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Development of
ImmunoMagnetic Reduction (IMR)
For
Immunoassay Using Magnetic Particles

Outline

Prof. Chin-Yih Hong
Graduate Institute of Biomedical Engineering
National Chung Hsing University

Taiwan

® Overview of current Technology

® ImmunoMagnetic Reduction (IMR)
4 Synthesis of Bio-functionalized
Magnetic Nanoparticles
4 Development of IMR Readers

4 Characterization of IMR
® Conclusions

= Introduction to Immunoassay

- Enzyme-Linked ImmunoSorbent Assay (ELISA)

For example, to detect the antibody 4

,b\ortarget
Scllll!l\\llhi/ Adding 0/7 f\\
v | z { { indicators e
Test chip - f Fluorescence/

On-chip bio-probe ~ 2nti-biotarget

(anti-gen)

The amount of 4 is probed by f! i %
detecting the intensities of

fluorescence/isotopes

Wash/separation

u Disadvantages of Conventional Immunoassay

v Complicated processes
- two pairs of anti-gen/anti-body: & and £

v More uncertainties in the detected amount of antibody
- self-absorption/emission of fluorescence by bio-molecules

a

To develop a convenient, high-sensitive,
high-resolution, and reliable immunoassay

= Magnetic Labeling Using Magnetic particles

Use magnetic particles as an indicator.

Magnetic particle

/ \
! \
Bio-probe —% et
\ 7 1
v Sl
|
|

Blo—targe\t\\ s

For example: M

Bio-target: avidin
Bio-probe: biotin

Magnetic properties of clusters are
measured to detect the amount of
bio-target (antibody).

Magnetic properties of the magnetic clusters
detected in Magnetic Labeling Immunoassay:

v’ Saturated Magnetization'

v Magnetic Remanence?

v Nuclear Magnetic Resonance

v’ Magnetic Relaxation#

v ImmunoMagnetic Reduction (IMR)

*H.E. Horng et al., submitted to Biotechnology(2005) 2K. Enpuku et al., JJAP, 38, L1102(1999)
3J. Clarke etal., APL, 81, 3094(2002) “H.C. Yang et al., JAP, 99, 124701(06/2006)




@ ImmunoMagnetic Reduction (IMR)

Use magnetic particles as an indicator.

g % g ¥

Magnetic particles

Magnetic particle Bytaigding destacget,
’ IBigprolbe thagmetisphietiticowill
Biotarget pevena¢dargeigsrals.

form clusters.

# ImmunoMagnetic Reduction (IMR)

Use magnetic particles as an indicator.

ﬁé 2 6
,~ Larger and clustered
---/ magnetic particles
: can not rotate as
1 well as individuals.
v =y, is reduced.
ImmunoMagnetic Reduction (IMR):
The magnetoreduction caused by clustered or
enlarged particles are measured to detect the
amounts of biotarget. = Wash-free processes.

= Main Works to Demonstrate IMR

4 Synthesis of Bio-functionalized
Magnetic Nanoparticles

+ Development of IMR Readers

% Characterization of IMR

Preparation of Water-based Magnetic Fluids
-

Water

° H,0 FeCl, & FeCl,

NH,OH

co-precipitate, Fe,0,

Fe;0, ’

dextran

1 . .
Dextran removing salt residue &

’ large particles
gel filtration _ removing unbound
chromatography dextran
1

homogeneous water-based
Fe,0, magnetic fluid

s Synthesis of Bio-functionalized Magnetic
Nano-particles Coated with Biotin

Homogeneous water-based dextran-
coated Fe;0, magnetic fluid

— NalO,
Water dextran
< Biotin

Biotin is bound to
dextran

..'. - i
Feo, 1 Bt

¥
‘ Water-based biotin/dextran-coated ‘

1
Dextran Fe,0, magnetic fluid

» removing unbound biotin

® Synthesis of CRP Magnetic Reagent by
Coating Anti-CRP on Magnetic Particles

Dextran coated Fe,O, < NalO,

‘ Oxidation of dextran on Fe;O, ‘

|
Magnetic separation [~ Remove excess NalO,

NaCNBH, *>J

Anti-CRP

(bio-probe) ]

......... i e

T L > Remove unbound anti-CRP

‘ Magnetic particles coated with anti-CRP

i~ Dextran
1" Fes0,




4 Synthesis of Bio-functionalized
Magnetic Nanoparticles

o Controllable Particle Size
180

150 -
Method 2
120

90

Method 1 P
Hydrodynamic diameter

Hydrodynamic diameter (nm)

0 20 40 60 80
Heating time (min.)

g Narrow-distributed Particle Size

Nos. of particles = 205

20

15

Fraction (%)

10+

o e

Mean diameter = 29.3 nm
%o 26 28 30 32 34 S.D. =1.4nm (4.8 %)

Diameter (nm)

To achieve a high-resolution in
measuring magnetic properties of
clustered magnetic particles, an
extremely sensitive detector is helpful.

.
l’)

Development of IMR Readers
Magnetometer-IMR with single excitation coil
Prob. 2
The signal sensed by the
pick-up coil includes the
components from both of

the excitation field and
the induction field. If the

concentration is low, then
- the signal due to the
fo. 3,5ty afs_ 59| ouly " induction field will be
Prob. 1 masked.

Magnetometer will pickup the background
signal as well as the induced reagent signal.

oc current
qenerator

()

Development of IMR Readers

Gradoimeter-IMR with single excitation coil

uqcenc:rrm} Solution to Prob. 1

() Using gradoimeter, the

back ground signal will
be subtracted out, and
only the induced
reagent signal will be
sensed.

fo, 3y 5ty , oxfy | Circuit af,

Solution to Prob. 2
IMR with mixed frequency excitation coils

O The magnetization of magnetic fluid under ac fields
H,+H, can be started from Langevin function, expressed
as M(E)=M,(cothe- 1), where c-umH/

O Asé—0, then M(&—0)=M(0)+M'(0)é+M"(0)c* +M"(0)&" +--

0 Or, can be expressed as
M(&—0)=0.32z,m(H, + H, /K, T —0.12(H, + H, )" (s,m/K,T) +--

O The frequencies shown in the first term on the right-hand
side are f; and f,, whereas the second term or higher order
terms exhibit frequencies of mf,+nf, with m and n being
integers. One can measure the M at a target frequency
mf,+nf, to prevent from detecting the signals of the
external ac magnetic fields.




4 Development of IMR Readers
r Types of IMR Readers

@ Electronic IMR reader

Housing can---

Excitation coil (f,) |

Excitation coil (f)

Pick-up coil

-> f

4 Development of IMR Readers

# Signal Procession

Using a hierarchical architecture
containing amplifier, filter, ADC, DSP
and DAC to reduce the unwanted

signal. The amplifier enlarges the input
signal, the filter with central frequency
is set to be v.fi +B.f,, the signal is sent to
DSP via ADC and to the next amplifier.
Then DSP send the suppression signal
to the next amplifier to suppress the
unwanted signal.

4 Characterization of IMR

1 Magnetoreduction —
AC Magnetic Susceptibility Reduction

mf, + nf,

"5 Mac =Xac.o ~ Xach

Xac (@.U.)

"
VAN piotin

r Examples of IMR - Carcinogen

@ IMR on LeucoMalachite Green

B MG

o Issues for LMG

H Sensitivity Criteilun for LMG

8.0 T

7.0

Leucomalachite,
6.0

Anti-LMG
(Monoclone)

5.0

4.0

-
20
\\‘4' 10

0.0 L L

MlaclXac.o (%)

1.0 10.0
Concentration (ppb)

B Comparison

sampl lor | On-sit Sensitivity
Assay | Antibody | >ample-color On-site)
independence| assay
LMG
Yes
-ELISA Ls N 0.1
¢ (two kinds) ow °
LC/MS/MS No High No 0.1
Yes
HPLC Ls N 1.0
(one kind) ow °
IMR Yes N
(XacPro-E101)|(one kind) ol \Es CL




o Examples of IMR - Virus

& IMR on HSN1/HIN2/H3N1 W Sensitivity and Specificity for HSN1 IMR Assay

B H5N1/H1IN2/H3N1 HBNL1 Protein (pg/mL)
10710* 1 10 10° 10° 10* 10° 10° 107
20 -

H: Hemagglutinin, H1~H16

N: Neuraminidase, N1~N9 High sensitivity

High specificity

{ AniHoNL
sy (Monocione)
12} (Monocione)

H1N1 Protein
(200 pg/mL)

Aadtaco (%)

""" ’i - - Noise level
H3NL1 Protein (200 p g/mL)

ol ssomd s ool s il il s
10° 10® 107 10° 10° 10 10° 102 10" 1 e
HBNI Virus (inactive) (unit)

B Sensitivity and Specificity for HIN2 IMR Assay B Magnetically-driving-rotating Suppression of
Non-specific Binding

Sensitivity: 0.001 HAU/50-pL
(criteria: 1 HAU/50-pL) *

No cross reaction between 30
anti-H1IN2 and H3N1 @
high frequency

Anti-HIN2
(Polyclone)

acltaco (%)
5
T
Salitaco (O6)

Higher frequency
= Higher centrifugal force
= Only specific binding

- Lower frequency

HaNL

wof %o
= Lower centrifugal force Foowa
HaNL = Both specific and .

— ‘ i \/ non-specific binding 01 ' L oo 1000

. . . .

10° 10* 10° 107 10" 1 10 . Y . N
Concentration (HAU/S0-sL) IMR signals due to non-specific binding occur at

lower frequencies, but vanish at higher frequencies.

n Versatile Applications & Conclusions
IMR Reader y
Category tem Xacpro- | XacPro- | Sensituity | creTINES IMR serves as high-efficient, easy-operation assays
e Elxol S1o Aoz [T on antigens, proteins, vir_us, bactgria, pathogens, and
y vy . 10 mMHAU/50-uL | 1 HAUZ50-aL DNA in humans, plants, fishes, animals, and food.
CRP X 0.01 mg/L 5 mg/L
PGE, X 0.1 pg/L 1ng/L
D';':;i';s H5N1 X 1ng/L NA
FAIM3 X 10 ng/L NA
DNA X 5ng/L NA
Aquaculture NNV X 6 NNV’s NA
Orchid [ ORSV | x
Agriculture virus ‘ CyMV X (Qualitative) NA
Potato virus X
Drug Residues LMG X 0.1 ug/L 1 pg/L
CAP X 0.12 pg/L 03 pug/L
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