
Method for identifying and/or quantifying anti-infective compounds
The field of the invention The present invention relates to a method
for identifying and/or quantifying an anti-infective 5 compound.
Furthermore it relates to a method for identifying and/or quantifying
a mutation in a virulence factor of a pathogen of a host organism
that reduces the virulence of the pathogen to a unicellular test
organism. Background of the invention 10 The infectivity of a
pathogen and the pathogenesis involves the interaction of a pathogen
with a host cell. It has been shown, that factors which affect
pathogenesis in plants or animals can also affect pathogenesis in
lower eukaryotic organisms. For example, the same bacterial virulence
factors of Pseudomonas aeruginosa (P. aemginosa), which affect the
worm Caenorhabditis elegans (C. elegans), also affect Arabidopsis
thaliana and show virulence in a 15 mammalian mouse assay as
described in WO 98/50080. However, approaches for testing infectivity
and in particular virulence using multicellular organisms are
timeconsuming and expensive. A method using a unicellular organism
for the assessment of the virulence of a pathogen has been described
in WO 02/101081. The unicellular amoeba Dictyostelium discoideum
DR1-10 20 has been used to assess the virulence of a pathogen to a
host organism by exposing a culture of Dictyostelium discoideum
DI-11-10 to the pathogen and monitoring the growth of Dictyostelium
in the presence of the pathogen. The method described in WO 02/101081
has some limits with regard to sensitivity, reproducibility and
quantification of the virulence of a pathogen, however. Since the
fitness of a cultured organism depends on the culture conditions 25
which might vary due to slight changes in the medium or the
temperature of the culture, the sensitivity of the test unicellular
organism with regard to the pathogen might change and therefore it
will be difficult to quantify and reproduce the respective virulence
test. Furthermore, the assessment of the virulence of a pathogen with
the method desribed in WO 02/101081 is only semiquantitative since
growth of Dictyostelium is monitored visually by 30 measuring the
colony diameter or by measuring the cytoskeleton of the organism with
a light microscope. Due to the fact that the growth of the test
unicellular organism is monitored, the assay described in WO
02/101081is very time consuming i.e. the test unicellular organism
has  2 to be exposed to the pathogen for 4-7 days. This long period
of exposition might be as well disadvantageous with regard to a
potential decomposition of the compound to be tested Therefore, there
is a need in the art for less time consuming, more sensitive and more
reproducible unicellular test host systems for testing pathogen
infectivity which can be used 



5for measuring quantitatively the virulence of a pathogen and the
anti-infective activity of a compound. Summary of the invention The
object of the present invention is to provide improved methods for
testing pathogen 10infectivity which does not have the
above-mentioned drawbacks. In a first aspect, the present invention
provides a method for identifying and/or quantifying the
anti-infective activity of an anti-infective compound, said method
comprising: (a) exposing an unicellular test organism to a pathogen
of a host organism in the absence of the anti-infective compound to
be identified and/or quantified; 15(b) determining the ratio of the
concentration of the unicellular test organism to that of the
pathogen which allows the pathogen to grow in the presence of the
unicellular test organism; (c) exposing the unicellular test organism
to the pathogen at the ratio determined in step (b) in the presence
of the anti-infective compound to be identified and/or quantified;
20(d) exposing the unicellular test organism to the pathogen at the
ratio determined in step (b) in the absence of the anti-infective
compound to be identified and/or quantified; and (e) monitoring the
growth of the pathogen in the presence and in the absence of the
anti-infective compound to be identified and/or quantified, wherein a
lower level of growth of the pathogen in the presence of the
anti-infective compound to be identified and/or 25 quantified than
observed in the absence of the anti-infective compound to be
identified and/or quantified indicates that the anti-infective
compound to be identified and/or quantified has an anti- infective
activity. Suitably the method is a method for quantifying IC50 of an
anti-infective compound, said method comprising: 30(a) exposing an
unicellular test organism to a pathogen in the absence of the
anti-infective compound; 



(b) determining the ratio of the concentration of the unicellular
test organism to that of the pathogen which allows the pathogen to
grow in the presence of the unicellular test organism;  3  (c)
exposing the unicellular test organism to the pathogen at the ratio
determined in step (b) independently in the presence of two or more
concentrations of the anti-infective compound;      (d) exposing the
unicellular test organism to the pathogen at the ratio determined in
step (b) 5in the absence of the anti-infective compound; and  (e)
monitoring the growth of the pathogen independently in the presence
of two or more concentrations of the anti-infective compound and in
the absence of the anti-infective compound, wherein the level of
growth of the pathogen in the presence of two or more concentrations
of the anti-infective compound and the level of growth of the
pathogen in the 10absence of the anti-infective compound are used to
calculate the IC50 of the anti-infective compound. A further aspect
of the present invention is a method for identifying and/or
quantifying a mutation in a virulence factor of a pathogen of a host
organism that reduces the virulence of the pathogen to a unicellular
test organism, said method comprising: 15 (a) selecting a pathogen of
a host, whereasin the pathogen is able to grow in the presence of the
unicellular test organism;    (b) selecting a mutant of the pathogen;
(c) exposing an the unicellular test organism to the pathogen;    (d)
determining the ratio of the concentration of the unicellular test
organism to that of the 20pathogen which allows the pathogen to grow
in the presence of the unicellular test organism;  (e) exposing the
unicellular test organism to the pathogen at the ratio determined in
step (b); f) exposing the unicellular test organism to the mutant of
the pathogen at the ratio determined in step (b); 25 g) monitoring
the growth of the pathogen and the growth of the mutant of the
pathogen, wherein a higher level of growth of the pathogen than
observed for the mutant of the pathogen indicates that the mutant of
the pathogen has a mutation in the virulence factor of the pathogen
that reduces the virulence of the pathogen to the host organism. 



4 the ensuing detailed description, which proceeds with reference to
the following illustrative drawings, and the attendant claims. Brief
description of the figures 5 Figure 1 shows the obtained matrix of
the Klebsiella pneumoniae assay and the evaluation of the phenotype
of the mutants and the potency of compound ATH18534. The rows A, Ito
L and N to P are wild type strain Kp52145 (BAT39). Rows B to I are
mutant strains, BAT21, BAT30, BAT27, BAT 146, BAT168, BAT172, BAT187
and BAT199, respectively. The row M is the wild-type strain treated
with 10 tiM of compound ATH18534 (3-(allylsulfany1)-5- 10
hydroxy-6-methyl-1,2,4-triazine). Figure 2 shows OD values
corresponding to the obtained matrix (Figure 1) of the Klebsiella
pneumoniae assay and the evaluation of the phenotype of the mutants
and the potency of compound ATH18534. The rows of the two blocks
(50'000-9'250 and 6'250-0) are numbered 15 with A-P from top to
bottom as shown in figure 1. The rows A, J to L and N to P are wild
type strain Kp52145 (BAT39). Rows B to I are mutant strains, BAT21,
BAT30, BAT27, BAT 146, BAT168, BAT172, BAT187 and BAT189,
respectively. The row M is the wild-type strain treated with 10 p.M
of compound ATH18534 (3-(allylsulfany1)-5-hydroxy-6-methyl-1,2,4-
triazine). 20 Figure 3 shows the antibiotic (abscissa) and avirulence
(ordinate) activities of the screening plates of the Klebsiella
pneumoniae assay. Figure 4 shows OD values of the E. coli assay and
the evaluation of the phenotype of the 25 mutants and the potency of
compound ATHI 8534. The rows of the two blocks (50'000-9'250 and
6'250-0) are numbered with A-P from top to bottom as shown in figure
1. The rows A, to P are wild type strain BAT452. Rows B to I are
mutant strains, BATS 01, BATS 02, BAT503, BAT 505, BAT546, BAT549,
BAT550 and BAT563, respectively.  5 Figure 6 shows OD values of the
Pseudomonas aeruginosa assay and the evaluation of the phenotype of
the mutants and the potency of compound ATH18534. The rows of the two
blocks (50'000-9'250 and 6'250-0) are numbered with A-P from top to
bottom as shown in figure 1. The rows A, I to P are wild type strain
BAT10. In row I bacteria were omitted for Tp 



5 concentration of 18,500 to 9,250 cells/ml). Rows B to I are mutant
strains, BAT331, BAT2, BAT334, BAT357, BAT370, BAT375, BAT406 and
BAT408, respectively. Figure 7 shows the antibiotic (abscissa) and
avirulence (ordinate) activities of the screening plates of the
Pseudomonas aeruginosa assay. Figure 8 shows ICso of ATH18534
(3-(allylsulfany1)-5-hydroxy-6-methyl-1,2,4-triazine) in the
Tetrahymena pyriformis-Klebsiella pneumoniae assay. (A) Micro-plate
format for compound dose-response. (B) Average of quadruplicates of
the activity and 0D450 of ATH18534 compound. (C) Sigmoidal curves
were drawn and ICso determined. Figure 9 shows the Sub-MIC effect of
Trimethoprim in the Tetrahymena pyriformisKlebsiella pneumoniae
assay. Figure 10 shows OD values of Klebsiella pneumoniae assays
using Tetrahymena pyriformis 20 (Tp). The rows of the two blocks
(50'000-9'250 and 6'250-0) are numbered with A-P from top to bottom
as shown in figure 1. The rows A to P (1-12) are wild type strain
Kp52145 (BAT39). Figure 11 shows OD values of Ydebsiella pneumonia
assays using Tetrahymena thermophila 25 (Tt). The rows of the two
blocks (50'000-9'250 and 6'250-0) are numbered with A-P from top to
bottom as shown in figure 1. The rows A to P (1-12) are wild type
strain Kp52145 (BAT39).     Figure 12 shows survival curves of mice
infected with Klebsiella mutants in a pulmonary 30 model of
infection.  6 Figure 13 shows the in vivo efficacy of
3-(allylsulfany1)-5-hydroxy-6-methyl-1,2,4-triazine in Klebsiella
pneumoniae mtnine pulmonary infection model. Detailed description of
the invention 5 As used herein, each of the following terms has the
meaning associated with it in this section. The term "infectivity",
as used herein, is defined as the capability of a pathogen to cause
disease, damage or harm to a host organism. 



10 The term "anti-infective compound", as used herein, is intended to
include compounds that reduce the virulence of a pathogen to a host
organism and compounds that inhibit the growth of or kill a pathogen
in the presence and/or in the absence of a host organism like
antibiotic compounds. 15 The term "virulence", as used herein, is a
measure of the degree of pathogenicity of a pathogen to a host
organism. Virulence is usually expressed as the dose or cell number
of a pathogen that will elicit a pathological response in the host
organism within a given time period. The term "anti-virulence
activity", as used herein, is a measure of the degree of a compound
20 that reduces the virulence of a pathogen to a host organism or a
measure of the degree of a mutation of a mutant of a pathogen, which
causes a reduced virulence to a host organism compared to the
pathogen. The term "virulence factor", as used herein, may be a
poisonous substance, e. g., a toxin, a 25 protein or a structure of
the pathogen, that is produced by pathogenic living cells or
organisms which initiates the pathogenic process or is required for
initiating the pathogenic process and is capable of causing disease
to a host.   The term "reducing the virulence", as used herein, is
defined as the ability of a compound to 30 attenuate, diminish,
decrease, suppress, or arrest the development of; or the progression
of disease, damage or harm to a host organism mediated by a pathogen.
7 The term "antibiotic activity", as used herein, is a measure of the
degree of a compound that inhibit the growth of or kill a pathogen in
the presence and/or in the absence of a host organism. 5 The term
"quantifying a mutation in a virulence factor of a pathogen of a host
organism", as used herein, is defined as the quantification of the
phenotype resulting from a mutation in a virulence factor of a
pathogen of a host organism.     The term "IC50 (inhibitory
concentration 50%)", as used herein, is defined as the concentration
10 of an anti-infective compound which inhibits the growth of a
pathogen by 50 %. The term "host organism", as used herein, is
intended to include any living organism. Preferably the host organism
is a vertebrate. More preferably the host organism is a mammal. It is
most preferred that the host organism is a human. 15 A "unicellular
test organism", as used herein, is usually any living phagocytic
protozoa, including, but not limited to, amoebae such as
Dictyostelium, flagellates such as Bodo Saltans, ciliates such as
Tetrahymena spp.. Preferably the phagocytic protozoon is a phagocytic



amoeba, flagellate or ciliate. More preferred is a phagocytic ciliate
such as, Paramecium, 20 Stentor, Vorticella or Tetrahyrnena.
Tetrahymena is the most preferred phagocytic protozoa, in particular
Tetrahymena pyriformis (Tp) or Tetrahymena thermophila (Tt), more
particular Tetrahymena pyriformis (Tp). The strain of Tp is not
critical to the methods of the present invention. Tp strains such as
CCAP1630/21 or CCAP1630/ 1W from CCAP (Culture Collection of Algae
and Protozoa, SAMS Research Services Ltd., Dunstaffnage Marine 25
Laboratory, Dunbeg, Argyll, PA37 1QA, UK) can be used in the present
invention. A preferred strain is CCAP1630/21.   The term "pathogen",
as used herein, intended to include any living microorganisms such as
bacteria, mycobacteria, fungi and unicellular eukaryotic organism,
including wild types and 30 mutants thereof, which cause disease or
brings about damage or harm to a host organism.  S The term
"pathogenicity", as used herein, is defined as the ability of a
pathogen to cause disease, damage or harm to a host organism. Usually
the pathogen is selected from the group consisting of bacteria,
mycobacteria, fungi 5 and unicellular eukaryotic organisms. Bacterial
and mycobacterial pathogens of the present invention may include
Helicobacter pyloris, Borelia burgdorferi, Legionella pneumophilia,
Mycobacteria sps (e.g. M. tuberculosis, M. avium, M intracellulare,
M. kansaii, M. gordonae), Staphylococcus aureus, Neisseria
gonorrhoeae, Neisseria meningitidis, Listeria monocytogenes,
Streptococcus pyogenes (Group A Streptococcus), Streptococcus
agalactiae 10 (Group B Streptococcus), Streptococcus (viridans
group), Streptococcus faecalis, Streptococcus bovis, Streptococcus
(anaerobic sps.), Streptococcus pneumoniae, pathogenic Campylobacter
sp., Enterococcus sp., Haemophilus influenzae, Bacillus antracis,
corynebacterium diphtheriae, corynebacterium sp., Erysipelothrix
rhusiopathiae, Clostridium perfringers, Clostridium tetani,
Enterobacter aerogenes, Klebsiella pneumoniae, Pasturella 15
multocida, Bacteroides sp., Fusobacterium nucleatum, Streptobacillus
moniliformis, Trelionema pallidium, Treponema pertenue,Leptospira,
Rickettsia, Actinomyces israelli, and Salmonella spp., Pseudomonas,
e. g., P. aeruginos., Escherichia spp., e. g., Escherichia coli,.
Pathogenic fungi of the present invention may include, e. g., Candida
albicans. Pathogenic unicellular eulcaryotic organisms of the present
invention may include, e. g., Leishmania 20 donovani. 



The pathogen can be an intracellular pathogen of the unicellular test
organism, such as an intracellularly growing bacterial pathogen e.
g., select strains of Salmonella, Legionella, or Listeria, or
mycobacterial pathogen, e. g., Mycobacterium tuberculosis.
Alternatively, the 25 pathogen may be an extracellular pathogen that
grows outside of the unicellular test organism, such as a bacterial
pathogen as Pseudomonas, e. g., P. aeruginosa, Klebsiella, e.g.
Klebsiella pneumonia, Escherichia, e. g., Escherichia coli,
Staphylococcus, e. g., Staphylococcus aureus, Vibrio, e. g., Vibrio
cholera, or an extracellularly growing pathogenic fungi, e. g.,
Candida albicans. Depending on the conditions of exposition an
extracellular pathogen that grows 30 outside of the unicellular test
organism at the beginning of the exposition might become an
intracellularly growing bacterial pathogen during exposition to the
the unicellular test organism and vice versa.  9 Preferably the
pathogen is a bacterial pathogen. More preferably, the pathogen is an
extracellular bacterial pathogen. Most preferably, the extracellular
pathogen is Pseudomonas, Escherichia or Klebsiella. In particular the
extracellular pathogen is selected from the group of Klebsiella
pneumoniae, Pseudomonas aeruginosa and Escherichia coli. 5 The
virulence of the pathogen might be triggered by the quorum sensing
pathway which is used by a broad range of pathogenic bacteria e. g.,
P. aeruginosa, Escherichia coli, Klebsiella pneumoniae,
Staphylococcus aureus and Vibrio cholera, whereby a threshold
concentration of autoinducer triggers the coordinated synthesis of
secreted virulence factors 10which initiates the pathogenic process.
EXPOSING A UNICELLULAR TEST ORGANISM TO A PATHOGEN In general the
order of exposing the unicellular test organism to the pathogen in
the absence 15or in the presence of the compound to be identified
and/or quantified is not critical. Usually the unicellular test
organism is exposed to a pathogen in the absence or in the presence
of the anti-  



10 infective compound to be identified and/or quantified by adding
cells from a culture of the pathogen to cells from a culture of the
unicellular test organism. Exposition can be performed by adding the
cells suspended in the medium used for culture or the cells can be
suspended in other media or combinations thereof which allow for
growth of the organisms during 5 exposition to each other. Usually,
cells from the culture are diluted with the culture medium used
before being adding to each other. Preferably, the unicellular test
organism is exposed to the pathogen in step (a), step (c) and step
(d) of the method for identifying and/or quantifying the
anti-infective compound under the same conditions. Exposition under
the same conditions is performed by exposing cells of the pathogen to
cells of the unicellular test organism in step .0 (c) and step (d)
suspended in the same medium or combination of media as used for
exposition in step a). Exposition can be performed on agar plates, on
surfaces as glass cover slips, in tissue culture flasks, in
test-tubes or on microplates. Preferably microplates which allow for
visual and 15 spectroscopic examination are used, more preferably
such microplates which can be used for High Throughput Screening
(HTS) are used. Generally unstarved unicellular test organism cells
are used in the methods of the present invention. For example, a test
host organism can be cultured in adherent culture or in 20 suspension
culture for use in the methods of the present invention. In order to
obtain a maximum reproducibility of the method, the test host
organism is preferably cultured in suspension using a fermentor.
Preferably the fel-mentor is continuously fed with medium whereas the
culture should not exceed a maximum life span of one month. There is
an optimum concentration of cultured cells of the test host organism
in the fermentor for use in 25 the method of the present invention
which might vary depending on the particular host organism used and
which can be assessed by determining the ratio of the concentration
of the unicellular test organism to that of the pathogen which allows
the pathogen to grow in the presence of the unicellular test
organism. In case Tetrahymena such as Tetrahymena pyriformis (Tp) is
used, the usual concentration is between 250'000 Tp/ml to 400'000
Tp/ml, 30 the preferred optimum concentration is around 300'000
Tp/ml. Any culture medium that will sustain the growth of the
unicellular test organism may be used to produce the cells. SM medium
as described in example 1 is preferably useful for growing  It the
cells of the unicellular test organism for use in the present
invention. 



The conditions of pathogen culture are in general not critical to the
methods of the present invention. Such conditions may be tailored to
the pathogen being tested and are described in 5 the art, e. g., for
bacteria in Bergey's Manual of Systematic Bacteriology (The
Prokaryotes 2nd edition by A. Balows etal., 1992). Under conditions
where the virulence of the pathogen is triggered by the quorum
sensing pathway, the pathogen is grown to a cell density at which the
induction of the quorum sensing is maximal. 0 Usually one unicellular
test organism is exposed to one pathogen. In order to identify and/or
to quantify the anti-infective activity of an anti-infective compound
as well two or more pathogens might be exposed simultaneously to the
unicellular test organism in step c) of the present method, whereas
usually the growth of one pathogen is monitored in step e). [5 Under
certain conditions of exposition, the unicellular test organism may
use a pathogen as a growth substrate. The ability of the unicellular
test organism to grow on a pathogen substrate depends on the
character of the pathogen, e. g., pathogen virulence. Other bacteria,
e. g., E. coil or heat-killed bacteria may be added to a culture of
the test host organism exposed to the pathogen and serve as a growth
supplement for e.g. Tp. The growth supplement may be either 10 a
pathogenic or a non-pathogenic bacteria. In order to determine the
ratio of the concentration of the unicellular test organism to that
of the pathogen which allows the pathogen to grow in the presence of
the unicellular test organism in step b), usually one concentration
of the pathogen is exposed to serial 25concentrations of the
unicellular test organism cells in step a). The respective
concentrations can be obtained by dilutions with the respective
culture medium. Usually serial dilutions of the test organism to
achieve a final cell concentration exposed to the pathogen of between
1000 and 100'000 cells/m1 are used. The final cell concentration of
the pathogen depends on the lcind of pathogen. A bacterial pathogen
is usually diluted to a cell concentration of between 30103 and 108,
preferably between 5x 104 and 5x 106 cells/ml, exposed to the
unicellular test organism. The time for setting up the assay by
adding the pathogen to different concentrations of the unicellular
test organism cells should not exceed a period of 30 min in order to
achieve  12 a high reproducibility of the method. The concentration
of the pathogen can be measured at the beginning of the exposition,
but this is not required for the method. Usually corresponding 



dilutions of the pathogen without the unicellular test organism are
set up simultaneously to and independently from the pathogen exposed
to the unicellular test organisms at the 5 beginning of the
exposition in order to monitor the growth of the pathogen without the
unicellular test organism. After an exposition time of usually
between 4 and 40, preferably between 8 and 35, more preferably
between 15 and 30 hours, the growth of the pathogen at the different
concentrations 10 of the unicellular test organism is measured. The
temperature at which the exposition is carried out depends on the
unicellular test organism and on the pathogen used. Usually a
temperature at which the growth of the pathogen is optimal is used.
The choice of the temperature can be easily made by a person skilled
in the art. The concentration of cells of the unicellular test
organism at which the cells of the pathogen have completely overgrown
the 15 cells of the unicellular test organism at the end of the
exposition time, is usually taken as the ratio of the concentration
of the unicellular test organism to that of the pathogen which allows
the pathogen to grow in the presence of the unicellular test
orgsnism. This concentration of cells of the unicellular test
organism is referred herein as well as "threshold" or "threshold
concentration". 20 The growth of the pathogen at the different
concentrations of the nnicellular test organism is usually monitored
visually, microscopically or by measuring the absorbance of the
pathogen at an appropriate wavelength. In case absorbance of the
pathogen is measured completely overgrowing of the cells of the
unicellular test organism by the cells of the pathogen is 25 obtained
if absorbance of the pathogen exposed to the unicellular test
organism reaches the same level as absorbance of the pathogen without
the unicellular test organism. The ratios of the concentration of the
unicellular test organism to that of the pathogen at which the cells
of the pathogen have completely overgrown the cells of the
unicellular test organism depend on the unicellular test organism and
the pathogen used as well as on the culture 30 conditions of the
unicellular test organism. Depending on the culture conditions and
the period of culture of the unicellular test organism the ratio can
change within about 50 %. Thus, the determination of the ratio is
essential for calibrating the method of the present  13 invention in
order to achieve quantification and a high reproducibility. In case
Tp is used as unicellular test organism and bacteria as pathogen,
usual ranges for Tp are between 1000 and 100000 cells/nil at a cell
concentration of the bacteria of between 103 and 108 cells/ml. . 



5 After having determined the ratio of the concentration of the
unicellular test organism to that of the pathogen which allows the
pathogen to grow in the presence of the unicellular test organism,
the unicellular test organism is exposed to the pathogen at the ratio
determined in the absence and in the presence of the compound to be
identified and/or quantified. Usually, cells of the unicellular test
organism from the same culture, e. g. continous ferrnentor culture 10
as described above, are used for determining the ratio of the
concentration of the unicellular test organism to that of the
pathogen which allows the pathogen to grow in the presence of the
unicellular test organism in step b) and for carrying out step c)-d).
In order for the ratio obtained in step b) to be usable for steps
c)-d), the time period for determining the ratio of the concentration
of the unicellular test organism to that of the pathogen which allows
the 15 pathogen to grow in the presence of the unicellular test
organism in step b) and for carrying out step c)-d) usually should
not exceed three days, preferably it should not exceed one day (24
hours). Culture conditions and exposition of the unicellular test
organism and the pathogen in the absence and in the presence of the
compound to be identified and/or quantified can be carried out as
described supra. In the presence of the compound to be 20 identified
and/or quantified usually one concentration of the compound to be
tested is added to the concentration of the unicellular test organism
determined in step b) of the present method and then the
corresponding concentration of cells of the pathogen is added to
obtain the ratio of the concentration of the unicellular test
organism to that of the pathogen which allows the pathogen to grow in
the presence of the unicellular test organism. The unicellular test
25 organism can, be exposed in step c) to the pathogen as well
independently in the presence of two or more concentrations of the
compound to be identified and/or quantified, whereas in step e) the
growth is monitored independently in the presence of two or more
concentrations of the compound to be identified and/or quantified.
The order of unicellular test organism, compound and pathogen added
is in general not critical to the method of the invention. 30 Usually
cells from a culture of the pathogen are added to cells from a
culture of the unicellular test organism and for the presence of the
compound, the compound is added to the mixture of cells of the
pathogen and of cells of the unicellular test organism.  14 In a
preferred embodiment corresponding dilutions of the pathogen without
the unicellular test organism are set up simultaneously to and under
the same conditions of step c) and d) in order to monitor the growth
of the pathogen in the presence and in the absence of the
anti-infective compound without the unicellular test organism as
described for step e). The level of growth 5 obtained for the
pathogen alone can be used to calculate the antibiotic activity of an
anti-infective compound and to discriminate antivirulence activity
from antibiotic activity as described below. In a preferred
embodiment of the present method the unicellular test organism is
exposed in 10 step c) at the ratio determined in step (b) and
independently at one or more concentrations to the pathogen in the
presence of the anti-infective compound to be identified and/or
quantified. Usually two to four concentrations of the unicellular
test organism higher and five to ten concentrations of the
unicellular test organism lower than the concentration determined in



the unicellular organism to eradicate, i. e. that is when no cells of
the bacteria are present 20 outside the unicellular organism anymore,
the pathogen. METHODS OF MONITORING THE GROWTH OF THE PATHOGEN The
pathogen growth may be monitored in many ways known to one skilled in
the art. How cell growth is monitored depends, in part, on the method
of pathogen exposure used. If the 25 unicellular test organism and
pathogen are exposed on agar plates or on surfaces such as glass
cover slips, the agar plate or these surfaces may be incubated under
conditions suited to growth and measurement (e. g., occurrence,
number) of the pathogen. After the incubation period the occurrence
and number of the pathogen in the presence of the compound are
recorded and compared with the occurrence and number formed in the
absence of the test 30 compound. The number of pathogen and/or the
colonies may be measured by any suitable means known to the person
skilled in the art. Growth of the pathogen may be monitored e. g.
fluorimetrically by well-known analytical techniques quantifying the
total fluorescence  15  emitted by a culture of the pathogen. It is
common knowledge in the art that the level of fluorescence in culture
test samples is directly proportional to the rate of cell growth.
Growth of the pathogen can be monitored as well by measuring the
absorbance (optical density) of the pathogen in the presence and in
the absence of the anti-infective compound to be identified 5 and/or
quantified at an appropriate wavelength, wherein the difference
between the absorbance of the pathogen measured in the presence of
the anti-infective compound to be identified and/or quantified and
the absorbance of the pathogen measured in the absence of the
anti-infective compound to be identified and/or quantified quantifies
the anti-infective activity of the compound. Measuring the absorbance
of the pathogen is the preferred method of 10 monitoring growth of
the pathogen. Usually, a wavelength is used at which absorbance of
the cells of the pathogen is maximal and absorbance of the cells of
the host organism is minimal or zero. In case of bacterial pathogens,
the appropriate wavelength is usually at 250 to 600 nm, preferably at
450 mu. In case 



15 absorbance is used to monitor growth of the pathogen the
anti-infective activity (Al) of the compound can be calculated as
follows: The OD values measured at the beginning of the exposure are
subtracted from the OD values measured at the end of the exposure in
the presence and in the absence of the compound. These corrected
values AIwt (for OD in the absence of the compound) and AI (for OD in
the presence of the compound) are used to 20 calculate the
anti-infective activity of the compound using the formula AI%=100 x
(1- (Al/Alw0). Depending on the mode of action of the anti-infective
compound (antivirulent or antibiotic) the same calculation can be
performed for quantifying the antibiotic activity (AB) of a compound
or the antivirulent activity (AV) of a compound. 25 Anti-infective
activity of the compound can be quantified as 100% when the pathogen
in the presence of the compound is completely eradicated, i. e. that
is when no cells of the bacteria are present outside the unicellular
organism anymore, by the unicellular organism and as 0% when the
pathogen in the presence of the compound has the same level of growth
as the pathogen in the absence of the compound and both completely
overgrew the unicellular 30 organism.  16 compound. Suitably, the
method is a method for quantifying IC50 of an anti-infective
compound, as described above. In case absorbance is used to monitor
growth of the pathogen the ICso can be calculated by 5calculating the
anti-infective activity, which is in this case equivalent to the
anti- virulence activity (AV) of the compound as follows: The OD
values measured at the beginning of the exposure are subtracted from
the OD values measured at the end of the exposure in the presence and
in the absence of the compound. These corrected values AVwt (for OD
in the absence of the compound) and AV (for OD in the presence of two
or more concentrations of 10 the compound) are used to calculate the
anti-infective activity of the compound using the formula for every
concentration of the anti-infective compound AV%=100 x (1-
(AVcone/AVwt)). Usually the AV values obtained are fed to a sigmoid
approximation software and the resulting IC50 values are computed and
averaged using methods known to the person skilled in the art.
15Usually the unicellular test organism is exposed to the pathogen at
the ratio determined in step (b) independently in the presence of
four to six concentrations, preferably four concentration of the
anti-infective compound. 



17 Preferably the unicellular test organism is exposed to the
pathogen in step c) in addition independently in the presence of a
standard compound and the growth of the pathogen is monitored in step
(e) independently, in the presence of two or more concentrations of
the anti-infective compound, in the absence of the anti-infective
compound and in the presence of a 5 standard compound, and wherein
the level of growth of the pathogen in the presence of two or more
concentrations of the anti-infective compound, the level of growth of
the pathogen in the absence of the anti-infective compound and the
level of growth in the presence of a standard compound are used to
calculate the 1050 of the anti-infective compound. 10 ANTI-INFECTIVE
COMPOUNDS Anti-infective compounds of the present invention include
compounds that reduce the virulence of a pathogen to a host organism
and compounds that inhibit the growth of or kill a pathogen in the
presence and/or in the absence of a host organism like antibiotic
compounds. Usually anti-infective compounds, which are identified
and/or quantified by the present 15 method are compounds that reduce
the virulence of a pathogen to a host organism and the anti-infective
activity of the compound is the anti-virulence activity of the
compound. Anti-infective compounds, which are identified and/or
quantified by the present method can be as well antibiotic compounds
that inhibit the growth of or kill a pathogen in the presence and/or
in. the absence of a host organism and the anti-infective activity of
the compound is the 20 antibiotic activity of the compound. The
present method can be used to discriminate between the anti-virulence
activity and the antibiotic activity of an anti-infective compound.
Anti-infective compounds of the present invention can include any
synthetic or semi-synthetic compound. Such compounds include
inorganic as well as organic chemical compounds. The compounds may be
as well naturally occurring compounds. Naturally occurring compounds
25may include, e. g., saccharides, lipids, peptides, proteins,
nucleic acids, or combinations thereof, e. g., aminoglycosides,
glycolipids, lipopolysaccharides, or macrolides. The precise source
of the compound is not critical to the method of the present
invention. The compound might be derived from e. g., synthetic
compounds libraries which are commercially available, e. g.,
Sigma-Aldrich (Milwaukee, WI), or libraries of natural occurring
compounds 30 in. the form of bacterial, fungal, plant, and animal
extracts such as those available from Xenova (Slough,UK) might be
chemically synthesized or produced by recombinant technologies
according to methods known to the person skilled in the art. The
synthetic (or  18 semi-synthetic), natural occurring compounds or
bacterial, fungal, plant, and animal extracts might be modified using
standard chemical, physical, or biochemical methods known in the art.
Usually one compound is used in the method of the present invention.
The unicellular test organism can be exposed to the pathogen in the
present method as well in the presence 



5of two or more anti-infective compounds simultaneously e. g. in
order to identify and/or quantify the synergistic effect of two or
more anti-infective compounds. The anti-infective compound to be
identified and/or quantified by the method of the present invention
may be produced in the course of exposing the unicellular test
organism to a 10 pathogen by another pathogen present in the assay
mixture as long as the pathogen producing the compound does not grow
during exposition. Alternatively, unicellular test organism cells may
be preincubated with compound-producing pathogen cells prior to
exposure to another pathogen used in the method of the invention that
does not produce the compound or the compound might be produced by a
pathogen culture in the absence of the 15 unicellular test organism
and the supernatant containing the compound might be used. For
identifying an anti-effective compound the monitored level of growth
of the pathogen in the presence of the compound to be identified
and/or quantified has to be usually equal or less than 70 %,
preferably equal or less than 50 %, more preferably equal or less
than 30 %, 20 most preferably equal or less than 10 % of the level of
growth in the absence of the compound to be identified and/or
quantified. Animal experiments can be used to corroborate
anti-virulence activity observed in the methods of the present
invention. Thus, preferably the anti- virulence activity of the
compound obtained with the method of the present invention
corresponds to the anti- 25 virulence activity of the compound
obtained in animal experiments. As animal experiments rodent
mortality assays such as that described by Lavender et al. (2005),
Lit, J. Med. Micribiol. 295(3): 153-159, can be used. Preferably
rodents, more preferably mice are used as animals to corroborate
anti- virulence activity observed in the methods of the present
invention. 30 Yet another object of the present invention is to
provide a method for identifying and/or quantifying a mutation in a
virulence factor of a pathogen of a host organism that reduces the
virulence of the pathogen to a unicellular test organism. Such a
method is described above.  19 



Steps c) - g) of this method of the present invention can be carried
out identically as steps a) - e) of the method for identifying and/or
quantifying an anti-infective compound described supra except that no
compound is present and that instead of exposing the unicellular test
5organism to the pathogen in the presence of the compound to be
identified and/or quantified, the unicellular test organism is
exposed to a mutant of the pathogen. The mutant of the pathogen is
usually cultured and exposed to the unicellular test organism
identically to the conditions described for the pathogen supra. As
well the same methods of monitoring the growth of the pathogen as
described above can be applied for monitoring the growth of 10 the
pathogen and the growth of the mutant of the pathogen. Usually, cells
from the culture are diluted with the culture medium used before
being adding to each other. Preferably, the unicellular test organism
is exposed to the pathogen in step (c), step (e) and step (1) under
the same conditions as defined supra. The unicellular test organism
is preferably exposed to the pathogen in step f) independently to two
or more mutants of the pathogen and the 15 growth of the pathogen and
of two or more mutants is monitored independently in step g).
Anti-virulence activity of the mutant can be quantified as 100% when
the pathogen mutant is completely eradicated i. e. that is when no
cells of the bacteria are present outside the unicellular organism
anymore, by the unicellular organism and as 0% when the pathogen  20
mutant has the same level of growth as the pathogen and both
completely overgrew the unicellular organism. Mutants with an
anti-virulence activity of more than 30% are usually considered as
less pathogenic, mutants with an anti-virulence activity of more than
50 % are usually considered as almost non-pathogenic, mutants with an
anti-virulence activity of more 5 than 75 % are usually considered as
non-pathogenic. Usually the anti-virulence activity of the mutation
of the mutant of the pathogen obtained with the method corresponds to
the anti-virulence activity of the mutation of the mutant of the
pathogen obtained in animal experiments. Preferably anti-virulence
activity greater than 75% obtained with the method of the present
invention correlate at 100% with the anti-virulence activity of the
mutation of the 10 mutant of the pathogen obtained in animal
experiments. Feasible animal experiments are as described supra.
Preferably, the growth of the pathogen and the growth of the mutant
of the pathogen is monitored by measuring the absorbance of the
pathogen and the absorbance of the mutant of 15 the pathogen at an
appropriate wavelength, wherein the difference between the absorbance
of the pathogen and the absorbance of the mutant of the pathogen
measured indicates the anti-virulence activity of the mutation of the
mutant of the pathogen. Usually, a wavelength is used at which
absorbance of the cells of the pathogen and of the mutant of the
pathogen is maximal and absorbance of the cells of the host organism
is minimal or zero. In case of bacterial 20 pathogens, the
appropriate wavelength is set at 250 to 600nm, preferably at 450 run.
In case absorbance is used to monitor growth of the pathogen and of
the mutant of the pathogen the relative anti-virulence activity of
the mutant can be calculated as follows: The OD values at the
beginning of the exposure are subtracted from the OD values at the
end of the exposure of the pathogen and of the mutant of the
pathogen. These values AVwt (for OD the pathogen) 25 and AV (for OD
of the mutant of the pathogen) are used to calculate the antivirulent



30 and wherein the growth of the pathogen and the growth of the
mutant exposed at the ratio determined in step (d) and independently
at one or more concentrations of the unicellular test organism is
monitored in step g).  21 The pathogen which inhibits the growth of
the unicellular test organism can be selected by the method for
identifying and/or quantifying an anti-infective compound described
supra. Any pathogen affecting the unicellular test organism growth
may be mutated. Usually, the pathogen and its mutant is a bacterial
pathogen. Preferably, the pathogen is an extracellular 5 bacterial
pathogen. More preferably, the pathogen is Pseudomonas, Escherichia
or Klebsiella. Most preferably the pathogen is is selected from the
group of Klebsiella pneumoniae, Pseudomonas aeruginosa and
Escherichia coil. The mutant of the pathogen can be selected
according to known methods in the art such as ultraviolet radiation
exposure, treatment with intercalating agent or transducing phage or
a 10 transposon insertion. On the other hand, mutants of the pathogen
already known in the art can be selected. The mutation can be used as
a marker employing methods known in the art to further identify the
virulence factor and e. g. the respective genes encoding proteins
required for infection of a host organism. Thus the method for
identifying and/or quantifying a mutation in a virulence factor of a
15 pathogen of a host organism that reduces the virulence of the
pathogen to a unicellular test organism of the present invention can
be used to identify the gene or genes which have been mutated and
which are encoding the virulence factors of a pathogen to a host
organism. For controlling quality and reproducibility of the methods
of the present invention, the unicellular test organism, the
pathogen, the mutant of the pathogen and/or the compound can 20 be
exposed and monitored alone or in various combinations simultaneously
to the steps defined by the methods of the present invention, e. g.
as internal controls, which can be performed simultaneously in the
respective steps. If the methods of the present invention are carried
out as BITS assay which is preferred, matrix microtiter plates,
reduced matrix plates as well as quality control plates of the
compound to be identified and/or quantified as described 25 in
example 2 can be used. As well the methods of the present invention
can be carried out using one microtiter plate. Statistical functions
known to the person in the art to analyse HTS assays like the one 



described by Zhang et al., 1999, J. Biomol. Screen, 4, 67-73, can be
used to evaluate the robustness of the method. In case the
statistical function described by Zhang et al., 1999, J. 30 Biomol.
Screen, 4, 67-73, is used a Z-factor higher than 0.5, preferably
higher than 0.8 the maximum value obtained so far can be achieved
with the method of the present invention.  22 Examples Example 1
Threshold determination of Klebsiella     Preparation of SM no
glucose (SM-), and Tetrahymena medium 5 Procedure to prepare one
liter of SM liquid medium: Bactopeptone [Oxoid L37]10.00 g Yeast
extract [Bacto LP0021B]]1.00 g ICH2PO4 [Flulca, 60230]2.20 g
101C2H204 [Applichem A2945]1.00 g MgSO4 x 71120 [Aplichem A1037]1.00
g Weighting tolerance:  0.05 g 15 Sterilize by filtration using a
0.22nm pores filter (Millipore, SCGPTO5RE). Keep this medium in dark
at room temperature no more than one week. Tetrahymena medium : 



Proteose peptone5g 20 [Oxoid LP0085] Tryptone5g [Oxoid LP0042]
KH2PO40.2 g Complete to 11 with bidistilled 1120 (dd 1120). Autoclave
20 minutes at 121C. Allow 25 solutions to cool down to room
temperature. Add lml of 0.22 nM filtered FeCb 61120 at 110 n.M. 1.
Strains description  23 Klebsiella pneumoniae is an opportunistic
pathogen that frequently causes nosocomial infections, mainly in
hnmunocompromised patients. K. pneumoniae infections range from mild
urinary infections to severe bacteremia and pneumonia with a high
rate of mortality and morbidity. Pulmonary infections due to K.
pneumoniae are often characterized by a rapid 5 progressive clinical
course complicated by lung abscesses and multilobular involvement
which leaves little time to establish an effective antibiotic
treatment. In this assay we put the virulent wild-type Kp 52145
strain (BAT39, Nassif X., Sansonetti P.J. (1986). Infect Im_mun.
54(3):603-8) with Tp cells in order to find compounds active against
Kp pathogenicity. 10 2. Preparation of Tetrahymena pyriformis (Tp) :
Preparation of Tp for transfer in the fermentor 



Every two weeks a new fermentor is started:   Tp cells (strain
CCAP1630/21) from the 16C stock is transferred to fresh Tp medium,
cultured at 32 C for 5 days and transferred to the fermentor at a
concentration of 300'000 15 Tp/ml, together with a magnet stirrer.
Installation fermentor The fennentor is put on a stirrer in a 32C
cabinet, and the flowrate adjusted to get the desired cell density.
Fermentor maintenance 20 The cell density range should be between
250'000 Tp/ml to 400'000 Tp/m1 and weekly maintenance involves to
refill the medium supply. 3. Threshold determination Cells are
transferred into a 750 ml tissue culture flask and grown overnight
culture at 32 C. 25 Tp are diluted in SM- to reach cell densities of
100'000, 74'000, 50'000, 37'000, 25'000, 18'500, 12'500, 9'250,
6'250, 4'625, and 3'125 Tp/ml, to dispense the cells into the 384
well plates. DMSO is added with a 384 pin replicator. Preparation of
Klebsiella pneumoniae (Kp)  24 Final dilution of Kp for screening is
obtained from overnight culture at 37 C and 250 rpm and bacteria are
dispensed using a liquid dispenser. Incubation At 35 C in humidity
saturated incubator. Read endpoint at 0D450 nm after 22-30 hours of 5
incubation. The threshold if readily established from the matrix
plate: the screening Tp concentration shall be set at the least Tp
concentration where the bacteria have overgrown Tp in a homogeneous
manner. 



Example 2 10 High Throughput Screening  1. Preparation of SM no
glucose (SM-) and Tetrahymena Medium is as described in example 1.
2. Strains description Same Klebsiella pneumoniae strain is used as
in example I. 15 3.Preparation of Tetrahymena pyriformis (Tp) : The
same Tp is used as in example 1. The day of the screen, resuspend the
Tp cells in SMand distribute Tp cells in the 384 well plates. 4.
Liquid dispenser for medium distribution     Fill the same number of
test plates as above with SM- with the liquid dispenser plate filler.
20 (To test the antibiotic activity of the compounds). 5. Description
of the mother plate of compounds Each mother plate containing 24
columns of compounds is composed of 4 control columns ( 1, 12, 13 and
24) of DMSO and 320 wells of compounds. The DMSO columns have to be
arranged according to the library. 25 6.Transfer of library compounds
with the 384 pin replicator. A test plate for quantifying
anti-virulence activity contains Tp solution. A test plate for
quantifying antibiotic activity contains SM-. Take the pin replicator
and simply line up the  25 guide pins in the alignment holes of the
mother plate of compounds. The replicator pins will be aligned to the
microplate wells. Wash the pin replicator and let it dry. 



7. QC plates and controls in the reduced matrix   For the DMSO QC
plate and the reduced matrix plate transfer DMSO is pin-replicated
from a 5 mother plate. Perform 3 QC plates, 1 at the start of the
assay, one in the middle and one at the end. 8. Preparation of
Klebsiella pneumoniae (Kp) Klebsiella pneumonia is prepared and
dispense as in example 1. 9. Activity Calculation: .0 From the raw
data (OD values), for each well substract time 0 values from time 1
values. Calculate the average OD value of the WT (wild type) without
compound (AVwt from AV set and ABwt from AB set). Calculate the
antivirulent activity (AV%) for each of the 320 compounds on each
plate using the formula: AV%=100x(1-(AV/AVw0). Calculate the
antibiotic activity (AB%) using the test plate without Tp using the
formula: AB%=100x(1- 15 (AB/ABwt)) 10. Z' factor calculation:
Z'-factor is a statistical function used commonly to judge high
throughput screening assay robustness (Zhang,J. et al. (1999) J.
Biomol. Screen. 4:67-73). Z'-factors greater that 0.50 are indicative
of an excellent assay. For cell-based assays, it is common to use a
Z'-factor greater 20 than 0.4 as this indicator. The formula for
Z'-factor takes into consideration standard deviation as well as the
difference in the means of the high (untreated) and low (treated)
values of an assay. It is calculated by the following formula: Z' = 1
- (3at +3 0.2) / lilt -1.121     The Z' factor can be calculated for
each assay plate if a control compound is added in the 25 "control"
row, or if a non-pathogenic mutant is used instead of wt. Example 3 



High Throughput Screening Assay of anti-infective compounds and
mutants  26 1)Assays specifications Bacteria and Tp concentrations
were set at the established threshold obtained according to example 1
as can be seen from Table 1. Concentrations are given in cells/ml. Tp
concentration could be varied from 103 to 105. Bacteria concentration
could be varied from 104 to 107. 5 Table 1  Bacteria Assay medium
Average Tp number Bacteria number Endpoint time Klebsiella pneumoniae



SM without glucose 25000 5x106 16-28h Pseudomonas aeruginosa  9250
1x105 16-28h  TSB (CM0129) : Oxoid Ltd., England.    Escherichia coli
SM no glucose 



6250 5x105 16-28h  2) Tetrahymena growth phase Cells are grown in a
tormentor, as described in example 1, to a cell density ranging from
10 250'000 to 400'000 Tp/ml. The routinely used optimum concentration
of Tetrahymena cells for High Throughput Screening (HTS) assays is
around 300'000 Tp/ml. 3) Example of mutants and compound in the
matrix of Tp concentration a)Klebsiella pneumoniae, 8 mutants and one
compound 15 Tp, Klebsiella pneumonia, compound are prepared as
described in example 2 and incubated in a matrix containing 384 wells
(12 x 24) wells at 35 C in humidity saturated incubator. The mutants
are prepared and distributed as described in example 2 for the wild
type. The obtained matrix and corresponding OD values of the
Klebsiella pneumoniae assay and the evaluation of the phenotype of
the mutants and the potency of compound ATH18534 can be seen in
Figure 20 1 and Figure 2. Tp concentrations are increasing from the
right to the left, starting from zero cells/ml. The bacteria
concentration was set to 5x106 cell/ml. The threshold, where Tp cells
are overgrown by bacteria was observed at 25,000 Tp/ml. The rows A,
Ito L and N to P are  27 wild type strain Kp52145 (BAT39). Rows B to
I are mutant strains, BAT21, BAT30, BAT27, BAT 146, BAT168, BAT172,
BAT187 and BAT199, respectively. The row M is the wild- type strain
treated with 10 pM of compound ATH18534
(3-(allylsulfany1)-5-hydroxy-6- methyl-1,2,4-triazine). Mutations or
compound affecting pathogenicity could be assessed in 5 terms of
phenotype strength and potency, respectively with decreasing
concentration of Tp. Mutants BAT21 and BAT146 were permissive for
growth of the Tp up to the lowest concentration of Tp. The less Tp
the stronger the phenotype of the mutant and the more potent the
compound need to be for Tp to grow and eradicate the bacteria. 



Reduced matrix plates and quality control plates using DMSO solvent
only were incubated at 10 35 C simultaneously in humidity saturated
incubator. Noise was determined using DMSO only in a plate containing
Tetrahymena in columns 1 to 24 and bacteria in columns 2 to 12 and 14
to 24. A second plate contained only bacteria. Figure 3 shows the
antibiotic (abscissa) and avirulence (ordinate) activities of the
screening plates determined according to the formula as described in
example 2. The cloud of dots 15 centered around the zero represents
the noise of the assay. The few dots with avirdence activities higher
than the noise represent the hits. Hits should have a antibiotic
activity equal or smaller to the noise. b)Uropathogenic E. coli (ATCC
700928) and 8 mutants 20 Tp, E. coli, compound and mutant are
prepared as described in example 2 for Kp and incubated at 35 C in
humidity saturated incubator on a matrix containing 384 wells (12 x
24) wells as desribed in 3a). The mutants are prepared and
distributed as described in example 2 for the wild type. The obtained
OID values of the E. coli assay and the evaluation of the phenotype
of the mutants can be seen in Figure 4. 25 .Tp concentrations are
increasing from the right to the left, starting from zero cells/ml.
The bacteria concentration was set to 5x105 cell/ml. The threshold,
where Tp cells are overgrown by bacteria was observed at 6,250 Tp/ml.
The rows A, J to P are wild type strain BAT452. Rows B to I are
mutant strains, BAT501, BAT502, BAT503, BAT 505, BAT546, BAT549,  28
BAT550 and BAT563, respectively. Mutations affecting pathogenicity
could be assessed in terms of phenotype strength with decreasing
concentration of Tp. Mutants BATS 01 and BAT549 were permissive for
growth of the Tp up to the lowest concentration of Tp. The less Tp
the stronger the phenotype of the mutant need to be for Tp to grow
and eradicate the 5bacteria. Reduced matrix plates and quality
control plates using DMSO solvent only were incubated at 35 C
simultaneously in humidity saturated incubator. Noise was determined
using DMSO only in a plate containing Tetrahymena in columns Ito 24
and bacteria in columns 2 to 12 and 14 to 24. A second plate
contained only bacteria. Figure 5 shows the antibiotic (abscissa) and



10 avirulence (ordinate) activities of the screening plates
determined according to the formula as described in example 2. The
cloud of dots centered around the zero represents the noise of the
assay. The few dots with avirulence activities higher than the noise
represent the hits. Hits should have a antibiotic activity equal or
smaller to the noise. 15 c)Pseudomonas aeruginosa (BAT10, Cosson P.,
Zulianello L., Join-Lambert 0., Faurisson F., Gebbie L., Benghezal
M., Van Delden C., Curty LX., Kohler T. (2002). J. Bacteriol.
184(11):3027-33.) and 8 mutants Tp, Pseudomonas aeruginosa, compound
and mutant are prepared as described in example 2 for Kp and
incubated at 35 C in humidity saturated incubator on a matrix
containing 384 20 wells (12 x 24) wells as described in 3a). The
mutants are prepared and distributed as described in example 2 for
the wild type. The obtained OD values of the Pseudomonas aeruginosa
assay and the evaluation of the phenotype of the mutants can be seen
in Figure 6. Tp concentrations are increasing from the right to the
left, starting from zero cells/ml. The bacteria concentration was set
to lx105 cell/ml. The threshold, where Tp cells are overgrown 25 by
bacteria was observed in this particular case at 18,250 Tp/ml. The
rows A, J to P are wild type strain BAT10. In row J bacteria were
omitted for Tp concentration of 18,500 to 9,250 cells/m1) . Rows B to
Tare mutant strains, BAT331, BAT2, BAT334, BAT357, BAT370, BAT375,
BAT406 and BAT408, respectively. Mutations affecting pathogenicity
could be  29 assessed in terms of phenotype strength with decreasing
concentration of Tp. Mutants BAT334 had the strongest phenotype.
Reduced matrix plates and quality control plates using DMSO solvent
only were incubated at 35 C simultaneously in humidity saturated
incubator. Noise was determined using DMSO 5 only in a plate
containing Tetrahymena in columns 1 to 24 and bacteria in columns 2
to 12 and 14 to 24. A second plate contained only bacteria. Figure 7
shows the antibiotic (abscissa) and avirulence (ordinate) activities
of the screening plates determined according to the formula as
described in example 2. The cloud of dots centered around the zero
represents the noise of the assay. The few dots with avirulence
activities higher than the noise represent the hits. Hits 10 should
have a antibiotic activity equal or smaller to the noise. Example 4 



Measurement of IC50 of ATH18534
(3-(allylsulfany1)-5-hydroxy-6-methyl-1,2,4-triazine) in the
Tetrahymena pyriformis-Elebsiella pneumoniae assay 15 Assay
conditions for Tetrahymena pyriformis-Klebsiella pneumoniae are as
described in example 3, 3 a. Each mother 1050 plate of compounds is
composed of 4 control columns of DMSO (12 pd per well) and 32 wells
per compound (12 fL1 per well) as can be seen from figure 8A. 4
replicates dose responses are tested per compound at different dose
ranges as can be seen from figure 8B Anti-virulence activity is
calculated as follows: AV4----100x(1- 20 (0D/ODwt)). ODwt was of
0.65. All 4 sigmoidal curves have been drawn on the same graph for
each of the 10 compound, 1050 values for all 4 curves were calculated
as well as the average value and its standard deviation and 1050 was
determined using Prism version 4 software (Figure 8C). 25 Example 5
Sub-MIC effect of Trimethoprim in the Tetrahymena pyriformis-
klebsiella pneumoniae assay   The effect of the trimethoprim
antibiotic was quantified in the Tetraliymena-ICebsiella assay and
virulence and antibiotic activities were calculated and compared as
described in example 30 3, 3 a for different concentrations of
trimethoprim. The avirulence assay detected the  30 antibiotic at a
concentration that was lower of a magnitude of 2 Log of the IC50 of
the antibiotic as can be seen in Figure 9. Thus the avirulence assay
is highly sensitive to detect antibiotic activities at sub-MIC level.
5 Example 6 Comparison of matrixes of Klebsiella pneumoniae assays
using either Tetrahymena pyriformis (Tp) or Tetrahymena thermophila
(Tt) Tp, Klebsiella pneumoniae, compound are prepared as described in
example 2 and incubated in a matrix containing 384 wells (12 x 24)
wells at 35 C in humidity saturated incubator. Tt 10 (CCAP 1630/1M)
is prepared and distributed as described in example 2 for Tp. Cell
concentrations are increasing in the matrix from the right to the
left, starting from zero cells/ml. The bacteria concentration was set
to 5x106 cell/ml. The threshold for Tp was observed at 37,000
cells/ml and at 25,000 cells/ml for Tt as can be seen from figures 10
and 11. The rows A to P (1-12) are wild type strain Kp52145 (BAT39). 



15 Example 7 Validation of mutants scoring in the Tetrahymena assays
a) Klebsiella mutants validated in the mouse pneumoniae model
Wild-type Klebsiella killed all the 6 mice in 75h (pathogenic),
mutants leading to the death of 20 one mouse were considered as
nonpathogenic, mutants leading the deaths of 2 to 3 mice were
considered as almost nonpathogenic and mutants leading to the deaths
of 5 mice were considered as less pathogenic. The protocol was
approved by the Swiss federal veterinary office (authorization number
31.1.1083/2175/BI). Bacteria were grown on a TSB Petri dish for 15h
at 37C. They were then 25 scraped from the Petri dish and resuspended
in sterile 0.9% NaCl. 7-8 weeks old female Balb/eJ mice (6 for each
strain tested) were anaesthetized with ketamine (40 mg/kg) and
xylazine (5 mg/kg), infected with 106 bacteria by nasal instillation
of 20 pd and tagged with a transponder for identification and body
temperature measurement twice a day. A body  31 temperature below 34C
or a loss of more than 20% of body weight were found to be predictive
of the death of the mice in the next 15 hours. These criteria were
used as endpoints for euthanasia. Survival curves of mice infected
with Klebsiella mutants in a pulmonary model of infection are shown
in Figure 12. 5 b) Activity of Klebsiella mutants in the Tp assay 



Klebsiella mutants tested in a pulmonary model of infection showed an
attenuated pathogenicity, ranging from a slight attenuation to
complete loss of pathogenicity. Avirulence activity in the Tp assay
as desribed in example 3 3a) was defined as 100% when bacteria were
10 completely eradicated by Tp and as 0% when bacteria overgrew the
Tp. Mutants with an activity of more that 30% were considered as a
hit in the Tp assay as can be seen from Table 2. Mutant Avirulenee
activity (%) In vivo evaluation BAT39 0.00 pathogenic BAT176 22.72
pathogenic BAT164 28.54 Less pathogenic BAT200 



40.35 Almost nonpathogenic Nonpathogenic BAT153 80.93   Example 8 20
In vivo efficacy of
3-(allylsulfany1)-5-hydroxy-6-methyl-1,2,4-triazine in Kp murine
pulmonary infection model. Klebsiella pulmonary infection model was
performed by intranasal instillation of 7-8 weeks old female Balb/cN
with 20 pd containing 106 bacteria. Compound or cefotaxirne were
injected intraperitoneally every 6 hours from the time of infection
at the indicated doses. In 25 vivo efficacy was assessed by measuring
colony forming units (CFU) loads in the lungs at 24h hours. Data
analysis was performed using GraphPad Software bac, San Diego,
California, USA. The results are shown in Figure 13. Lane 1 is the
initial load at time zero of the infection. Lane 2 is the load at
24hours post-infection of mice treated with the vehicle only.  32
Lane 3 is the load at 24hours post-infection of mice treated
cefotaxime at 37.5 mg/kg/day and lane 4 is the load at 24hours
post-infection of mice treated with [3-(allylsulfany1)-5-hydroxy-
6-methyl-1,2,4-triazine] at 225 mg/kg/day.
[3-(allylsulfany1)-5-hydroxy-6-methyl-1 ,2,4- triazine] and
cefotaxime antibiotic treatments reduced the CFU load in the lungs by
a 5 magnitude of 4 Log. 



10  33 Claims: 1.A method for identifying and/or quantifying the
anti-infective activity of an anti- infective compound, said method
comprising:           (a) exposing an unicellular test organism to a
pathogen of a host organism in the absence 5of the anti-infective
compound to be identified and/or quantified;  (b) determining the
ratio of the concentration of the unicellular test organism to that
of the pathogen which allows the pathogen to grow in the presence of
the unicellular test organism;           (c) exposing the unicellular
test organism to the pathogen at the ratio determined in 10step (b)
in the presence of the anti-infective compound to be identified
and/or quantified;  (d) exposing the unicellular test organism to the
pathogen at the ratio determined in step (b) in the absence of the
anti-infective compound to be identified and/or quantified; and
(e) monitoring the growth of the pathogen in the presence and in the
absence of the anti- 15infective compound to be identified and/or
quantified, wherein a lower level of growth of the pathogen in the
presence of the anti-infective compound to be identified and/or
quantified than observed in the absence of the anti-infective
compound to be identified and/or quantified indicates that the
anti-infective compound to be identified and/or quantified has an
anti-infective activity. 20 



2.The method of claim 1, wherein the unicellular test organism is
exposed in step (c) at the ratio determined in step (b) and
independently at one or more concentrations to the pathogen in the
presence of the anti-infective compound to be identified and/or
quantified. 25 3. The method of claim 1 or claim 2, wherein
simultaneously to and under the same conditions of step c) and d) the
pathogen is exposed without the unicellular test organism in the
presence and in the absence of the anti-infective compound to be
identified and/or quantified, and the growth of the pathogen in the
presence and in the  30 absence of the anti-infective compound to be
identified and/or quantified is monitored corresponding to step (d),
wherein the level of growth obtained for the pathogen in the presence
and in the absence of the anti-infective compound to be identified
and/or  34 quantified is used to calculate the antibiotic activity of
the anti-infective compound and to discriminate antivirulence
activity from antibiotic activity of the anti-infective compound. 5
4. The method of any one of claims 1-3, wherein the anti-infective
compound to be identified and/or quantified is selected from  (1) a
compound that reduces the virulence of a pathogen to a host organism
and the anti-infective activity of the compound is the anti-virulence
activity of the compound, and      (2) an antibiotic compound that
inhibits the growth of or kills a pathogen in the presence 10and/or
in the absence of a host organism and the anti-infective activity of
the compound is the antibiotic activity of the compound. 5. The
method according to any one of claims 1 to 4, wherein the method is a
method for quantifying IC50 of an anti-infective compound, wherein
steps (c) to (e) of the method 15are as follows:  (c) exposing the
unicellular test organism to the pathogen at the ratio determined in
step (b) independently in the presence of two or more concentrations
of the anti-infective compound;           (d) exposing the
unicellular test organism to the pathogen at the ratio determined in
20step (b) in the absence of the anti-infective compound; and  (e)
monitoring the growth of the pathogen independently in the presence
of two or more concentrations of the anti-infective compound and in
the absence of the anti-infective compound, wherein the level of
growth of the pathogen in the presence of two or more concentrations
of the anti-infective compound and the level of growth of the
pathogen in 



25the absence of the anti-infective compound are used to calculate
the 1050 of the anti- infective compound. 6.The method of claim 5,
wherein the unicellular test organism is exposed to the pathogen in
step c) in addition independently in the presence of a standard
compound and the 30 growth of the pathogen is monitored in step (e)
independently, in the presence of two or more concentrations of the
anti-infective compound, in the absence of the anti-infective
compound and in the presence of the standard compound, and wherein
the level of  35 growth of the pathogen in the presence of two or
more concentrations of the anti-infective compound, the level of
growth of the pathogen in the absence of the anti-infective compound
and the level of growth in the presence of the standard compound are
used to calculate the 1050 of the anti-infective compound. 5 7. A
method for identifying and/or quantifying a mutation in a virulence
factor of a pathogen of a host organism that reduces the virulence of
the pathogen to a unicellular test organism, said method comprising:
(a) selecting a pathogen of a host, wherein the pathogen is able to
grow in the presence 10of the unicellular test organism;
(b) selecting a mutant of the pathogen;           (c) exposing the
unicellular test organism to the pathogen;      (d) determining the
ratio of the concentration of the unicellular test organism to that
of the pathogen which allows the pathogen to grow in the presence of
the unicellular test 15organism;  (e) exposing the unicellular test
organism to the pathogen at the ratio determined in step (d); f)
exposing the unicellular test organism to the mutant of the pathogen
at the ratio determined in step (d); and 



20g) monitoring the growth of the pathogen and the growth of the
mutant of the pathogen, wherein a higher level of growth of the
pathogen than observed for the mutant of the pathogen indicates that
the mutant of the pathogen has a mutation in the virulence factor of
the pathogen that reduces the virulence of the pathogen to the host
organism. 258.The method of claim 7, wherein the unicellular test
organism is exposed at the ratio determined in step (d) and
independently at one or more concentrations to the pathogen and the
mutant in steps e) and f) and wherein the growth of the pathogen and
the growth of the mutant exposed at the ratio determined in step (d)
and independently at one or more concentrations of the unicellular
test organism is monitored in step g). 30  36     10. The method of
claim 9, wherein the unicellular test organism is Tetrahymena.
11. The method of claim 10, wherein Tetrahymena is Tetrahymena
pyriformis or 5Tetrahymena thermophila. 12. The method of any one of
claims 1-11, wherein the pathogen is selected from the group
consisting of bacteria, mycobacteria, fungi and unicellular
eukaryotic organisms. 1013. The method of claim 12, wherein the
pathogen is an extracellular bacterial pathogen. 14. The method of
claim 13, wherein the extracellular bacterial pathogen is selected
from the group consisting of Klebsiella pneumoniae, Pseudomonas
aeruginosa and Escherichia coli. 15 15. The method of any one of
claims 1-14, wherein the host organism is a vertebrate. 


