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DNA extraction procedures are critical in molecular biology laboratories. Magnetite

nanoparticles in magnetically based DNA extraction kits often use tetraethyl orthosilicate

(TEOS) as a coating agent; however, TEOS presents health risks due to its irritant

properties. This study investigates the use of fumed silica as a safer alternative for coating

magnetite nanoparticles. The fumed silica-coated magnetite nanoparticles (FsMNP)

demonstrated ferromagnetic properties with an average size of 21.51±7.10 nm. FsMNP

effectively extracted DNA from a variety of microbial strains, including Escherichia coli,

Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella paratyphi, Enterobacter

aerogenes, Shigella sonnei, and Staphylococcus epidermidis. The results suggest that FsMNP

can serve as a safer and more efficient material for DNA extraction. Furthermore,

FsMNP-based DNA extraction may find applications in studies involving diverse biological

samples, including plant, animal, and human tissues, as well as viral and environmental

sources such as soil and water. This approach improves the safety and efficiency of

preparing magnetic nanoparticles for DNA extraction in various biological and

environmental applications.
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Introduction
DNA extraction is a fundamental procedure in

molecular biology laboratories, essential for genetic
analysis, sequencing, and diagnostic applications.
Among the available methods, magnetic nanoparticle-
based kits have gained popularity due to their simplicity
and convenience. These kits use magnetic fields to
separate DNA from the sample matrix, typically
employing silica-coated magnetite nanoparticles
(Fe3O4) to ensure efficient DNA binding and recovery.

Tetraethyl orthosilicate (TEOS) is frequently used
as a silica source [1–12]. However, TEOS poses
significant health concerns due to its irritant properties,
particularly affecting the respiratory system and eyes.

These hazards are noted in its material safety data
sheet. Fumed silica, a non-irritant silica source
produced through the hydrolysis of silicon tetrachloride
[13], presents a safer alternative. Its use for coating
magnetite nanoparticles can reduce health risks while
maintaining DNA extraction efficiency.

This study aims to synthesize and characterize
fumed silica-coated magnetite nanoparticles (FsMNP)
as a safer alternative for DNA extraction. The
performance of FsMNPs will be evaluated through
DNA extraction from various microbial species.
Additionally, the compatibility of the extracted DNA
with PCR will be assessed to ensure the suitability of
FsMNP for downstream molecular applications.



42

S.E.E. Tjoa, Mudasir, E. Suharyadi, B.S. Daryono

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2025, No. 4, pp. 41-48

Experimental

Materials
FeSO4 and FeCl3 were used as precursors and

were purchased from Merck. Tetraethyl orthosilicate
(TEOS), ammonia aqueous solution, NaOH, Tris,
and EDTA were also obtained from Merck. Fumed
silica was supplied by Wacker Chemie AG. Triton X
was purchased from Vivantis, sodium dodecyl sulfate
(SDS) from BASF, and polyethylene glycol
6000 (PEG 6000) from Clariant. NaCl was procured
from Dominion Salt, while isopropanol and ethanol
were obtained from Bratachem.

Bacterial strains
The bacterial strains used for DNA extraction

were obtained from an environmental consortium,
cultured overnight in the research laboratory of the
Konimex Diagnostic Center, and included Escherichia
coli ATCC 8739, Staphylococcus aureus ATCC 6538,
Pseudomonas aeruginosa ATCC 9027, Salmonella
paratyphi ATCC 9150, Enterobacter aerogenes ATCC
13048, Shigella sonnei ATCC 25931, and
Staphylococcus epidermidis ATCC 12228. All bacterial
cultures were purchased from Microbiologics. The
medium used for bacterial growth was Tryptone Soy
Broth, which was purchased from Himedia.

Magnetite synthesis and characterization
FeSO4 and FeCl3 were mixed in water at a

molar ratio of 1:2. NaOH solution was added dropwise
under stirring until the pH reached 8–10. The mixture
was allowed to settle, and the supernatant was decanted.
The precipitate was washed twice with water and then
dried in an oven at 60–1000C for two hours. The
resulting magnetite was coated with fumed silica

following a previously described protocol [14], in which
TEOS was substituted with 20 µg per mg of magnetite.
The fumed silica-coated magnetite nanoparticles
(FsMNPs) were characterized using several techniques.
Appearance, morphology, and size were examined by
scanning electron microscopy (SEM) and transmission
electron microscopy (TEM). Elemental composition
was analyzed by energy-dispersive X-ray spectroscopy
(EDS) coupled with SEM. Crystal structure was
determined using X-ray diffraction (XRD), and
magnetic properties were measured by vibrating sample
magnetometry (VSM).

DNA extraction evaluation
DNA extraction was performed using a general

protocol in which bacterial cells were lysed with a
solution containing 10 mM Tris, 1 mM EDTA,
0.6% SDS, and 0.2% Triton X. The resulting lysate
was mixed with FsMNPs and 200 µL of binding
buffer for approximately 3 minutes. FsMNPs and the
supernatant were separated using a magnetic stand for
3 minutes, and the supernatant was discarded. The
pellet was washed three times with 70% ethanol,
followed by DNA elution using an elution buffer.
Each DNA eluate was visualized by gel electrophoresis
and amplified by PCR using the primer pair 27F and
907R.

Results and discussion
The size, shape distribution, and appearance of

the resulting FsMNPs were examined using scanning
electron microscopy with a JSM-IT700HR instrument
(JEOL). SEM images (Fig. 1) were taken at
magnifications of 1,000× (A), 3,000× (B),
10,000× (C), and 25,000× (D). The SEM visualization

Fig. 1. SEM images of FsMNPs at different magnifications: (A) 1,000×; (B) 3,000×; (C) 10,000×; (D) 25,000×
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reveals that the FsMNPs are spherical and tend to
form clusters. This clustering suggests that the FsMNPs
retain their magnetic properties and are capable of
magnetic attraction [15].

The elemental composition of the FsMNPs
was analyzed using EDS in conjunction with SEM.
The detected elements were Fe (78.06±3.31 wt.%),
O (21.14±0.32 wt.%), and Si (0.80±0.14 wt.%)
(Fig. 2). Elemental mapping revealed the presence of
silica on the particle surface, shown in purple in
Fig. 3. These results confirm the successful
incorporation of fumed silica into the magnetite

nanoparticles.
Transmission electron microscopy observations

were conducted using a JEM-1400 instrument, and
the results are presented in Fig. 4. The TEM images
revealed that some particles exhibited dark cores, likely
corresponding to magnetite nanoparticles (MNPs),
surrounded by more transparent shells, indicating the
presence of a fumed silica coating. Particle size
measurements were performed using ImageJ software,
as shown in Fig. 4C. The average diameter of the
FsMNPs was found to be 21.51±7.10 nm.

The X-ray diffraction (XRD) pattern of

Fig. 3. EDS-mapping of FsMNPs

Fig. 2. EDS analysis of FsMNPs
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FsMNPs, shown in Fig. 5, was recorded using CuKα
radiation (λ=1.540598 Å) on a PANalytical X’Pert 3
powder diffractometer. The XRD analysis revealed
six peaks at 30.050, 35.510, 43.090, 53.070, 57.150,
and 62.790, corresponding to the characteristic
diffraction peaks of Fe3O4. The crystal planes
associated with these peaks are (220), (311), (400),
(422), (511), and (440), respectively. The d-values
for each peak were calculated using Bragg’s law. The
peak at 2θ=35.510 exhibited the highest intensity and

Fig. 4. TEM images of FsMNPs at magnifications of (A) 150,000× and (B) 40,000×; (C) size distribution of FsMNPs based on

TEM images

Fig. 5. XRD pattern of FsMNP

was used to calculate the crystallite size using the
Scherrer equation with a shape factor K=0.94 (for
spherical crystals in cubic systems), resulting in a
crystallite size of 22.927 nm. These findings confirm
that the MNPs were successfully coated with silica, as
also observed in the TEM and EDS results.

The vibrating sample magnetometry (VSM)
analysis, presented in Fig. 6, shows that the FsMNPs
have a magnetic saturation value of 44.385 emu/g.
The hysteresis loop is very narrow, indicating low
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Fig. 6. VSM analysis of FsMNP

magnetic coercivity, with a value of 0.022 T, and a
magnetic remanence of 11.461 emu/g. The magnetic
remanence was determined from the intercept of the
two points where polarity reversal occurs in the applied
magnetic field. The coercivity value was calculated
from the intercept between the positive and negative
magnetization branches during the field reversal.

FsMNPs were used for DNA extraction from
various microbial species, and the extracted DNA was
visualized by agarose gel electrophoresis (0.8% w/v).
The results, shown in Fig. 7, demonstrate that all
lanes exhibit a single, distinct band without any
smearing, indicating that the extracted DNA was intact
and not fragmented.

All extracted DNA samples were successfully
amplified by PCR using the parameters outlined in
Table. The target amplicon of the 16S rRNA gene
was approximately 1500 bp. Amplicon visualization,
shown in Fig. 8, confirms that all DNA samples were
successfully amplified. These results indicate that the
extracted DNA was free of inhibitors that could
interfere with the PCR reaction.

Conclusions
In this study, we successfully synthesized magnetic

nanoparticles coated with fumed silica as a safer
alternative to tetraethyl orthosilicate (TEOS) for use
as a coating agent. The resulting fumed silica-coated
magnetite nanoparticles (FsMNPs) had an average
particle size of 21.51±7.10 nm, a crystallite size of
22.93 nm, and exhibited ferromagnetic properties.
FsMNPs demonstrated effective DNA extraction
performance across various bacterial species, including
consortium bacteria, Escherichia coli, Pseudomonas
aeruginosa, Salmonella paratyphi, Staphylococcus
aureus, Enterobacter aerogenes, Shigella sonnei, and
Staphylococcus epidermidis. Future research could
explore the application of FsMNPs for nucleic acid
extraction from additional sample types, such as viral
specimens or environmental matrices like soil and
water.
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ÍÀÍÎ×ÀÑÒÈÍÊÈ ÌÀÃÍÅÒÈÒÓ Ç ÏÎÊÐÈÒÒßÌ ²Ç
Ï²ÐÎÃÅÍÍÎÃÎ Ä²ÎÊÑÈÄÓ ÊÐÅÌÍ²Þ ÄËß
ÅÊÑÒÐÀÊÖ²¯ ÄÍÊ: ÁÅÇÏÅ×Í²ØÀ ÀËÜÒÅÐÍÀÒÈÂÀ
TEOS

Ñ.Å.Å. ×îà, Ìóäàñ³ð, Å. Ñóõàð’ÿä³, Á.Ñ. Äàðéîíî

Ïðîöåäóðè åêñòðàêö³¿ ÄÍÊ º êðèòè÷íî âàæëèâèìè
â ëàáîðàòîð³ÿõ ìîëåêóëÿðíî¿ á³îëîã³¿. Íàíî÷àñòèíêè
ìàãíåòèòó, ùî çàñòîñîâóþòüñÿ â ìàãí³òíèõ íàáîðàõ äëÿ
åêñòðàêö³¿ ÄÍÊ, ÷àñòî ïîêðèâàþòü òåòðàåòèëîðòîñèë³êàòîì
(TEOS), îäíàê öÿ ðå÷îâèíà ñòàíîâèòü ðèçèê äëÿ çäîðîâ’ÿ
÷åðåç ïîäðàçíþâàëüí³ âëàñòèâîñò³. Ó öüîìó äîñë³äæåíí³
ðîçãëÿíóòî ìîæëèâ³ñòü âèêîðèñòàííÿ ï³ðîãåííîãî ä³îêñè-
äó êðåìí³þ ÿê áåçïå÷í³øî¿ àëüòåðíàòèâè äëÿ ïîêðèòòÿ íà-
íî÷àñòèíîê ìàãíåòèòó. Îäåðæàí³ íàíî÷àñòèíêè ìàãíåòèòó
ç ïîêðèòòÿì ³ç ï³ðîãåííîãî ä³îêñèäó êðåìí³þ (FsMNP) âè-
ÿâèëè ôåðîìàãí³òí³ âëàñòèâîñò³ ³ç ñåðåäí³ì ðîçì³ðîì
21,51±7,10 íì. FsMNP åôåêòèâíî åêñòðàãóâàëè ÄÍÊ ç
ð³çíîìàí³òíèõ ì³êðîáíèõ øòàì³â, çîêðåìà Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella
paratyphi, Enterobacter aerogenes, Shigella sonnei òà
Staphylococcus epidermidis. Ðåçóëüòàòè ñâ³ä÷àòü, ùî FsMNP
ìîæóòü ñëóãóâàòè áåçïå÷í³øèì ³ åôåêòèâí³øèì ìàòå-
ð³àëîì äëÿ åêñòðàêö³¿ ÄÍÊ. Êð³ì òîãî, åêñòðàêö³ÿ ÄÍÊ ³ç
âèêîðèñòàííÿì FsMNP ìîæå çíàéòè çàñòîñóâàííÿ â
äîñë³äæåííÿõ, ïîâ’ÿçàíèõ ³ç øèðîêèì ñïåêòðîì á³îëî-
ã³÷íèõ çðàçê³â – ðîñëèííèõ, òâàðèííèõ, ëþäñüêèõ, à òà-
êîæ â³ðóñíèõ ³ ñåðåäîâèùíèõ çðàçê³â, òàêèõ ÿê ´ðóíò ³ âîäà.
Çàïðîïîíîâàíèé ï³äõ³ä ï³äâèùóº áåçïåêó é åôåêòèâí³ñòü
ï³äãîòîâêè ìàãí³òíèõ íàíî÷àñòèíîê äëÿ ïðîöåäóð åêñòðàêö³¿
ÄÍÊ ó ð³çíîìàí³òíèõ á³îëîã³÷íèõ òà åêîëîã³÷íèõ
äîñë³äæåííÿõ.

Êëþ÷îâ³ ñëîâà: åêñòðàêö³ÿ ÄÍÊ; ï³ðîãåííèé ä³îêñèä
êðåìí³þ; ìàãíåòèò; áàêòåð³àëüí³ øòàìè; íàíî÷àñòèíêè;
TEOS.
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DNA extraction procedures are critical in molecular biology
laboratories. Magnetite nanoparticles in magnetically based DNA
extraction kits often use tetraethyl orthosilicate (TEOS) as a
coating agent; however, TEOS presents health risks due to its
irritant properties. This study investigates the use of fumed silica
as a safer alternative for coating magnetite nanoparticles. The
fumed silica-coated magnetite nanoparticles (FsMNP)
demonstrated ferromagnetic properties with an average size of
21.51±7.10 nm. FsMNP effectively extracted DNA from a
variety of microbial strains, including Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella
paratyphi, Enterobacter aerogenes, Shigella sonnei, and
Staphylococcus epidermidis. The results suggest that FsMNP can
serve as a safer and more efficient material for DNA extraction.
Furthermore, FsMNP-based DNA extraction may find
applications in studies involving diverse biological samples, including
plant, animal, and human tissues, as well as viral and environmental
sources such as soil and water. This approach improves the safety
and efficiency of preparing magnetic nanoparticles for DNA
extraction in various biological and environmental applications.
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