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In the present study manganese oxidizing bacteria 
(MOB) were isolated and identified using molecular 
techniques (16S rRNA gene sequencing) and the elec-
trochemical behaviour of these isolates on orthodontic 
wires was studied by employing polarization and im-
pedance techniques. Staphylococcus aureus (EF516983), 
Bacillus pumilus (EF516984), Planococcus rifitioensis 
(EF516985), Lysinibacillus boronitolerans (EF516986), 
B. fusiformis (EF516987), L. boronitolerans (EF516988) 
and B. thuringiensis (EF516989) were identified as 
manganese oxidizers in orthodontic appliances. It is 
interesting to note that ten control samples did not 
have any manganese oxidizers. It reveals that stainless 
steel enhances the proliferation of manganese oxidiz-
ers and accelerates the corrosion of orthodontic wires. 
Since manganese is toxic to human beings and causes 
enhancement of nervous disorder, an in-depth study is 
needed in future. 
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STAINLESS alloys have been used as orthodontic wires 
with a wide range of applications in both fixed and re-
movable appliances1. Corrosion on orthodontic materials 
may be caused by an electrolyte such as saliva. Saliva has 
several viruses, bacteria, yeast and fungi and their pro-
ducts, such as organic acids and enzymes, epithelial cells, 
food debris and components from gingival crevicular 
fluid1–3. Factors such as temperature, quantity and quality 
of saliva, plaque, pH, proteins, physical and chemical 
properties of food and liquids, and oral health conditions 
may influence corrosion4. Matasa5 explained the corro-
sion of orthodontic appliances which may be uniform, loca-
lized or pitting, crevice and inter-granular. During the 
past few years, there has been a broadening of interest in 
the use of implantable materials, viz. metals, ceramics and 
polymers, and devices in reconstructive oral surgery6,7. 
Hence, the orthodontic wires were evaluated by employ-
ing chemical and mechanical factors by various investiga-
tions8–16. Nickel was reported to be moderately cytotoxic, 
while chromium was considered to have little cytotoxicity 
in a human cell culture study17–19. Apart from nickel and 
chromium, manganese (0.48–20%) is also present in or-

thodontic wires20. Release of metallic element from al-
most all types of alloy has been documented. But no 
literature has been found regarding the action of manga-
nese in saliva. Generally 5–7 ppm is needed for physio-
logical activity21 of human beings. Proteins depending on 
manganese present in the saliva were reported by many 
investigators22,23. If manganese becomes excess, it en-
hances the possibility of nervous disorder24. Hence, the 
importance of manganese oxidizer in the oral cavity is 
important in the medical field. The interrelationship bet-
ween materials and bacterial distribution is unknown in 
orthodontic literature. Though several corrosion studies 
and those on the electrochemical behaviour of dental  
alloys have been carried out, no study has been carried out 
in the presence of manganese oxidizing bacteria (MOB) on 
orthodontic appliances, one of the most important bacte-
rial communities involved in microbiologically influ-
enced corrosion. The present study focuses on the 
identification of manganese oxidizers by 16S rRNA gene 
sequencing and electrochemical behaviour of MOB on 
orthodontic wires. 
 Saliva samples were collected from 15 to 20 aged per-
sons wearing stainless steel orthodontic wire. The 12 h 
old biofilm was gently scrapped using a sterile brush and 
subsequently mouth-washed using sterile mineral water 
and collected. Similarly, samples were collected from 
persons with normal healthy teeth in the age group of 15–
20 years without any orthodontic wires, to serve as con-
trol for comparative study. The food habit of the patients 
has not been considered in the present work. Mn agar 
(Hi-media, Mumbai) was used to count MOB. The bio-
chemical characterization of bacterial isolates was done 
based on Bergey’s Manual of Determinative Bacteriology25. 
 The genomic DNA of the isolate was isolated as de-
scribed earlier26. Tris-EDTA (TE) buffer and lysozyme 
were added to the pelleted cells and incubated for 30 min 
at room temperature. SDS and proteinase K were added 
and incubated at 55°C for 2 h. DNA was extracted with 
phenol, chloroform and iso-amyl alcohol, and precipi-
tated with ethanol and dissolved in TE buffer. Polymerase 
chain reaction (PCR) was performed with a final volume 
of 50 μl in 0.2 ml thin-walled tubes. The primers27 used 
for PCR amplification of the 16S rRNA gene were: 8F 5′-
AGA GTT TGA TCC TGG CTC AG-3′ and 1490R 5′-
GGT TAC CTT GTT ACG ACT T-3′ (Sigma Genosys). 
Each reaction mixture contained 2 μl of template DNA 
(100 ng), 0.5 μM of two primers, and 25 μl of Enzyme 
Master Mix (Bioron). The PCR programme consisted of 
an initial denaturation step at 94°C for 5 min, followed by 
34 cycles of DNA denaturation at 92°C for 30 s, primer 
annealing at 50°C for 1 min, and primer extension at 
72°C for 2 min carried out in thermal cycler (Thermo 
Hybaid). After the last cycle, a final extension at 72°C for 
20 min was added. The PCR products were purified using 
QIAquick PCR purification kit, as described by the 
manufacturer and cloned using QIAGEN PCR cloning 
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plus kit, as described by the manufacturer. Clones were 
selected and isolated plasmids with insert were sequenced 
with M13 sequencing primers using an automated se-
quencer ABI Biosystems. 
 The nucleotide database was searched with the se-
quences obtained using NCBI BLAST (Blastn) tool 
(http://www.ncbi.nlm.nih.gov/BLAST). The full length 
sequences obtained were matched with previously pub-
lished sequences available in NCBI using BLAST28. Mul-
tiple sequence analysis was carried out using CLUSTAL 
W29, and further NJ plot30 and PHYLODRAW31 were 
employed for constructing a phylogenetic tree. A boot-
strap analysis was performed to validate the reproducibil-
ity of the branching pattern. 
 Manganese was estimated in the saliva samples (24 h 
old) collected at 6 a.m. before brushing from two ortho-
dontic patients and two normal healthy persons (control), 
employing the atomic absorption spectrophotometer 
(VARIAN Model SPECTRAA 220). 
 Since the appropriate composition of SS-19 gauge wire 
could not be obtained from the manufacturer, the surface 
chemical composition of the wire was analysed using en-
ergy dispersive X-ray spectroscopy (EDX model: Noran 
System SIX; Thermo Electron Corporation). 
 SS-19 gauge wires were used for electrochemical 
evaluation. The appropriate composition of wires could 
not be obtained from the manufacturers. The wires were 
mounted with araldite in plastic straws, leaving only a 
small fixed area (1.42 × 10–3 sq. cm) for exposure to the 
medium; electrical contact was taken from the other end. 
The open circuit potential was monitored for a period of 
5 h in the presence/absence of bacteria with respect to 
saturated calomel electrode (SCE) as the reference elec-
trode, using a digital multimeter of high impedance for 
electrochemical evaluation. 
 Polarization was done using the above wires. The 
specimens were immersed for 12 h at 37°C in sterile as 
well as mixed bacteria-inoculated artificial saliva. Con-
ventional three electrode cell assembly was used for pola-
rization measurements. Cathodic polarization experiments 
were conducted in artificial saliva with and without bac-
teria using a computer-controlled potentiostat (PGP 201, 
Potentiostat with voltameter-1 software) in a 100 ml po-
larization cell. A three-electrode set-up was used consist-
ing of test coupon as the working electrode, SCE as the 
reference and a platinum electrode as the auxilary. The 
test coupon was first immersed in the corrosion cell for 
ten minutes to allow equilibrium with the electrolyte. Ca-
thodic polarization was initiated at the coupon OCP and 
polarized to –1000 mV vs SCE at a scan rate of 
1800 mV/h. IR drop compensation was not needed since 
this was a high-conductivity electrolyte. As described 
above, polarization measurements were carried out for the 
orthodontic wire material. Anodic polarization was also 
initiated at the coupon from OCP and polarized to 
+1000 mV vs SCE at the scan rate of 1800 mV/h. 

 Impedance measurements were carried out using the 
above wires. The specimen was immersed for 12 h at 37°C 
in sterile as well as mixed bacteria inoculated in artificial 
saliva. Impedance studies were carried out using com-
puter-controlled EG&G electrochemical impedance ana-
lyser (Model M6310) with software M 398. After 
attainment of a steady state potential, an AC signal of 
10 mV amplitude was applied and impedance values were 
measured for frequencies ranging from 0.01 to 100 kHz. 
The values of Rct were obtained from the Bode plots. The 
electrochemical studies were done by employing mixed 
cultures of the seven isolates in the cell density of 104/ml. 
 The enumeration of MOB is presented in Table 1. The 
count of MOB in the orthodontic appliance salivary sam-
ple was about 104. It is interesting to note that ten control 
samples collected from normal healthy individual did not 
have any manganese oxidizers. Seven morphologically 
different bacterial colonies were isolated from the saliva 
of persons with orthodontic appliances and analysed  
using biochemical and molecular tests. All the 7 MOB iso-
lates were Gram-positive and rod-shaped. The hanging drop 
method employed was helpful in determining whether the 
bacterium was flagellate or non-flagellate, where one was 
found as non-motile. Spore-staining was useful in deter-
mining spore-forming, aerobic bacteria – Bacillus sp. All 
the isolates tested for catalase were found to be positive. 
It infers the fact that manganese serves as a co-factor for 
catalase in H2O2 decomposition. The results reveal that 
catalase activity influences the oxidization of manga-
nese32. Isolated bacteria have been identified as Staphylo-
coccus aureus (EF516983), Bacillus pumilus (EF516984), 
Planococcus rifitioensis (EF516985), Lysinibacillus  
boronitolerans (EF516986), B. fusiformis (EF516987), L. 
boronitolerans (EF516988) and B. thuringiensis 
(EF516989) (Table 2). Comparisons of 16S rRNA  
have proven to be useful for determining phylogenetic re-
lationships among organisms from the level of domains 
to the level of moderately closely related species33. The re-
sults obtained in this study lead to the conclusion that the 
evolutionary relations (Figure 1) exhibited by the isolates 
are such that these organisms belong to the same eubacterial 
group. Generally, microorganisms are important agents in  
 
 
Table 1. Enumeration of manganese oxidizers from seven orthodontic  
 appliances and ten samples of control (without orthodontic wires) 

Samples from orthodontic appliances Bacterial counts (CFU/ml) 
 

1 4.0 × 104 
2 3.2 × 104 
3 5.8 × 104 
4 4.7 × 104 
5 3.0 × 104 
6 3.0 × 104 
7 3.0 × 104 

8–17 (Control without Nil 
 orthodontic wires)  
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Table 2. Identified manganese oxidizers in orthodontic appliances and accession numbers in GenBank 

Isolation (Sl. no.) Blast results Accuracy of matches (%) Accession no. 
 

1 Staphylococcus aureus  99.9 EF516983 
2 Bacillus pumilus  99 EF516984 
3 Planococcus rifitensis  99 EF516985 
4 Lysinibacillus boronitolerans  99.9 EF516986 
5 B. fusiformis  99 EF516987 
6 L. boronitolerans  99.9 EF516988 
7 B. thuringiensis  99 EF516989 

 
 

 
 

Figure 1. Phylogenetic tree for identification of manganese oxidizers 
collected from orthodontic appliances. 
 

 
 

Figure 2. EDX analysis of surface chemical composition of the wire 
used in the electrochemical study. 
 
 
the oxidation and deposition of iron and manganese. The 
manganese-oxidizing group is a phylogenetically diverse 
assemblage, which is characterized by the ability to cata-
lyse the oxidation of divalent, soluble Mn(II) to insoluble 
manganese. The present study reveals that the collected 
saliva from orthodontic patients contained manganese in 
the range between 4.9 and 5.2 μg/l. Manganese was not 
present in two normal healthy persons. Estimation of 
manganese in saliva for a large number of samples has to 
be made. Three among the seven MOB isolates had 
swarming properties on the agar surface. Among MOB, 
those with gliding motility are significant and most of

 
 
 
 
 
 
 
 
 
them belong to sheathed and budding bacterial groups34,35. 
However, the spore-forming genus Bacillus was commonly 
seen on all the samples studied, where the Mn concentra-
tion in biofilms was also abundant36. This observation 
further confirms the earlier report indicating that the Ba-
cillius sp. requires more Mn for sporulation than during 
vegetative growth. Besides, the Bacillus sp. is involved in 
manganese oxidation35. The involvement of Pseudomonas 
and Vibrio belonging to the Gram-negative group, in Mn 
oxidation could be seen on selected substrates. Hence, it 
is inferred that stainless steel orthodontic wire enhances 
the proliferation of manganese oxidizers. This observation 
further confirms the earlier report by Eisenstadt et al.37, 
who showed that Bacillius sp. requires more Mn for 
sporulation than during vegetative growth. 
 Surface chemical composition of the wire is presented 
in Table 3 and Figure 2. The wire contained 73.18% iron, 
18.68% chromium, 7.23% nickel and 0.92% manganese. 
It confirms that the presence of manganese may influence 
distribution of MOB. 
 Potential–time behaviour of stainless steel wires in the 
presence of MOB was studied in the range between  
–200 mV and –110 vs SCE. In the absence of microbes, 
the initial potential was –175 mV, which increased to  
–90 mV vs SCE. Microbes attack the oxide film formed 
on the surface of stainless steel and shift the potential to 
negative value. 
 Anodic and cathodic polarization results are presented 
in Figure 3. The breakdown potential in the control  
system was about +600 mV vs SCE. While inoculating 
the bacteria the breakdown potential was in the range  
between +420 and +500 mV. This indicates that the man-
ganese oxidizers enhance corrosion (pitting probability) 
by the breakdown of the passive film. The passivation 
current (ip) in control system in two experiments was 
more or less the same. Fluctuation of the passivation cur-

Table 3. Surface chemical composition of wire 

Element Weight (%) Atom (%) 
 

Cr 17.55 18.68 
Mn 0.91 0.92 
Fe 73.87 73.18 
Ni 7.67 7.23 
Total 100.00 100.00 
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Figure 3. Anodic (a) and cathodic (b) polarization curves for SS orthodontic wire in the presence and absence of manganese oxidizing 
bacteria. 

 
 

 
 

Figure 4. Impedance curve for stainless steel in the presence and  
absence of bacteria. 
 
 
Table 4. Impedance studies for stainless steel orthodontic wires in the  
 presence and absence of bacteria 

 Solution resistance Charge transfer resis- 
System (Rs) Ohm.cm2 stance (Rct) Ohm.cm2 
 

Control 700 2 × 105 
Bacterial inoculated  300 2 × 104 
 system 

 
 
rent in the experimental system depends upon the multi-
plication and attachment of bacteria on stainless steel. 
 Cathodic reduction current for stainless steel in the ab-
sence of bacteria was lower when compared to the bacteria-
inoculated system. Higher cathodic current was noticed 
between –625 and –700 mV in the bacterial-inoculated 
system, which indicates chromium reduction. 

 Cr++ + 2e– → Cr  –625 mV vs SCE. 
 
Since bacteria produce H2O2 during respiration, they also 
enhance the reduction reaction by consumption of higher 
current. Hence, bacteria accelerate oxygen reduction 
compared to the control16. Thompson et al.38 studied the 
corrosion behaviour of 2205 duplex stainless steel with 
0.9% sodium chloride. They found that SS-2205 had a 
longer passivation range than SS316L. Kao and Huang39 
studied the corrosion behaviour of orthodontic metal brack-
ets at various pH values. A comparative evaluation of the 
growth of microorganisms on the surface of various ortho-
dontic materials was made by Uppendar Kumar40. The 
electrochemical behaviour of orthodontic materials has 
been studied in the presence of mixed cultures of hetero-
trophic and chemolithotrophic bacteria. However, no study 
has been carried out on electrochemical behaviour of man-
ganese oxidizers on orthodontic wires. 
 Change transfer resistance (Rct) value for stainless steel 
in the presence and absence of MOB is presented in Fig-
ure 4 and Table 4. Rct of control system was 2 × 
105 Ohm.cm2 and in the presence of the bacterial system, 
Rct was 2 × 104 Ohm.cm2. This indicates that bacteria en-
hance corrosion by differential aeration cells. Dexter and 
Maruthamuthu41 reported that biogenic MnO2 acts as a 
cathode to the parent metal, which creates an electro-
chemical cell on materials and accelerates the corrosion 
process. Hence the role of MOB on the corrosion process 
is important. Laurent et al.42 noticed a slight reduction in 
polarization resistance on precious alloy and an increase 
with non-precious alloy in the presence of Actinomyces 
viscosus. Manganese is one of the toxic essential trace 
elements not only necessary for humans to survive, but it 
is also toxic when high concentrations are present in the 
human body. The recommended (5 mg) daily allowance 
is needed for physiological activity; when the uptake is 
too high, health hazards occur. The uptake of manganese 
by humans takes place through food such as spinach, tea, 
soybeans, eggs, rice, nuts, oysters, etc. After absorption 
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in the body, manganese is transported through the blood 
to the liver, kidneys, pancreas and endocrine glands. 
Manganese affects mainly the respiratory tract and the 
nervous system; symptoms are hallucination, forgetful-
ness and nerve damage24. Huang et al.43 estimated differ-
ent metal ions released from new and recycled stainless 
steel brackets in the saliva. They noticed 121.9 μg/ml of 
manganese in pH 4 at 48 weeks immersion and 104 μg/ml 
in pH 7 at 48 week immersion. Nowadays, both rural and 
urban people use stainless steel alloys as orthodontic  
wires. The maximum content of manganese in the  
stainless steel wire and soldering material is in the range 
0.48–20% (refs 20 and 44). Hence it is assumed that 
manganese may affect human health through oxidation by 
bacteria. The present study reveals the need for further 
investigations regarding the application of orthodontic 
wires. 
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Olfactory responses of banana  
pseudostem weevil, Odoiporus  
longicollis Olivier (Coleoptera:  
Curculionidae) to semiochemicals  
from conspecifics and host plant 
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Electroantennogram and olfactometer bioassays were 
conducted to study the olfactory behaviour of banana 
pseudostem weevil (BSW), Odoiporus longicollis Oliv-
ier (Coleoptera: Curculionidae), to semiochemicals 
from conspecifics and host plants. Hexane extracts of 
whole-body chemicals of male and female weevils, host 
plant (banana pseudostem sheath) and combinations 
of weevil extracts and host plant extracts were used as 
stimuli or odour source in both electrophysiological 
and behavioural tests. BSW weevils exhibited sex-
specific differences in responsiveness towards stimulus 
extracts in both the assays and males showed greater 
responsiveness in all the experiments. Female weevils 
were not responsive to their own body extracts, but 
showed significant responses towards male extracts. 
Male weevils were responsive to both male and female 
extracts. The present study provides electrophysiologi-
cal and behavioural evidence that the olfactory behav-

iour in O. longicollis weevils is more precisely 
mediated through the male specific volatiles (aggrega-
tion pheromone). These findings also provide necessary 
information for developing an ecologically safe semio-
chemical-based control method for O. longicollis. 
 
Keywords: Banana pseudostem weevil, electroantenno-
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extracts. 
 
ODOIPORUS LONGICOLLIS Olivier (Coleoptera: Curculi-
onidae), also known as the banana pseudostem weevil 
(BSW), is one of the main pests in banana (Musa paradi-
siaca L.) plantations in South East Asia and all the ba-
nana-growing belts of India1. The female BSW punctures 
the outer leaf sheath of the pseudostem and lays eggs in-
side the sheath. The emerging larvae feed on the soft tissue 
of the pseudostem and make extensive tunnels ranging up 
to 8–10 cm depth until pupation. Extensive infestations of 
BSW make the pseudostem weak and thus reduce the rate 
of flowering of the plant and finally result in undersized 
fruiting or no fruiting at all1. It has been estimated that 
the stem weevil causes 10–90% yield loss depending on 
the infestation stage and management efficiency. Adult 
weevils, though scanty feeders, live up to 200 days and 
often show the tendency to remain in the pseudostem, but 
exhibit strong flight activity when they move from one 
host plant to another. The biology, ecology and chemical 
control of BSW has been previously studied in detail2. 
Because of the long lifespan of adults and endophytic be-
haviour of the larvae, conventional methods of control, 
especially chemical control using insecticides proved to 
be less effective. Additionally, insecticides can be harm-
ful to non-target species and the residues may pollute the 
environment. Hence, it is necessary to develop alternative 
control methods that are safe for the environment and 
highly efficient for the management of O. longicollis.  
 Semiochemicals or insect behaviour modifying chemi-
cals, which include pheromones, have been proved to 
provide better and selective pest control or management 
in the protection of crops and forests3. The use of aggre-
gation pheromones, which attract both male and female 
insects, in association with host volatiles, has led to the 
development of mass trapping as a control strategy for 
several weevil species4,5. Literature also cites the success-
ful management of weevil populations in cotton, coconut 
and sweet potato using aggregation pheromones6–8. Sor-
didin, the aggregation pheromone of Cosmopolites sor-
didus, another important pest of banana, closely related to 
O. longicollis, has been identified, synthesized and a 
commercial formulation has been developed and success-
fully used for the control of the pest9–12. To date, no re-
ports are available providing information either about the 
existence of aggregation pheromone or about the chemi-
cal cues involved in BSW communication. Studies on in-
sect behavioural bioassays and electrophysiology provide 


