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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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15 0% reaction readings).

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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strain, it 1s not necessary, for exanple, to éenploy an inhibitor of Lipid
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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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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
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nat ur al | *Ep%gbgfmgnﬁﬁmdeqqggycans and is conveniently purified from
bacteria or made enzymatically with precursors from bacteri

net hods si ni | aks tadiolgbatlediERP-Nissetybglugosaming, itg seRHFBISN W“S%ﬁ@ﬁ%.ﬁbﬁ " N.
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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:
commer ci al IX avai |l abl e from NEN-Dupont), at a 10 concentration, for
exanpl e, ¥f*the range from0.25 M 0.5 M 1.0 M 2.5 M 4.2 Mor 5Mup to

and i ngd udi ng HR daldid et iodPud¥ll aROpiMepibly b AR s. Of suitBletoaricobf t r e
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



pl ate. Concentrations of radiol abelled UDP-N-acetyl glucosam ne of 2.5M
(with 0.1 to 0.5 C radioactivity per well) or 4.2 M(wth 0.6 to 1.2 G
per wel | )Wbamse4438en advant ageously used. 15 The di val ent pegtGBo2/0519¢ used
are preferably magnesiumions. A suitable source of magnesiumions is
magnesi um chl ori de, for exanple at a con@antration in the range from 5 to
30mM particularly from10 to 25mM per well of mcrotitre plate. The

i nhi bi t orbagingeqi veakaut 7:5hiHERES end Tds-HEH ersecomimgrcigily available from the Sigma-
undecapr epyl.- pyr ophosphoryl -

N-acet yl Hﬁ@&ﬁgﬁf‘%gﬁf"lt%fe N-acetyl gl ucosamine (Lipid I1) may conveniently

be sel ected 2fhefeRHokaMAré pRiphicl @i Siep (2)tiichibaas il ygOSy hesenpezyure imhi ch
i ncl ude vanconycin, ristocetin, noenggy0|n, nmer saci din and actagardi ne. The

anount ofthé rewgbifoor, forsexdmpld, R0Ye w3t Cdar & period mtherange frepp éarexamale. i n t hose

vl e 2 BepdPady e apot i B ko Bt B0 1 fi 200 B s8R ERT e
chosen  symbitesh@idet E@lcﬁtﬁcﬁ@%ﬁité&@ﬁﬂ'eﬁﬁﬁlé—ﬁat&l@h@l(&m%ﬂe]ﬂ Yyithé¥idiotour. For

exanple, it has been found that 25 vanconycin (which 1s capabl e, of
i nhi bi ting thdntstepr(4) otthe dnvgntion, thmermyersiva of dipigdtomardssaenstlinkgd t o t he

the T anydePr e RoE HRked it s TN AR ISR E ot e P BREERI 86 OF ' 8
M per wakhctioffmiives,at subktende! ighédeddn edeg 63 hatktalisd in hidid mbkeit ineffective. For

transgl ycosylase. In_step (2). of the nethod, it may bhe convenient {0 use an
aqueoutl resample, f3be mbatitos ysed ip yapeommyes), tis By cenypnieyily hepelie g ydding frpes.
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sol ut i on B ARMC4 FRBRPPAITdeGBBAD VH4 9P Ala & UBPHMgréA@pemhpepbidet THe formeERES
and Tris-HCl are commercially availaple framthe Si gma- . Al drich

Li mi ted. PFRETPEATPT §is APLAT BopEiha el S W%&%V&P@Bﬂ?ﬁg]é&@%‘ (3)
at a tenpRrahybLetddss &Q@ti&@t@gﬁeﬁb%hnbﬁﬁtcﬁ’)iﬁﬁ’@it&). 20C to 37C for a period
in the range from for exanple, 5 2, 3, 4, 5, 10, 20, 30, 40 or 50 minutes
up to Bnd i nclAltérnativedy if the®, ard 2O activd®r effacrivertransglycasiylage el transpeptidase
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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



peptidoglycan is initiated. If an inhibitor of Lipid Il further processing
Is present in the reaction mxture, a substance is added in order to

neut r al i sSWOI0B/0#8380 SO nake it ineffective. For 10 exanpl e, PCir/GBve/05490i bi t or
used i s vanconycin, this may conveniently be achi eved by adding a
substance containing a termnal D Al a-D-#-a di peptide to which vanconycin
Is knowmn to bind such as the tripeptide Lys-D-Ala-D-Ala or .
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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.



In step (6), a fluorescer supported by, in or on a suitable substrate is
added along with a detergent to the reaction mxture. 5 The detergent is
any agentwDhaw44380 capabl e of enul sifying oil and/or acts RETaGBRW549AQ

agent or surfactant. Exanples of detergents that nmaybe used include Triton
X-100 (t-octyl phenoxypol yet hoxyet hanol ) 390Tween 20 ( pol yoxyet hyl enesor bi t an
nonol aurate), Tween 80 (pol yoxyet hyl enesorbitan nonool eate), )

oct yl - ( 3- gl ycdhe pesen-nrAtip8 Will Bow be further explained by reference to the following
chol am dgpr opyl ) di net hyl anmqni o] ; .1- pr opape~si phonat Brij-35

( pol yoxy Waé eﬁaﬁﬁﬁﬁiﬁlm%%}“?&ﬁﬁ‘&%{%&ﬁ%@@ §Sot§’ilﬁ%{?'l auryl sarcosinate).
The quom;&&g&aﬂﬁmﬂ_agﬁng§rqg%ﬂg&e§ﬂﬁﬁg”kggtiner enployed in scintillation
proximty” asSays. %he 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 wheatgerm

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

mat erial), radiolabelled crosslinked peptidoglycan forned 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-|inked peptidogl ycan.




WO 03/048380 PCT/ GB02/05492 -10 The present invention will now be further
expl ained by reference to the following illustrative exanples in which the
abbr evi atworn3MIERBES refers to N[ 2- PCT/GB02/05492

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

PCT/ GB02/ 05492 -11- Exanple 1 (i) Fornajjon of radiolabelled Lipid Il The
wells of a mcrotitre plate were individually filled with 151 of a
solution 5 containing 4 (err)g of Escherichia coli AMAL004 cell nenbranes
prepared_as described in W 99/ 60155 (the nmenbranes provi ded a source of
transl oc nsferase, transglycosylase, transpeptidase, lipid
pyrophosghory KeaVLi phate), 15 (err)M

UDP- Mur Nﬁlg L- gﬁé‘%ﬁﬁ@ﬁ%ﬂg utBéam' o lggihgl-sm di am nopi nelic )

aci d- D- alThaivelts 6 ahmcrotiee plteowetindividnallsafillpbwith 48 ¢ 9f 2 0lE¥s ani ne (0.6 G
- 1.2 G per well), 10 40 M vango [ i nhi bifor of the.transglycosyl ase),
50 mv PEPESaiangshiaohhfggrichigco A%,géﬁ(?f{‘i HRRRRYREREPAHEL AY ‘il‘?ﬁ?‘g'%éa(%go 2) .)
The m cr gt/ i [ ! e. tfdnkgdl mRéj on
of 1 ac o BPfeuR> 3G ARSI GR sotfcs of fiigee fblch e Hinkdy o

cont ai ni pgndRptiddstlERESparophcsphofldst and pidieafrenyll @hodphited] 215 WDP- N- acet y|

gl ucosamne to a final concentration (in_ 25 1) of 250 pM_a tripeptide to
neut r al i $OR-MurlyAsdemlpoing--Rigliwtas aci iamanopipelie aqgc},-gl-ﬁamng: ®to a
final concentrati 400 in 25 |- i igma -Aldrich
Conpany Iﬁ"ir}nﬁl pategi,pgll;-glgﬁgt)&g’.}%g;anggggbﬁ?&é%%%&lﬂ%w 8st conpound

(noen b - RN 14887, D50 NI HEPER-aRidoyla iffepplixi de
(DNBQqTaSy%Réuvrlnﬁ?#%%}% p faglte m%&€%§%®§§sr%%gjét ed at 37C for 5 m nut eg and
t her eaf t §r5, 75nd 1@M muyhesilyichlveide Mighbd e Thamieotice pltcway Ephajed @S 7%dded
to stop any furfher peptidoglycan synthesis. (iii) Detecting radiol abelled
pept i dogfQFcE) DEBULES] | owi ng additi on of the EDTA, there was added to each
well 100 | of an aqueous suspension of wheat germ aggl utini n-coated

scintillation proximty assay beads conpri sing
(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.



500 g beads in a solution of 50 nmM HEPES- ammoni a buffer pH 7.5 contai ning
0.4% "Sarkosyl" detergent (sodiumlauryl sarcosinate) so that the final
concent r aWD®/04380 Sar kosyl " detergent (in 200 |) was 0. 2%CTEBIZIS192
mcrotitre plate was left for 3 to 10 hours at roomtenperature before
being counted in the "Mcrobeta Triluxligounter. WO 03/048380

PCT/ GB02/ 05492 -12 Four wells of the mcrotitre plate were used as
controls: two vvells had EDTA and 10 | water added at the end of (i) (0%

reaction_contro and a . further two l1s contain n un
(100% r eHOHS ‘aﬁﬂ rﬂl‘? BRgptitrg PI?F?eW?fs é’é?‘i,\% C&’Pgoghmwe‘ﬂs %%(ﬁ.ﬁ}’*fn& ?@2 F?‘Sgeé 2
The met hg eAtRtlePARillstBAtaied noitdstt he
nenbranesgi%eused&\;a\gorfe(ﬁ (ﬁ% %ﬁﬂ@E@éhﬁﬁ chi aecol [ rrust ant, eAl\l}10\10804 AponB: :
Spcr, a Ifwmpﬂlhncf(rl()ﬁ%\dﬂacﬂimncbhleolg)ene ponB encodi ng PBP1b has been

I nactivated, as described by S. Y. Yousif, J.K Broonme-Smth and B. G
Spratt5 J. Gen. Mcrobiol., (1985), 131, 2839-2845. These nenbranes | acked

PBP1b aCt’[’h%'rééﬁlt‘é"QfeCslﬁo{vﬁlﬁF&uP@l or transglycosylase in Escherichia coli and
thus there was no need to add any vanconycin inhibitor. 15 In (ii), the

tripeptide was replaced by an extract containing PBPlb, a source of
t ransgl yﬁgsy asgz and transpepti dase enzynes, obtained fromthe nenbranes of
Escheric & AVA1004 AponA; pBS96. In this strain of E. soli, the ponA

gene encodi noRBR}Rod SestAB&t ih Fbaplanda f@eae@ac@pnmaamgdhmgleﬁﬁ%bsu s
overexpressed 20 since the strain contains a plasmd conprising a further

copy ofo pREBweRABGsetdTan Badkdrizhia @il ttitant) AN A 20 ApmiBzrSpc Thenurentiircun gdichf
this E. coli strain were prepared as described in WD 99/60155. They were
t hen tr eahegensigohBandeding §BR1bH hdvboeshnactivated, as described by S.Y. Yousif, J.K.

S (S ST agrapul) Sy gk kPl ARG B TP . and
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.



25 hour at roomtenperature. The m xture was then centrifuged at 150,000 x
g for 15 mnutes in a Becknman table top ultracentrifuge and the

super nat awD oso#38 ni ng PBP1b coll ected. The quantity of PBPABpHHORI N used
was the "soluble fraction” equivalent to 0.75 g of starting nenbrane and
an excess of 1% w v CHAPS, 1M NaCd sol ut-il3s was added such that the final
concentration (in 25 1) was 0.04%v/v CHAPS, 40 mM NaCl. 30 Four test
conmpounds mere used in (ii): noenonycin, vanconycin penicillin and
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controls: intw wells 11 of 1% w v CHAPS, 1M NaCl was added i nstead of
the sol ubiokieation (ih24n8) wao0.0h% wivHSHAPH 40 mdb Ne€h(Q%areastion contpds)japd gas

0.04% w/ v. CHAPS, 4Q nmM Nad. (0% reacti on 5 further two
well's gorﬁ]ﬁ’l‘?fé&'o%&ﬁggf“a@(? Rt COBOWA E@@? Beﬁ‘:t(’:(%?n(forngrp@ The microtitre
plate in (ii) was incubated at 37C for 20 mi nutes before addition of the
EDTA. 10 The results are shown in Figures, 2, 3, 4 and 5. Exanple 3 (i)
Formation of r dCheonidretitreglate b i) wasTineubatied ot a7°(bfqn20rmmm<webqiomaehhnen

i ndi vi du?fgjﬁ Wd with a total volume of 15| of a solution 15

cont ai ni menbr anes of Escherichia coli nutant, AMA1004
(err)ponB:: Spc(err) when transformed with a plasm d conprising either the
ponA gene and expressi ng PBPla or the ponB gene and expressing PBPl b, 40 M
vancomi n, 15THeaesyltylagbronurindigures2adi hend/S. D-gl utani ¢ aci d-m

di am nopi melic aci d- D-al ani ne- D- al ani ne, 2.5 Mtritiated UDP-N acetyl
glucosamne (0.1 (err)C per well), 50 mM HEPES-ammoni a buffer pH 7.5, and
10 MM 20g, g um chl ori de (Myd 2). The mcrotitre plate is incubated at
37C for 1 mnutes. (ii) Formation of radiolabelled peptidoglycan 25 To
each wel 10} s tFemationcef radiolahelled Lipid Mi ni ng 50 M HEPES- armoni a buffer pH
7.5,

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



10 MM Mgd 2, UDP- N-acetyl glucosamine to a final concentration (in 25 pl)
of 250 M a tripeptide to neutralise the vanconycin inhibitor :

N(err) N( ewo)3/odizacet yl -Lys-D-Ala-D-Ala to a final concenPCatGBR/085602400 M
(in 25 |; available fromSigma -Aldrich Conpany, catal ogue nunber D 9904),
and 2 | of test conpound in dinethyl sul-gddoxi de (DMSO). 30 WO 03/048380
PCT/ GB02/ 05492 -14 The mcrotitre plate is then incubated at 37C for 5

m nutes and t hEiegaicratitrersate l%ﬂle@mcn&ted i3 Bhder amineesidiesaite Rdilef OEDTA)

rach of abds PR B R (AT 3R LB b el bl BERL Lt
to each wehthedi®O | of an aqueous suspension of wheatgerm aggl utinin-coated

scintillation proximty assay beads conprising 500 (err)g beads in a
solution of 50 mM HEPES-anmoni a buffer pH 7.5 containing 0.4% " Sar kosyl "

det er gent ;.-\( SG§l I that the final concentration of
" Sar ko@I(m)deﬁgétgal*gaﬁdxn‘ha@gkﬁ)%?@h%@Z% The mcrotitre plate is left
for 3 to Hllohiny sldation fahe EBMTRE tkdrelissadded ay eéach eieligl 00U o efl aquedut Bspension

"M crobeta Trilux" counter. 15 Four wells of the mcrotitre plate are used
as cont r sifsvhepigermegglytiniawearipanttetionoprpimityasedy radeepmaprising5@hdg beads| )

(0% r eact.i gn ntr urther .t cont ai ] t 6 oun
(2005 1 edbarafith Rl od ot MR AR Eiado Rt FichS spdaindie . 2 Saony 2R RRR!
net hod of(ssdii@QMirfisat sind R 80 tiathedial chirehi@stionl of 29 HRbSyIMVBEEIe POGRE:
(1) providing a nenbrane preparation obtained froma bacterial strain which
may belO 3s@8&f4.ci ent for peptidoglycan transglycosyl ase activity; (2)
preparing a reaction mxture conprising the nmenbrane preparation, a UDP-N-
acet yl mur anyl pent apepti de, radi ol abel | ed UDP- N acetyl gl ucosam ne, a source
of divalent nEieahicidttfe fandis BRUHODE 10/how@h at 10BinlbinPérafifré BebieIRitOcdunttdbi t

further processing of undecaprenyl -
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).



pyr ophosphoryl - N-acet yl mur anyl pent apepti de- N-acetyl gl ucosam ne (Lipid I1);
10 (3) incubating the reaction mxture for a defined period under

condi ti onwogniosssBl e for Lipid Il synthesis to occur; (4) PaddiBig/oso2t he
reaction mxture of step (3), (a) either a substance to neutralise the

i nhibitor, or a source of peptidoglycan -1%ansgl ycosyl ase and a source of
pepti dogl ycan transpeptidase, to allow further processing of 15 Lipid |1

f ormed inm:ﬂ toward peptidoglycan, and (b) a test conpound; (5) after
a defined period, termnating any further processing of Lipid Il; (6)
adding to the reaction m xture of step (5) a fluorescer supported by, in or
on a suitabl e Asndthod ef erceaig far petertiaj anti-bactoxdal 2@ ety whidaoutiprizses: | | ght
energy emitted by.the flugrescer which.is indicative of the presence of

r adi ol abe ]bed B@é’[ g0 My EbrAne preprraiion b ]Biarbj‘cﬁeﬁa]cﬁt@mﬁvg{‘;ﬁﬂ%r'@i n the

MP- N- acet g for jRend itFhRsd1Scos\Hake M.tlfvhlgc L-al ani ne-y-D-glutam c acid-m
di am nopi neli ¢ aci'd-D-alani ne-Dralahine. 25 3. A nethod according to claim

1 or claifd)?2, wiepaign reaetigomixtee chmgiiviag et membewine prpsration, ARTRAF um
chloride. 4, .A nethod. according t of claine 1L to 3, wherein the
P b 1 o acty S BRRRIE o b PRI TOP . SlentiaRidTRargint o St X il
accor di ngnkl RAY afd)®peibnally2 ki Enhibit? effectieab @ilibit ﬂﬁtﬂ@ﬁﬁﬁo@édsﬁifeo‘ftgﬁéé;ﬁpfe?%pd
- . et ho

strain of Escherichia coli. WO 03/048380 PCT/ GB02/05492 -
accor di ngPY8PasaherybN-ageaimpismyipentapepiide- ¥eicetyledndosamingi(hipidIDNVA1004 or

Escher (21D CoperapBtic Eadgusbivatte B RAmET GOS0l ol Pahunt R w1

an expr eskipihllsgathedis wosgent;si ng a honol ogous or het erol ogous gene encodi ng
a penici I{I{Jén bi ndi ng protein. 8. A nethod according to any one of clains 1

to 7, whe¥Rin NG OB EaeEoD MEXtEG 5 5teP &),

(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
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.



by, in or on lectin-coated beads. 10 9. A nethod according to any one of
clains 1 to 8 wherein the detergent is selected from Triton X-100 and
Sar kosyl .wo®3/04838€t hod according to any one of clains 1 t®C3/GRobOs®2N t he
test conmpound is an 15 antagoni st of one or both of the transgl ycosyl ase
and the transpeptidase. 11. A conpound whigch is an antagoni st of one or
both of peptidoglycan transglycosylase and peptidoglycan transpeptidase
when i derfi.i f i el nisphaal aveeiding tackaimd, mieredn BwyEsoresichia mlastramISﬁMAIB% oZ0 12.
A pharmaceuti cal osi ti on conprising a conpound according to claim11
and a phaMAdOe éwwegg4 P%cceptable carrier, adjuvant or diluent. 13. A
nmet hod for the production of a phar maceutlcal conposition conprising the
steps of 25 carrying out a screening nethod according to claim10 and

i xing the cOmRanthd denkdify ®tiaitid, hrAl A RERMSALIY s ePt abl e carrier,

adj uvant or diluent
5 AMA1004 AponB::Spc is transformed with an expression vector comprising a homologous

or heterologous gene encoding a penicillin binding protein.

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.



