WD 2007/ 149056 PCT/ SG2007/ 000175 METHOD OF SCREENI NG
ANTI BACTERI AL DRUG COVPOUNDS [ 00001] Thi s application
waebk@vmsooshe benefit of United States provi si oPet/sSG2007/000175
. application serial nunber ,60/815,605, filed June 22,
2006, the entire contents of which is hereby
i NCOfEIHGR e SYREENING eARTI BAGACKEROUDRUCOFCHHMBEOUNDS
I NTENTION 1. Technical Field [00002] The invention
relates to the fields of =medicine and agriculture,
and specifically to screening nethods to identify
[000@a]i bi Thie epmlddads onhall dimee el ibanafilto sPMdtted States
bacteria in_vitrqQ, in vivo in patients such as
ProvigiRRRd apRlfigGatign KemdRd, NAFPSIH §9/815% 608, filed June
22, Poo6ri pheoBnefi rkhecBaek@sowid wilcH Q00 BALt€ldSrporated
remain the greatest cause of infectious diSease.
by reierePrst diseases result in both considerabl e human
norbidity and nortality, and in trenendous | osses in
agriculture due to diseases of plants and ani mals.
Decades af t er BRRECBPYNBYEFyTHRIIN¥ENEAONve use of
antibiotics, bacteria, particularly those that have
acquired_resistance to conventional antibiotics, have
1.  FechnieabdFieldnjor threats. The discovery of new
cl asses of anti-bacterial conpounds is needed to
control these new threats. [00004] To date, al nost al
[000@2] eenBhelesiynrtion rdbatebytoahhebéd¢eddisabfcarpduridse and
4 / en rfor . US| ither bacteri cul tures .
agei QHELE AT SBE T APELTS, B B8krepifpohetgd® & Sentisy
ant 11200714 48060 Reds SO0 THa0e 1a5t it yetusebmbatt basteria

: screens suffer.froma mpjor djsadvanta in that,  they
8 VEantot 7 deht Py P D Lenhti GArReat HUEMEALS  sdPg By
humari®Xiand oi bgsienta. and al so have [ow or no substanti al

toxicity to human and/or plant tissues. Using in
vitro bacterial culture or protein-testing nmethods to

2. Daetidtdion of the Backaround Art

[00003] Bacteria remain the greatest cause of infectious
disease. Bacterial diseases result in both considerable human
morbidity and mortality, and in tremendous losses in
agriculture due to diseases of plants and animals. Decades
after the discovery and. extensive use of antibiotics,
bacteria, particularly those that have acquired resistance to
conventional antibiotics, have re-emerged as major threats.
The discovery of new classes of anti-bacterial compounds is
needed to control these new threats.

[00004] To date, almost all screens designed to identify
antibacterial compounds have been performed using either

bacterial cultures or purified bacterial proteins in vitro.



inhibitors or toxins of bacterial proteins therefore
often also results in identification of conpounds
wo b@v/1s0066 unsafe for use in eukaryotes such aBCTEGEI07/000175

Whileorus%'}iu .,l‘t %tsiee%tcsf:e%][né. %uf%%rrj cflfjo&nuraa! a(“foolpsdi 'é&‘&?{‘gge
maj or di'sadvant age of the prior ~in Vito st Ui £5L 1 s
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selecvelSn Sl Ro kit ettt Wl 1P G, po
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. tested again for safet nd effect,i vene i e i
vitro BReFeridl Culllre ok PTG HESE NG MAPqheo identify
inhib@gggalsbrs @_@Fﬁ:@&% ot ?la@fcgima\li ggr«gt?itﬂtsb iﬂieilf‘efoiséir@ﬁif@n ‘

-, e recen ,descrli pe acteri
also KoDLREl 18 dfeniduoriion 6F AOTPONIE Lhat Al AR
for uger 8aSecakhriBows shac! e Alumdpeoiresindfth AR ISSHRN it in
. for the survival of the  bacteriym FtsZ and MeB are .
agricpdiugplafrgefes PHELCRNE ARy I1Eaivenié@samf the prior

in vidRoddkehaissi Asbaeher kde iideht#difie RN RIS do not
bacterial species. However, because FtsZ and MeB are
functippywelitakrushniipavive EQkarRebié baistarmisandRitin
o G I e s hkghl y 160 acr,gss
oy G A BT aneay ot Fad (e Gias
identggiedningsuehhadsaydi nestedlar gendessgch agaim sommplety
~ and‘ek%8§t§b%8é§ﬁukﬂ bgﬁgEgE¥e§..l@hggepE%Bo%QH%§fg have
conpounds that wou e toxic to animals and plants.
limited thereVerslhoabdcbesngesssarfy inovexgen@ntibiotic,
screcfkg@nsi derable additional tine and effort to rescreen
~7each identified conpound for toxicity in eukaryotes.
[00005D000Bhe Thecehblyg, deberébes hantedibd Clydomidelfedral
' met hods t.o_identi

protef Rt Bt Farnd: HESHpOaRAS URPE RO oREFBBite L fle knOwD
bacteflisddypatagesantl prevesssnithhodsrantieakseviv4Q of the
ot 2084 140030 E5T FRROLLOODIE, 051 LY ST
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pathogenic bacterial species. However, because FtsZ and MreB
are structurally similar to eukaryotic tubulin and actin
(which also are highly conserved across eukaryotes, e.q.
yeasts, humans and plants), traditional screening methods
directed at genes such as FtsZ and MreB also would identify a
large proportion of compounds that would be toxic to animals
and plants. It therefore would be necessary to expend
considerable additional time and effort to rescreen each
identified compound for toxicity in eukaryotes.

[00006] Therefore, there:is a need in the art for convenient
screening methods to identify antibacterial cdmpounds which

overcome the disadvantages of prévious methods and also
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[00007] Accordingly, enbodinments of this invention
include a nethod of screening candi date anti bacteri al
weompowueds for . -specific bacterial toxicity BESG2007/000175
prefetaPiht a0RYSlRYy ATRETUARANA JorddurRld @Gl &gd#&d against
conpounds may "have to eukaryotic cells. 100008] e
new cdpissgisnerit befcted dln@@MsSson provides an in vitro
nmet hod for identifying antibacterial conmpounds that
have significantly greater toxicity to a specific
bacterial prot SUMMARAOY oTHR ykBYERE I@Ncel | s, which
conprises providing a eukaryotic cell culture
conpri sing eukaryotic cells, transfecting
[00007(hes acoelddd ngiliyh @miperdd memdediafy thie Haviariign include a

rotei n, expressing.the b i Qr.Qtqei ) J
m‘ethoge Pfs SCLEEPELS| ﬁé’rﬁ%{s‘l} g:et %glhts &c teegcr lgau z:éli/rﬁ% l'](i:l{‘&%sel e
:speci]\cﬂifchtb&fc_ﬂe@:_at&ﬂ lﬂdﬁ{_idlmyd't iachart esﬁu_agﬂﬁmra_ cersi laf mmmb g the
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toxicypdtE Sa %&i‘ey SORAYRGS, Y% Doy s :%ﬁl gjﬁi{%;ebei lr(g né%ieic ed
-[.ooooel]tar mze! -%nﬁ)%:dli‘meﬂ‘rﬁfh ,dmgjhmg‘jrﬁmutdfon trmawideys agai hgtvitro
eukaryotic cells, thereby identifying a . c ound t hat
methogh ot f6ieR TaENea ARt GRS FHAdc CBRRES hlipt have
signi?@%@ﬂ@%? baekekral dxietitiy t AR ugrkiEieivhciexi £l tyrotein
to or oxXic effects a%%l{?nst t he expressed, bacteri al
than georsike nyeiis Geddishi thgiFofCHPL RS MFTVHERT th a
. eukarPtURlc YN Y corlfaliachRy iiddrytitdiecdund ein.. In
e ‘Mgr%e#e.rreér enbodi rrentCs,. thle %karyotﬁ, lceI | s are yeast
transgeictdngt dheseamsild s Sty s SEIPArRIRRESN e pcterial
proteg?im@r&?%bl s%%ltl tHP b A A rpﬁc_totei"i'i dRevieeldsSis,

éfe e bacterial proteinis FtszZ  MeB or
screebdnly khsEeakdamsdctrd @vikagy Be o qRidioifh trl least one
‘ 3 r + 4 I is1, 1S » ALY |
i R
inhibatieet lodd thle beerieirfiyln g raiteiaanst i“%lmq]d?%}'ﬁoﬁjd ei ns
as SG‘S:%AEI'].%? t%ev@x%%gye(g{)%%'s% y%@%qpy&q&l@r batdi£Ed@ions of
i 'Ch conprises (a) providi'ng a G-P fusion genonic
toxicliitlyr agpiosta evketmyatiie igeldsyeddreralpl dsiqmini Wekra
compoggh %%%%e%iﬁQ%iEgﬁg'é@f@@&fﬁé3ﬁﬁ§¥c‘§¥féﬁt(é§ainst the
observing thé
specific bacterial protein. As used herein, toxicity to or

toxic effects against the expressed bacterial protein means
inhibition of or interference with a natural function or
characteristic of the protein. In preferred embodiments, the
eukaryotic cells are yeast cells, for example
Schizosaccharomyces pombe or mammalian cells, for example rat-
kidney cells. Preferably, the bacterial protein is FtsZ, MreB
or both FtsZ and MreB, which may be a fusion with a reporter
protein such as Green Fluorescent Protein.

[00009] In another embodiment, the invention provides a

method of identifying antibacterial target proteins from



yeast cells by fluorescence mcroscopy to identify
GFP-| abel . ed proteins of the expressed |library that
wo eoomiviosé bl e assenblies; (d) assessing the iBensciioz000175

bacte&ﬁ%tWHE%HMddhﬂf¥§¥¥“(aﬁ(bﬁﬁﬁﬁéﬁﬁgtQGGPPOEEéfénagsnomic
essential to -cell function of the bacteriunm-a

libraryepfi gebEateniginprict & ritea Hatexpresvien brector;
(b) edpreiERlings ﬁﬂéjritﬁgﬁﬁﬁQﬂi‘féaéé’ééiisfuﬂé &Bﬁﬁiﬁiﬂs the

bacterlun1 as antibacteri al target protelns
yeastpesdrsphvod 1ge rRec aoRMNIMNGS §B0TIY0 | L Fi g@fﬂ@gliiy\ @RE- L8beled

proteé%% B&OEQQJ égséﬂlfkﬁ ﬁﬁ%ﬁlF actln &€s

yeast S. stalne Igure 1A)
assem Adetsubdplu na@ﬁe@lﬂl@gm)he [Jmmfmcg@mtamanmm mespect

to whBRPRLIELARNS HRWI aécmbsgﬁgg%afm% 3 %ﬁ‘ﬁ*' 8f the

expressing-a fusion of
bactefgliymyr egodnt(epr gtd@rxtl yoow 2jr RigurestisA afoirBBrastble

f ur mhlc
wooenfOLO00RR" 8,8 SRR 1D SO IARAAN LI Herprion
as antébhctevisilonange® pmategats ve bacteria. (00013]

Fi gures 4A and 4B are photographs of cells as in
Fi gures 3A and 3B, from which the A22 has been washed
away. [00014] Figure 5 is a flow chart presenting a

bundl i ng. ‘EroBB1BFSERGar e NeREAREE SEAIER0! ogr aphs
of Schlzosaccharonyces ponbe cells carrylng an

100010} 22 FROBRP. 1 PoBBYo PrRGt &"PLAB RN ot ApHP i Ny

- Schiz&ERcNh8Bom @@' a0 ehR tWided 1Y RE 230 RPHRE A& - ébtan
WO 2007/ 149056 PCT/ SG2007/ 000175 [ 00017] Figure 8 is

(Figuge pidl ogPdphuBRédnd FLaR&R AB)i-on of nRFP-NreB in
tooow?]' d £Y§6rSs mngﬁdcgbl Srel %@Jﬁ%f @C are

ot ographs show ng | ocalization cheB (9A),
'SChlZﬂ?ﬁ@QﬁhﬂrQlQByeﬁrpbmbﬁ EeMgBeapetetS@bmﬂgl @ (BEion of

‘bacterial MreB with Green Fluorescent Protein.

[00012) - Figures 3A and 3B-are'photographs of cells as in
Figures 2A and 2B which have been treated with A22, an
inhibitor of bacterial cell division in Gram-negative
bacteria.

[00013] Figures 4A and 4B are photographs of cells as in
Figures'3A and 3B, from which the A22 has been washed away.
[00014] Figure 5 is a flow chart presenting a proposed model
for MreB filament assembly and bundling.

[00015] Figures 6A and 6B are photographs of
Schizosaccharomyces pombe cells carrying an FtsZ-GFP plasmid
(6A) or both an FtsZ-GFP and a SulA plasmid (6B).

[00016] Figure 7 is a photograph showing GFP-MreB

localization in wild type S. pombe cells.



[00019] Figures 10A-10C are photographs show ng
| ocal i zation of EcMeB- (10A), actin (10B), or both
waenraBoscd actin (10C) after treatnment w th PCT/SG2007/000175

tru ' G ' . .
ovorhfl BEE 8 LhokbnolOR0agh, Sravign MikoHGatme o

mRFP—?ﬁéB?iﬁlﬁBLQOtypetE.EpwmbeBcaﬁdSactin (11C) after

reatnent wt [ 1-(butyl -2 . .
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of EC%{EQB- (iQQZ?ZLcEEiQUr(@@BHAorl%Btw EMie® rared actin (10C)

otographs of yeast cells treated with A22 which
afteregpeatnetkpwikbBlatryncaliza®nddatken 0 ninutes

[00026‘gﬁrFfégaggfﬁaﬁai§§ wae LakeRg2RgHNWiRsyBld eTocdPRzation

ures 14A-14B are a pair of :
of EcMbeBogLaphs etityeadfllBdelorsbeitspEaMuaP musiarehin (11C)

P-MeB _bundles . iMtRhoyt ' 1» hour
aftefﬁéﬁ%@ﬁf‘%ww%ﬁg@?wf‘ﬂs;i (F(%%?)h FiagﬁuMP}e? 15A 158 are
benz1mhdga%$ggb§?2mamtldeﬁpe yegst transduced with

- GFP- M ) ar " M
0002 troaasgrssn}i?&h?%ﬁ'ia%em%.ewﬁ%%o?éﬁ@ ARty 2t
the ih3i2ased esmel iphetogranhsiisinoi xr t ckdpgling to
I T AT R T

o - _ _ eh at Z-m nut e "
10002271 er ¥alsre¥entiacal 3y nee sheuitheopasidtomaphshef yeast
o1 e LAk pLOOORSL TR D 8L DU SOLPER o

; F¥eH e .

takengge %hﬁ:%sb%ﬁg'e'id%@@t §asH;ha 3 eacheath kegi 20; mihetes after

rker box indicates the unbleached area. 5 WO
A22 waeb7/ 149056 PCT/ SG2007/000175 [00027] Figure 18 is a

100023 IFTAR SO P, ETEAY! 250 e eiphunakesoast
. .cells displaying prominent GFP-MreB bundles, -without (14A) and
with 1 hour itreatment with A22 (14B).' .

[00024] Figures 15A-15B are photographs of wild type yeast
transduced with~GFP—MreB E143A (15A) or GFP-MreB D165E (15B)
to introduce a mutation in MreB.

[00025] Figufe 16 (1-24) is a series of photographs showing
. yeast cells expressing GFP-MreB, treated with A22, after
removal of A22. The photographs were taken at Z-minute
intervals. Vertical lines show the position of the cell
nucleus.

[00026] Figures 17A-17D are photographs taken at the
indicated times after photobleaching. The white box indicates
- the bleached region; the darker box indicates the unbleached

rarea.



Figure 17. [00028] Figure 19 shows recovery of
fluorescence intensity .after bleaching as shown in
\Nﬁmguﬂemﬁy [OO$29] Fi gures 20A- 20B show f | uor BEGL/RGLI®7/000175
cover at 0 t b e b
roooz {5 e B Pt e i A i 01 oar u e e rancede
of Mréﬁlbnmﬁ?éé dﬂ.éith@mlgh@esgoﬁmtheableaChﬁ@arﬁﬁnpnwpﬁh
) and its subsequent renoval. [00031] Figures
Flguré§i§22p are two sets of three photographs show ng

[ooo2dpcal FZ%&i@M@fslﬁﬁv% eBe ¢@24ry 28D) fltobakbant22BptRRBi ty
and b Ec MeB and, tubulin (ﬁ?C, 22F) in teal cells.
after [lprmsl)ing agiheWs 1N 2BMIYER afe phot ogr aphs of

[ooozsﬁFF" M-ERurd & B0GallEeE  ¥ESY - BOusebbEencungtabredy( 234k for
nd stained for GFP- MeB (22B 500033] - Figures

the bmaaem &@Abrm@gm@l@h%a@heﬁm( QB) yBGEEONEe| | 5 (24A;
[ooosc?]er pzmég, b s %ﬁf@%r&dﬁiﬁe _24Psef 0E3ai24Eorabndl

Xpressi ng and stained for MeB and actin.
polymd O0PEAth - & gerr esr 250me5G withar2Rnentlapse stbgpapent
remoy eB bundle growth in weel-50 cells. [00035] Figures

A- 26F are phot ographs showi ng the organization of
[ooo3§pranbi@@r@mrzwﬁrsznaneotubuBe$sand Chapeft pRotiographs

_ orb6-25 cells. [000 Fi 27

ShOWlﬁﬁw¥@ﬁa+%%a?+%%e %ﬁ&f égzéﬁé %gé é33|§gi%éPq%€%B 22E)

and bé@@%@]mfé@uaﬁdwu}bﬁlﬂnmgzot PEEFPif1+eBESCRIRE.ON OF
MBODI MENTS OF THE | NVENTI ON %00038 E‘%ﬁ c&& i ng

[00032119t»hoﬂl=,g‘él¥%%l 3R BBrarR PROBPUEAPBR PP
transé&@%d?ﬂgggmggaﬁéf%éaluHé@é?hQé KQBﬁ)eﬁﬁarﬁﬁbh%ed for GFP-
of gani sm

en 1s used to test or screen 6 WO
MreB g08FY 149056 PCT/ SG007/ 000175 candi date anti bacteri al

rooosff P ar%gg:gg?%%ﬁ%@ taH{Q ,?ﬁé% ?gﬁ gﬁfo}nr@llg?éllt:;%ast
.cells (24A: arp2; 24B: arp3; 24C cdc12 24D: fox3; 24E: alpd)
‘expressing GFP-MreB and stained for MreB and actin.
[00034] . - Figures 25A-25G are a time-lapse study of MreB
bundle growth in weel-50 cells.

[00035] Figures 26A-26F are photographs showing the
‘organization of scrambled arrays of microtubules and GFP-MreB
in orb6-25 cells.

[00036] Figure 27 is a photograph of normal rat kldney {NRK)
cells, expressing GFP-MreB.

[00037] Figure 28 is a map of pEGFP~-C1.
DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[00038] The screening methods disclosed herein involve
expressing genes that encode bacterial proteins in a

eukaryotic organism, which then is used to test or screen
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can be screened by contacting a culture of the
eukaryote, in vitro, wth conpounds and identifying
W0 besa4dob@t si mul t aneously exhi bit the desireRCT/6&2007/000175

candf@gtgnaﬁglﬁggtﬁffgieééﬁﬂo@ﬁﬁgeﬁh§£ pPhehetNtARdebRessed

non-t oxi c eukaryote. Any conpound may be
proteim eenBll byukaryohet ApBETyimaushestakogkr karseraag protein

can B&KEL éﬁ&%d§%|%5H£ Hffn SHCEuﬂﬁuﬁe ¥§a§hecghkﬁ&?ote, in

ave ene Ff that [t Is possi b
vitrej muithnecusdynds dadecdeahdfﬁhnﬁ1hh@éecﬁhﬁﬁunds t hat

s imu{Fdpdfus Xl B POFRET b8 s PUL BLROCNEORI YLK, BHECC

IC Cce es tdentified in
expré@@eacb@eﬂérbél pﬂbbdlﬂEﬂhd afet henptesént tontésti on

herefore are eci,fical [ ' '
eUKaﬁﬂﬂt%nll %ch?%p H%ﬁa??xe#g %??%%%SQU§23§§§%CR%g Py
A ThusﬁU@@cHSsﬁaéﬁﬂéLﬁn acehkaryopﬁanteiélbalandetheubhkesi@
use jn vivo u I h
veastrioahl Wit shaToL phes OBRRI BAnebEh BERnads iFoPeselpae
simuI#@ﬁeéﬁ@lyOﬁ@Odéﬂécgdeﬂglélﬁﬂlhateheompoaadsatbat may be
calre scree t f
toxi g ke DAEPRr La0l BUL; HLERGNFYELL PphT, aREetlegt K11 the
euka¥pbtabl €11 e M@ﬂecﬁ@é@uid@ﬁtihaédaiﬁ thetsmheans of
nuimer ous usel ess toxic ave to be’ re tested
REHR

embodgperk$ ¢py theaRFRAFRT eFEGB?Fe& °n prior

specf%ic&?iﬁOgérgé@8@39baih§§ebﬂ@tb@ﬁa ah&Ouaﬂhawly to
screenlngg or and di scover of cogpounds whi

negatrgbY e GB8T NSEFRENSHAE EVFAP SHPBL 8P nBaniginan colls,

plan@n$épf§t§ﬁﬁa£h§0ﬂpgénﬂ§ weyl dnbeivpenbersuef 8@reening
entirely new class of antibiotics, Usin he met ho

methods gecChBAKRY oFO| PBPafiRENEF eheREalBVERLIRE §€Pegﬁeﬁsed |

toAeﬁgﬁigSEhQ@“&hgaﬁéﬁ%béthr9&8h5§fi@ddhﬁcﬁﬁérs@&bbheb!e
new cl asses bacterial drugs. An

already epnéngcreched @hﬁteVé%Féteﬁo?°¥o§P61€PF§CFQ ihkpgyotic
cellgxﬁﬁeéﬁgdfgfgfeih§£aﬁ&8teéQv§H8 aNuaBeePenrner aBd on '

aryotic ce inculture my be suitable as. a
resoscresnthgt nerfolosbr vhee MIFATPAPSUPRVEAS| SAXIC compounds

have PSVE0T £OLL¥s e ZaVWR,2007£249058 BRTHSE308% POALTS as

required in prior art methods.

[00039] These methods also allow screening for and discovery
of compounds which are targeted against new bacterial
proteins. Such antibacterial compounds would be members of an
entirely new class of antibiotics. Using the method, large
banks or libraries of chemicals can be screened against new
bacterial proteins to discover entirely new classes of
antibacterial drugs. Any known screening method that tests
for toxic effects on the expressed bacterial protein and can
be performed on eukaryotic cells in culture may be suitable as‘

a screening method for use with this invention. Conveniently,



the conpounds may be added to the nediumculturing the
eukaryotic cells and the cells observed, both for
wetdjeas®son the cell itself and on the expresBenSG2007/000175

the 4%@%%&@%&@ BL PIGLE! Fo tlﬁ%ﬂ@&iu@&ﬁ%hhﬁb ReRt i de

rary-can pe screened In way to identify
eukarxnﬁnnnmﬁdl$wan@r©h¢o&¢kl$00b$eﬁ%g@t|b@F9 f@Ff@éﬁeCtS on

the éé?ékﬁ#ég%Pe%a%dﬁ%] &té %%e&h@afé@feE%@@eQQ%ﬁe?fgteln.

f est or toxic effects on t
A smaElkanybtdwleedt peplivbde agebn@ry can be pereepgredisgs this

vy GErLafled B TRy CE0R L ORERELL 2Bl L vecibey

secon

effeqer foraediteflote dre aftect bont ef) athe ogxl@r@ﬁﬁ@@k paciegial
rotasstsed Screening for effects on the eukaty<)tic

P -can be by sinple observation-of the cells

"[0004by i ngrédieisEreen toxidetEféchegani teeebhberyotiier cell

exanpl e cytotoxicit t hat
advara ROt ey SEHHE ¥OFERHRAR, BY B2 b P Bt boo ARt
concdﬁ&%éﬂ&lﬁgw?mw Nhélméﬁfﬁ@i@hotogicaty schaagebumnlmew
shape, nonitorin r at hi
secong oA HRF AN e EPHG 081 RbEahy PBFGERARLCAPTgr Sorects

are dBPOLQQi ctrassayg FOPO4ifeEukaspothe eakhsydum:amdls
sui tabl e for expression of _a ba |aI targe%h pr ot ei

can b ot e a PPPRTIRE 9RASE Eneinfift Faﬂurap & Redaen to

dete® ?ﬂ%@fdﬁfé§t§e|fofy@ﬁaﬁ LeWBiEbtogiegBYENiteRlt are
¢ cel ture and transfectlon@tech%ol ye

'Vlsuahﬁﬁuﬂpﬁﬁﬁ¢%ﬁgen%?dW?%larE PreFEFFRA gg%aﬁg a&ﬁQﬂ%ﬁr
efFedf@WYan aVRk] @bk | hoyi 8 hquader $189818ubirbhenalgical

requirenments and netabol i¢ pat hways and ease of
-changes t Ut ece BEhsaRac cRaRbROEERT BEANEDaFBTESI { REFEAFIHL

viabi ﬂfm%lall é(‘;gé’eﬁgnﬁin@ﬁétlfﬁél ih8§§d§ﬂéhan?'ab§6%heml»cal or

i nes such as-HelLa and plant cel
morphoegicaubthrasaBY2 (tobacco) and the like also are

[000%%3;Eﬂ%&%ar%&@?ézéeffs. QEtapt LkEhBheSireR %@ﬁ%é%51on of

new anti-bacterial conpound is th
a ba¢ﬁkﬁﬂa1|tatg@m pfoeiarged soreenhagconpdude. YEﬁ§Zrand

mamf £ 3 16! SRS RS GhRAIGDLLBT BLTATR A 45 wnich
a convenient cell culture and transfection technology exists.
.Yeast cells generally are preferred because of their ready
availability, well-understood nutritional requirements and
metabolic pathways and ease of culture. Schizosaccharomyces
pombe are suitable yeast cells, however insect cell lines such
as Sf21, mammalian cell lines such as-Hela and plant cell
lines such as BY2 (tobacco) and the like also are suitable.
[00042] An importanf initial step toward developing a new
anti-bacterial compound is the identification of a target for
the compound. FtsZ and MreB are preferred bacterial target

proteins for use in the invention, in part because they
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e proteins are conserved anong a al
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t f -b T '
cons 058 oy REAGLL S JBUSE ERTPOUBES s SULILAL Gran
'positiﬁmnamdnGrmmvne¢aBBW®fpbtba@enspeftbqhhahUMbnatEOQ

randl PSS SHALLY, APl se DRIEVSEeL0 L1 nave
a veiﬁKKEEHd dﬁbbtr@ma¢f eﬁﬁevtesemésbaateosalmpnytéypss of
pyention

| ar sui tab Se Wt
pactdai o dfhdn Gt ViFch: LinLOT: LAHRHS Blokagkii8ave
the [ﬁtﬁtérub.ﬁzeh nu:gdntateypr@lsf@mvm etinpyt askehew atlps st efnbmad
any ot her. bacteria r ot that for olyners a
- spectith R Tos i eer (TS uirehods A8t tRudhiR: EPBhicdBle,
4‘howe¢é¥5tﬂétﬁ Q%ﬁﬂﬂgﬁﬁapgt@igéer@ﬁdaﬂeM?ﬂLb@ctéﬁigEtSOmpound
e used-w th embodi nents of_ the |nyent
[00045) G BVt obe) R LeT OF dhactoprot chreroind' tRlt are
suit B3 6 dAlus IR0 Ceihd DI RF I FBYn bEn&DAGE T B eHadE @i GEP
or other reporter, fusion in a yeast expression

* Protﬁ%ﬂél:tfcﬁrgeﬂbrt@(%napﬂ* KNP P ERTRMELRY nPET %‘é’é%%?u?ﬁ’éﬁyc an
‘dlscéﬁﬁfgfd L@ Qe 1 & Ya PIOESEOSHs Wh§Nah Pr ot e ST BhBrerial

ymeri c ‘assenblies or structures in the _eukaryote.
proteyns it | §91H RpRLeeHs AM@rAtanchrentielsEar Fhp AEFvival

of tjﬁ%cteﬁgéﬁLcel%ébggE%J%g SPSNpPES S8SSREESLrEQ new drug

unction. A protein is considered
targatsseftich mayrbesseed ivalth ccmed bpents cef | thanényeation.

To leCJV%g{rnjtlﬁ##ﬁfbtf%‘%?féﬁé SPoBE LN (mul Hhpky}iQh

cation
genomic library may be constructed as a GFP or other reporter,

fusion in a yeast expression vector, for example.
Fluorescence microscopy then can be uSed to identify proteins
which form visible polymeric assemblies or structures in the
eukaryote. -Any identified proteins then .can be assessed
further with respect to whether they are essential to
bacterial cell function. A protein is considered essential,
or essential to bacterial cell function, if bacterial cells
die, fail to grow (multiply).or growth {multiplication) is
severely curtailed when the protein or an'antibacterial

functional equivalent thereof is greatly reduced or



severely curtail ed when the protein or an
anti bacterial functional equivalent thereof is
wQ@e@ath9pse educed or 9 WO 2007/ 149056 PCT/ SG00F¢DOGHF000175

subs§59§1§f§yaéb¥eﬁ95enﬁf khet BRoREANLIR IesReTaM1 alit ids a
I's a wuseful protein target for identifying

usefaht ppatebri hrraptig§oraddondiidy ity and ikadieusiat dMeE
accok&mgttsnt éufﬁgtﬁb‘atseb@ th%g%%etnmi%rﬁre SR A Ofn

i NS t at can be used according to enbodi nents of
targehe thyengkencxampdeeentl PEOALILES e eRFo i gast

acco%%ﬁ%ﬁ fg %ﬁb&gngﬁEgebprﬂEe'ﬁv%%glhap%ol%%%é%ﬂf%ibraries

e rnvention conte ates screens that test
of cémpous@ecf@rctbaapetWaWOt@hﬁcﬁﬁ¢9§§-G€§¢ﬁ4ﬁuﬁﬂﬂﬂ§h4ﬁ
bact&gal nst any bacterial protein target, however ‘
preferred bacterial protein targets for screening are
[0004&pse Thechnuestionseonsempdpdss seaceers dhagpdesds for

, apd pre rabl re.ei.t her es sent i.al :
specfBerbEuEatnl, FARiEino: Pon i crped dediin Yot any
bact@ﬁi:é_erﬂ)abtéﬂﬁvwabeor hemev@trvpmecfrexr/éadﬂunaanmjial protein

bact rial g@otein targets that ¢an be use g
taraQEs HEhOBAF RERL Y. BFCt RECSENIBAETD A Ch eI BT ShATRRS S
: bact@ﬂiaﬁrgpwie}s;wiahadpt:ef@tcbbny piret emtmamaissfeommu to one
nmol ecul ay assenbl i es n be visualiz=e

b
or miTR EREBhYSeogCtEr b ten I TOPRCRH SR PR S e
bact®FialtsSutvsvalt bel egs1f vemibebhncobaeideri tiyrerl baddwrial

exa es of suitable protein get cl ude SopA .and
Pr0t¢%ﬁaf$¥%ﬁ¥ﬁ t%%FlCanCﬁ@oPSﬁgr@l?haﬁnéﬁﬁﬂﬂfﬁi ﬁ”ﬁ&?ﬁﬁe
- inveSXPEESERErEAotBeinelkakyobiug &eld dtndiifrfiefeRNtto other

enbodi ments of the invention. _[00045 The ba eri.al

proteint ciRat useamaBeoParRg Tt 8SERE ]1lﬁ\?e visualized

py mBXPEESSEY, 1 8. Fheceukaeyetg b @%ﬁﬂhﬂ&@téﬂ“dﬁﬁ&dﬁﬁﬁﬁs or
an assay of toxicity to their function. In sone

its enbheleent SromhBegispbiretied BYgddsed Ofdey fyam-ot of
sult:{\kgfe féj% i{eiﬁng ?Q?gt ehialdRr 8bpan afid A SRR &F. t&b1i.

Ication, quantitation and/ or
One- doaadiegathan ohet heotbaot malyabepleerpa%seﬂ}a@e tdfe skil |
eukaryotf@ géilsrgna&af%e%ent embodiments of the invention.
[00045] The bacterial proteins used according to the
invention may be expréssed in the eukaryote in any form
suitable for an assay of toxicity to their function. In some
embodiments, the protein is expressed as a fusion of the full-
length bacterial protein with a reporter to facilitate
identification, quantitation and/or localization of the
bacterial protein. Those of skill in the art are aware of '
many reporter genes that can be fused to the gene expressing
the protein of interest, including, for example, LacZz or other
small tags such as HA; myc and the like that would permit

visualization of the protein in terms of cellular
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many reporter genes that can be fused to the gene
expressing the protein of interest, including, for
wesz@nph®se LacZ or other small tags such as HAPCTHG20@m000175
Locat{hgatire-t hanywelil $hpeenknown seploirzati gerefs tde proteins
' e c 1 /14
oo SO EUBLE oS Bl Ll She! LAVERIOL, NI, e
Preferpblyerwhenestoispdesérableate @msueﬁpbeteﬁef@mdtéin for
t h ferab
dete¥%£g%s$$a Fggg%iégsﬂgﬁggggfhghgrBFggﬁlPoﬁsyﬁéP@ﬁﬁﬁﬁ? as a
fusign wttkearagnnelhodsscehne proteun KGFEprefse&am®1@ or in
e en tel GFP
any ndthEP M1 G Bb UanERE R pBR ke EibBequah course, the
bacta/rns@hlpzzcatem may b@uvssuallheedbasﬁ.ﬁgl apbepii@tiel AnAbody

v 8 G410 UL G PRELLLE PRLLRRSee! 0L, o

wellmell [00046] Functlonal NreB and FtsZ both fgrm
fll S res n vitro and in
000 0 ¥ " eed qnd Tk s HER L Rorh b Dalvaerar

fllamﬁumm@cﬁgw@@twnvﬁﬂgo &mntﬁn@m&s of phekb §Q@Qﬁents
Loss of function of either of these proteins prevents

e sl RN IRAGEHERL cEhaeRosene Segresatpe and
: malnt@imlcpf frins Hagdese i ot ek nﬁurgé@agﬁ& ofdéﬂhékegf

I fl nce m crosco
thesen BBt ieh ir QAR AP e 184 L@mim e ases heo11
cleaﬁchI i k@h@@ol%@ﬁ%%rﬂsoroie%@ ﬂf%yé’%?tft)o

having a binding site which can ited
- identdiiigeh ez sddive disomardilatanes caah o@scmmom: hirteen n’ghf1
I I r lhe
provifi i b Raiatass HIELAE AU 1 L Pl
exPreﬁﬁ@é‘nt 6%, SFEODAF am eB Rerlgareiteisid macfﬂn@&arbmmuih@ss.lte
th.cht E@h B'éo\é/xbri te$dy '@59 tt%@l’l Y Rjdid GeL ner hods
A T

ew nononers a
for asénﬁglaadéa &Iléngl plfeeeqpma%ed engxuewfs tane:e bwikjl eknown in

| an t |,@Nn g Ilg ar, dent n the
the as'of:l'ls%l’as%eﬁ1 cF?vF?ysgf %/r % I gnlﬁ?ml
invention.

[00047] MreB organizes into linear bundles that grow in a
symmetrically bidirectional manner at 0.46 + 0.33 pm/min, with
new monomers and/or oligomers being added along the entire
length of the bundle. Organization of linear arrays was
dependent on the ATPase activity of MreB, and their alignment
along the cellular long axis was achieved by sliding along the
cortex of the cylindrical part of the cell. The cell ends
appeared to provide a physical barrier for bundle elongation.
See examples. ’

[00048] S. pombe is a eukafyotic cellular system useful to

furthef study the functional properties of proteins such as
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along the cellular long axis was achi eved by sliding
along the cortex of the cylindrical part of the cell
wab@7aedobe ends appeared to provi de a physi cal POEEG2007/000175

the.Eorc@bhdaetéhengaated prSeeiaxdmpBes. S 0RR4BE Haspoksen
el,l ul usef furt

I
as as ?é%ftﬁ £y§%%t? HgV B?OB§¥5EEE¥SF16EOPEPE§1§§CNr§§ and
FtsZ]ﬂn\Mhﬁﬁxﬁ@déﬁﬁéGOPCItSGQGQI#Gﬁ@iﬁgtekheeE aeéhh and
rel onbe was as

. ti eB. S en
nicr e SRt ne- Bl hGDr "bRvenst  BRVaropranirnt RrkatiRsic
:celllﬁ&ﬁibe1¢§éd because of its well-characterized actin

ns, however any conveni ent

t ubul t el et
10004 . THTE Ve s ignbe Selhs yonBabixen Aogy patned with

rhodd%ﬁﬂ&léEHjéde%& phXElo Pifln St @i PEGuM § e F-actin, which is
hodam ne- conj ugated phalloidin to visualize F-actin

dete%ﬁ@l:ﬁﬂ} PatfheTePFI0 bR tpdsa b orencehl cands and &al |
linea@Nd@rARG idudifeancaPbesSsduring é@tgrﬁgélﬁf r?ﬂ ﬂﬁ a

medial_ring in "mtotic cells. Figure 1
mitotdiqiflddat- ofigunetih shovsi the tgpgarsi zpohve gﬁa@@tlnnm
- igur. r oi t P
wild p?@?ﬁﬁ? g?mgﬂ%e .@ nghdgg%ﬁiﬂ?%rQSQQ%%Qﬁ %nt Re
F"aCtFma@taqtm?haSng)rq%w IEd: ty peelhtenghased in pmﬁberr:ekl po.mts
fi d ,stal ne Jst t ubul
to-an Exnggzrt%larrggj dIArangho rLI@G%)eg‘{r\’;ie‘/%ar serveop?lﬁbe cells
flxedaﬁttnldp@rt@mmﬂd anrtjysantaikm@;.—émeatjeungsiaxttmouﬂ'ifopl linear

|ntran cl ear splndle duri
array@a%%ehi%&%%dqyfgg %ﬁﬁﬁ% ﬁg&ﬁ%lggywqgrays
al ongyéast L oot la}@%P M‘]BB)LBlrndl EtaBsZ{G:ﬂ%ctfetmnn gt adeirsnuclear
. ha terdsti erial | ymeric structures.
Splndg gé& es' %R Sard 2% %J?%ﬁ?zﬁ epresentatlve of
-[000500e p@hgneekpretssect Ureydaptyeddih MEBMEKHNOIFEsZ-GFP
r SSIH% a.fusion of M-eB or-Ft-sZ and a

) |
Fusiof| REPEEERNT LOFBER Fha st s tiite BAC KTk RO e

structaRbact edew.Fhgamescompawd 25y WIglgl Hhe-Ahatden ddatve
und possesses anti bacterij al effects w thout

of th‘(?:gggt?i’i“ﬁg PnShEPmtUg echd o&mest Pot Mredel | Eukaryotic cells

expressing a fusion of MreB or FtsZ and a fluorescent protein,
such as these, therefore-can be contacted with any compound to
determine- whether thét compound possesses antibacterial
effects without resulting in harm to the eukaryotic cell.

A compound, or a library of compounds, can be screened and
evaluated in S. pombe cells expressing GFP-MreB, for example,
both for inhibition of polymerization and for toxicity to the
eukaryotic cell.

[00051] Inhibition of polymerization is easily assessed
visually using a fluorescence microscope by observing a lack
‘of filaments in the cells. Lack of toxicity to the cells also

can be assessed at the same time. See Figures 3A and 3B,
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A conpound, or a library of conpounds, can be screened
and evaluated in S. ponbe cells expressing G-P- M eB,
wo eoo7axaspl e, both for inhibition of pol yneripet/862007/000175

. ,and for toxicity to_.th eukaryotic cell 00051] . .
which rﬁﬁ%i&q%ii?%lfa‘i%? y?r‘%r”reg]a]t‘?‘ g‘ﬁ‘?‘)s/ TERTTY a‘éEé%@Eﬁg‘ as in
Figund lszu,a:idg/t ?ﬂ#itlgj ahd¥ ¢ Os@st etntea e d rosclopR2dy absempbngd

a la 0 ilanments in the cells.,lLack of toxjcity to
that BB haedTEah wel b LhelRten: 1 e Bt hevelee
bactﬁ@L% %ms&tizl&? @ﬁﬁéﬁ%ﬁbﬁ@mmeaﬁléﬁ
. \hi ch are photographs of cells that express G-P- M eB
identid iafl 59 QLS DU Wi A G E oo O F ook Bk WL ER A2,
funct ERMAN thott hddgad v dl § sabesdein@l tisel bulaviston toll,

Gram negative bacteria, o denonstrate_ | oss of MeB

are sp@Ecdiis LI tIeed i At 1% PGSt i BPYi Wt Ehethe

testRAPIiAIn I HLEdsMry tor fMPELHDON, s iP@L. They would
negati vely affecting the eukaryotic cell,

-not beyERAgEHT £ d?%%ﬂ‘é’dvea]gﬁéié}%@ecb%c?‘é}f?’éy?B‘?s%&EH pRehumans

or plaesied Pratih #1fe NESBSSRds Tbu DPtheBhsSAT ¥b Vabmbdbey

woul d not be expected to negatively affect eukarxot es
bactegieh ad kAT 4Drapl AR Shav el tHeor ovpbeihdenGotird has
been @ ¥sRf 4y conbat  bacteria. Figures 4A and 4B show

cells fromwhich the A22 has been washed away.
[0005200082ZEBVHAB @ik werddstdiibtrtenwtidhwitupuligul i n

. ; rtL%m S tarﬂ% %GB b#%dl} igﬁg )
(mlcr&nrpﬁle%rutqfr e qb%/ . rﬁea mlegn v% éé?ar{ulﬁ%ll %]r;] ]Ilg]?e?hgy
- treatmeototwibul ddtthirtkidlbin and/or the microtubule inhibitor
et.hyl -1 --but yl u‘?— &?gﬁ&[ nat. ,
methy ey R e IR B AR S A2 BB pen
microthis lest atssies heunp tdistl MdB assanibletl. | Mfhhisieasbablished
il nts_qr. bundl.es j.n_fissi east_ar B
that Meel BRI dithe te L PR e ap B i
fissiend ytdas tmaordbtudatd Ml celedmdionsarod md het ¢easce -was
, These .new findi,ngs relating.to th chani B
indenS AR P -G s Brbarl SaH G SR T cahe BheLRethS ot
the yebgir.e Thes® preapdkiadimugelrdiort vieR d i tlarenéclassisbl gt
anq bundl i ng. , . : .
MreB polymerization and organization are presented in Figure
5, a proposed model for MreB filament assembly and bundling.
Applicants do not wish to be bound by theory, however, under
this model, ATP binding results in the formation of short
filaments, which later bundle to form rigid linear polymers,
and is likely to be concomitant with ATP hydrolysis. ATP
hydrolysis is likely to trigger a conformational change in
MreB protofilaments, which in turn might result in bundling.
Mutations that block ATP hydrolysis thus result in proteins
that do not assemble into rigid linear polymeric arrays.
[00053] The E. coli tubulin-related protein FtsZ assembles

polymers in fission yeast. Its assembly is inhibited by co--
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Applicants do not wish to be bound by theory, however,
under this nodel, ATP binding results in the
wo osomatdosn of short filanments, which | ater bupdi/eGr07/000175
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In cé@@ragﬁl | théobpgkeat apatymesldbwsubasat twessudgsanﬁ
bacteri al - %%toskeleton grotelns m@ gh canngt be
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charag¢iRfbeei WreBcREFpras MEbpNESpERalS 1PBt haf* MOLe

dram&@ﬂéeﬂéfééﬁslnpﬁﬁ¥l9@§l§t§fb€8théyé muByassi gat €drihe
cel lul ar organi zation of eB ATPase nutants in

filamenr®ei oF oPURILGAI &/ 8Vé8eBbntain a wild-type copy of

[oooMfBExaé scé)%rﬁaéf el heo P ese8s  systess pl 49Wen ORestOGFP
racteri ze MeB ATPase nutants in

: fu51mﬁoimtSonpombﬁD&e shpwnaincFiepses PA (Fe RBMPE Fagrying
tan form, ofi t d [ -

e e A S S

gfp asmm Fasa GRPP41usubA-HA $l~epebm)e |§uéhgms| WeFeggreyn at

b
L e
proté&ﬁﬁmﬂrﬁm|@héwmmt pn6m¢te€ultUnéermehesgrgwndatloggc

moee DG BRSEREF ST a1 SELRRCEO L1 BILLF CaREE38 PR Bhatson

was L@Rdbiteasby EhEtaZekprﬁed16ﬁbbé$1aadkpathesh@@ntor SulA.
di scs and 6ts 1 tion was inhibited by the
CompaRxhtELESBnoDf 2P s nown i nhi bitor Sul A.

[00055] In summary, therefore, preferred methods according to
. the invention involve transfer of a gene encoding a target
bacterial protein, for example MreB, Ftsz or both, to a
convenient eukaryotic cell in culture, for example a yeast
cell such as S. pombe or a mammalian cell, which is then
contacted in vitro with one or more candidate antibiotic
compounds SO thaﬁ both bacterial and eukaryotic toxicity can
be assessed, in ohe system, in the first instance. The target
bacterial protein may be any bacterial protein which,'when
inhibited, can cause a bacterio-toxic result. The protein may

be expressed as a fusion with another protein that can act as
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Conpare Figures 6A and 6B. [00055] In sunmary,
therefore, preferred nethods according to the
Wﬂ)mtme/ﬂmos(lﬂ invol ve transfer of a gene encodi ngPEI/5GL09ZD00175
teria n. fQn & l.e h, to
a repgr 85n\95niae§? g&ﬁ’z?r ot c)%ioer}.lpla |lr|¥re%§1 tﬂ?ﬁz tréjjglian'pl e
1dent§f}l@a3honce| Wmmcﬂ&r&alpqxﬂm:eomsa Mmﬁr@n@nf'fé%zllare most

whi ch i en contacted i_n V|tr r
prefegzffi da EWH 9 GEYe COCTTII s ]y%ﬁﬁnf got(g Ia@c)tglrfl SPtt
llnesa&ayeb@ﬁﬁé‘éﬁhc inexXiuwling G d)&r@sl%mctn mgemalian,

system in e first instanc The target bacteri al
humanppgtépﬁ &y 15e AR Ha &t iBHC T n whi ch, when
[OOOSBﬁh'@hée@olﬁaﬂlﬁguéﬁaﬁpbééte&EOthMWdadxndtllIﬂ&irate

protein ma e expressed as, a fusion, with,anot her

prefepredeena de davenipgoseiiodpsyd are not
lntenﬁg§/§g2gg7@ggg;5§l areporter or a binding site for a
for protein identification. The bacteria
proteins MeB and FtsZ are nost preferred. Al though
any conveni ent eukaryotic cells or cell [lines may be
used, including for exanple insect, mammlian, human
or any cells, yeast arcEpp¥PEFFed. [00056] The
foll owi ng exanples are included to illustrate

Yeast Schlzeeaccheronyces poﬁee [00057]
[0005Tanstansdbiroas hwinsh wilid pihes mldsmisie ware @@rbird pgut by

sty S T G, B st sl Ao
(h- 1%229%}3%@@%\1{3@%\(2% 621&@[@3133@1” eul -32 pmzdﬂei)—nﬂ&:ants
B Y2 4eNBo TP 161 peiila at e dslE PR Ed 0, ML th cde12-
112 1%‘11%@3221§)ra4d\@(81)44§4ﬁ59@| pﬂﬂﬂlg%zl—ealmaay : RPS A ul -32

| -50 ura 4D-18) , MBY2527 (h' 6for3 I
ra AT 4N 2ic) MTRANAS (- AdRo A L pey) - IBISes
(weel-84 3RapoY) MBYE 7 (h- afor3: .kan leul-32 uradD18
adeé6) , MBY§15 (h~ orb6-25 ade6~M210 leul-32), and MBY3197
(h™ tealsn946: :kanR leul-32 urad-D18 ade6-M216). GFP-MreB, its
mutants, and FtsZ-GFP were all expressed from the medium-
strength nmt42 promoter. The following fusions were
constructed: gfp-mreB, mrfp-mreB, ftsZ-gfp, and sulA-HA.
[00058] The ORF corresponding to GFP was ‘amplified from
pREP42-GFP with primers MOH2411 and MOH2412 (for fusion to
mreB) and MOH1017 and MOH1276 (for fusion to ftsZ). See Table
I, below for primer sequences. The primers MOH2413 and
MOH2414 (for mreB) and MOH2409 and MOH2410 (for ftsZ) were
used to amplify the respective genes from E. coli genomic DNA.

The MreB product was digested with Xbal and BamHl and ligated
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(h- teala946:: kanR | eul -32 ura4-D18 ade6- M216) .
-GFP-MeB, its nutants, and FtsZ-G-P were all
wexprase®ed from the nedium strength nnt 42 pr op@r/862007/000175

alonc#'r:\?l{ﬁlé?w o&Hétoa;.s_glé@{:Sd QAQBﬁt Sﬂ%legnd]gfd%am 8B a three-

p- nr eB p, and
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sar1 it BEAE MRV 08 VERAIRLA Sonlin 9, yPieBhina:

GFP ﬂ’xa@i@u to MEdaBV\uﬁderpthﬁenMSéauanmsteThe BhemoRs'

corr %P?fg? ¢§}Q414 &égiﬁggggasgﬂd ?ngﬂgﬁggn%CR

ampli;es%xﬁcfrm glg:sm zﬁRgm Ewitbl primeosai HOBRBOO Fhel MOEB591,
X :

an BLSSHELSS A 8231 St LD XColnand Borcond g g
MreB F?D@%ﬁedlt@:esm (éﬁawtt bnJaBhmAhd wkégzlllngaaedhteepRWZ
digesi € wEp| Sabll s ParBLLER PREST mREPSUkef - 0

obta LeMM@I ME-Eg @ndilafetﬁbn@MV ﬁ:&néusrptheBMaeB eotenmpia fied

wLth HERT GuE s bt HeB2GLL) FRESSSRGT MPER Prfy 2nd

Bamﬂlﬁﬁﬁﬂ?r%ﬁ@bt%déﬁ?FpEGgPigbfhﬁ@ﬁ@taﬁdwhfhﬂﬁﬁé saﬁ&denzymes,
ested wt a a Thi s duct on
resu}\ﬁjerBJ 1y e t Rt G PR X aFFBnGushaRy thv\’g§e r ga?b& E iehinal

fusiAREEH LGreli gestedz Wib $ahéransdBagth tﬁrébt—@bp ligation of
nMRFP- M eB, For _obtaining. MeB undei tha gz pronot er,

GFP preiGlasd PEFe e v HRdPShi ¢ Angr PaRk aﬁSOduCt
: d1ge§@$@4&ﬂthdN@§§t§HdWP§BlE€Qf%R©Pd2 gagtbteangikhgatied and

ested with e _same enzynes resltln

to pEGFP-C di %
BamH} aPmrﬁ%WnM@th@@ m@.%ﬂﬂ%o’r(/r\é%remée@ ber gPRdify the

sula fosk on Bl C¥€;£@§@t“ﬁ§s§§ﬂ@é§tég P¥cB Wheeeaway BamH1
1 gation of product digested with Pstl and BanHl

and hkigptRd ZAprojfuRil-Hdhgested with Ndel and Pstl to
t
[oooé’ﬁE %gloz%%s b d hydydel t@%reﬁﬁ@ﬂerﬂé% M%@@Q@ PCR

were used to anplify
w1thR@F€pﬁ®ULl@Wlm@sm1dt@@smed i ihe Nele| MR35 Banand M@HZ517 for

r1434 ' 94 %&’oﬁé’sfﬁ?@& %2%99@@@5{ BhesM B ATPASERMHAN b ove—

wer'e generate
mentioned end primers (MOH2413 and MOH2414). The GFP-MreB

mutants were all cloned into pREP42. All plasmids and

mutations were verified by sequencing. The list of primers

and sequences are given in Table I below.

Table I. Primers.

Primer Sequence (5'-> 3'") ) SEQ ID
Name

MOH1017 GTCGTCGGATCCTTATTTGTATAGTTCATCCATGC

MOH1276 GCCTCGCTGCAGATGAGTAAAGGAGAAGAACTTTTC

MOH2408 GGCGGCCATATGTTTGAACCAATGGAACTTACCAATGAC

MOH2410 TGGTCTGCAGGTTGTTGTTGTTATCAGCTTGCTTACGCAGGAATGCTGGGAT
MOH2411 GTCGTCGTCGACCATGAGTAAAGGAGAAGAAC

MOH2412 GTCGTCICTAGATTTGTATAGTTCATCCATGC

OOt WIN =
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with the foll ow ngnutagenic priners: MOH2516 and
MOH2517 for E143A and MOH2512 and MOH2513 for D165E
w@bk@ng4oesé h t he above- nentioned end priners (ROMREGH087/000175
vonz4@Nd NeddedddiorndiiercerEnddnaBrindcagdcamger e al | cloned ;

MOH24 14nt o mEEé(ZSATEEhAmasmGMGMGGmn ations were verifiged
MOH25 TGWCET@U&GGGEA aers and sequences ape

MOH25 CTT A TG T tpfxéfrrzs@ 10
MOH251 A 12
MOH25 1 fé&g 276 13

MOstlmmmammmﬁﬁcﬁmmmg 14
M0H258@GOG@9@A¢MWWW@@M@TWATGAC 3 MOH2410 15
MOR259BGT CREER PP PRACCCAGGAATGCTCEGAT 4

: : ?52 §%t%§55%/ﬂifgog‘étams
PCT/ SG2007/ 000175 NOH2413

GCGGECGTCTAGAATGT TGAAAAAATTTCGTGECATG 7 MoH2414
CCCCCCCGATCCTTACTCTTCGCTGAACAGGICG 8 MOH2506

ExampPeCEGECCATATK] ﬂ%@ﬂdﬁﬁ@\w&a PprohEbnl 7
CCCCCCGRAT Gkl A AN ARG 0 MOH2512
CGACCGGTTCTATGGI GG ACCACTGAAG 11

[0006%?'2@%@ %E@%ﬁ%@%%@%@%@%%ﬂ%@%%&& by
‘ grow1@mmmmmmmﬂ@ a8 thiamine

I S e

sens iMDHMRS5 90 tETCET CGFRFACOA @;mmm:uzstures were
MPH2 U&G@WI@A % °
grown, &t r%?%et %%%;B%Ees or e nucleo e’ anges madez?o(r: to

allowt befifricB emit sxps esaicor pof dthedl protdion pribewsvar g prior to
l;i.ne | e ressi o fGFPFu3|o

vhe sUPREERCOL WRR sPIymar e R Qi o1 atin) hifred to

restrCERLiNee Beape: ratt siz-eG-F onerae pexpiraes sefl 4 hdirponbEhdycells

were subsequently fixed and stained for actin or tubulin.

[00061] The cells were-either fixed with formaldehyde {(3.7%)

.or  observed live under a fluorescence microscope. Inhibition
of MreB polymerization was achieved by the addition 6f A22 at
a final concentration of 50 pg/ml after 14-16 hours of growth
in-'the absence of thiamine. Cultures were allowed to grow
further for a period of 6-8 hours before washing of A22 for
time-lapse microscopy. The cells were mounted onto agarose
slides, and images were acquired at fixed time intervals.

- Immunofluorescence was carried out as described in

. Balasubramanian et al., Meth. Enzymol. 283:494-495, 1997.
[00062] S. pombe cells expressing GFP-MreB were fixed with
methanol and incubated with tubulin (1:100) antibodies. Mouse

secondary antibodies conjugated to Alexa-594™ were used at
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growm ng the transforned cultures in the absence of
thiamne for 1-6-20 hours. In.the.case of

wo c@silgmsy east tenperature- sensitive nutants B@Irlsmuogfooons
the=GFP-MeB plasm d, cultures were

1400 abseruEswhL LALRE REDRBLRZS. SOTnAGr e al CBALIY  AisHeS
were Jtsuilé{:lc\]ﬂf?fl fé?ﬁ\giﬁbﬁg}f\iﬁ@f %Bhe spr ahd perrewbldzedtiyprsing

or mat 1 on of yners, the ul t I
1% Trshoht-édlt)@ ine8BPHi-ct Wédﬁ@ﬁﬁé’r SONPE9EN hr‘?’lelir oéﬂ% ‘%"’46‘s
used ?8 $s nggel | s bﬁl y;@geagtgp;aequg&klmnfdwledl and Istta)nedhs

ACETnT6r [ 00061 ThecII re-eit
addedf bxed Binhlf opmlenéﬁi‘?@éoeso‘fo B/t SRFed § i ‘%edser and

. enC $60! ﬂﬂ'd*&'zfdl@tamfanlwtﬁ (MBC) was
methYSoPyz@Pg %aWoylg %I g\%gglby the addition of A22 at

addedaati aatzscpgdem fati 89 SHNEGES - Fet SEHRy s of

growth in-the en f @glqmlrga%@ujweawmeand Sawin
Kaxagéﬁ‘PB\?ﬁdeito r’dw% urt%ﬁé)(r'?‘L for period of 6-8 hours

et albef grecvaaahsn:g .0fL 182 58%7 0 /i r%lq4apsté‘ ‘%.Jr?f&c%%‘ixresrh%f
cells vver s, pod i a
WthhV\élrg 5‘?6&' |yec} %tor% 3-’ :l%tefgrl\%g}és@ Tmgespse

imagihgUNAR BaIeS DB orenss :cmlrudaﬁi UM 3RS bedlp nthe

Bal asubra |an et !\4%%111: e BV coRB3 8- 49bls were
agaroggyPads000&s] B fpléj cel'ls expr ess ng%gGFP M eB were

obserkioe it an rmxmmﬂm amm ML PR twiffabw%AN APO
-100X/ L 100 j%rgtltlgfoei: gii’al%% v?‘eercé)%é’lﬁéﬁ'xpi)@he§ CCD camera

ere used at 17
(Cool%ﬂk@goiﬁl%ﬂmﬂODOm& Imakpes fWerei %ggpixgﬁeﬁgand

lin. For actin stfaining, cultures were fixed with
procefS@Qﬁabwaéﬁy%ef(%‘.mzﬁ nd perneablized by using 1%

Triton-X 100 in PBS. Rhodam ne-conjugated phalloidin
was used to visualize S. ponbe actin. Latrunculin A
(LatA) was added at.a final concentration of 20 pg/ni

Examgl® 30 M nuiLsseansl methylExpression.
1- (butyl carbanoyl ) - 2- benzi m dazol ecar bamat e { MBC) was
added at a 25 pg/m for 20 m nutes. For nethods, see
' [OOOé@jr a%‘h@‘?f&ﬁlcﬁiconﬂ\@inrrﬁj Oothe @GHP- MﬁeBS@emélxugggg
aw

et al J. Cell Sci, 117.6, 89- ﬁg
(pREHfKé—@ﬂfmao%Bnr esasf trapsEpraee HRF8LY- |R88‘; ofF§ 3 Bying
llthlruenfleé{%]lggte Forpf i me+LAR86rmants were grown in the absence
of thiamine for 18-22 hours to induce the expression of GFP-
MreB. The polymeric structures formed by MreB were observed

under a fluorescent microscope.
[00064] Figures 2A and 2B show MreB (a bacterial actin)

expressed in S. pombe as a fusion with GFP. Filaments

produced in the yeast are clearly visible.

18



i magi ng, LatA and MBC were included sinmultaneously in
the agarose pads. For epiflourescence m croscopy, the

weelna49me6 e observed with an O ynpusl™'| X71 NPCT/A60P00175
wth .a PLAN APO - 1OOX/ 1 4? e PG WEeHy \é(%rg
Exampbit 4i ned wisualieptigReph the 5 =

Phot onetri c-s- 1) The i mages were acqw red and
processed with Meta-nmorphTM

[00065\I:t i P Bxby ekl o, tt[l@d%%‘}rﬂr%tb?%sﬁf ﬁﬁ%ﬁ? Z.t ﬁ??él
fu51ortl %r £B, 9608 Eﬁﬁkegseﬁpngffgsgﬁbnn'ﬂléa)st\l\@&lls Wlld—-

ormed Into S nbe cells using |i.thiym
type acepainbe cFhést wangf *@rﬁﬁﬁtfﬁ’rW@F‘eW@FBv\ﬁ phacheGiddice

thiam ne for h
11 eEBT phRUESR trQskBAUCE dehg sexpRires Hxaw
a OW%?I “RFe %n ? %yrrerl c st rsactures forsrred byggl\/ren n
mediuMelacrbagr uhdiammndeltoaaflllg’(ﬂr aggdAe InEXPESSSIOn [m%he

nmt4ZeRggé§§86A aB %ggngochl%B (2. f*i%%tl%'h' %Jea%(t‘:“ RFP-MreB was

usion wt P. Filaments,
not dBE@&U@Gd1hncbhe—¢adsﬂomélabeiapla§£0@|e§l $ie lnlg‘e\%al rings.

2007/ 56_PCT/ SGZOO?/ O 5 I
MreB . WF§G§‘%&?§I B Cof- 8 FD: srtrl%lé a?r%alo l(I\e/rtiebBthe[ (%0061 ]ax'l'loS ot
the c¥isuakFizarthe)di sthiebupionalef o ¢BeBa sGER Nies - et brivere

rotein was expressed in.f
not opppEvEd pombBonarrS TG et Brs! OPed RITH 2 e o MoFe
similbRato @hbhewed -@xer %%sjt@n@fl—@l%ﬁmw—wgmmnm:r@telns,

were grown in nediumlacking thiamne to allow
ParM, rrﬁi(ldrrélon‘@xﬁte&ssép@ﬁ Prfoﬁotﬂlz\; nnt 42 pronoter. Unlike

[ooos’é] a%f’? ian E'rsaheﬁﬂga%honGEBthdbeBsmerm@bs@e:tm ed In
. end-1 ocal i zed patches aor i r@gl%
2: %M(@Bl@é)@én‘@lfed:hentc@lﬁsnea“r ’B‘a *? (?ie I%%Sg

4found rQlf E&J@ & i lerddiing e Joellihas s pitial scdr M elee
coli-were not observed in_t

Flgureulﬁ,urcellTh@Id@hmlztéh on wWds Hord & earc’?a]zf?ha‘fw%fto

£ PG &1d:al Rl aR{ds SAE A Nhrtcei 615, thPasdlLanal th
our ?grxr]e ver dicons "ot OpA. [00066 --Two nmj or dlc?tri buti on -

otherpat tSerendrigeree dbsaraldd narker widh puERH)e
[OOOG%eg(:Elelli’ar 1R nent, ficls dupdiEeyeiRs also observed

when a monomeric version of RFP (as described in Campbell et
al., Proc. Natl. Acad. Sci. USA 99:7877-7882, 2002) waé fused
to MreB. See Figure 8. For this study, wild-type S. pombe
cells were transformed with a plasmid that allowed expression
of an mRFP-MreB fusion. Cells were grown in medium lacking
thiamine to allow maximal expression from the nmt42 promoter.
Interestingly, MreB bundles did not curve around the

" hemispherical ends of the cell and appeared to .stop growth
upon reaching the cell tlps and in many instances resembled
the interphase microtubules of fission yeast. These data show
that MreB Polymerization is independent of actin and

microtubules.
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f ound to-run fromone end of the cell to the other.
See Figure 7; cell marked with.*. In 57.3% of the
W(EeOOI7/Sl49OS6NO to four bundl es were found-to runP€T/8G200Me00175

f.the cel].to ¢ h S
rooosfir RATBIEEH IR AR M BhoRsp SR FLBHR e mea e
was t@EtMﬂeB ‘B’@é@n@h@oo@bSE‘P\Lﬂd‘eMmeJ mandpeiemlls
of RFP (as descri bed l?n %i aFJQfE' d
with aghgbodéps BgAlost7Ey u%éé‘ze %@%21 RS e PN%% op 914
not c§8$s€'r§%h%e8w1%ﬁr mii Birstsioudes W |Séd Vg e pﬁ)n@FEcMreB,

I's were transfornmed with g plasmd t
B=TubgkphesSFBRtDAL ad HARFPONG gsﬁ?g’i oS &4 r1_’21c\"/\lflg‘{r‘—;le clear in

mltothB pedh UM hagkiins thli MFAcme a3l lwa maemémted in the
expression fromthe nnt42 pronoter. nt er es& naly,
cytopleeB bhisdeas dhe HECIOHIPE & oM S erg%’rﬁ hlerl car”

1ntraﬁﬂg§ﬁlglfq %?JhnEﬂlé anrgcapRepied 4 oAt opsigrnitih 1nqu:|ates a

e cell tips and in ma i nsta
mitottike cue:ltlewpﬁ@s @ml@ﬁéﬁ@wlés?rofs%@%r? g‘%?t rﬁigg&gd
arrayg g) that MeB Pol ynerization is independent of
actin an m crotubul es. 19 WD 2007/ 149056
[0006D¢T/ SGEBORHDOYLEE didoDes] cesisEalitrds JHdt B with

micro; % pgsgsg&rp ek lﬁbug woa%zsésessltkﬁpe tHa¢ NG ®hintenance

pr essi ng' cell W th antibodi es
‘of lidgainstrraysuld NH&tBaMaSsmethmt dgrEndE: 0Py ThetTt

codlst buf.e wi,th m.cr
presefRmE VAR LGS AR OB oL T e Ut oo we
whethRal MI@E asissenﬂ:l]garand] mamnmnam,ae| Was | GeRPREAnt hen VFsBctin
and n%rqrgf% det e\?éeeﬁgsl rx]netrhee Z%xg%s&pir?%@’h%§éﬁcé h8f thiamine

gani Into an intranucl ear
to al%mﬂ@x@are%icﬁl glﬂ'Ee-DQ:e(mn Haterieks | welte athgnatreated with

 aen o Lo ) BB R0 ey B0 2
~ benz@%ﬂléﬁhﬁxﬁawtmcﬁ t26 tihe/mhi cfor udl| minpEes to

i s U Sy AT MBI Cork PR QEDGTaent  ShoCReLre”
conjtgfe : e%sir:]q?eaﬁme e nes ed etcv\m‘eamraotm;d mpcrotubules
were- stained with tubulin antibodies. MreB bundles remained
unperturbed even after treatment with latrunculin A (LatA) or
the microtubule inhibitor (MBC), when actin and microtubules
were completely disassembled. See Figures 10 (treatment with
LatA; A=EcMreB; B=Actin; C=Both) and 11 (treatment with MBC;
A=EcMreB; B=Actin; C=Both). To test the effect of a lack of
both F-actin and micrétubules, cells expressing GFP-MreB were
grown in the presence of AZ2 (50 png/ml). A22 was subsequently
washed out, and after removal from A22, cells were mounted
onto agarose pads containing both LatA (20 pg/ml) and MBC

(25 pg/ml). Images were then acquired at 1l-minute intervals.
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yvhet her MeB assenbly and nai ntenance was dependent on
F-actin andm crotubules. Cells were grown in the
wabmenewsof thiamne to all ow expression GFP.POT/8G2007/000175

Mrep (Yt LER LRl DS0ChEBHOdntb! ot Al sl 24drPdrond of

simubeanesudapakeeacbanht &akBCands MBg/- m FeroF 1zmud fd-es
to disrupt F-actin and microtubules, respectively.
Rhodam ne- conj ugated phall oi din vvas' used to stain
actin; mcrotubules were stained with tubulin

Examlenpory o Eggg?ﬁgﬁ' $3CRTRLNGG, sunRarunher eual
mcr o:ugu: e i (INBC) when actin and
crot ubul es
[000FPgur NE#H0 CRFERF Follbot DR Tar ALSRLERV-B T BORET) o258

© was ﬁé@ﬁ%hﬁs%&@allﬁl( tregateRint owitls @B@,yme%’—:iﬁa\theﬁl in bacterla
Actin; C=Bot

TQ test the effect
was BeSESEefet | §t§ﬁl&e§| épopsgﬁeggae@él%fes 23%' kt Qche small
’molegﬁ/'i m’\?&% Welre ot el @R b 1R rearRee a@fd/M*Z n(ﬁ(htenance of

was subsequent | washed o af t
MreBr ewdvallerfsr omTﬁzzﬂeS@el‘"’l@t\}'\)@r’% lﬁ’tré’d’e"g:rﬁ Og'gy %Iéjgzatlon of

MreBp%{S ﬁﬁ%@ﬁ.@'ﬂn 9 skot B alAW@ REHDeRd BRI 2prior to

€s were then acquired at 1-mnute
the Bntentibs. oioBreB ZOPFEBRGH. PEFISa SRR GRRREeR

weremll.(‘rle%%te%d e ssemead iinMi® iRy IS @Y edidutd hte;me point)
taneous presence of LatA and MBC. t?}?e Fi gure

at aEmmrp:Ie@tsratMongqioro}Onm/zd{. orf hen Ak | ed out,
and 19 Se” Ard (?L?ngxé\%i Iﬁﬁétthd@lqt hele Ml%%&g&d@gf“ 721D theated

i“on yeas anistically rel at toits
w1thp@2)2nm|dza1tqtor$}qmbbetctl‘@68a poladieisses SIRE BhIFestth. The

- effe g&% have % gﬁ&efl%%@ lya O} BEM £ HPE because

e po t1on and/or nmai ntenance of MeB
: remop@llymxfr Mﬂaas&éitametmmapﬁ@lz qirtalht sy ek i %8P on

fllaﬁﬁn&s t(?'lgtl,hfl SSIAN ML ut%r%)l S Waffs té&%@ﬁlﬁé@ ER2t A22

€ inddction o expression. Cell
prevexees e @R iteaR zatkn { r detdugh B3 etBeen used in

A22
Seve&?ﬂtz’rﬁcrr (tf% %9%54% cfﬁ' rug t en‘?cv\%%m\l/vagﬁe%hls
‘compiind (i.e., whether A22 prevents MreB polymerization or
‘promotes disassembly of MreB polymers or both) is not known.
[00071] Having established that A22 prevénted polymerization
of MreB in fission yeast, whether A22 promoted severing and/or
disassembly of preformed MreB bundles we studied. To this
end, cells containing preformed MreB bundles were treated with
A22. - Cells displaying prominent GFP-MreB bundles (see Figure
14 (-A22)) were treated with A22. Despite culturing of the
cells for 1 hour with A22, pre-existing bundles were
unaffected. See Figure 14. The pre—existingAMreB bundles

were neither severed nor disassembled upon exposure to A22
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and cells were inmaged by tine-lapse mcroscopy. Cells
treated wth A22 did not exhibit MeB polyners. See
wo pganeoidA. The effect of A22 on M eB pol ynePCwa620m000175

was rey:ersihBle e ; l4 i
s e b E b
assemm?ut es). ;rhl S e/sa\lt abl i sRed that A22 prevented MeB

ol yneri zati on, tho A22_h b : [
100078} 671 BECERE R B ERLRERR AR ot et an JoP it K e Tt
bindin§OPBEUBE Cif. BireBWaehiTer A22 pemieritandd eB Two different

| H
et SoniEhL £ e BTSSRI o MibBenascviy
to Azgﬁt ??ggi&},gﬁ@ste %g?ré%%iﬁqgem-gﬁ:q@wma ZtaémrGapieMeB
. : r . i
IS GRIE IR AL D
- EMBO gt. UgF‘?@as’é%@@z% 200%) GRIdess ieatadutied) putef orivkd Wed
~ . bundles were treated with A22. -Cells, displayj ‘
£is5ipnoweAeiit Cerpsi cEBHSS Haie S & 13 -F3)5°° ©f
thiam}ﬂg%efBagﬁﬁ%,eWt% A2 rdRERid o CWRRIrfngiof phetetesls The

our with A22, -exi sti
 atamsontenn e Slaaa o Y €5 Srgapnoe and

2bsentundlees o ver & neifihei-cxeviered M3l sass ents edDLABA) .
exposure to A22 21 2007/ 149056 PCT/ SG2007 090%75
ThesesBfFeste myteands AFFaRTlad SMAPY WAy litatively

thinn%f‘g%ﬁg)ﬁn%‘}.é ta%hd/%%?'%,@%k%éy J@@g&lté@, bae§gsseing that the

rigns’in the vicinity of“the ATP  Dbindin Bocket
. ATPasef aMtdBidonfodi MaEB riesiidiRmcdean TP B 2 r Bptma

nutations in.t IP bindi j espip t ' .
organTISBIG Sl ! gD, Mh ot prus ca ed prcven
. assenbl43A f SAeEGAMETi seti oral yea e and eC 306t a2t angs, of ATkase

200 I 65E
mutan}fi 452?8%%32(6%%%% ﬁbﬁéiﬁg%&ﬁ%ﬁed@/ﬁt@oﬂﬁ?d type
polynkira¥saioreast Tisldinn Qeasl eacqrre By oRpchanifpes similar

absence .of . thiam ne- I nduce the expression of GFP
to theg§ g ﬁ)rao(itﬁrnlsa?l 'I"Illegl]tb?mt ants assenbled simlar

[00073r UThur eF featth ofn Al tpreedumuy: arfl BHSRRTER R f02°
X N
study - the mechanisms of MreB polymerization. Cells expressing
GCFP-MreB were treated with-A22. Subsequently, A22 was removed
and cells were imaged by time-lapse microscopy, with images
taken at 2-minute intervals. See Figure 16. The vertical
lines in each panel identify the position of the nucleus. The
data indicate a roughly symmetrically bidirectional growth.
Upon removal of A22, over 80% of the MreB nucleation events
(n>40) occurred in the vicinity of the nuclear envelope and
rapidly organized into a linear array. It is possible that
the perceptibly higher concentration of GFP-MreB in the

vicinity of the nucleus might be responsible for this effect.
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t hi nner polymers and/or | arge aggregates, suggesting
that the : ATPase activity of MeB is inportant for its
WO u0Tak9050r gani zation in S. ponbe. The abil it yPOf/SGRAR7/000175
t,0 I : B.in_fissk a
crowiR FETUEER nRRGERE olhrted b e RISt Pk e "R
withsm®g£®¢sag®agrQWEB rabeyferi4at P6n0i AGEDs §BoRmyEdst, and

occurs j i el \nb [
ata R GE-PIIBALITRD ' She SobIEshebl P pskeeil or
LatAraversB®dl e (see Figure 13). Therefore A22 treatnent
and washout was used to study-the nechani sns of MeB

pol ynmeri zation. Cells expressing G-P-MeB were
treated with A22. Subsequently, A22 was.renoved and

Exam§ﬁ%g Smeggkgiugfdgb%gﬁel ecggégg:h%£8gcggétowhggfging.

The vertical |I|ines in each panel identify the
osition of the nucleus. The data |nd|cat
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e nucl ear envel o an .
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[00075] Creating bleach marks on the MreB bundles using a
laser beam (Figure 17), followed by analysis of the growth of
‘the polymers on either side of the bleached region, showed
that the MreB bundles grew symmetrically in both directions.
The bleached‘region of the bundle is shown with a white box,
and the unbleached area is shown with a darker box in Figure
17. Time-lapse images after photobleaching were acquired at
55-second intervals. Percentage of growth of GFP-MreB bundles
on either side (arbitrarily referred to as left- or right-hand
side of the bleach mark) of the bleached region is shown in

Figure 18 (n=18). Measurements were made on 18 such bundles.
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Ble?ching of the marked region was carried out wth
100% | aser power with 200 iterations. Z stack images
wowrrg/1am6ai red at  55-second interval s. Fl uor eBCERGH07/000175
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11neq#1 ¥?SF|gure 19. The error bars represent the

(000 AN48 S BiiHescdOHTHdcdVemy est eimdiybdogbr GFP-MreB
profiles of the MeB bundl es howe at ;ihe
bundfesun%%@eh%ethﬁt@ﬁ%?t?%Eeﬁ?ﬁﬁﬂgﬁl§S|ﬁgPeaée% ed in Figures

18 and 19. Figure 20A shows data for a bleached region, and
Figure 20B shows data for an unbleached region. For these
experiments, cells were grown in the presence of A22 and were
mounted onto agarose slides after washing out A22. Cells with
short MreB bundles were bleach-marked with a laser. Their
growth and fluorescence recoveries were monitored immediately
thereafter by acquiring Z stack images at a regular interval
of 55 seconds. Fluorescence recovery was analyzed with Zeiss™
3D for LSM software. Fluorescence intensities are plotted in

Figure 20 in arbltrary units measured in 15 1ndependent

filaments.
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all over the bundle length, with recovery occurring in

both the bl eached and the unbl eached regions. See
woeganewsd7, 19, and 20. This suggests-that sPOIRG27/000175

were being added along the entire length of the

pol ymer during the growth. However, it is currently

: Exampﬂ!@cbear whet-bet hMDS/B affi RGeS WMare® aidetl ¢ in hgission
bundl es or gkher short protofil anents associ ate

laterally with pre- eX|st|ngf|Iamantstoformthese
stiff linear bundl es. 000781} The .
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whi ch NreB I|g Wit h cellular long axis,
A22. tgepdnedils dn%: v%g used to image cells

[0008®{Pr @'ﬁ%i Mﬁeg:B'oMyﬁ%rsQJldturtEEa caimtey ioy irhee@EFen éBd no
specific orientation and were seen to be even perpendicular to
the long axis of the cell (Figure 21A, 10.5 minutes). As
polymers grow, alignment along the long axis is established by
sliding of bundles along the sides of the cell. Therefore,
the longitudinal orientation of the MreB bundles appeared to
arise by sliding of these bundles along the cortex of the
cylindrical part of the cell during the growth of the bundle.
See Figure 21A. Arrowheads point to the contact of bundles
with the cell cortex. In the course of these time-lapse
studies, two or more linear polymers of MreB often bundled
together and continued to elongate. In most cases, bundling

was initiated after contact of the end of one polymer with the

end of another polymer.
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weel-50 cells, which divide at a reduced size (Figure 23).

Example 8. Assembly of MreB into Linear Polymers in Cells
: Lacking Microtubule-Organizing Proteins.

[00083] Whether F~actin or microtubule—organiiinq proteins
were involved in the assembly of MreB into linear polymers was
tested. To this end, GFP-MreB was expressed in mutants
defective in the arp2/3 complex (see McCollum et al., EMBO J.
15:6438-6446, 1996 and Morrell et al., Mol. Biol. Cell .
10:4201—4215, 1999), formins cdcl2 and for3 (see Nurse and
Thuriaux, Genetics 96:627-637, 1980 and Felerbach and Chang,
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of GFP-MeB and then shifted to 3.6C for 4 hours.
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MreBiﬂHh&fgérhere found to run from one cell end to the other,
but were not found to curve at the ends of the cell. See
Figure 23.

[00085] In fission yeast, the dynamic instability of
microtubules ensures catastrophe upon contact of the growing
microtubule with the cell ends, thereby preventing curving of
microtubules at the cell ends. Given that E. coli ParM
exhibits dynamic instability, it seemed likely that cessation
of growth of MreB at the cell ends was mediated by potential
dynamic instability of MreB bundles. To test whether MreB

bundles underwent 'dynamic instability, weel-50 cells
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St ggé @ﬁ% washed of f and nounted onto agarose
slldes and i nages were acquired. [00086] MeB

pol ymeri zation stopped upon reaching the

hem spherical ends of the cell. MeB bundles grewto
Examphe ¢el|l  MreB Organization in the Spherical orb6-25
Mutant.

[00087] The organization of MreB polymers along the long axis
of the fission-yeast cell suggested that the cylindrical cell
morphology might contribute to such organization. To address
this question, we tested the organization of MreB in the
spherical orb6-25 mutant (see Verde et al., Proc. Natl. Acad.
Sci. USA 95:7526-7531, 1998). Cultures of orbé6-25 mutants
carrying pREP4l~gfp-mreB were initially grown at 24 °C for 24-
30 hours and then shifted to 36°C for 4 hours before fixation.
The cells, expressing GFP-MreB, were fixed with methanol and
stained with antibodies against tubulin. The organization of

scrambled arrays of microtubules and GFP-MreB in orb6-25 is
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. pre-existing cylindrical cell shape and is

antibpgd&Sendent of F-actin and mi crotubul es. Exaﬁple 10.

[0008BYPr 58I MRedf oG- MaeB HOR -Mapialfiisad Getdrs E. coli genomic
DNA and digested with the restriction enzymes EcoRI and BamHI.
This PCR product was ligated to the pEGFP-Cl plasmid digested

with the same enzymes to obtain the eGFP-MreB fusion construct

for expression in mammalian cells. ©See Figure 28.

Example 11. Screening Compound Libraries Using Identified
Bacterial Protein Expressed in Yeast.

[00090] A bacterial genomic DNA library is constructed in a
yeast expression vector such as pREP42, tagged with GFP or
another reporter. Yeast transformants expressing the

bacterial genes as a GFP fusion are microscopically screened
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Exampd€r det-ur estli : e i Ao or thelr function

and whet herE essential in bacterial cells by

expressing their gene as a GFP fusion in bacteria and
[ooodifena lsmeckirg ouigdrivati gdndbrfametdbrm hactereiyanets

found to be essential, a ghem’ calS H{?r@{eXtBE %HB' I
intenesiteddl raeidRd cbhedl YFITT cCHMpotnds that rnhibit the
A et o
expraumingriig By y2 bF ?E%?r%?ga]ggeﬁ%\)?/%ggxeﬂg croscopy
to identify GFP-labeled proteins in the library that form

visible assemblies. These identified proteins then are

assessed with respect to whether they are essential to the
bacterial cell function. Those bacterial proteins which form
visible assemblies and are essential to bacterial cell

function are identified as antibacterial target proteins.
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in yeast. The conpounds then are tested for toxicity
on bacterial cultures. Conpounds which are toxic to
whawrau0s6 but not to eukaryotes would form a PEWNSGL@ZB00175
CLAI@% anti bacterial agents. Exanple 12. Method for
entifying Anti bacterial Target Proteins. [00091] A
GFP fusion genomc library of a-bacteriumof interest

' rovi.ded in east expressi on _vecto
1. A5 PRELEEP e RedvEnt cBhESE he) Rt $hall¥riad, compounds
thatchﬁ+§ sﬁgﬂiﬂﬁéaﬂglyhgréabéaryan61ﬁ?SEbvedsb¢01flc
escence n1croscop§ enti | ed

baCt?ﬁ%ﬁ£|HgoFﬁl?hEh??bFﬁr ukﬂgyogapn§e §er 18§Sgﬁgﬁqiges

‘These poent d{hgda peokerpstibesedl ecudsagssedmpirtibing
: respect to whet her they are essential to the
eukapetbriGPLEdf | function. Those bacterial proteins

whch §paRscyésibhesasqesblieswapl ar geassentoalingosaid
bacterial cell function are identified as

bactemizbag¥eb®hr/ t arget proteins. 30 WD 2007/ 149056
PEET)( S@QBJAQ@%&%aEB%A@ténA\m pRovbihnoinekhed tenls;

dentifying anti bacteri al ounds_ t hat , have
s(@hu f$@aﬁ@nyngr%@%ért¥6w§? efioeakéﬁéseﬁ?ccells with at

~leas@a§$@ré§$dPBQE§'QnEBEQCE@rﬁéka&&ﬁbbﬁn@eEbﬁ toRiieheffects
conpri ses provi ding a eukaryotic cell culture

agalmﬁ#¢9¥si%@lbbgkgﬁy@fl§al€epﬁ§te(b?ltP§ﬁ§FéEt?ﬁ& sai d

simu ﬁéo&éig Qs9@@@1ﬁ&CQQRagt§§h§feeﬁﬁaeéhﬁbr966&%|&ells for
expressing sal d bacteri al Eroteln in said cells;

1nd1c(ajt)1<sr@$ eehi hoxbal byt panspebt edkankatkyet FeL1E8F| angl ¢ h
tg lef?%n@ffyfﬁg éd@6ﬁ%§ﬁﬁﬁbéﬁ5€rbﬁhlBQEPOQBQeEQﬁve toxic

Xl c effects al nst Inhibition of said bacteria
effeqk cagd hnamdsasdnspeantbosPgchsséasdi REOLELH- t r ansf ect ed
eukaryotic cells for indications of toxicity against
eukaryotic cells; and (e) identifying aconpound that
. 2. ghgnmmtbo@e¢écclagmtbwaereln said eukaryotic cells are

yeast cells.

3. The method of claim 2 wherein said yeast cells are

Schizosaccharomyces pombe.

4. The method of claim 1 wherein said eukaryotic cells are

mammalian cells.

5. The method of claim 4 wherein said mammalian cells are

normal rat kidney cells.

6. The method of claim 1 wherein said bacterial protein is
selected from the group consisting of FtsZ, MreB and both FtsZ
and MreB.
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.effect against said specific bacterial protein. 2.
The nmethod of claim 1l wherein said eukaryotic cells
wae@7/1y®ast cells. 3. The nethod of claim2 wheCEBG2007/000175

sai d yeast cells,ar chi zo
7. Thacnabbagdost CARAPLLREEP Ity eatl PRI B fin 1s 2
qulogrQltﬂagnggbg@tggI sot2inThe met hod of claim4 wherein

manmal 1 an cells are normal rat kidney cells. 6.
The met hod of claim 1l wherein said bacterial protein

8. Tha m%‘éhset 89‘ Enamdt he wieeen nC eRSIds tiepg mfe FFtsZo t ddmBis
and both FtsZ and MeB. 31 WD 2007/ 149056
Green PETLSERO02NG08LPEeiNn- The nethod of claim1 wherein

said bacterial proteinis a fusion with a reporter
protein. 8. The nethod of clai 7 mherel sai d
9. Anepotibiopiet SCHSERING e e, 20

in V1%nt'Epgkhges%Ee@@Hﬂ%d§3dcﬂ%ﬂdﬂ&ﬁééMpdﬁbéxﬂﬁmtSexpﬁesses a

cul ture of Schi zosacchar onmyces ponbe
. bactéeipiesseges prodstior isglecdasett Mt mt%anmwg of

Ftsz,mgg,%r ﬁéat?\u'ﬁ:' St reofBEt Sthd Mﬁor@t&&é‘&faﬂﬂth a

S|ons 'wWith a reporter protein.
report@r plretedil. -culture -of claim9 wherein said

bacterial target protein is a fusion of FtsZ and
Geen Fluorescent Protein. 11. The cell culture
10. Chai med Iweerlaiuresaifd diacery avhq%igbtsabﬁio‘%?ﬁe?%aé target

prote&gxf IH-%S aogqsdeoﬁ} ang, q.e cg | JU S Nl r E58ERE NPrdReih.

y|ng an acterial target proteins
from bacteria, which conprlses (a) providing a GFP

11. fUSI s en%' | bri_a% L2 BACLELH uﬁi& Ba¥€a8lial target

expressing said library in

prote)i@ﬁits %ﬁ"ﬁu:‘s:.or( ®f Ohﬁ \img Gmeeh yBhgeresregtpyrotein.
fl uorescence

12. A method of identifying antibacterial target proteins
from bacteria, which comprises:

(a) providing a GFP fusion genomic library of a
bacterium in a yeast expression vector;

(b) expressing said library in yeast cells;

(c) observing said yeast cells by fluorescence
microscopy to identify GFP-labeled proteins of said expressed
-library that form visible assemblies;

(d) assessing said identified protelns with respect to
whether said proteins are essential to cell function of said
bacterium; and

(e) identifying proteins that form visible assemblies
and are essential to cell function of said bacterium as

antibacterial target proteins.
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m croscopy to identify GFP-1abel ed proteins of said
expressed library that formvisible assenblies; (d)
w@e®easdong said identified proteins with respeRCT/862007/000175

t her i,d Lei.ns qar tials [
13. RNl IRiE 13 PrpeRgR Pt BB e 2
Schitosmcehsirohy cass gaplbieces and are essential to cell
function of said bacteriumas antibacterial target
proteins. 32 WD 2007/ 149056 PCT/ S&007/000175 13. The
met hod of claim 12 wherein said yeast cells are
Schi zosacchar onyces ponbe. 33
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