










14

 
equal to 1, corresponding to perfectly isometric 
shape crystals (Figure 3c at middle). 
In contrast, the GNPs synthesized by 
Synechocystis PCC 6803 were characterized by 
slightly smaller crystals (~5-19 nm), with an 
average diameter of 10 nm, round morpho-
logies, positively skewed CSD (i.e., 0.85), and 
asymmetric SFD with a distinct maximum at 1.  
Absorption spectra of isolated GNPs. UV-
visible spectroscopy is a useful technique to 

study the formation of GNPs. In Figure 4 are 
presented the UV-visible spectra of the 
extracted GNPs.  
Green microalga Ra and Chlorella sorokiniana 
UTEX 1230 showed absorption maxima at 540 
nm, while Rd at 535 nm and cyanobacterium 
Synechocystis PCC 6803 showed absorbance 
peaks at 550 nm, which corresponds to the 
reported absorption maxima for GNPs. 

     
Figure 4. UV-Vis absorption spectra of isolated GNP from (a) green microalga Rd and cyanobacterium Synechocystis 

PCC 6803 and (b) green microalgae Chlorella sorokiniana UTEX 1230 and Ra 
 
Methylene blue degradation by GNPs. 
Methylene blue is a dye used in many indus-
tries as for dyeing different types of textiles. 
Pollution with this dye represents a risk to both 
human and animal health and nanotechnology 
has been successfully used for textile dye 
removal (León et al., 2016). 
To test whether the GNPs synthesized by 
photosynthetic microorganisms could be also 
used for the removal of pollutant dyes, we used 
the GNPs synthesized by Synechocystis sp. 
PCC 6803 to reduce MB. The results showed 
that the GNPs produced by Synechocystis sp. 
PCC 6803 were able to degrade MB in 4 mi-
nutes, with an efficiency of 60.59% (Figure 5). 
In a previous paper Focsan et al. (2011) 
reported the intracellular synthesis of GNPs by 
the cyanobacterium Synechocystis sp. PCC 
6803 exposed to an aqueous solution of 
chloroauric acid and also corelated the 
biomineralization process and the metabolic 
activities (i.e., photosynthesis and respiration) 
of cyanobacterial cells with the GNPs synthesis 
and yield with the amount of respiratory and 
photosynthetic oxygen exchange. The TEM 
analysis, in conjunction with spectroscopic 
measurements (i.e., surface plasmon resonance, 
fluorescence quenching and surface-enhanced 

Raman scattering, revealed the localization of 
biogenic GNPs at the level of intracytoplasmic 
membranes. 
 

 
Figure 5. Methylene blue degradation over time by 
GNPs synthesized by Synechocystis sp. PCC 6803 

 
That contribution aimed to elucidate the inter-
play between biomineralization and metabolic 
activities in the case of the cyanobacterium 
Synechocystis sp. PCC 6803. Focsan et al. 
(2011) also demonstrated the ability of the 
cyanobacteria to reduce gold ions and the 
affinity of biosynthesized GNPs to accumulate 
mainly inside the cyanobacterial thylakoids. 
The yield synthesis of GNPs is strongly 
dependent on different metabolic activities 
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quantified by the amount of respiratory and 
photosynthetic oxygen exchange.  
In the present paper, we show that there are 
some differences between GNPs synthesis by 
prokaryotes (Synechocystis sp. PCC 6803) as 
compared to eukaryotes (Ra, Rd, and Chlorella 
sorokiniana UTEX 1230), which will be 
further detailed. In cyanobacteria the mecha-
nisms depend on aerobic respiration and 
photosynthesis whereas in microalgae the 
process seems to be more complex.  
When Synechocystis PCC 6803 was grown in 
light conditions and in the presence of 1mM 
NaAuCl4, GNPs were formed mainly at the 
level of the photosynthetic apparatus, further 
arguing the implication of photosynthesis in 
nanoparticles formation. When cultivated in 
dark conditions, no GNPs could be observed 
either microscopically (results not shown) or in 
TEM sections, demonstrating that 
Synechocystis sp. PCC 6803 does not form 
GNPs in these conditions and only the dark 
respiration intensity is affected during 
nanoparticles synthesis (Focsan et al., 2011). 
In the case of microalgae, the presence of GNP 
at photosynthetic apparatus level during dark 
incubation suggest that either the dark incuba-
tion was too short to devoid the photosynthetic 
apparatus of reducing equivalents or that the 
mechanism of GNPs synthesis in these 
microalgae is more complex than in 
prokaryotes, not directly depending on the 
function of oxygenic photosynthesis. In this 
respect, we must note that GNPs synthesis also 
occurs in spent medium from microalgae, 
suggesting that some chemicals present in those 
supernatants might be involved in GNPS 
synthesis (results not shown). These unknown 

chemicals could be responsible for the lack of 
noticeable differences between GNPs synthesis 
in light versus dark conditions, in microalgae. 
A last type of experimental setup was the 
cyanobacterial cells incubated in darkness, 
either in aerobiosis or in anaerobiosis in an 
attempt to stimulate the reduction of gold 
chloride at the plasma membrane, with 
concomitant formation of GNPs. Figure 6 
contains images of TEM sections of 
Synechocystis sp. PCC 6803 incubated in 
darkness in aerobiosis or anaerobiosis. 
As it can be seen in these images there are 
some cells (the proportion is different in 
aerobiosis as compared with anaerobiosis 
(Table 1) that have GNPs exclusively at the 
plasma membrane. Up to our best knowledge 
this is the first report concerning the possibility 
to manipulate the intracellular position of 
nanoparticles by controlling the conditions of 
NPs synthesis, namely in our experiments the 
darkness coupled with anaerobiosis, in the 
presence of added glucose. 
 

Table 1. Proportion of Synechocystis PCC 6803 cells 
grown in BG11 supplemented with glucose 5 mM, which 
presents GNPs in the plasma membrane, when incubated 
in light and aerobiosis, in darkness and aerobiosis and in 

darkness and anaerobiosis 

 Number 
of cells 

% Cells with 
nanoparticles 

at plasma 
membrane 

Synechocystis in LIGHT 
and AEROBIC conditions 100 0 

Synechocystis in DARK 
and AEROBIC conditions 74 24 

Synechocystis in DARK 
and ANAEROBIC 
conditions 

64 35 

 
 
 
 
 
 
 
 
 
 
 
                                                a)                                                                                              b) 

Figure 6. (a) Cells in dark and anaerobioses incubated in BG11 supplemented with 5 mM glucose (x 15.000),  
(b) cells in dark and aerobioses incubated in BG11 supplemented with 5 mM glucose (x 12.000)  
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equal to 1, corresponding to perfectly isometric 
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quantified by the amount of respiratory and 
photosynthetic oxygen exchange.  
In the present paper, we show that there are 
some differences between GNPs synthesis by 
prokaryotes (Synechocystis sp. PCC 6803) as 
compared to eukaryotes (Ra, Rd, and Chlorella 
sorokiniana UTEX 1230), which will be 
further detailed. In cyanobacteria the mecha-
nisms depend on aerobic respiration and 
photosynthesis whereas in microalgae the 
process seems to be more complex.  
When Synechocystis PCC 6803 was grown in 
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level of the photosynthetic apparatus, further 
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nanoparticles formation. When cultivated in 
dark conditions, no GNPs could be observed 
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TEM sections, demonstrating that 
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GNPs in these conditions and only the dark 
respiration intensity is affected during 
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In the case of microalgae, the presence of GNP 
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incubation suggest that either the dark incuba-
tion was too short to devoid the photosynthetic 
apparatus of reducing equivalents or that the 
mechanism of GNPs synthesis in these 
microalgae is more complex than in 
prokaryotes, not directly depending on the 
function of oxygenic photosynthesis. In this 
respect, we must note that GNPs synthesis also 
occurs in spent medium from microalgae, 
suggesting that some chemicals present in those 
supernatants might be involved in GNPS 
synthesis (results not shown). These unknown 

chemicals could be responsible for the lack of 
noticeable differences between GNPs synthesis 
in light versus dark conditions, in microalgae. 
A last type of experimental setup was the 
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attempt to stimulate the reduction of gold 
chloride at the plasma membrane, with 
concomitant formation of GNPs. Figure 6 
contains images of TEM sections of 
Synechocystis sp. PCC 6803 incubated in 
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As it can be seen in these images there are 
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CONCLUSIONS  
 
In this paper we show our results concerning 
GNPs synthesis by the cyanobacterium 
Synechocystis PCC 6803, green microalga - 
Chlorella sorokiniana UTEX 1230 a well-known 
green microalga collection strain as well as our 
two green microalgae isolates Ra and Rd, both 
in light and in darkness conditions. This way 
we try to find out the contribution of photosyn-
thesis to GNPs synthesis as well as the contri-
bution of aerobic respiration to this process.  
The experimental results show that in green 
microalga, Chlorella sorokiniana UTEX 1230 
as well as the other two isolates Ra and Rd, the 
GNPs synthesis occur in light and in darkness, 
mainly at the photosynthetic apparatus. In the 
cyanobacterium Synechocystis PCC 6803 the 
synthesis occurs in light at the level of the 
photosynthetic apparatus. 
Very interestingly, in darkness, in the presence 
of added glucose, gold nanoparticle formation 
occurs, including at the level of plasma mem-
brane. As we already said, up to our best 
knowledge this is the first report concerning the 
possibility to manipulate the intracellular posi-
tion of nanoparticles by controlling the condi-
tions of NPs synthesis, namely in our experi-
ments the darkness coupled with anaerobiosis. 
In these conditions, we put forward that both 
the lack of natural electron acceptor (molecular 
oxygen) and the excess of reducing power ge-
nerated by the presence of added glucose, create 
conditions which favour the reduction at plas-
ma membrane - where aerobic respiration occurs 
- of gold ions instead of molecular oxygen. 
These types of experiments are in development 
aiming at further control of gold nanoparticle 
synthesis mainly with respect to subcellular 
localisation. Logically, stimulating the contri-
bution of aerobic electron transport to the 
process of gold nanoparticle formation would 
favour the localisation of GNPs at specific sites 
of respiration, namely plasma membrane. 
Further experiments will show the real degree 
to manipulate the subcellular localisation of 
GNP by controlling the growing conditions. 
Apart of the fundamental interest in this 
approach, the so controlled synthesized GNPs 
could have specific properties and applications. 
The synthesized and collected GNPs could be 
used as catalysts for methylene blue degrada-

tion but specific subcellular localisation of 
GNPs could have applications, for example, 
with respect to promoting redox reactions at 
specific subcellular sites inside the algal cells, 
or other applications. 
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the lack of natural electron acceptor (molecular 
oxygen) and the excess of reducing power ge-
nerated by the presence of added glucose, create 
conditions which favour the reduction at plas-
ma membrane - where aerobic respiration occurs 
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could have specific properties and applications. 
The synthesized and collected GNPs could be 
used as catalysts for methylene blue degrada-

tion but specific subcellular localisation of 
GNPs could have applications, for example, 
with respect to promoting redox reactions at 
specific subcellular sites inside the algal cells, 
or other applications. 
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