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To prevent transmission of mycobacterial pathogens, medical devices must be disinfected by germicides with
proven mycobactericidal activity. The quantitative carrier test EN 14563 provides an international standard for
evaluation of the mycobactericidal activity of disinfectants under practical conditions. However, tests according
to the EN 14563 standard are based on cultivation, and results are available only after 21 days. The aim of this
study was to accelerate assessment of dosage and contact times of mycobactericidal preparations based on the
EN 14563 standard. To this end, a gfp gene was constructed with a codon usage adapted for Mycobacterium
tuberculosis. Expression of the gfp >+ gene in Mycobacterium terrae improved the detection sensitivity by 10-fold
over that with a previously used reporter strain. Peracetic acid and a cation-active formulation were tested as
commercially available disinfectants for medical devices. M. terrae expressing gfp,.>* was used to determine
dosage and contact times for the two test germicides. Fluorescence measurements correlated well with growth
of the reporter strain, demonstrating that the fluorescence reliably indicated the number of viable cells. The
fluorescence enabled us to determine the mycobactericidal efficacy of the test disinfectants according to the
quantitative carrier test EN 14563 standard within at least 15 days. In conclusion, this study establishes
gfp..2*-expressing M. ferrae as a new reporter strain for reliable evaluation of mycobactericidal activities of

disinfectants with a superior sensitivity and in a significantly shorter time than previously possible.

Prevention of infections by mycobacteria is an important
goal due to their paramount clinical relevance. This task pre-
sents a significant challenge, since mycobacteria are intrinsi-
cally resistant to many chemical agents (2). In order to avoid
device-related transmission of mycobacterial pathogens, ger-
micides developed for disinfection of medical devices must be
proven to possess mycobactericidal activity. Conventional test-
ing of disinfectants for their tuberculocidal activity is based on
cultivation techniques. Mycobacterium terrae, which has been
demonstrated to possess resistance to chemical disinfectants
similar to that of Mycobacterium tuberculosis (5), is used as a
surrogate for establishing tuberculocidal activity of germicides.
However, such an assay takes at least 3 weeks because of the
slow growth of M. terrae. In order to accelerate the process of
screening chemicals for mycobactericidal activity, Zafer et al.
has described the use of gfp-expressing M. terrae in quantitative
suspension tests (18). Generally, suspension tests are used to
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determine the overall efficacy of disinfectants against mycobac-
teria. However, mycobacteria are used in cell suspensions in
these experiments and thus are likely to be more accessible to
disinfectants. Therefore, it is essential to demonstrate the my-
cobactericidal efficacy of disinfectants for medical devices un-
der practical conditions. For these reasons, the European
Committee for Standardization developed the quantitative car-
rier test EN 14563, which evaluates the mycobactericidal ac-
tivity of chemical disinfectants for medical instruments under
more practical conditions (4). The aim of this study was to
establish an assay which allows rapid determination of the
dosage and contact times in the presence of organic soiling, as
demanded by the EN 14563 standard. In order to achieve this
goal, an optimized variant of the green fluorescent protein
(Gfp) for use in mycobacteria was constructed. By expression
of gfp,,2" in M. terrae, a significant improvement in sensitivity
was achieved, which enabled us to rapidly evaluate the perfor-
mance of disinfectants under practical conditions.

MATERIALS AND METHODS

Test organisms and growth conditions. Escherichia coli DH5« was used for
cloning experiments and was routinely grown in Luria-Bertani broth at 37°C.
Mycobacterium smegmatis mc>155 and Mycobacterium bovis BCG were grown in
7H9 medium (Difco) supplemented with 0.2% glycerol and 0.05% Tween 80 at
37°C and for M. bovis BCG additionally enriched with ADS (50 g/liter bovine
serum albumin [BSA], 20 g/liter glucose, and 8.5 g/liter NaCl). Antibiotic con-
centrations were as follows: kanamycin, 10 (mycobacteria) or 30 (E. coli) pg/ml;
hygromycin B, 50 (mycobacteria) or (E. coli) 20 wg/ml.

M. terrae ATCC 15755 was cultivated according to the EN 14563 standard (4).
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TABLE 1. Plasmids used in this work®

Plasmid Parent vector, relevant genotype, and properties Source or reference
pMS2 ColE1 origin; PAL5000 origin; Hyg"; 5,229 bp 6
pMNO12 PwmycspA; ColE1 origin; PAL5000 origin; Hyg"; 6,000 bp 6
pMNO16 PsmycmspA; ColE1 origin; PALS000 origin; Hyg"; 6,164 bp 14
pEGFP egfp expression vector; Amp'; 3,355 bp Clontech
pMN411 PMNO12 derivative, pymy.-gfp"; PAL5000 origin; Hyg", 6,250 bp This study
pMN412 pPMNO12 derivative, pwmyc-gfpSDmﬂ PALS5000 origin; Hyg", 6,250 bp This study
pMN413 PMNO12 derivative, pymyc-&fPm 3 PAL5000 origin; Hyg', 6,210 bp This study
pMN414 pMNO12 derivative, pwmyc-gfpm“; PALS5000 origin; Hyg", 6,210 bp This study
pMN415 pMNO12 derivative, pymyc-egfp; PALS000 origin; Hyg', 6,220 bp This study
pMN437 pMNO16 derivative, Pymye- gfom’ s pALS000 origin; Hyg", 6,250 bp This study

“ “Qrigin” denotes origin of replication. The annotation Hyg" or Kan" indicates that the plasmid confers resistance to hygromycin or kanamycin, respectively.
g gl P yg p ygromy y P y

M. terrae transformed with the plasmid pBEN was cultivated in the presence of
30 pg/ml kanamycin; M. terrae transformed with the plasmid pMN437 was
cultivated in the presence of 75 pg/ml hygromycin B.

Liquid cultures of all M. ferrae strains were obtained by cultivation in Middel-
brook 7H9 broth (Becton-Dickinson, Germany), supplemented with ADC en-
richment (Becton-Dickinson, Germany) in the presence of the respective anti-
biotic for transformed M. terrae.

Synthesis of gfp genes with codon usage optimized for translation in myco-
bacteria. The gfp,,™ and gfp,,>" genes were synthesized with codon usage opti-
mized for expression in M. tuberculosis using a table similar to that provided
recently (12). The Gfp protein encoded by gfp,,,* contains the same fluorescence-
and folding-enhancing mutations (F64L, S65T, F99S, M153T, and V163A) as
published for Gfp™ (9). The gfp,,>* gene encodes a protein with the two addi-
tional mutations I1167T and S175G, which enhance the thermostability of Gfp
(10). The GenBank accession number for the gfp,,>* gene is GU112756.

Construction of gfp expression plasmids. All plasmids contained a transcrip-
tional fusion of the gfp allele to the rather weak py,y. promoter (6) for com-
parison of different Gfp variants in M. smegmatis and M. bovis BCG. Vectors and
PCR fragments were digested with PacI and Clal and cloned into the same sites
of pMNO012, a multicopy shuttle vector for E. coli and mycobacteria (6). Addi-
tionally, the gfp,,>" gene was also cloned into pMNO14 (6) using the Pacl and
Clal restriction sites to give vector pMN437, in which transcription of gfp,,>" is
driven by the strong mycobacterial promoter py,,,,.. All plasmids were verified by
DNA sequencing (Table 1).

In vivo fluorescence measurements. The plasmids pMN411, pMN412,
pMN413, pMN414, pMN415, and pUV25 (Table 1) were transformed into M.
smegmatis and M. bovis BCG, respectively. A preculture was grown for 48 h at
37°C. Twenty ml medium was inoculated with 0.3 ml of the preculture and
shaken at 37°C until the culture reached an optical density at 600 nm (ODy) of
0.5. Cells were harvested by centrifugation and resuspended in 2 ml phosphate-
buffered saline (PBS) containing Tween 80 (4.3 mM Na,HPO,, 1.4 mM
KH,PO,, 137 mM NaCl, 2.7 mM KCl, 0.5 g/liter Tween 80). The ratio of
fluorescence intensity to cell density was taken as a measure for Gfp expression
levels. Fluorescence measurements were carried out essentially as described
previously (9). M. smegmatis and M. bovis BCG cells expressing Gfp,,,, Gfp,, ",
enhanced green fluorescent protein (Egfp), and Gfp,,>* were excited at 395 nm
or 488 nm, respectively. Fluorescence emission was detected at 510 nm. Back-
ground fluorescence of M. smegmatis and M. bovis BCG cells was determined at
the same wavelengths using the vector pMS2, which does not contain a gfp gene
(Table 1).

For the quantitative carrier test according to EN 14563, M. terrae ATCC 15755
was transformed with pMN437 (gfp,,>") and with pBEN (gfpmut3), a gift from
S. A. Sattar (University of Ottawa, Ottawa, Ontario, Canada) (18). Expression of
the Gfp variants was verified by fluorescence microscopy.

Quantitative carrier tests and subsequent Gfp-based determination of efficacy
of tested germicides. The quantitative carrier tests were carried out according to
EN 14563 (4). As test germicides, two commercially available formulations for
disinfection of medical devices were used, one being a peracetic acid-based
germicide (PAA) (Gigasept once; Schiilke & Mayr, United Kingdom) and the
other being a product consisting of a combination of 14% (wt/wt) cocospro-
pylenediamineguanidinediacetate, 35% (wt/wt) phenoxypropanols, and 2.5%
(wt/wt) benzalkoniumchloride (“Gigasept Instru AF”; Schiillke & Mayr, Ger-
many). For neutralization Middlebrook 7H9 broth containing ADC-enrichment
and B-cyclodextrine (1.135% [wt/vol]), sodium thiosulfate (0.5% [wt/vol]), L-
histidine (0.1% [wt/vol]), and glycerol (0.2% [vol/vol]) was demonstrated to be

effective in the neutralization experiments for both biocidal formulations tested
and was therefore used throughout the experiments.

In the carrier test, 1 ml and 100 pl, respectively, of the neutralized test
suspension were used for determination of the logarithmic reduction factor (R =
log Ny — log N, where N, is CFU/ml of control and N, is CFU/ml in sample after
exposure to disinfectant) as described in the EN 14563 standard (4) in parallel to
the Gfp-based detection. For the Gfp-based determination of efficacy, the resid-
ual 8.9 ml of the neutralized test suspensions was filtered through a funnel
containing sterile glass wool in order to retain the glass beads used in the carrier
test setup. The filtered mycobacterial suspensions were washed twice in 10 ml
Middlebrook 7H9 medium supplemented with ADC enrichment and hygromycin
(75 pg/ml) and were subsequently resuspended in the same medium. One ml of
the resuspended mycobacterial suspensions was used for initial determination
(day 0) of the CFU by serial dilution in tryptone-NaCl solution (EN 14563) and
subsequent plating on 7H10 agar supplemented with oleic acid-albumin-dex-
trose-catalase (OADC) enrichment and hygromycin (75 wg/ml). Plates were
sealed and incubated for 21 days at 37°C.

The residual 9 ml of the mycobacterial suspension was aliquoted each into
three screw-cap, clear glass vials (3 ml/vial). For determination of the relative
fluorescence units (RFU), each glass vial was inserted in the cuvette holder of the
fluorimeter (FP-6300; Jasco, Germany). Excitation and emission of Gfp were
measured at 485 nm and 512 nm, respectively, with a bandwidth of 5 nm. Each
glass vial was vortexed for 5 s before readings were taken, and reading was done
in triplicate for each glass vial within 6 s. Parallel to the RFU readings, CFU
determination was carried out as described above, using 100 pl of the corre-
sponding sample. Experiments were carried out as indicated either in the pres-
ence or in the absence of organic load (3 g/liter bovine serum albumin [BSA] and
3 ml/liter sheep erythrocytes).

RESULTS

Optimization of Gfp fluorescence in mycobacteria. Previ-
ously, we had developed Gfp™, a variant with mutations which
improved the brightness and the folding of the protein, result-
ing in a 130-fold-increased fluorescence compared to that of
wild-type Gfp (9). However, the fluorescence of M. smegmatis
and M. bovis BCG containing a gfp™ expression plasmid was
low in suspended cells and barely visible in colonies on agar
plates (Fig. 1; see also Fig. S1 in the supplemental material).
We hypothesized that the expression levels of Gfp* were lower
in mycobacteria due to the much lower G+C content of gfp™
than of mycobacterial genes. In a first step to increase Gfp
expression levels, we altered the ribosome binding site to a
sequence perfectly complementary to the 16S rRNA of M.
tuberculosis (7). The distance between this mycobacterial con-
sensus Shine-Dalgarno sequence (SD,,) and the start codon
was reduced from eight to six nucleotides (Fig. 1A). These
changes barely increased the fluorescence of Gfp™, indicating
that binding of the ribosome and translation initiation to the
original gfp ™ mRNA did not limit expression. In a second step,
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FIG. 1. Fluorescence of codon usage-adapted gfp variants in M. bovis BCG. (A) Sequence of the gfp alleles. The sequence of the ribosome
binding site (RBS) is shown in bold. The start codon ATG is underlined. The amino acid sequences of the proteins encoded by these genes are
identical except for the mutations introduced to enhance fluorescence and are indicated in one-letter code above the DNA sequence for the first
11 codons. (B and C) Fluorescence of M. bovis BCG containing different p,,,,,,-gfp transcriptional fusions. (B) Emission spectra. Fluorescence was
excited at 488 nm for all Gfp variants. Fluorescence emission was detected at 510 nm. (C) All measurements were carried out in triplicate, corrected
for background fluorescence, and normalized to the cell density and are shown in relative fluorescence units (RFU). Standard deviations are shown
as error bars. (D to I) M. bovis BCG cells containing described plasmids were inoculated onto 7H10 agar plates (Difco) supplemented with 0.2%
glycerol and additionally enriched with ADS at 37°C for 3 weeks. The colonies were visualized using a fluorescence stereomicroscope and a 20-fold
magnification. (D) No gfp (pMS2); (E) gfp™ (pMN411); (F) gfp * sp (PMN412); (G) gfp,, ™ (PMN413); (H) gfp,n>" (pMN414); (1) egfp (pPMN415).
The fluorescence was recorded using excitation and emission filter sets for Gfp.

the codon usage of gfp™ was adapted to that of M. mberculosis
as described previously (12). This change removed 28 rare
codons (less than 5% frequency in M. tuberculosis H37Rv) and
elevated the G+C content of the gfp™* gene from 42% to 61%.
The protein sequence and the spectral characteristics of Gfp™
were not affected by these alterations (Fig. 1B). However, the
fluorescence of M. bovis BCG cells transformed with the syn-
thetic gfp,,,~ gene increased by 2.5-fold (Fig. 1C), demonstrat-
ing that the less-favorable codon usage of gfp™ indeed limited
its expression in mycobacteria. In a last step, we added the
mutations I167T and S175G to enhance the thermostability of
Gfp™* (10). This increased the fluorescence intensity of M. bovis
BCG by approximately 20% (Fig. 1C), indicating that the in-
creased thermostability is indeed beneficial for Gfp fluores-
cence in mycobacteria. The fluorescence of M. bovis BCG
containing the gfp,,>" gene was 2-fold higher than that with

egfp, a gene which is frequently used in mycobacteria (Fig. 1C).
The fluorescence properties of these Gfp variants are very
similar (Fig. 1B). Microscopy of colonies visualized the bright
green fluorescence of M. bovis BCG containing the gfp,>"
gene in contrast to that containing gfp™ or egfp (Fig. 1D to I).
Very similar results for the gfp variants created in this study
were obtained in M. smegmatis (see Fig. S1 in the supplemental
material), indicating that expression signals, codon usage, and
optical transmittance at the excitation and emission wave-
lengths are similar in both organisms. It also showed that the
2" gene is a superior gfp variant in both fast- and slow-
growing mycobacteria.

Expression of the optimized gfp,>* gene in M. terrae. For
the reasons described above, we used the gfp,,>* gene in M.
terrae to accelerate the testing of biocides for their efficacy
against mycobacteria. First, we examined the performance of
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2" compared to gfpmut3, which was previously used in M.
terrae for a similar purpose (18). These experiments revealed
that the fluorescence of M. terrae cells containing the gfp,,>*
gene (pMN437) was 10-fold higher than that of cells trans-
formed with the gfpmut3 expression vector pBEN (18), while
titers of the respective cell suspensions were identical. This is
reflected by a 10-fold-lower detection limit for M. terrae ex-
pressing gfp,,> " than for M. terrae expressing gfpmut3 (5 X 10*
versus 4 X 10° CFU/ml) (data not shown). The superior per-
formance of the new gfp,,>" gene should enable a faster eval-
uation of the mycobactericidal activity of chemical germicides.

Test of germicides for mycobactericidal efficacy by a quan-
titative carrier test without organic load. To examine the per-
formance of gfp,,>" under standard testing conditions, formu-
lations based on peracetic acid (PAA) and on cationic actives
and phenoxypropanols (GIGA) were chosen. The efficacies of
these biocides against M. terrae were examined using a quan-
titative carrier test as required by the European standard EN
14563 in the absence of any organic load (see Materials and
Methods). For the peracetic acid-based formulation (PAA), no
increase in fluorescence was detected for all samples treated
with PAA even at the shortest contact time (5 min), indicating
complete killing of mycobacteria by PAA at a concentration of
1.5% within 5 min in the absence of any organic load (Fig. 2A).
For the controls treated with standardized hard water (CEN-
HW) instead of PAA, a fluorescence increase was detected
within the first 3 to 5 days (Fig. 2A). Comparison of the fluo-
rescence intensity showed a good correlation with the growth
of M. terrae (pMN437) throughout the experiment (Fig. 2B).
No viable cells were detected in any samples treated with 1.5%
PAA, consistent with the lack of fluorescence in these samples,
thus enabling a rapid evaluation of the mycobactericidal po-
tential of the concentrations and contact times for this biocidal
formulation.

Similar experiments for a formulation based on cationic
actives and phenoxypropanols (GIGA) revealed a fluorescence
increase within 7 to 9 days for the samples treated for 5 min
and within 15 to 17 days for the samples treated for 15 min with
the germicide at a concentration of 1.5% (Fig. 2C). Samples
treated for 30 or 60 min with this disinfectant did not show any
fluorescence increase throughout experiment, thus suggesting
30 min as the effective contact time at the tested concentration
of 1.5% for this formulation in the absence of any organic load.
These data correlated well with growth experiments using lig-
uid cultures (Fig. 2D), where no viable cells were detected in
the samples treated for either 30 or 60 min with this formula-
tion. Both growth and fluorescence of gfp,,>"-expressing M.
terrae increased after a lag period for contact times with only
limited mycobactericidal efficacy. This is consistent with the
results obtained for PAA and demonstrates that the Gfp fluo-
rescence of the M. fterrae reporter strain is a reliable indicator
of its viability and can be used to rapidly evaluate the myco-
bactericidal efficacies of germicides.

Test of germicides for mycobactericidal efficacy by quanti-
tative carrier test with high organic load. The mycobacteri-
cidal efficacy of germicidal formulations according to the EN
14563 standard was tested in the presence of 0.3% serum
albumin and 0.3% sheep erythrocytes to simulate a high or-
ganic load (“dirty conditions”). Therefore, the carrier test with
&fp.2 " -expressing M. terrae was also carried out in the pres-

USE OF FLUORESCENT M. TERRAE TO EVALUATE DISINFECTANTS 549

ence of a high organic load. Under “dirty conditions,” a fluo-
rescence increase for the shorter contact times within the first
10 to 15 days was obtained for both test formulations (PAA
and GIGA) (Fig. 3A and C). However, after a contact time of
60 min, no fluorescence increase was detected for either for-
mulation, indicating complete killing of mycobacteria by PAA
and GIGA at a concentration of 1.5% within 60 min in the
presence of a high organic load. These data correlate well with
results of the growth experiments for both test formulations
(Fig. 3B and D), which showed no viable cells for either for-
mulation after a contact time of 60 min.

DISCUSSION

Repeated reports of device-related transmission of myco-
bacterial infections for more than a decade (8, 13) stress the
importance of assessing the efficacy of disinfectants used for
disinfection of medical devices under practical conditions. Es-
pecially for medical devices, organic contamination, in partic-
ular in the form of biofilms, is frequent (15, 16). Therefore,
disinfectants need to be tested in the presence of organic
soiling that mimics realistic conditions. An additional common
problem in susceptibility assays is the presence of bovine serum
albumin in liquid medium. Serum albumin quenches biocidal
activities of disinfectants, thereby impairing the efficacy of bio-
cidal formulations markedly (11). In our experiments, we also
found this reported quenching of biocidal actives by organic
soiling for both test formulations, indicated by the prolonged
contact times necessary to achieve complete killing of myco-
bacteria in the presence of a high organic load.

Our results demonstrate that the assessment of mycobacte-
ricidal efficacy in the quantitative carrier test according to the
EN 14563 standard (4) can be significantly accelerated by using
an M. terrae reporter strain which contains the optimized
gfp>" gene. Based on the good correlation of the fluorescence
of the reporter strain with its growth throughout the experi-
ments, effective mycobactericidal concentrations and contact
times were determined within at least 15 days of incubation.
Thus, the assay results can be obtained significantly faster using
the fluorescence readout than with the conventional method,
which requires cultivation of M. ferrae for 21 days (4). For use
of concentrations and contact times with only limited myco-
bactericidal activity, the Gfp-based assay is even more rapid,
since the fluorescence increase is detectable within the first few
days of incubation. Furthermore, the Gfp-based assay also
helps to determine the adequate contact times of disinfectants
under practical conditions, including testing under “dirty con-
ditions.” We found the use of the Gfp-based assay in the
carrier test even more beneficial, since the use of spread plates
can be reduced or even omitted, thus resulting in a significant
reduction in hands-on time.

Mycobacteria form clumps which artificially increase drug
resistance and therefore represent a well-known problem in
susceptibility experiments (3). It has been shown that the de-
gree of clumping increases with time of storage (17). There-
fore, storage and preparation of the test organisms prior to
testing have an impact on the outcome of the susceptibility
tests. In order to minimize the impact of clumping on the
experiments, only freshly homogenized mycobacteria were
used. However, clumping could not be prevented entirely and
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FIG. 2. Fluorescence and growth of gfp,,”"-expressing M. terrae in a quantitative carrier test without organic load. Kinetics were recorded for
disinfectants at a concentration of 1.5% (vol/vol). (A and B) Fluorescence (A) is expressed as relative fluorescence units (RFU) and growth of M.
terrae (B) is expressed in CFU after exposure to the peracetic acid based-disinfectant (PAA). Since the shortest contact time (5 min) was already
effective, data for longer contact times are not shown. (C and D) Fluorescence (C) is expressed as relative fluorescence units (RFU) and growth
of M. terrae (D) is expressed in CFU after exposure to the cation-based disinfectant (Gigasept Instru AF). Data are the means * SD of three RFU
determinations and one CFU determination for each disinfectant.



VoL. 76, 2010

C

RFU/512nm

lg CFU/ mL

600

USE OF FLUORESCENT M. TERRAE TO EVALUATE DISINFECTANTS

500

400

300

200

—&— Gigasept Instru AF &'
= o= = CEN-HW &'

——p— Gigasept Instru AF 15
= =A= = CEN-HW 15'

—e— Gigasept Instru AF 30'
= 0= = CEN-HW 30

—e— Gigasept Instru AF 60
= == = Cen-HW 60'

100

Branulal-n

—a— Gigasept Instru Af &'

= 4= = CEN-HW &'

—a— Gigasept Instru AF 15
= =A= = CEN-HW 15'

—ae@— Gigasept Instru AF 30'
= 0= = CEN-HW 30'

—e— Gigasept Instru AF 60'
= == = CEN-HW 60'

incubation time (d)
FIG. 2—Continued.

551



552 STEINHAUER ET AL. APPL. ENVIRON. MICROBIOL.

A 450

400
350
300
—=—PAAS
e 250 - O - CEN-HW 5’
J5 —a—PAA 15’
o - - - CEN-HW 15'
6 200
=) —e—PAA3D
r - -0 - CEN-HW 30’
o 150 —e—PAA GO’
- - - CEN-HW 60’
100

-50

incubation time (d)

B 10
9
8
7
—8—PAAS
o 6 - - - CEN-HW 5'
€ —&—PAA 1S
5 - <& - CEN-HW 15
5
(I-ls —e—PAA 30'
> - -0~ - CEN-HW 30’
A P —e—PAA 60’
- - - CEN-HW 60’
3
2 4
1
0 . . . . . . . . . *
0 3 6 9 13 15 17 20 21

incubation time (d)

FIG. 3. Fluorescence and growth of gfp,,”> " -expressing M. terrae in a quantitative carrier test in the presence of a high organic load. Kinetics
were recorded for disinfectants at a concentration of 1.5% (vol/vol). (A and B) Fluorescence (A) is expressed as relative fluorescence units (RFU)
and growth is expressed in CFU for M. terrae after exposure to the peracetic acid based-disinfectant (PAA). (C and D) Fluorescence (C) is
expressed in relative fluorescence units (RFU) and growth of M. terrae is expressed in CFU (D) after exposure to the cation-based disinfectant
(Gigasept Instru AF). Data are the means =+ standard deviations for three RFU determinations and one CFU determination for each disinfectant.
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resulted in some variation in the readings of Gfp fluorescence
of the samples, as is indicated by larger standard deviations.
Clumping of M. terrae also could not be completely prevented
by addition of Tween 80 (polysorbate 80) (data not shown).
However, the use of Tween 80 in susceptibility experiments
with mycobacteria cannot be recommended, since Tween 80 is
known to interfere with many disinfectants (1). In the experi-
ments with a high organic load, clumping was more pro-
nounced than in the experiments without organic load. How-
ever, the differences in fluorescence of the reporter strain in
response to effective or ineffective biocide treatments through-
out the experiments were large enough to reliably interpret the
results. In order to minimize the impact of clumping on the
experimental data, only freshly homogenized mycobacteria
should be used.

In conclusion, this study establishes gfp,,>"-expressing M.
terrae as a new reporter strain to reliably evaluate mycobacte-
ricidal activities of disinfectants with a superior sensitivity and
in a significantly shorter time than previously possible. Many
laboratories will benefit from these findings.
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