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Collar thickness of 2.82–2.85 mm was 
noticed in the regenerated seedlings and 
was not affected by the pre-treatments 
studied. Seed treatment had a profound 
influence on seedling vigour index, as it 
improved from 298.67 in untreated con-
trol to almost double in seeds treated 
with KNO3 (Figure 1 b).  
 Substrate is known to have profound 
influence on nursery success of a spe-
cies; however, limited information is 
available in case of the genus Musa9. In 
experiment 2, significantly improved 
germination percentage (from 28.7% to 
90.7%) and seedling vigour index (from 
513.73 to 1703.3) were recorded when 
vermicompost was compared with coir 
pith as substrate (Figure 2). 
 Considering improved germination 
characteristics, seed treatment with 0.1% 
KNO3 for 24 h and vermicompost as sub-
strate could be recommended for raising 
vigorous seedlings. This could help in 
conservation of this threatened species 
and its subsequent utilization. Further, 
habitat enrichment would also be helpful 
for island wildlife, including bats, birds, 

rats, elephants and other unknown fauna, 
which are dependent on fruits of this 
species for food.  
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Gelatin-coated magnetic nanoparticles for genomic DNA isolation 
from biological samples 
 
The selection of an appropriate DNA iso-
lation method for a specific biological 
sample (whole blood, saliva, stool, urine, 
fresh tissue or paraffin-embedded tissue) 
is a prerequisite for any molecular test-
ing. This selection is dependent on many 
factors, including yield, purity, time, 
safety, requirement of specialized equip-
ment, trained personnel, intended down-
stream applications, cost and sample 
source.  
 The use of magnetic nanoparticles 
(MNPs) provides a number of advantages 
in biotechnological applications, includ-
ing nucleic acid isolation1,2. Even though 
uncoated MNPs can bind to DNA and 
can be used for its isolation, polymer-
coated MNPs provide higher DNA re-
covery. MNPs coated with different  
polymers such as agarose and silica have 
been previously described and used in 
bacterial cells3–5. In this study, we syn-
thesized gelatin-coated magnetic nano-
particles (GMNPs) for use in the 
isolation of genomic DNA from biologi-
cal samples. 

 GMNPs were synthesized by chemical 
co-precipitation of Fe+3 and Fe+2 in an 
alkaline solution under hydrothermal 
conditions6,7. Briefly, GMNPs were pre-
pared by mixing 1 M FeSO4 ⋅ 7H2O and 
2 M FeCl3 ⋅ 6H2O with 1 ml of gelatin  
solution (0.15 g/ml, previously melted), 
followed by the addition of 8 M ammo-
nium hydroxide. The Fe3O4 (magnetite) 
nanoparticles were formed at approxi-
mately pH 10. Co-precipitation was done 
at 60°C for 30 min. In the gelatin solu-
tion, iron nanoparticles interact electro-
statically with amide bonds of the  
gelatin chain8. GMNPs were purified by 
washing three times with deionized water 
and using a high-gradient magnetic field 
to remove impurities. To estimate the  
total yield, GMNPs were first dried at 
100°C for 2 h. Then they were resus-
pended in deionized water at a concen-
tration of 50 mg/ml. The nanoparticles 
obtained exhibited a strong magnetic res-
ponse. 
 The particles were characterized, and 
the mean particle size determined by 

transmission electron microscopy (TEM). 
Briefly, GMNPs were suspended in 
500 μl distilled water. Next, 5 μl of the 
suspension was dropped into a Formvar/ 
Carbon 200 mesh grids and left to dry at 
room temperature. The particles were  
examined using TEM (Hitachi 7500 
Transmission Electron Microscope oper-
ating at 80 kV). Images were obtained 
using an AMT camera equipped with 
AMT image capture engine (V602). Im-
ages were analysed using FIJI. For anal-
ysis, each image was scaled, and each 
particle was measured by drawing a line 
across the diameter. One hundred par-
ticles per sample were measured and 
used for analysis. GMNPs were stored at 
4°C.  
 The procedure for DNA isolation was 
standardized for whole blood, saliva and 
stool samples. The samples were col-
lected from 30 healthy participants. Writ-
ten informed consent was obtained from 
all of them. For DNA standardization, 
whole blood samples were collected in 
ethylenediaminetetra acetic acid (EDTA)
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Figure 1. Gelatin-coated magnetic nanoparticles observed under transmission electron microscope (200,000 X). Storage temperature (a) 25°C, (b) 
4°C, (c) –20°C. 
 

Table 1. Quantity and quality of genomic DNA isolated using gelatin-coated magnetic nanoparticles from biological samples 

Sample type Sample quantity Mean concentration (ng/μl) Mean A260/A280 Mean A260/A230 Total amount of DNA isolated (ug) 
 

Whole blood (n = 30) 100 ul 22.5 ± 5.17 1.73 ± 0.12 1.74 ± 0.92 2–4  
Saliva (n = 30) 200 ul  53.2 ± 12.23 1.94 ± 0.10 1.85 ± 0.98 2–6  
Stool (n = 30)  20 mg   96.2 ± 22.10 1.51 ± 0.10 0.54 ± 0.29  2–10  

 
 
tubes. Next, 100 ul of whole blood was 
mixed with 100 ul of cell lysis buffer 
(10 mM Tris, 26 mM EDTA and 0.5% 
sodium dodecyl sulphate (SDS) by pipet-
ting. The solution was incubated at room 
temperature for 5 min. After incubation, 
10 ul of GMNPs (50 mg/ml) and 100 ul 
of binding buffer (1.25 M sodium chlo-
ride and 10% polyethylene glycol 6000) 
were added to the lysate. The solution 
was mixed and incubated at room tem-
perature for 5 min. Magnetic pellet was 
immobilized in a magnetic rack (made 
with neodymium rare earth permanent 
magnets; New England Biolabs, Inc., 
MA, USA) and the supernatant was re-
moved. Magnetic pellet was washed 
three times with wash buffer (10 mM 
Tris-HCl, 1 mM EDTA, 70% ethanol, pH 
8) and dried for 5 min. Then, it was  
resuspended in 100 ul of TE buffer 
(10 mM Tris-HCl, 1 mM EDTA, pH 8) 
and incubated at 65°C for 10 min. The 
supernatant containing DNA was trans-
ferred to a fresh tube. The yield and 
quality of DNA isolated were analysed 
(QIA expert, Qiagen, USA).  
 Saliva sample was collected in a sterile 
50 ml centrifuge tube, of which 200 ul 
was used for DNA isolation. The sample 
was mixed with 200 ul of cell lysis buf-
fer mix by pipetting. The solution was 
incubated at room temperature for 5 min. 
After incubation, 20 ul of GMNPs and 

200 ul of binding buffer were added to 
the lysate. The rest of the procedure was 
the same as for whole blood. Stool sam-
ples were collected in a sterile tube, of 
which 20 mg was used to isolate DNA. 
The sample was mixed with 500 ul of 
cell lysis buffer and incubated at room 
temperature for 5 min. After incubation, 
20 ul of GMNPs was added to the lysate 
followed by 200 ul of binding buffer. 
The rest of the procedure was the same 
as for whole blood.  
 Quality of genomic DNA isolated 
from whole blood, saliva and stool sam-
ples was analysed by PCR amplification 
of X-specific ATL1 and Y-specific SRY 
gene sequences. All PCRs were per-
formed in a 50 ul reaction volume (Plati-
num Taq Polymerase Invitrogen, USA) 
according to the manufacturer’s proce-
dure and using a thermal cycler (GTQ 
Cycler 24 from Hain Lifescience (Ger-
many)). ALT1-specific sequence (301 bp) 
and SRY-specific sequence (239 bp) were 
co-amplified first by two sets of PCR 
primer pairs: X1 (5′-CCCTGATGA-
AGAACTTGTATCTC-3′) and X3 (5′-
GAAATTACACACATAGGTGGCACT-
3′) and Y1.5 (5′-CTAGACCGCAGA-
GGCGCCCAT-3′) and Y1.6 (5′-TAG-
TACCCACGCCTGCTCCGG-3′) respec-
tively9–11 using 100 ng of DNA template. 
Thermal cycling was performed at 94°C 
for 3 min, followed by 45 cycles of 94°C 

for 30 sec, 55°C for 30 sec and 72°C for 
45 sec. Next, 20 ul of the first PCR was 
used on the nested PCR with the follow-
ing primers: X2 (5′-TCGCCTTTCTC-
AAATTCCAAG-3′) and X3 (5′-GAAA-
TTACACACATAGGTGGCACT-3′) and 
Y1.7 (5′-CATCCAGAGCGTCCCTGG-
CTT-3′) and Y1.8 (5′-CTTTCCACA-
GCCACATTTGTC-3′). Thermal cycling 
for this PCR was performed at 94°C for 
3 min, followed by 20 cycles of 94°C for 
30 sec, 55°C for 30 sec and 72°C  
for 45 sec. PCR products were analysed 
using 1.5% agarose gel electrophoresis 
and visualized with blue light.  
 GMNPs were analysed by TEM, de-
monstrating well-separated and evenly 
distributed spherical nanoparticles. The 
mean diameter was of ~13 nm and size 
distribution (σ) was ~0.27 (Figure 1). 
GMNPs exhibited a strong magnetic res-
ponse. There was no sedimentation of 
particles and no oxidation observed in 
GMNPs stored at 4°C and –20°C even  
after six months, thus confirming the 
long-time stability (Figure 2).  
 The yields of recovered genomic DNA 
using GMNPs as a solid-phase support 
were ~2–4 ug per 100 ul of whole blood 
sample, ~2–6 ug per 200 ul of saliva, and 
~2–10 ug per 20 mg of stool sample  
(Table 1). The average optical density 
(OD) ratio, viz. OD260/OD280 was 1.7, 
indicating that the DNA obtained was of 
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Figure 4. Gel electrophoresis of PCR pro-
ducts amplified from genomic DNA extracted 
using silica column from QIAGEN kit (lane 
1), MNPs (lane 2) and GMNPs (lane 3). 
 
 
good quality with negligible protein con-
tamination (OD260/OD230 ~1.7) (Figure 3).  
 Successful PCR amplification of ATL1 
gene-specific sequence on X chromo-

some and the SRY gene-specific seque-
nce on Y chromosome was achieved us-
ing genomic DNA extracted using 
GMNPs. As shown in Figure 4, amplifi-
cation pattern was consistent for all sam-
ples, and was further confirmed by direct 
sequencing. These GMNPs were used to 
develop genomic DNA isolation with  
INBIOMag Genomic DNA Kit 
(INBIOMEDIC, Peru). In summary, 
GMNPs for genomic DNA isolation de-
veloped in this study provide a rapid, 
simple, and inexpensive method that 
does not require the use of organic sol-
vents. 
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Figure 2. Photographs showing GMNPs stored at different temperatures. 
 
 

 
 
Figure 3. Long-term storage of GMNPs evaluated by analysing the quality of genomic DNA
isolated (OD260/OD280 ratio between 1.7–2.0), sample number (n = 3). T0, Initial temperature;
T3, Three months; T6, Six months.  
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