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SUMMARY 

Gel centrifugation chromatography was used for the preparation, purification 
and concentration of enzyme and ‘251-labeled antibody. Low-molecular-weight re- 
actants were rapidly and efficiently removed from either 12SI-labeled antibody or 
enzyme-antibody conjugates by centrifugation of the reaction mixture through a 
minicolumn of Sephadex. Further puri&ation of both radiolabeled and enzyme la- 
beled antibodies were possible by the application and elution of each labeled anti- 
body through a minicolumn of Protein A Sepharose. Minicolumns were constructed 
from readily available inexpensive components and allowed the rapid preparation 
and purification of antibody of high specific enzyme, and radioactivity. No difference 
between the lz51, or enzyme labeled antibody detection limit could be detected by a 
direct solid-phase immunoassay. 

INTRODUCTION 

Enzyme immunoassay (EIA) procedures are increasing in popularity for the 
detection of many antigens and antibodies. Although many EIA systems are quite 
similar to radioimmunoassay (RIA) the increased usage of EIA can be attributed to 
the fact that the antibody is labeled with an enzyme rather than a radioisotope 
thereby eliminating the hazards and problems associated with the preparation, 
measurement and disposal of radioactive material. 

Many methods for coupling enzymes to antibodies have been described, and 
these have been recently reviewed’. A widely used procedure is the one-step glutaral- 
dehyde linkage described for the conjugation of alkaline phosphatase to the anti- 
body2. The method involves the mixing of enzyme with antibody in the presence of 
glutaraldehyde. Although effective this method requires two extensive time consum- 
ing dialysis steps, one prior to the conjugation reaction to remove the ammonium 
sulphate used to stabilize the enzyme during storage, and a second to remove the 
excess glutaraldehyde after the conjugation reaction. Gel filtration using Sephadex G- 
50 has also been used to remove excess glutaraldehyde from the enzyme-antibody 
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complexes. Although less time consuming than dialysis this pr,ocedure invariably 
results in extensive dilution of the labeled antibody preparation. Additional dilution 
occurs during subsequent purification of the labeled antibody using either gel fll- 
tration or affinity chromatography3. 

Industrial and large scale preparative desalting of macromolecular solutions 
has been achieved by basket centrifugation. The gel filter, devoid of liquid in the void 
space, is prepared by centrifugation of a gel slurry in a perforated centrifuge basket, 
lined with a porous palyethylene fllter4. Although this procedure requires the use of a 
specialized centrifuge, the method is effective resulting in the rapid efficient removal 
of unwanted contaminating low-molecular-weight components from large amounts 
of viscous proteinous solutions with a high yield recovery of the macromolecular 
products without significant dilution. 

Utilizing the principle of gelcentrifugation, Neal and Florini’ have described a 
rapid method for separating low-molecular-weight solutes from protein solutions 
using conventional bench top centrifuge. Christopherson et aL6 have subsequently 
improved this system using a small column for the removal of ammonium sulphate 
from several enzyme preparations. This application, together with the development 
of a minicolumn system for the removal of free “‘1 from 1251-labeled proteins’, and 
the practical and theoretical aspects of gel centrifugation chromatography presented 
by Andersen and Vaughan8 indicates that these methods may have wide application 
and potential for the rapid preparation of labeled antigens and antibodies used as 
reagents for diagnostic and research immunoassays. 

We have devised a rapid micro-method for the preparation and purification of 
enzyme and ‘251-labeled antibody. The procedures involve the centrifugation of a 
small reaction volume of enzyme and/or 12sI-labeled antibody through a minicolumn 
of hydrated Sephadex gel. Unwanted low-molecular-weight reactants rapidly enter 
the gel matrix and are excluded from the protein fraction which upon centrifugation 
passes through the void space, and is collected without dilution. The labeled antibody 
may be further purified by centrifugation through a Protein A Sepharose minicolumn 
followed by concentration and removal of the eluting agent using a column of par- 
tially dehydrated Sephadex. 

METHODS 

Sephadex G-50 minicolwnn preparation 
Minicolumns were prepared from 5 x 1 cm plastic disposable syringe barrels. 

A 6-mm glass fiber disc presoaked in 10% fetal calf serum (FCS) in phosphate 
buffered saline (PBS), pH 7.2, was placed in the bottom of the syringe barrel and 
centered over the needle attachment aperture. The assembly was filled with 5.0 ml of a 
thick slurry of Sephadex@ G-50 (coarse grade) (1.0 g suspended in 10 ml of 10 % FCS 
in PBS). A 1 S-ml conical polypropylene micro-centrifuge tube was dropped into a 10 
x 1.5 om glass centrifuge tube and the minicolumn assembly positioned with the 
syringe adapter tip in the microcentrifuge tube as shown in Fig. 1. The combination 
was centrifuged at 100 g for 1 min in a table top clinical centrifuge with a horizon- 
tal head. After centrifugation, additional Sephadex was added as necessary to main- 
tain a total bed height of 3.0 cm. The column of hydrated Sephadex was then washed 
three times by the centrifugation of 2-ml aliquots of PBS, through the column. Before 
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Fig. 1. The minicolumn assembly. A = Glass centrifuge tube (10 x 1.3 cm); B = plastic syringe barrel (3.0 
ml); C I chromatographic gel; Q = glass fiber disc (6.0 mm diameter); E = plastic conical microcen- 
trifuge tube (1.5 ml). 

loading a sample onto the gel bed, the column was centrifuged for an additional 2 
min at 100 g to ensure complete removal of -all buffer from the gel bed void space. 
Optimum centrifugation times and speeds were established by the addition and cen- 
trifugation of 200 ~1 of a 0.2 % aqueous solution of phenol red and dextran blue 2000 
through the gel bed. The minimum hydrated gel bed height required for the complete 
removal of both 3 M (NH&SO4 and 3 A4 potassium thiocyanate from a 200+1 
sample volume by centrifugation was determined by experiment. Ammonium sul- 
phate was detected by the addition of one drop of 1 A4BaC1, to the fraction recovered 
after centrifugation. Similarly KSCN was detected by the addition of a drop of a 
solution containing 5.0 y0 ferric nitrate in 2.5% nitric acid to the eluted fraction. 

Protein A Sepharose CL 4B minicolumn preparation 
A l-g amount of Protein A Sepharose@ CL 4B was suspended in 5 ml of 10 % 

FCS in PBS. The slurry was loaded into a minicolumn centrifugation assembly, and 
centrifuged for 1 min at 100 g. The protein A Sepharose bed height was adjusted to 
a total of 0.3 cm and washed three times with PBS. Protein A bound FCS proteins 
were eluted by the addition of 1 .O ml 3 M potassium thiocyanate (KSCN) followed by 
three washes with PBS. Prior to the addition of sample, the column was centrifuged at 
100 g for 2 min to remove all buffer from the gel bed. 

Labeling antibody with “‘1 
Fluorescent labeled antihorse IgG (rabbit) were labeled with “‘I (Amersham 

Radiochemical Center) using the chloramine T method originally described by 
Hunter and Greenwood9 with modifications , lo Commercially available fluorescein- 
labeled antibody has previously been shown to be a readily available source of high 
quality antibody suitable for radioimmunoassay l1 To 0.5 mCi sodium iodide was . 
added 25 $0.25 M phosphate buffer, pH 7.5, followed by 100 ~1 of antibody in PBS 
containing 2 mg protein. Twenty five microliters of freshly prepared chloramine T 
(3.5 mg/ml in phosphate buffer) was added. After 60 set in$ubation at 28”C, 100 ~1 
sodium metabisulphite (2.4 mg/ml in phosphate buffer) were added. Free lz51 was 
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separated from ‘251-labeled antibody by minicolumn gel centrifugation. The mixture 
(total volume 225 ~1) was applied to the top of 3.0-cm Sephadex column and centri- 
fuged for 2 min at 100 g. The total volume, total proteinl* and radioactivity of the 
labeled antibody fraction collected in the conical microcentrifuge tube were deter- 
mined. 

Labeling antibody with alkaline phosphatase 
Iodinated antihorse IgG (lz51) p re are as described above, was doubly la- p d 

beled with alkaline phosphatase ([lz51]AP), using a modification of the method of 
Engvall and Perlmann’. Glutaraldehyde was used as the cross linking agent. 

A 0.2-ml volume of alkaline phosphatase suspension in 3 M (NH,),SO, 
(Sigma) containing 1.0 mg total protein was centrifuged in a 1.5-ml polypropylene 
micro-centrifuge tube at 3500 g for 2 min. The supernatant was discarded and 2.0 mg 
‘251-labeled antibody in a total volume of 200 ~1 was added to the enzyme precipitate. 
After resuspension of the enzyme, remaining (NH,),SO, was detected by the addition 
of one drop of 1 M BaCl, to the eluted fraction. 

Conjugation of alkaline phosphatase to the antibody was carried out by the 
addition of glutaraldehyde to the eluted fraction to give a final concentration of 
0.2%. After incubation at 25°C for 2 h the glutaraldehyde was removed from the 
antibody conjugate mixture by minicolumn centrifugation as described above. The 
total volume, total protein and radioactivity of the eluted fraction at each step were 
measured. Measurement of the enzyme activity was also carried out using the kinetic 
assay method of Bowers and McComb13. 

PuriJcation of labeled antibody by Protein A Sepharose CL 4B minicolumn centri- 
fuga tiozj 

A 200-~1 volume of labeled antibody (lz51 or [1251]AP) was layered onto a 
Protein A Sepharose CL 4B minicolumn (IgG binding capacity, 23.0 mg/ml) with a 
bed height of 0.3 cm. After incubation of the column at 28°C for 10 min the column 
was centrifuged at 100 g for 2 min. Unbound proteins were washed from the column 
by four 200-~1 PBS washes. Protein A bound labeled antibody was removed by the 
addition of successive 200~~1 aliquots of 3 M KSCN. The KSCN was removed from 
the peak fractions by gel centxifugation as described above, and pooled. 

Direct solid-phase immunoassay 
The activity of rz51 and [lz51]AP were tested by solid phase RIA and EIA. 

Assays were standardized as previously described”. 
Horse and fetal bovine IgG were diluted to provide a standard antigen series 

ranging from 12.48 to 196 ng IgG/ml. A 25-~1 volume of each antigen was added to 
triplicate microplate wells and were air dried. The plates were fixed using cold metha- 
nol for 10 min at 4°C. Non-specific binding sites were blocked by flooding each plate 
with 0.1% gelatin in PBS, and incubating the plates at 25°C for 1 h. Excess gelatin 
was removed by washing the plates in PBS with 0.05 % Tween 20 (PBS-T). Two 
hundred and fifty nanograms of labeled antibody were added to all wells and the 
plates were incubated at 25°C for 4 h. Unbound antibody was removed by washing 
the plates in PBS-T four times. For RIA each well was cut from the plate and placed 
in a gamma scintillation tube and counted for radioactivity. By RIA and EIA, wells 
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This compares with a preparation time of 72-96 h using conventional labeling meth- 
ods requiring dialysis and/or gel filtration to remove low-molecular-weight reactants. 
Similarly the preparation of radiolabeled antibody using gel centrifugation required 
only a few minutes for the remova of free isotope from the labeled protein. Multiple 
columns can be prepared and easily handled by one person. This makes possible the 
purification and labeling of IgG from individual patient sera for assay by the direct 
immunoassay avoiding many of the problems of cross reactivity and non-specific 
binding frequently encountered using indirect assay systems. Since the glutaraldehyde 
one step reaction can be used for coupling a wide variety of enzyme-protein systems, 
Sephadex and Protein A Sepharose minicolumn centrifugation should have wide 
application for the preparation and purification of enzyme labeled antibodies and 
antigens commonly used in immunohistologic and enzyme immunoassays. 
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