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ABSTRACT The primary virulence of soft rot pectobacteria, including Pectobacterium brasiliense, is
mainly determined by the massive production of plant cell wall-degrading enzymes (PCWDEs), which
promote plant tissue maceration in many crops. The antibiotic treatment to treat bacterial soft rot
causes environmental problems and potentially affects resistance. Antibiotic resistance is driving in-
terest in antimicrobial treatments, and no organism has been reported to have acquired resistance to
honey. However, the use of honey as a therapeutic agent for plant bacterial pathogens has rarely been
studied. Therefore, this study was undertaken to determine the in vitro effect of Manuka honey against
P. brasiliense at the phenotypic and genotypic levels. A sublethal concentration of honey was deter-
mined by a growth inhibition assay in broth medium containing different concentrations of Manuka
honey. A macerating assay was performed on orchid leaves, and the activities of the PCWDEs were
examined in plate assays. The expression of PCWDE-associated genes was investigated using semi-
quantitative reverse transcription-polymerase chain reaction analysis. The exposure of P. brasiliense
to a sublethal concentration of Manuka honey significantly decreased the maceration ability of the or-
chid and the synthesis of PCWDEs, i.e., pectate lyase, polygalacturonase, and protease. Moreover, five
PCWDEs-encoding genes, such as pelA, pelB, pelC, pehA, and prtW, had lower expression levels after
the honey treatment compared with recA as the internal standard. The honey treatment decreased the
virulence of P. brasiliense associated with the synthesis of PCWDEs. Therefore, Manuka honey reduced
virulence by suppressing the expression of the PCWDE genes.

© The Author(s) 2022. This article is distributed under a Creative Commons Attribution-ShareAlike 4.0 International license.

1. INTRODUCTION
Bacterial soft rot is a complex disease and a major agri-
cultural concern. This disease is caused by bacteria from
the genera Dickeya and Pectobacterium, which are also the
most studied soft rot pathogens (Charkowski 2018). Both
genera have broad host ranges due to their ability to in-
fect approximately 35% of angiosperm species (Ma et al.
2007). Bacteria causing soft rot and blackleg produce pecti-
nolytic enzymes, which kill or rot plants during storage
(Silva et al. 2020). Bacterial pathogens rely on quorum sens-
ing (QS) to coordinate the virulence factors that produce
plant cell wall-degrading enzymes (PCWDEs) (Joshi et al.
2016). PCWDEs, the hrp and hrc genes, the type of secre-
tion system, and carotovicin affect the pathogenicity of Pec-
tobacterium. The PCWDEs related to soft rot include poly-
galacturonase (Peh), pectate lyase (Pel), cellulase, xylanase,
and protease (Prt) (Lee et al. 2014). Additionally, soft rot
bacteria also respond to small molecules in their environ-
ment, such as sugars released by plants, after plant cell wall
degradation and metabolism of pectate (Joko et al. 2018).

Pectobacterium brasiliense is a member of the soft rot
Enterobacteriaceae family; it possesses a very high viru-

lence and causes blackleg (Kwenda et al. 2016) and soft
rot disease in a wide range of hosts. The current manage-
ment of this disease relies on synthetic pesticides and an-
tibiotics; however, the extensive use of these substances
increases the risk that bacterial populations will develop
resistance; thus, threatening human and environmental
health (Popović et al. 2017).

Antibiotics have been used to manage several plant
pathogenic bacteria on high-value crops to avoid se-
vere economic losses. However, the presence of plant
pathogenic bacteria that are resistant to antibiotics hinders
management, and antibiotic resistance by such pathogens
has been reported to evolve through horizontal gene trans-
fer (Sundin and Wang 2018). Honey has antibacterial prop-
erties and has been used to manage antibiotic resistance
(Carter et al. 2016). Manuka honey contains natural com-
pounds reported to have antimicrobial and or antivirulence
activities, such as methylglyoxal (MGO), and leptosperin
(Roberts et al. 2015). Manuka honey affects the growth of
several bacteria, such as Streptococcus pyogenes (Maddocks
et al. 2012), Pseudomonas aeruginosa (Okhiria et al. 2009),
and Staphylococcus aureus (Almasaudi et al. 2017). This
study aimed to determine the effects of Manuka honey on
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P. brasiliense virulence, such as the production of PCWDEs
and the quantitative expression of PCWDE-encoding genes
and their virulence on host plants.

2. MATERIALS AND METHODS

2.1 Bacterial growth conditions
The P. brasiliense used in this study was grown on yeast
peptone agar (YPA) medium (0.5% yeast extract; 1% pep-
tone; 1.5% agar). The bacterial cultures were incubated for
1–2 days at room temperature (±27°C), and single colonies
were regularly cultivated in new media to ensure bacte-
rial viability and the purity of the isolates (Fauzia and Joko
2021). An overnight culture of P. brasiliense on YPA was
converted into a suspension culture with an OD600 nm
value of 0.2 (108 CFU) and then grown on 5 mL of yeast pep-
tone broth (YPB) medium. The Manuka honey originated
from monofloral Manuka (Leptospermum scoparium) trees
in New Zealand and was used as the treatment in this study.
TheManuka honey possessed a uniqueManuka factor value
(UMF) of 20+ (Streamland) (contained 829 ppm MGO, 200
ppm leptosperin, and 77% sugar). The Manuka honey was
prepared at concentrations of 10% (w/v), 5% (w/v), and
an untreated control (0% w/v). Cell density was measured
every 2 h using a Genesys 10S UV-VIS spectrophotometer
(Thermo Scientific, Waltham, MA, USA).

2.2 Pathogenicity assay
The pathogenicity assay was performed on an orchid (Den-
drobium burana cv. Emerald). The orchid leaves were me-
chanically injured using a syringe. A 10 µL bacterial suspen-
sion grown on YPB, containing 5% or 0% (untreated con-
trol) Manuka honey, was used to infect wounds using a mi-
cropipette. The orchid plants were later bagged, and wet
cotton was inserted into the bags to maintain the humid-
ity.

2.3 Enzyme assays
The activities of the extracellular enzymes were tested
to identify the effects of Manuka honey on bacterial en-
zyme production. We prepared a medium consisting of 1%
(w/v) polygalacturonic acid, 1% (w/v) yeast extract, 0.38
µM CaCl2, 100 mM Tris-Cl (pH 8.5), and 0.8% (w/v) agarose
to test the production of Pel. Peh enzyme production
was tested on medium containing 1% (w/v) polygalactur-
onic acid (w/v), 1% (w/v) yeast extract, 2.2 mM ethylene-
diaminetetraacetic acid, 110 mM sodium acetate (pH 5.5),
and 0.8% (w/v) agarose. The media were plated in Petri
dishes, with two wells of each medium used for the settled
media, and 15 µL liquid agarose was placed in these wells
and allowed to dry. A total of 30 µL of the bacterial super-
natant was added to each well. The right side of the bacte-
rial supernatant was treated with Manuka honey 5% (w/v),
whereas the left side contained the untreated bacterial su-
pernatant. The Petri dishes were incubated for 16–18 h. HCl
(4 N) was placed on the top of the media for the Pel and
Peh tests, and transparent zones were observed. Bacterial
gelatin liquefaction activity was tested to determine the ef-
fect of the Manuka honey on bacterial proteolytic activity
in dissolving gelatin. The gelatin consisted of 3 g beef ex-
tract, 5 g peptone, 120 g gelatin, and 1 L distilled water. Ten
µL of 24-h-old P. brasiliense isolates were inoculated into
the medium using the stab method. The bacteria were in-
cubated at room temperature and observed by placing the

medium at 4°C for 30 min to observe dissolution.

2.4 Selection and primer design of genes involved in vir-
ulences

The virulence genes selected in this study were genes that
encode the extracellular enzymes important for plant cell
wall degradation. The genes selected included those that
encode Peh (pehA), Pel (pelA, pelB, pelC), and Prt (prtW). recA
was used as the internal standard for the expression anal-
ysis. The primers were designed based on the nucleotide
database from the National Center for Biotechnology In-
formation (https://www.ncbi.nlm.nih.gov/), and BLAST
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) was used to con-
firm the gene identities. The primers were designed using
the Primer3Plus application (https://primer3plus.com/cg
i-bin/dev/primer3plus.cgi) (Joko et al. 2019). Table 1 shows
the base sequences of the primers. The annealing tempera-
ture of each primer was optimized using a gradient thermal
cycler (Biorad T100TM, Hilden, Germany).

2.5 RNA isolation
P. brasiliense was grown on YPB for 12 h with 5% or 0%
Manuka honey. Bacteria were obtained by centrifuging
the isolates at 10,000 × g for 1 min, and the RNA was
isolated using the GENEzolTM Reagent (Ge-neaid, New
Taipei City, Taiwan) following the manufacturer’s instruc-
tions. The quality and quantity of the RNAwere determined
using the MaestroNano spectrophotometer (MaestroGen
Inc., Hsinchu City, Taiwan) (Widyaningsih et al. 2019).

2.6 Expression analysis of virulence genes
The expression analysis of the P. brasiliense virulence genes
was conducted using a two-step reverse transcription-
polymerase chain reaction (RT-PCR) method. Bacterial
RNA was synthesized into cDNA using the RT-PCR method
with the ReverTra Ace-α-® kit (TOYOBO, Shiga, Japan,).
Semi-quantitative PCR was performed using the bacterial
cDNA extracted from bacterial cells grown in YPB media
containing 5% (w/v) and the control without the Manuka
honey treatment. The PCR was carried out using GoTaq
Mastermix (Promega, Madison, WI, USA) with conventional
PCR (Biorad T100TM). The PCR conditions were set at a cy-
cle of initial denaturation at 95°C for 3 min, denaturation at
95°C for 1 min, annealing (Table 1) for 40 s, and extension at
72°C for 40 s (Trianom et al. 2019). The PCR products were
run on agarose gel electrophoresis and visualized using a
UV transilluminator (Promega). The gel images were quan-
tified using ImageJ software with three replicates (Schnei-
der et al. 2012).

3. RESULTS

3.1 Pectobacterium brasiliense growth rate after Manuka
honey treatment

A decrease in the growth rate and cell number of P.
brasiliense occurred after the 5% (w/v) Manuka honey
treatment (Figure 1) compared with the untreated con-
trol (0% w/v) during the 20 h observation period. P.
brasiliense did not grow in the 10% (w/v) Manuka honey
treatment. These results demonstrate that the 5% (w/v)
Manuka honey treatment had sublethal effects and was
used in the following experiments.

120 Ava et al.

https://www.ncbi.nlm.nih.gov/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://primer3plus.com/cgi-bin/dev/primer3plus.cgi
https://primer3plus.com/cgi-bin/dev/primer3plus.cgi


TABLE 1. Primer sequences for expression analysis of the virulence genes

Gene Protein Sequence (5’->3’) Annealing Temperature
(ºC)

Annealing Temperature
(ºC)

pelA Pectate lyase I F:TGCCTGGTTTTTACCTACGC
R:ATGCGGATGACTGGAAAAGC

59 122

pelB Pectate lyase III F:TCAGCGCATTTTCGAACCAG

R:TGGTTCACGCGTACAACAAC

64 108

pelC Pectate lyase II F:CGGCAAGGTTTTTGTTCACG

R:ATGCGGAAGACTGGAAAAGC

64 123

pehA Endo-polygalacturonase F:ACGGGGCATTCTCAAAAGAC

R:ACAAGGAAAAGCGGTAAGGC

64 149

prtW Metalloprotease F:TTTCACAAAGCCCTGATCGC
R:TGGCAGCCAAGGAAATTGTC

64 134

recA Recombinase A F:TGCGTTTATCGATGCTGAGC
R:AGCGCGTTAATGCATCACAG

64 134

3.2 Pectobacterium brasiliense pathogenicity on orchids
The results showed that soft rot symptomswere less severe
on orchids treated with 5% (w/v) Manuka honey (Figure 2a
and 2d) comparedwith the untreated control (Figure 2b and
2c). The diameters of the soft rot symptoms were smaller
than those of the untreated control. The soft rot symptoms
observed in this experiment included maceration, watery
and soft tissues, and browning.

FIGURE 1. Growth rate curve of Pectobacterium brasiliense with the 10%
(w/v), 5% (w/v), and 0% (w/v) manuka honey treatments. Observations
were performed every 2 h using a spectrophotometer (Genesys 10S UV-
VIS Thermo Scientific, USA).

FIGURE 2. Pectobacterium brasiliense pathogenicity on orchid (Dendro-
bium burana cv. Emerald) leaves with Manuka honey. (A) and (D) are the
untreated control (0%w/v); (B) and (C) are the parts treated with 5% (w/v)
Manuka honey.

3.3 Extracellular enzymes production by Pectobacterium
brasiliense

Smaller transparent zones of Pel (Figure 3a) and Peh (Fig-
ure 3b) activity were observed in the areas treated with
5% (w/v) Manuka honey compared with the untreated con-
trol. These transparent zones suggest that P. brasiliense
produces extracellular Pel and Peh. The results from the
gelatin liquefaction test showed that the gelatin treated
with 5% (w/v) Manuka honey and without bacterial inocu-
lation did not dissolve, whereas the gelatin inoculated with
bacteria and not treated with Manuka honey dissolved (Fig-
ure 3c). These results indicate that Manuka honey pre-
vented the dissolution of the gelatin during the 6-day ob-
servation period, revealing proteolytic inhibition.

3.4 Detection of virulence genes at the RNA level in Pec-
tobacterium brasiliense

The expression of P. brasiliense virulence genes was an-
alyzed using two-step RT-PCR, which detected the tran-
scription of low-quantity samples and the number of differ-
ent genes from the same samples (Sharkey et al. 2004). Fig-
ure 4 shows the results of virulence gene testing. The vir-
ulence genes detected included pelA, pelB, pelC, pehA, and
prtW. The bacteria treated with 5% (w/v) Manuka honey
exhibited different gene expression levels compared with
those without the Manuka honey treatment (0%). Gene ex-
pressionwas associatedwith virulence level. No expression
differences in the internal standard were observed (recA)
between the 5% (w/v) Manuka honey treatment and the
untreated control (0% w/v).

3.5 Semiquantitative expression analyses of virulence
genes in Pectobacterium brasiliense

Figure 5 shows that pehA, pelA, pelB, pelC, and prtW exhib-
ited lower gene expression levels after treatment with 5%
(w/v) Manuka honey compared with the untreated control
(0% w/v). The expression levels of the five virulence genes
were down-regulated 12 h after the 5% (w/v)Manuka honey
treatment.

4. DISCUSSION
The results of this study show that Manuka honey sig-
nificantly inhibited the growth of P. brasiliense at a sub-
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FIGURE 3. Extracellular enzyme production by Pectobacterium brasiliense in the presence of 5% or 0% (w/v) Manuka honey. (A) Pel; (B) Peh; (C) gelatin
dissolution assay. Transparent zone and gelatin dissolution indicate enzyme production. NT, not treated gelatin without bacterial inoculation.

lethal concentration of 5% (w/v). Manuka honey decreased
the number of bacterial cells, which resulted in lower
growth curves compared with the untreated control. No
bacterial growth was detected in cells treated with 10%
(w/v) Manuka honey, suggesting that the compounds in
Manuka honey hindered cell division and prevented bac-
terial growth. The first increase in the growth of the
cells treated with 5% Manuka honey was observed at 10 h,
whereas the growth of the untreated control (0% w/v) in-
creased at 6 h. This result suggests thatManuka honey sup-
pressed growth for 4 h. It has been confirmed that honey
has a broad spectrum antibacterial properties, which may
be attributed to the acidity (low pH), an osmotic effect,
high sugar concentration, and the presence of bacterio-
static and bactericidal factors, such as hydrogen peroxide,
MGO, flavonoids, peptides, and polyphenols (Israili 2014).
Manuka honey is distinguished from other conventional
honey by the unique Manuka factor (UMF) value which is
indicated by the high concentration ofMGO. TheMGOcon-
centration in Manuka honey is 38,761 mg/kg, which is 100-

FIGURE 4. Expression of five virulence genes (pehA, pelA, pelB, pelC, and
prtW) using two-step RT-PCR in Pectobacterium brasiliense with the recA
gene as a positive control. The left side shows the 5% (w/v) treatment
(T) with Manuka honey, whereas the right side is the non-treated (NT) 0%
Manuka honey.

FIGURE 5. Semi-quantitative expression analysis of five virulence genes
(pehA, pelA, pelB, pelC, and prtW) using two-step RT-PCR on Pectobac-
terium brasiliense with the recA gene as a positive control (bar heights
and error bars represent the gene expression levels and standard errors,
respectively).

fold higher than that in conventional honey (Mavric et al.
2008). The decrease in bacterial growth was believed to
occur due to the MGO content in Manuka honey, which
adversely affects cell division. Cell copying and chromo-
some aggregation form proteinaceous rings (septum) that
connect daughter cells. Peptidoglycan (murein) hydrolase
degrades the cell walls between daughter cells, resulting
in cell division (Priyadarshini et al. 2007). Inhibiting hydro-
lases hinders cell division. Manuka honey disrupts S. aureus
cell division by inhibiting the activity but not the expression
ofmurein hydrolase (Jenkins et al. 2011). Because of the high
concentration ofMGO inManuka honey, MGO could be the
main agent inhibiting the growth of P. brasilience. Several
studies have reported that Manuka honey exhibits bacteri-
cidal activity against S. aureus (Almasaudi et al. 2017).

Moreover, the Manuka honey treatment reduced the
severity of soft rot on orchid leaves. This decrease in sever-
ity may be related to a decrease in bacterial virulence. This
finding may be associated with decreases in Pel, Peh, and
Prt production, which was confirmed by the plate assay,
and the low gene expression of other genes that encode
Pel (pelA, pelB, pelC), Peh (pehA), and Prt (prtW), the ma-
jor virulence factors in P. brasiliense. Pel, which degrades
plant cell walls, has profound effects on bacterial virulence.
The combinations of pel gene clusters differ in various bac-
terial species; i.e., the pel gene cluster of P. atrosepticum
consists of pelA, pelB, and pelC; that of P. carotovorum com-
prises pelA, pelB, pelC, and pelD (Zhang et al. 2017), whereas
that of Dickeya dadantii consists of pelA, pelB, pelC, pelD,
and pelE followed by four secondary genes, including pelI,
pelL, pelZ, and pelX (Zhang et al. 2017). The Peh-encoding
gene, pehA, affects bacterial virulence. The P. carotovorum
pehA-mutant exhibits lower virulence when the pehA gene
is deleted (Saarilahti et al. 1992). The prtW gene encodes
metalloprotease (Mattinen et al. 2007), which also affects
bacterial virulence.

The MGO content of Manuka honey inhibits enzyme
production by affecting the expression of genes encoding
the enzymes. The inhibitory effects of Manuka honey have
been reported to reduce virulence, motility, and biofilm
formation (Roberts et al. 2015). Extracellular enzyme
production requires the plant signal N-(3-oxohexanoyl)-
L-homoserine lactone, the QS signal, and several activat-
ing genes (Liu et al. 2008). Manuka honey inhibits jack
bean urease activity through its MGO and dihydroxyace-
tone contents (Rückriemen et al. 2017). Jenkins et al. (2014)
reported that 5% Manuka honey (two-fold the minimum
inhibitory concentration) decreased the transcription of
three genes on the S. aureus agr operon, which regulate
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global virulence of the accessory gene regulator and the
staphylococcal accessory regulator. The agr locus is a clus-
ter of five QS genes (agrA, agrB, agrC, agrD, and hla). These
genes produce and detect auto-inducing peptides which
regulate the gene expression of virulence factors, such
as extracellular proteases, hemolysin, surface-binding pro-
teins, and biofilm formation.

5. CONCLUSIONS
The soft rot-causing bacterium P. brasiliense treated with
5% (w/v) Manuka honey exhibited lower virulence than the
untreated control, as demonstrated by the decreased dis-
ease symptoms on orchids and the bacterial maceration
ability. The Manuka honey treatment also reduced the pro-
duction of extracellular enzymes (Pel, Peh, and Prt) and
gene expression (pelA, pelB, pelC, pehA, and prtW), as de-
tected by semi-quantitative PCR.

ACKNOWLEDGMENTS
The authors express their deep gratitude to the Min-
istry of Research, Technology of the Republic of Indone-
sia for funding this research through the Fundamental Re-
search budget (contract number 1979/UN1/DITLIT/DIT-
LIT/PT/2020) and partly by Universitas Gadjah Mada un-
der RTA Program 2020 (Grant No. 2488/UN1.P.III/DIT-
LIT/PT/2020). This manuscript is part of a Master’s thesis
by SA under the supervision of TJ and SS.

AUTHORS’ CONTRIBUTIONS
SA, SS, MSR, NO, and TJ designed the study. SA conducted
the experiments and analyzed the data under the supervi-
sion of TJ and SS. All authors have read and approved the
final version of the manuscript.

COMPETING INTERESTS
The authors declares no competing interests.

REFERENCES
Almasaudi SB, Al-Nahari AA, El-Ghany ESMA, Barbour E,

Muhayawi SMA, Al-Jaouni S, Azhar E, Qari M, Qari YA,
Harakeh S. 2017. Antimicrobial effect of different types
of honey on Staphylococcus aureus. Saudi Journal of Bi-
ological Sciences. 24:1255–1261. doi:10.1016/j.sjbs.2016.
08.007.

Carter DA, Blair SE, Cokcetin NN, Bouzo D, Brooks P,
Schothauer R, Harry EJ. 2016. Therapeutic manuka
honey: No longer so alternative. Frontiers in Microbi-
ology. 7. doi:10.3389/fmicb.2016.00569.

Charkowski AO. 2018. The changing face of bacterial soft-
rot diseases. Annual Review of Phytopathology. 56:269–
288. doi:10.1146/annurev-phyto-080417-045906.

Fauzia RA, Joko T. 2021. Characterization of pto-like protein
kinase disease resistance genes in orchid. Asian Journal
of Plant Sciences. 20:281–290. doi:10.3923/ajps.2021.28
1.290.

Israili ZH. 2014. Antimicrobial properties of honey. Ameri-
can Journal of Therapeutics. 21:304–323. doi:10.1097/
MJT.0b013e318293b09b.

Jenkins R, Burton N, Cooper R. 2011. Manuka honey inhibits
cell division in methicillin-resistant Staphylococcus au-
reus. Journal of Antimicrobial Chemotherapy. 66:2536–
2542. doi:10.1093/jac/dkr340.

Jenkins R, Burton N, Cooper R. 2014. Proteomic and
genomic analysis of methicillin-resistant Staphylococ-
cus aureus (MRSA) exposed to manuka honey in vitro
demonstrated down-regulation of virulence markers.
Journal of Antimicrobial Chemotherapy. 69:603–615.
doi:10.1093/jac/dkt430.

Joko T, Soffan A, Rohman MS. 2019. A novel subspecies-
specific primer targeting the gyrase B gene for
the detection of Pectobacterium carotovorum subsp.
brasiliense. Biodiversitas Journal of Biological Diversity.
20. doi:10.13057/biodiv/d201037.

Joko T, Umehara M, Murata T, Etoh H, Izumori K, Tsuyumu
S. 2018. Hyperinduction of pectate lyase in Dickeya
chrysanthemi ec16 by plant-derived sugars. Journal of
Plant Interactions. 13:141–150. doi:10.1080/17429145.2
018.1444206.

Joshi JR, Khazanov N, Senderowitz H, Burdman S, Lipsky A,
Yedidia I. 2016. Plant phenolic volatiles inhibit quorum
sensing in pectobacteria and reduce their virulence by
potential binding to expI and expR proteins. Scientific
Reports. 6:38126. doi:10.1038/srep38126.

Kwenda S, Motlolometsi TV, Birch PRJ, Moleleki LN. 2016.
Rna-seq profiling reveals defense responses in a toler-
ant potato cultivar to stem infection by Pectobacterium
carotovorum ssp. brasiliense. Frontiers in Plant Science.
7. doi:10.3389/fpls.2016.01905.

Lee DH, Kim JB, Lim JA, Han SW, Heu S. 2014. Genetic diver-
sity of Pectobacterium carotovorum subsp. brasiliensis
isolated in Korea. The Plant Pathology Journal. 30:117–
124. doi:10.5423/PPJ.OA.12.2013.0117.

Liu H, Coulthurst SJ, Pritchard L, Hedley PE, Ravensdale M,
Humphris S, Burr T, Takle G, Brurberg MB, Birch PRJ,
Salmond GPC, Toth IK. 2008. Quorum sensing coor-
dinates brute force and stealth modes of infection in
the plant pathogen Pectobacterium atrosepticum. PLoS
Pathogens. 4:e1000093. doi:10.1371/journal.ppat.10000
93.

Ma B, Hibbing ME, Kim HS, Reedy RM, Yedidia I, Breuer J,
Breuer J, Glasner JD, Perna NT, Kelman A, Charkowski
AO. 2007. Host range and molecular phylogenies of
the soft rot enterobacterial genera Pectobacterium and
Dickeya. Phytopathology®. 97:1150–1163. doi:10.1094/
PHYTO-97-9-1150.

Maddocks SE, Lopez MS, Rowlands RS, Cooper RA. 2012.
Manuka honey inhibits the development of Strepto-
coccus pyogenes biofilms and causes reduced expres-
sion of two fibronectin binding proteins. Microbiology.
158:781–790. doi:10.1099/mic.0.053959-0.

Mattinen L, Nissinen R, Riipi T, Kalkkinen N, Pirhonen
M. 2007. Host-extract induced changes in the se-
cretome of the plant pathogenic bacterium Pectobac-
terium atrosepticum. PROTEOMICS. 7:3527–3537. doi:
10.1002/pmic.200600759.

Mavric E, Wittmann S, Barth G, Henle T. 2008. Identifica-
tion and quantification of methylglyoxal as the dom-
inant antibacterial constituent of manuka (Leptosper-
mum scoparium)honeys from new zealand. Molecular
Nutrition Food Research. 52:483–489. doi:10.1002/mn
fr.200700282.

Okhiria OA, Henriques AFM, Burton NF, Peters A, Cooper
R. 2009. Honey modulates biofilms of Pseudomonas
aeruginosain a time and dose dependent manner. Jour-
nal of ApiProduct and ApiMedical Science. 1:6–10. doi:
10.3896/IBRA.4.01.1.03.

Popović T, Kostić I, Milićević Z, Gašić K, Kostić M, Derviše-

ASEAN J SCI TECHNOL DEV 39(3): 119–124 123

http://dx.doi.org/10.1016/j.sjbs.2016.08.007
http://dx.doi.org/10.1016/j.sjbs.2016.08.007
http://dx.doi.org/10.3389/fmicb.2016.00569
http://dx.doi.org/10.1146/annurev-phyto-080417-045906
http://dx.doi.org/10.3923/ajps.2021.281.290
http://dx.doi.org/10.3923/ajps.2021.281.290
http://dx.doi.org/10.1097/MJT.0b013e318293b09b
http://dx.doi.org/10.1097/MJT.0b013e318293b09b
http://dx.doi.org/10.1093/jac/dkr340
http://dx.doi.org/10.1093/jac/dkt430
http://dx.doi.org/10.13057/biodiv/d201037
http://dx.doi.org/10.1080/17429145.2018.1444206
http://dx.doi.org/10.1080/17429145.2018.1444206
http://dx.doi.org/10.1038/srep38126
http://dx.doi.org/10.3389/fpls.2016.01905
http://dx.doi.org/10.5423/PPJ.OA.12.2013.0117
http://dx.doi.org/10.1371/journal.ppat.1000093
http://dx.doi.org/10.1371/journal.ppat.1000093
http://dx.doi.org/10.1094/PHYTO-97-9-1150
http://dx.doi.org/10.1094/PHYTO-97-9-1150
http://dx.doi.org/10.1099/mic.0.053959-0
http://dx.doi.org/10.1002/pmic.200600759
http://dx.doi.org/10.1002/mnfr.200700282
http://dx.doi.org/10.1002/mnfr.200700282
http://dx.doi.org/10.3896/IBRA.4.01.1.03


vić M, Krnjajić S. 2017. Essential oils as an alternative
bactericides against soft-rot bacteria, Pectobacterium
carotovorum subsp. carotovorum. Faculty of Agricul-
ture, University of East Sarajevo. p. 1377–1383.

Priyadarshini R, de Pedro MA, Young KD. 2007. Role of pep-
tidoglycan amidases in the development and morphol-
ogy of the division septum in Escherichia coli. Journal of
Bacteriology. 189:5334–5347. doi:10.1128/JB.00415-07.

Roberts AEL, Maddocks SE, Cooper RA. 2015. Manuka
honey reduces the motility of Pseudomonas aeruginosa
by suppression of flagella-associated genes. Journal of
Antimicrobial Chemotherapy. 70:716–725. doi:10.1093/
jac/dku448.

Rückriemen J, KlemmO, Henle T. 2017. Manuka honey (Lep-
tospermum scoparium) inhibits jack bean urease activ-
ity due to methylglyoxal and dihydroxyacetone. Food
Chemistry. 230:540–546. doi:10.1016/j.foodchem.2017.
03.075.

Saarilahti HT, Pirhonen M, Karlsson MB, Flego D, Palva ET.
1992. Expression of peha-bla gene fusions in Erwinia
carotovora subsp. carotovora and isolation of regula-
tory mutants affecting polygalacturonase production.
Molecular and General Genetics MGG. 234:81–88. doi:
10.1007/BF00272348.

Schneider CA, Rasband WS, Eliceiri KW. 2012. Nih image
to imagej: 25 years of image analysis. Nature Methods.
9:671–675. doi:10.1038/nmeth.2089.

Sharkey FH, Banat IM, Marchant R. 2004. Detection and
quantification of gene expression in environmental
bacteriology. Applied and Environmental Microbiology.
70:3795–3806. doi:10.1128/AEM.70.7.3795-3806.2004.

Silva AS, Luz JMQ, Tebaldi ND, deMorais TP. 2020. Diversity
of Pectobacterium strains by biochemical, physiological,
and molecular characterization. Bioscience Journal. 36.
doi:10.14393/BJ-v36n2a2020-46256.

Sundin GW, Wang N. 2018. Antibiotic resistance in plant-
pathogenic bacteria. Annual Review of Phytopathology.
56:161–180. doi:10.1146/annurev-phyto-080417-04594
6.

Trianom B, Arwiyanto T, Joko T. 2019. Morphological and
molecular characterization of Sumatra disease of clove
in Central Java, Indonesia. Tropical Life Sciences Re-
search. 30:107–118. doi:10.21315/tlsr2019.30.2.8.

Widyaningsih S, Utami SNH, Joko T, Subandiyah S. 2019.
Plant response and huanglongbing disease develop-
ment against heat treatments on ‘Siam Purworejo’ (Cit-
rus nobilis (lour)) and ‘Nambangan’ (C. maxima (burm.)
merr.) under field condition. Archives of Phytopathol-
ogy and Plant Protection. 52:259–276. doi:10.1080/03
235408.2018.1544193.

Zhang D, Zhou Y, Zhao D, Zhu J, Yang Z, Zhu M. 2017. Com-
plete genome sequence and pathogenic genes analy-
sis of Pectobacterium atroseptica jg10-08. Genes Ge-
nomics. 39:945–955. doi:10.1007/s13258-017-0559-y.

124 Ava et al.

http://dx.doi.org/10.1128/JB.00415-07
http://dx.doi.org/10.1093/jac/dku448
http://dx.doi.org/10.1093/jac/dku448
http://dx.doi.org/10.1016/j.foodchem.2017.03.075
http://dx.doi.org/10.1016/j.foodchem.2017.03.075
http://dx.doi.org/10.1007/BF00272348
http://dx.doi.org/10.1038/nmeth.2089
http://dx.doi.org/10.1128/AEM.70.7.3795-3806.2004
http://dx.doi.org/10.14393/BJ-v36n2a2020-46256
http://dx.doi.org/10.1146/annurev-phyto-080417-045946
http://dx.doi.org/10.1146/annurev-phyto-080417-045946
http://dx.doi.org/10.21315/tlsr2019.30.2.8
http://dx.doi.org/10.1080/03235408.2018.1544193
http://dx.doi.org/10.1080/03235408.2018.1544193
http://dx.doi.org/10.1007/s13258-017-0559-y

	INTRODUCTION
	MATERIALS AND METHODS
	Bacterial growth conditions
	Pathogenicity assay
	Enzyme assays
	Selection and primer design of genes involved in virulences
	RNA isolation
	Expression analysis of virulence genes

	RESULTS
	Pectobacterium brasiliense growth rate after Manuka honey treatment
	Pectobacterium brasiliense pathogenicity on orchids
	Extracellular enzymes production by Pectobacterium brasiliense
	Detection of virulence genes at the RNA level in Pectobacterium brasiliense
	Semiquantitative expression analyses of virulence genes in Pectobacterium brasiliense

	DISCUSSION
	CONCLUSIONS

