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indistinguishable in colonial morphology, formed homogeneous sus- 
pensions. A large number of such changes has been observed with- 
out evidence of linkage of any 2 characters. 

There has been no uniform pattern for tlie altered characters of 
the R-variants, nc?r for thosc of the reversion cultures tierived 
from thein. \17e have found no evidence in studying these cultures 
that during either the dissociative or the revertive process the char- 
acters of a culture change hand-in-hand. The alterations occur in 
various groupings, and each character appears to be capalile of 
varying intlepcntleiitly of the others. In 11.3 instance (lit1 \ye ol)ser\-e 
complete reversion of all the cliaracteristics. Only one of the 11 
reversion cultures has revertul to coniplete antigenic identity x-ith 
the original culture, but this culturc shoiverl for niany weelis a 
difference in cellular morp!iolugy, gro\\-iiig in  l ~ n g  fi1m;cntol;s 
forms. 
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On the Mechanism of True and of Non-Specific Complement 
Fixa t i 011 Reactions. 

The coniplement fixation test ior ttilxrculosis gives a non-specific 
or falsely positive reaction i i a 1)alaiicecl physiological saline, ak;n to 
Tyrode’s solution, rep!aces the plain 0.9% NaC1 used in the te>k. 
The 1:alanced saline which gives the strongest non-specific reaction 
contains O.SSS% KaCl, 0.009~/, CaCl,, a i ~ l  0.003% AIgCI, ; both 
Ca ail(1 LIg salis are required, niltl i t  is only cx-er a very limited range 
of concentration of these salts that the non-specific reaction occurs. 
Petrofi’s‘ \\.hole lncillus antigen is more effective than any other 
esaiiiined in producing this lion-specific reaction, while “ fat-f ree” 
tul,ercl-ilo-al7tigetis (lo not gii-e this non-specific effect. In the all- 
setice of antirrc’n, i. ”., i n  tile ~~nticomplenie~ital-y control tubes, 1x1- 
anrec! A i i x  assists hemolj-sis. so that one-third of tlie normal unit 
o I c c I i1i 1’ e ix  c ii t may 1) r o ( 111 c*e co  t 11 pl e t e hem oly s i s . 

The meciiaiiism of this falscly positive reaction is as follows : 
* Aided bp the Sational Research Council of  Canada. 
1 Pctwff,  8. A., 2. ‘f. I’ubcrI., 1923, 30, 100; quoted by Willis, 13. S., L:tbora- 

t o y -  1 )i:igwsis : t i l t1  Experimcntnl XiIetliocIs in Tuberculosis, Springfield, 1928, 166. 
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1. The surface properties of the (Petroff) antigen particles 
are modified when incubated with complement and plain saline, pre- 
sumably due to irreversible adsorption of protein from the diluted 
guinea pig serum used as complement; the isoelectric point of the 
washed antigen is changed from pH 3.2 to pH 3.7 by this treatment. 

In the presence of balanced saline, the surface properties of 
the antigen undergo a further change, in that the particles agglu- 
tinate readily, and fix complement ; i. e., the antigen now acts as does 
an antigen sensitized by immune serum. The tendency of the anti- 
gen to agglutinate is a reversible one, which is present while the 
antigen is in balanced saline, and absent if the antigen is transferred 
to plain saline. 

Further details of the factors involved in this reaction will be 
given elsewhere.' The critical Na to Ca ratio which will produce this 
non-specific reaction is also approximately the ratio of these ions 
present in the blood and in those balanced physiological salines 
which are essential to many forms of cell life; it is also the Na to Ca 
ratio, which, due to antagonism of the Na and Ca ions, exerts zero 
effect upon the stability of oil-water emulsions (Clowes'). 

This non-specific reaction is an example of an immune reaction 
being duplicated by means of non-specific reagents, and the follow- 
ing experiments give some information upon the mechanism of 
complement fixation. A non-specific complement fixation reaction 
(complement + antigen + balanced saline), and a true positive re- 
action (imniune serum + complement + antigen in plain saline), 
were carried out simultaneously, the same amount of antigen being 
used in each reaction. By preliminary titration, the amount of 
immune serum used in the latter reaction was so adjusted that the 
antigens in the 2 reactions possessed equal complement fixing power. 
Direct comparison of the 2 antigens then indicated that their par- 
ticles had the same degree of cohesion, and when shaken with oil, 
they exhibited the same percentage partition between the oil and 
water phases. The only physical difference observed was in the 
electrical potential on the washed antigen particles. 

Complement fixation thus appears to be produced by an antigen 
which has acquired appropriate surface properties, regardless of 
whether these properties were produced by immune or by non- 
specific reactions; i. e., complement fixation in itself is not a specific 
immune reaction, but only a secondary effect due to the surface 
properties of suitably modified antigens. 
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