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Abstract

In Indonesia radioimmunoassay kits based on the magnetic method of separation need to be imported and
are very expensive. Local production of these kits would be economical. Different types of magnetic particles
have been used for immobilizing antibodies for use in RIA of T3 T4, IRMA-TSH as well as neonatal
IRMA-TSH. The particles studied here include magnetic cellulose (SCIPAC.U.K.), magnetite (Hungary),
Silanized Iron Oxide (China) and Latex-M. Various parameters have been studied in order to optimize the
antibody immobilization procedures as well as the assays based on these immunoadsorbents.The assays developed
by us have been compared with those obtained with commercial kits from Amersham, NETRIA and DPC. The
study done in this work includes immobilization of 2M antibodies for RIA of T3 and T4 and immobilization of
anti-TSH for IRMA-TSH. Among several different magnetic particles studied in this work, magnetite and
silanized iron oxide were found to be satisfactory on account of the simplicity of immobilization, high binding
capacity and the low non specific binding. A good assay performance in the case of RIA T} and T4 was obtained
using 2nd antibodies immobilized magnetic particles. However, the quality of 1" antibodies is found to play an
important role on the sensitivity and precision of the assay. Good correlation has been obtained with Amersham
kit (y = 1.06x - 0.12 and r = 0.987). Assay performance of IRMA-TSH using in-house prepared anti-TSH
immobilized magnetic particles is also found to be comparable with Amersham, NETRIA and DPC kits.

1. INTRODUCTION

The magnetic method of separation is being widely used in radioimmunoassay techniques, due
to its simplicity and good performance [1]. This method is also considered to be cost effective since
the use of centrifuge can be avoided. In Indonesia, radioimmunoassay kits using magnetic methods are
being imported and are hence very expensive. Local production of these kits will help reduce the cost
and hence encourage the use of these assays. In this research work, the immobilization of antibodies
on different kinds of magnetic particles has been studied, in order to obtain magnetic immunoadsorbents
of good quality.

The magnetic particles used in this work are: magnetic Cellulose, Magnetic polyacrolein both from
SCIPAC, magnetite (Hungary), IAE-Silanized Iron Oxide (China) and Latex-M. In some cases the
antibodies were purified, prior to immobilization, by (NH4)2SO4 precipitation and/or DEAE Cellulose
chromatography. The purified antibodies obtained were immobilized chemically on CDI (1,1'-
carbonyldiimidazole) activated magnetic cellulose.

Optimization of the immobilization was carried out to obtain a high binding capacity and low non
specific binding (NSB) by varying the ratio between magnetic particles and amount of antibodies, pH
and washing techniques. The amount of immobilized antibodies needed for the assay was optimized by
determining the titre. To obtain a good performance of the assay, the effect of variation in the reagent
volumes, incubation period and temperature were studied. Assay performance was determined by
evaluating quality control parameters, such as non specific binding (NSB), maximum binding (%B0),
BQ/NSB, working range, values of QC-sera, inter and intra assay variation, and precision profile. The
performance was compared with Amersham magnetic kits as well as coated tube and liquid phase 2nd

antibodies/PEG kit for T3and T4 The TSH IRMAs have been compared with NETRIA, Amersham and
NIH, Thailand assays.

This work includes 3 different topics :

1. Second antibodies Immobilized on magnetic particles for RIAs for T3 and /T4.
2. Anti-TSH Immobilized on magnetic particles for IRMA-TSH.
3. Anti-TSH Immobilized on magnetic particles for neonatal IRMA-TSH.
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2. EXPERIMENTAL METHODS

2.1. Materials and equipment

Second antibodies used in this work were locally produced. The monoclonal anti-TSH used for
preparation of tracer as well as for coupling were supplied by NETRIA. For Neonatal IRMA-TSH, both
monoclonal anti-TSH for tracer and for coupling were supplied by NIH.Thailand. Magnetic particles
obtained from different sources i.e.: Magnetite from Hungary, Silanized Iron Oxide from China and
Latex-M from Rhone-Polenc, France have been used for immobilization of anti-TSH. Other chemicals
were obtained from E.Merck and Sigma. Equipments needed in this study includes: Single manual
gamma counter (mini assay, type 6-20), rotator (NETRIA), vortex mixer and magnetic separator
(Amersham). Data processing was conducted using WHO Immunoassay program.

2.2. Isolation of IgG from antiserum

2.2.1. (NHJjSO,, precipitation method

3 mL of antiserum was diluted up to 7 mL using NaCl (0.9%), 2.7g (NH4)2SO4 was added
gradually while shaking; mixed for about 60 minutes at room temperature then centrifuged for 30
minutes at 200 rpm. The precipitate was diluted with phosphate buffer 0.05M, pH7.4 and then dialyzed
against phosphate buffer 0.05M, pH7.4.

2.2.2. DEAE cellulose chromatography method

The (NH4)2SO4 purified IgG was put on the DEAE Cellulose column and then eluted with
phosphate buffer 0.1M, pH6. The eluate was collected as 0.5 mL fractions. The absorbance of each
fraction was measured at 280 nm. The IgG fractions were then pooled.

2.3. Immobilization of antibodies on magnetic particles

2.3.1. Magnetic cellulose

CDI-activation of magnetic Cellulose and immobilization of antibodies was performed by
following the SCIPAC method [2]. For optimization of immobilization, the ratio of magnetic
particles: volume of antibodies was varied. Comparison of using neat serum, purified IgG by means of
(NH4)2SO4 and DEAE Cellulose was also conducted.

To reduce the NSB, several treatments were carried out such as:

varying the pH of ethanolamine
mixing the antibodies immobilized with saturated bovine serum albumin
washing with assay buffer, phosphate buffer 0.05M, pH7.4 with 1% Tween-20 and 1%
Triton X-100.

2.3.2. Magnetic polyacrolein particles

The immobilization of antibodies on the magnetic polyacrolein particles was done by following the
recommended protocol. The antibody was purified using DEAE Cellulose chromatography method
before immobilization. The amount of purified antibody used was 500 ^L (2.37 mg/mL) for 5 mg of
magnetic polyacrolein particles.

2.3.3. Magnetite (Fe3 O4) particles (Hungary) [3]

To the magnetite suspension (1 mg/mL) purified antibody was added and the mixture was
incubated at 0°C for 1 hour. After incubation, 5 mg of EDAC was added per mg of IgG. The reaction
mixture was incubated overnight at 0°C. After incubation, the suspension was washed twice with PBS
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(0.01M KHjPO,,, 0.15M NaCl, pH7.2). Having resuspended in PBS, the adsorbent was stored at 0°C. The
antibodies used was purified by (NH4)2SO4 method prior to immobilization.

2.3.4. IAE silanized iron oxide (China) and Latex-M

100 mg Silanized magnetic particles or Latex-M particles were washed twice with water. The volume
was adjusted to about 4 mL and the recommended amount of the IgG was added and mixed gently. 16 mg
of ED AC was added to the suspension of the particles and the pH adjusted between 5-6. The particles
were mixed for about 24 hours at room temperature. The particles were washed with 20 mL of water, then
washed five times with PBS (pH7.4) and stored in PBS until use.

2.4. Titration of immobilized antibodies

Various volumes (5,10, 25, 50, 100, 200 fA,) of magnetic immobilized antibodies were incubated
with radiolabeled TSH . At the end of incubation period, the bound fraction was separated using magnetic
block and washed with 2 mL of wash buffer. The pellets of bound fraction were then counted and%B/T
was calculated and plotted.

2.5. Optimization of the assay

Optimization of the assay was performed to achieve the desired sensitivity by varying the amount
of reagents (including standard) and incubation period.

2.6. Characterization of the assay

Standard curve of %B/T vs concentration and imprecision profile (IP) curve were constructed using
the WHO Immunoassay program. The values of following QC parameters were also determined using the
same program: %B0, %NSB, B,/Bo (for TSH-IRMA), inter- and intra- assay coefficient of variation and
working range.

2.7. Comparison study

A comparison of these assays with commercially available or established methods, e.g. liquid phase
second antibody -PEG, Amersham magnetic kits, DPC coated tube, NETRIA kits, NIH neonatal IRMA-
TSH.

3. RESULTS AND DISCUSSION

Immobilization of 2nd antibody from neat serum on magnetic cellulose gave relatively higher binding
capacity, while other magnetic particles need purified 2nd Ab for immobilization in order to get a high
binding capacity. With the 2nd Ab magnetic Cellulose and Polyacrolein particle adsorbents, the NSB was
found to be high, which could be reduced by adjusting the pH of ethanolamine around 7, and saturating
with bovine serum albumin and washing with buffer containing Triton X-100 or Tween-20. NSB for
magnetic Cellulose and magnetic polyacrolein were 2.5 and 7.4% respectively. The NSB for Magnetite
(Hungary) and IAE-Silanized Iron Oxide were found to be reasonably low (0.08 and 2.5% respectively).

The optimum ratio for 2nd antibody/ magnetic particles ratio was 50 ^L of^l Ab for 5 mg of
magnetic Cellulose and 10 ^L of (NH4)2SO4 purified 2nd antibody for 100 //g of magnetite particles
(Fig. 1). The amount of 2nd Ab and anti-TSH needed per assay tube was found by titration. 1.25 mg of
magnetic Cellulose (Fig. 2) or 2.5 mg magnetic polyacrolein were needed per assay tube, while for
magnetite and IAE-Silanized iron oxide, only 0.05-0.1 mg and 0.05 mg of magnetic particles were needed
respectively per assay tube (Fig. 3).
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Fig. 1. Effect of the magnetite to 2™'antibody ratio on the specific and nonspecific binding.
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Fig.2. Titration of 2"' antibody coupled magnetic cellulose.
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Fig.3. Titration of T* antibody coupled magnetite.
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Fig.4. A comparison of the precision profiles: A - Amersliam kit, B - RPC-BATAN, C - RPC-BATAN 2"'' antibody / PEG
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The optimum assay protocols for T3 and T4 assays were arrived at by varying the reagent volumes,
incubation period and other assay conditions. The protocol for the T3 assay is: 100 ̂ L of standard/sample,
50 /^L of labeled T3 , 25 /iL of anti T3 and an incubation period of 2 h at room temperature. For the T4

assay, the protocol is 50 ^L of standard or sample, 50 /uL of labeled T4 and 50 ^L of anti T4 , with an
incubation period of 2 h at room temperature. For both these assays, separation of the immune complex
was carried out by adding a predetermined amount of the magnetic second antibody adsorbent, incubating
for 1 h and separating the particles on a magnetic rack.The assays have been found to have adequate
sensitivity and working range. The values of quality control sera were also within the expected range. The
assays, in general, compared well with that obtained with the Amersham kit. The precision profiles are
shown in Fig. 4. The RPC-BATAN T3 assay compared well with the Amersham assay (r = 0.987, y =
1.06x-0.12).

Comparing the four magnetic particles used in this work, the Hungarian magnetite and IAE-silanized
magnetic particles have simple immobilization procedures, show good binding capacity , low NSB and
the amount of particles needed per tube is low. Immobilization using magnetic Cellulose as well
polyacrolein were less preferred . For IRMA-TSH assay, it was found that using NETRIA protocol, with
overnight incubation time, the silanized iron oxide gave better standard curve and imprecision profile than
the others. To improve the sensitivity, the assay was optimized by varying the volume of standard and the
incubation period. Addition of 200 /A. of standard gave better assay performance than 100 /uL of standard.
Extension of the incubation time gave a significant increase in binding at the high level of TSH but not
much improvement was observed at the low level of TSH. 3 hours incubation was considered to be
adequate. The TSH IRMA standard curves with the different types of particles are shown in Fig. 5. The
in-house magnetic TSH assay compared well with NETRIA and DPC kits (Table I). Inter- and intra- assay
coefficients of variation (% CV) were 9% and 6% respectively.

After storage for about 4 months at 0°C, The anti-TSH immobilized magnetic particles still give
good binding. Standard curves obtained with the in-house reagents and the commercial kits are shown in
Fig. 6.

TABLE I. COMPARISON OF TSH IMMUNORADIOMETRIC ASSAYS

Parameters

%NSB

%B«,/T
B,/NSB

Assay range (mlU/ L)

Detection Limit (mlU/ L)

Intra assay % CV

(L)

(M)

(H)

Inter assay % CV

(L)

(M)

(H)
Recovery %

RPC assay

0.05

18.1

3.8

0 - 150

0.035

5.5
4.05

5.9

7.25

4.2
8.7
89

NETRIA assay

0.16

15.5

1.2

0- 150

0.04

8.82

1.96

4.5

10

4.3

5.3

94.1

DPC assay

0.2

7.9

1.4

0 - 150

0.048

5.6

3.4

7.2

10.8

8;6

9.3

107

L = 2.5 - 4.2 mlU/L,
M = 8.5- 13.3mlU/L.
H= 11.5-22.3 mlU/L.
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Fig.5. TSH IRMA standard curves using different magnetic particles: A -- China A, B - China C, C-- Hungary,
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4. CONCLUSION

From this work it was found, that of all the magnetic particles studied, magnetite particles
(Hungary) and Silanized iron oxide particles were better in terms of simplicity of immobilization, binding
capacity as well as non specific binding. The in-house 2nd antibody immobilized magnetic adsorbents
prepared during this work for T3 /T4 assay have resulted in assays which compared well with the
commercial kits and also with other separation methods.The silanized iron oxide magnetic particles of
China, worked well in TSH IRMA.
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