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Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados '

Descripcion: [Folios 47 a 92 06/Mayo/2010

Reivindicaciones: Folios 93 a 97 06/Mayo/2010
Folios 140 a 142 11/Noviembre/2011

Prioridad: US 60/985,811 06/Noviembre/2007

2. Analisis de |la Prioridad

Se acepta la reivindicacion de prioridad porque esta solicitud fue presentada dentro del
plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencion

L. . .
Titulo de la solicitud: “Vacuna Viva Avirulenta de Mycoplasma Hyopneumoniae con
Adyuvante”.

El problema planteado en esta solicitud consiste en la necesidad de proporcionar
composiciones inmunogeénicas o de vacuna, preparadas a partir de Mycoplasma
hyopneumoniae avirulento con adyuvante, que proporcionen eficacia contra cepas
virulentas de M. hyopneumoniae, previniendo y/o minimizando de esta manera la
gravedad de la enfermedad producida por este organismo o mejorando al menos un
sintoma asociado con la enfermedad.

Para resolver este problema técnico la solicitud en estudio proporciona composiciones
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inmunogenicas o de vacuna que comprenden una cantidad inmunologicamente eficaz
de Mycoplasma hyopneumoniae vivo av:rule?to y un adyuvante bioldgicamente
aceptable.

El objeto de la presente solicitud se relaciona|con la Clasificacién Internacional de
Patentes (CIP): A61K 39/02; CO7K 14/30.

4, De la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 PCT) '

No es clara la diferencia entre una composicion para inducir una respuesta inmune antj-
Mycoplasma hyopneumoniae de la reivindicacion 1y una composicién inmunogénica de
la reivindicacion 14, y puesto que en el primer caso se hace referencia a el uso de la
misma, se sugiere encabezar la reivindicacion principal como: “Una composicién
inmunogénica”. \
La reivindicacion 1 no es concisa porque se refiere a una cantidad eficaz de una cepa
viva avirulenta de Mycoplasma hyopneumoniae y un adyuvante biolégicamente
aceptable, esta forma de reivindicar no es adecuada porque no se estan incluyendo las
caracteristicas técnicas de fa invencién y se da lugar a un sinnimero de composiciones
que no encuentran soporte en fa descripcion. Se sugiere al solicitante caracterizar la
composicion inequivocamente teniendo en cuenta que la cepa se define por su material
genémico caracterizado por su secuencia de nucleétidos.

Eltérmino: "aproximadamente” de las reivindicaciones 2, 3, 9, 10, 17 y 18 es impreciso,
por lo cual no permite distinguir la invencién del estado de la técnica. Se sugiere
sustituirlo por un término preciso o un rango concreto.

Los porcentajes de homologia y de identidad polimorfica de las reivindicaciones 2 y 3
no son aceptables porque no corresponden a Lina secuencia o cepa especifica.

La reivindicacion 2 se refiere a una cepa que comprende una secuencia de acido
nucleico que solo se esta definiendo como la “cepa J", esta forma de definir no es
adecuada porque no se estan definiendo las|caracteristicas técnicas. Se sugiere al
solicitante definir la secuencia de nucieotldos exacta e incluirla en la reivindicacion
principal puesto que es una caracteristica esencial de la invencion.

No se observa ninguna diferencia entre la matena reclamada en la reivindicacién 4 y 5.
Se sugiere al solicitante eliminar una de 'estas reivindicaciones o realizar las
aclaraciones necesarias.

En las reivindicaciones 7 - 10y 15 - 18 se u[ilizan las abreviaturas SL-CD y SP-Oil,
respecto a o cuai se requiere al solicitante ut|lrzar los nombres completos o definir su
composicion.

No se encuentra soporte descriptivo para la composicion de las reivindicaciones 11y 19
que contenga ademas bacterias vivas, bacterinas y/o toxoides, ademas esta forma de
definir no permite caracterizar mequ:vocamente los |ngred|entes de la composicion.
Debido a la falta de soporte en la descripcion de la obtencion o prueba de una
composicién como la reclamada en estas reivindicaciones, se sugiere eliminarlas del
alcance del pliego reivindicatorio. '

La reivindicacién 12, 13, 20 y 21 se refieren a antigenos que no se encuentran
caracterizados. Se recuerda al solicitante que un antigeno se define por su secuencia
especifica de aminoacidos. ,
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Las reivindicaciones 12 y 20 se refieren a una composicién que ademas comprende
uno ¢ mas antigenos virales que se encuentran definidos de forma general por el tipo
de antigeno, en el capitulo descriptivo solo se encuentra soporte para cuando el
antigeno de circovirus porcino es una quimera de tipo1 - tipo2 de circovirus porcino, por
lo cual se sugiere restringir [a solicitud a una razonable generalizacién de o que se
encuentra debidamente soportado en el capitulo descriptivo, definiendo el antigeno por
suU secuencia de aminoacidos.

Descripcion (Art 28 D 486),

Dado que esta solicitud se refiere a antigenos y material biologico, deben presentarse
las listas de las secuencias de aminoacidos y nucledtidos en forma separada de la
descripcién, bajo el titulo: “Listado de secuencias” y anexarlas en formato digital.

Debido a que la solicitud se'refiere a material biolégico, es necesario presentar el
Certificado de Deposito para |as cepas ATCC 25934 y 27715,

Se requiere al Solicitante hacer las aclaraciones necesarias.
5. Determinacién del Estado de la Técnica
El estado de la técnica se determind con base en la fecha de presentacion de la

solicitud de prioridad: 06/Noviembre/2007 y se encontraron los siguientes documentos
gue anticipan el objeto de esta solicitud:

item Documento ' Titulo Fecha de Publicacion

Temperature-Sensitive Live Vaccine
D1 WO 02/10343 for Mycopalsma Hyopneumoniae Q7/Febrero/2002
D2 | US 2007/0253981 "~ Canine Influenza Virus 01/Noviembre/2007

D1 nttp:/iworldwide espacenet.com/publicationDetails/originalDocument?CC=WO&NR=0210343A2&KC=A
28FT=D&ND=38date=20020207&DB=EPODOC&locale=en_EP divulga (Pag. 3, lineas 16 - 24)
una preparacion de vacuna que contiene una bacterina viva sensible a la temperatura
de Mycoplasma hyopeumoniae en combinacion con un vehiculo fisiolégicamente
aceptable. La preparacién puede contener un adyuvante inmunoldgico y un agente
infeccioso que puede ser Borderellla bronchiseptica, Pasteurella multocidatipc Ao D, o
Haemophilus parastis. '

D2http:/iworrdwide.espacenet.com/pt.llb!icatronDetails/oriqinaIDocument?CC=US&NR=2007253981A1&KC
=A18FT=D&ND=3&date=20071101&DB=EPQDOC&Iocale=en EP divulga (Resumen; Pag. 10,
parrafo 65) una vacuna para la influenza canina que comprende agentes capaces de
aumentar la respuesta inmune celular como SP oil.

6. Examen de Patentabilidad (Art 14 D486)

Novedad (Art 16 D486)

La reivindicacion 1 consiste en una composicion para inducir una respuesta inmune
anti-Mycoplasma hyopneumoniae en un animal, comprendiendo dicha composicion una
cantidad inmunologicamente eficaz de una cepa viva avirulenta de Mycoplasma
hyopneumoniae y un adyuvante biolégicamente aceptable.

Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas esenciales D1
Una composicién que comprende: Una composicion que comprende:
Una cantidad inmunologicamente eficaz de una | Una bacterina viva sensible a la temperatura
cepa avirulenta de Mycoplasma hyopneumoniae | de Mycoplasma hyopneumoniae
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" ~ Caracteristicas esenciales e D1 ’

~Un adyuvante biolégicamente activo | Un adyuvante inmunolégico ﬁ‘

Las caracteristicas esenciales de la composicion de la reivindicacion 1 habian sido
divulgadas previamente en el documento D1, el cual da a conocer una preparacion de
vacuna que contiene una bacterina viva sensubie a la temperatura de Mycoplasma
hyopeumoniae y un adyuvante inmunoldgico (Pag. 3, lineas 16 — 24; Pags. 10 ~ 12,
ejemplo 3; Pag. 16, reivindicaciones 3 — 5).

El documento D1 también revela adyuvantes como el carbopol (Pag. 6, linea 33); y la
combinacién con otros agentes infecciosos como Borderellia bronchiseptica,
Pasteurella multocida tipo A'c D, o Haemophilus parasuis (Pag. 3, lineas 20 — 24).

En consecuencia, |a reivindicacion 1 no es nueva segln lo divulgado en el documento
D1.

Las reivindicaciones dependientes 7, 11, 14 y 19 no mencionan alguna caracteristica
que haga nueva a la composicién de la reivindicacion 1, por lo cual se considera que no
son nuevas.

Nivel Inventivo (Art18 D486) '

La reivindicacion 2 consiste en la composicion de la reivindicacion 1, en la que la cepa
viva avirulenta de Mycoplasma hyopeumoniae es una cepa cuyo genoma comprende
una secuencia de acido nucleico que tiene homologia de al menos aproximadamente
90% con la secuencia de acido nucleico de una cepa J de referencia.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

-

Caracteristicas esenciales T D1
" Una composicidn que comprende: ___'_;_Up_a@[npgs_icignjue comprende:
" Una cepa viva avirulenta de Mycopiasma
hyopneumoniae cuyc genoma tiene una

=

* Una bacterina viva sensible a la

hornologia de al menos aproximadamente 90% Lergps;it;rj n?:eMy coplasma |
con la secuencia de &cido nucleico de la cepa J | yop f
Un adyuvante biologicamente aceptable i | Un adyuvante inmunolégico |

El documento D1 se considera el estado de 14 técnica cercano a la invencién definida
en la reivindicacion 2 porque divuiga una preparamon de vacuna que contiene una
bacterina viva sensible a la temperatura de Mycoplasma hyopeumoniae y un adyuvante
inmunolégico (Pag. 3, lineas 16 - 24; Rags. 10 - 12, ejemplo 3; Pag. 16,
reivindicaciones 3 — 5).

El documento D1 también enseria las ventajas de una vacuna viva, refiriendose a que
las mutantes que son sensibles a la temperatura y gque no crecen a la temperatura
normal de los cerdos puede crecer in vifro a temperaturas mas frias (Pag. 4, lineas 27 -
33).

La diferencia entre la invencion, definida en la reivindicacion 1 y la composicion del
documento D1 consiste en que se utiliza la cepa J de Mycoplasma hyopeumoniae.

No se observa ningun efecto técnico generado por la composicién de la cepa J de
Mycoplasma hyopeumoniae.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencién se
puede formular asi: “cdmo obtener una composicion de una cepa viva de Mycoplasma
hyopeumoniae alternativa a la conocida en él documento D1”.
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Sin embargo, el documento. D1 ensefa que cepas adecuadas de M. hyopeumoniae
pueden ser obtenidas de diferentes fuentes como los depésitos ATCC y NRRL (Pag. 5,
lineas 20 - 22) y la cepa J es conocida por Ia persona normalmente versada en la
materia, asi como su depésito ATCC 25934 Por lo tanto, la composicién de la
solicitud corresponde a una alternativa que en ausencia de soporte de algun efecto
técnico inesperado o la solucién a algun problema técnico carece de nivel inventivo.

Respecto a la composicion gue comprende ademas otros antigenos como el virus de la
gripe porcina, virus del sindrome respiratorio y reproductivo porcino, virus de la viruela
del mapache etc, se aclara que la combinacién de varios antigenos en una
composicion es una practica comun en el campo técnico, y puesto que no se observa
ningun efecto técnico inesperado tal como sinergia, disminucion de dosis, etc., tampoco
le otorgan nivel inventivo a la.composicién de la soficitud.

En consecuencia, la persona del oficio normalmente versada en la materia, incluiria una
cepa de Mycoplasma hyopeumoniae conocida en la técnica como la cepa J en la
composicién del documento D1 para llegar asi a la composicion alternativa de la
reivindicacion 2 de la solicitud. Por lo cual se considera obvia.

Puesto que las reivindicaciones dependientes 3 — 6, 12 y 13 no mencionan
caracteristicas inventivas adicionales tampoco se pueden considerar inventivas.

Conciusion:

Las reivindicaciones 2 - 6, 12 y 13 cumplen el requisito de novedad (Art. 16), pero no
cumplen con el requisito de nivel inventivo (Art. 18).

La reivindicacion 8 consiste en: La composicién de la reivindicacion 7, en la que dicho
adyuvante bioldgicamente aceptable comprende SP-Qil.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de |a Téchica:

Caracteristicas esenciales ;| | D1 D2

- Una vacuna para

Una composicidn que comprende; Una compo.smlén que influenza canina que

comprende; i

comprende:

Una cantidad inmunolégicamente. | Una bacterina viva sensible a
eficaz de una cepa avirulenta de la temperatura de Mycoplasma | No se menciona
Mycoplasma hyopneumoniae , | hyopneumoniae
SP-Qil | Un adyuvante inmunolégico SP ail

El documento D1 se considera el estado de |a técnica cercano a la invencion definida
en la reivindicacion 2 porque divulga una preparacion de vacuna que contiene una
bacterina viva sensible a la temperatura de Mycoplasma hyopeumoniae y un adyuvante
inmunolégico (Pag. 3, lineas 16 — 24; Pags. 10 - 12, ejemplo 3; Pag. 16,
reivindicaciones 3 — 5).

La composicion de la rewmdlcamén 8 se diferencia de las composiciones de D1 en que
como adyuvante se utiliza SP- OIl.

El hecho de utilizar como adyuvante SP-Qil en la composicion que se daba a conocer
en D1, causa que las composiciones tengan la capacidad de aumentar |la respuesta
inmune.

(1) VASCONCELOS A ET AL, "Swine and Poultry Pathogens: The Complete Genome Sequences of Two
Strains of Mycoplasma hyopneurnoniae and a Strain of Mycopfasma synoviae”, Journal of Bacteriology,
Vol. 187, No. 16 2005, Pags. 5568 - 5577,
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Por tanto, el problema técnico objetivo consiste en “cémo modificar la composicion del

documento D1 para aumentar la respuesta inmUne”.

El documento D1 ya divulgaba el uso de adyuvantes para aumentar la respuesta
inmune (Pag. 6, linea 25 — Pag. 7, linea 3) y el documento D2 que divulga una vacuna
para la influencia canina (Resumen) y revela agentes para aumentar la respuesta
inmune celular como el SP oil (Pags. 9y 10, parrafo 65).

Respecto afa composicion gue comprende ademas otros antigenos como el virus de la
gripe porcina, virus del sindrome respiratorio y reproductivo porcino, virus de la virueia
del mapache etc., se reitera que la combipacién de varios antigenos en una
composicién es una practica comin en el campo técnico, y puesto que no se observa
ningun efecto técnico inesperado tal como sinergia, disminucion de dosis, ete., tampoco
le otorgan nivel inventivo a la composicion de la solicitud.

La reivindicacidn es obvia, porque la persona'del oficio normalmente versada en Ia
materia enfrentada al problema de aumentar la respuesta inmune, incluiria et adyuvante
SP oil que se revela en el documento D2, dentrd de las composiciones que se ensefian
en D1, logrando de esta forma la composicion ébjeto de la reivindicacion 8. Por lo cual
la composicién de la Reivindicacion 8 carece de Nivel Inventivo.

b
Puesto que las reivindicaciones dependlentes 9, 10 y 15 - 21 no mencionan
caracteristicas inventivas adicionales tampoco se pueden considerar inventivas.

Conclusion: ‘

Las reivindicaciones 8 — 10y 15— 21 cumplen el requisito de novedad (Art. 16), pero no
cumplen con el requisito de nivel inventivo (Art. 18).

3
7. Conclusion

L

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

— S - - _ . -
Ttem T Documento . Reivindicaciones afectadas ;| Requisito que afecta
1,.7.11, 14,19 ’ Novedad |

L D1 B WO 02/10343 , 2-6,8-10,12,43.15-21 Nivel Inventivo
D2 US2007/0253981 | | 8-10,15-21 [ Nivellnventvo |

En cumplimiento del articulo 45 de la Decisidn 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (680) dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto dei titulo primero de la Circular Unica No. 10 de 2001.

JOSE LUIS SALAZAR LOPEZ |

Director de Nuevas Creaciones (C) '

¢

El anterior requerimiento fue notificado por fijacidn en lista, de fecha
_ |30 et 2o -

l
Elaborado por: Jeny Pacla Villate Becerra p. VIH“R
Revisado por; Consuglo Leguizamoén \]}g i
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This work reports the results of analyses of three complete mycoplasma genomes. a pathogenic (7448} and
a nonpathogenic (J} strain of the swine pathogen Myveoplasma hyopneamoniae and a strain of the avian
pathagen Mycoplasma synoviae; the genome sizes of the three strains were 920,079 bp, §97,405 by, and 799.476
bp. respectively. These genomes were compared with other sequenced mycoplasma genomes reparted in the
literature to examine several aspects of mycoplasma evolution. Strain-specific regions, including integrative
and conjugal elements, and genome rearrgngements and alterations in adhesin sequences were abserved in the
M. hyopreumoniae strains, and all of these were potentially related fo pathogenicity. Genomic comparisons
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(“OMPAR,-?T[VE ANALYSIS OF MYCOPLASMA GENGMUES

A0V

revealed that reduction in genome size implied loss of redundant metabolic pathways, with maintenance of
alternative routes in different specics. Horizontal gene transfér was consistently observed between M. svnoviae
and Mycoplasina gallisepticum. Our analyses indicated a hl\elv transfer event of hemagglutinin-coding DNA

sequences tfrom M. gallisepticum to M. synoviae,

M coplasmas comprise a group of more than {80 species of
wall-less bacteria that are obligate parasites of a wide runge of
organismy including humans, plants. und animals (46). Myeo-
plasmas fypically exhibit strict host tissue spectlicities. prohablhy
due (v their nwiritional requirements (45), a direct comse-
guence obf the genome reduction that likely occurred as a
consequence of the metabolic complementanity of their hosts
{3). The cvolutionary dynamics of these organisms imolved
population bottlenecks and asexual reproduction leading 10
accumulation ot deleterious mutations. which resulted in tur-
ther genome contraction (38). A predictable consequence of
this process is preservasion of u minimal genome comprising
essential penes to mantain basic core tunctions and adaptation
to specific enviranments,

Two species. Myvcoplasma Ivopneamoniae and Mycoplasnia
snoviae, have asigmificant adverse economic impact vn animal
praduction. The former is the infective agent of enzootic pnew-
monix in pigs, which results in deactivation of mucociliany
functions {15) and increased suscepuibility to secondany infec-
tions (12), The lateer is responsible for respiratory tract disease

and synovitis in chickens and turkeys. It can be transmitted -

vertically through contaminated eggs (28). resulting in consid-
erahle losses due to reduced egg production and meat quality
as well as a fowered rate of viahle hatchings. Thus, knowledge
of ther respective bivlogicul characteristics scems of para-
mount importance,

The genomes of several mycoplasimas hinve been sequenced
amd wnalvzed in recent vears (11 220 2327 3544, 50004y bat
comparative anilvses of species belongimy e the Prev.aoniae
and Homumus clades have not heen undoraken, I wddinon,
mterstrain, whale-genome enmparisnns have not vel haen cai-
tied out, although the venes involved 1n DNA repar adieding
those of the organisms herein studied. have recentlv heen
analyzed (1)

Here we report the complete genome sequences of 1 pathe-
genie (7448 and a nonpathogenic (J JATCC 23934]) strain of
M. Inopneumoniae and the complete genome of M. wieniae
strain 33 Comparavive analyses of the M. hyopreumeoniae
striuns allowed the wentification of strain-specific regions that
might be reluted to their variable pathogenicity. A detuiled
phylogeneuc analysis ol several mycoplasma species belonging
o the Pneumomag and Hominis clades was also carried out.
comparing metabelic pathways and genes invobved in the ad-
hesion process. Comparisons of M. guftivepticiun and M. svno-
wiae genomes pomnted to the evolutionary origin ot the hem-
agglutinin gene familv and showed evidence of horienntal
transfer of other gene clusters.

MATERIALS AND METHODS

Bacterinl straina. A doverme, o e St 3 oATOU 25034 woa wgrired
tromy Amernican Type Callure § offeshon ™ CNPSA, LMBRAPA (Uonerdl
St Catarina, Brazin} Fheos o nospetioge e stiam with 1 iedused seheuon
Gpacily W purane i (62-040 M by anonae stean 49y wis -edated
frem an rfected swne 5 Lindend Jo Sub Santa Ctinrds Brus ' Siecitc
pathngen-free pigs moculsned with sbiain 748 consstently srodine . d te chare
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m‘k’ristic SAMploms 0t enzoonc preumonia, M. syroviae was wolated trom
hﬂnli:r breeder it the stare of Purana m Brozl (19},
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Anl’ml.ninn s vl eal using Qe Systen o Autommatea Boooon Ine maied
Anbotinon  SABLAL () devcioma 1 nteynate Nubhiccomar and oo
hagt soutw e Fon i aatomaled i it 5ol Il e L Tt ke, 2 i
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(CPSs; Qwinedr anticate seaons Ghih o cnecde protio Fooo o Y
fathuhies were defined asing o cutall E o« |lL|L b T T el st st Bl e
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hylogenetic reconstructions and comparative anabses. Maximum lixclir <l
(ML) phvlogentes, hasud on individual orthologous proteing were aonerated
uqinﬂ ProtML (Mplphy packape [htip-sowwisimacapsinlibosastother himl)y
anil TREE-PLZZLE 5.1 ¢51). A data sct concsienating all protens in i single
ichucnu unit wes analvzed using neighbor-joining (NIb distance trees with
\‘IEGA 2.1 'm' maxnom parsimomy using PAUPT 4.0b10 (55). and by ML
ng ProeML. 23with confidence esumates based on 100 bootsirap rephi -1tes 4
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ald vorceren T o weth subseguent
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M Mg
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TABLE (. General characteristics of the genomes of
M. Ivopreimontae strains J and 7448 and M. synoviae”

Characieristic Mhy-I ' Mhy-P May

Total length (base pairs) 597403 920,070 799,476
G+ C content {7} 24 . 28 28
Total no, of CDSs a7y 681 64
Genome constituting coding regions (%) b 88 91
Average CDS fength {base pairs) LI78 + 1,190 LO5E
No. of known protems 412 42! 464
No, ot conserved hvpothetical proteins Ly 105 167
No. of hypothetical proteins 158 LS5 63
No. of rRNAs

165 1 1 2

235 1 ) 2

55 1 I 3
No. of t(RNAs 30 an 34
No. al insertion sequences”

153 I 0 i

tMH (B 2(8) 0

[Shihpl 14 1t 13

_ .= —_—de— - -— JE—

“Abhreviations, Mhy-E A inopucionanioe strain ) Mhy-PLA inapeennieniar
~train Tdad, Vi A s,

* Number of copies af different insertion seyuence fanlgs The numbes of
detective copres s shown in parentheses

Muclentide sequence neeession numbers. Seguence dars reppried mthis paper
were deposited in GenBank (accession nod ADRDITIL AT017220 and
AEOLTI45) Sequence and annotation data are avalable at hup.fwww brgene
IncebrefinalMS (M. awoviee), hrrpivww genesulinecbrffinalMH (AL hvopren-
memue straim 5, and bupzwsw genesulinec briinal M (AL hrapnetenoniae sirmn
7148y,

RESULTS AND DISCUSSION

Features of the A hyoprewmoniae strain 1. M. hyopren-
monige strain 7448, and M. synoviee genomes. The main fea-
tures of the three newly sequenced genomes dre shown in
Table 1. Clustering analysis of M. synoviae. M. Ivopnewmoniae
strains J, T34, and 232 (35), and cight other mvcoplasima
genames (Mveoplasma pnewnoniag M129, Mycoplasma pulmo-
nis UAB CTIP, Myeoplasma penetrans HE-2, Myeoplasma geni-
wilivim G37. Mycoplasma gallisepticum R, Mycopladma mycoides
suhsp. nrveoides SC PG Mycoplasma inobile 163K, and Urea-

J BACTERIOL.

plasma urealvticum serovar 3) revealed 235 orthologous clus-
ters. A comparison of the number of CDSs in all sequenced
mycoplasma genomes is shown in Table 2.

Genome-specific regions and rearrangements in M. hiyo-
prewmoniae strains. Comparison of the three M. hvopneu-
monine strains provided cvidence of imraspecific rearrange-
ments, resulting in strain-specific gene clusters {Fig. 1). This
was the case for a 16-kb region of M. Inopneumaonive strain J,
containing 15 CDSs, most of which encoded type I restric-
tion-muodification (R-M) system components and  putative
transposases. M. hvopneunoniay strain 7448 contained a spe-
cific 22.3-kb region similar to the integrative conjugal element
(ICEF) of Alycoplasma fermentans {7), which was designated
ICEH (for integrative conjugal element of M. hvopnenmeniae).
ICEH contained 14 CDSs, four of which similar to rra genes,
usually associated with bacterial conjugative plasmids, and
another encoding a singhe-strand binding protein (SSB), an -
sential protein for the transfer process. Direct repeat
sequences (TAGATTTTT), generated by target site dupliva-
tions. lanked ICEH. This target site was localized in the ho-
mologous reginn of M. hvomietemoniae strain 1, pointing to the
mabihity of this element. Evidences for the presence of circular
extrachromosomal forms of ICET in M. Avoprewmoniac strain
7448 and another unrelated, pathogenic Brazifan field isolate
of M. Jvopneinmoniee were obtained by an inverted PCR assay
(results not shown). indicating that this element nmght be func-
vionally active in these isolates. Mareover, we also observed o
region similar to ICEF in the genome of M. hvapnewmoniae
strain 232, 11 has recently been demonstrated that some patho-
genic bacteria use the type I'V secretion system, composed of
subumis related to the conjugation machinerv. for the debvery
of ctfector moleeutes to host cells {16), and that this system
may be invalved in pathogenesis (52). However. the invalve-
ment of ICEH in pathogenesis through delivery of effector
molecules into cells remains to be explored. Other strain-spe-
cific differences included an inverted region of 243,10k bp in A
hyapnewmoniae strain 232 (Fig, 1) and less drastic rearrange-
ments between Al livopriennioniae strains at five genomic re-
gions (Fig. 1: see Tables S1 to §3 in the supplemental mare-

TABLE 2. Comparsoa of the total number of CD$s in all sequenced mycoplasma genomes and number of exclusive CDSs per spegics”

Na af CDSs

. —_— —— =
Organism” tienBank accessinn no ;
Thral
- . — mm men e e e — -
Mhy-T AEMTI2 h74
Mhy-P AEU17244 681
Mhy-232 ALDI7IA2 G
Msy AEM 7243 4.
Mpu NCH277] 782
Mmo NCUIRYUS 133
Mpn NCHMpU 2 (8%
Mye NCDONUOR 434
Mga NCO02829 L0
Uur NLTHIZ162 6] 4
Mpe NCOMd 32 LR7
Mmy NCMISA04 IR

“ Danta denved from the (ienBank database,
* Abbreviastions: Mhv, Mveaplasima hyopnersmoniac (srains 1, 7348 [P). and 2323, Msy, Mycoplanme syneviae; Mge, Micnplosma gemteluon; Mpo, Mwoplaine
prvumenioe: Mea. Mycoplasma gallisepienn: Mpu, Mvcoptasma pldmoniss Mpe. Myeoplasiue penetrans; Moy, Mucoplasma anvcoides. Mmo. Myeoptusme riabde: L,

Uredplaste wrealyiicin.

e a—-

Conserved

Knemn hpathencal Hypotheticat Exclusive
412 1no 138 67
421 HI5 155 53
37 227 137 su
i 167 [ 150
(95 2 M 4
N 25 37 121
428 158 73 109
KIES thd 2 b
452 52 122 1h3
3 7 184 | frd
07 1441 200 413
833 26 157 am
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FIG Y Compaerison of the genomes of M Invcopnetenonae sirams

48 and 2320 Genome-spetfic tegions (ICEH and R-M T+ and -
srenged regrens tregiors 1o 5 are nedicared. CDSs loc, ted o these
reuns e doseredn Tubies S S8 o the supplements mcterg
CON thot are s Gortiosl m cgee . w
e rrangenents cre represented byl afach armows Mis 10 Y
Daggpnewmonter train 1 MbPOV dnopus sononnee s Tk My -
232 M Inoprermomde stram 2320 The ases show the suties, 30 stlo-
Brases.

Ao that v e

ral). The positions of regions 1, 2. 4, and 3 involved in
rearrangements are conserved i all three strains. Region 3 iy
syntenic 1 M. fnvopneumoniae strains J and 232, In M. Avo-
pmewmantiae stram 10 ABC transporter-encoding region 1 lacks

!
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wo CDSs that are present in M. Inopnetmonive strans 7448
(MEPHI2Y and MITPON24) and 232 {mhpN25 and mhp26).
wlni"l: probably orginated by duplication followed by diver-
genpe. Revior 2 s charactenized, i the three strans, v the
prefence of several unigue CDSs. This region also contains
shoft translucations and duplications. Region 3 shows short
unidue insertions in M. Ayomennoniae strain Y445 m compuar-
isof to stran or 232 and o dupheation of approsimaiely 22
kb funtaining a bypothetical CDS and a serine protease-on-
coding CDIS. Prohably. this duplication was followod  Jore-
tiog of part of the scrine protease sequence. A turd rcarnange-
mept invalved s translocation that displaced the DN A sepmuent
coftisning the complete or partial serine protease-encading
COS by upprovimately 300 kb in the two strains. Thus reginn
\vﬁ syntenic i both Y. Mepnewmonine strams T oand 232,
Ruwion 4, i the three genomes, shows short unigque inserions
ang translocations of CDS-containing segments, probably me.
digted hy u transposable element. ax incheated by the presence
of hn ISMhp1 transposon-like element in this regron. Region
presents o series of mmperfect duplications of hypothetical
C'DSS. generating seven copies in M. fvopneumontac stean b,
fivk in strain 7448, and up to four copies in strain 132,

A compaurison of 362 orthologous IGRs of M. in. i
mpriiae strains showed that 21 e 297 of them shared identical
sefjuences, 43 to 457 differed bv Lo S bp, 13w [3 by b o
WEbp, oné 13w 2060 by more than 10 bp Moreover, 1in 34,
off them repeated sequences varied in length (see Table 54 in
the supplemented materiabh as was the case for CR8s cncoding
Dl tvmidine phosphonyluse, RpoB. w pY™-hke protein,
rlth}ltr:msfcruse\ serine protease. and p63, This variation has
ben reported m haoth intergenic and coding revsons gt weveral
quomc.\ 3L R AT and e sssociated wath polymicrase shyp-
ppec durvieg replication (5971 The intergense regions wdentsfied
i e Mo sprennnmioe genomes present a higher A - T eon-
rgnt ¢ bour w0 than codimng seguences tabout IOty hos
Ween recerthh snown s 15D penomes, that Al
Righer ne 2o op upstiam of transhalion s sodons hop
ih the 2o bp dowmsticam (307 Oualv o tew promeicrs Tt
Heen wdentified and anatyzed inonveoplssmas (30, 34, o), gnd
T!’lC.\d studies wdentificd strong comensus sequernves o I re-
dions but onh weak consensus sequences al - 35 iegions, We
.%:arched tor putative regulatory signals upstream of M. nopen-
moniae CDSs and found 17 significant clusters, representing only
& small fraction of the CDSs of the M. hopneawmoniae genome
{70 CDSs). The physiological relevance of genomic rearrange-

ents. nucleotide substitutions. and changes in the lengths ot

GRs in M. Invopneumoniar temains to be elucidated,

Genumic comparisons between pathogenlc (M hvynren-
lmmmr strans T3S and 2323 and nonpathogenie (M. inspaen
gronek sl Tostedine s ovcaled important aspests 1eisted e

Jontent s

'mllu-c».'niul\-. Amony revioushe desenbed adbesionsctated
protemns 29 Iy Table 3) pU7 s reganded us the majur eell
thminn determinant, although other proteins. derned from
esther w mycoplasma or host, might also participate in mem-
branc ancnorage (17). In the three strams. the pd7 DS
dinked to p102 CDS. comprising a two-CDS aperon (p97-pin2
;joperon I, as well as two other operons that are clearly related
{p97-pl02 operens [1 and III} that exhibit >80 identity be-
jrween orthotogous deduced amino acid sequences. The p7?
orthologous CDSs in the pY7-plo2 operon 1 of M mopnen

duy Lum‘pemumoc]
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TABLE 3. CDSe encoding adhesinn-relared proteins in different mycoplasma specics or strains

g T —_

Protetn Homines group

Presence of C1DS engoding protein in mveoplusma®

Prcumonie group

Mi-)

Mhv-Poo A 272 My
- _—- PR— — . — g — - 4.- — -
Tip organelle-relaled proteing
Pl MgPa . o | ) .
G:IPA
;!3[‘. p3: |
Orto, MypC
Crma
Hmw1
w2
Hmw3 !

QOther adhesion-related proteins .
L.ppS
LopT
p97
ploz
Pl
plabd
plil (yx1}
plaplin
p76
py !
pbS (Mpn) '
pb5 {Mhy) . s | s »
Pl
el
ph
Van b4
PypA I

—— s — = . - -

M Other

Mpw Mmoo Mpn Myge Mga Mpe Car

. ] . . . . . . * {MpD)

L] L] -

. * (Mun)
[

® (Mfe)
* {Mug)
# (Mho)

L] L] L]
L ]

& | M)

" Presence of CDSs eneedding proteins refaled to the ip arganetly or other previousty tescribed adhesion-relatesd proteins are indicated by dors, Quastion marke
indwate pulative erhologous CISs with ichnively low sumilarily thetween 40 and 357 at the amine acid levelr Species names are imdicated i pareniheses 1 the case
ot CN5s idennfied in mycoplasmas whose genomes bad nol heeh previoudy sequenced { Mag Mycoplisine wealacticer Meo. My eplasnig conunciaae: Mie, W fennenias,
Mhoy, Afvcoplasma homims: Mpi, Myeoplasma piain), Githoles were dentificd by BLAST. Additivnal abbreviations of mveoplasmi species descnibed in Table 2,

footis &,

moniae straing 748, 232, and J code for proicinﬁ with 10, 15,
and 9 of the previously described R1 tandem repeats, respec-
tivelv: all three strains had more than the minimum number of
CDSs (8 CDSs) required for cilium hinding (34). This indicates
that ather adhesion determinants. with different characteristics

in M. fvopueamonige strains 7448, 2320 and 1, must be respon-
sible for their different adhesion properties. Differences between
the encoded adhesing and other putative virulence factors in Af.
Inopretumonige strains 7448, 232, and J include variations in the
number of amina acid repeats between orthologous proteins (Ta-

I
TABLE 4. CDSs encoding proteins showing differences between M. inopreumoniaestraing I, 7438, and 232 with respect 1o
fepetitive amino acid sequences”

S product® Mhy-T CDS Mhy-P CDS Mhy-232 CDS

Known adhesins i

p97 adhesin MHI0194 MHP198 mhp &3

p7h membrane protein precursor 1 MHIn4u4 MHPOIY7 mhpdid

p21n surtace profein ‘ MILN493 MIIPO496 mhpd&3

pld6 adhesin-Tike protein . MHIn6ns MHPO6G3 mhphli4
Membrane or putative membrane proteins

pYR outer membrance protesn MHIfwe MHPOOYY mhp28i

Hypothetical protein ! MITIA METPHa4;3 mhp143

Hypothetical protem ‘ MHIJ()144 MHP0445 mhp447

Hypothetical protein I MILIN350 MHPO3ISS mhp3h6

Hypathetical protein MHJON22 MHPM26 mhpn37

Hypathetical protein . MI1I06n2 METPONA2 mhphl3

Hypothetical prowin MHI0442 MHP444 mhpld6
Other

Conserved hypothetical prown | MHIONRS MHPONG2 mhpl87

* Abbreviations: Mhy-1, A1 fivopnetnemae strain J; MhvP, A, r‘ayopnrmnmlmr [rain T4I8 Mn-232 M Ivaprcunoniae strain 232

" Fhe membrane character for hypothetical praleins wos establivhed by PSORT.

1sonb Aq z10zZ ‘1 JeqonQ uo /Bio wse qlyduy woly papeojumo



VoL, 187, 2KIS

v .
xn
My

Wi

} P aph LEt RIS

Hint w0ad K NEht My
Mase E
Ko B Athy-P 3
159 b MR-

(LAY IS

F Rt Ay

“.':w.r—-—-— \‘I;: €
i

e W Mia
[T Sye
MH W s ips

AL B
Sy

HERI
Iﬁ
H!

TR g
4 '_—_{ 108 :::
‘—"u—— 100 Lo
[ P * -

0 480 L) 9

ady E- T ) T80 ] 010 05 0.0

Flis Y Phylogenet anahsis of Mediontes. (A, Phylogenetic 1ree
ol the Molflicwer based on the concatenated alignment of deduced
amine acid sequences of 146 CDSs Bootstirap support vidues (based
on 100 replicates) are adeated near cach node tor neighbor joiming
with ITT distance, muximum parsimony, and TREE-PUZZLE maxi-
mum Dkelihood, respectively (the asterisk indivates an uncomfirmed
nodce}. The main taxonamic groups within Mofficutes arc shown on the
right. The Mollicutes phvioplasma (" Candiduius Phyloplasma asteris”
QY strain. APOB6628) (Phy) from the Acholeplasma-Anaeroplasma-
Phytoplasmu clade. Mesoplasma floman (NC_0006055) (Mfl) from the
Entomupdasmatales, ay well as Bacffuy subrdfy (NCUREI964Y |, Byu ) and
Neeptocaccis pvogenes (NCOIZTATY (Spy) were included as outgroups.
(T3 Phylogenetic tvee with branch lenuths proportional to diverzence
tinies based o oa 146-CDS daty set estinited with the r8s pragram,
(O Lincariacd tree Based on 205 TRNA sequences osiimales by NF
W Ramdata ~ D oparc T dshiney csbanaly ahie HIe Sadtstrop
replivates. Dinergence e were estialed waunmng o e erence
rote or 2 oper SEmikien et Dt aes boiern sanmiates weey
uie o the dillenent watibraton mcibioas The ahbre e o e
mycoplasme species are cxplamean i Lable ™ oat p

ble 4). These insertions-deletions result from vartations in the
number of tandem nucleotide repeats within cuding regions.
which is indicative of a molecular mechanism generating func-
tivnal and or anuigenic variznts. This vartation in surfave protemns
1 likelv to be w kev determinant of diflerent pathogenic propernes
of each M. hvoprnerwmeoniae stram.

Phylegenetic reconstructions. Phvlogenetic relationships
were estabhished an the basis of a maximum of 206 single-copy
('DSs {comprising  $6.000 ahgned deduced amino acid posi-
tions). The results of phylogenetic analyses based on individual
orthologous protewns were subsequently comparcd to the ML,
maximum parsimony, and distance topelogics based on the
concatenated amino acid sequence alignment of a single se-
quence unit. In contrast to the highly incongruent 1opologies
resuliing from separate analyses of individual orthologous
CDSs. the concatenated alignment generated a single. highly
supported trec (Fig. 2A). Phyvlogenies were also estimated with
nucteotide data using a wide variety of methods, based on
either gene content or pene order. Only the tree venerated
with the concatenated protemn sequence unit was presented, as
all methods gave essentially the same resalts. A tentative time
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|
FIG. 3 Smmlamty relanionships between 12 Molfwade penemes
C?nncctmg lines inside the circle denote BLAST matcke botweun
nddes, with eavh node representing a protein sequence € annected
nygdes are shown in green The volor of the connechine fine fndi ates
llq: degree of similarty between nodes as [ollows ted. s seore between
b and Lir yeltow, a score between (L8 and 0.9: hlue, 1 score hetween
U7 to 08, and light grav, o seorg of « (0.7 (PhyoGrapher <stmw. rey The
ofder of noedes, o protein sequences. in the wraph was artanged ae-
cgrding o the tepalogy (shown ouside the cirdle) grouping the 2
nillhcu(c schumes “Fhe abbreviations of the mveoplasmae specics wie
efplined i fihle 2, fouinote b Phy, Phvtoplasma,

fhme of genome avolubion was estimated (Fig. 2B and U).
ihdicatiog that the Vhoopdeeneradey and Entomaplusmosales
(r!dct'~ sphit mto three clades beaween pUo to 300 MYBP, whije
Hiost ot the specics diverzed some 40 to 360 MYBP. appiox
iLmzc!y at the time of the cmergence and diversificution of
Tirtmpum vy M pretinoniae and M ogenitaliom diverved muore
fecently, hetween 75 10 35 MYBP. wnd A Avoprcumminay
:tl:uz‘n-s Fand THS diverged abouat 2 MYBD.
HGY. We analvzed the possthility of HGT a0 view of s
utative role in determining the charactensies af prekarvone
L&nnme.\ (=11 und the uvunsler of genes related to pathogenesis
<11 A comparson of molticute genumes using both paramet-
_Lic and phylogenetic strategies showed that HGT was most
likely 10 have occurred between M. nnoviae and M. gallivepti-
bim (Fig. ). Fourtcen putarive transterred regions were wden-
itiﬁc(i {Table 5). the turgest comprising 5.9 kb and encompuss
ing not only hypothetical CDSs but alse CDSs coding tor un
ABC transporter, a signal peptidase 1, and a putative EF-G
‘elongation factor. This region was almust ideptical in both
eenvmes. indicating a recent transfer cvent. Additionally, an-
lother remon containing a relevant, pathogeman-retated CDS
(coding for a putative sinlidase) might also have begn horizon-
Vralty sransferred (Table 3). The presence of a putative sialidase
in bnth geannes 15 poteworthy, sinee this enzyme had been
Fidentified enly in Myveoplusma alligaroris elsewhere among the
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TABLE 5. Horizontaily transferred regions hetween M. synoviae and A, gallisepticiun

Species and RES"J? . Product
reghn Searl End Lenpth
M wvnovie |

| 11558 4708E 543 ABC trunsporter. signal peptidase 1 elongation fuctor EF-G
comsen wd hypothetieal praicins

2 80242 80647 Rs) Transpnsase

3 185374 186004 1620 Conserved wpotheveal protein

4 25238 2qu2e RINH) Putative sialidase. glycegaldehyde 3-phosphate dehsdrogenase

5 3N RERREY 57 Transposasc

t 320763 125527 4764 Censerved hypothcetical proteins

7 5331 534827 1516 Conserved hyvpothetical proteins {compositional bias)

8 535709 s37101 ! 1392 Conserved hypothetical proteins (compositional bias)

9 537179 537545 366 Conserved hvpothetical proteins (compositional bias)

10 546230 547733 1503 Conserved hypothetical proteins (compositional bias)

11 549723 554763 5S040 Conserved bypothetical proteins (compositional bias)

12 693030 UGy | 535 Conserved hvpathetical protein (transposase)}

13 U616 693386 1770 Conserved hypothetical prateing [transposase)

14 Hemagglutinin cluster (codon bias)’

| 13 "
Toal ZH3R 321
D gellsepnoan

| RREN U M8 sy ABC transposter. siginil pepticdase 1 elongation factor TG,
coenservad bypethictical protens

2 372501 373205 md Transposase

3 3TN EFARE 1ol Conserved hypothetical protein

1 771294 774061 3067 Putabive siahdase, gheeraldehyde 3-phosphate dehydrogenase

5 o144 HI682 533 Trunsposase

0 in5139 00905 470h Conserved hypotheticad proteins

7 969572 971087 1515 Conserved hypothetical proteins

8 951348 952740 1362 Conserved hypothetival proteins

Y 930904 951270 ab Conserved hyputhetical proteins

1 447932 949436 15114 Conserved hypathetical proteins

1 3495800 354930 04N Conserved hypothetical proteins

el JO80d3 399492 | 539 Conserved hypotheticad protein (lransposise)

13 401897 403633 1736 Conserved hypothetical protein ttransposase)

14 Three hemagglutinin {8

Totad 20384 (2.58)

“ Due 1o the Lurge extent of recombination in henwgglztinin clusters, a single region uf horizontal transfer could ool be idenliticd, Huwever. region 14 in this study
contains CDISs {isted in Table 1 at hipffwww.brgene nec.brfinalMShuble ! as cluster number 2.

* The genome percentage is shown in parentheses after the 1ntat length.
1

mycoplasmas {6}. Stulidase cleaves terminal sialitf acid residues
from sialoglycoconjugates. generating free sialic acid (a likely
nutrient). The M. ssnovige genome region (216417 (1 224069)
contains five CDSs encoding enzvmes invalved! in sialic acid
catabolism (sialic acid Ivase, N-acc.r_\-'lmammsr‘mide kinase.
AN-acetylmannosamine-6-phospharte epimerase. glucosamine-é-
phosphate isomerase, and N-acetylglucosaming-f-phosphate
deacetvlase). Some of these enzymes are found i selected
mycoplasmas (e.g.. M. fyopaermonive, M. mycoides, and A,
penerrans), but none of them contains the CDS claster found in
M. svnovige. This suggests that sialic acid could be a snbstrate
or M. svnoviae growth. o hvpothesis that can be addressed
experimentally.

Hemagglutinins play a fundamental rofe in the pathogenesis
of M. svnoviae and M. gellisepticumn, and their genés could have
been transferred berween these species (3, 40). However. the
organization of hemagglutinin genes differs shamply in AL, sv-
novige and M. gallisepticum, the former with a sirigle locus (1)
comprising 70 CDSs (see Fig. 1 in http:/Asww . brgene.Ince.br
finalMS/figl) and the latter containing 43 genes organized in

I

five loct (44). Whaole-genome ulignments of M, sunoviae and M.
gallisepticum allowed the identification of three M. gallisepii-
crieen hemagglutinin genes showing a strong siimilarity {o the M.
svaenge hemagglutinin CDS cluster. Using the Tribe-MCL
algorithm, based on simikarity data of the whole set of hemag-
glutinin CD8s ol M. gallisepricunt and M, svneniae, three hem-
agelutinin CDS groups could be identified (see Table | ar
httprfwww brgenc.dnce.brfinal MS tablel ). The first one con-
tained 41 M wynovtae CDSs, the second contained 35 M. gal-
lisepticum C8s.and the third contained 29 M. naovige CDSs
and the 3 M. gellivepticum highty homologous CDSs found in
whole-genome alignments. These results, and additions] phy-
logenetic and codon usage analyses, support the postulation of
a likely transfer event of hemagglutinin genes from A7, gafli-
septicrom 10 M. svnoviee.

Comparative genomics and evolutian. A deeper understand-
ing of the genemic diversity and evolution of Mveoplesmarales
is now possible by anaiyzing the available sequenced genomes
of species belonging to the Hominis clade (M. pudnronis. M.
hvepneumoniue, M. svnoviae, and M. mobile) and the Pneu-
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10-FormylTHF B FolD & 5, 10-Methylene THF

_ FthS GlyA
ThyX
FolA ThyA
‘
FolA

only present in Mpe and Uur preaent In all but Uur

FIG 4 Schemaie representation uf ¢ THE metabolism m mveo
plasmas. TolA, dimdrefolate reductase: Fo-D, methylenctetriovdro-
folute dehvdrogenase (NADP -y Finr, methiony-IRNA - formy ittina-
ter s FLRS, formate-cdibnd oro cte T, CrivA vhaiin v lrosvnetng -
ansterase, Thear thvmahane svnthose, Tha XL thapndv ate < oh o
the i

miniae clade (M. genitalivin, M. prewmomae. M. gallisepiicum,
Uaredhncnunn, and M. penerransy. Apparently, the evolulionary
reduction of mycoplasma genomes resalted in preservation of
a minimum set of essential metabolic capabilities, ratcher than
a minimum set of specific genes or pathways. The one-carbon
pooul tetrahydrofolate (C-THF) metabolism clearly illustrates
fhe alternalive retention of redundant metabolic parhways
(Fig. 3). The O',-THF rmetabolisni. conserved in bath Hominis
and Pneumaniae clades, results in formylation of the mcth-
onyl-tIRNA initator {Met-tRNAY), as well as de nova JTMP
synthesis, M. ivopricmoniae is the only exception. hecause it is
sppatently unable to formylate Met-tRNAI due to the absence
ot both methionvl-tRNA tormyltransterase (Fmt) and peptide
deformylase (Def).

M. vopaeumentae is also devold of enzvmes involved in the
Co-THE mcetabolism. except for glycine hydrocvmethylirans-
ferase (GIVA). Simee all myeuplasmas. escept M. Mopren-
mennde. possess  methylenctetrabydrotolate dehydrogenase
{(NADP - (FulD). the wetivities ol GlyA and formate-dily dro-
folate ligase (FthS) muy be considercd metaholically redun-
dant (Fig. 3. M. swaenvee, M. predmeons. M. prewonomuac, M.
vertiteeline, and M, allieepiicum have retsimed GIvA but losg
FthS, while the opposite has occurred 1n L. urcafvticaon, In
hoth cases. a minmum set of metabolic interconversions es-
sential tor Met-tRNAJ formylation cnd dTMP synihesis los
hcen conserved, although the pathway itselt has not. M pen
etrans. which has the lergest known myeoplasma genome. is the
only species that has retained o redundant C.~THF pathway,

Formylation of mitutor Met-tRNA provides selectivity for
the initiation factor 182 and aio blocks the binding of the
elongation factor EF-Tu w the injuator tRNA (39, 34y We
noticed the absence of Folld. Fmt. and Def in a recently se-
quenced plant-pathogenic phytopiasma (42}, As far as we
know, M. hvopnenmonias and Plhvwoplasme sp. are the first
naturally occurring eubacteria potentially unable to tormviate
methionyl-tRNA™. The physiological consequences, it any. to
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bactprial growth behavinr remain to be stedied. Interestingly,
disréeption of the fimt gene severely impatrs growth ot Escfe-
J'J'c'frf,u colf (231 This vould be refated to the higher hinding
affiary of 1F-2 10 MUGIRNAM than 1o MettRNAS" 124)
Ho:lu 1, freradeficient strain of Pocudarionas aereiiosd can
carry out fornlation-independent fnitiation of protem wnthe-
sis. ponceivishb becawse [F-2 fas o duel substride specitioiny
{::-‘\‘.,‘ =31

Clenome reduction resulted in a complex pattern of losses
and retentions in the purine and pyrimidine metabolic path-
wavk. Except for M, preteomomue and M. genitalivem. oo athen
pait’ of mycoplasma species shares an identcal set of pyrumi-
din¢ metabolism pathways. Uridine kinase was found to be
spetific for the Pneumoniae clade, while 5'-nucleotiduse is
restricted to the Hominis clade. The lack of both cozymes. as
previously reported for M. pentetrans (S, was also observed in

M. puoviae, Although UMP may be derived from vither uracil

e Jurbamoyt phosphate in M. pererrans (501 M, sonot e velies
c‘.\jmi\-clx vn uracil for UMP synthesis. The lack ot both
endvites abso implies that M, peretrany and M. suronee zannot
mefaboliz cvudime or undine, opiy thedr deox dur, ©oves
Th’]'mu‘l‘.lu'u sorthose (The A and dibvdrofolans rodaciaese
(FalA} w2 tunctionally coupled. smge ThvAcmediaten dv
noyr dFMP woathesis requires o continuous rediu ion ot dilin-
dr<¥hviutc veductase (o THF (93 Interestinglv, 0 novel class of
flaym-dependent thviidylase synthases {ThyX) that preserve
THFE in its reduced form s widely distributed i bactenal
gedomes (37). Mycoplasmas lacking Thea (A Ivopramonive,
U virealyricum, and M. nocoldes) might have an alternative
mdchanism [or de sove dTMP syathesis involving an unknown
T X uctivity: whernatively. the dTMP pool could be owlu-
sivily dependent an thynndylate Kinase, which s prosent i all
mycoplasmas sequenced so far,

})iﬂ'crcnl mechanisms of coll adhesion have evolad omong
njeoplasmas. Recent studies (249 34} have saowt thaet. it ong
brgnch of the Preumaonine clade (leading to M precsimesne M
gegiralivne M galliseprcan ). mechanisms prometing silack
mInt to host cetls are mediated by protems torming parl ot a
tig organclle The organization of operons envoding the major
cvfadhesing i these species (P1. MgPa, and GapA) and their
c_vladherence-rcl‘tted maolecules have been evolutionarily con-
sefved. This major adhesion mechanism is also conserved in M.
peretrans, despite the facts that it diverged [rom 3. prer-
mppriiae and M. genalunn some 200 MYBP and that it swaiched
frém a mammal host 10 a bird host. Conversely, in all genomes
of the moe distantly related M. ponerans-U. wredhiicam
biench of the Preumoniae ciade and in the Homins clade,
MgPa-hke protem CDSC were wentified. includime twa sn M
Iapacmuanee and four me Y s, However, CDS en
cumy most ot the other corponents of the tp ergancske wore
ndt found. These species also showed ather exc'ustve o1 par-
thilly shared cell adheston=related CDSs (Table 35, surgesting
that celi adhesion mechanisms have toltowed ditterent evalie-
lpaury pathways The diversaty of adhesion determinants is
mdicative of the phlesticity of these smaijl genomes (our data)
(48), occasionally shufed by HGT or intraspecitic recombina-
tinn. o generate smalier and adaptive arrangements to specitic
hbsts or microhabitats.

Conclusions, Comparative analvses of myvcoplasma genomes
allowed the identification ot adaptive mechanisms accounting

J,sen.q ZL0Z 'L 419q0yo0 uo jBiowse qlydny u.:m.pemumoq
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for perpetuation across a wide host range. Despite their small
genomes, myeoplasmas showed a heterogenebus gene compao-
sition, with several species-specific genes whose identification
and functional characteristics might be helpful for the preven.
tion and treatment of discases caused by thgse bacteria. Our
analyses confirmed the occurrence of high fates of genomic
rearrangements in mycoplasmas. which was demonstrated by
the presence of strain-specific regions in the three M. hvopren-
nuntiae strains: some of these regions were probahly involved
in rcarrangements or pathogenesis, Tn fact, a variety of CD&s
coding for putative, nuter membrane proteins. or adbesins.
were tound e contain maotifs of repetitive yequences which
might have a rofe in their binlngical function or in antigenic
variation. The presence of an ICEH clement restricted Lo
pathogenic strains suggests 1ty pussible roic m pathogenicity.
Far the first time, phyvlogencetic relationships of sl sequenced
mycoplasma genentes were established on the basis of o con-
catenated data set, which resulted in a single, highly supported
tree. These data were used for estimating a time frame of
genome evolution, which added new insights 1o the evolution
of the Mveoplusmarales-Entomoplasmatales graup. Qur studies
provide evidence pointing to HGT as the process that provided
M. synoviae and M. galliseptictim with the capacity of infecting
the same host.
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