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Background: Honey has been known as a traditional medicine for centuries with its antibacterial properties. It is considered
one of the most enduring substances used in wound management.
Objectives: This study aimed to: (i) evaluate the effects of Malaysian Trigona honey on bacterial structure and (ii) assess
the anti-virulence potential of this honey by examining their impacts on the expression of selected genes (involved in stress
survival and biofilm formation) in a test organism.
Materials and Methods: Trigona honey’s impacts on the bacterial structure (cell morphology) and the expression profiles
of select Pseudomonas aeruginosa and Streptococcus pyogenes genes were examined using scanning electron microscopy
(SEM) and real-time PCR (RT-qPCR) analysis, respectively.
Results: SEM showed that the decreased cell density deformed, disrupted, and damaged cells for both bacteria. RT-qPCR
showed that the expression of fleN, fleQ, and fleR genes of P.aeruginosa were decreased, 4.26-fold, 3.80-fold and 2.66fold respectively. In addition, scpA, ftsY, and emm13 of S.pyogenes were decreased, 2.87-fold, 3.24-fold, and 4.65-fold
respectively.
Conclusion: Our results indicate that Trigona honey may be an effective inhibitor and virulence modulator of P. aeruginosa
and S. pyogenes via multiple molecular targets. This deduction needs to be investigated in vivo.
Keywords: Differential expression; Pseudomonas aeruginosa; RT-qPCR; Scanning electron microscope (SEM); Streptococcus
pyogenes; Virulence.

1. Background
P. aeruginosa is a pathogen of humans, plants, and
animals, with colonies as diverse as the isolation site,
and is able to cause devastating infections because
of the strong attachment potential with pili (1, 2) and
production multiple virulence genes (3, 4). Many
virulence factors of P. aeruginosa are involved in
motility and biofilm formation and were regulated
by complex interactions with and between quorumsensing (QS) molecules (5, 6). The flagellar regulon is
comprised of over 40 different genes (7). The highest
regulatory class (Class I) includes the master regulators
fleQ and fliA (encoded by fleQ and fliA, respectively),
which respond to stimuli from outside the flagellar
regulon. The positive and negative regulation of fleQ

is achieved through external factors σ70 and Vfr,
respectively, while the regulation of fliA still remains
unknown. fleQ is capable of binding bis- (3ʹ –5ʹ)cyclic dimeric guanosine monophosphate (c-di-GMP),
modulating the transition between surface translocation
and surface attachment (8). Additionally, fleQ
demonstrates hierarchical control over fliA, regulating
most Class II and III genes, while fliA regulates the
genes grouped as Class IV (9). fleQ positively regulates
its own anti-activator (fleN) which is encoded by the
Class II gene fleN on the fleN and flhF operon. This
negative feedback loop is crucial for P.aeruginosa to
remain mono-flagellated through the effects of flhF
(10). Additionally, fleQ positively regulates the fliA
antisigma factor: flgM, encoded by the Class II gene
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flgM (11). Other regulatory Class II genes, under the
control of fleQ include flhF, fleR, and fleS. fleR and fleS,
form a two-component system, comprised of a response
regulator and cytoplasmic sensor kinase, respectively
(10). The phosphorylation of fleR by fleS is essential for
transcribing and translating Class III genes, specifically
the HBB proteins. In addition to forming a pivotal role
in flagella production, fleRS, or one of its regulatory
products, facilitates the nonpilus adhesion of cells
to mucin (12). Class III genes facilitate a regulatory
transition from fleQ dependency to fliA by removing the
fliA anti-activator: flgM, which is secreted through the
completed HBB, reducing flgM’s suppressive effects
on fliA (13). Unencumbered fliA is required for the late
expression of Class IV genes (such as fliC, motAB,
cheAB, flgMN), and completes the hierarchical cascade
to result in a fully functioning flagellum (14). A break in
this regulatory cascade may impede the cells’ ability to
produce a fully functioning flagellum, which may affect
the cell’s motility and/or virulence (15). S. pyogenes
spectrum of infections can be attributed to its wide
range of virulence factors, which lead to adherence,
immune system evasion, deliberate stimulation or
degradation of host components, and direct cell lysis.
Serological specificities between S.pyogenes strains
are based on M protein differences (16). S. pyogenes
produces a hyaluronic capsule, which provides the
bacteria with increased resistance to phagocytosis (17).
The repeating units of β1,4- linked glucuronic acid
connected via β1,3-linked N-acetylglycosamine form
a glycosaminogly can fiber, which is indistinguishable
from those produced in human connective tissue (18,
19). S. pyogenes produces a wide range of virulence
factors M protein associated with the cell wall and a
major virulence factor of S.pyogenes, which can bind
directly to the extracellular matrix components,(20,
21). So far, the best studied adhesions of S.pyogenes
and currently 11 different such adhesions have been
identified, divided in two types. The first types of
proteins are, sof, PrtF2, Fbp54, sfbX, FbaA, FbaB and
SfbI. The second types of proteins are M1, M13 (emm13)
(22), Shr, Scl1, scpA, and ftsY. An estimated 60% of
initial attachment to cells is realized by streptococcal
lipoteichoic acid. Binding of these gene adhesions could
result in initial attachment to the planktonic or biofilm
production in bacterial internalization (23, 24). Honey
is now being renowned as an alternative treatment due
to its broad-spectrum antibacterial activity and the
inability of bacteria to develop resistance after exposure
to it (25). Honey’s inherent antibacterial properties are
partly conferred by sugars, which account for 80% of
its weight, resulting in low water activity and a high
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osmolarity (26). Trigona stingless bee honey, known
as “Kelulut”, is a commercial stingless bee’s species
abundant in Malaysia. This bee produces Kelulut honey,
a multi floral honey which is stored in clusters of small
resin domes of their nests. This study was designed to
evaluate the effect of Malaysian Trigona honey on P.
aeruginosa and S. pyogenes using SEM and RT-qPCR.
2. Objectives
The aim of this study was (a): to determine the effects
of Malaysian Trigona honey on P. aeruginosa and S.
pyogenes at the ultrastructural level and (b) to estimate
the impacts of this honey on the expressions of
virulence-related genes (in other words, to evaluate the
anti-virulence potential of this honey) using scanning
electron microscopy (SEM) and real-time PCR (RTqPCR) respectively.
3. Materials and Methods
3.1. Bacteria Strains and Culture Conditions
Reference strains of P.aeruginosa ATCC 10145 and
S.pyogenes ATCC 19615 were purchased and used for
this study. The inoculums were prepared by picking up
two to four colonies from stock culture and suspended
in 20 mL of sterile in Tryptic soy broth (TSB). Then, the
inoculums were incubated for 24 hours at 37 °C (27).
3.2. Honey Samples
Trigona honey samples were purchased from Kelantan,
a state in Malaysia. All samples were kept at the room
temperature (28, 29).
3.3. Scanning Electron Microscopy (SEM)
The honey sample was diluted with TSB to reach
20% (w/v) concentration of Trigona honey. Bacterial
suspension was adjusted to 0.5 McFarland. To form the
biofilm, two hundred microliter of the adjusted inoculum
was transferred into 96-well plate and incubated for
48 hours at 37 oC without shaking. Wells containing
bacterial culture served as a positive control. After 48
hours of incubation, planktonic cells were removed;
then 200 µL of 20% (w/v) concentration of honey was
added and incubated overnight at 37 oC. Subsequently,
all samples were then centrifuged for 10 minutes at
3500 rpm, and the pellets were fixed with 2.5% (v/v)
glutaraldehdye in 0.01 M phosphate buffer solution
(PBS) overnight. The cultures were then washed with
PBS for 15 minutes, followed by deionized water for 20
minutes. All samples were dehydrated with ascending
concentrations of ethanol for 10 minutes and subjected
to critical point drying. The samples were then coated
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with platinum, placed onto the copper stage holder, and
examined by SEM (JEOL 6360LA, Japan) (30),

RNA samples were converted to cDNA using a high
capacity RNA to cDNA conversion kit (Promega,
UK) and quantitative PCR expression analysis as
following the manufacturer’s instructions (Promega,
UK). Densitometry was performed using the Applied
Biosystems StepOne Software v2.3 to determine the
level of relative gene expression in P.aeruginosa and
S.pyogenes samples. A modified 2−ΔΔ Ct method was
used. All reactions were carried out in triplicate, and
the genes’ expressions were analyzed with reference to
the housekeeping gene expression (31, 32, 33, 34, 35,
36, 37).

3.4. Extraction of RNA for RT-qPCR
To perform gene expression analysis using RT-qPCR,
total RNA was extracted and converted to cDNA.
P.aeruginosa and S.pyogenes were grown in duplicate
in 5 mL TSB medium with 20% of Trigona in a sterile
universal bottle for 24 hours at 37 oC. After incubation,
the samples were re-suspended in 1000 mL PBS and
vortexed for 1 min to break up cell aggregates. Honeytreated and untreated cell suspensions were equilibrated
(to approximately 2×109 c.f.u.) prior to treatment with
mutanolysin (100 mg) and lysozyme (100 mg) (Sigma- 4. Results
Aldrich, USA) for 15 min at 37 oC and immediately
processed for RNA extraction. RNA was extracted 4.1. Deformation and Increased Cell lysis of
using the SV total RNA extraction kit (Promega, P.aeruginosa and S.pyogenes in Response to MTH
UK) according the manufacturer’s instructions. Treatment.
The bacterial total RNA integrity was checked by SEM micrographs of untreated P.aeruginosa cells,
NanoDrop, and each RNA sample was adjusted to incubated with only broth, had a regular rod-shaped
give a final concentration of 10 ng. The primers were cell with a smooth surface for the cells, as shown in
used for P. aeruginosa and S. pyogenes as shown in Figure 1A. P.aeruginosa biofilm shows hundreds of
Table 1: Gene specific primers of P.aeruginosa and S.pyogenes used for RT-qPCR analysis
Table 1. Reverse
RNA transcription was performed bacterial cells are connected by a substantial amount
with Oligo (dT)15 primers and Random Primers. Total of extracellular matrix, which produces stringy
Table 1. Gene specific primers of P.aeruginosa and S.pyogenes used for RT-qPCR analysis
Gene name

Amplicon
Size (bp)

Annealing
temp (Co)

Number of
cycles

1. fleN

137

56

41

2. fleQ

134

54

41

3. fleR

109

55

41

4. rpoD*

146

53

41

5. scpA

622

55

41

6. ftsY

97

54

41

7. emm13

373

55

41

8. glr#

797

54

41

Direction
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

Primer sequence
(5’ → 3’)
GAGCCGTATACGAGGCATTC
GTGTTGGACCAGTCGTTCG
AAGGACTACCTGGCCAACCT
CCGTACTTGCGCATCTTCTC
ACAGCCGCAAGATGAACCT
TGGATGGCGTTGTCGAGTT
GCGACGGTATTCGAACTTGT
CGAAGAAGGAAATGGTCGAG
GCTCGGTTACCTCACTTGTCC
CAATAGCAGCAAACAAGTCACC
TCGAAAATTCTTTGGCCTGT
ATCAAACGTGTTGTGCCAGA
CGCCAGGGTTTTCCCAGTCACGAC
AGCGGATAACAATTTCACACAGGA
ATGGATACAAGACCAATTGG
TCATAAGGTGACATGCTCCAC

*rpoD was used as a reference gene for P.aeruginosa and #glr was used as a reference gene for S.pyogenes
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Figure 1. SEM of P.aeruginosa and S.pyogenes with and without Trigona honey. (A) P.aeruginosa (control). (B) P.aeruginosa treated with Trigona
honey. (C) S.pyogenes (control). (D) S.pyogenes treated with Trigona honey. Viewed at 2000x and 80000x magnification. Scale bar 5µm.
Table 2: Genes down regulated in P.aeruginosa, detected by RT-qPCR.
Table 2. Genes down regulated in P.aeruginosa, detected by RT-qPCR.

1. fleN

2.09

Expression Fold Change
(2^-ΔΔCt)
0.23

2. fleQ

1.93

0.26

-3.80

0.04*

1.3

3. fleR

1.41

0.38

-2.66

0.03*

1.2

Gene name

Average ΔΔCt

Expression
Fold Change
-4.26

P-value

SD

0.03*

1.0

*Statistically significant change in the level expression compared treated with untreated and reference gene (P<0.05).

morphology and covers most of the area, as shown in
Figure 1A. The biofilm in the honey treated sample
became noticeably shorter than it was in the untreated
sample, as shown in Figure 1B. The cell density was
decreased, composed of layers of rod shaped cells, and
appeared curved and distorted, as shown in Figure 1B.
SEM micrographs of S.pyogenes control cells,
incubated with only broth, were shown to have a
cocci, with regular structure and normal size, after
24 hours incubation in liquid media, as shown in
Figure 1C. S.pyogenes biofilm shows numerous cells
and diverse thickness, connected to each other by the
extracellular matrix, as shown in Figure 1C. However,
cell deformations, and changes in shape and size, were
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observed after incubation with 20% Trigona honey, as
shown in Figure 1D. Also, S.pyogenes biofilm with
honey shows uneven shape the bacteria have uneven
shapes; also, the cell surfaces appear rough, with holes
and crevices. The cells’ structures were damaged, as
shown in Figure 1D.
4.2. RT-qPCR of Genes Expression of P.aeruginosa and
S.pyogenes
In the current study, RT-qPCR results showed that
all genes were downregulated following exposure to
20% (w/v) of Trigona honey, furthermore different
degrees of down-regulation were observed. Three
genes of P.aeruginosa (fleN, fleQ, and fleR) involved
Iran J Biotech. October 2020;18(4): e2542
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Figure 2. Altered gene expression profiles associated with exposure
Figure 3. Altered gene expression profiles associated with exposure
of P.aeruginosa to Trigona honey as determined by RT-qPCR. Mean
of S.pyogenes to Trigona honey as determined by RT-qPCR. Mean
values of fold changes (±SD) are shown in relation to untreated
values of fold changes (±SD) are shown in relation to untreated
Figure (control).
2: Altered gene
expression
associated
with exposure
of P.aeruginosa
Trigona
honey as (control). Error bars denote standard error of the mean from three
Error
barsprofiles
denote
standard
error of
the mean tofrom
three
determined by RT-qPCR. Mean values of fold changes (±SD) are shown in relation to untreated (control). Error bars
biological
biological samples.
denote standard
error of samples.
the mean from three biological samples.
Table 3: Genes down regulated S.pyogenes, detected by RT-qPCR.
Table 3. Genes down regulated S.pyogenes, detected by RT-qPCR.

1. scpA

1.52

Expression Fold Change
(2^-ΔΔCt)
0.35

2. ftsY

1.70

0.31

-3.24

0.03*

1.2

3. emm13

2.22

0.22

-4.65

0.02*

1.6

Gene name

Average ΔΔCt

Expression Fold
Change
-2.87

P-value

SD

0.03*

1.2

*Statistically significant change in the level expression compared treated with untreated and reference gene (P<0.05).

in ﬂagellum-associated were showed a statistically
significant reduction in level of gene expression after
treatment with 20% (w/v) concentration of Trigona
honey. As shown in Table 2 and Figure 2, the RTqPCR results demonstrated that the expressions of fleN,
fleQ, and fleR genes of P.aeruginosa were decreased
4.26-fold (P<0.05), 3.80-fold (P<0.05), and 2.66fold (P<0.05), respectively. This referred that Trigona
honey suppresses the level of ﬂagellum gene expression
by influence on regulatory ﬂeN, ﬂeQ, and ﬂeR.
Three genes were involved in the surface adhesins,
colonization, and biofilm formation of S.pyogenes.
RT-qPCR results demonstrated that the expressions of
ScpA, ftsY, and emm13 of S.pyogenes were decreased,
2.87-fold (P<0.05), 3.24-fold (P<0.05) and 4.65-fold
(P<0.05) respectively (Table 3 and Fig. 3).
5. Discussion
5.1. SEM of P.aeruginosa and S.pyogenes
Under light microscopy can be observed the shapes
of various bacteria, including rods, cocci, cubes or
Iran J Biotech. October 2020;18(4): e2542

spirals. Electron microscopes development provides
new insights into bacterial ultrastructural studies and
bacterial organization. Scanning electron microscope
(SEM) provides a three-dimensional aspect of cellular
structures and information about their external
topography (38). Several reports have been published
on the antimicrobial activities of different types
of honey against a variety of organisms, including
Staphylococcus aerus, Pseudomonas aeruginosa
and Streptococcus pyogenes (33, 39). In this study,
SEM was used to determine membrane integrity,
morphological cell changes, and evidence of cell
division before and after exposure to honey. From the
SEM images of P.aeruginosa and S.pyogenes species
undergo morphological changes after exposure to
honey; however, the changes were different in each
species. Primary research on Trigona honey’s action
on Gram positive and negative bacteria, using electron
microscopy, sequentially identifying the mode of action
and the target site was initiated by Al-kafaween et al.,
(2020) (30). However, P.aeruginosa and S.pyogenes
cells treated with Trigona honey had noticeably
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rougher cell surfaces than untreated cells (Fig. 1).
In addition, changes in cells size increased for both
types of honey. This suggests that honey might have
affected the outer cell membrane. Cell destruction and
lysis were observed in P.aeruginosa and S.pyogenes,
which affected the cell wall structure. It was, therefore,
documented that both species responded to MIC of
Trigona honey (30). A previous study using Manuka
honey showed that a concentration of 10% honey
affected the Staphylococcus aureus structure (40).
Previous studies showed that stingless bees’ honey
and Sider omani honey have disrupted the cell wall
and inhibited cell division of P.aeruginosa, S.pyogenes
and Staphylococcus aureus (41, 42). The high osmotic
effect of honey, due to its high sugar content, also plays
a part in decreasing biofilm mass. Besides the osmotic
effect of Trigona honey, its acidity is expected to have a
role in degrading biofilm mass as well. Trigona honey’s
acidity, which is within the range of pH 3.2 to 4.5,
generates an inappropriate environment for bacterial
growth, whereas their optimum pH for growth is about
pH 7.2 to 7.4 (26).
5.2. RT-qPCR of Genes Expression of P.aeruginosa and
S.pyogenes
Investigations into Trigona honey’s impact on gene
expression in P.aeruginosa and S.pyogenes have
demonstrated multiple effects on bacterial function. RTqPCR was used to determine the gene expression level
of P.aeruginosa and S.pyogenes after treatment with
Trigona honey. Reduced expression was noticeable,
with a different expression level in P.aeruginosa and
S.pyogenes. The fleN, fleQ, and fleR of P.aeruginosa
decreased, 4.26-fold, 3.80-fold, 2.66-fold respectively
and scpA, ftsY, and emm13 of S.pyogenes decreased, 2.87fold, 3.24-fold, and 4.65-fold reduction in expression,
respectively, after treatment with 20% of Trigona honey.
Flagella and pili are important during the initial
biofilm formation stages of P.aeruginosa, and each
represents important virulence factors with respect
to binding and signaling for cell–cell communication
(43, 44). Suppression of fleN, after treated with (20%
w/v) concentration of Trigona honey should result
in the parallel suppression of fleN, increasing fleQ’s
relative activity during formation of biofilm. This
suggests a conflict, whereby reduced fleN expression
should concomitantly result in its increased expression
(along with other fleQ-dependent genes). However,
Trigona honey suppresses the expression of fleQ. This
would cause suppression of fleN expression, which is
suggested to occur in Trigona honey treated samples. It
is evident that, following treatment with Trigona honey,
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the decreased expression of fleN, fleQ, and fliA, both
of which have critical regulatory effects as flagellar
regulon regulators. The resulting effect is a decrease in
flagella associated motility. The reduction of flagellated
cells could also affect P.aeruginosa’s virulence due to its
implication with invasive virulence, particularly in burn
wound infections (15, 45). The scpA, ftsY, and emm13
contributed to virulence factors and involved in cell
division have been identified in S.pyogenes; expression
of these genes is usually controlled by global virulence
and accessory gene regulators in S.pyogenes (46). In
current study, a decreased level of gene expression of
these genes was found after exposure to Trigona honey.
A previous study showed that algD of P.aeruginosa
increased 16-fold in expression, whereas oprF
decreased 10-fold after treated with Manuka honey
(33). A study by Al-Kafaween et al., (2019) showed
that algD and oprF of P.aeruginosa decreased 6.28fold and 11.11-fold reduction in expression respectively
after treated with Trigona honey (30). A previous study
showed that the sof and sfbl proteins of S.pyogenes
decreased in expression after treatment with Manuka
honey (32). A study by Roberts et al., (2014) showed
that six genes of P.aeruginosa (fleR, flhF, fliC, fleN, fleQ
and fliA) were reduced in level of gene expression after
exposure to Manuka honey. A previous study showed
that tnaA and yjfO (bsmA) genes were downregulated
in expression of E.coli in the range of 12.5–16.2-fold
after treatment with Egyptian honey (35). A previous
study reported that ycfR (BhsA) and evgA genes of
E.coli were upregulated in expression in the range of
2.2–4.19-fold and 1.09-fold respectively after treatment
with Egyptian honey (35). A study by Al-Kafaween et
al., (2019) showed that the sof and sfbl of S.pyogenes
decreased 7.82-fold and 9.23-fold reduction in the
expression after treatment with Trigona honey (47).
6. Conclusion
The study revealed MTH’s antimicrobial activity against
P. aeruginosa and S. pyogenes. SEM images showed
that P. aeruginosa and S. pyogenes of planktonic and
biofilm were lysed and disrupted after treatment with
Trigona honey. Differential gene expression in response
to Trigona honey exposure exhibited downregulation of
several genes involved in, cell wall, biofilm formation,
stress survival in P. aeruginosa and S. pyogenes.
Dysregulation and delocalization of flagellar impaired
an adhesion essential for biofilm formation in cyclic
adenosine
3′,5′-monophosphate/virulence
factor
regulator (cAMP/Vfr signaling pathway) and bis-(3′5′)-cyclic dimeric guanosine monophosphate (c-diGMP signaling pathway) (Fig. 4). A previous study by
Iran J Biotech. October 2020;18(4): e2542
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Figure 4. Gene expression profile in P. aeruginosa and S.pyogenes following Trigona honey treatment.

Al-Kafaween et al., (2019) showed that Trigona honey
appears to prevent P. aeruginosa biofilm via suppressing
microcolony-forming genes (30),(47). Mitigation of
algD and oprF suggests that alginate biosynthesis
enzymes were reduced, and therefore, is promising
for cystic fibrosis treatment (Fig. 4). Surface proteins
are responsible for S. pyogenes’s ability to survive and
multiply in the host. A study by Al-Kafaween et al.,
(2019) demonstrated that Trigona honey may alter the
ECM-receptor interaction signaling pathway, according
to the suppression of genes encoding the surface binding
protein (sof and sfbl) (Fig. 4) (47). The ftsY, scpA,
and emm13 in S. pyogenes were inhibited following
exposure to Trigona honey. Trigona honey may reduce
the multispanning membrane protein, affecting the
signal recognition particle pathway (Fig. 4).
Acknowledgements
This work was supported by grant: UniSZA/2017/
DPU/37 R0018-R341. We thank all the staff members
of the Faculty of Health Sciences and Microbiology
Laboratory, Universiti Sultan Zainal Abidin for their
support and commitment.
Iran J Biotech. October 2020;18(4): e2542

References

1. Lyczak JB, Cannon CL, Pier GB. Establishment of Pseudomonas
aeruginosa infection: lessons from a versatile opportunist.
Mic and infect. 2000;2(9):1051-1060. doi: 10.1016/s12864579(00)01259-4.
2. Van C, Iglewski BH. Cell-to-cell signaling and Pseudomonas
aeruginosa infections. Emerg Infect Dis. 1998;4(4):551.
3. Hauser AR. Pseudomonas aeruginosa: so many virulence factors,
so little time. Cri care med 2011;39(9):2193. doi: 10.1097/
ccm.0b013e318221742.
4. Ballok AE, O’Toole GA. Pouring salt on a wound: Pseudomonas
aeruginosa virulence factors alter Na+ and Cl− flux in the lung. J
bactriology. 2013;195(18):4013. doi: 10.1128/jb.00339-13.
5. Qiu X, Kulasekara B, Lory S. Role of horizontal gene transfer
in the evolution of Pseudomonas aeruginosa virulence. M
Pathogology. 6: Karger Publishers. 2009;126-139. doi:
10.1159/000235767.
6. Juhas M. Type IV secretion systems and genomic islandsmediated horizontal gene transfer in Pseudomonas and
Haemophilus. Micro research. 2015;170:(2):7-10.doi: 10.1016/j.
micres.2014.06.007.
7. Dasgupta N, Ferrell EP, Kanack KJ, West SE, Ramphal R. fleQ,
the gene encoding the major flagellar regulator of Pseudomonas
aeruginosa, is σ70 dependent and is downregulated by Vfr,
a homolog of Escherichia coli cyclic AMP receptor protein.
J bacteriology. 2002;184(19):5240-5250. doi: 10.1128/
jb.184.19.5240-5250.2002.

121

Al-kafaween MA et al.
8. Baraquet C, Murakami K, Parsek MR, Harwood CS. The FleQ
protein from Pseudomonas aeruginosa functions as both a
repressor and an activator to control gene expression from the
pel operon promoter in response to c-di-GMP. Nu acids research.
2012;40(15):7207-7218. doi: 10.1093/nar/gks384.
9. Dasgupta N, Wolfgang MC, Goodman AL, Arora SK, Jyot J, Lory
S, et al. A four‐tiered transcriptional regulatory circuit controls
flagellar biogenesis in Pseudomonas aeruginosa. M micro.
2003;50(3):809-824. doi: 10.1046/j.1365-2958.2003.03740.
10. Murray TS, Kazmierczak BI. FlhF is required for swimming
and swarming in Pseudomonas aeruginosa. J of bact.
2006;188(19):6995-7004. doi: 10.1128/jb.00790-06.
11. Frisk A, Jyot J, Arora S, Ramphal R. Identification and
functional characterization of flgM, a gene encoding the antisigma 28 factor in Pseudomonas aeruginosa. J bacteriology.
2002;184(6):1514-1521.
doi:
10.1128/jb.184.6.15141521.2002.
12. Ritchings BW, Almira EC, Lory S, Ramphal R. Cloning and
phenotypic characterization of fleS and fleR, new response
regulators of Pseudomonas aeruginosa which regulate motility
and adhesion to mucin. Inf and immu. 1995;63(12):4868-4876.
doi: 10.1128/iai.63.12.4868-4876.1995.
13. Hughes KT, Gillen KL, Semon MJ, Karlinsey JE. Sensing
structural intermediates in bacterial flagellar assembly by export
of a negative regulator. Sci. 1993;262(51):1277-1280. doi:
10.1126/science.8235660.
14. Kutsukake K. Excretion of the anti-sigma factor through
a flagellar substructure couples flagellar gene expression
with flagellar assembly in Salmonella typhimurium. MGG.
1994;243(6):605-612. doi: 10.1007/bf00279569.
15. Drake D, Montie TC. Flagella, motility and invasive virulence
of Pseudomonas aeruginosa. Micro. 1988;134(1):43-52. doi:
10.1099/00221287-134-1-43.
16. Lancefield RC. Current knowledge of type-specific M antigens
of group A streptococci. The J of Immun. 1962;89(3):307-313.
17. Levin JC, Wessels MR. Identification of csrR/csrS, a genetic
locus that regulates hyaluronic acid capsule synthesis in group
A Streptococcus. M microb. 1998;30(1):209-219. doi: 10.1046/
j.1365-2958.1998.01057.
18. Emameh RZ, Barker HR, Tolvanen ME, Parkkila S, Hytönen
VP. Horizontal transfer of β-carbonic anhydrase genes from
prokaryotes to protozoans, insects, and nematodes. Para &
vectors. 2016;9(1):152. doi: 10.1186/s13071-016-1415-7.
19. Emameh RZ, Barker HR, Hytönen VP, Parkkila S. Involvement
of β-carbonic anhydrase genes in bacterial genomic islands
and their horizontal transfer to protists. Appl Env Micro.
2018;84(15):771. doi: 10.1128/aem.00771-18.
20. Yamaguchi M, Terao Y, Kawabata S. Pleiotropic
virulence factor–S treptococcus pyogenes fibronectin‐
binding
proteins.
C
micro.
2013;15(4):503-511.
doi: 10.1111/cmi.12083.
21. Golińska E, Van der Linden M, Więcek G, Mikołajczyk D,
Machul A, Samet A, et al. Virulence factors of Streptococcus
pyogenes strains from women in peri-labor with invasive
infections. EJCMID. 2016;35(5):747-754. doi: 10.1007/
s10096-016-2593-0.
22. Sitkiewicz I, Green NM, Guo N, Mereghetti L, Musser JM.
Lateral gene transfer of streptococcal ICE element RD2 (region
of difference 2) encoding secreted proteins. BMC microbiology.
2011;11(1):65. doi: 10.1186/1471-2180-11-65.
23. Jaffe J, Natanson‐Yaron S, Caparon MG, Hanski E. Protein F2, a

122

24.

25.

26.
27.

28.
29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

novel fibronectin‐binding protein from Streptococcus pyogenes,
possesses two binding domains. M microb. 1996;21(2):373384. doi: 10.1046/j.1365-2958.1996.6331356.
Jobichen C, Tan YC, Prabhakar MT, Nayak D, Biswas D,
Pannu NS, et al. Structure of ScpC, a virulence protease
from Streptococcus pyogenes, reveals the functional domains
and maturation mechanism. Bio J. 2018;475(17):2847-2860.
doi: 10.1042/bcj20180145.
Rao PV, Krishnan KT, Salleh N, Gan SH. Biological and
therapeutic effects of honey produced by honey bees and
stingless bees: a comparative review. Rev Bras de Farma.
2016;26(5):657-564. doi: 10.1016/j.bjp.2016.01.012.
Fatima IJ, Mohd Hilmi AB, Salwani I, Lavaniya M.
Physicochemical Characteristics of Malaysian Stingless Bee
Honey from Trigona Species. I M J M. 2018;17.
Al-kafaween MA, Hilmi AB, Jaffar N, Al-Jamal H, Zahri M.
Determination of optimum incubation time for formation of
Pseudomonas aeruginosa and Streptococcus pyogenes biofilms
in microtiter plate. BNR Centre. 2019;43(1):100. doi: 10.1186/
s42269-019-0131-9.
Zainol MI, Yusoff KM, Yusof MYM. Antibacterial activity
of selected Malaysian honey. BMC Med.2013;13(1):129. doi:
10.1186/1472-6882-13-129.
Al-Kafaween MA, Hilmi AB, Khan RS, Bouacha M, Amonov
M. Effect of Trigona honey on Escherichia coli cell culture
growth: In vitro study. J of Apith. 2019;5(2):7-10. doi: 10.5455/
ja.20190407083601.
Al-kafaween MA, Hilmi AB, Jaffar N, Al-Jamal H, Zahri M,
Fatima IJ. Antibacterial and Antibiofilm activities of Malaysian
Trigona honey against Pseudomonas aeruginosa ATCC 10145
and Streptococcus pyogenes ATCC 19615. JJBS. 2020;13(1).
Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and
the 2− ΔΔCT method. methods. 2001;25(4):402-408.
doi: 10.1006/meth.2001.1262.
Maddocks SE, Lopez MS, Rowlands RS, Cooper RA. Manuka
honey inhibits the development of Streptococcus pyogenes
biofilms and causes reduced expression of two fibronectin
binding proteins. Micro. 2012;158(3):781-790. doi: 0.1099/
mic.0.053959-0.
Roberts AE, Maddocks SE, Cooper RA. Manuka honey
is bactericidal against Pseudomonas aeruginosa and
results in differential expression of oprF and algD. Micro.
2012;158(12):3005-3013. doi: 10.1099/mic.0.062794-0.
Schmittgen TD, Livak KJ. Analyzing real-time PCR data by the
comparative C T method. Nat protocols. 2008;3(6):1101. doi:
10.1038/nprot.2008.73.
Wasfi R, Elkhatib WF, Khairalla AS. Effects of selected Egyptian
honeys on the cellular ultrastructure and the gene expression
profile of Escherichia coli. PloS one. 2016;11(3):e0150984. doi:
10.1371/journal.pone.0150984.
Yadav MK, Kwon SK, Cho CG, Park SW, Chae SW, Song JJ.
Gene expression profile of early in vitro biofilms of Streptococcus
pneumoniae. Micro and immuno. 2012;56(9):621. doi: 10.1111/
j.1348-0421.2012.00483.
Galluzzi L, Diotallevi A, De Santi M, Ceccarelli M, Vitale
F, Brandi G, et al. Leishmania infantum induces mild
unfolded protein response in infected macrophages. PloS one.
2016;11(12):e0168339. doi: 10.1371/journal.pone.0168339.
El Abed S, Ibnsouda SK, Latrache H, Hamadi F. Scanning
electron microscopy (SEM) and environmental SEM: suitable

Iran J Biotech. October 2020;18(4): e2542

Al-kafaween MA et al.

39.

40.
41.

42.

43.

tools for study of adhesion stage and biofilm formation. Scanning
electron microscopy: Intechopen; 2012. doi: 10.5772/34990.
Schneider M, Coyle S, Warnock M, Gow I, Fyfe L.
Anti‐microbial activity and composition of manuka
and portobello honey. Phy Research. 2013;27(8):1162.
doi: 10.1002/ptr.4844.
Henriques A, Jenkins R, Burton N, Cooper R. The intracellular
effects of manuka honey on Staphylococcus aureus. EJCMID.
2010;29(1):45. doi: 10.1007/s10096-009-0817-2.
Nishio E, Ribeiro J, Oliveira A, Andrade C, Proni E, Kobayashi
R, et al. Antibacterial synergic effect of honey from two
stingless bees: Scaptotrigona bipunctata Lepeletier, 1836,
and S. postica Latreille, 1807. Sci reports. 2016;6:21641. doi:
10.1038/srep21641.
Zakaria AS. Mechanism of antibacterial action of honey
on pathogenic wound bacterial strains: A proteomic
analysis.
Int
Res
J
Pharm.
2015;6(11):778-788.
doi: 10.7897/2230-8407.0611151.
Bucior I, Pielage JF, Engel JN. Pseudomonas aeruginosa pili
and flagella mediate distinct binding and signaling events

Iran J Biotech. October 2020;18(4): e2542

44.

45.

46.

47.

at the apical and basolateral surface of airway epithelium.
PLoS patho. 2012;8(4):e1002616. doi: 10.1371/journal.
ppat.1002616.
Roberts AE, Maddocks SE, Cooper RA. Manuka honey reduces
the motility of Pseudomonas aeruginosa by suppression of
flagella-associated genes. JAC. 2014;70(3):716-725. doi:
10.1093/jac/dku448.
Montie T, Doyle-Huntzinger D, Craven R, Holder I. Loss of
virulence associated with absence of flagellum in an isogenic
mutant of Pseudomonas aeruginosa in the burned-mouse model.
Inf and immu. 1982;38(3):1296. doi: 10.1128/iai.38.3.12961298.1982.
Vega LA, Malke H, McIver KS. Virulence-related transcriptional
regulators of Streptococcus pyogenes. Streptococcus pyogenes:
Basic Biology to Clinical Manifestations [Internet]: University
of Oklahoma HS Center. 2016.
Al-kafaween MA, Hilmi AB, Jaffar N, Al-Jamal H, Zahri
MK, Amonov M, et al. Effects of Trigona honey on the Gene
Expression Profile of Pseudomonas aeruginosa ATCC 10145
and Streptococcus pyogenes ATCC 19615. JJBS. 2020;13(1).

123

