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a  b  s  t  r  a  c  t

Although  genetically  modified  (GM)  food  is  becoming  increasingly  available,  consumers  are  showing  a
growing  awareness  about  the  need  to identify  GM  and  non-GM  foodstuff:  the  reliable  identification  of
GM/non-GM  food  is therefore  an  important  tool  in  the  social,  health  and  safety  debates.  The  present
research  responds  to  this  need  (i)  through  developing  a  novel  “single-pot”  preparation  of  PAMAM mag-
netite  nanoparticles  (PMNPs)  and  by fully  defining  their  specific  characteristics;  (ii) by  demonstrating
the  capability  of  the  PMNPs  to isolate  genomic  DNA  from  different  sample  foods;  and  (iii) by  experimen-
eywords:
enomic DNA
oodstuff
oy  food
AMAM

tally  demonstrating  the  identification  of  the  isolated  DNA  by  gel-electrophoresis,  thus  being  capable  of
screening  GM and  non-GM  food.

© 2012 Elsevier B.V. All rights reserved.
lectrophoresis
agnetite nanoparticles

. Introduction

In recent years, a great variety of genetically modified (GM) food
as been produced and introduced into worldwide agro-industrial
arkets [1]. The paper will firstly provide a brief background on

he GM crops, well-developed by recombinant DNA technology,
hich allows the production of plants that are resistant to herbi-

ides and pests, that increase shelf-life in the case of supermarket
roducts and improve their nutritional value [2]. Many GM plant
ultivates have spread worldwide. The increasing consumer aware-
ess regarding food safety in general and GM crops and their use
s food sources in particular, calls for a more stringent quality
ontrol of foodstuffs [3,4]. In order to guarantee the food safety, sev-
ral methods have been established to detect transgenes, including
ucleic acid-based and protein-based detection methods [5–7].
mong these techniques, the polymerase chain reaction (PCR) has
een widely used [8–10]. The successful extraction plays a very

mportant role in detecting GM organisms with good quality, ade-
uate amount, integrity and high purity as paramount assessment

riteria.

Magnetite nanoparticles have been widely studied for their
pplications in biology and medicine, i.e. to immobilize enzymes

∗ Corresponding authors.
E-mail  addresses: luosz@mail.buct.edu.cn (S.-z. Luo), twtan@mail.buct.edu.cn

T.  Tan).
1 These authors contributed equally to this work.

039-9140/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2012.02.007
[11–13] and proteins [14,15]; to purify RNA and DNA [16,17]; to
magnetically separate and purify cells [18,19]; and to magnetically
control the transport of anticancer drugs [20,21]. Generally, these
magnetite particles are of a core and shell structure: the biological
species cells, nucleic acids, or proteins are coating the magnetite
core through an organic or polymeric shell. The shells are either bio-
compatible (such as gum Arabic and polyethylene glycol) [22,23],
or possess active groups which can conjugate with biomolecules
such as proteins [24,25] and nucleic acids [26].

In order to practically apply this new methodological frame-
work, the problems of surface modification require careful
consideration. Puniredd et al. [27] adopted an approach which
involved the formation of Pt nanoparticles within an ultra-thin
film matrix formed by covalent layer-by-layer (LbL) assembly
of pyromellitic dianhydride (PMDA) and a second generation of
polyamidoamine (PAMAM) dendrimer in supercritical carbon diox-
ide (SCCO2) to synthesis dendrimer-encapsulated Pt nanoparticles.
Kavas et al. [28] synthesized a series of Co nanoparticles by employ-
ing PAMAM dendrimers with different generations as templates
and sodium borohydride as a reducing agent. Matsunaga et al.
[29,30] developed a DNA extraction method using PAMAM mod-
ified bacteria magnetic particles which extracted DNA from fluid
suspensions and blood.

In  this work, we developed a novel “single-pot” prepara-

tion of PAMAM magnetite nanoparticles (PMNPs) with uniform
size, large surface area and high magnetism and adopted a DNA
extraction method using PAMAM-modified magnetic particles.
Compared with conventional methods, it takes advantages of quick
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rocessing times, reduced chemical needs, and easy magnetic sep-
ration. Furthermore, PMNPs were applied for DNA extraction from
M/non-GM food, tentatively explained by a mechanism whereby
NA can reach the surface of the dendrimer-modified magnetic
anoparticles through electrostatic interactions. The further anal-
sis will demonstrate that such dendrimer-coated particles have a
igh potential for extracting a large variety of nucleic acids.

.  Experimental

.1. Materials

Five soy products were purchased at a local retailer, including
oybeans, soybean milk, soybean milk powder, soybean flour, soy-
ean sprouts. GM soybeans, to be used as GM positive controls were
indly provided by the Chinese Academy of Inspection and Quar-
ntine. RNAse A was obtained from Sigma. The 1 kb DNA ladder and
L2000 were bought from New England Biolabs and Beijing QXTD-
iotechnology Go. Ltd., respectively. PCR primers, with sequences

isted in Table 1, were synthesized by Sunbiotech (Beijing, China).
AMAM–NH2 G4 dendrimer was fabricated according to Tomalia’s
ethod [31]. All other chemicals used were of analytical purity.

.2.  Procedures for synthesis of PAMAM–magnetite composites

A  novel method to produce PMNPs was developed during the
esearch, comprising a straightforward “single-pot” process.

Firstly,  3.7 mmol  ferric chloride (FeCl3·6H2O, ∼1.00 g) and
.0 mmol  ferrous chloride tetrahydrate (FeCl2·4H2O, ∼0.4 g) were
dded to 20 ml  ethylene glycol (EG) under ultrasonication at room
emperature to form a clear solution. Secondly, 24.2 mmol  anhy-
rous sodium acetate (NaAc, ∼2.00 g) was poured into the previous
ixture, whilst magnetic stirring formed a uniform suspension.

hirdly, 0.5 g PAMAM was carefully added into the above mix-
ure, with ultrasonication used to form a uniform suspension. The
uspension was topped up with EG and sealed into a Teflon-lined
utoclave [35], heated at 180 ◦C for 24 h. The black or gray particles
ere separated under the effect of an external magnet, rinsed in

hree cycles of centrifugation, washing and re-dispersion in water.
hey were finally oven-dried at 60 ◦C for 8 h.

.3.  Isolation of genomic DNA

The procedure of Davies [36] was applied: the different soy-
amples (30 mg  each) were placed in a 1.5 ml  microcentrifuge tube
nd re-suspended by vortexing in 0.1 M Tris–HCl buffer (pH 8.0)
ontaining 0.05 M EDTA and 0.5 M NaCl (400 �l). 16 �l of 10% (w/v)
odium dodecylsulfate and RNAse A (10 mg/ml, 89 �l) were added,
nd the sample was vortexed and incubated at 65 ◦C for 10 min.
he tube was thereafter placed on ice for 5 min, 5 M potassium
cetate (13.5 �l) was added and the sample was  vortexed once
ore. The tube was once more placed on ice for a further 20 min  and

he resulting suspension was centrifuged at 12,000 rpm for 20 min
t 4 ◦C. The supernatant was removed and transferred to a fresh
.5 ml  microcentrifuge tube and an equal volume of binding buffer
ontaining 20% (w/v) polyethylene glycol-8000 and 2 M NaCl was
dded. Finally, 30 mg  PMNPs, after washing in PBS (pH 8.0), were
dded.

The suspension was vortexed, then gently shaken for 15 min  and
ept still for 10 min. The PMNPs were magnetically decanted and

ere recovered. They were washed twice using binding buffer and

0% ethanol. The PMNPs were dried by ambient air. Finally the DNA
bsorbed on the PMNPs was eluted by TE buffer (10 mM  Tris–HCl,

 mM EDTA, pH 8.0).
 (2012) 166– 171 167

2.4.  Characterization of PMNPs

Various analytical techniques were combined to determine the
relevant characteristics of the PMNPs.

Transmission electron microscopy (TEM-Hitachi H-800): the sam-
ples were first suspended in ethanol, and then placed as a droplet
onto a microporous carbon-coated copper TEM grid. Specimens
were allowed to air-dry and imaged at 200 kV.

Scanning  electron microscopy (SEM-Zeiss SUPRA 55): the sam-
ples were first suspended in ethanol, and then placed onto a piece
of silica wafer previously treated with methanol, acetone and iso-
propanol before use. Specimen were air-dried and imaged.

Powder  X-ray diffraction (XRD) data were taken on a D/max-
Ultima (Rigaku) using Cu K� radiation (40 kV, 30 mA,  � = 1.5418 Å).
The samples, as un-oriented powders, were scanned in steps of
0.02◦ (2�) in the range 3–70◦ using a count time of 4 s per step.

The Zeta potential (surface charge) of the samples was  measured
Zetasizer (Malvern Instruments) after dispersing the solid samples
in de-ionized water, while sonicating for over 10 min  to form a
transparent dispersion.

FTIR  spectra (Varian 3100 FT-IR) were determined to study the
surface composition of the nanoparticles in the 400–4000 cm−1

spectral range and a resolution of 2 cm−1. The hydrophilic PMNPs
were mixed with KBr powder, then milled and compacted into thin
disk-shaped pellets.

The  thermal behavior of the PMNPs was determined by ther-
mogravimetry, using a Thermo plus TG8120 (Rigaku), with Ar as
protecting gas, and at a temperature ramp of 10 ◦C/min from room
temperature to 800 ◦C. They were allowed to regain room temper-
ature by natural cooling.

2.5.  Polymerase chain reaction (PCR) conditions and gel
electrophoresis

The  PCR was performed using a DNA Engine (PTC-200 Peltier
Thermal Cycler, MJ  Research, Waltham, MA). Amplifications were
carried out with a final volume of 20 �l containing 2.5 mM dNTPs,
EasyTaq 10× buffer, 10 �mol/l of each primer, the DNA templates
of the samples and 5 units/�l EasyTaq DNA Polymerase. PCR prod-
ucts were analyzed together with a molecular weight ladder (1 kb
DNA ladder, DL 2000) by electrophoresis on a 1–2% agarose gel con-
taining DNAGREEN which was diluted 20 times with de-ionized
water.

3. Results and discussion

3.1.  Analysis of PMNPs

The  crystalline structure and phase purity were determined by
power X-ray diffraction. As shown in Fig. 1, the sharp, strong peaks
confirmed that the products are well crystallized and presented
the typical cubic iron oxide Fe3O4 (JCPDS, # 65–3107), which is
indexed to the (2 2 0), (3 1 1), (4 0 0), (4 2 2), (5 1 1) and (4 4 0) from
left to the right. Consistently, the peak shape and broadening in XRD
patterns indicates that polymer affects the crystallinity of magnetic
nanoparticles [37]. However, those PMNPs showed good magnetic
properties and could be drawn to the wall easily by an outer magnet
(shown by Fig. 3C).

The  size and morphology of PMNPs were determined by TEM
and SEM. Fig. 2A shows the typical TEM images of the as-prepared
magnetite nanoparticles. The average diameter is between 150 nm

and 200 nm,  and the surface of the particles is well modified by
hydrophilic dendrimers: even a strong magnetic force is not capa-
ble of provoking particle contact, and aggregation may not take
place in a period of several hours, as shown by the digital image
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Table  1
Primers used for PCR analysis.

Primer Sequence (5′–3′) Gene Amplified fragment (bp) Ref.

9 F ATGGTTTCTCTTGGCTATATGG Chloroplast ndhB 1000 [32]
13  R GCATACGTTTCATGCTTGTTTGAG

Lec1 GATGCCTCCACCAGCCTCTTGG Soybean lectin 141
Lec2 GTCGAGTCCCGTGGCAGCAGAG

RRS-F  CCTTTAGGATTTCAGCATCAGTGG CP4-EPSPS 121 [33]
RRS-R  GACTTGTCGCCGGGAATG

35S-1  GCTCCTACAAAT GCCATCATTG CaMV35S promoter 195 [34]
35S-2 GATAGTGGGATTGTGCGTCAT

NOS-1 GAATCCTGTTGCCGGTCTTG NOS terminator 180 [34]
NOS-2  TTATCCTAGTTTGCGCGCTA

o
t
m
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w
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t

Fig. 1. X-ray diffraction patterns, comparison with standard iron oxide.

f Fig. 3B. Zeta potential measurement, as described further in
he text, gave strong support that the magnetic nanoparticles are

onodisperse and positively charged (zeta potential is as high as
0.2 mV). SEM images of Fig. 2B coincide well with TEM images,
hich show that the surface morphology of particles corresponds
o rough particles instead of smooth spheres, which can benefit
imolecular conjugation and bioseparation.

Normally, a zeta potential value in excess of 30 mV  indicates
hat stable colloidal suspension of nano-regime can be easily

Fig. 2. TEM (A) and SEM (B) imag
Fig. 3. Visual magnetic properties of PMNPs: (A) just dispersed in water; (B) 6 h
after being sonicated; (C) easily drawn to the wall by outer magnet.

formed through electrostatic repulsion. The Zeta potential of
PMNPs is nearly 30.2 mV.  They can truly be dispersed into water
by outer oscillation or mild sonication. The IR spectroscopy was
performed to reveal evidence of the modifying reagent present on

the nanocrystalline surface. Fig. 4 shows a typical IR spectrum for
PMNPs. Strong bands around 590 cm−1 correspond to the Fe–O
stretching modes of the magnetite lattice [38]. The intense band
between 3400 and 3500 cm−1 indicates the stretching vibration

es of PMNPs, bar = 100 nm.
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Fig. 4. The FT-IR analysis of the PMNPs.
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Fig. 6. The differential TG analysis of the PMNPs.

Fig. 7. 1% Agarose gel electrophoresis of amplified fragments corresponding to
f free N–H. Bands around 1576 cm−1 correspond to N–H bending
ibration. A series of bands around 1000–1200 cm−1 corresponds to
he stretching vibration of the C C bond. These results indicate that
AMAM was successfully bound to Fe3O4 magnetite nanoparticles.

The TGA and DTGA profiles (Figs. 5 and 6) of PMNPs further
upported that organics had been successfully bound onto the mag-
etic iron oxide nanoparticles, and mainly consisted of three typical
tages: 200–250 ◦C, 250–300 ◦C and 600–700 ◦C. The first slight
eight loss is due to the absorbed water molecules, and the second

harp drop under high temperature probably correspondences to
he loss of NH3 converted from organics, The final drop may  due to
he carbo-thermic reduction to form �- or �-Fe [39].

From the assessment by the different analytical techniques, it
an be concluded that the “single-pot” preparation of PMNPs is
uccessful and provides a stable modified method with interest-
ng properties and behavior. The uniform size, large surface area
nd high magnetism make PMNPs ideal for application in bio-
eparation sciences.
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Fig. 5. The TG characterization of the PMNPs.
chloroplast ndhB gene: lane 1, 1 kb marker; lane 2, soybeans; lane 3, soya-bean
milk;  lane 4, soybean milk powder; lane 5, bean flour; lane 6, soybean sprouts; lane
7, GM soybean (GTS-40-3-2).

3.2. Application of PMNPs

The  resulting PMNPs were implanted for DNA extraction from
foodstuffs including GM soybeans and other food bought from mar-
ket. The protocol used for plant genomic DNA isolation was  based
upon published literature methods with the inclusion of an adsorp-

tion step in the presence of sodium chloride and PEG 8000. Under
these conditions, adsorbed DNA can be eluted directly into water
for immediate applications, without the need for precipitation.
The A260/A280 ratios of isolated genomic DNA of food stuffs were

Fig. 8. 2% Agarose gel electrophoresis of PCR products corresponding to lectin gene:
lane 1, DL 2000; lane 2, soybeans; lane 3, soya-bean milk; lane 4, soybean milk
powder; lane 5, bean flour; lane 6, soybean sprouts; lane 7, GM soybean (GTS-40-
3-2).
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Fig. 9. 2% Agarose gel electrophoresis of PCR products corresponding to CP4-EPSPS
gene:  lane 1, DL 2000; lane 2, soybeans; lane 3, soya-bean milk; lane 4, soybean milk
powder; lane 5, bean flour; lane 6, soybean sprouts; lane 7, GM soybean (GTS-40-
3-2).

Fig. 10. 2% Agarose gel electrophoresis of PCR products corresponding to CaMV35S
promoter  gene: lane 1, DL 2000; lane 2, soybeans; lane 3, soya-bean milk; lane 4,
soybean milk powder; lane 5, bean flour; lane 6, soybean sprouts; lane 7, GM soybean
(GTS-40-3-2).

Fig. 11. 2% Agarose gel electrophoresis of PCR products corresponding to NOS ter-
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inator gene: lane 1, DL 2000; lane 2, soybeans; lane 3, soya-bean milk; lane 4,
oybean milk powder; lane 5, bean flour; lane 6, soybean sprouts; lane 7, GM soybean
GTS-40-3-2).

alculated as a measure of purity. The A260/A280 ratios for the
ajority of sample are around 1.6, which displayed reasonable

urity of the isolated DNA by UV absorbance. Genomic DNA
xtracted from foodstuffs could not be detected directly by spec-
rometry or electrophoresis due to low DNA contents and high
egradation of DNA during productive processes. However, the
ield of DNA recovered using PMNPs was more than sufficient for
urther application. Furthermore, PCR of chloroplast sequences was
mployed as a functional test for the magnetic particles. As shown
n Fig. 7, the amplicated products of 1000 bp relevant to chloroplast

dhB gene were observed in all the samples tested.

Lectin is one of the housekeeping genes of soybean. The primer
airs, LEC-1 and LEC-2 (141 bp product), targeting the endogenous

ectin gene, were used to confirm the presence of amplifiable soy

[

[
[
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DNA. The expected fragment was observed in all the foodstuffs that
were tested (Fig. 8).

The primer pairs, RRS-F and RRS-R, targeting the CP4-EPSPS gene
were used to detect the presence of GMOs. After the PCR, the ampli-
cations of 121 bp was observed for the GM soybean, while none
was present in the non-GM soybean (Fig. 9). Meanwhile, the primer
pairs, CaMV35S promoter and NOS terminator were also viewed for
the GM soybean and none in the non-GM soybean (Figs. 10 and 11).

4. Conclusions

The present research developed a straight forward “single-pot”
preparation methods of PAMAM modified magnetite nanoparticles.
The different analytical techniques used to characterize the PMNPs
confirm their stable structure and excellent properties.

The PMNPs where thereafter applied in the adsorption and
purification of DNA from various foodstuffs, followed by an appro-
priate gel-electrophoretic distinction between GM-  and non-GM
food. The findings provide a facile approach and lay the foundation
for the genomic analysis.

Acknowledgements

This  work was supported by the State Key Laboratory of
Organic–Inorganic Composites, the National Basic Research Pro-
gram of China (973 program) (2011CB710800, 2009CB724703,
2011CB200905), the National Nature Science Foundation of
China (21076017), Key Projects in the National Science & Tech-
nology Pillar Program during the 12th Five-year Plan Period
(2011BAD22B04), Program for the Genetically modified organisms
breeding major projects (No. 2009ZX08012-001), Program for the
Scientific Research Foundation of Graduate School of Beijing Uni-
versity of Chemical and Technology (10Li001). The authors thank
the Chinese Academy of Inspection and Quarantine for providing
Genomic Modified soybeans.

References

[1] C.A. Auer, Trends Plant Sci. 8 (2003) 591.
[2]  R. Peter, J. Mojca, P. Primož, Encyclopedia Environ. Health (2011) 879.
[3] G. Gaskell, M.W. Bauer, J. Durant, N.C. Allum, Science 285 (1999) 384.
[4] F. Rollin, J. Kennedy, J. Wills, Trends Food Sci. Technol. 22 (2011) 99.
[5] C. Peano, M.C. Samson, L. Palmieri, M.  Gulli, N. Marmiroli, J. Agric. Food Chem.

52 (2004) 6962.
[6] F.E. Ahmed, Trends Biotechnol. 20 (2002) 215.
[7]  H.K. Shrestha, K. Hwu, M.  Chang, Trends Food Sci. Technol. 21 (2010) 442.
[8]  T. Abdullah, S. Radu, Z. Hassan, J.K. Hashim, Food Chem. 98 (2006) 575.
[9] R. Greiner, U. Konietzny, A.L.C.H. Villavicencio, Food Control 16 (2005) 753.
10]  J. Ao, Q. Li, X. Gao, Y. Yu, L. Li, M.  Zhang, Food Control 22 (2011) 1617.
11] V.H. Sima, S. Patris, Z. Aydogmus, A. Sarakbi, R. Sandulescua, J.M. Kauffmann,

Talanta 83 (2011) 980.
12] W.  Xie, N. Ma,  Biomass Bioenerg. 34 (2010) 890.
13]  L. Zeng, K. Luo, Y. Gong, J. Mol. Catal. B: Enzym. 38 (2006) 24.
14] B. Sustrova, L. Novotna, Z. Kucerova, M.  Ticha, J. Mol. Catal. B: Enzym. 60 (2009)

22.
15]  Q. Gai, F. Qu, T. Zhang, Y. Zhang, Talanta 85 (2011) 304.
16] M.  Zhao, X. Zhang, S. Wang, C. Chen, Y. Cui, J. Med. Coll. PLA 24 (2009) 239.
17] Z. Shan, C. Li, X. Zhang, K.D. Oakes, M.R. Servos, Q. Wu,  H. Chen, X. Wang, Q.

Huang, Y. Zhou, W.  Yang, Anal. Biochem. 412 (2011) 117.
18] Y. Cui, C. Hong, Y. Zhou, Y. Li, X. Gao, X. Zhang, Talanta (2011),

doi:10.1016/j.talanta.2011.05.010.
19]  T. Chung, J. Chang, W.  Lee, J. Magn, Magn. Mater. 321 (2009) 1635.
20] H. Yang, H.J. Lee, C.W. Park, S.R. Yoon, S. Lim, B.H. Jung, J. Kim, Chem. Commun.

47 (2011) 5322.
21] H. Wu,  G. Liu, X. Wang, J. Zhang, Y. Chen, J. Shi, H. Yang, H. Hu,  S. Yang, Acta

Biomater. (2011), doi:10.1016/j.actbio.2011.05.031.
22] A.C.A. Roque, A. Bicho, I.L. Batalha, A.S. Cardoso, A. Hussain, J. Biotechnol. 144

(2009) 313.
23] C. Barrera, A.P. Herrera, C. Rinaldi, J. Colloid Interface Sci. 329 (2009) 107.

24]  M.  Jeun, J.W. Jeoung, S. Moon, Y.J. Kimb, S. Lee, S.H. Paek, K.W. Chung, K.H. Park,

S. Bae, Biomaterials 32 (2011) 387.
25] M. Takahashi, T. Yoshino, T. Matsunaga, Biomaterials 31 (2010) 4952.
26] T.K. Endres, M.B. Broichsitter, O. Samsonova, T. Renette, T.H. Kissel, Biomaterials

(2011), doi:10.1016/j.biomaterials.2011.06.064.



nta 93

[

[

[
[

[

[

[

[
[
[

[
Muhammed, Chem. Mater. 16 (2004) 2344.

[38]  A.G. Roca, J.F. Marco, M.D.P. Morales, C.J. Serna, J. Phys. Chem. C 111 (2007)
18577.
F. Qie et al. / Tala

27] S.R. Puniredd, C.M. Yin, Y.S. Hooi, P.S. Lee, M.P. Srinivasan, J. Colloid Interface
Sci. 332 (2009) 505.

28] H. Kavas, Z. Durmus, E. Tanrıverdi, M.  Ş enel, H. Sozeri, A. Baykal, J. Alloys Compd.
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