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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
20 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 undecaprenyl phosphate with the simultaneous release of
UMP. This enzyme is called phospho-N-acetylmuramyl-pentapeptide translocase (hereafter

25 referred to as "the translocase™) and is the product of the gene rmraY in Escherichia coli. The
product, undecaprenyl-pyrophosphate-N-acetylmuramylpentapeptide (Lipid-P-P-MurNAc-
pentapeptide) or Lipid I or Lipid linked precursor I is the substrate for the second enzyme.

N-acetylglucosaminy] transferase, transfers N-acetylglucosamine from UDP-GIcNAc
(with simultaneous release of UDP) to form undecaprenyl-pyrophosphoryl-N-

30 acetylmuramylpentapeptide-N-acetylglucosamine or Lipid II or Lipid linked precursor II.
This enzyme is also called UDP-N-acetylglucosamine: N-acetylmuramyl(pentapeptide)-P-P-
undecaprenyl-N-acetylglucosamine transferase (hereafter referred to as "the transferase™).

The enzyme is the product of the gene murG in Escherichia coli.
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On transfer of the disaccharide-pentapeptide unit from the lipid precursor to an

existing peptidoglycan chain the lipid is released as a molecule of undecaprenyl
pyrophosphate. This has to be cleaved by a bacitracin-sensitive undecaprenyl
pyrophosphorylase, also called undecaprenyl pyrophosphorylase or C55-isoprenyl

25 pyrophosphorylase (hereafter referred to as the "lipid pyrophosphorylase”) to generate
undecaprenyl phosphate which can then re-enter the cycle at the second stage.

Both the transglycosylase and the transpeptidase enzymes (which reside within the
high molecular weight penicillin binding proteins or PBPs) represent prime targets for drug
discovery that have not been fully exploited due to the lack of suitable assays amenable to

30 high throughput screening. Two antibiotics target these proteins: the glycopeptides and the
beta-lactam antibiotics-penicillins and cephalosporins. The beta-lactam antibiotics, which
inhibit the transpeptidase, are one of the most successful and have yielded many generations

of drugs. Vancomycin, a glycopeptide, is an inhibitor of the transglycosylase and in many
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the Tri t oressaced thedetergentelritop X-AQ0.auirh isow infibiierefdhe Fangelwsasylae. Ina
subsequent step the Triton X-100 is removed by the addition of beads to allow the

20 transglycosylase reaction to proceed. The removal of the Triton X-100 by beads is tedious
and also subsequent analysis by paper chromatography or by filtration makes it inconvenient
for screening large numbers of test compounds.

WO 00/52035 describes a high througput assay for the transglycosylase enzyme which
is said to overcome the problems of the earlier methods (such as the difficulties of obtaining

25 large quantities of Lipid II from natural sources and its handleability, e.g. being water-
insoluble, as well as the use of paper chromatography). The assay relies on the use of
chemically modified analogues of Lipid I and/or Lipid IT (i.e. artificial substrates). The
synthesis of artificial substrates does not necessarily make for an efficient and cost effective
assay for screening test compounds. Furthermore, all of the Examples in WO 00/52035

30 appear to be theoretical and there is no actual data to support the suitability of the assay for
high throughput screening. Indeed, the only assay that appears to have been carried out, the
results of which are shown in Figure 7 of WO 00/52035, was one in which the product
obtained was detected by paper chromatography.
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Lipid IT synthesis to occur;

4 adding to the reaction mixture of step (3),
(a) either a substance to neutralise the inhibitor, or a source of peptidoglycan
transglycosylase and a source of peptidoglycan transpeptidase, to allow further processing of
20 Lipid I formed in step (3) toward peptidoglycan, and
(b) a test compound;
®) after a defined period, terminating any further processing of Lipid II;
(6) adding to the reaction mixture of step (5) a fluorescer supported by, in or on a suitable
substrate, and a detergent; and
25 (7)  measuring light energy emitted by the fluorescer which is indicative of the presence of

radiolabelled peptidoglycan.

Figure 1 is a graph showing the percentage inhibition of transglycosylase (and thus
peptidoglycan synthesis) versus moenomycin concentration (after subtracting the

30 corresponding 0% reaction readings).
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In the context of the present specification, it should be understood that the abbreviation

"UDP" refers to uridine (5'-)diphosphate.

20 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.

The bacterial membranes may be prepared as described in Example 1 of WO 99/60155.
25 The membranes represent, inter alia, a source of undecaprenyl phosphate, a source of

translocase enzyme and a source of transferase enzyme which are required to make Lipid 1.

The quantity of membranes used will typically be in the range from 1 to 20ug,
particularly from 4 to 6ug, protein per well of the microtitre plate.
30
. Up until the end of step (3) of the method, peptidoglycan synthesis proceeds as far as
the formation of Lipid II which is allowed to build-up in the reaction mixture. This build-up

of Lipid II can be achieved in several ways which include the use of an inhibitor effective to
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an inhibitor of Lipid II further processing because it has been observed that, in vitro, under the
assay conditions described here, PBP1a behaves as if it has no transglycosylase or
transpeptidase activity.

Transformation of the above mutant strain with an expression vector containing a gene

20 encoding a penicillin binding protein serves to counteract the transglycosylase deficiency of
the mutant strain and thus build-up of Lipid II in step (3) of the method will require, for
example, the presence of an inhibitor effective to inhibit further processing of Lipid IL.

Transformed mutants are particularly advantageous if it is desired to screen
compounds against a heterologous penicillin binding protein which might be unstable, or

25 susceptible to inactivation by detergent or perhaps difficult to solubilise under the conditions
employed in the method of the invention. Examples of such penicillin binding proteins
include those of Mycobacterium leprae and Mycobacterium smegmatis. Methods for
preparing the transformed mutants are described in the literature (see, for example, T. Tamura
et al., (1980), Proc. Natl. Acad. Sci. USA, 77(8), 4499-4503).

30 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).
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mut ant stwaeion/o¥E3Bh an expressi on vector containing a genePCIGBEMOBMI2NG a

penicillin binding protein serves to counteract the transglycosyl ase
deficiency of the nmutant strain and thug_.build-up of Lipid Il in step (3)
of the method will require, for exanple, the presence of an inhibitor

ef fective to imbhdembbditdchest the avestsim ghedl DPiNuVA¢-perFapeptifionsedds nut ant s
are particularly advantageous if it is desired to screen .cp unds agai nst
a het er oM leialanine-HPnelniagie pad-an AappnmHmeig ﬁ?ﬁg%-a{?ﬂglgﬁﬁq sy 25
susceptible .0 . i yation by detergent or perhaps difficult to solubilise
under th O%#ﬁflklﬁggetsrelysgnpl oyed in the nmethod of the invention. Exanples of
such peni ci | | iThekRbnetinagtign of EDRSMuiNiat-peisapdptise usfd ey seliad nactotitre Iptae wal and

b i is. Methods f i h f
desor | Boaymivalbie hitketene Pom bl tor 1900 cprieie, Bema it J0TEF, T86e3) ™ ©
P . Natl .. Acad. i, USA .77 9924803 T
0o v A 82 o et g 05 SRk oo ah, 88, 200250 v

nat ur al | *Ep%gbgfmgnﬁﬁmdeqqggycans and is conveniently purified from
bacteria or made enzymatically with precursors from bacteri

C a, e, 0. b
net hods si mi | aks nadiolabgllediERF-Niseetybglugosamines itap eRHKFBITIE MHSM%%%BDE- " N.
Nanni nga, J. Bacteriol. 1990),. .172, 63-70). W) 03/048 CT/ GB02/ 05492
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UDP- Mur - pen Lda. ' | I ' ExRigeal |y
be i n 1 e TPL DL RRDRARIERSBETR S, £, 50 AM b Byl pf e iR
or 25 M l{ﬂat&.oC@ﬁ&nhﬁﬁéﬂkdifﬁgdi5ﬁbéﬂed7[5DMN-i&Q{ll‘éluéb5&MneZﬁ’Q.SMM)(WRBO. Mo Opfer
wel |l of the mcrotitre plate. As radiol abelled UDP-N-acetyl glucosamne, it

i s conveniGimadipactivity per wellnoret2 UNP(Kith 8660 12 WTinss 3wl heve(hoppagd wmjageensly:

commercially avail abl e fromNEN- Dupont), at a 10 concentration, for exanple,
inthe ralige from0.25 M 0.5 M 1.0 M 2.5 M 4.2 Mor
15 The divalent metal ions used are preferably magnesium ions. A suitable source of

magnesium ions is magnesium chloride, for example at a concentration in the range from
5 to 30mM, particularly from 10 to 25mM, per well of microtitre plate.
The inhibitor effective to inhibit further processing of undecaprenyl-pyrophosphoryl-
N-acetylmuramylpentapeptide-N-acetylglucosamine (Lipid IT) may conveniently be selected
20 from known inhibitors of the transglycosylase enzyme which include vancomycin, ristocetin,
moenomycin, mersacidin and actagardine. The amount of inhibitor used will depend on the
inhibitor chosen and, in those instances where the inhibitor is capable of inhibiting other
enzymes involved in peptidoglycan synthesis, the amount of inhibitor used will be chosen
such that the transglycosylase is selectively inhibited. For example, it has been found that
25 vancomycin (which is capable of inhibiting the translocase and transferase enzymes in
addition to the transglycosylase enzyme) may be advantageously used at a concentration in
the range from 10 to 200 uM, particularly from 30 to 100 uM or from 40 to 60 uM, per well
of microtitre plate to selectively inhibit the transglycosylase.
In step (2) of the method, it may be convenient to use an aqueous medium
30 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-HC1"), the buffer solution



S5Mup to and including 10 M 1225 M 15 M 20 Mor 25M per well of the
mcrotitre plate. Concentrations of radiol abell ed UDP-N acetyl glucosam ne
of 2.5M (woDtob/o@g3goto 0.5 C radioactivity per well) or 4PETMIK0R054920.6 to
1.2 G per well) have been advantageously wused. 15 The divalent netal ions
used are preferably magnesiumions. A suigt.able source of magnesiumions is
magnesi um chl oride, for exanple at a concentration in the range from 5 to
30nM  parhaiving agpH gf dbcontri’ 50 HIPES and TrieHChetd coptmercialy availablepiemshe Sigma-

inhibitor, effective to.inhjibit further processing of
undecapreﬂglﬁ’lb@PH’Bﬂ’&éﬁW - _ o :
N-acet yl mur anyjrpepiidankixefe Prepael th Sy cDSaHciBatéd indkdh (3 bt ARJnpeRBMEN ent | y
be selected 20 from known inhibitors of the transglycosyl ase enzyne which

i ncl ude vhaogy Giom, fori eaopts, 20°C too¥ITEHpT i periofeindbeTange rapy fgeragpledi ne. The

anount of_ i.nhibito ed w depend on the. Jnhibj 0 i those
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i nvol ved Ihﬁu&@ﬂiﬂd@@%ﬁﬂit%ﬁs%ﬁiﬂéﬂ]@ﬁir%nzﬁﬂ‘i@c@eﬂ@bmm@fd]i[ﬁi:ithéd_is)tb des@d Wi Il be
chosen such that the transgl ycoz& ase is selectively inhibited. For

exanpl e, it hdy stepdd) ebthadnvention, 28 conversiopaf A-ipidal owards agsdinked of

I nhi biting t.he.translocas transf L L ELon. t he
transgl ycﬁo%gb?(%%l%cagﬂﬁ n%%“?fa@ﬁgéﬁl{él@@arrﬂ?gﬁgﬁ@%@%@? mgqgggﬁ%eglgfﬁr%fi on in
t he rangeeidtpinndiRtur®, 22808sthhcedabddeduh afdey td ficuttaBe it andl&Ombkoit ideffeotivi0 Foa 60
M per well of mcrotitre plate to selectively inhibit the

t r ans gl cayaples & the mhabitos uses is ganqomey Cie NS BRAY ichnYRRYEIEY be SRkiE RNt 2dding e an
aqueous ' AR RS ¥ . alﬁgh%%ﬁ,% | HEPES-
KCH (IfE@ ét%encég@@gﬁm%g{ %‘ﬁ p?%er%%ﬁ%?oN'gﬂcnget a esul ¥og}"g,t%ci d])
or Tri s[tiydlsuhyasehdwyipepiiderioysed Helad-A)d oo TUDPaviudéA-partapeptidh.” The fdmmebisf f er
sol ution WO, 03/04838Q PCT/ GB02/ 05492 -S- having a pH of about. 7,5 HEPES
2nd " Tr | o- RO S il P 410 1eARER | Ly BeatrRRE el Sl APRHe B s
Lim ted. %@%61’3@5}&&%@&5@%%@%%%ﬁﬁuﬁﬂbﬁﬁ]ﬁ’@i’c&@) i s incubated in step (3)
at a tenperature iIn he range from for exanple, 20C to 37C for a period

in thel¥ange fAlernatively,dikihers ase ng agtivedr effective tiaDsglpsyRee anbiranspeBidasenut es
up to and_includin th , 11 120, 130,. 140 or 15}10 m_nut ey ungtfr
condi t i orfPZERFY BISPA 1 e SrriiR TuXLg (edgT PrapiRle: TheD g JuFLbrpiesJrorg fhe

above mutant strain of E. coli), then they will need to be added in step (4); this is further

illustrated in the experimental section. For example, a purified homologous or heterologous
penicillin binding protein containing both transglycosylase and transpeptidase activities, or a

20 solubilised fraction of membranes (including those from a transformed mutant as described
above) containing a protein(s) with transglycosylase and transpeptidase activities may be
added.

In step (4), a test compound having potential antibacterial properties is added,
typically in an aqueous solution of dimethyl sulphoxide.

25 The reaction mixture of step (4) is incubated for a further period at a temperature in
the range from, for example, 20°C to 37°C. The incubation period will normally be shorter
than the incubation period for the reaction mixture of step (3), e.g. in the range from 1, 5 or 10
minutes up to and including 20, 25 or 30 minutes.

Once the incubation period has come to an end, any further processing of Lipid II is

30 terminated in step (5). This may be achieved by any suitable means. In one embodiment of
the invention, a suitable amount of a divalent metal ion chelator compound is added, e.g.
ethylenediaminetetraacetic acid (EDTA) (commercially available from the Sigma-Aldrich

Company Limited). The concentration of the chelator compound will of course depend on the



In step (4) of the invention, the conversion of Lipid Il towards
cross-linked peptidoglycan is initiated. If an inhibitor of Lipid I
further pwowe®si3sy is present in the reaction mxture, aPSEGHROAMOEM2I S
added in order to neutralise it and so nake it ineffective. For 10 exanple,
if the inhibitor used is vanconycin, thi9-may conveniently be achi eved by
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agglutinin-coated beads) impregnated with a fluorescer are used, for example, as described in
US Patent No. 4,568,649 and European Patent No. 154,734. The beads (known as

20 "Scintillation Proximity Assay" (or SPA) beads) are commercially available from Amersham
Inc.

The beads (with fluorescer), which are conveniently added in the form of an aqueous
suspension, are contacted with the reaction mixture of step (5) for a period of at least 10
minutes, preferably 3 to 10 hours or more (e.g. overnight), before the plate is "counted" in

25 step (7), e.g., in a "Microbeta Tilux" counter.

Without being bound to any particular theory, it is believed that through the binding of
the substrate to bacterial cell wall material (e.g. wheatgerm agglutinin-coated SPA beads are
capable of binding sugar molecules, specifically N-acetyl glucosamine, present in bacterial
cell wall material), radiolabelled crosslinked peptidoglycan formed in step (4) is brought into

30 close proximity with the fluorescer which becomes activated by the radiation energy, resulting
in the emission of light energy which is measured in step (7). Thus, light emitted from the

fluorescer is believed to be indicative of the formation of cross-linked peptidoglycan.



| east half, preferably from1.5 to 2 tinmes, the nolar concentration of
divalent netal ions used. In step (6), a fluorescer supported by, in or on
a suitablwognlbst3smt e i s added along with a detergent to Phe/GBIAO5490N

m xture. 5 The detergent is any agent that is capable of enulsifying oil
and/or acts as a wetting agent or surfaggant. Exanples of detergents that
maybe used include Triton X-100 (t-octyl phenoxypol yethoxyethanol), Tween
20 ( pol yoxyet Ak presemtribvension wil abwureaugher explodeed tygeference to the following

(pol yoxyet hyl enesor bi.t an ool eat e), ..octyvl ~(3-gl ycasi-gde, CHAPS (3-[(3-
chol ani d@éﬂ%ﬁ?ﬁ %WWPX%&%P@IP@BB%%#S%B%@%@ Brij-35

(ol yoxy el ek easyiApemkind X sohekaneafbn®Aidi@isyl (sodi um lauryl sarcosinate).
The fluoréescer used may be any of those routinely enployed in scintillation
proximty assays. The fluorescer is associated with or supported by, in or
on a substrate, for exanple, |ectin-coated beads, RNA-bi ndi ng beads,
anti-nouse anti body coated PVT (polyvinyltoluene) beads or wheat germ

aggl utinin-coated PVT beads, all of which beads are 15 commercially
avai l abl e from Anersham I nc. The substrate (e.g. beads) chosen shoul d be
capable of binding to bacterial cell walls. In one enbodi nent of the

i nvention, lectin-coated beads (particularly wheatgerm agglutinin-coated
beads) inpregnated with a fluorescer are used, for exanple, as described in
US Patent No. 4,568,649 and European Patent No. 154,734. The beads (known
as 20 "Scintillation Proximty Assay" (or SPA) beads) are commercially
avail able from Anrersham I nc. The beads (with fluorescer), which are
conveniently added in the formof an aqueous suspension, are contacted
with the reaction mxture of step (5) for a period of at |east 10 m nutes,
preferably 3 to 10 hours or nore (e.g. overnight), before the plate is
"counted" in 25 step (7), e.qg., in a "Mcrobeta Tilux" counter. Wthout
bei ng bound to any particular theory, it is believed that through the

bi nding of the substrate to bacterial cell wall nmaterial (e.g. wheatgerm
aggl utini n-coated SPA beads are capable of binding sugar nol ecul es,
specifically N-acetyl glucosam ne, present in bacterial cell wall
material), radiol abelled crosslinked peptidoglycan fornmed in step (4) is
brought into 30 close proximty with the fluorescer which becones activated
by the radiation energy, resulting in the em ssion of |ight energy which
is measured in step (7). Thus, light emtted fromthe




fluorescer is believed to be indicative of the formation of cross-I|inked
pepti dogl ycan. WO 03/048380 PCT/ (B02/ 05492 -10- The present invention wll
now be f uwohemn4ssgpl ai ned by reference to the foll ow ng il POTIGEIRI0S42
exanples in which the abbreviation HEPES refers to N[ 2-

hydr oxyet hyl | pi per azi ne-N -[ 2- et hanesul fppic acid]. WO 03/048380 - 11

PCT/ GB02/ 05492 Examine 1 (i) Formation of radiolabelled Lipid Il The wells
of a mcrotitre plate were individually filled with 151 of a solution 5
containing 4 of Escherichia coli AMAL004 cell nenbranes prepared as
descri beEE_EEEéQQ/ 60155 (the menbranes provided a source of transl ocase,
transf er gse, : ptidase, |ipid pyrophosphoryl ase and
undecapr gﬁyl ghﬁ‘ggﬁgﬁfﬁgﬁgﬁ?ﬂ%@wﬁm- L- al ani ne-y-D-gl utam c aci d-m
di am nopiThekietls ata thidotitra plateew&eahdividnally filled with Ap gil 8%/@601%{@1 N-acet yl
glucosamne (0.6 G - 1.2 G, peyl. | 1 10 40 M vancomycin (i nhi bi.t or of
the transeptyiameyt ag el Esaberighin HE{bé\éﬁéﬁ%%?“i JBE‘PP@P%W%? as ‘g‘?fr&‘q‘fg‘ ‘Er}M
magnesi u ' WeTgo) N | al efhs@lycobffasef or
120 m g Do e B B B e |
was t hen yaggepriddle Nibid piophssphgryiiie ahd tiRESpranytphbspiatedf €5 M 7.5, 10 M

MyCl2, UDP-N-acetyl glucosamine to a final concentration (in 25 ), of 250
pM a  t UDRMuir¥actloakaiveralisetaptiteacidiit SRpEnePimaht ml@'&'?lgmgﬁé'aiabne,

di acetyl - Lys- D-. Al a- to inal . c 1 at M(in 25 1|;
avai | abl é%%%@?fﬁ?rw@d?‘ie& gi%%%‘?e ﬁ?ﬁmd?b *@2&1’%}8%32 number D-9904),
and 2 4l -wﬁm1 080 30 iV HISRE S 688 hRSEffer pH

i nhi biltoo%?“?\ﬁ%%?%e%%@gﬁf)p oxi de (D%/[‘S%{)). Tﬁg mcrotitre plate was then

i ncubat ed.5t a@V M fiM nisgnésuhebloaidd (WMg€lpaThe miGstitre plateswadvincubated at 37°C

et hyl enedi am netetraacetic acid (EDTA) was added to stop any further

pept i dogYick? mipdtasesi s.

(ii) Formation of radiolabelled peptidoglycan

15 To each well was then added 10 ul containing 50 mM HEPES-ammonia buffer pH 7.5,
10 mM MgCl,, UDP-N-acetyl glucosamine to a final concentration (in 25 ul) of 250 uM, a
tripeptide to neutralise the vancomycin inhibitor: NaNg, diacetyl-Lys-D-Ala-D-Ala to a final
concentration of 400 UM (in 25 ul; available from Sigma —Aldrich Company Limited,
catalogue number D-9904), and Z\ul of test compound (moenomycin, a known

20 transglycosylase inhibitor) in dimethyl sulphoxide (DMSO). The microtitre plate was then
incubated at 37°C for 5 minutes and thereafter 75 ul of 6 mM ethylenediaminetetraacetic acid

(EDTA) was added to stop any further peptidoglycan synthesis.

(iii) Detecting radiolabelled peptidoglycan

25 Following addition of the EDTA, there was added to each well 100 ul of an aqueous
suspension of wheatgerm agglutinin-coated scintillation proximity assay beads comprising
500 pg beads in a solution of 50 mM HEPES-ammonia buffer pH 7.5 containing 0.4%
“Sarkosyl” detergent (sodium lauryl sarcosinate) so that the final concentration of *“Sarkosyl”
detergent (in 200 ul) was 0.2%.

30
The microtitre plate was left for 3 to 10 hours at room temperature before being counted in the

"Microbeta Trilux" counter.



(1i1) Detecting radiol abell ed peptidogl ycan 25 Foll ow ng addition of the
EDTA, there was added to each well 100 | of an aqueous suspension of
wheat ger rweg@gloes3sni n- coated scintillation proxi mty assayPogac2onri sing
500 g beads in a solution of 50 nM HEPES- ammoni a buffer pH 7.5 containing
0.4% "Sarkosyl" detergent (sodiumlauryjzsarcosinate) so that the final
concentration of "Sarkosyl" detergent (in 200 |) was 0.2% 30 The
mcrotitre plate was left for 3 to 10 hours at roomtenperature before

being counted in the "M.cropeta Trilyux" counter. 03/ 80,-12
PCT/ %Bo 2F95m‘§21|1wﬁ}he %‘FIPEU%PlaE%‘@EYﬁiUIé?%{‘(% “tOPEgGi *é(‘foewtﬁl\@rl?eaﬁtﬁ%%égd éér‘r‘tl RS
two vellgy t'ﬁ%Téar‘tda(ﬁgPJ(?% re%ﬁrcom%ig% a3 futdisr AW Qls ohaidcdYortgact i on

controls) and a furt s contained no test conpound (100%

react i oncompbiime @P0%Seddionrcestubdls)s are shown in Figure 1. Exanple 2 The

met hod described in Exanple 1 was repeated except that in (i) the nenbranes
10 use@ were those of an Escherichia coli mutant, AMA1004 AponB:: Spcr, a
mut ant  f FgELWkE Bre hBGNIE R B encodi ng PBP1lb has been inactivated, as

uRd
described by S.Y. Yousif, %%K. Broonme-Smith and B.G Spratt, J. Gen.
M crobiol., (1985), 131, 2839-2845. These nenbranes |acked PBPIb activity
which is ihe Efkor transgl ycosyl ase in Escherichia coli and thus there was
no need €4ny vanconycin inhibitor. 15 In (ii), the tripeptide was

repl aced by amxhdtRed d&eAbal AEXEAnPRP Was fepsated efcepf that ihd) 3 weobydnase and
transpepti dase enzynes, obtained fromthe nmenbranes of scherichia coli

AVAL00t) ApediercRBSRGS ahEsthdrchfi dodi mutafit, AMADO04 ApdiB: SpaAagertent feme wihichg
PBPla is inactivated and the ponB gene encodi ng PBPlb is overexpressed 20
si nce t hehsgeriponBentading PBPpb havbeadn duactivated,rag dascribed he 5. ¥.opsusei J.BonB under
the control e Smith and B.G. Spratt, J. Gen. Microbiol., (1985), 131, 2839-2845. These
membranes lacked PBP1b activity which is the major transglycosylase in Escherichia coli and
thus there was no need to add any vancomycin inhibitor.
15
In (ii), the tripeptide was replaced by an extract containing PBP1b, a source of
transglycosylase and transpeptidase enzymes, obtained from the membranes of
Escherichia coli AMA1004 AponA; pBS96. In this strain of E. coli, the ponA gene
encoding PBP1a is inactivated and the ponB gene encoding PBP1b is overexpressed
20 since the strain contains a plasmid comprising a further copy of ponB under the control
of its native promoter.
The membranes of this E. coli strain were prepared as described in WO 99/60155.
They were then treated with a detergent, 1% w/v 3-[(3-cholamidopropyl)dimethylammonio]-
1-propane-sulphonate (CHAPS), and 1M NaCl at a protein concentration of 5 mg/ml for 1
25 hour at room temperature. The mixture was then centrifuged at 150,000 x g for 15 minutes in
a Beckman table top ultracentrifuge and the supernatant containing PBP1b collected. The
quantity of PBP1b protein used was the "soluble fraction" equivalent to 0.75 ug of starting
membrane and an excess of 1% w/v CHAPS, 1M NaCl solution was added such that the final
concentration (in 25 ul) was 0.04% v/v CHAPS, 40 mM NaCl
30
Four test compounds were used in (ii): moenomycin, vancomycin, penicillin and

ampicillin, the first two being known transglycosylase inhibitors and the second two
being known transpeptidase inhibitors.



of its native pronoter. The nenbranes of this E. coli strain were prepared
as described in WO 99/60155. They were then treated with a detergent, 1%
w v 3-[ (3wohlogsss@opr opyl ) di met hyl anmoni ol - 1- pr opane- sul pPo®rGRR/0§4GRAPS) |
and 1M NaCl at a protein concentration of 5 ng/m for 1 25 hour at room
tenperature. The m xture was then centri-fldged at 150,000 x g for 15 m nutes
in a Beckman table top ultracentrifuge and the supernatant containing
PBP1b col |l ected. The quantity of PBPlb protein used was the "sol uble

f ion" ival .15 g of ' d f,.,1%
w v craps,  IIBE el PO oy Pl Al e aRETRIR T PR ERCEN R Svon

(in 25 | )cMAPSO1 A% WasEddREinsttad sMmasIubilRed etibrdesio harpe inds were used
in (ii): noenonycin, vanconycin, penicillin and anpicillin, the first two
bei ng knowncentztioy(in@o9y) wee0.0A% wivt(ILAPS D mive Neet ()7 reagtion pruitids) lkndan

transpeptidase inhibitors. WO 03/04838 02/.05492 -13 Four wells of
the m o STEWE| %ﬁa&leﬂ§186653§°‘88%‘f”%ofﬁg%feg?af ?B&?‘PE}l | of 1% w v
CHAPS, 1M NaCl was added instead of the solubilised nenbrane, so that the
final concentration (in 25 1) was 0.04% w v CHAPS, 40 nM NaCl (0% reaction
control s) and &le miarotitre plate inil) waciooubated at 36°G tart200uimueskeforecabdition
reactionégogthg)lr@. The mcrotitre plate in (ii) was incubated at 37C for
20 ni nut 4 B8 ‘addition of the EDTA. 10 The results are shown in
Figures, 2, 3, 4 and 5. Exanple 3 (i) Formation of radiolabelled Lipid Il
The wells of a mcrotitre plate are individually filled wwth a total vol une
of 15 10 of a sBieueswis ard shopwrindiigirey 24304 a8l 3. menbr anes of Escherichia col i
mut ant, AMA1004 AponB:: Spc when transforned with a plasm d conpri sing
either the ponA gene and expressing PBPla or the ponB gene and expressing
PBPI b, 40Eddmipledonyci n, 15 pM UDP- Mur NAc- L- al ani ne-y- D-glutam c acid-m

di am nopi neli1 c_aci d-D-al ani ne-D-al anine, 2.5 Mtritiated UDP-N- acetyl

gl ucosani®e (Formationgpfradiolabelledd.ipid MEPES- anmoni a buffer pH 7.5, and 10
mv

The wells of a microtitre plate are individually filled with a total volume of 15 pl of a solution
15 containing 4 pg cell membranes of Escherichia coli mutant, AMA1004 AponB::Spcr when

transformed with a plasmid comprising either the ponA gene and expressing PBP1a or the

ponB gene and expressing PBP1b, 40 uM vancomycin, 15 uM UDP-MurNAc-L-alanine-y-

D-glutamic acid-m-diaminopimelic acid-D-alanine-D-alanine, 2.5 uM tritiated UDP-N-

acetyl glucosamine (0.1 uCi per well), 50 mM HEPES-ammonia buffer pH 7.5, and 10 mM
20 magnesium chloride (MgCly).

The microtitre plate is incubated at 37°C for 120 minutes.

(ii) Formation of radiolabelled peptidoglycan

25 To each well is then added 10 pl containing 50 mM HEPES-ammonia buffer pH 7.5,
10 mM MgCl,, UDP-N-acetyl glucosamine to a final concentration (in 25 pl) of 250 uM, a
tripeptide to neutralise the vancomycin inhibitor : NolNg, diacetyl-Lys-D-Ala-D-Ala to a final
concentration of 400 UM (in 25 ul; available from Sigma —Aldrich Company, catalogue
number D-9904), and 2 ul of test compound in dimethyl sulphoxide (DMSO).

30



20 magnesi um chl oride (MyCl2). The mcrotitre plate is incubated at 37C for
120 mnutes. (ii) Formation of radiol abell ed peptidoglycan 25 To each wel |
is then awoedodf38i| contai ni ng 50 nM HEPES- ammoni a buf f er PRIHGR02/05400 niv
MyCl2, UDP-N-acetyl glucosamne to a final concentration (in 25 1) of 250
M a tripeptide to neutralise the vancerdci n i nhibitor : NcCNE,
diacetyl-Lys-D-Ala-D-Ala to a final concentration of 400 M (in 25 I;

a¥al | abl e f rorﬁ@lglﬁﬁ)tﬁm Riﬁ;]qeemthebmﬁahgted éhﬁaﬂfgbé mlw&tﬁ?o@ld/ thergaiber)75 ided 62 |
t est 048
per) cmo2 BnFa cugyupLticeuf i B E0 & ke 0P sl dbomy,

m nut es apgheéiereafter 75 1 of 6 nM et hyl ened| am netetraacetic acid (EDTA)

is added to stop any f irther peptidoglycan synthesis. 5 (iii) Detecting
radi ol abel | ed pepti dogl ycan Follow ng addition of the EDTA, there is added

to eac |E;Rﬂu aﬂﬁ on of wheat germ aggl utinin-coated
scinti ﬁ @on proxfr%lf y assay gﬁi‘dﬁg@%l sing 500 tg beads in a solution
of 50 nMVHdEBE@dtiveofitlé BETARlthefe B Aidad & ¢tch Gvell. Wit S8 ak agydous d@pemmﬁt
(sodi um | auryl sarcosinate) so that the final concentration of "Sarkosyl"

det er gentof(Wheatzeon agglumn@a@dzc/mtﬂﬁ@wr@mm aseaypbea@%cmpmseug SQCbmg Beads 10

h t th Tril
Counter. 18 PPTRE G b S apRid Whek? BRLES copdiniidads Salniyf deteredth
vel |'s  haveodiihAamafikalddsibte) Wa 1Rk tr@ciﬂﬂﬂc@iceﬁth&oﬁnﬁ “Sfark()é})l” 8% T

controls) and a further two wells contain no test conpound OOA)reactl on
cont r olGs)is 0XA%.03/ 048380 PCT/ GB02/ 05492 -15 CLAIMS 1. A method of screening
for potential anti-bacterial agents which conprises: (1) providing a

menbr ane preparation obtained froma bacterial strain which may be

The microtitre plate is left for 3 to 10 hours at room temperature before being counted

in the "Microbeta Trilux" counter.

15 Four wells of the microtitre plate are used as controls: two wells have EDTA and 10 ul
water added at the end of (i) (0% reaction controls) and a further two wells contain no test

compound (100% reaction controls).



5 deficient for peptidoglycan transglycosylase activity; (2) preparing a
reaction m xture conprising the nenbrane preparation, a UDP-N

acet yl nureoyBpesssapept i de, radi ol abel | ed UDP-N-acetyl gl u®eIaBmMs492 sour ce
of divalent netal ions and, optionally, an inhibitor effective to inhibit
further processing of undecaprenyl -15-

pyrophosphorél - N-acet yl nur anyl pent apepti de- N-acet yl gI ucosamne (Lipid I1);
10 (3) in g the reaction mxture for a defined period under

conditions suitable for Lipid Il synthesis to occur; (4) adding to the
reaction mxture of step (3), (a) either a substance to neutralise the
i nhi bitorl. or Amﬂh«mﬂ:efMemhgtmdthMmu-ﬂaaaaﬁglagemSWhMmoamﬂisas sour ce of

pepti dogl ycan tra ti dase, to aIlowfurth r processjng.of 15 Lipid Il
Do red Pt St e Pt e Rl A B BB R 1R e Bak BI85 (8) af t o1
a defi n§dd&§ﬁén‘?@orﬁeﬁﬁﬁ@g]?éahriﬂmé’g”l%/ccfs?faﬁé"ﬁftlvﬂsfoCes5' ng of Lipid Il; (6)
adding to the reaction m xture 0 a fluorescer supported by, in or

on a suit@bl e prepiying ate@«;tl(mmlxaurd@t)mpgsng theandmb@n(e Plepamsisn, b REPR-Nght

t the fl d f th
Fadi of aberseblpRpRSuR RS SR WP AL B et For o TR SIRBRRR ¢ he
MP- N- acet jletilll i hd ki ﬂaﬂlgx hﬂﬁ]m&tor'éﬁﬁ’ctmértalﬁﬁn&t alrfet ﬁl%cé!ssﬁgwf%@éﬂaﬁrenyl—

aci d-mdi am nopl melic D-al anine-D-alanine. 25 3. A method according

to cl ai m Ryrephasphery-HV- awmamyﬂmt@@mw@petalgm@mmmmd Mbns is

wnar o AOTE | epig e BRloRO e R 0@ o BRG: BBl it s s

A net hod Bipﬁrbli[d'ymgefhotoadmpugne of clains 1 to 4, wherein the bacteri al
strain is rain of Escherichia coli. W 03/048380 PCT/ GB02/ 05492 -16-
6. A neth %@%w ¢ gPagtiop wiure\gh &tegi(®-t he Escherichia coli strain is

AVA1004 or AM%;OO 1@%9 R BubstatlR€ fo neutralise the inhibitor, or a source of peptidoglycan
transglycosylase and a source of peptidoglycan transpeptidase, to allow further processing of
15 Lipid I formed in step (3) toward peptidoglycan, and
(b) a test compound;
(5)  after a defined period, terminating any further processing of Lipid IT;
(6)  adding to the reaction mixture of step (5) a fluorescer supported by, in or on a suitable
substrate, and a detergent; and
20 (7)  measuring light energy emitted by the fluorescer which is indicative of the presence of

radiolabelled peptidoglycan.

2. A method according to claim 1, wherein the UDP-N-acetylmuramylpentapeptide is

UDP-MurNAc-L-alanine-y-D-glutamic acid-m-diaminopimelic acid-D-alanine-D-alanine.

25
3. A method according to claim 1 or claim 2, wherein the source of divalent metal ions is
magnesium chloride.
4. A method according to any one of claims 1 to 3, wherein the inhibitor, if present, is a

30 transglycosylase inhibitor.

5. A method according to any one of claims 1 to 4, wherein the bacterial strain is a strain

of Escherichia coli.



7. A method according to claim®6, wherein the Escherichia coli strain 5
AMA1004 AponB:: Spcr is transforned with an expression vector conprising a
honol ogouwwO 01044384 er ol ogous gene encoding a penicillin bi mdrrgpopodORi n. 8.
A met hod according to any one of clainms 1 to 7, wherein the fluorescer is
supported by, in or on lectin-coated beags. 10 9. A nmethod according to
any one of clains 1 to 8, wherein the detergent is selected from Triton
X- 100 and.Sar ki sydthodigcoingstotedaima sdertimthe thschanichitheolbtragn isiAMAL094 o3,
wherein the test conpound is an 15 antagonist of one or both of the
transglyo@@@¥6@éA@ﬂgB¥ﬁﬁ3trahspeptidase. 11. A conpound which is an

ant agoni st of one or both of peptidoglycan transglycosylase and

pepti dogl ycan transpepti dase when identified by a method according to any

£ el _ e R J .
one of cl-imnms %h%&%?@&ﬁf@#@?%ﬁk'MheM@@ - conprising a

conpound accor phar maceut | ca acceptabl e carrier,

adj uvarg Qi1 AlooH %@an.Jrg? "As iRishtheli OFitH A prAga veaBr Bdmpidiad ABEeEbEA

C
conposition conprising the steps of 25 carrying out a screening nethod

accor di ngoritRtegdiddisiiina Baboding MEenidikintangiegipbrdilent i fied with a
pharmaceutically acceptable carrier, adjuvant or diluent.
8. A method according to any one of claims 1 to 7, wherein the fluorescer is supported
by, in or on lectin-coated beads.
10
9. A method according to any one of claims 1 to 8, wherein the detergent is selected from
Triton X-100 and Sarkosyl.

10. A method according to any one of claims 1 to 9, wherein the test compound is an

15 antagonist of one or both of the transglycosylase and the transpeptidase.

11. A compound which is an antagonist of one or both of peptidoglycan transglycosylase
and peptidoglycan transpeptidase when identified by a method according to any one of claims
1to 10.

20
12. A pharmaceutical composition comprising a compound according to claim 11 and a

pharmaceutically acceptable carrier, adjuvant or diluent.

13. A method for the production of a pharmaceutical composition comprising the steps of
25 carrying out a screening method according to claim 10 and mixing the compound identified

with a pharmaceutically acceptable carrier, adjuvant or diluent.



