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Abstract Thromboses appearing in the blood and causing cardiovascular disease by the presence of fibrin remain
a problem of concern worldwide. The fibrinolytic enzymes developed by bacteria of the Bacillus-genus are today an
interesting and promising alternative to chemicals with multiple consequences. It is in this perspective that three (3)
samples of cooked squash wrapped in sheets and consumed in Brazzaville and collected and in three Brazzaville
markets were explored. The estimated count of the total flora of each sample for each of the three markets, namely
Total, Moukondo and Tsiéméwas carried out on PCA and represents respectively (5.2 ±0.12) 107 CFU / g, (1.73 ±
0 , 16) 107 CFU / g, and (9.43 ± 1.06) 107 CFU / g while bacteria of the genus Bacillus are estimated in Mossel
respectively at (3.5 ±1.16) 106 CFU / g, (4, 01 ±0.85) 106 CFU / g (8.96 ±0.60) 106 CFU / g. Sixty-six isolates of
bacteria of the genus Bacillus isolated from squash by conventional microbiology techniques have been
phenotypically characterized. The morphological types characterized are essentially the bacillary form and the
spherical form. The ability to produce fibrinolytic enzymes correlated with growth was assessed. The growth in
terms of optical density varies from 0.800 to 0.97 and the enzymatic production in all the isolates tested varies from
12 to 21 mm. After DNA extraction from 36 isolates, PCR amplification of the rR16S gene revealed fragments of
approximately 1500bp by electrophoresis on Agarose Gel. The sequencing of thirty-four (34) fragments made it
possible to obtain fifteen (15) sequences having a strong similarity between them and also with the homologs of the
databases (97% to 100%) and therefore the molecular identification of: Bacillus sp 40%, Bacillus amyloliquefaciens
6.66%, Bacillus subtilis 33.33%, Bacillus Pumilus 6.66%, Bacillus megaterum 6.66%, Bacillus velezensis 6.66%.
Five (5) of these sequences have been submitted to GenBank and the accession numbers are successively:
MK193815.1 (Bacillus subtilis strain ASM1), MK207434.1 (Bacillus subtilis strain ASM3), MK207435.1 (Bacillus
pumilus strain ASM5) , MK207436.1 (Bacillus subtilis strain ASM4), MK207437.1 (Bacillus megaterium strain
ASM2).The multiple alignment of sequences obtained shows a high conservation of this gene in bacteria of the genus
Bacillus. The phylogenetic classification clearly shows this monophyletic class of bacteria of the genus Bacillus with
very short distances(less than 3%).
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1. Introduction
In recent years the idea of a direct relationship between
an optimal diet and a healthy lifestyle has gained ground
among the general public. Thus, healthy food markets
have developed strongly in order to meet the demand of
consumers who increasingly seek to control their quality
of life and their state of health through better nutrition
[1]. These foods are either subjected to transformation
processes under the influence of microorganisms in the

case of fermented foods or undergo no transformation
in the case of non-fermented foods. Ntete is a food
product obtained from the seeds of squash (cucurbitaceae).
Squash is an ornamental and vegetable plant, with a long
climbing stem and large orange flowers belonging to the
cucurbitaceae family, of which there are roughly 100
genera and 750 species listed worldwide. This family
is known for its great genetic diversity and its great
adaptation to tropical, subtropical regions.They are
particularly cultivated in the departments of Pool,
Bouenza and Plateaux for their seeds and leaves for food
and medicinal purposes (In traditional pharmacopoeia). In
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Congo Brazzaville, according to the vernacular languages,
cucurbitaceae have different names: Nta in Téké, Bibete in
Lari, EtiereouNdzeyi in Mbochi, Mbika in Lingala, Ntete
in Kituba, Mbindzi or Bikokoto in Bembe, Ndzeki in
TékéAlima, Téri in Pounou ,Nzaka in Nzabi, Tiété(Tékéyaya) in Niari.
Ntete in the vernacular (Kituba) is produced consumed
practically throughout Africa where they are tasted in
salads but also stuffed or breaded. The flesh of the squash
is used in several meals such as soups, gratins, purees,
quiches but also in sweet desserts, flans, pies, cakes, jams
or even chutney, in bread doughs and cakes after baking.
To date, no studies have been performed on the microbial
flora of this food. Previous work has already shown that
fermented foods are ecological niches for many
microorganisms such as the genus Bacillus. The genus
Bacillus is part of the phylum of Firmicutes, of the class
Bacilli, of the order Bacillales, and of the family Bacillaceae.
[2,3]. These are Gram positive bacteria, capable of living
under aerobic and anaerobic conditions [4]. The genus
Bacillus represents a heterogeneous group of bacteria, and
by the diversity of their applications, these bacteria
represent one of the largest groups producing industrial
enzymes. Bacillus subtilis, Bacillusamyloliquefaciens and
Bacillus licheniformis are three species of colossal
commercial interest [5].
Bacillus bacteria isolated from fermented or unfermented
foods produce proteolytic enzymes, notably fibrinolytic
enzymes which are of great medical interest [6]. In this
work we isolated, phenotypically characterized and
identified using 16S rRNA bacteria of the genus Bacillus
from squash packed on the leaves, cooked and consumed
in Congo. We then tested the capacity of these bacteria to
producing fibrinolytic enzymes, the phylogenetic classification
of these bacteria was also analyzed.

2. Materials and Methods
2.1. Samples Collection, Culture Conditions
and Counting
The squash samples are represented by Ntété (squash
commonly known in Congo Brazzaville NTETE wrapped
in leaves and cooked in a smothered state). Our samples
were bought in the different markets of Brazzaville. Three
(3) markets were targeted:
• Total market located in the south of the city of
Brazzaville
• Moukondomarketlocated more less in the center of
the city
• Tsièmé market located in the northern area of the
city
In a test tube containing 9 ml of distilled water, 1 g of
squash was added constituting the mother solution from
which the decimal dilutions were made. The inoculations
were made on petri dishes in two culture media, PCA (for
the enumeration of total microorganisms) and Mossel (for
the enumeration of bacteria of the genus Bacillus). The
dishes were incubated at 37 °C. for 24 h in an aerobic oven.
After appearance of the colonies, the counting is carried
out and the counting carried out the followingformula [7]:

UFC  N / VD

CFU/g= Colony Forming unit, N= number of colonies,
V=used volume of plating, D= dilution factor.

2.2. Colony Purification of and Isolation
Purification is one of the most important steps in
isolating strains. It was made in a nutritive agar. Each
colony was sown separately with streaks until very
distinct and homogeneous colonies were obtained. To
ensure the purity of the strains, a microscopic observation
was carried out [8]. The isolates were stored in cryotubes
containing the appropriate broth (LB) added with 20%
glycerol (v / v) and refrigerated at 4 °C. Only suspected
Bacillus isolates have been retained

2.3. Phenotypic Characterization of Isolates
The characterization of the isolates was started by the
application of classical microbiology techniques, based on
the search for a certain number of phenotypic characters
(colony morphology, cell morphology, Gram type and
catalase production). All these characterization techniques
have been previously described by [9,10]. Before use, the
stored isolates are subcultured on an appropriate agar
incubated at 37 °C for 24 hours.

2.4. Study of the Proteolytic Potential of Some
Isolates
2.4.1. Proteolytic Enzyme Production
To test the production of the caseinolytic enzyme, we
used the techniques used by modified [11]. The cells were
cultured in LB medium with stirring at 37 °C., 48
hours after culture the medium was centrifuged and the
supernatant recovered. In a 250 ml Erlenmeyer flask
containing 100 ml of 0.1N PBS, dissolve 1 g of agarose,
heat until completely dissolved, allow to cool to 55-60 °C,
add 10 ml of skimmed milk, homogenize the mixture.
Pour into the Petri dishes; after solidification, prepare
wells in the gel. Place 50μl of supernatant from the culture
centrifugation in each well. Place the boxes in the oven
at 37 °C for 12 hours. Observation of a clear translucent
zone indicates that the strain produces a proteolytic
enzyme with caseinolytic effect (caseinolytic protease)
[12,13].
2.4.2. Fibrinolytic Enzyme Production
The fibrinolytic production was evaluated by enzymatic
assay. The fibrinolytic activity was determined by the
modified fibrin dish method [14]. The supernatant
of the appropriate growth stage of Bacillus cells was
used. Briefly; 25 ml of a solution 0.5% fibrin was
mixed with 25 ml 1% agarose gel in a petri dish and
placed for 30 minutes at room temperature Holes were
made on the plate 20 µl of sample were added to each set
and the plate was incubated at 37 °C for 16 hours.
Fibrinolytic activity was measured by the lytic area across
the diameter of the clear area. The diameter of the clear
area was measured and used to assess enzyme production
([12,13,14,15].
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2.4.3. Evaluation of Growth of Isolates
During the culture of the isolates for the production of
proteolytic enzyme, the culture solution was centrifuged
and the supernatant was used to measure the optical
density or (OD) with a spectrophotometer of the ZUZI
type, three measurements of the OD for three cultures
different from mm isolates determined the means used to
plot the growth curves

2.5. Molecular Identification of Isolates
The identification of strains by phenotypic methods
does not allow reliable identification of the different
species [9]. The purified isolates were subjected to a PCR
of their 16S rDNA and sequencing, this allows identification
more precisely.
2.5.1. Extraction of Genomic DNA
The extraction of genomic DNA by the NucleoSpin kit
was carried out as indicated by the manufacturer, below
summarized.
A fresh culture of the strain was suspended in 1 ml of
LB, we then centrifuged at 10,000 rpm for 4 minutes at 4
°C using a centrifuge of the Micro Star 17R type; The
pellet was mixed with 100 μl of 'Elution Buffer BE, the
cell suspension was transferred to a Type B Nucleo Spin
Bead Tube contained in the kit, then 40 μl of Buffer MG
and 10 μl of Liquid Proteinase K were added and the tube
was closed. Back and forth movement movements were
made for 12 minutes. After centrifugation at 10,000 rpm
for 1 minute was started. After centrifuging, 600 μl of
Buffer MG added and we vortexed for 3 seconds; the
tubes were centrifuged at 10,000 rpm for 1 minute. The
supernatant was transferred to the Nucleo Spin Microbial
DNA Column placed in the 2 ml Tube Collection, after
having transferred the supernatant, the tubes were
centrifuged at 10,000 rpm for 1 minute. The Collection
Tube containing the liquid collected is discarded and the
Nucleo Spin Microbial DNA Column was replaced in a
new Collection Tube of 2 ml, a first washing was carried
out by adding 500 μl of Buffer BW and the tubes
were then centrifuged at 10,000 rpm for 1 minute, after
centrifugation, the tubes were placed in a new 2 ml Tube
Collection. A second washing was carried out with 500 μl
of Buffer B5 and the tubes were centrifuged at 10,000 rpm
for 1 minute, The Collection Tube containing the collected
liquid were discarded and the Nucleo Spin Microbial
DNA Column was replaced in a new Collection Tube then
centrifugation at 10,000 rpm for 1 minute, vacuum was
started. The Nucleo Spin Microbial DNA Column were
placed in the sterile Eppendorf tubes and 100 μl of Buffer
BE were added, we then incubated at room temperature
for 1 minute, after incubation, the tubes were centrifuged
at 10,000 rpm for 1 minute.
2.5.2. PCR Amplification of Genes Encoding 16S
rRNA
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Table 1. Universal primers of 16S rRNA gene used in thisstudy
Primers

Primer sequences

UF

(5'-AGA GTT TGA TCC TGG CTC AG-3')

UR

(5’-ACG GCT ACC TTG TTA CGA CTT-3’)

Reference

[16]

2.5.2.2. Composition of the Mix and PCR Conditions
The PCR reaction was carried out in a final volume of
50 μL containing 32.75 μL of sterile distilled water, 2 μL
of DNA, 2 μL of each sense and antisense primers, 1 μl of
dNTP, 10 μL of buffer and 0.25 μL of Taq polymerase
enzyme.
The PCR amplification was carried out in a type
thermocycler (Bio –Rad) according to the following steps:
first initial denaturation at 95 °C for 5 min. 30 cycles for
each of thefollowing steps; denaturation at 95 °C for 30
seconds, hybridization is done at 55 °C for 30 seconds,
initial elongation at 72 °C for 1 minute 30 seconds,
and a final elongation at 72 °C for 5 minutes [16]. PCR
products were visualized by agarose gel electrophoresis

2.6. Agarose Gel Electrophoresis of PCR
Products
DNA samples are deposited in an agarose gel immersed
in a TBE buffer (Tris-Borate-EDTA) pH 8.3 and allowed
to migrate under the effect of an electric field (DNA is a
polyanion). DNA is visualized by adding midori (DNA
dye which fluoresces by being inserted between the DNA
bases). The speed depends on the size of the DNA
molecule. A size marker is used to determine the size of
the fragments. The concentration of the gel to be prepared
depends on the size of the gene to be visualized. 0.8%
Agarose Gel was used. The DNA samples were processed
before they were placed in the wells. For this, we used
the Midori and Buffer Dye. 5 microliters of PCR
Productswere mixed with 0.5 microliter of midori and 1
microliter of Buffer Dye. The tank was previously filled
with TBE buffer solution so that the gel is completely
immersed in the buffer. The gel was subjected at a voltage
of 100V for one hour. The gel was visualized under a UV
lamp, by fluorescence

2.7. Sequencing of PCR Products
The classical PCR products positive for the 16S genes
were purified using the NucleoFast 96 PCR plate
(Macherey-Nagel EURL, France) and sequenced using the
BigDye terminator chemistry on an ABI3730 sequencer
(Applied Biosystems, Foster City, California, United
States). The sequencing was carried out by electrophoresis
on a DNA analyzer 3730xl-Titania (Applied Biosystems)
using the same primers as those used for the amplification
by PCR of the genes coding for the 16S rRNA.

2.8. Analysis of Results

2.5.2.1. Designation of Primers
The gene coding for 16S rRNA is a molecular marker
widely used for the molecular identification of bacteria,
indeed it is very conserved. We used universal primers to
amplify the genes coding for RNA ribosomal 16S [16].

2.8.1. Statistical Analysis
We used Excel for the statistical analyzes, also to make
databases and draw the graphs related to the evaluation of
the growth and the enzyme production.
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2.8.2. In-Silico Analysis of Sequencesof Isolates
The sequences obtained were assembled using two
software programs (DNA Baser assembler and Codon
Code Aligner) and the results were compared for reasons
of reliability. Sequence analysis was carried out using the
basic local alignment search tool (BLAST) available
on the website of the national database, biotechnology
information center (http: // www.ncbi.nlm.nih.gov). The
translation of the nucleotide sequences into protein
sequences was carried out on SMS ORF Finder. The
protein sequences were aligned on CrustalW and by MEGA
BLAST a family of five programs that allow the
alignment of a new sequence with respect to a database.
This consists in comparing this request sequence with the
genomes existing in the databases in order to detect the
homologous sequences there. Statistical tests make it
possible to decide whether the alignment obtained is
significant and the results provided are classified in order
of reliability [17].
The BLAST program uses the algorithm developed by
[18] to search for similar segments between a query
sequence (or "query" sequence) and all of the sequences
present in the nucleic or protein bank. The sequences are
classified according to a "score" which depends on the
homology with the request sequence, the size of the bank
and the value of the "E-Value". The smaller it is, the
greater the homology between the request sequence and
that of the bank [17].
Determination of the bacterial species
After BLASTn analysis of the nucleotide sequences, the
identification of the genus or species is carried out
according to the following criteria [19,20].
- If the comparison of the sequence obtained with
a sequence of a classified reference species yielded
percentages of similarity ≥99%, the unknown

isolate will be assigned to this species;
If the percentages are between 97% and 99% the
unknown isolate will be assigned to the
corresponding genus;
- If the percentages are ≤97%, the unknown isolate
will be assigned to a family.
Phylogenetic and molecular evolutionary analyzes were
carried out using MEGA version 7 [21].
-

3. Results
3.1. Enumeration
Table 2 below shows the enumeration of
microorganisms. The total flora is enumerated on the PCA,
bacteria of the genus Bacillus are enumerated on Mossel
medium.
This table shows that both for the total flora and for
bacteria of the genus Bacillus the microbial mass varies
from one sample to another. For the total flora, the most
important microbial mass is found in the squash samples
from the Tsiémémarket. As well as bacteria of the genus
Bacillus.

3.2. Phenotypic Characterization of Isolates
Only the strains isolated from the Mossel medium were
retained for the rest of this work. A total of 60 isolates
were characterized. The microscopic examination made it
possible to distinguish variable characteristics. Two forms
of bacteria have been characterized, Cocci and rods. Rod
shapes are more abundant than spherical shapes. They are
predominantly gram positive, although some gram
negative bacteria have been found, catalase positive and
negative.

Table 2. Enumeration of microorganisms in the different squash samples
Mediums

Total market
(3,5 ±1,16) 106UFC /g
(5,2±0,12)107UFC /g

Mossel
PCA

Samples
Moukondo market

Tsiémé market

(4,01 ±0,85) 106UFC /g
(1,73 ±0,16)107UFC /g

(8,96 ±0,60) 106UFC /g
(9,43 ±1,06)107UFC /g

Table 3. Phenotypic characteristics of the isolates
Sample

O5

Strain code
SPO5 1
SPO5 2
SPO5 3
SPO5 4
SPO5 5
SPO5 6
SPO5 7
SPO5 8
SPO5 9
SPO5 10
SPO5 11
SPO5 11’
SPO5 12
SPO5 13
SPO5 14
SPO5 14’
SPO5 16
SPO5 17

Bacterial form
Bacille
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus
Bacillus

Test of KOH à3%
+
-

Test of catalase
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Mobility
+
+
+
+
+
+
+
+
+
+
+
+

Sporulation
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
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SPO518

SPO2

T1-2

Sample

Sampleof Moukondo
market

Sample of
Total market

Bacillus
SPO2 1
Cocci
SPO2 2
Bacillus
SPO23
Bacillus
SPO2 5
Bacillus
SPO2 6
Cocci
SPO2 7
Cocci
SPO2 9
Bacillus
SPO2 10
Bacillus
T1-2 1
Bacillus
T1-2 2
Bacillus
T1-2 3
cocci
T1-2 4
cocci
T1-2 5
Cocci inchain
T1-2 6
Cocci en chain
T1-2 7
Bacillus
Strain code
bactérialform
CMK 1
rod
CMK 2
rod
CMK 3
Cocci
CMK 4
rod
CMK 5
Cocci
CMK 6
Cocci
CMK 7
rod
CMK 8
rod
CMT 1
Cocci
CMT 2
rod
CMT 3
rod
CMT 4
rod
CMT 5
rod
CMT 7
Cocci
CMT 9
rod
CMS 1
Bacillus
CMS 2
Bacillus
CMS 3
Cocci
CMS 4
Bacillus
CMS 5
Bacillus
CMS 6
Bacillus
CMS 7
Bacillus
CMS 8
Bacillus
CMS 9
Bacillus
CMS 10
Bacillus
CMS 11
Cocci

-
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+

+
Test of KOH à3%
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
Test of catalase
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

-

+
+

+
+
+
+
+
Mobility
+
+
+
-

-

+
+
+
+
+
+
+
+
+
+
Sporulation
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

3.3. Storage of Isolates

3.4.2. Evaluation of the Production of Proteolytic
Enzyme

A total of 45 isolates were kept from all samples. The
respective number of isolates kept per sample is as
follows: 26 isolates for samples from the total market, 5
isolates for samples purchased from the Moukondo market
and 14 isolates obtained for samples from the Tsièmé
market.

Here the evaluation of the production of proteolytic
enzyme is made simultaneously with the growth, the
growth is expressed by the OD and the production of
enzyme in diameter of the clear halo.
Figure 2 shows the optical densities of the different
isolates of bacteria of the genus Bacillus isolated from
squash. Note that the values of optical densities vary
from one strain to another. The ASM1 strain followed by
SPO14 and SPO14 ’show the best growth.
Figure 3 shows the production of proteolytic enzymes
from squash strains. The production is observed in all the
Bacillus strains used with the exception of the strain K12
(negative control). The production of enzymes is higher in
CRK, followed by CMS2 and ASM5, SPO5 15 and CMS8.
The smaller enzymatic production is in CMS 12 and
SPO2 5.

3.4. Proteolytic and Fibrinolytic Enzyme
Production by the Isolates
3.4.1. Demonstration of Proteolytic and Fibrinolytic
Enzymes Production
Figure 1 below shows that the isolates were found to be
strongly proteolytic by giving a broad, clear and very
visible halo, the size or diameter of the halos is variable.
The translucent spot is used as an indicator of the production
of the proteolytic enzyme
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Figure 1. Proteolytic halo of different isolates(A with fibrine B and C with casein)

Figure 2. Profile of Optical Densities (OD) of the different isolatesof squash.

Figure 3. Histogram of the enzymatic production of the different isolates of squash (Casein)
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M: 2-log DNA ladder size molecular marker

3.5. Molecular Identification of Isolates
Isolates with proven proteolytic and fibrinolytic enzyme
production by hydrolyzing fibrin and casein were identified
by 16S rDNA PCR and sequencing
3.5.1. Agarose Gel Electrophoresis to PCR Products of
Genes Coding for 16S Rrna in Isolates
Figure 4 shows the electrophoresis of the 16S gene PCR
products, each isolate has a DNA band of approximately
1500 bp.
From S1 to S36 are the DNA bands of the different
isolates of squash

3.5.2. Results of the BLASTn Bioinformatics Analysis
of the Nucleotide Sequences of the 16S rRNA
Genes of Isolates Having Fibrinolytic
Activity
We used Blatn results for the identification via NCBI /
GenBank isolates of squash for the rRNA16S gene.
Different parameters of Blast such as Max score, Total
Score, E. value and the percentage of similarity were used
to identify the equivalent of the query strain in Gen Bank
with the accession numbers Table 4 is showing the
identification of the isolate according to the sequencing
Code.
Except the Bacillus sp with the similarity at 95% the
genus, all percentage similarities are comprise between
97%-100%.Fifteen bacteria of Bacillus-genus have been
identified by the 16SrRNA gene sequencing.

Figure 4. 0.8% Agarose gel electrophoresis of the PCR products obtained after amplification of the gene encoding 16S rRNA.
Table 4. Correspondence between the codes of the working isolates, the sequencing code and the strains identified by the rRr16S.
isolates Code
SPO5 12
SPO5 4
SPO5 14’
SPO5 7
CMS 2
SPO5 14
T1-2 7
T1-2 1 1
SPO5 5
CMS 12
CMS 6
CMS 5
CMS 4
CMS 8
CMk 2

Sequençing Code % of similarity
With the Equivalent
In GenBank
29 95%
4 95,52%
21 99,30%
15 99%
17 100%
14 97%
2 99%
1897.22%
897%
1999.30%
798.64%
1399%
2399.80%
598.59%
27 97%

Identification
Bacillus Sp ASM55
Bacillus Sp ASM 18
Bacillus velezensis ASM 12
Bacillus subtilis strain ASM1
Bacillus subtilis strain ASM4
Bacillus megaterium strain ASM2
Bacillus pumilusstrain ASM5
Bacillus subtilis strain ASM3
Bacillus Sp. ASM 16
Bacillus subtilis ASM 21
Bacillus Sp CRK
Bacillus subtilis strain ASM6
Bacillus amyloliquefaciens ASM10
Bacillus Sp ASM44
Bacillus sp ASM 7

14
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Figure 5. Proportion of isolated species

3.5.3. Distribution of Isolates by Species after
Sequencing and Bioinformatics Analysis
Sequencing of the gene encoding 16S rRNA has allowed
to identified some isolates. Of the 15 isolates analyzed on
the Blast database, we counted:6 (40%) Bacillus sp ; 1
(6,66 %)Bacillus amyloliquefaciens; 5 (33,33%)Bacillus
subtilis; 1 (6,66 %) Bacillus pumilus; 1 (6,66 %) Bacillus
megaterium; 1 (6,66 %) Bacillus velezensis; 1 (6,66 %).
The Figure 5 shows that the bacteria belonging to the subtilis
species are the predominant microorganisms (33.33% of
isolates).
Five of the strains identified by 16S rRNA sequencing
have been submitted to GenBank, Table 5 shows the
different strains and their accession number on Gen
BanK

The 16S molecular marker rRNA makes it possible to
show a high degree of similarity between homologous
sequences.
Analysis of this figure clearly shows that there are areas
where the nucleotides have been highly conserved. However,
some areas are less similar. by the fact that some indels
have been eliminated with the BioEdita program in order
to allow a good alignment of the sequences for a possible
construction of the phylogenetic tree. The presence of
hypervariable regions of the 16S rRNA gene provides
information specific for the species, and therefore very
important for the identification of the latter.
This figure shows that this gene is very conserved and
allows the identification of the species and the genus.

3.7. Phylogenetic Analysis
Table 5. strains identified and their Accession number in GenBank
Identifystrain

Accession number inGenBank

Bacillus subtilis strain ASM1

MK193815.1

Bacillus megaterium strain
ASM2

MK207437.1

Bacillus subtilis strain ASM3

MK207434.1

Bacillus subtilis strain ASM4

MK207436.1

Bacillus pumilusstrain ASM5

MK207435.1

3.6. Alignment of the Nucleotide Sequences of
the Genes Coding for the 16S Rrna
Figure 6 shows the multiple alignment of different 16S
rRNA gene sequences from strains of Bacillus bacteria
isolated from squash. This alignment was done using
BioEdiot software.

Figure 7 shows the phylogenetic tree constructed from
the nucleotide sequences of the genes coding for the 16S
rRNA of bacteria of the genus Bacillus isolated from
squash. The counterparts were downloaded in FASTA
format via GenBank. The alignment of all the sequences
(query sequences and homologs) was done by the BioEdit
program. The phylogenetic tree was produced using MEGA
version 7 [21]. We used Clostridium tetani NCTC 279 as
the outdoor group. Clostridium tetani is a bacterium
similar to the genus Bacillus, because they share a certain
similarity but do not belong to the same phylogeny group
These sequences were aligned using BioEdit software
version 7.0.5.3
Evolutionary relationships of taxa
The analysis involved 28 nucleotide sequences. Codon
positions included were 1st + 2nd + 3rd + Noncoding. All
positions with gaps and missing data have been
eliminated. There were a total of 143 positions in the final
dataset. Evolutionary analyzes were carried out in
MEGA7 [21].
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Figure 6. part of the Multiple Alignment of genes encoding 16S rRNA in 24 strains including 9 homologous sequences uploaded to GenBank and 15
request sequences from strains isolated from squash
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0.00
0.00

0.00

Bacillus Sp CRK 29

0.00

B. subtilis ASM21

0.00

0.00

MK193815.1 B. subtilis ASM1

0.00

0.00

MK207436.1 B. subtilis ASM4

0.00

0.00

MK207434.1 B. subtilis ASM3

0.00

0.02

JX683721.1 B. subtilis
0.00

0.02

0.00

0.00

B. amyloliquefaciens ASM10
MK156314.1 Bacillus amyloliquefaciens strain LULU2

0.00

MK207435.1 B. pumilus ASM5

0.00
0.02

0.03

0.00

0.00
0.00
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Figure 7. Phylogenetic tree constructed from the alignment of the nucleotide sequences of the genes coding for the 16S rRNA of bacteria of the genus
Bacillus isolated from squash.

4. Discussion
We found the microorganisms in our food cooked
squash wrapped in leaves. The presence of various
bacteria in any food (fermented or unfermented) has
already been reported [22]. The count on the squash
samples (Table 1) shows that the microorganisms are
present in the three (3) samples and that the number varies
from one sample to another (see Table 1). Our results
are similar to those of [23]. Who, working on another
food, the fermented chili pepper also showed that the
microorganisms varied in number from one sample to
another.
A total of 60 isolates were characterized. The
microscopic examination made it possible to distinguish
variable characteristics. Two forms of bacteria have been
characterized, coccis and rods. Rod shapes are more
abundant than spherical shapes. They are predominantly
gram positive, although some gram negative, catalase
positive and negative bacteria have been isolated. In this
present work we have retained only the strains which have
been isolated with the Mossel medium. The microbial
mass of bacteria of the genus Bacillus respectively of the

three samples is as follows: 3.5 ± 1.16.106 CFU / g for the
sample of the total market, 4.01 ± 0.85 106 CFU / g for
that of the Moukondo market and finally 8.96 ± 0.60.106
CFU / g for the sample bought at the Tsèmémarket. There
is variability in the microbial mass from one sample
to another. This variability could be due to hygienic
conditions. These results are almost similar to those
published by [23] but who worked on a fermented food.
The presence of bacteria of the genus Bacillus in
fermented foods has already been reported [21,24,25].
Therefore these isolates have been called Bacillus
Sp. The presence of the genus Bacillus in food is not
surprising, since several studies have reported their
presence although most studies have been carried out on
fermented foods, it is the case de du NtobaMbodi in
Congo Brazzaville [21,26,27], Ugba in Nigeria [28] for is
quoted only that.
The purpose of this study was to molecularly identify
bacteria belonging to the genus Bacillus present in squash.
Amplification and sequencing of the gene encoding
the 16S rRNA have made it possible to identify five
(5) species of bacteria of the Bacillus genus: Bacillus
subtilis, Bacillus megaterium, Bacillus pumilus, Bacillus
amyloliquefaciens, Bacillus velezensis. This for six (6)
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islets, the species of which has not been determined due to
their low identity rate.
Aligning the nucleotide sequences of genes encoding
16S rRNA allowed us to build the phylogenetic tree
(Figure 7). The results of the sequencing of the gene
encoding the 16S rRNA shows a close relationship
between the different isolates. The arrangement of the
branches clearly shows that this tree is divided into
two groups: a group containing the genus Bacillus
which shares a common ancestor and the external group
represented by the strain Clostridium tetani belonging to
the genus Clostridium which illustrates well the filiation.
The arrangement of the branches in the first part of the
tree informs us that the strains are distant from each other
in relation to the genus, but this remains very criticized in
relation to the corresponding species.
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5. Conclusion
This work consisted in characterizing on a molecular
level the strains of the genus Bacillus of fibrinolytic
character isolated from squash. A total of 60 isolates were
phenotypically characterized. The study on the demonstration
and evaluation of the production of fibrinolytic enzyme
showed that these strains have a potential to produce
bioactive molecules (protease). Of the 12 strains tested, all
of them generated an interesting proteolysis halo.
15 have been identified on the molecular level, the
multiple alignment of their rDNA16S sequences has
shown that these sequences are very homologous, the
phylogenetic tree has confirmed the consistency of the
monophyletic group of Bacillus.
The result thus obtained makes it possible to confirm
that there is the presence of a proteolytic activity in the
squashes.
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