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*000002* TI T“ﬂ”mlmwgm& The present invention relates to a method of
screeni ng for poten nti-bacterial agents. 5 Peptidoglycan is a ngjor

conponent of the®@¥erial cell wall that gives the wall its ihe}gﬁ m?
.strength. Tt 1S uniquée to0 bacteria and is found in all bact er § t

gram positi vm{mg@ wl negat I ve. Peptidoglycan is a polyner of 1 gl ycan

strands that |nked through .short peptide bridges. It consists
of alternat nked resi dues of N-acetyl glucosam ne (GLcNAc) and
N-acetyl nuranic: G00g0gs d (Mur NAc) . EI'FeE: NEMWHASSAYhain is attached to 1o

Mur NAc ( Mur NAc- pent apeptlde) and cross- Iinki ng occurs between these peptide
chains. Bi osynﬁ?em S of g{%can C b divided into three stages:
firstly, synthe esprﬁ?em tg%rc?@ar% et $YReamedenpotsRiia aatipactetianst er
of the prgeyfsors to a I|p|d carrier nol ecule and, thirdly, insertion of

the precursors into the cell wall and coupllng to existing peptidoglycan.
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of a dlsaccharlde unit onma lipid carrier,. prenyl The
lipid carShoHrpeptsdedjmiges nl obnsists bfiaktdreatig i 1heEnisdatsididser M@d‘épﬂ@ﬂi&b&uﬁﬁe t he.
| yses the transfer of

bacteri al 1) first t
phosphor §FIRVARERA Mrses ﬁm' R oA a@@mm@mnmag@@m. de to
undecapr QAN AL eI g é‘%lha %hHUfotsé‘i}ﬁﬁﬁ 8581&6‘&@/ Qﬂmeyévp enzyme

is called phospho N ac myl pentapepttde {ransiocase r 25
referred to as BiQSya@slaqﬁpmﬂsgly)camnm besditided pitochted stafest ﬂﬁdg,edyﬁtheaiﬁé(f in

Esch i
indoc apr SRER Htp AP BREa SeeOp . M G5 e pesprTost o i qamiepmniseniac-
pent apephid]ehirdly, inkealich bf @ pkdchidbrd iR Bl GEHERPEodpth 1 BRgHPSTrate for

- the second enzynme. N-acetyl gI ucosaniinyl transt eras Prans
N- acet y| BtRtdogER/he from UDP-A c; NAc:  (with sinul taneous rel ease of UDP)

to form undec aﬁ@ﬁ%l:mggxrs %Pxﬂﬁés?&‘&% I1'.he cytoplasm are the sugar nucleotides:
UDP-N-acetyl-glucosatmine (UDP-GIcNAc) 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
20 phosphate. The lipid carrier is also involved in the synthesis of other components of the “
bacterial cell wall. _

The first enzyme catal3;ses the transfer of phosphoryi—N-acetyl muramy! pentapeptide
from UDP—MurNAc—pentapeptide to undecapreny] phosphate with t_he simultaneous release of
UMP.. This enzyme is called phospho-N-acetyhnuramyl—peutabeptide translocase (hereafter

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

~ N-acetylglucosaminyl transferase, transfers N -acetylglucosamine from UDP-GIcNAc
(with simultaneous release of UDP) to form undecaprenyl—pyrophosphoryl N-

30 acetylmuramylpentapepude—N-acetylglucosamme or Lipid I or Lipid linked precursor IL.
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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as a mol BBE eredfifunntiensd pnzymyds hapmpe doHospispemidaiiars] ﬂnasg]lyoosblas@hﬂmed oy a

imiecapr SRR PRERAPERTERE o okt PRRTRERHBEE G r 3ol Befiorhewn o
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cell growth (e.g. PBPs 4, 5, 6 of E. coli can be deleted resulting in growth defects but the cell
survives, see S.A. Denomie, P.K. Elf, T.A. Henderson , D.E. Nelson and K.D. Young, J. -
20 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 réleased as a molecule of undecapreny]
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
' undeéaprenyl phosbhate which can then re-enter the cycle at the second stage.

Both the transglybo sylase and the transpeptidase enzymes (which reside within the
high molecular weight penicillin binding proteins or PBPs) represent prime targets for drug
30 d1scovery that have not been fully explo1ted due to the lack of suitable assays amenable to
h1gh throughput screening. Two aDﬁblOthS 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
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gl ycopeptides and the beta-lactam antibi3otics-penicillins and

cephal osparins. The beta |actam antibiotics, which inhibit the
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in t he® aleft Fhite REFsprsetof adzanspopsidlaseriphibitor the degreel abarosshlinking isireduced. r el ease

of D-al ani ne. ' qaetd an.al so.happen wth a

car boxypept i dase %% Eat @?I{]egﬁgé B?%%cg@%{sgﬁlﬁn%g%hﬂ‘fo ?Cdﬁl"ﬁ?' oot i de

cr oss- | i melepsed] Thereais kpewt inldeartat indirdey assay forahe ek @%id&sé‘hﬁﬂhi&ﬁit&%' ease

that is dfgen%gﬂt on tﬁ_gvg)r esence of  UDP- Mur NAc ang -GLcNAc in the

assay. TH°8%% rAjane YW GVET SHICE Ut samsaeastigp 4R Aleo hapregrveiticonconi tant | y

with sy%f&&y?e 46408 bicBid e B athilife Qﬁﬂ&ﬁt%ﬂia%gﬁgie &&‘eecro%@ﬁ&ﬁxypept ' dase
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activity should be independent of synthesis a resence of’ UDP- GlcNAc
i n pait iteAFRAPHAZRG asHvthismensuied ds Dadwniné mleans thay isntppeinient sanRReEichease

relies | e af : red -] act e.g. nitrocefin. The fi-lactam
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t r ans pepteutasencottieanap yithrigathesia & o ss kiGNEHNE pasidoglycin; dipre (3-1actam
carboxypeptidase activity should be independent of synthesis and the presence of UDP-

GIcNACc in particular.

20 Another method known for assaying the transpeptidase relies on cleavage of a
coloured f-lactam, e.g. nitrocefin. The B-lactam antibiotics covalently bind to an active site
serine residue in the transpeptidase, thereby inactivating the enzyme activity. The B-lactam
ring is hydrolysed in this process and if one uses a B-lactam like nitrocefin the hydrolysis can
be monitored colorimetrically. This method is not very sensitive as a measure of

25 transpeptidase activity, although it is widely used to study the- activity of B-lactamases.

The easiest known method for the detection of inhibitors of the transpeptidase is by
competition (by a test compound) for the binding of a labelled (e.g. radioactive or fluorescent)
B-lactam to a penicillin binding protein. This has been most frequently used to screen for new
inhibitors. Because of the nature of the assay most inhibitors picked up in this screen are new

30 [B-lactams that act by the same mechanism, that is,-by covalently binding to the active site
s__erine residue of the transpeptidase. Since bacteria have developed resistance to the B-lactam
 antibiotics, which is due to the presence of enzymes (f3-lactamases) that .hydrolyse the B-

lactams, it is desirable to find transpeptidase inhibitors that are not B-lactams.



ring is hydrolysed in this process and if one uses a [3-lactamlike
nitrocefin the hydrolysis can be nonitored colorinetrically, ;This nethod
is not very sensitive as a neasure of 25 transpepti dase actibﬂtyANaINMOugh
it is wdely used to study the activity of (3-lactamses. The easi est known
met hod for the detection of inhibitors of the transpeptidase is by
conpetition (by a test conpound) for the-snding of a |abelled (e.qg.

radi oactive orngjguoreacen%%;@?)-l actamtao aﬁﬁeni.ci I'I'in binding protein.
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bi ndi ng t ¢1} lpeodding wensmbrane pephraton obtathed fioh 4 betériad beHaPvhélamane Si nce
bacteria have devel oped resjstance to the f3-lactam_antibiotics, which is
due to th&PR %%%H&P%fm%lfﬁ?g@e{“ffgr Pertdegtys e transpeptidageipasivitye t he 13-
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t here bi s abﬁtyliailmamylpemﬂp@&ﬂe au DPtMﬁdVAé-peliiﬁp@ﬁﬂé)g @dﬁdlﬁbdl!l@?m THP-Aacetyl
anti-bacteyial age i conprises: (1) providing a nenbrane preparation
obt ai ned g%m%@%@ﬁ@?@pﬁgﬂg 1 SQpRes i Hvalent metglieonsane preparation is
def i ci ent (HoicRBR ' | )RV AV ne repari ng a
reaction g)xt ur gﬁé’g%ﬁ%u&%}l t Ee rrg%é g%%&grpg%%dr %‘k‘%%ﬁ?’?%&%ﬁ?‘ﬁeﬁe for

acet yl nmur wearosselinkad peptidibelycaiDRyrthesitio-geent apept i de), radi ol abel | ed
NAc) _and a source of divalent netal ions;

UDP- N- acet vy | ucosam.ne ( UDP-
(3) i nc’&b@i ?ndéﬂ’t’gn@ %ﬁe@f??ﬂﬁmﬁﬁtw&?étepﬁ)’a defined period under conditions

sui tabl e for(a) U§FRESof dephi .1§>&Btuiaﬁgsﬂgv \ '%,,},ﬂ GGU e g%)
adding to th.(e)reaction Ijmiax?(tsjkre of st'e l?%é’,t%(ag]g)agtﬁés urceg%o poesﬁt@go | ycan
t r anspeptPepiideglyean, sinfow t he synthesis of cross-linked peptidoglycan, and

(b) a test ¢ nd;. (5 fter a defined period, adding to the reaction
m xt ure of s@ggg?‘% coé{“fcfuﬁ rescer supported is by, in or on a suitable

subst r at €5) aifédr a deRieA reidl; adith toGhe RS tlXut 'o? E'tE? g@?‘% a%rgﬁ[gfalg %ﬁ)goggd the

fl uoresc%ry which is _indicative of the presence o
cr oss- M el Peiitd Béghl substrate, apdha detsrgeakandf t he present specification, it

shoul d bgey Qﬂé%%ﬁtlﬂéoﬂgﬁt Radrel Riiitted by the fluorescer which is indicative of the presence of
radiolabelled cross-linked peptidoglycan.

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
25 99/60155. The membranes represent a source of translocase, transferase, transglycosylase,
lipid pyrophosphorylase and undecaprenyl phosphate which are necessary to make uncross-
linked peptidoglycan. However, the membranes are deficient for peptidoglycan
transpeptidase activity. This may be achieved, for example, by contacting the bacterial
membranes with an inhibitor of peptidoglycan transpepu'dase (e.g. ampicﬂ]jn) or by using the
30 membranes of a mutant bacterjal strain in which peptidoglycan transpeptidase is inactivated
by mutation (e.g. a point mutation or deletion mutation).
The quantity of membranes used will typically. be in the range from 1 to 20pg, |
particularly from 4 to 6ng, pfotein per well of the microtitre p_laie.



abbreviation "UDP' refers to uridine (5 -)di phosphate. 20 The net hod
according to the present invention is very conveniently carried out using
96-well mcrotitre plates, thereby enabling a fast, sinple and
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may be prepared as described in Exanple 1 of WD 25 99/60155. The nenbranes
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nmenbr ane¥ecterdd-gwi plasmid) icomptiging @ Homdlbgous anbetefologoud gére 20gding Q%éﬁibﬂ]ﬁﬂ arly
from4_to &}g‘g (grot‘ﬁigri?ﬁ\ef% wel Ifof thCﬁD(g icrotitre plate, .7 AN 2007 -5 1In
one enbodtPHER PrEFID HEC ficiehfor prgti HaRsPsPttase AgivityHiuh whethibapact er i a
are us tES AT Sar8flyEosyet hetdlify@i Ns that may be used incl ude AVA1004.
Addi ti oﬁgalpl y,guse cané ybeymade of y?he E. coli strain AVAL1004 AponB:: Spc’

when transf or mE WPPHMuiV A pemsapsiptide usedanay by &y afithosa yshalbnprefencmpri si ng a
honol og het erol ogous gene encoding a penicillin s binding protein
whi ch i g‘%g"é‘%iy P‘%%‘f%“%?%@ﬁ%‘?ﬁ%“&Wgaﬁéﬁ%vgws’b@’b?‘fffféeé%eiwmorbwgwi ch has
pept i doghyg@atidalla W preQEY0ra EenEbdcketial ¥.g. Ty'@etbRs NG @%e@&%ﬁ?geﬁi used
may be any of those usually present in “naturally-occurring peptidoglycans
and | ¥ dshRlsauseny M. Sarsoranaad . dieusingact. iBactsriohnd890)e k7% 68t 710.al |y wit h
precursors fr } Lud ar, to that described by T.

i 0 den Bl aaumgﬁ?ﬂwgdr@yﬁ%ﬁo%tﬁ%%? Hﬁ%ﬁ%%ﬁeﬁ%@b% CPEHARSPUCS Y568 d5 | 172,
63- 70) . UDP-MeNarhiodiantiety-Diglitathié Kye-R-dRRindfite EPR:MI MAGHRENLARERL | de
used is_ UDP- Mur NAc-L-al ani ne-y-D-glutam c acid-m diam nopinelic

aci d- D- BoanPe@les egreusi ne  from Baci | I us cereus. The concentration of

UDP- Mur NAC- pe%@9&&%}1&&@'1’1%?W—MWAC-}?JH‘Z&BC%&Q& iLh el Weh St microtitre plate
15 will typically be in the range from 5 UM to 300uM, for example, from 5 uM, 10 uM, 15
puM, 20 uM or 25 UM up to and including 50 pM, 75 uM, 100 uM, 150uM, 200 uM or
250 uM per well of the microtitre plate.
As radiolabelled UDP-N-acetyl glucosamine, it is convenient to use tritiated UDP-N-
acetyl glucosamine (UDP-[’H]GIcNAc, commercially available from NEN-Dupont), at a
20 concentration, for example, in the range from 0.25 uM,OS uM, 1.0 uM, 2.5 uM, 4.2 uM or
5KM up to and including 10 UM, 12.5 pM, 15 1M, 20 uM or 25uM per well of the microtitre
plate. Concentrations of radiolabelled UDP-N-acetyl glucosamine of 4.2 uM (with 0.6 to 1.2
UCi per well) have been advantageously used.
The divalent metal jons used are preferably magnesium ions. A suitable source of
25 magnesium ions is magnesium chloride, for example at a concentration in the rénge from
5 to 30mM, particularly from 10 to 25mM, per well of microtitre plate.
In step (2) of the method, 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-hydrdxyethyl]piperazine—N ’-[2-ethanesulfonic acid]) or
30 Tris[hydroxymethyllaminomethane hydrochloride ("Tris-HCI"), the buffer solution having a
PH of about 7.5. HEPES and Tris-HCl are commercially available from the Sigma-Aldrich
Company Limited. | '
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i ncl udiong 100, ThkGeactidf mit@de oflskd @) islinOubanédfotr e furthen geriodcatradempenature in

sui-tabl e for enzyne-catal ysed uncross-|inked peptidoglycan 5 synthesis to
occur. | Ahestagge foayn, fyr expEipleng@itt toot Ca Thsungubativn 5@;9%1 wilgwoy'@aﬂv be shorter

pept | dop yane ngipRRTerkf foft, MUK R T @) <5 BRfe rulf3im 1, 5. 10

ant i bact er il 8lmipiitepep td Akl includad0, 23 yp30ahihytes.n an aqueous sol ution of
di met hyl  sul phoxi de. 10 The reaction m xture of step (4) is incubated for
a further period at a tenperature in the range from for exanple, 20C to

37C. The i ncub@hcomelifEdtatoMpbiiod s EBldeto BB eAll Ol @firther reaction is terminated

upon addition in step (5) of the fluorescer supported by, in or on a suitable substrate and the

detergent to the reaction mixture.
The detergent is any agent that is capable of emulsifying oil and/or acts as a wetting
agent or surfactant. Examples of detergents that may be used include Triton X-100
20 .(t—octylphenoxypolyethoxyethanol), Tween 20 (polyoxyethylenesorbitan monolaurate),

- Tween 80 (polyoxyethylenesorbitan monooleate), octyl-p-glycoside, CHAPS (3-[(3-
cholamidopropyl)dimethylammonio]-1-propane-sulphonate), Brij-35 (polyoxyethylene lauryl
ether) and Sarkosyl (sodium lauryl sarcosinate).

The fluorescer used may be any of those routinely employed in scintillation
25 proximity assays. The fluorescer is associated with or supported by, in or on a substrate, for
example, lectin-coated beads, RNA—binding 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 sﬁbstrate (e.g. beads) chosen should be
capable of binding to bacterial cell walls. |

30 In one embodiment of the invention, lectin-coated beads (particularly wheatgerm
agglitinin-coated beads) impregnated with a fluorescer are used, for example, as dc;scribed in

US Patent No. 4,568,649 and European Patent No. 154,734 The beads (known as



than the incubation period for the reaction mixture of step (3), e.g. in
the range from1, 5 10 or 15 mnutes up to and including 20, 25 or 30
mnutes. is Once the incubation period has come to an end, afy] fjaRt i?a?{ﬁ_
reaction is termnated wupon addition in step (5) of the fluorescer
supported by, in or on a suitable substrate and the detergent to the
reaction mxture. The detergent is any agent that is capable of emulsifying
oil and/or acts as a wetting- - agent or spcfactant. Exanples of detergents
that may be used include Triton X- 100 20

(t - oct yl pirintdiayioo [PyeximityyAssap(or $PATbeses) £6 comoleyaaliyedvajlhlda oai Ainiedsham
nonol aurate), Tween 80 (pol yoxyet hyl enesor bitan nonool eate),

octyl - p-Hicosi de, CHAPS (3-[(3- chol ani dopropyl ) di met hyl ammoni o] -

1- pr opane- sul prRBda) (wkh ﬂho&&)?%ﬂ%@&é}weﬁi&ﬁgy 2t in ai%téaﬁ{lg)fgﬁg 3Lk osy!
(sodium lauryl sarcosinate). The fluorescer used may be any o ode

r out i nel spspensiony e dontasteidrwittl thatéaotion mixmmexifsidpy(4pfos aypsriod bfatfitdsoi@scer is

associ at eg th or supported by, in or on a.substrate, for  exanple,

oot 1 nt coupiss Hetktly B DR b st foe. rictis Delore e pisder Bl Pyt

(pol yvi ry%};@,@ggﬁl PeatsoRta THBAL GG} aggl uti ni n-coated PVT beads, all of
whi ch beads are commercially available from Amershamlnc. The substrate
(e.g. beads) cWébew beingbaingé anyopratitudarghedsy nitlisrigliceduhatthiough tiedihdingl | s.
30 Ino i ment. of the invention, |ectin-coated heads (particularly
wheat ge?) %tﬁegég?%g%%?ﬁ? Race 338?}1 B’gﬁ&a}erf%%m%r%ag ugmma@é%@é\,b%dé used,

for exanpé eapablR of®sdindQat folebielap8iticdy N4ca§BobdiaRid Fdk an Pat ent
No. 154, 734. The beadséj?ikénovm as 1b7 AI\?I%UM 9% "Scinti iﬁgtéﬁg%ﬁm oximty

Assay? (aptexilcelliyallismterin, redinlnbeliddairpsslinked pepoiieglycanrfornet mlstap (4) isc.  The

beads (i Loeimd re convenjently added in fhe formof an
aqueous\%;s s%}élg(glag%csare gg%’ﬁ gg?é e@lovrm K Y’hlgﬂﬁ)géoé{‘?sc?ﬁgﬁt%@@e& 1800y (4)
for a pencrgy, refultihg irehs emisiod ofilight @®rgyPwELE idibasudlif sitf (@9 U'ts OfigHIOT €
(e.g. overni g&%&,-%ﬁfore the plate is "counted" in step (6), e.g., in a
"M cr ob&tet frofRthe-Hugrescer 1s\Rekigisdito be insicasize afithe ommayiop f ciossilinked heory, it
is beli ?gﬁﬂo%mgnthrough the binding of the substrate to bacterial cell
mat eri al” "(e. g. wheat germ aggl uti ni n-coat ed SPA beads
The present invention will now be further explained by reference to the following

- illustrative examples in which the abbreviation HEPES refers to N-[2-
hydroxyethyl]piperazine—N ’-[2-ethanesulfonic acid].



are capabl e of binding sugar nol ecul es, specifically N acetyl gI ucosam ne,
present in io bacterial cell wall material), radio |abelled cf ?émmbgﬂ
pepti doglycan formed in step (4) is brought. into close prOX| m t he
fl uorescer which becones activated by the radiation energy, resulting in
the em ssion of light energy which is neasured in step (6). Thus, |ight
emitted fromthe fluorescer is believed t-@-e indicative of the formation

of cross-Ijnke pepti dogl ycan 15 The present invention will now be further
expl ai ned rence to the following illustrative exanples in which the

abbr evi atr n pdehia
hydr oxyet h?/l ] pi perﬁgfz‘?’?rg&ﬁ h?}fhlé(! ﬁgﬁrggsd on| pat}:dlo&fycax_t 7 JAN LOO7 -8
Exanpl e 1 4(my ofBsaketichia coli AMAi1004kd] nesbianes preparkd ak dekcbad indvd 996M 54 NU

of Escherichia coli. AMAL004 cel | menbranes prepared as described in WO
99/ 60155 &Y @CP%%%{%% I RfH 08 M agppiqiin imOapM Eris HOH bafferseH ##9i andiGs1 HO

buf f er pHufvMvEeg g&jblﬁm%hc{g%te%pew ‘I‘ﬁégfen%%ﬂg%@ré? hREed by The

nmenbr anes wer e sédi ment e centri'f ugat I on m nut es
and then waﬂhﬁxgaudsrrﬁdﬁ);o&)ﬁscg foindy§ naetes ﬁmmﬁieh)hasliﬁ&tl&eﬁﬁﬁt@d They wefd fiedlly50

mM T HC buf d O Cl2. Th [ tit | at

i ndi \r/: ZuaF?S?sH% éqdé‘a%#m %%SBIC%@W%%%O i@%ﬂ&ﬂgﬂnérg kgrgf pEgcﬁe\rA?(r:ﬁl a
i AMA1004 bed

ggoi/e (the ma?rbr anes pr oV g %ﬁt?gégﬁr%ﬁergW{énj%ﬂc%s%&#g‘hg#aﬁojécgI ©

transgl ycesithinmg 5 |id ¢ EscPorichid 651D AM X | Gicce AR i RGARIEAY P RRSIRIAL 8 -
UDP- Mur NAc- L- al ani neﬁﬁ D-glutam c aci d-mdi am nopi nelic
%

a_(:l d- Dlal é‘ﬁpﬂ@d@bﬁb’% mermbranes pmwdthamdﬂmmlb@settpdnsfﬁase,osam ne (0.6

rragr1e5| umﬁ%lﬁg %@Eﬁﬁ?%ﬁm%éﬁsgm eﬁgéfpéy Sp@?ﬁ éL gdm::t/lt 37C
for 120 ”UDPIMﬁrNAd L)aldeRid D fﬁﬁlc%ﬁlxﬁ'dq&ﬁ}géﬁ%wﬁh%g@éﬂm}s dggl ycan

To each well was then added 1 cont ai ni ng antmoni a

7.5, 10 v MyOtRiatedUDDPW-acstyplu@isaraing d006nCit-d. Audi p&lwapncwmm{Epgs(l n 25
) of 250 PM EO an _extract_ containi ng PBPl b q(ﬂa source of transpeptidase
enzyne) GHEPHRBUESTRH {Re 2adelbmihessrssium ehleride @YaChy| TJJENVMQI@JJJ& plptorwras;

PBS96, Anfcubaled @ 31°€Shr FRTREMREL.

(i) Formation of radiolabelled cross-linked peptidoglycan
To each well was 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 ul) of 250 UM,
20 an extract containing PBP1b (a source of transpeptidase enzyme) obtained from the
membranes of Escherichia coli AMA1004 AponA; pBS96, and 2 l of test compound
' (penicillin G, a known transpeptidase inhibitor) in dimethyl sulphoxide (DMSO).

In Escherichia coli AMA1004 AponA; pBS96, the ponA gene encoding PBP1a is
25 inactivated and the ponB gene encoding PBP1b is overexpressed 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% (3-[(3—cholamidopropyl)dimethylammonio]-1-propane-
sulphonate (CHAPS), and 1M NaCl at a protein concentration of 5 mg/ml for 1 hour at Toom
30 temperature. The mixture was then cenuifuged at 150,000 x g for 15 minutes in a Beckman
table top ultracentrifuge and the sﬁpematant containing PBP1b collected. The quantity of
PBP1b protein used was the " soluble fraction" equivalent to 5 pug of stérting membrane.



(penicillin G a known transpeptidase inhibitor) in dinmethyl sul phoxide
(DMSO). I n Escherichia coli AVAL004 AponA;, pBS96, the ponA ge27 ﬁggOQi ng
PBPla is 25 inactivated and the ponB gene encoding PBPl b is e ﬂpzﬂfdsed
since the strain contains a plasmd conprising a further copy of ponB
under the control of its native pronoter. The nmenbranes of this E. coli
strain were prepared as described in WO 99/60155. They were then treated
with a detergent, 1% (3-[(3-chol am doprefyl ) di net hyl anmoni o] - 1- pr opane-

sul phonate (CHAPS),. and 1M NaCl _at a protein concentration of 5 mg/m for 1
hour at room 3616 SHgFOtEE plate W?ﬁé”ﬁb@%@‘ﬁ?@ﬂ?\ﬁsfot hemimwer andftbeyeafteas u66f 00 x

g for 15 1 kA AT ul centrifuge and the
supernatgﬁygggﬁﬁggﬁPﬁgﬁgggggﬂ%%K?@??E%?R?ﬁgaﬁﬁantity of PBPlb protein used

was the "soluble fraction” equivalent to 5 g of starting nenbrane. 1 7 JAtq

2007 -9 The mcrotitre plate was i ncubated at 37C for 15 m nutes and

t her eaf t di) Petectipg radiolaheBed pross-dinkedpeptidegipearet i ¢ aci d (EDTA) was added.
(rii) i ol ahel cross-1inked peptidogl ycan 5 Fol | ow ng

addi ti gﬁﬁ 0 0\4{1@% a@?‘ ‘,1°f ﬁ“&éﬁgﬁsm&&dﬁé‘ﬁ "aée‘g&’cﬁf@&mﬁg@éylpf ARAJUEANqUeoUS
Sus pensi fpdsiod T a 1@t aghMtihALdY: ol it LMty assay
beads corrglr)i sS} ng 500 g bgg%s in %aﬁﬁﬁﬁ%ﬁﬁoﬁﬂgﬁq gﬁﬁ%%g%’?% R fer
pH 7.5 cWiftig biadg ia solutiorSafr Kosiv HEPESemgeaohia (a6l pi7. febnydinifa0agsi nate) so
t hat the‘sfi_nal ,,copcentration of "Sarkosyl" detergent (in 200 01) was 0.2%
i 0 The nbErorYt AEHESH EOofam Jasryl smgpsmatesorthat e fisalaoneentistionof Sdasyl |

bef ore kRidrgent cRVODET) wasio®,” M crobeta Trilux" counter. Four wells of the

mcrotitre plate were used as controls: two wells contained no extract
cont alni ng PBAHG migoetiteate avas defnfor Glts Y0 andrsat footh keperatreweiorébaRt ai ned

no test upd {100% r tion controls). 15 Table 1 bel ow enunerates the

i nhi bi tg?ﬁ/&g?%b@gsﬁ% °§%ﬁ?ﬁ§1ﬁ?¥iﬁ?“§eﬁn the transpeptidase enzyme (after

subtracting t FeutwenesiBe dictatidYblatdhtl Wed S04 Test Conpound
| PSR ReL At B ol 70

Counts per mnute %Inhibition 5296-0 Peni
extract containing PBP1b (0% reaction controls) and a further two wells contained no test

compound (100% reaction controls).

15 Table 1 below enumerates the inhibitory effects of penicillin G on the transpeptidase
enzyme (after subtracting the corresponding 0% reaction readings).

Table 1
Test -Compound' Counts per minute ' % Inhibition
5296 0
Penicillin G 319 94

Example 2
20 In this Example, the method described in Example 1 is repeated except that in (i) the
membranes used are those of Escherichia coli AMA1004 AponB::Spc’, 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. Microbiol., (1985), 131, 2839-2845. The mutant is
transformed with a plasmid expressing PBP1b that has a Ser510Ala mutation. This is the
25 active site serine that the 3-lactams covalently bind to. Thus, the membranes lack

transpeptidase activity and there is no need therefore to treat the membranes with ampicillin.



Exanple 2 20 In this Exanple, the nethod described in Exanple 1 is repeated
except that in (i) the nenbranes used are those of Escherichia Cali-
AVA1004 AponB:: Spc', a nmutant from which the gene ponB encodi ng PBPI b has
been inactivated, as described by S.Y. Yousif, J.K  Broone-$n tJ%Naﬁﬂﬁ?B. G
Spratt, J. Gen. Mcrobiol., (1985), 131,;,2839-2845. The nutant is
transfornmed with a plasm d expressing PBPl b that has a Ser510Al a nutati on.
This i s ¢hAIMS active site serine that the (3-lactans covalently bind to.
Thus, the nenbranes |lack transpeptidase activity and there is no need
therefore to treat the nmenbranes with anmpicilhin. 1 7 JAN 2067 -10 CLAI M5

1. A netjho r i Nt | L erial agents which

conpri selé: qb(%eﬂ%(raoo\?g g‘:e%gn%%r{g%g%nglﬁfe&glr-be%gérﬁaag ?geﬁﬁso tne({l e pfl POm a bacteri al
strain, (Wherevidinghenembrarerprepmation ebaimzt ifom & badeddl sirginl whereino@pt i dogl ycan
transpepti dase activity; d(g%), pr epari nq%ga reaction_m xture conprising the
menbr 2n&FRIBRT BEepgationisdopcicnt fog aertidagtveay tipaspeplidase pity; adi ol abel | ed

UDP- N- ~ ks &&H - i : ' a3
[ ncubaf1 ?%%ﬁhygggﬁ%gﬁ%ﬁ gt?trﬁce or&gg QlfgfnlJ %%ﬁég%egé}%% u(%ldedr Bébg,ﬁ i(t |) ons
sui t abl ecétgimuramylpeotapegide] nimthbedpd UligMatyl godsaesnsanida sages of (4)

adding to the regction mxture of step (3), (a) a source of peptidoglycan
transpeﬂf‘faﬁfﬁé’}e%ﬁdo%ﬂ’l ow the synthesis of cross-linked peptidoglycan, and

(b) a test ikUBROM e réaztibR mijlicfor 8 ddahdd ol mi@bondRigh Guild)d fig reaction

m xture of step (4) a fluorescer supported by, In or on a substrate

capabloe up¢robs-linketgpeptidoglycanrsandesiatmoerudet er gent ; and (6) neasuring |ight
t he fl uor.escer . whi is indicative of the presence of

reggirg%/ag@: Tatggig‘g%g?-rﬁcﬁ‘%&mﬁ%??%@ @(San. 20 2. A method according to claim

1, wherein()ha sUQBeUf@@;ﬂkMFIWﬁrﬂﬁXﬂs@@ﬂicﬁ@@,% bl®w itlfe synthesis of cross-linked
UDP- Mur NAc- L- al ani ne-y-D-glutam ¢ aci d-mdi am nopi nelic

aci d- D- #epfidogtymnapethi ne. 3. A nethod according to claim1 or claim 2,
wherein th?b)soy{egtecog{poqh(y.al ent nmetal ions is magnesium chl ori de.

15 (5) after a defined period, adding to the reaction mixture of step (4) a fluorescer supported
by, in or on a substrate capable of binding the membrane, and a detergent; and
(6) measuring light energy emitted by the fluorescer which is indicative of the presence of

radiolabelled cross-linked peptidoglycan.

20 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.

3. A method according to claim 1 or claim 2, wherein the source of divalent metal ions is
magnesium chloride.

25
4. A method according to any one of claims 1 to 3, wherein the bacterial strain is a strain of

Escherichia coli.

5. A method according to claim 4, wherein the Escherichia coli strain is AMA1004 and
30 wherein the membrane preparation obtained therefrom is contacted with an inhibitor of

peptidoglycan transpeptidase.



25 4. A method according to any one of clains 1 to 3, wherein the bacterial
strainis a strain of Escherichia coli. 5. A nmethod accordin)g to claim4,
wherein the Escherichia coli strain is AMA1004 and 30 wher ithf\NeZ{imnbrane
preparation obtained therefromis contacted with an inhibitor of

pepti dogl ycan transpeptidase. 1 7 JAN 14901 -11 6. A nethod according to
claim4, wherein the Escherichia coli strain is AVMA 1004 AponB:: Spc’

t r ansf olmed\ method accordingas siaim 4y @hérein the APe/iepich /ia@Rl iggous or
het er ol ogous 8ene encoding a penicillin binding protein deficient for
pept i dodiAAR04 Apents penst trapsdermedtwith anexpresyionNeptor berprisiega Hpmglogousery one

f clai , i.n the fl is. t by.., |
ecti n asrlbfd sobO BBl BBERTH mTaSBRTENTr ebigobbel 1T, 7
wher ei n tlahspegadRe getinity. S sel ected from io Triton X-100" and Sarkosyl TM 9.

A nmet hod according to any one of clains | to 8, wherein the test conpound
is an’® antagoni st of the transpeptidase. 15 10. A conpound which is an

ant agonkst i : i identified.by a t hod
According {aneheRabARgRE ST (RBIREREL 9358, JRERA HERuinen @i YopaeTeron
conpr i simgr @ lectipoeated beacder ding to claim 10 and a pharnmaceutically

acceptable carrier, adjuvant or diluent. 20 12. A nethod for the production

of a pharmaceutical conposition conprising the steps of carrying out a

creeni el | e identified ™~ "
W ih o Dhatmachod BEXHT 10ab ok (ol FRE 7 VERA A8 feCRRRCY Jch 0 Gl
1o Triton X-100™ and Sarkosyl™.

9. A method according to any one of claims 1 to 8, wherein the test compound is an

antagonist of the transpeptidase.

15 10. A compound which is an antagonist of peptidoglycan transpeptidase when identified by a

method according to any one of claims 1 to 9.

11. A pharmaceutical composition comprising a compound according to claim 10 and a
pharmaceutically acceptable carrier, adjuvant or diluent.
20
-12. A method for the production of a pharmaceutical composition comprising the steps of
carrying out a screening method according to claim 9 and mixing the compound identified

with a pharmaceutically acceptable carrier, adjuvant or diluent.

25



