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A method of immunodiffusion analysis of proteins produced by a single splenic colony is 
de scribed. 

Immunodiffusion analysis  [2, 3] occupies a foremost  place in the analytical chemis t ry  of proteins.  
This method requires  no special manipulations to purify the individual proteins,  which would be impossible 
in pract ice  with small objects,  and it enables the individual proteins to be analyzed in a mixture containing 
commensurate  concentrations of other proteins.  

In the investigation now descr ibed an attempt was made to use this method of analysis  to investigate 
single splenic colonies, because the contents of the colonies are a refined mater ia l  (erythroid or myeloid 
branches of the hematopoietic system) [1, 5]. The volume of the colonies is very  small ,  and the ,useful,, 
volume of the contents on the 10th day after transplantat ion does not exceed 0.005 cm3. For  this reason 
the sampling and analysis of these contents present  considerable technical difficulties. 

To study protein synthesis  in vi tro the cells of the colonies had to be incubated with C~4-amino acids, 
and for  this purpose a drop of the contents of the colonies had to be applied to the cellophane membrane of 
a S t e ine r -Anke r  glass cell. The Steiner cell was modified to enable this to be done. 

M o d i f i c a t i o n  of  t h e  S t e i n e r - A n k e r  C e l l  

Usually a Steiner cell with covered top compartment  [4] was replaced by a modification in which a ring 
with two flanges was placed on top (Fig. 1, 1). A cellophane membrane is drawn tight over the bottom flange 
and ehis is placed on the lower compartment  containing medium No. 199, while the upper flange is left un-  
covered during work, but is covered by a glass plate during incubation only. 

T a k i n g  M a t e r i a l  f r o m  a C o l u m n  

Two methods were devised for  taking mater ia l  f rom the colonies: 1) aspirat ion with a micropipet;  
2) express ion of the contents direct ly on to the cellophane membrane of the Steiner cell. 

1. Aspirat ion of Material  by a Micropipet. The f i rs t  at tempts to aspirate  mater ia l  f rom a colony with 
a simple micropipet  100g in d iameter  by puncturing the colony were unsuccessful .  Observations with a s te -  
reoscopic microscope showed that the edges of the puncture were f i rmly p ressed  against the pipet. In this 
way a vacuum was formed inside the p ierced colony, there was no p res su re  drop between the inside of the 
pipet and the space inside the colony, the contents of the colony could not be drawn into the pipet. To ove r -  
come these difficulties, a double-barre led  pipet was made, the second bore of which communicated with the 
atmosphere.  As a result ,  at the moment of aspiration, when a negative p ressu re  was formed in the f i rs t  
bore, the contents of the colony were forced up into the f i rs t  bore by the p res su re  difference. 
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Fig. 1. Diagram showing the p repara to ry  operations.  
I) Modified S t e i n e r - A n k e r  cell; II) technique of pun t -  
turing colony; HI) application of mater ia l  to cellophanol 
IV) removal  of solidified agar drop containing test  m a -  
ter ia l  f rom cellophane; V) introduction of solidified drop 
into well; VI) pouring fur ther  agar into the well to join 
the drop to the whole layer  of agar;:, 1) bottom compar t -  
ment of cell; 2) top compartment ;  3) cellophane m e m -  
brane; 4) lid of cell; 5) solidified drop with mater ia l ;  
6) spatula; 7) main layer  of agar ;  8) well in agar  layer ;  
9) well filled with agar.  

The manufacture of the double-barre led  pipet presents  some difficulties and it can be done only if the 
operations are ca r r i ed  out in a definite o rde r :  1) two capil lary tubes with an internal diameter  of 1.5 mm 
and walls 1 mm thick are bent to a right angle, each tube separately;  2) the tubes are soldered together  by 
their  short  a rms  and their  long a rms  are kept at an angle of 20-30~ 3) an additional piece of glass tube is 
soldered to the end of the double-bar re led  a rm of the pipet thus formed and it is drawn out into a double-  
bar re led  tip. Pipets whose external  tip d iameter  is 200-300 ~ were chosen; 4) one of the a rms  is broken 
off: this usually takes place spontaneously, and always at the bend. 

2. Taking Material  f rom the Colony by Expression.  Experience of work with colonies showed that the 
other method is better .  On the 10th day after transplantat ion the colony is p ierced with a glass needle 
through the side, holding the needle paral lel  to the spleen surface.  After puncture, an upward jerk is made 
with the needle. The dome of the colony is torn.  After p re s su re  f rom the sides with ophthalmic forceps, 
a droplet of fluid is expressed  f rom the colony. The contents of erythroid  colonies are usually fluid, while 
those of myeloid colonies are  crumbly or  porr idge- l ike  in consistency.  This drop is applied, in turn, to the 
cellophane membrane of the S t e i n e r - A n k e r  cell, into which mineral  oil is immediately poured, and to a 
drop of isologous se rum or, bet ter  still, blood of an i r radia ted  mouse (2-3 mm 3) on a slide, to make fi lms 
for  cytological investigation, blood or  se rum being taken as med ium.  The mater ia l  applied to cellophane 
may become macera ted  because of the hygroscopic  proper t ies  of the cellophane, and to prevent this the 
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Fig. 2. Immunoelec t rophores is  of contents of a single 
splenic colony (a) and autoradiograph of the same p r e -  
paration (b). IgG) Immunoglobulin IgG; m) t rans fe r r in ;  
Ac) gutter with ant iserum. Line IgG is c lear ly seen on 
the autoradiograph (b) because of intensive synthesis,  
but it is not visible everywhere on the stained specimen (a). 

cellophane is f i r s t  moistened with medium No. 199. Material  f rom the colonies on the 8th day af ter  t r a n s -  
plantation cannot in general  be expressed,  for  it is compact,  and it must  be excised with a microsca lpe l  by 
the method of Curry  and Trentin [1]. After the operations descr ibed above, the upper compartment  of the 
cell is connected to the lower, which is filled with medium No. 199 with the addition of Ci4-glycine 
( l~Ci /ml  medium). Incubation proceeds for  24 h, and the mater ia l  is then kept in a f rozen state until the 
eytologist ' s  repor t  on the cell composition of the f i lms made f rom individual colonies is received.  Material  
is then taken for  immunoelec t rophores is .  

T a k i n g  M a t e r i a l  f o r  I m m u n o e l e c t r o p h o r e s i s ~  

When the drop applied to the cellophane begins to be aspirated f rom beneath the layer  of mineral  oil, 
usually there is a considerable loss of mater ia l ,  and often none can be aspirated at all. To withdraw the 
mater ia l  more  completely,  the top compartment  of  the Steiner cell is placed on a hot-plate.  About I mm 3 
of melted agar  is introduced by a micropipet ,  connected to a m i c r o m e t e r  mechanism,  into the drop. To 
prevent the agar  f rom solidifying, mineral  oil is f i rs t  drawn up into the pipet and the pipet itself is warmed.  
After  introduction of agar into the drop, the sys tem is cooled. The mixture of agar  with the cell contents of 
the colony, solidified into a mass ,  is taken off with a pointed spatula (the mass  weighs about 1-1.5 rag), 
r insed with petroleum ether  to remove the mineral  oil, introduced into ordinary wells in the main layer  of 
agar,  and e lec t rophores is  is then car r ied  out. Fur ther  agar  is poured into the well to connect the sol id-  
flied mass  with the res t  of the layer  of agar.  

722 



Parameters of Electrophoresis 

A 1% agar gel in veronal buffer, pH 8.6, 0.05 M, is used. Agar (17 ml) is poured on to a glass plate 
measuring 9• 12 cm. The duration of electrophoresis is 35 rain and the potential gradient 5 V/cm. All the 
remaining technical details are as for oridnary electrophoresis. After immunoeleetrophoresis the agar is 

dried and stained with amido black, exposed with photographic plates (for the isoorthochromatic plates with 
a sensitivity of 90 State Standard Units the exposure is 3-6 months), and developed in a peak developer such 
as D-76. A typical autoradiographie picture as described by Hochwald and Thorbeeke [2] is obtained: very 
clear arcs corresponding to components which are synthesized by that tissue in vitro, and absolutely empty 
where there are arcs (even intense ones) corresponding to proteins present as impurities (Fig. 2). It is 
difficult to wash out the serum proteins, and in the present case it was impossible. In this way, immunodif- 
fusion analysis of splenic colonies weighing not more than 1 rag, with a content of individual proteins in the 
sample of about i0 pg, has been carried out for the first time. 
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