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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.
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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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