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FOREWORD

Combination of the sensitivity provided by radioactivity detection and the specificity inherent
to immunological reactions in the radioimmunoassay and other related techniques like
immunoradiometric assay has provided a powerful tool for accurate and direct measurement of
numerous important biological substances in blood, urine and other body fluids. During the short span
of about 25 years after the radioimmunoassay technique was introduced, it has grown tremendously both
in variety of substances assayed as well as quantity of tests carried out. In regular clinical practice
radioimmunoassays of several hormones have established their utility in the diagnosis and follow-up of
a variety of disorders.

In these assay systems the separation of the immune complex formed between the antigen and
antibody from the uncomplexed reactants is an essential but often an error prone and time consuming
step. This step has also a significant contribution to the sensitivity and ruggedness or reproducibility of
the assay. The early radioimmunoassay methodologies were based largely on adsorbing on non-specific
adsorbents the unreacted small molecules or precipitating out the large molecular weight immune
complexes. These were multistep assays not so amenable to automation, limiting the number of samples
in an assay and also inherently more prone to errors. On the other hand, solid phase assay systems in
which either the antigen or the antibody is coupled covalently to a solid surface like polystyrene have
simplified the technique significantly, reduced the error and increased the batch size of samples. The
antibody coated plastic tubes or 'coated tube' assay is the preferred solid phase assay system adopted
by most commercial manufacturers. However this technology is not easily accessible to developing
countries and also needs investments for equipment to get a high quality and uniformity of coating
which may become justifiable only with large volume production of kits. In developing countries where
the production volumes are often small, the use of solid phase assays based on antibodies adsorbed to
magnetic particles probably offers the benefits of a solid phase system without sacrificing the simplicity
of preparing the components or economy of small scale operations.

Keeping this in view, the IAEA organized a co-ordinated research programme (CRP) in 1991
for studying the properties of a few most promising magnetizable immunoadsorbents and standardizing
some important radioimmunoassay and immunoradiometric assay procedures using them with the
ultimate aim of expanding the application of these assays in developing countries using indigenously
prepared reagents. Ten laboratories from nine countries of Asia, Latin America and Europe
participated in this CRP which was concluded in 1995. Three different magnetizable particles prepared
and investigated by the participants, namely magnetite, magnetite coated with silane and magnetite
coated with polyacrolein, have emerged suitable for use in radioimmunometric assays from this CRP.
Methods have been developed for coupling antibodies to these particles and using the resultant
immunoadsorbents for assaying several important hormones and proteins including T3, T4, fT3, fT4>

reverse T3, TSH, thyroglobulin(Tg), Tg-antibodies, HCG, LH, cortisol, FSH and prolactin. All the
participating laboratories could develop in house methodology for solid phase assays based on
magnetizable particles during the course of the CRP and benefit from the exchange of materials,
information and experience amongst them. This report includes detailed results obtained by the
participating laboratories as well as a summary and assessment of the achievements of the CRP. It also
includes suggestions for areas of investigation for pursuing in the future.

The IAEA wishes to thank all the scientists who contributed to the success of the CRP.
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1. INTRODUCTION

Radioimmunoassays (RIAs) and irnmunoradiometric assays (IRMAs) are now widely used for
the measurement of a variety of substances in biological fluids. In view of the high degree of sensitivity
and specificity of these assays, coupled with the relatively simple equipment required, there has been
a growing interest in many developing countries to adopt these procedures in national health
programmes like screening for hypothyroidism, eradication of infectious diseases, etc. Recognizing the
need for analytically reliable and low cost assays, the IAEA has been encouraging, in various ways, the
establishment of bulk reagent based assays and also local production of vital reagents.

In RIAs and IRMAs, separation of the immune complexes (Ag-Ab), from the unreacted reagents
is an essential, but often an error prone and a time consuming step. The choice of the separating method
will govern the sensitivity and reproducibility of the assay as well as the kind of equipment required,
batch size of the assay, etc. The development of a variety of solid phase separation methods has
contributed significantly towards the simplification and reliability of these assays. Single piece solid
supports like plastic beads and tubes are the most convenient, but are usually expensive and require
great skill and control at all stages of manufacture. Separation methods based on the use of finely
divided magnetizable panicles, on the other hand, are relatively less expensive and easier to develop [1-
5]. The most commonly used magnetic materials are barium ferrite (BaO6Fe3O4), magnetite (Fe3O4) and
ferromagnetic nickel.

The magnetic particles used as immunoadsorbents must fulfill the following criteria:

(1) the size and density of the particles should be low enough to prevent spontaneous sedimentation
during incubation,

(2) the particles should have high capacity for antibody uptake, and
(3) the particles should have a high magnetic susceptibility to facilitate rapid sedimentation in a

magnetic field of moderate intensity.

Generally, a particle size of < 1 /urn for magnetite (the most commonly used material) is
necessary to keep them in suspension [6]. Amongst the different types of materials used, magnetite has
an advantage in that it can be prepared by precipitation from a stoichiometric mixture of ferrous and
ferric salts solution [7, 8]. The magnetizable particles are usually covered with a polymeric coat
containing suitable functional groups to facilitate covalent coupling of the antibodies to the particles.
These polymers include cellulose, polymerized bovine serum albumin, polyacrylamide, polyacrolein,
agarose and alkyl derivatives of silane. It is also observed that the native magnetic particles have a high
capacity for physically adsorbing proteins and can be used to couple antibodies without any polymer
coat [9]. A variety of magnetizable particles for immobilizing antibodies (or proteins) are commercially
available, but are very expensive.

The purpose of the present Co-ordinated Research Programme on Antibodies Immobilized on
Magnetic Particles for RIA and IRMA of Hormones is:

(1) to expand the use of RIAs and IRMAs in developing countries through the use of low cost reagents
and instruments, (as is possible with magnetizable particles),

(2) to explore the possibility of producing, at low cost, magnetic particles of reliable and consistent
quality,

(3) to establish guidelines and procedures for preparing and testing the immonoadsorbents, and

(4) to encourage the developing Member States to prepare RIA and IRMA kits for local use with
indigenously prepared reagents.



2. ACHIEVEMENTS OF THE CRP

This CRP was initiated in July 1991 and concluded with the final meeting held at Budapest in
April 1995. Ten laboratories from nine countries of Asia, Latin America and Europe participated in this
project. The work carried out by the participating laboratories has resulted in some new magnetizable
particles as well as valuable information on various aspects related to the development of magnetic
particle based assays, in particular, and RIA and IRMA procedures in general. Reproducible and low
cost procedures have been developed for the preparation of at least three types of basic magnetizable
particles. The magnetic material in all cases is magnetite (Fe3O4). The three basic particles are:

(1) plain magnetite prepared by T6th, Hungary [6]. Here, the antibody is immobilized on the
particles using l-ethyl-3-(3-dimethyl amino propyl) carbodiimide (EDAC);

(2) magnetite particles coated with polymerized alkyl derivatives of silane containing primary
amino (-NH2) groups through which the antibody is coupled using glutaraldehyde or ED AC.
These were prepared by Shen Decun, China;

(3) polyacrolein coated particles prepared by Shen Rongsen, on which the antibodies can be
immobilized directly through a Schiff base formation between the aldehyde groups of the
polymer and -NH2 groups of the antibody.

The above particles, along with some others obtained from commercial sources have been tested
by the participants in RIAs and IRMAs for different hormones. In general, all the laboratory
preparations were found to work well, the coupling procedures are fairly simple and easy to reproduce,
and the immunoadsorbents were found to have adequate stability. The particles have been used to
immobilize primary and secondary antibodies and used in RIAs for T3, T4, fT3, fT4, reverse T3, TSH,
thyroglobulin (Tg), Tg-antibodies, HCG, LH, cortisol and IRMAs for TSH, blood spot TSH, FSH and
prolactin.

In recent years, screening procedures for hypothyroidism in adults and neonates have assumed
great significance in the health care programmes of many countries. This is usually done by blood spot
TSH IRMA, which requires a high degree of sensitivity, specificity and reliability and at the same time
must be affordable, rugged and simple enough, especially for the developing countries. The two
essential but expensive components of this assay are:

(1) specific and avid antibodies (for use as capture and label), and
(2) an efficient and reliable separation method of which the second requirement may be met

effectively with magnetizable particles.

Usually monoclonal antibodies are used, but these are often very expensive. The availability
of suitable antibodies at low cost will be very useful in implementing this vital diagnostic test in
developing countries. The National Institute of Health (NIH), Thailand, has produced monoclonal
antibodies for use in TSH blood spot IRMA. These antibodies along with others from commercial
sources were evaluated during the course of this CRP. The NIH antibodies have been found to be very
good and many of the participants expressed great interest in these antibodies.

A significant outcome of this project has been the launching of the national screening
programme for neonatal and adult hypothyroidism by NIH, Thailand. This has been feasible, especially
in the rural areas, due to the use of indigenously produced monoclonal antibodies and magnetizable
particles, which has resulted in technically simple and low cost TSH IRMA kits. Bartolini of Instituto
de Pesquisas Energeticas Nucleares (IPEN), Brazil, has successfully prepared and calibrated pituitary
TSH and recombinant TSH for use as standards in immunoassays. These materials have been tested by
participants from Thailand and India. The two preparations have been found to be very similar and also
compared well with the World Health Organization standard (2nd IRP TSH, 80/558). Apart from these
achievements, this CRP has enabled the participants to have a first-hand experience of the different
types of particles, the coupling procedures and various aspects involved in identifying and testing
sandwich partners for use in TSH IRMA. It has also provided an impetus to the participating
laboratories to develop (or augment) their facilities for producing and distributing some of the vital
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primary reagents. A very important feature of this CRP has been the free and informal exchange of
materials, information and experience amongst the participants, which has greatly helped in achieving
a very thorough and comprehensive investigation of the different reagents and procedures.

3. SUMMARY OF INDIVIDUAL REPORTS

3.1. BRAZIL

According to Paolo Bartolini of IPEN, Brazil, this CRP has given his laboratory an opportunity
to study different magnetizable particles and also to obtain valuable experience in screening monoclonal
antibodies in order to identify appropriate sandwich partners for TSH IRMA. Three types of magnetic
particles — magnetite, silanized magnetite and magnetizable cellulose — have been used to prepare
immunoadsorbents using monoclonal or polyclonal antibodies for use in RIA for T3 and T4 and hTSH
IRMA. A number of TSH antibodies were screened and the pair of antibodies from NIH, Thailand were
found to be extremely useful in IRMA for TSH. From their study, nine different sandwich partners
have been identified. Using one such pair, a precise and accurate TSH assay with a sensitivity of
0.08 mlU/L was developed. A very important and interesting aspect of their study is on some practical
methods for lowering the non specific bonding in TSH-IRMA, with the help of which an assay with a
sensitivity of 0.02 mlU/L and no bias has been obtained.

3.2. CHINA

Shen Decun summarized that this CRP has been very useful and his group has succeeded in
achieving an inexpensive and reproducible method for preparing silanized magnetic particles. The native
magnetite particles, prepared by a conventional method, were coated with polymerized silane containing
free -NH2 groups by two procedures. Primary or second antibodies could be coupled to them using
EDAC, glutaraldehyde or glutaric anhydride. The influence of coupling conditions such as reaction
time, pH and nature of the coupling media and concentration of the reactants (like antibody, magnetic
particles and coupling agent) on the quality of the immunoadsorbents have been investigated in detail.
The performance of these particles has been compared with that of polyacrylamide, polyacrolein and
latex-M particles in TSH-IRMA. A number of TSH monoclonal antibodies have been tested for use as
sandwich partners in TSH IRMA. The immunoadsorbents prepared with his particles have been found
to be stable for at least six months at 4°C. Immunoadsorbents prepared with the silane coated
magnetizable particles have been used in RIAs for T3, T4, fT3, fT4, blood spot T 4, TSH and blood spot
TSH IRMA. In addition to the particles mentioned above, his group has also prepared polyacrylamide
and latex based magnetizable particles and applied them to various assays successfully. However, these
materials have not been tested during this project. Shen felt that this CRP has enabled him to interact
closely with other participants and receive useful feedback on the particles developed by him.

Shen Rongsen and his team have prepared magnetic particles having a diameter of 10 nm ±
34%. These particles were then coated with polyacrolein by gamma irradiation. The aldehydic groups
facilitate covalent binding of the antibodies in a direct reaction requiring no activation, thus making the
p;eparation of the immunoadsorbent is rapid and simple. Three types of immunoadsorbents were
prepared, namely,

(1) MSA-I, where the second antibody is physically adsorbed onto the uncoated magnetic particles,
(2) MSA-II, where the second antibody is covalently linked to the polyacrolein coated particles,

and
(3) MFA-T3, where T3 antibody was specifically adsorbed on the particles through the second

antibody linked to MSA-II.

The semi-sedimentation time of the particles is about 30 minutes under gravity but they settle
down completely and firmly in 5 minutes when placed on a magnetic separator. A systematic study has



been made of the various aspects of immobilization, like concentration of antibody/particles, pH and
type of buffer, reaction time, choice of blocking agents and the immunological and chemical
characteristics of the particles. S. Rongsen has successfully used these magnetic particles in RIAs for
T3, T4, reverse T 3, fT3, fT4, TSH, thyroglobulin (Tg) and Tg-antibodies.

3.3. HUNGARY

Toth, of the Institute of Isotopes Co. Ltd, Hungary, has developed a method for the direct
coupling of antibodies to finely dispersed magnetite, using EDAC as the condensing agent. The
advantages of this method are as follows:

(1) as coating with a polymer is not required, the preparation of the immunosorbent is a simple
one-step procedure, and

(2) the antibody:magnetite ratio is high.

The influence of various factors such as concentration of the immunosorbent and detergent on
the assay parameters has been systematically studied. These particles have been successfully employed
in RIAs (T3, T4, TSH and cortisol) and in immunoradiometric assay of TSH. The reliability of this
separation system has been validated by comparing with other conventional separation methods.

3.4. INDIA

Jyotsna Narayanan, India, has used the plain magnetite, silane coated particles, polyacrolein
coated particles and magnetizable cellulose in RIAs for T3, T4, HCG, LH and progesterone and IRMAs
for TSH, FSH and prolactin. The influence of various factors which affect the quality and stability of
these adsorbents have been studied. For developing IRMAs for TSH, FSH and prolactin, monoclonal
antibodies from different sources were tested using magnetizable cellulose as the solid phase. Attempts
have also been made to prepare magnetizable cellulose by a simple grinding technique. The material
has worked well in T3 and T4 RIAs. Magnetizable particles based IRMA kits for FSH and prolactin
have been standardised. All the particles prepared during this CRP have been found to work well.

3.5. INDONESIA

Wayan Suparna, Indonesia, has compared the performance of magnetizable cellulose,
magnetite, silanized magnetic particles and latex-M in RIAs for T3, T4 and TSH IRMA. The experience
gained during this project will enable her laboratory to produce RIA kits for T3, T4 and TSH IRMA kits
for local distribution.

3.6. PAKISTAN

Tariq Bashir, INMOL, Pakistan, has applied the magnetizable particles to a routine 'in-house'
T4 assay. He has used magnetizable cellulose, polystyrene beads and polyacrolein magnetic particles.
He has preferred the polyacrolein particles (in view of the better uptake of antibody, lower NSB and
technically simple coupling procedure and for use on a routine basis.)

3.7. THAILAND

Wiyada Charoensiriwatana of NIH, Thailand, and her group has produced two monoclonal
antibodies specific to alpha and beta sub units of TSH respectively by the mouse ascites technique. After
suitable purification, they have used the a specific antibody as the capture antibody with the (3 specific
antibody as the radiolabelled tracer in TSH IRMA with magnetizable cellulose as the solid phase. They
have also tested the silanized magnetic particles in this assay. The recombinant TSH from Brazil was
tested in the TSH IRMA and found to compare well with the WHO standard. As already mentioned,
NIH has established a simple, reliable and low cost TSH blood spot IRMA kit for the national neonatal
screening programme using indigenous monoclonal antibodies.
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4. RECOMMENDED PROCEDURES AND PROTOCOLS

4.1. IMMOBILIZATION OF ANTIBODIES ON MAGNETIZABLE CELLULOSE [10]

1. Disperse the particles in the container by gentle mixing.
2. Pipette out the required volume of the suspension for 1 g of particles immediately.
3. Sediment the particles on a magnet and discard (aspirate) the supernatant.
4. Take the particles away from the magnet. Add 20 mL of water and mix well. Sediment the

particles on a magnet and discard the supernatant.
5. Repeat the water wash twice.
6. Add 40 mL acetone to the particles and mix well. Discard the supernatant leaving as little of

the solvent remaining as possible.
7. Repeat the acetone wash 4 times.
8. Adjust the volume to 10 mL with acetone and add 0.12 g l,l'-carbonyldiimidazole(CDI). Mix

gently for 1 hour at room temperature.
9. Sediment the particles on a magnet and discard the supernatant. Wash the particles with

4 x 40 mL acetone.
10. Wash the particles with 4 x 40 mL water.
11. Wash the particles with 4 x 40 mL of 0.1M bicarbonate buffer, pH8. Finally adjust the volume

to 15 mL with bicarbonate buffer.
12. Add antiserum and adjust the volume to 20 mL with bicarbonate buffer. Mix gently by rolling

for 18 hours at room temperature.
13. Sediment the particles on a magnet, discard the supernatant and wash with 2 x 20 mL

bicarbonate buffer.
14. Wash once with 20 mL bicarbonate buffer containing ethanolamine (6 mL per L).
15. Sediment the particles on a magnet, discard the supernatant and mix gently with 40 mL

bicarbonate buffer containing ethanolamine (6 mL per L) by rolling for 30 minutes at room
temperature.

16. Sediment the particles on a magnet, discard the supernatant and wash once with 20 mL 0.1M
sodium acetate buffer pH4.

17. Add 40 mL of 0.1M sodium acetate buffer, pH4 to the particles and mix gently for 30 minutes
at room temperature.

18. Finally wash well and store in working buffer (to include 0.1% sodium azide).
19. Store at 2-8°C.

NOTE: Occasionally, aggregation of the particles may occur. Vortex mixing will often disperse
the aggregation. Alternatively pass the suspension through a fine nylon mesh.

4.2. IMMOBILIZATION OF ANTIBODIES ON POLYACROLEIN COATED MAGNETIC
PARTICLES

1. Disperse the particles in the container by gentle mixing.
2. Pipette out the required amount of suspension of the particles immediately.
3. Sediment the particles on a magnet and discard the supernatant.
4. Adjust the volume to 10 mL with distilled water.
5. Add antiserum to above particles along with 20 mL of 0.2M phosphate buffer, pH5.4.
6. Mix the suspension on an end-to-end mixer at 30 rpm for 10-12 hours (or overnight) at room

temperature.
7. Sediment the particles on a magnet and discard the supernatant.
8. Wash the particles twice with 40 mL of 0.1 M phosphate buffer, pH8.
9. Add 40 mL of 0.1M phosphate buffer, pH9.5 containing 1% hydroxylamine hydrochloride.

Mix the suspension on an end-to-end mixer for 5-10 hours at room temperature.
10. Sediment the particles on a magnet and discard the supernatant. Wash the particles twice with

40 mL 0.1 % bovine serum albumin (BSA).
11. Finally wash once with 40 mL of assay buffer containing 0.1% azide and 0.1% BSA.
12. Store in the above buffer at 2-8°C.
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4.3. IMMOBILIZATION OF ANTIBODIES ON SILANE COATED IRON OXIDE PARTICLES

4.3.1. Glutaraldehyde method

1. Disperse the particles in the container by gentle mixing.
2. Pipette out the required volume for 0.5 g of silane coated magnetic particles immediately.
3. Sediment the particles on a magnet and discard the supernatant.
4. Take the particles away from magnet. Add 20 mL of 0.1M phosphate buffer, pH7.4 and mix

well. Sediment the particles on a magnet and discard the supernatant.
5. Repeat the above wash once more.
6. Suspend the particles in 15 mL of 0.1M phosphate buffer pH7.4, add 15 mL of 5%

glutaraldehyde. Mix the suspension for three hours.
7. Sediment the particles on a magnet and discard the supernatant.
8. Wash the particles 5 times with 20 mL of phosphate buffer each time.
9. Add antiserum and make the volume up to 5 mL with phosphate buffer. Keep stirring overnight

at room temperature.
10. Sediment the particles on a magnet and discard the supernatant.
11. Wash the particles once with 20 mL phosphate buffer.
12. Add 15 mL of 0.2M glycine solution to the particles. Stir for 30 minutes at room temperature.
13. Wash the particles once with 20 mL phosphate buffer followed by 20 mL of ethanol.
14. Finally wash twice with assay buffer, and store in above buffer at 2-8°C (to include 0.1%

azide).

4.3.2. EDAC [l-ethyl-3(3-dimethyl aminopropyl carbodiimide)] method

1. Suspend 0.2 g of the magnetic particles in 8 mL of water.
2. Add 0.2 mL of antiserum and mix gently for ten minutes.
3. Add 40 mg of EDAC to the suspension, mix and adjust the pH to 5.6 with 0.1M HC1 or 0.1M

NaOH.
4. Rotate the mixture for 24 hours at room temperature.
5. Wash the immunoadsorbent thrice with each of the following:

(i) phosphate buffered saline (PBS) containing 0.1% BSA
(ii) water
(iii) PBS.

6. Store the immunoadsorbent at 4°C.

4.4. IMMOBILIZATION OF ANTIBODIES ON MAGNETITE PARTICLES

(i) To the suspension of magnetite particles, add the solution of Immunoglobulin G prepared in
0.003M phosphate buffer, pH6.3 (0.5 mg IgG/mg magnetite). Incubate for 1 hour at 4°C.

(ii) To this mixture add 2 mg EDAC and incubate the mixture overnight at 4°C.

(iii) After incubation, wash the suspension thrice with 0.01M potassium dihydrogen phosphate (pH7.2)
containing 0.15M NaCl.

(iv) Resuspend the immunoadsorbent in 0.01 M phosphate buffer, pH7.4 and store at 4°C .

The coupling efficiency may be checked spectrophotometrically.

4.5. GENERAL CONSIDERATIONS IN IMMOBILIZATION OF ANTIBODIES ON
MAGNETIZABLE PARTICLES

(i) The recommended amounts of antibody and particles and buffers of appropriate composition and pH
must be used.
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(ii) High titre primary antisera can be used directly. However, in the case of low titre, primary antisera
and second antibodies, partially purified IgG will give better coupling yield due to the absence of
other competing serum proteins.

(iii) Wherever recommended, washing of the particles, prior to the coupling reactions, should be carried
out to remove any additives or stabilisers which could denature the antibody or interfere in the
coupling. The particles must be thoroughly washed to remove excess activating agent (when
recommended) and the unreacted antibody at the end of the coupling.

(iv) The use of unduly excess amounts of EDAC should be avoided as it can lead to intermolecular
cross-linking which could be detrimental to the binding capacity of the antibody. However, in the
case of activating reagents like CDI or glutaraldehyde, (which are washed off prior to the addition
of antibody), a moderate excess of the reagent can be used to compensate for any loss of reactivity
of these reagents on storage (as they are not very stable).

(v) After the antibody coupling reaction, the reactive sites on the particles must be saturated. A variety
of reagents have been found to be effective, which include ethanolamine hydrochloride, glycine,
hydroxylamine, bovine serum albumin (BSA) and milk proteins. These may be used alone or in
combination (e.g. glycine + BSA).

(vi) The immunmoadsorbents are not stable on freezing. They should be stored in the recommended
buffers at4-6°C. Surfactants like Tween-20 or Triton X-100 (0.1-0.2%) make the particles less
susceptible to aggregation, while addition of small amounts of antibiotics to the suspension (e.g.
0.34 g/L chloramphenicol + 0 . 1 g/L neomycin) prevents degradation due to bacterial growth
[11].

(vii) The extent of coupling can be determined spectrophotometrically at 280 nm by measuring the
protein content of the supernatant after the coupling reaction.

4.6. SOME GENERAL GUIDELINES FOR THE USE OF MAGNETIZABLE IMMUNOSORBENTS
IN RIAs AND IRMAs

(i) Magnetizable immunosorbents are used in RIAs (as primary or second antibody adsorbent) and
in IRMAs. In RIA, when a primary antibody adsorbent is used, it is added during the primary
incubation (as the antibody reagent), while the second antibody adsorbent is generally added at the
separation stage, i.e. at the end of the primary incubation. This requires a short incubation with
the adsorbent after which it is separated from the supernatant.

(ii) For achieving sensitive and reproducible assays, the general principles of assay optimization must
be followed. The use of magnetizable particles calls for some additional procedures. The optimum
amount of immunosorbent must be carefully determined. The effect of factors like type and pH
of the buffer, choice of the detergent, reaction time, stirring during the incubation, washing
protocol, time required for complete sedimentation of the particles, etc. need to be carefully
studied.

(i'i) Addition of the immunosorbent to the assay tubes and its separation from the supernatant at the
end of the incubation are two major sources of imprecision in an assay. When the particles are fine
enough to give a stable and uniform suspension during pipetting, the adsorbent can be directly
dispensed much like any other liquid reagent. However, when the particles are large (as with
magnetizable cellulose) and tend to settle down during pipetting, the suspension must be kept
stirred during pipetting to ensure uniformity, and, pipetting volumes (of suspension) less than
100 /iL must be avoided.

(iv) For separating the magnetizable immunosorbent after the incubation, the required amount of wash
buffer is added and the contents vortexed. The tubes are then placed in a magnetic separation rack
(available from commercial sources such as Amersham, UK). After the particles settle down to a
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firm pellet, the rack containing the tubes is gently inverted to throw out the supernatant, taking
care to avoid splashing of the radioactive solution. The rack, held in this inverted position is placed
gently on an absorbent pad for 1-2 minutes. The wash may be repeated, if required. Tapping the
tubes to remove the adhering droplets must be avoided as it could dislodge the particles. After
blotting the liquid, the rack should be turned upright and the radioactivity in the tubes counted.

5. ASSESSMENT OF THE MAGNETIZABLE PARTICLES

5.1. PHYSICAL PROPERTIES

The dynabeads, latex-M, polyacrolein or polysilane coated particles are well below 1 ^m and
hence do not settle down completely under gravity for at least 60 minutes. So, for short incubation
periods, stirring the assay mixture is not required. However, stirring is required with the larger
magnetizable particles, especially for protein hormone assays when primary antibody is on the solid
phase.

5.2. EFFICIENCY AND REPRODUCIBILITY OF ANTIBODY COUPLING

All the particles, tested in this CRP, including the laboratory preparations showed 60-80% uptake
of the antibody (with the appropriate ratio of amounts of antibody and particles). The polyacrolein
particles can bind about 250 ,ug of antibody per mg of the particles. The reproducibility is also good,
with the magnetizable cellulose and dynabeads being slightly better than the other particles.

5.3. STABILITY OF THE IMMUNOSORBENTS

The particles have been found to result in immunosorbents stable for at least 6 months at 4°C. The
polyacrolein particles have been shown to be stable for 7 days at 40°C. In general, the second antibody
adsorbents, are more stable than the primary antibody adsorbents. Occasionally, some of the adsorbents
tend to form larger aggregates seriously affecting the performance. This may be due to the use of
inappropriate buffer (or pH), over dilution of the adsorbent, bacterial contamination or absence of the
recommended surfactants.

6. QUALITY CONTROL PARAMETERS OF ASSAYS BASED ON
MAGNETIC IMMUNOSORBENTS

6.1. NON-SPECIFIC BINDING (NSB)

This is a parameter which can affect assay precision and also adversely affect the low and high end
sensitivity in RIAs. In IRMAs, the NSB affects the low end sensitivity more directly. Very low NSB
is essential in order to realise the potential sensitivity of these assays. NSB depends on a number of
factors which include the quality and quantity of the immunosorbent and tracer, type of buffer, presence
oi surfactants, etc. A variety of techniques may be adopted to reduce the NSB. A TSH IRMA is
reported in this CRP with <0.1% NSB and a sensitivity of 0.02 mlU/L. All the particles tested in this
CRP have been found to show acceptable NSB.

6.2. REPRODUCIBILITY

The reproducibility of the assays, as measured by the inter and intra assay variations was
acceptable. The intra assay variations ranged from 2-12% and the inter assay variations ranged from
8-17%. The blood spot IRMA of NIH (Thailand) has a variation of 10% at the cut off level of
2.5 mlU/L.
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6.3. SENSITIVITY

The sensitivity of the assay, in the case of both RIAs and IRMAs, is measured in terms of the
standard deviation of the response at zero dose. Hence an efficient and reproducible separation method
is vital to achieve a high level of sensitivity. Using the magnetizable particles, sensitivities comparable
to those obtained with the conventional methods of separation, were achieved. The sensitivity of the
TSH IRMA developed in Brazil is 0.05 mlU/L, while the sensitivities for the FSH and Prolactin IRMA
assays developed in India were 0.1 mlU/mL and 0.9 ng/mL, respectively.

6.4. APPLICATIONS OF MAGNETIZABLE PARTICLES

As mentioned earlier, the magnetic particles have been applied to RIAs and IRMAs of a variety
of substances.

RIA for T3, and T4 and TSH IRMA.

(i) RIA for T 3T4, fT3, fT4, blood spot T4, TSH, and blood spot TSH IRMA
(ii) RIA for T3, T4, reverse T3, fT3, TSH, Tg, Tg-antibodies.

RIA for T3, T4, TSH and cortisol and TSH IRMA.

RIA for T3, T4, HCG, LH and progesterone, and
IRMA for TSH, FSH and prolactin.

RIA for T3 and T4 and TSH IRMA.

RIA for T4.

TSH IRMA and neonatal TSH blood spot IRMA.

7. CONCLUSIONS AND RECOMMENDATIONS

During the discussions at the final research co-ordination meeting at Budapest, all participants were
unanimous in expressing that this CRP has been successful in achieving most of its aims. The project
has established the possibility of preparing magnetizable particles of good quality, at low cost for
routine use in a variety of assays. It has also generated considerable interest, amongst the participants,
to use these materials in preference to the more expensive particles available from commercial sources.
In the present CRP, these particles have been applied mainly to assays for thyroid hormones and certain
thyroid related substances. It is, however, necessary to broaden the area of applications to include
assays for other materials such as steroid hormones, tumour markers, etc. Some suggestions for
achieving this are:

(a) Training courses or workshops on the practical aspects involved in the preparation and application
of the magnetizable immunosorbents could be organized, preferably, in one of the laboratories
which has actually developed the particles.

(b) At present, the participating laboratories engaged in preparing these vital reagents have been doing
so on a small scale, mostly for in-house assays. Some technical and financial assistance to these
laboratories will enable them to scale up their production so as to be able to supply the reagents
to other Member States at a low cost. A good example is the NIH, Thailand which could be
assisted to increase the production of the TSH monoclonal antibodies.

(c) Another important requirement in magnetic particle based assays is the magnetic separator. This
consists of a rack with a magnetic base plate. Most laboratories need to import this vital but simple
equipment at considerable cost. It would be very helpful if these could be obtained at reduced cost.
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(d) In order to procure reagents for long term usage, individual laboratories could get into bilateral
agreements with the producers.

8. FUTURE LINES OF RESEARCH

Keeping in mind the present demands and future trends, the participants also discussed, at length,
the future lines of research and the following suggestions emerged:

1. Development of methods for immobilizing antibodies on single-piece plastic surfaces for use in
RIAs and IRMAs.

2. The main difficulty in developing specific and sensitive RIAs for steroid hormones lies in the
preparation of the tracers and antibodies. Development of low cost reagents for steroid hormone
assays would be very useful.

3. Development of low cost RIAs/IRMAs for tumour markers and infectious diseases would be of
special relevance to the developing countries.

4. Preparation of human protein and peptide hormones by recombinant DNA method for use as
standards or immunogens would be extremely useful in view of the high cost of the pituitary
extracted materials and the increasing technical and legal difficulties involved in handling or
processing biological materials of human origin.
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STUDY OF ANTIBODY IMMOBILIZATION ON DIFFERENT MAGNETIC
PARTICLES UTILIZED FOR THE RADIOIMMUNOASSAY (RIA)
AND IMMUNORADIOMETRIC ASSAY (IRMA) OF HORMONES

M.T.C.P. RIBELA, C.N. PERONI, P. BARTOLINI
Division of Medicine,
Department of Application of Nuclear Techniques in Biological Sciences,
National Nuclear Energy Commission (IPEN-CNEN),
Sao Paulo, Brazil

Abstract

A study was carried out on antibody immobilization on three different types of magnetic particles: plain
magnetite (Institute of Isotopes, Hungary), silanized magnetite (Institute of Atomic Energy, China) and
magnetizable cellulose (SCEPAC, UK). For radioimmunoassay (RIA) applications an efficient 2nd antibody (AB)-
coupled magnetic solid phase, utilizing plain magnetite and a purified anti-rabbit IgG antibody (Trilab, Brazil),
was prepared. A consistent bias, detected in comparison with a well known commercial magnetic solid phase kit,
was practically eliminated by modifying the coupling and saturation procedure. Concerning two-site IRMA
application, an extensive study was carried out on the matching and selection of anti-hTSH antibodies that could
be used for capture and detection. Very satisfactory results were obtained with the three types of magnetic
particles using different monoclonal and polyclonal antibodies and in particular, two partners anti-hTSH mABs
from the National Institute of Health of Thailand. Utilizing also a recombinant hTSH standard preparation,
calibrated and distributed by our laboratory (IPEN-CNEN/SP, Brazil), it was possible to obtain a complete set
of in-house reagents for hTSH IRMA, prepared and tested under IAEA support.

1. INTRODUCTION

An IAEA organized co-ordinated research programme (CRP) has set special emphasis on the
utilization of three different magnetic matrices that can be used for antibody coupling in RIA and IRMA
of hormones. These are:

(a) Plain magnetite (Fe3O4), fine particles, from the Institute of Isotopes (Budapest, Hungary)
(b) Silanized magnetite, type 94-7 from the Institute of Atomic Energy (Peking, China)
(c) Magnetizable cellulose, type M-174, from SCIPAC, (Sittingbourne, UK).

Our laboratory placed special emphasis on their utilization for the preparation of a solid phase 2nd

Antibody, to be used in the RIA of different hormones, and of an anti-hTSH solid phase capture
antibody for IRMA. Since the preparation of good quality solid phases for use in two-site IRMA
techniques involves the matching, in a proper way, of matrix, capture antibody, coupling reaction,
antigen and detecting radioiodinated antibody, an extensive study was carried out on these aspects. In
the present work, consequently, we analysed the behaviour of different sets of monoclonal and
polyclonal antibodies, utilizing two coupling reactions [1,2] and two different reference preparations
of pituitary and recombinant hTSH [3,4].

2. RESULTS AND DISCUSSIONS

2.1. preparation of a second antibody-coupled magnetic solid phase for the radioimmunoassay
ofT4andTSH

This reagent was prepared utilizing the plain magnetite particles from Hungary [5] and an anti-rabbit
IgG antiserum produced in goat (Trilab, Sao Paulo, Brazil). The caprylic acid purified IgG was coupled
to the matrix utilizing l-ethyl-3(3-dimethylaminopropyl) carbodiimide (EDC) and following the
manufacturer's protocol. Table I shows that the ideal amount of IgG to be coupled per milligram of
matrix was found to be of the order of 0.5 mg.
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TABLE I. DETERMINATION OF THE AMOUNT OF IgG 2nd ANTIBODY TO BE
COUPLED TO PLAIN MAGNETITE PARTICLES (HUNGARY)

m g o f I g G NSB (%) Bo(%) B./NSB '
per mg of matrix

0.25 1.1 24 22
0.5 0.9 42 47
1.0 1.1 46 42

This preparation was tested in T4 assays in comparison with a commercial magnetic preparation
from Amersham (Aylesbury, UK). By linear regression analysis a limited bias (approximately 8%) was
detected.

Y = 0.915X + 0.1573 (r = 0.998)

When these particles was tested in hTSH RIA, a much higher bias (~ 65%) in opposite direction was
observed.

Y = 1.646X + 12.350 (r = 0.971)

Analysing these data, the bias seemed to be releated to the amount of serum present,which is 100 /^Lfor
hTSH and 10 /uL for T4. This hypothesis was later confirmed by the following two experiments.

(a) When the same sample was analysed for hTSH under different dilutions, (up to 1:20), the bias,
which was of the order of 50% in the undiluted sample, practically disappeared at the highest
dilutions, i.e. more the amount of serum present in the reaction, higher was the value obtained
with the in-house magnetic reagent.

(b) Three standard curves were run, one in plain phosphate buffer, and the two other curves with the
addition of equivalent amounts of human or horse serum. The results can be seen in Table II.

TABLE II. SERUM EFFECTS ON THE SPECIFIC BINDINGS OBTAINED IN hTSH RIA UTILIZING
AN IN-HOUSE AND A COMMERCIAL 2nd ANTIBODY MAGNETIC PREPARATION

Particle Plain buffer
Bo

(cpm) (%)

in-house 14409 46

commercial 14497 47

It is clear that while using the commercial preparation we have a certain limited decrease in binding
when using serum instead of buffer. Such decrease becomes dramatic with the in-house reagent.
Moreover, the only unknown sample that did not present a bias in this experiment, was a pituitary
extract that could be analysed in the serum-free system. We speculated therefore that some serum
components might bind to the 2nd antibody coupled particle, greatly decreasing its binding capacity and,
consequently, producing the observed bias.

An additional saturation step was therefore introduced in the original coupling procedure, utilizing
a buffer containing 1% milk proteins and 1% BSA. The comparison between in-house and commercial
reagent was now repeated, running the standard curves in horse serum, the one that presented the
highest influence (Table III).

Human
B

(cpm)

6690

11019

serum
D

( % )

22

36

Horse serum
B,,

(cpm) (

3930

12159

%)

13
39
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TABLE III. CURVE PARAMETERS AND QUALITY CONTROL SAMPLES (QCS) OBTAINED AFTER
MILK / BSA SATURATION OF THE IN-HOUSE 2nd ANTIBODY MAGNETIC REAGENT

Preparation

in-house

commercial

B»
(cpm)

8649

7339

(*)

33

28

ED.

6

5

(mlU/L)

27

30

EDM

115

175

Low

4.8
4.4

QCS (mlU/L)
Medium

11.5
10.5

High

30
31

Previous QCS statistics: Linear regression analysis:

Low QCS X = 4.58 ± 0.72 Y = 0.936x + 1.113 (r = 0.9992)
Medium QCS X = 10.48 ± 2.36
High QCS X = 33.9 ± 4.2

We conclude that, after saturation, the serum effects on the matrix are practically eliminated and
so is the bias between the two magnetic preparations.

2.2. Preparation of a complete set of reagents for hTSH IRMA

Knowing that the matching of different capture and detecting antibodies is particularly critical for
the success of a two-site IRMA design, a first study was carried out on all possible antibody
combinations, for "partners selection". For this purpose the silanized magnetite matrix from China was
utilized, carrying out the EDC coupling protocol as recommended by the manufacturer and using four
different antibody preparations: two polyclonal antibodies (pAB), one from the Scottish Antibody
Production Unit (SAPU, Carluke, Scotland, UK) and the other kindly donated by the National Research
Center for Endocrinology (Moscow, Russia) and two monoclonal antibodies (mAB), both kindly
distributed by the National Institute of Health (Bangkok, Thailand). For radioiodination and detection
also, four different anti-hTSH antibodies (all monoclonal) were tested: the two mentioned preparations
from Thailand and two commercial preparations, respectively from SAPU (Product NS 095-110, Batch
N.61871) and from Serono Diagnostic, Woking, UK (TSH-0182-0002). The results of this study are
reported in Table IV.

TABLE IV. MATCHING DIFFERENT CAPTURE AND DETECTING ANTIBODIES FOR hTSH IRMA

Detecting Antibody (l25I -mAB)

Capture
antibody

Russian pAB

SAPU pAB

Thai 1 mAB

Thai 2 mAB

Serono*
Bo(%)

0.44

0.40

0.33

0.27

BfioW

33.9

22.8

4.5

31.4

SAPU*
B,,(%)

0.30

0.31

0.11

0.29

BM(%)

13.9

18.2

10.7

0.73

Thai 1*
Bn(%) BM(%)

No binding

No binding

No binding

No binding

Thai
B,,(%)

0.29

0.37

0.76

0.16

2*
BM(%)

12.7

17.1

16.5

0.34

The best partners clearly are the Russian pAB and Thai-2 mAB for capture, when matched to
radioiodinated Serono mAB, which also seems to be the best preparation for detection and performs
well also in partnership with coupled pAB from SAPU. This last preparation performs quite well for
capture and shows about the same degree of binding with all detecting antibodies being tested, except
Thai-1, which, in our hands, had no use for detection at all. An interesting and useful consequence of
the efficient matching of the two Thailand antibodies is that, they have been extremely useful for this
project and being monoclonals, they could be produced in large quantities and distributed to interested
laboratories in the future. It is also observed, that the Russian pAB is probably the best antibody for
capture and also matches well with SAPU and Thai-2 as detecting mABs, and the two SAPU antibodies
are also efficient partners.
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Having identified the best partners, we found it interesting to carry out a study on the ideal
amount of antibody to be used in a certain coupling reaction. According to our experience, in fact, there
is an optimal amount of antiserum, or purified IgG, to be used per gram of each type of particles.
Surprisingly, using an excess of antibody we are not only wasting money and material, but we end up
decreasing the binding efficiency. An example of one of this study is shown in Fig. 1 and refers to the
utilization of magnetizable cellulose from SCIPAC, to which different amounts of Thai-1 mAB were
coupled, using 1-1'carbonyldiimidazole (CDI) as described by Edwards et al. [6] and carrying out four
parallel reactions. The same type of analysis, performed on the two other matrices being considered in
this study, provided the data presented in Table V. In this table, mL or mg are indicated according to
the use of either whole antiserum or purified IgG.

TABLE V. OPTIMAL AMOUNT OF ANTIBODY USED IN THE COUPLING REACTION
PER GRAM OF DIFFERENT MAGNETIC MATRICES

Antibody in
the coupling

pAB Russian

pAB SAPU

mAB Thai 1 or 2

Plain magnetite
(Hungary)

60.8 mL

5.0 mL

20.0 mg

Silanized magnetite
(China)

5mL

2mL

5 mg

Magnetizable cellulose
(UK)

0.6 mL

0.4 mL

2.0 mg

We can observe a great difference in the ideal amount of antibody to be used, depending on the
antiserum, but an even greater difference depending on the type of matrix. So the same antiserum can
be used, for example, as the ideal amount of either 60 mL or 0.6 mL/g, for its coupling to plain
magnetite or to magnetizable cellulose respectively. It is also interesting to observe the extremely small
amount of mAB (2 mg/g) that can be used, for example with magnetizable cellulose. These differences,
however, were partly explained when the ideal amount of solid phase per assay tube was determined,
as exemplified in Fig. 2 for the case of silanized magnetite, and reported in Table VI for the three
different matrices.

TABLE VI. OPTIMAL AMOUNT OF DIFFERENT SOLID PHASES TO BE USED IN hTSH-IRMA
(mg/tube)

Capture antibody

pAB Russian

pAB SAPU

mAB Thai 1 or 2

Plain magnetite

0.026

0.090

0.130

Silanized magnetite

0.340

0.408

0.430

Magnetizable cellulose

2.50

1.50

1.14

It is evident now that very small amounts of solid phase are necessary for those particles to which
large amounts of antibodies have been coupled. Each matrix, having a different chemical composition
and size, obviously presents different coupling capacity, which determines the optimal amount of
reacting antibody and, consequently, the ideal amount of particle to be used in the assay. If this were
true, we should be able to run the same number of tubes with approximately the same amount of
antibody, coupled to different amounts of each particle. This is shown in Tables VII-IX, where one can
see that 2000 tubes are run with approximately 1-1.5 mL of SAPU pAB, 3-3.5 mL of Russian pAB
and 4-5 mg of Thai-1 and Thai-2 mABs. In each case we need very small amounts of plain magnetite,
about 3-14 times more silanized magnetite and up to 100 times more magnetizable cellulose. The
Russian pAB seems less effective than SAPU pAB in terms of number of assayed tubes while the
coupling and binding efficiency of the two mABs from Thailand are confirmed.
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% Beo or Beo/Bo %Bo

2 4

mg IgG/g particle

Fig. 1: Determination of the optimal amount ofmAB (Thai 1) per gram of matrix (magnetizable cellulose M-l 74, SCIPA C)
to be used in the CDI coupling reaction.
Detecting antibody: Thai 2 mAB.

% Bound or B60/B0 ratio
35

0.1 0.2 0.3 0.4
mg of solid phase/tube

0.5 0.6 0.7

Fig. 2: Determination of ideal amount of solid phase (anti-hTSH SAPUpAB coupled to silanized magnetite) per assay tube
ofhTSHIRMA.
Detecting antibody: Serono mAB.
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TABLE VII. AMOUNT (g) OF DIFFERENT MAGNETIC PARTICLES AND OF THAI I AND
2 ANTIBODIES (mg) NECESSARY FOR 2000 TUBES OF hTSH IRMA

Matrix amount of particle amount of antibody
for 2000 tubes (g) for 2000 tubes (mg)

plain magnetite 0.26 5.2

silanized magnetite 0.86 4.3

magnetizable cellulose 2.30 4^6

TABLE VIII. AMOUNT (g) OF DIFFERENT MAGNETIC PARTICLES AND OF RUSSIAN ANTIBODY
(mL) NECESSARY FOR 2000 TUBES OF hTSH IRMA

Matrix amount of particle amount of antibody
for 2000 tubes (g) for 2000 tubes (mL)

plain magnetite 0.05 3.16
silanized magnetite 0.68 3.40
magnetizable cellulose 5JX) 3J3O

TABLE IX. AMOUNT (g) OF DIFFERENT MAGNETIC PARTICLES AND OF SAPU ANTIBODY
(mL) NECESSARY FOR 2000 TUBES OF hTSH IRMA

Matrix

plain magnetite

silanized magnetite

magnetizable cellulose

amount of particle
for 2000 tubes (g)

0.18

0.82

3.00

amount of antibody
for 2000 tubes (mL)

0.90

1.64

1.20

We found this study quite important, to evaluate the quality of each starting reagent, of the final
products and also for cost evaluation.

We had now all the elements for running the proper standard curves, and this was done for each
matrix after it had been coupled to the same antibody (Russian pAB) (Fig. 3). The assays were carried
out as described elsewhere [7]. We can observe that all curves are practically equivalent, with slightly
higher bindings presented by magnetizable cellulose. In Table X the quality and statistical parameters
relative to each standard curve are presented, showing comparable sensitivities, calculated according
to Rodbard [8]. The QCS values confirm an acceptable accuracy for all solid phases, considering that
the average inter-laboratory inter-design values (n=21) for Baxter QCS are: low QCS = 0.45 ±
30.9%; medium QCS = 5.7 ± 15.9%; high QCS = 24.2 ± 18.8%.

In Fig. 4 the calculated precision profiles also indicate a comparable and acceptable performance
for the three different IRMA systems. These profiles, even with a limited statistics, are indicating a
functional sensitivity of - 0 . 1 mlU/L.
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1001 10

Dose (mlU/L)
Fig. 3: Example ofhTSH IRMA standard curves obtained with: silanized magnetite — . — , plain magnetite
— , magnetizable cellulose — • — .
Capture antibody: Russian pAB, Detecting antibody: Serono mAB, Standard preparation: rec-hTSH, (BRP-3)

CV (%)

0,01 1 10

Dose (mlU/L)
100 1000

Fig. 4: Intra-assay precision profiles obtained with the three standard curves presented in Fig. 3 and where each point was
run in duplicate: silanized magnetite — . — , plain magnetite — + — , magnetizable cellulose — * — .
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TABLE X. PARAMETERS RELATED TO hTSH IRMA STANDARD CURVES CARRIED OUT
WITH RUSSIAN pAB COUPLED TO THREE DIFFERENT MATRICES

Parameter

B,, <%)

BM (%)

B6o/Bo

initial SD (cpm)

Yo (cpm)

Ymjn (cpm)

initial slope (cpm/L/mlU)

Xmin (mlU/L)

low QCS (mlU/L)

medium QCS (mlU/L)

high QCS (mlU/L)

silanized magnetite

0.38

22.0

57.9

30.7

264

289

463

0.054

0.48

4.7

23

plain magnetite

0.35

15.1

43.1

76.8

238

284

587

0.078

0.64

4.9

21

magnetizable cellulose

0.35

24.6

70.3

43.1

244

268

345

0.070

0.44

4.4

23

Considering that the existence of a certain bias between plain and magnetizable cellulose has been

reported [6], a comparison in this respect was carried out (Fig. 5 and Table XI). We can appreciate

indeed the existence, even in our hands, of a certain bias that, however, does not have a great

significance when compared with the variability of Baxter's data.

100000
cpm

10000

1000

100
10 100

Dose (mlU/L)

Fig. 5: Example of hTSH IRMA standard curves obtained with: plain cellulose solid phase (NETRIA) -- * —, in-house
magnetizable cellulose based on SCIPAC M-l74, using Russian pAB for capture— . —,
Detecting antibody: Serono mAB .Standardpreparation: pit-hTSH, (BRP-2)

32



TABLE XI. COMPARISON BETWEEN THE PARAMETERS OF THE STANDARD CURVES
CARRIED OUT WITH NON MAGNETIC (NETRIA) AND MAGNETIC (IN-HOUSE)
SOLID PHASES

Parameter

Bo(%)

BM (%)

Ba/Bo

initial SD (cpm)

Yo (cpm)

Ymm(cpm)

initial slope (cpm/L/mIU)

Xmin (mlU/L)

low QCS (mlU/L)

medium QCS (mlU/L)

high QCS (mlU/L)

magnetic

0.22

33.7

153

11.9

130

160

611

0.049

0.40

5.1

20

non magnetic

0.24

38.6

161

3.8

145

164

439

0.043

0.44

5.9

25

The hTSH reference preparations utilized to construct all the IRMA curves of this work were also
in-house preparations calibrated in our laboatory (IPEN-CNEN/SP-Brazil). First a pituitary (BRP-2) [3]
and then a recently validated [4] recombinant hTSH standard (BRP-3) were used, being also distributed
to participating laboratories of ARCAL VIII and of the present CRP.

In Table XII we are finally presenting the quality and statistical parameters which are relative to
an hTSH IRMA carried out with a complete set of reagents prepared under the two mentioned IAEA-
organized programmes. These are:

1- standard hTSH: rec-hTSH BRA-3 (Brazil);
2- capture antibody: mAB Thai-1 (Thailand);
3- detecting antibody: mAB Thai-2 (Thailand);
4- matrix: silanized magnetite (China).

TABLE XII. PARAMETERS RELATED TO hTSH IRMA STANDARD CURVES CARRIED OUT
WITH IN-HOUSE REAGENTS

Bo(%)

B w (%)

BM/B0

initial SD (cpm)

Yo (cpm)

Yrain (cpm)

initial slope (cpm/L/mlU)

Xmin (mlU/L)

low QCS (mlU/L)

medium QCS (mlU/L)

high QCS (mlU/L)

0.53

11.5

21.7

13.3

354

370

152

0.105

0.64

4.8

20.5

Unfortunately the existence of a certain storage instability of our coupled preparations, together
with a limited availability of mAB for capture, led us to run a curve under very low binding conditions,
which resulted in a lower sensitivity. The QCS however, still were within the acceptable ranges and we
are quite confident that these reagents are perfectly capable of providing very high quality assays.
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3. CONCLUSIONS

We have shown that the three different magnetic matrixes can be used for the preparation of
sensitive, precise and accurate hTSH IRMAs, perfectly comparable and even superior to analogous
systems reported in the literature [9-11]. One of them, the plain magnetite matrix, has been also
successfully used for the preparation of a 2nd AB magnetizable solid phase, whose initial bias was
eliminated through the addition of an extra saturation step during the coupling procedures. This reagent
has wide application possibilities for the RIAs of different analytes.

An extensive study on different types of commercial and in-house monoclonal and polyclonal
antibodies has identified several efficient partners, to be used in two-site hTSH IRMA. Particularly
interesting are the two partners mABs, distributed within the present CRP.

It is also important to stress the successful utilization of a recombinant hTSH reference preparation,
also prepared and distributed thanks to IAEA support.

A complete and detailed study on prices could not be carried out yet, but considering the type of
manufacturing laboratories, we are quite confident that they should be highly competitive.
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Abstract

An IRMA of hTSH, based on magnetic solid phase separation, was studied especially in terms of its
nonspecific bindings (Bo). These were identified as a product of the interaction between radioiodinated anti-hTSH
monoclonal antibody (125I-mAB) and the uncoupled magnetizable cellulose particle (matrix). The negative effects
of Bo on the assay performance were minimized and practically eliminated, in the optimized system, with tracer
storage at 4°C, repurification and pre-incubation with the same matrix, serum addition during incubation and
solid phase saturation with milk proteins. These findings were used in order to reproducibly decrease non specific
binding to values <0.1% (or <70 cpm), thus increasing the signal-to-noise ratio (Bw/B0) into values of 300-
500. This way, hTSH IRMAs were obtained with functional sensitivities of about 0.05 mlU/L and analytical
sensitivities of the order of 0.02 mlU/L, which represent an approximate 10-fold increase in sensitivity when
compared with non-optimized system. A more optimistic sensitivity calculation, based on Rodbard's definition,
provided values down to 0.008 mlU/L. Such sensitivities, moreover, were obtained in a very reproducible way
and all over the useful tracer life.

1. INTRODUCTION

The determination of hTSH in serum has been considered the single most sensitive and specific
index of thyroid status, being an efficient first-line test of thyroid function and especially useful for the
screening for neonatal hypothyroidism [1].

One of the factors that strongly influences sensitivity, together with assay design, antibody affinity,
incubation time and specific activity of the labels [2], is the amount of nonspecific binding (Bo), which
directly determines the signal-to-noise ratio. Hence, we studied the influence of Bo on a system
particularly sensitive to it, a magnetic solid phase hTSH IRMA, in an attempt to reduce this
phenomenon and its negative effects and possibly improve the sensitivity of this type of assay.

2. RESULTS AND DISCUSSIONS

In the present study, we utilized a second reference preparation, derived from human pituitaries,
that has been prepared and calibrated in our laboratory [3] or the pituitary hTSH standard (IRP-1)
kindly provided by the National Hormone and pituitary program/NIDDK (Rockville, USA). Anti-hTSH
monoclonal antibody (mAB) for radio-iodination (detecting antibody) (batch code TSH. 0584 0001) was
purchased from Serono Diagnostic, Surrey, UK. The l2il labeling of anti-TSH mAB was carried out
by the classical Chloramine-T reaction as shown in previous work [1].

Magnetic anti-TSH solid phase was prepared in our laboratory starting from magnetizable cellulose
M-174 (Scipac, Sittingbourne, Kent, UK) and from a polyclonal anti-TSH (pAB) preparation (capture
antibody) kindly donated by A. Bulatov from the National Research Center for Endocrinology,
Moscow, Russia.The magnetizable cellulose particles were covalently linked to the polyclonal antibody
via l-l'-Carbonyldiimidazole(CDI) coupling reaction according to Scipac and NETRIA (North East
Thames Region Immunoassay Unit, London, UK) protocols [4].

The NETRIA magnetic solid phase was used in some experiments, especially as a quality reference
reagent. The ideal amount of solid phase to be used in the assay was determined by analyzing the range
of 0.25-5.0 mg/tube. Percent radioactivity (125I-mAB) bound at zero (Bo) and at 60 mlU/L (B^) hTSH
was used to calculate the signal-to-noise ratio (B^/Bo), a quality parameter already usefully applied by
other authors [5].
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hTSH IRMA was carried out with the simultaneous addition of all reagents. When not specified,
the routine procedure was as follows: 200 /^L of reference preparation diluted in 0.05M phosphate
buffer pH7.4, plus 1 % BSA, 1 % sodium azide and 0.5% Tween-20; optimal amount (see below) of non
cross reacting horse serum (TSH-free serum from Sera-Lab Ltd., Crawley Down, UK); 50 ^L of
l25I-mAB (-60,000 cpm) and 80 ^L (2.0 mg/tube) of magnetizable solid phase-coupled anti-hTSH
polyclonal antibody, in a total volume of 0.5 mL completed with the phosphate buffer (0.05M
phosphate pH7.4, with 1% sodium azide and 0.5% Triton-X) were added. After overnight incubation
at room temperature on a rotatory mixer, 2 mL of wash buffer ( 0.05M phosphate, pH7.4 with 1 %
sodium azide and 0.5% Triton X-100 ) was added. The preparation was allowed to sediment for 10
minutes on the Amerlex-M (N4001) magnetic separator from Amersham (Aylesbury, Buckinghamshire,
UK) and washed twice. Tubes were counted for 5 minutes in a "Cobra Auto-Gamma" counter (Packard,
Meriden, CT, USA). Bo and Bw were calculated as a percentage of the total counts added to the assays
tubes. Table I summarizes the results of a study carried out to determine the origin of nonspecific
binding (Bo), in hTSH IRMA.

TABLE I. ORIGIN OF NONSPECIFIC BINDING IN hTSH MAGNETIC IRMA

Incubation conditions

l25I-Mab without solid phase
l25I-mAB + uncoupled solid phase
125I + AB bound solid phase
I25I-BSA + AB bound solid phase
125I-mAB + AB bound solid phase

Bg (%)

0.04

1.42

0.06

0.03

1.05

Bw (%)

0.07

3.42

0.05

0.05

31.3

B^/Bo

1.7

2.4

0.8

1.7

29.8

It is evident that two components are required for Bo formation, i.e. 125I-mAB (or something
derived from it) and the solid phase which, in this specific case, is magnetite (Fe3O4) adsorbed to
cellulose. The presence of a coupled antibody for capture does not seem to influence Bo. Radioactivity,
or a labeled protein per se, does not produce Bo, as confirmed by the practically zero binding of I251 and
l25I-mAB BSA. It is interesting to observe the increase in binding when l25I-mAB was incubated with
an uncoupled solid phase in the presence of hTSH (B^). This may be due to the formation of a high
molecular weight antigen-antibody complex, with some affinity for the magnetizable cellulose. A
similar study carried out on finely dispersed plain magnetite or on silanized magnetite particles has
clearly shown that Fe3O4 itself, more than cellulose, is responsible for high rates of nonspecific binding.

The variation in the specific (B^) and nonspecific (Bo) binding for a period of up to two months
was also studied with anti-hTSH l25I-mAB stored under different conditions: frozen (-20°C), lyophilized
(4°C) or in liquid form (4°C), as shown in Table II. In the same study, the correlation between Bw or
Bo variation and time was determined, confirming that B^ decreases with practically the same kinetics
(from 0.33 to 0.38 percent/day) presenting high levels of significance (P<0.01) under the three
different storage conditions, and that Bo increases with the same speed in either frozen or lyophilized
forms (0.04 and 0.05 percent/day, respectively, P<0.001). Bo at 4°C remains around 0.3-0.6%,
irrespective of the period of storage. However, the values of B^ decrease with time, indicating the
change in quality of the labeled antibody with time.

Along with the experiments, performed to investigate the nature and behavior of the component
producing nonspecific binding, a series of other experiments were carried out mainly to decrease the
presence and influence of this component as much as possible.

Specific and nonspecific bindings which were present before and after tracer repurification on a
high resolution superfine Sephadex G-200 column (1.5 x 80 cm; flow rate = 2 mL/h), can be seen in
Table III.
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TABLE II. CORRELATION BETWEEN Bo OR B^ VARIATION AND TIME, FOR 12iI-mAB STORED
UNDER DIFFERENT CONDITIONS

Storage time(days) -20°C ~~ Lyophilized 4°C
Ba(*) BM(%) Bo(%) BU%) Bn(%)

7
14
21
36
63

0.95
1.12
1.5
2.2
13.4

39.0
36.2
33.3
26.7
18.8

0.74
1.1
1.5
2.3
3.5

36.4
33.9
31.0
26.1
18.1

0.63
0.33
0.51
0.42
0.33

36.8
32.0
28.7
23.1
14.7

Binding type

Bo

Storage condition

-20°C
Lyophilized

4°C

-20°C
Lyophilized

4°C

Slope (%/day)

0.044
0.049

-0.003

- 0.364
- 0.325
- 0.379

Correlation
Coefficient

0.9996
0.9987

-0.6110

- 0.9955
- 0.9983
- 0.9896

Level of
significance

P < 0.001
P < 0.001

n.s.

P < 0.001
P < 0.001
P < 0.01

TABLE III. SPECIFIC AND NONSPECIFIC BINDINGS BEFORE AND AFTER TRACER
REPURIFICATION ON SEPHADEX G-200

Tracer condition Bo (%) Bw (%)

Right after labeling

27 days after the labeling, stored at -20°C

4 days after repurification

5 days after repurification

7 days after repurification

0.20

1.54

0.67

0.70

0.80

37.4

26.7

32.4

33.3

34.4

187

17

48

48

43

Chromatographic repurification by gel filtration is an established technique for prolonging the life
of the tracer but, as we can observe, it is not so efficient in lowering Bo although there is some increase
in BM due to the elimination of l25l formed during storage.

Another treatment applied to 125I-mAB was pre-incubation with the same matrix as that used for
the assay (uncoupled magnetizable cellulose). This procedure, defined as "tracer cleaning", was carried
out by 4 hours incubation at room temperature on a rotatory mixer using 50 yL of tracer (corresponding
to 5-10 x 106 cpm) and 2.5 mg (50 ^L) of magnetic matrix in 400 fxL of 0.05M phosphate buffer
pH7.4. The solid phase was separated using the magnetic batch separator and the tracer was used in the
assay, the results being presented in Table IV.

TABLE IV. EFFECT OF TRACER PRE-INCUBATION WITH THE MAGNETIC PARTICLES
(TRACER "CLEANING")

Tracer conditions Bo (%)

Stored at-20°C without cleaning 1.2

Stored at -20° C with cleaning 0.2

Stored at 4°C witout cleaning 0.26

Stored at 4°C with cleaning 0.16

37

34.7

33.6

34.1

33.7

29

168

131

211



The mechanism related to this procedure of tracer cleaning, one of the most efficient treatments
for reducing Bo with no effect on B^,, is self evident. The undesirable components are removed just
before the actual assay incubation, exploiting the same phenomenon that occurs during the assay.

Incubation with 20% TSH-free horse serum is very efficient in decreasing Bo but can decrease B^
by about 30%, as shown in Table V. For these reasons, subsequent experiments were carried out in
order to choose the best serum concentration that could lower Bo but still maintain approximately the
same Bw values. This was found to be 5%, a condition that provided -0 .15% Bo and only - 5 % B^
decrease.

TABLE V. EFFECT OF TSH-FREE HORSE SERUM ON THE SPECIFIC AND NON SPECIFIC
BINDINGS OF 125I-mAB

Tracer condition Bo(%) B60 (%)

Stored at -20°C, incubated without serum

Stored at -20°C, incubated with 20% serum

Stored at 4°C .incubated without serum

Stored at 4°C, incubated with 1 % serum

Stored at 4°C, incubated with 5% serum

Stored at 4°C, incubated with 10% serum

Stored at 4°C, incubated with 20% serum

Serum is an extremely heterogeneous fluid and it presents the positive effect of lowering Bo but,
at the same time, the negative effect of lowering the specific binding. Some serum proteins, probably
not the same, act as competitors in both cases, either occupying nonspecific sites or hindering specific
sites. This last possibility had been suggested also by Ho et al. [6] In a study of serum effects on
antibody immobilized on different polymeric substrates.

Saturation of the magnetic particle with BSA and milk proteins (Molico non-fat dry milk from
Nestle, Sao Paulo, Brazil) was carried out adding these components (1%) to the bicarbonate buffer used
in the washing procedure, after CDI coupling reaction. A strong positive effect can be seen in Table VI
and the data shows that the improvement was mainly due to milk proteins.

TABLE VI. EFFECT OF THE SATURATION WITH BSA AND MILK PROTEINS (MP) AFTER THE
ANTIBODY COUPLING REACTION

1.20

0.12

0.26

0.20

0.14

0.14

0.12

34.2

24.6

34.1

32.4

32.4

30.5

27.4

28

205

131

162

231

218

228

Coupling reaction

A

B

Type of saturation

without BSA or MP
BSA + MP

BSA + MP
only BSA
only MP

Bo(%)

0.78
0.17

0.25
0.67
0.24

B60(%)

29.5
28.3

38.2
38.5
36.4

1WB,

38
166

153
57

152

This positive effect of milk proteins was quite interesting and it has been used, without any
comparative study with other blocking agents, also by Bodmer et al. [7]. The properties of milk
proteins should be tested in many other systems that always rely only upon the classical blocking agents
such as serum proteins.

An example of combination of different treatments, leading an almost complete elimination of Bo

is presented in Table VII.
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TABLE VII. COMBINATION OF DIFFERENT Bo LOWERING EFFECTS

Tracer condition B o ( % ) B 6 0 ( % )

1. Sejliadex G-200 repurification

2. Repurification + cleaning

3. Repurification + 20% serum

4. Repurification + cleaning + 20% serum

0.80

0.30

0.03

0.01

34.4

35.9

25.6

27.1

43

120

853

2710

All or some of the described treatments, including storage at 4°C and solid phase saturation with
milk proteins, were then routinely applied according to tracer age or to the particular situation, for the
purpose of setting up optimized IRMAs in which a controlled nonspecific binding (Bo <0.1% or
s70 cpm) could improve the assay sensitivity.

In Fig. 1, a typical optimized dose response curve is compared to a traditional curve carried out
without any specific treatment. The same figure also shows two inter-assay precision profiles (n = 4
assays, with duplicate run of each point of the standard curve), referring to the two different conditions
and used for the calculation of functional sensitivity. Precision profiles were calculated using the
radioimmunoassay programme (PC/RIA - TECDOC-509) kindly donated by the International Atomic
Energy Agency.

Finally, Table VIII illustrates the influence that different Bo levels have on functional and analytical
sensitivity, the latter being determined by two well accepted methods. It is also important to emphasizes
that assays 1-4 were carried out with the same tracer, after different Bo lowering procedures, at
respective ages of 11, 24, 31 and 60 days, providing, essentially, the same degree of sensitivity.

As a final observation, we should emphasize that, thanks to the described treatments and to the
rigid control introduced for the acceptable value of Bo (better defined as counts instead of percent), it
has been possible to obtain, probably the most sensitive hTSH magnetic IRMA reported thus far in
literature [9, 10]. Moreover, this level of sensitivity is found to be reproducible over several assays and
also over the entire useful life of the tracer.

0.1 1001 10
Dose (mlU/L)

FIG.l. Dose response curves and inter-assay precision profiles of magnetic hTSH IRMA obtained with and without Bo

optimization:
with Bo optimization, without Bo optimization.
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TABLE VIII. SENSITIVITIES OBTAINED WITH TRACERS PRESENTING DIFFERENT LEVELS
OF Bn

Assay number

1
2
3
4

5
6
7
8

Bo (%)

0.09
0.10
0.06
0.09

0.86
1.13
1.11
1.0

Bo (cpm)

55
62
39
69

714
832
724
582

functional sensitivity'
(tnlU/L)

0.05

0.48

Analytical sensitivity
(mlU/L)

A*

0.024
0.018
0.018
0.030

0.096
0.240
0.144
0.120

B**

0.008
0.008
0.009
0.012

O.033
0.079
0.048
0.034

* Determined on the inter-assay precision profile with a CV = 20%.
* Determined using 20 replicates of zero dose + 2SD.
* * Rodbard' s definition [8].
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Abstract

Silanized magnetic particles have been developed by means of a number of different methods for coupling
antibodies for use in radioimmunoassay (RIA) and immunoradiometric assay (IRMA) of thyroid related
hormones. Coarse and fine iron oxide particles were prepared by use of chemical precipitation of ferrous chloride
and ferric chloride in NaOH or NH4OH under different reaction conditions. Two types of silanization, an acidic
organic procedure and an acidic aqueous one .were then used for coating the magnetic particles with amino
functional silane polymer. The conversion of functional groups on the surface of the particles was carried out
to produce magnetic particles with different active groups. Carbodiimide, glutaraldehyde, glutaric anhydride and
spacer arms coupling methods were studied for immobilization of triiodothyronine (T3), thyroxine (T4) and
thyroid stimulating hormone (TSH) antibodies on magnetic particles, respectively. The effect of the magnetic
particle preparation and the properties of the particles on the couplings was discussed. The influence of coupling
conditions, such as reaction time, coupling media and pH, concentration of coupling reagent and coupling ratio
of antibody and magnetic particles, on the preparation of magnetic particle antibodies and the assay performance
was also investigated. A comparison of five types of magnetic particles from different sources for coupling TSH
antibody for TSH IRMA application was made. Silanized magnetic particles and other types of particles showed
comparable results. Five TSH antibodies, including two polyclonal and three monoclonal antibodies coupled to
silanized magnetic particles respectively, were used in TSH IRMA. It was found that each of them and a
commercial monoclonal TSH antibody as label formed good sandwich partners and gave a high signal to low
levels of TSH. T3, T4 and TSH antibodies coupled to silanized magnetic particles have been used in total T3, total
T4, blood spot total T 4 RIA and TSH IRMA. The storage stability and reproducibility were satisfactory. These
magnetic antibodies have also been employed for free T3, free T4 RIA and blood spot TSH IRMA, but some of
technical problems remained to be solved.

1. INTRODUCTION

An essential requirement for all reliable RIA and IRMA is an efficient, practical and clean method
for separation of the "bound" and "free" ligand fractions. A significant advance in recent years has been
the development of solid phase separation method which utilize antibody immobilized on magnetic
particles resulting in clean separation using simple operation equipment [1, 2]. Magnetic particles
combine high surface capacity with fast, efficient separation without the need for centrifugation, thus
they provide a solid phase methodology which avoids many of the disadvantages of other solid phase
technique while retaining their advantages [3]. Magnetic particles made by a variety of ways have been
widely used in various RIA, IRMA and other assays [3, 4].

The preparation of magnetic particles is one of the most important factors in the development of
RIA and IRMA with magnetic separation method, because the perfect performance of magnetic particle
antibodies in all magnetic immunoassays in a considerable degree depends on the inherent properties
of magnetic particles. However, in developing countries it is very difficult to obtain good quality of
magnetic particles with low cost. For this reason, magnetic particles have been developed for the locally
produced magnetic particle antibodies.

The present study is emphasized on the preparation of magnetic particles and the couplings T3, T4

and TSH antibodies to magnetic particles for use in RIA and IRMA of thyroid related hormones.
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2. MATERIALS AND METHODS

Antibodies: Anti-T3, anti-T4 and anti-TSH (IAEpAb) and monoclonal anti-TSH (IAEmAb) were
prepared locally. Two TSH monoclonal antibodies (Thai I mAb and Thai II mAb) were obtained by
courtesy of Wiyada (NIH Thailand). A polyclonal anti-TSH (BMSpAb) and a monoclonal anti-TSH
(OMBmAb) were obtained from BMS Australia and OMB Finland.

Magnetic particles: Silanized magnetic particles, polyacrylamide and polystyrene magnetic particles
were prepared in our laboratory. Polyacrolein magnetic particles were donated by Shen Rongsen (IRM
China). Magnetizable cellulose and Latex-M particles were purchased from Scipac, U.K. and Rhone-
Poulenc, France.

Reagents: N-2-aminoethyl-3-aminopropyltrimethoxysilane, 3-aminopropyltriethoxy silane, 3-
aminopropyltri-methoxysilane, Glutaraldehyde (GA), 2-(N-morpholino)ethane sulfonic acid (MES),
l-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDAC), N-2-hydroxyethyl piperazine-N'-2-ethane
sulfonic acid) (HEPES) were obtained from commercial sources.

2.1. Preparation of iron oxide particles [5]

2.1.1. NaOH precipitation

100 mL solution of 0.5 MFeCl2 and 0.3 MFeCl3 and 100 mL of 5M NaOH solution were mixed
and stirred for 1-4 minutes at 50°C. A black, magnetic iron oxide precipitate formed. The precipitate
was washed with water until a pH7 was reached.

2.1.2. NH40H precipitation

150 mL of 0.2M FeCl2and 0.3M FeCl3 solution were precooled to about 10°C 100 mL of 5M
NH4OH solution cooled at 10°C were added at a rate of about 5 mL/s. Precipitation reaction was
carried out for 1 hour at 2-4°C with continuous stirring. A black iron oxide suspension was obtained
and washed with 0.9% NaCl until the supernatant was neutral.

2.2. Silanization of iron oxide particles [1,7]

2.2.1. Acidic organic silanization

The methanol replacement was used to remove the most of water in the particles suspension,
leaving approximately 0.5% water. 1 g orthophosphorous acid and 6 mL of N-2-aminoethyl-3-
aminopropyl trimethoxysilane were added. The mixture was stirred at about 20000 rpm for 15 minutes
and at about 10000 rpm for 2 hours. The contents were then mixed with 100 mL glycerol and heated
to 180°C. The mixture was allowed to keep at 180°C for another 1 hour then to cool to room
temperature. This process were performed under nitrogen with stirring. The glycerol particles slurry
were washed exhaustively with water.

2.2.2. Acidic aqueous silanization

5 g iron oxide particles were mixed with 250 mL of 10% solution of 3-aminopropyltrimethoxy
silane. The pH was adjusted to about 5 with glacial acetic acid. The mixture was heated at 90-95°C for
2 hours while mixing. After cooling, glycerol dehydration was again used. The silanized magnetic
particles were washed 3 times with water, 3 times with methanol and 3 times with water.
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2.3. Coupling of T3, T4 and TSH antibodies to magnetic particles [6]

2.3.1. Carbodiimide method for coupling anti-T4

0.2 g magnetic particles were suspended in 8 mL of water. 0.2 mL T4 antiserum was added. After
mixing for 10 minutes, 40 mg EDAC were added. The pH was adjusted to 5.6 with 0.1M HCl or 0.1M
NaOH. The mixture was rotated for 24 hours at room temperature. The magnetic particle anti-T4

obtained was washed 3 times with phosphate buffer saline (PBS) containing 0.1% bovine serum albumin
(BSA) and 3 times with water, then washed 3 times with PBS and stored at 4°C.

2.3.2. Carbodiimide method for coupling anti-TSH

0.2 g magnetic particles or Latex-M particles were washed 2 times with PBS containing 0.1 % BSA
and 0.1 % Tween20. The particles were resuspended in 15 mL MES. 2 mL purified anti-TSH (caprylic
acid precipitation) were added. After rotating for 30 minutes, 40 mg EDAC were added. Coupling
reaction was carried out overnight at room temperature. The magnetic particle anti-TSH was washed
5 times with PBS containing 0.1%BSA and 1% Tween20, then washed 5 times with PBS containing
0.1 % BSA and 0.1 % Tween 20.

2.3.3. Glutaraldehyde method for coupling anti-T3

0.2 g magnetic particles were suspended in 8 mL 0.1M phosphate buffer (PB) and 8 mL of 5%
glutaraldehyde were added. The contents were rotated for 3 hours. Aldehyde magnetic particles were
obtained. Unreacted glutaraldehyde was washed with 5 additions of PB. 0.2 mL T3 antiserum was added
to the activated particles suspension and the mixture was rotated for 24 hours at room temperature. The
magnetic particle anti-T3 was washed once with PB and mixed with 15 mL 0.2M glycine solution by
shaking for 30 minutes. The magnetic particle anti-T3 was washed with PB, ethanol and washed twice
with PBS containing 0.1% BSA.

2.3.4. Glutaric anhydride method

2 g magnetic particles were washed 3 times with 0.1 M NaHCO3 .1.2 g glutaric anhydride were
added. The particles were mixed for 2 hours. The particles were then washed 2 times and the reaction
with glutaric anbydride was repeated. The carboxyl magnetic particles were washed 5 times with water.
Carbodiimide method was again used for reaction with antibody.

2.3.5. Spacer-arms method

Carboxyl magnetic particles were derivatized with aminoheptane or 6- amino caproic acid by
adding EDAC. After reaction for 2 hours, the particles were washed with PB. The glutaraldehyde or
carbodiimide method was again used for coupling antibody. Sometimes the derivative procedure was
repeatedly used several times.

2.4. Assay protocols

Total T3, total T4 and blood spot total T 4 RIA adopt conventional assay protocols without washing
step. The magnetic free T3 and free J RIA are based on a two step methodology. In a two-site
"sandwich" immunoradiometric assay for TSH, a pair of antibodies, IAE polyclonal anti-TSH linked
to magnetic particles and OMB monoclonal anti-TSH as label, were chosen. A assay protocol using two
time incubation without rotating the tubes and two times of washing step was used.

Optimal quantity of magnetic particle antibodies for each tube in various assays were selected
from titration curves. The amount of magnetic particles was 30-50 ^g/tube for total T3, total T4, blood
spot total T4, free T4 and free ^ RIA. 300 ^g/tube and 150 ^g/tube for TSH and blood spot TSH
IRMA.
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Adding appropriate amount of carrier particles to magnetic antibodies may be adopted if the
determined magnetic particles were less than 30 /ig per tube.

3. RESULTS AND DISCUSSION

3.1. The application of magnetic particle antibodies to relative RIA and IRMA

Seven magnetic assays, total T3, total T4, free T3, free T4, blood spot total T 4RIA, TSH and blood
spot TSH IRMA, have recently been developed utilizing three types of magnetic particles in our
laboratory. T3, T4 antibodies coupled to silanized magnetic particles have been used in total T3, total T4

and blood spot total T4 RIA. The reliability of magnetic separation in these assays has been validated
by comparing it with conventional separation methods. The characteristics of these magnetic assays
were similar to those of the established non-magnetic assays [8], polyacrylamide microsphere (ms) and
PEG methods. A comparison of three types of total T3 RIA is given in Table I [9]. AH the results
obtained by the magnetic total T4 and blood spot total T4 RIA also pointed to the same conclusion [10]
as total T3 RIA shown in Table I.

TABLE I. COMPARISON OF THREE TYPES OF TT3 RIA

Method NSB (%) B/T (%) Standard Curve Sensitivity
(nM/L)

0.33

0.17

0.08

Normal Value
(nM/L)

1.47-2.21

1.56-2.40

1.56-2.75

Magnetic 2.0±0.2 51.8±5.4 Y=0.63-2.20LogX -0.999

Microsphere 1.8±0.4 47.8±7.5 Y=0.46-2.17LogX -0.999

PEG 4.8±0.4 62.9±4.3 Y=0.27-2.25LogX -0.999

The performance of free T3, free T4 RIA using silanized magnetic particles anti-T3, anti-T4 were
also similar to those obtained by antibodies immobilized on magnetizable cellulose using cyanogen
bromide or l,l'-carbonyldiimidazole activation.

Magnetic TSH antibody can be applied to TSH IRMA. The maximum binding (B^) can achieve
20-30% and the zero standard binding (Bo) has decreased to less than 0.2% using fine particles made
by an acidic aqueous silanization. The new particles and an improved assay protocol gave a more
precise and sensitive assay. Seven magnetic assay characteristics were summarized in Table II [12,13].

TABLE II. PERFORMANCE CHARACTERISTICS OF SEVEN MAGNETIC ASSAYS

Assay

TTjRIA

TT4RIA

FT3RIA

FT, RIA

TSH IRMA

B.S.TT, RIA

B.S.TSH IRMA

NSB %

< 3

< 3

< 2

< 2

< 0.2

< 15

< 0.5

B/T%

30-55

35-75

30-40

30-40

15-30

35-55

- 10

Intraassay
(% C.V.)

3.8-4.1

3.3-8.5

7.2-18.3

4.9-13.6

4.6-10.0

< 15

< 15

Interassay
(% C.V.)

7.0-12.4

6.1-9.5

10.9-19.1

7.2-16.2

7.1-10.2

< 20

< 20

Sensitivity

0.33 nM/L

7.2 nM/L

0.4 nM/L

0.3 nM/L

0.04 mlU/L

0.7 nM/L

l.OmlU/L

Normal value

1.47-2.21 nM/L

63.2-158.1 nM/L

2.5-9.5 nM/L'

9.5-25.5 nM/L •

0.3-4.4 mlU/L

>25mIU/L

<20mIU/Lb

*a. Magnetizable Cellulose was used. *b. Latex-M was used.

Magnetic T3, T4 antibodies are stable for at least 6 months at 4°C for use in total T 3 , total T4 and
blood spot total T4 RIA. While at least in the two weeks trial period at 37°C no change in the
performance of the magnetic T3, T4 antibodies in total T3 and total T4 RIA could be observed.
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A magnetic T4 antibody stored in HEPES buffer at 4°C exhibits a bit poor stability for use in free
T4 RIA. The zero standard binding (B/T) has decreased from 36% to 29% after 20 days storage and
requires to be improved further.

Magnetic TSH antibody can remain stable for at least 6 months at 4°C. A storage stability trial in
three buffers with different preservatives at 37°C was conducted. After 12 days storage, the maximum
binding (B^) in TSH IRMA only decreases to 62-81% of its original value and it still works
satisfactorily.

3.2. Coupling antibodies to magnetic particles

Carbodiimide, glutaraldehyde, glutaric anhydride and spacer-arms methods were used for the
preparation of magnetic particle T3 , T4and TSH antibodies, respectively. Coupling experiments showed
that there are no considerable differences in total T3 and total T4 RIA using magnetic antibodies
synthesized by above four coupling techniques except that the zero standard binding (B/T) is a little
higher by use of glutaric anhydride method. The best maximum binding (B^) in TSH IRMA was
obtained by means of magnetic TSH antibody made by carbodiimide protocol. The comparison of four
methods for the preparation of magnetic particles immobilized anti-TSH was shown in Table III.

TABLE III. COMPARISON OF FOUR METHODS FOR COUPLING ANTI-TSH IN TSH IRMA

Particles

Method

TSH mlU/L

0

0.3

0.8

3.5

10

20

40

EDAC

CPM

461

875

1785

5454

12871

23707

48650

B/T%

0.26

0.51

1.03

3.14

7.40

13.7

28.1

Amino particles

GA'

CPM

473

818

1796

5259

12320

22582

46998

B/T%

0.27

0.47

1.04

3.03

7.10

13.0

27.1

GA1

CPM

118

323

1194

3843

9520

18195

38339

B/T%

0.06

0.15

0.57

1.82

4.52

8.64

18.2

Carboxyl

Spacer-arm'

CPM

249

477

1796

5488

13169

23572

43487

B/T%

0.14

0.28

1.04

3.16

7.59

13.6

25.1

particles

Spacer-arm11

CPM

362

619

1600

4917

11297

19532

36482

B/T%

0.21

0.36

0.92

2.85

6.57

11.3

21.0

*a Glutaraldehyde. *b Glutaric anhydride. *c Amino caproic acid as arm. *d Diaminoheptane as arm.

3.3. Optimization of coupling

3.3.1. Effect of the properties of particles on couplings and assays

Different sizes of iron oxide particles can be prepared by changing the precipitating conditions,
such as reaction time, feed rate, stirring speed and so on. Coarse and fine particles produced have semi-
settling time of 80 minutes and 120 minutes. Magnetic anti-T3 and anti-T4 made by these particles can
remain suspended in an aqueous medium for at least 1 hour during incubation, but settle down to a firm
pellet in about 5 minutes with a magnetic field.

Two methods, NaOH and NH4OH precipitation, were used to produce iron oxide particles by
which the similar experimental results in total T3 and total T4 RIA were obtained. Magnetic particles
made by NH4OH method gave better maximum binding (B^) 24.6% in TSH IRMA instead of 21.4%
by the particles prepared with NaOH precipitation.

An acidic organic silanization and an aqueous one were developed for coating the iron oxide
particles with trimethoxysilane or triethoxysilane. The coarse silanized magnetic particles prepared by
the organic silanization procedure were suitable for coupling anti-T3 and anti-T4 for use in total T3 and
total T4 RIA.
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The maximum binding (B*,) in TSH IRMA using magnetic particles prepared by an improved
aqueous silanization has reached 28.6% and increased by about 15% over that by the organic one and
the zero standard binding (Bo) was a little lower.

Silanized magnetic particles can be modified by means of a bifunctional reagent to substitute
carboxyl or aldehyde groups for amino ones. A comparison of four types of silanized magnetic particles
in TSH IRMA was made and given in Table IV.

TABLE IV. COMPARISON OF DIFFERENT SILANIZED MAGNETIC PARTICLES IN TSH IRMA

Particles

Size

TSH mlU/L

0
0.3
0.8
3.5
10
20
40

Amino particles

Coarse

CPM

187
539
1639
5556
13210
25149
53180

B/T%

0.10
0.25
0.77
2.62
6.32
11.9
25.1

CPM

423
967

2222
6906
17095
30315
66618

Fine

B/T%

0.20
0.46

1.10
3.30
8.10
14.4
31.7

Coarse

CPM

118
323
1194

3843
9520
18195
38339

Carboxyl

B/T%

0.06
0.15
0.57

1.82
4.51
8.62
18.2

particles

Fine

CPM

128
425
1642
4170
11971
22532
41748

B/T%

0.06
0.20
0.78
1.98
5.67
10.7
19.8

These results illustrated that the fine particles exhibited greater maximum binding (B^) than that
by the coarse ones due to the small particles providing high antibody binding capacity and amino
particles were better than carboxyl ones for use in TSH IRMA.

3.3.2. Choice of coupling conditions

3.3.2.1. Choice of coupling time

Routine couplings of T3, T4 and TSH antibodies to magnetic particles using carbodiimide method
were performed at various time intervals up to 24 hours. The antibody concentrations in the supernatant
and the magnetic antibodies obtained were checked. The results indicated that maximum coupling of
anti-T3, anti-T4 and anti-TSH was achieved after about 6 hours. An overnight coupling procedure was
subsequently adopted for convenience. The coupling yield was 60-80% for coupling T3, T4 antibodies,
40-60% for TSH antibody.

3.3.2.2. Choice of coupling media and pH

Five coupling media, MES, PB, HEPES, NaAc-HAc (AB) buffers and distilled water, with
different value of pH were used for coupling TSH antibody for use in TSH IRMA. The best effect was
obtained by pH5.6 of 0.5M MES buffer and the similar coupling effects were found by pH6.4, 7.2 of
0.5M MES. Coupling TSH antibody using pH5.6, 6.4 and 7.2 of 0.1M PB also gave better results.

The effect of buffer pH on the couplings was also investigated when anti-TSH was immobilized
on carboxyl particles by carbodiimide method. The best result in TSH IRMA was observed by pH4.6
of PB. The removal of ED AC in supernatant after 2 hours of coupling reaction was adopted to avoid
the possible aggregation of the particles.A pH4.6 of PB also presented the best result by the new
approach.

Coupling T3, T4 antibodies to magnetic particles using carbodiimide technique was carried out by
pH5.6, 6.0, 6.4 of PB and distilled water. All the results obtained by six coupling media were similar.
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3.3.2.3. Choice of coupling ratio of antibody and particles

Coupling TSH antibody to magnetic particles has been found to be sensitive to antibody amount
used. The maximum binding (B^) in TSH IRMA increased with the ratio of antibody and magnetic
particles. Coupling ratio adopted 10 mL purified TSH antibody : 1 g particles.

3.3.2.4. Choice of amount of carbodiimide

Four coupling trials of TSH antibody were conducted using different amount of ED AC. It can be
seen from the results that there are no obvious differences in the range between 5 mg and 20 mg EDAC
for 100 mg particles. The data also indicated that the addition of excess EDAC, more than 20 mg, did
not brings any further benefit and leads to not only the decrease of maximum binding but also the
possible aggregation of particles.

3.3.2.5. Effect of purification of antiserum for coupling

Anti-T3,anti-T4 and anti-TSH were raised in sheep. A T4 antibody purified by a ammonium sulfate
precipitation and a plain T3 antiserum were coupled to magnetic particles using the same coupling
method and condition, respectively. The similar results were obtained in TT3 RIA. It is clear that there
is no need to purify the antisera prior the coupling T3 or T4 antibody.

Aggregation could be formed during coupling when a plain TSH antiserum was immobilized on
magnetic particles. A TSH antibody purified by a caprylic acid precipitation method is recommended
for the preparation of magnetic panicle TSH antibody.

3.3.3. Comparison of different types of magnetic particles for coupling anti-TSH

Five types of magnetic particles, amino and carboxyl silanized particles, polyacrylamide particles,
polyacrolein particles and Latex-M particles were compared in TSH IRMA. A IAE polyclonal anti-TSH
was immobilized on the five types of particles using suggested protocols. A commercial OMB
monoclonal anti-TSH was labelled with 123I using iodogen method as tracer. The results summarized
in Table V. demonstrated that all five types of magnetic particles tested were found to be suitable.
Silanized magnetic particles and commercial Latex-M particles showed comparable results.

TABLE V. COMPARISON OF FIVE TYPES OF MAGNETIC PARTICLES IN TSH IRMA
Immobilized anti-: polyclonal anti-TSH, IAE China

Labelled anti-TSH: monoclonal anti-TSH, OMB Finland

Particles

TSH mlU/L

0

0.3

0.8

3.5
10

20

40

Amino

CPM

220

565

1968

6041

14654

27591

59998

panicles

B/T%

0.10

0.27

0.98

2.85

6.91

13.0

28.3

Carboxy]
particles

CPM

128

425

1642

4170

11971

22532

41748

B/T%

0.06

0.20

0.78

1.98

5.67

10.7

19.8

Polyacrylamide
particles

CPM

108

320

1350

4429

10760

15791

39647

B/T%

0.06

0.17

0.71

2.33

5.67

8.32

20.9

Latex-M
particles

CPM

140

459

2073

6789

15899

32598

59634

B/T%

0.06

0.2

0.96

2.96

6.93

14.2

26.0

Polyacrolein
particles

CPM B/T%

302 0.15

504 0.25

34587 17.0

The comparison of six types of magnetic particles for coupling IAE polyclonal anti-TSH for use
in blood spot TSH IRMA as shown in Table VI was included to emphasize the fact that silanized
magnetic particles often gave rise to the higher zero standard binding (Bo). The best results, lower (Bo)
and higher (B160), were achieved by the Latex-M. A newly developed polyacrylamide and polystyrene
magnetic particles also presented lower maximum binding (B^). The introduction of a spacer-arm to
the surface of the particles seems helpful to reduce the Bo.
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TABLE VI. COMPARISON OF DIFFERENT MAGNETIC PARTICLES IN BLOOD SPOT TSH IRMA
Immobilized anti-TSH: polyclonal anti-TSH, ME China;
Labelled anti-TSH: monoclonal anti-TSH, OMB Finland

Particles
Silanized

particles(c)*
Silanized

particles(f)*
Silanized

particles(m)*
Polyacrylamide

panicles
Polystyrene

particles
Latex-M
particles

TSH mlU/L CPM CPM CPM CPM CPM CPM

0

5

10

20

40

80

160

•(c)

489

868

1139

1570

2769

3778

6645

Coarse particles

658

1010

1349

1895

3159

4455

8467

•(0 Fine particles

281

577

805

1155

1836

3237

7325

281

539

738

1179

1975

3667

6919

•(m) Spacer-arm

287

579

780

1387

2315

3721

7988

modified particles

281

596

806

1505

2488

3959

8669

Higher Bo in this assay not only results from physical and chemical properties of the surface of the
particles, but also depends on antibody system used for labelling and immobilization and assay protocol
adopted. Some preliminary experiments indicated that the use of a new assay buffer and a assay protocol
with three times of wash can help to limit the Bo in blood spot TSH IRMA. Further work is clearly
required fully to resolve this potential difficulty.

3.3.4. Comparison of different sources of anti-TSH for coupling

With a view to testing different TSH antibodies used in TSH IRMA, two polyclonals (IAE China
and BMS Australia) and three monoclonals (IAE China and NIH Thailand) were immobilized on
silanized magnetic particles using EDAC coupling protocol under the same condition, respectively. A
radioiodinated OMB monoclonal anti-TSH was used as tracer. The results as seen in Table VII showed
that two polyclonal TSH antibodies and OMB monoclonal TSH antibody formed good sandwich
partners, respectively. In the meantime, Thai I, Thai II monoclonal anti-TSH and OMB monoclonal
anti-TSH also matched well and gave a high signal and were sensitive to low levels of TSH.

TABLE VII. COMPARISON OF DIFFERENT SOURCES OF ANTI-TSH FOR COUPLING
Solid phase: silanized magnetic particles, IAE China; Labelled anti-TSH: monoclonal anti-TSH,

OMB Finland

Antibody

TSH mlU/L

0

0.3

0.8

3.5

10

20

40

IAE

CPM

477

1114

1942

5866

12650

25876

54777

pAb

B/T%

0.24

0.58

0.98

3.03

6.54

13.4

28.3

BMS

CPM

471

1074

1892

5611

11734

23422

48194

pAb

B/T%

0.24

0.55

0.98

2.90

6.06

12.1

24.9

IAEmAb

CPM

579

1180

2027

3483

6782

12002

30592

B/T%

0.33

0.67

1.16

2.00

3.90

6.90

17.6

Thai

CPM

481

1194

2171

5087

10575

20063

40376

ImAb

B/T%

0.28

0.68

1.25

2.92

6.08

11.5

23.2

Thai II

CPM

305

978

1770

3949

8779

16036

32610

mAb"

B/T%

0.18

0.57

1.02

2.27

5.05

9.22

18.8

•a has been stored for 1 year.
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3.3.5. Comparison of different sources of monoclonal anti-TSHfor labelling

Matching four types of monoclonal anti-TSH, OMB anti-TSH, IAE anti-TSH, and Thai I, Thai II
anti-TSH, which were radioiodinated with I25I as tracer, with a IAE polyclonal anti-TSH immobilized
on silanized particles was carried out in TSHIRMA. It was found that the OMB monoclonal anti-TSH
was suitable for labelling and gave the best response in these selected systems.

4. CONCLUSION

The improved methods for the preparation of silanized magnetic particles with different properties
have been developed. The preparation is simple, inexpensive and reproducible. Magnetic particle
antibodies prepared by carbodiimide technique under the optimal conditions have been used in total T3,
total T4, blood spot total T4 RIA and TSH IRMA and exhibited good efficiency, reproducibility and
stability. Coarse particles made by an organic silanization are suitable for coupling T3, T4 antibodies.
Fine particles prepared by an aqueous silanization gave comparable results with a commercial particles
Latex-M in TSH IRMA. Some of technical problems of magnetic antibodies for use in free T3, free T4

RIA and blood spot TSH IRMA remained to be solved further. Matching of antibodies demonstrated
that Thai I, Thai II monoclonal anti-TSH and a IAE polyclonal anti-TSH immobilized on silanized
magnetic particles all paired well with a commercial monoclonal anti-TSH for label. They have been
recommended for use in TSH IRMA.
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Abstract

Three types of magnetic microparticle antibodies were developed: (1) magnetic second antibody I (MSA-I)
where the antibody molecules were directly immobilized by physical adsorption on Fe3O4 microparticles
(magnetic nucleus, MN) 10 nm ± 34% in diameter, (2) magnetic second antibody II (MSA-II) where the
antibody molecules were immobilized by chemical coupling on the MN coated with polyacrolein, and (3)
magnetic first antibody (MFA-T3) where the anti-T3 antibody molecules were specifically immobilized by
immunoadsorption to the second antibody molecules of the MSA-II. The optimal conditions for their preparation
were elaborated. Some physical, chemical and immunological characteristics of these magnetic microparticles
were described. The application of the MSA-I, MS All and MFA-T3to RIAs for evaluation of thyroid function,
such as triiodothyronine (T3), reverse T3 (rT3), free T3 (fT3), thyroxine (T4), free T4 (fT 4), thyroid-stimulating
hormone (TSH), thyroglobulin (TG) and TG-antibody (TG-Ab) etc., was reported. The prepartion of MFA-T3
was based on a new model of immobilized antibodies. It was shown that this immobilized model was successful
but some technical problems related to the performance of antibody magnetic support remained to be solved. The
MSA-I had an advantage of extremely simple preparation and could be prepared and used in anyone's own
laboratory. The MSA-II exhibited more perfect performance and was therefore highly recommended. It is an
universal immunoseparation reagent and could be successfully applied to different RIA items.

1. INTRODUCTION

Radioimmunoassay (RIA) procedures are now widely used for assaying important biological
ingredients such as hormones and proteins in biological fluids. Separation of "bound" and "free" ligand
fractions is an essential step in RIA. In addition to often being technically demanding and time-
consuming, the step is usually the major source of imprecision in the assay. Application of solid-phase
separation techniques is an important improvement in the development of RIA. Introduction of magnetic
antibody into RIA is interesting because the magnetic antibody can quickly be separated by a simple
magnet without the need for centrifugation, thus providing the solid-phase methodology which avoids
many disadvantages of other solid-phase techniques while retaining their advantages.

In this paper, we developed three types of magnetic microparticle antibodies: Magnetic second
antibody I (MSA-I), magnetic second antibody II (MSA-II), and magnetic first antibody (MFA-T3). The
optima for their preparation, certain physical, chemical and immunological characteristics of these
magnetic microparticles and the application of these magnetic microparticle antibodies to RIAs for
evaluation of thyroid function have been reported.

2. MATERIALS AND METHODS

Except specifically mentioned, the following chemicals were of analytical grade and were made
in China, and the following methods were recommended.
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2.1. Buffers and chemicals

NaAc-HAc buffer (AB), barbital sodium-HCl buffer (BB), NaHCO3 -Na2CO3 buffer CB),
NaH2PO4-Na2HPO4 buffer (PB) and Tris-HCl buffer (TB) were used. The chemicals involved bovine
serum albumin (BSA, electrophoretic purity), hydroxylamine hydrochloride (HH), sodium dodecyl
sulfonate (SDS, Serva Co.,>99%), acrolein (AL, Merck Co.,>98%, purified by distillation before
use) and methacrylic acid (MA). The concentration, pHs or other additional components of their
aqueous solution will be noted at relevant place.

2.2. Antisera and their purification

Antisera were obtained from commercial sources. First antisera were rabbit sera and were directly
used for RIAs or coupling. Second antisera were donkey anti-rabbit serum (DxR) and monkey anti-
human serum (DxH), and were purified by (NH4)2SO4 precipitation method [1]. The purified antisera
contained total proteins of 31.8 g per liter, and their titres were 1:32 for DxR and 1:8 for DxH
respectively.

2.3. Preparation of magnetic microparticies

2.3.1. Preparation of Fe}04 microparticle (Magnetic nucleus, MN) and polyacrolein magnetic particle
(PAMP) suspensions

MN suspension was prepared by a chemical precipitation method [2]. PAMP was prepared by '"Co
y- irradiation induced polymerization. Table I shows the composition of the suspension irradiated. Add
the MN, AL and MA into distilled water (DW), adjust the suspension to pH6 with 2M NaOH and pass
a stream of nitrogen through the suspension for IS min, finally add SDS solution. Seal the container
and fix it to an end-to-end mixer. Irradiate the suspension with a ^Co source at room temperature (RM)
for ca. 2 h (Total dose: 8 x 103 Gy). The resultant magnetic particles were separated by a magnetic
separator and washed thoroughly with 0.9% NaCl and finally with DW twice. Resuspend the sediment
(PAMP) in a small volume of DW. Sample, dry and weigh the MN and PAMP in the suspensions.

TABLE I SUSPENSION COMPOSITION

MN

AL + MA

MA/(AL+MA)

SDS

w/v

v/v

v/v

w/v

1%

5%

20%

1%

2.3.2. Preparation of MSA-I

To 1.0 g of MN add 10 mL of DxR (or DxH), 20 mLof 0.2M AB, pH5.4, and 10 mL of DW.
Mix the suspension on the end-to-end mixer for 24 h at RM (Coupling step).The resultant magnetic
particles were separated by the magnetic separator and washed twice with 40 mL of 0.1M PB, pH7.4,
each time. Add 40 mL of 1% BSA-0.1M PB, pH7.4, to the sediment and mix the suspension on the
end-to-end mixer for 3 h at RM (Blocking step). Separate and wash as above. Finally, wash once with
40 mL of an assay buffer and dilute the sediment (MSA-I) to 5 mg/mL by weight of the MN with the
assay buffer but containing 0.1% NaN3 and 1 % BSA.

2.3.3. Preparation ofMSA-II

To 1.0 g of the PAMP add PB and 10 mL of the D xR or D xH until 40 mL of 0.1M PB, pH5.4,
was formed. Following procedure was as above except coupling for 10 h, blocking with 1 % HH-0.1M
PB, pH9.5, additional washing with 0.02M TB, pH7.4, on the end-to-end mixer for 5 h before diluting
the sediment (MSA-II) by weight of the PAMP.
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2.3.4. Preparation ofMFA-T3

To 1.0 g of MSA-II add 40 mL of 0.1 M PB (pH8.0)-0.1 % BSA and 6.0 p<L of anti-T3 rabbit
serum (its titre in liquid-phase double antibody assay <LDA> was 1 : 45000). Mix the suspension on
the end-to-end mixer for 2 h at RM. Separate, wash and dilute as the same as MSA-I except diluting
the sediment (MFA-T3) to 4 mg/mL by weight of the MSA-II. The suspensions of MN, PAMP, MSA-I,
MSA-II and MFA-T3 were stored at 4°C.

2.4. Procedures of RIA

Most assay reagents were obtained from commercial sources. Routine assay procedures were used.
Antigens and DxR were radiolabeled with I25I using Chloramine-T method every month.

2.4.1. Use of the MSA-I or MSA-II

Following completion of the reaction between an antigen and its first antibody, add the MSA-I or
MSA-II of 500 /^g/tube (500 /^g/T) into the reaction solution and react for 10 min at 37°C. Add 1 mL/T
of 0.9%NaCl. Place tubes onto the magnetic separator and stay for 5 min. Invert the separator to
discard the supernatant in the tubes and place the inverted tubes with the separator on a pad of absorbent
tissues to drain off. Then continue following assay procedures.

2.4.2. UseoftheMFA-T3

To each of tubes add 100 piL of MFA-T3 suspension together with other assay reagents. React for
1 h at 37 °C and mix the contents in tubes every 15 min. Wash and separate the magnetic particles as
above. Count the 125I in the sediments.

2.5. Data processing

Non-specific binding (NSB) and specific binding (Bo) of the "zero" standard serum tubes were used
as quality indexes, thus the optima for the preparation of magnetic particle antibodies were chosen. The
standard curve of an assay was expressed as a linear equation:

Logit B/Bo = a + b LogX

where Bo and B are specific binding of the "zero" standard tube and other standard tubes, a and
b are the intercept and slope, and X is the concentration of the standard serum. A correlation coefficient
of the standard curve was expressed as "r" Some standard curves were also plotted on logit-log scale.

3. RESULTS

3.1. Optimization of the conditions for preparing magnetic microparticle antibodies

3.1.1. Establishment of MSA -I

The optimal conditions for coupling the DxR to the MN were investigated. The results showed
that better coupling was achieved at pH5.4 (Fig. 1). Similar coupling effects were found for coupling
from 2.5 h to 23 h. However, further experiments revealed that insufficient coupling would result in
storage instability of the magnetic antibody (see Fig. 6). Thus, coupling for 24 h was chosen.

Three blocking reagents were tested and DW was used as a control. Table II showed that 1 % BSA-
0.1M PB, pH7.4, should be chosen. NSB of MSA-I seemed acceptable even without any blocking
procedures (see DW control) but certain buffer would increase the NSB of MSA-I.
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TABLE II. EFFECT OF BLOCKING REAGENT ON MSA-I

Blocking Reagent RIAT3 R1AT4

Component pH NSB% NSB % Bo*

DW(control)
1%BSA-O.l MPB

1 % BSA-0.1 M TB

1%BSA-O.l MCB

6.2
7.4

8.5

9.5

5.2

4.0

14.5

5.9

48.0

52.8

41.0

51.4

3.4

2.6

10.4

3.6

49.1

47.8

42.8

48.7

3.1.2. Establishment of MSA-II

3.1.2.1. Effect of MA amount

The results are shown in Fig. 2. It was clear that the addition of MA to the polymerized
composition could markedly decrease NSB with increasing Bo. The amount of MA in total monomers
(AL+MA) should be chosen as 15-20%(V/V).

3.1.2.2. Choice of coupling conditions

Table III shows the effects of the component and pH of coupling buffers on the performance of
MSA-II. The results showed that 0.1M PB, pH5.4, should be chosen.

TABLE III. EFFECTS OF THE COMPONENT AND pH OF COUPLING BUFFER

No.

1

2
3
4

Buffer

Component

0.1 MCB
0.1 MPB
0.1 MPB
0.1 MAB

pH

9.0
7.4
5.4
5.4

RIATj

NSB %

3.9
2.6
2.9
4.4

Bo%

32.6
51.4
55.6
46.2

RIAT4

NSB %

1.3
1.3
1.1
1.9

Bo %

41.8
48.1
60.6
59.0
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Effects of antiserum amount on the performance of MSA-II are shown in Fig. 3. The figure
illustrated that more than 5 mL of D xR per gram of PAMP did not bring any further benefit. But later
we found that the less the amount of D xR added to the coupling system, the more the amount of MSA-
II needed for RIAs (see Fig. 8). Therefore, we would rather use more antiserum.

3.1.2.3. Choice of blocking conditions

Experiments showed that blocking in basic media was better than in acidic media and that
suspension ability of MSA-II appeared to be improved when it was blocked at pH9.5. Fig. 4 shows the
effects of varying blocking time on the performance of MSA-II. It appeared from the figure that the
main action of the blocking procedure seemed to wash off the antibodies adsorbed on MSA-II. These
antibodies could be detached from the particles during their storage and incubation, resulting in a
decrease of Bo. Therefore, it was important that any antibody molecules which had not been coupled
chemically to the PAMP be removed completely.

3.1.3. Establishment of MFA-T3

For preparation of MFA-T3, amount of the first antibody required for the immunoadsorption
procedure was determined by incubating the MSA-II with serial dilutions of the anti-T3 rabbit serum.
In this experiment, 400 ^L of the every dilutions per gram of MSA-II was added for
immunoadsorption, and 400 IJ.% of MFA-T3 per tube was used in T RIA. We selected the
immunoadsorption condition that provided ca.50% of Bo. Under the condition, dilution 1:64 was
suitable thus 100 /uh of the anti-T3 rabbit serum could prepare 16.0 grams of MFA-T3, corresponding
to the amount needed for 40000 tubes of RIA. This was only 11 % less than those that could be assayed
with 100 /iL of the anti-T3 rabbit serum in LDA procedure (45000 tubes).

3.2. Physical, chemical and immunological characteristics of magnetic microparticles

3.2.1. General properties

These magnetic particle suspensions were all black. The observation using transmission electron
microscope showed that average size of the MN and its relative standard deviation were 10 nm and
± 34%. The magnetic particles were precipitated and firmly attracted to the base of a container after
their suspensions 3 cm above the base were put on surface of themagnetic plate (Magnetic flux density:
0.15 T) for 3-5 min. The magnetic particles were not lost while the supernatant was decanted. None of
these magnetic particles could be frozen.

3.2.2. Dynamic process of coupling DxR to PAMP

The experiment was done according to the recommended procedure for coupling (See Materials
and Methods, 2.3.3) but the DxR traced by 125I-DxR was added. Results illustrated that the coupling
reaction was very rapid and equilibrium of the reaction was reached for 5 h coupling (Fig. 5). Fraction
of total proteins coupled to the PAMP in 10 h coupling was 83.9%for 10 mL DxR per gram of the
PAMP. The purified DxR contained total proteins of 31.8 g per liter. Therefore, capacity of the PAMP
to immobilize the total proteins could be as high as 267 mg/g.

3.2.3. Storage stability of magnetic microparticle antibodies

Suspensions of the magnetic second antibodies were stored at 4°C (MSA-I) and 40°C (MSA-II)
and successive RIAs for T3 were done using these separation reagents.The results obtained with the
LDA method were used as controls. The results are shown in Figs 6 and 7. Fig. 6 showed that the
MSA-I could be stored at 4°C at least for 2 months without change of its immunological performance
if its coupling was 24 h long. But 10 h coupling would result in a progressive decrease of Bo with
increasing storage time. The MSA-II could tolerate higher surrounding temperature than the MSA-I.
Fig. 7 showed that Bo of the MSA-II did not decrease up to the seven days thus it was stable during
transport at 40°C.
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Experiments showed that the anti-T3 antibody immunoadsorbted onto the MSA-II (MFA- T3) was
firmly immobilized and was resistant to successive washing and long-time storage.

3.3. Application of magnetic microparticle antibodies

3.3.1. Choice of the amount used for RIAs

The results of MSA-II are shown in Fig. 8. In Fig. 8 a comparison of the amounts of two MSA-II
which had used D xR of 2.5 mL/g and 10 mL/g for their coupling was made in RIA for T4. The results
showed that if less antiserum was used, more MSA-II had to be used in order to obtain the same Bo, up
to 1.0 mg/T of MSA-II. This high amount of MSA-II was not desirable. Similar results were observed
for MSA-I. Therefore, 10 mL DxR for coupling and 500 ^g/T of MSA-I or MSA-II for RIA were
chosen. With regard to the amount of MFA-T3, 400 ng II was suitable.

3.3.2. Standard curve, sensitivity and precision

3.3.2.1. Results of MSA-II

Table IV shows the typical data of RIA standard curves of T3, rT3, T4 ,TSH and TG. Results
obtained with the LDA method were used as controls. In the Table, sensitivity was calculated from a
standard curve based on an average count of 20 "zero" tubes subtracted by twice its standard deviation,
and the normal values of any antigens were the values of Chinese [3,4]. The Table IV showed that the
MSA-II as well as the LDA would meet the requirements for the quality control in RIA.

TABLE IV.

RIA

item

T3

rT3

T,

TSH

TG

TYPICAL DATA OF RIA

Sep.

Tech.

MSA-II
LDA

MSA-II

LDA

MSA-II

LDA

MSA-II
LDA

MSA-II
LDA

Binding

NSB

4.3

4.5

1.8

2.1

1.8

3.7

4.0

1.8

3.9

2.8

/Bo

57.8
62.4

30.9

48.8

58.3

58.7

28.8
26.9
47.6
45.5

STANDARD

a

0.717
0.739

-0.535
-0.534

5.700

5.758

2.600
2.924

3.808
3.343

CURVES

Std. Curve

-b

2.609
2.374

2.520

2.246

3.044

3.188

2.388
2.424
2.373
2.122

-r

0.9994
0.9996

0.9996

0.9991

0.9990

0.9983

0.9978
0.9954

0.9990
0.9952

Sens.

ng/mL*

0.07
0.05
0.02

0.02

4.5

3.8

0.5

0.6

1.2

1.0

Norm.Val.

ng/mL*

0.71-2.3

0.26-0.58

42-142

0-10

8.3-27.2

* 1 ng/mL is equal to 1.54 nM/L for T3 or rT3 1.29 n M/L for T4 and 1.5 pM/L for TG. Unit of TSH is mlU/L.

Standard curves of fT4 are shown in Fig. 9. Results of the MSA-II were compared with that of a
magnetic first antibody (MFA-IAE) presented kindly by Shen Decun, the Institute of Atomic Energy,
China (Separate experiment). The experiments showed that MSA-II was useful to the same extent as
the MFA-IAE. There were similar results for RIA of fT3.

Table V shows results of RIA for TG-Ab in a positive serum. The MSA-II had coupled the D x H
on its surface and results of MSA-II were compared with that of LDA. In the table, P/N was the ratio
between the counts of a sample serum (P) and a normal human serum (N). The P/N higher than 2.1 was
considered as a positive result. CV was a coefficient of variation and n was the number of
determinations. The results showed that MSA-II could be used for RIA of TG-Ab.
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MSA^II ( x ) and MFA-IAE ( • )

method. 1 p g / m l is equal to 1.29

pmol / L for fT4

T5: ng / ml

Fig. 10. Standard curve of RIA for T3 using

MFA-T3( • ), MSA-H (A) and LDA

(x ) method. 1 ng / ml is equal to 1.54

nmol / L for T3
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TABLE V. RESULT OF RIA FOR TG-AB IN A POSITIVE SERUM

Sep. Tech

MSA-H
LDA

NSB 9f

5.6

10.5

Within (n=

i P/N

4.4

3.9

10)

CV

2.
2.

%

4

6

Between (n=

NSB %

6.2
12.7

P/N

4.0
3.4

10)

CV %

9.6

10.1

Using T3 and T4 RIAs as examples, the precision for both separation reagents, MSA-II and LDA,
is shown in Table VI. In this experiment, three quality control QC sera (L, M and H) were determined.
The results for MSA-II showed that average values (X) in the within- and between-assay were in
agreement and that CVs were <6%for the within-assay and < 12%for the between-assay. The results
for MSA-II were similar to those for LDA.

TABLE VI. PRECISION OF RIA

RIA

item

T3

T4

Sep.

Tech

MSA-II

LDA

MSA-D

LDA

QC

Serum

L

M

H

L

M

H

L

M

H

L

M

H

Within (n = 10)

X, ng/mL*

0.66

2.71

6.10

31.3

90.0

189.0

CV%

4.6

5.2

5.8

4.5

3.5

4.1

Between (n=10)

X, ng/mL *

0.71

2.52

5.42

0.64

2.35

6.33

28.1

93.0

197.2

25.4

90.5

204.8

CV%

8.9

6.1

7.1

8.0

8.5

4.6

11.9

9.0

6.3

9.1

3.3

4.8

* See the note in TABLE IV

3.3.2.2. Results of MSA-I

Experiments showed that results of MSA-I were similar to that of MSA-II above.

3.3.2.3. Results of MFA-T3

A standard curve of MFA-T3 as compared with that of MSA-II and LDA procedures, where the
same anti-T3 rabbit serum was used, is shown in Fig. 10. As indicated in the figure, the standard curve
obtained by using MSA-II was comparable with that obtained by using LDA method, but the standard
curve of MFA-T3 showed a lower slope than that following the LDA method. The reason for this
difference is under investigation.

4. DISCUSSION

There are two methods, physical adsorption and chemical coupling, for immobilization of antibody
molecules onto the Fe3O4 microparticles. It was reported that macromolecules such as proteins and
polysaccharides were irreversibly and rapidly adsorbed on the magnetite [5]. Our experiment showed
that DxR immunoglobulin could be adsorbed by Fe3O4 particles but the magnetic antibody (MSA-I) was
not stable at 40°C probably because some of antibody molecules adsorbed leached into the buffer.
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Immobilization of antibody molecules to magnetic particles with active function groups by covalent
coupling is more desirable. A magnetic cellulose antibody has been applied to RIAs for a long time but
its preparation procedure is tedious and time-consuming. Among the magnetic supports coated with
artificial polymers, magnetic polyacrolein particles, named as autoreactive supports of antibodies, are
interesting because of their simple and rapid preparation. The supports enable relatively inexperienced
laboratory staff to couple readily their own antisera or other proteins.

Polymerzation of the magnetic polyacrolein particles and coupling of an antibody to their surface
have been done by some researchers. These immunoparticles were mainly applied to cell separation [6,7]
and affinity chromatography [8,9]. They were also used in fluoroimmunoassay [10] and R1A [11], but
some troubles, such as high NSB and poor suspension ability, were encountered, making them
unsatisfactory.

Magnetic materials, which have to be used, have a high density. For practical application in RIAs,
size of the particles should be controlled so that they remain in suspension during the course of the
reaction. G.C.Forrest [12] indicated that for a particle of density 3 g/cm3 in a liquid of density lg/cm\
diameter of the particle should be less than 1 ̂ m for the particle to remain in suspension. But too small
particle used would require a longer separation time or a stronger magnetic field. How the problem is
solved is an important one to apply the magnetic solid-phase.

NSB is an important index of RIAs. Rembaum [13] proved that after a blocking procedure, there
were unreacted aldehyde groups in the resultant products. Obviously, this was a reason for the high NSB.
How the NSB is decreased is a key problem to apply the polyacrolein solid-phase.

We have solved the two problems in the preparation of MSA-II rather satisfactorily. The main points
of our work lay in improving the suspension composition polymerized and establishing the reasonable
procedures for coupling and blocking. An advantage of MSA-II over the cellulose magnetic antibody was
to simplify highly the procedure of preparation. The MSA-II is a new separation reagent for RIAs.

Magnetic microparticle antibodies may be used both as an immuno-separation reagent and as an
immuno-reaction reagent (Magnetic first antibody), or only as an immuno-separation reagent (Magnetic
second antibody). The magnetic first antibody has the advantage of requiring less assay steps than the
magnetic second antibody and is suitable for assays requiring incubation periods up to about one hour. The
magnetic second antibody is an universal reagent for many assays and is suitable for developing some
assays when the first antibody is in short supply or where long reaction time is required.

Conventional procedures for immobilization of first antibodies have their limitations related to the
great expense of the antibodies, the decrease in the apparent affinity constant of some immobilized
antibodies and less reproducibility among batches of magnetic microparticle antibodies, etc. Recently, a
new immobilization model of anti-T3 serum on the second antibody covalently bound to plastic beads was
presented[14]. Our experiments showed that such a model could be also used to establish the magnetic
microparticle first antibody (MFA-T3) but its standard curve had an unsatisfactory slope (see Fig. 10). The
lower slope could result from unhomogeneity of MFA-T3 in its suspension during dispensing it into each
reaction tube.

Suspension ability of magnetic first antibody in its buffer is more important than that of magnetic
second antibody, particularly when a large number of reaction tubes are involved. Thus, development and
application of magnetic second antibodies were often recommended.

5. CONCLUSION

One magnetic microparticle first antibody (MFA-T3) and two magnetic microparticle second
antibodies (MSA-I and MSA-IT) were developed. The MFA-T3 was based on a new model of immobilized
antibodies. This model worked successful, but some technical problems related to magnetic support
performance remained to be solved. The MSA-I had an advantage of extremely simple preparation, and
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might be prepared and used in one's own laboratory. The MSA-EI has presented the best performance, and
has been recommended. It is an universal immuno-separation reagent and has been successfully applied
to RIAs for T3, r T,, f T3, T4, f T4, TSH, TG and TG-Ab.
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APPLICATION OF ANTIBODY COATED MAGNETITE PARTICLES
FOR IMMUNORADIOMETRIC ASSAY (IRMA)

G.T6TH XA9643129
Institute of Isotopes, Hungarian Academy of Sciences,
Budapest, Hungary

Abstract

The report summarizes our results obtained in the field of hTSH IRMA development. This work is based upon
the application of magnetic particles prepared in-house using the IgG fraction of polyclonal anti-hTSH rabbit
antiserum as capture antibody and 125I-labelled monoclonal antibody as the signal antibody.

1. MATERIALS AND METHODS

1.1. Magnetite particles

A slightly modified version of W.C. Elmore's method has been used to prepare magnetite particles
[1]. To an aqueous solution of ferric chloride, sodium hydroxide solution was added under continuous
stirring. The brownish-black precipitate formed in the reaction

2FeCl3 + FeCl2 + 8 NaOH = FeO.Fe2O3 + 8NaCl + 4H2O (1)

was decanted and washed with distilled water. The suspension is found to be stable for at least one year
when stored in tightly stoppered bottles.

1.2. Coating magnetite particles with antibody

Preliminary experiments showed that magnetite particles prepared as outline above can be efficiently
coated with immunoglobulin by the carbodiimide method. The coating procedure was as follows:

(a) To the suspension of magnetite particles (1-2 mg/mL) the solution of the IgG fraction separated from
the antiserum was added in phosphate buffer (pH6.3). The mass ratio of magnetite particles/IgG was
adjusted to about 2. The mixture was incubated at 4°C for 1 h.

(b) To this mixture 2 mg ED AC (I-ethyl-3{3-dimethyl-aminopropyl}carbodiimide) was added per mg
IgG. The reaction mixture was incubated overnight at 4°C.

(c) After incubation the suspension was washed three times with 0.001M potassium hydrogen phosphate
+ 0.15MNaCl, pH7.2.

(d) After having resuspended in 0.01 M phosphate buffer (pH7.4) the suspension was ready for use.

1.3. Polyclonal anti-TSH

Anti-hTSH serum was raised in rabbits using hTSH as antigen. The IgG fraction of the antiserum was
separated from antiserum by caprylic acid precipitation followed by ammonium sulphate precipitation of
the IgG present in the supernatant [2]. The precipitated IgG was dissolved in distilled water. The solution
thus obtained was dialyzed against 0.03M phosphate buffer, pH6.3. This solution of the IgG fraction was
used for coating the magnetite particles with IgG.
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1.4. Radiolabeled monoclonal antibody to TSH

Two monoclonal anti-hTSH antibodies were labelled with 125I using the Chloramine T method. One
of the monoclonals was produced in the Institute of Isotopes Co. Ltd. in mice ascites, the other one was
the product of MEDK Biochemica AB, Finland (Cat No. 5404). The specific activity of I25I labeled
antibody was adjusted to about 111 GBq/g (30 Ci/g). The 123I labeled monoclonals were separated from
the reaction mixture by gel filtration using Sephadex G-25 dextran gel.

2. ASSAY OPTIMIZATION

In order to optimize the assay performance the effect of various factors such as, incubation
temperature, incubation time, amount of magnetic immunosorbent in the tubes, concentration of detergent
(triton X-100), shaking the reactants during incubation, washing the magnetite particles after sedimentation
on the magnetic separator plate, etc., on the standard curve and on the levels of the control serum was
evaluated. The general assay protocol is as follows :

Add 100 ^standard or sample, 200 /uL buffer (0.05M phosphate, pH7.4), 50 ^L I25I-MAB,
50-200 (A, Magnetic immunosorbent (anti-hTSH IgG coated magnetite particles),mix the reactants and
incubate at room temperature for 1,2,3,5 or 18 hours. Separate magnetite particles on magnetic separator,
decant the supernatant, wash the particles with 1 mL wash buffer (0.05M phosphate buffer). Count the
radioactivity in the tubes.

3. RESULTS

3.1. Incubation temperature

Several standard curves were set up at room temperature and at 37°C and no significant difference
was observed.

3.2. Incubation time

100 /uL standard or control serum , 200 /uh buffer, 50 fjL I25I labelled and hTSH MAB and 100 pL
magnetite particles suspension (coated with anti hTSH IgG) was incubated under gentle shaking for 1, 2,
3, 5 and 18 hours. The solid was separated as described and the tubes were counted, the count rates are
listed in Table I. From this, several conclusions can be drawn. It can be stated that the bound radioactivity
increases with increasing incubation time, which is mainly due to the diffusion controlled antibody-antigen
interaction. The standard curves obtained at different incubation times are, in good approximation, parallel.
However, in contrast to the expectations the hTSH levels of the control serum also increase with increasing
incubation time and approximates the declared value (0.95-1.35, mean 1.25 mlU/L) only after 3 hours
incubation time.

3.3. Effect of the magnetic immunosorbent concentration

This was investigated by setting up standard curves using 50,100, 200 fiL magnetic immunosorbent
(1 mg/mL) and incubating under gentle shaking at room temperature for 18 hours. To ensure the constant
volume of the incubation mixture phosphate buffer was used to replace the MIS suspension when its
volume was less than 200 /uL per tube. The count rate of the tubes are presented in Table II.

As expected, the bound radioactivity increases with increasing amount of MIS per tube. Nevertheless,
with 200 /uL (i.e. 0.2 mg) MIS per tube, the 0.15-0.6 mlU/L standards are almost indistinguishable. The
optimum amount of MIS per tube proved to be 100 ^.L (0.1 mg).
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TABLE I. COUNT RATES OF STANDARDS AND CONTROL SERUM AS A FUNCTION OF
INCUBATION TIME

TSH (mlU/L)

0.0
0.15
0.60
2.5
15
100
control serum (CS)

Total

B,«/Bo

Level of CS (mlU/L)

lhouT

67
65
85
232
862
4877
120

76909

73

0.7

2 hours

56
79
124
335
1479
8621
148

76909

154

0.8

INCUBATION TIME

3 hours

85
78
127
410
1704
10422
185

76909

127

1.1

5 hours

82
105
170
427
2176
13087
231

76909

220

1.3

18 hours

87
87
169
502
2248
15944
294

76909

183

1.3

TABLE II. COUNT RATES OF STANDARDS AND CONTROL AS A FUNCTION OF THE
AMOUNT OF MIS / TUBE

TSH (mlU/L)

0.0
0.15
0.6
2.5
15
100

Total (CPM)
Control Serum (CS) (CPM)

Level of CS (mlU/L)

50 nL MIS

58
103
115
355
1673
9358

66671
223
161
1.5

BINDING (CPM)

100 M L MIS

69
91
192
529
2584
16240

75634
292
287
1.15

200 nL MIS

133
161
225
640
2881
18619

75634
379
292
1.4

3.4. Effect of detergent on the standard curves

This was studied using 0.1% Triton X-100 in the above experiments; the results are shown in
Table III.
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TABLE IE. COUNT RATES OF STANDARDS AND CONTROL SERUM AS A FUNCTION OF
THE AMOUNT OF MIS/TUBE WITH 0.1 % TRITON-X 100

TSH (mlU/L)

0.0
0.15
0.6
2.5
15
100
Total (CPM)
Control Serum (CPM)
B!(x/B0
Level of Control Serum
(mlU/L)

50 nL MIS

52
61
131
389
1844

12771
66671
258
246
1.5

Binding (CPM)

100 nL MIS

89
95
152
489
2390
12948
66671

253
145
1.25

200 ML MIS

143
157
225
567
2425
15862
66671

306
111
1.2

3.5. Effect of washing the particles after sedimentation

Taking into account that collection of the hTSH antibody coated magnetic particles, by the use of a
magnetic separator plate, does not yield as compact a precipitate as centrifugation, it is advisable to
remove the traces of the incubation mixture by washing the particles with wash buffer. The effect of the
washing (i.e. removing the traces of free l25I-labelled MAB) is evident from the data of Table IV. The early
part of the standard curve, which is drastically distorted when no washing step is included in the assay
protocol, improves significantly with washing and so does the low end sensitivity.

TABLE IV. EFFECT OF WASHING THE SEDIMENT ON THE STANDARD CURVE

TSH (mlU/L)

0.0
0.15
0.6
2.5
15
100
Total (CPM)
Control Serum (CS) (CPM)
B|«/Bo

Level of CS (mlU/L)

No washing

1307
1293
1423
1795
3923
17897
64134
1748
58

2.45

Binding (CPM)

1 wash

92
128
177
455
2016
12758
64134

308
139
1.6

2 washes

78
101
146
382
1765
11325
64134

222
145
1.4

3.6. Effect of shaking the incubation mixture

To decide whether stirring of the reactants during incubation speeds up the sandwich formation,
standard curves were set up with shaking and without shaking. Inspection of the data of Table V indicates
that stirring the incubation mixture increases the MIS-bound radioactivity which speaks for the diffusion-
control of the antigen-antibody interaction. Nevertheless, the standard curves thus obtained run parallel
to the standard curves obtained with unshaken incubation mixture. In addition, the hTSH level of the
control serum lies, in both cases, in the expected range (0.95-1.35 mlU/L). It is worth mentioning that the
B1(K/Bn is considerably higher in the case of shaken incubation mixture as compared to the unshaken one.
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TABLE V. EFFECT OF STIRRING THE ASSAY INCUBATE ON THE STANDARD CURVE

TSH (mlU/L)

0.0

0.15

0.6

2.5

15

100

Control Serum (CPM)

Total (CPM)

Level of CS (mlU/L)

B,o</Bo

BINDING (CPM)

With shaking

50

52

107

369

1780

10154

206

56068

1.25

195

Without shaking

43

72

95

300

1448

6980

179

56068

1.35

97

3.7. Assay of the hTSH levels of human sera using the in-house assay

The hTSH levels of 40 human sera were assessed with the in-house assay and with a commercially
available hTSH IRMA kit (produced by the Institute of Isotopes Co. Ltd., Budapest). On the basis of the
results from the foregoing experiments, the following assay protocol was selected:

Add 200 fA. serum or standard, 200 yuL phosphate buffer (pH7.4), 50 ^L I25I anti-TSH MAB
solution, and 50 (A anti-TSH IgG coated magnetite suspension. Mix and Incubate at room temperature
overnight. Wash and separate the magnetite particles as explained earlier and count the radioactivity in
the tubes. The hTSH levels thus obtained are plotted on Fig.l along with the levels obtained with hTSH
IRMA kit (Code RK-71M). The equation of the regression line, is y = -0.11 + 0.98 x and the coefficient
of correlation is r = 0.993, indicating a good agreement between the two assays.

1 0 0 1

10-

0 - 1 -

0.01 j
0-01 0-1 1 10 100

fjl U/ml

( IN - HOUSE ASSAY )

Fig.l. Correlation of hTSH levels obtained with the in-house assay and RK.71M
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4. CONCLUSIONS

From the data presented in this paper, it can be concluded that the magnetite particles can be used
to obtain sensitive and reliable TSH IRMAs for routine application.
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EVALUATION OF SOME MAGNETIZABLE IMMUNOSORBENTS
IN RADIOIMMUNOASSAYS AND IMMUNORADIOMETRIC ASSAYS
OF HORMONES

N. JYOTSNA, V. KADWAD, N. SIVAPRASAD, V. NIRMALA, N. PAL, Y. SINGH,
T. KARIR, V. CHOUTHKANTIWAR, S. PARADKAR
Board of Radiation and Isotope Technology (BRIT),
Bombay, India XA9643130

Abstract

Immunoassays are now indispensable clinical tools in many laboratories. An essential requirement for
achieving reliable assays is an efficient and clean method for separating the immune complexes from the unreacted
reagents. The development of a wide variety of solid phase separation methods has contributed significantly towards
the reliability and simplification of immunoassays. Antibody coated macro one-piece surfaces like plastic beads or
tubes are very popular but require great skill and control at all stages of manufacture. On the other hand, finely
divided supports especially magnetizable particles are cheaper and simpler to develop. A variety of materials have
been used in immunoassays. Black iron oxide Fe3O4 is the most commonly used material and it is generally coated
with polymeric materials like polymerized alkyl silanes, m-diaminobenzene, polyacrylamide, polyacrolein, or
cellulose to facilitate covalent coupling of the antibodies. In this project we have evaluated some magnetizable
particles for use in RIAs and IRMAs of hormones. The particles include Fe3O4, silane coated iron oxide,
polyacrolein coated iron oxide and magnetizable cellulose. Second antibody (anti rabbit IgG.) was coupled to the
particles for use in RIA of T3, T4, HCG, LH and progesterone, while monoclonal antibodies were coupled for the
IRMAs of TSH, FSH and prolactin (hPrl). The influence of conditions such as reaction time, ratio of antibody to
particles, and stability of the adsorbents and assay performance have been studied. For developing IRMAs for TSH,
FSH and prolactin, monoclonal antibodies for each of these hormones were tested using magnetizable cellulose as
the solid phase. We have also prepared silanized Fe3O4 particles using Hungarian magnetite particles, and also
prepared magnetizable cellulose by a simple grinding process. Both these materials are being tried out in different
assays. Preliminary results have been encouraging.

1. MATERIALS

Different types of magnetic particles were obtained from the following sources: Coarse and fine
magnetite particles from G. Toth, Institute of Isotopes, Hungarian Academy of Sciences, Hungary; Iron
oxide particles coated with silane derivatives containing suitable functional groups, from Shen Decun,
Department of Isotopes, Institute of Atomic Energy, China; Polyacrolein coated iron oxide particles, from
Shen Rongsen, Institute of Radiation Medicine, China; Magnetizable cellulose from Scipac,
Sittingboume, U.K. Monoclonal antibodies to TSH were from Wiyada Charoensiriwatana, NIH, Thailand;
and Monoclonal antibodies to FSH and Prolactin were from Boehringer & Mannheim. Antibodies to
T,,T4, HCG, LH, antirabbit IgG, and the radiolabelled hormones are part of the radioimmunoassay kits
being supplied by BRIT; 1 ethyl-3(3-dimethylaminopropyl)carbodiimide, 1,1' Carbonyl-diimidazole,
Glutaradehyde, Glycine & Sigmacell-20 were from Sigma Chemical Co., U.S.A. Magnetite powder was
from Aldrich U.S.A.

2. METHODS

The primary and second antibodies were coupled to the different particles according to the procedures
recommended by the respective authors.

2.1. Magnetite particles [1-5]

To the suspension of magnetite a solution containing the IgG was added (1 mg IgG/2 mg of
magnetite) in 0.003M phosphate buffer, pH6.3. The mixture was incubated for one hour at 4°C. To this
suspension 2 mg of EDAC was added per mg of IgG and the suspension incubated overnight at 4°C with
gentle stirring. After the coupling, the suspension was washed with 0.01M phosphate buffer pH7.2
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containing 0.15M sodium chloride. The particles were then suspended in the same buffer containing
bovine serum albumin (BSA) and 0.2% glycine and stirred for 3 hours at room temperature. Subsequently
the particles were washed thrice with phosphate buffer and then stored as a concentrated suspension in
0.05M phosphate buffer, pH7.5 containing 0.5% BSA, 0.1% sodium azide and 0.1% Tween-20.

2.2. n-2-aminoethyl-3-aminopropyltrimethoxysilane coated particles [6]

Glutaraldehyde was used as the coupling agent. The particles were first washed twice with phosphate
buffer. The washed particles were suspended in 5% (v/v) glutaraldehyde and mixed gently for three hours
at room temperature. Unreacted glutaraldehyde was washed off with phosphate buffer. A solution of the
antibody in phosphate buffer was then added to the particles and the suspension was stirred overnight at
room temperature. After the coupling, the excess antibody was washed off with several aliquots of the
buffer. The particles were saturated with 0.2M glycine. The adsorbent was washed well and finally
suspended in the appropriate buffer containing BSA, sodium azide and Tween-20.

2.3. Polyacrolein coated magnetic particles [7]

The particles were washed twice with phosphate buffer and then resuspended in the same buffer
containing the antibody to be coupled. The reaction was allowed to proceed overnight. After thorough
washing and saturation with glycine, they were resuspended in assay buffer and stored.

2.4. Magnetizable cellulose

Magnetizable cellulose was washed twice with distilled water followed by several washes with dry
acetone. The cellulose was then suspended in 10 mL of acetone containing carbonyldiimidazole. The
contents were mixed gently for two hours at room temperature. The particles were then washed with
several washes of acetone followed by washes with bicarbonate buffer, pH9. The particles were then
suspended in bicarbonate buffer, sonicated and mixed with antibody solution. The coupling reaction was
allowed to proceed at room temperature with gentle stirring. The particles were washed as recommended
and saturated with glycine. Finally the adsorbent was washed and stored as concentrated suspension at 4°C
in the appropriate buffer.

2.5. Silylation of magnetite particles

Fe3O4 particles prepared by Toth, Hungary were coated with 3-triethoxy silyl propyl amine by the
method reported by Shen Decun [6]. 1 g of iron oxide particles were mixed with 100 mL of 10% solution
of 3-triethoxysilyl propyl amine in water. The pH was adjusted to 4.5 with acetic acid. The mixture was
heated under nitrogen to 90°C for two hours while mixing. This was followed by heating the mixture to
160°C with glycerol. Finally the particles were thoroughly washed with distilled water and stored at 4°C.
Antibodies were coupled to these particles by the glutaraldehyde method as described earlier.

2.6. Preparation of magnetizable cellulose

25 g of magnetite powder and 75 g of Sigmacell-20 were mixed together and suspended in 0.05M
phosphate buffer, pH7.5. The slurry was ground in a high speed grinder using stainless steel balls. The
grinding was carried on and intermittently the particle size was checked using the Horiba LA-500
analyzer. After about 18 hours 90% of the particles were found to be below 6 ,um and 50% under 4 /xm.
Further grinding did not improve the size. The cellulose was then transferred to a large container and
washed several times with distilled water by sedimenting the particles on a large magnet. Then the
cellulose was washed with several changes of 0.1M phosphate buffer, pH7.5 finally stored at 4°C in the
above buffer.

2.7. Preparation of radio iodinated hormones
I25I labeled hormones and monoclonal antibodies were prepared by the chloramine-T method and

purified by gel chromatography using the appropriate grade of sephadex. The specific activities were as
follows:

70



123I-HCG - 60 /iCi/mg.
125I-LH - 60 ^Ci/mg.
125 j - 2500 /uCi/mg.
125I-T4 - 600 //Ci/mg.
125I-TSH monoclonal antibody -10-15

Radioimmunoassay standard curves for HCG, LH, T3, T4 and TSH IRMA were set up according to
the respective assay protocols. At the end of primary incubation a suspension of the second antibody
adsorbent at a pre determined titre was added. The reactants were allowed to stand for 20 minutes (on a
shaker in case of the magnetizable cellulose). 1 mL of buffer was added. The particles were allowed to
settle on a magnetic rack. Supernatents were discarded, the pellet washed once more and finally counted.

In the case of the immunoradiometric assays, preliminary studies were carried out to select the
appropriate capture antibody and tracer antibody. Assays were set up by incubating the appropriate pair
of solid phase and radiolabelled antibodies with varying amounts of standard hormones in horse serum.

3. RESULTS

3.1. Coupling of antibodies

The methods for coupling antibodies to the particles are quite straightforward. However, in the case
of the Hungarian particles a very large amount of IgG is recommended. In our laboratory we have carried
out the coupling with 20-40 mg of IgG for 100 mg of the particles and saturated the free reactive sites with
giycine & BSA at the end of coupling. However, a disadvantage of this method is the possibility of inter
coupling of antibody molecules by EDAC. The other particles avoid this as condensing agents are either
not required or to be washed off before adding the antibody.

The coupling was in general high and reproducible with all the particles (Table I). Magnetizable
cellulose gave consistently better coupling yield. The effect of IgG:particles ratio for the silanized particles
is shown in Table II. The amount of protein coupled to the particles increases with IgG concentration but
beyond about 200 pig IgG/mg particles, the titre of the adsorbent does not change appreciably. This may
be due to the stearic hindrance experienced by the immune complex on account of over crowding of the
secondary antibodies on the surface. Since acrolein and Hungarian particles are also of similar size, we
have assumed that this level of coupling would be adequate.

The Hungarian and Chinese particles (both silanized and acrolein coated), being fine do not require
stirring during incubation. However, the magnetizable cellulose tends to settle down rapidly and so the
reactants need to be stirred during the incubation [Table III]. An incubation of about 20 minutes with the
second antibody particles is adequate to precipitate the complex.

TABLE I. % ANTIBODY COUPLING TO DIFFERENT MAGNETIC PARTICLES

Particle
Description

Hungarian

Silanized

Poly acrolein

Magnetizable Cellulose
(Scipac)

Magnetizable Cellulose
(BRIT)

Amount of
Panicles (mg)

100

100

100

500

500

IgG taken (mg)

20

20

20

20

20

% antibody
coupled

54,65,71

60, 75.

65

80, 87, 70

75

71



TABLE II. EFFECT OF SECOND ANTIBODY CONCENTRATION ON
COUPLING TO SILANIZED MAGNETIC PARTICLES

Particles taken (mg)

100

100

100

100

Amount of IgG (mg)

5

10

20

30

IgG coupled to
particles (mg)

4.2

7.6

15.6

21.0

%B0/T
(forT4 Assay)

36

41

57

60

TABLE III. EFFECT OF STIRRING ON BINDING (T4 ASSAY)

Dilution of

particles

1:32

1:16

1:8

1:4

% Binding

Magnetic Cellulose

with
stirring

41

49

48

51

without
stirring

23

28

35

42

(Bo/T)

Silane Particles

with
stirring

49

50

54

57

without
stirring

40

48

53

50

The second antibody coupled magnetic particles have been used in RIAs for T,, T4, LH and HCG
and progesterone, and primary antibody coupled magnetic particles have also been used in T4 assay. The
inter- and intra- assay variations for the T3 and T4 are shown in Tables IV and V. However, the second
antibody coupled magnetic particles are preferred, as the primary antibody adsorbents are more expensive.
Typical standard curves for LH, HCG and progesterone are shown in Figs 1-3. Initial experiments with
the magnetizable cellulose prepared in our laboratory indicate that the material works well. The
reproducibility of the assays is within acceptable limits. The magnetizable cellulose from Scipac (M-104)
and that prepared by us were analyzed using the Horiba LA-500 particle size analyzer. In the Scipac
material, 50% of the particles are below 6 ̂ m and 90% are below 12 pun. In the case of our product, 50%
are below 4 ^m and 90% below 6 fj.m, indicating that the BRIT-cellulose particles have a narrower size
range than the Scipac particles.

TABLE IV. REPRODUCIBILITY OF T3 ASSAYS WITH SECOND ANTIBODY COUPLED
MAGNETIC PARTICLES

Intra-assay variation

X (ng/mL)

%CV

X (ng/mL)
%CV

Inter-assay variation

X (ng/mL)

%CV

X (ng/mL)
%CV

Polyacrolein coated

1.21

4.9

3.32

3.9

1.27

9

3.5

10

Silane coated

1.13

4.3

2.18

4.5

1.16

8

3.7

9.5

Magnetic cellulose

1.24

7.3

3.2

5.4

1.20

12

3.3

6
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TABLE V. REPRODUCIBILrrY OF T< ASSAYS
MAGNETIC PARTICLES

Intra-assay variation

X (ng %)

%CV

X (pg %)

%cv

Inter-assay variation

X(ug%)
%cv

X (Mg %)

%cv

Silane coated
particles

7.2

5

12.9

3.5

7.6

8

13.5

5

BRIT silane
coated

particles

6.7

3.6

13.6

2.5

7.1

9

14.2

8

WITH SECOND

Plain
magnetite
particles

7.03

8

13.7

5

7.6

7

14.1

4.2

ANTIBODY

Acrolein
coated

particles

8.1

6

16.2

3

7.9

8

15.5

8

COUPLED

Magnetic
cellulose

6.6

7

13

8

5

9

12.4

10

% B/BO
120

100

i i i i i

0 10 20 30 40 50 60 70 80 90 100

LH (mlU/ml)

Fig. I Standard curve for the RIA ofhLH using second antibody coupled to polyacrolein coated magnetizable particles
as the separating reagent.
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%B/BO

i i i i i i i

0 20 40 60 80 100 120 140 160 180 200

HCG (mlU/ml)
Fig. 2. Standard curve for the RIA of HCG using second antibody coupled to polyacrolein coated magnetizable particles
as the separating reagent.

% B/BO
120

100-

5 10 15 20 25 30 35 40 45 50

Progesterone (ng/ml)
Fig.3. Standard curves for Progesterone RIA with second antibody coupled to BRIT magnetizable cellulose as the
separating reagent.
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3.2. Stability of the adsorbents

All the particles have been found to be stable for at least 6 months. As the material available was
limited, we could not test the stability over a longer period. The magnetizable cellulose adsorbents
however, were stable even unto 18 months. However, in two instances, the Hungarian and the si Ian i zed
particles showed aggregation and loss of reactivity in just about 2 months. No obvious reason could be
found for this. Nevertheless, in general the particles retain their characteristics during storage.

3.3. Immunoradiometric assay

Monoclonal antibodies for TSH, FSH and prolactin were tested in order to identify the proper
combination of capture antibody and labeled antibody for use in magnetizable particle-based IRMAs for
each of these hormones. The result of the cross matching of TSH monoclonal antibodies are shown in
Table VI. The combination of the Thailand antibody-2 (capture) and commercial antibody (tracer) have
been found to match well. The TSH IRMA standard curve obtained with the BRIT magnetizable particles
is shown in Table VII. However, this work could not be continued as the later lot of Thailand antibody
did not match our tracer. The results of a similar study with FSH monoclonal antibodies are shown in
Table VIII. Typical data for FSH and Prolactin assays are shown in Table IX. BRIT magnetizable
cellulose has been used in the FSH assay, while, in the prolactin IRMA Scipac cellulose has been used.
Sera from horse, bovine and donkey showed significant differences when used as diluents for the
standards. Hence, the appropriate diluent needs to be carefully selected for assay. The magnetizable
cellulose prepared in our laboratory works well as shown in the TSH and FSH IRMA. Further work on
the validation of these assays is in progress.

TABLE VI. MATCHING OF TSH MONOCLONAL ANTIBODIES

Capture antibody Tracer antibody TSH concentration

TAb-I

TAb-1

TAb-2

TAb-2

MAb-l

TAb-2

TAb-1

MAb-l

OmIU/L

342

459

513

630

0.5 mlU/L

523

638

826

1814

lOOmlU/L

1206

2509

9056*

87154**

Incubation period : * overnight at room temperature, ** 4 hours at room temperature.
The tubes were stirred throughout the incubation.
Tab-1 = Thailand monoclonal Antibody l,Tab-2 = Thailand monoclonal Antibody 2,
Mab-1 = Commercial monoclonal Antibody.

TABLE.VII. TSH IRMA STANDARD CURVES (COUNTS/MIN)

TSH(mIU/L)

0.0

0.5

1.5

5.0

15.0

50.0

100.0

I

727, 725

927, 1022

1558. 1429

3533, 3324

11283, 10739

39699, 39822

59778, 57430

II

1006, 1076

1262. 1152

1530, 1432

2074.2147

3845, 3625

14284. 14004

30809, 32058

I = TAb-2 (capture) and MAb-l (tracer), II = Netria polyclonal (capture) and MAb-l (tracer).
Total = 2.4 x 105cpm. Incubation : 4 h. Room temperature. Adsorbent: BRIT Magnetizable cellulose.
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TABLE. VIII. MATCHING OF FSH MONOCLONAL ANTIBODIES

FSH
(mlU/ml)

0.0

1.0

50.0

FSH-M1

FSH-M2

376

1407

21628

tracer FSH-M2 tracer

capture FSH-M1
capture

Counts/min

462

3714

41476

FSH-M1 = FSH monoclonal antibody - 1, FSH-M2 = FSH monoclonalantibody - 2.
Total counts : - 2 x 105 cpm , Incubation: 3h. at room temperature
Adsorbent: BRIT - Magnetic cellulose.

TABLE IX. FSH* AND hPrl** IRMA STANDARD CURVES

FSH (mlU/mL) Mean Cpm hPrl (ng/mL) Mean Cpm

0

0.5

1

5
10
50

203
1146
1966

7937

14404

24064

0
2.5

5
10

25

50

100

506
1138

1919

3641

6664

12597

19491

4.

* Magnetizable cellulose prepared at BRIT has been used as the solid phase. Sensitivity : 0.1 mlU/mL.
** SCIPAC magnetizable cellulose has been used as the solid phase. Sensitivity : 0.9 ng/mL.

CONCLUSION

The acrolein, silane coated and plain Fe3O4 particles have worked well. Due to the small size, they
do not settle rapidly as a result, the suspension is homogenous and dispensing into the assay tubes presents
no problems. On the other hand.the cellulose suspension needs to be stirred during the addition and
incubation as well. In the case of the acrolein and silanized particles, as the protein does not come in
contact with the coupling agent any damage to the protein is avoided. The acrolein particles have an added
advantage as the coupling reaction consists of a single step requiring no condensing agent at all, however,
the size of the acrolein particles needs to be controlled better as fines tend to appear in the supernatant on
storage. In general, the particles have been found to be good. The magnetizable cellulose prepared in our
laboratory compares well with the scipac material. It has worked well as second antibody adsorbent for
RIA's as well as the IRMA for TSH and FSH. The silane coated Hungarian particles prepared in our
laboratory is tested in T, and T4RIAs after coupling to the second antibody. Initial results are encouraging.
This project has helped in establishing the possibility of preparing magnetizable particles of good quality
at low cost and has also generated considerable interest in the use of these materials as efficient and
relatively inexpensive solid phases especially for IRMAs. The silanized and acrolein particles, in
particular, have been found to be very good and it would be very useful if the concerned laboratories are
in a position to prepare and supply particles of a consistent quality on a regular basis.
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ANTIBODIES IMMOBILIZED ON MAGNETIC PARTICLES
FOR RIA AND IRMA OF THYROID RELATED HORMONES

R.S. WAYAN, DARLINA, S. DJAYUSMAN
National Atomic Energy Agency,
Jakarta, Indonesia

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.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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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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THREE MAGNETIC PARTICLES SOLID PHASE RADIOIMMUNOASSAY FOR
T4: COMPARISON OF THEIR RESULTS WITH ESTABLISHED METHODS

T. BASHIR ||[
Institute of Nuclear Medicine And Oncology (INMOL), XA9643"i32
Lahore, Pakistan

Abstract

The introduction of solid phase separation techniques is an important improvement in radioimmunoassays and
immunoradiometric assays. Magnetic particle solid phase method has additional advantages over others, as the
separation is rapid and centrifugauon is not required. Three types of magnetic particles have been studied in T4 RIA
and the results have been compared with commercial kits and other established methods.

1. INTRODUCTION

Although, recently, many techniques like enzyme linked immunosorbent assay (ELISA),
fluorescence immunoassay, luminescence immunoassay etc. have been developed for the estimation of
biologically active substances of clinical importance present in very low concentrations, RIA continues
to be widely used due certain advantages it has over these other techniques. Solid phase techniques for
separating the bound and free fractions have become popular. Magnetic particles based separation
techniques are efficient, rapid, requiring only a few minutes to achieve complete separation on magnetic
separator.

In the present work, magnetizable Cellulose, magnetizable tosylated polystyrene beads and
polyacrolein micro particles have been used to couple primary and secondary antibodies. RIA of T4 has
been developed with these three magnetizable particles and the assays have been compared with
established methods.

2. MATERIALS

1. Magnetizable Cellulose particles, M-100, SCEPAC, U.K.
2. 1,1 '-Carbonyldiimidazole, Sigma Chem.Co., U.S.A.
3. Caprylic Acid, Sigma Catalog No: C-2875.
4. Polystyrene beads, Tosylactivated, Dynabeads - a DYNAL Product.
5. Anti T4 was obtained from NETRIA U.K. and INMOL Pakistan.
6. Polyacrolein micro particles (PMP), magnetic carrier from China.

3. PROCEDURES

3.1. Isolation of anti -T4 from serum

Anti T4 was isolated from serum by Caprylic Acid method [1]. Five mL serum was diluted to 15 mL
in 60mM Sodium Acetate pH 4 adjusting the final pH to 4.8 with HCl/NaOH. Caprylic Acid was added
dropwise into the serum solution with vigorous stirring. Mixture was stirred at room temperature for 30
minutes. The precipitate was removed by centrifugation at 3000 rpm for 45 minutes at 20°C. The
supernatant was collected. To improve the yield of IgG the precipitate was resuspended in 2 volumes of
15mM Sodium Acetate buffer pH4.8 and left overnight at room temperature. Again the precipitate was
removed by centrifugation. The two supernatants (containing IgG) were pooled and adjusted to pH7.5 with
NaOH. It was dialyzed against three changes of 50mM Borate buffer pH8 and was concentrated to 3 mL
by covering the dialysis tube with solid polyethylene glycol mol. wt. 20,000. Concentration of IgG was
determined spectrophotometrically. 18,15,11 and 30.6 mg/mL IgG was obtained with this method.
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3.2. Activation of magnetic cellulose [2]

Magnetic particles (SCIPAC M-100) were dispersed by gentle mixing on the rotator for 30 minutes
at room temperature. 40 mL suspension was immediately pipetted out. Particles were sedimented on
magnetic block and Supernatant was aspirated. Particles were washed with 20%, 40%, 60%, 80% and
100% acetone respectively. Finally the volume was adjusted with acetone to 10 mL and 60 mg 1,1'-
Carbonyldiimidazole was added. The suspension was mixed gently for 1 h at room temperature.The
activated particles were washed sequentially with 100%, 80%, 60%, 40% and 20% acetone and finally
with distilled water.

3.3. Coupling of activated magnetic cellulose to antibody [3]

The particles were washed with borate buffer,0.05M, pH8 and then resuspended in 10 mL of the
borate buffer. 75 mg anti-T was added to the suspension and the volume adjusted to 20 mL The reactants
were mixed gently by rolling overnight at room temperature. Particles were washed with following
solutions, mixing 20 minutes each time.

1. 0.5M Ethanolamine-HCl, pH9.5.
2. Double wash with Sodium bicarbonate,0.5M, pH8.
3. Sodium acetate.0.1M, pH4, rotate to mix for 1 hr.
4. Sodium acetate, 0.1M, pH4, rotate to mix overnight.
5. Phosphate buffer,0.05M, pH 7.4,containing 1% bovine serum albumin(BSA) and 0.1% Sodium

Azide.
6. Phosphate buffer pH7.4, containing 1 % BSA, 0.1 % Tween-20, 0.1 % Sodium Azide.
7. Finally suspend the adsorbent in 20ml Phosphate buffer 0.05M, pH7.4 containing 0.1 % Azide and

store at 2-8°C until required.

3.4. Coupling of dynabeads, tosyl activated, to anti-T4

Dynabeads were resuspended by vortexing and the required quantity of the suspension was pipetted
out into flat bottomed tube. The concentration of the particles was adjusted to 20 mg/mL with 50 mM
borate buffer, pH 9.5. Anti-T4 was dissolved in this buffer to give a concentration of 350 /ig/mL.
Dynabeads and anti-T4 solution were mixed to obtain a final concentration of 10 mg beads and 200 ^g of
protein per mL.At the end of the overnight coupling reaction, the coated beads were allowed to settle on
a magnet and supernatant was discarded. Coated beads were washed with the following solutions:

1. 0.5M Ethanolamine-HCl pH9, rotated 1 h. to mix.
2. Three times with PBS/BSA buffer(10mM PBS containing 0.1% BSA).

Antibody coated Dynabeads were allowed to settle on a magnet and supernatant was discarded. The
Dynabeads were resuspended in PBSVBSA buffer to give a concentration of 10 mg/mL and stored at 4°C.

3.5. Coupling of polyacrolein micro particles magnetic carrier (PMP) to antibodies [4]

100 /̂ L (2.5 mg) purified antibody, 0.5 mL distilled water and 1 mL 0.2M phosphate buffer, pH5.4
was added to 50 mg Polyacrolein micro particles magnetic carrier (PMP) separated on magnet. The
suspension was rolled to mix overnight at room temperature. The resultant antibody coupled magnetic
particles were separated by a magnet and washed twice with 2 mL of 0.1M PB, pH8. To block the residual
aldehyde groups, 2 mL of 1% hydroxylamine HCl in 0.1M PB, pH9.5 was added and rotated to mix
overnight at room temperature. It was again washed with hydroxylamine HCl by rotating for half an hour
at room temperature. The adsorbent was then washed with 2 mL assay buffer (0.075M Borate buffer,
pH8.5, containing 1% BSA and 0.1% Sodium Azide) and finally.diluted with assay buffer to give a
concentration to 10 mg/mL by weight of the PMP and stored at 4°C.

88



4. RESULTS AND DISCUSSION

Optimization of the concentration of magnetic Cellulose and Dynabeads in the respective assays was
carried out using standards containing zero, 10 and 250 nM of T4/L. Fig 1 indicates that with magnetic
cellulose, the maximum binding is 33% but there is less displacement of binding between zero and
10 nM/L.With 1.25 mg of the adsorbent tube, the NSB is 8%. Fig. 2 indicates that with Dyna beads, the
maximum binding is 58% and there is reasonable displacement among the standards. At the maximum
concentration used, (0.5 mg/tube), NSB is 2%. The estimated T4 concentration in serum samples was not
affected by the volume of the sample used. Hence the assay could be carried out with 25 ,uL or 50 fj.L of
sample and an incubation period of two hours is sufficient.

Based on the results of the foregoing assay optimization procedures, the following protocols have
been established for the T4 assays using magnetic cellulose and Dyna beads.

Label and arrange assay tubes in duplicate. Pipette 50 /A, of the standards and specimen into the
appropriate tubes. Dispense 50 ^L 50 mM Phosphate buffer, 50 /uL magnetic cellulose linked anti-T4 and
50 (A* radiolabeled T4, containing 4 mg/mL ANS (8-Anilino-l-Naphthalene Sulfonic Acid). Vortex mix
all the tubes thoroughly and rotate to mix overnight or for 2 h. At the end of the incubation, wash the
particles twice with 1 mL of wash buffer (50 mM Phosphate buffer containing 0.1% Tween-20). Use a
magnetic base separator for sedimentation (Amerlex-M code No. N 4001, Amersham,U.K.). After
separation do not remove the rack from the separator base. Pour off and discard the Supernatant. Do not
leave inverted for long time. After padding, upright the tubes immediately. Count all the tubes in a gamma
counter for 120 seconds.

For the assay protocol using Dynabeads, 25 (xh of the serum sample is used, rest of the steps being
the same as for the magnetic cellulose assay. Standard curves achieved with these protocols are shown in
Figs 3 and 4. Quality control sample values were within the expected range. The non specific binding was
reduced by using 1% bovine serum albumin to the assay buffer. 0.05-0.1 mg of anti-T4 was used per mg
of magnetic cellulose for the coupling.

Goat anti T4(GxT4) was coupled to polyacrolein magnetic particles (PMP). The effect of the
concentration of magnetic first antibody (MFA) on the NSB and binding is shown in Fig. 5 was carried.
The sample values obtained with the MFA assay have been compared with those obtained with T4

Amerlex-M (KODAK) kit and with a Polyethylene glycol(PEG) based assay (Figs 6 and 7). Values of
the quality control samples were also comparable. The NSB was 0.13% and around 0.15 mg/tube MFA
is required.

PMP particles were also used to couple donkey anti-sheep (DASS) second antibody.The assay
based on this separating reagent also compared well with the Amersham kit and the PEG method (Figs
8 and 9). The protocols for the T4 assay using polyacrolein micro particles coupled to Goat anti-T 4 and
donkey anti-sheep serum are shown in Tables I & II.
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Fig .1. Optimization of the concentration of magnetic Cellulose (SCIPAC M-lOO) coupled to anti-1'4,carried out with
varying amounts ofT4. Sample size 25 mL and incubation time 2 h. A—NSB, B—0 nM T4/L, C—10 nM TJL, D—250 nhi
T,IL.
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Fig. 2. Optimization of Dynabeads coupled to anti-T4, carried out with varying amounts of %. Sample size 25 mL and
incubation time 2 h. A—NSB, B—0 nM T4/L, C—10 nM TJL, D—250 nM T4/L
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Fig. 3. Standard curve ofT* using magnetic cellulose linked anti-T4, 0.5 mg/tube, 50 mL sample size, 2 h incubation time.
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Fig. 4. Standard curve ofT* using Dynabeads linked anti-T4 0.5 mg/tube Dynabeads, 25 mL sample size, 2 h. incubation
time.
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Fig. 5. Optimization of Polyacrolein micro particles coupled to Goat anti-T4 (MFA).
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Fig. 6. Correlation ofTt levels of human sera assayed with KodakCommercial Kitjuid Polyacrolein micro particles coupled
to goat anti-T4 reagents. (y=5.26 +1.01189x, n=41, r=0.92, X = 95 nmol/L, *' = 101 nmol/L ) .
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Fig. 7. Correlation of T, levels of human sera assayed with£EG ppt. method and Polyacrolein micro particles coupled to

goatanti-T, reagents (y=-9.06+0.977x, n=69, r=0.99, X=w nM/L, Y=]QOnM/L).
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Fig. 8. Correlation of T4 levels of human sera assayed with Kodak Commercial Kit and Polyacrolein micro panicles coupled

to purified Donkey anti sheep serum, reagents. (y=-1.882+0.930x, n=37, r=0.988, X = 92nM/L. Y=84nM/L).
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Fig. 9. Correlation of T4 levels of human sera assayed with PEC ppt. method and_ Polyacrolein micro particles coupled to

purified Donkey anti sheep serum, reagents. (y=2.032+0.89x, n=63, r=0.99, X = J33 nM/L, Y=114 nM/L).
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TABLE I. ASSAY PROTOCOL OF T4 USING POLYACROLEIN MICRO PARTICLES
COUPLED TO GOAT ANTI-T4

TUBE NO.

STANDARD <MD

UNKNOWN (ML)
125I-T4 (juL)

MFA-T4 (ML)

STANDARDS

0

1.2

25

-

50

100

10

3.4

25

-

50

100

(nM/L)

50

5,6

25

-

50

100

100

7.8

25

-

50

100

145

9,10

25

-

50

100

235

11,1

25

-

50

100

UNKNOWNS

1

13,14

-

25

50

100

2

15,1

-

25

50

100

3

17,18

-

25

50

100

Vortex mix each tube and incubate overnight at an ambient temperature. Wash twice with Normal Saline. Decant using
magnetic separator and count for radioactivity.

TABLE. II. ASSAY PROTOCOL OF T4 USING POLYACROLEIN MICRO PARTICLES COUPLED TO
DONKEY ANTI-SHEEP SERUM

TUBE NO.

STANDARD (^L)

UNKNOWN (ML)
125I-T4 OiL)

Ab, C"L)

MSA-T4 GiL)

NSB

1,2

25

-

100

-

100

STANDARDS

0

3,4

25

-

100

50

100

10

5,6

25

-

100

50

(nM/L)

50

7,8

25

-

100

50

ROTATE FOR

100 100

100

9,10

25

-

100

50

1 HOUR

100

145

11,12

25

-

100

50

100

235

13,14

25

-

100

50

100

UNKNOWNS

1

15.16

-

25

100

50

100

2

17,18

-

25

100

50

100

3

19,20

-

25

100

50

100

Vortex mix each tube and incubate overnight at room temperature. Wash twice with normal saline.
Decant and count the radioactivity in the tubes.

In conclusion, it is observed.that the polyacrolein micro-particles and Dynabeads solid-phase show
better binding and displacement with very low NSB. However,the former is preferred as the Dynabeads
are expensive. Magnetic cellulose, on the other hand, tended to aggregate, which is undesirable.
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PRODUCTION OF MONOCLONAL ANTIBODIES FOR USE IN
IMMUNOASSAYS BASED ON THE MAGNETIZABLE SOLID PHASE
SEPARATION TECHNIQUE

W. CHAROENSIRIWATANA, N. JANEJAI, P.KRASAO XA9643133
Department of Medical Sciences,
National Institute of Health, Thailand

Abstract

Monoclonal antibodies to TSH were produced by using mouse-ascites technique. Various methods for
purifying the antibody from the ascitic fluid have been tried in order to obtain an appropriate TSH kit production
protocol. The purified antibodies were then immobilized on magnetisable cellulose for developing an IRMA for
TSH. A detailed study of the assay system, including the stability of the magnetic adsorbent was made, which
showed that the SCIPAC magnetisable cellulose is suitable for the production of TSH - Blood spot IRMA kits
for use in the Neonatal hypothyroid screening programme to be launched in Thailand in the near future.

1. INTRODUCTION

Recently, Immunoradiometric assay (IRMA) of TSH has come to play an important role in the
diagnosis of thyroid disorders. In the developing countries this requires an assay system which is
reliable, simple and preferably produced locally. The magnetic particle separation technique has been
selected as a method of choice in this study due to the elimination of a high cost refrigerated centrifuge.

In this study, the monoclonal antibodies to TSH (Thyroid Stimulating Hormone) have been selected
as a model for solid phase immobilization due to the need of the TSH reagent for neonatal screening
programme in the country.

2. MATERIALS AND METHODS

2nd IRP hTSH, for immunoassay, code no. 80/558 from NIBSC, UK
Human pituitary TSH from WHO, UK

• Recombinant TSH Standard and human pituitary TSH from IPEN, Brazil Cellulose/Iron oxide
particles M-174 from SCIPAC, UK

• Silanized magnetic particles from Institute of Atomic Energy,(IAE) Beijing, China
• Horse Serum from Thai Army Animal Center, Thailand

DEAE Cellulose (DE52) from Whatman, USA
• l-Ethyl-3-(3-dimethylaminopropyl)carbodiimide(EDC) from Sigma Chemical,Co.,USA
• 1,1 '-Carbonyldiimidazole, (CDI),from Sigma Chemical Co., USA
• Protein -A Sepharose from Pharmacia, Sweden

Na I25I from Du Pont NEN, USA
• Immunosorbent plate from Nunc, Denmark
• Ammonium Sulphate from Merck, Germany

The monoclonal antibodies for TSH were prepared using mouse-ascites technique [1]. Two
Monoclonal Antibodies [2] specific to a chain and p chain were utilized as a matching pair in this study.

2.1. Purification of monoclonal antibodies

The following procedures were used in the purification process of mouse ascites.

2.1.1. Purification of ascitic fluid by salt fractionation

29.1 g of ammonium sulphate was added to 100 mL of mouse ascites with continuous stirring at
room temperature for 1 hour, followed by centrifugation at 2,500 rpm for 30 minutes. The precipitate
was then redissolved in Phosphate Buffer Saline, dialyzed overnight and stored frozen.
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2.1.2. Purification oflgGby onion exchange DEAE column

DEAE Cellulose was equilibrate with 0.07M phosphate buffer, pH6.3 and packed into 2.5 cm x
40 cm glass column. 200 mg of the IgG from ammonium sulphate precipitation was then loaded onto
the equilibrated column and the IgG was eluted using the same buffer. The eluted fractions were
monitored of spectrophotometrically at 280 run.

2.1.3. Purification of IgG by protein A column

500 fj.L of ascitic fluid was dissolved in 0.1 M phosphate buffer, pH8, and loaded onto protein A
column. The elution was performed by using 0.1M citrate buffer, pH6 and dialyzed overnight in 0.05M
phosphate buffer, pH7.4. The solution was then concentrated with Ficoll 400 and store at 4°C until
further use.

2.2. Selection of the capture and detection antibodies

2.2.1. Preparation of antibody coated immunosorbent plate

The partially purified antibodies (by ammonium sulphate precipitation) were used in this experiment.
50 /^(approximately 5 fig) of protein in 0.05M phosphate buffer pH7.4 was coated onto immunosorbent
plate overnight at 4°C. The plates were washed 3 times with the same buffer and then soaked with 50 /uL
0.5% bovine serum albumin in 0.05M phosphate buffer, pH7.4 and stored at 4°C until use.

2.2.2. Preparation ofI2SI labelled antibodies

50 fj.g of the partially purified antibodies (by ammonium sulphate precipitation) were iodinated by
using the iodogen method [3].

2.2.3. Assay procedures for matching pair experiment

50 fuL of 0 mIU/L and 60 mIU/L TSH standard were pipetted into each antibody coated well of the
immunosorbent plates, followed by 50 fxL of I25I antibody and incubated overnight. The plates were then
aspirated, washed with 0.05M phosphate buffer three times and then counted in a gamma counter.

2.3. Comparison of purified monoclonal anti P-TSHs from various purification procedures

The purity of antibodies was checked by SDS-PAGE electrophoresis. About 5 fig of specific
antibodies from various purification procedures was mixed with SDS-sample buffer and boiled for
2 minutes. The samples were then loaded onto the gel (10% separation gel, 3% concentration gel,
10x8 cm) and the gel electrophoresis was carried out using 10 volt/cm for approximately 100 minutes. The
gel was then stained with coomassie brilliant blue.

2.4. Test for RIA binding capacity of various purified antibodies

The purified a specific TSH antibodies were coated onto immunosorbent plates according to the
procedure in 3.2.1. 50 /uL of 125I -TSH was added into each well and incubated at 4°C overnight. The wells
were then aspiratt : and washed 3 times with 0.05M phosphate buffer pH7.4. The radioactivity in the wells
was then counted and the percentage binding determined.

2.5. Coupling of antibody to magnetisable cellulose

TSH monoclonal antibody was coupled to magnetisable cellulose, M-174, from SCIPAC, UK, using
two concentrations of CDI.
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2.5.1. Method 1

For the activation process, 1 g of magnetic particles was washed with 40 mL distilled water and
followed by 25 mL acetone for 4 times. 120 mg of CDI was added to the particles suspended in acetone
and rotated for 1 h at room temperature. Then, the particles were washed 4 times with 25 mL acetone in
each washing followed by 4 times with 0.1 M sodium bicarbonate, pH8.

In the coupling process, 50 mg of the partially purified antibody was added to 1 g of activated
magnetic particles and the volume adjusted to 20 mL with 0.1M sodium bicarbonate, pH8. The suspension
was rotated overnight at room temperature. Then, the particles were washed twice with 20 mL of 0.1M
of sodium bicarbonate buffer followed by 0.6% ethanolamine in sodium bicarbonate buffer. The
suspension was rotated for 30 minutes, resuspended in 0.1M acetate buffer, pH4 and then rotated for
another 30 minutes. The particles were washed twice with phosphate buffer pH7.4 containing 0.1 % bovine
serum albumin and adjusted the total volume to 40 mL with the same buffer.

2.5.2. Method 2

The same procedure as described in method 1 was applied for the antibody coupling except that 800
mg of CDI was used in activation process (instead of 120 mg of CDI) and 30 mg of the antibody.

2.6. Coupling of antibody to silanized magnetic particles

The silanized magnetic particles from China, lot no. 93-21 and 94-7, were used for the antibody
immobilization process. In this study, the effect of pH on the efficiency of coupling was studied using
phosphate buffer pH5.5 and pH7.4. 200 mg of magnetic particles were washed with 20 mL of washing
buffer (0.05M phosphate buffer containing 0.1% bovine serum albumin and 1% Tween 20) for 3 times.
The antibody solution in coupling buffer (0.05M phosphate buffer pH5.5 and 7.4) was added and the
volume was adjusted to 10 mL with the same buffer. The suspension was rotated end over end for
30 minutes at room temperature, then 20 mg of EDC were added and the suspension was rotated overnight
at room temperature. The particles were then washed 10 times with washing buffer and adjusted to 10 mL
with 0.05M phosphate buffer pH7.4.

2.7. The stability study of the antibody coated magnetic particles

The stability of the immunoadsorbents was studied over a period of two months. The CDI coated
methods using SCIPAC magnetic particles and cellulose were tested in this study for the period of 4
months. The assay protocol is summarized below:

200 /iL Standard or Sample
1

50 fiL 125I -Anti TSH
1

Incubate 3 hr. at room temp.
i

1.25 mg/ 50 mL Antibody-Magnetic particles
i

Rotate 1 hr. at room temp.
I

Wash with 2x1 mL 0.05M phosphate buffer with 0.4% Tween 20
i

Decant
1

Count the precipitate
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The change of buffer in antibody coated solid phase matrix before the assay performance was also
been tested in the stability study.

2.8. Precision profile of TSH-blood spot IRMA assay

The antibody coated magnetic particle have also been tested in the NIH-blood spot IRMA kit [4]
using the assay protocol shown above. The precision profile of 10 assay batches was calculated using
WHO data processing programme.

2.9. Testing of recombinant TSH

TSH IRMA standard curves were set up using IPEN recombinant TSH, authentic pituitary TSH
extract and WHO TSH standards prepared in horse serum and diluted serially to give concentrations
ranging from 0 to 75 mlU/L.

3. RESULTS

Three procedures have been used to purifiy the monoclonal antibodies from ascitic fluid, namely,
ammonium sulphate precipitation, anion exchange DEAE Column and affinity chromatography over
protein A column. The elution profiles are shown in Fig. 1 and Fig. 2 respectively.

The matching pair experiment of the antibodies showed that the suitable combination is the a-specific
antibody as the capture antibody, and the P-specific antibody as the 12SI labelled antibody, as shown in
Table I.

TABLE I. SELECTION OF THE CAPTURE AND DETECTION ANTIBODY PAIR FOR TSH IRMA

Coating

Standard 0 mlU/L

Standard 60 mlU/L

Counts

a-specific anti TSH

160
232

11978
11991

P-specific anti TSH

107
244

179
249

The SDS-electrphoresis of the P-TSH antibody purified by the Protein A method yielded only two
sharp bands corresponding to the light chain and heavy chain of the IgG molecule, while the other two
methods of purification showed the presence of impurities. Hence, the antibody for labelling is routinely
purified by the Protein A method.

The protein A purified P-specific Antibody was tested for it's binding capacity to the a-specific
antibody, purified by the three methods and immobilized on immunosorbent plates.The results showed
that the ammonium sulphate precipitation yielded 100% binding whereas the anion exchanger and
Protein A were 91.4 and 98.0% respectively as in Table II. Thus, the ammonium sulphate purification
procedure was selected as the purification process for the capture antibody.

TABLE II. BINDING CAPACITIES OF THE PURIFIED a-SPECIFIC ANTIBODY FRACTIONS

Methods

Ammonium sulphate precipitation

Anion exchanger (DEAE cellulose)

Protein A

Blank

% B/T (RIA)

100

91.4

98.0

0.4
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Fig. 1 Purification of TSH monoclonal antibody by DEAE column.
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Fig.2 Purification ofTSH monoclonal antibody by Protein A column.
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Fig.3 Comparison of CDI activation methods 1&2.
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For CDI-antibody coupling procedures, method 2 consumed 40% less antibody for coating onto the
SCIPAC magnetic particles and the binding at TSH concentration of 75.5 mlU/L was 40.4% whereas in
method 1, the binding is only 27.9%. The reference CDI cellulose procedure also yielded the binding
35.4% as shown in Fig. 3.

TSH antibody was coupled to silanized magnetic particle lot no. 93-21 and 94-7 from IAE, China
using the ED AC method. A comparison of the amount of IgG coated onto the magnetic particles of IAE
lot 93-21 and 94-7 showed that for IAE lot no. 93-21, the binding at 75.5 mIU/L, for 2.5 mg, 5.0 mg and
10.0 mg of IgG for coating were 5.55, 7.39 and 10.94% respectively at coating pH of 5.5. At coating pH
of 7.4, the binding was 11.26, 12.65 and 16.53%respectively. It is observed, that the preparation IAE 93-
21 shows a consistently lower binding than IAE 94-7. For the lot IAE 94-7, the change in the coupling
pH did not affect the binding. The binding for 75.5 mlU of TSH at pH5.5 were 24.37, 29.79, and 33.14
respectively and for pH7.4 these values were unchanged. This difference in the two particles is also
observed in the dose-response curves (Figs 4 and 5). From these studies we have selected an IgG
concentration of 10 mg for coupling.

The stability of the above mentioned immunoadsorbents has been studied over a period of 4-6
months. For the SCIPAC M-174 adsorbent prepared by method 1, the binding at 75.5 mlU/L drastically
dropped from about 28% to about 13% in the first month and stayed at the range of 8-10% in the
following three months as in Fig. 6. In the case of the adsorbent prepared by method 2, the binding
dropped from 40.40 to 31.43 in the first month and stayed at the range of 20-24% in the following period
as in Fig.7. In both methods, when the particles were resuspended in fresh buffer just prior to the assay,
there is an increase in the binding (Figs 6 and 7) and in the standard curves shown in Fig. 8. This indicates
the accumulation of free antibody in the supernatant with time, which could be removed by decanting off
the old supernatant. As mentioned earlier, method 2 yielded approximately 12% higher binding than the
method 1 and the amount of IgG consumed in coating process is about 60% of that in method 1.

For the IAE 94-7 based immunoadsorbent the binding at 75.5 mlU/L of TSH dropped from 32.37
to 20.70 for the first month and stayed in the range of 13-16% in the following five months as shown in
Fig. 9.

The magnetisable cellulose based immunoadsorbent has been tested for use in the immunoradiometric
assay of TSH in blood spot. Fig. 10 shows the precision profile derived from 10 assays, from a single
batch of kits. The WHO data processing programme has been used. The variation, which is<10% for TSH
concentrations ranging froml.5 to 100 mlU/L, is acceptable in the neonatal screening for hypothyroidism
where the cut off level of TSH is about 25 mlU/L.

The study has also been extended to the recombinant TSH standard from IPEN Brazil and the result
showed that the IPEN recombinant standard yielded an equivalent standard curve to the WHO TSH
standard and the pituitary TSH extract with the correlation coefficient of 0.9987 and 0.9964 respectively
as seen in Fig. 11 and could be used as a standard in the TSH - IRMA assay (Fig. 12).

4. CONCLUSION

Two types of monoclonal antibodies specific to a-and p-chain TSH were produced by the mouse-
ascites technique. The SCIPAC M-174 magnetisable cellulose has been selected as the material for
coupling to antibody using theCDI activation method 2. The antibody specific to a-chain was purified by
ammonium sulphate precipitation and was selected as the captured antibody, while, the P-specific was
purified by protein A affinity column and used as the detection antibody.

The stability of the SCIPAC coated particles is more than 6 months, provided the suspension buffer
is changed before assay .For the IAE silanized Magnetic particles, the batch IAE 94-7 is better than 93-21.
A comparison of the amount of antibody consumed, showed that the SCIPAC material consumed 25%less
than the IAE particles. Hence, the SCIPAC material has been selected for routine use.
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Fig.4 The effect of coating pH on the standard curves with IAE 93-21 magnetic particles.

• • • • • BH5.6

F/g.5 The effect of coating pH on the standard curves with IAE 94-7 magnetic particles.

Fig.6 Stability ofSClPAC M-174 adsorbent prepared by method 1.

Fig. 7 Stability of SCI PA C M-174 adsorbent prepared by method 2.
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Fig.8 Effect of the age ofSCIPAC M-174 adsorbent on the TSH IRMA standard curves.
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Fig. 10 Precision profile of 10 bloodspot TSH IRMAs with magnetizable cellulose as the solid phase.
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Fig. 11 (a) Comparison of pituitary and recombinant TSH standards (IPEN)
(b) Comparison of recombinant TSH standard (IPEN) and pituitary TSH Standard, WHO.
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Fig. 12 TSH IRMA standard curves obtained with TSH standards from the three sources.

The recombinant TSH standard from IPEN showed a good correlation with the standard TSH from
pituitary extract and WHO TSH standard, indicating that it could be used as a standard in immunoassays.

Summarizing, the locally made monoclonal antibody specific to TSH could be used for the
production of TSH-blood spot-IRMA kit in combination with the magnetic particle separation technique,
which avoids the using of a refrigerated centrifuge. It is apparent that such an assay system can be locally
produced and being technically simple, cheap and reliable, it can be used in the neonatal hypothyroid
screening programme to be launched in Thailand soon.
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