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TRANSLOCASE ENZYME ACTI VI TY | N DRUG SCREENI NG The present ihyef TS P8 ates
to a nmet h®¢o bu¥462Bsayi ng enzynes invol ved in peptidogl ycanpcpPkpsygitfaesi s in
bacteria. 5 Peptidoglycan is a major conponent of the bacterial cell wall
that gives the wall its shape and strength. It is unique to bacteria and
is found in all bacteria, both grampositive and - gram negati ve.

Pept i dogl ycan ASSAYFORGIEYBEIONGF THAKRSBOC ASE ERAEASE ANatraneretessHningked t hr ough -
short peptide bridges. It consists of alternating (31-4 |inked residues of
N-acetyl is glucosam ne (A cNAc) and N-acetyl nuramc acid (MurNAc). A

pent apeptide chain is attached to MirNAc (Mir NAc- pent apeptide) and
‘cross-linking occurs between these peptide chains. Biosynthesis of

pept i dogl Thsspressahinventitinuiehitss to atotethdtt e ashgBeSuzfrhdsShlolvedrepedicglyah t he
15 precursors .in the cytoplasm secondly, transfer of the precursors to a
“lipid carPPuthesisde pderigand, thirdly, insertion of the precursors into the
cell wall and coupling to existing peptidoglycan. The precursors :
synthesised in the cytoplasm are the sugar nucl eotides: 20
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-of a disaccharide unit on _a |lipid carrier, undecaprenyl 25 phosphate. The
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bacteri al I .. The. first e ne catal yses the transfer of
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WO 01/ 946¢3c SEaN/1 QVBriPAc-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 synthesiséd in the cytoplasm are the sugar nucleotides:
20 UDP-N—acetyl-glucpsamine (UDP-GlcNAc) and UDP-N-acetylmuramylpentapeptide
(UDP-MurNAc-pentapeptide).

The second stage, which occurs in the cytoplasmic membrane, is catalysed by two
enzymes and involves synthesis of a disaccharide unit on a lipid carrier, undecaprenyl

25 phosphate. The lipid carrier is also involved in the synthesis of other components of the

bacterial cell wall,

~ The first enzyme catalyses the transfer of phosphoryl-N-acetyl muramyl pentapeptide from
UDP-MurNAc-pentapeptide to undecaprenol phosphate with the simultaneous release of
30 UMP. This enzyme is called phospho-N-acetylmurantyl-pentapeptide translocase |




(hereafter referred to as "the translocase") and is the praoduct qf t gene
5 inatir g4 ¢

nraY in Escherichia coll. The product, undecaprenol - pyropt
acet yl muainyifagsd apept i de - (Li pi d- P- P- Mur NAc- pent apept i de) ngﬁ ghﬁbﬂ or
Lipid linked precursor | is the substrate for the second Byi1ZE

N-acetyl gl ucosam nyl transferase, transfers N-acetyl gl ucosam ne from
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D. S. Borecugdtdl I WthPsubRRachi the sico ol ., (1998), 180, 6429-6432 15
and D. . Mengi n-Lecreui x, L. Texier, ousseaue and Y. Van Heijernoot, J.
Bacteriol., (1991), 173, 4625-4636). In the third stage, at the exterior of
the. cytgplasm c nenbrane, polynerisation of the glycan occurs. The
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t he pon oRB s . respectively .in Escherichia call. There are
sever al ﬁ@g%r%%%r}t | k’@%%g‘%? fsgtﬁe B@dfm%‘?féﬁ"t M@?&nﬁg’c&’%’@%ﬁolﬁ nto two
classes, the |ow nolecular mass (LMW and hi gh nol ecul ar nass (HVM PBPs.
‘The HWM PBPs are 30 bifunctional enzymes having both transpepti dase and

tr ansgl yBuesiyansloeasecnii vhe frans@radeasemés e essined] f304terDvRb{184623
PCT/ SEO1/ 01272 3 PBP2_and PBP3 and either PBP1lA or PBP1B of E. coli have

been sh 1egpegively Lhi¢ Boyle and W. D. Donachie, J. Bacteriol., (1998), 180, 6429-6432
g 15 apd D. Mengin-Lecreulx, L. Te);ier, M. Rousseaue and Y. Van Heijernoot,
J. Bacteriol., (1991), 173, 4625-4636).

In the third stage, at the exterior of the cytoplasmic mcmbrane,'polymeﬂsation of the
glycan occurs. The disaccharide-pentapeptide unit is transferred from the lipid carrier to

20 an existing disaccharide unit or polymer by a peptidoglycan trans glycosylase (also referred
to as a peptidoglycan polymerase) (hereafter referred to as "the transglycosylase';). The
joining of the peptide bridge is catalyzed by peptido glycaﬁ 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 lbin

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 bifunctional enzymes having both transpeptidase and trans glycosylase activity. Of these




for cell viability. The LMM PBPs appear to be inportant but_pot essenti al
for cell gromh (e.g. PBPs 4, 5 6 of E. colt can be del et®HEFEERATORY |
growt h defvegpsodset the cell survives, - see S. A Denone, P.

Henderson, D.E. Nelson and K. D. Young, s | Bacteriol., KCTEH]UJH‘%
(1999), 181(13),3981-3993). On transfer 3of the disaccharide-pentapeptide
unit fromthe lipid precursor to an existing peptidoglycan chain the |ipid
is released as a nol ecul e of undecaprenol pyrophosphate. This has to be
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products, respectively) is represent prineta rug

‘have not dseerAeiplonie, @K dil§ T.4. Hasddrask IDE. Nelss bRl $&aay amenable to

hi gh thrg}%hput_ screeni ng. In both the transl ocase and transferase

r eact i ‘ons’ #%ie5af- P2k dBHI3% 3981329 Brred, froma nucl eoti de-1i nked
precursor, to a |lipid substrate. A conventional enzyne assay for both the
20 transl ocase and the transferase involves using a radiol abel | ed sugar

pr ecur sorOaiedns By i hﬂ'@é)ﬁ- i j Q! | into the lipid .
~product. The F? pid t%ggic?g%%l IS EEr?rll(ge{r%}ﬁ'L P %‘?Je]%tﬂ{eﬁjﬁglrlé @gfdgﬁ%‘cg’r?s"é g %ﬁlflﬁtérl‘gaphy or
by ext r acpdptidogifycanhehar thel lipid is Feléuse@RDA ino@é&fhleﬂifﬁ:hd&d&bfbﬁb?{ﬁbﬁﬁc% k¥ 1 (2:1
viv). In the paper chromatogram both the |ipid products I pid P and Lipid
Il run wi UHS 8as wibegileaved by 2 pacipeinisensitiveowmnecarseny] whiophosphorlasesalsm| y

t-ransl pc s VI ) dansyl et e - Mur NAc- pent apepti de as a
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t ransf er regeriad tb RS tHel "Binth HoSphdrPlabd t‘ﬂ%{ﬁg ?fg@n | nge in
its environment from gn %ﬁgﬁegglg trglaa ﬁy opﬁ‘o chegépermgﬁg%ﬁat&g%@@% bl ue
shift in ¢anghemiessitanthe gatd atube ctedsaager 2004 WO 01/ 94623 PCT/ SE01/ 01272
4 (525 nmto 495 nm which is nonitored during the assay. Change in the

intensity of fluorescence is only two- to three-fold and therefore it is
not a very b hi-gh throyghput radi oactive assay.for the
‘transfer asce’fﬁgﬁg f&anﬂg\f‘ﬁcgges%{gdé%e @ ssg%'%ee@“?ﬁ e turG gerte prodicts, reSPeguve?Y)

15 represent prime targets for drug discovery that have not been exploited due to the lack of 2

n

suitable assay amenable to high throughput screening.

In both the translocase and transferase reactions a sugar molecule is transferred, from a
- nucleotide-linked precursor, to a lipid substrate. A conventional enzyme assay for both the
- 20 translocase and the transferase involves using a radiolabelled sugar precursor and
monitoring incorporation of the radiolabel into the lipid product. The lipid product is
monitored either by paper chromatography or by extraction of the prodﬁct n butanol: 6M
- pyridinium acetate, pH4.1 (2:1 v/v). In the paper chromatogram both the lipid products
Lipid I and Lipid IT run with an Rf of ~0.9,

25

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




5 WD 99/ 38958 but this requires chem cal synthesis of an artificial
substrate. It would be desirable to devel op a nmethod for as%gﬁeﬁ‘bbetrﬁgm‘ '
activity ?,fo 61@36%; ansl ocase enzynme and/or transferase en\i%me which is
suitabl e For i gh t hroughput screening. 10 In accordance wERSEREIBZesent
invention, there is therefore provi ded4a met hod for assayi ng UDP-N
acetyl gl ucosam ne: N-acetyl nuranyl (pent'apepti de) - P- P-undecapr enol - N-
acetyl gl ucosam ne transferase enzyne activity, and, optionally also
phospho- N- acet yl nur anyl - pent apepti de transl ocase enzyne activity, which
met hod c@5ad e es 49518m3 ki i9 indnStofel) dur! | ih| L
conprisin undecapren?)l - pyrophosphﬂ%#%%qggis%ﬁ?%%gﬁgg%wﬁ (Lipid
1), radi Isetanee] 1 smiby oo tiyree-giv1d aad disrefere i iRt Ghely eensitive s@yCe Of
di valent metal ions and a source of the transferase enzyne under
conditions suitable for synthesis of undecaprenol - pyrophosphoryl - N

ot oppi ng |+ han Pk AR S SRy bl s BE RS ot blen st ur e of
step 62) VEOfI%BRI6S baf thidRGuirdsbheMRAS HrithGid (sfgﬁta{él?fgcg@l%ﬁb&?aty ed by the

fluorescer. In the context of the present speci on, 1T should be
understood that the abbreviation 25 "UDP' refers to uridine

(5" -)di phos e.. The nethod according to the present invention is very
conveni eﬁﬁwgﬁa;’ﬁdie%lﬁ%ﬁo. Phqga%h%gqr apfaying the peivityanfake transbocesey enabl i ng

a fast,. gj EOAUG of .neasuring enzynme activity. 30 8
December SHo0ae TRy oFEER s bl ey s r RS o it Erot o eetBe tssay bot h
the transferase and transl ocase enzynes, then in step (1), the Lipid | is
formed in situ by including in the reaction m xture UDP-N

acet ylorudapgropdanceapathithel pre§duDinviehtidifythere i thpeiisre gedvidell £miethoa f6f
,undecaprengél E‘é@ggg\pate ag‘g a source of the translocase enzyne. The
_UDP- Mur NAZS PY ety lghicesamipe: Dagttylmyraniiisetapsntide)yP-Bruxeraprénol-N-

n a_t- ur al Uééetylglucosamine 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 T), 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 undecap:enol—pyrophosphoryI-N-
acetylmuramylpentapeptide-N-acetylglucosamine (Lipid II) to occur; L

20  (2) stopping the reaction of step (1); |
(3) adding fo the reaction mixture of step (2) a fluorescer; aﬁd

4 measﬁring 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




occurring peptidoglycans and is conveniently purified from bacteria_or nade
.enzymatically wth precursors frombacteria, e.g. by met hofggegqrmqrgﬁ%o
that descrwoed9sgs T. den Bl aauwen, M Aarsman and N Nannipp@agederarn
Bacteriol., (1990),172, 63-70). A preferred 10 UDP- Mur NAc- pent apepti de to
use i s UDP-Mur NAc- L-al ani ne-y-D-gl utamic aci d-m di am nopinelic

aci d- D-al ani ne-D-al ani ne - from Bacil |l us cereus. The concentration of

UDP- Mur NAc- pent apeptide used will typically be in the range from5 Mto
300M preterahly. f.rom5 0, 200 nore preferably from5 Mto 100M and
especi al I?ltlfsﬁ]%#dfdl{ﬁ’ ??fa%gﬂﬁilt ranstgrpserangd trapslogase sazyrogs, thenfn stee(1)i crotitre
pl ate. 154183 i%iaqiofake, Lg?? . | ucosam ne, it |sS convenient to
"use tritiat edﬁ UDI%‘ N ac&e%@ fu Ilﬁgﬁég%%wn{ehe%ﬁ%w&%@é}éomr cially

avai | abl eacetydmmidmiyiganeprplide UTSH-REBRAG-penfhpRp SRy CEM k@t d 0.25 to
25M per well of .the mcrotitre plate, ep. g. pgl? %ﬁ’ conc%ndtfﬁﬁ%%l%ﬂlfe%?fnz. 5Mw th
0.1 to 0.Bhosphateanbusired efthptransimsabe crpyefeer ably 0.2 G per 20 well of .the
mcrotitre plate. The divalent netal ions used are preferably nagnesium

i ons. A suitable source of magnesi umions i s magnesium chloride,

r ef er abl 5 rat | L n the range from 10 to 30mM preferabl
pref or 201 ot MORRARLERLBRAL IS 8088, SR Gl et Ll 20!y
conveni enddoyirrey pepedogichn BRERECAT G ety ﬁ%&%oﬁ%b&téﬁlﬁf%?aﬁfen%ﬁﬁﬁc%gf”y'

phosphat e, transl ocase enzyne and transferase enzyne. Thé qua
menbr anesWiB @gowspts framp beetériay elge by mettivels sanie t6 toATdsciBeRROT. dapar ticul arly

from4 t gg Qrg\&e'n er |1 _of the mcrotitre plate. The nmenbranes may
be 30 pr(e)% LR ﬁ%%rélgfﬂb NnNagnipg, & Bacserioho(9905178563-F)n deptefieradet hod
accor ¢ ngubhe-{evas. 1/94623 PCT/ SEQ1/0Q1272 6, present
i'ﬁven?di on noni tor%gpﬁé‘ﬁﬁ@g%%@%gq?gﬁ%m °'|%ﬁ318?188'ﬁ" SPRREFAH G 11, it
i s i npor diaminopiastieidD-danTReDr ARGNS FORAB AN c-Sis® %E%Sn%eﬁtﬁ'atﬁ#]gf

a e

transgl ycosg ase enzyme present is nade ineffective, sot
" radi ol abeVPEMar¥Aephatapapside need willgypically besinrthe range fosf £V 300pM,

.pepti dogl | SO esent. i.n. fthe menhrane preparation by the activity of
{)hg | 9 ﬁ(r%f'e?abqy Onls uﬁ/leto 200111\/{, more p_r%?erably £omg UM to IOOpMy, and especially Y

from 5 uM to 50uM, particularly 15 uM, per well of the microtitre plate.

15

As radiolabelled UDP-N-acetyl glucosamine, it is convenient to use tritiated UDP-N-acety]
glucosamine (UDP-[3H]GlcNAc, commercially availéble from NEN-Dupont), preferably
in a concentration of from 0.25 to 25 UM per well of the microtitre plate, e.g. at a
concentration of 2.5pM with 0.1 to 0.5 pCi radioactivity per well,- preferably 0.2 uCi per

20 well of the microtitre plate.

The divalent metal jons used are preferably magnesium ions. A suitable source of
magnesium ions is magnesium chloride, preferably at a concentration in the ran ge from
10 to 30mM, preferably from 10 to 25mM.

.25
The membranes of Escherichia coli bacteria may conveniently be used and indeed are
preferred as a source of undecaprenyl phosphate, translocase enzyme and transferase
enzyme. The quantity of membranes used will typically be in the range from 1 to 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. Si;;e th:method according Vto the




5 transgl ycosyl ase enzyne. This can be achieved in several s, for
exanple, by including an inhibitor of the transglycosyl aseg\ﬁﬁwrég% as
noenomnyci Ryd 916433 reaction m xture of step (1), by using n E.rom an
Escherichia coil mutant that are defective for the transg{%ﬁi@@?@ enzynme
(for exanple, as described in WO 96/1608§2) or by preparing the nmenbranes
by a nethod involving treating Escherichia coli cells firstly with |ysozyne
as 10 described by Y. van Heijenoort et al., (1992), J. Bacteriol., 174,
3549-3557. In step (1), it may be convenient to use an aqueous nedi um such
as a buf fREESEbInyeniden menitors thef anitESS padiclabel inddgRizSed KEHT §HERES ihei ng

N-[ 2- Hydr.oxyet hyl ] pi perazine-N -[2.. ethanesul fonic acid or

Tr |[ s[ mdr%@@ﬁvﬁﬁlﬁ?wa@me{wmm@m@iwe that iﬂg'rfrmsgl%ypodyhsb leazyané f er
ol ution ' t o HEE Trig-HC are comerci all

';va:JI';abl e&?%légﬁgtlﬂae&gfig&ne@fﬁ%%ﬂ%ﬁﬁ%ra SlabetEF alSeicoride om Lap U omotot e)p/)_ (1)
of 10 90 1 mut caP AETRENZkY ko pResbitin (R EmkEAR e fudfin b bthiB i e

of 2 to 90 m nutes, e.g. 5 mnufes, under condit

cat al ysedransglygosylass gnzymes i Ehit cambe schievell it b@mwﬁq RE EAMBIE DY iBciubfg
invention i.s jbr.lten d to be used as a screen for identifying .
ant i - bact®PLIPIORAHGE trausalyrosylaseenmmegueah 83 moeiomymn f tha sézetias miemzyol and

ti |1 s b ) ti I Xt f st 1
orther et 05, b SRR R T B3 ol Py ey prec e fentae | ons.
Since thertusgiyebatassenaii (HAOGHHASE BIEHERS, 96 96ﬂ%6§zggdr$g§}§ngg§§%ﬁegr | al

grom h and are |l ocated on the cell 'surface, ese enzy ood
targets flembrracgoyemefiodrinvalyingrttdating Eeerhiconiaklls ARy SHRNyIEHGS: 4ol d

have sohe adva t%gﬁ ta@@ﬁ .Jhey would not need to enter thé bacterial

or gani smqeﬁ?rb]?f’gt?t eVRdGIcRav et &l (B2 4. Borieviol. ahth, 85483552 usual '
difficulties of cell wall perneability and drug resistance 30 brought about
by changes in cell wall perneability and efflux would be avoi ded. WO

01/ 9- 4623nEtédp MR be 28BAnieREH égq;,/aﬁégozlg d¥udd SAGE QM ifﬁeﬁa @Bﬁﬁd or

quenched) in step (2) by any suitable ans, for exanple; hi ng
agent . | folttHEPES-ametcnin SE RIS ROHI(HERES @i N2 9dy @bofethy] IhShadt NG5
reaction j.s cor]¥eni en&By ,}t,o[%ped by addi ng .an excess of "unl'abel | ed

UDP- N- ac eettlslﬂnesu onic acid]) or Trisfhydroxymethyl]Jammomethane hydrochloride ("Tris-HCI"),

: 15 the buffer solution having a pH of about 7.5. HEPES and Tris-HCI are commercially

available from the Sigma-Aldrich Co. Ltd.

20

The reaction mixture of step (1) is maintained at a temperature in the range 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 IT synthesis to occur.

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

25 compounds in varying concentrations. Since the translocase and transferase enzymes are

essential for bacterial growth and are located on the cell surfaée, these enzymes represent

good targets for the development of anti-bacterial drugs. Any such drugs would have the
advantage that they would not fleed 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.




5 gl ucosanmine. Alternatively, if the transferase and transl ocase enzynes
‘together, then further reaction may be stopped by adding a suit e _anou
“uare nt being Wadsayed di val ent netal ion chel ator conpound, e.%gl.gt‘acembe"E(S04
.ethyl enedi am netetraacetic acid which is comercially avail abl edwam e,
- $i gma- Al drich (EDTA) Co. Ltd. The concentrajion of the chelator conpound
EA |1 of course depend on the particular chel ator conpound used and shoul d

ipe 10 sufficient to chelate all the divalent netal ions; in the case of

"EDTA the concentration typically be.about 15 nM per well of the mcrotitre
- plate. will In step (3), the fluorescer used may be any of those routinely
“enpl oyed i n SHietkidtoatd roxinmity assays. The fluorescer will usually be
“lassociated with or supép%%[r}?pee@ (§§gu?qqﬁ?ﬁ)%ﬁép (3) yeayssuithBle nfsATRY S o b

I ecti n- coat edddingdsjuenctihg HRUAT CTARL trglﬁs? coated yttriumsilicate AERls by

Pol yl ysi ne (gﬁﬁ%ﬁﬁﬁ?ol y(L) I ysine)-coate %//tflﬁer‘?nﬁ?ﬁ@ilf’r being essbwkjﬂon\#hgﬁ%{her

- |A-coated yt 5 qongertienthestdispedanitddyg tihody. coated P

o E%g@ﬁ??%ﬁr?h‘%ﬂéﬁ%‘éﬁﬁﬁ%‘éa&%ﬂ al | of

~=(pol yvi nykt ol .beads or = wheatgerm a

1wh. ch bea%is ;{ggg%rﬂ%rg‘ftﬁqnﬁﬂ}v%lyaalﬂmansf&ds@%&\'ﬁ%ﬁﬁgﬁrsg lLnc. The beads
~“‘chosen shoul @bé@&wf;mﬁhglf bi nding to bacterial ce S s ke being gsgayed
preferred to use lectin-coaradea b?#ppmydmmﬂingﬁﬁiﬁbfelmu%%er . f.or
“exanpl e, as mwtad dod diethtdrto oﬁﬁ%e@% e@i).l 4,568, 649 and Eur opean & Halengy

' 1154, 734. The beads. (known as "Scifiti ﬁ%ﬁWWt%mﬁwammAiﬁhicﬁ?ﬁ)

. 'beads) are cBWREFEIayayadatic Foh fe 5_@%&?@1 c. Most preferred are

7.+ wheat germ ag&in'gﬁ#ﬂi n-.ﬁo?t ed SPA beads whi ch™ areé"tapabFercsntrafionaif tig: cheltdr

"~ ol ecul es, speci nd i ¥ RPge dspenglondhs pariiogar dHeldtsr LG evid t hat_ t hr ough
“ the {bi nding aifideaqst glatglagqgs mne to the SPA beads, Hadr Psedeand ghpuld pe d

“T1l formed in step (1? I's br %@’P{P ePhWStaélcmS;anﬂh&)wsﬁbeDﬂm!ﬁeﬁ:@&‘ceﬁ{r Oresgfr
- whi ch beconﬁplcd@bwﬂicadlbml\t{%r%ﬂioﬂi on. energy, resulting in the &M &5ion
;of light energy which is 30 subsequen emﬁfrféﬁei n step (4). 8 Decenber

| 2004 WO 01/94623 PCT/ SE01/ 01272 8 The beads (with fluorescer), which are

i conveni entlﬂngﬁgggb- %gesfggrrgqegf %aqueous suspensi on, are contacted

| with the reactli M Xt praye dngrof thaze kd st .1Q.. m nutes,

Hne) Bloy E0E szttt ea-

' preferably Prowitiiig agdaySOFE, ~Qvernight), beforet
in step V0T fifoflsce? Vi ustially’be associated with or supported by, in or on

15 bead i
s, for example, lectin-coated beads, anti-mouse antibody coated yitrivm silicate

beads, polylysine (e.g. poly(L)lysine)

-coated yitrium silicate be 1
. ° ads, Protein A—c
yitrium silicate beads, anti ’ o

N ’ . -mouse-antibody coated PVT (polyvinyltoluene) beads or
| Wheatgerm agglutinin-coated PVT beads, all of which bead

from Amersham Inc. The beads chosen should be ¢
20 walls.

§ are commercially available

apable of binding to bacteria] cell

It is preferr i i
p ed to use lectin-coated beads impregnated with a fluorescer, for example, as

d a . .
escribed in US Patent No, 4,568,649 and European Patent No. 154 734 The beads

(known as "Scintillati imi "
_ cintillation Proximity Assay (or SPA) beads) are commercially available

25 fro '
m Amersham Inc, Most preferred are wheatgerm agglutinin-coated SPA beads which

fo . - . )
tmed in step (1) is brought into close proximity with the fluorescer which becomes

activat iati i
ated by the radiation encrgy, resulting in the emission of light energy which ig

30 subsequently measured in step (4)




5 (4), e.g., ina "Mcrobeta Tilux" counter. The present invention also
provi des a method for assayi ng phospho- N-acetyl muranyl - perft 3pesfRies«004
transl ocasgo g)dip® activity, which nmethod conprises the st 58‘{3 gzﬁé

i ncubating a reaction m xture conprising a UDP-N acetyl nur jﬁ%{ HP pti de
10 (UDP- Mur NAc- pent apeptide), a radiol apelled derivative of a UDP-N

acet yl mur anyl pent apepti de, a source of divalent netal ions, a source of
undecaprenyl phosphate and a source of the translocase enzyne under
conditions suitable for the formation of a coupled product between the
radi ol abel | ed derivative and the undecaprenyl phosphate; is (B) stopping
the reaction of step (A); (C adding to the reaction mxture of step (B) a
f 1 uor escethe keads (it fliereseer), ngidh ayb comvenieyyly ediéd iadhdforiohe ahlagasgscer . 1 n
step (A),_Lthe UDP-Mur NAc- pent apepti de used nmay be any of those usually
present i %’I‘Spe?@wﬁaﬂ?rc&frfaﬁmg%m& AEFCHED MIKYER QA{%@PS(%M aingriod of efieasi{ly

purified i mat i cal Wit h precur.sprs from bacteri a,
00 by o BERERNE Yoot TpSig T BT NsERet), e bt Tate S bntecAm 488 s
and N.s Na@iexgain al"MBacHed! Tibhx" cota®90) , 172, 63-70). A preferred

. UDP- Mur NAc- pent apeptide to use i s UDP-Mur NAc- L-al ani ne-y-D-glutam c

aci d- mt di am nopi nel i ¢ aci d- D-al ani ne-D-al anine fromBacillus cereus. 25 The

“radi ol abe}J ed derivatj.ve of a UDP- N-acetyl nura_nylngnt apepti de preferably
cont ai ns erl?zf‘?eﬂ?irﬂvﬁ]ﬁl?n alappryvides g methedfos agseive phasiheyV-Beetgimirmyl-zed,  f or

exanpl e, 3 atl ORI - at the s-amn roup of the

meco. DAp Paes PR A Bl R PR i pe 0 oS nipilor

aci d- m di @i inoyiatinp iaGe@tiof nix ke RSt idh@h THPLR- g -WO

0 64005 R Aol TR AR ShEL | ﬁﬁﬁﬁg&&ﬁ%%%pgﬁ%i de and
of radf ol @HF-MurNderpansarieptide)i 4 tadidlshlleddenvdtiveiof a UTBP-NANge from 4 Mto .
15M —preferably from4 Mtogo 10M e.qg. from 4.5 Mto 5.5M per well of the
mcrotit r%ceﬁ’?‘aﬁ@mﬁﬂ@tmﬂa% ao‘Pu’icﬁé’gflﬁ’éleﬁF aistal fawg, 2 srardaefttindecapenyl i s such

.' that the fRAhRACLidA bourBEESHE ‘tai'ﬁngicr)c%rs'} efzyHie et co%dit%o%s (é)ﬁi?ab% fo? Fhe

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 ﬂuérescer; 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 haturally-occurring peptidoglycans and is cdnveniently purified from bacteria or made
enzymatically with precursors from bacteria, e.g. by methods similar to thaf described by
T. den Blaauwen, M. Aarsman and N. Nannings, J. Bacteriol., (1990), 172, 63-70). A
preferred UDP-MurVAc-pentapeptide to use is UDP-MurNAc-L-alanine~y-D-glutamic
acid-m-diaminopimelic acid-D-alanine-D-alanine from Bacillus cereus.

25

The radiolabelled derivative of a UDP-N-acetylmuramylpentapeptide preferably contains
.es 3 33 125 : :

trittum ["H], “"Por 1. Such a compound may be synthesized, for example, by

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

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

30




5 well, preferably from0.1 G to 0.4 G per well, particul arl .2, 0 per

.well. The divalent nmetal ions used are the sane as those prseg?‘éﬂ%e\ﬁzom
descri bedwdtwosprbr anes of Escherichia coli bacteria may ngﬁ&iﬂﬁ ly be
used and indeed are is preferred as a source of undecaprenyl phosphate and
transl ocase enzynme. The quantity of mgnbranes used will typically be in
the range from5 to 259, particularly from10 to  15g, protein per well of-
the mcrotitre plate. The menbranes may be prepared as described in
Exanple | _of WD 99/60155. is In step (A), it nmay be convenient to use an
aqueous ndgited Hueunt 8§ UDiheNAcoehiapemnie and of radaflatdHRESevatinsivdl] HEPES-

KOH ( HEPES .bej .N-] 2- Hydroxyet hyl ] pi perazine-N -[2- ethanesul fonic acid])
or Tris| EWF%L?’Q%@P&@? ‘]agé‘? %‘FBH%‘?H&%@ -oB1FesRbly &op 4ruMstoHOMM,, e.g.tfroam buf f er
sol ution ' HEPES, and Tri s- .are,.co rcially

avai | abl g]? i?‘om tsaséﬁgf géﬁavgegf%ﬁt}l%ﬁ&%g{z@g?gw g‘glefﬂkoupgiw W&?%Fle of step
(A i s nalerivativeadedis sech SAPHehdbA VY s f 1 I ra .
peri od of e2 to 15c m'snu'?es, e.eg. g&m nut es,ﬁgﬂ g&%gﬁgﬁﬂ%n@ Oé(ﬁv@a{))%}e for
enzymé- ceallapyefwablyifong 011 183t BebiCi par wetls partic@larly 0.28.1ek @elled aspect, the

reaction mxture of step (A) will additionally conprise suitable anounts
of detergent (such as Triton X-100 at 0.1/ow v) and potassiumchloride, to

Fivent o (7R m@HAGl B8 MAThe SRR Rl BbuRi Rt onded 10 be used

as a screen for identifying 30 anti-bacterial conpounds that are
ant agoni sts of the transl ocase enzyne, the reaction 8 Decenber 2004 WO
- 01/ 94623 Tremeryaneiof Eschaiokiotali wctiiastapcopinienly Heusbd and GBI ingse one or

more test ¢ unds in varyin concenirations. The reaction is stopped (or
quenched)PTy H-Ec?%spa f(ﬁbmeo?/fa'ﬁ‘ﬁﬁcag’ﬁﬁnﬁ’g@f@waﬁ%‘? translocaseegngiae. e quanthip of

addi tion, : : I nt of.a,djval e nmetal ion
chel at or rg%}ﬁ%rgﬁﬁgﬁ Q%?gl.l 5gt E;l/lprg%e ?Jgﬁr]%n%efgérﬁggggﬁ;% pﬁﬁtfcﬁlafjt’:’[ﬁ‘ﬂ?q\%m?ch i's
‘commer ci alSug, preeid paiveell Sfthendidietitt gt AMdimhéhbiiies thdyfbe Jldfart@Rcent rati on

of the chel ator _conpound wi |l of
: described in Example 1 of WO 99/60155.

15 Instep (A), it may be conveniént to use an aqueous medium such as a buffer solution, e.g.
of HEPES-ammonia, HEPES- KOH (HEPES being N-[2-Hydroxyethyl]piperazine-N’-[2-
ethanesulfonic acid]) or Trisfhydroxymethyl]aminomethane hydrochloride ("Tris-HCI"),
the buffer solution having a pH of about 7.5. HEPES and Tris—HCI are commercially
available from the Sigma-Aldrich Co. Ltd.

20
The reaction mixture of step (A) is maintained at a temperature in the range from 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 Inapreferred aspect, the reaction mixture of step (A) will additionally compﬁse 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 sereen for identifying

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




course depend on the particul ar chelator conpound used and shoul d be
sufficient to chelate all the divalent netal ions; in the Q;gg%ergﬁer@@% t he
concent ratd,glaug\gé typically be about. 10 35 mM per well of the mcrotitre
plate. In step (€, the fluorescer used may be any of thosePGHeRONETy
enployed in scintillation proximty assays. The fluorescer will usually be
associated with or supported by, in or on beads, for exanple, _

| ecti n-coated beads, anti-nouse antibody coated yttriumsilicate 15 beads,
pol ylysine (e.g. poly(L)lysine)-coated yttriumsilicate beads, Protein

A- coat ed mixtireiofistep i(A) aal FalBEESmpaRt bndBUS! i :
(pol yvi nyl t ol uen.e)pgebadstyor V\heatpgler m aggl SEG?E?'ES g%g}tlg%%r}ggds, all of
whi ch beatfScetatiobimercial |y avail able from Amersham Inc. The beads chosen
shoul d be capable of binding to bacterial cell walls. 20 It is preferred
to use lectin-coated beads inpregnated with a fluorescer, for exanple, as

descri bedyy , . 3 tent Na. 154,734. Th
boads | korrehtionH SibpoR(or e BB ARIETHL BT Sl BB Bl
- conmersi atht ydditien, |28 lenchinOipeATRE & RARAYIO tmoMRF aREER t%?al%ﬁcﬂ\éiﬁ@% germ

aggl utini n-coated SPA beads which 25 are capable o I ndl ng sugar

- mol ecul -es?orlwnd,fei-&- ahyjengdipsngtetragcetio sadi(EPTA) twhich lebireve@eially hedilablae

57 g CH R g B A o b koo s

1 ATt SRR Al Mgl chAgE b BboNIBLANGS shyd BERmakaiaidakr,
VO 01/ 94623 BT SEOL D1oT T oy Saor e Sohoitioh 381 Gl BN Bionf o

r adi atd oM psr, welbefithe imigrotitrephage.eni ssion of |ight energy which is
subsequently neasured in step (D). The beads (with fluorescer) which are
conveniently added in the formof an aqueous suspension are contacted with

br of er abl TS e SBlestie ed by b bnf o Hohe RBhefS e i penPlitinn it oo
in step jByimity@saysi The flubteateiliustaiybe asssifed Wwith or supported by, in or on
beads, for example, lectin-coated beads, anti-mouse antibody coated yttrium silicate
1s - beads, polylysine (e.g. poly(L)lysine)-coated yitrium silicate beads, Protein A-coated
yittrium silicate beads, anti-mouse antibody coated PVT (polyvinyltoluene) beads or
wheatgerm agglutinin-coated PVT beads, all of which beads are commercially available

from Amersham Inc. The beads chosen should be capable of binding to bacterial cell
~walls.

n.!

20

Itis preferred to use lectin-coated beads impregnated with a fluorescer, for example, as
described in US Patent No. 4,568,649 and European Patent No. 154,734. The beads
(known as "Scintillation Proximity Assay" (or SPA) beads) are commercially available
from Amersham Inc. Most preferred are wheatgerm agglutinin-coated SPA beads which |
25 are capable of binding sugar molecules, specifically N—acétyl glucosamine. It is believed
that the coupled product is captured onto the lectin-coated beads thiough the binding of
N-acetyl glucosamine which is present in the cell wall fragments associated with the
bacterial membranes if these are used in the method of the invention. Due to specific

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

AL R L e, e B



The p.res'ent invention will be further explained by reference to the _
“following illustrative 10 exanples. Exanple 1 (i) The wel I&Dggemper 2004

mcrotitreu@pbabgdere individually filled with a total vol Eg‘fﬁ@}”‘ﬁ% of a
reaction m xture conprising an aqueous buffer solution of

HEPES- ammoni a (N- 15 [ 2- Hydr oxyet hyl ] pijger azi ne- N -[ 2- et hanesul foni c acid])
(pH 7.5), and 10 mM magnesium chloride, 15 M

UDP- Mur NAc- L- al ani ne-y-D-gl utam ¢ aci d- m di am nopi nel i c aci d-D

al anine-D-al anine, 2.5 Mtritiated UDP-N acetyl glucosamne (0.2 G per

wel 1), 3 forsasenshigh basomesqetivated bidhe mittiation endrg VB methd erfisibh afies and

a solutign.of test.,ca und (e.g. Tunicanycin, Vanconycin, N sin) of
varyi ng g{ﬁ]i]ggﬂ?r%f‘i lng‘%lﬁ% tymeaswspi e G- de. Tuni camycin is a known
ant agoni st of the transl ocase enzyne, Nisin is a known antagoni st of the
transferase enzynme and Vanconycin is a known antagoni st of both the

trans| ocaBe iads (wihaeass) wiisY BRscontMIERRAEED i tﬁe%ﬁei;ghd?c@%a oni st of

the transglycosylase enzyne and is added to prevent t el from

bei ng 3 ncWspsEnad: contdatedreith ttaghgttmnhixtb oFsiep (BY¥Efok & pefiod bEatNéet i i tre
plate were.used ag controls: two wells contained no ]
© UDP- N- ac éM8AYHEr Hdn 8 hearstar deore Gogr @eenigk) before the piytedn tooanted't inrsep t wo

wells ¢ L pe 3 und. (100% reaction controls). 8 Decenber 2004
UEHD7 n D i besf 2TRE

.20 12 P e pur péléler‘of the effect of an inhibitor of the
transferase or translocase, the 41" ' : .. dalong wwth the substrates at
step (i). 25 The mcrotitre pla 7 oCfor 5 mn and thereafter 5 | of

et hyl er i eBlicpresest svention will be further explained by reference to the following illustrative

. 1 examples.

Example 1
@) ' The wells of a microfitre plate were individually filled with a total volume of 25 pl 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 pM UDP-MurVAc-L-alanine-y-D-glutamic acid-m-diaminopimelic acid-D-
alanine-D-alanine, 2.5 uM tritiated UDP-N-acetyl glucosamine (0.2 uCi per well), 3 pM
Moenomycin, 4 pug of Escherichia coli AMA1004 cell mémbranes and a solution of test
compound (e.g. Tunicamy;:in, Vancomycin, Nisin} of varying concentration in 4%
20 dimethylsulphoxide. Tunicamycin is a known antagonist of the translocase enzyme, Nisin
- is a known antagonist of the transferase enzyme and Vancomycin is a known antagonist of
both the translocase and transferase enzymes. (Moenomyecin 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).




. 15.mM was:added to gi ve,_-'a/fi nal EDTA concentration of . WO g1/9 6Z-, % 10
“goncentratioh of HEp 501 e | 1s The E. coli menbi= as descr} B&FT r&ﬁp nt
~appl i cation MO 99/ 60155. W@ PY9&pt er addition % of an aqueous suspension of

wheat ger m-- &ggl uti ni n-coated sc*I| ~y assay beads conprisi ¢ 5891§1%2ads in

sol uti onj of HEPES ras added to each Il such that the final The plate

_ it 3t at roomtenperature befdre being counted in the M crobeta

e Figure 1 is a.graph sho"~age inhibition of translocase (and

S thuslipidgl | synt hesi flg giejé%g?%;gni c oration (after subtracting the
corresponding 0% reactio 3 | 2 13, 0o 1 age

“inhibitioni of transferaggdcag Ehus:)d}?lé&*egyéﬁemggﬁftﬁregtg?%é&%@e i sin comer

%Ert%d‘%hg&fithrtﬁﬁglmﬁﬁ%s aﬁt%&'(i)%‘ 3 is a graph

thus Lipid IT

' subtract‘ij'n the corresponding 0
i nhibition of transl ocase and transferase (an
correspondi ng 0%

- showi ng g¢ 5
- synthesis)j versccin concentration (after subtracting the
8 Decenber £. colbniskh§4623 PCT/ SE01/ 01272 13

_as described in patent application WO 99/60155,

s

‘a

reaction r

The microtity
ethv] © platw °C for 5 min and thereafter 5 pl of
Yienediami
15 mnr lnctet;fA) was added to give a final EDTA concentration of

o (i) After addition 01
, )

1 of an aqueous suspension of wheatgerm

agglutinin-cog ds in
soluti ted SCH.FY assay beads comprising 500 pug beadsina -
10n of HEPES.ai - |
FES was added to each well such that the final
concentration of HEp, 50 mM

15 The plate wag 1 i
oft for 3 at room temperature before being counted in the

t

"Microbeta Trilux" coué

] ; ‘
Figure 1is 5 3
= & graph show, . inhibition of translocase (and thus Lipid I

fJ ‘ Synthesis) v | din
€rs ica., ..
us Tumca?auon (after subtracting the corresponding 0%

; 20 reaction readings),

Figure 2 js 5 ] -
syathesis graph sho%ge inhibition of transferase (and thus Lipid II
€5is) verg Qi
us Nisin cogyer subtracting the corresponding 0% reaction

readings),

Figure 3454 "
graph Show?“&;ge inhibition of translocase and transferase (and

thus Lipid I ¢ : n
ynthesm) VelSicin concentration (after subtracting the

|
o
, Corresponding gy, reaction r




Exanpl e .2 The nethod described in Exanple | may alter nativeles be erf8r med
~using the R nenbranes of an Escherichia coli nmutant, AVAL0C4 e|!5>2.0.4Spe
, a nmut antyd p yhi ch the gene ponB encoding PBP | b has be i Lyvat ed,
as descri bed fg{/l%s_ Y. Yousif, 5 J.K Broone-Snmith and B. G EEE”PEWIE? Gen.
Mcrobial., (1985),1.3x, 2839-2845. Thgse nmenbranes |ack PBP I b activity
which is the major transglycosylase in Escherichia coli and thus the

radi ol abel incorporated into Lipid Il is not transferred to peptidoglycan. .
Hence there is no need to add noenonycin to the reaction m xture. 10 Figure
4 is a grEpmpbdwi ng the percentage inhibition of transferase (and thus
Lipid Il synttgg)ési s) .versus Nisin concentration (after subtracting the

cor r es pondicTBettod dessrbechin Exeamie hapay altpingtivaly be perfarmpdapingsthewi ng t he

008 esebecon Encenn ; fmgshoui ng the
Cont hos: SyouaP Il b A R R AN AN GE R B e

. COr r espongh; 0 3 i . i . | . .
ooty MO oY SR RPE has BB viAD he JUBAUE BPS Y sty g
a react i ik rBroomeeSmitinpid BiGgSpratt, IN0eR UdichsHisie (1985) UEI 100832543, MV

HEPES- ammoni a  (N-[ 2- Hydr oxyet hyl | pi perazi ne- N -[ 2- et hanesul foni ¢ aci d])
(pH 7. 5) , Thespmembraves lagk FBI lhreekvibowhigh istthe major transglycosylase in Escherichia
UDP- Mur NAal.- al.ani ne- y-.D-ql ut am ¢ _aci d-m . di am nopi nelic )

“aci d- D- al & aﬁgﬁﬂsgﬁ%’gﬁd%;g“e; Ingofory F‘i }“éﬁr!TL l‘iﬁﬁ W%@éﬁ%?ﬂeélt%%@ﬁg%aﬂ-( 0.2

}t G per mlek heristhoHecEss AT bl o MR, menbr anes prepared as
25 descri bed beelrov?/ anc?ea sol ull'tn‘?%lrl](ﬁnc??c&%g)st cor%%%]uﬁgl S g. Tuni canycin,
Vancomyci n) of varying concentration in 4% di nmet hyl sul phoxi de. Tuni canycin

i-s a known ant agoni st of the translocase enzynme and Vanconycin is a known
ant ag¥ni sYIEBE 435 ¢ gramhshowingsthe persentagainhibitions i dransferage tandehus Iipitld enber

2004 WO SE01/ 01272 14 Four wells . of the mcrotjtre plate were
used as. c%#hr%%: I r@v\% 1§1é1|c|01510%1§rﬁﬁ81? f fibtragiing W&E@?Wpﬁﬁ‘i“&g’% atfihept i de
(0% r eactiegdingHntrol s) 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 '

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

corresponding 0% reaction readings).

Example 3 _ :
(1) The wells of a microtitre plate were individually filled with a total volume of 25 pl

20 of areaction mixture comprising an aqueous buffer solution of 50 mM HEPES-ammonia
(N-[2-Hydroxyethyl]piperazine-N’-[2-ethanesulfonic acid]) (pH 7.5), and 10 mM
magnesium chloride 15 uyM UDP—MurNAé—L—aIanine—‘y-D—glutamic acid-m-
diaminopimelic acid-D-alanine-D-alanine, 2.5 uM tritiated UDP-N-acetyl glucosamine
(0.2 uCi per well), 6 pg of Escherichia coli AMA1004 cell membranes prepared as

25 - described below and a solution of test cbmpound (e.g. Tunicamycin, Vancomycin) of
varying concentration in 4% dimethylsulphoxide. Tunicamycin is a known antagonist of

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

transferase enzymes.




transl ocase the test conmpound is added along with the substrst es at step
(i). The E. coli menbranes were prepared as fol | ows. Four tOPFFIRPELSBAI es
of the baﬁ"’@ﬂ/@m oman LB (Luria Bertani nediunm agar plate were io0

i nocul ated into 5 m LB-broth and grown during the day (forPE/8MNEEA72) at
37C. In the evening 0.5 m of this cultyfe was used to inoculate 500 m of
LB-broth in a 2 1 flask. The flask was | 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 inoculate 6 1 of LB-broth (using 500 ni
of LB- br offturperiis f thef hixsitjtresplate vidr@usdde cohmblsi fb W coMesn&i 4 0- 6. The
culture ls growm for 2 hours at 37C with vigorous shaking/aeration; the
A600 rea\gﬁﬁaﬁﬁ%@tb@%@mpe@meﬁtﬁ@ (0%0reagtiontdongrofsd and a firtheb a0 evella wer e

cool ed on_ | d pelleted trifugation at 5,000 x g for 15 m nutes.
The cel | %dé’ﬁq%‘i%q%‘gswé’ﬁ%’&n&ﬁ@%fﬁﬁcﬁ?ng%ﬂf@éﬁ)fer A (50 MM Tris-HC, pH 7.5
/0.1 mM MyC12). They were resuspended in cold 20% sucrose in 20 :
mvTri s-HCL pH8.0 with (a volune that .is 7.5 tines the wet weight of cells).
Lysozysre Uhawmspaddddhé seréendo RERMdY feictRctdf 22QRNMALIGE BOthahiEagEL] S gently
stirred for 10 mn on ice. A solution of EDTA was added, over a 1 hour
peri od, t&Analacasedhe tesheempouadiipaddst alon@awith theBbsteatts & swpr(®. spun at 12, 000
x g for 20 mn and the pellet obtained fromthis spin was resuspended in
50 MM Tris-HC1, pH 7.5, containing 1 mM MgCl2 and RNase and DNase to a

- final Con?l%‘B.rc%ﬂiilﬁé}nBFang@Qé){?ﬁr&%?ﬁaTﬁﬁoﬁé{Spe”Si on was gently stirred for 1°

hr at 25 room tenperature. e ce ysat € was spun at 3,500 x g for 45

i nut es. Howe ts fipecolahiReiof thads ' ' i 2 A
m nut es s fipecolahizs bf thedacefh iept SOTBALLHE §R bR 1?19(%%:?) S%érﬁ%‘%tg rei-éar

| and ultra-centrifuged at 150,000 x g for 45 mnutes. omthis
spi n Was RaSHesd Byo SaslkBdnethragd igrowmdw tht daf (Buibt&Ehous) ABA°C, In the L

- wtri i 1 .00 f 30.m . Thi | | |
| eue oot S 52 B il Sl SRedl9 smaiate 00 o Lixkrpt ingr> Hissker A and
i H i { 4. 01,946
Pt a0 Sasa s iRt e Putler 4 3095 BBl e AN a AR08 8F 202 5 it

‘used in tivecheds &yrlgshanaouicesingthit belnirt %28 LSERSneATatt 6%%1%—%%&1 &g@gﬂes
and undecg&renyl@aﬁhos hate. The mcrotitre plate was incubated at C for

30 mn an _ Y i I@?tgi’eﬂéﬂas@tshgh ‘élﬁ’eﬂilbatariﬁl@ AbPRawe 0ide0.6c THe CHBRA)WasAS
_‘_added 1} 0 @JOWE fr i hgl?rls a!tE 5);- “% \%‘1:% %?g%trcgtflstslhglgmgaeraﬁon; 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 MgCly). 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 |

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 éoncentration of 0.02 M.
The cells were spun at 12,000 x g for 20 min and the peliet obtained from this spin was
resuspended in 50 mM Tris-HCL, pH 7.5, containing 1 mM MgCl, and RNase and DNase
to a final concentration of 20ug/ml each. The suspension was gently stirred for 1 hr at

25 room temperature. The cell lysate was spun at 3,500 x g for 45 minutes. The supernatant
was collected, diluted to 100 ml with Buffer A and ultra-centrifuged at 150,000 x g for 45
minutes. The pellet from this spin was washed by resuspending it in 100 ml of Buffer A
and re-centrifuging at 150,000 x g for 30 minutes. This pellet was gently resuspended in a
minimal volume (5-10 ml for 6 1 culture) of Buffer A and frézen and stored in aliquots at
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15 MM (ii) After addition of the EDTA, 170 | of an aqueous éus etg%i n. of
~wheatgerm agglutinin-coated scintillation proximty assay $e8 ﬁgp‘f'si ng
500 g beadsoiofyos240 sol uti on of HEPES-ammonia, pH 7.5, was ﬂ%ﬂ#m% ach
wel | such that the final concentration of HEPES-ammDni a was he
plate was left for 3 hours/ overnight atsroomtenperature before being
counted in the "Mcrobeta Trilux" counter. is Table 1 bel ow enunerates the
i nhibitory effects of Tunicanycin and Vanconmycin on the translocase and
transfer a%%oéniﬁge,s (after subtracting the corresponding 0% reaction
readi ngs) 7/V26 |1§ teTme dhe rembBnG EPATion rad was Wsddrih it d4ssanas a source of
Tuni canycj [ 04 Vanpconyci n10011MB2 Exanple 4 (i) The wells of a
m crotitr%lggﬁgggpg&%tag‘?ﬁmﬁ%?mweﬁ F‘Wllé'b‘%iﬁﬁﬁrﬁnﬂ pidiptevol ume of 15 1 25
of a reaction mxture conprising an aqueous buffer solution of 50 nM
HEPES- ammonia (pH 7.5) (N-[2-Hydroxyethyl]pi perazi ne-N -[2-et hanesul fonic
aci d]) an@hdicrotitrerplgteasisiftubiatedrat ¢ °Clfor B min and thereafter 5 pl % -
UDP- Mur NAc- L- al ani ne-p-D-glutam ¢ acid-m 8 Decenber 2004 01/ 94623
PCT/ SEOL/ Siplppedigningiesiarastipiapid| (ED LA wasrddbdind giee DiiahlRDTA, conbehtrhtion 6f t he
cell rrenb(i)%r_\ﬁ of the Escherichia coli nutant, AMA1004 dpon B :: SpcR, a
mut ant fr ich the gene ponB encodi ng PBPlb has been inactivated, as
described by S.Y. Yousif, J.K Broome-Smth and B.G Spratt, J. Gen.
Mcrobial., (1985), 131, 2839-2845. The plate was incubated for 5 20 mn
at 37C. ({ii)) AfenadditorofthaBBTA) Q70 3 @t heueduf iRBbnskANTSM datfehan Of
- 10pg/ M, followed by a test o .

agglutinin-coated scintillation proximity assay beads comprising 500 pug beadsina

i 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 Tunicamycin and Vancomyecin on the

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

readings).
20 ' Table 1
' Test Compound Concentration % Inhibition
Tunicamycin - 6pg/ml. 104
Vancomycin 100puM _ 82
Example 4

* (1) The wells of a microtitre plate were individually filled with a total volume of 15 ul
25 of areaction mixfure comprising an aqueous buffer solution of 50 mM HEPES-ammonia
(pH 7.5) (N-[2-Hydroxyethyl]piperazine-N*-[2-ethanesulfonic acid]) and 10 mM
magnesium chleride, 15 pM UDP-MurNAc-L-alanine-y-D-glutamic acid-m-




conmpound (e.g. Vancomycin or N sin) of varying concentration_.in
sul phoxide. N sin and Vanconycin are known ant agoni sts of & %Cet'&?gg‘bg%/ase

enzynmne. t%(“ﬂfl%}s Then to the reaction well, in a5 1| volune, the substrate
for the tPrantferase was added: 2.5 Mtrltlated UDP- N- acet YETHEAERE ne
(0.5 jC per well). The mcrotitre pl atﬁ I ncubated for 5 mn at 37C
15 (iv) The reaction was termnated by di'luting out the radiolabel i.e. by

addi tion of 25j11 of 200 M unl abelled UDP-GLcNAc. (v) After addition of
the UDP-d cNAc, 150 jil of an aqueous suspension of wheatgerm

aggl ut i nldlammpﬂnblﬁxacm—Dl-dlahh@M) Bk Mahd 4 gmm&%ﬁ%aﬁ&%&i ot 500 g
beads |nEaSFﬁO sol ut on of HEPES- ammDnI a, 5, were added to each wel |l

such t hatEsehaiohia 5‘? mé‘%eﬂ%to% ApeR B—EISES- ,eammﬁamaﬁwagvtﬁdz fivigeifpon® at e

was |eft for,3 roam fenpera ure before being counted in the
"M cr obet®® Gﬁhflg%%% 3?6?1?%9‘1 mmﬁzﬁe sgibadrhy i¥e Monsit, F&. Jiraemeiapith used as

Feact | on o CePRR ST PR, (e 2R RO Pa bRk

(100%sr eddfkminat@gnCr ol s). Table 2 bel ow enunerates the inhibitory effect S
of Nisin and Vancomycin on the transferase enzyne (after subtracting the
correspondi ng 0% reaction readings). 30 8 Decenber 2004 WO 01/94623 17
Table 1 BCT/ E01/01272 T st@ég oundCaoncentrati on% Enzyne Activity

NG si 10/ | THRCRYIZH gt Pirnages Boegtrpion GIOngATL folistved Bk fest | 1 e

pl ate wer e vol
reaction dr? }R’ gdrlg tg%%#%ﬁgha%%uz géugin'gfcgpcegxgr”ﬁ?l? E‘rﬁ@r‘i‘%’gﬁﬂﬂlm’ﬁ%%s
ammoni a Nisin and Vancomycin are known antagonists of the transferase enzyme

10

(iif) Then to the reaction well, in a 5 ul volume, the substrate for the transferase was added:

2.5 pM 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 25 ul of
200 pM unlabelled UDP-GleNAc.

(v) After addition of the UDP-GlcNAb, 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 hours at room

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

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

contained no test compound (100% reaction controls).

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

transferase enzyme (after subtracting the corresponding 0% reaction readings).

30




pH 7.5, 25 nM magnesium chloride, 50 MM KCl, 0.1 %wWyvV Trlto X%OO 6
- UDP- Mur NAc- pent apepti de pl us UDP- Mur NAc- [ 3H] - pent apept i de 38 4

wel ), 12.Wwogimadzst he cel |l menbranes of the Escherichia colpe g

AVA1004 epon B :: Spell (a nutant fromwhich the gene ponB enco |ng PBPI b
has been inactivated, as described by S7. 10 Yousif, J.K Broone-Smth and
B.G Spratt, J. Gen. Mcrobiol. (1985), 131, 2839- 2845) and a sol ution of
test conmpound (e.g. Tunicanycin, Vancomycin) of varying concentration.
Tuni canyci n and Vanconyci n are known antagoni sts of the transl ocase
“enzynme. 1s The E. coli nenbranes wereTpbkdared as described in patent

appl i cation WO 99/ 60155. UDP- Mjr NAC- [ 3H[ - pentapepride was synthesised as
fol l ows. 20 nanoigité‘}fﬁf oyl | NAC GRneBBation de { pdkiBnzythef Actimityhe| hot

wat er extractis BNﬁezeus) wer e InCilg ’mﬂ with nC  of _3H N-hyd| oxy

succi ni m . dyl (specijffic 20 ity -191 Gilmmfl) in 20/ of 100
MM sodi um borjat e byff.ehveRH 8- 9 at 4C 20 hrs} Reacti m x wap diluted
to 100 gl tot'al—vottunre ?jgl{ang 84 b@ M-amrpailum-acet 95(2 buffer, pH

8.5, and | oaded on 500 gl DEAE sepharose colum equilibrated in the sanme
buffer. Colum_ was washed with six to seven ml of 0.1 M ammoni um acetate
buf fer, E’Lﬂﬂ!ﬁ_to rem)ve t he unbound unreact ed 3H— NHS- pr opi onat e. The
bound progﬁ It[,g % é ‘?,@é a- -D-Q.u

- 3H Pr opi Bhat &85 YB3 IB!CA?%F teeW?IPé%ﬂ%@Pﬂb’ f@l@ Wlth ataiviolimech 28 1é

Decenber Sor 8 Brrudeageiepe dnaRifs HRboRfionTRa bl i TP b as

a substr apH.7.5,n25 i engyesuA sERYide ASD MRI KCACS.1 QRS We{tén RORIED @@D&he
specific act|V|ty was determ ned. Four wel IS of the mcrotitfe p ate were

used as cHHENSicentapeptideipies UBBtMuﬂ‘éAc{ﬁﬂg)mtﬂpapudBn(O Buét parewell)] 108 oi nt
0% t d { ewt d

{T00% r eadt s SO bT MR 07 o Acdhortig %ﬁfaptemﬂ@ 4800 Réjtngt da maisioC.

for 8 m nﬂ‘bﬁlswhﬂsﬁ tHe 7%3&1): E&g 'énéoi‘hﬂé pBHy ARG I3 tedn 24 a&2R6S J'lg rgly.on of 35

mM and thereafter
‘ 10 Yousif, K. Broome—Smlth andB G. Spratt, J. Gen. Microbiol., (1985), 131, 2839- 2845)

and a solution of test compound (e.g. Tunicamycin, Vancomycin) of varying
concentration. Tunicamycin and Vancomycin are known antagonists of the translocase

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

UDP-MurNAc-[H]-pentapeptide Was synthesised as follows. _
- 20 panomoles of UDP—MuLNAC—i) entapeptide (purified from the hot water extracts of
B.cereus) were incubated with 1 mCij of 3H-N—hydr6xy 's'uccmimidyl propionate (specific
2 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 1 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 3I~I—NHS-p}:opionate. The bound product, UDP-
25 MurNAc-L-Ala-y-D-Glu-m-DAP(N S-3H-Propi0nate)-D-A1a—D-Ala was eluted using 0.5 M

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




aqueous suspensi on of wheatgerm aggl utinin-coated scintillation proximty
assay beads conprising 2000 pg beads in a solution of HEPESDg 'Pﬁ"az,oosz

. 7.5, and 5\9@09)3‘?@? de was added to each well to reach the final
concentration of 100 mM HEPES and 0.02 % w v sodi um azi de FeS¥PEEMYR y. 15
The plate was left for 15 hours at roomgenperature before being counted in
the "Mcrobeta Trilux" counter. Figure 6 is a graph show ng the percentage
i nhibition of transl ocase (and thus Lipid | 20 synthesis) versus :
Tuni canyci n concentration (after subtracting the corresponding 0% reaction

r eadi ngs) for RpgitEbyrusing tenr aphsubbioatt. tigthc kAzRRE 6687 ARG ThRidnk %rQ{Jooled
transl ocasedréggg thus Lipid I synthesis) versus Vancomycin concentration

(after sufft ¢ #AVEy ves slgtsrmined- 0% 25 reaction readings). WO
01/ 94623 8 Decenber 2004 PCT/ SEOL/ 01272 19 CLAIMS 10 ahng a reacf >,
I nsing a UDP-N-acetyl muranyl pent apeptide 5 (A ;?"",1, formation of a

coupl ed (BourSYARRIFHE nltLotjiRASIEteQere b Qﬁrsr trgis %Ajggﬂﬁ %ﬁ%ﬁ%iétgg E%?lg%% 2 ? ng

undecaprenyl phosphate; (D) neasuring Tig eher
to thes sohtureigiime paitt (@96 redckon tentedls)dndn fidherdwld WalsGRE8ineBitftedd A

~compound (100% reaction controls).
(i) The microtitre plate was incubated at 22°C for 8 minutes.

10 - (iif) EDTA (5 pl) was added to a final concentration of 35 mM and théreaftef 270 pl of an
“aqueous suspension of wheatgerm agglutinin-coated scintillation proximity éssay beads
comprising 2000 pg beads in a solution of HEPES ammonia, pH 7.5, and sodium azide
was added to each well to reach the final concentration of 100 mM HEPES and 0.02 %

w/v sodium azide respectively.

15

The plate was left for 15 hours at room temperature before being cdunted 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%

. Teaction readings).

Figure 7 is a graph showing the percentage inhibition of translocase {and thus Lipid I

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

25 reaction readings).
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¢- D-al ani ne. 25 nethod accordi'ng trein the UDP or 20
arryl pent apeplwgl Jéil:t% UDP- Mur NAc_L- al ani ne_yCi d- rﬁBF%erW%(S& Prei ic
x met hod accor di ng to im2, weaigiofoihe

UDP- Murr NAe- L-al anine_r _id_ mdl am nopi nelic

radlolabelfed derivative is
acid (NE 3 proplonate) 4 A net hod accorglng toslinse 1 to 3, wherein
' cell nmenbranes represent a source of one or biaprenyl phosphate
t he

5. A nethod according to clj

i chia coli.
“ran 6. A nethod

'l"".,::ijaﬁdz::'::;tb}‘fa. ocase enzyne. Escher _
- a ce nems are from

| b eeps of: c er

‘ba toi
aecord| g to any, ms 1 to 5, whereigImadi®bs$um chloride is used as a
di val ent et al i on>" activ‘i'ty, whi ch net ho

source,dﬁ
| 1. Amethod for ag
acetylmuramyl-pentapeptide translocase enzyme

activity, which Iethg
leps 0

5 ;;)J ;::::;ch ;Zizznsmg a UDP—N-acetylmuramylpentapeptlde
acetylmmmnylpemapfeued derivative of a UDP-N-
phosphato and Sourcéi ‘divaient metal ions, a_source of undecaprenyl
e enzyme under condifions suitable for the

formation of a 3 - .
coupled ;-the radiolabelled derivative and the undecaprenyl
" 10 phosphate; :

; (B) stopping the reactlm
| (C) adding 1
g to the solutxqeactl on mixture of step (2) a fluorescer; and

(D) measuring light ener;le fluorescer.

15 - | 2. A method .
UDP.p accordmg t em the UDP-N-acetylmuramylpentap eptxde 18
-MurNAc.-I.- _
alanine ",de_m dlatmnoplmehc ac1d—D alanine-D-alanine.

3. Amethod
UDP-Mura according tOnm 2, wherein the radiolabelied derlvatlve is
“MuriVAc-L- -
alanine '}"J-ld -m-diaminopimelic acid (N'~ H—pIOPIOIlatC)'
2 D- -alanine-D-alanine,

o according to ahms 1 to 3, wherein bacterial cell membranes

Tepresent a soure
¢ of one or b‘aprf:nyl phosphate and translocase enzyme.

% 5. Amethod ‘
according to Clanm the bacterial cell membranes are from

Escherichiy coli,

6. A method accord; .
cording to anynms 1 to 5, wherein magnesium chloride is used

as a source of divalent metal jon




1 A nmethod for ass. acetyl nuranyl - pent apepti de transl ocase enz
(UDP- Mur NAc-p en belled derivative of a UDP-N acetyhn r yj pgeﬁ?éegnattﬁr\?g%nt

nmet al- i onsyo@18fuEce of undecaprenyl . phosphate and a sourwﬁﬁﬁ under
conditions suitable for the 30 8 Decenber 2004 WO 01/9462 01272

20 7. A nethod according to any one of gjains | to 6, wherein the reaction
m xture of step (A further conprises a test conpound. 8. A nethod
according to claim7, wherein the test conpound is an antagoni st of the 5.
transl ocase enzyne. 9. A nethod according to any one of clains 1 to 8§,

wherein.ih shapeth®) accodiingiteenty ametodlelaite t6 Bewhiein e PRSIy 10
10. A rret&g}&a%ﬁcordi ng to any one of clains I to 9, wherein the fluorescer
i's assocCi i CORSeR i FRsbyanerPuBd, in or on | ectin-coated beads, ,
anti-nmouse anti body coated beads or polylysine coated beads.

&. A method according to claim_ 7, wherein the test compound is an antagonist of the

5  translocase enzyme.

9. A method according to any one of claims 1 to 8, wherein in step (B) a divalent metal

ion chelator compound is added.

1 10. A method according to any one of claims 1 to 9, wherein the fluorescer is associated

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

polylysine coated beads.




