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Background. With the recent increase in antibiotic resistance to conventional antibiotics, gold nanoparticles, andmedicinal plants,
extracts present an interesting alternative. Objectives. )is study aimed to synthesize, characterize, and evaluate Pyrenacantha
grandiflora Baill extracts and gold nanoparticle conjugates against pathogenic bacteria. Methods. We synthesized gold nano-
particles by chemical and biological methods. )e nanoparticles were characterized by the use of UV-visible spectrophotometry,
followed by transmission electron microscopy (TEM) and energy-dispersive X-ray analysis (EDX). Gold nanoparticles were
conjugated to plant extracts and analyzed with a Fourier-transform infrared spectroscope (FTIR). We determined the anti-
microbial activity of the conjugates using well diffusion and the microdilution assays. Results. )e UV–visible spectra of gold
nanoparticles showed a synthesis peak at 530 nm. FTIR analysis indicated functional biomolecules that were associated with plant
extract conjugated gold nanoparticles; the formation of C–H group and carbonyl (C�O) groups, –OH carbonyl, and C≡C groups
were also observed. Biologically synthesized nanoparticles were star-shaped when observed by TEMwith an average size of 11 nm.
Gold nanoparticles synthesized with P. grandiflora water extracts showed the largest zone of inhibition (22mm). When the gold
nanoparticles synthesized by the biological method were conjugated with acetone extracts of P. grandiflora, MIC as low as
0.0063mg/mL was observed against beta-lactamase producing K. pneumonia. )e activity of acetone extracts was improved with
chemically synthesized gold nanoparticles particularly when beta-lactamase producing E. coli and MRSA were used as test
organisms. A synergistic effect was observed against all tested bacteria, except for MRSAwhen gold nanoparticles were conjugated
with acetone extract. Conclusion. Overall, P. grandiflora tuber extracts conjugated with gold nanoparticles showed a very good
antibacterial activity that improved both plant extract and gold nanoparticle’s individual activity.

1. Introduction

New strategies are being developed to improve existing
medicines to combat antibiotic resistance among pathogenic
microorganisms, and the use of inorganic nanoparticulate
materials in conjugation with naturally occurring com-
pounds in combination is more and more appreciated [1].
Plant extracts and microorganisms seem to be the best
candidates, and they are suitable for large-scale biosynthesis
of nanoparticles [2]. Plant-based nanoparticles are more
stable, and the rate of synthesis is faster compared to the
synthesis by magnetotactic microorganisms. Moreover, the
nanoparticles produced from chemical synthesis are more

varied in shape and size in comparison with those produced
by other organisms [3].

)e application of plant-based material in the synthesis
of nanoparticles has several advantages over other materials
that have attracted the attention of many researchers who
have now been very involved in the investigation of the
mechanisms of metal ion uptake and reduction by plants.
)is could be useful in the understanding of the mechanisms
leading to the formation of nanoparticles by plant materials
[2]. Previous studies have suggested that nanoparticles that
are made from noble metals such as silver, platinum, and
gold are used worldwide and are contained in products
many of which come into direct contact with the human
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body [4]. )ese products include examples of detergents,
shampoos, cosmetic products, as well as toothpaste. )is use
is beside many other applications including medical and
pharmaceutical applications and gold coming first in terms
of having a long history of use.

Many civilizations such as those of China and India have
used red colloidal gold for medicinal purposes. Similarly,
gold nanoparticles have found application in the field of
diagnostics as well as for drug delivery [5].)erefore, there is
a growing need to develop environmentally friendly pro-
cesses for nanoparticle synthesis without using toxic
chemicals. In this approach, the surface of the solid core of
the metal nanoparticles is functionalized either by non-
covalent or covalent interactions [6]. Covalent linking re-
quires additional chemical modification of drug molecules,
which could bring about a modification of the properties of
drug molecules [7]. Noncovalent strategies to functionalize
the drug molecules on the surface of nanoparticles, however,
involve only electrostatic and van der Waal’s interactions,
and accordingly, drug can be utilized in its native form [7].
We have previously reported on the synthesis and evaluation
of antibacterial activities of silver nanoparticles using Pyr-
enacantha grandiflora (also used in the present report) that
is a medicinal plant used by local traditional healers for the
treatment of gastrointestinal diseases [8]. In the present
study, we used gold and P. grandiflora extracts to synthesis
nanoparticles and evaluate their antimicrobial activity. )is
would broaden the scope of the activities covered by this
useful plant.

2. Materials and Methods

2.1. Chemicals and Reagents Used. Chloroauric acid
(HAuCl4) was purchased from Sigma (USA). Trisodium
citrate was purchased from Rochelle Chemicals (SA). All
chemicals were of molecular grade.

2.2. Microorganisms and Growth Media. )e microorgan-
isms used in the present study are the same as those used in a
previous study by our research group that include Magne-
tospirillum magnetotacticum MS-1 (DSMZ, Germany). )is
microorganism was used for the biological synthesis of the
gold nanoparticles and was grown in a modified chemically
defined growth medium supplemented with Isogro. Meth-
icillin-resistant Staphylococcus aureus (MRSA) ATCC 25923
and methicillin-susceptible Staphylococcus aureus (MSSA)
ATCC 33594 were subcultured on mannitol salt agar
(Neogen, Michigan), while Escherichia coli ATCC 35218
(beta-lactamase-producing E. coli) and E. coli ATCC 25922
were subcultured on MacConkey agar (Oxoid, England).
Klebsiella pneumonia ATCC 700603, which is a beta-lac-
tamase-producing organism, was subcultured on nutrient
agar (Rochelle, SA). An inoculum of each bacterial strain
(except M. magnetotacticum) was suspended in 5mL of
Mueller-Hinton broth (Rochelle, SA) and incubated for 3
hours at 37°C. )e cultures were diluted with Mueller-
Hinton broth and adjusted to give a concentration of

bacterial cells equivalent to a 0.5 McFarland standard prior
to antibacterial testing.

2.3. Biological Synthesis of Gold Nanoparticles Using Bacteria

2.3.1. Cultivation of Magnetospirillum magnetotacticum
Bacteria. M. magnetotacticum MS-1 was cultured in
chemically defined growth media as previously described by
Murei and colleagues with slight modification [8]. For gold
nanoparticles synthesis, tetrachloroauric acid (Sigma, USA)
was added as a source of metal in the growth media. Because
MS-1 cells grow well in microaerobic conditions, they were
grown for 4 days at 30°C in airtight 50mL Falcon tubes
wrapped with parafilm. To prevent photodegradation of gold
chloride in the media, tubes were covered with foil. )e
presence of gold nanoparticles in the media was confirmed
by a color change from orange to ruby red.

2.3.2. Analysis of Gold Nanoparticles Synthesis by TEM.
Magnetospirillum magnetotacticum cells were examined
using high-resolution transmission electron microscopy
(HR-TEM) to see if they had produced gold nanoparticles. A
drop of the bacterial culture was placed onto a carbon-
coated copper TEM grid to prepare the samples. )e sample
was then dried for one hour under an infrared lamp. High-
resolution TEM images were obtained using a JEOL TEM
model no. 2100 instrument set to an accelerating voltage of
200 kV and a resolution of 0.23 nm.

2.3.3. Isolation of Gold Nanoparticles. We used the MACS
magnetic separation column to isolate gold nanoparticles
from the bacterial culture (Miltenyl Biotec, Germany). In
brief, the bacterial cells were suspended in 20mM
HEPES–4mM EDTA (pH 7.4), and the cell membrane was
disrupted by sonication for 5 minutes at 21°C. Centrifuga-
tion at 9,000 rpm for 30 minutes was used to remove the
unbroken cells. )e supernatant was collected and run
through a MACS magnetic separation column according to
the manufacturer’s instructions. Unbound magnetic parti-
cles were washed with 10mM HEPES–200mM NaCl (pH
7.4) before being eluted with 10mM HEPES (pH 7.4). )e
formation of gold nanoparticles at 500–600 nm was studied
using a UV-Vis spectrophotometer.

2.4. Chemical Synthesis of Gold Nanoparticles

2.4.1. Gold Nanoparticles Preparation. )e gold nano-
particles were prepared according to the method described
previously [9]. Polyethylene glycol (PEG) 400 was used as
the reducing agent for tetrachloroauric acid. To obtain the
PEG-AuNPs, 600 μL of PEG400 was dissolved in 95mL of
water; then 900 μL of 1% sodium hydroxide was added to the
PEG solution for pH adjustment (pH around 8). Afterward,
600 μL of 2% HAuCl4 solution was rapidly added to the
boiling PEG solution under stirring.)emixture was further
boiled for 5minutes. A wine-red colloid was rapidly formed
that confirmed the formation of gold nanoparticles.
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2.4.2. UV-Vis Spectrum Analysis. Characterization of gold
nanoparticles was done using UV-visible spectrophotometry
(Specord 210, Analytikjena spectrometer). )e reduction of
chloroauric acid to gold nanoparticles by PEG was con-
firmed by observing a broad absorbance peak between 500
and 600 nm.

2.4.3. High-Resolution Transmission Electron Microscopy.
Further characterization was done using HR-TEM studies.
)e sample was prepared by placing a drop of the nano-
particle solution onto a carbon-coated copper TEM grid.)e
sample was then dried under an infrared lamp for a period of
45min for the solvent to evaporate. High-resolution TEM
images were obtained on a JEOL TEM model no. 2100
instrument, operated at an accelerating voltage of 200 kV
and 0.23 nm resolution.

2.5. Preparation of Plant Extracts Conjugated with Gold
Nanoparticles. Acetone, methanol, and water were used as
solvents to prepare P. grandiflora extracts as described by
Murei and colleagues [8]. In brief, the bioactive compounds
of P. grandiflora tuber were extracted as follows: for the hot
water extract, the stock solution was prepared by combining
100 g of tuber powder in 1 L of distilled water, boiling for 15
minutes, and then cooling and storing at 4°C. In order to
extract methanol and acetone, 100 g of dried tuber were
mixed with 1 L of each solvent and allowed to homogenize
for 24 hours at room temperature. All of the mixtures were
filtered using Whatman filter paper. Rotary evaporators
(Rotavapor-R, Buchi, Switzerland) were used to concentrate
filtrates at 50°C for acetone and 60°C for methanol. )e
freeze dryer was used to concentrate hot water extract. At
room temperature, all concentrated samples were dried into
a powder. A Fourier-transform infrared spectrophotometer
(FTIR) was used to detect different functional groups re-
sponsible for biological activities in the P. grandiflora tubers
crude extracts.

2.6. Gold Nanoparticles and P. grandiflora Extract Conjugate
Preparation. Noncovalent modification of plant extract
with gold nanoparticles was applied in the generation of
hybrid molecules. Synthesized gold nanoparticles from both
chemical and biological methods were mixed with 2mL of
10mg/mL of each plant extract (acetone, water, and
methanol extracts) and incubated at 4°C for 24 hours.

2.7. Characterization of Conjugates. To detect various
functional groups formed after conjugation that may be
responsible for biological activities, all conjugates were
analyzed using a Fourier-transform infrared spectropho-
tometer (FTIR) in the 400–4,000 cm−1 range. Approximately
500 µL of dried conjugates were placed in the sample
chamber of an FTIR spectrophotometer, and spectra were
recorded in the scan range of 400–4,000 cm−1 with a reso-
lution of 4 cm−1 on a Nicolet Avatar 330 FTIR
spectrophotometer.

2.8. Antimicrobial Activities of AuNPs and P. grandiflora
Extracts and Conjugates

2.8.1. Well Diffusion Assay. We determined the antimi-
crobial activities of the nanoparticles conjugates by the use of
the well diffusion method. )e inhibition zones were
measured in millimeters (mm). Briefly, bacterial suspensions
with a turbidity of 0.5 McFarland were prepared for the test.
Beta-lactamase-producing E. coli and K. pneumonia, as well
as the S. aureus isolates were inoculated onto Mueller-
Hinton agar plates. Using a cork borer, wells with a diameter
of 6mm were cut and filled with 30 μL of the conjugates and
reference samples (plant extracts and gold nanoparticles). As
a negative control, distilled water was used. Plates were
incubated at 37°C for 24 hours. )e diameters of the growth
inhibition zones were measured after incubation.

2.8.2. Microdilution Assay. )e minimum inhibitory con-
centration (MIC) was defined as the lowest dilution of all
extracts plus conjugate samples that inhibited microbial
growth [10].)e negative control was distilled water, and the
positive control was gentamycin. )e results were read after
adding INT (iodonitrotetrazolium) by observing the color
change and determining the MIC. )e extracts and AuNPs
that demonstrated activity (no color change) were reino-
culated in a sterile agar plate and incubated overnight to
determine the minimum bactericidal concentration.

2.8.3. Fractional Inhibition Concentration Index (FICI)
Calculations. )e fractional inhibition concentration index
(FICI) was calculated and used to evaluate the mutual in-
fluence of P. grandiflora tuber extracts and gold nano-
particles in the conjugate by the following formula:

FICI �
MICof AB

MICof A
+
MICof AB

MICof B
, (1)

where AB represents a combination of P. grandiflora tuber
extracts (A) and gold nanoparticles (B). Results were
interpreted as synergy (FICI≤ 0.5), antagonism (FICI> 4),
or no interaction, or additive (FICI> 0.5–4.0).

3. Results

3.1. TEM Analysis of Biologically Synthesized Gold
Nanoparticles. After incubation with gold, the color of the
media containing the bacteria changed to indicate the for-
mation of the gold nanoparticles.)e cell morphology of the
bacteria used for the production of the nanoparticles was
evaluated by HR-TEM (Figure 1(a)) that also revealed the
presence of the gold nanoparticles within the cells
(Figure 1(b)). Synthesized gold nanoparticles were star-
shaped with their sizes ranging from 9 to 30 nm.)e selected
diffraction patterns (Figure 1(c)) indicated that these gold
nanoparticles were formed from the reduction of metal ions.
)e EDX analysis confirmed that the particles were com-
posed of elemental gold (Figure 1(d)).
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3.2. Analysis of Chemically Synthesized (PEG Capped) Gold
Nanoparticles. Gold nanoparticles capped with PEG were
successfully synthesized using the chemical method. Syn-
thesis of gold nanoparticles was initially confirmed by a color
change in PEG-gold chloride solution from pale yellow
(Figure 2(a)) to a ruby red color (Figure 2(b)), giving rise to a
characteristic absorption of light at a wavelength of
500–600 nm.

3.3. UV-Visible Analysis of Chemically Synthesized Gold
Nanoparticles. UV-visible spectroscopic studies of chemi-
cally synthesized gold nanoparticles showed the peak at
530 nm (maximum absorbance) that confirms the presence
of gold nanoparticles as shown in Figure 3.

3.4. TEM Analysis of Chemically Synthesized Gold
Nanoparticles. TEM revealed that the morphology of
nanoparticles is spherical in shape. In the higher magnifi-
cation image, gold nanoparticles of 7–16 nm diameter were
also observed. However, the average size of the nanoparticles
was found to be 11 nm. Figure 4(a) shows the TEMpicture of
gold nanoparticles. )e elemental composition was con-
firmed by EDX (Figure 4(b)).

3.5. Analysis of FTIR Spectra of P. grandiflora Extracts.
)e FTIR spectra of P. grandiflora extracts revealed different
characteristic peak values for numerous functional com-
pounds. )e extracts revealed the presence of hydroxyl
groups (OH), C–H stretching, and C�C carboxyl groups
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Figure 1: (a) TEM images ofMagnetospirillum magnetotacticum with gold nanoparticles, (b) isolated gold nanoparticles, (c) lattice fringes,
and (d) EDX pattern.
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ranging from 3306–3153, 2923–2894, and 1689–1557, re-
spectively. Hence, these functional groups observed in dif-
ferent P. grandiflora extracts probably indicate the presence
of various phytochemicals and other medicinal important
compounds.

3.6. Analysis of Gold Nanoparticles Conjugated with Plant
Extracts. Six conjugates were made from gold nanoparticles
and plant extracts, three from chemically synthesized gold
nanoparticles, and three from biologically synthesized gold
nanoparticles. Conjugates were gold nanoparticles-metha-
nol extract (GM), gold nanoparticles-water extract (GW),
and gold nanoparticles-acetone extract (GA). )e mea-
surements of FTIR were carried out in order to recognize the
existence of different functional groups that resulted after
conjugation (Figure 5). Most conjugated samples compared
to reference samples showed the formation of C–H group

and carbonyl (C�O) group; however, –OH carbonyl was also
observed.

3.7. Well Diffusion Assay. )e antibacterial activities of
P. grandiflora tuber extracts conjugated with gold nano-
particles were evaluated using well diffusion assay. Five
pathogenic bacterial ATCC strains were used to evaluate the
efficacy of the conjugates. Unconjugated biologically syn-
thesized nanoparticles showed the smallest zone of growth
inhibition of 6mm in diameter in all bacteria tested in this
study except in E. coli ATCC 35218 that was 7mm in di-
ameter (Figure 6). However, the highest zone of growth
inhibition of 22mm was observed when conjugated with
water extract against methicillin-susceptible Staphylococcus
aureus and gold nanoparticles conjugated with acetone
extract against methicillin-susceptible Staphylococcus
aureus.

(a) (b)

Figure 2: Images illustrating the color change of PEG-gold chloride solution from pale yellow (a) to ruby red (b) to confirm the synthesis of
gold nanoparticles.
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Figure 3: UV-visible spectrum of chemically synthesized gold nanoparticles.
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Chemically synthesized gold nanoparticles and their
conjugates exhibited good antibacterial activity against all
tested bacterial strains with a diameter ranging from 14 to
27mm (Figure 7). )e highest antibacterial activity (27mm)
was exhibited by gold nanoparticles alone against MSSA.
Klebsiella pneumoniae showed the smallest zone of inhibi-
tion of all chemically synthesized gold nanoparticles and
conjugates with the lowest zone of growth inhibition di-
ameter of 14mm when compared to other bacterial strains.
However, overall good antibacterial activity was observed
against E. coli ATCC 35218 with a range of 22–25mm of
growth inhibition zone.

3.8. Microdilution Assay. Microdilution assay was used
to determine the minimum inhibitory concentration
of P. grandiflora tuber extracts conjugated with biolog-
ically and chemically synthesized gold nanoparticles.
)e concentration used ranged from 0.8 to 0.0063 mg/mL
of plant extract conjugated gold nanoparticles. All
plant extracts showed good antibacterial activity when
conjugated with gold nanoparticles (Table 1). )e
lowest MIC value of 0.0063 mg/mL was observed when
biologically synthesized gold nanoparticles are conju-
gated with acetone and water extract against
K. pneumonia. Chemically synthesized gold nanoparticles
also showed the lowest MIC value of 0.0063mg/mL against
E. coli 25922 and MSSA when conjugated with acetone
extract.

3.8.1. Minimum Bactericidal Concentration (MBC). Only
unconjugated biologically synthesized gold nanoparticles
and their conjugate with acetone extract were able to kill
E. coli 25922 with MBC values of 0.05 and 0.8mg/mL. None
of the chemically synthesized gold nanoparticles conjugates
were able to exhibit bactericidal activity.

3.9. Fractional Inhibition Concentration Index (FICI)
Calculations. Fractional inhibition concentration index was
calculated based on the results obtained from MIC, and the
results were recorded in Table 2. A total of six samples from
biologically and chemically synthesized gold nanoparticles
conjugated plant extracts were tested against five bacterial
ATCC strains. A total of 8 synergies (26.7%) were observed,
12 (40%) were additive, and 10 (33.3%) were antagonism.

4. Discussion

Most of the nanoparticles are modified with functionalizing
agents in order to conjugate various drugs for successful
application for therapeutic purposes [4]. In this study, gold
nanoparticles were conjugated with P. grandiflora tuber
extracts, and their antibacterial activities were evaluated.
Gold nanoparticles were synthesized using biological
(produced by a bacterium) and chemical methods. )e
biological synthesis of gold nanoparticles with Magneto-
spirillum magnetotacticum was chosen due to several ad-
vantages such as being a simple, single-step,
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Figure 4: (a) TEM images of chemically synthesized gold nanoparticles and (b) EDX patterns.
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environmentally friendly, cost-effective process and due to
the biocompatible nature of the synthesized gold nano-
particles [11]. Additionally, previous studies have suggested
that there is no need to add any external stabilizing agents
because the biogenic components of these bacteria act as
stabilizing as well as capping agents [12]. Studies by different
authors have shown that substances produced by both plants
and microorganisms, such as vitamins, organic acids, amino
acids, proteins, as well as idiolites including heterocyclic
compounds, polyphenols, alkaloids, and flavonoids, play
important role in the reduction of metal salt. Furthermore,
these very same metabolites play a role as capping and
stabilizing agents during the synthesis of nanoparticles [13].
However, unlike in the biological synthesis of nanoparticles,
stabilizing agents are needed in chemically synthesized gold
nanoparticles. )erefore, some studies have used polyeth-
ylene glycol (PEG) that an example of the hydrophilic
segment containing biodegradable copolymers, for surface
coating of gold nanoparticles. Studies showed that PEG
conformation at the nanoparticle surface is of utmost im-
portance for the opsonin repelling function of the PEG layer

[14]. Further studies will have to determine the stability of
the synthesized nanoparticles with or without the stabilizing
agents as well as their cytotoxicity in order to gauge the real
impact of such substances as good antimicrobials.

Most microorganism-based syntheses of nanoparticles
are slow with low productivity. To overcome such hin-
drances, the growth of the microorganisms was enhanced by
the addition of Isogro to the media, and this also increased
the yield of the synthesized nanoparticles. Furthermore,
issues associated with the production of nanoparticles by
microorganisms have been complicated by the maintenance
and growth conditions of these organisms. )is makes the
development of more effective media a research priority.
Several organisms have been reported to produce gold
nanoparticles in an extracellular fashion, and these include
fungal organisms such as Fusarium oxysporum as well as
actinomycetes such as &emomonospora spp., [15]. In this
study, Magnetospirillum magnetotacticum has synthesized
gold nanoparticles intracellularly. Several studies reported
the intracellular synthesis of gold nanoparticles by Mag-
netospirillum sp. as well [12].
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Southam and Beveridge [16] have demonstrated that
gold particles of nanoscale dimensions may readily be
precipitated within bacterial cells by incubation of the cells
with Au3+ ions. AuNPs of 13 nm and above are considered
noncytotoxic [17]. In this study, TEM revealed the syn-
thesis of 7–16 nm with the chemical method and 9–30 nm
nanoparticles with the biological method, which further
supports the size of AuNP obtained from TEM [18, 19].
Nanoparticles below 2 nm have been shown to possess
active cytotoxic characteristics [20]. Lengke et al. [21]
claimed the synthesis of gold nanostructures in different
shapes (spherical, cubic, and octahedral) by filamentous
cyanobacteria from Au (III) chloride complexes. )erefore,

the controlled size and shape of gold nanoparticles in the
future will be interesting. )e EDX pattern obtained is
consistent with earlier reports [22].

Conjugations were identified by observing new func-
tional groups with FTIR spectroscopy. After the conjugation
process, the formation of C–O groups and OH hydroxyl
group on conjugated plant extracts showed the presence of
the new bands at 1,536 and 1,095 cm−1. )ese results in-
dicated that the conjugation between the gold nanoparticles
and plant extracts actually occurred. Surface-bound proteins
have been reported to stabilize gold nanoparticles through
cysteine residues as well as free amino groups [23]. Other
studies have reported on the ability of plant extracts to
confer liquid-like characteristics to nanoparticles such as
those of Cymbopogon flexuosus and the gold nanoparticles
with spherical shape by the ketones contained in the plant
extracts playing a major role in this context [24].

)e mechanisms of antimicrobial activity of nano-
particles are still being studied. However, it has been pro-
posed that gold nanoparticles act on microorganisms
through a cell wall. For Gram-positive bacteria, the pepti-
doglycan layer that is thick and is part of the cell wall makes
it difficult for the nanoparticles to penetrate these organisms,
while the cell wall of Gram-negative bacteria is thinner and
therefore might be more susceptible to the nanoparticles
[25]. Minimum inhibition concentration of P. grandiflora
tuber extracts conjugated with biologically and chemically
synthesized gold nanoparticles was determined using a
microdilution assay. )e concentration used ranged from
0.8 to 0.0063mg/mL, even though it has been reported that
some plant extracts alone do not work [26], all plant extracts
show very good antibacterial activity when conjugated with
gold nanoparticles. In 2018, Mostafa and colleagues revealed
that it is not easy for plant extracts to completely exhibit a
bactericidal effect [27]. Yet only a few chemical synthesized
gold nanoparticles and their conjugate to acetone extracts
were able to kill E. coli 25922. )e gold nanoparticles
synthesized biologically did not have bactericidal activity
since none of the conjugates exhibited MBC. )erefore,
chemically synthesized gold nanoparticles are good for
bactericidal activity compared to biologically synthesized
gold nanoparticles. )e present study demonstrated strong
antimicrobial activities by the tubers extracts with MIC as
low as 0.06mg/ml [28].

Increasing the activity of compounds against microor-
ganisms is one of the main objectives of developing com-
plexes such as nanoparticles conjugated to medicinal plants
or even some antibiotics. )e synergistic effects of gold
nanoparticles conjugated with plant extracts were investi-
gated against selected pathogenic bacteria using micro-
dilution assay, and the effects were evaluated by the
determination of the fractional inhibition concentration
index (FICI). A total of 8 synergies (26.7%), 12 additive
(40%), and 10 antagonisms (33.3%) were observed for both
biologically and chemically synthesized gold nanoparticles
conjugated P. grandiflora tuber extracts. In the previous
study, we have found increased activity (synergy) when we
functionalized commonly used antibiotics and silver
nanoparticles [29]. Similarly, other authors have described
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selected pathogenic bacteria. GB: biologically synthesized gold
nanoparticles, GA: gold nanoparticles and acetone extract, GM:
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the increase of the antimicrobial activity of conjugated
nanoparticles suggesting that such combinations are bene-
ficial in the fight against infectious diseases. For example, in
2007, Rosato et al. reported synergistic interactions of gold
nanoparticles conjugated with norfloxacin against S. aureus,
Streptococcus mutans, E. coliATCC 25922, and P. aeruginosa
[30]. )ese synergistic activities of conjugates suggest that it
might be possible to reduce the viability of bacterial strains at
lower antibiotic concentrations.

5. Conclusion

)is study successfully synthesized gold nanoparticles
using chemical and biological methods and conjugated
them with P. grandiflora extracts. )e chemically syn-
thesized nanoparticles were very effective and had a very
small size that makes them ideal for drug delivery ap-
plications. Biologically synthesized gold nanoparticles and
their conjugates with acetone appeared to be bactericidal
against beta-lactamase-producing Escherichia coli; hence,
the attachment of biologically active components to their
surface expands their application in antimicrobial appli-
cations. )is study has presented evidence of the anti-
bacterial effects of P. grandiflora tuber extracts conjugated
with gold nanoparticles and their synergistic capacity
against selected pathogenic bacteria. A synergistic effect
was observed against E. coli, K. pneumonia, and MSSA
when gold nanoparticles conjugated to P. grandiflora
tuber extracts. Hence, all conjugates with synergistic ef-
fects are claimed to be responsible for improving the
effectiveness of many extracts and conventional antimi-
crobial drugs.
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