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Abstract

The overall aim of this paper was to divulge the pathogenic and beneficial bacterial flora of cockroaches
(Blatta orientalis) living in a hospital area in Annaba city, Algeria. Thirteen cockroaches were randomly
apprehended in sterile conditions during March 2022 in two different hospitals in Annaba, “El Bouni”
Hospital and the “Sainte-Therese” Hospital. Bacterial strains were isolated from the imprint of the insect
on Petri dishes previously inoculated with different media, also from external and internal body part
suspensions of the captured specimens. Biochemical identification was established using the analytical
profile Index (API) System (Biomerieux, France). The identification of the enteric-screened strain was
confirmed using molecular sequencing of the 16S rRNA gene and phylogenetic analysis was performed.
The results showed a high prevalence of the pathogenic strains isolated from the oriental cockroach
Blatta orientalis (225 strains), such as Serratia liquefaciens, Raoultella ornithinolytica, Pseudomonas
luteola, Enterobacter aerogenes, Hafniaalvei and Bacillus sp. Phylogenetic analysis of the enteric
bacteria confirmed the affiliation with Shimwellia blattae NCTC10965 (100%), Basonym Escherichia
blattae, which is a natural cyanocobalamin producer. Results confirm at the same time the symbiotic
relationship between S. blattae and Blatta orientalis, but also point out the underrepresented potential
of these insects as a source of strains with biotechnological interest.
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INTRODUCTION

Cockroaches are the most tenacious
and hateable non-biting insects living in hotels,
restaurants, hospitals and residential buildings.
They are prevalent in hot and humid places
especially in kitchens, toilets, drainage systems,
even sewers, and in most public places and
households.*

Blatta orientalis and Blatella germanica
are the most common species found in Algeria.>?
These pests probably have survived on earth for
more than 300 million years because of their
behaviours and lifestyles. They eat garbage,
rotting food and even the faecal waste of other
cockroaches. They transmit contaminants to food,
surfaces and all the places they pass through.*

Wild insects such as cockroaches are
linked to bacteria at various levels and rates,
ranging from simple contaminants due to their
swiftly move on surfaces®; entomopathogens,®®
or endosymbiotic bacteria typically living inside
specialised organs.®

Symbiotic relationship between bacteria
and cockroaches are widespread conferring them
the ability to recycle nitrogen and provide lacking
nutrients like amino acids.’® Some studies have
reported the biotechnological properties of the
cockroach’s gut microflora.’*3

On the one hand, recent studies confirm
that these insects are a source of pathogenic
bacteria.®®> On the other hand, few studies
investigate the ability of symbiotic bacteria to
produce metabolic product that have medical and
industrial benefits.*

Shimwellia blattae, basonym Escherichia
blattae by Burgess et al., was first reported as
a symbiotic Gram-negative aerobic bacterium
associated with cockroaches isolated from the
gut of Blatta orientalis.*® This strain is also known
for its production of vitamin B12 also named
cyanocobalamin wich is a widely used vitamin
in the medical and food industries, essential for
normal human health to avoid some serious
pathologies such as the syndrome pernicious
anaemia and neural tube defects. Its biosynthesis
can only occur in few bacteria and archaea and
may involve up to 30 different enzyme-mediated
steps.’®

S. blattae has proved to be a producer
within aerobic pathways by a genetic organization
named the cob operon, which showed a
considerable similarity with genes from Salmonella
enterica serovar Typhimurium.'” A few years ago,
engineers focused their effort on Escherichia
coli as a platform for biotechnology. However,
the enteric bacteria S. blattae constitutes a non-
pathogenic interesting alternative as a native and
standard producer of vitamin B, by its biochemical
pathways.8

Thus far, cockroaches’ microflora has
not been studied and S. blattae has not been
isolated from insects in Algeria. Therefore, this
paper aimed to reveal and distinguish the bacterial
flora from the external and internal parts of the
oriental cockroach isolated from hospital care
unit in Annaba city, Algeria and to expose these
insects as an underrepresented source of strains
with biotechnological properties.

MATERIALS AND METHODS

Capturing the cockroaches

Cockroaches were captured in two
different places in Annaba city (Algeria), “El-Bouni”
and “Sainte-Therese” hospitals. The sampling was
performed during a six-day period in March 2022
after a chemical treatment of all hospital institutes
in the city. The remaining alive specimens
were randomly caught in sterile conditions and
transported to the laboratory for identification up
to species level using the published keys.**?°

Isolation and identification of bacteria

Each specimen was briefly maintained in
the freezer and then directly placed in Petri dishes
containing different culture media (MacConkey,
Hecktoen, Nutrient agar, Chapman and EMB
agar) to obtain the imprint of the cockroaches.
Subsequently, dissection was performed using
dissection set instruments to separate each part
of the cockroach (head, leg and abdomen) into test
tubes containing 1ml sterile physiological water
and homogenised with a vortex. Suspensions of
each specimen were inoculated in the above-
mentioned media according to Mehainaoui et al.?
Plates were incubated at 37°C for 24 to 48 hours.
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Pure culture isolates were identified using the
analytical profile Index (API) system (Biomerieux,
France).

Molecular identification of the enteric bacteria
Molecular identification was carried out
on the non-pathogenic Gram-negative enteric
bacteria isolated from the gut of B. orientalis.
Genomic DNA was extracted from the previously
identified isolate by a commercial DNA extraction
kit (Solis Biodyne, Estonia). PCR amplification was
achieved using the primer set of 16S rRNA gene
(27F: 5" — AGA GTT TGA TCC TGG CTC AG — 3’ and
1492R: 5'- CCG TCA ATT CCTTTG AGT TT- 3').%
The PCR reaction mixture contained
50ul of master mix (1.25 U Hot Start Tag DNA
Polymerase (Solis Biodyne, Estonia), 25-50 ng/ul
of DNA template, 0.3uM/ul of each primer, 1.5
UM magnesium chloride (Solis Biodyne, Estonia),
made up to 50pl reaction volume with distilled H,0.
The PCR cycles ran as follows: Initial denaturation
at 94°C (12 min), denaturation at 94°C (1 min),
annealing at 55°C (1 min) and extension at 72°C
(1 min). The amplification was repeated for 30
cycles followed by a final extension at 72°C (7 min).
PCR was conducted using a thermocycler (iCycler

41

Bio-Rad, USA). The DNA concentrations were
checked using a Nanodrop Spectrophotometer
(NanoDropTM 2000, USA).

For agarose gel electrophoresis: the
PCR product was separated into a 1.5% agarose
gel (Sigma-Aldrich, USA). A one hundred base
pair (100 bp) DNA ladder (Solis Biodyne, Estonia)
was used as the DNA molecular weight markers.
Electrophoresis was done at 80 V for 1 h 30 min,
and the gel was viewed under UV light after
staining with Midori Green Advance (Nippon
Genetics, Japan) and inspected with a UV
transilluminator.

DNA sequences were then aligned using
MEGA 7.0.%2 The unrooted phylogenetic tree was
made using the maximum likelihood analyses of
the closely related strains of the Genbank Blast
(bootstrap =1000 replicates).

RESULTS

During the sampling,thirteen specimens
were found alive in both locations: the hallways
of the “Sainte-Therese” Hospital, and the nursery
service of “El-Bouni” Hospital.

. LR133996.1:989904-990849 Shimwellia blattae strain NCTC10965

NR 114286.1:452-1397 Shimwellia blattae strain NBRC 105725

NR 074908.1:478-1423 Shimwellia blattae DSM 4481 = NBRC 105725

2 L NR 116478.1:452-1397 Shimwellia blattae DSM 4481 = NBRC 105725

NR 116602.1:429-1374 Shimwellia blattae DSM 4481 = NBRC 105725

NR 118256.1:470-1415 Shimwellia blattae DSM 4481 = NBRC 105725

CP001560.1:991777-992722 Shimwellia blattae DSM 4481 = NBRC 105725

LR134215.1:992868-993813 Shimwellia blattae strain NCTC12127

CP001560.1:3245929-3246874 Shimwellia blattae DSM 4481 = NBRC 105725

KP776467.1:441-1386 Shimwellia blattae

FJ492809.2:430-1375 Shimwellia pseudoproteus

NR 116604.1:430-1375 Shimwellia pseudoproteus

Figure. The unrooted phylogenetic tree showing the relationship of the identified strain Shimwellia blattae with
other members of the Genbank. The tree was established using the maximum likelihood method, based on the
partial 16S rRNA gene. Bootstrap values results from 100 replications
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Table. Origin and percentage of the pathogenic flora
isolated from B. orientalis

Strain
percentage

Origin Species

44% Serratia liquefasciens
Pseudomonas luteola
Enterobacter aerogenes
Staphylococcus aureus
Bacillus sp.
Streptococcus sp.
Raoultella ornithinolytica
Hafnia alvei
Staphylococcus sp.
Klebsiella oxytoca
Bacillus sp.
Streptococcus sp.
Serratia marcescens
Staphylococcus aureus
Staphylococcus sp.

Imprint

Abdomen 31%

Legs 19%

Head 6%

The collected specimens were identified
as eight males B. germanica; two cockroaches
were identified as B. orientalis, with one adult male
and one adult female, one adult male Periplaneta
americana and one adult male Supella longipalpa.

Of all those insects, a total of 225 strains
were isolated from the imprint and the external
and internal body parts of the cockroaches. Most
of the isolates were Gram-negative bacilli (GNB)
(188 isolates), five Gram-positive bacilli (Bacillus
sp.), thirty-three isolates were Gram positive Cocci
of which thirty Streptococcus sp. and three isolates
were identified as Staphylococcus aureus.

On this basis, as shown in Table, thirty-
two isolates were isolated from the two B.
orientalis. Fourteen (44%) were from the imprint,
two (6%) from the head, six (19%) were isolated
from the legs and finally ten(31%) isolates were
found in the gut of the specimens. Results of the
screening with the API system (Table) allowed the
identification of various pathogenic bacteria such as
Staphylococcus aureus, Raoultella ornithinolytica,
Serratia liquefasciens, Enterobacter aerogenes,
Pseudomonas luteolla and Hafniaalvei.

The successfully amplified 946 pbrDNA
fragment shared 100% similarity with S. blattae
and phylogenetic analyses (Figure) confirmed
that the enteric isolate belongs to S. blattae

previously named Escherichia blattae by Burgess
etal.,”® a strain known as a natural cyanocobalamin
producer.

DISCUSSION

In Algeria, several studies reported the
German cockroach as the most abundant cockroach
in the urban and hospital environment,?323
while little data are available about the oriental
cockroach B. orientalis.

When effectively utilised, chemical
treatment (pesticides) can control pest infestations.
Still, the random use of those toxic molecules
constitutes an obvious risk for the medical staff
and vulnerable patients due to the chemical and
toxicological effects they possess.*

To describe the significance and the role of
bacteria associated with hospital cockroaches; this
study reported the isolation of many pathogenic
bacteria that can induce a real contamination risk
of surfaces and food. Most studies on cockroach-
associated bacteria brought on the evidence
that those insects carry pathogens and resistant
bacteria.>>?

However, this study led to the isolation
and identification of S. blattae from the imprint
(on the Petri dish) and the gut of the oriental
cockroach. The non-pathogenic enteric bacterium
known as a cobalamin producer seems to provide a
real opportunity for biotechnological exploitations.
This is the first report of symbiotic strains related
to cockroaches with biotechnological interest
in Algeria. Recently, a few authors reported
the biological properties of gut bacteria from
cockroaches, considering these insects as a new
source of metabolites of interest.'?1426

Cyanocobalamin is one of nature’s
most interesting biomolecules with two roles; it
is a cofactor for two enzymes, the methionine
synthase and the methylmalonyl-CoA mutase. In
humans, B12 deficiency impedes the formation
of methyl groups causing severe pathologies like
abnormal brain development and pernicious
anaemia.'® Cobalamin biosynthesis is only
present in a few prokaryote strains, involving two
alternative pathways, de novo and the salvage
pathway.”

The genome of the enteric bacterium S.

Journal of Pure and Applied Microbiology

www.microbiologyjournal.org



Benouagueni et al | J Pure Appl Microbiol. 2023;17(4):2250-2255. https://doi.org/10.22207/JPAM.17.4.22

blattae revealed the pathways of the B12 and B12-
dependant reactions with a potential gene transfer
from S. enterica serovar Typhimurium. The strain
showed a critical similarity of the 20 genes that
are mainly clustered in a single operon, the cob
operon. While S. blattae produce Vit B, de novo
in both aerobic and anaerobic conditions.'’

The isolated enteric bacteria was
previously classified as Escherichia blattae by
Burgess et al,*® isolated from the hindgut of the
oriental cockroach Blatta orientalis captured
from wild sources, the strain was identified with
the following reactions: acid production from
lactose, positive mannitol, indole negative but the
gluconate was positive compared to E.coli.*®

The genus Shimwellia gen. nov. was
established by further detailed taxonomic
investigations, especially DNA-DNA hybridization
studies that provide the evidence of two biogroups
of the Obesumbacterium proteus strains that was
first isolated by Shimwell et al.?® and wrongly
classified as Flavobacterium proteus. Investigations
subsequently revealed two distinct groups in O.
proteus, the biogroup 2 shared 93% similarity with
E. blattae. This led to the assimilation of all these
strains into a new genus named Shimwellia gen.
nov.?

CONCLUSION

Cyanocobalamin is a very important
vitamin for humans,and its biosynthesis is
limited to few bacterial strains. While engineers
have focused on traditional strategies like
mutagenesis of E. coli and other known bacteria,
itis also imperative to provide strains with natural
metabolic systems such as S. blattae. Homology
in the genome organization of the cob operon of
S. blattae and S. enterica serovar Typhimurium was
provided in previous study, confirming the novo
synthesis of vitamin B .

In this study, we report the isolation and
the identification of the enteric non-pathogenic
bacterium S.blattae basonym E. blattae, a vitamin
B,, producer from B. orientalis isolated from
hospital care units of Annaba, Algeria. Symbiotic
bacterial species isolated from insects such as
cockroaches deserve to be studied for their
biotechnological applications and metabolic
pathways.
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