
Complete Genome Sequence of the Bovine Mastitis Pathogen
Mycoplasma californicum Strain ST-6T (ATCC 33461T)

Michael J. Calcutt,a Mark F. Foecking,a Lawrence K. Foxb

Department of Veterinary Pathobiology, University of Missouri, Columbia, Missouri, USAa; Department of Veterinary Clinical Sciences, Washington State University,
Pullman, Washington, USAb

Mycoplasma californicum is one of several mycoplasmal species associated with bovine mastitis. The complete genome sequence
of 793,841 bp has been determined and annotated for the M. californicum ST-6 type strain, providing a resource for the identifi-
cation of surface antigens and putative pathoadaptive features.
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Mycoplasma mastitis is an increasing problem for the U.S.
dairy industry (1). Mycoplasma bovis is the most commonly

isolated species from the group of wall-less pathogens associated
with mastitis, with Mycoplasma californicum being the second
most prevalent in some studies (2, 3). In contrast to M. bovis,
almost nothing is known about the gene portfolio and virulence
factors of M. californicum. To address these knowledge gaps, the
genome sequence of the type strain, first isolated from a mastitis
outbreak in California in 1972 (4), was determined and annotated.

Genomic DNA was prepared from M. californicum ST-6T (ob-
tained from the International Organization for Mycoplasmology
[IOM] culture collection, Purdue, IN) and sequenced using the
Pacific Biosciences platform at the National Center for Genome
Resources (NCGR), Santa Fe, NM. A single SMRT cell was used to
generate 181,998 reads that were assembled using HGAP version 2
(5). As a result, 1 large (~790 kb) and two small (~3.8 kb) contigs
emerged, with 230� coverage, which were readily closed by PCR
and Sanger sequencing. The 793,841-bp genome sequence was
automatically annotated using the PGAP pipeline at NCBI, fol-
lowing which the resulting open reading frames (ORFs) were
manually curated. The genome comprises 669 genes with 611
ORFs, 21 independently verified pseudogenes, 31 tRNAs, and two
copies of each rRNA (with 5S rRNA genes separated from the two
16S-23S rRNA operons). The G�C content is 30.84%.

A motif query for surface lipoproteins disclosed 52 putative
lipoprotein-encoding genes, including genes for two tandem
paralogs of P30 (an immunodominant antigen of Mycoplasma
agalactiae [6]) and two paralogs of MALP-404 (7). The presence of
lipoprotein genes encoding nucleases (three predicted), acid
phosphatase, and 5=-nucleotidase, together with a homolog of the
polynucleotide binding lipoprotein (8), highlights the critical im-
portance of nucleotide acquisition in the absence of complete nu-
cleotide biosynthesis pathways.

The ability of mycoplasmas to undergo high-frequency switch-
ing of surface antigens has long been recognized (9) and is pre-
dicted to reflect successful adaptation to the host (10). Interroga-
tion of the genome for distinctive hypermutable motifs revealed

that the ORFs for 7 surface lipoproteins were preceded by perfect
(6 instances) or near-perfect homopolymeric tracts that poten-
tially orchestrate phase-variable expression resulting in combina-
torial surface protein arrays (11).

Mycoplasmas are amino acid auxotrophs, necessitating the ac-
quisition of such precursors by proteolysis and transport (12).
M. californicum and the most closely related organism Myco-
plasma bovigenitalium (13) are unusual among Mycoplasma spe-
cies in that both possess a gene encoding the tryptophan synthase
beta-subunit (TrpB). In most organisms that contain TrpB, this
protein functions as an �2�2 tetramer with TrpA (14). This mul-
timer is the best studied example of substrate channeling (15);
TrpA cleaves indole glycerol 3-phosphate to glyceraldehyde
3-phosphate and indole, with indole passing directly through an
interconnecting tunnel for tryptophan synthesis by TrpB. An or-
phan trpB gene is unusual in prokaryotes and raises the possibility
that the organism can synthesize tryptophan from exogenous in-
dole.

The annotated genomic sequence is the first for this species and
expands the data sets available for studying the evolution and host
adaptation of ruminant mycoplasmas.

Nucleotide sequence accession number. This complete ge-
nome sequence has been deposited at DDBJ/EMBL/GenBank un-
der the accession no. CP007521.

ACKNOWLEDGMENTS

This research was supported in part by a University of Missouri, College of
Veterinary Medicine, Agricultural Experiment Station grant.

We thank Nicholas Devitt and colleagues at the NCGR for genome
sequence determination and refining the assembly.

REFERENCES
1. Fox LK. 2012. Mycoplasma mastitis: causes, transmission, and control.

Vet. Clin. North Am. Food Anim. Pract. 28:225–237. http://dx.doi.org/
10.1016/j.cvfa.2012.03.007.

2. Kirk JH, Glenn K, Ruiz L, Smith E. 1997. Epidemiologic analysis of
Mycoplasma spp. isolated from bulk-tank milk samples obtained from
dairy herds that were members of a milk cooperative. J. Am. Vet. Med.
Assoc. 211:1036 –1038.

Genome AnnouncementsJuly/August 2014 Volume 2 Issue 4 e00648-14 genomea.asm.org 1

http://genomea.asm.org


3. Boonyayatra S, Fox LK, Besser TE, Sawant A, Gay JM, Raviv Z. 2012.
A PCR assay and PCR-restriction fragment length polymorphism combi-
nation identifying the 3 primary Mycoplasma species causing mastitis. J.
Dairy Sci. 95:196 –205. http://dx.doi.org/10.3168/jds.2011-4531.

4. Jasper DE, Erno H, Dellinger JD, Christiansen C. 1981. Mycoplasma
californicum, a new species from cows. Int. J. Syst. Bacteriol. 31:339 –345.
http://dx.doi.org/10.1099/00207713-31-3-339.

5. Chin CS, Alexander DH, Marks P, Klammer AA, Drake J, Heiner C,
Clum A, Copeland A, Huddleston J, Eichler EE, Turner SW, Korlach J.
2013. Nonhybrid, finished microbial genome assemblies from long-read
SMRT sequencing data. Nat. Methods 10:563–569. http://dx.doi.org/
10.1038/nmeth.2474.

6. Fleury B, Bergonier D, Berthelot X, Schlatter Y, Frey J, Vilei EM. 2001.
Characterization and analysis of a stable serotype-associated membrane
protein (P30) of Mycoplasma agalactiae. J. Clin. Microbiol. 39:2814 –2822.
http://dx.doi.org/10.1128/JCM.39.8.2814-2822.2001.

7. Calcutt MJ, Kim MF, Karpas AB, Mühlradt PF, Wise KS. 1999. Differ-
ential posttranslational processing confers intraspecies variation of a ma-
jor surface lipoprotein and a macrophage-activating lipopeptide of Myco-
plasma fermentans. Infect. Immun. 67:760 –771.

8. Masukagami Y, Tivendale KA, Mardani K, Ben-Barak I, Markham PF,
Browning GF. 2013. The Mycoplasma gallisepticum virulence factor lipo-
protein MslA is a novel polynucleotide binding protein. Infect. Immun.
81:3220 –3226. http://dx.doi.org/10.1128/IAI.00365-13.

9. Rosengarten R, Wise KS. 1990. Phenotypic switching in mycoplasmas:

phase variation of diverse surface lipoproteins. Science 247:315–318.
http://dx.doi.org/10.1126/science.1688663.

10. Citti C, Nouvel LX, Baranowski E. 2010. Phase and antigenic variation in
mycoplasmas. Future Microbiol. 5:1073–1085. http://dx.doi.org/10.2217/
fmb.10.71.

11. Yogev D, Rosengarten R, Watson-McKown R, Wise KS. 1991. Molec-
ular basis of Mycoplasma surface antigenic variation: a novel set of diver-
gent genes undergo spontaneous mutation of periodic coding regions and
5= regulatory sequences. EMBO J. 10:4069 – 4079.

12. Pollack JD. 2002. The necessity of combining genomic and enzymatic
data to infer metabolic function and pathways in the smallest bacteria:
amino acid, purine and pyrimidine metabolism in Mollicutes. Front. Bio-
sci. 7:d1762– d1781. http://dx.doi.org/10.2741/pollack.

13. Nicholas RA, Lin YC, Sachse K, Hotzel H, Parham K, McAuliffe L,
Miles RJ, Kelly DP, Wood AP. 2008. Proposal that the strains of the
Mycoplasma ovine/caprine serogroup 11 be reclassified as Mycoplasma
bovigenitalium. Int. J. Syst. Evol. Microbiol. 58:308 –312. http://
dx.doi.org/10.1099/ijs.0.65553-0.

14. Xie G, Forst C, Bonner C, Jensen RA. 2002. Significance of two distinct
types of tryptophan synthase beta chain in Bacteria, Archaea and higher
plants. Genome Biol. 3:RESEARCH0004. http://dx.doi.org/10.1186/gb
-2001-3-1-research0004.

15. Dunn MF, Niks D, Ngo H, Barends TR, Schlichting I. 2008. Tryptophan
synthase: the workings of a channeling nanomachine. Trends Biochem.
Sci. 33:254 –264. http://dx.doi.org/10.1016/j.tibs.2008.04.008.

Calcutt et al.

Genome Announcements2 genomea.asm.org July/August 2014 Volume 2 Issue 4 e00648-14

http://genomea.asm.org

	Complete Genome Sequence of the Bovine Mastitis Pathogen Mycoplasma californicum Strain ST-6T (ATCC 33461T)
	Nucleotide sequence accession number. 
	ACKNOWLEDGMENTS
	REFERENCES


