
8 December 2004  WO 01/94623 PCT/SE41/01272 ASSAY FOR DETECTION OF
TRANSLOCASE ENZYME ACTIVITY IN DRUG SCREENING The present invention relates
to a method for assaying enzymes involved in peptidoglycan  biosynthesis in
bacteria. 5 Peptidoglycan is a major component of the bacterial cell wall
that gives the wall its shape  and strength. It is unique to bacteria and
is found in all bacteria, both gram-positive and  gram-negative.
Peptidoglycan is a polymer of glycan strands that are cross-linked through
short peptide bridges. It consists of alternating (31-4 linked residues of
N-acetyl is glucosamine (GIcNAc) and N-acetyl muramic acid (MurNAc). A
pentapeptide chain is  attached to MurNAc (MurNAc-pentapeptide) and
cross-linking occurs between these  peptide chains. Biosynthesis of
peptidoglycan can be divided into three stages: firstly, synthesis of the
15 precursors in the cytoplasm, secondly, transfer of the precursors to a
lipid carrier molecule  and, thirdly, insertion of the precursors into the
cell wall and coupling to existing  peptidoglycan. The precursors
synthesised in the cytoplasm are the sugar nucleotides: 20
UDP-N-acetyl-glucosamine (UDP-G1cNAc) and UDP-N-acetylmuramylpentapeptide
(UDP-MurNAc-pentapeptide). The second stage, which occurs in the
cytoplasmic membrane, is catalysed by two  enzymes and involves synthesis
of a disaccharide unit on a lipid carrier, undecaprenyl 25 phosphate. The
lipid carrier is also involved in the synthesis of other components' of the
bacterial cell wall. The first enzyme catalyses the transfer of
phosphoryl-N-acetyl muramyl pentapeptide from  UDP-MurNAc-pentapeptide to
undecaprenol phosphate with the simultaneous release of 30 UMP. This enzyme
is called phospho-N-acetylmuramyl pentapeptide translocase  8 December 2004
WO 01/94623 PCT/SE01/01272 2 



(hereafter referred to as "the translocase") and is the product of the gene
mraY in  Escherichia coll. The product, undecaprenol-pyrophosphate-N-
acetylmuramylpentapeptide (Lipid-P-P-MurNAc-pentapeptide) or Lipid I or
Lipid linked  precursor I is the substrate for the second enzyme. 5
N-acetylglucosaminyl transferase, transfers N-acetylglucosamine from
UDP-GIcNAc  (with simultaneous release of UDP) to form
undecaprenol-pyrophosphoryl-N acetylin
ramylpentapeptide-N-acetylglucosamine or Lipid H or Lipid linked precursor
H.  This enzyme is also called UDP-N-acetylglucosamine:
N-acetylmuramyl(pentapeptide)-P- 10 P-undecaprenol N acetylglucosamine
transferase (hereafter referred to as "the transferase"). The enzyme is the
product of the gene murG in Escherichia coll. The translocase and the
transferase enzymes are essential for bacterial viability (see respectively
D.S. Boyle and W. D. Donachie, J. Bacteriol., (1998), 180, 6429-6432  t5
and D. Mengin-Lecreuix, L. Texier, M. Rousseaue and Y. Van Heijernoot, J.
Bacteriol., (1991), 173, 4625-4636). In the third stage, at the exterior of
the. cytoplasmic membrane, polymerisation of the  glycan occurs. The
disaccharide-pentapeptide unit is transferred from the lipid carrier to 20
an existing disaccharide unit or polymer by a peptidoglycan
transglycosylase (also referred to as a peptidoglycan polymerase)
(hereafter referred to as "the transglycosylase"). The  joining of the
peptide bridge is catalyzed by peptidoglycan transpeptidase (hereafter
referred to as "the transpeptidase"). Both enzyme activities which are
essential reside in  the same molecule, the penicillin binding proteins (or
PBPs), as in PBP la or 1b in 25 Escherichia coll. These are the products of
the ponA and ponB genes respectively, in  Escherichia coll. There are
several PBPs in the bacterial cell and these can be divided into two
classes, the  low molecular mass (LMM) and high molecular mass (HMM) PBPs.
The HMM PBPs are 3o bifunctional enzymes having both transpeptidase and
transglycosylase activity. Of these 8 December 2004  WO 01/94623
PCT/SE01/01272 3 PBP2 and PBP3 and either PBP1A or PBP1B of E. coli have
been shown to be essential  



for cell viability. The LMM PBPs appear to be important but not essential
for cell growth  (e.g. PBPs 4, 5, 6 of E. colt can be deleted resulting in
growth defects but the cell survives,  see S.A. Denome, P.K. Elf T.A.
Henderson, D.E. Nelson and K.D. Young, s I Bacteriol.,
(1999),181(13),3981-3993). On transfer of the disaccharide-pentapeptide
unit from the lipid precursor to an existing  peptidoglycan chain the lipid
is released as a molecule of undecaprenol pyrophosphate.  This has to be
cleaved by a bacitracin-sensitive undecaprenyl pyrophosphorylase, also 10
called undecaprenol pyrophosphorylase or C55-isoprenyl pyrophosphorylase
(hereafter  referred to as the "lipid pyrophosphorylase") to generate
undecaprenol phosphate which  can then re-enter the cycle at the second
stage. Both the translocase and the transferase (mraY and murG gene
products, respectively) is represent prime targets for drug discovery that
have not been exploited due to the lack of a  suitable assay amenable to
high throughput screening. In both the translocase and transferase
reactions a sugar molecule is transferred, from a  nucleotide-linked
precursor, to a lipid substrate. A conventional enzyme assay for both the
20 translocase and the transferase involves using a radiolabelled sugar
precursor and  monitoring incorporation of the radiolabel into the lipid
product. The lipid product is  monitored either by paper chromatography or
by extraction of the product in butanol: 6M  pyridinium acetate, pH4.1 (2:1
v/v). In the paper chromatogram both the lipid products  Lipid I and Lipid
II run with an Rf of -0.9. 25 Another known assay which monitors only
translocase activity uses a dansyleted UDP- MurNAc-pentapeptide as a
substrate which is fluorescent. When the fluorescent substrate  is
transferred to the lipid carrier in the membrane, it undergoes a change in
its environment  from an aqueous to a hydrophobic one. This causes a blue
shift in its emission spectrum 8 December 2004  WO 01/94623 PCT/SE01/01272
4 (525 nm to 495 nm) which is monitored during the assay. Change in the
intensity of  fluorescence is only two- to three-fold and therefore it is
not a very sensitive assay. A high throughput radioactive assay for the
transferase enzyme has been described in  



5 WO 99/38958 but this requires chemical synthesis of an artificial
substrate. It would be desirable to develop a method for assaying the
activity of the translocase  enzyme and/or transferase enzyme which is
suitable for high throughput screening. 10 In accordance with the present
invention, there is therefore provided a method for assaying UDP-N
acetylglucosamine: N-acetylmuramyl(pentapeptide)-P-P-undecaprenol-N-
acetylglucosamine transferase enzyme activity, and, optionally also
phospho-N-acetylmuramyl-pentapeptide translocase enzyme activity, which
method comprises the steps of is (1) incubating a reaction mixture
comprising undecaprenol-pyrophosphate-N- acetylmuramylpentapeptide (Lipid
I), radiolabelled UDP-N-acetyl glucosamine  (UDP-G1cNAc), a source of
divalent metal ions and a source of the transferase enzyme  under
conditions suitable for synthesis of undecaprenol-pyrophosphoryl-N-
acetylmuramylpentapeptide-N-acetylgtucosamine (Lipid II) to occur; 20 (2)
stopping the reaction of step (1); (3) adding to the reaction mixture of
step (2) a fluorescer; and  (4) measuring light energy emitted by the
fluorescer. In the context of the present specification, it should be
understood that the abbreviation  25 "UDP" refers to uridine
(5'-)diphosphate. The method according to the present invention is very
conveniently carried out using  96-well microtitre plates, thereby enabling
a fast, simple and reproducible way of  measuring enzyme activity. 30  8
December 2004 WO 01/94623 PCT/SE01/01272 5 If it is intended to assay both
the transferase and translocase enzymes, then in step (1),  the Lipid I is
formed in situ by including in the reaction mixture UDP-N-
acetylmuramylpentapeptide (UDP-MurNAc-pentapeptide), a source of
undecaprenyl  phosphate and a source of the translocase enzyme. The
UDP-MurNAc-pentapeptide used may be any of those usually present in
naturally- 



occurring peptidoglycans and is conveniently purified from bacteria or made
enzymatically  with precursors from bacteria, e.g. by methods similar to
that described by T. den  Blaauwen, M. Aarsman and N. Nanninga, J.
Bacteriol., (1990),172, 63-70). A preferred 10 UDP-MurNAc-pentapeptide to
use is UDP-MurNAc-L-alanine-y-D-glutamic acid-m- diaminopimelic
acid-D-alanine-D-alanine from Bacillus cereus. The concentration of
UDP-MurNAc-pentapeptide used will typically be in the range from 5 M to
300M,  preferably from 5 M to 200M, more preferably from 5 M to 100M, and
especially  from 5 M to 50M, particularly. 15 M, per well of the microtitre
plate. 15 As radiolabelled UDP-N-acetyl glucosamine, it is convenient to
use tritiated UDP N-acetyl  glucosamine (UDP-[3H]GlcNAc, commercially
available from NEN-Dupont), preferably  in a concentration of from 0.25 to
25M per well of the microtitre plate, e.g. at a  concentration of 2.5M with
0.1 to 0.5 Ci radioactivity per well, preferably 0.2 Ci per  20 well of the
microtitre plate. The divalent metal ions used are preferably magnesium
ions. A suitable source of  magnesium ions is magnesium. chloride,
preferably at a concentration in the range from  10 to 30mM, preferably
from 10 to 25mM. 25 The membranes of Escherichia coli bacteria may
conveniently be used and indeed are  preferred as a source of undecaprenyl
phosphate, translocase enzyme and transferase  enzyme. The quantity of
membranes used will typically be in the range from 1 to 20g,  particularly
from 4 to 6g, protein per well of the microtitre plate. The membranes may
be 30 prepared as described in Example I of WO 99/60155. Since the method
according to the  8 December 2004  WO 01/94623 PCT/SE01/01272 6 present
invention monitors the amount of radiolabel incorporated into Lipid II, it
is  important when using a membrane preparation to ensure that the
transglycosylase enzyme  present is made ineffective, so that the
radiolabelled disaccharide from Lipid II is not  transferred to
peptidoglycan also present in the membrane preparation by the activity of
the 



5 transglycosylase enzyme. This can be achieved in several ways, for
example, by including  an inhibitor of the transglycosylase enzyme such as
moenomycin in the reaction mixture of  step (1), by using membranes from an
Escherichia coil mutant that are defective for the  transglycosylase enzyme
(for example, as described in WO 96/16082) or by preparing the  membranes
by a method involving treating Escherichia coli cells firstly with lysozyme
as 10 described by Y. van Heijenoort et al., (1992), J. Bacteriol., 174,
3549-3557. In step (1), it may be convenient to use an aqueous medium such
as a buffer solution, e.g.  of HEPES-ammonia, HEPES- KOH (HEPES being
N-[2-Hydroxyethyl]piperazine-N'-[2..  ethanesulfonic acid]) or
Tris[hydroxymethyl]aminomethane hydrochloride ("Tris-HCl"), is the buffer
solution having a pH of about 7.5. HEPES and Tris-HCI are commercially
available from the Sigma-Aldrich Co. Ltd. The reaction mixture of step (1)
is maintained at a temperature in the range from 20C to  37C for a period
of 2 to 90 minutes, e.g. 5 minutes, under conditions suitable for enzyme 20
catalysed Lipid 11 synthesis to occur. If the method according to the
invention is intended to be used as a screen for identifying
anti-bacterial compounds that are antagonists of the transferase enzyme and
optionally the  translocase enzyme, the reaction mixture of step (1) may
further comprise one or more test 25 compounds in varying concentrations.
Since the translocase and transferase enzymes are  essential for bacterial
growth and are located on the cell surface, these enzymes represent  good
targets for the development of anti-bacterial drags. Any such drugs would
have the  advantage that they would not need to enter the bacterial
organism through the cell wall to  be effective and thus the usual
difficulties of cell wall permeability and drug resistance 3o brought about
by changes in cell wall permeability and efflux would be avoided.  WO
01/9-4623 7 8 December 2004  PCT/SE01/01272 The reaction is stopped (or
quenched) in step (2) by any suitable means, for example, by  a quenching
agent. If the transferase enzyme is being assayed alone, then further
reaction is conveniently stopped by adding an excess of unlabelled
UDP-N-acetyl 



5 glucosamine. Alternatively, if the transferase and translocase enzymes
together, then further reaction may be stopped by adding a suitable amount
uare nt being fassayed divalent  metal ion chelator compound, e.g.
ethylenediaminetetraacetic acid which is commercially available from the
Sigma-Aldrich (EDTA) Co. Ltd. The concentration of the chelator  compound
will of course depend on the particular chelator compound used and should
be 10 sufficient to chelate all the divalent metal ions; in the case of
EDTA the concentration typically be about 15 mM per well of the microtitre
plate. will In step (3), the fluorescer used may be any of those routinely
employed in scintillation  proximity assays. The fluorescer will usually be
associated with or supported by, in or on  15 beads, for example,
lectin-coated beads, anti-mouse antibody coated yttrium silicate beads,
Polylysine (e.g. poly(L)lysine)-coated yttrium silicate beads, Protein
A-coated  yttrium silicate beads, anti-mouse antibody coated PVT
(polyvinyltoluene) beads or  wheatgerm agglutinin-coated PVT beads, all of
which beads are commercially available  from Amersharn Inc. The beads
chosen should be capable of binding to bacterial cell 20 walls. It is
preferred to use lectin-coated beads impregnated with a fluorescer, for
example, as  described in US Patent No. 4,568,649 and European Patent No.
154,734. The beads  (known as "Scintillation Proximity Assay" (or SPA)
beads) are commercially available 25 from Amersham Inc. Most preferred are
wheatgerm agglutinin-coated SPA beads which  are capable of binding sugar
molecules, specifically N-acetyl glucosamine. It is believed  that through
the binding of N-acetyl glucosamine to the SPA beads, radiolabelled Lipid
II  formed in step (1) is brought into close proximity with the fluorescer
which becomes  activated by the radiation energy, resulting in the emission
of light energy which is 30 subsequently measured in step (4).  8 December
2004  WO 01/94623 PCT/SE01/01272 8 The beads (with fluorescer), which are
conveniently added in the form of an aqueous  suspension, are contacted
with the reaction mixture of step (2) for a period of at least 10  minutes,
preferably 3 hours or more (e.g. overnight), before the plate is "counted"
in step  



5 (4), e.g., in a "Microbeta Tilux" counter. The present invention also
provides a method for assaying phospho-N-acetylmuramyl- pentapeptide
translocase enzyme activity, which method comprises the steps of, (A)
incubating a reaction mixture comprising a UDP-N-acetylmuramylpentapeptide
10 (UDP-MurNAc-pentapeptide), a radiolabelled derivative of a UDP-N-
acetylmuramylpentapeptide, a source of divalent metal ions, a source of
undecaprenyl  phosphate and a source of the translocase enzyme under
conditions suitable for the  formation of a coupled product between the
radiolabelled derivative and the undecaprenyl  phosphate; is (B) stopping
the reaction of step (A); (C) adding to the reaction mixture of step (B) a
fluorescer; and  (D) measuring light energy emitted by the fluorescer. In
step (A), the UDP-MurNAc-pentapeptide used may be any of those usually
present in  20 naturally-occurring peptidoglycans and is conveniently
purified from bacteria or made enzymatically with precursors from bacteria,
e.g. by methods similar to that described by  T. den Blaauwen, M. Aarsman
and N. Nanninga, J. Bacteriol., (1990),172,63-70). A  preferred
UDP-MurNAc-pentapeptide to use is UDP-MurNAc-L-alanine-y-D-glutamic
acid-m-diaminopimelic acid-D-alanine-D-alanine from Bacillus cereus. 25 The
radiolabelled derivative of a UDP-N-acetylmuramylpentapeptide preferably
contains  tritium [3H], 33P or 1251 Such a compound may be synthesized, for
example, by  incorporating 3H-propionate at the s-amino group of the
meso-DAP residue of  UDP-MurNAc-L-alanine y-D-glutamic
acid-m-diaminopimelic acid-D-alanine-D-alanine. 30 8 December 2004  -WO
01/94623 PCT/SE01/01272 9 The total amount of UDP-MurNAc-pentapeptide and
of radiolabelled derivative will  typically be in the range from 4 M to
15M, preferably from 4 M to 10M, e.g. from  4.5 M to 5.5M, per well of the
microtitre plate. The amount of the radiolabelled  derivative used is such
that the radioactivity measures from, e.g., 0.1 Ci to 0.6 Ci per 



5 well, preferably from 0.1 Ci to 0.4 Ci per well, particularly 0.2 Ci per
well. The divalent metal ions used are the same as those previously
described. The membranes of Escherichia coli bacteria may conveniently be
used and indeed are is preferred as a source of undecaprenyl phosphate and
translocase enzyme. The quantity of  membranes used will typically be in
the range from 5 to 25g, particularly from 10 to  15g, protein per well of
the microtitre plate. The membranes may be prepared as  described in
Example I of WO 99/60155. is In step (A), it may be convenient to use an
aqueous medium such as a buffer solution, e.g.  of HEPES-ammonia, HEPES-
KOH (HEPES being N-[2-Hydroxyethyl]piperazine-N'-[2- ethanesulfonic acid])
or Tris[hydroxymethyl]aminomethane hydrochloride ("Tris-HCl"),  the buffer
solution having a pH of about 7.5. HEPES and Tris-HCI are commercially
available from the Sigma-Aldrich Co. Ltd. 20 The reaction mixture of step
(A) is maintained at a temperature in the range from 20C to  37C for a
period of 2 to 15 minutes, e.g. 8 minutes, under conditions suitable for
enzyme- catalysed Lipid I synthesis to occur. 2s In a preferred aspect, the
reaction mixture of step (A) will additionally comprise suitable  amounts
of detergent (such as Triton X-100 at 0.1/ow/v) and potassium chloride, to
improve the signal observed when carrying out step (D) of the method of the
invention. If the method according to the invention is intended to be used
as a screen for identifying  30 anti-bacterial compounds that are
antagonists of the translocase enzyme, the reaction  8 December 2004  WO
01/94623 PCT/SE01/01272 10 mixture of step (A) may further comprise one or
more test compounds in varying  concentrations. The reaction is stopped (or
quenched) in step (B) by any suitable means, for example, by  s the
addition, as quenching agent, of a suitable amount of a divalent metal ion
chelator compound, e.g. ethylenediaminetetraacetic acid (EDTA) which is
commercially available  from the Sigma-Aldrich Co. Ltd. The concentration
of the chelator compound will of  



course depend on the particular chelator compound used and should be
sufficient to chelate  all the divalent metal ions; in the case of EDTA the
concentration will typically be about. 10 35 mM per well of the microtitre
plate. In step (C), the fluorescer used may be any of those routinely
employed in scintillation  proximity assays. The fluorescer will usually be
associated with or supported by, in or on  beads, for example,
lectin-coated beads, anti-mouse antibody coated yttrium silicate 15 beads,
polylysine (e.g. poly(L)lysine)-coated yttrium silicate beads, Protein
A-coated  yttrium silicate beads, anti-mouse antibody coated PVT
(polyvinyltoluene) beads or  wheatgerm agglutinin-coated PVT beads, all of
which beads are commercially available  from Amersham Inc. The beads chosen
should be capable of binding to bacterial cell  walls. 20 It is preferred
to use lectin-coated beads impregnated with a fluorescer, for example, as
described in US Patent No. 4,568,649 and European Patent No. 154,734. The
beads  (known as "Scintillation Proximity Assay" (or SPA) beads) are
commercially available  from Amersham Inc. Most preferred are wheatgerm
agglutinin-coated SPA beads which 25 are capable of binding sugar
molecules, specifically N-acetyl glucosamine. It is believed  that the
coupled product is captured onto the lectin-coated beads through the
binding of  N-acetyl glucosamine which is present in the cell wall
fragments associated with the  bacterial membranes if these are used in the
method of the invention. Due to specific  capture of the coupled product,
the radiolabel is brought into close proximity with the  8 December 2004
WO 01/94623 PCT/SE01/01272 11 fluorescer which becomes activated by the
radiation energy, resulting in the emission of  light energy which is
subsequently measured in step (D). The beads (with fluorescer) which are
conveniently added in the form of an aqueous  suspension are contacted with
the reaction mixture of step (B) for a period of at least 10  minutes,
preferably 3 hours or more (e.g. overnight), before the plate is "counted"
in step  (D), e.g., in a "Microbeta Tilux" counter. 



The present invention will be further explained by reference to the
following illustrative  10 examples. Example 1 (i) The wells of a
microtitre plate were individually filled with a total volume of 25 l of  a
reaction mixture comprising an aqueous buffer solution of 50 mM
HEPES-ammonia (N- 15 [2-Hydroxyethyl]piperazine-N'-[2-ethanesulfonic acid])
(pH 7.5), and 10 mM magnesium chloride, 15 M
UDP-MurNAc-L-alanine-y-D-glutamic acid-m-diaminopimelic acid-D-
alanine-D-alanine, 2.5 M tritiated UDP-N acetyl glucosamine (0.2 Ci per
well), 3 M  Moenomycin, 4 g of Escherichia coil AMA1004 cell membranes and
a solution of test  compound (e.g. Tunicamycin, Vancomycin, Nisin) of
varying concentration in 4% 20 dimethylsulphoxide. Tunicamycin is a known
antagonist of the translocase enzyme, Nisin  is a known antagonist of the
transferase enzyme and Vancomycin is a known antagonist of  both the
translocase and transferase enzymes. (Moenomycin is a known antagonist of
the  transglycosylase enzyme and is added to prevent the radiolabel from
being incorporated  into peptidoglycan). 25 Four wells of the microtitre
plate were used as controls: two wells contained no
UDP-N-acetylmuramylpentapeptide (0% reaction controls) and a further two
wells  contained no test compound (100% reaction controls). 8 December 2004
20 12 PCT/SE01/01272 If the purpose of the effect of an inhibitor of the
transferase or  translocase, the 4 1 " ' : . d along with the substrates at
step (i). 25 The microtitre pla 7 oC for 5 min and thereafter 5 l of
ethyleriediaminetet = 



15 mM was added to give a final EDTA concentration of  . WO 01/946Z-v s 10
concentration of HEp 501 e I 1s The E. coli membi= as described in patent
application WO 99/60155. (ii) After addition %I of an aqueous suspension of
wheatgerm  agglutinin-coated sc*II ~y assay beads comprising 500 g beads in
a  solution of HEPES ras added to each well such that the final The plate
was Ieft for 3t at room temperature before being counted in the  Microbeta
Triluxrr cou Figure 1 is a graph sho"~age inhibition of translocase (and
thus Lipid II  synthesis) versus Tunic oration (after subtracting the
corresponding 0%  reaction readings). Figure 2 is a graph sho image
inhibition of transferase (and thus Lipid II  synthesis) versus Nisin comer
subtracting the corresponding 0% reaction  readings). Figure 3 is a graph
showing ge inhibition of translocase and transferase (and  thus Lipid IT
synthesis) versccin concentration (after subtracting the  corresponding 0%
reaction r 8 December 2004  WO 01/94623 PCT/SE01/01272 13 



Example 2 The method described in Example I may alternatively be performed
using the R membranes of an Escherichia coli mutant, AMA1004 Apon B :: Spe
, a mutant from which the gene ponB encoding PBP lb has been inactivated,
as described by S.Y. Yousif,  5 J.K. Broome-Smith and B.G. Spratt, J. Gen.
Microbial., (1985),1.3x, 2839-2845. These membranes lack PBP lb activity
which is the major transglycosylase in Escherichia  coli and thus the
radiolabel incorporated into Lipid II is not transferred to peptidoglycan.
Hence there is no need to add moenomycin to the reaction mixture. 10 Figure
4 is a graph showing the percentage inhibition of transferase (and thus
Lipid II  synthesis) versus Nisin concentration (after subtracting the
corresponding 0% reaction  readings). Figure 5 is a graph showing the
percentage inhibition of translocase and transferase (and  is thus Lipid II
synthesis) versus Vancomycin concentration (after subtracting the
corresponding 0% reaction readings). Example 3 (i) The wells of a
microtitre plate were individually filled with a total volume of 25 l 20 of
a reaction mixture comprising an aqueous buffer solution of 50 mM
HEPES-ammonia  (N-[2-Hydroxyethyl]piperazine-N'-[2-ethanesulfonic acid])
(pH 7.5), and 10 mM  magnesium chloride 15 .tM
UDP-MurNAaL-alanine-y-D-glutamic acid-m- diaminopimelic
acid-D-alanine-D-alanine, 2.5 M tritiated UDP-N-acetyl glucosamine  (0.2
}tCi per well), 6 g of Escherichia coli AMA1004 cell membranes prepared as
25 described below and a solution of test compound (e.g. Tunicamycin,
Vancomycin) of  varying concentration in 4% dimethylsulphoxide. Tunicamycin
is a known antagonist of  the translocase enzyme and Vancomycin is a known
antagonist of both the translocase and  transferase enzymes. 8 December
2004  WO 01/94623 PCT/SE01/01272 14 Four wells of the microtitre plate were
used as controls: two wells contained no  UDP N-acetylmuramylpentapeptide
(0% reaction controls) and a further two wells  contained no test compound
(100% reaction controls). 5 If the purpose of the screen is to study the
effect of an inhibitor of the transferase or  



translocase the test compound is added along with the substrates at step
(i). The E. coli membranes were prepared as follows. Four to five colonies
of the bacteria from an LB (Luria Bertani medium) agar plate were  io
inoculated into 5 ml LB-broth and grown during the day (for 6.8 hours) at
37C. In the evening 0.5 ml of this culture was used to inoculate 500 ml of
LB-broth in a 2 1 flask.  The flask was incubated on a shaker at 30C
overnight; typically an A600 of 2.0-2.5 was  reached. Early the next
morning this culture was used to inoculate 6 1 of LB-broth (using  500 ml
of LB-broth per 2 1 flask) such that the starting A600 was 0.4-0.6. The
culture was Is grown for 2 hours at 37C with vigorous shaking/aeration; the
A600 reached was between  1.4 and 2.0. At this point the bacteria were
cooled on ice and pelleted by centrifugation at  5,000 x g for 15 minutes.
The cell pellet was washed with 500 ml of Buffer A (50 mM  Tris-HCI, pH 7.5
/ 0.1 mM MgC12). They were resuspended in cold 20% sucrose in 20
mMTris-HC1 pH8.0 with (a volume that is 7.5 times the wet weight of cells).
Lysozyme 20 was added to a concentration of 200 ug/ml and the cells gently
stirred for 10 min on ice.  A solution of EDTA was added, over a 1 hour
period, to a final concentration of 0.02 M.  The cells were spun at 12,000
x g for 20 min and the pellet obtained from this spin was  resuspended in
50 mM Tris-HC1, pH 7.5, containing 1 mM MgC12 and RNase and DNase  to a
final concentration of 20g/ml each. The suspension was gently stirred for 1
hr at 25 room temperature. The cell lysate was spun at 3,500 x g for 45
minutes. The supernatant  was collected, diluted to 100 ml with Buffer A
and ultra-centrifuged at 150,000 x g for 45  minutes. The pellet from this
spin was washed by resuspending it in 100 ml of Buffer A  and
re-centrifuging at 150,000 x g for 30 minutes. This pellet was gently
resuspended in a  minimal volume (5-10 ml for 6 1 culture) of Buffer A and
frozen and stored in aliquots at  8 December 2004  WO 01/94623
PCTISE01/01272 15 -70C. This is termed the membrane preparation and was
used in the assay as a source of the translocase and transferase enzymes
and undecaprenyl phosphate. The microtitre plate was incubated at 37 C for
30 min and thereafter 5 l of  ethylenediaminetetraacetic acid (EDTA) was
added to give a final EDTA concentration of  



15 mM. (ii) After addition of the EDTA, 170 l of an aqueous suspension of
wheatgerm  agglutinin-coated scintillation proximity assay beads comprising
500 g beads in a 10 solution of HEPES-ammonia, pH 7.5, was added to each
well such that the final  concentration of HEPES-ammonia was 50 mM. The
plate was left for 3 hours/ overnight at room temperature before being
counted in the  "Microbeta Trilux" counter. is Table 1 below enumerates the
inhibitory effects of Tunicamycin and Vancomycin on the  translocase and
transferase enzymes (after subtracting the corresponding 0% reaction
readings). 20 Table 1 Test CompoundConcentration% Inhibition
Tunicamycin6g/ml104 Vancomycin10011M82 Example 4 (i) The wells of a
microtitre plate were individually filled with a total volume of 15 l  25
of a reaction mixture comprising an aqueous buffer solution of 50 mM
HEPES-ammonia  (pH 7.5) (N-[2-Hydroxyethyl]piperazine-N'-[2-ethanesulfonic
acid]) and 10 mm  magnesium chloride, 15 M
UDP-MurNAc-L-alanine-p-D-glutamic acid-m  8 December 2004  WO 01/94623
PCT/SEO1/01272 16, diaminopimelic acid-D-alanine-D-alanine, and 4 g of the
cell membranes of the  Escherichia coli mutant, AMA1004 dpon B :: SpcR, a
mutant from which the gene ponB  encoding PBP1b has been inactivated, as
described by S.Y. Yousif, J.K. Broome-Smith  and B.G. Spratt, J. Gen.
Microbial., (1985), 131, 2839-2845. The plate was incubated for  5 20 min
at 37C. (ii) Tunicamycin was then added to a final concentration of
10pg/ml, followed by a test  



compound (e.g. Vancomycin or Nisin) of varying concentration in dimethyl
sulphoxide.  Nisin and Vancomycin are known antagonists of the transferase
enzyme. to (iii) Then to the reaction well, in a 5 l volume, the substrate
for the transferase was added:  2.5 M tritiated UDP-N-acetyl glucosamine
(0.5 jCi per well). The microtitre plate was  incubated for 5 min at 37C.
15 (iv) The reaction was terminated by diluting out the radiolabel i.e. by
addition of 25j11 of  200 M unlabelled UDP-G1cNAc. (v) After addition of
the UDP-GlcNAc, 150 jil of an aqueous suspension of wheatgerm
agglutinin-coated scintillation proximity assay beads comprising 500 g
beads in a 20 solution of HEPES-ammonia, pH 7.5, were added to each well
such that the final  concentration of HEPES-ammonia was 50 mM. The plate
was left for 3 hours at room  temperature before being counted in the
"Microbeta Trilux" counter. Four wells of the microtitre plate were used as
controls: two wells contained no 25 UDP-N-acetylmuramylpentapeptide (0%
reaction controls) and a further two wells  contained no test compound
(100% reaction controls). Table 2 below enumerates the inhibitory effects
of Nisin and Vancomycin on the  transferase enzyme (after subtracting the
corresponding 0% reaction readings). 30  8 December 2004 WO 01/94623 17
Table 1 PCT/SEO1/01272 Test CompoundConcentration% Enzyme Activity
Nisin10g/nil-30 VancomycinI00?-50 Example 5 (i) The wells of a microtitre
plate were individually filled with a total volume of 25 l 5 . of a
reaction mixture comprising an aqueous buffer solution of 100 mM HEPES
ammonia  



pH 7.5, 25 mM magnesium chloride, 50 mM KCI, 0.1 % w/v Triton X-100, 4 M
UDP- MurNAc-pentapeptide plus UDP-MurNAc-[3H]-pentapeptide (0.2 Ci per
well), 12.5 g  of the cell membranes of the Escherichia coli mutant,
AMA1004 epon B :: Spell (a mutant  from which the gene ponB encoding PBPIb
has been inactivated, as described by S.Y. 10 Yousif, J.K. Broome-Smith and
B.G. Spratt, J. Gen. Microbiol. (1985), 131, 2839-2845)  and a solution of
test compound (e.g. Tunicamycin, Vancomycin) of varying  concentration.
Tunicamycin and Vancomycin are known antagonists of the translocase
enzyme. 1s The E. coli membranes were prepared as described in patent
application WO 99/60155. UDP-MurNAc-[3H]-pentapeptide was synthesised as
follows. 20 nanomoles of MP-MurNAC-pentapeptide (purified from the hot
water extracts of  B.cezeus) were incubated with I mCi of 3H-N-hydroxy
succinimi.dyl propionate (specific 20 activity - 91 Cilmmol) in 20 l of 100
mM sodium borate buffer, pH 8.5 at 4C for 20 hrs.  Reaction mix was diluted
to 100 gl total volume using 80 l of 0.1 M ammonium acetate  buffer, pH
8.5, and loaded on 500 gl DEAE sepharose column equilibrated in the same
buffer. Column was washed with six to seven ml of 0.1 M ammonium acetate
buffer, pH  8.5, to remove the unbound, unreacted 3H-NHS-propionate. The
bound product, UDP 25 MurNAc-L-Ala- -D-GIu-m-DAP(N Y
-3H-Propionate)-D-AIa-D-Ala was eluted using 0.5 M  ammonium acetate
buffer, pH 8.5. Fractions, 0.5 ml each, were collected and monitored  8
December 2004  WO 01/94623 PCT/SE01101272 18 for activity by using them as
a substrate. in the enzyme assay. Active fractions were pooled  and the
specific activity was determined. Four wells of the microtitre plate were
used as controls: two wells contained stop solution  s at zero time point
(0% reaction controls) and a further two wells contained no test  compound
(100% reaction controls). (ii) The microtitre plate was incubated at 22C
for 8 minutes. 10 (iii) EDTA (5 l) was added to a final concentration of 35
mM and thereafter 270 p1 of an  



aqueous suspension of wheatgerm agglutinin-coated scintillation proximity
assay beads  comprising 2000 pg beads in a solution of HEPES ammonia, pH
7.5, and sodium azide  was added to each well to reach the final
concentration of 100 mM HEPES and 0.02 %  w/v sodium azide respectively. 15
The plate was left for 15 hours at room temperature before being counted in
the  "Microbeta Trilux" counter. Figure 6 is a graph showing the percentage
inhibition of translocase (and thus Lipid I  20 synthesis) versus
Tunicamycin concentration (after subtracting the corresponding 0%  reaction
readings). Figure 7 is a graph showing the percentage inhibition of
translocase (and thus Lipid I  synthesis) versus Vancomycin concentration
(after subtracting the corresponding 0%  25 reaction readings).  WO
01/94623 8 December 2004 PCT/SEO1/01272 19 CLAIMS 10 ahng a reacf>, .
insing a UDP-N-acetylmuramylpentapeptide 5 (A) ;?"",I, formation of a
coupled (B) stopping the reaction: :the radiolabelled derivative and the
undecaprenyl  phosphate; (D) measuring light ener4e fluorescer. (C) adding
to the solutiq, reaction mixture of step (2) a fluorescer; and 15 A 



20 D-aianine-D-alanine. 25  method according trein the UDP
N-acetylmuramylpentapeptide is  UDP-MurNAc_L-alanine_yCid-m-diaminopimeiic
acid-D-alanine-D-alanine.  3. A method according to im 2, wherein the
radiolabelled derivative is  UDP-MurrNAe-L-alanine_r_id_m-diaminopimelic
acid (NE 3H-propionate) 4 A method according to slims 1 to 3, wherein
bacterial cell membranes  represent a source of one or biaprenyl phosphate
and translocase enzyme. Escher ichia coli. 5. A method according to clj the
ba t i l ll b e eps o f:  c er a ce mem s are from  ran 6. A method
aecordig n to any, ms 1 to 5, wherein magnesium chloride is used  as a
source of divalent metal ion>" activity, which metho 



1 A method for ass. acetylmuramyl-pentapeptide translocase enzyme
(UDP-MurNAc-p en belled derivative of a UDP-N acetyhn r yjpentap divalent
metal ions, a source of undecaprenyl  phosphate and a source e enzyme under
conditions suitable for the 30 8 December 2004  WO 01/94623 PCT/SE01/01272
20 7. A method according to any one of claims I to 6, wherein the reaction
mixture of step  (A) further comprises a test compound. 8. A method
according to claim 7, wherein the test compound is an antagonist of the  5
translocase enzyme. 9. A method according to any one of claims 1 to 8,
wherein in step (B) a divalent metal  ion chelator compound is added. 10
10. A method according to any one of claims I to 9, wherein the fluorescer
is associated  with or supported by, in or on lectin-coated beads,
anti-mouse antibody coated beads or  polylysine coated beads. 


