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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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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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