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Magnetoresistance Characteristics of Magnetic Nanoparticles for Binding
with Antibodies in Solution
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Magnetic nanoparticles with an average diameter of less than 50 nm with an amine-group surface coated with silica or dextran are
being used as immunotherapeutic antibody conjugates. The magnetoresistance (MR) characteristics of magnetic nanoparticles (MNPs)
are investigated according to the strength of the external magnetic field that changed the distribution of the nanoparticle solution at a
1 mm interval between two copper electrodes having a diameter of 1 mm. In the case of the silica amine group MNP solution, which
is rapidly separated by an external magnetic field, the magnetoresistance curve is non-uniform. In the case of MNPs with an antibody
attached to an amine group, the initial MR value, MR ratio, and solution coercivity are 0.74 MC), 1.6%, and 200 Oe, respectively,
depending on the external magnetic field. In addition, it took more than 10 hours under a powerful magnetic field to completely
separate the magnetic dextran nanoparticles from which the dispersant is sufficiently added to a MNP solution of 2 mg/mL. The
dextran MNP solution, which maintained the concentration, shows a symmetric butterfly-shaped magnetoresistance curve with MR,
MR ratio, and solution coercive force of 1.43 M) 0.2%, and 260 Oe, respectively, depending on the external magnetic field. These
results show that it is possible to control the induction of MNPs for the development of antibodies for immunotherapy to a target with
a magnetic field.
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Fig. 1. (Color online) (a) Schematic of 2-probe magnetoresistance
(MR) measurement system with a control frequency and amplitude of
magnetic field for magnetic nanoparticles (MNPs) immersed in ddH,O
or PBS x 1 buffer solution. The MNPs evenly mixed in solution,
which is set on the center of the electromagnetic core. The MR curve
for the MNPs in solution measured by condition /= 1:7 mHz during
about 9.8 min of one cycle inside of a sweeping the external magnetic
fields of + 1000 Oe. (b) Schematic for the acryl cylinder reservoir
with a volume of 100 pL solution and two Cu electrodes with a
diameter of 1 mm. The direction of the external magnetic field applied
to the measurement system was determined to be parallel to the axis
of copper electrodes [16].
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DAY= MNP £ PBS x 15 $5-8do 7 ulro] v
7} 1 mg/mL~2 mg/mLe] =A F}. Fig. 1(a)9} 2ol A=
100 iLE MNP 845 25 F e d&F of=d =7}
Aol ddstAl I7F HESE A7 150 mme] A
FYE wiAgTH16]. S NS 2Rt} 4Tt A
g S Ao ST 4 A= Keithley 197 Autoranging
Microvolt DMMS} ZAAFAell AC HFZ Alojgte] 2717
=4 HIE AT 4 A= Ryowa Electronics Co., Ltd.2]
Model-9705 DC Power Supply©|t.

Fig. 10218 274 1mme] 724 F A5 Ale|7h & €l
I mm "olZl F7HE ZIes ARG olaY 2 ] 894 &
o] A 3} MNPs7} FAIZ Q5] olgZ 7RlgkA] =
£ Qboll 50 Q= EAF E4HA(polyvinyl pyrrolidone,
PVPyL Z31F 4o e HHIE FAlRE J8s SH14].
MNPs7} PBS x 1 Qtl #dslA] #4b=lo] = AHE A
3l 1 cycle &<t 10min oJujol] <FA7]Fo] 9]
(sweeping) 3I== 1.7 mHz FI55 AAste] A7 1A
< =43 MNPse 2-9A2 A3 Cu A5 Aol <]
B Z7]el we} o2 A 23Este] A3dgke] sk
Hoh MNP §o] &A Q= F=xoll A cu A5E &
3l B2 Al £ 1000 Oe H9lolA MNPse] ©]%
Soll we} Wslele Agks S8l & AP AT
22330 11,12,16].

(@)

Slica
(Si02)

Magnetic
core (Fes0:)

Amine
(NHz)

CD3 T
antibody

(Foralumab)\‘

§ ool B QA GRS} AT A bR

...... — o]k . Z=TL - Mahbub Hasan - Hafeza Akter - ©]| &<
. A8z 9 9

E Ao AREH AR MNPE nanoComposix SJAF
A ¥ (model # SCMO0067, San Diego, USA)O. & TX=
Fig. 2(a)ollA] YERATE. MNP 399l oRl7|7} H-2hg o}
wale A7} A2 vlad|Elo] E (amine-Si0»-Fe;0,)°] tF
[11,14]. =55 o717} €] Q= MNPsol| thsh 2HF
T JEOL (JSM-7900F)2] ZA5AKEIN]|7 SEM(scanning
electron microscope)®] GO ZHE B3I} Fig. 2(b)et
Fig. 2(c)= ©F17] MNPsE 7R E|o|Zo] SFA| =X 3)ar
27 3 & SEMOE A3 AdEoltt. MNPse] 279
BEE= oF 25mmolA 35nm o] Z7|E HFET) Fig
2(c)= Fig. 2(0)9 17591 Fdiste] 4 o= e
oM17] MNPs®] R4S UeRA Aolth Fig. 2(d)d] 729
o] 3-CD3(cluster of differentiation 3) &< Foralumab
o] Fe AgFHoZ ol7|7} = MNPs9] 3tHe] Hisk=
= ThermoFisher(USA) SJAF AIE21 SiteClickTM &4 2
Wg 7|ES ARERITH19-21]. @2 3 XEHS T AE
8417t gslsld 83 AlsddREal T sl CD3
£ AAIFe 2 AR|ETR] HHIE JAISh= Flo|th22).

W7 G912 Zh= CD3 ©GEFEIA-MNPY] HIA=
xilsle Ao AFslY HAFLTERE Fig 2(e)9} Fig.
2(H)2F o] SEM 92 Fig. 2(b)2} Fig. 2(c)= A= HlxL
3t} =573 MNPSF &A)-MNPoll thsll 5215+ RSN
59| Aole Bt AAY A7t Ut &, FA-MNP7}

Fig. 2. (Color online) (a) Schematic structure, (b) and (c) SEM images of one aminated silica (NH,-SiO,)-shelled magnetite (Fe;O4) nanoparticles
(nanoComposix Inc., USA) with surface area of diameter ~33 + 5 nm [11,17]. (d) Schematic structure, (e) and (f) SEM images of CD3 antibody-
one aminated silica (NH,-SiO,)-shelled magnetite (Fe;0,) nanoparticles with conjugation of Foralumab monoclonal antibodies (Creative Biolab

Inc., USA) [18]. Scale bars: (b) and () 200 nm, (c) and (f) 100 nm.
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Fig. 3. (Color online) Photographs for the continuous movements of amine-silica MNPs in PBS x 1 buffer solution according to an external
magnetic field by using one rare earth magnet (neodymium, ND magnet) in 7 steps with an interval of 3 s during 18 s. Here, it can be seen that the
MNPs are attracted to the strong side of the magnet for a short time and are concentrated to one side.
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Fig. 4. (Color online) MR curves according to two different status with (a) amine-nanoparticles and (b) CD3 antibodies-amine-nanoparticles

evenly immersed in PBS x 1 buffer solution with a sweeping frequency of 1.7 mHz in side of an external magnetic fields of + 1000 Oe. Here, a
constant sensing current and a maximum MR ratios in the 2-probe MR measurement system are 1 pA and (a) MR = 6.5%, (b) MR =1.6%,

respectively.
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Fig. 5. (Color online) Photographs for the different concentration (C)
solutions of MNPs in ddH,O mixed with a polymer dispersant as
much as a volume of about 100 nL~150 pL; C=(a) 10 mg/mL, (b)
5 mg/mL, and (c) 2 mg/mL. Here, the color of the solution according
to the three concentrations is different, and the lower the concen-
tration, the lighter the color.
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Fig. 6. (Color online) Photographs for the separation of dextran
MNPs in the dispersive solution. The initial state (a) and the final state
(b) after 10 hrs in which a microtube containing a solution of evenly
dispersed MNPs of dextran with a concentration of 2 mg/mL placed
close to a permanent magnet with a high gradient magnetic field. A
high-gradient magnetic field using by ND permanent magnet is
necessary for this dextran MNPs in order to obtain the separation of
MNPs from solution.
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Fig. 7. (Color online) MR curve for the ddH,O buffer solution
immersed the dextran coated MNPs with a solution of evenly
dispersed MNPs. The measurement conditions of MR curve are a
sweeping frequency of 1.7 mHz in side of an external magnetic fields
of + 1,000 Oe. Inset shows the direction of magnetic field parallel to
two Cu-electrodes and the concentration of 2 mg/mL.
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