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(Abstract )

Ginsenoside CK has been successfully loaded non-covalently into gold nanoparticles (DCY51™-AuNps-CK) through one-
pot biosynthesis by probiotic Lactobacillus kimchicus DCY51T isolated from Korean kimchi via an intracellular membrane-
bound mechanism. The health properties of kimchi, a fermented food from Korea, and its microflora have received much
attention in recent years due to their antioxidative and anticancer activity. The ginsenoside-loaded AuNps were characterized
by analytical and spectroscopic techniques. In vitro DPPH assay revealed that the gold nanoparticles demonstrated potentials
as free radical scavengers. Moreover, DCY517-AuNps and DCY51™-AuNps-CK were resistant to aggregation caused by pH
variation or a high ionic strength environment. In cancer cell lines, DCY51™-AuNps-CK exhibited slightly higher cytotoxicity in
lung adenocarcinoma cells and colon adenocarcinoma cells than DCY517-AuNps. Finally, DCY51™-AuNps-CK demonstrated
increased apoptosis in cancer cells in conjunction with laser therapy probably due to the increased sensitivity of tumor cells to
ginsenoside or light-triggered drug release into cancer cells. Thus, we propose that DCY517-AuNps-CK can be used as novel
photo thermal therapy agents against stomach, colon and lung cancer treatment and to overcome resistance to laser therapy by
synergistic chemotherapy effect. y
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Introduction

Panax ginseng Meyer (Korean ginseng) has been regarded as one
of the acclaimed herbal medicines for over two thousand years as
Chinese traditional medicine [1]. The name “Panax” connotes “All-
Healing” in Latin and “ginseng” literally translates to “Essence of
Men” in Chinese owing to its roots resembling humanoid shape

classified as ginsenosides. They are a group of triterpenoids
saponins which were first isolated and identified by Shibata et
al. in 1963 [1]. Among these ginsenosides, the metabolites of
Protopanaxadiol (PPD)-type ginsenosides are predominantly
transformed into Compound K (CK) and ginsenoside Rh2 [1].
These minor ginsenosides (e.g. CK) often exhibit superior
pharmacological effects compared to their precursors [1,4].
However, their clinical application is significantly limited due
to their hydrophobic saponin backbone, poor bioavailability and
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absorption, and non-targeted cytotoxicity to normal cells [5-7].
As a result, biomolecular conjugations of ginsenosides and drug
delivery techniques play significant roles to solve these problematic
issues.

The objective of this study is to develop gold nanocarriers
as ginsenoside delivery agents that may elevate their capacities as
effective anticancer agents. Green synthesis of metal nanoparticles
isemployed to ensure elimination of toxic ligands and augmentation
of bioactive enzyme that may render nanocarriers biologically
active for biomedical applications. Finally, poorly water soluble
ginsenosides (CK) can be delivered by the biosynthesized
nanocarriers by loading to the surface of nanoparticles to
improve water dispersibility, stability, and therapeutic effect.
Gold nanoparticles are specifically designed to work as bio-inert
material on normal and cancer cells while excitations by laser at a
mild wavelength are expected to induce more apoptosis in cancer
cells

Following the synthesis of novel ginsenoside-metal
nanocarriers, they will be extensively characterized by spectroscopic
and analytical instruments, such as Ultra-Violet Visible (UV-Vis)
spectroscopy, Field Emission Transmission Electron Microscopy
(FE-TEM), Energy-Dispersive X-Ray (EDX) spectroscopy,
elemental mapping, X-Ray Powder Diffraction (XRD), Selected
Area Electron Diffraction (SAED), Dynamic Light Scattering
(DLS), and Fourier Transform Infrared (FTIR) spectroscopy.
Drug loading will be determined by Liquid Chromatography-
Mass Spectrometry (LC-MS). Furthermore, the in vitro stability of
these nanocarriers in a wide range of pH and electrolyte conditions
will be assessed. Finally, the in vitro photothermal activity of
gold nanoparticles will be performed to evaluate the efficacy
of ginsenoside conjugation method used to functionalize gold
nanocarriers.

Materials and Methods
Materials

L. kimchicus DCY51T strain was received from Korean
Collection for Type Cultures (KCTC 129767) with NCBI accession
number EU678893. The type strain was previously isolated from
kimchi, a fermented vegetable food, collected in Gyeonggi province
in South Korea by [8]. MRS (de Man, Rogosa, and Sharpe)
broth and agar were purchased from MBcell (Seoul, Republic of
Korea). Analytical grade hydrogen tetrachloroaurate (III) hydrate
(gold salt) and hydrochloric acid (HCI, ACS reagent, 37%) were
purchased from Sigma-Aldrich Chemicals (St. Louis, MO, USA).
Sodium chloride (NaCl, >99.50%) and sodium hydroxide (NaOH,
>98%) were purchased from Daejung Chemicals and Metals
Co., Ltd. Compound K (CK, >90%) was acquired from Ginseng
bank, Kyung Hee University (Yongin, Republic of Korea). Pre-

made phosphate-buffered saline (20xPBS) was purchased from
Biosesang (Seongnam, Republic of Korea). Methyl alcohol
(MeOH, 95%) was procured from Samchun Pure Chemical Co.
Ltd. (Pyeongtack, Republic of Korea). Other chemicals were
obtained from commercial suppliers and used as received.

Cell Lines

RAW264.7 (murine leukemic macrophage cell line) and
A549 cells (human lung adenocarcinoma cell line) were obtained
from Korean Cell Line Bank (KCLB, Seoul, Republic of Korea).
HT29 (human colorectal adenocarcinoma cell line) and AGS cells
(human stomach cancer cell line) were obtained from American
Type Culture Collection (ATCC, Manassas, VA, USA). Dulbecco’s
Modified Eagle Medium (DMEM), Fetal Bovine Serum (FBS),
RPMI 1640 culture media, and penicillin-streptomycin solution
were purchased from GenDEPOT (Barker, TX, USA). Soluble
3-(4,5-dimethyl-thiazol-2yl)-2, 5-diphenyl tetrazolium bromide
(MTT) was purchased from Life technologies (Eugene, OR,
USA). Other chemicals were obtained from commercial suppliers
and used as received.

Phylogenetic Tree Construction

The type strain was obtained from Korean Collection for
Type Cultures (KCTC 12976") with NCBI accession number
EU678893. The type strain was previously isolated from kimchi,
a fermented vegetable food, collected in Gyeonggi province in
South Korea by Liang et al. [8]. To construct phylogenetic tree, the
16S rRNA gene sequences of nanoparticle-producing potent strain
were sequenced by Genotech (Daejeon, Korea) and related taxa
were retrieved from GenBank database and EzTaxon-e server [8].
Multiple alignments of related taxa were organized by ClustalX
software [9]. Gaps were edited by BioEdit program (10,11].
Evolutionary distances were calculated using Kimura’s two-
parameter model [12]. Phylogenetic trees were constructed using
neighbor-joining and maximum-parsimony algorithms by MEGA6
program [13]. Bootstrap values were determined on the basis of
1000 replications. Comparison of the 16S rRNA gene sequence of
the type strain with 16S rRNA gene sequences of reference strains
was achieved using EzTaxon-e server [10,11]. To activate the
type strain, the isolated colonies were streaked on MRS (de Man,
Rogosa, and Sharpe) agar. The plates were then incubated at 37°C
for 48 h and growth was studied [8].

Preparation of DCY51"- AUNPS and DCY51™-AUNPS-
CK

DCY51™AuNps were synthesized by L. kimchicus DCY517
according to a previous method by Markus et al. [14]. Poorly water-
soluble CK was loaded into DCY517-AuNps by a one-pot synthesis.
Following the addition of gold salt solution into the microbial cell
suspension in 10 mL PBS (1x) to achieve a concentration of 1
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mM, drug solutions containing 1 mg of CK were added into the
respective reaction mixtures, incubated at 37°C, and shaken at
150x g under dark conditions. The synthesis of DCY51™-AuNps-
CK was detected by visual inspection for a change in the color
of the biomass in the reaction mixtures. Thereafter, the vividly-
colored reaction mixtures were centrifuged at 2,500x g for 5 min
to remove supernatant and unloaded drugs. To collect the trapped,
drug-loaded nanoparticles from the bacterial cells, the pellets
underwent alternating cycles of ultra-sonication and continuous
centrifugation at 2,500x g for 5 min. Drug-loaded DCY51™-AuNps
were collected by high speed centrifugation at 28,000x g for 10
min and were washed exhaustively with distilled water. Finally,
DRUG-LOADED DCY51™-AUNPS were stored as aqueous
suspensions at 4°C until further experiments. Solid specimens
were obtained by air-drying nanoparticles overnight.

Characterization of Nanoparticles

Concentration of DCY51™-AuNps from the drug-loaded
nanoparticle suspension was estimated by the equation derived by
Haiss et al. whereas the particle diameter was estimated by Debye-
Scherrer formula with a shape factor (K) of 0.9 [15,16]. The
absorbance spectra of the drug-loaded nanoparticle suspension
were scanned in the range of 300-800 nm by Ultraviolet-Visible
(UV-Vis) spectrophotometer (Ultrospec™ 2100 pro) with a 10 mm
path length quartz cuvette (2100 Pro, Amersham Biosciences Corp.
USA. Field Emission-Transmission Electron Microscopy (FE-
TEM) and High Resolution-Transmission Electron Microscopy
(HR-TEM) were assessed by JEM-2100F operated at 200 kV
(JEOL,USA).FE-TEM images were obtained by spreading droplets
of aqueous suspension of drug-loaded DCYS51™-AUNPS onto a
carbon-coated copper grid and drying at 60°C. To acquire cross-
sectioned HR-TEM images, bacterial cells containing drug-loaded
DCY51™-AuNps were initially fixed in a buffered fixative (3 %
glutaraldehyde) before being deposited onto a carbon-coated grid.
X-Ray Diffraction (XRD) spectra were obtained by D8 Discover
with GADDS (Bruker, Germany) operating at a voltage of 40 kV
and 40 mA with CuKa radiation of 1.54 A in the 20 range of 20-
80°. Zeta potential and hydrodynamic particle size of drug-loaded
DCY51™-AUNPS suspended in distilled water were determined on
a zeta potential and particle size analyzer ELS-Z2 series (Otsuka
Electronics Co. Ltd., Japan) at 25°C. Pure water with a refractive
index of 1.3328, viscosity of 0.8878, and dielectric constant of 78.3
was used as reference. Fourier-Transform Infrared (FTIR) spectra
of CK and the corresponding drug-loaded DCY51™-AUNPS were
recorded on a PerkinElmer Spectrum 100 spectrometer. The air-
dried nanoparticle powder was scanned in the range of 4000 - 450
cm! at a resolution of 4 cm™ on KBr pellets.

Photoluminescence Spectra

The Photoluminescence (PL) spectra were measured at RT

using the 325 nm line of a HeCd laser as the excitation source.
Emitted light was collected by a lens and analyzed using a grating
monochromator and a GaAs photomultiplier tube. Standard lock-
in detection techniques were used to maximize the signal-to-noise
ratio. The laser power for the PL excitation was about 5.66 W/cm?.

In Vitro DPPH Radical Scavenging Activity of DCY51"-
AUNPS

In vitro antioxidant activity of DCY51™-AuNps was evaluated
using a modified method based on previous DPPH assays [17,18].
Nanoparticle solution of 20 pL was mixed with 180 puL of 1 mM
methanolic DPPH solution. To obtain IC,, different concentrations
of AuNps (10, 100, 250, 500 pg/mL) were adopted. Gallic acid was
used as positive control. The DPPH radical scavenging activity

was expressed as percentage inhibition:

comirol — A:mpie

4
DPPH radical scavenging (%) = = 10084

Acomersl

, Where Ais the absorbance at 517 nm.

In Vitro Stability Study of DCY50™-AUNPS and DCY51"-
AUNPS-CK

The stability of DCY51™-AuNps and DCY51™-AuNps-CK
under different pH and ionic strength conditions is an important
criterion for their biomedical application [19]. The intracellular pH
oftumortissues (pH 5.0—-6.5) is often more acidic than physiological
pH conditions of normal tissues (pH 7.4) [20]. The stability of
DCY51™AuNps-CK in aqueous suspension was demonstrated in
a wide range of pH conditions (pH2-10) by adjustment of 0.1M
HCI and 0.2M NaOH at room temperature. In addition, DCY517"-
AuNps-CK was also suspended in different electrolyte conditions
(10'-10° M) by addition of NaCl. No changes in the SPR peak and
band as measured by UV-Vis spectrophotometer after incubation
indicate the colloidal stability of nanoparticles in all of the above
conditions [21].

Drug Loading Efficiency

The drug loading of DCY51™AuNps-CK was determined
by Liquid Chromatography-Mass Spectrometry (LC-MS). The
amount of CK loaded onto the nanoparticles was quantified by
LC-MS. Briefly, 1 mg of air-dried drug-loaded DCY51™-AuNps-
CK was suspended in Dimethyl Sulfoxide (DMSO)-MeOH
mixture (1:4, v/v). The nanoparticle suspension was sonicated
overnight to ensure complete release of drug into MeOH mixture.
The supernatant was collected by filtration and the amount of
released drug was quantified using an LC-MS instrument [Agilent
Technologies 6410 Triple Quad, chromasil C18 column (2.1 mm
x 100 mm, 2.7 pm)] with distilled water (solvent A) and MeOH
(solvent B) as mobile phases at 5% B and 95% A for 0 min, 60%
B and 40% for 15 min, 100% B for 18 min, 100% B for 30 min,

3

Biosens Bioelectron, an open access journal

ISSN 2577-2260

Volume 2018; Issue 03



Citation: Kim YJ, Perumalsamy H, Markus J, Balusamy SR, Wang C, et al. (2018) Development of Lactobacillus kimchicus DCY51T Mediated Gold Nanoparticles for
Delivery of Ginsenoside Compound K with Photoluminescence and Internal Reflection Scattering Towards Cancer Cell Lines. Biosens Bioelectron Open Acc:

BBOA-133. DOI: 10.29011/ 2577-2260.100033

5% B and 95% A for 32 min, and 5% B and 95% A for 32 min, all
at a flow rate of 0.4 mL/min. The injection volume of each sample
was 1 pL. UV detection was performed at 203 nm. Drug loading
efficiency was calculated by the following formula:

Drug loading efficiency (%) =

Total amount of drug released from nanoparticles

” - = 10084

Yield of nanoparticles
In Vitro Cell Cytotoxicity of DCY51™-AUNPS and
DCY51™-AUNPS-CK

Cytotoxicity analysis was conducted via MTT assay in
RAW264.7, HaCaT, A549, and HT29 cells according to our
previous studies [14,22,23]. To investigate the cytotoxicity of
drug-loaded DCY51™-AuNps and their respective free drugs, the
cells were treated with various concentrations of DCY51™-AuNps-
CK and free drug at 37°C for 48 h at 90% confluency. Finally,
the absorbance of each colored solution was quantified by an
Enzyme-Linked Immunosorbent Assay (ELISA) reader (Bio-Tek
Instruments, Inc., Vinooski, VT, USA) at 570 nm. The optical
density of formazan formed in untreated cells (negative control)
represents 100% cell viability.

In Vitro Photothermal Therapy and Hoechst Nuclear
Staining Assay

RAW264.7, A549, and HT29 cells were seeded onto a glass
coverslips and incubated in 6-well plates at a density of 2.5x10°
cells/mL for 24 h at 37°C in a humidified incubator with 5% CO,
and 95% air. The cells were then incubated with a suspension of
DCY51™AuNps or DCY51™-AuNps-CK (1 or 5 ppm; equivalent
to 0.18 and 0.89 uM of CK) for 24 h. Next, the cells were washed
with 1xPBS to remove excess nanoparticles and fixed with 3.7%
(v/v) formaldehyde for 5 min at room temperature. The cells were
further incubated in fresh culture medium for 24 h. Subsequently,
800 nm laser (Shanghai Dream Laser Technology Co. Ltd,
Shanghai, China) irradiation with a heat flux density of 0.74 W/cm?
was applied directly above the cell plates for 10 min with a laser
spot size of 0.2 cm?, resulting in a total energy dose of 88.80 J.
After irradiation, the cells were maintained at 37°C in a humidified
incubator with 5% CO,. Finally, irradiated cells were stained by
Hoechst 33 258 solution (2 pg/mL) for 20 min in the dark at room
temperature to analyze synergistic cell apoptosis [24]. Images of
Hoechst stain were acquired by a fluorescence microscope (x400,
Optinity, Korean Labtech, South Korea).

In all studies, cells without nanoparticles and cells incubated
with DCY51T -AuNps at 5 ppm served as blank and negative
control and were subjected to the same irradiation conditions as
cells incubated with DCY51™AuNps-CK. Experiments were
performed in duplicates.

Total Internal Reflection Scattering (TIRS)/Differential
Interference Contrast(DIC) Detection System

The schematic representation and physical layout of the
apparatus were modified from previously published configurations
[25]. The TIRS microscopy was carried out on an upright
Olympus BX51 microscope (Olympus Optical Co., Ltd., Tokyo,
Japan) equipped with a 100x oil iris objective lens (NA = 0.6-
1.3, UPLANFLN, Olympus Optical Co., Ltd., Tokyo, Japan). The
smallest NA value (i.e., 0.6) was used for all the experiments.
TIR illumination was used: a 30-mW, 637-nm laser (MGL-III-
637-200 mW, Changchun New Industries Optoelectronics Tech.
Co., Ltd., China) for illumination of the gold nanoparticles.
A Uniblitz mechanical shutter (model LS3S2Z0O-R3, Vincent
Associates, Rochester, NY, USA) and a driver (model VMM-
DI, Vincent Associates) were synchronized to the Electron-
Multiplying Cooled Charge-Coupled Device (EMCCD) camera
(512 x 512 pixel imaging array, QuantEM 512SC, Tucson, AZ,
USA). The exposure time was 100 ms. Wavelength selection
was accomplished with central wavelength of 620/14 nm
purchased from Semrock (Rochester, NY, USA). Lab-made DIC
system was modified from previously published configurations
[25]. The equipment needed for unique DIC contrast images
includes a polarizer, a beam-splitting modified Wollaston prism
below the condenser, a beam-recombining modified Wollaston
prism above the objective, and an analyzer above polished
dove prism. The illumination light was provided by a 100W
halogen lamp. All images were obtained with the MetaMorph
7.5 software (Universal Imaging, Sunnyvale, CA, USA).

Statistical Analysis

All experiments were performed at least in triplicates (n=3)
unless stated otherwise. Experimental data are reported as the means
+ Standard Error (SEM). Statistical significances between control
and sample groups were evaluated by Student’s t-test with two-
tailed distribution and two-sample equal variances. Greater extent
of statistical significances was assigned with increasing number of
asterisks (¥*P<0.05, **P<0.01. ***P<0.001, and ****P<0.0001).

Results and Discussion
Identification of Nanoparticle-Producing Strain

Based on 16S rRNA gene sequence analysis, the potent
strain was identified as L. kimchicus DCY51T (NCBI accession
number EU678893, KCTC 129767, JSM 155307). L. kimchicus
DCY51T exhibited highest 16S rRNA gene sequence similarity
with L. odoratitofui YIT113407 (97.18%), L. paracollinoides
DSM155027 (96.97%), and L. similis JCM2765" (96.93%). The
same cluster was also present in the phylogenetic tree generated by
maximum-parsimony algorithm (Figure S1). The genetic variation,
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biochemical characteristics, and G+C mole% content (39.70 mol%) of the genomic DNA have been well characterized and previously
reported by Liang et al. The morphology of the colony when grown on MRS agar at 37°C was white, circular, and convex with glossy
surface and entire margin. This is consistent with the morphology previously reported [8].

o {Lactubaciﬂm odoratitofui (AB365975) YIT 113047

. Lactobacillus similis (AB282889) JCM 2765

{ Lactobacillus silagei (AB786910) TWT126T
100
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a5 Lactobacillus paracollinoides (AJ786665)DSM 15502T
100/100
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Lactobacillus kimchicus DCYS1T

92/9"

L bacillus kimchicus DCY51T (EU678893)
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—ML Lactobacillus malefermentans (BACN01000105) KCTC 35487
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Lactobacillus hammesii (AJ632219) TMW 1.1236T

Lactobacillus farraginis (BAKI0O1000097) JCM 14108T

Lactobacillus hilgardii (ACGP01000200) ATCC 82907

Laciobacillus parafarraginis (AB262734) NRIC 06777

Lactobacillus kisonensis (AB366388) YIT 11168T

984 Lactobacillus diolivorans (AF264701) JKD6T

Laciobacillus curieae (JQ086550) S1L19T

Pediococcus inopinatus (AJ271383) DSM 202857

0.005

Figure S1: Neighbor-joining tree based on 16S rRNA sequences of L. kimchicus DCY51" and type strains of closely related species. Inset shows
colony morphology of L. kimchicus DCY51" on MRS agar after 48 h of incubation at 37°C. Neighbor-joining tree based on 16S rRNA gene sequence
analysis showing phylogenetic relationship of strain L. kimchicus DCY51" and members of the genus Lactobacillus. Filled circles indicate that the
corresponding nodes were also recovered in the maximum-parsimony tree. Bootstrap values (>50%) based on 1000 replications are shown at branching
points. Pediococcus inopinatus (AJ271383) DSM 20285 was used as an out group. Scale bar, 0.005 substitutions per nucleotide position.

One-Pot biosynthesis of DCY51"™-AuNps and DCY51™-AUNPS-CK

Whole cells of L. kimchicus DCY 51T were used as biocatalysts in nanoparticle synthesis (Figure 1). Although utilizing intracellular
enzyme may potentially eliminate the downstream process of purifying nanoparticles, it requires coenzymes (i.e. NADH, NADPH,
FAD, etc.) to sustain bioreduction [26-28]. While considering the scalability potential of the process, the use of whole cells is favored
because coenzymes are recovered during the metabolic pathways in live whole cells and thus, the replenishment of expensive coenzymes
is avoided [26,28]. Moreover, Nair and Pradeep reported that small nanoclusters observed outside of the bacterium had the tendency to
aggregate [29]. In other words, nanoparticles produced by intracellular enzymes or cell extract were less stable than those synthesized
inside the cells [26,27].
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Figures 1(A, B): UV-Vis absorbance spectra of DCY51™-AuNps and DCY51™-AuNps-CK. DCY51™-AuNps (A) and DCY51"-AuNps-CK (B). Insets
from (A) showed color change of cell biomass due to SPR of DCY51™-AuNps present in the reaction mixture. The peak at ~540 nm corresponds to
the surface plasmons in the AuNps. The peak intensity increased with time due to the oxidation of protein by gold ions. There is no change in the SPR
peak between DCY51™-AuNps and DCY51™-AuNps-CK after 12 h of incubation, meaning that there is no significant change in the shape, surface, and
agglomeration state between the two nanoparticles. For comparison, in (B), we display the absorption of whole cells and a sample where nanoparticles

were growing within or on the surface of bacterial cells.

The synthesis of DCY51™-AuNps and DCY51™-AuNps-CK
was screened by visual observation through a color change in the
reaction mixture. Prior to incubation, the color of the reaction
mixture consisting of biomass suspended in distilled water was
yellowish-white. After the addition of 1 mM of gold salt, the color
of the cell biomass consequently shifted to deep purple (Figure
1A). No further color change was observed after 12 h of incubation.
After 24 h, the purple biomass settled to the bottom of the flask,
leaving a clear and colorless supernatant in the mixture. The
growth medium alone as well as the growth medium after removal
of cell biomass did not exhibit any color changes when incubated
with gold salts. These observations indicated that DCY51™-AuNps
and DCY51™-AuNps-CK were synthesized intracellularly or on
the cell surface. To isolate the biosynthesized colloidal gold from
microbial cells, cell biomasses containing nanoparticles were
harvested by centrifugation and subjected to several cycles ultra-
sonication to thoroughly disrupt the cells.

The rise to the sharp and intense purple color of the cell
biomass is the response of SPR phenomena of AuNps: the light
ray which diffuses around the colloidal nanoparticles excites the
free electrons, resulting in oscillations that reverberate with the
frequency of visible light wavelengths [10,11,30]. Even though the
exact mechanism of green synthesis has not yet been thoroughly
elucidated, many reports have shed some light on the intracellular
synthesis of AuNps by Lactobacillus species [26,29,31]. It has

been postulated that sugars and NADH-dependent enzymes
secreted by the microorganism on the cell surface are responsible
for the reduction of gold ions while proteins (or peptides) and
amino acid residues inside the cells are responsible for providing
stabilization of nanoparticles [26,31,32]. The positively-charged
metal ions are attracted to the negatively-charged cell wall from
the carboxylate groups via electrostatic interaction. The metal
nuclei are then transported into the microbial cells due to these
interactions where they aggregate to form larger sized particles
through further reduction and aggregation [29,32].

Several non-covalent interactions, including electrostatic
interactions, hydrogen bonds, hydrophobic forces and van der
Waals forces, are conjectured to play key roles in the binding
process of proteins with ginsenoside CK to the surface of DCY517-
AuNps [33]. Furthermore, poorly water soluble ginsenoside CK
may also move into the hydrophobic micro-regions of the proteins
stabilizing the nanoparticles [34].

UV-Vis spectra analysis of DCY51™-AuNps and DCY51"-
AUNPS-CK

UV-Vis spectroscopy analysis was used to monitor the
visible absorption bands of nanoparticles. These absorption bands
are strongly dependent on the nanoparticle size, shape, surface, and
agglomeration state [15,35]. Nanoparticles with larger crystallite
sizes or particle agglomeration often have broad absorption bands

6

Biosens Bioelectron, an open access journal

ISSN 2577-2260

Volume 2018; Issue 03



Citation: Kim YJ, Perumalsamy H, Markus J, Balusamy SR, Wang C, et al. (2018) Development of Lactobacillus kimchicus DCY51T Mediated Gold Nanoparticles for
Delivery of Ginsenoside Compound K with Photoluminescence and Internal Reflection Scattering Towards Cancer Cell Lines. Biosens Bioelectron Open Acc:

BBOA-133. DOI: 10.29011/ 2577-2260.100033

spanning into the red-shifted range (>600 nm) due to the presence
of both transversal and longitudinal SPRs [36].

The time-dependent extinction spectra of DCY51™-AuNps
showed a major absorbance peak measured at ~540 nm (Ag,,).
The absorbance peaks can be attributed to the SPR band of gold
[10,11]. The optimal absorbance value was obtained during 12 h
incubation. No higher absorbance peak was observed in UV-Vis
spectrum recorded after 24 h. Likewise, the extinction spectra of
DCY51™AuNps-CK exhibited a major absorbance peak at ~540
nm after 12 h of incubation at 37°C (Figure 1B). There is no
change in the SPR peak between drug-loaded nanoparticles and
DCYS51™-AuNps, meaning that there is no significant change in
the size, shape, surface, and agglomeration state between the two
nanoparticles. The sharpness of SPR peaks of DCY517-AuNps and
DCY51™AuNps-CK revealed that the biosynthesized nanoparticles
were suitable for better sensing resolution as bio-imaging tags in
dark-field microscopy techniques [30]. For comparison, we display
the absorption of whole cells and a sample where nanoparticles
were continuously reduced within or on the surface of bacterial
cells: as expected, whole cells of L. kimchicus DCY51T did not
contribute to the peaks observed in DCY51™-AuNps and DCY517-
AuNps-CK.

TEM analysis of DCY51™-AuNps and DCY51™-AUNPS-
CK

AuNps were further analyzed by FE-TEM and HR-

TEM. FE-TEM images showed spherical DCY51™-AuNps and
DCY51™-AuNps-CK with varying sizes of 5-30 nm (Figure 2B,
C). Subsequently, FE-TEM and HR-TEM analysis after 12 h of
incubation exposed the presence of gold nanoclusters within the
bacteria (Figure 2A, F). Figure 2A revealed that the spherical
DCY51™-AuNps were found exclusively inside the cell envelope
or cell membrane. From FE-TEM results, it is evident that after
cell rupture and purification, the synthesized DCY51™-AuNps
retained their shapes. This observation suggests that nanoparticle
synthesis was localized within bacterial cell envelope or cell
membrane. Upon further investigation by cross-sectional HR-
TEM (Figure 2F), DCY51™AuNps-CK were more concentrated
upon the bacterial capsule and cell wall than on the cytoplasmic
membrane, possibly due to reduction of the metal ions by enzymes
and exopolysaccharides present in the cell wall and slime layer.
Few of the nanoparticles were found to be transported into the
cytoplasmic membrane where they further aggregated.

Elemental mapping showed the distribution of elemental
gold in the isolated DCY517-AuNps (Figure 2C, D) and DCY517-
AuNps-CK (Figure 2H, I). The distribution of gold was clearly
visible in the electron image and was found to be the predominant
element in the nanoparticles (Figure 2D, I). Energy-Dispersive
X-Ray spectroscopy (EDX) analysis of DCY51™-AuNps (Figure
2K) and DCY51™-AuNps-CK (Figure 2L) demonstrated the highest
optical absorbance band peaks at 2.3 keV, which corresponded to
the characteristic peak of metallic gold [37].

1 2 3 4 B
Full Scale 4778 cis Cursor: 2571 (96 cts) keV]

2 . E
Full Scale 699 cts Cursor: 0.000 ke?

Figures 2(A-L) TEM analysis of DCY51™-AuNps and DCY51™AuNps-CK. TEM images of DCY51"™-AuNps (A, B) and DCY51™-AuNps-CK (F,
G). Gold distribution of DCY51™-AuNps (C, D) and DCY51™-AuNps-CK (H, I). SAED of DCY51™-AuNps (E) and DCY51™-AuNps-CK. EDX of (J)

DCY51™-AuNps (K) and DCY51™-AuNps-CK (L).
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XRD Profile and Photoluminescence (PL) Spectroscopy
Analysis of DCY51™-AUNPS-CK

The crystalline nature of the biologically synthesized
nanoparticles was evaluated by XRD analysis. Figure 3A
demonstrated the intensive diffraction patterns of biosynthesized
DCYS51™AuNpsand DCY51™AUNPS-CK. The four characteristic
peaks of gold were indexed to (111), (200), (220), and (311) lattice
plane of Bragg’s reflection. The intensities measured at (200),
(220), and (311) lattice planes were much lower than (111) plane,
which suggests that the nanoparticles were primarily composed
of (111). The average diameters of DCY51™AuNps and CK-
loaded DCY51™-AuNps were estimated by taking the Full Width
at Half Maximum (FWHM) of the most intense diffraction peak
[(111) lattice plane] and Debye-Scherrer equation; the resulting
nanoparticles maintained an average crystallite size of ~13.26
nm and ~6.04 nm, respectively. Ginsenoside loading results in
smaller nanoparticles probably due to supplementary reduction
and stabilization of gold atoms by self-assembled monolayer of
ginsenoside CK, curtailing nanoparticle growth by aggregation.

Particle Size Distribution of DCY51™-AUNPS and
DCY51"™-AUNPS-CK

The size distribution profile of AuNps was performed by
particle size analyzer according to intensity (Figure 3B, C). Size
distribution histogram of DCY517-AuNps (Figure 3B) unveiled a
wide range of particle size distribution varying from 40-300 nm
with a Z-average value of 130.20 + 2.05 nm and a PDI of 0.28
+ 0.01. According to FE-TEM images (Figure 3B-C) and DLS
analysis, DCY51™-AuNps synthesized by L. kimchicus DCY51T
were not entirely monodisperse: the nanoparticles were, in fact,
moderately poly-disperse: a common distribution type typically
resulted from biological synthesis [10,11]. The discrepancy in
the nanoparticle sizes analyzed by XRD (and FE-TEM) and
DLS is attributed to the fact that XRD (and FE-TEM) anticipates
the crystallite size of nanoparticles in dried form whereas DLS
measures the hydrodynamic size of nanoparticles in aqueous
suspension, which includes the metallic core and any biological
molecules attached or adsorbed on the particle surface [30].
Similarly, the hydrodynamic diameter of DCY51™-AuNps-CK was
134.25 £ 1.15 nm and a PDI 0of 0.13 + 0.00 (Figure 3C).
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Figures 3(A-C): XRD patterns and Particle size distribution of the obtained nanoparticles. XRD patterns of DCY51™-AuNps and DCY51"-AuNps-CK
(A). DCY51™-AuNps (A) and DCY51"-AuNps-CK (B). Insets demonstrate the zeta potential of DCY51"™-AuNps (A) and DCY51™AuNps-CK (B).
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During the formulation of DCY51™-AuNps-CK, the hydrodynamic diameter size was increased up to ~4 nm. This result indicated
the successful loading of ginsenoside CK onto the surface of DCY517™-AuNps [38]. However, large micron-sized particles suspected to be
aggregated nanoparticles or dust were observed Figure 4A-B; these larger particles might skew the PDI value to a lower magnitude due
to the masking of scattering intensity of small particles by large aggregates [39]. Additionally, light scattering analysis also discovered

small particles below <20 nm.

Figures 4(A, B): Total Internal Reflection Scattering (TIRS)/Differential Interference Contrast (DIC) detection system. A. DCY-Au; B. DCY-Au-CK.

These particles could be due to the released ginsenoside
CK in the suspension which then were expected to form
insoluble “Clumps” in aqueous medium (Figure 5A-B). The
Photoluminescence (PL) spectroscopy was performed. Intensity
of DCY51"-AuNps-CKs was shown at 425nm (Figure 5C).

At neutral pH in distilled water, the zeta potentials ({) of
DCY51™-AuNps and DCY51™-AuNps-CK were determined to
be ~51.04 mV and ~52.22 mV, respectively, implying the stable
nanoformulations in the aqueous suspension. The small increase
in the positive charge indicated that other attractive forces, such as

van der Waals forces or hydrogen bonding, might be responsible
for facilitating the drug loading process [19]. According to
previous studies, nanoparticles of <200 nm may accumulate in
tumor tissues due to the enlarged gap junctions (100 nm-2 um) in
the poorly aligned and defective endothelia lining. This Enhanced
Permeability and Retention (EPR) effect is the main mechanism of
non-targeted drug delivery system [40]. Furthermore, the cationic
charge of DCY51™-AuNps-CK may induce higher cellular uptake
and greater cytotoxicity to cancer cells due to their permeability to
the anionic cell membrane [41].
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Figures 5(A-C): Enhanced Dark Field Image: A. DCY51™-Au (0.1 ppm in water); B. DCY51™-Au-CK (0.1 ppm in water); C. Photoluminescence of

DCY51™Au-CK.

FTIR Profile Analysis of DCY51'™-AuNps and DCY51"-
AUNPS-CK

FTIR spectrum of DCY51™-AuNps-CK was compared
against ginsenoside CK, DCY51"™-AuNps. L. kimchicus DCY517,
and gold salt (Figure S2). It is evident that the biosynthesized
DCYS51T-AUNPS possessed additional bands that were not
originally observed in the gold salt. The bands shown at 3422.71,
2935, 1233.92, 1048.49 cm™! are due to the stretching vibrations
of hydroxyl (O-H) or primary amines (N-H), alkane (C-H), amine
(C-N), and alcohol (C-O) groups, respectively [17,42]. Bending
vibration of alkane groups (C-H) was observed at 1378 cm™'. Amide
bands containing carbonyl groups (C=0) were observed at 1648

m'[43]. These bands correspond to the carbonyl stretching in the

amide linkages of the protein residues [ 17]. Proteins and amino acid
residues (e.g. cysteine, tyrosine, and tryptophan) are reported to
be responsible for providing stability to bacteria-mediated AuNps
[14]. Few studies have reported that AuNps have characteristic
binding affinity to thiols, amines, and amides, which are present
in amino acid residues [44]. Proteins or peptides can also bind to
DCYS51™AuNps via electrostatic interaction from the negatively-
charged carboxylate groups found in NADH-dependent enzymes
secreted on the cell wall [45]. Strong characteristic peaks of primary
amines and carbonyl stretch in the amide linkages suggest that
free amino groups due to amino acid residues and surface-bound
proteins are culpable for the formation of protein capping layers on
the nanoparticles and preventing their agglomeration [31].
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Figure S2: FTIR spectra of DCY51™-AuNps and DCY51™-AuNps-CK and proposed ginsenoside CK complexation onto the surface of DCY51™-AuNps.
Gold salt (red, dashed line), whole cells of L. kimchicus DCY517 (green, solid line). DCY51™-AuNps (black, dashed line), DCY51™-AuNps-CK (black,
solid line), and ginsenoside CK (blue, solid line). FTIR spectra of DCY51%-AuNps-CK revealed the presence of C-H bends (alkane groups) and C-O
stretch (ethers) of ginsenoside CK.

The complexion of ginsenoside CK with DCY51™-AuNps-Ck is confirmed by the bands observed in the wavenumbers corresponding
to the alkanes (C-H) and ethers (C-O) of ginsenoside CK observed from 1500-1440 cm™ and 1300-1000 cm™, respectively [46]. These
peaks were suspected to be the result of the non-covalent attractive forces between ginsenoside CK and DCY517-AuNps: after nucleation
and stabilization by surface-bound proteins, ginsenoside CK might form stable, non-covalent interactions with the positively-charged
amino groups on the surface of DCY51™-AuNps. In addition, the hydroxyl group in the C, position of ginsenoside CK was hypothesized
to be vulnerable to losing electrons and thus, it might act as the reducing species for the reduction of Au** ions into Au® and oxidize into
carboxylic acid [46,47].
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In Vitro DPPH Radical Scavenging Activity of DCY51'-
AulNps

The antioxidant activity of DCY51™-AuNps was evaluated
in vitro according to previous methods with slight modifications
[17,18]. DPPH reducing ability of DCY517™-AuNps was assessed
colorimetrically from purple to yellow at 517 nm. DPPH is
composed of stable free radical molecules and is readily reduced
by accepting hydrogen or electron from nanoparticles [18]. Figure
S7 revealed that the biologically synthesized DCY51™AuNps
possessed free radical scavenging activity. The scavenging activities
increased in a dose-dependent manner and were significantly
higher than those exhibited by their precursor salts. The recorded
percentage scavenging ability for the lowest concentration of the
biosynthesized DCY51-AUNPS (10 ug/mL) was 18.17 + 2.34
and this scavenging ability was increased to 60 £ 1.82 when
concentration was increased to 500 pg/mL.

Gold salt
DCYS51T-AuNps

Gallic acid
*kk *k%

120

(o]
o
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DPPH Radical Scavenging (%)
5
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100 250
Concentration (pg/mL)

Figure S7: Dose-dependent in vitro DPPH radical scavenging activity
of DCY51™-AuNps. Gold salt (orange), DCY51™-AuNps (red), and gallic
acid (blue).

The increased free radical scavenging activity of
biosynthesized DCY51™-AuNps can be attributed to the
antioxidant activity of probiotic L. kimchicus DCY517 [18]. This
result evidently suggests that the protective capping of DCY517-
AuNps by various amino acid residues and surface-bound proteins

seems to be the major contributors to the increased free radical
scavenging activity. The IC,  value was calculated graphically and
determined to be 0.25 + 0.01 mg/mL. Numerous studies have been
carried out on the synthesis, characterization, and antimicrobial
activites of silver nanoparticles by Lactobacillus spp. However
no report is available on the biomedical application of AuNps by
Lactobacillus spp. Thus, we aimed to study the capability of L.
kimchicus DCY51"™-mediated intracellular synthesis of DCY51'-
AuNps as novel antioxidant agents. In this study, we report that
the biosynthesized AuNps possess higher antioxidant activity as
compared to gold salt and demonstrate potentials as free radical
scavengers, preventing these radicals from causing cell or DNA
damage which may take part in the development of cancer and
other health conditions [48].

In Vitro Stability Study of DCY51™-AuNps and DCY51'-
AuNps-CK

Stability of drug-loaded nanoparticles is an essential
requirement for their therapeutic and biomedical application
[19]. Nanoparticles must be impervious to aggregation induced
by pH variation or a high ionic strength environment, mocking
the interactions of nanoparticles with biological interfaces in
physiological conditions. AuNps obtained by chemical reduction
aggregate at the slightest alteration in their pH and/or electrolytic
environments [21]. This feature was analyzed by monitoring the
SPR of nanoparticles by UV-Vis spectroscopy at 200 pg/mL in
aqueous suspensions under different pH and electrolytic conditions
over a reasonable period of time at room temperature. The surface
plasmon wavelength (A,,) shift to a larger value and/or the
excessive broadening of the absorption band can be attributed
to the increased crystallite size of the nanoparticles or particle
aggregation or both which decreases the sensitivity to plamon
response [30]. There was no bathochromic shift in the surface
plasmon wavelength at ~540 nm and minimal change (<0.1) in
the absorbance values against varied pH conditions (2-10) and the
concentration of electrolyte (NaCl) up to 10" M (Figure 6A-B).
The L. kimchicus DCY51"-stabilized nanoparticles were stable for
at least three months at 4°C (Figure 6C). These results confirmed
the colloidal stability of DCY51™-AuNps and DCY51™-AuNps-
CK by L. kimchicus DCY51T in all of the above experimental
conditions. To boot, the colloidal stability of DCY51™-AuNps
and DCY517-AuNps-CK in aqueous medium was substantiated
by the relatively high {-potential high magnitude of (-potential
indicates that the nanoparticles will resist aggregation resulted by
electrostatic repulsion between nanoscale particles [49].
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Figures 6(A-F): UV-Vis absorbance spectra of DCY51™-AuNps and DCY51%-AuNps-CK nanoparticles depicting their high stability in various
conditions. Stability of these nanoparticles against varied pH conditions (A, B) and electrolytic concentrations (C,D), respectively. Three-month
stability showing no aggregation. DCY51™-AuNps (E) and DCY51"™-AuNps-CK (F).

Drug Loading Efficiency

Quantification of the concentration of ginsenoside CK in the drug-loaded DCY51™-AuNps is a critical parameter to evaluate the
properties of the nanoformulation. CK-loaded DCY51™-AuNps were exposed to DMSO-MeOH mixture (1:4, v/v) and sonication at room
temperature for 24 h to allow complete release of CK and evaluation of the drug loading efficiency. The majority of the released drug was
expected to be separated in the MeOH fraction since the loaded drug has high solubility in MeOH [50]. As shown in Figure S3, the peak
of ginsenoside CK was also detected in the intracellular content of bacterial debris and supernatant after purification of DCY51%-AuNps-
CK, indicating that the encapsulation efficiency of ginsenoside CK is well beneath 100%. At the end of 24 h, approximately 110.30 pg
of ginsenoside CK per one mg of DCY51%-AuNps-CK was released in the medium. Calibration curve was prepared by standard CK with
known concentrations in the range of 10-100 pg/mL (regression equation: y = 1,203,623.2951x + 8,433,298.2623; R?= 99.86%). Thus,
the drug loading efficiency is determined to be ~11.03%.

14 Volume 2018; Issue 03

Biosens Bioelectron, an open access journal

ISSN 2577-2260



Citation: Kim YJ, Perumalsamy H, Markus J, Balusamy SR, Wang C, et al. (2018) Development of Lactobacillus kimchicus DCY51T Mediated Gold Nanoparticles for
Delivery of Ginsenoside Compound K with Photoluminescence and Internal Reflection Scattering Towards Cancer Cell Lines. Biosens Bioelectron Open Acc:
BBOA-133. DOI: 10.29011/ 2577-2260.100033

x101 [-ESITIC Scan Frag=135.0v 20161209 _ckid

DCY51TAuNps-CK, intracellular

Supernatant

-ESI TIC Sean Frag=135.0V 20161209 _cke.d

1 DCYS51TAuNps-CK, supernatant DCYSIT-Auips-CK

Cell dgbris

-ESI TIC Scan Frag=135.0V 20161209_ck_gold.d

DCY51%-AuNps-CK

-ESI TIC Scan Frag=135.0V 20161208_ck_std.d

CK-standard

I
X105 €51 Scan (16,712 mn) Frag=135.0v 20161209_ckid

Figure S3: LC-MS spectra of ginsenoside CK released from DCY51™-AuNps-CK after 24 h of sonication in DMSO-MeOH mixture (1:4, v/v). Inset
distinguishes the ginsenoside CK released from the intracellular content of cell debris, supernatant, and purified DCY51™AuNps-CK.

The released CK from DCY51™-AuNps-CK was subjected to mass spectroscopy to determine its molecular weight. The molecular
weight of the ginsenoside obtained from DCY517-AuNps-CK was determined to be 618.3 which is similar to the molecular weight of
CK (622.88) (Mass spectrum of CK, m/z = 664.3 = [MW + formic acid], MW 618.3)

In Vitro Cell Cytotoxicity of DCY51"™-AuNps and DCY51"™-AuNps-CK

The cytotoxicity of DCY51™-AuNps, DCY51™-AuNps-CK, and ginsenoside CK was evaluated in normal (RAW264.7 and HaCaT)
and cancer (A549 and HT29) cell lines via MTT assay. Colorimetric assessment of cell viability was measured using the ELISA reader
after 48 h of incubation. The results of MTT assay for DCY517-AuNps are shown in Figure S4. Upon close observation, the viability
of the cells bounced back as the concentration of DCY51™-AuNps was increased to 100 pg/mL in murine macrophage (93.33 + 0.97%),
human keratinocyte (81.42 + 3.76%), and lung adenocarcinoma cells (74.24 + 1.16%).

MTT assay for stomach cancer cell lines (AGS)

Only IR

Control

Figure S4: Anticancer activity of the AuCkNPs on the stomach cancer cell lines (AGS).
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On the other hand, colon adenocarcinoma cells showed a dose-dependent cell inhibition as the concentration of DCY51™-AuNps was
increased from 1-100 pg/mL (81.90 £ 1.16% to 57.67 £ 2.65%) (Figure S5). Moreover, DCY51T-AuNps started to exhibit significant
cell inhibition at 1 pg/mL in murine macrophage, human keratinocyte, and adenocarcinoma cells (P<0.05). However, cell inhibition was
significantly reduced starting at 0.01 pg/mL in lung adenocarcinoma cells (P<0.01). Thus, DCY51™-AuNps served as suitable delivery
agents for ginsenoside CK in cancer cells.
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Figure S5: Cytotoxicity of DCY51™-AuNps after 48 h of incubation. RAW264.7 (A), HaCaT (B), A549 (C), and HT29 (D) cells.

Similarly, the cytotoxicity of DCY51™-AuNps-CK and standard ginsenoside CK was evaluated in normal (RAW264.7) and cancer
(A549 and HT29) cell lines via MTT assay. The results are shown in Figure 7A-C. Sufficient concentrations of DCY51™-AuNps-CK
were used such that the concentration of CK in the free drug was comparable to that in the drug-loaded nanoparticles. Based on MTT
results, DCY51™-AuNps-CK were found to exert less cytotoxicity compared to free CK in murine macrophage and human keratinocyte
cell lines (Figure 7A-C). At 20 uM of equivalent CK content, DCY517-AuNps-CK inhibited the cell viability to 70.74 + 1.24% while
free drug inhibited the cell viability to 51.60 + 3.68%, suggesting that the systemic cytotoxicity of CK in normal cell line (RAW264.7)
was reduced in the nanoformulation. Whereas in cancer cell lines, DCY51™AuNps-CK exhibited slightly higher cytotoxicity in lung
adenocarcinoma and colon adenocarcinoma cells compared to free drug starting at 5 pM of CK, which is considered to be non-toxic
in normal cells (Figures 7A- C). Nonetheless, the ginsenoside CK utilized for this experiment did not exhibit any cytotoxicity towards
cancer cells even at concentrations >10 mM. This irregularity must be addressed thoroughly prior to further experiments.
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Figures 7(A-C): Cytotoxicity of DCY51™-AuNps-CK and ginsenoside CK after 48 h of incubation. Macrophage cell line RAW264.7 (A), lung cancer

A549 (B), and Colon cancer HT29 (C) cells.

For the following in vitro photothermal therapy experiment,
the use of DCY51™-AuNps-CK at 1 and 5 ppm (equivalent to 0.18
and 0.89 uM of CK) did not exert any apparent cytotoxicity within
this concentration range and is regarded to be non-toxic and bio-
inert towards normal and cancer cell lines.

In Vitro Photothermal Therapy and Apoptosis Detection

As the result of EPR effect, DCY51™-AuNps-CK may
accumulate in tumor tissues due to leaky vasculatures. Once
accumulated, cationic DCY51™-AuNps-CK may be uptaken inside
the cells by receptor-independent endocytosis through interaction
with the cell membrane [41]. Ginsenoside CK may then be

released by lysosomal degrading enzymes, while DCY51™-AuNps
are expected to retain its stability in low acidic environment. In
addition, DCY51™-AuNps-CK can be irradiated at mild wavelength
to rapidly induce cell lysis due to the elevated temperature induced
by light to heat conversion (hyperthermia). Localized heat
treatment utilizing temperatures over 40°C has been reported to
irreversibly damage tumor cells by inducing protein degradation
and DNA repair deficiency [51].

To investigate the photothermal effects of DCY51™-AuNps-
CK, an 800 nm laser at a heat flux density of 0.74 W/cm? was used
to irradiate normal cell (RAW264.7) and cancer cell (A549 and
HT?29) lines (Figure 8).
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Figure 8: Detection of intercellular AuCK/Exosome in the Stomach cancer cell lines (AGS). A: Control, B: 800nm Laser treatment for 10min., C:
AuCKNP/Exosome + Laser at 800nm for 10min.

These cells were incubated with DCY51™-AuNps or DCY517™-AuNps-CK for 48 h and then irradiated directly above the cell
plates for 10 min with a laser spot size of 0.2 cm?, resulting in a total energy dose of 88.80 J (Figures 9 A-C). To specifically analyze the
photothermal effects, Hoechst staining was applied (Figure S6). As shown in Figure 9, fluorescent images showed that the blank group,
which was irradiated with laser treatment alone, exhibited no change in the cell apoptosis. As predicted, incubation with DCY517™-AuNps
(negative control) induced slight apoptosis in normal and cancer cells since they caused cell inhibition within this concentration range
as demonstrated by MTT results (Figures 9B, C, D).
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Stomach cancer cells (AGS) Colon cancer cells (HT29)

Lung cancer cells (A549) Murine macrophage cells (RAW264.7)

Figures 9(A-D): Fluorescent images of cells stained with Hoechst stain. Blank (A), DCY51™-AuNps; 0.5 ppm (B). DCY51™-AuNps-CK; 1 ppm (C),
DCY51™-AuNps-CK; 5 ppm (D). Apoptotic cells are indicated with white arrows; scale bar 10 um; incubation time 48 h. There were more apoptotic
cells in the DCY51™AuNps-CK groups than in blank or in the negative control (DCY51"™-AuNps). The co-treatment groups of hyperthermia and
chemotherapy exhibited the greatest number of apoptosis in cancer cells.

19 Volume 2018; Issue 03

Biosens Bioelectron, an open access journal

ISSN 2577-2260



Citation: Kim YJ, Perumalsamy H, Markus J, Balusamy SR, Wang C, et al. (2018) Development of Lactobacillus kimchicus DCYS51T Mediated Gold Nanoparticles for
Delivery of Ginsenoside Compound K with Photoluminescence and Internal Reflection Scattering Towards Cancer Cell Lines. Biosens Bioelectron Open Acc:
BBOA-133. DOL: 10.29011/2577-2260.100033

Figure S6: Apoptosis. PI staining.

However, the number of apoptotic cells in the DCY51™AuNps-CK groups was significantly higher than those in the DCY51™-
AuNps groups after photothermal therapy. Moreover, based on these preliminary in vitro results, cells incubated with DCY51™-AuNps-
CK after 48 h were shown to demonstrate higher apoptosis in lung and colon adenocarcinoma cells than normal cells. Increasing the
concentration of DCY51™-AuNps-CK from 1 to 5 ppm also resulted in higher apoptotic cells in cancer cell lines. This finding suggests
that DCY51™-AuNps-CK have the potential to increase apoptosis in cancer cells in conjunction with photo-induced hyperthermia than
chemotherapy alone, possibly due to the increased sensitivity of tumor cells to ginsenoside or light-triggered drug release into cancer
cells (51-53]. The proposed mechanism of cell internalization of DCY51™-AuNps-CK by EPR effect and in vitro photothermal therapy
is demonstrated in Figure 10.
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Figure 10: The proposed mechanism of cell internalization of DCY51™-AuNps-CK by EPR effect and in vitro photothermal therapy. DCYS51'-
AuNps-CK reaches the cell membrane by exploiting the property of EPR effect. Following association with cell by endocytosis, DCY51™-AuNps-CK
may aggregate on the anionic surface of cancer cells due to the cationic surface charge of nanoparticles. In conjunction, DCY51™-AuNps-CK can be
irradiated to rapidly induce cell lysis.

Several studies have reported that when conjugated with drugs, AuNps can function as drug carriers to enhance the release and
uptake of drug to tumor tissues by hyperthermia stimulation [54]. Despite the lower toxicity of AuNps compared with other metallic
nanoparticles, their lack of clearance from the body still remains an issue [54]. Specific targeting of cancer cells and minimizing the risk
of in vivo toxicity are the main challenges of this study and must be thoroughly addressed prior to in vivo experiments [55].
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Conclusion

In summary, this study highlights the development of
ginsenoside nanocarriers by DCY51™-AuNps-CK. DCY51'-
AuNps-CK were synthesized by one-pot biosynthesis by L.
kimchicus DCY51™. Ginsenoside CK was effectively loaded into
gold nanocarriers by non-covalent conjugation. The synthesized
metal nanocarriers were characterized by UV-Vis spectroscopy,
FE-TEM, XRD, FTIR, DLS, TGA, and DSC. The drug loading
efficiency was evaluated by LC-MS. The FTIR spectra of
DCY51™AuNps-CK confirmed the presence of functional groups
which belonged to ginsenosides. Ginsenoside loading results in
smaller nanoparticles probably due to supplementary reduction
and stabilization of gold atoms by self-assembled monolayer of
ginsenoside CK, curtailing nanoparticle growth by aggregation.
In vitro stability of DCY51"™-AuNps-CK demonstrated their
resistance to aggregation and dissociation caused by pH variation
or a high ionic strength environment. Preferential cytotoxicity of
DCY51™-AuNps-CK against lung adenocarcinoma cells and colon
adenocarcinoma cells than DCY51™-AuNps was demonstrated by
MTT assay. Increased apoptosis of DCY51™-AuNps-CK in cancer
cells at sublethal concentration (1 and 5 ug/mL) was confirmed
by in vitro photothermal therapy with excitations by laser at a
mild wavelength. These results suggest that DCY51"™-AuNps-CK
are promising drug deliver platforms for cancer therapy as novel
photothermal and chemotherapeutic agents.
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