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Candida tropicalis TISTR 5350 was used in the comparison of seven concentration levels of silver nanoparticles (0,
5,10, 15, 20, 25, and 30 pg ml™) for cell disruption methods. The optimized cell disruption strategy was selected
based on the optimal protein yield and biological activity. The maximum volumetric and specific pyruvate
decarboxylase (PDC, EC 4.1.1.1) activities (0.53+0.05 U ml! and 0.17+0.02 U mg’1 protein, respectively) were
observed at 15 ug mI™" silver nanoparticles. The silver nanoparticle concentration level of 15 ug mI™ was investigated
further by comparing the reaction mixtures at different time intervals of 0, 1, 2, 3, 4, 5, and 6 min. The result showed
that the highest specific PDC activity of 0.39+0.01 U mg™' protein was obtained from mixing for 3 min. This was not
significantly different (P<0.05) from other mixing time intervals.
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The disruption of cell walls is an important step to isolate and extract substances from inside
the cells and for preparation of intracellular products for biopharmaceutical usage. The
overall goal in cell disruption is to obtain the desired product from within the cells, thus cell
walls must be disrupted to release the contents of the cells. In essence, the objective of cell
disruption is to achieve high protein recovery, while maintaining biological activity and high
reproducibility (GERDEA et al., 2012).

Current commercial phenylacetylcarbinol (PAC) production processes involve the use
of fermenting yeast to produce sufficient biomass for the associated accumulation of the
intracellular pyruvate and the induction of PDC synthesis in a fed-batch process (TANGTUA et
al., 2013). An enzymatic process based on extracted pyruvate decarboxylase (PDC, EC
4.1.1.1) overcomes the problem of by-product benzyl alcohol formation, since there is no
regeneration of electron donors (e.g. NADH) in the cell-free system. Up to 28.6 g 1'' PAC
with a yield on initial benzaldehyde of 95.3% has been reported for the cell-free process
using partially purified Candida utilis PDC (SHIN & RogGErs, 1996). In addition, a possible
disadvantage of using whole cells as biotransformation catalysts was putative mass transfer
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limitation of substrates and products across the cell envelope (SATIANEGARA, 2006; SAMBERG
etal., 2010). Silver nanoparticles are applied with various technologies and its application for
antimicrobial coatings is increasingly common (SAMBERG et al., 2010). Silver ions and silver
salts have been used for decades as antimicrobial agents in various fields because of the
growth inhibiting property against microorganisms. Silver ions may bind non-specifically to
cell surfaces, causing some disruption to the cellular membrane function and allowing the
silver ions to penetrate the microbial structure. The electrostatic interaction between positively
charged ions, such as silver (Ag"), and the negatively charged cell wall of microorganisms
leads to the built up of stress and eventual to the breakdown of cell walls (VARNER & SANFORD,
2010). The mechanisms of such deactivation support the hypothesis that silver nanoparticles
are suitable for new cell disruption methods.

The objective of this research was to consider the best concentration levels of silver
nanoparticles and mixing time interval for partial isolation of intracellular PDC enzyme.

1. Materials and methods

1.1. Microorganism

C. tropicalis TISTR 5350 from Thailand Institute of Scientific and Technological Research
(TISTR) was cultivated in 10 ml inoculation medium for later propagation at a 100 ml scale.
The cultivation was carried out at 30 °C on a rotary shaker at 200 r.p.m. for 24 h (LALUCE et
al., 2009). The cell pellet was separated by centrifugation at 2822xg for 15 min using a
centrifuge machine. Cell pellet was recovered from 10 ml culture broth and washed twice with
10 ml distilled water. This was performed prior to resuspending in citrate buffer (pH 6.0).

1.2. Silver nanoparticles

Silver nanoparticles were obtained from the courtesy of Sensor Research Unit, Department
of Chemistry, Faculty of Science, Chulalongkorn University. Colloidal suspension of silver
nanoparticles was stabilized in 2% (w/v) soluble starch. The transmission electron microscopy
(TEM) image of the silver synthesized is presented in Figure 1 and indicates well dispersed
particles. These were spherical in shape with an average diameter of 6.03+2.60 nm. The
appearance of the solution was dark yellow liquid.

Fig. 1. TEM image of spherical silver nanoparticles
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1.3. Estimation of silver nanoparticle concentration for cell disruption

Various concentration levels of silver nanoparticles at 0, 5, 10, 15, 20, 25, and 30 pg ml!
were evaluated for the microbial cell disruption based on the protein yield and biological
activity (LEE et al., 2010). Silver nanoparticle solution was added in the cell suspension,
which was recovered from 10 ml culture broth prior to resuspension in citrate buffer (pH 6.0).
The mixture was vortexed at a maximum speed (2350%g) for 1 min. After the sample was
cooled down for 2 min in ice—water mixture. The supernatant was separated by centrifugation
for subsequent enzyme activity and protein concentration analyses. The best concentration
level of silver nanoparticles was selected based on PDC activity for comparison of time
dependent interaction of silver nanoparticles for cell disruption.

1.4. Time dependent interaction of silver nanoparticles

The most appropriate concentration level of silver nanoparticles was suspended in cell
suspension to perform the time dependent cell disruption study of silver nanoparticles. The
mixture was vortexed at a maximum speed for 1 min with varying time interval of 0, 1, 2, 3,
4, 5, and 6 min. After each time interval treatment, cell debris was removed by centrifugation
at 2822xg for 15 min and the supernatant was collected and stored at —20 °C for enzyme
assays and protein concentration estimation.

1.5. Analytical methods

PDC carboligase activity was measured as a formation of PAC in 20 min at 25 °C from
80 mM benzaldehyde and 200 mM pyruvate in carboligase buffer. One unit (U) carboligase
activity was defined as the amount of enzyme that produced 1 pmol PAC from pyruvate and
benzaldehyde per min at pH 6.4 and 25 °C in a carboligase assay as specified by RoscHE and
co-workers (2002). The detection of protein concentration was performed according to
BraDFORD (1976) using bovine serum albumin for construction of a standard curve. Specific
carboligase activity was determined based on protein concentrations in the sample and
expressed in units of enzyme per milligram protein (U mg™).

2. Results and discussion

2.1. Estimation of silver nanoparticle concentration for cell disruption

Seven concentration levels of silver nanoparticles, namely, 0, 5, 10, 15, 20, 25, and 30
pg ml~ were evaluated for the microbial cell disruption based on the biological activity and
product yield. The highest volumetric and specific PDC activities (0.53+£0.05 U ml™ and
0.17+0.02 U mg! protein, respectively) were observed at 15 pg ml™! of silver nanoparticle
concentration as indicated in Table 1. This was different statistically (P<0.05) from the lower
concentration level of 0, 5, and 10 pg ml™" at 0.00+0.00, 0.14+0.01, and 0.12+0.01 U mg'
protein, respectively. Sonpr and SaLopeEk-Sonpr (2004) suggested that the antimicrobial
activity was dependent on the concentration of silver nanoparticles, and was closely associated
with the formation of pits in the cell wall. The accumulation of silver nanoparticles in the
bacterial membrane caused increasing permeability, releasing desired biomolecules from
within the cells. The mechanism of silver ions inhibitory effects included the degradation
effect of the membrane structure through the electrostatic attraction between negatively
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charged cell membranes and positively charged nanoparticles (Kiv et al., 2007). PaNacEk and
co-workers (2009) revealed that Candida spp. was inhibited by silver nanoparticles at very
low concentration levels. The minimum inhibitory concentration (MIC) was found at 1.69
ug ml! for the growth of C. parapsilosis. However, they also suggested that silver nanoparticle
inhibition was dependent on the yeast species tested. Ionic silver caused death of C. tropicalis
immediately even at such low concentrations as 0.84 mg 1! (KvITek et al., 2011). PrasaD and
co-workers (2011) stated that silver nanoparticles showed good antimicrobial activity against
Escherichia coli, Bacillus cereus, and Candida tropicalis.

Table 1. Comparative effect of different silver nanoparticle concentration levels on PDC activity and protein

concentration
Silver nanoparticle Volumetric PDC activity Specific PDC activity Protein concentration
concentration levels U ml’]) U mg" protein) (mg ml’l)
(ngml™)
0 0.00+0.00 D 0.00+0.00 C 0.00+0.00 E
5 0.34+0.03 B 0.14+0.01 AB 2.51+0.06 D
10 0.36+0.02 B 0.12+0.01 B 3.034+0.01 C
15 0.53+0.05 A 0.17+0.02 A 3.19+0.07 B
20 0.20+0.03 C 0.05+0.01 C 3.63+0.10 A
25 0.11£0.02 C 0.03+0.01 C 3.68+0.07 A
30 0.10+0.02 C 0.03+0.01 C 3.49+0.12 B

The number with the same alphabet (A—E) indicated no significant difference (P>0.05) for comparison between
different rows of the same columns.

The higher concentration levels (20, 25, and 30 pg ml™') of silver nanoparticles were
inversely proportional to the PDC activity with the corresponding levels of 0.20+0.03,
0.11+0.02, and 0.10+0.02 U ml"'. This was compared to PAC production levels of 1.78+0.31,
1.02+0.15, and 0.8840.18 mM, respectively. This might be due to the high reactivity of silver
ions, which readily bounded to electron donor groups. The prime targets were thiol groups
(-SH), which are commonly found in enzymes within the microbe (MaRria et al., 2010). This
caused the enzyme to denature with certain degree of microbial cell disruption at the higher
silver nanoparticle concentration level of 15 pg ml ™.

The obtained results showed that silver nanoparticles at 15 pg ml™! proved to be more
effective for C. tropicalis TISTR 5350 cell disruption than at other concentration levels.

2.2. Time dependent interaction of silver nanoparticles

Silver nanoparticles at 15 pg ml™! concentration were mixed into the microbial cell suspension.
The highest PDC activity of 0.39+0.01 U mg protein ! was observed when treating cells with
silver nanoparticles for 3 min (Table 2). The protein concentration, although increased with
time, was inversely proportional to PDC activity when the treatment was carried out for
longer than 3 min. It is possible that the membrane of microorganism contains a number of
sulphate-containing functional groups that can interact with silver ions and results in the
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changes of the membrane morphology and membrane vulnerability that allowed penetration
for silver ions. Sulphate-groups in residue 221 of yeast PDC, which are located in the vicinity
of the active site and are involved in the activation by substrate (BaBurINA et al., 1994), could
also interact with silver ions. This might contribute to the partial loss of PDC activity
(Toraymar et al., 2010). The morphological differences between control (no treatment) and
treated (15 pg ml! silver nanoparticles for 3 min) C. tropicalis TISTR 5350 cells were
observed under LV-SEM (Figs 2-3). The direct exposure to silver nanoparticles resulted in
some distortion and collapsing of some cells as silver ions could easily interact with membrane
and were able to penetrate into the cells.

Fig. 3. LV-SEM photomicrographs of C. tropicalis TISTR 5350 cells after treatment with 1.5 pg mI™! silver
nanoparticles for 3 min
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Table 2. Comparative effect of different time interval on PDC activity and protein concentration

Time mixing Volumetric PDC activity Specific PDC activity Protein concentration
interval (min) (Uml™) (U mg™! protein) (mg ml™")

0 0.49+0.01 C 0.27+0.01 C 1.80+0.01 BC
1 0.55+0.02 B 0.27+0.01 C 0.144+0.01 D
2 0.57+0.01 B 0.33+0.01 B 1.73£0.02 BC
3 0.66+0.01 A 0.39+0.01 A 1.70+0.03 BC
4 0.63+0.02 A 0.32+0.01 B 1.94+0.01

5 0.51£0.02 BC 0.31+0.01 B 1.67+0.01

6 0.37+0.02 D 0.17+0.01 D 2.15+0.03

The number with the same alphabet (A-D) indicated no significant difference (P>0.05) for comparison between
different rows of the same columns.

3. Conclusions

The effect of silver nanoparticles to the observed PDC activity was both dose and time
dependent. The maximum level of PDC activity (0.66+0.01 U ml*! and 0.39+0.01 U mg"
protein) was observed at 15 pg ml!' silver nanoparticle concentration for 3 min. Silver
nanoparticles could thus also as an alternative be used to disrupt cells by increasing the
permeability of the cell membrane, which contributes to the leakage of cell contents.
Moreover, silver nanoparticles method could reduce time investment and renders unavailable
equipment unnecessary for cell disruption method. Silver nanoparticles method is also
suitable for application to commercial processes, and it is an uncomplicated process with low
costs. To improve the current research, further investigation, such as elimination of silver

contaminants from PDC enzyme, should be done for the preservation of activity.
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