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Factors Influencing Pathogenicity of Mycoplasma arthritidis (PPLO) .* 
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E. VIRGIL HOWELL AND RUSSELL S. JONES 
Department of Pathology, University of Utah College o f Medicine and Veterans Administration 

Hospital, Salt Lake City  

Mycoplasma, ( pleuropneumonia-like or- 
ganisms, PPLO) pathogenic in many animal 
species, were first reported to be a causal 
agent of rat polyarthritis in 1939 (1). In a 
previous study(2), rats bearing a lympho- 
sarcoma developed sporadic polyarthritis 
during or after regression of the tumor. When 
PPLO were recovered from tumor or joint le- 
sions, and injected into PPLO-free rats, poly- 
arthritis was produced in those rats with ne- 
crotic or recently regressed tumors, but not in 
normal rats or in those with intact tumors. 
Additional studies suggested that both host 
and agent factors were significant in the 
pathogenesis of the PPLO polyarthritis ( 3 ) .  
As one phase in the investigation of the path- 
ogenesis of mycoplasmal arthritis, the present 
study concerns the modification of virulence 
of Mycoplasma in vitro as well as in vivo. 

Materials and methods. PPLO, recovered 
from a joint lesion of a rat with a regressed 

*Supported in part by grants from Univ. of 
Utah Research Fund and N.I.H. 

Murphy-Sturm lymphosarcoma, were main- 
tained by infecting the transplantable lymph- 
osarcoma in young male Holtzman rats, 120 . 
to 170 g in weight, as previously described 
( 2 ) .  PPLO from tumor tissue were isolated 
on blood agar plates. Small segments of agar 
with large numbers of PPLO colonies were 
inoculated into Difco PPLO broth. Broth 
subcultures were made at weekly intervals 
using a 20% inoculum from the previous sub- 
culture and incubating for 5 to 7 days at 
3 7 "C. Aliquots were injected intravenously 
into rats, 0.5 m1/100 g body weight. The 
criterion for mycoplasmal pathogenicity was 
the production of gross joint lesions. 

Tumor extract was prepared by aseptically 
removing growing lymphosarcoma, mincing 
in an equal volume of balanced salt solution 
(Earle's), and grinding in a Waring blendor. 
Tissue fragments, cells and extraneous bac- 
teria were removed by Seitz filtration. The 
tumor extract was added as a supplement in 
10% concentration to Difco PPLO broth 
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base. Non-pathogenic PPLO obtained by 
repeated subculture, and pathogenic PPLO 
grown in the supplemented media, were 
tested for arthritogenic properties by intra- 
venous injection into normal rats. To ex- 
clude a possible role of tumor extract in the 
mycoplasmal polyarthritis, tumor extract was 
added to a portion of the 6th subculture of 
PPLO in Difco broth immediately before be- 
ing injected intravenously into a group of 
rats. 

Modification of virulence of PPLO in vivo 
was evaluated by intravenous injection of 
PPLO, non-pathogenic in normal rats, into 
rats bearing an intact PPLO-free lymphosar- 
coma 25 mm in mean diameter. Partial ne- 
crosis of these tumors was then induced by 
4 daily intravenous injections of Klebsiella 
polysaccharide, 0.1 mg/100 g, as described 
previously (4).  PPLO were reisolated from 
the tumor tissue, cultured in Difco broth and 
injected into a group of normal untreated 
rats. Klebsiella polysaccharide was also in- 
jected into normal, tumor-free rats prior to 
intravenous introduction of PPLO. 

Two morphological types of Mycoplasma, 
designated “clonal” and “diffuse,” were iso- 
lated from the original infected tumors. Each 
of these morphological types were subcul- 
tured in Difco broth supplemented with tu- 
mor extract. These “clonal” and “diffuse” 
types were injected into separate groups of 
rats and the incidence and distribution of 
arthritic lesions observed. 

Serum was obtained from normal rats and 
from rats which had recovered from severe 
arthritis and were resistant to subsequent in- 
jections of virulent PPLO. From such ani- 
mals splenic cells were also obtained asepti- 
cally, suspended in Earle’s solution, counted 
in a hemocytometer, diluted to desired con- 
centration and immediately injected intra- 
venously, 5.0 X loG cells per 0.1 ml per 100 
g body weight. Following intravenous injec- 
tions of the 2 sera, 0.5 m1/100 g body weight, 
and the 2 cell suspensions into separate 
groups of normal rats, pathogenic PPLO were 
injected by the same route 1 and 7 days 
later. 

Results. By repeated subculture in Difco 

TABLE I. Effect of Subculture of PPLO in Tumor 
Extract Broth and in  nifco PPLO Rrotli up011 

Virulence of PPT,O in Nornial Rats. 

1 19/20* 20/2o 
3 1/20 17/20 
6 0/20 8/10 

6th Difco broth 0/20 t 7/20 
subculture + tumor (not incubated) (incubated) 

extract 
~~~~ 

* No. rats with joint lesions/No. ra t s  per group. 
t Tunior suppleinent added to 6th PPLO subcul- 

ture (Difco broth) and without incubation imme- 
diately injected intravenously. 

broth, virulent PPLO became non-pathogenic, 
but pathogenicity was both maintained and 
restored by subculturing in media supple- 
mented with the cell-free tumor extract 
(Table I) .  Tumor extract added to non- 
pathogenic PPLO immediately before injec- 
tion did not increase the incidence of arth- 
ritis. 

Mycoplasma, injected after repeated sub- 
culture in Difco broth without tumor extract, 
produced no polyarthritis in normal rats; 
however, arthritis was produced by these 
Mycoplasma in rats with recently regressed 
lymphosarcomas (Table 11). The Klebsiella 
polysaccharide used to induce the tumor re- 
gression did not modify the host per se, for 
in tumor-free rats repeated injection of Kleb- 
siella polysaccharide did not enhance the 
arthritogenic properties of these Mycoplasma 
(Table 11). Pathogenicity was restored to 
the Mycoplasma by in vivo growth within 
the tumor. When the non-pathogenic Myco- 
plasma were injected intravenously into rats 
with focally necrotic lymphosarcoma, no 
arthritis developed. However, when these 
Mycoplasma were recovered from the tumor 
tissue by isolating on agar plates and subcul- 

TABLE 11. Effect of Subculture of PPLO i n  Difco 
Broth Upon Virulence of PPLO in Normal and 

Tumor-Bearing Rats. 

Normal Tumor-bearing 
Poly- 

Sub- saccharide- Intact  Regressed 
culture Untreated treated tumor tumor 

3rd O/M* 0/14 0/14 12/14 

* No. rats with joint  lesions/No. rats per group. 

6th 0/20 0/10 0/20 0/20 
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turing in Difco PPLO broth without tumor 
extract, polyarthritis followed their injection 
into normal rats. 

Virulent PPLO failed to produce arthritis 
in the 2 groups of rats which had recovered 
from mycoplasmal arthritis (Table 111). 
Arthritis was prevented by passive transfer 
into normal rats of plasma from immune, but 
not from control animals (Table IV) . Trans- 
fer of splenic cells of immune or control don- 
ors, either 1 or 7 days before injection of 
virulent Mycoplasma, did not prevent the 
arthritis . 

When the 2 morphological types of Myco- 
plasma were injected respectively into 2 
groups of rats, the diffuse form produced 
about twice the amount of interphalangeal 
polyarthritis (Fig. 1). 

Comments. The data of the present study 
suggest that the pathogenesis of rat poly- 
arthritis due to Mycopkasma arthritidis was 
influenced by the agent as well as the host. 
Although loss of virulence of certain bacteria 
after subculturing is a well-known phenome- 
non, the mechanism of such change remains 
obscure. The pathogenic Mycoplasma ob- 
tained from Murphy-Sturm lymphosarcoma, 
despite abundant growth upon subculture in 
commercially available media, lost the ca- 
pacity to produce arthritis in rats. That an 
unknown nutritional requirement was needed 
for pathogenic propensity was suggested by 
restoration and maintenance of pathogenicity 
with a cell-free, sterile extract of tumor tis- 
sue. The nature of the component(s) in the 

extract is unknown but may represent the 
same “influences” noted in the reestablish- 
ment of pathogenicity of PPLO-within the 
partially necrotic tumor in vivo. Since the 
necrotic and regressed tumor often increased 
the host susceptibility to Mycoplasmal arth- 
ritis, the tumor extract in vitro could, upon 
injection, have an action similar to that of 
the necrotic tumor in vivo. This possibility 
was excluded by the addition of tumor ex- 
tract immediately before injection of the non- 
pathogenic PPLO in Difco broth (Table I). 
Joint lesions did not develop unless the 
PPLO were incubated in the combined me- 
dia. These observations would also tend to 
exclude the possibility of arthritis being due 
to a viral agent transmitted with tumor or 
tumor extract. 

The presence of intact, growing tumor 
tended to prevent the development of arth- 
ritis ( S ) ,  while regression of a PPLO infected 
tumor was followed by polyarthritis ( 2 ) .  Fur- 
thermore, regression of PPLO-free tumor 
predisposed to arthritis following intravenous 
injection of mildly virulent PPLO ( 2 ) .  Patho- 
genic PPLO maintained in one of 2 trans- 
plantable lymphosarcomas in the same rat 
would readily pass from PPLO-infected to 
PPLO-free tumor without the advent of 

TABLE 111. Resistance to Reinfection with Viru- 
lent PPLO After Previous Mycoplasmal Polyarth- 

ritis. 

Previous 
polyarthritis 

(healed) Arthritic lesions 

Spontaneous recovery 0/7* 
Tetracycline-treated 0/7 
None (control) 8/10 

* No. rats with joint  lesions/Ko. rats per group. 

TABLE IV. Passive Transfer of Resistance to 
Virulent Mycoplasma. 

Condition of donor . 
Normal PPLO-immune 

material 1 day” 7 days 1 day 7days  
Transferred 

Spleniccells 6/10t 8/10 7/10 7/10 
Serum 7/10 6/10 0/10 0/10 

* Day cells or serum transferred before injection 

t Control given PPLO only, 7/10. 
of virulent PPLO. 
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arthritis (3 ) .  Despite the apparent lack of 
immunity to PPLO growing in tumor tissue, 
rats bearing PPLO-infected or PPLO-free 
tumors were relatively resistant to PPLO 
polyarthritis. Tumor transplants to rats 
with established chronic PPLO polyarthritis, 
did not become infected with PPLO(3). The 
present study suggests that circulating anti- 
bodies prevented spread of PPLO to the re- 
cently implanted tumor. 

The role of the 2 morphological types of 
PPLO in polyarthritis is uncertain. No at- 
tempt was made to establish their intercon- 
version and both types were pathogenic al- 
though the diffuse form produced more le- 
sions. Following intravenous injection, patho- 
genic Mycoplasma rapidly disappeared from 
tissue but apparently lodged in synovial 
structures, establishing suppurative arthritis 
(6).  Because of the unreliability of cultural 
and turbidometric methods for estimating 
numbers of PPLO the role of aggregation of 
these minute microrganisms upon their tissue 
distribution after intravenous injection, and 
hence upon the incidence of joint disease, re- 
mains unknown. 

Summary. The ability of Mycoplasma 
(PPLO) to produce polyarthritis in rats has 

been modified in vitro and in vivo. Patho- 
genic PPLO recovered from Murphy-Sturm 
lymphosarcomas became non-virulent upon 
repeated subculture in commercial media, but 
the pathogenic properties were restored and 
maintained by addition of cell- and bacteria- 
free extract of the tumor tissue. Growth of 
Mycoplasma in tumor tissue in vivo also re- 
stored the pathogenic property. Diffuse and 
clonal forms of the pathogenic PPLO were 
isolated. Twice as much interphalangeal 
polyarthritis followed injection of the diffuse 
as the clonal form. Prior PPLO arthritis re- 
sulted in immunity. Passive transfer of the 
immunity was accomplished with serum but 
not with splenic cells. 

1. Kleineberger, E., J .  H y g . ,  1939, v39, 260. 
2 .  Howell, E. V., Ward, J. R., Jones, R. S., PROC. 

3 .  Howell, E. V., Otto, W. K., Jones, R. S., ibid., 

4. Jones, R. S., Howell, E. V., Arch. Path., 1960, 

5. Jasmin, G., Ann.  Rheum. Dis., 1957, v16, 365. 
6. Ward, J. R., Jones, R. S., Arth. C Rheumat., 

SOC. EXP. BIOL. AND MED., 1959, v102, 210. 

1961, v106, 673. 

v69, 639. 

1962, vS, 163. 

Received August 2 7 ,  1962. P.S.E.B.M., 1963, v112. 

Electrophoretic Studies of Red Cell Hemolysates Supplemented with 
Phosphorylated Carbohydrate Intermediates.* (27953) 

YOSHIKI SUGITA AND ALFRED CHANUTIN 
Biochemical Laboratory, University of Virginia School of Medicine, Charlottesville 

During the storage of blood at  4OC in acid 
citrate dextrose (ACD) preservative, concen- 
trations of the organic phosphates, particu- 
larly 2,3-diphosphoglycerate and adenosine 
triphosphate, of the red cell decrease and 
inorganic phosphate increases ( 1 ) . Under 
these same conditions of storage, one of the 
electrophoretic components of the red cell 
hemolysate, designated as B, gradually dis- 
appears (2).  I t  is conceivable that this com- 

*Supported by U. S. Army Medical Research 
and Development Command, Office of Surgeon 
General. 

ponent may be composed of a complex made 
up of phosphorylated carbohydrate inter- 
mediates and hemolysate proteins. The pres- 
ent experiments were undertaken to deter- 
mine if the distribution of the components 
of the electrophoretic patterns of red cell he- 
molysates is changed after adding phosphoric 
acid esters. 

The red cells of 
ACD blood, stored at  4OC for about a 
month, were washed 3 times with cold 0.9% 
NaCl and then hemolyzed with distilled 
water. Stroma was removed by high speed 

Materials and methods. 




