Trade Science Ine.

ISSN : 0974 - 7494 Volume 5 Issue 1

Nano Science and Nano Technology

A Tndéian Yournal

—= FYl] Pgper

NSNTAIJ, 5(1), 2011 [44-50]

Preparation and characterization of agueous carboxymethyl
chitosan-coated ferrofluid as DNA carrier

W.Zhang'*, Z.L .Yuan?, Z.F.Hu?, L.Zhuang? X.P.Zhang? H.Y.He!
1Schoal of Physicsand Optoelectronic Engineering, Guangdong Univer sity of Technology,
Guangzhou 510006, (PEOPL E’SREPUBLIC OF CHINA)
I nstitutefor Solar Energy Systems, SateK ey L abor atory of Optoelectronic M aterialsand Technologies,
Sun Yat-Sen Univer sity, Guangzhou, 510275, (PEOPL E’SREPUBL | C OF CHINA)
3Cancer Hogpital of Guangzhou M edical College, Guangzhou, 510095, (PEOPL E’SREPUBL IC OF CHINA)
Received: 28" October, 2010 ; Accepted: 7" November, 2010

ABSTRACT

A one-step method of preparing Fe,0, magnetic nanoparticles coated with
carboxymethyl chitosan was evaluated. The coated magnetic nanoparticles
showed high saturate magnetism strength (o = 37.5 emp/g). The diameter
of modified nanoparticles was approximately 14.5 nm. Furthermore, the
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binding between modified magnetic nanoparticlesand DNA was examined
by agarose gel electrophoresis. The preliminary results demonstrated that
carboxymethyl-chitosan-modified Fe,O, magnetic nanoparticles might be

apotential DNA carrier.

INTRODUCTION

In the recent years, the biocompatible aqueous-
based magneti c nanoparticlesreceiveincreasing atten-
tion aong with rapid devel opment of nano-structured
materia sand nanotechnol ogy>3. Aqueous-based mag-
netic fluidsmight find gpplicationsin magnetic fluids-
mediatedintracd lular hyperthermia, magneticresonance
imaging and magnetic targeting drug delivery®¢. All
these biomedi cal applicationsrequirethat these mag-
netic nanoparticleshavelong-term stability in aqueous
solutions, smdler size(< 100 nm), and high magnetiza-
tion values. Oneagpproach for the preparation of aque-
ous-based magnetic fluids is to coat the magnetite
nanoparticleswith surfactant bilayerd”®. Chitosan, a
polysaccharide composed of D-glucosamineand N-
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acetyl-D-glucosamine, has been used to modify the
magnetitenanoparticles®¥. Sincetheamino groupscan
serveascheationsites, chitosan and itsderivativesare
capable of adsorbing DNA moleculesand utilized asa
DNA carriertit?2,

Carboxymethyl chitosan (Cmch) hasgreat poten-
tid applicationsin biotechnol ogy, biomedicine, foodin-
gredients, and cosmeticg*>4, Noteworthily, carboxym-
ethyl chitosanisaso capableof binding drugsbecause
it hasamino and carboxyl groupswhich can serveas
chelation sites. Thus, the binding of carboxymethyl
chitosan with aqueous-based magnetic fluidswill prob-
ably yield another novel magnetic nano-adsorbent asa
DNA carrier.

Thepreparaionsof carboxymethyl chitosan-coated
aqueous-based magnetic fluids by co-precipitation,
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crosslink, and covalent binding using coupling agents
have been reported*™. The preparation and optimiza-
tion of carboxymethyl chitosan -conjugated aqueous-
based magneticfluids certainly need further udy. Since
carboxymethyl chitosan hassuitablefunctiona groups
such as carboxyl groups, they can bind directly onto
Fe,O, nanoparticlesand be dispersed inwater. Inthis
study, carboxymethyl chitosan-coated magneticfluids
werestudied. The capability of DNA bindingwasa so
investigated.

MATERIALSAND METHODS

Chemicals

Carboxymethy! chitosan (molecular weight = 20
kDa, 80% substitution) were purchased from Heppe
Biotechnology Company (Qingdao, China). Plasma
DNA (PUC18, 150 pg/ml) was obtained from Takara
Company (Shiga, Jgpan). All other chemicds(AR) were
obtained from Guangzhou Chemical Company and
Guangzhou WhigaTechnology Company.

Preparation of carboxymethyl chitosan coated
magnetic nanoparticles

Fe*-Fe* mixture (1:1.5-2) was prepared by mix-
ing 21.9% ferrous chloride (FeCl ,4H,0) and 66.6%
ferric chlorides (FeCl, 6H,0). Fresh carboxymethyl
chitosan solution was prepared by dissolving 2 g of
carboxymethyl chitosan powder with 30 ml of ammo-
niasolution (NH,.H,O, 25wt. %).

To coat the magnetic nanoparticles, 9 ml of the
Fe**-Fe** solution was added to aflask containing 30
ml of carboxymethyl chitasan solution under high speed
stirring at 90 °C. First, the mixture was stirred at 1200
r/minfor 10 minandthena 625 r/minfor 50 min. Fe*-
Fe*-chitosan polymerswere centrifuged at 1000 r/min
for 4 hat room temperatureto removelarge particles.
Themagnetic supernatant wasmixed with 24 ml of dis-
tilled water and subjected to ultrafiltration to remove
surpluscarboxymethyl chitosan. Theultrafiltrationwas
carried out inaSCM cup-type ultra-filter (Shanghai
Yadong Hitech Company) using an ultrafiltration film
(molecular weight of 30kDa; PS-30, Shanghal Yadong
Hitech Company) under nitrogen gaspurging. Filtra-
tion procedurewasrepested for 6 timesusing 12 ml of
distilled water. Fe**-Fe**-chitosan polymers (Cmch-
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Figure2: The SEM nanoparticlesof Cmch-Fe,O,. (insert:
diametersdigtribution)

Fe,0,) collected onthefilter wasdispersedinto 10ml
distilled water by ultrasound and stored at 4°C.

Characterization of chitosan modified magnetic
nanoparticles

(a) Electron microscopeanalyses

Transmission e ectron microscope (TEM) micro-
graphsof coated Fe,O, particlesweretakenonahigh-
resolution electronic microscope (JEM-2010HR,
JEOL) with an accelerating voltage of 80kV. Theav-
erage particlesizewas obtai ned by measuring numer-
ousparticlesof similar sizefrom several images. The
scanning €l ectron microphotographs (SEM) of coated
Fe,0, particleswere obtained from afield emission
scanning microscope (JSM-6330F, JEOL ). Theaver-
age particle s zewas obtaned by measuring numerous
particlesof smilar szefrom several micrographs.

(b) Fourier transforminfrared spectraanalysis

Fourier transform infrared (FT-IR) spectraof un-
coated and coated Fe,0O, particleswererecorded on
aFT-IR spectrometer (Bio-Rad FTS 3000). After ad-
justing the pH value to 6.0, samples were dried at
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Figure3: IR spectrum. Uncoated Fe,0, nanoparticles(line1)
and Cmch-Fe,O,(line2)

=1
(=]

Mo/Ma(emul/g)
s 8

Field(G)

—— 77
2000 4000 6000

i

L I - ) ” L]
-6000 -4000 -2000

40
37.576 emulg

-60
Figure5: Themagnetization curveof nanoparticlesof Cmch-
FeO,
80°C in vacuum, mixed with KBr powder and then
pressed to thin pellets (~ 0.055 mm thickness) for IR
examinations.

(c) Zetapotential analysis

Zetapotentialsof uncoated and coated Fe,O, were
measured by a Coulter Delsa 440SX zeta potential
anayzer (Beckman-Coulter) at 25°C. The pH of the
suspensions (0.01 mg Fe/ml) were adjusted to 5-8.65
(uncoated) and 5.75-8.75 (coated) by addition of HCI
(0.1 moal/l) or NH,.H,O (0.1 mol/l). Measurement was
repeated 2-3 timesfor each pH point.

(d) Magnetization analysis

Themagnetization curveof coated Fe,O, fluidswas
measured on amagnetometer (Lakeshore 7404 vibra-
tion) at 25°C.
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Figure4: Zetapotentialscurveof Uncoated Fe,O, (®) and

Cmch-Fe,0, (A) asafunction of pH
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Lane 1: 6 pl of distilled water + 3 pl of DNA (300 pg/ml),

Lane 2: 4 pl of Cmch (2 mg/ml) + 3 pl of DNA + 4 pl of buffer (pH
=6.83),

Lane 3: 4 pl of Cmch(3 mg/ml) + 3 pl of DNA + 4 pl of buffer,

Lane 4: 4 pl of Cmch-Fe,0, (1 mg/ml) + 3 pl of DNA + 4 pl of
buffer (DNA:Fe* = 9:40)

Figure6: Binding between carboxymethyl chitosan coated
magneticliquid and DNA.

DNA binding on chitosan modified magnetic
nanoparticles

Three ul of plasmid DNA (300 pug/ml) was mixed
with 3 ul of Cmch-Fe,O, (1.6 mg/ml, filtered) and 4 ul
of phosphate buffer (pH = 6.83) and incubated at 4°C
for 90 min. Ten ul of mixture (0.5-7 mg/ml based on
Fe’ ionic concentration) wereloaded on 1% agarose
gdl and dectrophoresed in TAE buffer at 100V for 15
20min. DNA wasvisudized with 1% ethidium bromide.
Toexaminetheeffect of pH onthe DNA binding, theabove
procedurewasrepeated by incubating Cmch-Fe,O,-DNA
inphosphate buffer of different pH (4.56, 6.83 and 8.98)
or didilledwater. To examinethe effect of filtration, un-
filtered Cmch-Fe,0,-DNA mixturewasdiluted (1.5)
inTris-Acetate-EDTA (TAE) buffer and incubated for
90 min before being subjected to gel e ectrophoresis.
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RESULTS

Characterization of chitosan modified magnetic
nanoparticle

TEM and SEM examinationsshowed that themor-
phology of carboxymethyl chitosan -coated Fe,O, par-
ticleswere spherical shape (Figure 1 and 2). Most par-
ticleswerewel| dispersed except asmdl portion of ag-
gregation, possibly formed during sampl e preparation.
Sincethecarboxymethyl chitosan layerswerenot acrys-
tal andthereforewereinvisbleunder TEM, theparticle
Size seen under the TEM should represent the size of
Fe,0, crystal core. The average diameter measured
under TEM was8 nm. SEM images showed that dl the
particleswere carboxymethyl chitosan coated, which
formed a continuous and dense coating layer with a
narrow distribution of particlesizearound 15 nmand
chitosan shell thicknessof 3-4 nm (Figure 2).

IR spectra of uncoated and coated Fe,O,
nanoparticlesareshowninfigure 3. Thetwo main char-
acterigtic peaksof line2 at 1621 and 1401 cm repre-
sented the bands of -COOM groups (M = mentd ions),
whichindicated that the -COOH groupsreacted with
the surface-OH groupsof Fe,0, particlesand resulted
intheformation of theiron carboxylate'¢8, The pesk
at 1069 cm* wasthe characteristic band of carboxym-
ethyl chitosan and that at 560 cm* wasthe characteris-
tic band of uncoated-Fe,O,. These resultsindicated
that monolayer carboxymethyl chitosan moleculeshad
been chemisorbed onthe nanoparticles’ surfaces.

The zetapotentialswere positive at pH abovethe
isoel ectric point and were negative below theisod ec-
tric point®. Theisoelectric point of uncoated Fe,O,
nanoparticleswasaround pH = 6.5. Asshowninthe
figure 4, the zeta potentias of Cmch-coated Fe,O,
nanoparticles decreased from pH 5.5to 9 and theiso-
electric points of Cmch-coated Fe,O, nanoparticles
shifted towards lower pH values. At pH = 6.5, the
Cmch-bound ferrofluid had anegative zetapotential,
which confirmedthat Fe,O, nanoparticleswere coated
with Cmch. At acertain pH range (e.g. 5.5t09), the
surface charge of nanoparticlesdepended onthe-NH.*
groups and the free -COO" groups adsorbed on the
Cmch chains. Simply, the surface charge was propor-
tional to the net charges of -NH,* and -COO  groups.
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Therefore, the surface charge of nanoparticlesactualy
depended on the degree of carboxylation of chitosan
(i.e. theamount of -NH,, groupsreplaced by -COOH
groups at the surface of chitosan). Thehigher thede-
gree of carboxylation, the more negative the surface
potentia s of Cmch-bound ferrofluid were.

Thetypica magnetization curveof aconcentrated
magnetic Fe,0O, nanoparticlesstabilized by carboxym-
ethyl chitosanisdepictedinfigure5. It exhibited agood
super-paramagnetic property with zero coercively and
remanence and its saturati on magneti zation was about
37.5 emu/g®. Theweak hysteresisrevea ed that the
resultant magneti c nanoparticleswere nearly super-
paramagnetic.

DNA binding on car boxymethyl chitosan modified
magnetic nanoparticles

DNA binding onthecarboxymethyl chitosan-Fe,O,
nanoparticleswasvisudized with ethidium bromideon
agarose gell®, The bright band after el ectrophoresis
represented free DNA. At DNA to Fe** massratio of
9:40(i.e. 3l of DNA (300 pg/ml) in 4 pl of carboxym-
ethyl chitosan-Fe,O, (1 mg/ml)), DNA wasnot entirely
absorbed by carboxymethyl chitosan-Fe,O,
nanoparticlesafter 90 min incubation (Figure6, Lane
4). However, at DNA to Felionicratioof 3:80(i.e. 3ul
of DNA (300 pug/ml) in 4 pl of carboxymethyl chitosan-
Fe,O, (6 mg/ml), DNA could beentirely absorbed by
carboxymethyl chitosan-Fe,O, nanoparticlesafter 90
minincubation (Figure7, Lane4). ThepH value (4.56-
8.98) showed littleeffect on DNA binding (Figure 8).
Similar resultswere a so seen with the unfiltered car-
boxymethyl chitosan-Fe,O, nanoparticles(Figure9,
Lane4).

DISCUSSION

The preparation of carboxymethyl chitosan-coated
aqueous-based magnetic fluids has been reported pre-
vioudy. It typicaly involves multiple stepssuch as co-
preci pitation, crosdink, and covaent binding using cou-
pling agentg™®. Since carboxymethyl chitosan hassuit-
ablefunctiona groups(e.g. carboxyl groups) which can
bind directly onto Fe,O, nanoparticlesand bedispersed
inwater, based on this mechanism, we developed a
one-step method to prepare carboxymethyl chitosan-
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Lane 1: 4 pl of Cmch-Fe,O, (1 mg/ml) + 3 pl of DNA (300 pg/ml)
+ 4 nl of buffer (pH = 6.83) (DNA:Fe* = 9:40),

Lane2: 4 pl of Cmch-Fe,0, (1.5 mg/ml) + 3 pl of DNA + 4 pl of
buffer (DNA:Fe* = 3:20),

Lane3: 4 ul of Cmch-Fe,0, (3 mg/ml) + 3 pl of DNA + 4 pl of
buffer (DNA;Fe* = 3:40),

Lane4: 4 ul of Cmch-Fe,O, (6 mg/ml) + 3 pl of DNA + 4 pl of
buffer (DNA:Fe* = 3:80),

Lane5: 6 pl of distilled water + 3 pl of DNA

Figure7: Effect of magneticliquid concentration on binding
between car boxymethyl chitosan coated magneticliquid and
DNA.

conjugated aqueous-based magneticfluids.

TEM and SEM examinationsshowed that most par-
ticleswerewd | dispersed and in spherical shapewith
smooth surface (Figure 1 and 2). SEM images showed
that dl theFe,O, particleswerecarboxymethyl chitosan
coated, which formed acontinuous and dense coating
layer with anarrow distribution of particlesizearound
14.5nm. Thethicknessof chitosan shell wasestimated
at 3-4 nm. Thismight be caused by the chain structure
and gretching sateof carboxymethyl chitosan molecules
inwater. Nonethel ess, coated Fe,O, nanoparticleswere
essentia ly monodispersed with similar mean diameter
by compared with the nanoparticles prepared by two-
steps co-preci pitation method™¥. Thisreved sthat the
binding processdid not significantly resultinthe ag-
glomeration and more changein size of the particles.
No changewas observed for the actual ly thickness of
adsorption layer.

IR absorption spectrum showed the adsorption
peaksat 1621 and 1401 cm?, respectively (Figure 3).
These peaks can be assigned to the bands of COOM
groups(M =mentd ions). Thisisinfar agreement with
carboxymethyl being chemical binded to Fe** at the sur-
faces of Fe,O, nanoparticles. Thisisasoin agreement
with recent theoretical Smulationsof formic, aceticand
citricacids?®). Therefore, it isreasonableto charac-
terizethat the adsorption of carboxymethyl chitosanto
Fe,O, nanoparticlessurfacesisdueto chemisorptions.

The zetapotentials of uncoated and coated Fe,O,
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Lane 1: 6 pl of distilled water + 3 pl of DNA (300 pg/ml),

Lane2: 4 pl of Cmch-Fe,0, (6 mg/ml) + 3 pl of DNA + 4 pl of
buffer (pH = 4.56),

Lane 3: 4 pl of Cmch-Fe,0, (6 mg/ml) + 3 pl of DNA + 4 pl of
buffer (pH = 6.83),

Lane 4: 4 pl of Cmch-Fe,0, (6 mg/ml) + 3 pl of DNA + 4 pl of
buffer (pH = 8.98),

Lane5: 4 pl of Cmch-Fe,0, (6 mg/ml) + 3 pl of DNA + 4 pl of
distilled water (DNA:Fe** = 3:80)

Figure8: Effect of pH value on binding between car boxym-
ethyl chitosan coated magneticliquid and DNA.

nanoparticlesweredifferent (Figure4). At pH 6.5 (the
isoelectric point of uncoated Fe,0, nanoparticles), the
Cmch-bound ferrofluid had anegative zetapotentia,
which confirmedthat Fe,O, nanoparticleswere coated
with Cmch and subsequently causing thesurfacecharge
change. The isoelectric point of uncoated Fe,O,
nanoparticlesisat pH=6.5 or s0®. Thesurfacecharge
isnegativepH=6.5 as carboxymethyl chitosan washy-
drolyzed®¥, Thedectrica potentia fals. The magneti-
zation magnitude of uncoated sampleswashigher than
that of particlesbond with carboxymethyl chitosan. This
is because the adsorption is strong or the quantity of
carboxymethyl chitosan absorbed by Fe,O, nanoparti-
clesishigher and theamount of magnetic particles per
unit quaity islower. Asaresult, the saturation magneti-
zation of coated samplesislower.

Agarose gel electrophoresiswas used to demon-
sratethe DNA binding on purecarboxymethyl chitosan
and magneti c particles-modified with carboxymethyl
chitosan. Our resultsrevealed that DNA perhaps can-
not bind to dissociated carboxymethyl chitosan and
DNA can be connected to magnetic particles-modified
with carboxymethyl chitosan (Figure6). Thismight at-
tributeto the surface potential . Thesurface potentia of
nanoparticles depends on the carboxyl ating degree of
chitosan (i.e. amount of -NH, groupsare replaced by -
COOH groupsat the surface of chitosan). Becausethe
scale of the net charges of -COO" groupsand -NH.*
groupsfor pure carboxymethyl chitosan dispersedin
water ishigher than that of magneticfluid, the surface
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Lane 1: 4 pl of unfiltrated Cmch-Fe,0, (1 mg/ml) + 3 pl of DNA
+ 4 pl of buffer (DNA:Fe* = 9:40),

Lane2: 4 pl of unfiltrated Cmch-Fe,0, (1.5 mg/ml) + 3 pl of
DNA + 4 pl of buffer (DNA:Fe* = 3:20),

Lane 3: 4 pl of unfiltrated Cmch-Fe,0, (3 mg/ml) + 3 pl of DNA
+ 4 pl of buffer (DNA:Fe* = 3:40),

Lane4: 4 pl of unfiltrated Cmch-Fe,0, (6 mg/ml) + 3 pl of DNA
+ 4 ul of buffer (DNA:Fe*<= 3:80),

Lane5: 6 pl of distilled water + 3 pl of DNA (300 pg/ml)

Figure 9 : Different concentration magnetic liquid of
unfiltrated connection with DNA.

potentia of carboxymethyl chitosanishigher a thesame
pH. Moreover, sincethesurface chargeof DNA isnega:
tive, itisdifficult tobebondto -NH, at the surface of
carboxymethyl chitosan duetotheeectricity excluding
force. Inmagneticfluid therewill bechemica reactions
between -COO of carboxymethyl chitosanand Fe,O,,
thesurfacepotentid of magneticfluidisthereforelower
than that of pure carboxymethyl chitosan. DNA canbe
bond to-NH, at thesurface of carboxymethyl chitosan
dueto the reduction of the excluding force between
magnetic particlesand DNA. For futureresearch, the
low carboxylating degree of chitosan should bechosen
inorder to reducethe surface negeative potentia of mag-
neticfluidtofacilitate DNA bond on magnetic particles.

Theadsorption of DNA at different magneticfluid
concentration wasinvestigated at pH 6.83, 25°Cand a
seriesof concentrations (1-6 mg/ml). Asshowninfig-
ure7, thelight strip became brighter at lower concen-
trations. Thismight be attributed to the quantities of
carboxymethyl chitosanthat thebinding DNA waslower
at lower concentration. So DNA binding effect was
better at ahigher concentration. The effect of pH on
theadsorption of DNA by themagnetic carboxymethyl
chitosan nano-adsorbent at 25°C and an initial con-
centration of 6 mg/ml wasillustrated infigure8. At pH
rangeof 4.5-9, thepH vauehadlittleinfluenceon DNA
binding. The adsorption of DNA at different concen-
trationsof magnetic fluid with or without ultrafiltration
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wasinvestigated. Resultsshowed that theultrafiltration
was acritical step (Figure 9). Theseresultswerein
agreement with that the pH va uehadllittleinfluenceon
DNA binding and theimpurityion (suchas-NH,") must
beremoved by ultrafiltration.

In summary, magnetic nanoparti cles obtai ned by
one-step method of chemical co-preci pitation gppeared
to be spherical and dispersed well. The average par-
ticlesizewas 14.5 nm. Itssaturation magnetization was
37.5emp/g. Theanalysisof agarosegel electrophore-
sisrevealed DNA can be bound on to carboxymethyl
chitosan-coated magnetic nanoparticles. The
nanoparticles prepared were expected to beuseful as
aDNA carrier.
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