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Introduction: European honey bees (Apis mellifera) are the most important pollinator insects that play vital
role in maintenance of all most all life forms on earth. However, over the last decade major concerns have raised
due to decline in the population of these insect species. A variety of factors have been responsible for these
concerns of which the most important is honey bee bacterial diseases like Nosemosis (Nosema), American and
European foulbrood diseases. While, overuse of antibiotics utilized for the treatment and control of these diseases
has resulted in the emergence of antibiotic resistant strains of these pathogens. Probiotics have been considered a
suitable substitute of antibiotics in human and animals. In last several years, lactobacillus species isolated from
honeybees have been considered of significance in enhancing the life span of honeybees by reducing the incidence
of bacterial and viral infections in these tiny insects. Among the isolated microbes in the gut of honeybees, Lactic
Acid Bacteria (LAB) are of utmost importance showing direct impacts on the health of their host by modulating
the gut microbial flora and are termed as Probiotic bacteria.

The objective of this research was to isolate and identify LAB from different parts of the intestinal tract of
honeybees Apis mellifera and to characterize their probiotic properties.

Materials and Methods: Twenty-four honeybees collected from the hives located in the city of karaj were
analyzed for the presence of LAB species. The stomach contents of honeybees were inoculated into MRS broth,
incubated at 37°Cfor 48 hrs. The obtained colonies were purified and identified to species levels phenotypically
and geno-typically. Hemolytic activity and sugar fermentation reactions of the isolates were recorded and later
subjected 16SrRNA sequencing using a pair of universal primers. The identified isolates were evaluated for their
viability in acidic conditions at pH 2.5, 3.0, 4.0 and 6.5 at different time intervals. Bile resistance of the isolates
was tested by culturing the isolates in the presence of different concentrations of the said salts (0.5, 0.7 and 1%).
Survival of LAB isolates in simulated gastric and intestinal conditions containing different enzymes and bile salts,
antibacterial spectrum against a number of gram positive and gram-negative pathogens by agar well diffusion
assay, and their in vitro colonization ability (aggregation, co-aggregation and hydrophobicity percentages) were
evaluated. The results were analyzed statistically.

Results and Discussion: Twenty nine gram positive, catalase negative and non-hemolytic colonies were
isolated from 24 honeybee samples. Among these, only 7 colonies showed enhanced antibacterial activity and
were selected for further studies. Based on phenotypic characteristics, sugar fermentation reactions and 16S rRNA
sequencing the isolates were identified as Lactobacillus acidophilus (1), Lacticaseiobacillus casei,
Lactiplantibacillus plantarum (2), Lactobacillus apis (1), Enterococcus faecium (1) and Pediococcus acidilactici
(1). During probiotic characterizations, the identified isolates were shown to retain their viability in acidic
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conditions and resisted pH 2.5, 3 and 4 for more than 4 hrs. However, slight decrease in viability at pH 2.5 and 3.0
was observed, compared to pH 4.0 and above. All isolates appeared bile resistant and tolerated all used
concentrations of bile salts during 8 hrs of incubation. Survival rate of the isolates in simulated intestinal conditions
was significantly (p<0.05) greater compared to simulated gastric conditions indicating greater stability of the
isolates to alkaline conditions rather than to acidic conditions. L.acidophilus and E.faecium showed least resistance
in gastric conditions and their growth rate was decreased more than 50% under said conditions. In contrast, the
growth rate of these two isolates was highest in simulated intestinal conditions as they resisted these conditions
for more than 24 hours. The isolates demonstrated antibacterial affect against a number of tested pathogens
including Listeria monocytogenes, Escherichia coli, Enterococcus faecalis and Streprtococcus mutans. The auto-
aggregation, and cell surface hydrophobicity percentages of L.casei appeared highest compared to other tested
Lactic Acid bacteria in study (p<0.05), while, L.apis showed the highest co-aggregation with S.typhi strain.
P.acidilactici possessed the least auto-aggregation (46%), co-aggregation (10%) and hydrophobicity (43%)
percentage. Auto-aggregation ability appeared directly related to hydrophobicity percentages and isolates showing
high aggregation ability also showed high hydrophobicity %.

Conclusions: In conclusion, honeybee gut appeared a reservoir of LAB with probiotic potential. It is suggested
that further studies should be conducted in order to determine the health benefits of these LABs in honeybees, with
especial emphasis on their ability to prevent honeybee diseases.
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Figure 3 — Antibacterial activity demonstrated by the isolates against pathogens in agar well diffussion assay
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Table 2- Antibacterial activity of lactic acid bacteria against pathogenic bacteria (mm)

P P J .u/
ol by STy OB
Indicator Strains L. acidophilus ~ L.casei L.plantaru L.plantaru L.apis red :
ml m2 acidilactici  faecium
HBlapal
E.coli 27+102 21+10°2 32+122 15+6° 26+122 15+1082 31+102
ATCC11775
paels x5y
E. faecalis 28+112 18+62 16+82 12+72 15+92 14+72 21+92
IBRC-M10740
Fifgiepige byl
L.monocytogenes 24+122 28+5?2 26+122 18+1082 19482 15+72 28+122
RTCC1298
ligiejapil wligag g
Ps.aerouginosa 14492 14442 19492 17+72 1672 154+92 .
ATCC 25668
A5 Dl Al
S.typhimurium 28+8° . 12452 14+62 . 29+118 27+122
RTCC 1679
essl sS s phslul
Staph. aureus . 24162 2672 24472 20+52 18.3+92 22+102
RTCC 1112
orilize S 5S pi
Strep.mutans 28467 28+10° 25+10° 1245 15467 28+11° 18+10°
IBRC-M10682
K.pneumoniae 12472 16+32 18+62 . 19482 19462 16452
PTCC 1053
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Small alphabetical letters in the column shows significant differences between isolates (p < 0.05)
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Figure 4 - PCR pattern using Universal primers 27F/1492R and observing a DNA band of 1500 bp
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Figure 5- Resistance of isolates to different pH at different time intervals
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Table 3- Resistance of selected isolates in simulated gastric conditions

R value
. sl posS el
Time LosY LosY LY LY ) .
(min) o S by ’J o }j e S paeld s 355,5
phatus L casei ! paplidt ¥ paslid o/ Ped E. faecium
L. acidophilus L.plantaruml L.plantarum2 L.apis T
Acidilactici
0 0.9240.15% 0.89+0.12bA 0.82+0.298 0.9440.11%~ 0.8740.312A 0.93+0.1134 0.9140.30%
10 0.7240.13% 0.6040.16%A 0.62+0.168 0.914+0.29%4 0.5140.18% 0.94+0.1134 0.92+0.19%
20 0.59+0.1634B 0.20+0.05% 0.45+0.122A8 0.84+0.18%8 0.284+0.09%4 0.91+0.26%8 0.86+0.1228
30 0.68+0.132ABC 0.31+0.198 0.51+0.122A8 1.1440.25%C 0.244+0.12%A 0.874+0.1638C 0.83+0.182BC
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Table 4- Resistance of selected isolates in simulated intestinal conditions
R value
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oskptes] L.casei ! Pk Fa% L.apis Ped. E. faecium
L. acidophilus L.plantaruml L.plantarum2 o
Acidilactici
0 0.84+0.213A 0.91+0.25% 0.92+0.128A 0.92+0.25%A 0.91+0.2634 0.90+0.19+24 0.8+0.312A
4 0.81+0.15% 0.95+0.228A 0.94+0.18% 0.914+0.29%A 0.87+0.163 0.93+0.243A 0.81+0.213
8 0.97+0.228A 0.97+0.328A 0.99+0.328A 0.97+0.16%A 0.89+0.28% 0.96+0.1238A 0.85+0.19%
12 1.26+0.192bA 1.1140.2684 1.2140.26%4 1.38+0.1620A 1.42+0.25%0A 1.1140.19%A 0.92+0.14%A
24 1.60+0.2808C 1.35:+£0.212ABC 1.23+0.182AB 1.524+0.21PABC 1.76+0.19C 1.14+0.15%A8 1.0140.19%A
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Table 5- Results related to auto-aggregation, co-aggregation and hydrophobicity of isolates

s SL gl e by (S S oy s Lo

Auto aggregation % Co-aggregation % Hydrophobicity%
mﬁ’ ;;” é‘;;ﬁf:f Y 60.65+25.312 13.3449.21¢ 54 7541 562
wgféi;b =~ 84.91+30.15% 15.66+8.23 68.43:£23.182
' ’iﬁ:ﬂg r’j; 41,{:/ 55.87+12.34° 16.32410.12¢ 59.28+34.18°
r”’f[;f:nﬁﬁf Y 55.19+21.34% 17.28+8.322 59.17+29.142
M[f;bﬁéﬁy 74.49+34.45 22.76+12.19 65.37+34.15
w:;j;:;ﬁjw 46.91+17.362 10.81+6.182 43.21+20.15°
ﬁx;i;;iﬁi’y/ 69.89::34.24 14.42+7.122 66.26+32.18°
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Small alphabetical letters in the column shows significant differences between isolates (p < 0.05)
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