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ABSTRACT 
 

Aim: To provide an insight on Clustered Regularly Interspaced Short Palindromic Repeats 
(CRISPR) direct repeats and spacer organization present in Lactobacillus pentosus KCA1. Little or 
no information exist on CRISPR and CRISPR-associated (Cas) genes in Lactobacilli as a vista of 
new technique for potential genome editing.  
Methodology: The genome sequence of Lactobacillus pentosus KCA1 was obtained from gene 
bank and bioinformatic tools such as CRISPR finder was used to analyze direct repeats and spacer 
diversities. CRISPR Target tool was used for spacer target prediction. The iterative threading 
assembly refinement (I-TASSER) algorithm was used for the prediction of the Cas9 3D structure, 
and the binding site by this integrated algorithm. CueMol2 version 2.2.2.366 was used to visualize 
the binding sites. 
Results: The genome of Lactobacillus pentosus KCA1 encodes six CRISPR arrays with direct 
repeat (DR) length consensus exhibiting repeat polymorphisms ending with adenine-guanine (AG) 
nucleotide except CRISPR1 that has mainstream DR length ending with adenine-cytosine (AC) and 
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terminal repeats ending with adenine-thymine (AT). The domain of KCA1_Cas9 has 153 amino 
acid residues belonging to HNH Cas9-type, located between positions 786-938. KCA1_0112 Cas9 
has one chain A architecture and three putative ligand binding sites residues located at 10 (Asp), 
777 (Glu) and 992 (Asp) positions of the 4086 base pairs. 
Conclusion: Spacer analysis revealed that L. pentosus KCA1 may have been exposed to several 
mobile genetic elements as the spacers matched sequences from bacteriophages and plasmids. 
Further studies are needed to explore the structural architecture of KCA1 Cas9 as a potential part 
of CRISPR genome editing functionality.  

 
 
Keywords: CRISPR; Cas9; genome editing; Lactobacillus pentosus; repeat regions; spacer diversity. 
 

1. INTRODUCTION 
 
CRISPR (Clustered Regularly Interspaced Short 
Palindromic Repeats) and CRISPR-associated 
proteins have evolved as immunity repertoire 
widely distributed in bacteria and archaea [1] 
against invading viruses and mobile genetic 
elements such as bacteriophages, viruses and 
plasmids. The CRISPR array consists of strings 
of direct repeats sequences, typically 21-48 base 
pairs [2] that are interspaced with short 
distinctive spacer sequences derived from 
foreign DNA. Adjacent to the CRISPR loci, are 
cas gene cassettes [3] that function with 
generated CRISPR RNAs (crRNAs) sequel to 
transcription and maturation of the CRISPR 
locus. These systems act as reconnaissance for 
the detection and destruction of foreign DNA by 
RNA guided interference. 
  
There are three known CRISPR–Cas system 
types (I, II and III) and each of these uses distinct 
molecular mechanisms for obstructing the 
integration of the foreign DNA elements. Type I 
and type III systems use a large complex of Cas 
proteins for crRNA-guided targeting, whereas the 
type II system requires only the Cas9 protein for 
RNA‑guided DNA recognition and cleavage, a 
property that has proved to be extremely useful 
for genome engineering applications [4]. 
 
In the last decade, significant efforts have been 
made in recognizing that the sequences of the 
CRISPR spacers were similar to sequences from 
mobile genetic elements including but not limited 
to plasmids and viruses [5,6]. In a study that 
involved phage-challenge experiment, Barrangou 
et al. [7] reported that CRISPR loci acquire 
fragments of invading DNA and that these                   
new spacers result in sequence-specific 
resistance to the phage that is infecting the 
bacterium. There is a correlation between 
CRISPR spacers and phage susceptibility and 
exposure [8]. 

The CRISPR-Cas9 system introduces double-
strand DNA breaks at a specific locus in the 
genome by using a complex of the Cas9 
nuclease with either a chimeric single guide RNA 
(sgRNA) or two short RNAs (a CRISPR RNA 
(crRNA) and a trans-activating RNA (tracrRNA) 
[9]. 
 
The discovery of CRISPR-Cas created a simple 
two-component system in which changes to the 
20-nucleotide guide sequence of the sgRNA can 
programme Cas9 to target any DNA sequence of 
interest as long as it is adjacent to a protospacer 
adjacent motiff (PAM). The CRISPR–Cas9 
system only requires a change in the guide RNA 
sequence to alter target specificity [10]. 
 
There are distinct polymorphic CRISPRs that 
have been discovered in several organisms 
notably Methanocaldococcus jannaschii with 18 
CRISPR loci [11], and Streptococcus 
thermophilus having 3 CRISPR loci [8].  Recent 
studies have employed the polymorphic 
characteristics as a genotyping tool for some 
species of Lactobacilli [12]. However, little 
information is available on the nature of the 
CRISPR-Cas repertoire in Lactobacillus 
pentosus KCA1.  The objective of this study was 
to provide an insight on CRISPR direct repeats 
and spacer organization present in Lactobacillus 
pentosus KCA1, a recently sequenced bacterium 
isolated from the vagina of a healthy Igbo-African 
women [13]. 
 

2. MATERIALS AND METHODS 
 
The genome sequence of Lactobacillus   
pentosus KCA1 was obtained from the gene 
bank through the National Center for 
Biotechnology Information’s website 
(http://www.ncbi.nlm.nih.gov/nuccore/NZ_CM001
538.1) with accession number NZ_CM001538 
NZ_AKAO01000000. The six CRISPR arrays or 
the repeat regions were downloaded from 



http://www.ncbi.nlm.nih.gov/nuccore/393256311?
report=graph. In order to confirm the 
identification of the CRISPR arrays, the whole 
genome comprising of 3,426,323 base pairs was 
downloaded. The CRISPR database CRISPRdb 
[2] and CRISPRFinder were used to identify 
CRISPR loci in the published 
pentosus KCA1 genome. CRISPR finder onlin
software was used to identify the repeat regions, 
mostly the CRISPR start and end positions, 
direct repeat (DR) length and direct length 
consensus and number of spacers. 
alignment sequence tool (BLAST) algorithm [14] 
was used to compare and c
sequences of CRISPR repeats, CRISPR spacers 
and Cas9 genes against other bacteria that are 
closely related.  
 

The spacer target prediction was done by using 
the CRISPRTarget online tool. 
(http://bioanalysis.otago.ac.nz/CRISPRTarget/cri
spr_analysis) [15]. 
 

Fig. 1. The location of the six CRISPR loci in the 
location the five rRNA loci. CLC sequence viewer version 7.7 was used
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http://www.ncbi.nlm.nih.gov/nuccore/393256311?
In order to confirm the 

ification of the CRISPR arrays, the whole 
genome comprising of 3,426,323 base pairs was 
downloaded. The CRISPR database CRISPRdb 
[2] and CRISPRFinder were used to identify 
CRISPR loci in the published Lactobacillus 

CRISPR finder online 
software was used to identify the repeat regions, 
mostly the CRISPR start and end positions, 
direct repeat (DR) length and direct length 
consensus and number of spacers. Basic local 
alignment sequence tool (BLAST) algorithm [14] 
was used to compare and contrast the 
sequences of CRISPR repeats, CRISPR spacers 
and Cas9 genes against other bacteria that are 

The spacer target prediction was done by using 
the CRISPRTarget online tool. 
http://bioanalysis.otago.ac.nz/CRISPRTarget/cri

The iterative threading assembly refinement (I
TASSER) algorithm [16], which is a four stage 
integrated platform for automated protein 
structure and function prediction based on the 
sequence-to-structure-to-function paradigm was 
used.  The amino acid sequence of 
KCA1_0112 (Cas9) was submitted to the 
swiss-model server for prediction of the 
3D structure, similar structures in PDB, function 
and the binding site by this integrated 
algorithm. The Swiss-model
(http://swissmodel.expasy.org) compares with 
non-redundant set of protein database (PDB) 
structures [17]. CueMol2 version 2.2.2.366 was 
used to visualize the binding sites 
(http://www.cuemol.org). 
 
3. RESULTS 
 
The genome of Lactobacillus pentosus
encodes six CRISPR arrays in the chromosome 
(Fig. 1).  
 

 
Fig. 1. The location of the six CRISPR loci in the L. pentosus KCA1 chromosome and the 

location the five rRNA loci. CLC sequence viewer version 7.7 was used
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The iterative threading assembly refinement (I-
TASSER) algorithm [16], which is a four stage 
integrated platform for automated protein 
structure and function prediction based on the 

function paradigm was 
o acid sequence of L. pentosus 

KCA1_0112 (Cas9) was submitted to the    
model server for prediction of the            

3D structure, similar structures in PDB, function 
and the binding site by this integrated    

model server 
compares with 

redundant set of protein database (PDB) 
structures [17]. CueMol2 version 2.2.2.366 was 
used to visualize the binding sites 

Lactobacillus pentosus KCA1 
encodes six CRISPR arrays in the chromosome 

 

KCA1 chromosome and the 
location the five rRNA loci. CLC sequence viewer version 7.7 was used 



The leader sequence preceding CRISPR1 is 
composed of AT-rich 24 nucleotides 
“TTAGTGGATTATGTGAGAATGCCG”. 
 
The first CRISPR1 is located between 131563
132851 and has a length of 1289 base
constituting DR length consensus of 36 
nucleotides (nt), and 19 spacers. Preceding 
this CRISPR are four CRISPR
proteins: KCA1_0112 (CRISPR
protein, Cas9), KCA1_0113 (CRISPR
protein Cas1), KCA1_0114 (CRISPR
protein Cas2), KCA1_0115 (CRISPR type II
associated protein Csn2) as shown in Fig. 2. 
 
The second CRISPR (1306 base
found between 1239838-1241143
length 28 nt and 21 spacers. The DNA 
polymerase III, alpha subunit preceded this 
CRISPR, followed by two ribosomal subunits 
(rpmI -LSU ribosomal protein L35p, rplT
ribosomal protein L20p). The third CRISPR is 
located between 1456695-1459056 and has 
2362 base-pairs with DR length 28nt and 39 
spacers. This CRISPR3 is followed by two 
proteins: KCA1_1291 (CRISPR
protein Cas1), KCA1_1292 (CRISPR
protein Cas2). CRISPR4 (1461724-
a length of 824bp and DR length consensus of 
29nt with 13 spacers. Immediately following 

 

Fig. 2. Lactobacillus pentosus
repeats, spacers and the associated 
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The leader sequence preceding CRISPR1 is 
rich 24 nucleotides 

“TTAGTGGATTATGTGAGAATGCCG”.  

The first CRISPR1 is located between 131563-
132851 and has a length of 1289 base-pairs 
constituting DR length consensus of 36 

otides (nt), and 19 spacers. Preceding            
this CRISPR are four CRISPR-associated 
proteins: KCA1_0112 (CRISPR-associated 

KCA1_0113 (CRISPR-associated 
1), KCA1_0114 (CRISPR-associated 
2), KCA1_0115 (CRISPR type II-A-

2) as shown in Fig. 2.  

The second CRISPR (1306 base-pairs) is                 
1241143 with DR    

length 28 nt and 21 spacers. The DNA 
polymerase III, alpha subunit preceded this 
CRISPR, followed by two ribosomal subunits 

LSU ribosomal protein L35p, rplT-LSU 
ribosomal protein L20p). The third CRISPR is 

1459056 and has 
pairs with DR length 28nt and 39 

spacers. This CRISPR3 is followed by two cas 
proteins: KCA1_1291 (CRISPR-associated 

1), KCA1_1292 (CRISPR-associated 
-1462548) has 

a length of 824bp and DR length consensus of 
29nt with 13 spacers. Immediately following 

CRISPR4 is a sequence of unknown 
function 
 

[“CAACGGCGCAACCATTGATTT-
GGAGCAATCATCTGGCGTCGTAATGGCTTTC
G”]. 
 

CRISPR5 (1462702-1463217) appears to be the 
smallest in terms of number of nucleotide base 
pairs (515bp) with 28 DR length consensus and 
8 spacers. Between CRISPR5 an
another sequence of unknown function.
 

[“GACGTATCAGCTGTGGGCTGGGT
CGACTTCATT”]. The last CRISPR6 is found 
between 1463351-1464538 and is composed of 
1187 bp with 29 DR length and 19 spacers.  
Downstream CRISPR6 is the six 
comprising cas3, Cse1, Cse2, Cas7, Cas5 and 
Cas6. 
 

Interestingly results from CRISPR blast revealed 
that CRISPR1 has 100% identity to CRISPR_id 
NC_020229_1 of Lactobacillus plantarum
with an E-value of 4.00E-13.  CRISPR2 and 
CRISPR3 have 92.86% identity to CRISPR_id 
NC_009953_5 of Salinispora arenicola
Similarly, CRISPR4, CRISPR5 and CRISPR6 
have over 92% identity to CRISPR_id 
NC_010610_2 of Lactobacillus fermentum
3956 (Table 1). 

 
Lactobacillus pentosus KCA1 CRISPR organization showing the location of direct 

repeats, spacers and the associated Cas genes and ribosomal proteins
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CRISPR4 is a sequence of unknown             

-n (99) 
GGAGCAATCATCTGGCGTCGTAATGGCTTTC

1463217) appears to be the 
smallest in terms of number of nucleotide base 
pairs (515bp) with 28 DR length consensus and 
8 spacers. Between CRISPR5 and CRISPR6 is 
another sequence of unknown function. 

[“GACGTATCAGCTGTGGGCTGGGT-n(101)-
CGACTTCATT”]. The last CRISPR6 is found 

1464538 and is composed of 
1187 bp with 29 DR length and 19 spacers.  
Downstream CRISPR6 is the six Cas cassettes 
comprising cas3, Cse1, Cse2, Cas7, Cas5 and 

Interestingly results from CRISPR blast revealed 
that CRISPR1 has 100% identity to CRISPR_id 

Lactobacillus plantarum ZJ31 
13.  CRISPR2 and 

.86% identity to CRISPR_id 
Salinispora arenicola CNS-205. 

Similarly, CRISPR4, CRISPR5 and CRISPR6 
have over 92% identity to CRISPR_id 

Lactobacillus fermentum IFO-

 

CRISPR organization showing the location of direct 
genes and ribosomal proteins 



Table 2 shows the frequency of CRISPR repeats 
polymorphisms indicating that CRISPR1 has 
95% of mainstream repeats and 5% of terminal 
repeat variants at 12 locations of the DR length 
consensus. Mainstream or typical repeats of 
CRISPR2 and CRISPR3 are 100% i
while the initiation repeats of CRISPR2, 
CRISPR3 and CRISPR4 have initiation variants. 
CRISPR4 has more variations in the DR repeats 
with only 57.1% representing mainstream 
repeats. CRISPR5 is the only CRISPR locus 
(100%) without any variants or p
throughout the DR repeats. The CRISPR’s DR 
length consensus ended with adenine
(AG) nucleotide except CRISPR1 that has 
mainstream DR length ending with adenine
cytosine (AC) and terminal repeats ending with 
adenine-thymine (AT).  
 

3.1 CRISPR Spacers Analysis 
 
Spacer polymorphisms were observed in relation 
to the spacer size. A total of 118 spacers were 
identified with the CRISPR spacer finder 
software. CRISPR-1 has 19 spacers, of which 18 
spacers were composed of 30 base pairs and 1 
spacer has 29 bp as shown in Fig. 3. CRISPR
has 38 spacer polymorphisms than other 
CRISPRs comprising 35 spacers with 33 bp, 2 
spacers with 34 bp and 1 spacer with 35 bp. 
CRISPR-4 has 13 spacers with 10 having 32 bp 
 

Fig. 3. The spacer polymorphisms in the six CRISPR arrays
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Table 2 shows the frequency of CRISPR repeats 
polymorphisms indicating that CRISPR1 has 
95% of mainstream repeats and 5% of terminal 
repeat variants at 12 locations of the DR length 
consensus. Mainstream or typical repeats of 
CRISPR2 and CRISPR3 are 100% identical 
while the initiation repeats of CRISPR2, 
CRISPR3 and CRISPR4 have initiation variants. 
CRISPR4 has more variations in the DR repeats 
with only 57.1% representing mainstream 
repeats. CRISPR5 is the only CRISPR locus 
(100%) without any variants or polymorphism 
throughout the DR repeats. The CRISPR’s DR 
length consensus ended with adenine-guanine 
(AG) nucleotide except CRISPR1 that has 
mainstream DR length ending with adenine-
cytosine (AC) and terminal repeats ending with 

  

Spacer polymorphisms were observed in relation 
to the spacer size. A total of 118 spacers were 
identified with the CRISPR spacer finder 

1 has 19 spacers, of which 18 
spacers were composed of 30 base pairs and 1 

cer has 29 bp as shown in Fig. 3. CRISPR-3 
has 38 spacer polymorphisms than other 
CRISPRs comprising 35 spacers with 33 bp, 2 
spacers with 34 bp and 1 spacer with 35 bp. 

4 has 13 spacers with 10 having 32 bp 

and 3 with 33 bp while CRISPR
spacers with 32 bp respectively.   
 

3.2 Spacer Target Prediction  
 
Attempts were made to identify similarity of the 
spacer sequences to putative phages, plasmids 
and viruses that may have been exposed to the 
host genome. All the 118 spacers were analyzed 
with the CRISPRTarget tool (Supplementary 
Table 1). Of the 19 spacers present in CRISPR1, 
3 spacers matched to sequences of 
bacteriophage phig1e, while 1 spacer was similar 
to sequences of Acetobacter pasteurianus
plasmid pAC258-29.  CRISPR2 with 21 spacers, 
spacer (no. 3, 13) matched to 
bacteriophage phig1e, spacer (no. 15, and 17) 
had similar sequence to bacteriophage B103, 
Bacillus phage Nf, and Bacillus phage MG
 
CRISPR3 with 38 spacers out of which 4 spacers 
(nos. 29, 30, 36, 37) had matches similar to 
sequences of Lactobacillus 
phig1e, spacer (no.31) to 
bacteriophage phiJL-1, spacer (no.25) to 
Lactobacillus plantarum 16 plasmid Lp16I, 
spacer (no.19) to Lactobacillus
prophage Lj771 and Lactobacillus 
spacer (no.15) to Lactobacillus 
8014-B1, Pediococcus phage clP1, and 
Lactobacillus plantarum bacteriophage phiJL

 

Fig. 3. The spacer polymorphisms in the six CRISPR arrays 
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and 3 with 33 bp while CRISPR-6 has 19 
 

 

Attempts were made to identify similarity of the 
spacer sequences to putative phages, plasmids 
and viruses that may have been exposed to the 
host genome. All the 118 spacers were analyzed 
with the CRISPRTarget tool (Supplementary 

s present in CRISPR1, 
3 spacers matched to sequences of Lactobacillus 
bacteriophage phig1e, while 1 spacer was similar 

Acetobacter pasteurianus 
29.  CRISPR2 with 21 spacers, 

spacer (no. 3, 13) matched to Lactobacillus 
bacteriophage phig1e, spacer (no. 15, and 17) 
had similar sequence to bacteriophage B103, 

phage Nf, and Bacillus phage MG-B1. 

CRISPR3 with 38 spacers out of which 4 spacers 
(nos. 29, 30, 36, 37) had matches similar to 

 bacteriophage 
phig1e, spacer (no.31) to L. plantarum 

1, spacer (no.25) to 
16 plasmid Lp16I, 

Lactobacillus johnsonii 
 phage phi jlb1, 
 phage ATCC 

phage clP1, and 
bacteriophage phiJL-1. 

 



Of the 19 spacers present in CRISPR
number 3 matched to 4 Campylobacter
(CJIE4-5, CJIE4-4, CJIE4-1, CJIE4
(no.4) to Burkholderia sp. RPE67 plasmid p1 
DNA, spacer (no.6, 14) to 
plantarum bacteriophage phiJL-1, space
to Lactobacillus bacteriophage phig1e, spacer 
(no. 17) to Lactobacillus bacteriophage phig1e 
and Streptococcus phage SMP respectively, 
spacer  (no. 18) to Lactobacillus bacteriophage 
phig1e and Sinorhizobium meliloti Rm41 plasmid 
pRM41A. Spacer no. 11 of CRISPR4 had 
similarity match to four Bacillus thuringiensis
strain YC-10 plasmid pYC4, B. thuringiensis
serovar galleriae HD-29 plasmid pBMB47, 
thuringiensis serovar kurstaki HD 1 plasmid 
unnamed7, Bacillus thuringiensis
kurstaki str. HD-1 plasmid pBMB46 and to 
Bacillus phage Waukesha92 and Bacillus
phiS58. In the same manner, spacer (no.5) of 
CRISPR5 matches to 
bacteriophage phig1e and to 
bacteriophage phig1e DNA for Rorf162, Holin, 
Lysin, and Rorf175 genes (supplementary text 
material showing CRISPR Target analysis 
indicating the 5’ end crRNA flanking protospacer, 

 

Fig. 4. The KCA1 Cas9 nucleotide sequence showing the HNH
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Of the 19 spacers present in CRISPR-6, spacer 
Campylobacter phages 

1, CJIE4-3), spacer 
. RPE67 plasmid p1 

DNA, spacer (no.6, 14) to Lactobacillus 
1, spacer (no.12) 

bacteriophage phig1e, spacer 
bacteriophage phig1e 

phage SMP respectively, 
bacteriophage 
Rm41 plasmid 

o. 11 of CRISPR4 had 
Bacillus thuringiensis 

B. thuringiensis 
29 plasmid pBMB47, B. 

serovar kurstaki HD 1 plasmid 
Bacillus thuringiensis serovar 

1 plasmid pBMB46 and to 
Bacillus phage 

phiS58. In the same manner, spacer (no.5) of 
CRISPR5 matches to Lactobacillus 
bacteriophage phig1e and to Lactobacillus 
bacteriophage phig1e DNA for Rorf162, Holin, 

rf175 genes (supplementary text 
CRISPR Target analysis 

indicating the 5’ end crRNA flanking protospacer, 

3’ end crRNA flanking protospacer and 5’ end of 
the sequence spacer).   
 

The KCA1_0112 cas9 is composed of 4086 base 
pairs, which translates into 1361 amino acids 
with a mass of 157, 139 Dalton. The domain of 
KCA1_0112 cas9 has 153 amino acid residues 
belonging to HNH Cas9-type which is known to 
cleave the target DNA complementary to crRNA 
and is located between positions 786
shown in Fig. 4. 
 

The SWISS-MODEL 3-D tool indicated a 36.17% 
sequence similarity to 4zt0.1.A protein template 
with normalized QMEAN4 score and the position 
of the KCA1 Cas9 model in red star (Fig. 5).
 

The iterative assembly (I-TASSER) for the 
KCA1_0112 Cas9 protein revealed a confidence 
score (C-score) of 0.79 and an estimated 
template modeling score (TM
0.82±0.08 and estimated root mean square 
deviation (RMSD) = 7.8±4.4Å relative to the 
template protein (4cmqA). The KCA1_0112 Cas9 
has three potential ligand binding sites residues 
located at 10 (Asp), 777 (Glu) and 992 (Asp) 
positions of the 4086bp. (Fig. 6). 

 
Fig. 4. The KCA1 Cas9 nucleotide sequence showing the HNH-type Cas9 domain in green 

colour 
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3’ end crRNA flanking protospacer and 5’ end of 

The KCA1_0112 cas9 is composed of 4086 base 
slates into 1361 amino acids 

with a mass of 157, 139 Dalton. The domain of 
KCA1_0112 cas9 has 153 amino acid residues 

type which is known to 
cleave the target DNA complementary to crRNA 
and is located between positions 786-938 as 

D tool indicated a 36.17% 
sequence similarity to 4zt0.1.A protein template 
with normalized QMEAN4 score and the position 
of the KCA1 Cas9 model in red star (Fig. 5). 

TASSER) for the 
protein revealed a confidence 

score) of 0.79 and an estimated 
template modeling score (TM-score) of 
0.82±0.08 and estimated root mean square 
deviation (RMSD) = 7.8±4.4Å relative to the 

). The KCA1_0112 Cas9 
al ligand binding sites residues 

located at 10 (Asp), 777 (Glu) and 992 (Asp) 

 

type Cas9 domain in green 



Fig. 5. Comparison of the KCA1 Cas9 protein with the non
structures showing normalized QMean4 score and the position of the KCA1 cas9 model in red 

 

Fig. 6. Ligand binding site as 
showing surface rendering structures for the Asp

ribbon structure of the entire KCA1 Cas9
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Fig. 5. Comparison of the KCA1 Cas9 protein with the non-redundant set of PDB database 

structures showing normalized QMean4 score and the position of the KCA1 cas9 model in red 
star 

 
 determined by the I-TASSER and visualized with CueMol2 

showing surface rendering structures for the Asp-10, Glu-777 and Asp-992 positions and the 
ribbon structure of the entire KCA1 Cas9 
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redundant set of PDB database 
structures showing normalized QMean4 score and the position of the KCA1 cas9 model in red 

 

TASSER and visualized with CueMol2 
992 positions and the 



Clustal w phylogenetic alignment tree of cas9 
proteins from 10 Lactobacillus species including 
KCA1_0112 cas9 shows that 
pentosus KCA1 is closely related with 98.8% 
identity to Lactobacillus plantarum
86.6% identity to Lactobacillus pentosus
20314, and 86.6% identity to 
pentosus MP-10 (Fig. 7).  
 

The amino acid composition of KCA1 Cas9 
indicates absence of cysteine similar to Cas9 of 
L. plantarum EGD-AQ4. Another distinguishing 
feature of KCA1 Cas9 is extra acquisition of 
tyrosine (57 amino acid-tyrosine) when 
compared with other tested organisms as shown 
in Table 3. 
 

Comparative analysis using CueMol2 software 
shows that KCA1_Cas9 has one chain A (Fig. 8), 
while Streptococcus pyogenes Cas9 (4zt0.pdb) 
has 4 chains (A, B, C, D).  
  

4. DISCUSSION 
 

This is the first description of 
pentosus KCA1, a vaginal isolate, harboring 
complete six CRISPR arrays and a type II 
CRISPR-Cas scheme typified by signature 
endonuclease gene, with extensive diversity in 
spacer repertoire.  Previous studies have shown 
that type II CRISPR- Cas systems are 
 

Fig. 7. Phylogenetic tree was created with CLC sequence viewer 7.7 showing circular 
cladogram layout tree of Cas9. 

colour while the branch lengths are shown in blue colour
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Clustal w phylogenetic alignment tree of cas9 
species including 

KCA1_0112 cas9 shows that Lactobacillus 
KCA1 is closely related with 98.8% 

Lactobacillus plantarum EGD-AQ4, 
Lactobacillus pentosus DSM 

20314, and 86.6% identity to Lactobacillus 

The amino acid composition of KCA1 Cas9 
indicates absence of cysteine similar to Cas9 of 

AQ4. Another distinguishing 
feature of KCA1 Cas9 is extra acquisition of 

tyrosine) when 
ared with other tested organisms as shown 

Comparative analysis using CueMol2 software 
shows that KCA1_Cas9 has one chain A (Fig. 8), 

Cas9 (4zt0.pdb) 

This is the first description of Lactobacillus 
KCA1, a vaginal isolate, harboring 

complete six CRISPR arrays and a type II 
Cas scheme typified by signature Cas9 

endonuclease gene, with extensive diversity in 
dies have shown 

systems are 

evolutionarily widespread and functionally 
essential in the genus Lactobacilli
Type II systems were detected in 36% of the 
genus -Lactobacillus and associated genera, 
however type II occur in only 5% of all bacterial 
genomes analysed to date [19]. However, there 
are no reports on the CRISPR
Lactobacillus pentosus species. KCA1 CRISPR 1 
locus is a highly conserved 36
CRISPR sequence with 100% identity to 
CRISPR_id NC_020229_1 of 
plantarum ZJ31, which is a related species. 
Interestingly, the arrangement of the type II 
CRISPR architecture in L. pentosus
similar to other lactic acid bacteria containing in 
addition to Cas 9, the universal Cas
genes and the corresponding Csn
distinctive to type II-A systems. It appears that 
the location of CRISPR1 in KCA1 occurred in the 
first half of the chromosome with CRISPR
5 and -6 clustering together and having a total of 
79 spacers. Notably, CRISPR-3 with the highest 
39 spacers was preceded upstream by ribosomal 
protein rpmL and rplT, thus reflecting the critical 
role of the CRISPR RNA biogenesis and 
interference for sequence–specific recognition. 
Remarkably, 6 Cas genes were found 
downstream CRISPR 6 and the functional roles 
of the unique organization of these CRISPRs are 
yet to be determined.    

 

Fig. 7. Phylogenetic tree was created with CLC sequence viewer 7.7 showing circular 
. Bootstrap values (%) are shown at the branch node in black 

colour while the branch lengths are shown in blue colour 
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Table 1. KCA1_CRISPR showing the location, CRISPR length, E-value and similarity to CRISPR identity number 
 
  Location CRISPR 

length 
Direct Repeat length consensus No. 

Spacers 
Identity E-value CRISPR_id Organism 

CRISPR 1 131563-132851 1288 GTCTTGAATAGTAGTCATATCAAACAGGTTTAGAAC(36) 19 1 4.00E-13 NC_020229_1 L. plantarum ZJ31 
CRISPR 2 1239838-1241143 1305 GGATCACCCCCGCATACGCGGGGAACAG (28) 21 0.9286 2.00E-04 NC_009953_5 Salinispora arenicola CNS-205 
CRISPR 3 1456695-1459056 2349 GGATCACCCCCGCATACGCGGGGAACAG (28) 38 0.928571429 4.00E-04 NC_009953_5 Salinispora arenicola CNS-205 
CRISPR 4 1461724-1462548 824 AGGATCACCCCCGCATACACGGGGAATAG (29) 13 0.9286 1.00E-04 NC_010610_2 Lactobacillus fermentum IFO 3956 
CRISPR 5 1462702-1463217 515 GGATCACCCCCGCATACACGGGGAATAG (28) 8 0.925925926 3.00E-04 NC_010610_2  Lactobacillus fermentum IFO 3956 
CRISPR 6 1463351-1464538 1187 AGGATCACCCCCGCATACACGGGGAATAG (29) 19 0.9286 2.00E-04 NC_010610_2 Lactobacillus fermentum IFO 3956 

 
Table 2. Analysis of Lactobacillus pentosus KCA1 CRISPR repeat sequences showing frequency of repeat polymorphisms. Underlined nucleotides show the deviation from the 

mainstream repeats 
 

 Type Repeat sequence No. of Repeats Frequency (%) 
CRISPR 1 Mainstream repeats GTCTTGAATAGTAGTCATATCAAACAGGTTTAGAAC 19 95 
 Terminal repeats GTCTTGAATAGTAGTTATTAAATTCGGCTATTAAAT 1 5 
CRISPR 2 Initiation GAATCACCCCCGCATACGCGGGGAACAG 1 4.55 
 Mainstream repeats GGATCACCCCCGCATACGCGGGGAACAG 21 95.45 
CRISPR 3 Initiation AAATCACCCTCGTATGCACGGGGAACAG 1 2.5 
 Mainstream repeats GGATCACCCCCGCATACGCGGGGAACAG 38 97.5 
CRISPR 4 Initiation AAGACTGCCCCCGTATGCACGGGGAATAG 1 7.1 
 Mainstream repeats AGGATCACCCCCGCATACACGGGGAATAG 8 57.1 
 Variant repeats AGGATCACCCCCGCACACACGGGGAACAG 1 7.1 
  GGATCACCCCCCGCATACACGGGGAATAG 1 7.1 
  GGGATCACCCCCGCATACACGGGGAATAG 3 21.6 
CRISPR 5 Mainstream repeats GGATCACCCCCGCATACACGGGGAATAG 9 100 
CRISPR 6 Mainstream repeats AGGATCACCCCCGCATACACGGGGAATAG 16 80 
 Variant repeats GGGATCACCCCCGCATACACGGGGAATAG  4 20 
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Table 3. CRISPR-associated endonuclease Cas9 protein statistics 
 

Sequence information 
Protein entry 
from Uniprot 

I9L4B5 T5JDL4 A0A0R1FUZ5 F6ITQ2 A0A0M3URB4 M4KKI8 A0A0R1UKG9 A0A0R2DR00 A0A0R1RHH9 C7TEQ6 

Length 1361 1362 1358 1358 1358 1358 1362 1345 1378 1363 
Name I9L4B5 T5JDL4 A0A0R1FUZ5 F6ITQ2 A0A0M3URB4 M4KKI8 A0A0R1UKG9 A0A0R2DR00 A0A0R1RHH9 C7TEQ6 
Organism L. pentosus 

KCA1 
L. plantarum 
EGD-AQ4 

L. pentosus DSM 
20314 

L. pentosus 
MP-10 

L. plantarum L. plantarum 
ZJ316  

L. hammesii DSM 
16381 

L. senmaizukei 
DSM 21775  

L. rossiae DSM 
15814 

L. rhamnosus  
GG) 

Weight 157.137 157.256 156.566 156.578 155.858 155.973 157.862 156.151 158.812 156.595 
Isoelectric point 9.5 9.49 9.47 9.47 9.68 9.7 9.12 8.78 9.19 9.17 
Aliphatic index 84.982 84.919 85.398 85.685 89.632 89.919 86.997 86.439 82.743 87.572 

Counts of amino acids 
Amino acid I9L4B5 T5JDL4 A0A0R1FUZ5 F6ITQ2 A0A0M3URB4 M4KKI8 A0A0R1UKG9 A0A0R2DR00 A0A0R1RHH9 C7TEQ6 
Alanine (A) 95 95 96 96 101 102 83 89 88 105 
Cysteine (C) 0 0 1 1 0 0 2 1 4 1 
Aspartic Acid (D) 82 83 79 79 89 89 97 101 98 96 
Glutamic Acid (E) 85 86 88 88 70 70 89 86 86 86 
Phenylalanine (F) 59 59 60 60 59 60 57 57 69 63 
Glycine (G) 65 65 69 69 73 72 69 64 72 71 
Histidine (H) 33 33 30 30 20 21 38 38 32 32 
Isoleucine (I) 80 80 81 82 86 85 89 82 93 92 
Lysine (K) 117 117 115 115 114 114 116 98 124 119 
Leucine (L) 129 129 133 133 137 138 140 139 124 144 
Methionine (M) 29 29 28 28 26 26 24 28 27 21 
Asparagine (N) 63 62 67 67 68 68 56 53 80 69 
Proline (P) 41 42 42 42 40 40 47 44 40 42 
Glutamine (Q) 88 88 88 88 87 87 82 81 70 72 
Arginine (R) 86 87 85 85 90 91 88 97 81 82 
Serine (S) 78 78 62 62 54 52 65 64 75 65 
Threonine (T) 75 74 88 87 92 91 79 82 80 80 
Valine (V) 85 85 79 79 85 86 72 73 71 58 
Tryptophan (W) 14 14 14 14 14 14 16 19 16 15 
Tyrosine (Y) 57 56 53 53 53 52 53 49 48 50 



Fig. 8. Comparative ribbon structure of 

 
CRISPR locus is typically defined by the 
sequence of the repeat. Remarkably, the 
mainstream repeat sequence of CRISPR
distinct from other CRISPRs with only 28% 
identity to CRISPR-2 and CRISPR
Observing closely, CRISPR-1 is dominated by 
high sequence degeneracy at the 3’ of the 
terminal repeat, which appears to be in line with 
the orientation of the neighboring 
Conversely, CRISPR-4, CRSPR-5 and CRISPR
6 appear to be enriched with highly conserved 
mainstream repeat sequence with less 
polymorphism.  It is important to note that the 
Lactobacillus pentosus KCA1 CRISPR 
mainstream repeat sequence terminals are 
unique, indicating specific signature associated 
with KCA1 CRISPRs. In contrast, Sorek et al., 
[20] reported that several CRISPR repeats from 
other lactic acid bacteria have a GAAA(C/G) 3’ 
terminus, while Streptococcus thermophilus
(Sthe1) and Streptococcus thermophilus
(Sthe3) families identified in the upper 
suprafamily had a A(A/C)AAC 3’ terminus 
sequence as reported by Horvath et al. [21]. 
 
Spacer analysis revealed that L. pentosus
may have been exposed to several mobile 
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genetic elements as the spacers matched 
sequences from bacteriophages and plasmids. 
Previous studies have shown that immune 
function of CRISPR loci has a correlation 
between phage sensitivity and non
spacers corresponding to the sequence of that 
particular phage [6]. It is important to note that 
most of the spacers that matched the sequence 
of the bacteriophages are phages that infected 
Lactobacillus species of vaginal origin. Some 
studies done on South African women without 
bacterial vaginosis revealed abundance of
Lactobacillus-specific bacteriophages [22]. 
Similarly, studies from the human microbiome 
project provided substantial evidence that an 
abundance of Lactobacillus-targeting phage 
sequences are present in the vagina [23]. 
However, another notable observatio
spacer sequences that matches to plasmids but 
did not have the corresponding match to 
Lactobacillus species, suggests that the CRISPR 
array of Lactobacillus pentosus KCA1 has the 
capability of distinguishing bacteriophage and 
plasmids.  The observed spacer sequences with 
similarity to proto-spacers of plasmid sequences 
may have provided immunity or resistance to 
plasmid elements and it is also possible that the 
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presence of CRISPR spacers may have been 
responsible for the absence of plasmids in the 
genome of Lactobacillus pentosus KCA1 [13].  
 
The domain region of KCA1 Cas9 contained one 
tryptophan residue at position 902, which may be 
involved in binding to the proto-spacer adjacent 
motifs (PAM). A recent study has shown that two 
tryptophan containing flexible loops in the C-
terminal domain of the Streptococcus pyogenes 
Cas9 nuclease lobe are involved in PAM 
recognition, and mutation of these residues 
affects both the binding and cleavage of target 
DNA [24]. 
 

5. CONCLUSIONS 
 
Spacer analysis revealed that L. pentosus KCA1 
may have been exposed to several mobile 
genetic elements as the spacers matched 
sequences from bacteriophages and plasmids. 
The simplicity of L. pentosus KCA1 CRISPR-
Cas9 system suggests that it could be used in 
combination with RNA guide sequences for DNA 
targeting and cleavage and it has the potential to 
open a new prospect for next-generation Cas9-
mediated genome editing. Further studies                   
are needed to ascertain the structural and 
functional repertoire of Lactobacillus pentosus 
KCA1 Cas9. 
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