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Culture ofNeospora caninum in the presence of aMycoplasma

Removal Agent results in the selection of amutant population

of tachyzoites

A. HUDSON and J. T. ELLIS*

Department of Cell and Molecular Biology, University of Technology, Sydney, St Leonard’s Campus, Westbourne Street,
Gore Hill, NSW 2065, Australia

(Received 27 July 2004; revised 11 November 2004; accepted 15 November 2004)

SUMMARY

Mycoplasmas are common contaminants of eukaryotic cells grown in tissue culture. A commercially available Mycoplasma

Removal Agent (MRA) was therefore assessed for its effect on tachyzoites of Neospora caninum, in order to determine its

suitability for further use in parasite cell cultures. Analyses of tachyzoite and excreted-secreted proteins and antigens by

SDS-PAGE and Western blotting show that MRA treatment results in the rapid selection of a mutant population that

differs from the control and parental lines in its protein and antigen content. The treatment of N. caninum cultures with

MRA is therefore not recommended for the eradication of Mycoplasma.
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INTRODUCTION

Mycoplasma infections are common contaminants of

in vitro cultures of eukaryotic organisms, typically

resulting in a reduction of cell growth and viability

(Nakai et al. 2000; Uphoff &Drexler, 2002). Current

recommendations for the control of Mycoplasma are

to discard the cultures or to treat with one of a

number of antibiotics if the cultures are too valuable

to throw away.

Although a symbioisis between Mycoplasma

hominis and Trichomonas vaginalis is recognized

(Rappelli et al. 2001), other infections byMycoplasma

of protozoal cultures are considered contaminants.

Mycoplasma infections of cultures of Plasmodium

were reported previously to be widespread (Turrini

et al. 1997; Rowe et al. 1998), and clearly were of

concern because of the ability of the bacterium to

potentially alter the biological properties of the

protozoans.Mycoplasma infectionsmay also compro-

mise a wide range of immunological studies because

of their strong ability to induce tumour necrosis

factor alpha (Hensmann & Kwiatkowski, 2001).

Furthermore Mycoplasma possesses an arginine

deaminase, which is a highly expressed enzyme, in-

volved in the metabolism of arginine to citrulline and

ammonia (Misawa et al. 1994). There is therefore

also the potential of Mycoplasma to interfere with

studies on the metabolism of parasitic protozoa.

Most studies to date on the use of antibiotics

to remove Mycoplasma from cell cultures have

concentrated on assaying features of cell viability and

growth, and the phenomenon of drug resistance

(Uphoff & Drexler, 2004). The effects on parasitic

protozoa have not been considered. In this study,

we investigated the suitability of a commercially

available Mycoplasma Removal Agent (MRA) for

the treatment of in vitro cultures of Neospora

caninum. Specifically we investigated the effects of

the MRA treatment on the protein and antigen

composition of tachyzoites grown in vitro.

MATERIALS AND METHODS

Parasites

Tachyzoites of N. caninum (Nc-Nowra or Nc-

Liverpool strain) were grown on amonolayer of Vero

cells as described previously (Miller et al. 2002) using

RPMI 1640 medium supplemented with 2 mM

glutamine, heat-inactivatedhorse serum (5–10%) and

1% penicillin/streptomycin. Cultures were main-

tained at 37 xC in an atmosphere containing 5% CO2.

Treatment of cultures with Mycoplasma

Removal Agent

A single culture of Mycoplasma-free Nc-Nowra

was divided into two at the time of normal passage.

One half was treated for 14 days with MRA (MP

Biomedicals Australasia Pty Ltd, formerly ICN

Biomedicals ; catalogue number 3050044) following

otherwise the manufacturer’s instructions; the other

was untreated and kept as a control. After the MRA

treatment, the medium was replaced with normal
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RPMI supplemented as above with horse serum

and the cultures passaged thereafter in this. Where

possible, both control and treated cultures were

maintained and passaged at the same frequency at all

times, and maintained under similar conditions of

culture. All tachyzoite cultures were subsequently

analysed as described below, and were passaged no

more than 10 times (since treatment) before analysis.

Protein analysis and Western blotting

Tachyzoites were purified from these cultures by

filtration through a 3 mm nitrocellulose filter, washed

and concentrated by centrifugation at 500 g in

phosphate-buffered saline (PBS), and analysed

by SDS-polyacrylamide gel electrophoresis (SDS-

PAGE) using a Tris-SDS-glycine electrophoresis

buffer. Proteins were identified by staining the gels

with Coomassie Blue (0.2% in 50% methanol and

10% glacial acetic acid) and then destaining in 7%

glacial acetic acid, 12% methanol.

Western blotting was performed as follows. After

separation by SDS-PAGE, the proteins were trans-

ferred by Western blotting onto 0.45 mm polyvinyl-

idene fluoride (PVDF) membranes using a standard

Tris-glycine buffer. Membranes were blocked for

1 h at room temperature using PBS containing 0.05%

Tween-20 and 5% skim milk powder. PVDF strips

were then incubated for 1 h at room temperature

with a polyclonal serum to N. caninum, which was

raised previously in the QS mouse by infection with

tachyzoites of Nc-Liverpool (bled 3 weeks post-

infection). After 3 washes in PBS containing 0.05%

Tween-20, the strips were incubated for 1 h at room

temperature in blocking buffer containing anti-

mouse IgG conjugated to alkaline phosphatase

(Sigma). After 3 further washes, signals were devel-

oped using the Sigma fast BCIP/NBT substrate.

The reaction was stopped, at a suitable endpoint, by

the addition of 3% trichloroacetic acid.

Production of excreted-secreted (ES) proteins

Tachyzoites, purified as described above, were

resuspended in 1.5 ml of RPMI medium supple-

mented with 1% penicillin/streptomycin only (no

serum) (Hudson et al., unpublished observations).

Tachyzoites were incubated for 3 h at 37 xC with

mild agitation. Tachyzoites were then centrifuged

at 1000 g for 10 min at 4 xC and the supernatants

subject to SDS-PAGE analysis.

RESULTS

An in vitro culture of Mycoplasma-free Nc-Nowra

(established by commercial PCR testing) was

passaged and 1 of the subcultures was treated with

MRA. An identical subculture was not treated and

wasmaintained as a control under otherwise identical

conditions.

Purified tachyzoites from both treated and control

cultures were analysed by SDS-PAGE and

Coomassie blue staining of protein gels (Fig. 1A).

Nine abundant proteins were detected, plus a

multitude of others. The protein profiles of both

populationsof tachyzoiteswerevery similar, although

several low abundance proteins around the 37 kDa

marker varied in abundance between the two.
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Fig. 1. SDS-PAGE and Western blot analysis of Nc-Nowra tachyzoites. Tachyzoites were either treated with (NT) or

without (NC) MRA and were subsequently prepared for SDS-PAGE or Western blotting with a polyclonal mouse

antiserum to Neospora caninum. (A) Coomassie blue-stained SDS-PAGE gel of tachyzoite lysates. (B) Western blot

analysis of tachyzoite lysates with mouse antiserum to N. caninum. (C) Western blot of ES fraction with mouse

antiserum to N. caninum. Liv, NC-Liverpool. * Indicates the proteins and antigens referred to in the text.
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Western blotting using mouse serum raised to

N. caninum by infection of a mouse (day 30 post-

infection) was used to probe blots of these tachyzoite

extracts (Fig. 1B). The serum detected many pro-

teins. However, the profile of antigens detected

between the treated and control tachyzoites differed

in the antigens detected between 25 and 37 kDa.

Tachyzoites that had been treated with MRA were

missing several antigens in this size range. The

profile of antigens visualized by Western blotting in

the control tachyzoite preparations was the same as

that identified for other strains of N. caninum (e.g.

Nc-Liverpool) maintained at UTS over many years.

Analysis ofES antigens producedby the two tachy-

zoite populations by SDS-PAGE, along with those

from a Mycoplasma-free culture of Nc-Liverpool,

showed that tachyzoites that had been previously

cultured with MRA produce ES antigens that are

different in composition from the control tachy-

zoites. Unlike the control tachyzoites, several more

proteins are detectable in MRA-treated tachyzoites.

Fig. 1C shows an immunoblot experiment where ES

antigens from Nc-Nowra and Nc-Liverpool were

probed with a mouse serum raised to N. caninum.

The ES antigens from treated tachyzoites of

Nc-Nowra contained antigens at 30 and 40 kDa that

were not present in the ES antigens from untreated

tachyzoites.

DISCUSSION

Mycoplasma are common contaminants of eukaryotic

cell cultures, and upon their detection the current

recommendations are to either discard the cultures or

attempt treatment with an antibiotic. We therefore

investigated the effect of MRA treatment upon the

composition of tachyzoites ofN. caninum. MRA was

used in these studies because it is in common use in

laboratories for the eradication of Mycoplasma from

cultures (Nakai et al. 2000; Uphoff &Drexler, 2004).

The results show clearly that treatment of N. cani-

num with MRA selects for a mutant population of

tachyzoites that differs in protein and antigen content

from the control cultures. In addition, the ES frac-

tion of treated and untreated tachyzoites differs,

thereby indicating the existence of potential differ-

ences in their basic secretory pathways. These results

were so dramatic that no further studies were

performed in order to ascertain the suitability of

MRA for removal of Mycoplasma from cultures of

N. caninum.

The Mycoplasma Removal Agent used in this

study was a 4-oxo-quinolone-3-carboxylic acid

derivative, whose mode of action is really unknown.

Fluoroquinolones are broad-spectrum antibiotics,

and some of these are recognized as having anti-

Toxoplasma and anti-malarial activity (Khan et al.

1996, 1999). Studies on Mycoplasma have shown

that fluoroquinolones inhibit DNA gyrase and

topoisomerase IV activities and that mutations in

these gene loci correlate with the development of

resistance to this drug (Bebear et al. 2000, 2003).

Research performed with T. gondii has shown that

ciprofloxacin, when used at high concentrations,

inhibits replication of the apicoplast, thereby pre-

venting tachyzoite replication which results in cell

death (Fichera & Roos, 1997). There was therefore

good reason to be cautious about the use of MRA for

the eradication of Mycoplasma from N. caninum

cultures.

In summary, we do not support the use of anti-

biotics for the removal of Mycoplasma from cultures

of N. caninum (or Toxoplasma gondii). Where cul-

tures are contaminated, the best course of action is

to discard them. However, infection of a laboratory

animal and re-isolation of the parasite from infected

tissues may also be an appropriate course of action if

cultures are particularly valuable. On a more positive

note, themutagenesis ofN. caninum usingMRAmay

provide novel strains with which to investigate the

biology of this interesting parasite.
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