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SUMMARY 

The development of a “bound-free” separation technique and its application to the 
radioimmunoassay of prostaglamiin F,, is described. The method is simple, rapid, free 
of nqn-specifrc binding and could be performed either at 4°C or at room temperature. 
A total of 100 tubes-could be subjected to “boun-me*’ separation in 30 min at 4°C. 
The bound fraction is collected directly into scintillation vials_ The total column length 
was 9.5 cm, of which the bed volume was 2.5 ml. The PGFza radioimmunoassay incuba- 
tion volume of 0.3 ml when bedded in required 1.4 ml of ehztion buffer to elute the 
antibody-bound fraction_ The free fraction was washed out with 4.0 ml of buffer and 
the columns were ready for further use_ A standard curve of high sensitivity (5 pg) and 
good reproducibility (CV %: intra-assay = 6.54; inter-assay = 9-68) was obtained. 

INTRODUCTION 

In the radioimmunoassay systems for prostaglandins, prostaglandin me- 
tabolites, steroids, peptides and other substances, the antigenantibody com- 
plex: and the -free antigen occur in soluble form. It is therefore necessary to 
separate the antihocly-hound fraction from the &ee antigens_ A variety of meth- 
ods have been utilized -for the bound-free separation in the radioimmunoassay 
of- prosk@andin F&_ These include dextran-coated charcoal suspension [l], 
doubleantibody [2,3] i-ammonium sulphafe [4]; ammonium sulphatein con- 
junction with -calcium sulphate suspension [3], polyethylene glycol 151, and 

nifrocellulose membranes [6,7]: The-use of the-solid-phase method originally 
described-~for besf&liol-170 mclioimmur~oassay- [S] -has not been utilized in the 
radioiknun&.&say~ df prosfaglandins The use of gel chromafography for the 
separation of -pr&in~bound_ insulin‘from free. insulin was described-for study- 
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ing insulin antibodies [ 9 J _ The use of gel chromatography with Sepdadex G-75 
was reported for insuiin radioimmunoassay [lo] _ A modified gel chromato- 
graphic technique using Sephadex G-50 in conjunction with centrifugation has 
been reported for the bound-free separation in the radioimmunoassay of 
oestradiol [ll] _ 

Although the majority of the techniques described are easy to perform, 
the unstabie equilibrium of the antigen-tibody complex is easily disrupted 
during the process of bound-free separation. The dextraneoated charcoal 
method, despite being quick and cheap, causes “stripping” of the antigen- 
antibody complex, which can be minimized by performing the assay in 
the cold Cl]. Chemical precipitation techniques [3--5] have the disadvantage 
of precipitating free (unbound) antigen. The doubleantibody technique 
is an expensive method if the second antibody is obtained commercially. 
Furthermore, it requires rigorous titration from batch to batch. It is also 
time-consuming, *requiring in most instances 24 h to complete the second 
incubation [Z] . 

The present report describes the development and the application of a 
bound-&e separation technique, using Sephadex G-75 and gravitational 
flow, in the radioimmunoassay of prostaglandin Fsa_ 

bsAYxRIALs ANJ3 METHODS 

[ 5,6,8,11,12,14,15(n)-3H] PGFzQ (3HPGF,Q) of specific activity 150 
Ci/mmoI and radioactive concentration 0.1 mCi/ml was obtained from the 
Radiochemical Centre (Amersham, Great Britain). PGFU,-l-BSA antiserum 
was raised in rabbits [Z] - Pure prostaglandin F,, was donated by the Upjohn 
Company, Kalamazoo, MI, U.S.A. 

Radioimmunoassay diluent (assay buffer) was a 0.01 M phosphate-buf- 
fered saline (pH 7.40) with 0.1% human gamma globulin (IgG; supplied 
by the Commonwealth Serum Laboratories, Parkville, Australia) and 0.1% 
sodium azide (NaN,) as the bacteriostatic agent. 

Sephadex G-75 (Pharmacia Fine Chemicals, Uppsala, Sweden) was soaked 
in the assay buffer for a period of 12-24 h in a conical flask with a side- 
arm. The Sephadex cohunns consisted essentially of 2-ml disposable plastic 
syringes supplied by Pharma-Plast Australia (New South Wales, Australia). 
The base of each column was covered with a vyon porous disc of diameter 
equal to the internal diameter of the syringe barrel (Fig. 1) 

The swollen Sephadex gel was deaerated by connecting the sidearm of 
the sapped conical flask to an aspirator. The development of excessive nega- 
tive pressure inside the flask is avoided, to prevent any rupture of swollen 
Sephadex beads, The removal of trapped air bubbles is necessary for the 
preparation of uniform Sephadex columns free of air bubbles, The Sephadex 
was Iayered in the column to a height of 4.0 cm. The top of the bed was 
covered with a vyon disc. To carry out the elution of bound and free frac- 
tions by gravitational flow, it was found necessary to increase the effective 
volume of the space above the Sephadex bed. This was achieved by attaching 
a plastic tube 5-5 cm long to the top of the 2-ml syringe. One hundred col- 
umns were prepared and mounted on a stand. The stand was constructed 
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Fig_ 1. Schematic diagram of a Sephadex G-75 minicolumn used in the “hound-free” 
separation of prostagiandin radioimmunoassay. 

to the dimensions of a box of 100 scintillation vials purchased from the Badio- 
chemical Centre (Australia) Ltd. This design allows the tip of the columns 
to point directly into the mouth of scintillation vials_ When the columns were 
not in use for more than one week, they were individually placed in vials con- 
taining phosphate-buffered saline at 4°C. This prevents drying up the gel and 
the development of cracks in the bed_ 3HPGF, solution in assay buffer was 
prepared by diluting 5 ~1 of the stock ‘HPGF ZQm25mlofassaybu&r,Tbis 
solution, when used at 100 ~1 volume per assay tube, yielded 5.5 pg of 
3HpGFz,,. PGF*-1-BSA antiserum was diluted in assay buffer and used in 100 
~1 volume per assay tube to yield a final dilution of 1:32,000 in a PGF, incu- 
bation volume of 300 pl. 

Equal volumes of %PGFm, diluted PGF,&-l-BSA antiserum and assay 
buffer were mixed in a glass vial, The reaction mixture was incubated at 4°C 
for a minimum’ period of 2.5 h. The time for PGF, radioimmunoassay to 
attain equilibrium had been previously established by a time--course study. 
A 300~1 volume of the reaction mixture was applied to the Sephadex G-75 
column and allowed to bed-in, The void volume was collected into a-scintil- 
lation vial. This was followed by the addition of 1.2 ml of assay- buffer to 
the -column and the void volumes were, collected in fractions of four drops 
per vial, This procedure was repeated with increasing volume of elutmg buf- 
fer. The elution pattern was studied in duplicate for each volume of eluting 
buffer studied. To the vials containing the eluted fractions, 7 ml of a toluene 
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'ikitcm X 100 (l-9:1) sciutihant containing PPO and POPOP were added. The 
-vials wee counted in a beta-spectrometer (Searle Isocap/300, 6868 liquid 
scinti.Uation sy&em) after 1 h of dark equilibration. 

Having established the appropriate volume of assay buffer which eluted 
only the antibody-bound diction, standard curves for prostaglandin Flar 
were established. PGFza standards (5,10,25, 50,100, 300,500, and 1000 pg 
per 100 ~1 per assay tube) were prepared in assay buffer. The preparation of 
standard curve tubes and the incubation procedure were carried out as illus- 
trated in the flow diagram in Scheme 1. 

0.1 ti of PGF, standard (5-1000 pg) 
0.1 mI of ‘HPGF,(I (5.9 pg) 

0.1 ml of PGF,,-l-BSA antiserum (final dilution 1:32,000) 

Incubate ,t’CC for 2-5 h 
r 

Transfer contents 6f each assay tube to a 
Sephadex G-75 column at 4°C 

! 
Bed-in 

Add 1.4 ml assay buffer 
------- \ 

to elute-bound fraction 

! 
CoIleded directly in 
scintilIation vial 

I 

Add 7 ml &ntilIant 
I 

Count in f;eta-contour 

After eluting bound 
&action add 4 ml assay 
buffer to each column 
to elute free %IPGF,,. 

Columns now ready for 
a new batch of tubes 

for bound-free separation. 

Scheme 1. 

RESULTS 

The volume of buffer which eluted only the bound fraction completely, 
but left the free 3HPGFz,2 held by Sephadex beads, was determined by study- 
ing the effect of sequential increase in elution volume on the elution pattern. 
Each &action eh&ed from the column in this study was four drops per vial. 
Addition of 1.4 ml of buffer to the column resulted in the elution of only 
the bound fraction (Fig. 2). It is evident that zuiy increase in elution volume 
above 1.4 ml resulted in the elution of “free” as well. This was demonstrated 
by the occurrence of a second wave of counts when 1.5, 1.6, 1.7, and 1.3 ml 
eluting volume was used (Fig. 2). 

The fraction eluted in the first 1.4 ml was, in fact, antibody-bound -and 
was coufirmed by carrying out an elution profile in the presence and in the 
absence of PGFm antiserum (Fig. 3). The resolution of the elution profile 
was ;enhanced by collecting two drops per fraction per vial. It could be seen 
that in- the absence of PGFia! antiserum (open-circles in Fig. 3) no ‘HPGF2~ 
was eluted in the first 1.4 u$ elution volume:However, the addition of 4 ml 
of buffer resulted in the elution of- %II?GF 2Q. The elution of this free fraction 
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Fig_ 2. Determination of the’optimum volume of buffer for the elution of antibody-bound 
fraction in the radioimmunoassay of prostaglandin F,,_ Each fraction collected represents 
four drops. Elution profdes at each elution volume were studied in duplicate. Closed circles 
represent cohuun 1; open circles represent column 2_ Note that the elution of bound frac- 
tion takes place within fii 7 or 8 fractions_ 

Fig: -3. Elution _ profile cf kntibody bound and free WFGF,,. Eiutious were carried out 
both ‘in the=pr&erka of PGF,- BSA antibodies (closed circks) and in the absence of anti- 
bodies (open circles). Fractions were coliected at the rate of two drops per vial. 

. . _- 
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was complete, indicating that the columns were ready for further use. 
The reproducibility of the elution of antibody-bound fraction was studied 

from column to column_ It can be seen from_ Fig_ 4 that the elution of bound 
%PGFlo, was similar provided the column dimensions and Sephadex bed 
volume were identical. 

Based on these observations, standard curves of PGFzar radioimmunoassay 
were established. The content of each standard curve tube was transferred 
to a column using a Pasteur pipette_ One Pasteur pipette per set of tubes was 
adequate to obtain reasonable within-standard variability. The bound frac- 
tion was eluted with 1.4 ml of assay buffer using an Oxford pipetter. Fig. 5 
shows the standard curve of PGFza radioimmunoassay. Each point of the 
standard curve represents the mean of fifteen individual standard curves. 
The standard curve was of a high degree of reproducibility (intra-assay CV % = 
6.45 f 0.54, LSD.; inter-assay CV 5% = 9.68 i 0.96, LSD.) and sensitivity 
(5-O pg per tube per 0.3 ml reaction mixture was different from 0 tube at 
the 95% confidence limit) with a working range of 5-500 pg. 
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-4 Drops/ Fraction 

Fig_ 4_ Reproducibility of “bound-free” separation on Sephadex G-75 columns using 
PGF,& radioimmunoassay system. Note that the elution of bound fraction using 0.3 ml 
incubation volume and l-4 ml of eluting buffer is complete within 8 fractions. 

Fig_ 5_ Standard curve for prostaglandin F, radioimmunoassay. Each point is the mean 
of fifteen individual standard curves_ “Bound--free” separation was achieved by means 
of Sephadex G-75 gel chromatography at do C_ 

DISCUSSION 

The method of gel chromatography by gravitational flow is a convenient 
technique for the separation of antibody-bound fraction from the free in 
the radioimmunoassay of prostaglandins. The use of gel chromatography 
in conjunction with centrifugation in the radioimmunoassay of oestradiol 
reported earlier [ll] may not be a suitable technique because of the develop- 
me& of cracks in the Sephadex bed during centrifugation. In the method 
described in the present report no such problem was encountered and the 
columns were ready for use for another 100 tubes at the end of the wash with 
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4 ml of buffer to remove free radioactivity. Unlike the earlier report of 
Fr6nek and Hru%a 1111, who used 10 ml of elution buffer to remove free 
ligands at the end of the separation of antibody-bound fraction, in the tech- 
nique reported in this paper a volume of buffer as low as 4 ml was found to 
be sufficient. This is a considerable saving on the quantity of buffer used, 
besides allowing repeated use of the columns. 

The use of gel chromatography has the advantage of allowing the separa- 
tion on the basis of molecular size alone 1121. The low molecular weight 
PGFza is taken up by the swollen Sephadex beads through the pores on its 
surface. The large molecular weight immunoglobulins with the attached (ionic 
bond) ligand are larger than the largest pores of the swollen Sephadex. Be- 
cause the immunoglobulins are above the exclusion limit, they cannot pene- 
trate the gel particles and therefore pass through the bed in the liquid phase 
between the Sephadex beads. This is the reason for the smaller volume of 
buffer which elutes the bound fraction and for the bound fraction to be 
eluted first. Smaller molecular weight PGF,a retained within the gel particles 
requires a much larger volume to be eluted out of the column. 

Bound-f&e separation techniques by chemical precipitation have yielded 
adequate standard curves [3--51. However, these techniques are beset with 
the problem of non-specific precipitation of unbound 3HPGF, [3]. The 
double-antibody technique 121 requires rigorous titration of the second anti- 
body for each assay and for each dilution of first antibody. This may prove 
costly unless the second antibody is raised in the same laboratory. Further- 
more, this technique is timeconsuming, requiring at least 24 h for the separa- 
tion. The dextrancoated charcoal technique [I], although a cheap and com- 
monly used method, has the distinct disadvantage of “stripping” the bound 
fraction. 

The main advantages of the gel chromatographic technique presented in 
this paper over the existing techniques are that it is rapid and simple to operate. 
The columns can be used repeatedly over a considerable period of time. The 
bed volume can be maintained constant by adding freshly soaked Sephadex 
G-75 for any lost by leaching during the washing procedure. 

Unlike previous methods, the gel chromatographic method offers the advan- 
tage of maintaining the composition of the reaction mixture throughout 
the separation procedure, which minimises dissociation of the antigen--anti- 
body complex. The design of the stand on which columns were placed facili- 
tates the collection of the bound fraction directly into the scintillation vials, 
which enables the measurement of the antibody-bound radioactivity. The 
stand was constructed to the measurements of a standard scintillation vial 
box supplied by Radiochemical Centre (Australia) Ltd. A total of 100 tubes 
could be subjected to bound-free separation in 30 min. 
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