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More sensitive serologic techniques are
needed for the assay of antibody to Myco-
plasma pneumoniae in order to unravel cer-
tain unusual aspects of the behavior of this
organism in man. Recently, a mycoplasma-
cidal test (MCT) for detection of antibody
to M. prneumoniae was modified by us (1, 2).
This method proved to be considerably more
sensitive than complement fixation and me-
tabolism inhibition for measurement of M.
prneumoniae antibody while at the same time
retaining specificity. Because the mycoplas-
macidal assay determines complement de-
pendent antibody the measurement of im-
munoglobulins of the IgA class—the major

immunoglobulin in local body secretions—is

not possible. Also, like some virus neutraliza-
tion procedures, it is a rather laborious test.
Therefore, we developed a radioimmunopre-
cipitation test (RIP) which employs micro-
titer equipment and requires small amounts
of reagents. This method is based on the
double antibody technique, and depends
upon the observation that the antigenic prop-
erties of gamma globulins are retained when
they complex with an antigen. It is possible
to separate bound from unbound antigen by
precipitating the antigen—antibody complexes
with antisera to gamma globulins. This meth-
od has several advantages over precipitation
with ammonium sulfate: ammonium sulfate
precipitates M. pneumonice antigen, whereas
the double antibody method does not affect
the antigen in this manner. Further the dou-
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ble antibody method can be easily adapted
to the assay of large numbers of samples and
it permits the identification of the immuno-
globulins involved: through use of specific
antisera for the separate immunoglobulin
classes (3).

Materials and Methods. Organisms. Strain
PI 1428 of Mycoplasma pneumonige and
strain DC-63 of M. hominis were employed
in their 5th and 6th laboratory passages, re-
spectively (2). M. neurolyticum type A and
M. fermentans strain PG 18 were used for
experiments concerned with the specificity of
the RIP reaction. M. meurolyticum type A
was kindly supplied by Dr. Joseph G. Tully,
Laboratory of Microbiology, NIH.

Growth medium and culture conditions.
The organisms were grown in mycoplasma
broth medium containing 20% agamma horse
serum (Baltimore Biologic Laboratories,
Cockeysville, MD) instead of normal horse
serum (4, 5). This medium was supplement-
ed for M. pneumoniae with 1% glucose,
0.002% phenol red, 0.05% thallium acetate
and 1000 units of penicillin G/ml. For the
growth of M. hominis 1% l-arginine-HCI
was added instead of glucose. The pH of the
medium for M. puneumoniae was adjusted to
7.6 with 0.1 N sodium hydroxide; the medi-
um for M. kominis was adjusted to pH 6.6
with 0.1 N hydrochloric acid. M. pneumo-
nige was grown at 37° on the glass surface
of 5 liter Povitsky bottles containing 1 liter
of medium (6). M. hominis was grown at
37° in screw capped 32 oz bottles contain-
ing 500 ml of medium. The growth medium
for M. neurolyticum and M. fermentans con-
tained 1% bovine PPLO serum fraction (Dif-
co Laboratories, Detroit, MI) instead of
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agamma horse serum and no thallium ace-
tate. Growth conditions were the same as de-
scribed for M. pneumoniae but incubation
at 37° was for only 3 days (7).

Antigen preparation. For the labeling of
M. pneumoniae 0.1 pCi/ml of oleic-acid-1-
14C (sp act 62 mCi/mmole) and 0.1 uCi/ml
of palmitic acid-1-1*C (sp act 57.7 mCi/
mmole) were added to the growth medium
24 hr after the inoculation of the organisms
and incubation at 37° was continued until
the medium started to change color, usually
after 5-7 days (8, 9). The radioactive com-
pounds were obtained from Amersham/
Searle, Arlington Heights, IL.

M. hominis was added at the same time
as the labeled compounds. Although the ma-
jor serologic antigen of M. hominis is not a
lipid, organisms labeled with *C-fatty acids
did bind antibody and such antigen—antibody
complexes could be precipitated by antiserum
to human globulins.

14C-Labeled M. puneumoniae was harvested
by scraping the cell sheet adhering to the
glass surface of each bottle into 30 ml of
Veronal-buffered saline after decanting the
medium and washing the cell sheet 5 times
with 100 ml amounts of buffer. M. hominis
was harvested after 36—48 hr of incubation
by centrifugation of the medium at 16,000g
for 2 hr at 4° in a Sorvall RC-2 centrifuge.
The pellet was washed twice in buffer by
centrifugation at 36,000g for 15 min at 4°.
The antigens were distributed in small quan-
tities in glass vials and stored at —70° until
used. The specific activity of the antigens
was 380,000 dpm/mg total protein for M.
preumoniae and 68,200 dpm/mg total pro-
tein for M. hominis. The method of Lowry
et al. (10) was used for determination of

protein. A single lot of each antigen was used .

for all experiments.

Human sera. Sera from volunteers collected .

prior to and 28 days after infection with the
PI 898 strain of M. preumoniae and similar
sera from volunteers infected with M. ko-
minis strain DC-63 were employed to stan-
dardize the test procedures (11, 12). All sera
were heated at 56° for 30 min before use.
Preparation of purified human gamma glo-
bulin. To 20 ml of pooled human sera 10 ml
of saturated ammonium sulfate was added

dropwise with constant stirring. After 30
min at room temperature the precipitate was
sedimented and subsequently washed twice
with 50 ml amounts of 40% ammonium sul-
fate. The precipitate was then resuspended
in distilled water and dialyzed overnight
against 0.1 M Veronal-buffered saline at pH
7.4. The dialyzed material was further puri-
fied by agar-block electrophoresis as de-
scribed by Olsen, McCammon and Yohn
(13). The proteins were localized by remov-
ing a longitudinal section of the agar block
which was fixed with a mixture of methanol,
water and acetic acid (4.5:4.5:1; v/v). The
gamma globulin containing part of the agar
was cut out and the proteins were extracted
by at least 10 freeze-thaw cycles. The IgA,
IgG, and IgM content of gamma globulin
preparation was determined by radial-immu-
nodiffusion (14). The gamma globulin prepa-
ration had 1.9 mg/ml total protein and con-
tained 0.53 mg/ml IgA, 0.90 mg/ml IgG and
0.15 mg/ml IgM. The preparation was fil-
tered twice through 800 nm pore size Milli-
pore filters, for the purpose of sterilization.

Immunization of guinea pigs. Germ-free
guinea pigs (Hartley strain) 8 wk of age
were injected intradermally at several sites
with 0.5 ml purified gamma globulin suspend-
ed in an equal amount of complete Freund’s
adjuvant (H37Ra, Difco Laboratories, De-
troit, MI). Three weeks later the animals
received 0.5 ml of purified gamma globulin
intradermally suspended in an equal volume
of incomplete Freund’s adjuvant. One week
later 0.5 ml of purified gamma globulin was
administered intraperitoneally. After 1 wk
the animals were test-bled and the concen-
tration of antibody to human IgA, IgM and
IgG determined by double immunodiffusion
using purified human immunoglobulins (Me-
loy Laboratories, Springfield, VA) as anti-
gens (15). When visible precipitation lines
with all three gamma globulin classes were
observed, the immunization process was ter-
minated. Usually a second intraperitoneal in-
jection of antigen was necessary to elicit a
satisfactory antibody response. One week af-
ter the last administration of antigen the ani-
mals were sacrificed, the serum separated,
pooled, distributed in small quantities and
stored at —20° until used.
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Radioimmunoprecipitation test (RIP). The
radioimmunoprecipitation test (RIP) was
performed by the microtiter method as modi-
fied by Sever (16), using U-bottom plastic
plates (Cooke Engineering, Inc., Alexandria,
VA). A preliminary description of the meth-
od was reported previously (17). The radio-
labeled antigen and sera were diluted in Ver-
onal-buffered saline (pH 7.4) containing 0.15
mM Ca?t, 0.5 mM Mg?+ and 1% bovine
serum albumin (VBS-BSA). Fourfold serum
dilutions were prepared and each serum was
tested in duplicate. Twenty-five microliters
of a filtered (450 nm pore size Millipore)
suspension of the '¢C-labeled antigen, (ap-
prox 600 to 1000 dpm) was added to 25 ul
of diluted serum. The plates were placed in
a humidified sealed box and incubated for
60 min at 37° and 24 hr at 4°. Then 150 ul
of a 1:5 dilution of anti-human gamma glob-
vlin (produced in germ-free guinea pigs)
were added. In some experiments burro anti-
human whole serum purchased from Meloy
Laboratories (Springfield, VA) was used. The
optimal dilution of the antiserum was deter-
mined beforehand in a checkerboard test
with a human serum known to contain anti-
body to M. pmeumoniace. After addition of
the antiserum the plates were again incubat-
ed for 60 min at 37° and then overnight at
4°, The plates were then centrifuged at 1000
rpm for 10 min at 4° in an International
clinical centrifuge. One hundred microliters
of the supernatant were withdrawn with an
Eppendorf pipette and placed into glass scin-
tillation vials. After addition of 0.5 ml of
NCS solubilizer (Amersham/Searle, Des
Plaines, IL) the closed vials remained at
room temperature until the fluid was dis-
solved, usually after approximately 1 hr. Tol-
uene scintillator (10 ml) containing PPO
and POPO (Liquifluor, New England Nu-
clear, Boston, MA) was added. This produced
a clear fluid and no significant quenching
was observed as determined by internal stan-
dards. The vials were then placed into a lig-
uid scintillation counter (LS250, Beckman
Instruments, Inc., Fullerton, CA). The count-
ing efficiency for C was 90%. After dark
and temperature adaptation for several hours
each vial was counted until a preset error of
2% was reached but not longer than 20 min

if the radioactivity was very low. Background
counts were automatically subtracted by the
liquid scintillation counter. Ten buffer con-
trols and two antiserum controls were in-
cluded in each test. The standard deviation
of the controls did not exceed 16 dpm. The
radioactivity deposited in the precipitate was
determined by subtracting the cpm made by
100 pl of supernatant from a well containing
the test serum from the value observed for
100 wl of control supernatant. The percent-
age binding of antigen to antibody was cal-
culated by the formula: [(S, — S:)/S.] X
100 = X[%], where S; was the radioactiv-
ity (cpm) in the supernatant from a test se-
rum containing well and S, the mean (cpm)
of control supernatant fluids. The titer of the
test serum was calculated as the highest se-
rum dilution which produced 33% binding.
A positive control serum was included in each
test. If the titer of this serum showed a more
than twofold discordance from the anticipat-
ed value the test was considered invalid.

Complement fixation (CF ), metabolism in-
kibition (MI), immunofluorescence (IMF).
Complement fixation and metabolism inhibi-
tion tests and indirect immunofluorescence
were performed as described previously (11,
18-20). For the CF test 1.8 units of comple-
ment were used, with overnight fixation at
4°,

Mycoplasmacidal test (MCT). The test
for determination of mycoplasmacidal anti-
body to M. preumoniae was performed as
described previously (2).

Extraction of lipids. Lipids of M. pneu-
moniae, M. neurolyticum and M. fermentans
were extracted as described by Kenny and
Grayston (21). The lipids were dissolved in
absolute ethanol and diluted in VBS-BSA to
yield a final concentration of 500 pg/ml.

Blocking experiments. Checkerboard titra-
tions of a human convalescent serum (25 pl)
and either purified membrane glycolipids of
M. pneumoniae or lipids of M. pneumoniae,
M. neurolyticum or M. fermentans (25 pl)
were performed in microtiter plates. The
plates were incubated for 1 hr at 37° and
overnight at 4°. 1*C-Labeled M. pneumoniae
antigen (25 pl) was then added and the
procedure continued as described for the RIP
test. Purified membrane glycolipids of M.
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pneumoniae were prepared as described pre-
viously and kindly supplied by Dr. Benja-
min Prescott, Laboratory of Microbiology,
NIH (22, 23).

Results. 1. Requirement for a homogeneous
monodispersed suspension for RIP. As indi-
cated in Table I filtration of labeled M.
pneumoniae through a 450 nm pore size Mil-
lipore filter was necessary to obtain a ho-
mogeneous suspension of organisms which
did not sediment during the incubation peri-
od of the procedure and the subsequent cen-
trifugation at 1000 rpm. For M. hominis fil-
tration through a 800 nm pore size filter was
sufficient. Following filtration of either my-
coplasma approximately 80 to 90% of the
radioactivity and a comparable number of
viable organisms were retained on the filter.
The filtered antigens remained dispersed dur-
ing the test procedure unless antigen—anti-
body complexes were formed and precipitated
by an antiserum to human gamma globulin.

2. Influence of antibody concentration on
amount of labeled M. pneumoniae precipi-
tated. Figure 1 shows that more than 80%
of the labeled antigen was still precipitated
at a dilution of 1:1024 by a convalescent hu-
man M. pneumoniae antiserum. The degree
of binding decreased thereafter reaching 33%
at a 1:65,536 serum dilution. The smaller
amount of antigen bound at high antiserum
concentrations is probably due to the pro-
zone phenomenon, well known in precipita-

tion reactions.
3. Effect of cations in buffer. Neither the

TABLE I. Effect of Filtration of *C-Labeled My-
coplasma on Sedimentability of Radiolabel at
1000 rpm During RIP Proeccdure.

Radioactivity (%) which
sedimented at 1000 rpm (10
min) after 48 hr incubation
of antigen and buffer at 4°

Filtration
of M.
antigen M. pneuwmoniae hominis
Not filtered 60-70 80
Filter (nm), 800 30 0
650 8 NDe
450 0 ND*

% Not done.
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20
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16 64 256 1024 409 16384 65536 262,044 IMIL.
DILUTION OF HUMAN M PNEUMONIAE CONVALESCENT SERUM

{Reciprocal)

Fi1c. 1. Binding of ™C-labeled M. pneumoniae
antigen by various concentrations of a human
convalescent serum. Anti-human whole serum pro-
duced in a burro was used to precipitate the com-
plexes.

use of various buffers nor the addition of di-
valent cations (Ca%t, Mg?t) altered the
RIP antibody titers of human antiserum.
These results suggest that complement or
complement components were not necessary
for the binding of antibody to antigen in the
RIP test.

4. Aquisition of RIP antibody to M, pneu-
moniae by age. As expected, RIP antibody
to M. prneumonice was detected with low fre-
quency in infants 7-12 mo of age (Fig. 2). At
this time maternal antibody should have dis-
appeared from the infant’s serum. An in-
crease in the proportion of positive sera and
mean titer of antibody was observed for chil-
dren 13-36 mo of age. The level of RIP anti-
body in sera from adults was higher than
that found for young children.

>-81921 .
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o8
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o

1024-4096 i,

.
128-512+- H

16-64 - i
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1 L L
7-12 MONTHS  13-36 MONTHS  >17 YEARS
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F1e. 2. Aquisition of RIP antibody to M. preumo-
niae by age,

RADIOIMMUNOPRECIPITATION ANTIBODY TITER
(Reciprocal)
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5. Sensitivity. The RIP test was used to
study sera from 10 human volunteers who
were infected via the nasopharynx with M.
pneumoniae strain PT 898 (11). The result-
ing antibody titers are indicated in Table II
and compared to the results of conven-
tional methods of antibody assay and the
mycoplasmacidal test. The titers obtained in
the RIP test were usually considerably high-
er than those obtained by CF, MI or IMF.
Most RIP titers were also higher than the
corresponding MCT antibody titer. Like the
MCT procedure the RIP method revealed
antibody in preinfection sera which was not
detected by the conventional methods. Ex-
cept for no. 9, each of the volunteers who
exhibited an increase in antibody titer by the
conventional methods also showed an increase
in RIP antibody titer.

The fold rises in titers of M. preumoniae
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antibody measured by different techniques
were compared using the Spear rank correla-
tion. Very good correlation was seen between
RIP and MCT. The RIP also correlated
well with MI and IMF. However, the corre-
lation of RIP and glycolipid CF antibodies
was less impressive suggesting that antigens
other than glycolipids were also measured by
the radioimmunoprecipitation technique.

6. Reproducibility. When sera of 4 volun-
teers were tested for RIP-antibody in three
separate tests on different days the variation
of M. pneumoniae antibody titer was never
more than twofold (Table IIT).

7. Specificity. Sera of two volunteers in-
fected with M. preumonige and two volun-
teers infected with M. kominis were com-
pared for their RIP antibody titers. As shown
in Table IV a significant rise was observed
only with the homologous antigen.

TABLE II. Antibody Responses of Volunteers Infected with M. preumoniae as Measured by
Complement Fixation (CF), Metabolism Inhibition (MI), Immunofluorescence (IMF), My-
coplasmaeidal Test (MCT), and Radioimmunoprecepitation Test (RIP).

Reciproeal of preinfcetion (above) and postinfection (below) antibody titer

as measured by

CF CF
(whole cell (glycolipid

Volunteer antigen) antigen) MI IMF MCT RIP
1 <2 4 <2 10 25 32
64 128 96 160 20,830 4096
2 <2 <4 <z <10 27 16
32 128 12 80 3200 512
3 <2 <4 3 10 63 32
128 256 48 >160 1728 2048
4 <2 <4 <2 <10 28 256
64 32 48 160 1297 8192
5 <2 <4 <2 <10 4 8
<2 <4 24 160 233 2048
6 <2 <4 3 10 82 64
16 16 24 40 3569 512
7 <2 <4 12 10 53 64
<2 4 12 20 78 128
8 <2 <4 3 <10 98 1024
64 128 24 160 423 8192
9 <2 <4 2 <10 195 256
<2 8 24 80 444 512
10 <2 <4 <2 <10 43 32
64 64 96 >160 2292 2048
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TABLE III. Reproducibility of the Radioimmuno-
precipitation Test.

Reciproeal of antibody titer

Human
serum 1 2 3
1 2048 2048 4096
2 4096 4096 4096
3 1024 1024 512
4 1024 2048 1024

In a blocking experiment purified mem-
brane glycolipids of M. pneumoniae reduced
the titer of a human antiserum 4-fold (Fig.
3). These results indicate that the RIP test
measures antibody to membrane glycolipids.
The data in Fig. 3 also indicates that a pro-
portion of RIP antibody is directed toward
other membrane components.

Lipids of M. pneumoniae, M. neurolyti-
cum and M. fermentans which were extract-
ed by chloroform methanol (2:1, v/v)
showed high complement fixing activity with
homologous antiserum. Cross reaction was
observed to a slight degree only with M.
neurolyticum and rabbit M. pneumoniae hy-
perimmune serum (Table V). When these
lipids were studied for their capacity to block
M. pneumoniae antibody in human serum a
significant blocking effect was seen only with
M. pneumoniae lipids although M. neurolyti-
cum lipids showed a slight blocking effect
with some sera. Purified membrane glycoli-
pids of M. pneumonice were effective in
blocking antibody in all sera. This was ob-
served with sera from volunteers infected in-
tranasally with M. pneumoniae, sera from

RIP ANTIBODY TO MYCOPLASMAS

2048

BODY TITER

1024

(Reciprocal)

o
~

RADIOIMMUNOPRECIPITATION ANT!

256

0 63 125 250 500
CONCENTRATION OF MYCOPLASMA PNEUMONIAE

MEMBRANE GLYCOLIPIDS (g /mi)

Fic. 3. Blocking of M. pneumoniae RIP antibody
in a human convalescent serum by membrane glyco-
lipids of the organism.

children less than 5 yr of age and sera col-
lected from healthy marine recruits several
months before development of pneumonia
caused by M. prneumoniae (Table VI).

Discussion. A radioimmunoprecipitation
test for the detection of antibody to micro-
organisms has first been developed by Ger-
loff, Hoyer and McLaren (24) for type 2
poliovirus. This test proved to be highly sen-
sitive without loss of specificity. The devel-
opment of a similar test procedure for M.
pneumoniae was made possible by the obser-
vation of Razin ef al. (8) that lipid precur-
sors in the growth medium were incorporat-
ed into the mycoplasma membrane. The
method of labeling M. prneumoniae membrane
lipids with *C-fatty acids rather than using

TABLE IV. Specificity of the Radioimmunoprecipitation Test for Detection of Myecoplasma
Antibody.

Reciprocal of radioimmunoprecipitation antibody titer

(X 10%) in human serum

M. pneumoniae M. hominis
Infection with Volunteer Pre- Post- Pre- Post-
indicated mycoplasma no. inoculation  inoeulation inoculation inoculation
M. pneumoniae 1 8.2 67.5 0.5 0.5
Strain PI 1428 2 8.2 >67.5 1.0 2.0
M. hominis 3 8.2 8.2 1.0 8.2
Strain DC 63 4 16.4 8.2 0.5 8.2
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TABLE V. Reactions of Lipid Antigens and Homologous and Heterologous Mycoplasma
Antisera.

Highest antigen dilution (reciproeal) which fixed 1.8 units of
complement with indicated rabbit hyperimmune serum

M. neurolyticum M. fermentans

Lipid antigen® M. pneumoniae
M. pneumoniae 2048
M. neurolyticum 16
M. fermentans <4

<4 <4
4096 <4
<4 1024

¢ Extracted from organisms by ehloroform—methanol (2:1, v/v).

iodine isotopes to label the protein of the
organisms was chosen for two reasons. First
it was recently shown that membrane glyco-
lipids of M. pneumoniae are the major anti-
gens in conventional serologic reactions (22,
23). Second the long half-life of carbon-14 per-
mits the use of a single pool of radioactive
antigen over a long time period thus making
standardization of new antigen preparations
unnecessary. As in the mycoplasmacidal test
it was necessary to use a homogeneous mono-
dispersed suspension of filtered organisms as
antigen.

The radioimmunoprecipitation test proved
to be considerably more sensitive than con-
ventional methods and slightly more sensi-
tive than the MCT for the detection of anti-
body to M. pneumoniae. This increase in sen-
sitivity was not accompanied by an apparent
loss in specificity. The membrane glycolipids
of M. prneumoniae appeared to be important
sites for binding of RIP antibody to the or-

ganism. Thus, purified membrane glycolipids
were capable of blocking 75% or more of the
RIP antibody activity in human sera while
the crude lipids of the organism blocked 50—
80% of antibody activity. The crude lipids
of M. neurolyticum were less effective in
blocking RIP antibody for M. pneumoniae
in human sera, while the lipids of M. fer-
mentans were without effect. These findings
suggest that the antibodies which were de-
tected in human serum by the RIP method
were induced by prior experience with the
antigens of M. pneumoniae. Of course, one
must consider the possibility that much of
the antibody detected by RIP was stimulated
by cross-reactive glycolipids from other
sources.

Complement or complement components
do not seem to be necessary for the binding
of antibody by radiolabeled M. preumoniae.
For this reason the RIP method offers the
possibility of measuring complement inde-

TABLE VI. Blocking of M. prneumoniae Radioimmunoprecipitation (RIP) Antibody by Lipid
Antigens,

RIP antibody pneumoniae

Fold deecrease following addition of
indicated material

Purified M. Total lipids (500 pug/ml)

titer glycolipids M. pneu- M.neuro- M. fermen-
Human serum (reciprocal) (100 ug/ml) moniae  lyticum tans
Volunteer infected with M. (a) 2048 4 2 None None
prewmonice (b) 4096 4 2 None None
Marine recruit before develop- (a) 1024 8 5.3 2 None
ment of M. pneumoniae (b) 512 8 4 2 None
pneumonia
Normal child 3 yr 2048 16 4 2 None -
Normal child 5 yr 1024 8 4 2 None
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pendent antibodies, especially those of the
IgA class. These antibodies are of potential
interest in M. pneumoniae infection because
IgA is the predominant functional immuno-
globulin in local secretions. Previous attempts
to demonstrate antibody to M. prneumoniae
in nasal or bronchial secretions of persons in-
fected with the organism had either failed or
vielded conflicting results (26-29). In a study
in progress we have found that a high pro-
portion of volunteers inoculated intranasally
with M. pneumoniae developed a fourfold or
greater rise in RIP IgA antibody in nasal
secretions. The significance of local antibody
to M. pneumoniae in the disease caused by
this organism is currently under investigation.

Summary. A radioimmunoprecipitation
(RIP) test for detection of antibody to M.
pneumoniae was developed. The test was per-
formed by using microtiter equipment thus
combining ease of performance and the need
for small amounts of reagents. Divalent cat-
ions did not enhance the RIP antibody titer
of human sera to M. pneumoniae indicating
that complement or complement components
were not fixed. Membrane glycolipids ap-
peared to be the major although not the only
antigens involved in the RIP reaction. The
RIP method was slightly more sensitive than
the complement dependent mycoplasmacidal
antibody assay and considerably more sensi-
tive than the standard serologic techniques
used for measurement of antibody to M.
pneumoniae.
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