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ABSTRACT 
        Burkholderia pseudomallei is a causative agent of melioidosis, the disease endemic in north and northeast 
Thailand and northern Australia. B. pseudomallei is intrinsically resistant to many antibiotics. Ceftazidime (CAZ) is 
currently used in treatment regimen but increasing incidence of CAZ resistance has been reported in recent years in 
Thai major hospitals. Silver nanoparticles (AgNPs) are attractive antimicrobial agents against drug-resistant 
pathogenic bacteria. AgNPs are alternative agents for cope with drug-resistance bacterial cell. In this study, we 
investigated the antibacterial activity and action mechanism of AgNPs against five clinical isolates of B. 
pseudomallei. The results showed that AgNPs (10-20 nm) at 32-48 μg/mL completely inhibited the growth of cells 
and the inhibitory concentrations were similar in all B. pseudomallei isolates. Importantly, the inhibitory 
concentrations of AgNPs were not toxic to human red blood cells. AgNPs killed cells within 5 min due to AgNPs 
directly acted on the membrane of bacterial cell. In addition, TEM was used to examine the ultrastructural changes in 
bacteria cells. The action of AgNPs at MBC led to severely damage of cell membrane, DNA, and biomolecules. 

 
บทคดัย่อ 

        โรคเมลิออยโดสิส (Meliodosis) เป็นโรคท่ีเกิดจากการติดเช้ือแบคทีเรีย B. pseudomallei  ซ่ึงพบอตัราการเสียชีวิต
สูงในภาคตะวนัออกเฉียงเหนือของประเทศไทย  และในปัจจุบนัพบอตัราการการด้ือต่อยาปฏิชีวนะเซฟดาซิดิมซ่ึงเป็น
ยาท่ีใช้ในการรักษาโรคน้ีสูงข้ึน  ดังนั้ นอนุภาคเงินนาโนจึงเป็นสารทางเลือกใหม่เพ่ือแก้ไขปัญหาดังกล่าว ซ่ึงใน
งานวิจยัคร้ังน้ีจึงทาํการสังเคราะห์อนุภาคเงินนาโนดว้ยวิธีทางเคมี ศึกษาประสิทธิภาพในการยบัย ั้งเช้ือ B. pseudomallei 
จาํนวน 5 isolate และทาํการศึกษากลไกของอนุภาคเงินนาโนต่อเช้ือดงักล่าวอีกดว้ย จากผลการทดลองพบวา่อนุภาคเงิน
นาโนขนาด 10-20 นาโนเมตรสามารถยบัย ั้งเช้ือทั้ง 5 isolate ไดอ้ยา่งมีประสิทธิภาพโดยพบค่า MIC เฉล่ียเท่ากบั 32-48 
μg/mLและท่ีความเขม้ขน้ดงักล่าวยงัพบว่าไม่มีพิษต่อเซลลเ์ม็ดเลือดแดงของมนุษยอี์กดว้ยนอกจากน้ียงัพบว่าอนุภาค
เงินนาโนสามารถฆ่าเช้ือไดอ้ยา่งรวดเร็วภายในเวลา 5 นาที และท่ีความเขม้ขน้ของอนุภาคเงินนาโนท่ีสามารถฆ่าเช้ือได ้
99.99% (MBC) เม่ือใชก้ลอ้งจุลทรรศน์อิเลก็ตรอนแบบส่องผา่นแสดงให้เห็นการฉีกขาดอยา่งรุนแรงของเยื่อหุ้มเซลล ์
และการเปล่ียนแปลงของโครงสร้างในระดบันาโน เช่น สารพนัธุกรรม และสารชีวโมเลกลุ ซ่ึงนาํไปสู่การตายของเซลล์
ในท่ีสุด 
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Introduction 
        Burkholderia pseudomallei  is  a  causative  
agent  of  melioidosis,  a disease  endemic  in  
Southeast  Asia  and  Northern  Australia  but  also  
increasingly  reported  in  other  tropical  areas  
throughout  the  world (Leelarasamee, Bovornkitti, 
1989; Currie et al., 2000).  There  is  no  vaccine  for  
melioidosis  and  it  can  be fatal  if  a  specific  
antibiotic  regimen  is  not  delivered (Peacock et al., 
2012). Standard administering antibiotics include the 
third-generation cephalosporin and ceftazidime  
(CAZ). B. pseudomallei is intrinsically resistant to 
many antibiotics. Prolong nature of melioidosis 
treatment increases the probability that acquired 
resistance can develop  (Sarovich et al., 2012). 
Especially, mono therapy is used or the same type of 
antibiotic is used for several times in the same patient 
for treatment of infection relapses. In fact, emerging 
resistance of some B.  pseudomallei isolates to CAZ 
has recently been reported. This serious problem, 
along with the paucity of alternate treatment options 
for melioidosis, has  encouraged  us  to  seek  for  
novel  candidate  agents  to  overcome  bacterial 
resistance in  melioidosis (Schweizer, 2012; Kager et 
al., 2014)  
        In recent years, many reports have found that 
silver nanoparticles (AgNPs) have strong inhibitory 
and bactericidal effect against bacteria, fungi, and 
virus (Lok et al., 2006; Cho et al., 2005; Li et al. 
2011). In addition, AgNPs exhibit high toxicity to 
microorganism while it exhibits low toxicity to 
mammalian cells (Zhao, Stevens, 1998). Antibacterial 
activity and mechanism are dependent on size, shape, 
dispersion, agglomeration and dissolution rate (Tiede 
et al., 2008). Hence, AgNPs are used for developing 
nanotechnology and the wide-range of healthcare 

products such as cosmetic product, washing 
compounds, and medical devices/agents (Kim et al., 
2007; Thomus et al., 2007). Nevertheless, evidence 
on AgNPs action mechanism is still in infantry stage. 
The killing action of AgNPs was propose to involve 
with interaction of silver ions with components on 
bacterial membrane such as lipopolysaccharide 
leading to membrane, DNA, proteins and especially 
enzymes damage (Chaloupka et al., 2010; Li et al., 
2010). Moreover, AgNPs induce high level of 
reactive oxygen species (ROS) in intracellular 
compartment of bacteria resulting in damage of 
organic compounds within the cell (Xu et al., 2011). 
There are very few reports on alternative agents 
against B. pseudomallei, an no report on the effect of 
AgNPs against B. pseudomallei. In this study, we aim 
to find the antibacterial activity and mechanism of 
AgNPs on B. pseudomallei.   
 
Objective of the study 
         To determine the antibacterial activity and 
insight mechanism of AgNPs against B. pseudomallei 
at the ultrastructure level and to investigate toxicity of 
AgNPs in mammalian cells. 
 
Methods 
        Synthesis and characterization of AgNPs 
        AgNPs were prepared using silver nitrate as 
metal precursor and sodium citrate as well as sodium 
borohydride as reducing agents and polyvinylpyrrolidone 
as stabilizing agents. The morphologies and structures 
of the nanoparticles were characterized by UV-visible 
spectroscopy and transmission electron microscopy. 
The equation of AgNPs synthesis: AgNO3 + NaBH4         
Ag0 + 1/2B2H6 + NaNO3 (Guzman et al., 2012). 
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        Bacterial strains and growth conditions 
        Burkhoderia pseudomallei five isolates were 
kind gifts from Melioidosis Research Center, Khon 
Kaen University. The following isolates were used in 
this study: B. pseudomallei K96243, NF10/38, H777, 
979b and 316C. All isolates were stored at -70°C in 
20% glycerol in an micro centrifuge tubes. The 
bacteria was streaked on NA and then cultured at 
37°C overnight. Colonies were picked and cultured in 
Luria-Bertani (LB) broth at 37°C in an incubator 
overnight and then subcultured at 37°C in a 200 rpm 
shaker-incubator for 2-3 h to yield a mid-logarithmic 
growth phase culture (Madhongsa et al., 2013). 
        MIC and MBC determination 
        MIC and MBC were determined by a micro 
dilution method (Re, using Luria–Bertani broth and 
an inoculum of 1x107 CFU/mL. Ten isolates of B. 
pseudomallei were incubated with 2-256 μg/mL of 
AgNPs or 2-1024 μg/mL of CAZ, then the 
antibacterial activity was measured after 24 h. The 
MIC value corresponded to the concentration that 
inhibited 99% of bacterial growth and the MBC value 
corresponded to the concentration where 100% of the 
bacterial growth was inhibited, compared to the 
positive control (no treatment). Inhibition of bacterial 
cells was measured with serially dilution plate count 
method assay. The percentage of inhibition was calculated 
using the formula [1-(CFUsample/CFUcontrol)]×100 (Lara 
et al., 2010). 
        Killing kinetic assay  
        Killing kinetics was determined using a culture 
of B. pseudomallei NF10 and 316C re-suspended in 
10 mM Potassium phosphate buffer (1x107 
CFU/mL). AgNPs or CAZ were added to the bacterial 
suspension to a final concentration of MIC and MBC 
of each isolates. Suspension cells were incubated in a 

180 rpm shaker-incubator at 37 ˚C. At the indicated 
times (0, 1, 2, 4, 6 and 24 h), samples were taken, 
serially diluted, plated in triplicate on NA and 
incubated for 24 h to allow colony counting. The 
percentage killing or inhibiting effects of AgNPs was 
calculated using the formula same MIC and MBC 
experiment. A bactericidal effect was defined as a ≥3 
log10 reduction in CFU/mL compared with the initial 
inoculum (Kanthawong et al. 2012). 
        The LIVE/DEAD bacterial viability assay 
        Bacterial viability was determined using 
LIVE/DEAD BacLightTM bacterial-viability kit 
(Invitrogen). Kit provides a two-color fluorescence 
cell viability assay that is based on the simultaneous 
determination of live and dead cells with two probes 
as sytox® green and propidium iodide dye, 
respectively. Cell suspension of B. pseudomallei 
NF10 or 316C in 10 mM PPB (1x105 CFU/mL) were 
incubated with AgNPs at MIC each isolates in a 180 
rpm shaker-incubator at 37 ˚C. At indicate times (0, 5, 
30 and 60 min), cell suspension was incubated with 
fluorescent dye from LIVE/DEAD kit for 15 min in 
dark for fluorescence microscope by Ex 494, Em 515 
nm for live cell and Ex 528 and Em 617 nm for dead 
cell (Mei et al., 2013). 
        Hemolytic activity assay 
        Human red blood cells (hRBCs) were collected 
via centrifugation, washed three times with PBS, and 
then resuspended to 4% (v/v) in PBS. 100 μL hRBC 
suspensions were added into each well of a sterilized 
96-well plate. 100 μL AgNPs, at 2-1024 μg/mL, was 
added concentration in each well, and the plates were 
incubated for 1 h at 37°C and centrifuged at 1000 g 
for 5 min. 100 mL aliquots of supernatant were 
transferred to fresh 96-well plates and hemoglobin 
release was monitored with a SpectraMax M5 
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fluorescence microplate reader by measuring the 
absorbance at 405 nm. The 0% and 100% hemolysis 
was determined in PBS and 0.1% Triton X-100, 
respectively (Golubeva et al., 2010). 
        Transmission electron microscopy (TEM) 
        In order to find out and elucidate the visual 
effect of antibacterial mechanism of AgNPs at MIC 
concentration, transmission electron microscopy 
technique was used. Cells of B. pseudomallei 316C 
before and after treatment with AgNPs were fixed 
overnight with 2.5% glutaraldehyde. Samples were 
post fixed in 2% osmium tetroxide, dehydrated in a 
series of graded ethanol, infiltrated and embedded in 
spur resin. Then, ultra-thin sections (60 nm 
thicknesses) were cut, stained with uranyl acetate and 
counter stained with 4% lead citrate. These sections 
were mounted on carbon coated copper grids and 
observed under TEM (Hitachi HT7700) (Kora, 
Arunachalam, 2011). 
 
Results  
        Synthesis and characterization of AgNPs 
        In this study, AgNPs were synthesized by 
chemistry method and were characterized with a 
spectrometer coupled with a DH-2000 deuterium/halogen 
light source and TEM. The reaction between AgNO3 
with NaBH4 to produce AgNPs was indicated by the 
appearance of yellow color in the reaction mixture 
(Fig.1A). A single strong peak with maximum at 
around 400-410 nm indicated the presence of AgNPs 
(Fig.1B). Moreover, the solution of AgNPs is highly 
stable, without any color change and visual 
aggregation. TEM micrographs show that AgNPs 
have spherical shape and average size as 10-20 nm 
(Fig.1C). 
 

 
 
 
 
 
Figure 1 Characterization of AgNPs (A); photograph 

of AgNPs (B); UV-vis spectra of AgNPs 
and (C) show TEM micrograph. 

 
MIC and MBC determination 
        The MIC and MBC of AgNPs against five 
clinical isolates of B. pseudomallei (Table 1) were  in 
the range of 32-48 μg/mL and 96-128 μg/mL 
respectively. CAZ had higher concentrations in MIC 
and MBC, with the range of 128-512 μg/mL and 512-
1024 μg/mL, respectively. The results indicated that 
AgNPs have better antibacterial activity than CAZ. 
 
Table 1 Minimal inhibitory concentration (MIC) and 

minimum bactericidal concentration (MBC) 
of AgNPs and CAZ against five isolates of  
B. pseudomallei 

Isolates of 

B. pseudomallei 
 

AgNPs 
(μg/mL) 

 

CAZ (μg/mL) 
 

 MBC MIC MBC 
K96243 48 96 128 512 
NF10/38 48 128 128 512 
H777 48 128 256 1024 
316c 32 96 512 1024 
979b 32 96 512 1024 

The MIC value corresponded to the concentration that inhibited 
>99% of bacterial growth  

The MBC value corresponded to the concentration that killed 
100% of the bacterial growth 

 
 

A B C 

100 nm 
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   Analysis of the killing kinetics and bacterial 

viability of B. pseudomallei cells 
        We investigated killing kinetic of AgNPs against 
B. pseudomallei NF10 and B. pseudomallei 316C. At 
MIC and MBC, AgNPs exerted a rapid bactericidal 
activity against both isolates of B. pseudomallei, 
reducing the number of visible bacterial cells to  ≥3-
log with in 1 hour of exposure, while CAZ could 
reduce bacterial cells within 6 hour (Fig. 2A and 2B). 

AgNPs appeared to better inhibit cell growth than 
CAZ. Moreover, the fluorescence micrographs show 
that AgNPs killed bacterial cell within 5 minutes (Fig. 
3). Also, the dead cells has smaller size than live 
cells, indicating that AgNPs cause cell shrinkage to 
change conformation of bacterial cell for apply to 
therapeutic.  
 

 
 
 

 

 

 

Figure 2 Killing kinetics of AgNPs against 2 isolates of B. pseudomallei. Bacterial suspensions of  B. pseudomallei 
NF10 (A) and B. pseudomallei316C (B) were incubated with AgNPs and CAZ at concentrations of MIC 
(black square), MBC (black circle), CAZ as control (black up triangle), 0 as control (black down triangle)  
and samples were taken at 1, 2, 4,  6 and 24 h. Error bar showed the data are the mean of two independent 
experiments performed in triplicate.  

 
 

 

 

 

 

 

 

Figure 3 Fluorescence micrographs of B. pseudomallei NF10 and B. pseudomallei 316C after treated with AgNPs for 

0, 5, 30 and 60 min, respectively. 
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Hemolytic activity determination             
The cytotoxicity of AgNPs against normal 

mammalian cells was assessed by hemolysis. As 

shown in Fig. 4, AgNPs did not cause hemolysis at 

the concentration range of MIC and MBC (<10%) but 

at higher concentration (256 μg/mL) led to hemolysis 

of more than 10%. This result indicated that at MIC 

and use. 

 

 

 

 

Figure 4 Hemolytic activity of AgNPs. Human 
erythrocytes were incubated in PBS with 
various concentrations of AgNPs for 1 h 
at 37 °C. Error bar showed the data are 
the mean of two independent experiments 
performed in triplicate.  

 
Action of AgNPs on the ultrastructure of                                
B. pseudomallei cells 

The TEM micrographs of B. pseudomallei 

316C cell untreated with AgNPs showed the smooth 

and intact membrane surface as typical characters of 

rod shape. The electron-dense area indicated normal 

genetic material of cell (Fig. 5A). Cells treated with 

the MBC of AgNPs (96 μg/mL) had severe damage 

including cell burst and debris of membrane tearing 

(Fig. 5B). In addition, electron-dense particle or 

precipitates were also observed around damaged 

bacterial cell (Fig. 5C) 

Discussions and Conclusions 
        In this study, we found that the MIC and MBC 
values of AgNPs against all isolates of B. 
pseudomallei were higher than those observed in 
other strains of bacteria reported before (Li et al., 
2011; Xu et al., 2011). This could be due to the 
difference in shape and size of AgNPs. Also, different 
bacterial species can eliminate metal nanoparticles via 
efflux pump on membrane with different extent 
(Bolla et al., 2011). B. pseudomallei is known to have 
exceptional activity of efflux pump, making it an 
intrinsic resistant species to most antibiotics. During 
antibacterial action, silver ions were released from 
AgNPs and were reduced to silver atom by nitrate 
reductase (Kalimuthu et al., 2008). In this study, with 
MIC of AgNPs, the free silver ions resulted in severe 
damage of membrane and biomolecule within 5 
minutes (Fig. 3 and Fig. 5B and 5C). Moreover, at 
MIC not toxic to mammalian cell .The visual results 
could be better observed if we reduce the 
concentration of AgNPs into sub-MIC, to allow the 
visible cell shape and interaction of Ag to the 
intracellular target and destruction of the membrane.  
In conclusion, AgNPs may provide as new 

antimicrobial agent in solving drug resistance 

problem of B. pseudomallei. 
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Figure 5 TEM micrographs show ultra-structural features of AgNPs with cells of B. pseudomallei316C, 1 h of 

incubation.(A) cell wasn’t treated with AgNPs as control and (B and C) cell was treated with AgNPs at 

MBC. 
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