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Molacular Pathogenesis of Acute Respiratory Disease

Characterization of SponUneoua Hemadsorption-Negative Mutants of 
Mvcooiasma pneumoniae

In the annual report for Contract No. DADA17-73-C-3097, submitted 
January, 1981, we presented a preliminary characterization of 22 spon­
taneously arising mutants of M^ pneumoniae deficient in hemadsorption 
(HA). We felt the potential presence of secondary mutations in nitro- 
soguanidine-derived mutants warranted the isolation and characterization 
of sponuneous HA* mutants. Based upon consistent differences In their 
protein proflles^ln one- and two-dimensional polyacrylamide gels, the 
spontaneous HA* mutants have been grouped Into 4 classes (Table 1). 
All of thfc mutants exhibit similar reductions in adherence to the respira­
tory epithelium of hamster tracheal rings In vitro. However, significant 
differences were observed among the muUnt classes in their ability to 
attach to neuraminidase-treated tracheal rings. The presence of three 
specific mycoplasma proteins correlated with edherence of pneumoniae 
to neuraminidase-sensitive receptors. Over the last contract period we 
have further characterized the spontaneous HA mutants.

1. Analysis of Radiolabeled M^ pneumoniae Protein Profiles

A limiting factor in the detection of protein differences among 
mycoplasma strains is the sensitivity of Coomassie blue sUining of pro­
tein bands in acrylamide gels. The Incorporation of a radioactive label 
((**S]-methionine) Into mycoplasma proteins has enabled us to increase 
the sensitivity of protein detection. Fluorography of [»‘SJ-labeled 
one-dimensional protein profiles verified the differences among mutant 
classes found using Coomassie blue strining (Fig. la and 1b). In addi­
tion, this more sensitive technique revealed a protein migrating just 
above HMW-1 in the wild-type strain which is absent In muUnU lacking 
HMW 1-3 (Fig. 1b, track B). Finally, meUbolic radiolabeling established 
that the alterations observed Involve mycoplasma proteins, and do not 
reflect differences In binding of proteins from the growth medium.

2. Virulence of Spontaneous HA* Mutants

The virulence of representative sponUneous HA muUnts was 
examined in the hamster modal. Croups of hamsters were Inoculated 
Intranasally with approximatelV 10* colony forming unlU (CFU) of the 
respective muUnt and wild-type strains. Four hamsters per strain per 
time point (days 4, 14, and 28 post-infection) were utilized. Uninfected 
hamsters were Included for control purposes. Virulence was defined 
according to two parameters: 1) persistence and/or multiplication of
mycoplasmas in hamster lungs, and 2) the degree of histologic pneumonia 
produced. As shown In Table 2, only the virulent strain B25C persisted 
in the lungs at high levels over the 4 week study. The mutant catego­
rized In class II survived at titers slightly above the limits of detection 
(10* CFU/gram lung tissue). The tIUrs of the other muUnU examined 
ware below detectable levels.
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Despite the low level survival of the class II mutant in Infected 
hamsters, lung cytopathology scores for animals inoculated with this 
strain were no greater than the scores for the other mutants or for the 
uninfected controls (Fig. 2). This is in contrast to the extensive lung 
cytopathology observed by day 14 post-infection in hamsters infected 
with wild-type B25C. By day 28 post-infection, however, the histologic 
pneumonia was partially resolved.

Radioimmunoprecipitation (RIP) analysis of sera from mutant-infocted 
hamsters is currently in progress. While the results are incomplete, 
preliminary data indicate little antibody response to mutant infection. 
This, In conjunction with borderline survival of mutant strains in ham­
sters, suggests that the mutants have minimal protective potential. 
When the RIP data are more complete, a final decision will be made 
concerning protection trials.

B. Isolation and Characterization of Revertants of Spontaneous HA~ Mutants

Our studies using spontaneously arising HA~ mutants have rein­
forced the importance of specific mycoplasma proteins to both attachment 
and virulence. During the current contract year we have isolated rever- 
tant strai.ns of representative spontaneous HA~ mutants and have begun 
their characterization.

1. Isolation of Revertant Strains

Preliminary screening of mutant colonies for hemadsorbing rever­
tants proved unsuccessful and indicated an enrichment procedure would 
be required. Revertant strains were selectively enriched using a proce­
dure previously developed by our laboratory (1). Mutant mycoplasmas 
were incubated with chicken erythrocytes (CRBCs); RBC-adsorbed 
mycoplasmas were then separated from unattached mycoplasmas by centri­
fugation over a methocel/hypaque gradient. Foilowing expansion of the 
“adherent" population the procedure was repeated in its entirety using 
fresh CRBCs. For most of the spontaneous HA" mutant strains, this 
enrichment produced populations which were <10% HA . individual HA 
colonies were cloned as described previously for their HA* "parent" 
strains (see previous Annual Report). Revertant strains were obtained 
from each class except Class I, which yielded no revertants despite an 
additional enrichment.

2. Sodium Oodecyisuifate-Polyacrylamide Gel Electrophoresis (SOS-
PAGE)

Equivalent whole cell preparations of the revertant strains and HA^ 
B25C were analyzed by discontinuous SDS-PAGE using a 3% stacking and 
5% separating gel (2). As seen in Figure 3, the Coomassie blue-stained 
one-dimensional protein profiles of the revertant strains are essentially 
identical to that of the wild-type strain. In particular, the revertant of 
the class I mutant has regained the high molecular weight proteins HMW 
1-3 (Fig. 3B), and the revertant of the class IV mutant has regained 
protein PI (Fig. 3E). Additional characterization of revertant strains 
will include two-dimensional PAGE and in vitro attachment studies.











HCI and •quilibrated in coupling buffer). The coupling reaction was 
carried out on a gyratory shaker at room temperature for 2h. (Coupling 
was >9S% efficient.) Unreacted igG was washed from the coupled gel, 
and any excess reactive groups were blocked with 1M ethanolamine. The 
coupled gel was then washed sequentially with coupling buffer, 0.1M 
acetate (pH 4) containing 0.5M NaCI, and 0.1M Tris (pH 7.5) containing 
0.1SM NaCI (Tris-salina).

Spent Hayflick medium was filtered to remove intact mycoplasmas 
and applied to the anti-RP column. Tha unbound protein was washed 
from the column with Tris*saline, and tha bound prottin eluted with 
0.2M glycine (pH 2.8) containing 0.5M NaCI. Fractions were monitored 
at A,ao, and protein-containing fractions neutralized with 1M Tris, pH 
8.8. Tha neutralized fractions were pooled, concentrated, and dialyzed 
against distilled water. Tha anti-RP column was reequilibrated in Tris- 
saline buffer. A typical column yields approximately 3 mg released 
protein per 3 ml swollen gel (or per 50 ml spent medium).

Using this approach, enough released protein can be isolated 
and pooled to provide a homogeneous preparation for multiple experi­
ments. Unlabeled released protein will be assayed for cultured hamster 
tracheal epithelial call toxicity, and will be used as the antigenic stimulus 
for production of more anti-RP antibodies. The anti-RP serum will be 
examined for its affect on ^ pneumoniae metabolic activity. Labeled 
released protein will be employed in RIP assays and in host cell binding 
studies.

F. Monospecific Antisera Against Key Mycoplasma Proteins

Previous studies have Identified several specific mycoplasma protains 
which appear to be important in pathoganesis (3,6,8,9). In tha course 
of natural or experimental infections, humans and hamsters develop a 
humoral Immune response against several of these proteins. In the current 
contract period we have initiated the production of monospecific antisera 
directed against certain of these proteins.

1. Production of Monospecific Antisera

Proteins were prepared for injection using a modified procedure of 
Tjian at (10). Milligram quantities of M^ pneumoniae total protein 
were fractionated by preparative SOS-PAGE using a 3% stacking and 4% 
separating gel. Proteins were stained with Coomassie blue In fixative. 
After desUining, tha bands of interest were sliced from the gels, macer­
ated by forceful passage through a 19g needle, and lyophilized. Equiva­
lent lyophilizad bands from several gals were ground to a fine powder 
using a mortar and pestle and aliquoted into initial and booster doses. 
Each dose (containing approximately 150 pg protein) was resuspended in 
water to approximately 0.7 ml and emulsified 1:1 with Freund's complete 
adjuvant (or incomplete adjuvant for booster doses). Adult New Zealand 
white rabbits were injected subcutaneously in the neck and thigh regions 
and intramuscularly in the thigh on days 1, 15, and 29. Rabbits were 
bled from the ear beginning 5 days after the final booster Injection.








































