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It has been known for so,re time that addition of antigens to agar containing the appropriate antiserum It 
accompa, xled by formation of lines of precipitate. CVddtn [8.9]  carried out detailed studies on diffusion of anti- 
gen* in the gel and conditions of formation of precipitates upon interaction of antigens and antibodies. He 
r&owed that the number of precipitation lines formed corresponded to the number of antigen-antibody systems 
par~tclpatmg M the reaction. In Oudin's method the specific precipitation reaction Is carried out in test tubes 
with agar in which the antigen and antibody diffuse towards each other. Ouchterlony [6] modified this reaction 
mggesting that instead of o~e diffia-ion center for antigen two such centers be used, thus enabling direct compa~. 
i~on of two antigen preparations. The reaction wa~ carried out in Petri di~e$. 90-95 mm in diameter, with a 
thin layer of 1.5-2% agar f6- 8 ml) poured on ~e  bottom, dies were then placed in position, another layer of 
agar (16-18 ml) was poured over them after which the dies were remfried carefully and the resulting hollows of 
0.3-0.5 ml capacity were filled with antigens and antt.~erurrL The dies were made ofplastfc In the ~ape of 
parallelepipeds mea~aring 12 • 12 x 1~ x 3 ram; sometimes stoppers from penicillin vials were u~ed f~  this 
purpo~. T'ne placement of the holows can vary depending on the number ofpartletpating ingredients. Experl o 
men~ can be carried out in dl~he~ with ~ e e  and more hollows. Figure 1 shows the approximate pI~cement of 
hollows in an experiment with 5 ingredientL 

The agar u~ed in the reaction must be transparent and it was therefore filtered, while hot, through cotton 
wool after precfpitatioq by 0.5% calcium chloride. The solidified agar was cut into small pieces (about I mill t) 
~ d  wa~ed in rumling w*tet for 12 ho~rs. Prior to pouring the molten agar into the dishes, NaC:I was added to 
it (final concentration 0 . ~ ) .  as well as merthiolate 1:10,000 and methyl orange 2: 100,000. Merthiolate 
p~evenu bacterial growth, while methyl orange increases the contrazt properties of the medium. The course of 
the reaction is affected by concentration of agar, its eiectrolym content, thickne** of the layer, placement of 
~ae hollows, pH, temperature of the reaction [13]. The teactton may be carried out at room temperature, at 36.5" 
and in the cold (at 4-6~). Temperature does not affect the distribution of precipitation lines. Addition of NaCl 
to the agar I, necesza~y to p~event nonspectfic precipitation even though the reaction proceeds more wnoothly in 
the absence of sMt [13]. 

The optimal conditions are: temperature 36.b", pH ?.5 and ~xtium chloride concentration 0.8,~, [13]. It it 
very L~nportant for the succe~ of the reaction that the antBerum have ahlgh preclpl~ation titer. In order to 
p~event zapid evaporation of the antigen, and sera it is recommended that the dl~es be covered and sealed 
hermetlcatl 7 by putting gauze d!pped in molten paraffin around their edges; this obviates the need for adding 
ing~edienu to the hollow~ during the experiment~ 

In Oiichterlony% experiments precipitation line~ appeared on the "/d~-10th day [6"]. in our experiments 
the ag~ concentration wa~ lowered to I~ and concentrated antisera were u~ed. ThB enabled us to observe the 
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Fig. 1. Photograph of an experiment on sp6*cl/Ic pre- 
cipitation reaction In ag~  with haeaceH~ar  mtigem. 
Ia the hoIIow~: ~ the center - spleen cytoplasm ,~ttt- 
gen; la 1 - 4 -  ~L~rum to whole tissue of leukemha 
~pleen before ~ad after depletion by mu:lear antigen. 

Halbcrrt r al [2] used 0.6~ agar and eatrted 
out the r~actloa at 4*. The readts were available 
after 3 days. lemdag~ and Ma lo~  [8, 4] devewpod 
a morn ~apld method of pr~cLplt~tlon react/xm giving 
,emlta la 2-4 h o u ~  

~___~sf~ of  the reaction. When m,3ge~, dfffu~ 
against antiserum tn aggr, llmited zones ate formed 
in which the antigens and an t lb~ le ,  are found In 
optimal cot~eenttation~ P~ccipltatlon llnes form In 
these zones. Flg'axo 2, a ,  presents three varlant~ of  
the reaction on comparLson of vasiou, ~atlg~ns. If  
~e antigens b e r g  compared ~ Identical, the I ~ -  
clpltatioa lines cross; If only p~rdal fusion of ~r 
hation lines occurs wtth the formation o: ~ appendage 
('~pu~') It tadioates that the antigens ate related but 
are not ldemlcal [6, 7]. Reaction of this sort takes 
place in tho~ cas~s in which ~ e  molecule of  one 
~t igen betrg compared is a cartier of ~v~ral  active 
groups whereas the m o t e c t ~  of the other one carries 
only some of these active groups. 

The experiment on diffusion of hen and duck . 
egg albumins against hen egg albttmin ~rum is usually 
cited as an example of this reaction. This experiment 
i~ demonst:ared in Fig. 2, b. Hen and duck egg 
albuminz a~e rela~ed but not identical: antiserum to 

hen egg ~ u m i n  reveals that wee active groups are present In It. and only one of them In duck egg albamLn. A 
f ~ d  precipitate lhae Is formed by vLr~e of the active group common ~ ~ouh, while the appendage to this line 
hadlcates the hneomplete simflaxity of  the antigens being compared. O~chterlony [7] catled such a reaction 
"reaction of incomplete identity' .  This name has been retained although Oudin [11] criticized it on the grounds 
that identity excludes all differences and the name "reaction of hacomplete identity" was Incorrect. 

It dtould also be pointed out that the n a m e  "identical reaction" is relative to some extent: formation of 
an are-like fumd preefpitation line does not necessarily Indicate that two antigens beh'~g compared are identical: 
It may be conuected with the ab~nce in the a~ti~rLurn used of antibodies capable of deraon~'attng their differ- 
ences. It Is therefore essential to use antisera to both ~ttgens when r,r antigens are being identified by specific 
precipitation reaction. 

When two antigenic complexes are compared a number of precipitation lines is formed corresponding to 
the number of separate antigens taking paxt In the teactio~ By removing a pa~icul'ar antigen from the complex 
or depletion by it of ~he antiserum It is possible to exclude that p~rtieulat precipitation line and ~ld  out with 
which ~atigen-aatlbody system it is associated. As cart be ~een from Fig. 2, e,  removal of antigen B from the 
complex ted to the disappearance of the rntddle precipitation line, whereas removal of antigen A led to the 
disappearance of the line nearest to the antiserum reservoir. This permits the conclusion that.the latter 1L,~e is 
associated with antigen A and aatlbody anti-A, and the mlddle l.ine with antigen B and antfl~dy arrtt-B. Other 
methods have been propo~d for Identification of mtlgens In complexes by suppression of one 'or other ~ec lp l ta -  
t!on line; these methods include depletion In the medium (addition of exce~ anti~en to the agat), addition of 
excess antigen to the ~erum re~tvoL~ etc. [1]. 

The dfs=tbutlon of precipitatlon lines with respect to the dlf~asion centers depends on the initial concen- 
t:atlon of the ingredtenr.~, the ram of diffusion, the time needed for the formation of vlflblr preelpttatr and on 
the ~ohtbiltv/of the antigen-antibody complex, Depending on the concert=aden of antigens the points of  late:- 
seer.ton or fusion of precipitation line~ dispose themselves e i ther  ~ymmet~tcally about the antigen reservoirs o~ 
~ e  displaced away from the ~ese~vol~ containing excess a3:ttgen (Fig. 8, ~). 
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Fig. 2. Schemes of specific precipitation reaction in a g ~  ~ t h  
~np le  and complex aatfgent. 
a) Comparison of two antigens: b) example of .reactk~ of 
complete identity; c) comparison of two antigenic com~t~eL 
Antlgen~ az~ pre~ent ~n the ahaded sc/uates, aatisera In the ~a t~  

AB Cl , Cl C/ 

a b c 

Fig, 3. Specific precipitation reaction in agat. 
a) Comparison of t~#o antigeale complexes, Precipitation I~r  
Bb dL~placed away from left reservoir In which antigen B 
pre~ent in excess; b) comparison of a complex and a ~ p I ,  
antigen with one common active group; one "spur" can be seem 
e) comp~rl~n of two complex antigens with one c o ~  ac- 
tive greup; two "spas" can be seen. Antigens are In shaded 
~u~res, a.ntl~era to them ha white squatez; 

N_._.o~. The scheme ls based on the asmmptloa that ~t~tf-A~ anti-]  
and anti-C antibodies are Independent molecules. 
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In model experiment~ with purified egg albumins Ouchterlony [q~ determined mor e precisely the relation 
of the type of reaction to the nature and concentration of antigens, Thos~ experiments again confLrmed that the 
appearance of muhlple lines indicated multiplicity of antigens in a complex and that formation of appendages 
C s p ~ , ' )  was connected wl~  the f ~ t  that the composition of the molecule of  one of the antigens Included two 
~.ctive groups each evoking the formation of an independent antibody, while the molecule of the other antigen 
contained only on~ of  the~ groups. 

InveRlgatton of mixture of ~omologous and hetcrologous am tgens In various concentrations showed 
Ouchterlony that the. rear,Ice depended, to a certain extent, on the ratio of  concentrations of the separate compo- 
nents of the mixture. Ftlston of precipitation lines covld occur ~n the l~.cmnce of certak., r~t!os. This is observed 
ex~.remely rarely and simple dilution leads to ~p,~r.~tion of the lines and elueidatr of file structure of the mix- 
t'ure or cor~pIexet 

"P~udo spurs" may be formed when there Is an excess of  antigens. These. however, unlike the true ones, 
quickly dissolve and disappear. Nonetheless s~ltable concentrations of antigens must be chosen to that the pre- 
cipitation lines would be symmetrically disposed, and trial runs with different concentrations are indicated. 

Komgold [5] makes a detailed analysis of conditions under which u'ue "spurt' gre formedt 

1) spurs &re not formed when the antimrum contain~ only antibodies to those groups which are common to 
the antigens; 

2) one ~put is formed when the antiserum contains antibodies to both the group common to the two antigens 
and to the ~cttve group pertP_ining only to the homologous antigen (Fig. 3, b); 

3) dt double spiff i~ formed in tho~ cases in which the antiserum reacts with two antigens each of which hat 
a common and a different active group and contains emtibodles to all the active groups (Fig. 3. c). 

In differentiating double "spurs" from "reaction of difference" it is essential to examine .~,e nature of  the 
appendages: the spurs ~ e  less solid than r2ae main precipitation line, the change occurring abrupdy; in the cam 
of tnterseCth':.g precipitation lh~es the d e c r e ~  tn solidity is gradual ha the direction of the ends. Moreover, the 
prectpl.tatioa lines ~ e  before the formztlon of'spirts" and remain "fused" after tile formation o f ' spur s ' .  

Dtffere~tiat~on of  Antigen Complexes by Precipitation Reaction tn Agar 
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The method of specific precipitation in a gel permits not only direct comparison of two antigens, deter- 
mination of antigenic spectrum in an antigenic complex, identification of definite antigens in a complex, but 
also differentiation of complexes of hldependent antigens from complex antigens consisting of molecules with 
several active groups each of whfcb is capable of evoking the formation of independent specific antibodies. 
This constinates an important advantage of the given method over ot .er serologic methods used for differentiation 
of antigens fn antigenic complexes, For example, If the structure of a~tigenle preparations AB and cA Is 
studied by agglutination reaction then, a.~ can be seen from the table, using appropriate sera and with their deple- 
tion by antigens B and C B respectively the ileal reaction with the inttlM ;antigens will be the same in the cam 
of the complex and the "mixed" antigen. In both cases the reaction demonstrates the presence In the serum of 
two antibody molecules with different speeiflcitie~, but does not provide evidence on which it could be decided 
whether they are evoked by two separate antigens or by one antigen with two determinant-groups; specific prectpl- 
,ation reaction, however, makes It possible to resolve this problem. 
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T,he me~od of +~eifJc ~ r  In agar Is simple, Inexpensive and provides a ~ac t lca l  means of 
dffferenUad.ng any number of ~ndgen components; it is aimost as ~n.lt ive as other merologic methods. Very 
p~ml3L~g Is the comb~atioa o f  thi~ method with tmmunoelecttophore,ts [12] which g!ves an electrophoretlc 
characterization of each ~mtgen participat~g in the formation of the precipitation line in the gel. 

The mehhod of specific precipitation In the gel b ~  been used extensively ha recent years for the study 
of l~c~lem+ In hlfectlous and n ~176 immunology. It was used successfully (alone and In combination 
wl~ tmm~noe!ecuophorests) in the studies on ~ e  antigen +tractate of various Infectious agents and products of 
~ei t  vtt~! functions (staphylococci, s~ep~ococel, menmgococch tularemia and diphtheria bacilli, anerob/c 
bacteria and the~ toxL~s, Hemophfius Influenzao, small-pox vku*, pig plague virus etc.), as well as In nudies 
of ~t igenlc st~cmrr of various p~tetn.~ (maI~e venom, egg albumtn~o serum globulins tn th~ normal and In 
eases of myeloma), antigen+ of normal o~d t~mot celh  In ~ l m a l t  and man and ~ t~od l e s  in allergic and other 
disease,,. 

SUMMARY 

Reaction of specific prec/p|tadon in agar is one of the methods of Immunological analysis which have 
~tme i~os~r~ 

This me~od  provides ~m opponu~t~ to reveal the structure of  complex combined antigens, to Identify 
t~ef~ ~p~rate components and to conduct a :,?cot+comparative analysis of variou~ ~t lgentc  preparations. Spectal 
advantage of this me:~od over other ~rologlcal m~hods lies In the fact that It permits differentiation of  the 
complex antigen, which is a molecule with two determinative t~oup~ from th~ combInation or mixture of two 
antigens, e~ch one of which represents a ~eparate molecule. 
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