  CAUCACUGGUCCAUUCACAG  GTAGTGACCAGGTAAGTGTC 74,05 50 0
sgRNA3  TGG  GGGUUAACCAGUCUCAAUGG CCCAATTGGTCAGAGTTACC 67,33 50 0
sgRNA4 TGG  ACAGCGGCAUGGUCCCCAAG  TGTCGCCGTACCAGGGGTTC 65,6 65 0
sgRNA5  CGG  CCAAACCCACAGCAUCCAGA  GGTTTGGGTGTCGTAGGTCT 6534 55 0
sgRNA6 GGG  CUGGUCCAUUCACAGUGGGU  GACCAGGTAAGTGTCACCCA 63,98 55 0
sgRNA7  TGG  CUUGGAAACGCAACAAUCGG  GAACCTTTGCGTTGTTAGCC 63,32 50 0
sgRNA8  TGG  GCACAAAUGGGGUUCAAUGG  CGTGTTTACCCCAAGTTACC 60,54 50 0
sgRNA9  TGG  GGUGGGUUAACCAGUCUCAA  CCACCCAATTGGTCAGAGTT 60,19 50 0

sgRNAI0 GGG  ACUGUUGCUGUUAGCCGCAG TGACAACGAGAATCGGCGTC 59,77 55 0
sgRNA1L TGG  GUACAACGACGCAGCGGCGA  CATGTTGCTGCGTCGCCGCT 58,29 65 0
sgRNA12 AGG  GUACCCGCGAUCCACGGCAU  CATGGGCGCTAGGTGCCGTA 58,17 65 0
sgRNAI3 CGG  GUCUGAGUACCCGCGAUCCA  CAGACTCATGGGCGCTAGGT 53,16 60 0
sgRNAl4 AGG  ACUUGCCGAUGUUACAGUCC TGAACGGCTACAATGTCAGG 54,56 50 0
Docking Score Cas9-sgRNA candidate

-299.20 Cas9-sgRNA12

-313.04 Cas9-sgRNAI1

-305.91 Cas9-sgRNAS

317.56 Cas9-sgRNA7

-450.00 -400.00 -350.00

-300.00 -250.00

-200.00 -150.00 -100.00

-50.00

0.00

Figure 2. Cas9 protein~sgRNA docking scores. Green colour indicates the optimum candidate of single
guide RNA based on average value of all candidates. The sgRNAG is selected as the optimum single guide

RNA

In addition, the docking of selected sgRNA with
Cas9 protein using HDOCK
(http://hdock.phys.hust.edu.cn/) showed that the
binding energy between single guide RNA and
Cas9 protein ranging between -299.20 to -387.43
with the highest and lowest value was showed by

Cas9-sgRNA12 and Cas9-sgRNAG, respectively
(Figure 2). Based on the best score, the Cas9-
sgRNAG6 was then chosen for further analysis.

According to the sgRNA predicted properties, the
sgRNAG6 had a GC content of 55% in crRNA and
38.8% in full sgRNA. Besides, the data also showed
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that the melting point value of sgRNA6 was quite
high, which is 68.80C (Table 1). The protein-
DNA/RNA docking summary of sgRNA with
target DNA showed a specific binding site of the
Cas9-sgRNAs complex protein interaction at the
location on residue numbers 1-10 of sgRNA and
residue numbers 11-20 of targeted-DNA. Docking
summary (Table 2) and visualization (Figure 3)

Cas9-sgRNA1 Cas9-sgRNAS

Cas9-sgRNAS

Cas9-sgRNA11

provided about 10 models of protein-DNA/RNA
complex interaction. The model_1 has the most
negative docking score (Table 2) and forms an
interaction on an active site (bold font) with a
distance ranging from 2.178 A to 4.595 A (Table 3).
Hence, model 1 was used as a sample for the
following molecular dynamic simulation.

Cas9-sgRNA6

Cas9-sgRNA12

Figure 3. Cas9 protein — sgRNA docking visualization using HDOCK website
Table 2. Binding affinity between optimum sgRNA-Cas protein and DNA ligand

Rank 1 2 3 4 5 6 7 8 9 10
Docking Score -431.58 -415.24 -411.91 -399.14 -396.54 -394.31 -384.38 -362.71 -352.8 -349.15
rmsd ligands (A) 93.79 97.27 82.96 89.39 91.77 102.93 99.55 71.18 49.69 48.79
Interface residues model_1 model_2 model_3 model_4 model_5 model_6 model_7 model_8 model_9 model_10

Table 3. Interaction residue amino acids produced on model_1 sgRNA-Cas9 protein with DNA ligand

Residue Distance Residue Distance Residue Distance Residue Distance
@A) A) A) @A)

235A - 8S 4.896 13B - 14S 4.354 32B - 19S 3.248 38B - 10S 3.93
235A - 9S 3.932 14B - 12S 4.22 32B - 20S 2.88 38B - 11S 3.044
252A - 9S 3.732 14B - 13S 1.058 33B - 12S 2,059 38B - 12S 2,631
252A - 10S 3,864 14B - 14S 3.21 33B - 13S 1.616 38B - 13S 3.77
254A - 10S 4.293 15B - 13S 2.813 33B - 14S 2.822 39B - 5S 4.127
255A - 9S 4.168 15B - 14S 2,069 33B - 15S 3,472 39B - 6S 3.89
255A - 10S 2,243 15B - 15S 3.203 34B - 12S 4.268 39B - 7S 3.271
255A - 11S 4.075 15B - 16S 4.678 35B - 11S 4.178 39B - 8S 3.074
258A - 11S 4.58 16B - 14S 4.86 35B - 12S 3.358 39B - 9S 4.166
262A - 9S 4.967 16B - 15S 2.986 36B - 9S 3.246 39B - 10S 4,532
264A - 9S 3.557 16B - 16S 2,594 36B - 10S 1.354 39B - 11S 2.56

9B - 10S 3.95 17B - 15S 3.852 36B - 11S 2.437 39B - 12S 4.253

9B - 11S 2.939 17B - 16S 1,792 36B - 12S 4.49 40B - 4S 4.651
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9B - 12S 4.595 17B - 17S 2.296 36B - 13S 4.248 40B - 5S 2,193
10B - 11S 2.178 17B - 18S 3.049 36B - 14S 4.093 40B - 6S 4.964
10B - 12S 2.488 18B - 18S 3.643 37B - 8S 3.762 40B - 10S 3.978
11B - 11S 1975 18B - 19S 4.281 37B - 9S 1.65 40B - 11S 4.279
11B - 12S 1.706 19B - 19S 4.43 37B - 10S 0.913 41B - 2S 4.386
11B - 13S 3.414 19B - 20S 4.352 37B - 11S 4.704 41B - 3S 3.131
12B - 11S 2,068 28B - 20S 4.316 37B - 12S 3.466 41B - 4S 2,936
12B - 12S 2.846 29B - 20S 4.624 37B - 13S 2.718 53B - 3S 4.916
12B - 13S 2.515 30B - 20S 2,682 37B - 14S 4,559 65B - 1S 3.639
13B - 11S 4.351 31B - 19S 3.233 38B-7S 3.79 66B - 1S 4.425
13B - 12S 2,585 31B - 20S 2.479 38B - 8S 2,776 66B - 2S 4.833
13B - 13S 2.408 32B - 18S 4048 38B - 9S 2,648
a - b -

3800000

xxxxx

Prtentia Fe gyl (/mod

.......

Cay Cas-agRNA Cas9-agRNA-DNA

......

0000

Figure 4. Graph of potential energy and free energy. a. Potential energy of single and complex proteins; b.
Energy of free molecules in the Cas9-sgRNA and Cas9-sgRNA-DNA complexes based on MMPBSA

value

3.2. Molecular Dynamic Simulation
3.2.1. Potential energy and free energy
The simulation of molecular dynamics generally
showed that the average potential energy
significantly increased the running time from 0 ns
to 0.125 ns for Cas9 and 0.250 ns for Cas9-sgRNA
and Cas9-sgRNA-DNA (Figure 4a). Furthermore,
the Molecular Mechanics Poisson-Boltzmann
Surface Area (MMPBSA) analysis showed that the
free energy of implicit solvent at 10 ns of the
production run was -197,467,244 kJ/mol for Cas9-
SgRNA and -300,295,551 kJ/mol for Cas9-sgRNA-
DNA, respectively (Figure 4b).
3.2.2. Total of hydrogen bond (H-bond)

The total of hydrogen bonds analysis using
YASARA such as hydrogen bonds in solute (Fig.
5a) and hydrogen bonds between solute and solvent
(Figure 5b) showed that about 1,164 hydrogen
bonds on average formed in the Cas-sgRNAG
complex compared with Cas9 which was fewer
about 77 hydrogen bonds. In addition, the number
of hydrogen bonds was drastically increased while
in the cell buffer condition about 3,399, 3,553, and
2,801 hydrogen bonds among Cas-sgRNA, Cas-
SgRNA-DNA, and Cas9 with solvent, respectively.
The result was also indicating that the hydrogen
bonds between solute and solvent decreased over
time.
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3.2.3. Analysis of RMSD (Root Mean fluctuated-increased values over the 3 A about
Square Deviation) 0.525 ns for the Cas9, 0.752 ns for the Cas9-
The trajectories of RMSD of the Cas9, Cas9- sgRNA, and 0.250 ns for the Cas9-sgRNA-DNA

SgRNA, and Cas9-sgRNA-DNA display the  (Figure 6a).
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Figure 5. Graph of hydrogen bonds amount. a. Total of hydrogen bonds inside the Cas9, Cas9-sgRNA, and
Cas9-sgRNA-DNA complex; b. Total of hydrogen bonds between Cas9, Cas9-sgRNA, and Cas9-sgRNA-

DNA complex with solvent
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Figure 6. Graph of RMSD. a. Single and complex total RMSD; b. RMSD Ca of Cas9, Cas9-sgRNA and
Cas9-sgRNA-DNA complexes

The data also showed that the RMSD value of the ~ Cas9-sgRNA-DNA complexes, which was 3.905 A
Cas9 was higher than the Cas9-sgRNA and the  compared with 4.369 A and 4.482 A, respectively.
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In addition, the alpha-carbon RMSD value of all
samples (the Cas9, Cas9-sgRNA, and Cas9-
sgRNA-DNA  complexes) showed  similar
trajectories pattern as well as RMSD with less
production time and value (Figure 6b). The alpha-
carbon RMSD values for each sample was 3.556 A
for the Cas9, 3.558 A for the Cas9-sgRNA, and
3.724 A for the Cas9-sgRNA-DNA.

402

398
396
394
02 ]

39
388

Radius of Gyration (Ar2)

386
384
382

—Cas9

——Cas9-sgRNA-DNA

3.2.4. Analysis of radius of gyration (RG)

The pattern of average RG values for the Cas9,
Cas9-sgRNA, and Cas9-sgRNA-DNA complexes
showed a contradictory pattern between a single
sample (Cas9 alone) with complex samples (both
Cas9-sgRNA  or Cas9-sgRNA-DNA). The
trajectory RG pattern of a single sample of Cas9
was fluctuate-increase while the complex samples
were fluctuated-decrease (Figure 7).

Time (ns)

~—Cas9-sgRNA

Figure 7. Graph of the comparison in RG patterns between single Cas9, Cas9-sgRNA, and Cas9-sgRNA-

DNA complexes

Figure 8. Visualization of superimpose position. a. Cas9; b. Cas9 on the Cas9-sgRNA complex; c. sgRNA
on the Cas9-sgRNA complex; d. Cas9 on the Cas9-sgRNA-DNA complex; e. sgRNA on the Cas9- sgRNA-
DNA before (yellow and orange) and after (blue and purple) simulation using molecular dynamics.
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3.2.5. Visualization of Cas9-sgRNA and Cas9-
sgRNA-DNA Complex Superimposition
The results of the superimposition of all samples
before and after the simulation showed the effect of
sgRNA binding on the conformational stability of
the Cas9 protein (Figure 8). It also visualized the
changes in the configuration of sgRNA (Figure 8c)
and DNA (Figure 8e) as a ligand and also showed
that the bound of sgRNA with DNA changed the
conformation of the Cas9 protein and predicted an
initiation change of DNA configuration to begin the
cleavage process.
All samples showed the RMSF values of the Cas9
structure amino acid residues below 3 A, such as
2.089 A for the Cas9, 2.183 A for the Cas9-sgRNA,
and 1.956 A for the Cas9-sgRNA-DNA (Figure 9a).
Whereas, the RMSF trajectory values of the sgRNA
structural nucleotides in the Cas9-sgRNA and
Cas9-sgRNA-DNA  complexes increased at
nucleotide number 40-75 with the trajectory of
Cas9-sgRNA-DNA complexes relatively below the
RMSF value of Cas9-sgRNA complex (Figure 9b).
Moreover, the result also showed that the declining
pattern of RMSF trajectory values occurred at the
residues of 1 to 10 (Figure 9b). Meanwhile, among
the active site of DNA located at the nucleotide
residues number 11-20, the nucleotide residues
number 16-20 showed RMSF values of more than
3 A (Figure 9c).

3.3. Discussion

The process of constructing single guide RNA for
Salmonella phage in silico is needed to select
candidate single guide RNA to be used in the in
vitro research. The construction starts with the step
to determine the optimum single guide RNA
(sgRNA) using online tools such as CHOPCHOP
[28]. The design of single guide RNA (only for
crRNA) using the CHOPCHOP online tools
suggests candidates of single guide RNAs based on
the off-target score, the efficiency on target score,
GC content, and self-complementarity (Table 1).
Zhu & Liang [29] and Konstantakos et al. [30]
suggest the consideration of selecting the efficient
SgRNA (20 nucleotides) is influenced by the
amount of GC (varying from 40 to 80%), with more
than 50% (G) located next to protospacer
adjunction motif (PAM) of NGG will increase the

on-target efficiency. In this screening, 14 selected
candidates have been obtained for molecular
docking (Table 1).

The molecular docking data of sgRNA-crRNA
target (Fig 1) indicates the interaction between
RNA and the target sequences occurs due to
sequence complementarity. The two sequences
interact via hydrogen bonds, adenine-thymine with
2 hydrogen bonds and guanine-cytosine with 3
hydrogen bonds [31]. In RNA, thymine is
substituted with uracil, so that the interactions that
occur are adenine-uracil and guanine-cytosine [32].
There are differences in binding affinity due to
differences in the arrangement of nitrogenous bases
and the number of bonds that occur in each sgRNA
and target sequence because binding energy is very
sensitive to differences in structure [33]. In
addition, the docking also suggests that six sgRNA
candidates (Figure 1) with the docking score under
the average docking score are the stable sgRNA’s
candidates. According to the Du et al. [34] that
lower binding energy indicated that the bond or
interaction of complementary sequence occurs will
be more stable.

Furthermore, the molecular docking using the
protein-RNA  hybrid algorithm-free  docking
HDOCK describes binding affinity, but not
absolute binding affinity [22] In this result,
SgRNAG is selected as the optimum single guide
RNA candidate because it has the lowest docking
score (Figure 2). The lower binding energy
indicated that the binding of sgRNA with Cas9
protein is the most stable compared to the binding
of other sgRNA candidates. This is consistent with
result of Wang et al. [35] and Narulita et al. [36]
that the optimum single guide RNA obtained
through the screening process for CRISPR-Cas is
RNA with a relatively lower docking value than
other sgRNA candidates, both sgRNA docking
scores with Cas protein and target crRNA.

The content of GC will affect the bond strength,
stability, and melting point of a molecule. The more
GC content, the more hydrogen bonds formed
between the two nucleotides, consequently the bond
becomes more stable [37]. The melting point value
of sgRNAG is quite high indicated that SgRNAG is
a good candidate. The higher the melting point of
the molecule, the more stable the molecular
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structure and more resistant to degradation or
mutation of the nucleotide chain arrangement [38].
The value of MMPBSA is depending on the amount
of gas phase energy, free energy solvation, and the
contribution of the entropy configuration of the
solute. The closer to the positive, the more stable
and stronger the binding energy [39]. The Cas9-
SgRNA-DNA complexes has lower stability
compared with Cas9-sgRNA suggesting that the
initiation process of attaching sgRNA to the target
DNA remining many nucleotides that are exposed
to the cell and not formed a bond yet. The more the
number of hydrogen bonds between a sample, the
better its tendency to be hydrophilic. The increase
in hydrogen bonds occurs due to the formation of
new hydrogen bonds between sgRNA and target
DNA. The addition of hydrogen bonds is expected
to make the complex more stable.

RMSD is an analysis score that provides
information on conformational changes in a
macromolecule that acts as a receptor after the
interaction process with a particular ligand.40
RMSD is data that is sufficient to represent the
stability of the sample under simulation conditions.
The dynamic stability in question is the absence of
significant conformational changes, which is better
known as the unfolding process. RMSD can also be
used as a standard deviation of conformational
change, with standard <2 A and > 2 A which are
generally applied to the results of docking. The
RMSD standard for a simulated protein receptor is
3 A, if the RMSD value of a protein > 3 A, it is
indicating that the protein has undergone a
conformational change that is much different from
its native condition. The trend of total RMSD value
of the complex is higher because of the change in
ligand conformation, in the form of sgRNA and
DNA. The similar pattern of RMSD is also reported
for the apoCas9, Cas9-sgRNA, and Cas9—sgRNA-
DNA complex with the target of REC domain,
NUC lobe components, RuvC and HNH domains
[41].

The radius of gyration (RG) is a parameter that
describes the equilibrium conformation of the entire
simulation system. The RG value which can also be
explained as the radius of rotation of the dynamic
movement of a complex of both proteins and
protein compounds against the solvent, becomes
one of the ways to predict the simulation of the
solubility of the sample in a solution or liquid

solvent [42]. The lowest value indicated the folded
protein condition, while the highest value indicates
the protein conformational condition when
unfolded [43].

The results of the comparison between all samples
showed that the binding of gRNAG6 significantly
changed the RG pattern of the Cas9 protein and the
binding of DNA changed the RG of the Cas9-
sgRNA complex (Figure 7). In addition, the
complex pattern periodically shows a decrease in
value predicted as folding conformation in Cas9 to
protect the sgRNA, so that it is not exposed to
solvent molecules. The folding conformation
formation process supports the purpose of sgRNA
in the delivery process to DNA because it will
increase the stability and bioavailability of the
complex [44]. A gradually decreasing profile was
also formed in the Cas9-sgRNA-DNA complex.
RMSF is a score that provides information on
conformational changes in more detail because it is
associated with fluctuations in the level of amino
acid residues and nucleotide ligands [45].

4.  Conclusions

In conclusion, genome editing was used to expand
the host range of bacteriophage infection. This in-
silico study was a preliminary step in CRISPR-
Cas9-based genome editing of Salmonella
bacteriophage SSE-121 to expand its host range.
Based on the computational evaluation of the
docking score, one optimum single guide RNA was
obtained, the sgRNAG6. These in silico studies of
sgRNA construction can determine optimal
sgRNAs for Salmonella phages and are expected to
minimize errors for the next phase of trials.
Furthermore, this optimum sgRNA can be used as
a reference to do further in vivo and in vitro trials
to clarify the efficiency of this CRISPR-Cas9-based
genome editing for expanding bacterial host range.
Finally, to overcome antibiotic resistance in
bacterial infections, we could develop CRISPR-
based modified bacteriophage as a strong potential
tool against it.
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