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Complement fixation (CF) ( 1 ) , immuno- 
diffusion (ID) (2),  immunofluorescence 
(IF)  (3), and growth inhibition tests (4-6) 
are used to detect antibody response to infec- 
tion or vaccination with Mycoplasma pneu- 
moniae. The significance of these tests in 
measuring resistance to infection is not clear 
because they may be detecting more than one 
antigen-anti body system. 

We were interested in the relationship be- 
tween the tetrazolium reduction inhibition 
(TRI)  and C F  tests and in the nature of the 
antigens involved in these reactions. Utilizing 
antigens prepared in a variety of ways, we 
have shown a correlation between a neutraliz- 
ing antibody as measured by T R I  and anti- 
body detected in CF with lipid antigens. 

Materials and Methods. Organisms. M .  
pneumoniae strain F H ,  originally isolated by 
C. Liu was used between the 306th and 317th 
passage in artificial medium. Strain 65-2053 
was reisolated from a clinical specimen sup- 
plied by Jose Canchola, Children's Hospital, 
DC, and used between the 5th and 7th pas- 
sages. Strain PI-1428, isolated at Parris Is- 
land, SC, was used between the 3rd and 14th 
passage. All strains were grown on medium of 
Hayflick's formulation (7) or on media con- 
taining either 3 or 5 %  bovine serum fraction 
(8). To avoid cross reactivity due to common 
medium components, an tigens for serologic 
tests were prepared with media of a 'different 

1These studies were supported by contracts NIH 
70-2065 and PH 43-67-78 between the Infectious 
Disease Branoh, NIAID, National Institutes of 
Health and Cornell University Medical College and 
Ohio State University, respectively. 

formulation than used in preparing antigens 
for immunization. 

Concentration of m y  coplasmas. Organisms 
were grown following the procedure of Somer- 
son et a2. (9) in either 2 0 0  or 500 ml of 
media contained in 2-liter Povitsky bottles. 
Cultures were incubated for 2 to 4 days at  
37". In all experiments, the supernatant 
fluids were discarded and the sheet of orga- 
nisms adherent to the glass was washed three 
to four times with 0.15 M phosphate buffered 
saline (PBS), pH 7.3. A rubber policeman 
was used to scrape the organisms into PBS. 
The concentrations of organisms in the final 
suspensions were varied by adjusting the vol- 
ume with PBS. 

Enzyme and detergent treatments. Porcine 
pancreatic lipase ( Worthington Biochemical, 
Freehold, NJ) , trypsin and Naja naja venom 
(both from Sigma Chemical Co., St. Louis) 
were added to PBS suspensions of M .  pneu- 
moniae to give a final concentration of 1 mg 
enzyme/ml. 

A neutral detergent, BRIJ58 (Atlas Chemi- 
cal Ind., Wilmington, DE),  was adided to the 
M .  pne,umoniae PBS suspensions to a final 
concentration of 480 pg/ml. 

The lipase reaction mixture was incubated 
at  56" for 25 min. All other reaction mixtures 
were incubated at 3 7 " for 15-2 5 min. 

The immunogenic potential of mycoplasma 
suspensions treated as above was determined 
in the following manner: M .  pneumoniae 
strain 65-2053 was grown as previously de- 
scribed. A suspension of the organisms was 
divided into three aliquots; the aliquots were 
subjected to heat, detergent, or enzyme, 
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inactivated with 1 : 4000 formalin, and used 
as described below. 

Immunology and serology. Young adult 
male hamsters were pretested by examining 
their serum for the presence of nonspecific 
inhibitors and antibody detectable by the CF 
or T R I  tests. Immunogenic analyses were 
performed by injecting seronegative hamsters 
with M .  pneumoniae antigens and testing 
their sera for the development of antibody. 
Animals were immunized by a single in- 
tramuscular injection of 1.0 ml of a formalin 
( 1 : 4000) inactivated suspension of M .  pneu- 
moniae containing 20 pg of nitrogen/ml. Sera 
were obtained from bleedings a t  4 to 6 
weeks. Complement fixation tests were done 
by the microtiter method, as described by 
Sever ( 10). Antigens for CF were prepared 
from, (i) untreated whole cells, (ii) myco- 
plasmas treated with 0.5% phenol, and (iii) 
the residue from a chloroform-methanol ex- 
tract. 

TRI  tests were performed by the micro- 
titer method of Senterfit and Jensen (4). The 
seed antigen was a suspension of M. pnew 
moniae strain PI-13 2 8. 

The double-diffusion gel precipitation tech- 
nique of Conant, Somerson and Senterfit ( 2 )  
was employed for assessment of the antigeni- 
city of cellular fractions. Washed and dried 
immunodiffusion slides were stained with a 
modified Crowle's triple stain, or, for evi- 
dence of lipid, with 0.5% Sudan black B (D. 
F. 2 61 50, National Aniline) in propylene gly- 
col (w/v) for 1 hr. Excess dye was removed 
by washing for 15 min with 15% water in 
propylene glycol (v/v) . 

Results, Immunodifiusion reactions. With 
M .  pneumoniae preparations of whole orga- 
nisms serving as gel antigens ( 2 ) '  one or 
more precipitation bands were found in re- 
actions with human sera from patients infect- 
ed with M .  pneumoniae. One precipitation 
band stainable with the lipid stain Sudan 
black was common to all positive sera. 

A serum specimen which gave only a single 
lipophilic I D  line was selected as a source of 
antibody. Preparations treated with lipase 
and trypsin did not form a precipitation band 
with this serum. The loss of reactivity from 
treatment with lipase was additional evidence 

of the lipid nature of the antigen involved. 
M .  pneumoniae suspensions treated with acid 
phosphatase or snake venom were reactive 
in this I D  system. Heating M. pneumoniae 
preparations at  56' for up to 5 hr did not 
destroy their reactivity. Reactivity was lost, 
however, on exposure to 63' or higher for 30 
min. 

Immunogenicity of M. pneumoniae prepa- 
rations. Hamsters were immunized with my- 
coplasma suspensions which had been sub- 
jected to either lipase, neutral detergent, or 
heat at  56" for 30 min. 'Sera were tested in 
CF with three different antigen preparations 
(Table I). Similar results were obtained with 
immunogens prepared from 2 and 4 day 
harvests and were duplicated in two experi- 
ments. 

Stimulation of growth inhibiting antibody 
as measured by T R I  was eliminated by lipase 
treatment, and drastically reduced by neu- 
tral detergent. Heating the immunogen did 
not eliminate the capacity to stimulate TRI 
antibody production. Similar results wme ob- 
tained in the C F  test in which a chloro- 
form-methanol (lipid) antigen was used. 
Lipase and ldetergent destroyed activity, 
while heating had a lesser effect. 

In  contrast when phenol-treated antigen 
was used in the CF test, antibody was detect- 
ed in the sera of animals immunized with 
lipase, detergent, or heat -trea ted mycoplas- 
ma. Whole cell antigen in CF gave values 
intermediate between those found with 
phenol-treateld and chloroform-methanol anti- 
gens. 

A regression line, with X the dependelnt 
variable as the T R I  titer and Y the CF titer 
with lipid antigen, gave a correlation coeffi- 
cient of 0.95-0.96, thus demonstrating that 
with animal sera using chloroform-methanol 
antigen in the CF test the results are essen- 
tially similar to those obtained by TRI. 
Complement fixation using phenol-treated an- 
tigen did not correlate with antibody mea- 
sured in growth inhibition tests. 

Relationship between TRI and CF titers 
and ID reactions in human sera. Fifty sera 
with levels of TRI antibody ranging from 0 
to 256 were tested in the CF test using the 
chloroform-methanol antigen. Figure 1 shows 
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FIG. 1. Comparison of TRI and lipid CF titers in 
50 human sera. 

that the specificity and sensitivity of these 
two tests are similar, with a correlation coeffi- 
cient of 0.78. ID reactions characterized by a 
lipophililc line of precipitation were positive 
in every serum with a titer of at least 8 by 
either T R I  or CF. 

Discussion. The reactivity of M ,  pneumo- 
niae suspensions in immunodiffusion is affect- 
ed by treatment with lipase and neutral de- 
tergent but less so with heat. These treat- 
ments also reduce the immunogenicity as de- 
tected in T R I  and with CF using the residue 
from a chloroform--methanol extract its anti- 
gen. These studies emphasize the importance 
of lipoidal components as antigenic determi- 
nants which stimulate the production of, and 
react with a neutralizing antibody. 

The degree of correlation between titers of 
the T R I  and lipid CF tests with 50 human 
sera was high (correlation coefficient of 78 %). 
This indicates that the lipid CF measures 
either the same or similar antibody as the 
T R I  test. The presence of positive I D  tests 
in sera with a T R I  or CF titer of 8 or greater 
suggests that this procedure might be used 
as a rapid screening method for the presence 

of antibody to M .  pneumoniae. Since correla- 
tion of T R I  titers with resistance to febrile 
illness caused by M .  pneumoniae has been 
demonstrated ( 1 l ) ,  the correlation we have 
shown suggests that the lipid CF titer also 
will serve as an indicator of immunity to 
pr imry  atypilcal pneumonia caused by M .  
pneumoniae. 

Summary. The role of lipoidal components 
of M .  pneumoniae as antigenic determinants 
in vitro and in vivo is described. 

Sera with T R I  or CF titers with lipid anti- 
gen of 8 or greater are usually positive in the 
I D  test, suggesting that this test might be 
used as a screening test for antibody to M. 
pncumoniae. 

Since there is a high degree of correlation 
between T R I  and CF titers when lipid ex- 
tracts of M .  pneumoniae are used as anti- 
gens, we feel that the lipid CF test will serve 
as an indicator of neutralizing antibody to 
M .  pneumoniae. 
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