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Abstract  

Green alga, Rhizoclonium riparium was treated with silver nitrate solution (9 mM) for synthesis of biocompatible silver 
nanoparticle (SNP). After 72 h of reaction, the filaments of Rhizoclonium turned dark brown in color and initially synthesis of 
SNP was confirmed by observing absorption maxima at 415 nm in Uv-vis spectroscopy. The crystallographic nature and purity 
of particles were analysed by X-ray powder diffraction (XRD) and Energy dispersive X-ray spectroscopy (EDAX) respectively. 
Fourier transform infrared spectroscopy (FTIR) confirmed the presence of C-H, N-H, C-C, C-O functional groups on SNP 
surface. Recorded surface charge of SNP was – 41.4 mV. Transmission Electron Microscopy (TEM) revealed that SNPs were 
spherical in nature with ~2-40 nm in size. The binding affinity between DNA and SNP was tested by agarose gel 
electrophoresis. TEM micrographs of SNP-DNA showed the particles arrangement in a series adjoining with each other. 
Algicidal activity of SNP against unicellular alga, Chlorococcum infusionum was confirmed by agar well diffusion method. 
Upregulation of stress enzymes such as catalase, super oxide dismutase and ascorbate peroxidase together with carotenoid 
content were recorded against Ag

+
 stress. Extracted carotenoids, proteins and chloroplasts from Rhizoclonium also showed 

high efficiency in reduction of Ag
+ 
ions and subsequent production of SNP.  
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Introduction 

Silver particle is a well recognized antimicrobial agent (Lara et al. 2010). It has been already reported 

that SNP is nontoxic to human but showed its effectiveness against microbes at very low concentration (Jeong et 

al. 2005). The antimicrobial property of SNP has been exploited in different products such as textiles, food 

storage containers, home appliances and especially in medical devices (Marambio-Jones et al. 2010) and in 

pesticide filter (Pradeep and Anshup, 2009). SNP is also used in tropical ointments to prevent infection against 

burn and open wounds (Ip et al. 2006). The antibacterial activity of SNP and their mechanism against bacteria 

has been fully elucidated (Lara et al. 2010). SNPs directly interact with the cell surface of various bacteria and 

damaged cell membranes making it more permeable (Sondi and Salopek-Sondi. 2004). Nanosilver has been 

reportedly used in various medical applications viz. imaging, hyperthermia of tumors and drug delivery (Daniel et 

al. 2004; Lee et al. 2008). However, the algicidal activity of biogenic nanoparticle has not been reported yet.  

The DNA-SNP conjugates have already been exploited as plasmonic biosensors (Huang et al. 2008) 

and molecular electronics. SNP can interact with cytosine of DNA because in cytosine, presence of lone pair 

exocyclic nitrogen takes part in binding with SNP (Liu and Huang, 2012). Till date, several exciting methods have 

been reported for preparation of DNA–SNP conjugates (Liu and Huang, 2012); however, these methods pose 

serious challenge for researchers. This challenge arises from the chemical degradation of the SNPs during the 

long incubation period and high silver oxidation reactivity. Thus, to extend the application of DNA–SNP 

conjugates in the analytical field, a well accepted method for preparing DNA–SNP conjugates is highly desired. 

Synthesis of SNP by using different bioreagents like bacteria (Gurunathan et al. 2009; Samadi et al. 

2009; Pugazhenthiran et al. 2009; Ganes Babu and Gunasekaran 2009; Nanda and Saravanan 2009; Sintubin et 

al. 2009; Kalishwaralal et al. 2010) cyanobacteria (Lengke et al. 2007, Roychoudhury and Pal, 2014), fungi 

(Ahmad et al. 2003; Shaligram et al. 2009; Mukherjee et al. 2001; Ingle et al. 2008; Verma et al. 2010) and higher 

plants (Shankar et al. 2004; Huang et al. 2007) are well documented. Few reports are there which have identified 

the reducing capability of cellular components during SNP production such as fucoxanthin extracted from diatom 

Amphora (Jena et al. 2014); protein from fungus Rhizopus (Das et al. 2012) are able to synthesize SNP. 

In this study, we synthesized SNP using fractioned cellular components (Carotenoids, Protein and 

Chloroplasts) of green alga, Rhizoclonium with comprehensive characterizations using UV-vis spectroscopy, 

TEM, SEM, DLS, Zeta, XRD and EDAX studies. The algicidal effect and interaction with DNA of SNP was also 

observed. 
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Materials and Methods 

Biogenesis of SNP using green alga R. riparium   

The eukaryotic alga, R. riparium was collected from Calcutta University culture collection (CUH/AL/ MW48) and it 

was maintained in Bold Basal Media at 20
0
C under 20–30 µmol photons m

-2
 s

-1 
from ‘cool’ fluorescent lights with 

16: 8 hrs light and dark cycle. Healthy filaments (500 mg) of R. riparium were exposed to 100 ml 9 mM aqueous 

Ag
+
 (AgNO3; MW 169.87; SRL, Mumbai, India) solution at pH 4 (as pH 4 showed best results). The experimental 

set was kept in dark at room temperature for 7 days. The extraction and purification of SNP from nanoparticle 

loaded filaments was performed according to the protocol of Roychoudhury et al. (2016). The extracted 

suspension was subsequently utilized for characterizations of SNP. 

The maximum absorbance of synthesized SNP was analysed with a Thermo Evolution 300 UV-visible 

spectrophotometer (Waltham, USA) in wavelength range of 300-1100 nm. The crystallographic nature of SNP 

was confirmed by XRD study. The SNP loaded biomass was air-dried, grinded into powder using mortar and 

pestle and the XRD spectra were studied with a Panalytical PW 3040/60, DY 2501 X-ray diffractometer 

(Amsterdam, Netherland) from 5° to 100° 2θ angles using Cu Kα radiation operated at 40 kV and 30 mA. The 

purity of SNP suspension was confirmed by EDAX study. A drop of extracted brown suspension was dried 

overnight on a carbon coated copper grid and EDAX signals were measured by JEOL JEM 2100 HR-EDAX 

(JEOL, Tokyo, Japan). The FTIR spectra of the synthesized SNP were recorded with Jasco FTIR-6300 (USA) in 

the range between 4000 and 400 cm
−1

.The DLS and Zeta study was performed using a particle analyzer (Nano 

ZS, Malvern). A drop of SNP extract was dried on a carbon coated copper grid and the size-shape analysis was 

carried out by JEOL JEM 2100 HR-TEM (JEOL, Tokyo, Japan).The surface changes in silver loaded filaments 

were observed by scanning electron microscope (SEM). Some filaments were taken on glass cover slip and 

vacuum dried. The appropriately dried sample was gold coated and surface of the filament was scanned using 

Carl Zeiss EVO 18 SEM (Jena, Germany).The change of fluorescent property of silver loaded filaments was 

observed by Axioscope A1 Zeiss fluorescence microscope (excitation: 450-490 nm and emission: 515 nm).   

DNA and SNP interaction 

First, silver particles were lyophilized to measure the concentration of SNP per mL of supernatant. Then the 

lyophilized SNP was properly washed with deionized water and resuspended within water. Five different 

concentrations of SNP like 0.1, 0.2, 0.3, 0.4 and 0.5 mg ml
-1 

were selected to confirm the SNP-DNA binding 

affinity. Algal DNA was extracted from green alga, Chlorococcum infusionum (AL/CCCU/ FW-18) following the 

methods of Doyle and Doyle (1990). The extracted algal DNA (4 µl) and synthesized SNP particles (4 µl) were 

mixed and incubated for 30 min. After incubation the mixtures were subjected to agarose gel electrophoresis with 

0.8% gel concentration. The observed DNA bands were documented with Vilber Quantum ST5 gel doc, Australia. 

The binding pattern of the particles with DNA was also observed under TEM after incubation. The highest 

concentration of particles (0.5 mg ml
-1

) was selected for TEM study since it showed the best result in agarose gel 

electrophoresis. 

Algicidal activity of SNP 

Algicidal activity of biosynthesized SNP was determined by agar well diffusion method against unicellular green 

alga, Chlorococcum infusionum (AL/CCCU/ FW-18). The algal strain was procured from Calcutta University 

culture collection (Kolkata, West Bengal, India). Initially, the alga was grown in Bold Basal Media at 25˚C in 16:8 

hour light: dark cycle under cool fluorescent light having intensity 20-30μ mol m
-2

s
-1

. After 10 days of culturing, 

inoculum of Chlorococcum infusionum was uniformly spread in 1.5% agar BBM agar plate. In agar plate two cavi-

ties were prepared by a well-cutter and one cavity was filled with 50 µL of SNP suspension (0.5 mg mL
-1

) and 

another one was filled with sodium citrate as SNPs were suspended in citrate solution. The agar plate was 

incubated at 25°C for 10 days and diameter of the clear zone was measured. The cells of Chlorococcum were 

exposed directly in SNP for 10 days and morphological changes were observed.   

Study of biochemical parameters in silver exposed Rhizoclonium 

Associated biochemical changes in R. riparium during interaction with lethal (9 mM) and sublethal (1 mM) doses 

of Ag
+
 (pH 4) solution were studied at different time intervals (10 min, 30 min, 1 h, 3 h and 24 h). All the 

experiments were done in triplicates. A control set was maintained for each experiment. Different biochemical 

parameters like chlorophyll and carotenoid, carbohydrate and protein contents were measured following standard 

methods of Arnon (1949); Hodge et al. (1962); Lowry et al. (1951) respectively. Various stress enzyme’s viz. 

superoxide dismutase (SOD), ascorbate peroxidase (APX) and catalase (CAT) activity were also estimated 

following methods of Beauchamp and Fridovich (1971); Sadashivam and Manickam (1996) and Nakano and 

Asada (1981) respectively.  

Identification of reducing cellular components in eukaryotic algae 

The bioactive cellular components like carotenoids, proteins and chloroplasts were extracted from healthy 

biomass of R. riparium. Carotenoids, total protein and chloroplasts were extracted following standard methods of 
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Arnon (1949); Lowrey et al. (1951) and Kunst et al. (1988) respectively. Carotenoids (~0.9 mg), proteins (~12.5 

mg), chloroplasts (~ 2 mg) were exposed to 100 ml 9 mM aqueous Ag
+
 (AgNO3; MW 169.87; SRL, Mumbai, 

India) solution at pH 4 separately under ambient condition. The experimental sets of proteins were maintained at 

4
°
C. The SNP was extracted from chloroplast by following the nanoparticle extraction procedure mentioned in 

Roychoudhury et al. (2016). The absorption spectra, size and shape of the synthesized SNP was investigated by 

UV-Vis spectroscope and Transmission Electron Microscope respectively. 

  

Results  

Brownish color appeared in green filaments of R. riparium after 3 h of reaction with Ag
+
 ions (Fig 1). All 

filaments turned dark brown in color after 72 h of exposure in silver solution. SEM study clearly provided the 

difference of surface topography between control and silver-treated filaments of R. riparium (Fig 1g&h). The 

surface of treated filaments was covered by silver nanoshpere in contrast to smooth surface topography of 

control filaments. In fluorescent microphotographs (Fig 1e&f) silver treated filaments emitted green fluorescence 

contrasting the red fluorescent property of control filaments. In Uv-vis spectroscopy, SNP showed maximum 

absorbance at 415 nm (Fig 2a). In XRD experiment, 2θ values observed at 38.2°, 44.5°, 64.8°and 77.8° that can 

be indexed at (111), (200), (220) and (311) lattice planes (Fig 2b). EDAX study showed a strong signal of silver 

(Fig 2c). In FTIR study distinct peaks observed at 3400, 2937, 2363, 2352, 1671, 1076, and 670 cm
−1 

(Fig 2d). 

The hydrodynamic diameter of SNP was recorded as 58.71 nm. The surface charge of SNP was – 41.4 mV, 

confirmed by zeta potential study.  

Fig 1 Whole biomass of R. riparium turned brown (b) in color after treatment with silver nitrate 

contrasting the green color of control bimass of (a). Control (c) and Ag treated (d) filament of Rhizoclonium. 

Fluorescent microscopic image of control (e) and Ag treated (f) filament of R. riparium.SEM images showing the 

surface topography of control (g) and SNP loaded filament (h). Red arrows are showing SNP deposition on the 

algal surface. 

 
 

Fig 2 Uv-vis spectrum of extracted nanosuspension showing the maximum absorbance at 415nm (a).  XRD patterns of 
biosynthesized silver nanoparticles (b). EDAX signal confirms the presence of silver in biosynthesized brown colored 
nanosuspension(c). FTIR spectrum of synthesized particles confirms the presence of different functional groups on the particle 
surface. 
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Fig 2 Uv-vis spectrum of extracted nanosuspension showing the maximum absorbance at 415nm (a).  XRD patterns of 
biosynthesized silver nanoparticles (b). EDAX signal confirms the presence of silver in biosynthesized brown colored 
nanosuspension(c). FTIR spectrum of synthesized particles confirms the presence of different functional groups on the particle 
surface. 

 
From TEM study it was confirmed that synthesized SNPs were spherical in nature with ~2-40 nm in size 

(Fig 3a&b). Agarose gel electrophoresis of DNA-SNP revealed that the band intensity of DNA decreased with 

increasing SNP concentration (Fig 3c). No band was observed in lane 2 (SNP concentration 0.5mg ml
-1

). TEM 

micrographs of SNP-DNA also confirmed the binding affinity of SNP with DNA as the particles were arranged in a 

series adjoining with each other (Fig 3d&e).  

Fig 3 TEM images showing the synthesized SNP by Rhizoclonium are spherical in nature (a-b). Agarose gel 

electrophoresis of DNA mixed with SNP showing the decrease of band thickness with increase of particle 

concentration (c)-Lane 1 showing the intensity of control DNA band extracted from green alga, Chlorococcum. 

Six Different concentrations of the synthesized particles like 0.1 (Lane 3), 0.2 (Lane 4), 0.3 (Lane 5), 0.4 (lane 6) 

and 0.5 mg ml
-1 

(Lane 2) were used in six different lanes and no DNA band was observed in lane 2 where the 

maximum particle concentration (0.5 mg ml
-1

) was used. TEM study of DNA-SNP showing the particles are 

arranged in a series adjoining with each other after interaction with DNA [Scale bar: 20 nm] (d-e).  
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Fig 3 TEM images showing the synthesized SNP by Rhizoclonium are spherical in nature (a-b). Agarose gel electrophoresis of 
DNA mixed with SNP showing the decrease of band thickness with increase of particle concentration (c)-Lane 1 showing the 
intensity of control DNA band extracted from green alga, Chlorococcum. Six Different concentrations of the synthesized 
particles like 0.1 (Lane 3), 0.2 (Lane 4), 0.3 (Lane 5), 0.4 (lane 6) and 0.5 mg ml

-1 
(Lane 2) were used in six different lanes and 

no DNA band was observed in lane 2 where the maximum particle concentration (0.5 mg ml
-1
) was used. TEM study of DNA-

SNP showing the particles are arranged in a series adjoining with each other after interaction with DNA [Scale bar: 20 nm] (d-
e).  

The SNP showed algicidal activity against eukaryotic alga, Chlorococcum infusionum. The maximum 

zone of inhibition (7 mm) was found at 0.5mg ml
-1

concentration. Sodium citrate showed no effect against algae 

(Fig 4d). The deposition of SNP in cell wall of Chlorococcum was observed after 72 h of exposure in SNP 

suspension. After 10 days of exposure maximum portion of cell wall was turned brown in color (Fig 4a-c). 

Fig 4 algicidal activity of SNP against Chlorococcum infusionum. (a) Control cell of C. infusionum. SNP treated 

cell after 24 h (b) and after 72 h (c); Red arrows indicating the appearance of brown color in SNP treated cells. 

(d) Agar plate showing the inhibition zone. 

 
Fig 4 algicidal activity of SNP against Chlorococcum infusionum. (a) Control cell of C. infusionum. SNP treated cell 

after 24 h (b) and after 72 h (c); Red arrows indicating the appearance of brown color in SNP treated cells. (d) Agar plate 
showing the inhibition zone 

 

 In R. riparium protein content increased at sublethal (1 mM) dose of silver, whereas in lethal dose 

(9mM, nanoparticle forming dose) the protein content initially increased (2.6 times) upto 30 min of reaction 

followed by a decrease.  Slight increase of carbohydrate content (1.5 fold) was recorded in metal exposed 

biomass compared to the control biomass. A drastic decrease of chlorophyll content in both lethal and sublethal 

doses was recorded. Carotenoid content increased steadily up to 3 h (1.6 fold increase than control) followed by 

a decrease. In lethal dose of silver (9 mM) APX activity was upregulated (5.5 times) within 30 mins of reaction, 
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whereas in sublethal dose it increased (2.6 times) upto 24 h of reaction. CAT activity increased in sublethal (2.6 

fold) and lethal (8.26 fold) doses related to reaction time. SOD activity also increased after treatment with lethal 

(2.5 fold) and sublethal (1.7 fold) doses of metals (Table 1).  

Extracted carotenoids, proteins and chloroplasts from green alga, R. riparium showed their high 

efficiency in reduction of Ag
+ 

ions and subsequent production of SNP. The spectral analysis of synthesized SNP 

by extracted carotenoids, proteins and chloroplasts showed maximum absorbance at 422nm, 428 and 431 nm 

respectively (Fig 5). TEM study revealed that the particles synthesized by carotenoid extracts are mixture of 

different shapes like spherical, triangular, oval, hexagonal, rod and irregular etc. with variable size range (15-60 

nm). Whereas the particles synthesized by extracted proteins and chloroplasts are all spherical in nature. The 

SNP produced by protein extract are 2-15 nm in diameters. The size range of SNP synthesized by chloroplast 

extract is 5-45 nm (Fig 6). 

 

Discussion 

Brown color appeared in Rhizoclonium filament due to the reduction of Ag 
+
 ions at intracellular level and 

subsequent formation and deposition of SNP within algal filaments (Roychoudhury and Pal, 2014). Number of 

cells increased within a filament due to high rate of cell division in silver stress (Fig 1c&d). High rate of cell 

division is a common stress response which was also mentioned by Parial et al. (2015) in gold treated 

Rhizoclonium. Silver treated filaments emitted green fluorescence due to increase of carotenoid content in metal 

stress as also reported by Kleinegris et al. (2010) in Dunaliella. The silver-treated filament stored carotenoids in 

lipid globules (secondary carotenogenesis) and increased the green fluorescence with exposure time. 

 

Table 1 Showing changes in biochemical parameters of control and silver-exposed biomass with time [maximum 

values (mean±SE) in silver exposed biomass are indicated as bold and italic] 

Parameters Control/ 
treated 

Time 

10 min 30 min 1 h 3 h 24 h 

Protein (mg g
-1
) Control 22.644±0.11 23.528±0.17 24.072±0.23 24.684±0.11 25.296±0.11 

1 mM Ag treated 30.124±0.29 31.076±0.17 36.992±0.18 39.236±0.30 43.248±0.31 

9 mM Ag 
Treated 

51.884±0.49 60.044±0.47 48.28±0.24 32.436±0.42 24.956±0.29 

Chlorophyll  
(mg g

-1
) 

Control 2.95±0.09 3.05±0.09 3.21±0.06 3.37±0.11 3.53±0.058 

1 mM Ag treated 2.79±0.067 2.70±0.083 2.48±0.094 2.11±0.058 1.92±0.094 

9 mM Ag 
Treated 

2.25±0.08 2±0.09 1.65±0.16 1.16±0.08 1.02±0.02 

Carotenoids 
(mg g

-1
) 

Control 1.748±0.002 1.758±0.003 1.784±0.005 1.796±0.002 1.86±0.06 

1 mM Ag treated 2.12±0.005 2.27±0.009 2.34±0.002 2.38±0.007 2.4±0.008 

9 mM Ag 
Treated 

1.79±0.002 
 

2.596±0.007 2.84±0.014 
 

2.976±0.003 2.80±0.002 

Carbohydrate 
(mg g

-1
) 

Control 24.97±0.082 24.95±0.088 28.12±0.64 29.316±0.26 30.192±0.44 

1 mM Ag treated 30.48±0.14 32.86±0.44 35.07±0.003 35.96±0.51 39.07±0.49 

9 mM Ag treated 31.96±0.25 39.81±0.39 42.62±0.001 44.25±0.29 30.48±0.14 

APX (mM min
-1
 

mg protein
-1
) 

Control 0.099±0.01 0.116±0.005 0.123±0.005 0.135±0.004 0.146±0.006 

1 mM Ag treated 0.181±0.004 0.225±0.003 0.241±0.006 0.291±0.005 0.319±0.003 

9 mM Ag treated 0.426±0.007 0.674±0.008 0.399±0.004 0.381±0.003 0.309±0.004 

CAT (mM min
-1
 

mg protein
-1
) 

Control 0.149±0.037 0.179±0.036 0.175±0.035 0.239±0.034 0.267±0.033 

1 mM Ag treated 0.374±0.047 0.453±0.045 0.495±0.038 0.503±0.036 0.553±0.032 

9  mM Ag 
treated 

1.141±0.081 1.47±0.12 1.401±0.087 1.304±0.13 0.677±0.16 

IC50 of SOD (mg 
protein

-1
) 

Control 0.068±0.001 0.0712±0.21 0.073±0.033 0.0751±0.11 0.0765±0.001 

1 mM Ag treated 0.0911±0.00
2 

0.0941±0.003 0.112±0.002 0.119±0.001 0.131±0.005 

9  mM Ag 
treated 

0.158±0.003 0.182±0.14 0.146±0.005 0.098±0.27 0.075±0.01 

 

 

Nanosilver exhibits brown color due to localized surface plasmon resonance (LSPR). The absorption maxima 

within 415-420 nm indicated the presence of spherical shaped SNP (Lu et al. 2006; Shankar et al. 2004). In our 

study also, the absorption peak appeared at 415 nm indicating possible synthesis of spherical SNP and it was 

confirmed by TEM study. The extracted nanosuspension showed the absorbance maxima at the same position 
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upto one month, and no significant peak shift was observed. This character confirms the stability of synthesized 

SNP. The stability of SNP was also confirmed by zeta potential study. 

   The four intense peaks recorded in XRD study followed the Bragg’s rule and confirmed the fcc 

crystallographic nature of synthesized SNP (MubarakAli et al. 2011). EDAX study showed only the signal of silver 

which confirmed the purity of SNP, not contaminated by other particles (Fig 2c). FTIR spectrum revealed the 

presence of different functional groups on the surface of SNP. The IR peak at 3400 indicated strong stretching 

vibrations of N- H functional group (Faramarzi and Forootanfar, 2011). The peaks at 2937, 1076 and 670 cm
−1

 

were assigned to C-H vibrations (Gole et al. 2001; Rajasekharreddy et al. 2010) and the IR band at 1671 cm
-1

 

indicated C–O stretching. The distinct peaks recorded at 2363 and 2352 cm
−1

 were mainly for C-C stretching 

(Gajbhiye et al. 2009).  

 The hydrodynamic diameter of NPs includes the inorganic core along with coating material and the 

solvent layer attached to the particle as it moves under the influence of Brownian motion. For this reason 

hydrodynamic diameter measured by DLS study was greater than the diameter observed in TEM study. In 

suspension when the particles will be highly negatively or positively charged, the degree of repulsion between 

adjacent particles will be more. High repulsion resists aggregation and precipitation. Here synthesized SNPs by 

R. riparium showed high stability with negative zeta potential value (Fen et al. 2013).  From TEM study it was 

confirmed that synthesized SNPs were variable in size (Fig 3a&b). Size variation is very common in biogenic 

synthesis due to presence of more than one reducing agent. 

Fig 5 Uv-vis spectra of the SNP synthesized by extracted protein, chloroplast and carotenoids of Rhizoclonium. 

 

Fig 5 Uv-vis spectra of the SNP synthesized by extracted protein, chloroplast and carotenoids of Rhizoclonium. 

 

 

Fig 6 TEM images of SNP synthesized by carotenoids (a), protein (b) and chloroplast (c). 

 

 Agarose gel electrophoresis of DNA-SNP revealed that in maximum SNP concentration no DNA band 

was observed in lane 2 (SNP concentration 0.5mg ml
-1

). A competitive binding of nanoparticles with ethidium 

bromide was observed in agarose gel electrophoresis. Non-availability of binding site for ethidium bromide 

revealed that intercalation process did not occur (MubarakAli et al. 2014). The presence of functional groups (-

CH) on the particle surfaces confirmed by FTIR study can help to bind with DNA. Further, the electrostatic 
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interaction between particle and DNA increase the binding affinity. The synthesized particles were less negatively 

charged, since they were suspended in water. The data taken together confirmed the interactions between 

unmodified SNP particles and DNA molecules. Here we observed a very good DNA binding affinity of the SNP 

particles without any surface modification. 

After exposure in SNP, cell wall of Chlorococcum turned brown in color and confirmed that SNP can 

easily enter within the algal cells by diffusion. Then it changes the structure of cell membrane and causes the cell 

death. SNP is also able to release free radicals and these free radicals are able to break the cell membrane and 

make it porous which finally lead to cell death (Sondi and Salopek-Sondi, 2004). 

Initial increase and overall decrease of protein and carbohydrate content in silver exposure indicated 

metal stress response of green algae.  The decrease of chlorophyll content indicated cellular toxicity. Inhibition of 

photosynthetic pigment biosynthesis is one of the primary events in plants during heavy metal stress (Cenkci et 

al. 2010). Upregulation of stress enzymes such as catalase, SOD, and APX together with carotenoid content 

indicated active protection against Ag
+
 stress. Carotenoids serve as antioxidants against free radicals and 

photochemical damage (Sengar et al. 2008), therefore it is more active against oxidative stress. 

Carotenoids played a major role in SNP synthesis because of their electron donating ability. Sliwka et al. 

(2007) reported that hydrophilic condition enhances the electron transfer ability of carotenoids.  In our study, the 

entire experiment was done in water-based medium which also helped in transferring electron to Ag
+
. The cell-

free proteins extracted from Rhizoclonium reduced Ag
+
 ions at 4°C which confirmed that most of the enzymes 

lost their reducing ability at high temperature. Das et al. 2012 reported that the carboxyl and amine groups of 

phosphoproteins are accountable for Ag
+
 reduction. The pigment bearing extracted chloroplast transferred 

electrons to Ag
+
 from the photosynthetic electron transport chain (Zhang et al. 2011; Shabnam and Pardha-

Saradhi 2013).  A direct role of photosynthetic electron transport chain in reduction of metal ions and synthesis of 

NP was reported by Shabnam and Pardha-Saradhi (2013). 

 In conclusion, it can be said that synthesis of SNP by algal filament is dependent on various cellular 

components like carotenoids, protein and chloroplast. These fractioned cellular components of R. riparium have 

been identified as metal ion reducing agents. The SNP showed effective algicidal activity against green alga, 

Chlorococcum infusionum. These particles also showed its efficiency in binding with DNA and this DNA-SNP 

conjugate has potential application in the field of medical science. 
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