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N-Chlorotaurine, an endogenous long-lived oxidant, demonstrated fungicidal activity against Candida spp.
and a postantifungal effect. Secreted aspartyl proteinases, important fungal virulence factors, proved to be a
first target of impact. These results provide support for the topical application of N-chlorotaurine as an
antimicrobial agent in yeast infections.

N-Chlorotaurine (NCT) (Cl-HN-CH2-CH2-SO3
�), the N-

chloro derivative of the amino acid taurine, is the main repre-
sentative of long-lived oxidants produced by stimulated human
leukocytes (19). Besides immune modulatory effects (11), NCT
has bactericidal, virucidal, and vermicidal activities (12, 14, 15,
20), including a lag of regrowth of bacteria (postantibiotic
effect) after short, sublethal incubation times accompanied by
a loss of virulence (13). It has been conceived to be useful as an
antimicrobial agent in local treatment of, e.g., eye and urinary
tract infections (16).

The aim of this study was a quantitative evaluation of fun-
gicidal and postantifungal effects of NCT against Candida al-
bicans at a concentration of 1%, which is well tolerated by
human tissue in vivo (16). In addition, the influence of NCT on
the production of secreted aspartyl proteinases, a superfamily
of enzymes important for cell adhesion and invasion and thus
fungal virulence factors, was investigated (3, 10, 18).

Pure NCT as a crystalline sodium salt (Mr � 181.57 g/mol;
kindly prepared by Waldemar Gottardi, Institute of Hygiene
and Social Medicine, Innsbruck, Austria) was dissolved in 0.01
M phosphate-buffered saline at pH 7.0 to 7.4.

C. albicans strains CBS 5982 (Centraal Bureau voor Schim-
melculturen, Baarn, The Netherlands), ATCC 5314, ATCC
15053, and five clinical Candida sp. isolates, C. krusei ATCC
6128 and a clinical isolate, C. glabrata ATCC 6425, C. tropicalis
ATCC 13803, and C. dubliniensis (kindly provided by D.
Coleman, University of Dublin, Ireland) were grown on Sab-
ouraud dextrose agar (Oxoid, Basingstoke, United Kingdom)
for 48 h. Yeast cells were suspended in saline, washed twice,
adjusted to ca. 1 � 108 CFU/ml, and diluted 50-fold (0.1 to 4.9
ml) to 2 � 106 CFU/ml in buffered 1% NCT solutions.

For testing of the fungicidal activity, aliquots of 250 �l were
removed after incubation times of 1 to 5 h at 20 or 37°C and
mixed with 125 �l of 6% sodium thiosulfate solution to inac-
tivate NCT. Quantitative cultures of adequate dilutions on
tryptic soy agar (Merck) were performed by using an automatic

spiral plater (model WASP; Whitley, Shipley, United King-
dom), and CFU were counted after incubation at 37°C for 48 h
(detection limit, 20 CFU/ml). Controls without NCT and con-
trols with fungi added to NCT previously inactivated by sodium
thiosulfate were performed in parallel.

For testing of the postantifungal effect (PAFE), yeasts were
incubated at 20°C in 1% NCT solution for sublethal incubation
times of 1 to 45 min. Subsequent to inactivation of NCT and a
washing step in saline, yeasts were diluted 100-fold in pre-
warmed tryptic soy broth (Merck) and regrown at 37°C. Quan-
titative cultures were performed hourly. The lag of regrowth
was calculated as the difference between the test and control
cultures in the time taken to increase 1 log10 above the count
at zero time (2).

For testing of the effect of NCT on production of secreted
aspartyl proteinases (Saps), yeasts (2 � 106 CFU) were incu-
bated at 20°C in 1 ml of Sap induction medium (pH 4.0)
consisting of 1% bovine serum albumin (fraction V; Sigma),
2% glucose, 0.1% KH2PO4, 0.05% MgSO4, and 1% 100�
minimum essential medium vitamins (Sigma). NCT saline so-
lution (50 �l) was added once daily to final concentrations of
0.001, 0.003, 0.01, or 0.03%, or every second day to 0.1%
(because of drug accumulation) for 7 days, or only once to 1%.
Controls were done with addition of saline instead of NCT.
After growth for 7 days under continuous rotation, the CFU
count and the Sap concentration were assessed, the latter by a
modified version (8) of the original protocol by Ollert et al.
(17). Briefly, the suspension was centrifuged at 3,500 � g for 10
min. The amount of proteinase antigen in the supernatant was
determined by absorbing aliquots to microwell plates (Greiner,
Kremsmünster, Austria). Antigen detection was accomplished
by the monoclonal mouse immunoglobulin G antibody FX
7-10 (2 �g/ml), which preferentially reacts with an epitope of
Sap2. For better comparison of single experiments, the control
values obtained in induction medium were set as 100%, and
the values in the presence of NCT were calculated as the
percentage in proportion to the controls for each experiment.

One-way analysis of variance and Dunnett’s multiple com-
parison Test (Graphpad Software Inc., Calif.) were applied for
statistical analysis. The data of each time point were compared
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for the kinetic experiments. P values of �0.05 were considered
significant.

Fungicidal activity. NCT demonstrated fungicidal activity
enhanced by increasing temperature against all tested strains,
with C. glabrata being the most resistant one, followed by C.
tropicalis and then C. albicans and C. dubliniensis (Fig. 1). This
activity is comparable to that found when bacteria are used
(12), with the difference that incubation times needed for kill-
ing the yeasts were 5 to 10 times longer.

PAFE. This study is the first report which demonstrates a
yeast lag of regrowth caused by an active chlorine compound.

The PAFE increased with the incubation time, similarly to
what was seen in previous studies with other antifungal agents
(5, 6, 9, 13), and could be detected in all strains tested. For C.
albicans CBS 5982 the lag time was 0.7 to 1.4 h for 1min of
incubation, 1.1 to 1.4 h for 10 min, 1.1 to 2.3 h for 30 min, and
2.6 to 2.7 h for 45 min of incubation in NCT solution (ranges
of three duplicate experiments; P � 0.01 for all times). For C.
glabrata (C. krusei) the values were 0.4 to 0.6 h (0.0 to 0.2 h) for
10 min, 0.4 to 0.6 h (0.4 to 0.6 h) for 30 min, and 0.5 to 0.9 h
(0.8 to 1 h) for 45 min of incubation (ranges of two duplicate
experiments; P � 0.01 for all times except for 10 min in C.
krusei). The susceptibility of the strains in PAFE tests did not
correlate with the one found in killing assays (Fig. 1), in which
C. glabrata was significantly more resistant than C. krusei. The
PAFE of 1% NCT on C. albicans CBS 5982 occurred as rapidly
as on bacteria (1 min [13]). Although the fungal target mole-
cules of NCT which might explain these differences between
the single strains are unknown, the delayed regrowth clearly
demonstrates an early impact on the fungal cell long before
irreversible inactivation starts.

Effect of NCT on the production of Saps. C. albicans (2 �
106 CFU/ml) grown in Sap induction medium for 7 days
reached 1 � 108 to 4 � 108 CFU/ml (3 � 107 to 4 � 107

CFU/ml for C. dubliniensis). When NCT was added daily to the
induction medium, the Sap production was clearly impaired
already at NCT concentrations that did not inhibit fungal
growth (Fig. 2). If it was added once to the medium and stored
until a complete decay of activity was achieved, i.e., 24 h for
0.01% and 3 weeks for 1.0% at 20°C, before addition of yeasts,
neither growth nor Sap production was affected, which rules
out a destruction of the medium by NCT.

When 0.01, 0.1, or 1% NCT was mixed with the superna-

FIG. 1. Fungicidal activity of 1% NCT against Candida spp. at pH
7.2 and 20°C (open symbols) or 37°C (filled symbols). Mean values �
standard errors of the mean of two (eight for CBS 5982) separate
experiments. Dotted lines show controls without NCT. �, P � 0.05; ��,
P � 0.01 (borderline values of statistical significance compared to the
controls are marked).
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tants of control yeasts which had been grown in induc-
tion medium for 7 days, there was no decrease in the
Sap concentration after 24 h of incubation, indicating
the absence of a direct inactivation of Saps by NCT. There-
fore, the mechanism of action of NCT on the proteinases
remains unclear. Conceivable are a direct or indirect impact
on Sap induction or production, inactivation of protein
pumps located in the cell membrane, and inhibition of se-
cretion of Saps by this means. The effect was reversible,
demonstrated by full Sap production when C. albicans was
regrown for 7 days after the end of an incubation period in
NCT. This can be explained by repair mechanisms within
the lag time (2, 5).

As in earlier findings with staphylococci and streptococci
(13, 14), decrease of yeast virulence has to be considered one
of the earliest reactions caused by NCT. Candida Sap mutants
have been demonstrated to lose virulence in a vaginitis model
(4), so that the inhibition of Sap production by drugs is ex-
pected to contribute to a therapeutic effect in opportunistic
yeast infections (1, 7). Investigation of the mechanisms of ac-
tion of NCT and evaluation of its therapeutical efficacy in such
infections remain challenges for the future.
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