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A method of cotmterimmunodiffusion using a technique of horizontal  micromanipulat ion is described by 
which it is possible to detect 1-10 ng protein in 0.3-1.2 ~zl of test  fluid. 
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In some cases  the quantity of antigen or ant iserum is the factor limiting the number of immunochemical  
experiments  in a ser ies .  Several micromodificat ions of immunochemicai  procedures  requir ing much smal le r  
volumes of samples for analysis have accordingly been suggested in recen t  years  [ 1, 4]. The possibility of 
producing a worthwhile miniature vers ion of the double immunodiffusion technique is based on the following 
arguments.  The sensit ivity of the method is ult imately determined by the density of the "flow" of antigen and 
antibodies at the point of their  interaction: 

m p = K-~--, 

where p is the density; K the constant of the immunoprecipitat ion reaction, determined experimental ly for 
immunoglobulins,  antigen, and a r rangement  of the wells of the chosen type; m the quantity of antigen (anti- 
bodies) introduced into the well; S the a rea  of the immunoprecipi tate in the gel. Fo r  wells of cyl indrical  shape 
the equation assumes  the form:  

nr2hC r ~ - 
p= Kf ~ =  Ki ~-ff C, 

where r is the radius of the well for the antigen (antibodies); R the distance of the immunoprecipitate arc  f rom 
the center  of the well; h the thickness of the layer;  C the concentration of antigen (antibodies), and K 1 the 
equilibrium constant of the antigerr-antibody reaction. It will be evident that if K and C are constant, the den- 
sity of flow ;9 will be independent of the volume of the react ing components, and will depend only on the radius 
of the well and the relat ive distance of the diffusing "flows" of antigen and antibodies. Consequently, by reduc-  
ing the radius of the well and the distance between the wells proportionally,  the value of p can be kept constant, 
even though microvolumes of samples are taken for analysis. 

The method of determinat ion is as follows. Defatted slides measur ing 76 • 26 mm were f i rs t  covered 
with a 0.3% agarose layer and dried. A 1~ solution of agarose (Sigma, A grade) was made up in physiological 
saline, buffered with 0.1 M potassium phosphate buffer, pH 7.1, and boiled on a water bath until it had entirely 
dissolved. The agarose was poured on the slides held on the micromanipulation table. The thickness of the 
layer was 1 ram. To prevent evaporation from the surface, microdrops  of buffer were applied to the gel which 
was kept in a moist chamber.  Holes 1.2 mm in diameter  were made in the agarose with a glass capi l lary tube 
held s t r ic t ly  vert ical ly in the a rm of the MM-1 micromanipulator .  Agarose was withdrawn f rom the capi l lary 
tube by means of a microsyr inge  under the control  of a binocular loupe. The distance between the central  and 
per ipheral  wells was 2-3 mm. The volume of the well was 1.1/zl. Ant iserum was introduced into the periph-  
e ra l  wells f rom a special  micropipet  30-40/z in diameter ,  connected to a microsyr inge.  All procedures  
were ca r r i ed  out under the control of the binocular loupe (magnification 14• With another micropipet,  the 
antigen solution was introduced into the central  well 15 rain after introduction of the antiserum. Drops of 1% 
merthiolate made up in physiological saline were applied to the surface of the agarose in a few areas.  The 
whole procedure of adding the antigen and ant iserum to the wells took 10-15 rain. The slides were then placed 
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Fig. 1. Photograph of microimmunoprecipi ta t ion arc  taken by camera  
attached to the MBS-2 binocular loupe. Central  well contains 10 "9 g 
antigen (IgG). Photograph taken after gel had been dried and stained 
with Amido Black; magnification 16x. 

in a moist chamber  to prevent evaporation. After 20-30 rain, 0.7-0.8 ~1 of s ter i le  physiological saline was 
added to all the wells, for part ial  evaporation of the microvolume of fluid f rom the wells could not be prevented 
even by keeping the mater ia l  in the moist chamber.  This evaporation of the microvolumes evidently caused no 
visible dis turbances  of the surface or Of the s t ructure  of the wells in the gel, as was verified visually by means 
of the binocular loupe. 

Slides with antigen and ant iserum in the wells were incubated at room tempera ture  in the moist chamber 
for 24-48 h. Excess  of unreacted protein was washed off with cold physiological saline in the course  of 24 h. 
The slides were then wrapped in a s t r ip  of wet fi l ter  paper, soaked with glycerol ,  and dried in an incubator at 
37~ The dried s t r ips  were stained with 0.1~0 AmidoBlaek (Merck, West G e r m a n y ) i n  7% CH3COOH. The ex- 
cess  of dye was removed with a mixture of 7% CH3COOH and 40% ethanol. 

A commerc ia l  preparat ion of human immunoglobulin G (from Sevag) with an initial protein concentration 
of 1.8 mg/ml  was used as the marker  antigen. The serum of a rabbit  immunized with human immunogiobulin 
G was used asthe test  antiserum. 

Ant iserum in a volume of 1.1 ~1 was introduced into the per ipheral  wells and different dilutions of the 
original antigen in the same volume into the central  wells. Arcs  of immunoprecipitate became clear ly  visible 
under the binocular loupe with side illumination after 5-30 rain if the antigen was added in a dilution of 
1:10-1:50. If the antigen was diluted 1:100 (about 2 • 10 -9 g protein per well) the a rc s  were identifiable visually 
with side illumination after 48 h. On staining the dried s tr ips  of gel with Amido Black c lear  immunoprecipi ta-  
tion a rcs  were detected with a dilution of 1:200 (about 1 • 10 -9 g antigen per well, Fig. 1). The approximate 
quantity of antigen taking part  in the formation of one immunoprecipitat ion arc  can be calculated by the equa- 
tion given above. 

The suggested micromodif icat ion of the immunochemical  method of identification of protein in mic ro -  
volumes of fluid is not inferior  in sensit ivity to optical methods of quantitative measurement  of protein in 
microvolume (capillary spect rophotometry  and capi l lary microdisk e lec t rophores is  [2, 3]), but it iS cons ider-  
ably less sensit ive than the micromethod of detection of antigens in conjunction with autoradiography [ 1]. 
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