(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

0 0000

(43) International Publication Date (10) International Publication Number
13 February 2003 (13.02.2003) PCT WO 03/012132 A2
(51) International Patent Classification”: C12Q 1/42, (81) Designated States (national): AE, AG, AL, AM, AT, AU,
1/18, 1/48, 1/527 A7, BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
(21) International Application Number: PCT/EP02/09421 GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,

LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ,NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
(22) International Filing Date: 30 July 2002 (30.07.2002) SI. SK. SL. TJ. TM. TN. TR. TT. TZ. UA. UG. US. UZ

VN, YU, ZA, ZM, ZW.

(25) Filing Language: English
(84) Designated States (regional): ARIPO patent (GH, GM,
(26) Publication Language: English KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
(30) Priority Data: European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
01402085.3 1 August 2001 (01.08.2001)  EP ES, FL, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,

TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

. . GW, ML, MR, NE, SN, TD, TG).
(71) Applicant (for all designated States except US): AVEN-

TIS PHARMA S.A. [FR/FR]; 20 Avenue Raymond Aron,

F-92160 ANTONY (FR). Published:
—  without international search report and to be republished

(72) Tnventors; and upon receipt of that report
I

(75) Inventors/Applicants (for US only): STACHYRA,
Thérése [FR/FR]; 10 rue du Verger, F-94250 VILLIERS For two-letter codes and other abbreviations, refer to the "Guid-
SUR MARNE (FR). BITON, Jacques [FR/FR]; 9 Impasse ~ @7ce Notes on Codes and Abbreviations" appearing at the begin-
Dagobert, F-60610 LACROIX SAINT OUEN (FR). ning of each regular issue of the PCT Gazette.

(74) Agent: BOUVET, Philippe; AVENTIS PHARMA S.A.,
Direction Brevets, 20 Avenue Raymond Aron, F-92165
ANTONY CEDEX (FR).

A N O T O

(54) Title: METHOD FOR DETERMINING INHIBITION ACTIVITY OF A COMPOUND ON ONE OF THE ENZYMES OF
THE FOLATE SYNTHESIS PATHWAY

(57) Abstract: The invention is directed to a method for determining the inhibition activity of a compound to be tested on at least
the DHPS activity of the folate synthesis pathway, which is coupled with the detection of the release of formed inorganic phosphate.
An enzymatic assay, implementing this method of determination on an enzymatic composition, is also within the scope of the inven-
tion.This assay is suitable for high throughput screening of compounds affecting folate pathway.

0 03/012132 A2



10

15

20

25

30

35

WO 03/012132 PCT/EP02/09421

METHOD FOR DETERMINING INHIBITION ACTIVITY
OF A COMPOUND ON ONE OF THE ENZYMES
OF THE FOLATE SYNTHESIS PATHWAY

FIELD OF THE INVENTION

The invention is directed to a method for determining

the inhibition activity of a compound to be tested on at
least the DHPS activity of the folate synthesis pathway,
which is coupled with the detection of the release of

formed phosphate.

BACKGROUND OF THE INVENTION

Reduced folate cofactors are essential for the
synthesis of purines, thymidilate, glycine methionine,
panthotenic acid and N-formyl methionyl-tRNA. Folates are
vitamins for humans while most microbial cells must
synthesize folates de novo since they lack the carrier
mediated active transport system of mammalian cells that
allows the use of preformed dietary folates.

In P.carinii (Volpe et al 1995), S.cerevisiae (Sen-
Gupta et al, 1997), and C.albicans, one gene encodes for
three of the enzymes of  the folate de novo pathway. The
fol 1 gene from C.albicans codes for a pupative protein of
88.6kDa (788 amino acids), see PCT Application WO000/15838
(CaNIL: 256), see SEQ ID 1.

The Fol 1 protein sequences show significant homology
with proteins to be involved in the biosynthesis of
dihydropteroate (Lopez & Lacks, 1993, Slock et al, 1990) in
both eukaryotic and prokaryotic microorganisms.

The fol 1 gene from P.carinii, S.cerevisiae and
C.albicans encodes a multifunctional enzyme that catalyses
the last three consecutive steps of the 7,8-dihydropteroate
biosynthesis pathway (see Figure 1). The first activity is
the 7,8-dihydroneopterin aldolase or DHNA which catalyses
the conversion of 7,8-dihydroneopterin to 6-hydroxymethyl-
7,8-dihydropterin. The second activity is the 7,8-dihydro-
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6 -hydroxymethylpterin-pyrophosphokinase or HPPK; it
converts the product of DHNA reaction to 6-hydroxymethyl-
7,8-dihydropterin pyrophosphate. The third activity is the
dihydropteroate synthase or DHPS, it catalyses the
condensation of para-aminobenzoic acid (pABA) with the 6-
hydroxymethyl-7, 8-dihydropterin pyrophosphate to foxm 7,8-
dihydropteroate.

With no mammalian counterparts, these enzymes are
attractive chemotherapeutics targets, since it is possible
to target highly selective drugs against them for treating
microbial diseases. A number of compounds have been
developed as antimicrobial agents which target two of the
seven enzymes in the folate pathway. Trimethoprim inhibits
dihydrofolate reductase, thereby preventing thé formation
of tetrahydrofolate (Huovinen et al, 1995) . The
sulphonamides exert their antimicrobial effect on a
different Dbiosynthetic enzyme, dihydropteroate synthase
(Slock et al, 1990).

BAmino acid sequence comparisons and functional studies
reveal marked diversity in DHNA, HPPK and DHPS structure
and organization in the different species (Slock et al,
1990 ; Lopez & Lacks, 1993). Depending on the source, these
three activities are expressed as a mono-, bi- or tri-
functional enzyme on the same polypeptide. Taking into
account the difficulty of producing multifunctional
enzymes, in the case of multifunctional enzymes, the
approaches in the literature were to isolate and express
the monofunctional domain sequences with an aim to study
the enzymatic system (Volpe et al, 1995).

Previous studies with monofunctional protein require
the coupling of DHNA activity with extrinsic purified HPPK
and DHPS activities, or the coupling of HPPK with extrinsic
purified DHPS (Lopez & Lacks, 1993). Moreover, it also
involves synthesis of the HPPK or the DHPS substrates.

Assays described in the 1literature (Lopez & Lacks,
1993, Volpe et al, 1995) are not amenable to high
throughput screening (H.T.S) . They generally used
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radiolabelled substrate: para-amino benzoic acid ([*H] pARA
or [“ClpaABA), that involves a separation step of the
substrate from the products before counting the
radioactivity. Formed radioactive dihydropteroate is
separated from substrates by paper chromatography and
measured in a scintillation counter (Volpe et al, 1995).
The radioactive dihydropteroate can be separated from
unreacted [’H] pABA by the ether extraction method before
measuring the radioactivity in the scintillation counter.
These steps, solvent extraction or paper chromatography,
are not adaptable to H.T.S.

SUMMARY OF THE INVENTION

The invention is directed to a method for determining

the inhibition activity of a compound to be tested on one
of the enzymes of the folate synthesis pathway, comprising
the steps of incubation of said compound with an enzymatic
composition having at least the DHPS activity, and of
detection of the release of phosphate.

In a preferred embodiment, the DHPS activity is
coupled with pyrophosphatase.

According to one embodiment of the invention, the
enzymatic composition has a DHPS activity, or DHPS and HPPK
activities, or DHPS and HPPK and DHNA activities.

This method of determination involves also the use of
an (the) enzyme(g) which is (are) encoded by SEQ ID N°1 or
a homolog thereof and functional fragments thereof as well
as by the corresponding encoded protein of SEQ ID N°1l or a
functional polypeptidic fragment thereof.

According to another embodiment, the method of
determination is performed on an enzymatic composition
which is derived from fungi, bacteria or protozoa.

The method of determination comprises an incubation
step of the compound to be tested with 7,8-
dihydroneopterin, ATP, pABA, Foll, pyrophosphatase and a
detection step of the release of phosphate. This can be
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applied by the measurement of DHPS activity but also of the
DHNA and/or HPPK activities.

This method of determination allows the in vitro
synthesis of the HPPK substrate, DHPS substrate and
product.

The preferred embodiment in the present invention is
the detection of phosphate by colorimetry method. However,
detection of phosphate can also be performed by fluorometry
or by radioactive means.

The invention 1is also directed to a method of
screening of compounds with potential inhibitory effect on
enzymatic composition by implementing the method of
determination presented above.

Finally, the invention concerns an enzymatic assay for
in vitro testing compounds for their inhibitory effect on
an enzymatic composition as disclosed earlier, comprising
the substrate 7,8-dihydroneopterin, and the Foll enzyme,
and the enzyme pyrophosphatase, and pABA and ATP for

simultaneous or sequential use.

BRIEF DESCRIPTION OF THE FIGURES

Fig.1 Scheme of the three reactions catalysed by
Foll.

Fig.2 Kinetics of DHNA+HPPK+DHPS, HPPK+DHPS and DHPS
activities. The absorbance is measured at 850nm; time scale
is in minutes.

Fig.3 1In assay 1, kinetics of DHNA+HPPK+DHPS
activities are measured at 850nm in samples. After one hour
incubation period, the substrate 7,8-dihydroneopterin is
added to the samples with or without inhibitor 1.

Fig.4 In assay 2, kinetics of HPPK+DHPS activities
are measured at 850nm in samples. After one hour incubation
period, the substrate ATP is added to the samples with or
without inhibitor 1.

Fig.5 In assay 3, kinetics of DHPS activity are

measured at 850nm in samples. After one hour incubation
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period, the substrate pABA is added to the samples with or
without inhibitor 1.

Fig.6 Example of an inhibitor (inhibitor 2) that
inhibits only the DHNA activity of Fol 1. Inhibition is
observed only in condition 1 (assay 1/Fig. 6A). 1In
conditions 2 and 3 (assay 2/Fig. 6B and 3/Fig. 6C
respectively), doses of inhibitor 2 are added after
accumulation of 6-hydroxymethyl-7,8-dihydropterin and 6-
hydroxymethyl-7, 8-dihydropterin pyrophosphate respectively,
and before addition of ATP and p-aminobenzoic acid

respectively.

DETAILED DESCRIPTION OF THE INVENTION
The foll gene from C.albicans coding for DHNA, HPPK

and DHPS, has been cloned and expressed in E.coli. The

recombinant protein has been purified, and the enzymatic
activity of this protein has been studied.

One object of the invention is to provide a simple and
rapid method to screen a large number of compounds for
their capability to inhibit specifically the Foll enzyme by
the mean of inhibition of at least one of its 3 activities
(DHNA, HPPK, and DHPS).

The invention is directed to a method and an enzymatic
assay which involve a multifunctional protein Fol 1, which
catalyses the sequential reactions by DHNA, HPPK, and DHPS.
These robotics-based automated assay for measuring DHNA,
HPPK, and DHPS coupled activities by inorganic phosphate
detection are then adaptable to high throughput screen
(H.T.S.) that can be used to discover new antibacterial,
antifungal or antiprotozoa drugs.

These method and assay have been proved versatile as
they allows to target either the 3 activities DHNA, HPPK
and DHPS together (trifunctional protein) or only one of
these activities (monofunctional proteins). Consequently,
the screening assay can be used to target antibacterial,

antimicrobial or antiprotozoa enzymes.
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The trifunctionality of Foll has been confirmed also
by the HPLC and HPLC/MS methods.

Thus, this method for screening inhibitory compounds
can be applied on enzymatic reactions which derive from the
following organisms: bacteria, fungi or protozoa.

One preferred embodiment is directed to an enzymatic
assay which 1is performed on recombinant Foll purified
protein from C. albicans.

The measurement of DHNA, HPPK and DHPS activities is
coupled with pyrophosphatase activity leading to the
detection of inorganic phosphate. Colorimetric,
fluorimetric or radiocactive methods of inorganic phosphate
detection can be used to detect inorganic phosphate. For
example, it is possible to detect spectrophotometrically
inorganic phosphate by the reaction catalyzed by uridine
diphosphoglucose pyrophosporylase and coupling to
phosphoglucose mutase and glucose R-phosphate dehydrogenase
(Johnson, et al, 1968). According to one embodiment, a
gimilar enzymatic reaction with uridine 57-
diphospho [**C]glucose can be used such as disclosed in
Cheung & Suhadolnik, 1977.

According to another embodiment, the fluorometric
method carries out the determination of inorganic phosphate
by coupling the UDPG pyrophophorylase reaction with three
other enzymes in a system of phosphorylation and double
reduction to form NADPH as shown in Caines et al, 1984.

The preferred method for this screening assay is based
on a colorimetric phosphate detection avoiding the use of
radiolabelled substrates of DHNA, HPPK or DHPS. In order to
accomplish this, the DHPS reaction 1is coupled with a
pyrophosphatase to perform a detection.

As the use of a radioelement is optional, the Foll
assay is adaptable to high throughput screening (H.T.S).

A spectrophotometric assay is used to measure the
release of phosphate catalyzed by the pyrophosphatase which
is added to the reaction mixture. The phosphate is detected

by a colorimetric method based on formation of a
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7
phosphomolybdate complex (Upson et al, 1996 ; Baykov,
1989). This spectrophotometric assay 1is capable of

automation.

The colorimetric reaction is wmonitored by measuring
the increase in absorbance at 850 nm. The generation of two
molecules of phosphate from each molecule of pyrophosphate
increases the sensitivity of the assay, which has a linear
range at least from 2 to 20 nmmol of pyrophosphate in a
reaction volume of 200 pul.

The assay of the present application is suitable for
H.T.S. by following the three reactions catalysed by Foll
as presented hereafter. The reaction medium contains the
substrates : 7,8-dihydroneopterin, ATP and pABA. In the
absence of inhibitor, the 3 enzymatic activities of Foll
have different kinetics. The inventors have shown that at
37°C, the HPPK reaction is 2 times faster than the DHNA
reaction and that the DHPS reaction is about 5 times faster
than the HPPK reaction and 10 times faster than the DHNA
reaction. Thus, in the absence of inhibitor, the 3
enzymatic activities of Foll have different kinetics.

This invention further provides method and reagents
for in vitro synthesis of the HPPK substrate, the DHPS
substrate and the DHPS product. As substrates of these
enzymatic activities, only the 7,8-dihydroneopterin (DHNA
substrate) is commercially available, the other substrates
are unstable and difficult to prepare. This method thus
avoids synthesizing chemically the 6-hydroxymethyl-7,8-
dihydropterin (HPPK substrate) and the 6-hydroxymethyl-7,8-
dihydropterin pyrophosphate (DHPS substrate) .

The enzymatic compositions for the determination of
enzymatic activities according to the present invention can
be obtained from crude extracts or by genetic
recombination. The preferred method of preparation is via
genetic recombination. These techniques are well known for
the gkilled man.

Compounds are tested for a potential inhibitory effect

by performing the assay in the three reaction conditions
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described hereafter. It is still within the scope of the
invention to perform only 1 or 2 out of these 3 reactions,
in particular when the enzymatic enzyme(s) affected by the
inhibitor is determined.

The global inhibition assay compares activities of the
three enzymes in three different reaction conditions. This
global inhibition assay is performed in 3 different steps,
referred below as assay 1, assay 2 and assay 3. Following
these steps, 1if an inhibition is found with reactions
conditions 1 but not with reactions conditions 2 and 3, the
target of the inhibitor is the first enzymatic activity
(i.e. DHNA). If an inhibition is found with reaction
conditions 2, but not 1 and 3, the inhibitor’s target is
the second enzymatic activity (i.e. HPPK). If only the
third assay shows inhibition with a potential inhibitor,
the target is then the third activity (DHPS).

EXAMPLES
Assay 1l: Monitoring of the combined activities DHNA and
HPPK and DHPS

The global reaction is followed monitoring the release
of inorganic phosphate. The whole reaction is dependent on
DHNA reaction which is the limiting reaction at 37°C.

The kinetics of the Foll activities are given in
Figure 2.

During this assay (or screening 1), the aim is to
specifically find DHNA inhibitors (the slowest reaction).
Total reaction medium and the putative inhibitor are used
and the reaction is maintained at 37°C for 120 minutes.

According to this assay, the 3 Foll activities (i.e.
DHNA, HPPK and DHPS), are measured, by adding all
substrates of enzymatic reactions (7,8- dihydroneopterin,
ATP and pABA) to the reaction medium containing Foll,
pyrophosphatase and the inhibitor.

The final concentrations in the reaction medium are
indicated in table 1.
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Table 1
Final concentration in the
assay
Tris/HCl buffer 44 mM pH 8,2 40 mM
2-mercaptoethanol 1 M 10 mM
MgCl, 0,5 M 25 mM

Pyrophosphatase 25 U/ml in|2.5 U/ml
casein 1lmg/ml

ATP 10 mM 100 uM
p-aminobenzoic acid 2 mM 75 uM
Fol 1; 50 ug/ml in casein|5 pg/ml
1mg/ml

DMSO 50% (+/- Inhibitor) 5.00%

7,8-dihydro-D-neopterin 0.5 mM|50 uM

NB: The final concentration in casein is 0.2 mg/ml

The reaction medium is: V=80 pul

Preparation of enzymes solution stocks
Foll solution 10X
An aliguot of Foll at 9.6 mg/ml is diluted first at

200 pg/ml, and once more at 50 pug/ml, in Tris buffer
containing casein 1 mg/ml.

The solutions must be prepared every day and stored in
ice solution.
Solution 10X of inorganic pyrophosphatase

From a commercial flask of inorganic pyrophosphatase
at 1000 U, a solution at 1000 U/ml is prepared in
deionisated water (milliQ). Aliquots containing 20 pul at
1000 U/ml are stored at —-80°C.

One aliquot is diluted at 25 U/ml in Tris buffer
containing casein 1 mg/ml. The aliquot must not be
conserved more than 10 h (one day).

The reaction medium is V=80 pul.
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Pool 1 contains : Tris buffer; 2-mercaptoethanol,

MgCl,, ATP, p-aminobenzoic acid and the Fol 1 and

pyrophosphatase enzymes prepared as described previously.

The reaction medium in the 96 well Microplate contains
64 pl pool 1, then is incubated for 60 min at 37°C with
shaking. This step is Jjust to keep Foll in the same
conditions as assay 2 and assay 3. Then, 8 pl inhibitor in
DMSO 50% and 8 ul 7,8-dihydro-D-neopterin 0.5 mM are added
to the reaction medium. The incubation of the reaction
medium is carried out at 37°C for 1 hour with shaking.

Stop reaction

The Foll and pyrophosphatase reactions are stopped by
acidification, when the reagent 1 used for detection of
inorganic phosphate is added.

Blank (or negative control):

The reaction medium does not contain 7,8-dihydro-D-
neopterin. It corresponds to the 0% activity control.

Positive control :

The reaction medium does not contain inhibitor. It
corresponds to 100% of activity.

“False positives” control :

This control is performed to monitor the inhibition of
the inorganic pyrophosphatase or the colorimetric complex.

In this control, the 50 uM of 7,8-dihydroneopterin is
replaced by 50 uM of inorganic pyrophosphate in the
reaction medium containing the putative inhibitor.

e Detection of inorganic phosphate (molybdate-
Arsenite method) : V=220 ul

The reagents for detection of inorganic phosphate
(molybdate-Arsenite method) are the following:

Reagent 1 is composed of

- 6 volumes ammonium heptamolybdate 0.5% in H»SO,
0.5M

- 1 volume ascorbic acid 10%

- 2 volumes SDS 10%

Reagent 2 is composed of

- sodium citrate 2%
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- sodium meta-arsenite 2%

- acetic acid 2%

Each well contains 80 pul reaction medium. A volume of
80 pl reagent 1 is added and the mixture is incubated at
37°C for 5 min without shaking. Then, 60 pl reagent 2 is
added to the mixture and the incubation is resumed at 37°C
for 10 min without shaking. The absorbance is read at 850
nm using a microplate detector (Molecular Device SpectraMax
Plus) .

In view of the results shown in Figure 3, there is no
differences in terms of activities with or without the
inhibitor 1, therefore no inhibition is detected on
combined DHNA and HPPK and DHPS activities of Foll.

In direct contrast, the results of the assay 1
(condition 1) using inhibitor 2, demonstrates that
inhibitor 2, inhibits one or more of the activities of Foll
(DHNA or/and HPPK or/and DHPS (cf. figure 6)).

Assay 2: Monitoring of the combined activities HPPK and
DHPS

Actually, the second assay measures the inhibition of

activity of HPPK since this enzyme is the limiting reaction
in terms of kinetics between HPPK and DHPS. In such
conditions, (same substrates and enzymes as conditions used
in assay 1, ATP omitted) the product of the first enzymatic
reaction (6-hydroxymethyl-7,8-dihydropterin) is accumulated
in the reaction medium for a defined period of time. The
final concentrations in the reaction medium are identical
to those used in assay 1.

The reaction medium is V=80 ul.

Pool 2 contains : Tris buffer; 2-mercaptoethanol,

MgCl,, 7,8-dihydro-D-neopterin, p-aminobenzoic acid and the

2 enzymes Fol 1, Pyrophosphatase prepared as described
previously.

In the 96 well Microplate is delivered 64 pl pool 2.
The medium is incubated for 60 min at 37°C with shaking.

During this step, the 7,8-dihydro-D-neopterin is totally
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converted in 6-hydroxymethyl-7,8-dihydropterin. Then, 8 pul
inhibitor in DMSO 50% is added to the reaction followed by
8 pul ATP 1 mM. The reaction is carried out at 37°C for 1h
with shaking.

The release of inorganic phosphate is monitored and
the controls are performed as in assay 1.

Results of the kinetics of combined HPPK and DHPS
activities are shown in Figure 4.

It appears clearly from these data that 50% of
inhibition is detected on combined HPPK and DHPS activities
of Foll when adding inhibitor 1.

In contrast, no inhibition is detected on combined
HPPK and DHPS activities (condition 2) when adding
inhibitor 2, showing that this inhibitor does not inhibit
HPPK and/or DHPS activities (see figure 6).

Assay 3: Monitoring DHPS activity

This assay measures the inhibition of activity of
DHPS, using the same substrates and enzymes as in assay 1
without pABA.

The reaction medium is Vg=80 pul.

Pool 3 contains : Tris buffer; 2-mercaptoethanol,
MgCl,, 7,8-dihydro-D-neopterin, ATP, and the 2 enzymes Fol
1, Pyrophosphatase prepared as described previously.

In the 96 well Microplate is deliver 64 pul pool 3 and
the incubation is carried out at 37°C for 60 min with
shaking. During this step, 7,8-dihydroneopterin is totally
converted in 6-hydroxymethyl-7,8~dihydropterin
pyrophosphate. A volume of 8 pl inhibitor in DMSO 50% is
added to the reaction mixture, followed by 8 pul p-
aminobenzoic acid 0.75 mM. The reaction is incubated at
37°C for 1h with shaking.

The detection of the inorganic phosphate release and
the controls are performed such as in assay 1.

The results of kinetics of DHPS activity, with or

without inhibitor 1, are presented in Figure 5.
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Data show that no inhibition is detected on the DHPS
activity, so the inhibitor inhibits only the HPPK activity.
It has been noticed that the HPPK inhibition cannot be
detected in assay 1 because in this reaction condition, the
DHNA reaction is the limiting step.

Concerning inhibitor 2, condition 3 data show that no
inhibition is detected on the DHPS activity, so inhibitor 2

inhibits specifically the DHNA activity (see figure 6).
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CLAIMS

1. A method for determining the inhibition activity of
a compound to be tested on one of the enzymes of the folate
synthesis pathway, comprising the steps of

(1) incubating said compound with an enzymatic

composition having at least the DHPS activity,
(ii) detecting the release of phosphate.

2. The method of claim 1, in which the enzyme is
coupled with pyrophosphatase, step (ii) being carried out

on the inorganic phosphate.

3. The method of claim 1 or 2, in which the enzymatic
composition has a DHPS activity, or DHPS and HPPK
activities, or DHPS and HPPK and DHNA activities.

4, The method of any of claims 1 to 3, in which the

enzymatic composition is Foll.

5. Method of determination according to any of
claims 1 to 4 in which the said enzyme(s) is (are) encoded
by SEQ ID N°1 or a homolog thereof and functional fragments
thereof as well as by the corresponding encoded protein of

SEQ ID N°l1 or a functional polypeptidic fragment thereof.

6. Method of determination according to any of
claims 1 to 5, in which the enzymatic composition is

derived from fungi, bacteria or protozoa.

7. Method of determination according to any of
claims 1 to 6, which comprises incubating the compound to
be tested with 7,8-dihydroneopterin, ATP, pABA, Foll,
pyrophosphatase and detecting the release of inorganic

phosphate.
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8. Method of determination according to any of
claims 1 to 7, in which the DHNA activity is measured,
comprising the incubation of the compound to be tested with
7,8~dihydroneopterin, ATP, pABA, Foll, pyrophosphatase and

the detection of the release of inorganic phosphate.

9. Method of determination according to any of
claims 1 to 8 in which the HPPK activity is measured in one
single assay by

(i) adding 7,8-dihydroneopterin, PABA but with
omission of ATP to the reaction medium containing Foll,
pyrophosphate ;

(ii) adding the said compound to be tested and ATP
when the product of the DHNA reaction, which 1is 6-
hydroxymethyl-7, 8-dihydropterin, is accumulated after a
defined period of time ;

(iii) monitoring the release of inorganic phosphate.

10.Method of determination according to any of
claims 1 to 8 in which the DHPS activity is measured in one
single assay by

(i) adding 7, 8-dihydroneopterin, ATP but with
omission of pABA to the reaction medium containing Foll,
pyrophosphate ;

(ii) adding the said compound to be tested and pABA
when the substrate of DHPS reaction, which dis 6-
hydroxymethyl-7, 8-dihydropterin pyrophosphate, is
accumulated after a defined period of time ;

(iii) monitoring the release of inorganic phosphate.

11.Method of determination according to any of
claims 1 to 10, in which the DHPS substrate is synthesized

in vitro.

12.Method of determination according to any of
claims 1 to 11, in which the said detection of phosphate is
performed by colorimetry.
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13.Method of determination according to any of
claims 1 to 11, in which the said detection of phosphate is
performed by fluorometry.

14 .Method of determination according to any of claim 1
to 11, in which the said detection of phosphate is

performed by radioactive means.

15.Method of screening of compounds with potential
inhibitory effect on enzymatic composition by implementing
the method of determination according to any of claim 1 to
14.

16.Enzymatic assay for in vitro testing compounds for
their inhibitory effect on an enzymatic composition as
disclosed to any one of claims 1 to 15, comprising

(i) the substrate 7,8-dihydroneopterin, and

(ii) the Foll enzyme, and

(1iii) the enzyme pyrophosphatase, and

(iv) pABA and ATP for simultaneous or sequential use.
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Figure 1
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Figure 4
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Figure 5
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Condition 1: DHNA+HPPK+DHPS activities
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gct gaa agt gtc gaa tat aaa att aat aga aac act ttg ggt caa ccc 384
Ala Glu Ser val Glu Tyr Lys Ile Asn Arg Asn Thr Leu Gly Gln Pro
115 120 125

gtt cca tta gat att ttc caa gtt aat aaa ttg aga tta ttg acg att 432
Val Pro Leu Asp Ile Phe Gln Val Asn Lys Leu Arg Leu Leu Thr Ile
130 135 140

att gga gtt ttc aca ttt gaa aga tta caa aaa caa ata gtt gat gtt 480
Ile Gly val Phe Thr Phe Glu Arg Leu Gln Lys Gln Ile Val Asp Val
145 150 155 160

gat ttg caa ttt aaa att gaa cct aat tce aat tta tat ttc cat caa 528
Asp Leu Gln Phe Lys Ile Glu Pro Asn Ser Asn Leu Tyr Phe His Gln
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ata att gct gat att gtt teca tac gtg gaa tca tct aat ttc aaa act 576
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gac gga gta gct gaa gtt gtt get act gtce act aaa cecg aat geca ttt 672
Asp Gly Val Ala Glu Vval Val Ala Thr Val Thr Lys Pro Asn Ala Phe
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agt cat gtt gaa ggt gtt gga gta tca tct acc atg gtc aaa gac aat 720
Ser His Vval Glu Gly Val Gly Val Ser Ser Thr Met Val Lys Asp Asn
225 230 235 240

ttc aaa gat atg gaa cca gtt aaa ttt gaa aac aca att gct caa act 768
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acc ggg tac cac act geca ttt att gce ttt gga tec aat act gga aat 864
Thr Gly Tyr His Thr Ala Phe Ile Ala Phe Gly Ser Asn Thr Gly Asn
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caa gta gaa aat att acc aat tca ttc gaa ttg ttg caa aaa tat gga 912
Gln val Glu Asn TIle Thr Asn Ser Phe Glu Leu Leu Gln Lys Tyr Gly
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atc acc ata gaa gca act tca tca ttg tac att tct aaa cca atg tat 960
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tat aaa cat tta gaa agg aaa aaa gac ttt gat aat ggg ccc aga tca 1104
Tyr Lys His Leu Glu Arg Lys Lys Asp Phe Asp Asn Gly Pro Arg Ser
355 360 365

ata gat ttg gat att ata cta tat gac gat tta caa tta aat acc gag 1152
Ile Asp Leu Asp Ile Ile Leu Tyr Asp Asp Leu Gln Leu Asn Thr Glu
370 375 380

aat cta att att cca cat aaa tca atg tta gaa aga aca ttt gta tta 1200
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