
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 16 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Immunoassay and Immunochemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597271

Immunoradiometric Assay (IRMA) for Human Follicle Stimulating
Hormone (FSH) and Luteinizing Hormone (LH) Using Common Avidin
Solid Phase
C. Vrindaa; S. N. Paradkara; N. Jyotsnaa; N. Sivaprasada

a Medical and Biological Products Programme (MBPP), Department of Atomic Energy, Board of
Radiation and Isotope Technology (BRIT), Navi Mumbai, India

Online publication date: 28 July 2003

To cite this Article Vrinda, C. , Paradkar, S. N. , Jyotsna, N. and Sivaprasad, N.(2003) 'Immunoradiometric Assay (IRMA)
for Human Follicle Stimulating Hormone (FSH) and Luteinizing Hormone (LH) Using Common Avidin Solid Phase',
Journal of Immunoassay and Immunochemistry, 24: 3, 285 — 299
To link to this Article: DOI: 10.1081/IAS-120022938
URL: http://dx.doi.org/10.1081/IAS-120022938

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597271
http://dx.doi.org/10.1081/IAS-120022938
http://www.informaworld.com/terms-and-conditions-of-access.pdf


©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

JOURNAL OF IMMUNOASSAY & IMMUNOCHEMISTRY

Vol. 24, No. 3, pp. 285–299, 2003

Immunoradiometric Assay (IRMA) for

Human Follicle Stimulating Hormone (FSH)

and Luteinizing Hormone (LH) Using

Common Avidin Solid Phase

C. Vrinda,* S. N. Paradkar, N. Jyotsna, and N. Sivaprasad

Medical and Biological Products Programme (MBPP),

Board of Radiation and Isotope Technology (BRIT),

Department of Atomic Energy,

BARC Vashi Complex, Navi Mumbai, India

ABSTRACT

This paper describes the use of avidin-biotin interaction as an affinity

system, wherein avidin immobilized magnetizable particles (cellulose)

are used as a common separation system in immunoradiometric

assay (IRMA) for hormones of the human reproductive system,

human follicle stimulating hormone (FSH), and luteinizing hormone

(LH). Biotinylated probe was prepared by biotinylation of specific
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monoclonal antibody for respective antigen using the caproyl

derivative of biotin N-hydroxysuccinimide. The detector antibody

for the respective antigen was radiolabelled with 125I by a chlor-

amine-T oxidation method and purified by gel filtration. In the IRMA

procedure, standard/sample, respective biotinylated, and radio-

labelled antibody as a single reagent, and avidin solid phase were

added simultaneously to the assay tubes. After incubation for 3 h

with shaking, the bound complex was quantitated for its radioactiv-

ity associated with the common avidin solid phase. Results showed

that the developed assay protocol is applicable to IRMA of FSH and

LH with good precision (intra and inter assay CV less than 8% and

11%, respectively), good assay range (0–200mIU/mL) and analytical

recovery (87–110%). The assay could detect 0.5mIU/mL and

0.9mIU/mL of FSH and LH, respectively, and showed good

correlation with commercially available kits (FSH y¼ 0.98xþ 0.21

and LH y¼ 0.99xþ 0.18).

Key Words: Avidin-Biotin interaction; Biotinylation; FSH; LH

bicarbonate buffer; pH 8.4.

INTRODUCTION

The avidin-biotin interaction has been used for many years in a
variety of different applications[1–3] due to the high affinity constant of
biotin with avidin or streptavidin (K¼ 1015L/M). The use of the avidin-
biotin interaction can be exploited in two different ways: as an affinity
system or as a detection system.[4] Here, we have demonstrated the use of
avidin-biotin interaction as an affinity system.

Immunoassays such as radioimmunoassay (RIA) and immunoradio-
metric assay (IRMA) are now widely used for assaying a variety of
biologically important substances in body fluids.[5,6] An essential step in
these procedures is the separation of immune complex from the reaction
mixture. The choice of the separation system determines the precision
and, thereby, the sensitivity, reproducibility, batch size, and cost of the
analysis. In the IRMA system, the capture antibody is linked to an inert
solid support. Inert support in the form of polystyrene/polypropylene
tubes is, by far, the most preferred. However, success of such systems
depends on the availability of uniformly sized and good quality tubes,
an efficient method for immobilization, bulk quantity of antibody, and
an automation facility for the manufacture of such coated tubes, even
on a moderate scale.[7–9] Magnetizable particles (microcrystalline
cellulose-coupled iron oxide) thus afford a less expensive and convenient
alternative to the plastic tubes.[10,11]
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This paper describes various steps in the development of an
IRMA for human FSH and LH using an avidin-biotin conjugated
system, where avidin coupled magnetizable cellulose serves as a
common solid support for FSH and LH IRMA. This assay system
depends on the formation of an immune complex, on avidin coupled
magnetizable cellulose.

EXPERIMENTAL

Chemicals and Buffers

Affinity purified monoclonal antibodies for FSH and LH hormones
were procured from commercial sources. Magnetizable cellulose was
prepared in-house. Standards for FSH and LH of known potency and
calibrated against WHO reference preparation were obtained from
Immunometrics Ltd. (UK). 1,10-carbonyldiimidazole (CDI), bovine
serum albumin (BSA), purified egg white avidin, biotinamidocaproate
N-hydroxysuccinimide ester and Tween-20 were procured from Sigma
chemical Co. (USA). Sephadex G-100 was from Pharmacia (Sweden).
125I was procured from NEN (USA). Packard automatic gamma counter
(USA) was used for measuring the radioactivity. All other chemicals
used were of AR grade from local companies in India.

Radiolabelling of the Detector Antibodies

Radiolabelling of detector antibodies was carried out by the conven-
tional chloramine-T oxidation method.[12] 50 mL (50 mg) of monoclonal
antibody dissolved in 0.05M phosphate buffer, pH 7.4 was mixed with
60 mL of 0.5M phosphate buffer, pH 7.4 and 7–10 mL (� 750 mCi) of Na
125 I followed by the addition of 10 mL (10 mg) chloramine-T dissolved in
0.05M phosphate buffer, pH 7.4. The reaction was stopped after one
minute by the addition of 500 mL of 0.05M phosphate buffer pH 7.4,
20 mL (20 mg) of sodium metabisulphite and 50 mL (250 mg) of potassium
iodide in 0.05M phosphate buffer, pH 7.4. Purification of radiolabelled
product was performed by gel electrophoresis using a Sephadex
G-100 column (35� 1 cm) using 0.05M phosphate buffer as the eluant.
The 125I labelled purified fractions were selected, pooled, appropriately
aliquoted, and stored at �20�C. At the time of assay, the aliquot was
reconstituted to obtain approximately 1.5� 105CPM for 100 mL with
50% counter efficiency.
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Standards

The standards for FSH and LH of known potency, obtained from
commercial sources, were used. The standard hormone from the stock
vial was dissolved in the buffer according to the manufacturer’s recom-
mendation. A known amount of this standard was suitably diluted in horse
serum and calibrated against the respective WHO reference preparation
(83/575 and 80/552 for FSH and LH respectively). Serial dilutions ranging
from (0–200)mIU/ml for both analytes were made using the above
mentioned calibrated standard, aliquoted and stored frozen at �20�C.

Preparation of Avidin Solid Phase

Avidin was coupled to magnetizable cellulose particles using a
1,10-carbonyldiimidazole (CDI) activation method with slight
modification of the method recommended by SCIPAC.[13] 1 g of the
magnetizable cellulose particles were washed thoroughly with DDW
and activated for 1 h using 400mg of CDI dissolved in acetone. The
activated cellulose was washed thoroughly with acetone, followed
by 0.1M bicarbonate buffer, pH 8.4 to remove excess of CDI and then
particles were suspended in the same buffer. 20mg of avidin, dissolved
in 0.1M bicarbonate buffer, pH 8.4, was added to the activated
cellulose suspension. The coupling reaction, aided by gentle shaking,
was allowed to proceed overnight. After completion of the reaction,
avidin coupled cellulose (avidin solid phase) was washed thoroughly
with 0.1M acetate buffer, pH 4.0, to remove uncoupled avidin. Free
sites of the avidin solid phase were blocked using 2% casein, 0.2M gly-
cine and 1% BSA in 0.1M bicarbonate buffer, pH 8.4.[14,15] The
saturated avidin solid phase was then thoroughly washed with 0.1M
acetate buffer, pH 4.0, and 0.1M bicarbonate buffer, pH 8.4, and
suspended in a saline phosphate buffer, pH 7.4, containing 0.1%
Tween-20, 0.2% BSA, and 1% normal mouse serum at 4�C.

Biotinylation of Capture Antibodies

Biotinylation of capture antibodies was carried out using the caproyl
derivative of N-hydroxysuccinimide ester.[16] 1mg of the antibody was
dissolved in 1ml of 0.1M bicarbonate buffer, pH 8.4. 10 mL of biotin
N-hydroxysuccinimide ester solution (1mg/mL in N,N-dimethyl-
formamide), freshly prepared before use, was added to the antibody

288 Vrinda et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

solution. The contents were promptly mixed and allowed to react for 2 h.
A second aliquot of ester solution was added to the same vial. The reac-
tion was allowed to proceed for 2 additional hours. The unreacted ester
was separated from the biotin-antibody conjugate by extensive dialysis
against 3 L of 0.1M saline phosphate buffer, pH 7.4. The purified
biotinylated antibody was diluted in 0.05M saline phosphate buffer
containing 1% normal mouse serum, neomycin (0.1 g/L), chlorampheni-
col (0.34 g/L), and stored at 4�C.

Characterization of Detector Antibody

Paper electrophoresis was carried out for 40min in phosphate buffer
(0.025M, pH 7.4) at a potential gradient of 8V/cm using Whatmann 1
chromatography paper. The sample was applied at 8 cm from the
cathode. Following the run, the strips were dried and cut into 1 cm
segments and their radioactivities were measured.

Assay Development

A detailed study was carried out for proper selection of the reaction
parameters, viz., concentration of reagents, reaction kinetics, sequence of
addition of the reagents, and the optimum specific activity of 125I-labelled
monoclonal antibody. In order to reduce the number of pipetting steps,
two reagents either (biotinylatedþ radiolabelled antibody) or (biotiny-
lated antibodyþ avidin solid phase) were mixed in optimum concentra-
tion and added as a single reagent in one pipetting step. The effect of
these two combinations on the assay performance was studied over the
shelf life of the detector antibody.

Briefly, the assay protocol formulated after optimization of reaction
parameters consists of adding the reagents in the following sequence,
200 mL of standard/sampleþ 100 mL of (biotinylatedþ radiolabelled)
antibody mixture as single reagentþ 100 mL of avidin solid phase.
The reactants were mixed and incubated for 3 h under gentle shaking.
At the end of the reaction, 1mL wash buffer, 0.05M phosphate buffer,
pH 7.4, containing 0.9% NaCl, 0.1% NaN3, and 0.1% Tween-20 was
added to all the tubes (except total), vortexed, and the solid phase was
separated using a magnetic rack. The washing step was repeated twice.
The radioactivity associated with the avidin solid phase was measured.
The same procedure was used for evaluating the performance of the
assay. The developed assay was subjected to quality control tests,
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e.g., those for precision, sensitivity, specificity, reproducibility, recovery,
and parallelism.

To evaluate the effect of avidin-biotin interaction on the developed
IRMA procedure, parallel FSH and LH IRMA, using capture antibody
coupled to magnetizable cellulose (instead of the biotinylated capture
antibodies), and the same detection antibodies were also carried out.

RESULTS

Preparation of Radiolabelled Antibody and

Avidin Solid Phase

The radiolabelling method used was simple and reproducible, with
iodination efficiency (in terms of % incorporation of iodine) 75–90%,
calculated from paper electrophoresis of the reaction mixture. The spe-
cific activity, also calculated by paper electrophoresis, was 9–12 mCi/ mg
with radiochemical purity of the purified fraction � 98% (n¼ 28
and n¼ 18 for FSH and LH, respectively). Figure 1 shows the stability
of the radiolabelled antibody in FSH IRMA using freshly prepared and
60-days-old radiolabelled antibody. The radiolabelled antibody was
stable for 60 days with no drastic change in the NSB and maximum
binding. Quality control serum values were well within the	 2 SD range.

Figure 1. Stability of the radiolabelled antibody in FSH IRMA.
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The method of coupling avidin to magnetizable cellulose was found
to be simple and did not involve any critical steps. Coupling efficiency,
monitored by a spectrophotometric protein estimation method, was
75–80%, with high immunoreactivity of the coupled avidin. Coupling
efficiency was observed to be more by 8	 2% as compared to conven-
tional IRMA, where the antibody is directly coupled to the solid phase.
High binding capacity was expected, due to the four binding sites of
avidin and high K value of the avidin-biotin interaction.

Biotinylation of Capture Antibody

We used the caproyl derivative of biotin (biotinamidocaproate N-
hydroxysuccinimide ester) in order to take advantage of the spacer
arm, which reduces the steric hindrance generally associated with binding
of four biotinylated protein molecules to one avidin molecule.[17]

Labelling of protein with biotin depends only on the reaction stoichio-
metry and concentration of the protein and biotin ester in the reaction
mixture. Higher labelling yield was observed with smaller reaction
volume. The reaction mixture should be stirred during the addition of
the ester, as well as during the course of the reaction. It was observed
that labeling of biotin to protein entirely depends upon the concentration
of protein, biotin, and reaction stoichiometry, irrespective of the type
of protein being biotinylated. In the case of FSH IRMA, when 1mg of
antibody was used for labelling, the dilution at which it was used in
the system was 1:3, i.e., 0.60 mg/tube. In LH IRMA, 2mg of antibody
was used for biotinylation and the final dilution used was 1:6,
i.e., 0.66 mg/tube, when all the other biotinylation and dilution conditions
were maintained same. The biotinylation procedure did not affect
the biological integrity of the protein (antibody molecule) as seen from
the high immunoreactivity, up to a certain extent. Hence, we have
critically optimized the extent of biotinylation of monoclonal antibodies.
Excessive biotinylation (�1:50) or insufficient biotinylation were
detrimental to overall immunoreactivity and sensitivity index. The
optimal molar ratio of antibody to biotin was 1:20 and 1:10 for FSH
and LH, respectively. The shelf life of the biotinylated antibody was
about 24 months at 4�C.

Crossmatching of the Sandwich Partner

For the initial identification of capture and detection antibody to
be used in IRMA, both the antibodies in the pair were radiolabelled,
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as well as coupled. The two possible combinations were tested for
their response in the assay system by reacting with standard analyte at
selected concentrations of 0, 2.5, and 200mIU/mL for both FSH and LH.
The combination ‘B’, i.e., SM2T



1 offering higher maximum binding

(at 200mIU/mL) and high sensitivity index (ratio of response at 0
and 2.5mIU/mL standard dose) was chosen for the assay development
(Table 1).

Analytical Variables

The assay procedure was optimized for the estimation of FSH and
LH after detailed study of various parameters/factors, viz., concentration
of the reagents, reaction kinetics, incubation conditions, and sample
volume. We have also critically optimized the concentration and molar
ratio of biotinylated antibody, concentration of avidin solid phase, and
also the specific activity of the radiolabelled antibody. The concentrations
at which the standard curve characteristics, viz., detection limit, slope,
and assay range, were optimally selected, are shown in Table 2. The
nonspecific binding (NSB) of the radiolabelled antibody in the absence
of the standard analyte was less than 0.1% of the maximum binding (Bo)
value for both the assays. The effect of washing the immune complex
bound to avidin solid phase was also studied. A minimum of three
washings of 1mL each were essential to attain the low NSB and high

Table 1. Selection of detector (radiolabelled) and capture (biotinylated)

antibodies.

Bound fraction activity

Total¼ 1.3 ( 105CPM)

Analyte Concentration mIU/mL SM1T


2 CPM (A) SM2T



1 CPM (B)

FSH 0 276 162

2.5 407 714

200 21628 41476

LH 0 236 118

2.5 507 661

200 28430 38505

T �
1 —Radiolabelled Monoclonal Antibody-1; SM1—Solid phase Monoclonal

Antibody-1; T �
2 —Radiolabelled Monoclonal Antibody-2; SM2—Solid phase

Monoclonal Antibody-2.
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sensitivity index as shown in Fig. 2. A significant increase in sensitivity
was seen with washings. However, there was marginal reduction in the
maximum binding (at 200mIU/mL). We have also investigated the effect
of incubation time (1 h, 3 h, and overnight) on the immune reaction
and we selected 3 h duration. By 3 h itself, almost all the analyte has
been converted to the immune complex (Table 3) because of the high
affinity constant of the avidin-biotin interaction. It is known that the
avidin-biotin system offers faster reaction kinetics as compared to the
conventional IRMA procedure, which required incubation for almost
16 h to have a comparable sensitivity using the same pair of monoclonal
antibodies (results not shown).

Figure 2. Effect of washing on nonspecific binding and sensitivity index of LH

IRMA.

Table 2. Optimization of assay parameters/factors for development of IRMA.

Factor/parameter FSH IRMA LH IRMA

Specific activity of radiolabelled antibody 9–12 mCi/mg 9–12 mCi/mg
Concentration of biotinylated antibody 0.60mg 0.66 mg
Molar ratio for antibody to biotin 1:20 1:10

Concentration of avidin 1.5–2.0 mg 1.5–2.0 mg
Reaction condition 3 h, RT 3 h, RT

Sample volume 200 mL 200 mL
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Standard curves for LH assay, using a mixture-I (biotinylated
antibodyþ radiolabelled antibody) and mixture-II (biotinylated
antibodyþ avidin solid phase) are given in Fig. 3. The standard curve
A represents freshly prepared and curve A0 for a 60-days-old mixture-I.

Figure 3. Stability of mixture added as a single reagent in IRMA of LH IRMA.

A—Mixture-I (Biotinylated antibodyþRadiolabelled antibody), freshly mixed;

A0—Mixture-II (Biotinylated antibodyþ radiolabelled antibody), after 60 days;

B—Mixture-I (Biotinylated antibodyþAvidin solid phase), freshly mixed;

B0—Mixture-II (Biotinylated antibodyþAvidin solid phase), after 60 days.

Table 3. Effect of incubation time on LH IRMA.

LH concentration

mIU/mL

1h

%B/T

3h

%B/T

Overnight

%B/T

0 0.08 0.08 0.09

2.5 0.25 0.46 0.41

200 10.2 19.8 20.7
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Curve B represents the stability of mixture-II and curve B0 represents
60-days-old mixture II. Quality control serum samples which were
evaluated using both the mixtures, gave values well within the expected
range of	 2 SD. However, in the case of mixture-II, reduction in
maximum binding at 200mIU/mL was observed as compared to
mixture-I. This is due to preferentially occupying the available biotin
binding sites on the avidin solid phase by premixed biotinylated
antibody. Hence, for further assay development, we have selected
mixture-I, the mixture of biotinylated antibody and radiolabelled
antibody, in the required concentration (as given in Table 2), as a
single reagent.

Typical standard curve data for the assay with biotinylated antibody
and radiolabelled antibody as a single reagent for FSH and LH IRMA
is shown in Table 4. Sensitivity of the assay, estimated as the minimum
dose which can be measured with an error less than 10%, was observed
to be 0.5mIU/mL and 0.9mIU/mL for FSH and LH, respectively.
The intra-assay precision was determined by replicate analysis of
the three control serum samples in a single assay and inter-assay precision
was estimated by duplicate measurement of the same control serum
samples in 12 different runs. We have also evaluated dilution linearity
of the assay by assaying samples serially diluted with hormone free
serum. A good agreement between the measured and expected values
was observed. The analytical recovery of the known concentrations
for the exogenous human FSH/LH added to portions of the five serum
samples lies within acceptable limits. All the validation results are
tabulated in Table 5.

Table 4. Typical standard curve data.

Concentration

(mIU/mL) FSH IRMA %B/T LH IRMA %B/T

0 0.08±0.02 0.08±0.02

2.5 0.30±0.15 0.42±0.2

5.0 0.60±0.25 0.80±0.3

10 1.10±0.4 1.30±0.5

25 2.20±0.3 3.20±0.9

50 4.90±0.8 6.10±1.2

100 10.2±2.2 12.0±2.8

200 21.0±3.0 20.2±4.0

For n¼ 21 assays, using different batches of reagents over a

period of 32 months.
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CORRELATION WITH OTHER ASSAY

Comparison of levels of FSH/LH in different serum samples,
obtained by the present method, and by using commercially available
IRMA coated tubes (ICN, USA) method, exhibited good agreement.
The regression analysis showed good correlation with commercially
available kits (y¼ 0.98xþ 0.21 and y¼ 0.99xþ 0.18) for FSH and LH.
The correlation details are tabulated in Table 6.

DISCUSSION

Several RIA or IRMA systems, using various solid phases, have been
reported in the literature for estimating the levels of antigen circulating in

Table 5. Characterization of avidin-biotin based IRMA for

FSH and LH.

Parameter FSH IRMA LH IRMA

NSB <0.1% <0.1%

Sensitivity 0.5mIU/mL 0.9mIU/mL

Assay range 0–200mIU/mL 0–200mIU/mL

Recovery 90–110% 87–105%

Dilution test 90–110% 90–105%

Intra-assay variation 3–8% 3–6%

Inter-assay variation 7–11% 3–9%

Hook effect No effect up to

400mIU/mL

No effect up to

400mIU/mL

Cross-reactivity LH<0.2% FSH<0.2%

hCG<0.1% hCG<0.1%

TSH<0.1% TSH<0.1%

Table 6. Linear regression correlation with results from comparison assay.

Comparative assay Slope Intercept g n

Coated tube FSH IRMA* 0.985 0.21 0.99 70

Coated tube LH IRMA* 0.995 0.18 0.98 60

*Of a commercial source (ICN, USA).
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the body fluids But, the use remains limited because of the constraints
of specificity, sensitivity, cost effectiveness, automation facilities, and
also the feasibility of the developed assay at production levels. In the
conventional IRMA system, analyte specific antibody coated to separate
solid phase is mandatory.

The aim of this work was to develop a single, common, and econom-
ical solid phase for use in a variety of immunoradiometric assays, which
can be easily scaled up to the production level. In the past couple of
years, the emphasis on the use of avidin-biotin complex in immunoassay
has shifted from detection systems to the improvement of capture
systems. The use of avidin in this capacity for immobilizing a biotinylated
antibody offered several advantages.

The method of coupling avidin to magnetizable cellulose is found to
be technically easy as compared to coupling of antibody to magnetizable
cellulose. This is because the tetramer, avidin, is very stable and its biotin
binding capacity normally remains intact, even after various chemical
modifications during immobilization. This is very unlikely in conven-
tional IRMA procedures where, very often, coupling of the antibody to
solid phase causes a deformation of the structure which could affect the
specificity or overall sensitivity of the assay. The procedure for coupling
avidin to magnetizable cellulose is reproducible and can be carried out in
a moderately equipped laboratory without any automation. This helps to
reduce the overall cost of the assay, unlike coated tubes, where costly
automation and a large quantity of coating reagent is required to ensure
uniformity of the coating.

The molar ratio of the biotin to protein has to be critically evaluated
in order to satisfy the assay requirements (detection limit, dynamic
range, and maximum binding). At very high molar ratio (>1:50), the
biological integrity may be affected. This has been directly reflected
in the observed maximum binding values. Also, when compared with
conventional IRMA, consumption of capture antibody per tube is
less, due to the incorporation of the avidin-biotin conjugated system
(Table 2). This might be due to minimal loss of antibody during the
biotinylation procedure and, also, more precise and finer control on
the use of immunochemically active biotinylated antibody molecules
applied to avidin coupled magnetizable particles. Thus, avidin coupled
magnetizable cellulose offers a cost effective common solid phase for
a variety of antigens. Nonspecific binding is largely dependent on the
quality of the radiolabelled antibody. The nonspecific binding in both
the assays has been <0.1%. Generally, such low NSB is very unlikely
to be observed with avidin-biotin based assays. Use of nonfat dry
milk powder, saline buffer, normal mouse serum, and efficient washing
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of immune complex helped to keep the nonspecific binding at such a
low level.

In conclusion, the avidin-biotin based system is a simple and
economical approach for the manufacturer towards development of
variety of IRMAs using a single common avidin solid support. We
propose that the present design is well suited for the development of
variety of IRMAs using common avidin solid support, in the form of
magnetizable particles, tubes, or beads.

ACKNOWLEDGMENTS

The authors wish to thank Dr. N. Ramamoorthy, Chief Executive,
Board of Radiation and Isotope Technology (BRIT), for continuous
encouragement and helpful discussions throughout this work and
Dr. M. R. A. Pillai, Senior General Manager (MBPP), BRIT for his
enthusiastic support.

REFERENCES

1. Milchek, M.; Edward, A.B. The Avidin-Biotin complex in bioanaly-
tical applications. Anal. Biochem. 1988, 171, 1–32.

2. Gabriela, P.; Krishanan R.; Sybille, M. Site specific photobiotinyla-
tion of immunoglobulins, fragments and light chain dimers.
J. Immuonol. Meth. 1997, 201, 77–88.

3. Serif, A.; Levent, K.; Turker, K. An enzyme immunoassay for
total thyroxine using avidin-biotin separation system and thyroxine
peroxidase conjugate. J. Immunoassay 1995, 16 (3), 325–341.

4. Diamandis, P.; Christopoulos, K. The biotin-streptavidin system
principles and applications in biotechnology. Clin. Chem. 1991, 37,
625–636.

5. Waite, K.; Maberly, F.G.; Garry, M.; Creswell, J.E.
Immunoradiometric assay with use of magnetizable particles.
Measurement of thyrotropin in blood spots to screen for neonatal
hypothyroidism. Clin. Chem. 1986, 32, 1966–1968.

6. Pazzagli, M.; Kohen, F.; Sufi, S.; Masiro, B.; Cekan S.Z.
Immunoradiometric assay for Lutropin (hLH) based on the use of
universal reagents for enzymatic labelling and magnetic separation
and monitored by enhanced chemiluminescence. J. Immunol. Meth.
1998, 114, 61–68.

7. Kricka, L.J. Selected strategies for improving sensitivity and
reliability of immunoassay. Clin. Chem. 1994, 40, 347–357.

298 Vrinda et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

8. Catt, K.J.; Tergear, G.W. Solid-phase radioimmunoassay in
antibody coated tubes. Science 1960, 158, 1570–1571.

9. Parsons, G.H. Antibody coated plastic tubes in radioimmunoassay.
In Methods in Enzymology, Part B; Langone, J., Vunakis, H., Eds.;
Academic Press: New York, 1981; 73, 224–244.

10. Jyotsna, N.; Kadwad, V.; Sivaprasad, N.; Nirmala, V.; Pal, N.;
Singh, Y.; Karir, T.; Chouthkanthiwar, V.; Paradkar, S.
Evaluation of some magnetizable immunoadsorbents in radioimmu-
noassay and immunoradiometric assays of hormones. IAEA-
TECDOC 1996, 914, 69–77.

11. Toth, G.; Keszei, V.; Sarandi, I. A new method for production of
a magnetic immunoadsorbent used in radioimmunoassay and
immunoradiometric assay. J. Radioanal. Nucl. Chem. 1994, 181,
263–279.

12. Odell, W.D. Radiolabelling technique. In Principles of Competitive
Binding Assays; Odell; W.D., Franchimont, A., Eds.; John Wiley
and Sons, Inc.: New York, 1983; 69–83.

13. Paradkar, S.; Vrinda, C.; Jyotsna, N.; Sivaprasad, N. An immuno-
radiometric assay for human follicle stimulating hormone using
a monoclonal antibody coupled to magnetizable cellulose.
J. Radioanal. Nucl. Chem. 1999, 241 (3), 561–567.

14. Duhamel, R.C.; Johnson, D.A. Use of non fat dry milk to block
nonspecific nuclear and membrane staining by avidin conjugates.
J. Histochem. Cytochem. 1985, 13, 711–714.

15. Duhamel, R.C.; Whitehead, J.S. Prevention of non specific binding
of avidin. In Methods in Enzymology; Wilchek, M., Bayer, E., Eds.;
Academic Press: New York, 1990; Vol. 184, 201–207.

16. Sarandi, I. A novel supersensitive hTSH IRMA based on
avidin-biotin separation technology. In Synthesis and Applications
of Isotopically Labelled Compounds; Allen, J., Ed.; John Wiley and
Sons Ltd., 1995; 583–86.

17. Edward, A.; Bayer, M.W. The Avidin-biotin system. In
Immunoassay; Diamandis, E.P., Christopoulos T.K., Eds.;
Academic Press, Inc.: New York, 1996; 237–267.

18. Michael, W.S.; Andrew, M.L. The importance of antibody affinity
in the performance of immunoassay for antibody. J. Immunol.
Meth. 1985, 79, 173–190.

Received January 30, 2003
Accepted March 3, 2003
Manuscript 3093

Avidin-Biotin Interaction 299

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1


