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A novel procedure for the purification of virus stocks from mycoplasma contaminations was established using the
biologically active antimycoplasma agent Mynox®. The enveloped viruses SHV-1 and BVDV and the nonenveloped
viruses EM CV and PPV were investigated. Two conseautive treatments led to the complete and permanent elimination
of mycoplasmas from all of these stocks as monitored by PCR. A negliable titer reduction was found for the
nonenveloped viruses. For the enveloped viruses a pronounced infedivity decrease was measured but enough infedious
virus particles could be salvaged for propagation. Due to its reliability and simplicity Mynox® was found to be a
valuable improvement in removing mycoplasmasfrom virus stocks.

Mycoplasmas are prokaryotes living parasitious on eukaryotic cdls and induce severe diseases in man and in animals. It has
been shown that a variety of cdl lines are contaminated with different mycoplasma strains. They are a magjor problem of
tisaue culture cdls affeding metabolism, morphdogy and virus replication, for example. Their eimination from cdls and
virus stocks is important under the asped of good laboratory pradice (GLP) in basic reseach and biotechndogicd
production. For the inadivation of mycoplasmasin cel cultures different more or lessefficient techniques are avail able, but
the most effedive procedure pulblished is the treament with antibiotics (1, 7, 8). In virologicd reseach one of the common
sources for contaminations are virus stocks harvested from mycoplasma contaminated cel cultures, colleded in the field, or
passaged through animals. Therefore, in virology not only the cdl cultures but aso the virus stocks must be freed from
mycoplasmas (2, 4). Only a few techniques are pubished for the treament of virus stocks. The only pradicd procedure in
current usage is differential filtration, however impradicd when large viruses with a particle size close to that of
mycoplasmas (100-300 nm) are contaminated (3). Linn and coworkers published a procedure for the complete removal of
mycoplasmas from viral preparations using solvent extradion (4). Recently, the mycoplasma €limination reagent Mynox®
becane commercialy available providing an efficient procedure for the elimination of mycoplasmas from adherent and
suspension cdl lines. This pulication describes the applicaion of Mynox® for efficient mycoplasma elimination in virus
suspensionsCheadvantagesf the Mynox® methodarecomparedvith the proceduredescribedy Linn et al. (4).

MATERIALS AND METHODS

Source of Mynox®. Mynox® was provided by Minerva Biolabs GmbH (Berlin, Germany) as adiredly applicable solutionin
phosphate-bufferesaline(PBS).

Viruses, cdls, and culture conditions. Following cdl virus systems were used: norenveloped viruses: murine encephalo-
myocarditi s virus (EMCV) / Hep2 cdls (ATCC CCL 231), porcine parvovirus (PPV strain NADL) / ST cdls (ATCC CRL
1746); enveloped viruses: bovine diarrheavirus (BVDV) / KL cdls (embryonal cdf lung), swine herpesvirus type 1 (SHV-1,
pseudarabies) / ML cdls (mink lung). Virus stocks were prepared by infeding subconfluent cdl mondayers with a multi pli c-
ity of infedion (m.o.i.) of 102 The culture supernatants were harvested when a pronourced cytopathic effea (CPE) approxi-
mately 2 to 6 days post infedion (d.p.i.) was visible. Aliquas of the cdl-free supernatants were stored at -70°C. Cell lines
were propagated as mondayers in Dulbecm’s modified Eagle’s medium (DMEM; ICN, USA) supdemented with 8% hed
inactivatedfetal calf serum(FCS;Gibco, USA) in 25cm?tissuecultureflasks(Greiner,Germany).

Virus titration. The virus titers were determined by a standard microtitration assy. Approx. 1 to 2 x 10* cdlsin 100l
medium were plated into ead well of a 96-well microtiter plate (Nunc). The virus solution was serialy diluted 1:5 or 1:10in
culture medium and 100 ul of ead dil ution were added to ead of 8 wells of a 96 well microtiter plate. The microtiter plates
were incubated at 37°C and evaluated microscopicdly for cytopathic effeds (CPE). When a pronourced CPE was visible the
50 %tissuecultureinfectivity doseqTCIDsy) werecalculatedaccordingto ReedandMuench(5).

Mycoplasma detedion. Mycoplasma contamination was deteded by the highly sensitive PCR technique with the
mycoplasmagroup-specificvenorGeM MycoplasmaPCRDetectionKit (MinervaBiolabs).
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Mycoplasmainactivation procedure.

i) Ether extraction: According to the pubicaion of Linn et al. (4) 250 pl of ether was added to 750l of virus suspension
in an Eppendarf tube at 4°C. The mixture was vigorously vortexed for 1 min and centrifugated (10,000xg; 5 min). 100 pl of
the water phase was quickly diluted into 2 ml of fresh medium and used for the infedion of mycoplasma-free subconfluent
cell cultures.

i) Mynox® treatment: For norenveloped viruses, 125l of the virus stocks, containing up to 8% FCS, were diluted in 1 ml
of cdl culture medium withou FCS suppemented with 100 ul Mynox® in a sterile 1.5 ml readion tube with a safety lock
top. For enveloped viruses, 0.5 ml of the virus stocks, containing up to 8% FCS, were diluted in 44 ml of cdl culture
medium without FCS suppemented with 100 1l Mynox® in a sterile 15 ml screw cgp readion tube. The eli mination mixtures
wereincubatedat roomtemperaturéy gentleshakingfor 2 hours.

These readions were stopped by diluting Mynox® 1:10 in culture medium. This gep could beneficially be dore by using the
elimination mixture to infed a subconfluent, host cdl culture for simultaneous propagation d the mycoplasma free virus
culture. The fina volume was 10x that of the dimination mixture. The host cdl line was tested for mycoplasma
contamination prior to infedion. The procedure was repeaed with viruses harvested from these cultures to ensure that all
mycoplasmasadbeenremoved.

RESULTS AND DISCUSSION

Mynox® is adive against mycoplasmas due to a physico-chemicd interadion of the reagent with the lipid membrane bil ayer
causing permeability changes and leading finally to the burst of the mycoplasma membrane. The Mynox® procedure for the
removalof mycoplasmagrom virus stockstakesadvantagef this feature.

The norenveloped viruses EMCV and PPV and the enveloped viruses BVDV and SHV-1 colleded from different sources
were PCR positive for mycoplasmas. In order to determine the efficiancy of the Mynox® exposure, the virus stocks were
treaed with various concentrations of Mynox® for different incubation times. After treagment, viruses were propagated on
mycoplasma-free cdls cultivated withou any antimycoplasma antibiotics, so that any resident mycoplasma would have
grown to detedable levels after 1 to 2 subcultivation cycles. At Mynox® concentrations higher than recommended the
infedivity of the enveloped viruses were either completely destroyed or below acceptable levels. After asingle treagment with
the recommended procedure for enveloped viruses in SHV-1 and BVDV stock preparation no mycoplasma were detedable.
A treament with low Mynox® concentrations did na lead to along lasting mycoplasma eli mination. Nonenveloped viruses
are stable against much higher Mynox® concentrations which led to a removal of al mycoplasmas from the EMCV and the
PPV stocks without a serious titer reduction (Tab. 1). After performing the standard €li mination procedure we harvested virus
from culture supernatants when a pronourced cytopathic effed approximately 2 to 6 days post infedion was visible and
treaed them a second time to ensure that mycoplasma elimination is successful. All virus strains tested could be freed from
mycoplasma by this procedure. We tested the posshility of are-emergence of residual mycoplasmas cultivating al viruses on
cellswithoutanyantibioticsfor 3 passageéTab. 1).No re-emergencef the contaminantgouldbedetected.

We determined the loss of virus infedivity during treament. None or a negligible loss of infedivity of the norenveloped
viruses EMCV and PPV was reserved during tregment with the drug. On the other hand, Mynox® reduced the virus titer of
the enveloped viruses BVDV and SHV-1 by approximately 6 10gio TCIDso (Tab. 1). Propagation of virus under standard
condtions (m.o.i. of 10°) resulted in high titer virus suspensions. After the third passage withou Mynox® the virus titers
were comparable to that of the initial virus stocks. The antimycoplasmaddal adivity of Mynox® appeas to be dependent on
the environment, deaeasing with an increasing FCS content in the readion mixture probably as a result of the competitive
binding of Mynox® to proteins or lipids in the medium. In medium containing 10% FCS we observed nore or a negliable
inadivation of mycoplasmas by Mynox® at low concentrations, but at the recommended concentration all mycoplasmas in
medium containing 5% FCS had been eiminated. Therefore, to exclude the mitigating effed of serum on Mynox®
mycoplasmanactivationshouldbe performedunderreproducibleconditionsin standarcell culturemediumwithout FCS.

We compared the Mynox® procedure with the protocol based on solvent extradion as recently described by Linn et al. (4).
We applied this technique to the mycoplasma infeded virus stocks and determined the elimination effedivity. The
norenveloped viruses EMCV and PPV showed nore or a negliable reduction of virus infedivity. The enveloped virus
BVDV was not effeded by solvent extradion, whereas SHV-1 lost over 3 logio TCIDso. Linn et al. (4) reported for the
enveloped Ross River virus a titer reduction of 2 logio TCIDso. Obviously, both the solvent extradion and the Mynox®
treament caused the inadivation espedaly of enveloped viruses. In contrast to the Mynox® treament and the results
reported by Linn et al. (4) we were not able to eliminate the mycoplasma contamination from the virus stocks by the ether
extradion procedure (Tab. 1). Only after supgementing the readion mixture with Mynox® all mycoplasmas were €li minated
from the virus stocks. The apparently disparant effedivity of the solvent extradion method may be due to the infecion with
different mycoplasma spedes. The compasition of membrane lipids differ in mycoplasma spedes (6), a characderistic which
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is likely to beresponsibldor their different toorganicsolventsor Mynox®.

Compared with other mycoplasma elimination protocols using organic solvents or antibiotics (1, 4, 7, 8) the Mynox®
treament described has the advantage of effediveness Furthermore it is easy to handle. The novel physico-chemicd way of
adion of this drug minimizes the potential of the development of resistant mycoplasma strains. Therefore, Mynox® is a potent
antimycoplasmagentfor the developmenbf mycoplasma-fregirus stocks.

LEGEND

Table 1: Treatmenbf virus stockswith Mynox® or ether.

Passages' after Treatment
Virus? Initial  Cell Line® Treatment®
Virus Titer
1st. 2nd. 3rd.
Titer? PCR® Titer PCR® Titer? PCR®
non enveloped viruses:
EMCV 11.02 Hep2 M - 10.27 +
M + 10.02 - 9.75 - 10.25 -
E/M - 10.52 +
E/M+ 11.02 -
PPV 8.25 ST M - 7.75 +
M + 7.50 - 7.75 - 9.17 -
E/M - 8.50 +
E/M+ 7.75 -
enveloped viruses:
BVDV 8.66 KL M - 7.75 +
M + 2.25 - 6.66 - 7.83 -
E/M - 8.75 +
E/M+ 2.50 -
SHV-1 7.73 ML M - 7.17 +
M + <114 - 1.39 - 8.67 -
E/M - 3.99 +
E/M+ <114 -
A All virus stocks were PCR positive for mycoplasma.
b The call lines used for virus propagation were PCR negative for mycoplasma.
¢ Treatment: M - control without Mynox
M + Mynox treatment
E ether extraction

E/M+ reaction mixture for ether extraction was supplemented with Mynox.
4 Thevirustiters are given as log TClDs.
¢ PCR for mycoplasma detection.
f Passages of viral stocks without mycoplasma inhibitors, following a single treatment with Mynox, on cell lines cultvated
free of antibiotics.
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