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. TRANSFERASE ENZYME ACTI VI TY | N DRUG SCREENI NG The present ihbesenibsn2p@dtates -
to a met hwo di@ic2assayi ng enzynes involved in peptidogl ycari,mnggflﬁg.llpesi s in
bacteria. Peptidoglycan is a major. conponent of the bacterial cell wall
that gives the wall its shape and strlength. It is unique to bacteria and
is found in all bacteria, both grampositive and gram negative.
Pepti dogl ycan is a polyner of glycan strands that are cross-1linked through
short peptide bridges. It consists of alternating Pl14linked residues of N
-acetyl | SSYUOBDLERAON BIRNAYERSSHENKYHE ACYIVITVOK BRUGSGEERINGMIr NAC) . - A
pent apeptide chain is attached to MurNAc (MirNAc-pentapeptide) and -
- cross-1linking occurs between these peptide chains. Biosynthesis of
pept i dogTite presan mveatioh rldedo ianﬁahémfo@@s@yag%azy{rﬁbg Bbved BYpéphRSEScal the
15 precursors in the cytoplasm secondly, transfer of the précursors to a
“lipid c abyoparhenis i basteria.and, thirdly, insertion of the precursors into the
cell wall and coupling to existing peptidoglycan. The precursors
synth%sised in the cytoplasmare the sugar nucl eotides: 20
UDP- N- ac i - nd. L ur, lpen eptide
(UbP- N RSB ae ST S oo e A O, N N R PR R
cyt opl asandstrepgih. 08, uniduecabadtotieethddy fduid in AN DY, Dot ERMLhYESveSHAL hesi s
of a disaccharide unit on a lipid carrier, undecaprenyl 25 phosphate. The
| i pi d cagvamepegative Beptidoglytareid aipolyrher of\ghtdar sirsndsfthatalvecrosolhigdadahtonghf t he

bacterial, cell . l... The first enzyne.catalyses_ the transfer of .
phosphor ﬁﬁ\%’%{’é‘%&?{l‘i&ﬁﬁr h%ﬂ“slﬁféﬁ?&ﬁéﬁ?ﬁ%éfﬂme@m%wﬁwﬁ@m apeptide to
-undeqgapr eRRhsaRN0S RARINE M WSt MR QMEW e Il s, enzyme
is call eg phsospgo-QN- aceetyy%dr%ur_arrf/ﬁ pent agggﬂs e r%@él‘gégsep%wﬂp)%g%gr}f%zsr 2004
_ attached to MurNAc (MurNAc-pentapeptide) and cross-linking occurs between these
peptide.chains.

Biosynthesis of peptidoglycan can be divided into three stages: firstly, synthesis of the
15 precursors in the cytoplasm, secondly, transfer of the precursors to a lipid carrier molecule
and, thirdly, insertion of the precursors into the cell wall and coupling to existing

peptidoglycan.

The precursors synthesised in the cytdplasm are the sugar mucleotides:
20 UDP-N-acetyl-glucosamine (UDP-GlcNAc) and UDP-N-hcetyhnuramylpentapeptide
(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
T 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 péntapeptide from
UDP-MurNAc-pentapeptide to undecaprenol phosphate with the simultaneous release of
30 UMP. This enzyme is called phospho-N-acetylmuramyl-pentapeptide translocase




WO 01/ 94622 - PCT/ SE01/ 01271 2 (hereafter referred to as "the transl ocase")
and is the product of the gene nraY in Escherichia coll. TheegRficP04 '
_undecapr. phosphate N acetyl murarnyl pent apepti de - ‘
(Li pi d- P- P- I\%ﬁﬂl\ﬁ&g pent apepti-de) or Lipid | or Lipid li nkedPCyP@W%‘r | is
the substrate for the second enzynme. 545N-acetyl gl ucosam nyl transferase,
transfers N-acetyl gl ucosam ne from UDP-Ad cNAc (with sinultaneous rel ease
of UDP) to form undecaprenol - pyrophosphoryl -N- acetyl nuranyl pent apepti de N
acetyl glucosamne or Lipid Il or Lipid linked precursor IX. This enzyne is
al so cal legeafePrdftraettoydsgthectemnlvcas:") Mdis te/prothict B kcnent apgptih de) - P 10
P- undecapy enol - N-acetyl gl ucosam ne transferase (hereafter referred to as
"the tr higeooyi %@I@@Pﬁﬂ@dp@mml-pmmsphak%fhe gene murGin

‘Escheri chj | . .The tr | oca e transferase_enzynes, are essenti al
For bact ArdtufftsmabiisbeteR (CRAEE AN nyas-eolbendi or kima ot isubipkRh o, 3.
Bact eri OlprecufsdPPB)ne dithtra@48°m848 iF%Z%H D. Mengin-Lecreul x, L. Texier,
M Rouss?aue and Y. Van ﬁei | er noo‘f?(fnd . ag't eriol., (1991),173, 4625-4636).
In the third stage, at the exterior of the cytoplasm c nenbrane,

pol ymer i 'j@t lon of the glycan occurs. The di sacchari de-pentapeptide unit is
t r ansf er Aeecehigitcesaminyljransfsrase; wansfass Neacgtylgneaseining fiora AB2P&HeNACUNi t or
pol yrer . ept i dogl ycan t osyl ase (also referred. .to as a

bept 1 dogty R AREBleDHaR R araTRP P RR b depis o EowePaesmaory -
transgl y eeqyhdsfnyipedtifeptidLiihg BeviRe BE L 484 B & 9961 1fned b aoY
pepti dogl ycan tra%gpep??pdaséml(ah%y%gﬁc{oer ge?%?pﬁggfckrgggléilﬁ{]ﬁ%gifecﬁégpﬂ.

t r ans peptlhieseyne iBdshcaldyiDPI-ac sty lelessamihe N-acayRasanyi@ntaRpidy-pn  the
sanme nol ecule, the penicillin binding proteins (or PBPs), as in PBP la or .
I b i ﬂﬂzs% rengl2V-aestylghurpeaseing frgnsferesptbertatiensreffradite apbihe. and ponB

" genes re Livelym in _Escherichi,a call. There _are several PBPs in the
bact er i al%lggge:f”ﬁag%h'dqlﬁgmea'ﬁ eep@pgﬁatd)gahqgﬁnng wiEschaichiq ¢l | ow

‘nol ecul ar mass (LMV) and hi gh nol ecul ar mass (HW) PBPs. The 11MM P.BPs are
30 bifunctional enzynmes having both transpeptidase and transglycosyl ase

act i vi t y Thefrahélessse and the transferase enzymes are essential for bacterial viability

(see respectively D.S. Boyle and W. D. Donachie, J. Bacteriol., (1998), 180, 6429-6432
15 and D. Mengin-Lecreulx, L. Texier, M, Rousseaue and Y. Van Heijernoot,

J. Bacteriol., (1991), 173, 4625-4636).

In the third stage, at the exterior of the cytoplasmic membrane, polymerisatién of the
glycan occurs. The disaccharide-p entapeptide unit is transferred from the lipid carrier to

-go an existing disaccharide unit or polymer by a pepﬁdoglycan transglycosylase (also referred
to as a peptidoglycan polymerase) (hereafter referred to as "the transglycosylase"). The
joining of the peptide bridge is catalyzed by peptidoglycan transpeptidase (hereafter
referred to as "the transpeptidase™). Both enzyme activities which are essential reside in
the same molecule, the penicillin binding proteins {or PBPS), as in PBP laor 1b in

25 Escherichia coli. These are the products of the ponA and ponB genes respectively, in

Escherichia coli.

There are several PBPs in the bacterial cell and these can be divided into two classes, the

low molecular mass (LMM) and high molecular mass (HMM) PBPs. The HMM PBPs are
30 bifinctional enzymes having both transpeptidase and transglycosylase activity. Of these |
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. PBP1A or PBP1B of E. coli have been shown to be essential §Bfcesehgr 2004

vi abi | i t ywolhe4d2bM PBPs appear to be inportant but not essl‘?ﬁtfélfb!uoiﬁi cel |l
growh (e.g. PBPs 4, 5 6 of E. coli can be deleted resulting in growth
defects but the cell survives, see S.A Denone, P.K Ef, T.A Henderson ,
D.E. Nelson and K D. Young, s J. Bacter-iol., (1999), 181(13), 3981-3993).
On transfer of the disaccharide-pentapeptide unit fromthe |lipid precursor

to an exgstin ti dog] ycan chain the lipid is released as a nol ecul e of
“undecapr gﬁ%llz aﬁg PEER 6‘98 WE{\%CP%% or PBE1R of Becali kayedgethshown to be essential
baci t r ackgy Wil e rophosphoryl ase, alsg 10 called
undecapr edr%(flg Hg?rb ggﬁbgﬁéﬁg’r yﬁli Hjaﬁs]g%%qp@g%-ti) E’ 86?@?(’3?&%9?%@%%% Al PWHY eaf t er
ref erred(d.g RBPsiAS, 6 bf Bi ebliountRhRRRROEHIASE 0 QRG00!
phosphat e which can {hen re-enter the cyc?e %&%gggﬁg%ﬁéﬁg%gge. %o h the
-t r ans| oc8eseS-AnBenoractR KnEHeT 2s dlepdemdh ADE. Nslengd& DI Vdusg,s, respectively)
15 repre t pri t ts faor drug discovery that have not been exploited
due tg t2?%05%w1-§19§35’3§#f@&|3e°83§§§§)-anenab| e to high throughput screening.
In both the transl ocase and transferase reactions a sugar nolecule is
- transferred, froma nucleotide-linked precursor; to a lipid substrate.. A
convent i OnataneRZ yfhe Ehadhatid-peRtPeriids uall S BRI ferase
i nvol ves using a radi ol abel | ecll) su’g:gﬁ pr ec.urc{sngﬁh%e%ﬁ)g@ﬁ%%%? g&?ﬁgﬁsﬁﬂg
i ncor por peptisleglykar ¢hain tuilipidiatlehsetias hheoletyle Of RideBarténol PRphdsphstepr oduct

I's nonitored either by paper, chromatography or by extraction of the
pr oduct ﬁ‘ﬁ“@@f oA ﬁeww A RiCHTagI-ieegitine andgsaprenylmyraphesphiorylhse, tle paper

.chronmto o] tpid | and Lipid I| ryn with an Rf
o 0o, SRR RelciBLbhBbiosBhASHE B Reprry Byt Brtomtast eesger 1 vi 1y
uses a defierysdabes tHdDRipidbydPeosPRORREN S Iendst t j
fluorescent. Wen the fl uorescsgnt subgt rgt e F??%%ﬁ%?@rpﬁlgé&taﬁh@hl i pi d
“carrier $anthperentertheeycle at thaderogdemge. change in its environnent from an
aqueous to a hydrophobic one. This causes a blue shift in its em ssion

spectrum
Both the translocase and the transferase (mra¥ and murG gene products, respectively)

‘15 represent prime targets for drug discovery that have not been 'exploited due to the lack ofa

suitable assay amenable to high throughput screening.

In both the translocase and transferase reactions a sugar molecule is transferred, from a
nucleotide-linked precursor, to a lipid subs_trate._ A conventional enzyme assay for both the

20 translocase and the transferase involve§ using a radiolabelléd sugar precursor and
monitoring incorporation of the radiolabel into the lipid product. The lipid product is
monitored either by paper chromatography or by extraction of the product in butanol; 6M
pyridinium acetate, pH4.1 (2:1 v/v). In the paper chromatogram both the lipid prodncts
Lipid I and Lipid II run with an Rf of ~0.9. '

Another known assay which monitors only translocase activity uses a dansylated UDP-
MurNAc-pentapeptide as a substrate which is fluorescent. When the fluorescent substrate
is transferred to the lipid carrier in the membrane, it undergoes a change in its environment

from an aqueous to a hydrophobic one. This causes a blue shift in its emission spectrum
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nonitored during the assay. Change in the intensity of fl &PW@ P4
only two- 5,9% e-fold and therefore it is not a very sensitive assay. A
hi gh throug DUt o%adi oacti ve assay for the transferase enzyRETHRESIOEIR
~described in 5 WO 99/38958 but this rgquires chemcal synthesis of an
artificial substrate. It would be desirable to devel op a nethod for
assaying the activity of the transl ocase enzynme and/or transferase enzyne
which is suitable for high throughput screening. 10 In accordance with the
present (32fanh k@495 hing kbidhsis bhiRiitefedr durip Hﬁ%}%

UDP- N- acgt yl gl ucosair]?%e N-acet yl rrurarryF((ﬂg)ée%?apg% %It:geg%e%%gwaprenol

- acetyl gl @@G%W‘él&mﬂﬁﬁ@rtaiheeﬁqlﬂmddwefmdly1s o, veppdensitizk laysagl o
phospho- N-acet yl nur anyl - pent apepti de transl ocase enzyne activity, which
met hod conprises the steps o. 15 (1) incubating a reaction mxture -

Tyt ad of SBR LT AP URBAGALPO RAAP R e Senrli il o BF GRERNE o

d| val ent Wiea/38068 butihit eqsiess chemitial kthdsistToh WSS aIRB YRR .. under
conditions suitable for synthesis of ‘undecaprenol - pyrophosphoryl -

'acetylnuranylpentapeptlde N acetyl glucosamne (Lipid Il) to occur '(2)
st oppi ng the tep (1);. ( addipng to the reaction n1xture of
step (2) Loyl BF @&%‘f’%l e‘ea% t@a&iﬁﬁ&mn@ﬁbe astarigyofdhe tramsoasse ¢ he
fl uoresc

J‘

under st Og%zx[né’lat t e a"ap'?%%l g%y]’%n%b%ngq b?éji%?h{l%lhctﬁ%' E}?"&I tﬁgsgl%gl d be

(S -)diphosphate. The nmethod according to the present invention is very
conveniently carried out usi ng 96-well nmicrotitre plates, thereby enabli ng..
a fas, &0 apsredaanewitbthopresiuieyentign, dhere isthswefara gravidedemetioddt y. 30 !

' _assaymg UDP-N—acetylqucosannne N—acetyhnuramyl(pentapepnde)-P—P-undecaprenol—N—

acetylglucosamme transferase enzyme activity, and, optionally also

phospho-N-acetylmuramyl-pentapeptide translocase enzyme activity,

which method comprises the steps of: - _
15 (1) incubating a reaction mixture comprising undecaprenol-pyrophosphate-N-

acetylmuramylpentapeptide (Lipid I), radiolabelled UDP-N-acetyl glucosamine

- (UDP-GlcNAc), a source of divalent metal ions and a source of the transferase enzyme

under conditions suitable for synthesis of undecaprenol-pychphoéphoryl-N-

acetylmuramylpentapeptide-N-acetylglucosamine (Lipid IT) to occur; ' L
20 (2) stopping the reaction of step (1);

(3) adding to the reaction mixture of Step (2)a ﬂuorescér; and

(4) measuring light energy emitted by the fluorescer.

In the context of the present specification, it should be understood that the abbreviation
25 "UDP" refers to uridine (5'-)diphosphate.

The method according to the present invention is very conveniently carried out using
96-well microtitre plates, thereby enabling a fast, simple and reproducible way of

measuring enzyme activity.

30




8 ‘Decenber 2004 WO 01194622 PCT/ SE01/01271 5 If it is intenged to assf?y
both the transferase and transl ocase enzynes, then in step 2§eMRergOP4 pid

| is formgd émagiat u by including in the reaction mxture %Tl 01/01271
acet yl mur anyl pent apepti de (‘MP- Mur NAc- pent.apeptide), a sourcé 0

undecaprenyl phosphate and a source of the translocase enzyne. 5 The
UDP- Mur NAc- pent apept i de used nmay be any of those usually present in

natural |l y- occurring peptidoglycans and is conveniently purified from
bacteria_or nade enzymatically wth precursors frombacteria, e.g. .by

met hods SF¥is Wfended tormssaytentls thetteahsfiyase and emnslasaensyimes Mheray ), and N,
Nar m nga,_. J.. E‘fﬁlgim . (1@98%,17,2,63-70). A preferred to .

- uDP- Mur NARE Tdprd Lis dormestinsiiu by anghadingym the rrastion mixtare WBPWND- gl ut ani ¢ aci d-m
di am nopi ' LAl i Lne from..Bacillus cereus. The

concent rgﬁféﬁ“é?‘%%&a%@ygﬁ@“@éﬁp&a B%p@(ﬁlgﬁ/ialsf’mi"? ﬁfE‘éﬁi}q"?/Prﬁ%Yqi n the

« range fr phosphitet28d300RMe of Bicat B Rih & 5 Mto 200M nore preferably from
5 Mto |l OOM and especially from5 Mto 50M particularly 15 M per well

.of the microtitre plate. 15 As radiol abell ed UDP N acetyl glucosamne, it

I's convenje U tritiated UDP-N-acetyl gl ucosam ne (UDP-[3H] GLcNAc,
CONMeEr Ci E@M‘&ﬁiﬁ#@@%ﬂ@@@mbq anyrod those buallyipresentiometmaihat i on of

f 0.2 ol foth ' itr, , e..d, ! '
of 2. i werirife YeSloghians & i BBty phiBied tbrbaciiidion Badf s msderliper 20
vel | of tith preair@irs fogh BcirR; e. 5By HeHfle BimilXpiAhat &é@&ﬂéﬁf@ Bl Preferably

_magnesi umions. A suitable source of nmagnesiumions is gnesrum chl ori de,

pr ef er abiBlazawes, Mo doestoareandd¥. Nanrtimye, §.Bupeeriol. {1090), 192, 33070Y) Apprefeptedbl v
from 10 m@iﬁrﬁ% 25 The nepbranes of Escherichia colt bacteria may

conveli ety MhENACaRFARIPdRSate iy WDPOViEi i ¢-boplaninery Do ghitmmiokcidmdecapr eny|
-Ph osphat %iatﬁifn@ﬁiﬁ{eﬂﬁ %ﬁﬁ-ﬁ@f%ﬁe—ﬁnﬁaﬁiﬂeaﬁg}cneéa%xsfm cereus. The concentration of
' UDP-MurNAc-pentapeptide used will typically be in the range from 5 pM to 300uM,

preferably from 5 M to 200uM, more preferably from 5 pM to 100uM, and especially
from 5 pM to 50pM, particularly 15 uM, per well of the microtitre plate. |

15
As radiolabelled UDP-N-acetyl glucosamine, it is convenient to use tritiated UDP-N-acetyl
glucosamine (UDP-[3H]GlcNAc, commercially available from NEN-Dupont), preferably
in a concentration of from 0.25 to 25uM per well of the microtitre plate, e.g. ata

concentration of 2.5uM with 0.1 to 0.5 pCi radioactivity per well, preferably 0.2 uCi per
20 well of the microtitre plate. ‘

The divalent metal ions used are preferably magnesium ions. A suitable source of
mégnesiuin ions is magnesium chloride, preferably at a concentration in the range from
10 to 30mM, preferably from 10 to 25mM | |
25 ‘ '
The membranes of Escherichia coli bacteria fnay conveniently be used and indeed are
preferred as a source of undecaprenyl phosphate, translocase enzyme and transferase
enzyme. The quantity of membranes used will typically be in the range from 1 to 20pg,
particularly from 4 to 6pg, protein per well of the microtitre plate. The membranes may be
30 prepared as described in Example 1 of WO 99/60155. Since the method accérding to the




enzynme. The quantity of nmenbranes used will typically be in the range from
"1. to 20g, particularly from4 to 6g, protein per well of &'H@C%ttﬂfgp@‘ire
plate. T nes nmay be so prepared as described in Exanple | of WO .
99/ 60155%@%52*?% met hod according to the 8 Decenber 285%})5%’@1} 94622
- . PCT/ SE01/ 01271 6 present invention nopjtors the amunt of radiol abel
incorporated into Lipid Il, it is inportant when using a nenbrane
preparation to ensure that the transgl ycosyl ase enzyne present is nade
i neffective, so that the radiol abel | ed di saccharide fromLipid Il is not
t r ansf erpresint inveretivn slogiots &1t aMdi@t of ERMbel hebRRrABIREANRIPICRH at i on by
the activity of the s transglycosyl ase enzyne. This can be achieved in .
sever al RpEantwhendysing» memblane peepathition to ensurnthiabibedransdlytdsglase enzyme

(15 by TR AR AT . it G elP A Barobaritn AR DR RSLdef cot | ve.
for th cribed in WO 96/ 16082

or by prEE R BB Y PRt AR AR Roe POPRBSED IR el
col i sceltkemsgl'ybﬁiylaﬂe\eht)Hné.YBlﬁﬂyﬂﬁb@&hi@edﬂﬁﬁvieﬁ%%a?éeg gé’r-( %ﬁ%ﬁhlé:‘%iyjiﬁélg%é et

al., (1992),_J. Bacterial., 174, 3 549-3557. In s , 1t My be
conveni eminkibitoref the transgynosylasscingymne suth assmeeripntyicir insthé rdaction méxtare ofof

HEPES- anmonj.a,, HEPES- K HEPES bei N-[ 2- Hydr oxyet hyl ] pi perazi ne-N -[ 2-
et hanes Lﬁt‘?Po@JDYdl?P%ﬁ e r""ﬂgsr Pm&@%&% Fqlam%lﬁé%aﬁ &‘ﬁéielﬁ‘iﬁﬂ?f@&l the i de
("Tris-RHEhs | n%ﬁ | 4 -aw@-b ut.7..o.  HEPES and
- Tris-HCL ar%lygé(,)s%lfgérgg {/&Bra%éaa#bg%%gd%r%ﬁ%&?ﬁe | 9%6%239%%1;)%?.@% ® The
~react i ommembtaueshyoh nfdtieg iblolving treating BhdieAichil BlilcelPArsAl With lyfoAyaR dsange
from20C to_37C for a period of 2 to 90 m nutes, e.g. m ndt es, under
conditt i glescrieditany evandieijsnogmtet al2 (1292),a) Peemrinl.pl M, B54%§58hesi s to occur.

- I'f the method according to the invention is intended to be used as a screen
for identifying anti bacterial conpounds that are antagonists of the

T o B AT il BE cONchRELo dhe bl Sandcl IRIGRGR R MR LS 3CE | O1

m xture of urther conpri'se one or nore tfids i n

varyi ng of (IERES-amim@iis, HEPER- K OHHEPEI YN 2 Meirb RS I iRe S8Ry JBs are
ethanesulfonic acid}) or Tris[hydroxymethyljaminomethane hydrochloride ("Tris-HCI"),

15 the buffer solution having a pH of about 7.5. HEPES and Tris-HC] are commercially
available from the Sigma-Aldrich Co. Ltd.

The reaction mixture of step (1) is maintained at a temperature in the rangé from 20°C to
37°C for a period of 2 to 90 minutes, e.g. 5 minutes, under conditions suitable for enzyme-

20 catalysed Lipid II synthesis to occur.

- If the method according to the invention is intended to be used as a screen for identifying
anti-bacterial compouﬁds that are antagonists of the transferase enzyme and optionally the
translocase enzyme, the reaction mixture of step (1) may further comprise one or more test

25 compounds in varying concentrations. Since the translocase and transferase en:f;ymes are
essential for bacterial growth and are located on the cell surface, these enzymes represent
good targets for the development of anti-bacterial drugs. Any such drugs would have the
advantage that they would not need to enter the bacterial organism through the cell wall to
be effective and thus the usual difficulties of cell wall permeability and drug resistance

30 brought about by changes in cell wall permeability and efflux would be avoided.




essential for bacterial growh and are |located on the cell surface, these

, enzymes represent good targets for the devel opment of ant i3 Baeanehear 2004
drags. Amycsiidiedr ugs woul d have the advantage that they ﬂ/@#&ﬂ }agzélneed to
enter the bacterial organismthrough the cell wall to be effecti and -
thus the usual difficulties of cell wall perneability and drug resistance
30 brought about by changes in cell wall perneability and efflux would be

" avoi ded. 4 8 Decenber 2004 WD 01/94622 PCT/ SE01/01271 The reaction is
stopped (or quenched) in step (2) by any suitable neans, for exanple, by
addi ng a quenching agent. If the transferase enzyne is being assayed al one,

th f . t ' L.ent | t d b ddi f
unt abel | 4° bR Relabet Br GRERABERR b () PERRG Yk pmeant, PR smmndver ase
dt el n ' {s fuyrth ti
Ty bo- St one e e OB B e F S Ry b by ik "
- chel at or rezotipmisndnveniantlystoppbdbye sdding e beesPatfldbel188 UHH-FOEGN Whi ch i s

commercially available fromthe Sigma-Aldrich Co. Ltd. The concentration of
the chel glusPsanyisgmbdlieraatively, ifthe trosferasciapkinahsioaserenzparct iretcmy asiwgkdt or

-‘corrpoundtus d_and t@}t@ul d be 'O sufficient to chelate all the dival ent netal
i ons; i n'&Y e’é’g]geél EBTK Hé"aé’i??éé?ﬂﬂegﬂ’y@ﬁ isuitele pmennt ofigedivalenit 15 mv
per wel | VS Qi I : he f er. used may be
oy of 1 Rard iRl ohigoid o3 Byl e einebi i SHTRT Shick 3 . The

f | uor esceomuiekdiallysavailable Bomaths Sginai-8thrivht (b, Plid. STRP S AriNon dfthOhe®iorl D

beads, for exanple, |ectin-coated beads, anti-nouse antibody coated yttrium
*si | i cat ecompaingd willnfwpyrse depepd og thepparticuid ohslater)conpatad uydd andshoddbecat e

[beads, P | - triumsilicat, ds, ti ti bod ted
PvT (bol SORRE B8R bt el el G b of BRI Sotonoirotionillc. ol |
of whi Chh&ﬁ@q@b@@%ﬁq%&ﬁe}]ﬂ(ﬂ?x}? @%@%‘%Q%m Anmersham I nc. The beads

chosen shoul d”be capab riral- cell 20 walls. It is
‘preferred to use |l ectin-coated beads i npregnated with a fluorescer, for
exanpl e, _as dggcribed in US Patent No. 4,568,649 and European Patent No.
154, 734. Ior¥ep fHas Mupresepmsedimaiche any of theseanuitredy employedds sopitillation SPA)

b eads) abﬁxﬁﬁwggs%s?l Tré t?u\()?e'slcgrb\%rﬁl usually be associated with or supported by, in or on

15 beads, for example, lectin-coated beads, anti-mouse antibody coated yttrium silicate

beads, polylysine (e.g. poly(L)lysine)-coated yttrium silicate beads, Protein A-coated
yttrium silicate beads, anti-mouse antibody coated PVT (jaolyvinyltoluene) beads or
- wheatgerm agglutinin-coated PVT beads, all of which beads are commercially available

from Amersham Inc. The beads chosen should be capable of binding td bacterial cell

20 walls.

It is preferred to use lectin-coated beads impregnated with a fluorescer, for exatople, as
described in US Patent No. 4,568,649 and European Patent No. 154,734. The beads
(known as "Scintillation Proximity Assay" (or SPA) beads) are comrercially available

25 from Amersham Inc. Most preferred are wheatgerm agglutinin-coated SPA béads which
are capable of binding sugar molecules, specifically N-acetyl glucosamine. It is believed
that through the binding of N-acetyl glucosamine to the SPA beads, radiolabelled Lipid T
formed in step (1) is brought into close proximity with the fluorescer which becomeé
activated by the radiation energy, resulting in the ernissién of light enefgy which is

30 subsequently measured in step (4).
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25 from Anmersham I nc. Most preferred are wheat germ aggl uti ni n-coated SPA -
beads which are capabl e of binding sugar nol ecul es, speci f Batanmpa2est yi
gl ucosagigf is believed that through the binding of _N-acetyl ' '

gl ucosam imash 1S 2o beads, radiolabelled Lipid Il  oPREREII2TE) (1) i s
brought into close proximty with thg fluorescer which becones activated

by the radiation energy, resulting in the em ssion of light energy which is
30 subsequently neasured in step (4). 8 Decenber 2004 WO 01/94622

PCT/ SEQ1/ 01271 The beads (with fluorescer), which are conveniently added in
the formof an aqueous suspension, are contacted with the reaction mxture
of steg_ (%)%{;or'_a eriod of at least 10 mnhutes, preferably 3 hours or

more ( &hg beais esogrd Bhish ereecopvenientlysadded im thedformn of ama@eoug 4) , e. g. |

oo RIS TR e BB S IR SPe S SRRy,
 enzyneagaiky prferathy 3 Hofs bAAS-OQIP L SBRN BoREERR e i huliBpufigldng &
"

¥

reaction m xture conprising mur any apep

( UDP- MH)NAg-, preat Bienpbetd diluxhcoanérol abel | ed derivative. of a UDP-

acetyl muranyl pent apepti de, a source of divalent netal ions, a source of
“undecaprenyl phosphate and a source of the translocase enzyne under

diti i taple for the . f i qn. of a_.coupl duct b h
¢ adi of AEPrEH BT Gign e fior e dupeeRgre haLp Al MBREB ot oppi ng
the repeithf¥ptiat thheBcdsEbnzyiid adNEy NIhic ridifod %ﬁﬁé%%@g%ﬁg% of step (B) a

fluorescer: and (D) neasuring |ight energy e Tuoresces. In

step (A)) incubatifigPa MaciNACmpermteapaptisitg aISDE-Vayethbmaatylpehtapéipre usual |y

present_in 20 naturally-occurri ‘r;% eptidogl ycans and is conveniently
pur'P f | SdPEYRINAePentapertideagadielebyies desivative. of a WDR-Neur sors from bacteria,'.
e.g. b imlar.fo that described by, T. den Blaaywen, M Aarsnman
and N. Xﬁﬁ%ﬁ%@?’ﬁ?&agﬁ%ﬁ&&%ﬁﬁ?‘f ?@‘éﬁ?}%‘??‘é‘@%@)ﬁws&e Of MBFESAPTERYIUDP- Mur NAC
pent ap@RbipiGtelahd SRt okl MHsINRGse 2l A8 ui§ercoRafiont &ftable for the

formation of a coupled product between the radiolabelled derivative and the undecaprenyl

phosphate;
15 (B) stopping the reaction of step (A);
(C) adding to the reaction mixture of step (B) a fluorescer; and
' (D) measuring light energy emitted by the fluorescer.

In step (A), the UDP-MurNAc-pentapeptide used may be any of those usually present in '
20 naturally-occurring peptidoglycans and is conveniently purified from bacteria or made
. cnzymaﬁcally with precursors from bacteria, e.g. by methods similar to that described by
T. den Blaauwen, M. Aarsman and N. Nanninga, J. Bacteriol., (1990), 172, 63-70). A
preferred UDP-MurNAc-pentapeptide to use is UDP-MurNAc.-L»aIanine-y—D-glutamic
acid-m-diaminopimelic acid-D-alanine-D-alanine from Bacillus cereus.
25

The radiolabelled derivative of 2 UDP-N-acetylmuramylpentapeptide preferably contains
" 3 33 125

trittum ["H], "Por "L Such a compound may be synthesized, for example, by

incorporating *H-propionate at the g-amino group of the meso-DAP residue of

UDP-MurNAc-L-alanine-y-D-glutamic acid-m~diam'mopimelic acid-D-alanine-D-alanine.

30




aci d- m di am nopi el i ¢ aci d- D- al ani ne-D-al anine from Baci |l | us_cereus. 25 The
radiol abel | ed derivative of a UDP-N acetyl muranyl pent apept i&eessmes 28gt v
cont ai ns wiydifoisgsm [ 3H], 33P or 1251. Such a conpound may %ﬁéﬂbﬁ)ﬂ?ﬁ zed,
- for exanple, by incorporating 3H propionate at the s-am no group of the
meso- DAP resi due of UDP-MirNAc-L-al anhne-y-D- gl utam c
aci d-m di am nopi nel i ¢ aci d- D- al ani ne- D-al ani ne. 30 8 Decenber 2004 WO
- 01/ 94622 PCT/ SE01/ 01271 9 The total anmount of UDP-Mr NAc-pent apepti de and
-of radiolabelled derivyative will  ‘typically be in the range from4 Mto

ally . R .
15. M  pr dRe el amaung pf WDH-MyrY4spertapeptide ond ofiraglioleheticd detqativewiliel | of t he
mcrotiteg. te.. e _anount of the_radi ol abel | ed erivative used is such
_that the "4 |I§A°§tl?ﬁ}’trﬁn%aegg?}rwtpgmﬁg.I@fﬁergj.l}igémgﬁ%ﬁoﬁmﬁMsﬁeg- feprpe | |
pref er abhys faes&udha Qer ISt Enid6E : r.d . | per wel |,
The di val er_llE met aI”Mic?@nesr used areldt}ﬁ%trég@#g' a??l%t ooglgltgﬂgéfﬁéﬁﬁggscri bed.
. The nenbreresivefusdbisisech thiat the calidadietty méamaaﬂoﬁpagg 0! 16t t8 okEpe and
indeed are 10 preferred as a source of undecaprenyl phosphate an
t r ansf oc ¥€l, Brsxranly frome0.4uiritte Oyt 1E1 perrmiehly particulad 8. 2wiCilpet wplical |y be in
the range from5 to 259, particularly from10 to 15g, protein per well of
“the mcrotitre plate. The nenbranes may be prepared as described in
Exanpl e ThelivRnPH6015R- : i ' nient to use an
- ‘aqueous nedi um suct‘13 as augé‘??%?hi% ut%s@%?seé{ram%fﬁf_%g@ - anmoni a, HEPES-
KOH ( HEPES bei ng N-[ 2- Hydr oxyet hyl ] pi perazi ne-N -[2- ethanesul fonic acid])
or Tris| %droxymet hyl ] ami noet hane hydrochloride ("Tris-HO'), the buffer
sol ut i on TRameRpranesiaf Grchepishia cplihaciaHPES YnouvaientlHE vsed end ndeed oeal | y

qavai | abl h i - Al.dri ch . Ltd. 20 Th ti i Xt _of st
B T e L e T
peri od oeibrancksdt Bl §Bically Be iBeHBiriteSForm 41095, P bR el 103p! © for

enzyne- _ : o
- 15pg, protein per well of the microtitre plate. The membranes may be prepared as -

described in Example 1 of WO 99/60155.

15 Instep (A), it may be convenient to .use an aqueous medium such as a buffer solution, e.g,
of HEPES-ammonia, HEPES- KOH (HEPES being N-[2-Hydroxyethyl]piperazine-N*-[2-
ethaﬁééulfoni_c acid]) or Tris[hydroxymethyljaminomethane hydrochloride ("Tris-HCI1"),
the buffer solution having a pH of about 7.5. HEPES and Tris-HC! are commercially
available from the Sigma-Aldrich Co. Ltd. o

20 | ' '

The reaction mixture of step (A) is maintained at a temperature in the range from 20°C to

37°C for a period of 2 to 15 minutes, e.g. 8 minutes, under conditions suitable for enzyme-

catalysed Lipid I synthesis to occur.

25 Ina preferred aspect, the reaction mixture of step (A) will additionally comprise suitable
amounts of detergent (such as Triton X-100 at 0.1%w/v) and potassium chloride, to

improve the signal observed when carrying out step (D) of the method of the invention.

If the method according to the invention is intended to be used as a screen for identifying

30 anti-bacterial compounds that are antagonists of the translocase enzyme, the reaction




catalysed Lipid | synthesis to occur. In a preferred aspect, the reaction-
m xt u%/e of sltoep (A yvm' Il additional |y conprise suitable arfbBfgambsr 2004
det er gent s Triton X-100 at 0.1%W v) and potassium i de; to :
| mprove t‘ﬁée)%gflégkr%gl observed when carrying out step (D) of fﬂ@gﬁf@?%ﬂ of the
I nvention. If the nethod according to ﬁpe, invention is intended to be used
as a screen for identifying 30 anti-bacterial conpounds that are

ant agoni sts of the translocase enzyme, the reaction 8 Decenber 2004 WO
01/94622 PCT/ SE01/01271 10 m xture of step (A) may further conprise ong ?r
mor e t eSiniaeETERBI Al IndAfuythSionG A6 8 befbRI st cb oﬁﬁtﬁ%i\a{}dﬁ stopped (or
quenched) in ste%)) by any&%l?itabl e neans, for exanple, b % t he

addi t i ongonsgnitpiemshi ng agent, of a suitable-ampunt of a divalent nmetal ion
chel at or conpound, e.g. ethylenedian netetraacetic acid (EDTA) which is
commrercially available fromthe Sigma-Aldrich Co. Ltd. The concentration

of the c : C Q 1]l _of .ncours epend t he particul a hel at or
conmpoun dﬁaés lgeg&gon%ﬁs it #@ (%\,”edug%?npg&nésﬁ?p @3 %é( ey a"’c‘g%l%memﬁ% éor(ﬂWiﬁh E’y mét gl

i ons; s i niehddiianCaduerbififi ' Lo dib iRk : t '0 35
M pesr wel | of thaeﬁrﬁfr ot tg%t,;ﬁgﬁgﬁﬁﬁlﬁhg@g%ﬁ%(ﬂ%(?&?Eﬂéﬁﬁ;th%ro gg%%?%gsed nay
be any oformpwsd, e.guethplehgdiaminetzyresketio asidi(BDTIA)avhioln is qotonéroially aesitdys. The
fluorescer will usually be associated w th or supported by, in or on :
‘beads, .ngm&aWﬂl%%h Go.dddt dhe prasantration of theychelatarganpampd s6Hiodd yttri um

silicate i . poly(L)lysine):c ed triumsilicate
beads, PF%lﬁsegijcg gﬁ((i: gggﬂ%%fﬁ@ﬁ']% c%ﬁla rPBE“:Rﬁ‘éﬂ%]é%?génﬁéh?‘ﬁgﬁ?B&E@mfjoo @ oat ed
PVT (pol yIY tiedivAbntane] DR84S Y casd\EEH 98 'He e&%ﬂﬁéﬁuﬁﬁﬂﬁﬁmﬁ\]{%ﬁg&d& al l
of which beads are conmercially available from Anershan’tnc. e beads e
chosen sBbulM pbeweHpdithicemiztothiiendatag to bacterial cell walls. 20 It is
preferred to use |ectin-coated beads inpregnated with a fluorescer, for
exanpl e, as described in US Patent No. 4,568,649 and European Patent No.
154, 734. InTQS"p '

R?)?ﬂfe fluorescer used may be any of those routinely empioyed in scintillation
‘proximity assays. The fluorescer will usually be associated with or supported bjr, in 6r on
beads, for example, lectin-coated béads, anti-mouse antibody coated yttrium silicate

15 beads, polylysine (e.g. poly(L)lysine)-coated yttrium silicate beads, Protein A-coated
yttrium silicate beads, anti-mouse antibody coated PVT (poljrvinyltoluene) beads or
wheatgerm agglutinin-coated PVT beads, all of which beads are commerciajly available
from Amersham Inc. The beads chosen should be capable of binding to bacterial cell
walls.

20
It‘ is preferred to use lectin-coated beads impregnated with a fluorescer, for example, as
described in US Patent No. 4,568,649 and European Patent No. 154,734. The beads
(known as "Scintillation Proximity Assay" (or SPA) beads) are commercially available
from Amersham Inc. Most preferred are wheatg'efm agglutinin-coated SPA beads Which' ‘

25 are capable of binding sugar molecules, specifically N—acetyl ghicosamine. It is believed
that the coupled product is captured onto the lectin-coated beads through the binding of
N-acetyl glucosamine Whicﬁ is present in the cell wall fragments associated with the .
bacterial membranes if these are used in the method of the invention. Due to specific

capture of the coupled product, the radiolabel is brought into close proximity with the




(Known as "Scintillation Proximty Assay" (or SPA) beads) co reially
avai | abl e from Anmersham Inc. Mst preferred are wheatgerm %gﬁ?ﬁ%aﬁ@gat ed -
SPA -beadswfyl els22 25 are capabl e of binding sugar nol ecul eé,ﬂ?s&%%g ally .
N-acetyl glucosamne. It is believed that the coupl ed product™is ggtured
onto the lectin-coated beads through tjhe bi nding of N-acetyl glucosam ne
which is present in the cell wall fragnments associated with the bacterial
menbranes if these are used in the nmethod of the invention. Due to specific
capture of the coupled product, the radiol abel is brought into close

proxi mi t JueipiosT whichderpmesmstivated by thewmliatipd 462 gy, RETltRiz0it/tRd Siksibh of
fluorescgr which hecones, activated by the radiation energy, resulting in .
the em Sgélgﬁngrigyw% ?Sﬁ%&ﬂwtbﬂ%@ﬁuég%ﬂﬁ%ﬁahently measured in step (D).
The beads (with fluorescer) which are conveniently added in, the formof an
aqueous 5 suspension are contacted with the reaction mxture of step (%)

. for a peThebeads (with HeazicedOvhith BitlcREverRéfiyeidabl ﬁl.tﬁe?&iﬁl of & adtiepis (€ 9.
overnight), before the plate is "counted” in step D, e.g., Ina

"M criobefuspemisiamare gentaated with the ipacsivamixiure efistemw (B)aot h pbod of dthedst Bxpl ai ned

by reference to the fqllowing illustrative 10 exanples. Exanple | (1) The
wel |'s of mﬁ‘ﬁe?@%‘?ﬁ'ﬂ@%‘%{s@r 18 (G- BRveragh). byfare theaatgiis fooanted! @i sty une of

25 | of \ Leact | . 0 i sing an aqueous buffer solution of 50 nM
. HEPES- am@ﬁ?%?%é%%%ﬁ%x%@%@l ] pi per azi ne-. N -[ 2-et hanesul foni c :
acid]) (pH 7.5), and 10 mM magnesi um chl oride, 15 M

UDP- MuvVAc- L- al ani ne-y-D-gl utam ¢ aci d- mdi am nopi nelic acid-D

al ani ne- Braprgpant @nvention willbe furthpraxpthiniibyNefaretoplto (leufoliswinigritiugtitize] G per
wel | p 3...M .Moenomycin, 4 g of Escherichia tali AMAL1004 cell nenbranes and
‘a sotlit i B Y est  compound (e.g. Tunicanycin, Vanconycin, Nisin). of
varying concentration in 4% 20 di net hyl sul phoxi de. Tuni canycin is a known
antagoni st of the translocase enzyne, Nisin is a known antagonist of the
‘transf erBssmplelymre and Vancomycin is a known antagoni st of both the

~ transl oc&se and transferase enzynes. (Nbeno?ci n is a known antagonist of
the 1) The wells of a microtitre plate were individually filled with a total volume of 25 ul of

a reaction mixture comprising an aqueous buffer solution of 50 mM HEPES-ammonia (N-

15 [2-Hydroxyethyl]piperazine-N*-[2-ethanesulfonic acid]) (pH 7.5), and 10 mM magnesium
chloride, 15 uM UDP-MurNAc-L-alanine-y-D-glutamic acid-m-diaminopimelic acid-D-
alanine~D-alanine, 2.5 pM tritiated UDP-N-acetyl glucosamine (0.2 pCi per well), 3 uM
Moenomycin, 4 ug of Escherichia coli AMA1004 cell membranes and a solution of test
compound (e.g. Tunicamycin, Vancomycin, Nisin) of varying concentration in 4%

20  dimethylsulphoxide. Tunicamycin is a known antagonist of the translocase enzyme, Nisin
is a known antagonist of the transferase enzyme and Vancomyecin is a known antagonist of
both the translocase and transferase enzymés. (Moenomycin.is a known antagonist of the
transglycosylase enzyme and is added to prevent the radiolabel from being incorporated
into peptidoglycan). | -

25 - |
Four wells of the microtitre plate were used as controls: two wells contained no
UDP-N—acetylmuramylpentapeptide (0% reaction controls) and a further two wells

contained no test compound (100% reaction controls).




transgl ycosyl ase enzyne and is added to prevent the radiol | from_heing-
~incorporated into peptidoglycan). 25 Four wells of the m@bﬁ??ef*?bé*f&?@ie
wer e useqvggl t{%,_}erol s: two wells contained no UDP :
N- acet yhnur r{gg nt apeptide (0% reaction controls) and a fREFYHES wel | s
cont ai ned no test conpound (100% reactjon controls). 8 December 2004 WO
~ 01/ 94622 PCT/ SE01/01271 12 |If the purpose of the screen is to study the
effect of an inhibitor of the transferase or translocase, the test
conmpound i s added along with the substrates at step (i). The E. coli

nmenbr ands$ thegruepqse of dicastreea igestidyome effaciudftagthhiBied 6faBs rans e 60155. 5
The mcrotitre plate was incubated at 37 C for 5 mn and thereafter 5| of

et hy| endeansloress: be tesh cempounscs addadsiong with tharibstrates afistep @).f i nal EDTA
concentration of 15nM to (ii) ‘After addition of the EDTA, 170 | of an -
~aqueous suspension of wheatgerm agglutinin-coated scintillation proximty

assay b j i i : ' v = W, pH
75 s T g e abaos e $retRées s b fhloRParBliclis RRBEES”
HEPES- ammoni a-was 50 nM 15 The-plate was left for 3 |ours/overnight at
roomtenperature before being counted in the "Mcrobeta Trilux" counter.
Fi gur e 1Thesmigrejiteaplatstvorsiingnbaied ap37 C€fonfein ahd Hierdadier 6ful bf ans| ocase (and
thus Lipid.ll ..synthesis), ver Tuni canycin concentration (after,

subt r act SRYeREATBFRERSHARHY (BOTAGVFased breiveadmalah TArgasuration of o
graph shpw.pg the percentage inhibition of transferase (and thus Lipid 1T

synthesis) versus Nisin concentration (after subtracting the correspondi ng
0% reaction readings). 25 :

10 (ii) Adfter addition of the EDTA, 170 pl of an aqueous suspension of wheatgerm
agglutinin-coated scintillation proximity assay beads comprising 500 g beads in a
solution of HEPES-ammonia, pH 7.5, was added to each well such that the final
concentration of HEPES-ammonia wag 50 mM.

15 The plate was left for 3 hours/overnight at room temperature before being counted in the

"Microbeta Trilux" counter. -

Figure 1 is a graph showing the percentage inhibition of translocase (and thus Lipid II
synthesis) versus Tunicamycin concentration (after subtracting the corresponding 0%

20  reaction readings).

- Figure 2 is a graph showing the percentage inhibition of transferase (and thus Lipid IT
synthesis) versus Nisin concentration (after subtracting the corresponding 0% reaction
readings). i | |

25

Figure 3 is a graph showing the percentage inhibition of translocase and transferase (and
- thus Lipid I synthesis) versus Vancomycin concentraﬁon (after subtracting the

corresponding 0% reaction readings).




Fi'gure -3 is a graph show ng the percentage inhibition of translocase and
transferase (and thus Lipid Il synthesis) versus VanconycihPeeamekani2f8ti on
(after s i3 the corresponding 0% reaction readi ngs 8 Decenber
2004 V\D%%&%% PCT/ SE01/ 01271 - 13 Exanple 2 The net hod‘?'%%‘}l{"%?a in
Exanple 1 may alternatively be perfornmgg using the nenbranes of an
Escherichia coli nmutant, AMA1004 Apon B :: Sp ¢, a nutant from which the
gene ponB encodi ng PBPI b has been inactivated, as described by S Y. Yousif,
s J.K Broone-Smth and B.G Spratt, J. Gen. Mcrobiol., (1985), 131,

2839- 284Example? nmenbranes-1 ack PBP1b activity which is the major

- transgl yepsyl ase, in Escherjchia coli_and thus the radiol abel incorporated
into Lipi eﬁe%@%?rﬁ%m&l may slipmptively pe aerformedrsingtthere i s no need

to add NMRRRMNMES ' 720 0 X T4 Figyre. 4R s _a graph show ng
the percentage | %ﬁ%ﬁlﬂ‘t&%}%’rﬂlfcg%céolrha’sr er‘ét\sliéﬁeg‘%g‘&? 905 dam“tg’é%)‘f‘hesi s)

. versus Ninich the BeRNbdnH D PRR B d % eaction
r eadi ngsi. Fi gurge@i S a g?ﬁajgfk?m;llow n%??ﬁ%hg%a%?gg%EﬁW'?gﬁgfm
t r ans# oc &&e Bapeime-Sanitf and B &. Spratk, Ji Gert. Mizrobigi, §1995),50811 PE. 345V er sus
Vanconycin. concentration %after Subtracting the corresponding 0% reaction
r eadi _ngs@e%%ﬁ’@n?](l?]i PRRLD aptivity which iswhe majorttransgiyedsylase incischetiafiidual | y

filled w | of 25 gl.. 20 of.a.reactiopn m xture conprising an
aq ueousm%%i??%dr {hg%) %etrl\‘{lglr? Hlo 1 ‘§8°1P{?/H%%15E§°?Ta’r%ﬂi1%n§ transterred to peptidoglycan.

(N- [ 2- Hy Bleauyibityik honeal Rzidagndé &1 e E(tﬁ’!%i dl) (pH 7.5), and 10
mM ‘magnesi um chl oride 15 M UDP-nl?/uhr%rﬁAcll?)ﬁggfég%tlflne--y- Fglutamc acid-m

di ani i nopi nelic acid-D al anine-D-alanine, 2.5 Mtritiated UDP-N acetyl

gl ucgsanine %Ofgﬂp% per, wel 1), 6 g of Escherichia coli AVA1004 cell
'menbrhne 185D M L 8raRR s0yving dhe posecntags inhibiion of tosfarase (and fthusdsipiddbnpound

| (€. 9. TURLARIYS VBrsud RGP B fcebkat®in (after subtracting the corresponding 0% reaction

readings).

Figure 5 is a graph showing the percentage inhibition of translocase and transferase (and
15 thus Lipid II synthesis) versus Vancomycin conceniration (aftef subtracting the

corresponding 0% reaction readings). -

Example 3 _
{i) The wells of a microtitrg plate were indiﬁduaily ﬁlled with a total volﬁme of 25 pl

‘20 of a reaction mixture comprising an aqueous buffer solution of 50 mM HEPES-ammonia

' (N-[Z-Hydroxyethyl]piperazine-N’-[Z-ethanesulfonic acid]) (pH 7.5), and 10 mM
magnesium chloride 15 M UDP-MurNAc-L-alanine-y-D-glutamic acid-m-
diaminopimelic acid-D-alanine-D-alanine, 2.5 pM tritiated UDP-N—acetyl glucosamine
(0.2 uCi per well), 6 ug of Escherichia coli AMA1004 cell membranes prepared as
25 described below and a_solutic_)n of test compound {e.g. Tunicamycin, Vancomycin) of -

varying concentration in 4% dimethylsulphoxide. Tunicamycin is a known antagonist of

the translocase enzyme and Vancomycin is a known antagonist of both the translocase and

~ transferase enzymes.




varying concentration in 4% di net hyl sul phOXI de. Tuni canyci nis a known .
antagoni st of the transl ocase enzyme and Vanconycin is a %BW?“W&@%l st
of beth W sl ocase and transferase enzynes. 8 Decenber 2004 WO

01/ 94622 Jg /01271 14 Four wells of the microtitre pF’QF@E\%Wé"hsed as
controls: two wells contained no UDPylacetyl muranyl pentapeptide (0%
reaction controls) and a further two wells contained no test conpound
(100% reaction controls). 5 If the purpose of the screen is to study the
effect of an inhibitor of the transferase or translocase the test conpound
i's adde®oat wells uf the niibetisepldts MeRSusRb a b@firold: two Wefls Bonta@lel ngeTbr anes were
prepared as follows. Four to five colonies of the bacteria troman LB
(Luria BEPRIN ﬂceﬁwamuﬂf)l}']&glztﬁpqﬁtlde €0%eeaptiod Oontruds)usind efdrthert tovoSwetls LB- br ot h
and grown Jrln t he da ({1 6-8 hours) at. 37C. In the evening 0.5 m of
this culPHPRedD %Fé&amp uL @Qg%a‘ic@c@@(?oﬁ*ffdé} LB-broth in a 2 1 flask. The
flask was i ncubated on a shaker at 30C overnight; typically an A600 of
2.0-2.5 was reached. Early the next norning this culture was used to

i nocuyl atethe phrpwke bBtHersetdan (4% shsty thOBFrEdt 0P hn hﬁlﬁifo?b?tﬂ%q{'angfeﬁ %:%fk) such
that the starting A600 was 0.4-0.6. The culture was 15 grown hour s at
37C vmtHrawlgea’sgﬂ@t@ﬁaﬂom;gﬂaéumddad]alongmth&ﬁesumaaﬂeedt sgys(ipet ween 1.4 and
2.0. At this point the bacteria were cooled on ice and pelleted by '
centrifugation at 5,000 x g for 15 minutes. The cell pellet was washed with

- 500 ni. ?glg?]fcgﬁhﬁﬁaﬁ 'Wére};f e'zi%%lP%5 /0.1 mM MgC12). They were

resuspe in co suc ris-HCL p118 0O with (a vol une

that is Faubtd fivesolédies vethe bwaﬁbﬁo@lfanqgﬂskﬁdn %f % geto a

concentration of 200 ug/m and the cells gently stlrre f R mn on ice.

A solout itnerudatedinins wlL Brbictell and gemwnaditingdhe daya{forott8 Hoorsy af 37°@. In the ¢
The cell s vvere spun at 12 000 x g for 20 mn and

f ﬁQCSET |r ?’r“l’lﬁgf)gfﬂg@o %%w“i‘lFﬁ waspsed tonoculatei08 salafdB-brotsan afil flesls- HOI , pH
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500 ml of LB-broth per 2 1 flask) such that the starting A600 was 0.4-0.6. The culture was

15 grown for 2 hours at 37°C with vigorous shaking/aeration; the A600 reached was between
1.4 and 2.0. At this point the bacteria were cooled on ice and pelleted by centrifugation at
5,000 x g for 15 minutes. The cell pellet was washed with 500 ml of Buffer A (50 mM
Tris-HCl, pH 7.5 / 0.1 mM MgCl,). They were resuspended in cold 20% sucrose in 20
mMTris-HCI pH8.0 with (a volume that is 7.5 times the wet weight of cells). Lysozyme L

20 was added to a concentration of 200 ug/ml and the cells gently stirred for 10 min on ice.

A solution of EDTA was added , over a 1 hour period, to a final concentration of 0.02 M.
The cells were spun at 12,000 x g for 20 min and the pellet obtained from this spin was
resuspended in 50 mM Tris-HC, pH 7.5, containing 1 mM MgCly and RNase and DNase
to a final concentration of 20pg/ml each. The suspension was gently sﬁxred for 1 hir at

25 room temperature. The cell lysate was spun at 3,500 x g for 45 minutes, The supernatant
was collected, diluted to 100 ml with Buffer A and ultra-centrifuged at 150,000 x g for 45
minutes. The pellet from this spin was washed by resuspending it in 100 m! of Buffer A
and re-centrifuging at 150,000 x g for 30 minutes. This pellet was gently resuspended in a
minimal volume (5-10 mi for 6 1 culture) of Buffer A and frozen and stored in aliquots at




. concentr

- wds collected, diluted to 100 M with Buffer A and ultra-centrifuged at
150,000 x g for 45 ninutes. The pellet fromthis spin was (WEeFERPH 004
resuspendw@ijoigzhn 100 m of Buffer A and re-centrifugin 0 xg
for 30 mi nut é}s 2'hl'hi s pellet was gently resuspended in a %Cﬁ?sr%%vg?urre
(5-10 M for 61 culture) of Buffer A gmd frozen and stored in aliquots at
8 Decenber 2004 WD 01/94622 PCT/ SE01/01271 15 -70C. This is terned the
menbrane preparation and was used in the assay as a source of the
transl ocase and transferase enzynmes and undecaprenyl phosphate. The .
m croti t f8°Q! dhis intsmicd thehntrabrant pRparatibn ind@agtiged an thetdgfyanial Rtrdel of Of
et hyl eneglipam' nlgt etraacetic acid (EDTA) was added to give a final EDTA
itkgpsiggase and fnsterase enaymey derapienyl phosph@BTA, 170 1 of an
aqueous suspension of wheatgerm agglutinin-coated scintillation proximty
assay beads conprising 500 g beads in a zo solution of HEPES-ammoni a, pH
< 7.5, wasTpégedofiige k. ratd on of
HEPES- anmoni a was E%%&#ﬁ%ﬁga}ttghaggs{@{ﬁff %lrdtg&%gﬁég “lgcslferni ght at room
t enpet at ethglehedioninetréiancptic acidt@DTIA) wdsaddédMoaiadesiaal BT Acons@uatis of 15
Table 1 fﬁk&v enunerates the inhibitory effects of: Tuni canycin and
Vanconyc - the translocase and transferase enzynes (after subtracting
the corresponding 0% reaction readings). 20 Table 1 Test
~ConpoundConcentration% | nhi bi ti on Tuni canyci n6g/ m 104 Vancomyci n100V82
Examp! e i)( Aferigitt dFmOEDTATI90 B bt &falofheslfiSion W wtlefiggl v 1111ed with
agglutinin-coated scintillation proximity assay beads comprising 500 pg beads in a

10 solution of HEPES-ammonia, pH 7.5, was added to each well such that the final

_concentration of HEPES-ammonia was 50 mM.

The plate was left for 3 hours/ overnight at room temperature before being counted in the
"Microbeta Trilux" counter,

15
Table 1 below enumerates the inhibitory effects of Tunicamyein and Vancomycin on the

translocase and fransferase enzymes (after subtracting the corresponding 0% reaction

readings).
2 " Tablel
' Test Compound Concentration % Inhibition
Tunicamycin Gug/ml 104 |
Vancomycin 100puM : 82
. Example 4

(i) The wells of a microtitre plate were individually filled with a total volume of 15 ul
25  ofa reaction mixture comprising an aqueous Buffer solution of 50 mM HEPES-ammonia

(pH 7.5) (N-[2-Hydroxyethy]|piperazine-N’-[2-ethanesulfonic acid]) and 10 mM

magnesium chloride, 15 WM UDP-MurNAc-L-alanine—y—D-glufamic acid-m-




25 of a reaction mxture conprising an aqueous buffer solution of 50 nv -
HEPES- ammoni a  (pH 7.5) (N[ 2- Hydroxyet hyl ] pi perazi ne- N - [ 2 Beteamres gPPoni ¢

acid]) m%'ﬁ%“ magnesi um chl oride, 15 M ' -

UDP- Mur NAC- L-"al ‘dni ne-y- D-gl utami ¢ aci d-m 8 Decenmber 2004FPCHEESY)1§7522

PCT/ SE01/ 01271 16 di am nopi nelic acid;p-al anine-D-al anine, and 4 g of the
cell nmenbranes of the Escherichia col'l' mutant, AMA1004 Apon B :: Sp.c . a
mut ant from whi ch the gene ponB encoding PBPI b has been inactivated, as
described by S.Y. Yousif, J.K Broome-Smith and E.G Spratt, J. Gen.

M crobi diaminégif8hi} adid1D-aRBRR-B&dmind ed @t 6f MR Tell Atitheidl Jrfhe 5 20 min at

~37C. (ii) Tupicamycin was _then added to agfinal concentration of 10g/m ,

f ol | owedSeherighiceag¥i mutant SMA10Q4 fponBrcSpey ¢ A musantiiren mhid the zeye papB

tration j i et hyl _sul phoxi de. Nisi d Va i k
ant agonieciasiay ERED B hrén sraytaiehzy descrbod by S 5. Yewst 160 dheomedmmfon wel |
[ 5 t t t dded:, 2.5. M
triti at o B WPatee] Gieh ReriBih, (15 7h 181 J30 2885 3e petaies Fieubastd fire pl at e
was si neohahmed3fq, 5 min at 37C. is (iv) The reaction was termn nated by

diluting out the radiolabel i.e. by addition of 251 of 200 M unl abel |l ed
UDP- A3 cNAc. (v) After addition of the UDP-GlcNAc, 150 | of an aqueous

oo oS T EOvE beaddiatiod ol SeoomFSImaT 1EBius. SOy piest 5
wer e ad ] f..pal concentratiqgn.of, HEPES- amoni a
was 50 gﬁﬁpﬁﬁ%@g&ﬁ é\élang?#ép t N?sglﬁ) ‘%’Fﬂi}% Cofpeepahign Ilnéﬁ]ﬁ%&’é'tl SHehgif%r e bei Ing
“count ed Nigintahe Vabehphie bie knbid ditagdnf biShe oot ag\?&{fgn{%t the mcrotitre

no

plate were used as controls: two wells contalne
UDP-1 acet yl nur anyl pent apepti de (0% reaction controls) and a further two-

wells ¢ ined no test compound (100% reacti on control s). :
?1?11) aI!hen to t%e reaction weﬁ?in ald u{ ) )

.

volume, the substrate for the transferase was added:
2.5 uM tritiated UDP-N-acetyl glucosamine (0.5 pCi per well). The microtitre plate was
incubated for 5 min at 37°C.

15 (iv) The reaction was terminated by diluting out the radiolabel i.e. by addition of 25ul of
200 pM unlabelled UDP-GlcNAc.

(v) After addition of the UDP-GlcNAc, 150 pl of an aqueous suspension of wheatgerm
agglutinin-coated scintillation proximity assay beads comprising 500 pg beads in a

20 solution of HEPES-ammonia, pH 7.5, were added to each well such that the ﬁnal
concentration of HEPES-ammonia was 50 mM. The plate was left for 3 houfs at room

temperature before being counted in the "Microbeta Trilux" counter,

Four Wells of the microfitre plate were used as controls: two wells contained no
25 UDP-N-acetylmuramylpentapeptide (0% reaction controls) and a further two wells

contained no test compound (100% reaction controls).

Table 2 below enumerates the inhibitory effects of Nisin and Vancomyein on the

transferase enzyme (after subtracting the corfesponding 0% reaction readings).
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Tabl e 2 bel ow enunerates the inhibitory effects of N si n_arngV%%%%gw on
~the transferase enzyne (after subtracting the correspondi ng 6 b reaction

r eadi ngs)wodPo4dd2 Decenber 2004 WO 01/ 94622 17 Table 1 PCT/&I%%ﬂ&ééékETest'
CompoundConcentrati on% Enzyne Activity N sinlOg/ ml-30 Vanconycin o
Exanple 5 (i) The wells of a mcrotitrgzplate were individually filled with
atotal volunme of 25 g | 5 of -a reaction m xture conprising an agueous
buffer solution of 100 mM HEPES anmmonia pH 7.5, 25 mM nagnesi um chl ori de,
50 MM KCl, 0.1%w v Triton X-100, 4 MJDP- Mur NAc- pent apepti de pl us

UDP- Mur NAc- [ 3H] - pent apeptide (0.2 CiTpBleMel | ), 12.5 g of the cell

menbr anes of thi, Escherichia dol i nutant, AVAIOQZ, &pon B . ~Sptt—{a nutant
from whi ch tlhe ¢&HCo@AMRt codi ng FBrRentration been Yoruaymedetivitys | descri bed

by S.Y. 10 Yousif, J.K. Broong-Snith (ﬂ'g? .G Spratt, J. _Gen. Mcjobiol.,
(1985), 131, d 4 solutl t est |conpound3Pe. g, Tuni canycin,
- Vanconyei n) oI v?\yéﬂcaglycﬁloncert rati OQOOJMm _(I:_Erry_ci n and \%gconyci nlare known

ant agoni st s of—the—t+rafrstocase—enzyie—+s—Fhe—tE——coli— er e
prepared as described in patent application WO 99/60155. UDP- Mur NAc- [ 3H]
pent apepti de was. synthesised as follows. 20 nanonol es of

UDP- Mur NEXampleSipept i de (puri fied fromthe hot water extracts of B.cereus)
were inc d wth.l nC .of 3H N hydroxy succinim dyl ropionate]_éspecific
120 acti V{ff;i'ﬁe L fh%‘ff?t_“ifﬁplét?.‘f“%fméwéu#& Lied with Béetat volbme PER25 IH 8. 5 at
4C f oy Zﬁ-ﬂeﬁcﬁdﬁqﬁﬂdn%rkoieﬂpi‘ism%thLégu?%uﬁgr sotfidh o 18 AREPEE o381 Ag, 80 Pl

of 0.1 M anmoni um acetat
pH 7.5, 25 mM magnesivm chloride , 50 mM KC, 0.1% w/v Triton X-100, 4 pM UDP-

MurNAc—pehtapeptide plus UDP-MurNAc-H] -pentapeptide (0.2 pCi per well), 12.5 | HE
of the cell membranes of the Escherichia coli mutant, AMA1004 Apon B :: SpcR (a mutant
from which the gene ponB encoding PBP1b has been inactivated, as described by S.Y.

10 | Yousif, J K Broome-Smith and B.G. Spratt, J. Gen. Microbiol., (1985), 131, 2839-2845)
and a solution of test compound (e.g. Tunicamyéin, Vancomyecin) of varying
concentration. Tunicamycin and Vancomycin are known antagonists of the translocase

enzyme.
15 The E. coli membranes were prepared as described in patent application WO 99/60155.

UDP-MurNAc—[SH]-pentapeptide was synthesised as follows.
20 nanomoles of UDP-MurNAC-pentapeptide (purified from the hot water extracts of
B.cereus) were incubated with 1 mCi of 3H—l‘wl—hycl.:cozicy succinimidyl propionate (specific
20 activity — 91 Ci/mmol) in 20 pl of 100 mM sodium borate buffer, pH 8.5 at 4°C for 20 hrs.
Reaction mix was diluted to 100 pl total volume using 80 pl of 0.1 M ammonium acetate
buffer, pH 8.5, and loaded on 500 ul DEAE sepharose column equilibrated in the same
 buffer. Column was washed with six to seven ml of 0.1 M ammonium acetate buffer, pH
8.5, to remove the unbound, unreacted > H-NHS-propionate. The bound product, UDP-
25 MurNAc-L-Ala-y-D-Glu-m-DAP(N 8—3I-I-Propionate)-D-Ala—D—Ala was eluted using 0.5 M

ammonium acetate buffer, pH 8.5. Fractions, 0.5 ml each, were collected and monitored




the same buffer. Colum was washed with six to seven m of

acetate ehhBssPH 8.5, to renove the unbound, unreacted

3H NHS- propi onate. The bound product, UDP 25 Mur NAc- L- Al aXCISE A pap v
(N 3H Propionate)-D-Ala-D-Ala was el utjgd using 0.5 M anmoni um acetate
buffer, pH 8.5. Fractions, 0.5 m each, were collected and nonitored 8 _
Decenber 2004 WD-01/94622 PCT/ SE01/01271 18 for activity by using them as
a substrate in the enzyme assay.. Active fractions were pooled and the
speci f i donadtivitythy usir tHehes aisabdrabomthyehdyietfsdyh %éﬂv%rﬁaichbﬁsewwﬁ@beleﬁer e
used as controls; two wells contained stop solution at zero ti point (0%
r eact i orfingdhe snsrific aghivitywhsidetaninedo wel | s cont ai ned no test conpound

© (100% reaction controls). (ii) The mcrotitre plate was incubated at 22C
~for 8 mnutes. is (iii) EDTA (5 i) was added to a final concentration of 35

M and e SRl B g ot difle yARLIGA e éb&ﬁpo%!gi{,%bﬂgejgsc%‘ﬂ@%{;gSfog 800

aggl utinin-coated scinti on proximty ass

beads i rataemdimé peint 0% MRS cortRIN) and B lrhe? twa WIS QohtiMedab gt Wes added
to each well to reach the final concentration of 100 mM HEPES and 0.02 %

w v sodiemneand 610086 maction/edngrols)s5 The plate was | eft for 15 hours at room
tenperature before being counted in the "Mcrobeta Trilux" counter. Figure
6 is a graph showi ng the percentage inhibition of translocase (and thus

Lipid I g p&g% ' i Qncentration (after subtracting
t he corr(ezpondi ng fﬁlﬁtégiétﬁgﬂik@gg?%gﬁrgi%ﬂ ets‘7 is a graph showi ng the

percentage inhibition of translocase (and thus Lipid | synthesis). versus
Vancomycin concentration cgafter subtracting the corresponding 0% 25
reacki Or{u;)elaamgg yd) was added to a final concentration of 35 mM and thereafter 270 pl of an

aqueous suspension of wheatgerm agglutinin-coated scintillation proximity assay beads

~buffer, pH 8.5, and | oaded on 500 1 DEAE sepharose col um E‘éilgieii r t2 in .
> eg Bi um

—=(D

comprising 2000 pg beads in a solution of HEPES ammonia, pH 7.5, and sodium azide

was added to each well to reach the final concentration of 100 mM HEPES and 0.02 %

wiv sodium azide respectively. ' '
15

The plate was left for 15 hours at room temperature before being counted in the

"Microbeta Trilux" counter. .

Figure 6 is a graph showing the percentage inhibition of translocase {(and thus Lipid I
20 synthesis) versus Tunicamycin concentration (after subtracting the corresponding 0%

- reaction readings).

Figure 7 is a graph showing the percentage irihibition of translocase (and thus Lipid I

synthesis) versis Vancomycin concentration (after subtracting the corresponding 0%

25~ reaction readings).




8 ‘Decenber 2004 WO 01/94622 PCT/ SE01/01271 19 CLAIMS 1. A nﬁt hod f%r
assaying UDP N acetyl gl ucosanine: N acetyl nur anyl ( pent apeptd deferper 2004

P- undeca [,943# acetyl gl lucosan ne transferase enzyne activity; and, .

optional |y al'so 5 phospho-N-acetyl nmuramyl - pent apept i de t r FfsVBEHLH2Unzy e
activity, which nethod conprises the eps of: (1) incubating a reaction
m xt ure -conpri sing undecapr enol - pyrophtsphat e-N- acet yl mur anyl pent apepti de
~(Lipid 1), radiolabelled UDP N acetyl glucosam ne (UDP-GLcNAc), a source
of divalent nmetal ions and a source of the transferase enzyme 10 under
conditions suitable for synthesis ,q?Lu‘,gti%%prenol - pyrophosphoryl -N-
acetyl mur anyl pent apepti de N acetyl gl ucosamne (Lipid D) to occur; (2)
st oppi ng the reaction of step (1); (3) adding to the solution phase of the
reaction_m xture of step (2) a fluorescer; and (4) nmeasuring |ight energy
emtted By @eﬁiﬁoé@%éﬁé@g Pal-apetiiglivoshminedV-deetyginturamly Kpentdpeptitier i n t he

. Lipid |-ipS DSl roman UDP_N acetyl nuranyl pent apeptide and a

. source o? %bgrlc%é%)g%‘}oé %fcebﬂgélﬁwe frapsferase snguneactiviy, and, eptienadlygiso
phospho- ph@pAbYV-heutyiaiitm iede, L, I nzyme. 20-3. A nethod
accordi nghgo cl ai%, mhef@?grl\]?a?ﬁgﬁ% 'fnﬁkog%%te%g%ﬁ%l entapeptide is
UDP- Mur Neghidh methnd nemprifes gha/stepsiof: aci d- m di ar ni nopi melic , ,

aci d-D-al ani ne-D: al ani ne. ‘4. A nethod according to claim2 or claim 3,

‘wherein #MmeareRctipspixiire somprising undecapresalmyreploiplorieNor  mor e of

ct
Ceet o AR SRPE Goeriaf IR B balies Wsh-Mhaent ahroppsasen 1 o
pept | dog{UDRCGINARNS Sk S Y dis eI doifee chnddIREARY dccor ding o

claim4, wherein the bacterial Dranes are
‘3 0 1w under conditions suitable for synthesis of undecaprenol-pyrophosphoryl-N-

acetylmuramylpentapeptide-N-acetylglucosamine (Lipid ) to occur;
(2) stopping the reaction of step (1); | '
3) ad@i_ng to the solution phase of the reaction mixture of étep (2)a ﬂuoreséer; and
{4) measuring light energy emitted by the fluorescer.
15
2. A method according to claim 1, wherein the Lipid Lis formed in situ from an UDP-N-
acetylmuramylpentapeptide and a source of undecaprenyl phosphate, in the presence of a

source of phospho-N-acetylmuramyl-pentapeptide translocase enzyme.

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

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

4. A method according to claim 2 or claim 3, wherein bacterial cell membranes represent
a source of one or more of undecapreny] phosphate, translocase enzyme and transferase

25 enzyme and the reaction mixture of step (1) optionally further comprises a-peptidoglycan
transglycosylase enzyme inhibitor. | '

5. Amethod according to claim 4, wherein the bacterial cell membranes are from

Escherichia coli.

30




-8 Decenber 2004 WO 01/94622 PCT/ SE01/01271 20 6. A method gaﬁcorn% n% 62 .
claim4, wherein the peptidoglycan transgl ycosyl ase enzyne RS P s
m)enonyci“rbozmﬁ met hod according to claim4 or claimb5, wherein the
bacterial tell ®Henbranes are 5 obtained froma nmutant defCaiSsERL01231

pepti dogl ycan transgl ycosyl ase enzyne,48. A nmethod according to any one of
clains 1 to 7, wherein magnesiumchloride is used as a source of divalent
metal ions. 10 9. A nethod according to any one of clains 1 to 8, wherein
the reaction mxture of step (1) further conprises a test conpound. 10. A

et hod ok diettgdtaocasiigo Slaimmiag ibiefti 9 depilog ATl Boihed BhAGRDT St Of
‘the trans]ocase enzyne or the transferase enzyne. 15 % . net

accor di ﬁgmbﬁordﬁwm@nmmu ainms | to 10, wherein in step (2) an excess of .

unl abel l ed UDP N acetyl glucosam ne or a divalent netal ion chel ator ‘

conpound i s added. 12. A nethod according to any one of clains 1 to 11,

wh [ h < i af it.h rted by, | :
ot i coar ol hedqecoringto RAAE & ciil & kel B wRHRBT KT oAl et Coat oo

beads. | obtained from a mutant deficient in peptidoglycan transglycosylase enzyme.

8. A method according to any one of claims 1 to 7, wherein magnesium chloride is used

as a source of divalent metal ions.

10 9. Amethod according to any one of claims 1 to 8, wherein the reaction mixture of step _ «

. (1) further comprises a test compound.

10. A method according to claim 9, wherein the test compound is an antagonist of the
translocase enzyme or the transferase enzyme.
15 |
1L A method_ according to any one of claims 1 to 10, wherein in step (2) an excess of

unlabelled UDP-N-acetyl glucosamine or a divalent metal jon chelator compound is added,

12. A method according to any one of claims 1 to 11, wherein the fluorescer is associated ..

20 with or supported by, in or on lectin-coated beads, anti-mouse antibody coated beads or

polylysine coated beads.




