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Characterization of the reference strains of avian mycoplasma serovars (sero- 
types) C, D, F, I, and L, namely CKK (= ATCC 33553 = NCTC 10187), DD (= 

ATCC 33550 = NCTC 10183), WR1 (= ATCC 33551 = NCTC 10186), 695 (= 

ATCC 33552 = NCTC 10185), and 694 (= ATCC 33549 = NCTC 10184), 
respectively, indicates that the serovars are distinct species, and the following 
names have been suggested for them: M .  p d l o r u m ,  M .  gallinaceurn, M .  gallopa- 
vonis, M .  iowae, and M .  columbinasale, respectively. The above-mentioned 
reference strains are designated as the type strains of their respective species. 
Further biochemical and serological examination of the properties of Mycoplasma 
synoviae also confirm this to be a separate species. 

Mycoplasma serovars (serotypes) C, D, F, 
and I, isolated from chickens or turkeys, and 
serovar L from pigeons, have been considered 
for a number of years to belong to separate 
species. However, characterization of these ser- 
ovars in terms of the minimum requirements 
proposed by the Subcommittee on the Taxono- 
my of Mycoplasmatales of the International 
Committee on Systematic Bacteriology (1971) 
(22) and the Subcommittee on the Taxonomy of 
Mollicutes (1979) (21) has not hitherto been 
undertaken. Members of the Board of the Food 
and Agriculture Organization (FAO)/World 
Health Organization Program on Comparative 
Mycoplasmology (now known as the Interna- 
tional Organization for Mycoplasmology Re- 
search Program on Comparative Mycoplasmolo- 
gy) selected one reference strain for each of 
these serovars, and members of the avian team 
of the program examined these strains on the 
basis of the proposals of the 1972 committee. 
Additional examinations included the determi- 
nation of the deoxyribonucleic acid (DNA) base 
composition and immunofluorescence examina- 
tions of the cross-reactions obtained by growth 
inhibition (GI) tests. Myroplasma synoviae (14), 
originally isolated from the hock joint of a chick- 
en (15), was included since comprehensive sero- 
logical comparison with other avian and rnam- 
malian isolates had not been made. A number of 

the characteristics of some of the serovars have 
already been published outside of the team stud- 
ies, but reference is made to the published 
results of authors only when the strains used and 
the methods employed are in keeping with the 
standards indicated by the above-mentioned 
subcommittees. 

The composition of the team participating in 
these studies has changed over the period of 
study, but some members have made a contribu- 
tion throughout and constitute the authors of 
this article. Other members are indicated in the 
Acknowledgments. 

MATERIALS AND METHODS 

Mycoplasma strains and specific antisera. The fol- 
lowing Mycoplasma strains were used: mammalian 
strains Mycoplasma agulactiue PG2, M .  alkalescens 
D12, M. alvi Ilsley, M .  arginini G230, M. arthritidis 
PG6, M .  bovigenitaiium PGl l ,  M .  bovirhinis PG43, 
M .  bovis Donetta, M .  bovoculi M165169, M .  buccale 

CH20247, M. cutzadense 257C, M .  canis PG14, M .  
capricolum California Kid, M .  caviue G122, M .  citalli 
BG2C, M. conjunctivae HRC581, M .  cynos H831, M .  
dispar 46212, M .  edwurdii PG24, M .  eqirigenitaliinm 
T37, M .  equirhinis M432172, M .  faucium DC333, M .  
fefiminutum BEN, M .  felis CO, M .  fermentans PG18, 
M .  jocculare Ms42, M .  gateae CS, M .  hominis PG21, 
M .  hyopneumoniue J, M .  hyorhinis BTS-7, M .  hyo.sy- 
noviae S16, M .  lipophilum MaBy, M .  muculosum 
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PG15, M .  moutsii MK405, M .  molare H542, M .  my-  
coides subsp. cupri PG3, M .  mycoides subsp. m y -  

coides PGl , M .  neurolyticum A, M .  opulescens 
MH5408, M .  orale CH19299, M .  o\’ipneumoniue Y-98, 
M .  pneumoniae FH,  M .  primutum HRC292, M .  pul- 
monis PG34, M .  putrefaciens KS-l,  M .  salivurium 
PG20, M .  spumans PG13, M .  suulvi Mayfield B, M .  
subdolum TB, and M verecundum 107 and avian 
strains M .  anatis 1340, M .  gullinarum PG16, M .  
gullisepticinm PG31, M .  iners PG30, M .  meleagridis 
17529, Achofeplusma laidlawii PG8, and A .  luidlawii 
PG9. All of the Mycoplasmutales strains and specific 
antisera used in this study were obtained from the 
FAOlWorld Health Organization Collaborating Center 
for Animal Mycoplasmas, Aarhus, Denmark, except 
the antiserum for M .  sualvi, which was kindly supplied 
by J .  G. Tully, Mycoplasma Section, National Insti- 
tutes of Health, Bethesda, Md. 

The six strains subjected to characterization tests 
and used by all participants in this study were serovar 
C, reference strain CKK (= ATCC 33553 = NCTC 
10187), isolated by Fabricant from the trachea of a 
chicken (12); serovar D, reference strain DD (= ATCC 
33550 = NCTC 10183), isolated by Fabricant from the 
trachea of a chicken (12); serovar F, reference strain 
WR1 (= ATCC 33551 = NCTC 10186), isolated by 
Roberts from air-sac lesions in adult turkeys (17); 
serovar I, reference strain 695 (= ATCC 33552 = 

NCTC 10185), isolated by Yoder and Hofstad from air- 
sac lesions of pipped turkey embryos (25); serovar L, 
reference strain 694 (= ATCC 33549 = NCTC 10184), 
isolated by Yoder and Hofstad from pigeon turbinates 
(26); and M .  synoviae, reference strain WVU 1853, 
isolated by Olson et al. from the hock joint of a 
chicken (15) and named by Olson et al. (14). 

All of the above-mentioned strains were filter cloned 
by each participant by conventional procedures (22) 
with 450-nm filters. 

All observations and tests were performed by at 
least two team members working with their own 
clones of the above-mentioned strains but using stan- 
dard procedures (21, 22). 

Media. The media used for the characterization tests 
are as described below with their respective methods. 
For general cultural procedures, team members used 
one of the following media or  a medium of similar 
composition. 

Broth medium consisted of a mycoplasma broth 
base (1.5%, wtlvol), inactivated horse or swine serum 
(15 to 2096, vollvol), yeast extract (lo%, vol/vol), 
glucose or arginine (1%, wt/vol), thallium acetate 
(O.OS%, wtlvol), and 1,000 U of penicillin per ml; for 
M .  synoviae, this was supplemented with 0.01% (wtl 
vol) nicotinamide adenine dinucleotide. For solid me- 
dium, 1% agar was added. 

Morphology. Organisms from fluid cultures (2 to 3 
days old) were studied by light microscopy after being 
fixed in methanol and stained with Giemsa solution; 
unfixed organisms were examined by dark-field mi- 
croscopy. 

For direct examination with the electron microscope 
(Phillips E.M. 300; accelerating voltage, 80 kV), a 
deposit was prepared from broth culture by centrifuga- 
tion, washed three times in physiological saline fixed 
in 6.25% glutaraldehyde and then 2.0% osmic acid, 
dehydrated, transferred to epoxy propane, and embed- 
ded in araldite. Sections 50 to 60 nm thick were cut. 

Colony morphology was observed with a stereo- 
scopic microscope. 

Filtration studies. The filterability of the strains was 
determined by using two different membrane filters 
with an average pore diameter of 450 and 220 nm, 
respectively. 

Reversion studies. The organisms were passaged five 
consecutive times with mycoplasma broth and agar 
without penicillin and thallium acetate and incubated 
aerobically at 37°C. For the final culture, blood agar 
plates were also inoculated and incubated aerobically. 
After Dienes staining, colonies of the final culture on 
mycoplasma agar were examined macroscopically; the 
final broth culture was examined by dark-field micros- 

COPY * 

Sterol requirement for growth. The method used to 
determine the sterol requirement of each strain was 
based on the method of Edward (7), and the basal 
medium recommended by him was used. To this was 
added bovine serum albumin (0.5%, wt/vol) and pal- 
mitic acid (10 pglml) plus either the PPLO serum 
fraction ( l%,  vol/vol) o r  varying amounts of cholester- 
ol (from 0.2 to 100 pg/ml). In addition, medium was 
prepared containing the basal medium with 15% swine 
serum. 

The plates were incubated after inoculation with 
washed suspensions of culture which gave growth on 
control plates inoculated concurrently. 

Inhibition of growth by digitonin was examined by 
the disk method of Freundt et a]. (10); 6-mm-diameter 
filter paper disks, each soaked in 0.025 ml of a 1.5% 
(wtlvol) solution of digitonin, were used. 

Biochemical tests. The abilities of the strains to 
utilize glucose, arginine, and urea were investigated, 
using a basal medium composed of heart infusion 
broth (74 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAml), horse serum (10 ml), yeast extract ( 5  
ml), benzyl penicillin (1,000 Ulml), thallium acetate 
(0.05%, wtlvol), and phenol red (0.5%, wt/vol) (1 ml). 
To this was added one of the following substrates to 
give a final concentration of 1% (wtlvol): glucose (for 
which the pH of the medium was adjusted to 7.6), 
arginine, or urea (for each of which the pH was 
adjusted to 7.0). 

Samples of these three different media in 2-ml 
amounts were inoculated with 0.1 ml of a culture of the 
test mycoplasma in substrate-free broth and were 
incubated aerobically, except in the glucose tests, in 
which both aerobic and anaerobic conditions were 
used. The controls consisted of the substrate-free 
basal medium (volume adjusted with distilled water) 
inoculated with the test organism as well as the three 
uninoculated substrate-containing media. Also, for 
glucose and arginine, an appropriate control organism 
was inoculated into the corresponding medium with 
the substrate. Mycoplusma gallisepticum strain PG31 
was the control organism for the glucose medium, and 
Mycoplasma gallinarum strain PG16 was the control 
organism for the arginine medium; no control was used 
for the urea medium. 

During incubation, a fall in pH of 0.5 unit or more in 
glucose broth or a rise of 0.5 unit or more in arginine or 
urea broth, relative to the controls, was considered to 
indicate the utilization of the substrate. Incubation 
was continued for 21 days, and the tests were read at 
intervals of a few days. 

Phosphatase activity and tetrazolium reduction 
were determined by the method of Aluotto et al. (I) ,  
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and "film and spots" production was investigated by 
the method of Fabricant and Freundt (9). 

DNA base composition. For strains C K K ,  DD, 695, 
WR1, and 694, DNA was extracted, and the guanine 
plus cytosine (G+C) content was determined by equi- 
librium density gradient centrifugation in  CsCI, using a 
Spinco model E analytical ultracentrifuge. The buoy- 
ant density was determined, using Escherichia coli 
DNA as an internal standard, and the G+C content 
was calculated from the buoyant density by the equa- 
tion of Schildkraut et al. (19). 

For M .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsynoviae WVU 1853, the G + C  content of 
the DNA was found by Kelton and Mandel (13) to be 
34.2 mol%. 

Serological studies. Serological tests included (i) GI, 
as described by the Working Group of the World 
Health Organization/FAO Program on Comparative 
Mycoplasmology (24), with some members using disks 
and others using wells (3) for the antiserum (inhibition 
zones of 1 mm or less were ignored); (ii) metabolism 
inhibition (MI) tests by the method of Taylor-Robin- 
son et al. (23) for glucose-fermenting strains and by the 
method of Purcell et a]. (16) for arginine-positive 
strains; (iii) indirect immunofluorescence (IF), as de- 
scribed by Rosendal and Black (18) (one team member 
used the method of Bradbury et al. [4]); and (iv) 
immunodiffusion. 

RESULTS 

Cultural and morphological characteristics. All 
of the strain except M .  synoviae WVU 1853 
grew on the standard media within 2 to  3 days at 
37°C both aerobically and with increased carbon 
dioxide; WVU 1853 required nicotinamide ade- 
nine dinucleotide for growth. 

Colonies of all of the strains exhibited the 
typical "fried-egg" appearance on solid media, 
but colonies without the central papilla were 
also seen. 

The organisms were gram-negative, and upon 
Giemsa staining, all strains appeared mainly 
coccobacillary in form. Dark-field microscopy 
confirmed a predominance of coccoid elements 
with some pleomorphism. 

Examination of thin sections with the elec- 
tron-microscope confirmed the pleomorphism 
and showed that cells of all of the strains were 
bounded by a triple-layered unit membrane and 
lacked a cell wall (Fig. 1). 

On the external part of the cell membrane of 
the CKK and 695 strains there seemed to  be an 
unusual amount of attached material. This is 
reminiscent of the observations made on the 
Mycoplasma dispar and Mycoplasrna mefeagri-  
dis strains. 

Filtration studies. The results of the filtration 
studies are given in Table 1.  

Reversion studies. There was no colonial o r  
cultural evidence of reversion to cell-walled 
bacterial forms when the strains were grown in 
media from which inhibitors had been omitted. 
Also, no morphological evidence of reversion 

was seen in cultures by light-microscope examr- 
nation of smears or dark-field examination of 
broth cultures. 

Sterol requirements. A washed suspension of 
cells of each of the strains produced no growth 
on basal sterol-free agar but produced growth 
similar to that produced on the standard mediurn 
when swine serum (15%, wthol)  was added. The 
same kind of inoculum failed to  grow on the 
sterol-free agar plus bovine serum albumin and 
palmitic acid alone or  when supplemented with 
0.2 pg of cholesterol per ml. However, when 
this medium was supplemented with 5 to 100 pg 

of cholesterol per ml, growth was obtained with 
each of the strains. 

In disk inhibition tests, growth of all of the 
strains was inhibited by digitonin, with the iri- 
hibitory zones being at least 4 mm wide. 

Biochemical characteristics. Biochemical char- 
acteristics of the six reference strains are given 
in Table 2. 

DNA base composition. The average G + C  
contents of the DNAs obtained from two sepa- 
rate, independent estimations were as  follows: 
strain CKK, 29 mol%; strain DD, 28 mol%; 
strain WR1, 27 mol%; strain 695, 25 mol%; 
strain 694, 32 mol%; and strain WVU 1853, 34 
mol% (13). 

Serological studies. The main serological meth- 
od by which the six strains under consideration 
were tested against the strains listed above was 
the GI test. This was a two-way test, and it was 
supplemented by the MI, IF, and immunodiffu- 
sion tests against a more restricted range of 
mycoplasmas. Each of the 6 strains under con- 
sideration was compared serologically in at least 
one test with 57 other Mollicutes strains as well 
as with each other, and each was compared 
more extensively, as shown below, with the 
other known avian strains. 

GI tests. Complete growth inhibition of the six 
strains tested was produced by their homolo- 
gous antisera (Table 3). Growth inhibition of 
strain 694 by antiserum to strain WVU 1853 was 
demonstrated by one of three team members 

TABLE 1. Results of filtration studies on the six 
Mycop/nsrna reference strains 

Viable counts per 0.1 ml 

Strain Filtered 
Unfiltered - 

CKK 2.3 x 108 2.0 x 10' No recovery 
DD 1.6 X lo7 3.5 X 10' N o  recovery 
WR1 6.1 X lo7 1.7 X 10' No recovery 
695 1.6 x lo8 4.2 x 10' 5.1 x lo2 
694 1.4 X 10' 1.7 x lo4 No recovery 
WVU 1853 4.7 x 10' 1.5 x 10' 4.4 x lo3 

450 nm" 220 nm" 

(I Pore diameter of filters 
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performing this test, but the zones of inhibition 
were much smaller than those of the homolo- 
gous reaction, and reciprocal tests showed i t  to 
be a one-way cross-inhibition. Similarly, growth 
inhibition of strain WVU 1853 was produced by 
antiserum for M .  orale strain CH 19299. 

Heterologous growth inhibition of four strains 
was observed by some team members with 
antisera to the six strains being examined (Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4). The zones of inhibition varied from 1.5 to 3.0 
mm, were not complete in any of the reactions, 
and were always less than those in the corre- 
sponding homologous tests ; reciprocal inhibition 
was not produced. 

MI tests. The six strains under examination 

MYCOPLASMA SEROVARS OF AVIAN ORIGIN 111 

FIG. 1. Electron micrographs of Mycoplusma 

strains CCK (A), DD (B), WR1 (C), 695 (D), and 694 
(E) which show the triple-layered cell membrane. 

were each tested against antisera for the avian 
species and serovars (Table 5) and reciprocally. 

The homologous titers obtained by the team 
members varied, but in each case they were 
considerably higher than the heterologous titers. 
Heterologous reactions of low titer were ob- 
served with antisera to strains CKK, WR1, 694, 
and WVU 1853, and reciprocal metabolic inhibi- 
tion was only seen between strains WR1 and 
WVU 1853, again at low titers. 

IF tests. The avian strains listed in Table 5 and 
their antisera were tested homologously and 
reciprocally by IF. Bright fluorescence was ob- 
tained with homologous reactants, but negative 
results were obtained in all of the heterologous 
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TABLE 2. Biochemical characteristics of the six Mycoplasma reference strains 

Strain 
Phosphatase Film and 

Utilization of Reduction of 

activity spots 
__ tetrazolium 

Glucose" Arginine Urea chloride 

'' The strains metabolizing glucose produced a color change within 3 days of either aerobic or anaerobic 

' The color change was more intense under anaerobic conditions 
incubation at 37°C. 

tests. Two-way IF tests were also undertaken on 
the strains involved in cross-reactions in the GI 
tests (Tables 3 and 4), with negative results. 

Immunodiffusion tests. The results of two-way 
immunodiffusion tests for all of the avian strains, 
including the six under examination, are shown 
in Table 6. Cross-reactions occurred with all of 
the strains, and for many they were reciprocal, 
but the number of precipitin lines obtained with 
heterologous reactants was always fewer than 
that obtained with homologous reactants. 

The results of the reactions between antisera 
to the mammalian strains listed above and the 
strains under examination are shown in Table 7. 
Cross-reactions occurred against all of the 
strains except against strain 695, for which there 
were none. Cross-reactions were limited to a 
few mammalian strains, except with strain 694, 
against which 13 strains produced precipitins. 
Cross-reactions in every case were associated 
with fewer precipitin lines than the number 
obtained in homologous reactions among the six 
strains under examination. 

DISCUSSION 

Our results confirm the earlier observations of 
others in the following respects: strain 694 pro- 

TABLE 3. Results of GI tests on six Mycoplusmu 
reference strains 

Antigen Antisera causing growth inhibition 

CKK Homologous only (3.5-6)" 
DD Homologous only (2-3.5)" 
WR1 Homologous only (5-8)" 
695 Homologous only (2.5-9)" 
694 

WVU 1853 

Homologous (4-10)"; WVU 1853 (1.3)" 
(by 1 of 3 team members) 

Homologous (2.5-8)"; M. orale 
CH19299 (2)" (by 1 of 5 team 
members, where the homologous 
inhibition zone was 5 mm) 

duced film and spots and reduced tetrazolium 
(2), failed to ferment glucose (6), and had a G+C 
value of 32.1 mol% (13); strain 695 failed to 
produce film and spots but reduced tetrazolium 
aerobically (2), fermented glucose (6), and had a 
G+C value of 24.5 mol% (13); strain WVU 1853 
required nicotinamide adenine dinucleotide for 
growth (5). 

The following features shown by strains 
CKK, DD, 695, WR1, 694, and WVU 1853 
indicate that the strains belong to the class 
Mollicutes: typical fried-egg morphology of at 
least some colonies of all of the strains under 
examination; the passage of cells through 450- 
nm filters and the passage of some cells through 
220-nm filters; pleomorphism of cell form, as 
seen by dark-field illumination, although Giemsa 
staining showed mainly coccobacillary forms; 
the absence of a cell wall but the presence of a 
triple-layered membrane, as indicated by thin- 
section electron microscopy; and the failure of 
organisms to revert to bacterial forms on non- 
inhibitory substrates. In this connection, howev- 
er, it should be pointed out that the strains 
examined had probably been subcultured on 

TABLE 4. Heterologous reactions of antisera of 
strains CKK, DD, WR1, 695, 694, and WVU 1853 

against the strains listed in the text 

Antiserum Heterologous GI 

CKK Mycoplasma mycoides subsp. 
mycoides PG1 (2-3)" zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

M. neurolyticurn A (2)" 
M .  ugnlactiae PG2, (1.5)" 
M .  cupvicofum California Kid, (1.5)" 

DD M .  neurolyticum A (2)" 
WR1 M .  neurolyticum A (3)" 
WVU 1853 M .  neurolyticum A (3)" 
695 M .  neumlyticum A (3)" 
694 M .  neurolyticum A (3)" 

M .  rnycoides subsp. rnycoides PG1 (2)" 

Figures within parentheses indicate complete inhi- 
bition in millimeters with minima and maxima ob- 
tained by team members. 

a Figures within parentheses indicate partial inhibi- 
tion in millimeters obtained by one of three or  four 
team members. 
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TABLE 5 .  Results of MI tests between strains of recognized avian species and strains CKK, DD, WR1, 695, 
694, and Mycoplusma synoviue WVU 1853 

Rabbit antiserum to: 

~ ~ 

Mycoplasrna gallisepticum PG31 
M .  gallinarum PG16 
CKK 

DD 
M .  iners PG30 
WR1 

M .  meleagridis 17529 
695 
694 
M .  synoviae WVU 1853 
M .  anatis 1340 
A choleplasma luidlu wii PG8 
A .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAlaidlawii PG9 

Titer against. 
~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ~ _ _ ~  

Heterologous organism 
Homologous 

organiTm" 
~ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~  

2,560-> 10,240 0 
5,120->20,480 0 

320-5,120 DD zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(<80) 
320-5,120 0 

1,280->20,480 0 
320-> 20,480 695 (<80); WVU 1853 ( 4 0 ) ;  M .  

rincitiJ 1340 (80); PG8 (160); 
PG9 (160) 

1,280->20,480 0 
640-5.1 20 0 
3 20-1 0,240 PG8 ( 4 0 )  
640-10,240 
640-10,240 0 

PG16 (80): DD (80); WR1 ( 4 0 )  

1,280-2,560 PG9 (160) 
1,280-2,560 PG8 (80) 

' Minimum and maximum titers obtained by team members are  shown. 

numerous occasions before testing for reversion 
to bacterial forms. The low DNA base ratios of 
the strains (G+C content, 25 to 32 mol%) are 
also in keeping with the majority of species of 
the class Mollicutes. 

The failure of all of the strains to grow in 
sterol-free medium, their inhibition by digitonin, 
and their morphology meet the requirements for 
inclusion in the family Mycoplasmataceue. 

Furthermore, the ability of these strains to 
grow aerobically and their inability to utilize 
urea place them in the genus Mycoplusmu. 

The results of the serological studies de- 

scribed above show that strains CKK, DD, 
WR1, 695, and M .  synoviae WVU 1853 are 
distinct from the type strains of all previously 
named Mycoplasma species, including those of 
avian origin, except M .  columborale and M .  
columbinurn, which differ at least from strains 
695, 694, and M .  synoviae WVU 1853 (20). 

The cross-reactions which were noted in the 
GI test (Tables 3 and 4) were one-way only, 
showed partial inhibition with a number of 
"break-through" colonies, and showed zones 
which were in every case significantly smaller 
than those of the homologous reactions. Fur- 

TABLE 6. Results of immunodiffusion tests between strains of the recognized avian species and strains 
CKK, DD, WR1, 695, 694, and Mycoplustnu Lsytiovirre WVU 1853 

Rabbit antisera to: 

Mycoplusma gallisepticurn PG31 
M .  gallinarum PG16 
CKK 
DD 

M .  iners PG30 

WR1 
M. meleugridis 17529 

695 
694 

M .  synoviae WVU 1853 
M .  anatis 1340 
Acholeplasma laidluwii PG8 
A .  laidluwii PG9 

Number of preciprtin line\ produced again\t' 

Heterologou\ organr\m 
Homologous 

organism 

4-5 CKK (1) 
4-5 

3-4 

4-5 

M .  iner-5 PG30 (2); M .  meIragridis 17529 (2) ;  694 (1) 

WR1 (1); M .  meleugridis 17529 (2); 695 (0-1): 694 (1); WVU 

M .  grillisepticuin PG31 (2):  M .  gullinur~rrtn PG16 (2); 

4-5 DD (1-2); 695 (0-1): 694 (0-1) 

1853 (0-1); M .  trnmtir. 1340 (1-2) 

M .  melecrgr-idis 17529 (1-2); 694 (1) 
4 M .  uncitih 1340 (2) 

3-4 M .  gullinar-itin PG16 (2) :  CKK (2); DD (1); 
M .  iners PG30 (1) 

4-5 DD (0-1); 694 (1) 
4-6 

2-3 

3 -6 
2-5 

M .  gullinarum PG 16 (1-2); CKK (1); DD (0-1); M. iners 

M .  galli.iepticuin PG31 (1); CKK (2) ;  WR1 (1); 694 (1)  

695 ( 1 ) ;  Actioleplusmu laidlavt'ii PG9 (2-5) 
695 (1); A .  lriidluii~ii PG8 (1-3) 

PG30 (2) ;  WR1 (0-1); M .  meleugridis 17529 (1); 695 (1-2) 

4-5 DD (0-1): 695 (1) 
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TABLE 7. Results of immunodiffusion tests between antisera for the mammalian species and strains listed in 
the text and strains CKK, DD, WRI, 695, 694, and WVU 1853 

Myc oplrrtnzri strains (no. of precipitin lines produced with heterologou\ \era) 
____ -- ~ ~ _ _ _ ~  

Avian strain 

CKK and DD 
WR1 
694 

M .  cynos H31 (2); M .  f cJ / i s  CO (2); M .  edw3urdii PG24 (2)  
M .  cynos H31 (2); M .  fdis CO (2);  M .  edLiiurdii PG24 (2) ;  M .  pnt~rnnoniac~ FH (1) 
M .  ugulactiue PG2 (1); M .  tirtlzrifidi.\ PG6 (1); M .  trrginini G230 (1); M .  hovig~.nit~i/ii4tn PG11 

(1); M .  bovis Donetta (2); M .  cynos H31 (1): M .  ryrrir-hinis M 432172 (1); M .  g u t w e  CS (1); 
M .  opafescen.\ MH5408 (1); M .  orcilc CH19299 (1): M .  pnerrmoniuc FH (2); M .  sti/iiquriirrn 

PG20 (2); M .  .\putnuns PG13 (1). 
M .  cunis PG14 (1); M .  cyno.5 H31 (1)  WVU 1853 

thermore, IF gave homologous reactions only. 
The MI tests for the avian strains showed that 

the homologous titers were always considerably 
higher than the heterologous titers and, in most 
cases, occurred only in one-way cross-reac- 
tions. Exceptions to this were strains WR1 and 
WVU 1853; with these strains, two-way cross- 
reactions occurred, but at titers much lower than 
those of the homologous reactions. 

The immunodiffusion tests were limited to the 
avian strains in two-way tests and to the sera 
only of all of the other strains. Whereas a 
number of heterologous reactions occurred, the 
number of precipitin lines were always lower 
with heterologous reactants. 

It may be concluded from these serological 
tests that the six strains under examination each 
belong to separate species. 

Further distinguishing features of these six 
isolates are the distinct values for the G+C 
contents of the DNAs, the specific electropho- 
retic patterns of the amino acid components 
compared with all other avian strains (ll), and 
certain biochemical reactions. 

Since the strains studied represented all of the 
relevant Mycoplasma species presently required 
to be tested for taxonomic purposes (21), it is 
concluded that strains CKK, DD, WR1, 695, 
and 694 are members of new and distinct species 
and that M .  synoviae is confirmed as a unique 
species. The following names are proposed for 
the five previously unnamed taxa represented by 
the following organisms. CKK: Mycoplasma 
pullorurn (L. n. pullus a young animal, especial- 
ly chicken; L. n. gen. pullorurn of chickens); 
DD: Mycoplnsma gullinaceurn (L. n. galliis a 
domestic fowl; L. adj. gallinaceurn pertaining to 
a domestic fowl); WR1: Mycoplusrnu gallopa- 
vonis (L. n.  gallopavo a turkey; L. n. gen. 
gallopavonis of a turkey); 695: Mycoplnsmn 
iowae (among avian mycoplasmologists, the epi- 
thet “iowa” has been used for a number of 
years; the genitive form iowae [of iowa) is 
suggested): 694: Mycoplasma colurnbinasale (L. 
n. columhus a pigeon; L. n. gen. columbi of a 
pigeon; L. adj. rzasale pertaining to the nose; L. 
adj. columbinasale pertaining to the nose of a 
pigeon). 

Formal descriptions of the proposed new spe- 
cies and of Mycoplasma synoviae WVU 1853 
follow. 

The fact that these organisms are members of 
the class Mollicutes, family Mycoplasmutaceue, 
and genus Mycoplasrna was shown in the pre- 
ceeding discussion, and characteristics of the 
individual species and of their respective type 
strains are given below. 

Mycoplasma pullorurn ferments glucose aero- 
bically and anaerobically, does not utilize argi- 
nine or urea, and does not reduce tetrazolium 
chloride, show phosphatase activity, or produce 
film and spots. G+C content of DNA: 29 mol%. 
Serologically distinct. Type strain: CKK (= 

ATCC 33553 = NCTC 10187). 
Mycoplasma gallinaceurn ferments glucose 

aerobically and anaerobically, does not utilize 
arginine or urea, and does not ferment tetrazoli- 
um chloride, show phosphatase activity, or pro- 
duce film and spots. G+C content of DNA: 28 
mol%. Serologically distinct. Type strain: IID 
(= ATCC 33550 = NCTC 10183). 

Mycoplusma gallopavonis ferments glucose 
aerobically and anaerobically, does not utilize 
arginine or urea, and does not ferment tetrazoli- 
um chloride, show phosphatase activity, or pro- 
duce film and spots. G+C content of DNA: 27 
mol%. Serologically distinct. Type strain: WR1 
(= ATCC 33551 = NCTC 10186). 

Mycoplasma zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAiowae ferments glucose aerobi- 
cally and anaerobically, utilizes arginine, does 
not utilize urea, ferments tetrazolium chloride 
aerobically and anaerobically, and does not 
show phosphatase activity or produce film and 
spots. G+C content of DNA: 25 mol%. Serolog- 
ically distinct. Type strain: 695 (= ATCC 33552 
= NCTC 10185). 

M y  coplasma colurnbinasale does not ferment 
glucose, utilizes arginine, does not utilize urea 
or ferment tetrazolium chloride, shows phospha- 
tase activity, and produces film and spots. G+C 
content of DNA: 32 mol%. Serologically dis- 
tinct. Type strain: 694 (= ATCC 33549 = NCTC 
10184). 

Mycoplasma synoviae ferments glucose aero- 
bically and anaerobically, does not utilize argi- 
nine or urea, does not ferment tetrazolium chlo- 



VOL. 32, 1982 MYCOPLASMA SEROVARS OF AVIAN ORIGIN 115 

ride or show phosphatase activity, and produces zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
film and spots. G+C content of DNA: 34 mol%. 
Serologically distinct. Type strain: WVU 1853 
(= ATCC 25204 = NCTC 10124). 
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