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ABSTRACT 
 

Gold nanoparticles (AuNPs) have been exploited for a 

wide range of potential applications, including drug 

delivery systems, catalysts, optical sensors and 

antimicrobial agents [1-5]. However, the harsh conditions 

employed in several synthetic approaches has forced 

researchers to investigate milder routes [6]. Biological 

macromolecules such as proteins [7], viruses [8], and 

plasmid DNA [9] have been shown to be successful 

candidates to ensure a milder pathway in the formation of 

AuNPs. Many of the aforementioned methodologies 

employing biological precursors nevertheless present other 

drawbacks such as lack of size tunability, broad dispersity, 

and poor shape control partially due to the tendency of 

cationic gold to disproportionate in aqueous solutions [10], 

as well as the difficulties in stabilizing metallic NPs. 

Combining plasmid DNA as a biomolecular reactor with a 

kinetically based approach, we have been able to stabilize 

and control the size of AuNPs. 
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1 MATERIALS AND METHODS  
 

1.1   Plasmid DNA  
 

pcDNA 3.1(+)/GFP (plasmid) was kindly donated by 

Dr. Michele Pagano, NYU Langone Medical Center. In 

order to determine its size as well as that of the other two 

plasmids utilized, a sample of each was linearized with 

ECORI restriction enzyme. After running a 0.8% agarose 

gel, the following sizes were deduced: GFP: approx. 6kbp 

(kilobase pairs); pMSCV: approx. 7kbp; pBABEc: approx. 

6kbp. 

 

1.2   NP Synthesis 

 
Plasmid DNA suspensions (35 ng/uL in TE buffer, 

pH~8) and control samples were incubated with gold metal 

salts dissolved in acetone (0.5 wt. % chloro-trimethyl 

phosphine-gold (I), referred as gold phosphine solution) in 

a volume to volume ratio of 6:1, respectively in the dark at 

70
o
C using a Lab-Line Multi block heater. In order to 

ensure a dark environment, a double layered aluminum foil 

was placed on top of the heater.  

 

1.3   Transmission electron microscopy (TEM)  

 
A 7 L drop of DNA suspension was placed on a 300 

mesh carbon coated copper grids, purchased from TED 

Pella, and allowed to dry for 5 minutes in the dark. The 

remaining liquid was removed using a filter paper. The 

control samples were prepared in the same way with the 

absence of DNA. The spherical shape of particles was 

determined by eucentric tilting (over at least an 80
o
 range) 

over the particles from sample 12 h and 15 h. All data were 

collected at 120 kV on a Tecnai TEM at the eucentric 

position ensuring that all measurements and electron 

diffraction data were accurate for both collection and 

comparison. The electron diffraction patterns were 

collected in the microprobe or nanoprobe mode depending 

on the size of the area to be analyzed. 

 

1.4   Gel Electrophoresis 
 

0.8% agarose gels were freshly prepared by dissolving 

0.4 grams of agarose, purchased from Sigma, in TRIS-

acetate-EDTA buffer (1x). 2.5 L of ethidium bromide 

were added when the mixture was still liquid. After the gel 

solidified, 10 L of specific samples were loaded in each of 

the 10 wells and the gel was run at 85-90 V for 75 minutes. 

 

 

1.5   UV-Vis Spectroscopy 
 

Beckman Coulter DU800 spectrophotometer was used 

to collect the spectra. 50 L of each sample was loaded into 

the cell (8 mm path length) before collecting the 

corresponding UV-visible spectrum. Backgrounds were 

collected before each sample determination. 

 

2  RESULTS 
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The method described in section 1.2 yielded in a 

linear fashion the formation of approximately 6, 8, 9, 11, 

18, and 21 nm-sized AuNPs after 1, 2, 4, 7, 12, and 15 

hours of plasmid/metal cation incubation, respectively 

(Table 1, Figs. 1-3). Control experiments with TRIS-

EDTA buffer (TE, pH~8) and gold phosphine solution 

were run in the absence of plasmid for 1, 2, 4, and 7 

hours at 70
o
C (Figs. 1 & 2). Control experiments with 

nanopure water (pH~5), PBS buffer (pH~7.3), TRIS 

buffer (pH~6), EDTA (pH~5) and gold phosphine 

solution were also run in the absence of plasmid for 1 

and 2 hours at 70
 o

C (Fig. 4). 

 

 
Table 1 Summary of the AuNP sizes yielded at different 

incubation times at 70
o
C in the dark in the presence and 

absence of plasmid DNA. The NP size using the plasmid 

DNA reactor is linearly correlated with time. In absence of 

plasmid, a correlation cannot be determined since all 

AuNPs are aggregated. 

 

3    DISCUSSION 
 

Since the one hour UV-Vis control spectra of both 

TE and TRIS buffers were similar to the spectrum 

corresponding to the 1h DNA/gold incubation, we 

believe  that TRIS may also act as an initial seeding 

entity [12] (Figs. 1, 2 & 4). This is also confirmed by 

comparing the control experiments performed with pure 

water, PBS and EDTA buffers at the same conditions 

where absorption at ~510 nm was not observed. The 2h 

and the 4h UV-Vis control spectra of TE and TRIS 

buffers showed a progressive collapse of the peak 

corresponding to the gold NP absorption as well as an 

exponentially increasing red shift, confirming that the 

plasmid DNA is responsible for the size control as well 

as the narrow-distribution of the fabricated AuNPs (Figs. 

1 & 2). Furthermore, in the absence of plasmid DNA, 

gold aggregated nanoparticles were observed after 7h of 

incubation when TE buffer control was imaged (Fig. 2).  

Overall, the controls run without DNA after two hours 

showed a progressive collapse of the peak corresponding 

to the gold NP absorption. The enucleating role of the 

plasmid therefore was deduced from comparing the UV-

Vis spectra with the analysis of gel electrophoresis (Fig. 

1, 2 & 6). This comparison resulted in the conclusion 

that a substantial modification of the initial plasmid 

DNA topology in solution (Fig. 6, lanes 2 & 10) has no 

significant effect on the resulting intensity and produces 

no shift, although a certain ratio of initial plasmid 

condensation states is preferred to optimize the size- 

distribution (Fig. 6, Panel B). 

 
Fig. 1 A. UV-Vis spectra and TEM images of DNA-

containing samples incubated with gold phosphine solution 

at 70
o
C in the dark for 1 (A1), 2 (A2) and 4 hours (A3), 

respectively. B. UV-Vis spectra and corresponding TEM 

images of TE buffer controls incubated with gold phosphine 

solution at 70
o
C in the dark for 1 (B1), 2 (B2), and 4 hours 

(B3), respectively. 

 

Fabrication of narrowly dispersed particles was 

obtained after a progressive degradation of the DNA that 

becomes noticable after ~2h of incubation time with gold 

phosphine (Fig. 6, lanes 2 and 5). After 7h incubation of 

the metal salt with the DNA, a maximized amount of 

narrowly dispersed particle production was observed. 

This trend was revealed by comparison of the absorption 

peaks  shown in Fig. 2A and 2B as well as by TEM 

analysis of the AuNPs  at 12 and 15 hours of incubation 

(Fig. 3). These degraded DNA segments maintained 

particle dispersion and high stability preventing re-

aggregation over a period of several weeks (Fig. 7). 

The size tunability of the AuNPs was later verified 

by TEM measurements to display correlation between 

UV-Vis data and corresponding incubation times (Table 

1, Figs. 1 & 2). The metallic nature of the AuNPs was 

confirmed by superimposing the ED pattern obtained 

from the experimental samples with that of the gold 

standard (Fig. 5). The spherical shape of the AuNPs was 

determined by eucentric tilting. In order to ensure 

experimental reproducibility, the concentration of DNA 

used to yield the AuNPs was maintained constant. This 
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was necessary since, upon dilution of the DNA 

concentration by 50 fold, a progressive broadening of the 

UV-Vis spectra of the NP was observed. Furthermore, 

the UV spectra of the 50-fold diluted DNA sample was 

nearly identical to the spectra of the TE buffer/Au 

controls, suggesting that a stoichiometric balance 

between metal salts and DNA substrate is necessary to 

ensure the NPs will be narrowly dispersed. 

 The above data showed that the samples containing 

plasmid DNA began exhibiting a trend of narrowing 

distribution at two hours of incubation time with respect 

to the corresponding control samples (Fig. 1 & 2). The 

overall trend of the UV spectrometry also exhibited a 

progressive red shift in correspondence with increasing 

particle size; this observation is in congruence with 

previous studies examining UV correlations with NP size 

[11]. Nucleation of the nanoparticles initiating inside the 

DNA minor and major grooves, which favors cation 

binding, may explain the size control of the  AuNPs (Fig. 

8). A TRIS-assisted initial conucleation is not excluded 

(Figs. 1B & 4) but to yield narrowly dispersed AuNPs 

with larger sizes, the plasmid is essential. 

 

 
Fig. 2 A. UV-Vis spectrum and corresponding TEM image 

(A1) of plasmid DNA samples incubated with gold 

phosphine solution for 7 hours at 70
o
C in the dark; Inset 

panel: higher magnification of sample in A1. B. UV-Vis 

spectrum and corresponding TEM image (B1) of TE buffer 

control incubated with gold phosphine solution under the 

same conditions. 

4    CONCLUSIONS 
 

The results demonstrate an easy method to 

synthesize size tunable spherical AuNPs by exploiting 

plasmid DNA as a nanoreactor. These results are fully 

reproducible. Since the degraded plasmid segments act 

as capping agent, the stabilization of the AuNPs in 

solution is achieved (Fig. 7). Since linear plasmid DNA 

does not yield the same results, circular plasmid DNA is 

essential for maintaining a narrow dispersed NP 

outcome. Finally, the employment of mild synthetic 

conditions and few procedural steps makes this method 

environmentally friendlier than most of the current 

methods.   

 

 
Fig. 3 A. Histogram data of particle size corresponding to 

plasmid samples incubated for 1 (S1, blue), 2 (S2, purple), 

4 (S3, red), and 7 hours (S4, black). After 4 hours there is a 

progressive narrowing of the distribution and an increase in 

particle size that is in agreement with the Uv-Vis red shift 

(Figs. 1 & 2). B. Histogram data of particle size 

corresponding to DNA samples incubated for 12 (S1, dark 

blue) and 15 hours (S2, pink). TEM images, corresponding 

to the DNA/Au samples incubated for 12 (dark blue) and 15 

hours (pink);  it is possible to observe narrow distributed 

AuNPs confirming that the trend of nearly mono-

distribution is maintained up to incubation times of 15 

hours. 

 

 
Fig. 4 Uv-Vis spectra of control experiments incubated for 

1 and 2 hours at 70
o
C in the dark (water: green; TRIS: light 

blue; PBS: purple; EDTA: orange). The UV-Vis spectra of 

the TRIS controls (corresponding to the incubation times of 

1 and 2 hours) fully resemble the spectra of the TE buffer 

controls corresponding to the same incubation times (Fig. 

1B) as well as the 1h incubation DNA/gold (Fig. 1A).  
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Fig. 5 ED pattern of gold standard solution (blue) 

superimposed on the experimental ED pattern obtained 

from AuNPs analysis (red) 

 
Fig. 6 0.8% agarose gel electrophoresis of the plasmid 

DNA incubated with gold phosphine solution at different 

times. The gels were run on different days (A: same day; 

Inset B: day after). A Lane 1: 1 kb ladder; Lane 2: Naked 

plasmid; Lane 3: Naked plasmid with rearranged initial 

topologies (pcR); Lane 4: plasmid after 30 min incubation 

time; Lane 5: plasmid after 30 min incubation time; Lane 6: 

plasmid after 1 hour incubation time; Lane 7: pcR after 1 

hour incubation time; Lane 8:  plasmid after 2 hour 

incubation time. Lane 9: pcR after 2 hour incubation time; 

Lane 10: plasmid after 4 hour incubation time; Lane 11: 

pcR after 4 hour incubation time; Lane 12: plasmid after 7 

hour incubation time; Lane 13: 1 kb ladder; Lane 14: pcR 

after 7 hour incubation time. Inset B 1: 1 kb ladder; Lane 

2: Naked plasmid; Lane 3: plasmid after 30 min incubation 

time; Lane 4: pcR after 30 min incubation time; Lane 5: 

plasmid after 1 hour incubation time; Lane 6: pcR after 1 

hour incubation time. Lane 7:  plasmid after 2 hour 

incubation time. Lane 8: pcR after 2 hour incubation time; 

Lane 9: 1 kb ladder. 

 
Fig. 7: UV-Vis spectra showing the peaks corresponding to 

the gold absorption of AuNPs. These NPs were prepared in 

the presence of the plasmid, incubated for 4 hours, and left 

undisturbed in the dark for up to two weeks indicating that 

the AuNPs are stable in aqueous solution. The absence of a 

red shift confirms that the particles in solution neither re-

aggregate nor collapse through time. 

 
Fig. 8 A. Histogram illustrating NP size distribution after 

30 min of Au salt incubation time with the plasmid. B. 

TEM image showing that particles are still bound to the 

plasmid strands. The bimodal distribution suggests that the 

major and minor grooves of the plasmid may act as 

enucleating sites and the overall function of the plasmid is 

that of a biomolecular reactor. 
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