
HAL Id: hal-00723451
https://hal.science/hal-00723451

Submitted on 10 Aug 2012

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Variation of vlhA gene in Mycoplasma synoviae clones
isolated from chickens

Brigita Slavec, Rebeka Lucijana Berčič, Ivanka Cizelj, Mojca Narat, Olga
Zorman-Rojs, Peter Dovè, Dušan Benčina

To cite this version:
Brigita Slavec, Rebeka Lucijana Berčič, Ivanka Cizelj, Mojca Narat, Olga Zorman-Rojs, et al.. Varia-
tion of vlhA gene in Mycoplasma synoviae clones isolated from chickens. Avian Pathology, 2011, pp.1.
�10.1080/03079457.2011.604840�. �hal-00723451�

https://hal.science/hal-00723451
https://hal.archives-ouvertes.fr


For Peer Review
 O

nly
 

 
 

 
 

 
 

Variation of vlhA gene in Mycoplasma synoviae clones 
isolated from chickens 

 
 

Journal: Avian Pathology 

Manuscript ID: CAVP-2010-0008.R5 

Manuscript Type: Original Research Paper 

Date Submitted by the 
Author: 

16-May-2011 

Complete List of Authors: Slavec, Brigita; University of Ljubljana, Veterinary faculty, Institute 
for health care of poultry 
Berčič, Rebeka; University of Ljubljana, Biotechnical faculty, Dept. 
of Animal Science 
Cizelj, Ivanka; University of Ljubljana, Biotechnical faculty, Dept. of 
Animal Science 
Narat, Mojca; University of Ljubljana, Biotechnical Faculty, Dept. of 
Animal Science 
Zorman-Rojs, Olga; University of Ljubljana, Veterinary faculty, 
Institute for health care of poultry 
Dovè, Peter; University of Ljubljana, Biotechnical Faculty, Dept. of 
Animal Science 
Benčina, Dušan; University of Ljubljana, Biotechnical Faculty, Dept. 
of Animal Science 

Keywords: M. synoviae, vlhA gene, sequence changes, haemagglutinin VlhA  

  
 
 

 

E-mail: cavanagh@metronet.co.uk  URL: http://mc.manuscriptcentral.com/cavp

Avian Pathology



For Peer Review
 O

nly

Cavp-2011-0008.R5 

 

 Variation of vlhA gene in Mycoplasma synoviae clones isolated from chickens 

 

Brigita Slavec
2
, Rebeka Lucijana Berčič

1
, Ivanka Cizelj

1
, Mojca Narat

1
, Olga Zorman-

Rojs
2
, Peter Dovč

1
, Dušan Benčina

1*
 

 

1 
Department of Animal Science, Biotechnical Faculty, University of Ljubljana, Groblje 3, 

1230 Domžale, Slovenia 
2
 Veterinary Faculty, University of Ljubljana, Gerbičeva 60, 1000 

Ljubljana, Slovenia 

 

Short Title: vlhA gene sequence changes in M. synoviae 

 

Corresponding author: 

Dušan Benčina* 

Tel: +38613203809 

Fax No.: +38617241005 

E-mail: dusan.bencina@bf.uni-lj.si 

 

 

Received: 16 May 2011 

Page 1 of 33

E-mail: cavanagh@metronet.co.uk  URL: http://mc.manuscriptcentral.com/cavp

Avian Pathology

mailto:dusan.bencina@bf.uni-lj.si


For Peer Review
 O

nly

Abstract  

 

Mycoplasma synoviae synthesizes haemagglutinin VlhA which cleaves into the 

N-terminal part, a lipoprotein MSPB, and a C-terminal part MSPA. Previous 

studies have shown that the 3’-end of the expressed vlhA gene can recombine 

with vlhA pseudogenes in a process called gene conversion, but there has been 

no data about diversification of the expressed vlhA gene in M. synoviae 

populations replicating in chickens. Following intratracheal inoculation with the 

M. synoviae strain ULB 02/T6, which showed only minor vlhA gene variation 

prior inoculation we investigated temporal changes in MSPB epitopes defined 

by monoclonal antibodies (mAbs) 3B4 and 50, as well as diversification of the 

vlhA gene sequence in M. synoviae populations recovered from chicken 

tracheas. In cultures isolated 8 and 18 days post inoculation (p.i.) most colonies 

showed variation of MSPB epitopes for mAbs 3B4 and 50. They also changed 

3’- end vlhA gene sequences. Further diversity of the vlhA gene occurred in 

cultures isolated 8 weeks and 5 months p.i. The vlhA gene sequences from 

isolated cultures shared only 65-80% sequence identity with vlhA gene of the 

inoculated ULB 02/T6 culture. Notably, in most of those cultures their vlhA 

gene sequences contained stop codons potentially causing premature 

terminations of translation. Interestingly, in one culture isolated 8 weeks p.i. 

(clone T6-8W/IT2A) its 3’- vlhA gene sequence was identical in the last 1140 

bases to that of the first vlhA pseudogene positioned most far (upstream) of the 
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expressed vlhA gene. This is the first demonstration of temporal diversity of the 

vlhA gene in M. synoviae populations isolated from chicken tracheas.  
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Introduction 

 

Mycoplasma synoviae is a major poultry pathogen causing respiratory disease 

and infectious synovitis (IS) in chickens and turkeys. M. synoviae infection most 

frequently occurs as a subclinical upper respiratory tract infection in which 

many birds are infected lifelong and remain carriers (Kleven & Ferguson-Noel, 

2008). However, some strains of M. synoviae can cause systemic disease, as 

well as IS. Recently, it has been demonstrated that M. synoviae invades non-

phagocytic chicken cells in vitro, suggesting its potential to reside inside host 

cells (Dušanić et al., 2009).  

The genome of M. synoviae 53 encodes about 700 proteins (Vasconcelos 

et al., 2005) but only the expression of about 20 major proteins with determined 

sequences has been documented, so far (Berčič et al., 2008a). Among them is 

the immunodominant lipoprotein VlhA encoded by the vlhA gene 

(Noormohammadi et al., 1998). In most M. synoviae strains VlhA is cleaved 

into the N- terminal lipoprotein MSPB and the C-terminal part MSPA, which is 

involved in binding to erythrocytes (Noormohammadi et al., 1997; Narat et al., 

1998; Benčina et al., 1999). However, like in other pathogenic avian 

Mycoplasma species, haemadsorption (HAD) and haemagglutination (HA) are 

variable properties also in M. synoviae strains (Benčina, 2002). Transitions from 

the HAD
+
 to HAD

-
 phenotype, as well as from the HA

+
 to HA

- 
phenotype were 

associated with changes in lengths and antigenic determinants of MSPB and 
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MSPA proteins (Noormohammadi et al., 1997; Narat et al., 1998; Benčina et al., 

1999). In M. synoviae cultures that lost capability to bind erythrocytes their 

MSPB recognized by specific antibodies, including monoclonal antibodies 

(mAbs) were shorter and were termed MSPC (Noormohammadi et al., 1997) or 

tpMSB1 (Benčina et al., 1999) and later, tMSPB (Benčina et al., 2001). 

Noormohammadi et al. (2000) have described mechanism for control of 

antigenic variation of the M. synoviae haemagglutinin VlhA. They have used its 

type strain WVU 1853 and found that the VlhA antigenic variation was achieved 

by the vlhA gene conversion in which a pseudogene sequence replaced 

previously expressed sequence in the vlhA gene. In the same investigation an 

organization and sequences of 8 vlhA pseudogenes were described 

(Noormohammadi et al., 2000). They all lacked sequences homologous to the 

promoter and 5’-region of the expressed vlhA gene. Of the six fully 

characterized repeats (pseudogenes) the two longest (ORF 3 and ORF 6) 

extended from amino acid 136 (111 in a mature VlhA) to the carboxyl-terminal 

of the vlhA1-encoded amino acid sequence, whereas others were shorter 

(Noormohammadi et al. 2000). After further studies it has been suggested that 

the vlhA locus in WVU 1853 encompasses from 75-160 kb and that the nearest 

vlhA pseudogenes are arranged as tandem repeats upstream of the expressed 

vlhA gene (Allen et al., 2005; Jeffery et al., 2006). In M. synoviae 53, the vlhA 

locus is flanked by two identical copies of the gapDH gene (MS_0200 and 

MS_0270) and 67 copies (relevant to vlhA) of genes (MS_0201- MS_0267) 

Page 5 of 33

E-mail: cavanagh@metronet.co.uk  URL: http://mc.manuscriptcentral.com/cavp

Avian Pathology



For Peer Review
 O

nly

arranged as tandem repeats on the complementary DNA strand upstream (922 

nt) of the coding sequence of the expressed vlhA gene (Vasconcelos et al., 

2005). Upstream of the first gapDH gene copy (MS_0200) is gene encoding 

sialidase (MS_0199). Thus, in the vlhA locus, the first vlhA pseudogene 

(MS_0201) is downstream of the first copy of gapDH (MS_0200) and is most 

remote from the expressed vlhA gene whereas the last pseudogene (MS_0267) 

is nearest to the expressed vlhA gene (MS_0268) (see Fig.1). 

In contrast to data documenting recombinations (conversions) of the vlhA 

gene in M. synoviae strains replicating in vitro (Noormohammadi et al., 2000; 

Benčina et al., 2001; Noormohammadi, 2007), there is no data about such events 

in M. synoviae replicating in its natural hosts. Such events are very likely, but 

only one previous study has reported events probably relevant to the vlhA 

recombinations in vivo. Eight days following intra air sac inoculation of poults 

with either HA
+
 or HA

-
 cultures of M. synoviae (Neb3S), most of isolates 

changed their HA phenotypes (Rhoades, 1985). 

The main aim of this study was to obtain information about an anticipated 

diversification of the vlhA gene in M. synoviae populations replicating in 

chicken tracheas after colonization, as well as in those that replicated in this 

organ weeks and months later. Following intranasal inoculation with a well 

characterized M. synoviae isolate ULB 02/T6 its populations replicating in 

tracheas (8 days to 5 months) were isolated, examined for MSPB epitopes and 

their vlhA gene sequences were determined. 
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Materials and methods 

 

M. synoviae isolates and their growth. ULB 02/T6 isolated from trachea of an 

adult broiler breeder hen (breed R) in 2002 in Slovenia (Berčič et al., 2008a,b; 

Dušanić et al., 2009). ULB 02/OV6 was recovered from the oviduct of the same 

hen (Berčič et al., 2008a). ULB 02/P4 (Berčič at al., 2008a) and ULB 02/T4 

were isolated from the choanal cleft and trachea of another hen and ULB 02/P5 

and ULB 02/T5 from the same sites of the third hen of the same flock. M. 

synoviae cultures were grown on modified Frey’s media (agar and broth) at 37-

38°C (Dušanić et al., 2009). 

 

Experimental infection of chickens with M. synoviae ULB 02/T6. Four 

approximately one-year old specific pathogen-free (SPF) hens were kept in 

cages in an isolation unit designed for experimental infections with poultry 

pathogens (Benčina et al., 2005). Two chickens were inoculated intranasally 

with approximately 10
8
 colony forming units (CFU) of ULB 02/T6 (broth 

culture, 5
th

 passage). The ULB 02/T6 culture was not filtered cloned prior to 

inoculation of chicken. Two chickens were inoculated with sterile Frey’s broth. 

They were kept in the same room but their cages were about 3 m from those in 

which infected birds were placed. 
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Examinations of the infected and control chickens (mycoplasma culture and 

serology) were performed before infection and at 8 and 18 days, 8 weeks, 5 and 

9 months post inoculation (p.i.). Tracheal swabs and, choanal cleft swabs were 

seeded onto Frey’s agar plates and into 1ml of broth. Colonies of M. synoviae 

were identified by the indirect immunoperoxidase assay (IIPA) or by 

immunofluorescence (Benčina and Bradbury, 1991; 1992). Cloned cultures were 

established by growing individual colonies in broth and vlhA sequences were 

reported for those that underwent only one or two in vitro passages. 

Experiments were carried out according to the ethical principles and in 

accordance with EU directive 86/609/ECC. 

 

Monoclonal antibodies to MSPB. Monoclonal antibodies (mAbs) 125 

recognizing MSPB, recombinant rMSPB, as well as a truncated MSPB (tMSPB) 

were used in IIPA and in immunoblots as described elsewhere (Benčina et al., 

1994; 1999; 2001). MAb 50 recognising a variably expressed epitope located 

between residues 177 and 212 of MSPB (Noormohammadi et al., 1999; 2000; 

Noormohammadi, personal communication) was provided by Dr. Ley, North 

Carolina University, NC, USA. In ULB 02/T6 this mAb recognized ~ 22-kDa 

tMSPB which had the N-terminal sequence (C)GDQTPAPEXT (see also Lavrič 

et al., 2007 and Berčič et al., 2008a). MAb 3B4 (IgM isotype) was produced in a 

previous study on MSPB length variation and reacted with a recombinant MSPB 

containing 190 amino acids of MSPB of M. synoviae ULB 925 (Benčina et al., 

Page 8 of 33

E-mail: cavanagh@metronet.co.uk  URL: http://mc.manuscriptcentral.com/cavp

Avian Pathology



For Peer Review
 O

nly

2001; 2005). It recognizes a MSPB epitope(s) undergoing variable expression, 

which is distinct from that recognized by mAb 50. These mAbs were used in 

IIPA and immunoblotting for the characterization of MSPB forms produced by 

ULB 02/T6 and its (re)isolates. 

 

Examination for antibodies to M. synoviae. Sera were examined for specific 

antibodies by the serum plate agglutination (SPA), haemagglutination-inhibition 

(HI), IIPA and immunoblotting as described elsewhere (Benčina and Bradbury, 

1991; Benčina et al., 2005). Except in SPA, in all tests ULB 02/T6 colonies or 

its antigens (harvested whole cells) were used. In immunoblot analyses also 

isolates obtained from infected chickens were used (see Table 1). Since culture 

of ULB 02/T6 used for the infection had a low HA titre, its HA-positive clone 

(designated KLA1, HA titre ~ 2 x 10
4
) was used (4 HA units) as an HA antigen 

in the HI test (Benčina et al., 1991). 

At the end of the experiment (9 months p.i.) chickens were euthanized and 

their respiratory samples (tracheal washings) and sera examined for antibodies 

to M. synoviae by IIPA and immunoblots (Benčina et al., 1991; Benčina et al., 

2005). 

 

Polymerase chain reaction (PCR) and sequencing. Purified DNA of M. 

synoviae strains was obtained by RTP Spin Bacteria DNA Mini Kit according to 

the manufacturers’ instruction (Invitek). The oligonucleotide primers used for 
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PCR and sequencing are presented in Table 2. The entire expressed vlhA gene, 

downstream intergenic region and the 5`-end of the gapDH gene were amplified 

by primers vlhAF and GAPR1. This PCR product was used as a template in 

nested or seminested PCR with appropriate primers (Fig.1., Table 2) to 

determine corresponding sequences. The sequence of the vlhA gene of M. 

synoviae type strain WVU 1853 (GenBank accession number AF035624) and 

the published genome of the Mycoplasma synoviae strain 53 (GenBank 

accession number AE017245) were used to design primers enabling 

amplification and sequencing of the following two regions. The first region 

included the 5’- end of nanH gene (MS_0199 in the genome of M. synoviae 53) 

to the 5’- end of the first vlhA pseudogene in the vlhA locus; the second region 

included 5’- end of the last vlhA pseudogene (MS_0267) to the 3’- end of the 

second copy of the gapDH2 gene (MS_270) (see Fig. 1).  

The 30-µl PCR mixture contained 3 µl of 10 × PCR buffer (MBI 

Fermentas, Lithuania), 0.5 U of Taq DNA polymerase (MBI Fermentas), 0.5 µM 

of each primer, 0.1 mM mixture of all four deoxynucleoside triphosphates and 2 

mM MgCl2. The program consisted of initial denaturation at 95°C for 5 min, 

followed by 35 cycles of denaturation for 1 min at 95°C, annealing for 30 s (for 

each specific set of primers the annealing temperature is described in the Table 

2), extension for 2 min 30 s at 72°C, and final extension for 10 min at 72°C. The 

PCR products were sent for sequencing to Macrogen DNA Sequencing Service 

(Korea). Sequencing was always preformed in both directions. Sequence 
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analyses were performed by EMBL-EBI Tool ClustalW2 (Thompson et al., 

1994), BCM Search Louncher (Smith et al., 1996) and NCBI BLAST Tools 

(Zhang et al., 1997). The sequences determined in this study were deposited in 

GenBank (see Table 1 for sequence GenBank accession numbers). 

 

 

Results 

 

Diverse vlhA sequences in M. synoviae isolates from field chickens of the 

same flock. Besides ULB02/T6 used for experimental infection of SPF chickens 

later, five additional M. synoviae isolates including ULB 02/OV6 isolated from 

the oviduct of the same chicken were examined. Isolates ULB 02/T4 (from 

trachea), ULB 02/P4 (choanal cleft), ULB 02/T5 (trachea) and ULB 02/P5 

(choanal cleft) were isolated from two other chickens of the same flock.  

The isolates had identical 5’- vlhA sequence up to nucleotide (nt) 363 (see Fig. 

1). 

Comparisons of the 5’- vlhA sequences of the six M. synoviae isolates 

showed six types of the vlhA gene sequence. Five of them were diverse 

downstream of nt 363. However, isolates ULB 02/T6 and ULB 02/OV6K1 had 

an identical vlhA sequence up to nt 725 (their GenBank accession numbers are 

in Table 1). Downstream of nt 725 vlhA sequences of ULB 02/T6 and ULB 

02/OV6K1 differed, and in the latter there was a stop codon UAA (TAA) in the 
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codon for amino acid residue 633. In contrast to different vlhA gene sequences, 

ULB 02/T6 and related isolates had identical sequences to the last pseudogene 

(556 nt) and to the intergenic region (885 nt) separating this pseudogene and 

expressed vlhA gene (GenBank acc. no. GU084388). Moreover, they had 

identical sequences of the first pseudogene in the vlhA locus (GenBank acc. no. 

GU451302).  

 

Variation of vlhA of ULB 02/T6 culture prior to inoculation of chickens  

M. synoviae ULB 02/T6 was inoculated intranasally (~ 10
8
 CFU) in order to 

study changes of the vlhA gene sequence in its populations following replication 

in chicken tracheas. The inoculated ULB02/T6 had a vlhA gene containing 2259 

bases. Identical vlhA sequence was found in its subcultures A, B and C derived 

from individual colonies from the agar plate on which the number of CFU was 

determined. The predicted VlhA protein of ULB 02/T6 would have 743 amino 

acids (Table 1) because the coding vlhA sequence had a premature stop codon 

2230-UAA (TAA).  

The majority (> 90%) of ULB 02/T6 colonies synthesized MSPB 

recognised by mAb 3B4, as well as by mAb 50 which recognised a tMSPB of ~ 

22kDa (Table 1). 

 

Diversification of the vlhA gene 8 and 18 days p.i. In contrast to the inoculated 

ULB 02/T6, a majority of M. synoviae colonies isolated from the trachea 8 days 
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p.i. did not react with mAb 50 and 3B4. The same was observed in two M. 

synoviae isolates recovered from tracheas 18 days p.i. (Table 1). 

The M. synoviae population recovered 8 days p.i. from the first chicken 

(designated isolate T1/8D) had a vlhA sequence which differed from that of the 

inoculated ULB 02/T6 downstream of nt 363 and upstream of nt 2310. The M. 

synoviae isolate obtained from the second inoculated chicken was not examined 

for the vlhA gene sequence because its culture was contaminated by bacteria. 

Isolates obtained from two chickens 18 days p.i. had vlhA sequences 

which differed downstream of nt 377 from each other, from that of the 

inoculated ULB 02/T6 culture, as well as from that of T1/8D isolated 8 days p.i. 

In addition, there was also diversification of their vlhA gene sequence upstream 

of nt 2310.  

Sequences of the vlhA gene of isolates recovered from chickens 8 and 18 

days p.i. differed from those of other isolates examined in this study (Slavec et 

al., unpublished data).  

 

Diversification of the vlhA gene 8 weeks p.i. Eight weeks p.i. M. synoviae 

isolates were obtained from choanal clefts and upper tracheas of both chickens 

inoculated with ULB 02/T6. Only rare colonies of these four isolates reacted 

with mAbs 3B4 and 50 (Table 1). With an exception of the culture IP2K (see 

below) which synthesized ~ 40 kDa MSPB, in other isolates predominant MSPB 
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forms had ~ 22 kDa. The vlhA sequences differed from each other downstream 

of nt 363 and upstream of nt 2310.  

Individual colonies were grown in broth and the entire vlhA sequences of 

cloned populations were determined. Clone IP2K, from a choanal cleft of the 

first chicken revealed vlhA sequence change immediately after nt 363 (change 

364-GCT→AAA). In comparison to ULB 02/T6, its entire vlhA sequence 

downstream of nt363 was different (see Table 1). 

From the culture obtained from the trachea of the first chicken, two clones 

IT2A and IT2B were analysed. IT2A had downstream of nt 363 an ORF-3 like 

sequence (Noormohammadi et al., 2000) similar to that of the vlhA gene of the 

type strain WVU 1853 (Jeffery et al., 2006 and GenBank acc. no. AY 639900). 

Interestingly, downstream of nt 1146 the vlhA gene sequence of IT2A was 

identical to that of the ULB 02/T6 first pseudogene, (identity in 1140 nt). 

Moreover, its 3’-vlhA sequence is identical (last 272 nt) to that of the M. 

synoviae strain’s 53 first pseudogene (MS_0201) in the vlhA locus. The second 

clone, IT2B had a unique vlhA sequence and a stop codon UAG (TAG) in the 

codon for amino acid 439 (nt 1315-1317). Its predicted VlhA polypeptide would 

thus have only 438 amino acids. 

In isolates recovered from a choanal cleft and trachea of the second 

chicken vlhA sequences differed, but downstream of nt 363, both contained an 

ORF-3 like sequences. Although they differed upstream of nt 2310 from IT2A, 

their sequences also contained a polyG motif with six guanines. Moreover, 27 
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bases downstream of this motif their sequences contained stop codon UAA 

(TAA). So, the predicted VlhA protein of IT2A would have only 624 residues, 

whereas that of an isolate from trachea of another chicken (T6-8W/IT1A) would 

have only 638 amino acids (Table 1). The T6-8W/IT1A culture revealed the 

most divergent vlhA gene which shared less than 65% sequence identity with the 

vlhA sequence of ULB 02/T6 (Table 1). 

Thus, these data demonstrated that changes in the vlhA gene sequence, can 

introduce into the expressed vlhA gene stop codons and premature termination 

of translation. 

 

Diversification of the vlhA gene five months p.i. M. synoviae cultures were 

obtained from tracheas of inoculated chickens also 5 months p.i. Agar plates 

contained approximately one thousand M. synoviae colonies, indicating an 

efficient colonization long after initial infection. In addition, there was a higher 

percentage of colonies that contained MSPB forms recognised by mAbs 3B4 

and 50, in comparison with isolates obtained 8 weeks p.i. or earlier (Table 1). 

In both isolates it was evident that their vlhA sequences differed at 5’- and 3’- 

end from that of ULB 02/T6. However, cloning was necessary to obtain 

individual vlhA gene sequences from cultures containing M. synoviae 

populations with heterogenous vlhA sequences. Three cloned cultures derived 

from the first tracheal culture were examined and each of them revealed a 

distinct vlhA sequence. The first sequence showed immediately downstream of 
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nt 363 an unique ORF3-like sequence which differed from all other vlhA 

sequences also upstream of nt 2310. The other two, designated T6-5M/T3-K1 

and T6-5M/T3-K2, had identical 5’- end sequences up to the codon for amino 

acid 271. Although they differed considerably in the second part of the vlhA 

sequence, both sequences contained a motif with six guanines. Moreover, like in 

some populations isolated 8 weeks p.i., the sequence of both clones contained 

downstream of a polyG motif stop codon UAA (TAA). In T6-5M/T3K1, the 

predicted VlhA polypeptide would have 642 amino acids, whereas in T6-

5M/T3K2 it would have only 631 residues (see Table 1). 

 

Antibody response of chickens infected with ULB 02/T6. In chickens 

(control) kept together with those inoculated with ULB 02/T6 there were neither 

antibodies to M. synoviae nor its positive culture during the entire study. 

In chickens inoculated with ULB 02/T6 a weak reaction of serum (diluted 1:50) 

with MSPB in immunoblots was observed 8 days p.i. Within the next 10 days 

their sera (diluted 1:100) gave relatively strong reaction with MSPB and tMSPB 

(~ 22 kDa) of ULB 02/T6, as well as with rMSPB.  

Strong serum reactions with MSPB and tMSPB also were seen at 8 weeks, 

5 months and 9 months p.i. At 9 months p.i. chickens were examined by culture 

and serology. Rare M. synoviae colonies grew on agar plate seeded by the 

tracheal of one chicken, whereas the culture from another chicken was 

overgrown by bacteria. Examinations of tracheal washings collected 9 months 
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p.i. by immunoblotting and IIPA indicated relatively high titres of specific IgG 

antibodies. In the IIPA strong staining of M. synoviae (ULB 02/T6) colonies was 

observed also at dilutions of 1:64. For comparison, relevant sera gave such 

reactions at a dilution of 1:640. These sera contained antibodies that inhibited 

haemagglutination of M. synoviae (ULB 02/T6, HA
+
 clone A1) at a dilution of 

1:320. There were no such HI antibodies in sera taken at 8 or 18 days p.i. but 

they appeared in sera 8 weeks p.i. In immunoblots IgG of tracheal washings 

samples obtained 9 months p.i. strongly reacted with MSPB and tMSPB also at 

a dilution of 1:100. In all, it was clear that relatively high titres of specific 

antibodies were present in tracheas.  

 

 

Discussion 

 

Among the Mycoplasma species whose genomes have been sequenced the vlhA 

gene families of M. synoviae and M. gallisepticum are the largest families of 

genes. In M. synoviae 53 the vlhA locus (~ 69 kbp) represents almost 9% of its 

genome (Vasconcelos et al., 2005). In other M. synoviae strains, the vlhA locus 

may be even larger, i.e. between 75 and 160 kbp in WVU 1853 (Allen et al., 

2005; Jeffery et al., 2006). Considering the fact that very reduced genome, only 

800-900 kbp (Vasconcelos et al., 2005; Allen et al., 2005) includes so large 
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family of related genes (mainly pseudogenes), it is clear that the capability to 

produce VlhA antigenic variants must be crucial for the survival of M. synoviae.  

It is well established that VlhA (particularly MSPB) induces in chickens an early 

and strong local and systemic antibody response (Narat et al., 1998; 

Noormohammadi et al., 1999). Despite this, M. synoviae is not eliminated, 

perhaps, because it changes epitopes of the VlhA protein as shown in this study. 

It is very interesting that both, M. synoviae and chickens utilize gene conversion 

to change sequences of proteins which interact with each other. Indeed, M. 

synoviae uses vlhA gene conversion to generate VlhA variants that change 

antigenic determinants, as well as capability to adhere to host cells. On the other 

hand, in chicken B-lymphocytes somatic gene conversion generates the diversity 

(specificity) of antibodies and the capacity of this process to produce antibodies 

with large spectrum of specificity is similar to mammals (Ratcliffe, 2008). So, 

M. synoviae and the host use similar mechanism in interaction, although the first 

for the escape and the host to recognize, catch and eliminate the intruder. In all, 

M. synoviae is more successful because it survives in the respiratory tract for 

months (Noormohammadi, 2007). This also was found in this study although 

chickens had high titres of antibodies to M. synoviae in tracheas at the end of the 

study. 

To our knowledge, this is the first study demonstrating temporal 

diversification of the vlhA sequence in M. synoviae isolates previously 

replicating in chickens. The vlhA gene sequence of the inoculated ULB 01/T6 
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culture was used as the reference sequence which was compared to vlhA 

sequences determined for the M. synoviae isolates recovered from chickens 

within five months p.i. Initial culture of ULB 02/T6 was not filtered cloned and 

it is probable that the inoculated M.synoviae population contained a minor 

subpopulation with another, but unknown, vlhA sequence. Generally, even in 

cloned M. synoviae cultures a minor part of their populations tend to change 

VlhA epitopes and HA-phenotype but this can not be prevented 

(Noormohammadi et al. 1997, Narat et al. 1998; Benčina et al. 1999; 2001). 

Nevertheless, we think that an eventual presence of a minor subpopulation VlhA 

phenotype and genotype being different from those we report for the inoculated 

ULB 02/T6 culture does not change the fact that M. synoviae populations 

generate VlhA variants “in vivo”. 

A part of “in vivo” M. synoviae population perhaps changed its vlhA 

sequence during adaption to “in vitro” growth conditions. More direct approach 

to determine sequences of the vlhA gene expressed “in vivo” would be the 

isolation of DNA (and/ or RNA) from examined tissues and then amplification 

and sequencing. However, in such a case laborious and extensive cloning would 

be necessary to obtain individual vlhA gene sequences from M. synoviae 

populations colonizing chicken tissues. Similar to the change in the 

haemagglutinin gene expression (termed pMGA) of M. gallisepticum in chicken 

tracheas (Glew et al., 2000), changes of M. synoviae vlhA sequence were 

observed already 8 days p.i. (Table 1). Notably, Rhoades (1985) has reported 
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considerable changes in M. synoviae HA phenotypes already 8 days after 

inoculation into air sacs of poults, what also suggests vlhA sequence 

diversifications. In this study, majority of M. synoviae colonies isolated 8 days 

p.i. lost MSPB epitopes for mAbs 3B4 and 50. Comparisons of MSPB 

sequences, including those of two recombinant MSPB proteins 

(Noormohammadi et al., 1999; 2000; Benčina et al., 2001), that bound mAb 50 

or did not react, suggest that a partial MSPB sequence 183-

DASSNLDTTKATLE might constitute a part of its epitope.  

Further vlhA sequence diversification was apparent 18 days and 8 weeks 

p.i. (Table 1). As could be expected, heterogenous populations, with respect to 

the vlhA sequence, were present in isolates obtained from the same site. For 

instance clones IT2A and IT2B of the tracheal culture isolated 8 weeks p.i. 

shared less than 70% vlhA sequence identity. With reference to ULB 02/T6, 

IT2A had more divergent vlhA sequence, whereas IT2B had the most diversified 

VlhA protein sequence (less than 49% amino acid identity with ULB 02/T6).  

In all, twelve isolates or their clones shown in Table 1, showed 12 distinct types 

of the vlhA gene. It is clear that they represent only a very small portion of 

possible recombinant vlhA variants. Using a model proposed for WVU 1853 

(Citti et al., 2005), the genome of strain 53 (Vasconcelos et al., 2005) has a 

potential repertoire of 665.000 vlhA gene variants. Curiously, we could not find 

in the vlhA locus of this strain pseudogenes that would align completely to the 

sequence of four separate regions of its expressed vlhA gene, whereas for other 
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regions there are corresponding pseudogenes. However, this does not negate 

gene conversion as the mechanism generating diversity of the vlhA gene 

sequence (Noormohammadi et al., 2000). In contrast, the complete sequence 

identity of the second part of the expressed vlhA gene of T6-8W/IT2A with the 

corresponding sequence of the first pseudogene (1140 nt) suggest the vlhA gene 

conversion event. Notably, in all cultures in which the vlhA diversification 

occurred (Table 1) the position and sequences of the first and last pseudogenes 

remained identical to those of ULB 02/T6.  

A potential repertoire of ULB 02/T6 pseudogenes is not known. However, 

comparisons of the vlhA gene sequences found in cultures of this isolate and of 

other closely related isolates, derived most probably from the same ancestor, 

indicate that their vlhA locus contains at least 20 pseudogenes that differ in the 

sequence downstream of nt 363. It is notable that greatest capacity for VlhA 

variation is encoded by the second part of the vlhA gene which encodes region 

responsible for haemagglutination and hence, adhesion to host cells 

(Noormohammadi et al., 2000; Benčina et al., 1999; Citti et al., 2005). It is 

likely that this region is important for generation of M. synoviae populations that 

can escape elimination by host immune response. This study provides an 

important novel finding relevant to this issue. Most isolates obtained 8 weeks 

and 5 months p.i. revealed stop codons in the vlhA gene sequence (Table 1). 

Thus, their potential VlhA polypeptide (actually MSPA) would be truncated. 

Such VlhA forms may be selected for, possibly due to antibody pressure, in 
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order to escape from the elimination. Despite the HA-negative phenotype, those 

M. synoviae populations efficiently colonized tracheas, even 5 months p.i.   

Very recently, it has been reported that in WVU 1853 vlhA recombination 

with distinct pseudogene generated a highly diversified truncated VlhA (604 

residues) that was still capable of binding chicken erythrocytes (Khiari et al., 

2010). In a recent field isolate of M. synoviae (ULB 07/P5) obtained from a 

choanal cleft of a chicken, we also found stop codon TAG in the expressed vlhA 

gene (codon for residue 550). Together with data presented above, this suggests 

that truncations of the VlhA haemagglutinin (due to stop codons in the vlhA 

coding sequence) are relatively frequent events in M. synoviae populations.  

In conclusions, the data of this study provide novel information about vlhA 

diversification in M. synoviae replicating in chicken tracheas. In several isolates 

vlhA gene sequence changes introduced stop codons causing shorter forms of the 

VlhA haemagglutinin. It also was demonstrated that sequence identical to that of 

3`-end of the first pseudogene sequence was present in the expressed vlhA gene 

of a clone isolated 8 weeks after inoculation.  
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Genome Research, 7, 649-656. 

 

Figure Legends 

 

Fig. 1. Schematic representation of the M. synoviae vlhA locus and genes 

adjacent to this locus  

The vlhA locus is flanked with two copies of the gapDH gene with identical 

sequences. Upstream of the first copy of the gapDH gene is the nanH gene for 

sialidase (neuraminidase) (see also Vasconcelos et al., 2005; Jeffery et al., 

2006). Black box S1 on the expressed vlhA gene indicates position of sequence 

downstream of which vlhA variations were observed. The second black box (S2) 

indicates position upstream of which vlhA gene variations were observed. Of 

the vlhA pseudogenes which are all upstream of the expressed vlhA gene, only 

the first and last pseudogenes are presented. The last pseudogene is adjacent to 

the expressed vlhA gene but, is like all vlhA pseudogenes, oriented opposite to 

the vlhA gene. Intergenic region between the last pseudogene and vlhA gene 

includes 885 nt. (in ULB 02/T6). The first vlhA pseudogene is adjacent to the 

first copy of the gapDH gene. Positions of nucleotide primers used for PCR and 

sequencing are shown above or below appropriate genes. Sequences of those 
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primers, as well as their use in PCR and for sequencing are presented in Table 

2. 
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 Table1. M. synoviae isolates, their reactions with mAbs to MSPB and characteristics of VlhA and vlhA gene. 

a 
Isolates recovered 8D, 8 days;  18D, 18 days; 8W, 8 weeks; 5M, 5 months, post infection.                                                                                                                                                                                                         

b
 Reactions (% of positive colonies) with two mAbs recognizing variably expressed MSPB epitopes by the indirect immunoperoxidase assay (Benčina et al., 

1994). 

c
 Variation of the vlhA gene sequence in comparison to that of ULB 02/T6After nt 363, downstream of nt 363; 3`- end, upstream of nt 2310; NA, not 

applicable; ND, not determined.                                                

d
 Length, the number of amino acids of the predicted VlhA polypeptide (including 25 amino acids of the signal peptide); % ID, percentage of sequence 

identity in comparison with the VlhA sequence of ULB 02/T6.                                                                                                                                                

e  
% ID, percentage of the vlhA gene sequence identity in comparison with the vlhA gene of ULB 02/T6, GenBank acc. no. are shown; NDP, not deposited.                                                                                                                                                                                                                    

f
 Protein profiles of T6-8W/IP2K and T6-8W/IT2A are shown in supplem. Fig S2 in Berčič et al. 2008b. 

 IIPA-mAbs
b
 vlhA variation

c
      VlhA sequence

d
                     vlhA gene

e
                            

Isolate-clone 
a 

3B4 50 after nt 363 3`-end Length % ID % ID GenBank acc.no. Reference
f
 

ULB 02/OV6K1 > 80 > 70 yes yes 632 67.6 85.0   GU084386 Berčič et al.,2008a 

ULB 02/T6 > 90 > 80 NA NA 743 100 100   GU084388 Berčič et al.,2008a,b 

T6-8D/T1 < 10 < 10 yes yes ND ND ND   NDP This study 

T6-18D/T1 < 10 < 10 yes yes ND ND ND   NDP This study 

T6-18D/T2 < 10 < 10 yes ND ND ND ND   NDP This study 

T6-8W/IP2K < 5 < 5 yes yes 755 72.5 80.0   GU084384 Berčič et al.,2008a 

T6-8W/IT2A < 5 < 5 yes yes 624 56.1 72.9   GU084382 Berčič et al.,2008a 

T6-8W/IT2B < 10 < 10 yes yes 463 48.8 76.1   GU084383 This study 

T6-8W/IP1 < 20 < 10 yes yes ND ND ND   NDP This study 

T6-8W/IT1A < 20 < 10 yes yes 638 56.1 64.9   GU451303 This study 

T6-5M/T1 > 50 > 90 yes yes ND ND ND   NDP This study 

T6-5M/T3K1 > 80 > 70 yes yes 642 61.8 76.8   GU084385 This study 

T6-5M/T3K2 > 50 > 70 yes yes 631 60.3 76.2   GU084387 This study 

T6-5M/T3K3 > 50 > 50 yes yes ND ND ND   NDP This study 
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Table 2. Oligonucleotide primer pairs and their annealing temperatures used in polymerase chain reaction (PCR) 

Primer pairs Forward (F)/sequence 5’- 3’ Reverse (R)/sequence 5’- 3’ Annealing T(°C) 

First pseudogene VlhA
1
    

 

NEUF-HCS3F 

 

CTGAAGCTTGAACATAAACTCA 

 

TATACTGAGACGGGTTTATGCCTA 

 

51 

 

GAPR1-HCS3F (SEMINESTED) 

 

AGCTGTATCGTATTTTAGCAGGTGAG 

 

TATACTGAGACGGGTTTATGCCTA 

 

51 

 

NEUF-ORF3F 

 

CTGAAGCTTGAACATAAACTCA 

 

ACACTTCAAKCTGAAGAACAA 

 

53 

 

GAPR1-ORF3F (SEMINESTED) 

 

AGCTGTATCGTATTTTAGCAGGTGAG 

 

ACACTTCAAKCTGAAGAACAA 

 

53 

 

HCS4R-ORF3F (SEMINESTED) 

 

GGTGTAGTTTAAGTAAACATTAAC ACACTTCAAKCTGAAGAACAA 52 

Last pseudogene VlhA
2
    

 

INTEF-INTER 

 

GAAGATTCAGCGTGACCCCCC 

 

CCAAGCTTGAGTTTCATGACT 

 

58 

INTEF3-R1B 

 

TGTTACTAGCAAAGCTTTCTA 

 

GCGGTTTTAGCTTCTGTTTT 50 

Expressed vlhA
3
 gene    

 

INTEF3-R1B 

 

TGTTACTAGCAAAGCTTTCTA 

 

GCGGTTTTAGCTTCTGTTTT 

 

50 

 

vlhaF- gapR1 

 

GATGCGTAAAATAAAAGGAT 

 

AGCTGTATCGTATTTTAGCAGGTGAG 

 

50 

 

vlhaF- R1B (SEMINESTED) 

 

GATGCGTAAAATAAAAGGAT 

 

GCGGTTTTAGCTTCTGTTTT 

 

51 

 

vlhaF - HCS4R (SEMINESTED) 

 

GATGCGTAAAATAAAAGGAT  

 

GGTGTAGTTTAAGTAAACATTAAC 

 

51 

 

HCS4R-MSPBF3 (NESTED) 

 

GGTGTAGTTTAAGTAAACATTAAC 

 

TTGACCCTGTAGAGGCTGCT 

 

52 

 

HCS3F-gapR1 (SEMINESTED) 

 

TATACTGAGACGGGTTTATGCCTA 

 

AGCTGTATCGTATTTTAGCAGGTGAG 

 

51 

    
1 The 5’- end of the nanH (neuraminidase) gene, intergenic region before and after the first copy of the gapDH gene and 3’- end of the first vlhA pseudogene most remote  according to expressed 

vlhA gene were sequenced with primers NEUF-HCS3F (then seminested with GAPR1-HCS3F) and NEUF-ORF3F (then seminested with GAPR1-ORF3F or HCS4R-ORF3F). 

2 The last vlhA pseudogene adjacent to the expressed vlhA gene, an intergenic region before vlhA gene and the first part of vlhA gene were sequenced with primer pairs INTEF-INTER and 

INTEF3-R1B. 

3 The vlhA gene sequence (except 5’- end of  vlhA gene), and intergenic region between expressed vlhA gene and second gapDH gene and 3’- end of the second copy of the gapDH gene were 

sequenced with primer pairs vlhaF-gapR1; then seminested with primer pairs vlhaF-R1B, vlhaF-HCS4R, HCS3F-gapR1 and nested with HCS4R-MSPBF3. 
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