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Abstract

In this paper, we describe the preparation and application of avidin coupled polystyrene
beads as a common solid phase for use in irnmunoradiometric assays (IRMAs). The assay system
is based on two matched commercial monoclonal antibodies, of which, the capture antibody is
biotinylated using biotinamidocaproate N-hydroxysuccinimide ester and the detection antibody is
radiolabeled with 125I by conventional Chloramtne-T method. Avidin was immobilized on the
polystyrene beads through a primary coat of bovine serum albumin using glutaraldhyde activation
method. Various factors, such as, concentration of reagents, incubation time, etc. were optimised
to obtain a simple assay protocol consisting of only two pipetting steps, namely, that of a mixture
of the two labelled antibodies (radiolabelled and biotinylated) and of the standard or sample. The
advantage of the Avidin-Biotin system is the unproved sensitivity, economy of antibody and the
possibility to use a common solid phase in assays for different analytes. Usmg the polystyrene
beads along with the novel decanting device, it has been possible to achieve the convenience of
the 'coated-tube' technology without the expensive automation necessary for large scale
preparation of antibody coated tubes. This protocol has been successfully applied to Prolactin, LH
and FSH assays. The sensitivity of the Prolactin assay is 8(i.IU/mL (0.3 ng/mL), that of the FSH
assay is lmlU/mL and that of the LH assay is 0.9 mlU/mL. The intra-assay and inter-assay
variations were <10% . Shelf life of the avidin coupled beads was found to be about 8 months and
that of the biotin labelled antibodies upto 18 months.

1. INTRODUCTION

Immunoassays like radioimmunoassays (RIA) and immunoradiometric assays (ERMA)
have provided an accurate, elegant but simple tool for the measurement of a variety of biologically
important substances in body fluids. Of the two assay variations mentioned above, the IRMA has
been found to be superior in terms of sensitivity, specificity and ruggedness. An important
requirement in sandwich IRMA is the solid phase for immobilising the capture antibody. The
quality of the solid phase has a great influence on the sensitivity, range and cost of the assay. The
antibody coated tube is the most preferred solid phase on account of its performance and
convenience. However, the large scale manufacture of these tubes is expensive and requires great
skill and control at ah1 stages of antibody coating. An alternative to the 'coated tubes' is to use
magnetisable particles. Though not as 'user-friendly', these solid supports are less expensive and
can be easily prepared on a large scale even with modest facilities [1,2,3]. The avidin-biotin
interaction has been widely applied to a variety of immunological techniques [4,5,6]. For use in
IRMAs, avidin is coupled to the solid phase and the capture antibody is biotinylated. The use of
the avidin- biotin system offers improved sensitivity and the possibility of having a common solid
phase in IRMAs for different analytes. The use of finely divided solid phases ,such as magnetisable
particles involves pipetting the antibody suspension , which could be a source of imprecision,
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hence, 'Single piece' solid phases like plastic beads would be a better alternative. This paper deals
with the preparation and application of avidin coated polystyrene beads. The beads are relatively
inexpensive and several thousands of them can be handled without the need for expensive
automation or instrumentation. Moreover, with the help of a very simple and inexpensive device,
we can achieve the convenience of the coated tubes, namely, that of decanting the contents from
the tubes at the end of the assay. This technique has been successfully applied to
immunoradiometricassays for Prolactin (PrL), LH and FSH. The respective capture antibodies
have been labelled with biotin and detection antibodies with 1 2 5 1 . After a careful study of various
parameters such as incubation conditions, concentration of reagents, stability of the reagents and
assay protocols, a simple assay format consisting of only two pipetting steps was established. The
assays so developed have been evaluated by conventional procedures.

2. MATERIALS AND METHODS

2.1 Materials

Purified, matched pairs of monoclonal antibodies for each hormone were purchased from
Boehringer Mannheim, Germany, 1251 was purchased from Dupont, USA, purified avidin from
egg white, biotinamidocaproate N-hydroxy succinimide ester, glutaraldehyde,BSA, grycine were
purchased from Sigma Chemical Co., 8 mm diameter, 'spec finish' polystyrene beads were from
Precision Plastic Ball Co., USA, RIASTAR Packcard automatic gamma counter from USA was
used for assaying the radioactivity.

2.2 Methods

2.2.1. Immobilisation of avidin on polystyrene beads

Preparation of avidin coated polystyrene beads was carried out as reported earlier [ 7 ]
with some minor modifications. The beads were coated with bovine serum albumin (BSA) by
incubating them in 0.05 M phosphate buffer, pH 7.5, containing 0.2% BSA for 2h with gentle
stirring. They were then washed thoroughly and placed in a 2% solution of glutaraldehyde for 6
h. The activated beads were washed free of the aldehyde and immersed in a solution containing
avidin (50ug /mL), not optimised, however, far in excess and incubated overnight at room
temperature. The beads were then washed thoroughly and remaining active sites blocked using
0.05 M phosphate buffer containing 0.2% grycine and 2% skimmed milk powder [ 8,9]. Finally,
the avidin coupled beads were washed several times and stored at 4°C, immersed in 0.05 M
phosphate buffer containing 0.2% BSA, 0.1% Tween-20, 0.9% NaCl and preservatives.

2.2.1. Biotinylation of capture antibody

The capture antibodies for each hormone, identified earlier by "cross-matching and tested
for cross-reactivity, were labelled with biotin (10). BiotinamidocaproateN-hydroxy succinimide
ester was dissolved in dimethylformamide (lmg / mL). lOuL of this solution was added, with
constant stirring to 1 mg of the monoclonal antibody dissolved in 0.1M bicarbonate buffer, pH
8.6. After incubating for 2 h, another lOuL of the biotin solution was added and the reaction was
carried out for another 2 h. The biotin labelled antibody was separated from the unreacted biotin
by dialysis and diluted with 0.05 M phosphate buffer containing 0.2% BSA, 0.1% Tween-20,
normal mouse serum and preservatives and stored at 4°C. The biotinylated antibody was tested
periodically by setting up assays with the avidin coated beads.
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2.2.2. Radiolabelling. of antibody

Purified monoclonal antibody was radiolablled with 125I by the conventional procedure
[11] to obtain a specific activity of about 12 uCi / ng and purified by gel filtration over Sephadex
G-100 (35cm x lcm) column. Purified fractions were pooled, aliquoted and stored at -20°C. At
the time of assay, each vial is reconstituted to get approximately 1.5 x 106 counts per minute /
TTlT,

2.2.3. Hormone standard preparation

The standard hormone solutions were prepared in horse serum , calibrated against the
respective WHO reference preparation, aliquoted and stored frozen.

2.2.4. Assay procedures

The effect of various assay parameters such as concentrations of biotmylated and.
radiolabelled antibodies, length of incubation, etc have been studied to arrive at a simple and
reproducible assay format. With a view to improving the precision and simplifying the assay
procedure, the biotin labelled and radiolabelled antibodies were mixed together and added as a
single reagent in one pipetting step . Thus, the developed assay consists of adding an avidin
coated bead, standard (or sample) and the mixture of the two labelled antibodies to the assay tube.
At the end of the assay, lmL of wash buffer is added to each tube (except in total tube), stirred,
the contents decanted and the radioactivity associated with the bead measured.

3. RESULTS AND DISCUSSION

In the work reported here, we have used the avidin-biotin system for developing IRMAs
for Human Prolactin, LH and FSH The method of coupling avidin to polystyrene beads was
found to be simple and reproducible. These beads are relatively inexpensive and several thousands
of them can be handled at a time without the need for automation or expensive instrumentation at
any stage of coating. Stability of these beads was studied over a period of 8 months. Fig. 1. shows
the results of an assay carried out immediately after coating the bead ( curve A) and that of an
assay done eight months later (curve B). This study showed the stability of the beads over the
period of storage, without any significant change in the assay performance. The main advantage
of using avidin coupled beads was the feasibility of a common solid phase for all assays.

The biotinamidocaproate N-hydroxy succinimide ester has been used in order to take
advantage of the spacer arm, which reduces the steric hindrances generally associated with the
binding of four biotinylated protein molecules to one avidin molecule [12,13]. Biotinylation of the
antibody is technically simple. Labelling of the protein with biotin depends upon the reaction
stoichiomery as well as on the over all concentrations of the protein and the biotin ester, that is, a
higher labelling yield is observed with smaller reaction volumes. The solution of the biotin ester
should be freshly prepared just before labelling . For the labelling reaction, the volume of the
biotin ester solution not exceed 5% to 10% of the total reaction volume. The reaction mixture
should be kept stirring during the addition of the ester as well as during the course of the reaction.
The shelf life of the biotinylated antibody was about 18 months at 4°C.
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TABLE L TYPICAL STANDARD CURVE DATA

Prolactin assay

Prolactin
(ng/mL)

%BAT

0

0.06

2.5

2

5

3.7

10

5.4

25

10.6

50

18

100

25

FSH assay

FSH
(mlU/mL)

%B/T

0

0.05

2

0.34

4

0.51

9

2.3

18

4.1

36

10.8

72

17.3

144

37.4

LH assay

LH
(mlU/mL)

%B/T

0

0.08

2.5

0.21

5

0.39

10

0.94

25

2.2

50

4.4

100

6.9

200

14.9

The Chloramine-T method of iodination followed by purification by gel filtration resulted
in labelled antibody of high specific activity, purity and stability. The tracer could be stored for
atleast 60 days at 4°C at assay dilution. Specific activity of 10 |iti / |ig has been found to be quite
adequate for the assay.

Typical standard curves obtained for each assay are tabulated in Table -I. Various assay
parameters were optimised for each assay by conventional assay procedures as shown in Table-II
after different assay protocols were studied with a view to simplifying the assay and improving the
precision. A simple assay format consisting of only two pipetting steps was established by adding
the two labelled antibodies as a single reagent, the other pipetting being that of the standard (or
sample). The stability of the mixture was studied and found to be satisfactory over the complete
shelf life of the tracer antibody (60 days) as shown in Fig.2. Curve A shows the standard curve
with the freshly prepared antibody mixture and Curve B shows that obtained towards the end of
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TABLE H. CHARACTERISTICS OF PROLACTIN AND LH ASSAYS

Parameter

Incubation period

Sensitivity

Recovery test

Dilution test

Intra-assay variation

Inter-assay variation

Hook effect

Prolactin assay

3h, room temperature

0.3ng/mL

86-110%

90-107%

<5%

<10%

No hook effect upto 200
ng/mL

LH assay

3h, room temperature

0.9mIU/mL

89-104%

90-110%

<10%

<10%

No hook effect upto 300
mlU/mL

TABLE HL COMPARISON OF AMOUNT OF CAPTURE ANTIBODY REQUIRED IN
CONVENTIONAL IRMAs (WITH ANTIBODY COUPLED DIRECTLY TO THE
MAGNETKABLE PARTICLES) AND THE AVTOIN-BIOTIN BASED IRMAs

IRMA System

Conventional IRMAs [1,3]

Prolactin
FSH
LH

Avidin-Biotin Based IRMAs

Prolactin
FSH
LH

Capture antibody required
jig/tube

1.2
1.5
0.8

0.25
0.60
0.66

355



25

(A) Fresh avidin coated beads.
(B) 8 months old avidin coated beads.
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Fig. 1. Stability of avidin coated beads elicited by representative standard curves of Prolactin
IRMA.
(A) Fresh avidin coated beads.
(B) 8 months old avidin coated beads.
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XA) Freshly prepared antibody mixture.
(B) 60 day old antibody mixture.
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CONCENTRATION OF LH m l U / m l

Fig. 2 . Stability of mixed labelled antibody reagent elicited by representative curves of LH IRMA.
(A) Freshly prepared antibody mixture.
(B) 60 day old antibody mixture.
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the shelf life of the antibody mixture. The length of incubation period was also studied at 3,5 and
24 hours with stirring and overnight without stirring. The assays were found to be similar for
incubation at 3 h with stirring and overnight without stirring, with respect to sensitivity and other
standard curve parameters.

In the conventional "bead assays" the free fraction is aspirated out. In the assays reported
here, the convenience of the " coated tube" has been achieved by making use of a very simple,
inexpensive and universally available device, namely, a paper clip. The assay tubes, placed in a-
decanting rack, are fitted with clips that have been partially pried apart. To carry out the
separation, wash buffer is added to the tubes, the contents stirred and the rack inverted to discard
the solution, as is done with the coated tubes.

The Avidin-Biotin system is generally associated with a high non-specific binding ( NSB)
[8]. However, we have found that the NSB largely depended upon the quality of the tracer, the
NSB in all our assays has been < 0.1%. The use of Avidin-Biotin system has also reduced the
amount of capture antibody required as shown in Table-DOL This assay format has been
successfully applied to Prolactin, LH and FSH.

4. CONCLUSION

The avidin-biotin based IRMAs, described in this paper, are simple, accurate and
reproducible. The advantages of using the avidin-biotin system include, improved sensitivity,
economy of the monoclonal antibodies and the possibility of having a common soilid phase for
different assays.

Using the polystyrene beads as the solid phase, along with the simple decanting device,
one can achieve the convenience of the "coated-tube" assays, without the need for expensive
instruments or automation at any stage of the antibody coating procedure.
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