
diet containing tricaproin. For this reason an attempt is now being 
made to iecd a diet containing much more butter fat with the hope 
that more striking tlifferences can lx secured. Until further work 
is done the writer wishes to withhold any definite conclusion re- 
garding the effect of the ingestion of butter fat on the chemical 
coniposition of Lmdy fat. 
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Quantitative Studies on Precipitins. 

JOSEPH G. BAIER, JR" (Introduced by T. C. Nelson. j 

From thc Dapcrrtment of Zoologp, Rutgers University, Ncu? Brzbn.rwick, N. J .  

Since the quantitative precipitin method of Boyden and Baier' 
has proved to be fairly simple. rapid, and reliable, it was thought 
advisable to investigate further some properties of this reaction 
itself. The volume of precipitate obtained in the reaction was stud- 
ied as affected by ( 1  ) quantity of antigen, (2) temperature of the 
reaction mixture, (3)  time and rate of centrifugation, and (4) 
length of incubation. 

Only simple protein antigens have been used in this study (crys- 
talline egg albumin) . 2  All protein concentrations have been found 
by making niodified Kjeldahls" on samples. The antisera were 
obtained from rabbits by intravenous injections of the antigen. 
They were bled from the heart 10 days after the last injection. Cali- 
brated instruments only were used in making all dilutions of antigen 
and antiserum in buffered saline. 

The technique in performing the reaction consisted in preliminary 
titer determinations (ring test) to ascertain the strength of the 
antiserum. Following this the quantitative nature of the reaction 
was studied, using van ,411en thrombocytocrits as stated' with suit- 
able modifications for particular experiments. The experimental 
results are shown graphically. 

The quantitative technique employed has verified some of the 
conclusions of earlier workers with regard to antigen-antibody 

* The writer desires to thank Dr. A. A .  Boyden of this Department for his 
guidance and advice both in the experimental work and in the writing of this 
paper. 

1 Boyden, A. A., and Baier, J. G., J .  Immuml., 1929, svii, 29. 
-"Hopkins and Pinkus, Physiol., 1898, xxiii, 130. 
a Folin, O., and Wright, L. E., J .  Bid .  Chem., 1919, xxxviii, 461. 
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equilibrium. Fleishrnan and Michaelis' recognized that the forina- 
tion of precipitate increases at first with addition of precipitinogen, 
then decreases aiid with a certain excess of the antigen approaches 
zero. Zinsser" also noticed the solvent action of excess of antigen. 
OpieO has clranw the satlie conclusions using crystalline egg albumin 
as antigen. 

Figure 1 dio\\-s the definite effect of antigen dilution on precipi- 
tate volume. The antiserum was constant (0.5 cc. of a 1 : 5  dilution) 
for all readings, while the antigen was diluted as shown using 0.5 CC. 
amounts. The curve rises and falls sharply in the region of the 
maximum precipitate, so sharply in fact that the maximum point 
can scarcely he found with certainty with the error involved in the 
readings. 

Figure 2 sho\\.s. for the first time, the effect of the teiiipcrature 
o f  incuhation on  the volume of precipitate. The antigen and anti- 
serum were constant for all readings (0.5 cc. of a 1 : 150 dilution of 
antigen and 0.5 cc. of a I :5 dilution of antiserum). Surprisitlgly 
enough the p-eater part of the curve is a straight line. The point 
37.5" C. is i n  110 wise normal for  the reaction. Slavish use of 
- ~ _ .  - _ _  - __________ _______ - - ---- 

4 Fleishmm m i t l  JSichselis, Bid.  Z., 1907, iii,  425. 

I; Opie, E. I,., ITII~)IZC~Z., 1923, viii, I. 
Zhsser, H., " Tirfectioii and h i s t a n c e ,  " The Macnlillan CO., 1914. 
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this temperature in precipitin work is apparently unjustified as a 
higher temperature may prove more practicable. 

Figure 3 shows the volume of precipitate as influenced by time 
and rate of centrifugation. The antigen and antiserum were diluted 
as in Figure 2. The curve is self-explanatory. The greater the 
rate of centrifugation in similar centrifuges the greater the pack- 
iiiz o f  the precipitate and the less the absolute volume. Obviously, 
iol- absolutely comparable results equal centrifugal forces must be 
employed. 

Figure 4 shows the effect o f  time of incubation on precipitate 
formation. The antigen and antiserum were diluted as in Figure 2. 
In the routine technique employed all tubes are centrifuged for 30 
minutes after the incubation period. The time of centrifuging, 
however, is really a part of the incubation period. T o  get data 
regarding the volume of precipitate with less than 30 minutes' total 
iiicul~ation it was necessary to centrifuge for less than 30 minutes 
and calculate the volume €or 30 minutes' centrifugation from pre- 
vious data. Thus the portion of the curve to the left of the Y axis 
has been indirectly obtained from the p i n t s  shown above the curve, 
while that to the right shows the volumes after varying times of 
incubation plus 30 minutes' centrifuging. The fact that in earlier 
stages of the reaction a certain rate of precipitate formation is just 
1)alanced by the rate of deposition in the thromhcytocrits brings 
with it a possibility of further studies throwing light on the nature 
of the reaction itself. 

The 
 robab able errors were no larger than those reported in the paper of 
Ihytlen and Haier already cited. This nieans that the results ob- 
tained are fairly consistent. 

Switnmry arid ConcZzw'io~is: 1. The quantitative technique de- 
scribed by Boyden and Baier has been successfully employed in a 
study of the precipitin reaction. 2. The relation of antigen to anti- 
Iwdy has been shown quantitatively, using simple protein antigens, 
to confirm the results of others (Fleishman and Michaelis, Dean and 
Webb, Opie, Zinsser). 3. The volume of precipitate obtained in one 
hour's incubation was directly proportional to the incubation tem- 
perature. 4. An incubation of one hour a t  37.5' C. gives very 
nearly the maximum precipitate. An incubation of one and one- 
half hours at the same temperature gives a practically complete pre- 
cipitation. 5. The rate of centrifugation affects the volume of pre- 
cipitate formed during a given time and must be considered 
wherever comparable results are desired. 

The quantitative data obtained were studied statistically. 


