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Ten T-mycoplasma strains isolated from the urine of male

students with nongonococcal urethritis were compared in immuno-

diffusion, indirect hemagglutination (IHA), metabolic inhibition (MI),

and immunoelectrophoretic tests using antigens prepared from these

isolates and specific rabbit antisera. Immunodiffusion, MI, and IHA

tests revealed complex antigenic interrelationships among the

T-mycoplasmas, whereas immunoelectrophoretic analysis failed to

resolve antigenic differences with the antigens and antisera utilized.

The isolates were found to be antigenically heterogeneous by immuno-

diffusion, MI, and IHA tests, but all were related; the degree of

heterogeneity was more pronounced in the MI tests than in the

immunodiffusion and IHA tests. The results of the MI tests in this

study confirmed the degree of serological heterogeneity observed by

others in MI studies of T-mycoplasmas. Highly variable



combinations of titers in both the MI and IHA tests precluded serotypic

grouping of the isolates. The sensitivity of the immunodiffusion and

IHA techniques were not as great as that of the MI technique. Heter-

ologous anti-medium antibodies were not detected in the rabbit

antisera by immunodiffusion tests.

This is the first reported study to date in which T-mycoplasmas

have been compared by immunodiffusion, IHA, and immunoelectro-

phoresis techniques. The results of this study suggest that immuno-

diffusion, MI, and IHA tests are useful in resolving antigenic differ-

ences of T-mycoplasmas; however, the usefulness of immunoelectro-

phoretic analysis for resolving antigenic differences of T-mycoplasmas

is questionable.
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SEROLOGICAL RELATIONSHIPS OF HUMAN
T-MYCOPLASMA ISOLATES

INTRODUCTION

Several human T-mycoplasma isolates have been serologically

compared in different studies (8,36,37,40) by the use of a sensitive

metabolic inhibition technique (39). The T-mycoplasmas in these

studies were found to be antigenically heterogeneous, but nevertheless

related. It has been suggested that T-mycoplasmas resemble

Mycoplasma hominis in the degree of serological heterogeneity as

measured by the metabolic inhibition technique (36). In addition, it

has been suggested that serological comparisons of T-mycoplasmas

using different serological techniques are necessary to corroborate

results of metabolic inhibition tests and further resolve serological

relationships (36,40).

The purpose of this study was to determine if antigenic differ-

ences of ten human T-mycoplasma isolates could be resolved using

antigens prepared from these isolates and specific rabbit antisera in

immunodiffusion, indirect hemagglutination, and metabolic inhibition

tests, in addition to immunoelectrophoretic analyses. Furthermore,

the intention of this study was to determine whether the T-mycoplasrna.s

utilized were serologically similar in the degree of heterogeneity to

those T-mycoplasmas previously studied.
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It is hoped that the results of this study will corroborate the

results previously obtained with other T-mycoplasmas by metabolic

inhibition tests. In addition, it is hoped that this study will serve to

indicate the feasibility of the use of immunodiffusion, indirect hemag-

glutination, and immunoelectrophoresis techniques in future serologi-

cal analyses of T-mycoplasmas.
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LITERATURE REVIEW

T (T-strain)-mycoplasmas were first isolated from patients with

nongonococcal urethritis in 1954 and characterized in agar cultures

as "tiny-form pleuropneumonia-like (PPLO) colonies" due to their

small size of 10 to 12 microns (50). Investigations by Shepard (49)

and Ford (9) led to the distinction of T-form isolates from classical

(large-colony) mycoplasmas. T -form isolates were thereafter

designated as T-strains, and considered as true mycoplasmas due to

the following shared characteristics: surface growth zones from the

central core of the colony, particle size of between 0.1 and 0.3

microns in diameter, Giemsa and Dienes' staining reactions, and

resistance to penicillin and ampicillin (9, 12,48,56).

Initial characterization of T-strains was impeded by difficulties

in propagation beyond primary agar cultures (46, 48), Improvements

in media and cultural techniques (9, 12, 48, 50, 55), have allowed more

detailed investigations of T-strains; however, information concerning

the basic properties of T-strain mycoplasmas remains far from

complete.

T-strain mycoplasmas appear by electron microscopy to be

spherical with a diameter between 0.08 and 0.80 micrometers (41,45,

64, 69) or filamentous bodies 2.0 micrometers long by 0.15 to 0.20

micrometers in width (41). T-strains, like classical (large-colony)



4

mycoplasmas, are bounded by a single triple-layered membrane about

8 to 10 nanometers thick (41, 64). Reproduction by T-strains may be

by means of a budding process (41,45); spherical cytoplasmic con-

densations 0.04 to 0.15 micrometers, considered to be minimal repro-

ductive units, have been observed (41,45,64,69).

Metabolic requirements of T -strains for proteins, carbohy-

drates, and amino acids are unknown (44,45,46). T-strains have a

requirement for sterols which can be met by various saturated and

unsaturated cyclopentanophenathrene ring compounds (41). Essential

requirements of urea and low pH for growth by T-strains have also

been determined (11,54,55). The function of urea metabolism by

these organisms remains unclear (11, 19, 54). In addition, aerobic

conditions with fluid media and microaerophilic conditions with agar

media are required for T-strain growth (45,46,48,55).

Maximal growth titers of T-strain broth cultures range from 106

to 107 colony-forming units (CFU) per ml, after 16 hours incubation at

35 to 37° C (9,11,19,32,39,54,55). An optimal urea concentration

(0. 01 M) in pH 6.0 medium results in the accumulation of NH4 +, rise

in pH above 8.0, decrease in multiplication, and rapid loss of viability

of T -strains after 16 to 18 hours incubation (11,39,54). To date,

attempts to increase maximal growth titers of T-strains in vitro

through maintenance of optimal growth pH by buffers (11,32,40) or

removal of accumulated NH4+ (11,19) have failed.
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The discovery of a urease system (11,39,54) was found, when

compared with other mycoplasmas, to be unique to T-strains (39, 54).

Thus, ureolytic activity of T-strains has been utilized in the develop-

ment of urease color test media (39, 53, 54, 59) and a direct test for

urease activity in agar (51) for use with T-strains.

A color change of the sodium phenol sulfonphthalein pH indicator

from yellow to red in urease color test media allows quantitation of

T-strains (11,39,54), detection and identification of T-strains in

clinical material (53, 54, 59), and measurement of antibody against

T-strains (8,36,37,39). False positive reactions (pH shift and color

change) in urease color test media are attributed to growth of bacteria,

filamentous fungi, and yeast, which results in turbidity, a growth

characteristic not shared by T-strains (11,45,46,53,54).

T-strains are sensitive to thallium acetate (28,45,46,54),

erythromycin (44,45,46), 5-Iodo-2'-deoxyuridine (IDU), and

hydroxyurea (44,45,46), while many classical (large-colony) myco-

plasmas are not (44,45,46). Inhibition of T-strains by various other

antibiotics has been observed (9, 64).

Several T-strain isolates produce a peroxide hemolysin and lyse

erythrocytes. Both alpha-prime (31) and beta (46) hemolysis have

been described; however, the significance of this characteristic is

unknown (31).

Minimal cytopathic changes in L132, He la, and Vero cell
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cultures are produced by the growth of T-strains, but chronic infection

is not established since T-strain death usually occurs before cell

subculture (40).

The taxonomic position of T-strains is unclear when considered

in terms of urea (11,39,54), low pH (55), and sterol (41) requirements

and low but very similar guanine plus cytosine contents (1). Neverthe-

less, results of polyacrylamide gel electrophoretic (40,65) and serologi-

cal (8,36,37,65) analyses suggest that T-strains are closely related,

possibly belonging to a single species. Since T-strain colonies can

develop to a size approximating classical (large-colony) mycoplasmas

under certain conditions, "T-strain" is considered an anachronous

term (32,51). Nevertheless, T-mycoplasma is currently the accepted

designation of this organism.

While T-mycoplasmas have been isolated from patients with

nongonococcal urethritis (NGU), some investigators (10,44,49,56)

consider that the organism is the etiological agent of NGU, whereas

others (13, 16,22, 27, 33) do not. T-mycoplasmas have been associated

with human reproductive failure (26), infants with low birth weight

(24), and puerperal sepsis (57). They have also been isolated from the

oropharynx (8, 37, 61) and urogenital tract of healthy individuals (44).

Similarly, T-mycoplasmas have been isolated from the following

animals: cattle (14, 15, 60, 63, 64), cats (58), dogs, and squirrel

monkeys (65). Pathogenicity of T-mycoplasmas has not yet been
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demonstrated in any animal species.

Many strains of classical (large-colony) mycoplasmas grow to

titers of 109 color changing units (CCU) per ml in broth; however,

T-mycoplasmas do not grow to as high a titer. Poor growth in avail-

able culture media results in antigen preparations of lower potency

than that of large-colony mycoplasmas, and production of hyperimmune

sera against T-mycoplasmas is difficult (9, 19, 39).

Serological tests for use with T-mycoplasmas were not available

until Purcell et al. developed a sensitive metabolic inhibition (MI)

technique for the measurement of antibody to T-mycoplasmas (39).

The MI test depends upon inhibition by antisera of urea metabolism

and concomitant rise in pH of the culture medium. Normal guinea pig

serum potentiates the metabolic inhibitory effect of antibody to

T-mycoplasmas (29, 39).

Since low titers, variations in final titer endpoints, and difficul-

ties in reproducibility of the MI test have been noted (29, 67), Lin and

Kass (29) modified the MI test by elimination of urea from the reaction

mixture and titration of viable T-mycoplasmas remaining after incu-

bation in the presence of antiserum and complement. The modifica-

tions thus made are suggested to give better reproducibility and higher

titers.

Antisera prepared in guinea pigs from 12 human T-mycoplasma

isolates were compared in reciprocal MI tests. Six T-mycoplasma
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serotypes were resolved. The isolates were all found to be serologi-

cally related, but distinct from large-colony human mycoplasma

species (37).

When 32 genital and 5 oral T-mycoplasma isolates were com-

pared in reciprocal MI tests with rabbit antisera against six genital

T- mycoplasma isolates, it was determined that there were at least six

different serotypes (8). Variable antigenic overlap existed between

the isolates and 13 isolates were not classified by the above antisera.

A reciprocal MI test of 13 human T-mycoplasma isolates from

diverse geographical areas demonstrated relatedness between isolates,

but serotypes could not be resolved. Many of the isolates were related

through complex one-way reactions (36). Various degrees of related-

ness between one or more isolates was similarly shown in an MI test

with 17 human genital T-mycoplasma isolates (40).

The metabolic inhibition technique has been utilized to demon-

strate differences between T-mycoplasma isolates from the same

animal species (both canine and bovine) and from different animal

species (canine, bovine, simian, and human) (65).

Both the sensitivity and specificity of the MI test account for

wide antigenic differences observed between isolates (65). These

differences are suggested to be due to the antigenic composition of the

T-mycoplasma membrane (65,67,70).

The indirect hemagglutination (IHA) test has been widely used in
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serological comparisons of classical (large-colony) mycoplasma

strains. While no published reports of comparisons of T-mycoplasmas

by the IHA test exist, Krogsgaard-Jensen indicated that T-mycoplasmal

antigens were suitable for use in the IHA test under certain conditions

(25).

At present, no other serological techniques have been reported

for use with T-mycoplasmas.
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MATERIALS AND METHODS

Media

Sterile fluid medium U-9 (53) was utilized for isolation, purifi-

cation, titration, and production of antigens of T-mycoplasmas.

Batches of U-9 medium were prepared according to the protocol of

Shepard and Lunceford (53). Briefly, the medium consisted of the fol-

lowing: 0.75 percent Tryptic Digest Broth (Difco Laboratories,

Detroit, Michigan), 0.5 percent sodium chloride, 0.02 percent mono-

basic potassium phosphate, 4.0 percent sterile unheated normal horse

serum (Colorado Serum Company Laboratories, Denver, Colo. ),

0.06 percent ultra-pure urea (Schwarz/Mann, Orangeburg, N. Y. ),

0.002 percent phenol red, and 1000 units potassium penicillin G

(Pfizer Incorporated, New York, N. Y.) per ml. Normal unheated

rabbit serum was substituted for horse serum in U-9 medium used for

the production of antigen. U-9 medium was aseptically dispensed in

1.8 ml volumes in sterile plastic disposable culture tubes (Falcon

Plastics, Oxnard, Calif. ) for use in the isolation, purification, and

titration of T-mycoplasmas. Ten-fold serial dilutions of 0.2 ml

aliquots of cultures were performed in 1.8 ml quantities of U-9 broth.

Ten-fold dilutions facilitated the titration of the number of organisms

contained in culture aliquots by a determination of color-changing

units (CCU). One CCU was defined as the highest broth dilution giving
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a color change equivalent to 0.5 pH unit or greater after five days

incubation at 35°C. Batches of U-9 medium were usable up to one

month following preparation; medium storage was at 0°C.

Differential agar medium A-6 (52) was utilized for identifica-

tion and cloning of T-mycoplasma isolates. Fresh A-6 medium was

prepared each week according to the formula provided by Shepard

(43). The medium consisted of the following: 2.4 percent Trypticase

Soy Broth powder (Baltimore Biological Laboratory, Baltimore, Md. ),

0.03 percent anhydrous manganous sulfate, 1.0 percent Ionagar No. 2

(Consolidated Laboratories, Inc. , Glenwood, Ill.), 0.1 percent ultra-

pure urea, 20 percent unheated normal horse serum, and 1000 units

of potassium penicillin G per ml. The medium (final pH 6. 0) was

aseptically dispensed in 10 ml volumes in 60 by 15 mm sterile plastic

petri dishes (Falcon Plastics, Oxnard, Cal. ) which were stored

inverted at 5°C until use.

Isolation and Cloning of T-mycoplasmas

T-mycoplasmas were isolated from the urine of male Oregon

State University students with nongonococcal urethritis. In addition,

genital strains T-960 and 2K-160, previously described (55), were

obtained from Dr. M. C. Shepard of the Naval Medical Field Research

Laboratory, Camp Lejeune, North Carolina.

First and second voided (40 ml) urine specimens, aseptically
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collected from university students at the Student Health Service, were

centrifuged at 1000 x g in a clinical centrifuge for ten minutes. The

supernatant urine was decanted and the sediment (0. 1 to 0.5 ml)

inoculated aseptically into 1.8 ml of thawed U-9 medium. Inoculation

was performed within one hour from the time the urine specimen was

taken. U-9 broth cultures were incubated at 35 to 37°C under aerobic

conditions until a pH shift was shown by the phenol red indicator

(normally 16 to 20 hours), at which time a 0.2 to 0.5 ml aliquot of the

U-9 broth was thoroughly streaked over the entire agar suface of A-6

medium plates. A-6 agar plates were inverted and incubated in a Gas

Pak anaerobic jar (Baltimore Biological Laboratory, Baltimore, Md. )

at 35 to 37°C under an atmosphere of 5 percent CO2-95 percent N2.

After 48 hours incubation A-6 agar plates were examined for typical

T-mycoplasma colonies (51, 51) by 30 x magnification with a Stereo-

zoom microscope (Bausch and Lomb Optical Co. , Rochester, N. Y.).

Agar blocks containing a single T-mycoplasma colony were cut with a

sterile scalpel and placed in fresh U-9 broth as a clone. After suit-

able incubation to allow propagation of the clone, 0.1 ml of the U-9

broth was plated on a fresh A-6 agar plate. This procedure was

repeated to produce three times cloned cultures free of contamination

by classic (large-colony) mycoplasmas. Clones were identified as

T-mycoplasmas in both U-9 broth and A-6 agar cultures by the

criteria of Shepard (45, 51, 53). T-mycoplasmas were stored at -60° C
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as colonies on an agar block or as diluted U-9 broth cultures at a pH

no greater than 7.0. The history of the T-mycoplasma isolates is

summarized in Table I.

Table I. History of the T-mycoplasma isolates.

T -mycoplasma Date of Original Number of Passages in Media
Isolate Isolation Prior to Antigen Preparation

T-960 August 1971* 18
T-2K-160 August 1971* 11

CMN April 1971 7
3-H January 1971 5

JM May 1971 6

RB March 1971 5

WL April 1971 5

DL April 1971 9

CM March 1971 12
TH September 1971 4

Lyophilized cultures were rehydrated at this time.

Antigens for the Immunization of Rabbits

U-9 medium containing 4.0 percent normal unheated rabbit

serum was dispensed in six-liter volumes into six-liter Erlenmeyer

flasks. The inoculum per each flask consisted of 5 ml of frozen U-9

broth cultures of the respective T-mycoplasma isolates. The flasks

were incubated statically under aerobic conditions at 37°C until a pH

shift occurred from pH 6.0 to 7.5 (usually two to three days). The

cultures were then held at 5°C until harvested, no longer than 12

hours later. The organisms were harvested by centrifugation in a
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Sorvall RC-2 refrigerated centrifuge (Ivan Sorvall, Inc. , Norwalk,

Conn. ) maintained at 5°C. Centrifugation was at 27,000 x g using a

Sorvall eight-tube "Szent-Gyorgyi and. Blum" continuous flow apparatus

at a flow rate of 50 ml per minute. The small pellets were combined

from the eight tubes, resedimented at 27,000 x g in a single tube, and

resuspended in sterile S4rensen 's phosphate buffer pH 7.2 (7), which

had been diluted 1:8 in 0.9 percent NaC1 (PBS), to make a 1000-fold

concentrate of the original culture volume for use in intramuscular

(IM) immunizations. Antigens for intravenous (IV) injections were pre-

pared using pelleted material from 80 ml U-9 broth cultures harvested

by centrifugation in a Sorvall RC-2B centrifuge at 27,000 x g for one

hour. Pellets were resuspended as before in sufficient PBS to make

a 100-fold concentrate of the original culture volume for immuniza-

tions.

The amount of cell protein in the respective antigen preparations

was determined by the method of Lowry et al. (30) using a crystalline

bovine albumin (Sigma Chemical Co. , St. Louis, Mo.) standard.

Antigens for Use in Serological Tests

Viable T-mycoplasmas served as antigens in metabolic inhibi-

tion (MI) tests as described by Purcell et al. (39). T-mycoplasmas were

grown in U-9 broth until a phenol red shift occurred. The cultures

were diluted 1:10 in fresh U-9 medium and an aliquot (0.2 ml) was
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removed for titration of color changing units (CCU) per ml. Diluted

cultures were frozen at -60°C. Titration was accomplished in 1.8 ml

quantities of U-9 medium as previously described.

T-mycoplasmal antigens for use in reciprocal-cross indirect

hemagglutination (IHA) and immunodiffusion tests, and in immuno-

electrophoretic analyses were prepared from 330 ml U-9 broth cul-

tures containing 4 percent unheated normal horse serum. Respective

T-mycoplasma cultures were harvested by centrifugation as before

and pelleted cells resuspended in 2.0 ml of PBS. Resuspended cells

were sonicated for three 30 second periods on ice at 90 watts power

in a Sonifer Cell Disruptor, model W-185 (Heat Systems-Ultrasonic,

Inc. , Plainview, N. Y. ). The antigen preparations were brought to

3.3 ml volumes with PBS, representing a 100-fold concentration of

the original broth culture. Sonicated antigen preparations were

stored frozen at -60° C.

Preparation of Antisera

Male New Zealand albino rabbits weighing four to six pounds were

used for immunization. Either Freund's complete adjuvant (FCA)

(Difco Laboratories, Detroit, Mich. ) or sodium alginate-calcium

gluconate adjuvant (SA-CGA) (Consolidated Laboratories, Inc. ,

Glenwood, Ill.) were homogenized with equal parts of a PBS suspen-

sion of whole organisms for use in intramuscular (IM) or foot pad (FP)
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injections. Foot pad injections of 0.1 to 0.5 ml antigen-adjuvant

mixture were made into the large, central pads of both hind feet after

analgesia and tranquilization were induced with an intramuscular dose

(one cc per five pounds body weight) of Innovar-Vet (Pitman-Moore,

Inc. , Ft. Washington, Pa. ). IM injections of 0.5 to 1.0 ml antigen-

adjuvant mixture were made into both shoulders. PBS suspensions of

the organisms were injected intravenously into the marginal vein of

the ear. Antigens were administered to each rabbit by IM, IV, and.

FP routes according to the schedule in Table II.

Blood for preimmune and immune sera was aseptically col-

lected in petrolatum coated tubes from the marginal ear vein and

allowed to clot at 35°C for one hour. The sera expressed from clots

after storage for three hours at 5°C were aseptically removed and

stored in sterile screw-cap test tubes at -20° C. Only sera without

marked hemolysis were used in serological tests. Undiluted sera

were heat inactivated at 56°C for 30 minutes before use.

Serological Tests

Immunodiffus ion

The double-immunodiffusion method of Taylor-Robinson et al.

(62) was initially utilized in immunodiffusion tests. An agar solution

(pH 7.2) of the following composition was used: 1.2 percent Ionagar No. 2,
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0.8 percent sodium barbital, 0.85 percent sodium chloride, and 0.01

percent thimerosal as a preservative. Two peripheral wells and a

central well were filled with approximately 50 microliters of antigens

and antisera, respectively. After incubation in a humid chamber at

28°C for seven days, the immunodiffusion plates were examined for

precipitin reactions, washed, and stained by the method used with

micro -immunodiffusion tests.

The more sensitive micro-double-immunodiffusion method of

Crow le (4) was utilized in the tests after poor results were obtained

by the method of Taylor-Robinson et al. Immunodiffusion agar

described above was used on microscope slides with templates pre-

pared to Crow le's specifications. The central well and four peripheral

wells were charged with a total of 25 microliters per well of antisera

and antigens, respectively. Preimmune sera and. U-9 medium were

included in the tests as negative controls. The reactions were

allowed to proceed in a humid chamber at 25°C for three days at which

time the templates were removed and the reactions stopped in 0.85

percent saline. Precipitin bands in agar were washed and then stained

with Amido Black 10 B (Hartman-Leedon Co. , Philadelphia, Pa. ) by

the methods of Kenny (23). The number of precipitin bands was

counted by viewing the stained slides under 10 x magnification.
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Metabolic Inhibition

Reciprocal cross-metabolic inhibition tests were performed

according to the procedure of Purcell et al. (39) with the following

modifications: 1. The tests were performed in sterile flat-bottomed

plastic Microtiter plates (Microbiological Associates, Inc. , Bethesda,

Md. ) and sealed with Microtiter plate sealers under aseptic condi-

tions. 2. Hyperimmune-sera were heat inactivated and then diluted

1:5 in U-9 broth without added urea or serum. 3. U-9 medium contain-

ing 10 percent unheated normal guinea pig serum (GPS) was substituted

for PPLO broth. 4. Volumes (0. 05 ml) of hyperimmune sera were

diluted by two-fold serial steps in 0.05 ml of U-9 medium with GPS.

5. Organisms were added to the respective wells at a concentration of

2500 CCU per 0.05 ml. Each MI test included one T-mycoplasma

antigen (organisms), its homologous antiserum, nine heterologous

antisera, and preimmune serum as a control. Sealed plates were

incubated at 35°C under aerobic conditions. MI antibody titers to the

respective T-mycoplasma antigen in each test were recorded when the

pH of the medium in wells which contained organisms but no antiserum

had changed approximately 0.8 pH unit.

Indirect Hemagglutination

The procedure of Krogsgaard-Jensen (25) was followed for the
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reciprocal cross-indirect hemagglutination (IHA) tests. Unpreserved

sheep erythrocytes (RBC) from a single aseptic collection in Alsever's

solution (1:1) (6) were utilized for the test. The RBC solution was

stored at 4°C for three days prior to use. PBS (pH 7.2), previously

described, was used as a diluent and resuspension buffer throughout

the test. Heat inactivated antisera were diluted 1:5 in PBS and

absorbed with 50 percent washed, packed RBC before use. Undiluted

normal rabbit serum was similarly treated for the preparation of PBS

with 2 percent inactivated normal rabbit serum. Sensitization of

tanned RBC with undiluted and diluted (1:2) antigens was performed to

standardize antigens by checkerboard titrations against homologous

hyperimmune sera. In the reciprocal cross IHA tests all titrations of

IHA antibody were performed using 0.05 ml of 1:2 dilutions of antigens.

Serial two-fold dilutions of absorbed hyperimmune and homologous

preimmune sera were made in 0.05 ml volumes of PBS with 2 percent

normal rabbit serum. Plastic disposable microtitration plates with

"U"-shaped wells (Linbro Chemical Co. , New Haven, Conn. ) were

utilized for the test. Negative controls consisted of tanned RBC

sensitized with buffer instead of the respective antigen. Plates were

sealed and incubated at 25°C for 16 to 18 hours. IHA antibody titers

were recorded as the highest dilution of hyerpimmune sera that gave

complete agglutination.
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Immunoelectrophoresis

A Shandon (Shandon Scientific Co. , Inc. , Sewickley, Pa.)

immunoelectrophoresis apparatus (micro-method) was utilized for

analyses of T-mycoplasmal antigens. The micro-method was essen-

tially that described by Scheidegger (42). The operation protocol pro-

vided with the apparatus was slightly modified for use in this study.

Michaelis barbital sodium buffer pH 8.2 (ionic strenght 0. 077)

was prepared according to Geigy Scientific Tables (7) and used undi-

luted in the apparatus as ''chamber" buffer. Buffered agar (ionic

strength 0.038) was prepared by mixing one part of melted two percent

Ionagar No. 2 with one part undiluted "chamber" buffer.

New microscope slides (1 x 3 inches) were coated with a molten

0.02 percent Ionagar solution and dried at 100°C to form a base for

adhesion of the buffered agar gel. Buffered agar (50 ml) was added to

seven coated slides held in a carrier and allowed to gel for one hour

before use. Antigen wells on each side of a two millimeter wide

central trough were cut in the agar gel with ten gauge blunt needles

held in a Shandon die. Approximately 30 microliters total antigen was

added with a capillary pipette to the respective wells.

Antigens were electrophoresed for 90 minutes at 25°C using a

constant current of five milliamperes per slide. After electrophoresis,

agar was removed from each slide to form a trough which was charged
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with approximately 0.75 microliters of homologous antiserum.

Precipitin arcs were allowed to develop in a humid chamber for three

days at 25°C. Reactions were stopped and unreacted protein removed

by immersion of the slides in several changes of fresh two percent

saline over a period of 48 hours. Precipitin arcs were stained with

Amido Black 10 B by the method of Kenny (23).

Normal rabbit serum was included in each electrophoretic run

as an antigen. The electrophoresed antigen was reacted with anti-

rabbit goat antiserum (Colorado Serum Company Laboratories,

Denver, Colo.) to demonstrate that electrophoretic separation of

proteins had occurred.
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RESULTS AND DISCUSSION

Preparation of Antisera

Rabbits were injected according to the schedule presented in

Table II. Two rabbits (T-2K-160 and JM) died of unknown causes

following IM and FP injections of antigens emulsified with SA-CGA.

These rabbits were replaced and injections begun by the IV route since

insufficient quantities of antigens were available for IM and FP

injections.

Previous reports that involved the production of antisera against

T-mycoplasmas did not include quantitation of the protein content of

the antigens injected (8,36,37,39). All of these reports represented

different methods of antisera production. Since the minimal amount of

T-mycoplasmal antigen required for the production of antisera in

rabbits was unknown, arbitrary amounts of antigens were injected by

the different routes in the hope that specific antisera would be pro-

duced. Kenny (23) suggested that a medium serum supplement or

medium components (heterologous to the animal immunized) cannot be

sufficiently washed out of the immunizing antigen to avoid production

of anti-medium antibody. Therefore, homologous serum was used in

U-9 medium for the production of immunizing antigens. Varying

antigenic protein quantities were administered to the rabbits since

slightly different growth yields were obtained from the isolates in U-9



Table II. Preparation of antisera.

Antigen Day of inoculation and bleeding, Amount of antigen protein (mg), and Route of inoculation

T-960 a 1 44 49 79 112 114 116 119 127 134 161 168 175 181 190
b 2.5 1.2 2.5 0.08 0.08 0.08 0.08 2.0 5.0 4.8 0.2

(S) (S) (B) (I) (I) (I) (I) (I) (1) (B) (F) (F) (F) (B) (B)

T-2K- a 1 3 5 9 11 14 21 28 43 50 57 63 72
160 b 0.07 0.01 0.06 0.08 0.08 0.08 2.0 5.0 5_0 0.8

(I) (I) (I) (I) (I) (I) (I) (B) (F) (F) (F) (B) (B)

CMN a 1 44 49 79 112 114 116 119 127 134 161 168 175 181 190
b 2.0 1.5 2.5 0.07 0.07 0.07 0.07 2.5 3.0 3.0 0.2

(S) (S) (B) (I) (I) (I) (I) (I) (I) (B) (F) (F) (F) (B) (B)

3-H a 1 44 49 79 112 114 117 119 127 134 161 168 175 181 190
b 1.75 2.0 2.7 0.07 0.07 0.07 0.07 2.5 3.5 5.0 0.2

(S) (S) (B) (I) (I) (I) (I) (I) (I) (B) (F) (F) (F) (B) (B)

JM a 1 3 6 8 16 21 48 55 62 68 78
b 0.07 0.07 0.07 0.07 2.5 6.0 4.3 0.2

(I) (I) (I) (I) (I) (B) (F) (F) (F) (131 (B)

RB a 1 44 49 79 112 114 116 119 127 134 162 169 175 181 190
b 1.0 1.5 2.8 0.07 0.07 0.07 0.07 2.6 2.0 2.0 0.2

(S) (S) (B) (I) (I) (I) (I) (I) (I) (B) (F) (F) (F) (B) (B)



Table II. Continued.

Antigen Day of inoculation and bleeding, Amount of anitgen protein (mgl, and Route of inoculation

WL a 1 44 49 79 112 114 116 119 127 134 162 169 175 181 190
b 1.0 1.2 2.7 0.08 0.07 0.07 0.07 0.07 2.5 4.0 4.0 0.2

(S) (S) (B) (I) (I) (I) (I) (I) (I) (B) (F) (F) (F) (B) (B)

DL a 1 32 36 59 92 94 97 99 107 114 142 149 155 161 170
b 1.5 2.0 3.0 0.07 0.07 0.07 0.07 2.5 3.5 4.0 0.2

(S) (S) (B) (I) (I) (I) (I) (I) (I) (B) (F) (F) (F) (B) (B)

CM a 1 32 36 59 92 94 97 99 107 114 142 149 155 161 170
b 2.0 2.0 2.0 0.07 0.07 0.07 0.07 2.6 4.2 5.6 0.2

(S) (S) (B) (I) (I) (I) (I) (I) (I) (B) (F) (F) (F) (B) (B)

TH a 1 24 28 51 84 86 89 91 99 106 134 141 147 153 162
b 1.5 1.5 1.3 0.08 0.07 0.07 0.07 1.5 2.0 2.1 0.2

(S) (5) (B) (I) (I) (I) (I) (I) (I) (B) (F) (F) (F) (B) (B)

a Numbers indicate day of inoculation and day of bleeding.
b Amount of antigen protein administered (mg).

(S) Antigen in sodium alginate-calcium gluconate adjuvant administered intramuscularly in both
shoulders and subcutaneously in both hind foot pads; (I) Antigen in PBS pH 7.2 administered
intravenously; (F) Antigen in complete Freund's adjuvant administered intramuscularly in
both shoulders and subcutaneously in both hind foot pads; (B) bleedings from the marginal ear
vein.
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broth cultures. It was not economically feasible in this study to pro-

duce immunizing antigens of uniform protein content. Morton and

Roberts (34) found that a good antibody response to classical myco-

plasmal antigens was obtained in rabbits injected intramuscularly and

then intravenously. A still greater response was obtained following

the injection of whole organisms with either FCA or SA-CGA into the

hind foot pads. Thus, injections of T-mycoplasmal whole cell antigens

were given at intervals by a combination of the three routes. Bleed-

ings following injections were made to include, if possible, significant

levels of anti-T-mycoplasmal antibodies of different immunoglobulin

classes (such as IgM and IgG), since the nature of antibodies that gave

MI, IHA, and precipitin activities with T-mycoplasmal antigens was

unknown.

Serological Tests

Immunodiffusion

Double-immunodiffusion in agar by the method of Taylor-

Robinson et al. (68) was initially utilized to detect anti-T-mycoplasma

antibodies in sera from rabbits hyperimmunized against T-mycopla.smal

antigens. Sera collected from the second and, in some cases, the

first bleeding of hyperimmunized rabbits failed to given precipitin

reactions. Immunization was continued with the idea that a greater
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antigenic stimulus was necessary for detectable antibody production.

Six days following the last injections (Table II), sera were obtained

and tested for precipitin activity. One and two precipitin bands were

identified in reactions between T-960 and T-2K-160 antigens and their

homologous antisera, respectively (Figure 1.A, B). However, these

antisera both gave three precipitin bands with homologous antigens

when tested by the more sensitive micro-method of Crowle (4) (Figure

1. C, E, and Table III). When the eight other antisera obtained from

the third and, in some cases, second bleedings were tested by the

micro-method against homologous antigens, precipitin bands were

detected (Table III). As a result of these observations, immunizations

were concluded, an additional bleeding performed, and the sera

utilized in serological tests.

Table III. Serological relationships among the T-mycoplasmas as
shown by micro-double-immunodiffusion tests.

Number of precipitin lines formed against indicated
rabbit antiserum

T -mycoplasma
Antigen T -960

T-2K-
160 CMN 3 -H JM RB WL DL CM TH

T-960 3 4 1 1 0 0 2 1 3 3

T-2K-160 4 3 1 1 0 0 1 1 0 2

CMN 2 3 2 2 1 0 1 1 2 3

3-H 3 4 0 2 1 1 1 2 3 3

JM 2 4 2 4 1 1 1 2 3 3

RB 2 4 1 2 0 1 3 2 3 4
WL 3 3 1 3 2 1 1 3 4 4
DL 1 2 1 4 3 1 1 1 3 3

CM 1 2 2 3 2 0 3 2 3 3

TH 2 3 2 4 3 1 2 2 0 4



Figure 1. Representative double - immunodiffus ion reactions.

A. Antigen T-960 and homologous antiserum in immuno-
diffusion test by the method of Taylor-Robinson et al.
(68). (6. 25X)

B. Antigen T-2K-160 and homologous antiserum in immuno-
diffusion test by the method of Taylor-Robinson et al.
(68). (6. 25X)

C. Micro-immunodiffusion test with T-960 antiserum in the
central well and antigens in the peripheral wells as
follows: 1) T-960, 3) T-2K-160, wells 2 and 4 blank.
(6. OX)

D. Micro-immunodiffusion test with T-960 antiserum in the
central well and antigens in the peripheral wells as
follows: 1) 3-H, 2) JM, 3) RB, 4) WL. (6.0X)

E. Micro-immunodiffusion test with T-2K-160 antiserum in
the central well and antigens in the peripheral wells as
follows: 1) T-960, 2) T-2K-160, 3) uninoculated U-9
broth, 4) 3-H. (6.0X)

F. Micro-immunodiffusion test with T-2K-160 antiserum in
the central well and antigens in the peripheral wells as
follows: 1) JM, 2) RB, 3) WL, 4) DL. (6. OX)
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The results of reciprocal-cross immunodiffusion tests are

summarized in Table III. Representative cross-reactions are illus-

trated in Figure 1. C, D, E, F. Some precipitin reactions were formed

in what appeared to be regions of antigen or antibody excess. When

antis era were diluted (1: 1) with 0.8 percent saline in an attempt to stand-

ardize them, no precipitin reactions occurred with homologous anti-

gens. Uninoculated U-9 broth gave no precipitin reactions with

hyperimmune sera and preimmune sera did not react with test

antigens.

None of the isolates are identical, but some (T-960 and T-2K-

160) exhibit closely similar reaction patterns with heterologous sera.

However, when reactions of antisera with heterologous antigens are

compared (reading down in Table III), no similar reaction patterns

are evident, nor is there any agreement with the reaction patterns

exhibited between antigens and heterologous antisera (reading across

in Table III). These observations indicate that antigenic determinants

are shared by the T-mycoplasmas in this study. Complex intra-

species relationships are suggested by the degree of cross-reactivity

of the isolates. The results indicate that some of these T-mycoplasmas

contained as many as four separate antigenic components, and all of

them showed three such components when tested against certain anti-

sera. These components differed in rates of diffusion through agar

gel, and presumably in other properties. The findings that U-9 broth
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and pre-immune sera were unreactive in the tests demonstrates the

specificity of the antisera employed. Heterologous antibody against

medium components was either not present or present in insufficient

quantities to cause cross-reactions to occur in the tests. The rela-

tionships observed in immunodiffusion tests are presumably dependent,

in part, on the relative potencies of the antigens and antisera utilized

(23). Perhaps detergent-lysed antigen preparations as suggested by

Hollingdale and Lemcke (21) and more potent antisera would give dif-

ferent cross-reactions in these tests. Nevertheless, the results sug-

gest that immunodiffusion is a useful technique in serological analyses

of T-mycoplasmas. Furthermore, complex relationships may be

resolved by reciprocal cross-absorption experiments (62) if potent

standardized T-mycoplasmal antigens and antisera are available.

Immunodiffusion tests have been used with classical mycoplasmas to

demonstrate intraspecies differences (20,21,62,68), but these tests

have not been considered as good as MI or IHA tests for resolving such

differences (20,36). It has been suggested that immunodiffusion tests

be included with other serological tests for more complete serological

analyses of T-mycoplasmas (40).

Reciprocal Cross-Metabolic Inhibition

Since MI titers are known to decrease with continued incubation

(36), all titers were recorded when the pH in wells containing
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organisms but no antiserum had changed 0.8 pH unit. Organisms were

added to the MI test medium in quantities of 2500 CCU per 0.2 ml to

allow reaction titers to be read within 24 hours. The size of the

inoculum used in MI tests apparently has no effect on the antibody

titers of hyperimmune rabbit serum (67). Changes in pH due to the

diffusion of NH4+ into adjacent wells in the MI tests, as previously

reported (67), were overcome by complete sealing of the test plates.

Periodic examinations of the test plates were made to insure that a

complete seal was maintained.. The MI tests were found to give

reproducible titers. The homologous antisera were titrated against

their specific antigens in one test to determine if metabolism-

inhibiting antibody was present. When these antisera were included in

reciprocal-cross MI tests, the same homologous titers were obtained.

Anti-medium antibody, if present, would probably not affect the MI

titers because of the nature of the MI technique.

The results of reciprocal cross-metabolic inhibition tests are

summarized in Table IV. Pre-immune sera did not react with the

isolates (antigens). All of the isolates reacted with homologous and

heterologous antisera, but none were identical or closely similar in

their reaction patterns. Titers obtained in reactions between antigens

and heterologous antisera (reading across in Table IV) did not agree

with titers obtained in reactions between heterologous antigens and

antisera (reading down in Table IV).



Table IV. Serological relationships among the T-mycoplasmas as shown by metabolic inhibition tests.

T-Mycoplasma
Antigen

Reciprocal of MI antibody titer with indicated rabbit antiserum
T-960 T-2K-160 CMN 3-H JM RB WL DL CM TH

T-960 20480* 20480 10240 10240 640 1280 20480 5120 320 5120

T-2K-160 640 20480* 1280 640 640 1280 2560 2560 640 5120

CMN 640 320 20480* 640 640 320 1280 1280 80 160

3-H 5120 1280 5120 20480* 1280 10240 10240 20480 2560 2560

JM 640 640 320 640 10240* 1280 1280 640 640 80

RB 1280 2560 2560 20480 2560 20480* 640 1280 5120 1280

WL 1280 5120 1280 640 640 320 20480* 20480 160 2560

DL 5120 640 640 320 640 160 5120 20480* 160 640

CM 640 320 160 204 80 10240 20480 640 640 20480* 320

TH 2560 1280 5120 10240 320 640 5120 5120 160 10240*

Titer of pre-immunization serum against indicated organism less than ten.
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These results indicate that the isolates were all related and

shared antigenic determinants in complex and, in some cases, one-

way relations. Highly variable combinations of inhibition titers pre-

vent serotypic grouping of the isolates. At least eight-fold differences

between homologous and all heterologous antibody titers were required

to designate a T-mycoplasma serotype in previous MI studies (8,36,

37). The reaction patterns of the isolates in this study are similar to

those obtained by Purcell (36) with different T-mycoplasmas. In addi-

tion, the results of this study confirm the degree of serological

heterogeneity observed in previous MI studies of T-mycoplasmas.

High homologous titers indicate that specific MI antibody was present

and metabolic-inhibitory activity was not associated with nonspecific

inhibitors in the sera tested (e-. g. , antibiotics). The titers obtained

in these tests reflect, in addition to the quantity of specific anti-T-

mycoplasmal antibodies, the capacity of different isolates to utilize

urea.

Indirect Hemagglutination

Standardization of IHA antigens by checkerboard titrations was

attempted but, unfortunately, flat-bottomed Microtiter plates were

used instead of the Linbro microtitration plates with "U"-shaped wells.

Needless to say, hemagglutination reactions did not occur and the

limited amount of antigen remaining prevented repetition of the
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checkerboard titrations. Antigens were diluted 1:2 so that a sufficient

quantity of sensitized RBC would be available for the reciprocal cross-

IHA tests. T-mycoplasmal antigens did not cause hemolysis of the

fresh tanned RBC during the sensitization procedure. In addition,

hemolysis of the sensitized RBC did not occur in the IHA tests in the

presence of antisera. Difficulties in the reproducibility of IHA tests

have been noted (36). To insure that a valid comparison of the IHA

titers could be made, all of the IHA tests were performed simultan-

eously under the same conditions.

The results of the reciprocal cross-IHA tests are summarized

in Table V. RBC sensitized with buffer instead of antigen did not

react with antisera in the tests. Homologous antisera titers obtained

with antigens in all of the tests were less greater than, or equal to the

heterologous antisera titers (reading across in Table V). Conversely,

titers of antisera reacted against homologous antigens were less than

or equal to the titers obtained with heterologous antigens (reading

down in Table V). The differences between the highest and lowest IHA

titers with a single antiserum were not greater than sixteen-fold.

High heterologous titers observed in reactions between certain antigens

and antisera did not correlate with those observed in reactions between

corresponding pairs of antigens and antisera.

These results suggest that the isolates were all related, and

shared antigenic determinants in complex relations as previously



Table V. Serological relationships among the T-mycoplasmas as shown by indirect
hemagglutination tests.

T-Mycoplasma Reciprocal of IHA antibody titer with indicated rabbit antiserum
Antigen T-960 T-2K-160 CMN 3-H JM RB WL DL CM TH

T-960 160* 160 40 80 80 40 80 40 160 160

T-2K-160 2560 1280* 80 320 320 160 80 320 2560 1280

CMN 1280 2560 160* 640 320 160 160 320 2560 640+

3-H 2560 1280 80 160* 160 80 320 160 1280 1280

JM 2560 1280 160 320 320* 160 320 160 640 640

RB 2560 2560 160 320 320 160* 160 160 2560 1280

WL 640 640 40 160 80 40 160* 80 1280 1280

DL 1280 1280 80 320 320 80 80 80* 2560 1280

CM 640 160 20 80 80 40 40 40 320* 320

TH 320 160 20 80 80 20 20 40 320 320*
J.

Titer of pre-immunization serum against indicated organism less than ten.
+Test incomplete beyond this endpoint due to limited quantity of sensitized. RBC available.
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demonstrated by MI and immunodiffusion tests. In addition, the

results indicate that the T-mycoplasmas were heterogeneous in their

antigenic composition but not to the same extent as observed in the MI

tests. The degree of heterogeneity observed is closer to that demon-

strated by the immunodiffusion test. The observation that homologous

IHA titers were in many cases lower than heterologous titers suggests

that the antigens or antigen concentrations used to sensitize the RBC

were insufficient for optimal IHA reactions. Hollingdale and Lemcke

(20, 21) reported in work with Mycoplasma hominis that sonicated

whole cells had to be detergent lysed to produce good antigens for use

in IHA tests. However, Krogsgaard-Jensen (25) determined that whole

mycoplasma cells, sonicated cells, and the supernatant fluid obtained

after sonication and centrifugation of cells all worked equally as well

as antigens in IHA tests with anti-mycoplasma antisera.

Testing for heterologous anti-medium antibodies in the antisera

tested in the IHA tests was not possible because of the limited quantity

of sensitized RBC available. Tanned sheep erythrocytes may have

been sensitized with some medium components that were present in

the sonicated antigen preparations. Thus, anti-medium antibodies, if

present, could have competed with specific anti-T-mycoplasrnal IHA

antibodies and caused extensive cross-reactions in the IHA tests.

However, the absence of detectable heterologous anti-medium anti-

bodies in the antisera tested in the immunodiffusion tests suggests that
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the cross-reactions observed in the IHA tests were not due to such

nonspecific antibodies.

While the immunochemistry of T-mycoplasmas is unknown, it

has been suggested that antigens contained in the membrane react in

MI tests (65, 67, 70). T-mycoplasma membrane antigens may also

react in IHA tests, since Hollingdale and Lemcke (20, 21) associated

membrane antigens of Mycoplasma hominis with both IHA and MI

activities. Therefore, if the titers obtained in the MI tests were due

to antibodies produced against membrane antigens, then it is unlikely

that IHA antibodies were present in low concentrations in the sera

tested. Nevertheless, T-960, T-2K-160, CM, and TH antisera

undoubtedly contained more IHA antibodies than the other antisera.

The discrepancy between the degree of heterogeneity observed in the

IHA and MI tests may be due to differences in the specificity of the

two tests. The IHA technique is considered to be less specific than

the MI technique for the detection of intraspecies differences, but

nevertheless has been found to confirm results obtained with MI and

immunodiffusion tests in studies of classical mycoplasmas (20, 21,

36).

Immunoelectrophoresis

The sonicated antigen preparations used in both immunodiffusion

and IHA tests were compared by immunoelectrophoresis to determine
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if antigenic differences could be detected. It was hoped that the results

obtained from immunoelectrophoretic analyses would corroborate the

results obtained in the other serological tests in this study.

It was possible to electrophorese antigens T-960, T-2K-160,

WL, DL, and TH and obtain a precipitin reaction between the separated

components and homologous antisera (Figure 2. A-E). However, fol-

lowing electrophoresis of antigens CMN, B-H, JM, RB, and CM,

reactions were not detected between the separated components, if

present, and homologous antisera.

Major antigenic differences are not demonstrated in the immuno-

electrophoretic patterns of antigens T-960, T-2K-160, WL, DL, and

TH. Three antigenic components were detected in antigens T-960 and

T-2K-160 and both of these antigens have almost identical immuno-

electrophoretic patterns. In addition, two antigenic components were

detected in antigens WL, DL, and TH and these antigens have very

similar immunoelectrophoretic patterns. It is probable then, that the

immunoelectrophoresis technique utilized lacked the necessary sensi-

tivity to resolve antigenic differences in the T-mycoplasmal antigens.

Since immunoelectrophoresis involves agar gel diffusion, the difficul-

ties involved in obtaining precipitin reactions with these antigens in

immunodiffusion tests are manifested in the results obtained in this

experiment. The apparent insensitivity of the immunoelectrophoresis

technique used in this study may be attributed to the following: the



Figure 2. Immunoelectrophoretic reaction patterns. Immuno-
electrophoretic reaction patterns of the following anti-
gens and homologous antisera are represented: The
anode is to the right; troughs containing antiserum are
above the antigen wells. The reactions are magnified
7X, with the exception of the control reaction
which is magnified 3X. A. T-960 antigen,
B. T-2K-160 antigen, C. WL antigen, D. DL antigen,
E. TH antigen, F. normal rabbit serum developed
against anti-rabbit goat antiserum.
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diffusion distance between reactive antigenic components and anti-

serum, the thickness of the agar gel, the concentration of reactive

antigens in the sonicated antigen preparations, and the level of specific

precipitin antibodies in the antiserum. The separate precipitin arcs

obtained with T-960 and T-2K-160 antigens and the typical immuno-

electrophoretic reaction pattern obtained with normal rabbit serum

reacted with goat anti-rabbit antiserum indicate that electrophoretic

separation of antigens occurred under the conditions of the immuno-

electrophoretic analyses.

It was possible by immunoelectrophoresis to distinguish antigens

of Mycoplasma hominis strains, but the differences resolved were not

as great as those resolved by MI and IHA tests (21). The immuno-

electrophoretic analyses in this study indicate that T-mycoplasmal

antigenic differences are better resolved by other serological tech-

niques such as immunodiffusion, metabolic inhibition, and indirect

hemagglutination.
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SUMMARY AND CONCLUSIONS

1. Immunization of rabbits with whole T-mycoplasma cells by a com-

bination of IM, FP, and IV injections gave rise to antisera active

in precipitin, MI, and IHA activities.

2. Immunodiffusion tests revealed complex interrelationships among

the T-mycoplasmas. Most of the isolates appeared to share anti-

genic determinants. As many as four separate antigenic compo-

nents were found in some T-mycoplasma isolates. The sensitivity

of the immunodiffusion technique for resolving relationships

between the T-mycoplasmas was not as great as that of the MI tech-

nique, but no less than that of the IHA technique. The immunodif-

fusion tests were found to be specific in that no heterologous anti-

medium antibodies were detected when hyperimmune sera were

reacted with uninoculated U-9 broth.

3. Metabolic inhibition tests revealed the serological heterogeneity of

the T-mycoplasmas in this study and confirmed the degree of

serological heterogeneity observed by others in MI studies of

T-mycoplasmas. The MI tests also showed that all the isolates

were antigenically related. Highly variable combinations of inhibi-

tion titers precluded serotypic grouping of the isolates. High

homologous titers indicated that specific MI antibodies were pre-

sent in the sera tested. The degree of complexity of the relations

between the T-mycoplasmas was more apparent in the MI tests
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than in immunodiffusion, IHA, and immunoelectrophoretic tests.

4. Indirect hemagglutination tests revealed complex relations between

the T-mycoplasmas in this study. The isolates were found to be

antigenically heterogeneous by the IHA tests, but the degree of

heterogeneity was not as pronounced as that observed in the MI

tests. Rather, the degree of heterogeneity was similar to that

observed in the immunodiffusion tests. Optimal IHA reaction con-

ditions probably did not exist in the IHA tests, since homologous

antisera titers were less greater than or equal to the titers

obtained with heterologous antisera. However, it is unlikely that

the cross-reactivity of the antisera was due to the presence of

heterologous anti-medium antibodies.

5. The immunoelectrophoresis technique employed lacked the required

sensitivity to resolve antigenic differences with the T-mycoplasmal

antigens and antisera utilized. Electrophoretic separation of anti-

genic components was demonstrated, and from two to three compo-

nents were detected in the different isolates; however, the reac-

tivity of these components with homologous antisera was weak and

precluded differentiation of the antigenic make up of the

T-mycoplasmas. Antigenic differences were better resolved by

immunodiffusion, MI, and IHA tests; the usefulness of the immuno-

electrophoresis technique for resolving antigenic differences of

T-mycoplasmas is questionable.
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6. The reaction patterns of the individual isolates in the MI tests were

unrelated to the reaction patterns of the isolates in the IHA and

immunodiffusion tests. This suggests that the antigenic differences

resolved were dependent upon the level of specific antibodies and

antigens capable of reacting in each test. Nevertheless, the results

obtained suggest that immunodiffusion, MI, and IHA tests are use-

ful in resolving antigenic differences of T-mycoplasmas.

7. Additional investigations using standardized antigens and antisera

with the serological tests described in this study are needed to

resolve the complex serological interrelationships of

T-mycoplasmas. Perhaps the use of detergent-lysed membrane

antigens in the IHA and immunodiffusion tests will better serve to

indicate the antigenic relationships of these organisms.
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