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METHODS AND COMPOSTI ONS FOR ULTRA- H GH THROUGHPUT
SCREENI NG OF NATURAL PRODUCTS (01] 1. Field of the
Invention [02] The inventions introduced in this
application relate to nmethods of ultra-hi gh t hr oughput
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resi stance to antifungal agents has al so been

observed. Due to the nodest efficacy of avail able

antifungal s against |ife-threatening systemc fungal

infections and the rapidly increasing resistance to
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{10] hax?2 sh-eitveestty @ midreorgfirtd afis ﬁémahi&vae&;,aao m crobes for
n ral products. over .the past 50 Despite these
(1 ol BpteeR e g SR prarrcRRties) MRS rrerBh A order of
10,000600) 1@2rdbasiob 8 HrabSOEEREEed R Jad J0RRark ! BRBREQMS . efiorts. oniy 2
diversity of microbes and the linm'tation of available
very Bk BATIAR O BERMIY §RSIes PapheeRaekeptcdsiua tq be iremendavakiystsgy of
micrfRS 188 e TRliRdoPaCivalidv si-UflcStdntigulased on neani ngf ul
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S| 160 ; g A rrnand om
mfre[één%b 01§ n]i.y%@g gg&f gxxtg@!%ngrrxcp-g[) gxto Tpﬁb& Yi@od%o ';umatm vnotyrm
diverzpPR as T@smxalm mhg) puccmavalmand fobimve#G tcy‘iSaOﬁ)d tzlthb"r g of soil. Curis
. 4 SeeiPlac Acad. . S 6, .:10494- 499
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: 'aﬂgf e‘?féfﬂ‘f nd 1038 sodimay copfan s i aafip K difiprepgaxe. Id.
Simig&tly, Hdcest shiaama&shﬁﬁteami\atsasazohbk% R ¢ ARbibRE ?ioh&m ge

produ0|ng genus. i s capabl e of producing on =
1s cagpbje Pt BPaUCERE. 0D Q‘iﬁ‘Fﬁ i WP&B? ANURSTARE AeIBPouadsa meere fraction of the
numgeecﬁéaooae@fo &atle WRVIDEL. ShHC OMEY ahnl qngaza& a}%xsf Ea by the
How many antibiotics are produced
Smgae?ﬁ'@’gw&v?@pf dvighl- dbisropiol. Af Khi:38f4306. omfx;buveQ\NJﬁqenﬁlaﬁma @0crobial
A L 8€ bl al versi r
e S AR e Aok B Blran L MBLRA dp of smowe
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N A AR AR SN AT ]
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[13"1‘ 2Enifaen: dmg screpdiBg sBiedns sEfifincuend natotagc@nioRedd Moduced by
stens seeking useful natural conpounds produced by
{8 sr{nsrrvs [141 An efficient drug screening
(4 SySAle Hfr&hﬁuirdo RayRiNeseih sARIE ndfe dnbBer meld @4 ¥liowing elements:

el ement
(D the wnoln procedure is fast and high throughput, which means that the system should be able

1o screen @ sample with nigh diversity in a short period of time; (2) the scresnine outcome has
low background, which means that the probabiiity of obtaining novei compounds (unknown
compounds or known compounds with novel funcuons) should be high: (3) the screening method

Is simple and sensitive: (4) the screening read-out is easy to detect.
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(1) the wiole procedure is fast and high throughput,
whi ch neans that the system should be able 25 to
screen a sanple with high diversity in a short period
of time; (2) the screening outcone has | ow background.
51 Whi CRFRRANG LBl hih i Mpabi i 1 ty of obtaining novel
corrpounds (unknown cormpounds or known conpounds with
[16] navsgherfugnet dbows ‘ope piedismthlierehiaginers ((Bjounkreedsduragniangurse of

e T M—

in relath\t.ﬁ\akom ayhndahcmugim;guml fablesAsuchen tri@bedad o empien@liccted from
soil. p bl em t hat resenartgpers encountered duri g{g he course
R R o G B BREE® Fr G POSTL B cpwues

only Lh‘atof tlleritd GRrodfLah ey @a&u Sathpiad eCdhSatkehtYy, otifer microorganisms in
relatively | ow abundance in original sanpl'es. such as
the SHRRE BEY GURFSRT SR BS3UBPIERA AN/ PpRioguGts|Of natgFal products from
actnEh R EAn BGHRANMEE HRSovetRE s PRI EndAIPSLUGRS  sPfeen a laroe number of
bi oactive natural products. constitutes only -1 Ro
TICTRTZRIAS Y IHHIED BV el B Fiyafos RsTipth oéns andhsipgiegut 2 specific specie
L ng,, S
T R T U o rrgc%mal
specigé ispaty aaliprophugersofitpowhola sample. rhjmenwtemnn:eﬁfnenuemmamo
o a s d be able to sc
o N e B Y O B F R BBy Ppopsine
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the i‘,sfugecu es [150 rsodghl ?% gesn red useful natural conpounds
fPEENEPSIo &y BlidK°t he targeted nicrobi al
species is a very small proportion of the whole
[17) sabpliePrevddntedistoneat el y, the currently available drug
[lgwscl&g@ni n% procedures are not efficient. enough to
T cREBHOYEY Y EPUGIGHRT ShRCHPBE KRG anti8iongs Repuef egfous drug

scred@FRbcRdreWihidief tBabissdvesl @ mbve UsRBSEHdE AhEwhi&TSHURE: One
m croorgani snms are among the | ess” abundant species I'n

appIpcl 1Q LT BusRsigkeroyny in ipye ssregnme iptpdigefingie OF my ibjouic-
resistanl mREGHSMPWRI ¥ thd BE sﬂﬁ@tt‘ﬁdeﬁ%tﬂqunpgtraﬂ{sq}{ ltrﬁuﬁlk/é/nuon ) 1o screen
known anti biotics through tedi ous screenl

natupy grodHtCEBaCHPhuIbgCIE B a@iﬂé@@vﬁ’m‘- @momv multqnmgm@sran

scrc@xﬂxqv é@ﬁ?ﬂs% eﬁﬁ Wistea vurgjﬁlv o@ggﬁs%ctgd Bg relngx\ﬁ l}taoenems Sugie et a!
background in drug screening I's to use sing e

haveygdnting g ‘aﬁnmrbngﬁd compoungis gtimgtiindalip mtagwmmlnmmsretlhem bacterial
est. strain eryed . n: L,nthIS

SUMLn?é’ht i%6n)’ ?o écrzgjgn %bﬁoﬁg{]uru gf(j%pr od t = L0ft} 4 ngusy fzicula sp..

1. Ammm«nhaoﬁ €hi18l24abugiy d kb R00THES @1 S]:B.gd gevOSecAUhitibid:@solated from &

res..st an sgr eni E% strains are_either isolated

rungf P BERHS! S8 BIC}- &rPRBTHOR TR GEHBSPEUV gt Gram-

negative tulilang résgedt chiied shaw: ey dsEMﬂn&ﬁbuﬁ@ﬁP@HﬁﬂﬁurHﬁhl%m /ity of
clinicaliv isolated nulti-drug resistant bacterial

comgeyngs ﬁ@duzggé)v cgd(g)hvuguﬁx Fetacger al.. 298 “Endgphwicdiingi from plants

i | 5 f s l v !
A 1 552 g s o, v

Res 1@ T39868.. a new SecA inhibitor isolated froma 25

(19]f ur@[}lérs]psn Andd%g» 'nmtgclcngé &ct%ir T veH‘ anot her. stud ('

four & am PosItive an ST Tor dg St TEvine
examphbtrasedxcugs negi lsbcah“f\ mhuagnncat tosienaau&a (Wanéozusae dudifresistant to a

e lhe.antim crob YA conpounds
broaﬁrroc‘fuctéa AL AR %WCO lp‘é‘f”é 2 ’é‘EOSta"t‘a 15998,
“Chérdatrerdgalivh bica ﬁpumgnudenxemtgmaﬁm of Condidfaikafy PSAM S¥icksbiol.

as a source of secondary net abolltes Wi th
anti-mcrobial activity." Myco"'' Res. 102(6):75;
-761. 30 [19] Ot hers use randorﬂy nmut ageni zed
bacterial or yeast strains for drug screening. For
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exanpl e, researchers have used LIV nutagenesis to
generate a C. albicans strain resistant to a broad
range of iipopeptides and certain givcoiipid
inhibitors. Frost et at. 1997. "Characterization of a
l.popeptide-resistant strain of Candida albicans,"”
43@3‘1‘2?” ?ﬁ’z? h}d’kraé‘b‘lo& Turtger poppsgd Y9Be o guutam siraiy tryvogageplication assay to
avéid tifeBecoPirO RO SHAMYS At E U ipahdrbl: dufin® druc screenine
der epi i cation assay to avoid tﬁem§F§@8Vé?€man%ﬁﬁﬁﬁwpaIn
anpilgr ghugy | kpenge ang gql 2EUES PRyS Spiablikisd camdpmiy mlutagenized S. cerevisiae
suBift RERIaRGo ridlupi2BOLAE mat iy, ELienne and col | eagues
have Qstagligﬁ%d‘randéﬁgy nufégg%i§?§S§?HE§F€§F§$Qem”r“”d
QerSEoi o ey @sliRngal tcompoundb thyshes piai/ Ve, ‘et &hingd@8ethod for antifungal
JREsSE MES trains are useful for the rapid s = i
B e Y ST S R R
AMO@0cs. UA2%¢Pe80G.ng nethod for antifungal substance,
rdtsi ng saccharomvi ces cetgyisjae strains resistant to
““pol véhe nacr of T aes " §OIC ARTSHYSE ¢S o seisppreenmpcifio gompounds so
that Rfywifdntil dues, veHichRneRRMNAG ek aauaiaﬂis'r'xﬁ,exdi'n%gé!@&e bcreiSDeVito e
to selggt target-specific conpounds so that known )
- SRPTBFGE PE 8T R et Gl SUging Ak Ferahtrameniemsies migw ievel of an
esdthtidl gB prb@cS ’IBET Bbkess bdrQeRinive 10 sieir® A d.an o o roduct
rray of E scnericnia coi\sr[b str ains. S%glé Vq%ﬁﬁlgog%ﬁnm 6N proguct.
Degtitot Al Pt -e duersmay of Bes-sresiiicoferegning ss®ng foaknipemerial discovery,”
N Bsibonn W@ By (TBEL Sy i don RYRRIS GRSKE L6\ O specific .
inhibitors of that gé:nenpﬁ@%ctg‘?ah gty g Ghpmicl lirary
peprpiged the ientifigasipn of corapayets wite godd nhiboeepiivig fhingd e than one

0f Libggterial. discovery. " Nature Bi ot echnol . o
o5l Sk 3 il (B fdioms p R el sanfien egigeer ol nad s
an¢herli oak- btrdw aaryyingepindmiti bectdifhRched! debhd @akied cQfivound iibraries,
naCQHﬁﬁynQ§EM”Rﬁ gogg JnthBtory activity against nore )

AR SHE LPEATES s BA E71SUOR gt fdAcrarpssp dpdugiiqaang ddentiefbinbidhitors o
pepivighictoraitibic C BeCentlel a/5 YOO eSdeiiniR6E BZ Qrflouftls 3% hibic iace

‘ysegﬁ aﬂhg”'00|i envA- strain carriin%_a piaéﬁ?%tﬂgg%am[m“
SIEPE PLRAPHIRE 2 SWUNESE 18 Bpeis- compeiaiotics. PHBARB®RS. Another screening
svitech WtiBhedRWO GU Glechil Mfrink BShsmidda SRS & is fhat interfere with cll

G iacrammse jnduction and |dentif] ggg{ Togﬁoglfl%ourug Hgfriere with celi
Wil bHYGOaY8TPe AYRNSRAHT A 6is 1998, e Crermbg extsteansZor deR@07g inhibitors of celi wal!
rrankd @ hibid Ak IHR 91,0710 ek, knhibit, | gte steps

oF’beptidoglvcaﬁ.ég%gggsﬁggﬁﬁaghéyéppgfi“Jfﬁumug’m“
aloxprnerBioned g sGBEBYS DBEHE Bk Afiivtendy irsefieRiy e BAckground. they still
~SY: i i t E _.laecaiis strains constructed )
!L§%§%ggg%%hbgﬁggﬁdﬁgw?ﬁgFPPWPérfere with cell wall

gl vcosvi ati on. Sancneti et at.. 1998. "Screening

ystens for detecting inhibitors of cell wal

[2Jraﬁ§gTSE%§WPaPF8W“?%mEﬁFﬁ?BEG?éﬁwﬁ" J. Antibiotics.
[2B1( @i efifdiertt ug-irénaid GRsitiesholdHAIRAL LN 9 addivor, the

ggreeqlng systens work efficiently in reducing sone '
SCRSERIRG TEBERELS SPPRIY D% £as) Ko dgisk iDe cpmionlycapeiisd sofeemmpynethod is 1o
mdiRONEL1ICRFPOU A dited: Zkbfnbd 1@ derdet And 1LO4; MRt fods, and )

screeni ng read-outs [25 ][Afl e fﬁgﬁgﬁﬂggggdgg% BERP ngPone
SR I LHET KRR UIsePreserAs|ob azants Tsawlaity) sitbe: d edfldiibhaiig pathway, or
thd &BresS6H GENAG LGB QbR SAQULADE easy Lo detect  The
) con%ngnl y appdlgi éld cs%r%gérl{?ﬁzﬂr?ré% %3%”1 TESREICRBANGUSTC & eqei-LacZ
TuroRRperIer gorfiuueich Lreeihiodadnoidetdemblvasibadchal el secretion inhibitors.

acti Viti-gsg, Al tively.. reporter 30 genes are used ~
Ak ek 200 BB AR e S B RY b gl Pt nisieh b ihiosors wiizing

speci fic signaling pathway. or the expression of a

specific gene product. For exanple, researchers have

used a SecA-LacZ fusion reporter construct in E. coi

to identify and anal yze bactefial protein secretion

i nhi bitors.
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Ai skne et at.. 2000. "ldentification and anal ysis of
bacteria! protein secretion inhibitors utilizing a
SecA-LacZ reporter fusion system™ Antim crobial
Agents and Chenot herapy 44(6';:1418- 142? . [23; 2.4.
& SecAODR:Z rkpBri Afuk OR 3y Hfm 8 WRkidddh 60l FER LEIB. 1415
.and sorng9 advant a}éesm of t{ﬁgé}bglagpégneﬁtgﬁi nvﬁ?%%@[%ﬁ"mw
1427Unf orrunat eiy, none of the avail able screening systens
provides sufficiently high t rougiiput to exploit the
magni tude of mcrobial diversity that still exists for
[23] di 3€Semajiimpfiarivoved] availapedrud scesmog Bebsemssine Boas advantages of the
Dresf%{gtibiotics. In fact, many pharmaceuti cal Conpani es
: a

mvenugon
Ve - abandoned the search for natural pr oduct

[24]t henfop@udrtiC Sndne 6AE evAlabid stidehing QFstsHd sraPlhis; RERGERSGSen
. and resources 10 for screening and identifying novel =
oSG PRRIGHS RAGRItGe O SUTP iR ALVERHY Hiat &ilt ¥ty tar diseayery of novel,

usef@fcbMbbsnds MREtCast MuiBloBE0 R Fact TS ﬁﬁaﬂ'ﬂl&%ﬁl Maﬂ%& h&ve abandoned
and patural saqurces, there has been a paucity of new

the SRRy toT nalural proghqt dRergpepugsdecaiiss Op e lack pf $uitgblz prdcdssanehd resources
for s634BlifE B J0SHRPHAMH SN ndihl ddMSEIEOM. nddifl§. despite fhe variqus sfforts
phar naceutical Tndustry has B p?%\*}ﬁ‘“é% AERIE HERpags sttors
mad foadeey=rgugitanbpesh Fyhatio and inpiuea sopractheedias beh agaetity of new
drues0 er 4% ]1-; poary of. the invention [26 ,Th.e.b SR
or éﬁgﬁéﬁr ncg/‘é% i gnéhgg%t%r“ gos“daan e "e[’ﬁ”:i}%l(ﬁ?[c%"g}“r@éF’é‘&“on)- tne
pharmaceunioaldadusshashit piosidds edwicnéical SEEL aAehiE YW Alnical pracrics
f qorl_oﬁctsn for biological activity. In one aspect, the
TvENS®Bn provides a geneticaliy engineered
m croor gani sm havi ng several genetically engi neered
.otraits that are useful 20 for high throughput
[23]scr XYY Sf 14ilBYBBPYani sns i sol ated from
26)€NYhE BREBOTRLNRAYELES: a onsBR|ESoBke Sl GRoIGREHLS Al ¥ usetul for
[ engi neered t raits include r es}"s‘tﬁ!aﬁ‘c%é?g@cr G 38ioe T 15 wseul fo
scregraphpasvrg ere@ucksgar eiplggical acpesy . shameesieor, dert@nton provides a

oAb Pl QLS | s described in further L
een b et iy Bt h bR o P B apere i e ane et
for Mgh reugopw screomnes of it moerahiseisugplaed irsth 2R GONGRNARS s@f@s.
Exa%rglni"fo. gially r Q‘,ocmgij ng:rd into a chronosome of a cell.
548! Il §oT 8T S ARRETTHE FRE 1RGINOR s SISiRRCedq countgrpelection drugs,
resigtarict er @ntainl apdbiodds, hdiLauk BireIR'S 1@ s@foed B FHBE: defdithersin.
,,7]nuger and ptr%%e. of drug resistance genes can be
1275 o MR PREGUE SR MERp ACEY S A © S8 OB TIHEFeRistmmgsistance genes are
artiflci0lyab&sinbinddanig QRAINMRR0RE of A16eIC el iles LA RRIstARILNEELED e placec
. .or nutated to have particul ar phenotypes or genotypes,
In GETFERRT IoST O\ RDEOBPRPS 33 GFBIsE e d e Sumbueneé e of ¢mk Iredimance cenes
can BEEHM 28 BE hibd depbnmeRstldavd tbid HRXLAS . Leporter .
.geﬁiﬁgﬁa Bp? gﬁ.rrgtg'llcal‘Eﬂl %bé%gé? H%h“eddcdé:i%eéa'i? hat" P& PR ud”e‘:d{l can be
engingerether MRGIEA €4 ave apmcacriendapes wizgqyprarsnel isaiux 6€dohS, increased
- f- - and _i .cells, The invention ]
or P8k SRS e Bl eIl sy PEsTERArITh EY§E And promoter
gengse[Ths celig tB8]ard mclogudt iaitire ievanadh BRIHasiend. e, HohMSHNNGlS, plant
celidTEL hod n(gfﬂ{ﬁhe_ inventian, the cells taught herein can
=lify 8¢ IEEFT £ PR BN PR TR SEREGS thavATioys mededs foapmrising such celis.
[28ef figedrpehiieinaaid of dih&reain@endtiel of TR ROGSiof A S5 S8t herein
.. against the natural products of whole cell N
can B REE AP BRATHPS HCOMRRuBGTdaNEF 2 dgsifbi clteptan thagadlintTogcreening
metidde \thtl @Fec AMBhE AL RhurBITrE&RBENE WhHof! P HIA0L S MRshS O3t 8% e
from for exanple. 6 environnmental sources-or
ASPECt. HIAPYEEON PIOVISST & MEHIOR 01 SareraunzerisTRgr gahistol asopnegisientt. for example,
i nvention allows

6
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screening for natural products produced it situ

wi t hout extraction of netabolites or renoval of the
produci ng organi sm For exanple, in one enbodi nent.

the nethod of the invention nay be. used to screen

edvonfRNE! L rod ct an |b| otics produced by
actinorr es\(/)g%téés%o “&d tl & thsfpresant invention altows

Smwmxtrpmnamcprdﬁxcr@mhuaWMQfM »ﬁ&x meac tdcbi otics
tna'ﬁ%d%c other. natural product pr 0duc] ngda&{)ﬂrdgan|ms,°r(|*f§w’q Rafemoval of
ALer Fery é“wrf’hwﬂ‘if‘&’éo%?fy SROQ§yel. thamefnul of the invention may be

uscdmamnmls r nOVEl nafi@di acconpl i sh
&Qt ra_hi cr)] I;hr ol hp&ﬁgfﬁgﬁﬁé B'Fg'éceglf aginogpyeetes. In addition, a
0% P 1 ATIS VPSS Dr G avgy ATApSO anti gtk Gndior EME MW produc:

m{)hlmmcc&ag,;, thd th 0t rug di scovers, procedure.
Fi gurse 2. M%@H ’l-a\glg}glg%af"voq TRPYRL WShiubFesaRosags. The

ks

RPN R ussgrio escomIposd @itra gzt troughpigsdleenfieman t unOr
cell line as the screening strain. [32) Figure 3.
|terative process of introducing drug resistance genes

2Pht & @F@t@?gupl@n@‘r tishBrawéngsscr eeni ng strains. 15 [33?
tribution of the drug resistance

19 g
3§en;ﬁ§ g“a‘Eé ex ﬁ‘r”e‘é s%,'ic’& a5 dNusEpEag thy diigeiiscovare ervicagprs.
[3&% r mlzur@/[m& wwh3dvePedaadlrag %%Lﬁt*‘%&fggf%ﬁmogg% s using &

5.11. Definitions
hdﬁ 8 ‘bél‘%Vva‘SWaF?re??é‘%Ee“‘taﬁb meani ngs ascribed bel ow,

[auhl ESgura . JRrARE BRIcEss df MRJRLGE n.i.s ot herwise
Snr qu ired by context. [371(1TF]12l tarédr% *ét Ci’ﬁr’bféﬁ“’@f?a\‘f@@ of the
- h&"YBnot ype" refers to the alteratlon of a nucleic

[szl Figred UBR GHsukisthiBY o 9808 LneNgl Neering net hods. For
exanpl e, artifici A gln%lédﬂ rnSltSt%'éC FENGPP ExPrEstInsdessties in the

SCEEFIRE #yais EMIGE Ut agene3| s and artificial random
mut agenesi s caused -by conditions 25 inposed to nutate
the cell. Artificial random nutagenesis includes, for
‘éxanppgmgﬂ@mngm o€ el Invénioh,he presence of incr eased
33V radigld on and treating the cell wth nutagens. It
3§ch udes natnurally occurring nutagenesi: .. [381 The
(3ter |’ﬁn°'tmnt téfiret atiot@EQATRAVIALS RLanit £ . e
m[@xh) eration of a nucleic acid se?qnlﬂencggn%aéo "8y ‘é‘Hegf?‘&a“emaP
g neart HgEHtEHerwed py cossnpl e. artifici al
(;ﬂecdhbtdmat‘a@;ﬁciané}iaggeﬁﬁ; teofiLected 30 nmutagenesis.
edlonever, it excl udes randomo%t ag(ie"rﬁselsoltg“al&@aé‘ﬁm a nucieic acid
SO GoF HIS P PSFICieR@REEMS matepdsn Boeainble, AOGHaldoAlee in m»hgenmym

mcmﬁeagmbtgﬂn{u@ ) SRR AUXQL T O hv" refers to t
cell's dependencgnup(;edP]&spe((::la?1 TG SRS Gussd oV icomditions

imq(ﬁgd gb@gqaptgc Telit ﬁr@nﬂxalhamohﬂnh&omnﬁ‘d hr@ﬁﬂmt 901“3%11 1@' g a cell
grow under _nor mal g e H -

in @8 psERs Ut n el I canno
condi tions. M gtLRornadfaHmé 'ﬁea“@né‘bd?hg"“ﬁmdwns It exciudes
"amﬁi}bm@mnmgﬁmudaeenbsmsynt hesis of an 7 essenti al

3ghut i e resul.ts in auxotrophN . exanples of useful
[ guxﬁow}r1 r %p i Eérfcf“'rl?l‘ rE‘iﬂ“?”“i“W@F uﬂ:évlfS Eﬂﬁk aléﬂmlon@t alnumnb eddtsequen

leﬂ i

naturaliv occurring mutagenesis.
39: e
{390 Thetem* ‘auxourophy” refers to the cell’s dependence upon SpECiilc nuirients o survive.
The specific nutrient has o pe provided to the cell. as a resul:, the cell cannot grow under normaj
L

w
growth conditions. Mutation in a gene encoding products involved in the i Diosyntnesis of an

/
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the bioA or thiAlocus (the resulting cell is
dependent upon biotin or thiamn (vitamn B 1
respectively;; and (2) nutations in one or nore of
bi osynt heti c pat hways of essential am no 5 acids, for
esse b & BS oOfse M hibl €5 fnlfe clude, but
cuen BRI SRR BEbE, SRRl RLARLAE, (A ot
are not @suikd ion@l) oeltdtions od@pemrelmmugbm ViaEEn W&?WU@HF apthyayspepch as
40 . .
tne bloh OSl;mAf ‘6’6% Cal “erc%’ﬁu it F gEJ At ﬁ&eﬁ? gtnln\?é mﬁm BL,
respcmmw an@ ¥ D\Whadns &0 eel dr moSoafebicsinthest Daawavscm (&lesnm |mMIno
i ncl ude DNA danmge. cel vel ope 1
scids B pramatey POSAATG oyper oSSR Sl and igipd e et Ao
such {r@@the res@lh OFASIO BBpenti&it @p¢h ther gahcusd almhm LNA st r UCt ure
copi ed and transferred between en ations of th
[40) ¢ e eIl CRIGSIEST | TTEET APy PRYsios QTR geR| g iTegs the
norrnmrgmsb@ HReit. 850&9@411‘3&3@%@[18%4&1&« bRANGReIE 6l khveiop:
each of the progeny cells. Absent unusua
damagp.rlew 175 iigh eegperatpies. aBhRMFHSVRRLG S¥rest abl y repl i cat ed
411 an]dnﬂttgr%nsbtn%'h{oggmt Oref6 tPJQ%ﬁDbNQ\eLLl'uchﬁl° Eﬁﬁé’h ?9\% utanﬁnrrcd
successive rounds of cell division onosone does
betweat gehawdorts of the cnlanumg q"bum\f@@lﬂ Asghe epladyphes. behragoggne is
.the yeast. ardnci a Ve < the
copige i SR B I o A L e B e By Sl Soffances.
chromishne i€ stasly eepdiasied ynd rraamfraf tcwyﬂoetogemeheh Eachadtisisdecessive
f diyision and for these and ot her éeasqﬂn j& samie peing
roungyof G GPE Yot SFRBPEI™S AP N Ky BgLe T2 TREPE o=
the yefdi Bhinefil QiSAORImd. Rews/e:, bREMIE aho ransposiint. Ivﬁﬁch:Ehnt’nb@ost during
‘chronosone. [43] The term "count er - selectlon dr ug
cell digfspnang aregpra gty TRAEETSOPACE CallOuRde YRR tﬁ"f‘ dor thess and
otnel Rallin€ L ULHSB-S1%B stadit), 8 nbid@6B6donf0r SCreening but
present in a large m xed pool containing the target
[42imi @i rowBry aetiremsomdl Jarps TiyEEr 1o rpPSTUgR O heLREPMISPBE apeut i C
[LIL:"]‘FJ“:']%{}I crr?r Souieg: qnchmo% %llf’“}&exa% ¥n Mt {ngﬂ‘ &lecksQeARY or innibits
bi oactive agent or Subst ance Used in the prevention,
michocggmes 8oL odifterestdes soreening PYLEESEHIID 2 large BXRE (POO] qopLaImIng the
Lure of any disease. Such agents include active
e BSIORFERS™ i rect ed to specific physiol ogica
fa4ipr amems dl-ﬁg’Sg&ﬁit‘&ﬁBanesMeﬁ ardustd hm&trckidngiabsdmﬁmefer o any
diure epatic nary, vasc L .
DIOZCHY nl?:é‘rE‘ Gpu *’é‘s‘ét‘?“é “éa‘eﬁ? § ‘i% %‘FW“S%%H“‘S&% ﬁT‘S fhic reatment

or IR iy &if@sPhitreh abadd Bahde REVE QIR dobcdd loabgeiic pnysiological
tissue or a type of cells in order to shift the

Drocmw-*é POSYEGIE UCH &Y LB AR HEESHIC. ARFEC ek PRiMosyry. wscular,
mus&ﬁi Smfu&W%F GpaicRERs hORReS tsatil £o=RR Yl eddash @R prstislo8icai
anples of preferred ther apeutl c agents inciude

p=rfarmm¢f: of olareset tigsee g7 2 tyan el (she tedTiY) T sfidRapRyalciogirg! periormance of
e BRLL VLT Al) s t. Sic. . o
o PR P} RS0 B A bLURY: 8980 s, rampes o e
therapbit axénts iagieat snunBe®oiinlsice afitipacfedigl aﬂtnengaémn anuviral) agents.

dr resistant genes _resistanc nes'’ oo o1
anipgng b v b tEnens e by B8 AT SRoRFR iEe gpe Tabie

(45T KEnetthien ‘GRbd-res RN @r Sirap rgenas: s@si stanto IDNAtsbquences
correspondi

drugs. . Thes enes. are.usua
S S R R T oy T
corfi'ébtgmfn%%h'tﬁzta aes ber¥Y bicirsHliv @den@ G bSiram tnafurdivRsolated celis possessing 2
phenot ype. Transfer of ecific drug-resistan 8 genes
darup Festbland A ERiGoirug ’ééls?t’%mP'P%P PRENORYRE- %%T%V o &pfgiic qf‘llr“éf“s‘s‘a“
reci pient strains resistant to the corresponding

drugs. Sone of the already identified. and possibly
applicable in the present,
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i nvention. drug resistance genes in the an, are
listed, but not limted to those listed. in Table 2.
[46 The term "essential chronosomal |ocus” refers to a
chronmosomal | ocus that encodes a 5 gene product
necessary for cell growth, so that when the locus is
enayNia et ArUgaESttan) colt SERLRS TRt TeRder thiscion| Syains fpqiftan; & the
corr%’ngwh Eﬁqg{ MJ@mQ{L%%bIOC%ﬂé& 'a9@§0551bl£xﬁ%'imla%§= iRfhe presen:
g&sents al - Chr onbsoma ['oci 1 nclude | oci” that encode
invsge'ome dpreodusaseei ganes|iv 8 aftrirs Bstedibys et §0 Hpse listed. in Table 2.
ntial. nutrients t e -
rrut A & " FETRYE JUSFOFTE srllf; El Sdr" hgo %é}ﬁPng{ébﬁﬁ% gsrtci)laL encodes &
gend! BRRAGCr Mef=RFry i @eldl proivan So tnhO\x{nér? fine Téras §semmmated. oﬂxntcd or disrupied,

enet j cal | ne d m croorgani sni' ref
e HICF 06 QAT PRSP E DB FORMET T BAPPS: Rogriargrosoms
locil iRS 84 loci S $hédde len=OirodiRt:seh @i 0aEiInaRe BBEvatEES bf &eental numrients. so
geneticaliy determned traits. Sinilarly

thar ‘gl@ﬁé{xq goAPs e W‘%érle@d Bé(&xlsréerWn Icelf eqngoct oy under norma!
colffieheriumthat ha. been artificially nodified to
|nsert substitute or delete one or nore genetically
f47@:| et Brarreme teenetdally enginegeaddRic oMK $ARISER JEiSECP 8 RiFTOATgARISM that has
hSh&l éa&%&gﬁéﬁ%%lf&se&%hsms oPBEBAL bf InbieA=tiveo RALhRd
tno I nsen substitute or delete one or nore _
dergenigdd Mﬂal ﬁlrdiémer Ta*‘n@d:ally i dinseregncspun i) refah ey bagtegium that has
be eagr?[fx%%ﬁ %ch e flPSg'm n%gu LQI‘ Q%LQ@I’HHS@m%F, oenercallv determined traits;

uralfy occurring
“gdfeGEQO rc@ﬂﬁtﬁfﬂirdn@t&t refers mmfumguntrmt Imsae érmmmgailv modified to inser,

characteristic, such as Qo art| ficial I nt roc&ugqgl OF e neticali

Sl Bl OB BB L B P TE-EA nérsfors, genericall

en SREH QLRI RShr FAnEInR - J@ Bk B hate fron dafurglBr dcﬁhrﬁn&&ﬁﬁ'ﬁbﬁaxﬁﬁmx that do
the invention show one or nore_of the follow ng

nopERBFASR § FRESIEN ChArAGIESHSHLR 2P Grigfaallyniypfuged or mutied gene. Exampies

of Q&HDL‘Q{eﬁeéh%q'xh‘ﬂgﬂrgcpm?‘%drHﬂni—'srn%hlsaful @RS asdedis of the invention show
resiStance to one or nore additional antim crobial

onagemps: of i3 roagwmgrp@mﬂtwb (L wesigapceop 1987 OLfBPIE CPRRFPSecton
anGEGLTLNE M N3] LFi S’ Y bnd & rh&e aQ&ms&h mﬁr@ioo&%&ern%d(s
AHCY dor gani snsi naturai conpounds. [4 term

aukbeoinii detny ethersatizalioepeomes Bt (yt;ihelrm tglsisteamene desirec
i nt ended for Killi nl%opl ants or interrupting their

MR SGEIRE CEPREY be a broadl eaf, grass or brush

(4Rt | |'Bfe.1erdb r{oﬂrﬁcmél'herct-mmnthmmnsor otaeni ssndtaress meaded for killing plants
herei n incl udes bact h cgl I_.avr_rergt ous f ﬂglgl and

ORISR RS BORPANTTOF ltgc%‘l rﬁ ?)r% tfes g 75 BYER “iat ur al

(480 MPANES: +hickddRodnBbek usdlinefO nGRINESHRcieNe 326N laReous fungi and
with the present invention. Bacteria. including both

PIGFEPATT PO IMUFPEreapisRIrBiRpE 868! PATHASAFPPRAG 2y e e

mg ﬁﬁﬂ\ﬂd %@oéﬂ%%ﬂh@hn Ble&ent DR IR BEdGHL, SRREINGDotn Gram-positive
easts. and particularly filanentous fungi. are al so

<apnecﬁrevqe@d ig pamiceier)fapd Crite-negapiza RIqRTIeofrs BieRaRieTe/bspecies. Yeasts. and

pgﬁhﬁl gy lala.%gn!%{l? Hxlﬁgt Are, pﬁ%%re-E%Rdesoql ced RO tne-Ehr%ﬂin% B bioactive natural

resrstant’ enotype re €fs to
ptdaﬁcteaehﬂ”amhénotype that such ceII is resistant to
ne gr nore d

len Pyrﬁgr afy tP glill: gTSéS nt S‘Mﬁgl DnenV\e.yB rﬂ?erb tl\éqx? Cccll s pnenotype that
Sls@nrcenmngm to oh£ bmbxla@zprg oT amtseﬁblm\kmm zm MDerxenoim age resistant
acid. tetracycline, arninoglvcosi dest - < e .
G & HENPEOT RO TP on Bl 1 LR SRR i cmeeyeine
R R cBREROB Y RLarR, EniSiahipRéni AL AAE Ablalhytis OlCBIESbssREing an MDR
est abl i shed by genetic engi neering as described in the
definition of "genetically engigneered m croorgani sm
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[51] The term "non-essential chronosomal |ocus" refers
to a chronosomal | ocus that encodes a gene product
that is not necessary for the normal growth of the
cell. so that when the locus is 5 nutated, deleted or
phendiit®ranptig@r ndti@ll¢ lolated! @SBRI bR QERTL efFiO¥r o as described in the
._condition, A non-essential |ocuys can also be a | ocus
dehinyigh p° (RSBRUICANY SREINRSSERS THIGHOOEIAPISTENne. [521 The terry
[51) " P8S tdrfi ‘A6n-eELhEd Shlbofhoforkd TRASH ;e'f'Q?to LA ERnaP ehd ¥rar encodes
or mxture thereof that has the effect to prevent.
a geng prodngyhat psee neagssam 1of i tnermalyerpebitof Wi coh. wftheotien ttiveiocns is
Lahil ity o lants. .11 incl i ticides, I
ol Ao B el e AT R BGELORBABE: A non-sssenua
locuslzac ties bek thess thhudigs asidasgde X6 vrdenei des. ai gi ci des and
_71EH%DLLKQ=ng@%F”Tpgﬁternw"gronntgL ene." refers to the .
[52] DA™ U STHE IS0 F HET U EPRH B SETHR E0TH AT mixew Shegpqidnat has
the effE0R (EXXPVeRS SieQfbyOfepting nieAR: anNDSOWRICE AF&Ss tht NiabBRPONSShis. It

. o .physi.ol ogi.cal _conditions. - specific cellular

inciup S T o JeBRUIR e O 45, TegTPate Mngisice:.

neroiBNBY. 8SRE@0 afd mlhR-gent. [54] The term "reporter gene”

__refers to a gene sequence, whose phenotypic expression

(53} sThegeqyn “promelsr grieekefers it DN gifonedse spftenfupstrealt of « gene thar

reguialit FRAYGELid Aol {n sto%\]s@@;st 'ﬂr BRGNS b‘ﬁvsﬁg@ﬂ% Roiitions,
conditions 1n the cel. t hough not required,”a

specifie gelitiamrejeme bing tofik @romgteragsine b tgulate sipexipfas g op poue rexrs.

z410 Lo [ ] Shan L0 physiol ogical. conditions. .

1541 Lo ol Bls: BT AT b PR Ao oAl g ion s can

to degned tAFR afen esificRliv[ififodpicdd. igro dletlas nediiddasenifiPéhadpes or conditions

. .[561 52.1. Introduction [57; There is a great clinical

i ‘“{‘1 é‘“‘g'd f?‘b‘}”“?%‘“dé‘%}’éﬁc -ﬁfﬁ?ff‘l"*é#’é‘tﬂ 't P 9%?‘&@%“&? 8 GgHrHift promoter gene

1o mBRifcE CknaEs in PhiyAbIegcATohidiuisd dddendehil P eRY enoref ceh8WMnciude the iacZ.
drugs from both biological and chem cal sources. The

GFPsnd EERE=h%tvent i on addresses the need by provi ding
solutions to the nunerous problens and 25 difficulties

__encountered in the process of screening natura

[351pr dduleeailqddpespneiet i vity. The invention focuses on

156SCE8aniNY i@l ns conprising bacteria. fungi and cell
‘ones havi ng desi red genetic traits for new conpound

[57!sclearnisrgeredtriipaaitieedifonthe delaigpmen 08 el filgehsthroapmsut scresning
cont ai SR8, Arug resi st genes reconbined

s B b B bR ey R el B B TS e e Toc

preseitiinvieoddn ddgicdseds eise ebd hybtovidth U intess sttanbursdrow pishieik énd

sensSLeenin §£raugs of the invention can be 30 .~

CIUGP R CEABIEST L BHPEESA AP WEMDE PRAFR PIOPTS I D' %AWV IBant b

inveBGorf@ s sg a1 6dlsdreensi}i diraiBP esthprisin IeR#G 2 Flhindi RBd cSCKRERBving desired
The screening strains are particularly well suited to o

£enggig Ualst {9F AE CRIFBNMHNASEIRFRELH dIS DRFICUF {IRSES FRTRAMIRS HISING [9pRfain multpie

drueSEEi QBN P S ¥ SR HinddQnf iSCAYShoddaMe | AN Bt mutagenizes ane

~“conpounds. The invention further provides the mat"ﬁoé

cliniEgirsod S prsl P AR Tepear SHalghthgyscaeniag nsains ¢f hsingentikingan be

prcd?:{]téﬁ)?::e. @&bfenm%élp&ﬂcéﬁ%gce%?$§a§l Jg%gﬂgrgﬁ [<§ gﬁtt spefc Hads of the
the screening strains to deliver "an ul ra-nlgﬁ

screthir g hpetmsrItegniangpardds@riyerdioaiittdunglatzpbyard kriedown compounds in

wdveption can, in certain. enbodinments. facilitate : :
i EeiRo GeiesUBe 5 ST s 1 DA Fish] pgpounds. Toe invenuor
Turtizt prbydes theShtiodier cantridung rrehicalenia @ sipawnds j produced

by perhaps only a small percentage of organi snms anong
a
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5 significantly large pool of mcrobes. in particular,
in specific enbodi nents, the invention provides
mat eri al s and net hods that could enable screening in
excess of 10.000.000 m crobes for useful natural
[58: pr'ﬁgﬂfr&%m‘1Hvén§§§m§@@ﬂcnggﬁle_§ﬁ% thad &6 10k gx%%n}eeﬁiﬂyg&tiﬁp[n efjver
al so ‘teaches nethods for isolating and charactertzi ﬁéi
an ulye-daaht thappgihpat sareehing o fpe method firugiv Bnthe ormént @n, in certain
3 ciareSELENEN ocedure in.accordance with the
e e S S B SN P PR Rt e
antirdi0rovai toumusis podusdioylpefiapt bey a6mak peRenRsOsRAE B R among 4
onie Igvgnti on.are further described in detail in_ o
SIEMPSEOE° B Of BAOPPhe NP T BB B TP T et it (e invention
providet hatsalk afid BeGiasd hieolidtedit sGRUAERCR087 {©H00.000 microbss for
. croorgani sms produci ng bi ol ogically active natural
useTY SRR RESUEF & laTeqn: one yRR- CAR PFSeR i vepii@malso gaches metnods for
isolabthd ke dHaBReti RGO UBARNL naGel E&hﬂoﬁﬁpﬁ%@i%&gﬂ@ r&r}?m ies. A
invention permt a round of screening in 1 about '3
SCTeGTYR Hecegte Kt eYrateaeive” IH GhtnVEBREEA s%fr@uwaﬁan}mmrm [ Fignl anc
JH %{s b’o Qﬂph‘?ﬁl‘ gy =~ a ) vrl (= e "or Iﬂrrla[\ ~rtned 1 arail i
vm_sér egnl:j ng net hogéwg%?9%?§‘a|°¥g‘ﬁa‘%§gg% |"5‘é‘lqn“c &1%5‘3;)1 tn getail in
secupt: gAt2 adr’éden 25. 000 cultures per year. It would take.
5g-40ygar r 12 large pharmaceutical conpgnies to- .
Lg‘sc;ré%ﬁ agor{ngﬁngﬂm“aosf: re% SR |°8?1I.Qm°&c1ﬁbtb‘rd’§m‘)§rﬁ°ww%é§¢ 1or
micrbhezamses swtudinvitoloboasy dies efnbckdufade: U@ 48 can be sfficient

and s%‘gni.;i antiv i ggrease_ t he scregxgi ng rate for new _ o
REEUY el " EOAPBtinuE WAV R PRYP APt TVEN 5 RAFDIt& roundyyy screening in
abotf:6Qhonths. sdch Ber e MY sSebPinbR th&110 milidd¥nRrS@ELdi@N cutrures per
) _dg,st red properties of screening strains that can be )
Year, S BEFT (O 4TS SCIE L dRRAMIGS hidBIC 8B AC A cRpgdmrty anght streen 25.00C
culnBePEL §8ar! P woRidShk-Ulve bR 858 29558 SRR ik Al i: 10 scree :
" taught. 2-5 [62] 25.2-2. 1. Type o gcpééﬁﬁﬁlg%fﬁgishfg-natot&
of 1¢ gulor ucrpgrgenish cyifucgso SRyRIAEOhmVeReds ter=$we eeuid bgused to
ton SR N SieS RO W inPE PR LLGYLALK Jimted and. only . .
515 ne—é%l"be s%i #{"a‘gﬁcg%lgf ?aﬁsgor‘}xn‘gg‘l"@c&;ggﬁ?oﬁag?‘rﬁ?‘i\’bﬂm PYg potenua..
inventions. in general, mcroorganisns. such as
bagteria, veast,. nold. etc.. can be used as screening
1 . fo ¢ St <
(60154 Féaﬁ'“nsﬁé%eﬁnﬁ%‘a’éls they can be cultured and
[61]genetiication. engtdpepatdss discreaiin® rse! tha tcel bf L@Min the
aiocdatural  sources by the %Q treatment of high-dose of
SHTTHRRET LSO BRYTOLE AHL DS BIRSESS P SONSHR: (ogy seFPqming st are
taughDd Grarrr- negative strains, are preferred screening
St rains in drug-screening nmethods introduced in this
102 appticatien o WER)INE sE8Pes of bacteria, especially E
631 OMrine v ®: MELboreah Al Jsshedcresge T blparticuiasty jimited
[ _Jbivosgi%ﬁcre. dufeohrf 0 t‘heisr vvelcle- c‘ﬁﬁrgggg?i%ﬁ?é@g\% élé“n%arrr%%maa“ﬁ mitec
and @aily|negribieedusghael far ashmiagparesning methoi plithatreventitval n gaaer i c
i RPRASLE T 2enskiid edin the art is able.to modify
mmg) gact lerzlrD i SthS%St Drggﬁ%ﬂg lérl Sllgt 'ﬁg?lh’l T cAh %r 5SS &7 SEIRDBERIR 2 fong as
theypaan pe seluireni hdpgracalgegngere oot BgscisRteditim byt Qurces by the
Upa&ggr[rlgg nds.one.intends to find or avoid, for exanpl e,
SatE POt E PGt PUBIR AT GRT e s BAk ARt B ageEYe adieranm-
negalivhaghiey. iafl preisREEeen@gStriuad i drie-QrekinctrRetAYRIiftrddied in this
detection of alread ,nkDO\Nn_ ?ntri bl oti cS. See details in .
APPUGHPT QYIRS 55o%%s ERPULY BPRARIGF | 8- Hpwel wsablibedittscarth avsiems in
bios@ifcd ik 16 infir bRl -chiractkH AN LRSS M€ weBGE eloped technigues to manipuiate

their genenc compositons. One skilied in the art is able to modify a bacterial strain so that 1t can
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5 such as Staphyl ococcus aureus. Streptococcus
pyogenes (group A ). Streptococcus spp. (viridans
group). Streptococcus agal acriae (group B). S. bovis.
Strept ococcus (anaerobi c species). Streptococcus
e ENIEHAC ACEHENS o
serve e 1 e A A e 2 P e O BB SR
find orremxmgoxtqadmmﬂ @nbhoBr @nheseianae gfaxtmmhal inggduced into a bacterial
05|t ve baci .l ch as. us anthracis, . .
sereciiR MAOR it 1R rgpBHER o Bt n R R P S in
se»noﬁdwne bauitadlei badleHpiepkass idudh batarane: idhiddher@agispositive cocci
% aerabjc and anerqbic). Listeria r.mnocvr% enes.
such .)6%{{!1')) Oa?clﬁ'ilﬁ ?Lg‘f?lé)n gtrepteﬁ:%gz{a ﬂvﬁﬁ,l"nf Eﬁl’?l‘u:t Aé% eDlococcus S‘DD (vmaans
groupy! STRPIRIN-EESe aldiihe 0rBEOBS 5Ss0 @ 8rridiBl itz adet ot species),
bacilli including _Burkixoicleria ceaacia, rscheri chi'a
Streppaspecus PeHBpHRa AR EreOr &S SDPF SR8 FALUV A BRS] ich agNelsseria
gono%&%r RdReria m'é’ﬁzﬁ?ﬁﬂﬁ%%%ﬁ%%hﬁ%&rﬂé zemlﬂogm\ bacilit such as
vneunoni ae, Sainonelia. Shigelia, Serratia.
Bacillys eatipicib §atibivs Jutiin Cofmq@rl”mme@tgbmnm and Coswaa:terlum species

wmc%%%ﬁ%& IH’S( S?QO {I%dgn‘gG@g)gg;%P#%b%& vt%aesnleus ostrzalum tetan:,

Clositigad: dzﬁi&& Stiepiomddi Anereédionyisc munng:annserm»v oa[~ﬁ14 uEumg@I
BuriQRIS RS LA SEI NS B3, SEreoN g SLratns T ar, L he
G0N o T I g4 “Eg8nte g hé‘f’ﬁff“é’f‘""é’é‘ﬁ?& REET spE-
Pwuﬂbrh&ha@bbﬁ?m@d’aOKﬁd‘bkieE@ nﬁﬁtrrMEﬂals Sdﬁﬁﬂ@ltaSMzﬁﬂtﬁl NGrSkr ai ns
resistant to currentl abl e an | fu agents
CampuopagisT [t @ne PoBIELoPHE °§8’6‘€‘é \%\r PRarmacqlegiep! Basis
of Tridfpkhttn gat edr Ug®) Thite addl ﬁdg@nmi w@&akor%ahlhén@hﬁcrséﬁér%mc
to human cells. conpared to bacteri al cel
(64} THARERIGPE IS MFOITER FEIMY RS WECRIBE SUYRT B Hip snﬁyucmlq @wmmx agents.
and ARGtk WhnQind Rtk aks Sy @ugmd}egahﬁﬁr nsVi/ﬂA &b o
target human di seases not caused bacteri aa]l
currentim gedilabip fiedinhgah agenictin s veramlaedls or thv idisadveri mfrewtcnasm of
0 | 651 Multiple ..
anmgr“ug&i'l‘ratérsi‘|}‘X!lsét§dacll}[1l§jb T ung%] Cug% fgélglr?s ggﬁu an %i‘t r[‘rg)f’m)s fed %Vp'nal cells.
Themiralusihg Bekectten mragamasalldw b idedoBemiooof pasiial arus candidates.

. ntlfun al .drugs such i venes hot eri ci n
o iR GRS oy S0 BT oB e Rop b TSR, syt rcabis o v
mfcdtiohﬁ@:ﬁl’c’l&rlﬂﬂ@ se&tcm): Za:luid\él AN nes (terbinaiine).

hohnes (anorofne). or echi nocandi ns (casoofungin .
S NN ST A PR TGHE 4 TS HON A PN SGFBRR Aesins: igh

aosnfs PR dnBER L] dritd<CAlcn RO GRS (ahRoRBERIASpmidines analogues (3-

est abl i shi n% such fungal strains by high- dose dr ug
FC).seplae tjugenagela. 1HpeEaRit- o9 nd itipoppessfgrpinaians) araspiriing s amorofine)
or e\,h‘ﬂ‘ﬁ) Qﬂﬂns (Entsbﬁﬁﬂﬁn aliaf mru;%%Q galrs 'n§tzari)t° ob{aﬂ‘l’ég%lom

stralns also can be estabflshgg y-nutagen treat ment
varidw|chowg dogess Ehenttnags of edigblisned SBCh pirerictrpeby Gemabdecirug
seSRgineerin n e O Cepst ruct | f .
seioG i abeloady 62008 AR BN ul S RIBIE "6 ot PP B resisan
funoSLmtaablaEso yaraisd essabilieieNdi nygnisdgeaimeamenciollt@ed udelediig: H@dsired

1i m t Sacchar onvi ces cerevisi ac.
phenSifhe, G FRTRFECE CHOMATORBHYTY D ORI PFH creeming srains wit
desiid e Galis Saitabla ofdsSscrddh@ P bBaidintiRbs. Sur M8 AGSIMied w0,

poi yrmor pha. Yarrow a iipoiytica, Candida albicans. C.
Sacqgha IS GEEEVISEE. P%M‘%ﬁﬂ‘%{’@"% ke r }Eﬁ?fﬂmélfamé'p-’ee@é‘g"’mmuc”"
iacrit O bhiQ B8diSri O HRARE At poﬁmﬁﬁ{aﬁpmy\m%%?m%é Coh LIl mmcanu

Mai assezia ruriur (Pitvrovsporon orbiculare, or P.
rropEpg . &) luSEERen FeBRY USINAES SEEIRRNPrulopg pRiniald. fgidermophyton

furni gatus, Zygonvicetes (e..... Rhi zopus. Muicor),

Par acocci di oi des brasiii ensi 1> Biasronvices

dernwitiaes. Ftisropiasma capsui atum Cocci di oi des

immtis, and SDOrothrv: schenckii. Suitable

filamentous fungi include, but are not limted te.

Neur ospora crassa,
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5 Aspergilius niduians. Aspergilius niger. Aspergilius
spp., Trichoaerma spp., (such as T . rubrun? and T .
nment agr ophvres), M crosaorum cans and other M spp.
as wel |l as Fusartum spp. See Coodman and G | mar.
JTocqour i aighs: ig’gtpglajmrgéfgwgnprro'ﬁmamwt ioC . ox(aEe 3 @@pwcﬂ&ggﬂwommm.

, i tional
A %?ngru gé"r”g ni srﬁgg'[]éfbe; F?’i”ﬁn&f‘%‘” g} Faressrgdiniaghrasiiiensic,

BlaSaCdlll}@‘Sﬂ remgoeitidies| hn&ﬁmsm G&Mddaﬁ@r @ﬂ:ha%&ev'trhmrﬁ ezgldtégoromru
cells, &nant cells and manmali an cells. can

t

Scnen “ ‘f:, ‘éabi P]taﬁﬁf"ém% BRTIFL- BT &P AQL invkaerial Nearoseeta crassa,
Asp&ﬁgﬂlﬁs nicRERE CAsBE AV WP 4GB bilhisRES, T th

optimal screening strains v\ﬁlen S |€%§¥%§%0an s T rubram
and { yperagrapayesy s RIperE ™ canig epg @@Eh&lfnawp a6 setise Sutdnain spp. See
Goodfrén B GOAMSE Pn¥nabibhel Hacte o g .

at hogens. [67)n T ne for egcg)ll tﬁgwr%gc?%élr%ggl%é lggg)ldhc‘?é‘l‘f‘*x bags

1024-l{{Es Tor ddigiena vairtoatgheisms. or exanpl e. fromthe 15
1667088 MRl B8 UM B bR BB 2 nB e, s
C““wrP@Pd@ﬂgam sammahah ek cah i HJEIQS“ isunitablet oo M e siydhs| M&lﬁx\ﬁﬁuan celi

fined 1 ) Mol ecul ar
P AC DA D o Ae a2 e sesapi Al i o inencs
loolﬁoesaura&:bnﬁlhuna@ﬁ&&uncﬁﬁmmHSQaﬂdMQJL* no&au@d-by eithe- i nag,tcnaJ o:
funcgpurrent Protocols in Ml ecular Biology." John Wiay &

on

smo“f‘Updat ed online annually;; Deutai.n. et a.

[67)" Mt dre oibEiktSédrbahisnid 46 @01 RhQ%un 80 ex .
Bi ot %chnollogy ! ,&ESMISPress %g g\%&b‘\hmr“‘m\‘}l rerm

Amencan 1 ype, GRIGER Cotlequep dethpds o Célﬂllr“@m gfuleevahmmr it .
aforbér Rk @tnicrédtdadtirAYna Ceh ise 2Bl $a5w2 202 .

(parti cul arly " Nat ural Prug J’é'dg%t) s{%%{’/ YA See g
Samggqoeeﬁ,aﬂg"Mcanar@fvm!kg ¢ IEpgranee M agaSoColt Seee F&bor Press. 3d Ed.
200 Naf=HLRL ARE QUG =To 2.2. Genetic

Traits o e eggr eelr%frnlil?q)r ?%?zsn n%af%g‘ﬁa‘%‘ﬂ’{isb d98m Wy & Sons,
(upqantdtongnamnuaw | Demaiogn |a2 €'Manom ddieadseal Midgsioel ehd

t.he pf,g,entl traits of screening Strains
Bm&ﬁ{%lo EId e&p%iﬁ?rTsér gety on t HBS: §p%[§ -of AHEPeRk aqg ipfuseiat £l Culture

Margmaigdr, Mifobial. emamhﬁ:ehsvd}mmm%@amdy @Eﬂuf;@a@r A48 Products:
SCI eenlggg tar g,e _Genes_ resi stant to conmnon

Disco¥erd ing PFegning sith G CLReYCHNZRET RIS PRIULGRS GonNanral Preists, pp. 107-
170shoul d be preferred genetic traits of the screening
strains so 30 that these previously discovered
antibiotics will not be detected in the course of
[681dr Q- STIRGRLENGraits b B sdrfen@RNELA- the suitable
screening strains will havé one or nore of the follow
[691geABpsecskilier ap e afrvill droggrirekomitanicacane der@gahf Sie typs of genctic

[ofekpe T RV 0 v 2).. genes .conferring _
e ot gbréﬁggfgg@%%%dt%lp iaé%%ﬂ (ove NS YR PauEy D’@E‘é‘rﬁ)f‘é“’“ For

exampie, valtporney apiplotiedart theanetity fabretd gérep EHbﬁMhtCtﬁtc@l%mo(x $huibiotics,

- it ations that er the screening organi sm
Sue “gaug‘e“{ag e T Or “Epett f’}"é‘%tﬂr‘?féﬂ?%gﬁo? %h%daw?spryemnv Strains so

that prhefsmtnounv hi’sem&[’sél A OBIORR. witl HaS p @A NG 14 Bﬁ%@uﬁﬁc&eﬁﬁé Q’grecmnv
stralns ."biosafe". (4' reporter fusion genes. suc

03 a¥E%ET: thY BHAEORiSTREn S whaiss il %Y»oqmtoernowqmmwém gonelic
Lraxti %)) @hHedsiseRs bR aﬂ&EE&dn‘&n&ﬂakg&vﬁ EhLﬁ)S‘&B% %Q&ﬁpg conrn o

the type of compounds sough. e.g . nélf
resis{aRes CASHAG’ “-8RLERS vV aEREa I F’MH}DI“ S@feag‘eotls lapmiier gp @ezhif@Ns
actifb@ivcétel; a3y S0 - hbgSs 711 5.2. 2.

Mt pl'e )d*r Ug restst ég%aggéﬁ%?ﬁ eS| S an%aéusf“oauéﬂ[éo%’f for specific

nore conmmon antim crobials shoul d be a preferred

genetic trait of ~2
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screening strains and the comnbination of drug
resi stance genes that a desired screening strain 10
possesses should be in accordance with the type of
natural compounds sough:. For exanple, when one
numehRin8NSsndH§ GrReq Ak hakonptod UGl Smaiin Qi R PPLL 8 K8 Sin
it may be preferable to use a screenihg strain
“Dlosyes SBIERTGT Feivegersniueh Bt WgZrasst Swsethwish eoe lkmm\promotex sequence;
or {5 )%Hﬂlr GLS‘BI::b gghetlg%lt %%cwrﬁ’;ﬂxld%%e Q'i)k E‘&H" un tseosutrh e.s.
order to avol d re i scover pen ng on the
mutatstms @urRdrigincteasiinn drugwyrhrebiliey .eSted dildvanh saceomsnipr mmtzeﬁ these
ﬁyug resi stances. For exa=ie, a screening strain
Uensuv iy
may contain two 15 or nore drug resistances. e.g.
three. four. ten, fifteen. twenty. or all known drug
resj stance genes for that organism Exanples of arug
”1‘resrgraﬁ@am§éﬁ§“ WtEA%4re i ntroduced into screening
[72] StKe@isﬁﬁceJ 16 ofié bf @beRbmEIkinAAi£0BRiIs sAd1Rd bi 8 bRkred AR 8rait of
73] Re3|stance to antifungal drugs is widely"™
S”’eeﬁ’ﬁg F YRGS FRIVGRATOR QF TG AFRIFARSF. oSS Hopt @ Sewfed screpring strain
0ss @R 8hditd BASIasc HharDith ¥ROFbe dF waﬁéohﬁ&) s8ot@) € For example,
P identified genes rel ated b antifunga 3&9 Oa%b or example
Wher’r@é}lﬂsfﬁ‘ah descrean napEal EEEcH ! Cartineiestswiitady wrpseiofabtehie use
LR AR pdLbQ E3h S ARG PR i Ly.mepbers,
SCTEESUER as TA # E{ an cassette ?%%%?k%gg%é%ggg?S%m‘w“pnmuaﬁD§
acungmp@tff" amiorges andvommscovcau @emhndmn on &8l ist@RCeedife &ZMhsamay be
. tponvene r qﬁuerol I;maLor component of funga
creats fenbranes, ““Fé""t ﬁ rssbgeatnc“df POFVEIRE AR RO TN JAY contain twe
or mbizeiney gasterole Hirosy fuati, difpat h’ﬁﬁb{r)l & alih@owakigetreQtance genes
azoic . depvatives. Therefore, m %glons of genes
for (53, TSAVER FRABPo S EPBI= I, e i ich 25 INT0dEed into screening
strai@MB GEFfeRne S&hihanods Qb fifiese T@dRes, e€.9. ERG 6. ERG 11.
al] can cause drag resistance to antiiungal agents of
(73]t nRESIFBIY BYROUETEALTBFES PAIRY PRssTvert ip f@?ﬁ@ﬁkﬁ*mganumt\ Studies or:
the SRALIHRSs o MAldoBMirh P rd¥PRZ Ve 38tk LJnE@&g. laftifupeal drug
resistance i n Asperqgillus fum garus. Tntroduction o
resisganes. érﬁ tsneénserw Coneide qevienond o tiegrendgianirug mesihtcsi (FDR) gene family
HRoa S L I . dru Si_st S i
e A B SRR P Ty B e el B BEGRS pgpe om
resxs}z@asto azalﬁenowebll_vedcncmsttm ,ttheemayor c@ammnem o&nD&uj ®Smbranss, 15 the

-+999.. Vect suc 3
1arg J‘ av gmt‘)eer?n %Del\g/[éTsoane eérosﬁ%%%é% C@S\? o?f{?rf‘%aéég%éir?%t%o Agpie
derwfaﬁvtty Ppeaeioad, rrgﬂubﬁs dietenyexdvéiv eimnthirfds @ F@ Blos Srdkds&E6r @WK pression
been used rkers noni tari ng genetic
of “‘erFr ..Heaenﬂgu \fJ Egl 1, »glfS'*élguc resiggRef o antifungal agents of the
poiyerd BASLEIE FBAiRION iBHiee mr@m BOHeSaRedh AWV OSH KeASHSrraconazole
Cris. Ret. Biotechnoi,. 21(3):177-218. Methods for
resisange i ASPEE I SErILAl: OMURBREISE OF HiraiTEnensignedsgene nuaKens car
rosuh‘?ﬁﬂm lstraiRS bRk ds20 @bl IO bru@t 8 IRARes. Methods for gengyc modification of
spher opi ast - nedi at éd net hod, an al kal'i ne Iron; Ty
fungi respacradinitvezrb tabroweli-sheven mdb@mattpmmn Lrléms:ukj aﬁao'v grtors such as
S0Ni ugal i o oc. .
YAG aogérnogc Yggr?ﬁ gld‘ggﬁ e gé“f?éai ? &d Igﬁjclgne 51ufmmﬁ%n YBRisng 4= types
of génen gtm&:tirrwméxfnakmcivuaa*’e naiu‘-frftrc udett at gcneﬁ:uin‘mtiteg m6nildh0S Eensric

m%fgwqgs?edMWQU to._obtain. Harri
2 b fungg o ane gy POl CTragYSHRaRaR RO np-Saccharomyces yeast
Cri:aROUS dcakol mmo} e 238, Wiethgds, fopf@ghiesEae@tbf non-Saccharomyces
perspectiyves,” biol. Biotechnaol. 5 18(1 X _25-33. [74
msol@é&r ""ﬁr‘i”cB SO UG TRF SIBIPEC F SRS RS hIEOiaRe Fietiopean alkaitne iron
anot her prefenred genetic trait of screening strains.
Count ersei ective drugs may b& used to enrich for a
particul ar population o mcroorganisns. For exampit,

when natural products produced by actinomycetes are
t he
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screening targets, drugs such as trinethonrim (Tnp)
and naiidixic acid (Nal) nay be used to 10 enrich for
the actinonvi cete popul ati on from environnent al
sanpl es by reduci ng or desel ecting other
treauﬁbmrmnicgaﬂéﬁﬂipmﬁbkl atahoRMdors Wohiuasid B ORAGEE] XL TABhoiistic
Eer Grarn-positive soil bacteria. See Havakawa. M.
aPPrefaéE SRRHTO DoRAOBIRR TOyBERETClY MmauDLIRINe 3RS YYiveh ars diffgult to
culeuk € b0 Pk M RRGre fnﬁxdudue; bisaRCHErkPk: NillGinS @ p@ft Bldfisiic
i sol ati on and enumeration of actinonycetes rom soi
wanseriaH ey aaiseH i MYFORIZElmog, DRTesses and pérsrectiear’iMg). Biotechnol
18(1f-88kst ance agai nst counterseiective drugs 15 (Trm
and/or Nall may be the preferred test strains in
[74: s cRemsiingg e adelguod agins sppuld e @gother, Preferred genetic trait of
S rnand Nal resistant .genes have been
&W%ﬁﬁ%%m&%ﬁﬁ%vmu Jﬁﬁ“erﬂ%ﬁgﬁﬁWﬂﬁﬁ@mmm
rmcrdertqwsmnamtr sxdnoie, Trhian an el bhmﬂm@bﬂiaa&eel ByedufdafR =g afthe
ccres &@%} qpcoded on . I accgayﬁon 7ur
S ‘i%bz NFD ?Se%‘f’k{%?ﬁsg‘ mp ﬁ%‘b%aé'&mf g7d @yl hrpbe wpd to
enricEvemna lctiloffveste Pépuidioh ArdnEiRaRinent@Ga RS &L 81 rdaudR6 37 & shiectine
alleles. Also see Table 2. Application of differént
othep, BYPITami RANUEEERS, SUCHAS M 7iSR AU VE @BY othsT BrAEn-pawiivetsph Racterie.
See Bavakalvh oV ehkduas: 0t 86 1Sl ROPH! 18bk 0 Gfibined use of trimethoprim and
m croorgani sms.  [75] Milti-drug resistant cells canbe
naligKigAEE oy yeiase shspigtiaRyeifeBRmersFon ginicapen yéetasitom soil,
A\.Uﬁbll[lOé“%l 10(29%' S%nt'ﬁhub 'ég%vﬁlamng?lsﬁ ‘b:m}ﬁpgoun “I’S“Hﬁ%ll\
resi stance genes stably reconbi ne |ntD Specl B
(Trop m@%d\%hmmmne@rmeﬂmnmtsmtm@ nagdBprbagesSproduced by
v e clinical Lso tes.ar randonly nutagenjzed .
acuindie e ok € Rt RSeR SRl BRI BH5E fidbean. xemptan
resiefgk deemeshnst iba'l[ﬁﬁ aﬁl’tﬂmﬂcﬁbrbﬁtn Rtk € fetlt Qsuch ab BRL £ncoded on Tn7:

denotypes, .dr U|renEnts and drug resistance

Gerfgtyaony * Hadoanhe Sht PR s FEofmil sanee. Wesatrya diferen

evrA(GenbsSacedstion & X(ﬂo'@ﬁh&ﬂl@@i EAls8 Gect Bl £ %ﬂoﬁsarﬁt\ of Bferent counter-
screen. Furthernore, depending on the types of

selegrggar YIS sty {Sﬁ‘é“%'b?fé’éfﬁ TRR} &EPIaG FID-PREYIaHER gf Migroorganisms.
[75haWguid-drgd s RHTREN s O tIcHGiel &9 2B RGESme#ads HBIIS&EIab Bom ciinica:
these resistances stably through the streenin
patippiy) clHe¥sVETICEl Wish kRogy| @ sesistapengepay wigbiy mpmomem g‘lto snecm“ loci
in fLHThABREs 50550 oBh A8 Th A QL. Iohikk BRI Dhas M2 "anaom}\
are less stable. A dltlonal y. ciinical 1soO At es
mupgantreficslicnuiialy vl nedoe welf ciarestearel. thekd d@ineeted sﬁmﬁsus’nouid be
ALY, Lhe.exact drug. resistances needed. Having al
et SR R Bl o R BRE BB S TR one e i
Preficrigiéini mgns famat fuiszayado@nd trpmffcﬁnb chaticitdie @bishilts)or t@ screen.
screen in a suff|C|entI¥ h-t hr oughput nanner to
Furlgednolt AEPRGRS 00 (BRI S ’PH SR8 G FErGeRE FiFpaRs may need o
havietRedsumbkr-of i6d retRRinees2and; e AR BSe fsisthnbS: s'fé‘?)W ﬁ}cﬂ@ﬁ: e
genes | Drug resistance j gene source 1 supplieér
SCregBRBBMECS ATHRER LAt UIEF NG AITY RS tesiagRge] gehtseoni miasmids or
@ME@&I Alch aﬂ%%&bln A fiy OMESYRLAR T b
han , A Y-). 6i Amor?glg&l VCOSI éﬁxsaozpﬂifgmy&ﬁ% illec
Shafréér;ﬁrtumc“llr tcr werphﬂvmdmﬁ EXapRI0T 846LancEs (nee)aeﬂnhAﬁssmm'/: desired

arud P RONE: sRofy iRBEL Sngid sdr¥erR B RRAN GRS boAnd 2146 79

I the abtlity (o screen tn

TUues

a sufficiently high-througnput manner to discover novel compounds that have eiuded ordinary

metnoads.
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Bl eonycrn be Tn E. coii Genetic Stock X01702 1 1
Certte- (#7382") ---------mmmmmmm e a - ~b-1 act ans
TEM | big PQEMNde2 Cubis' 1 X546] Chi oranpneni eoi car
pKD3 E. coil Genetic stock AY048742 Center (#7631)
aiidixic acid. naiA3 | UB 100-5 LE. coii Cenetic
Sioci. D9085 Center (#713 8 Neonycin nec DSU2007 I
[703rP Tapés T Ex@mpies of drue YBBEHce Smect i nonvcir, |aadAl Tn7-

s mret T i
i %7 pl aLPDD.d St }%&e%m n rlﬁ\gﬁni an almilﬁ)O Ek784
0|I Genetic Budti-: WFadedpibmic CERtEY att‘#ﬁlsz |AY37376]

y' —lﬁ87;2J-L’JI E‘, . H Annn'):') 4;| } gs_%_ru ad) :
nee ens , ] iGenBank £ ¢

SELERE %ﬂ&;& oA e T e DSVE 3872 Sl E—+——-Fat_L
POOZ%Z? ‘pla aphd e th meelé'\‘/m cli nlgos’leun\@ (ﬁw CretA I{A&E&M0
849 1-;:'. cmalfmééfnetl c Stock J01830 T Cente- (#7A643704,

TRERERANIT O LB2 R TSRO0 A TSI S NPT

TBesmkint 00T 1 TT5; Unrrfrl! cIn77 DSV d?faeﬁ,,ﬁ e >
i _AP00252- pi asl,er ni d; Vanconvcin vL C.f(g tfé}6‘§rA}r\—thur'}O?l7b

ab-1akcish: MO 7297 TENY blat Uir@akglenes @gg@ﬂ Ref ererrcecg;j 2605

HiGratkneiicol | | [@CONazo|xpE CYPS T o 3
|iaoo, et al., 2001; AF338659 azgﬁé:s(#fﬁ 511 ¢AY04874"

DikiGansicABO 7 L6} anmboioey 1 CI 1. (. ERQdherls Somt | D90B54
eof ormanc Rodero. ei‘a L. 2003 AX2RE3a7Rsf | ucona20| e

INSRGC6_C. | USdeb ani aeipSUYEANG. €r|rdge gOHZ 13 MV T 17!85@ :

— s

ﬁsDegcmszc}m Couhdagh+ SEt eGIVE agent S|Pz e (& B % 00233
f _actinonvicetcz. [78] Exanpl es @fas@yer ed “anti biiot i C

Stf"ﬁ@m\'*mr ** Ardehir atTna‘r , 1993. 1D)31v3am*verdo@ TI;E/E?ADOO"DO
(1':-; 117-12'r: Meliadc., et a'. |pia2@f;. Cur

M@P‘@bi\’@‘h. 39(53“72@1311-1\/[(34214(38. ROdE( Eui: @n&t& Stock ZUQT&:S 2716

\

Antinmicrob. Agents Chenothe:. 47(iTkpes 3653 3656: | i
YYEAgiriegr a L)sa2003. fndmi cr ob. AgBMZ38Th {colmt Ty 1 APOO2527 |
47(9- + 71 -2724 := | plasmid) i
Telracyciine tmetZ: teth {CAG]849‘; |£. coli Genenc Stock 1JO183C !

i | Center (#7464 ' i

Trmetnoprim> \dFrB? 1pSU2007 IF. de ia Cruz ++7 1X01702
Trimethopnm { Dhfri Tn7% |DSMZ 3872 icolEf:Tn7 |APOG2527 |

; : | plasmid: i

[Vancomycin ]jvanA i'In;'54é aArtnu. el gt *=* | MG7297 |
IAnﬁfunga! IiGem:s | Species { References **= |Genbank # [
| itraconazoie ICYPSiA | A fumigans: {Meliaco, et a!., 2001 |AF338650 |
| azoies [ERGLl  {C albicans L |ABO7196C |
{amphotericir |ERGII  |C. negjormans  |Rodero. e1 al.. 2003 |AY265253
| fiuconazoie IERG6  IC. iusuaniae | Young. er ai.. 2003 IAY179502 |

777 ¥ Countei-seiecuve agents for the enrichment of acunomyceiss
78] ** Exampies of covered antibiotics
[797 *** Artrar al. 1992 ] Bacteriol. 175 (13:117-127: Meliadc, ez al.. 200°. 1. Ciic.
Microbiol. 39(7):2431-24'38; Rodere, er al., 2002, Anumicrob. Agents Chemotne:.
47(113:3653-365¢; Young, e ai.. 2003, Antimicrob. Agents Chemother. 47(93:2717-2724.
{80]  # Overproduction of pbp3 results in resistance 1o B-tactams. Fontana er al.. 1983, ]

Bacteriol.. 155(31: 1343-50 and Arthur ez .. 1993, J Bacterio! 175015 117-127.
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[80] # Overproduction of pbv5 results in

resistance to 6-iactans. Fontana et a L. 1983. J.

Bacteri oL. 155(3 : 1343-50 and Arthur eta'.. 1993. J

Ba 0. 7-12 7 , 16 [81] I\/bdlfledfrom pQE6GO
[81] d% 5&43769%?*13 PQESR(iageratieng eﬁ‘@sﬁ"tﬁ[deéﬁsﬁﬂctmrtsetcat position 114
bvrfﬂﬁd)ﬁ WA bikhfendBl MHBERN M B

"ccatatqg" andn elim nait eC [ M@F@?g%wg%sm%atﬁosmm 1369
byi%gl‘mt?} “Pﬂ%‘é&dﬁ%fﬁs@ﬁﬂm@wesatﬁaﬂ@ in restriction site
182]" Catrhati@e resi nce genes soci at ed

i R ez ake perk 38t g VIR, P E GBS o6 FanFocdas o

modwé sasseiee inrwhadti thh cttyb&c car ppindierSagioP [sQoFlheA b aglv@&ieﬂ.cspmmocer

e, SR B RS LT e L AT 6 8

[83]t et o emln(ZD@@'ﬂ-AnnmIcE’o%] Abtnii@Rerbth@!, 44(21629 %-2879,
[84] An];l crob ents_Chenot her., 44(10) 876-2879. [ 84]
" Wi il Cag RN Gen Bt b CE-GoRlmid pSU2007 i
a sdlidraznide3kasibve BErARIVCoNSIRR chiainfithe T
_sul fonam de-sensitive derivat |cve gf |53é1§ nte?]gtnec(gn ealancsmz
pepspRel ¢pBMyRIGASAe (F. de |a Cruz, 10 personal
communi cation). [85] 5.2.2.2. b. Auxot r ophi es [ 86]
Auxot rophz the m croorgani sm s dependence upon
[85]spéed-3-2-6- Mupotiophies t o survive, can be anot her
861 P &h It b order to rate "bi osafe”
186107 RLEtoBf S Elch oy dBofiel S B P Mienayoyorviv, oan b
anothez preferresi gendticgragiin siddetcofentdar "brvare aicadeindR@AiRS. t/’hﬁ(ot’&gpkuﬂ

tabo not readily avai | abl e
Sm{;f‘ %gﬁlg:vsce r§“"s"é"c§’t‘1“3)‘51ds 50@“33‘20%{0%\6%6 thg sequised fgtabolite(s) are not
readiby svailsisie. Uf&ﬁﬂsdu@seﬁ MeseR@SS0L 2 d D6COERBHnE iR %ised in the present
resistant to nmulti Pl e conmonly used antiblotics. 1t

InveRRonP G EHERRLAG MRtple conyRemy Hies aanbigtisto ey be desirable to
1ntroﬂllit!%ﬁx§ita)6ﬁﬁrdpﬁiccbh§b’&§besiﬁﬂb%§£ﬂ ?e ﬁfn‘vﬁrﬁﬁq 2 th!itl'h?ér atrer:] g%a%) £ 16 survive

unable to survive “outsid Boratory con
outsige, gt laberatery| ¢pndisionsans camenﬁeytpmso"fheaupeorhfraomm@mc phenotype of a

screa%hﬁ%%%ﬁoxﬂfi h@vead paflcafl hﬂgcr?‘e'ixct.eaén% rﬁssxp gy lg%&,ga?l\#gtﬁw may be

particul ar preferrence a one or

chosm»&:@mp@@@gmnul aiExamphes irefuda sttt dte rdUNALEDRN| 1§ inutauons of
ar e, not li.mt mut at i ons of

bu
ereRE e I DRoRR 1o Sk ayo sypton 8 i idlgss (e resuling
stransu(dhpa)slcxttlmpoxbbmﬂn of thiamif(ViQ&lis B( §, RApE@isbil}: 'aﬁ‘(g ( 2)%11@[10%5 in one

ormoreogg ?‘g‘gﬁ pon bi otln or thiamn (vitam
"y)Pa XAY LEFSRR! HTHRMA195n 95 Framply, brmmthetfc operons of
Metki‘ntbxﬂxﬁy(mebﬁt arfd PainbMeYsuchb (BT 8ich Fhar HI BQNAG sHlSins £ ependent
bi osynt heti c operons of 25 Methi ofii ne ? 38
“P°“éﬁad n@%lﬁ?’ﬁ@m@e ReifcPiher mptayens tha gewld resal in zharauremmbta D grow
outsi8d 6@“&&3@&%@%‘8%9& in ﬂ@nm{lglﬁénﬁ%‘ggh?etcsq?v?? vgg in P%[Ialﬁa or

acid. OGher mutations’t at cou
utilizgtipnfspecificrashpn soutces, de. of (efabinbgehoiibiuny, e \dcEdss iBhation).
See TaBRl@ude nutations in genes involved in uptake or

utilization of specific carbon sources, e.g. ora

(arabl nose ut| I i zation), lac (Ilactose uti lization).

bI Cenetic traits that
187) SR pd & fethic i, g‘ﬂ%ﬂﬂarvsﬁmﬁsfeavms ShiptALReMIReERGsRCLing through

spemﬁhmc&gdrusnspem fic nmechani sns.

[88}  In many cases, one would desire to screen drugs that act through a specific mechanism,

e.g. act against specific cellular targets, inhibit certain biopathways, or induce special cell
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[88] In many cases, one would desire to screen drugs
that act through a specific nmechanism e.g. act
agai nst specific cellular targets, inhibit certain
bi opat hways, or induce special cell 17 responses. This
l":.SpOl'?’StE‘.,I . %&%%alg?ymQQX?‘ﬁSSBg&M%IEfQ{egéieﬁﬁ&co mglﬂls Q(E gcr!ce@nta%lgcjssthat can
t 0 screen drugs at can act through a méchanism ~
act tnjonyinh wechanismainpeir¢d ol mruduiarhomen orcamimaldidhse #peexanic, ons

st SRS b i G SN ORpSFLE S SO e

ant-cRE¥eeRdend! intdalitudhal ¢eor8oRE0s cehdd CAPBRIGH: B BheOthany approaches to
reporter fusion genes can be one of the many — ~

deleC P SO MERURYS g proneh AUta BFCEBFo U s XBresipRyof the reporter

genestddf QL ObhnRES BN idRGHANMSEE: whildS Wi BE 83mdaR gty L: certain
reporter genes can be controlled by selected

physiglogieait CORGIIORE FUEh apF Yo ity LPINAdamaeoen afhay el prase rasednges. exc.

r SPM éql ngérﬁfﬂr tpannv Qx‘ﬂ§ (?‘clicxla G- 63 |Gl Bi lér ce

m# dan%ge_sor ot her cg(?r\%st Fess r egponges%%?rﬁ{h %:%rf) o seanenee.

whiclepappiuy s 1Dy éaamrgacras tor abad togereen PNAglamagiag Agerepioy deeecting the

. ene fused-with a pr ter seguence. . which is .

cror GGAEon B0 e B ol o SRS irop S Pt ppgrerat oot in

the ddesvagi signagendraighnts sietemtron gelishe: dslalexgupasshanvoi NS

d tact reporter gene. This above screen; n%ir,str%gj n can

AmAgIE AU SERMRIRET FTTSS T8O T YF PrPTBMH ThRveh ) Tgpie 3. These promoters

can baRibddtb doMEru@edteBorddrieRor £HHOE afoRinefiudied. USBEbrbioters sensitive 1o
super-sensitive to DNA damaging drugs. Exanples of

cenayy ogslalogicel SERUHQRS 34105795 P8 MEEddp &9 Drse e dnYsRURsh Fer exgmpis, the

vanHIR8S8ePERAMR LGS0 sERR BEnt &RMHinhR1CON Hall Wahsd RBsiGRAN VB, e al.
fusion genes aforenentioned. Qther pronoters sensitive

1998t G>oreepmg JYFEIpHiPS RYPBEE ABMbIEsh el el 6vid tpnsgivaeayiate insed

Entei&ogcj;lﬁ 2 %%ank ﬂvgcggﬂag&'? 'm'fxﬁ)?t%rsq% e l‘o%{)%crg?.e ] 1&%0}6?0”% 1{51:47}-

pronoter can be Used to select agents " inh
9. Toelybe walrbmbeaci®gén/hosid Gptroimn théryps oetommonnds 580t and the type of
-SCreening systens for tecting inhibitors of c . )
sorecpff Gt et B oF b St B0 Qelrdl e pf -response
pronfatansgl veceisatdtd soreeh Rk t@msounds hatiadiuze 08T sttess inbaciena.
Antiobio:. 51(5):471 9. The type of pronoter chosen
shoul d depend on the tyne of conmpounds sought and the
[801t yP@1Of. SuSed ReUnBYPRniom i Suiselot &6 CoRsthBBort SUEHBn Fusior
drug screening. For exanple. bacterial SOS-response 20
Gen"ﬁronoters can be selected to screen natural conpounds
IStreds/S@hsa NAUCT Cel T STRE R0kl R Eeﬁl?ankl#—.gg rabl e 2.
\ Stress-response Pronpters Suitable for the
[DNAComsdgeuct i on of Repwoeder Fusion [YBeR&Es (Stress Sensor
— R+ 3 = A—dampge—tr ecA7
linhiqijemalsrAnsiatiy (5 STPRRICH% t r ans| at | BRYLE gr oup) i csDA
i N Sin s ph VPR LR, PT [T anSTat el GET gTomp) (1 bp
. [ M4104 (Cell envel op damage ,rvoH (a3: 1M0668 [ 90]
lCeliSheemn@nage a ., 200'"péB(¥Ess-bas@ledentification of

oo &Rt LTy 51— ; .-W—E&é,henchia ‘

(90 of PARRMSSY Fer200ty 22N 9P TFRL0N G SRURSFIeHRY AgERT gRcond-
gene?é’ﬂoin MHsErtcibhia AIE FHpSrtchﬁ@ﬂ‘@taﬁlﬁbptmuzﬂ@(] Bt adiectfdR0- AdSnibrot. Agents
18 [91 Commnlzy_used reporter genes, such as |acZ,

Chempiper. Ap(8):249%:24%t ¢. all can be used to
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construct screening strains. LacZ may be a preferred
reporter gene because the expression of lacZ reporter
gene can be detected by in situ staining. Thus using
iacZ. reporter gene may allow the detection of active

1 CONBHaM olfad
oL r eport ggﬁagﬁggpﬁpﬁ%d&e%%&p%g% Cg‘)r;ﬁeflet Y tgu"l Sal "gf Gan bgjuped to

ConsERERETRE mm; ywameriasy. nuparie aazm bred feppeer gint bed@sd the éxpression of
lac S uch, thos i.sted. ln Table 3 When i acZ
4 "Pgs‘g’g%f: R v e By S “’éﬁ‘a‘c e BHBhtScereroggt gsne may allow

oé:mp@drrceanmvercempomm@fthat amZmumcEE:dnbl ekrieksl oA ti%ar%&?cr gene but have
%H ed wthlthe sel ect ed Prormter Tne sel ected
poor Bl amitl. oo} S & PRl v fese eSS Romoiers such &
thoss DslecCLQS"ably 3POReRRZHN&REEN dsHthe rddg URAL T a1 2p
_.the. % cZ.. By doing so. the qexp?epgsf on offsﬁgac):égtf'rer%om{] élf’DSU‘“am
re v“ﬁ’echéa awcﬁ@né AT B P8 demared Methstat esitaed! Il’@mpr“C) e efL.cted promote;
can DENEnANRE 8881 iRBoREspbRGNL A5FcdRS sfEpogpLeter oo
dependent on the Selected  pr owoc?g% eg[olrn f’?fér“%rﬁ region of
the ‘@%‘né%} AR BetbE AXprewinne iaaftroperar gem cnlg Dstcbmlrdl&q DY the selected
oA FAUalel Yon Hine L t gthe sired genetic
o aits, %t r a?nn(g ﬂ(]:o%? g?n&ﬁsg"‘wé‘ R4 ‘1‘?15)5 g%“&‘éﬁ 8y thg gplected
promig oR¢peneligeidn genst ha mfelatrotstctealuns streenS@CRREATNdividualiy. or

esto con m.or build on initial
°°m§ﬁ’&e gg,fp ‘%‘@ FRPREY nét RN, MR R TIPErET R EiaM 29065 can also be

used@emﬂtss Lsnn:dnmn rﬂ@oﬂeirlk sQtEMRSPHREPORESSm b0fui @ AMES Tesuits.
92 dama |§rg ents, is to construct a screening
#2] st PLEHCPRAE SPRORIY P SCETHET PETAES IPAUURG é‘é’SSUIeMS@QS@S for example,

DNAOdgmapady fpemeidiotonstelt: @ s&edng@eNivsh Sbd;@ hﬂrabs\énﬂﬁ'\lz‘*l b EylsD &sponses.
the function of one or nore conponents >

One Ga% §30FfA SUGS T s iS@indyy ullivine e fungigomatiang gr more cormponents
of tHR@RcERI SIS QBRba Ul ALY, osranpﬁ t0€ink e renderin )

the cells nore. pef meabl e to gﬁﬂgggﬁgg‘ H%af qivfagop g the T et gene
or regdenzdhe GHig morepagmeatle 2MIds08se derdis 2n &cdon E:13eYand ¢,

desired genetic traits of screening strains [941

1Scr_eeni ng strains bearing these nutations may either
[93)havé- 2 - riptreidsifedteegetictuaiebf $dieinineGehins envel ope or

jha Sl Lot export. systems. thus_ being .
4] \égre%rgi‘ns fs PSRN tesP PIISYOPY Blad SHfer nay GiBTBeR nseeriono thenr cel;
°nvqlq1vam havebyssefxmmnn emrmytsramk Qhigs deihe Mypbr-deh@fibe 1o'ceRBL &

tet A.. CGSC #6098 the multi-drug resi st ant
a““‘”%“césm G 5% °°§B°? g H‘U&élﬁ%%’atTéﬂ%(tgh—amwr TR COSE #6698) witk

the mlnmy&exaﬁﬁd dBhe, b i ani8d *fé?l%ﬁat{ﬂear étpalm ﬁ&-ﬁi\, &)VJ°%8'X s&ecmubx" o
nﬁé}unds Vaara & Nurrni ner. 1999. "Quter
a““‘ﬁ’é% AP |~V'Pg?’<baﬁomﬂévnc}5n‘/&%ﬁefwr@hm ER9 "Cﬁuttamtmomhrat
pernddaBiitled 6d- 1Y B5dnBritiNe cbiak [[8ses, 9,
blaolslynt hesi's.» A1 mero, m%&\gﬁatt' é@gﬁ{ ot he - ﬁ‘%(afs?m%
lip1dgy pipgyiesis|” AgTRmicr20A gents »mmmm ot3(6:: mﬂscepraml &:iat.y200:

"AHH&P&J %1@’%09& Fﬁﬁ’{)ﬁbubic E}cﬂer(z:c%lul .,OLLZchrqzji I gqxgricxgb]g%w efflux pump

gens(s:heﬂmhhm: A%&)Crﬁﬁﬂﬁailﬁ&; mam:&n GRNAh IeAd MY il Kine rolC
uddCndiQ i 30, mutant alleles with drug resi st ance

WA PTG I8 el e RE™ §5 RHIET (osHPogansu aieiscan camien ansfer

the Wmcaﬂezfssmtn ifth enzwbipiensaame td @ntﬂc@s'tr&%ufves%'aﬂb &ccordance with the
ypeSE 8 ﬂﬁ to construct screening strains in accordance
TPER P?\”‘"E EOMRYRE P 1HERGFA P onpounds one i ntends to
seek. 19 [95] Genetic traits or screening strains for
t he purpose of screening antiviral conpounds [96] it
is well-known in the art that the entry of virus into
its host cells depends on the anchoring of viral
envei ope proteins to the host cell surface
receptorsico-receptors. Fields, et al..
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5 2001. "Virology." Lippincott WIllians & WIkins, ed
3rd. Conpounds that can bl ock this anchoring event
have the potential to prevent viral infection: Schois.
2004 HI V- co receptors as targets for antivi ral

. apy.." . chem ,
1951 el Copi e b e i s 0® Ry af by ¥ pebes iz
Comp(tdglgb anchorl ng of its envel op pr ote| n p120 to T cell

surface receptor CD4, as we her c 1%‘:5}%@“%
[96] Riiitpyrl-sparen @thpprr thapliy gnury ‘Prr‘(i‘“f‘f"ﬁf‘@é‘f’f‘&h ARG on B

'anchogxgggnlﬁhﬂ] @n\reﬁfpe REQLindRAY Rdst 8411 surfads Fecedthi/co-Regprod( Eields, er al.,

hews et at. have devel op ed the first

2001. dWUHQlOQ,Fu iem:)cqﬂowilhmi’{ﬁ»tw iilgas. @ﬁﬂr@, Qﬂmqqpr\rpafhart R DIRgs s
anCthW é%gt/ II\]/%BJJ feus fhi brﬁ{al ?h prevefiitl mtegm"ugér{m degoat fend dd-2beptors as

e entry o: V:Il into host CD4
targets YR O Ciyd @rapy Nefur. TReMedDC g ahi %@@&8«-%( Bor exampip, HIV virus
Accardin

lnfecﬁé‘Pnganj‘S?pnogéﬁ'gL ’th th e B ehOé’lStW)ﬂo%ﬂs \%#@@C&t Fleell surface

ing antiviral conpounds which can
receptdr TP bs WhLaBsROCoaticpnrhBUBEAred a1 al.. 8¢ Hpe infection and

protein- 15 and has e#} sur s o
chempogieg Fespel Bt IS ;8 5? AL T 4 BR° Phiorsd
the t%‘&%ﬁfv (EMRo RV hifbiS 1S Ry @amr\be A jobiadld. Mdtthewsrmtahozom

or tht selection of antivira ents as SCI |
"Enfatinge theidp thesey gDl the spigy o- L{ﬂ,\g RSPHIOFT &Ig‘ﬁgrr@neﬂam
ev [GE ages,ii s '“@f %“'Edrgﬁ‘mR' BleQ@¥sen: indntiods reddR @ metnod for
R‘I\I}%}ﬁbﬁaé\% 292 :1717-2-5. I'n genera:. three
serecmtiei ammnaa¢ongme@a Whigl eAnt SRRl D ASSPHETQIRGEREED VAT GNY Hepe proteins
can be bacterial, 20 fungal
and | %?S ?c" r%&%ll(f}?cﬁ ygr%‘létg& Fungal strains (S.
[97) cene;wa&eaﬁ)rutanub theayaast tivarnvoRd bysism ean peeadopled inthemetnod for toe
preferred screening strains e o - d
s iop S G AP POSh % sy A A ¢f AEAET T A Bovsiems an
theiPis@dah igeativd vseloky. Mndilf MeatViamsbias B24(1 yl7al%e legerentl tafes
i n protein-prot (rabe i .nt er actjons. The[r rnrss“t,m enetic. eria
addifippg! gerelin UBES GR00E JIFIouTe d%‘ﬁé“r CegE G YAny Wehe -
runr% A& dnR8liing!. FARAL stdsa S, vayvitibatant hamenaparesdliionies may be
of the reporter gene is dependent _upon the presence of
the preforren STPRT BIHAS POCAUSIPEY CanBPHAe EQFe- Oy DB%T‘WS’“"“&
mohoh Qotd16iRl Af EURAIATRAISHARGAN BE bpBAk RlprTEpioratd
Ve th reporter gene expression. The
mteracamsc'rThEmeibmleu-‘r Wt AP H°IFARROTIRS M Wi rapsRTipriARal eiement in &
the actiy d B deAP)s @dndeieufdiind E‘s‘éh&%t@?ﬁﬂéf@muona
a‘fw c’intr%glogpfjtr?c?{[%hal inter rr% Ofudt‘l Vi nrg

facthE Riidnedan geREicRkpb@E ¢ Bin avnpennaad trtifecmoaﬁd«l% and drive the
domai ns_are .associ at ed. Th

reD%r gn“‘e%ﬁ‘f“é%‘gﬁ‘ &kg_gsg,gp orrat,?o?g &%_ \}‘%ﬁﬂ%&h&ha do@lllat_m QE, activauonr
dom&RVADORR-thE DINe Birdihg8bamin (DBORI ir.is BiicTimal inhgrmd of driving the
g

enetic trait can be an n cassette for
reomgéenﬁ@fféepv S oot A e DS RoBRRS A hptifthe. g gesone
centbfrE it A9 KBRSV daSfu¥bf dh ADEVEISRikI-&gelpd- Dﬂbﬁ:uﬁ&ﬁmn proteir.
ai ¥t t’rer ent fusion proteins as ion- @%(Dt hﬁ%AD and t
ThEBId erpRyREtisan Peal SEEFEED ASSHT Pbt (e Sitfact-Reecpror
fusPn Y t,x'?IS’EhDT% irh LG A6 dulian Qfit S cYER &Ach: td Rk SRfep@Y fusion

esu Hie associ ation of AD and DBD donai ns: this
prosuhs&squ&msldr ADrand e DBR dragmepistaey logasereat dif freenpusion pEeins. The
Un t h r | a_lnc ml

‘“‘%ré%‘tornorg? s tvﬁ% aélg g]g“c“r atnrrjn %‘nﬁ%?pfn &a288§%%%n%$§smu%?rﬁngﬁrdg&
sukisb@ehwv ficrisgpnahié repbridrivens. §poptasence @en@nvmﬁmﬁlcyn disaygt the said

reporter genes. such as iacZ, G-P, RFP, etc. all can

be used as reporter genes inpthis screening nethod.

in cases when in situ staining is a preferred way to

detect reporter gene expression, one may choose iacZ

as the reporter gene. The presence of the



5 potential antiviral natural conpounds can be
detected when the reporter gene is silenced. See
details in section 33.S. [98V ariabie screening

strains, each bei ng designed for the purpose of
screenin

interaciiof] ASFTIYF rotcl%hcr)]n of Xlr) %a@ b%%ﬁﬁm&% {rS MmN QHEI6 (B reporter

18 conp ve beén establ i shed
Uen'-T]t@ﬁlﬂnorﬁG n&amem»s«_ternasd mchbrs ancZdGFP eRBRvtercs alirbamiest tiso gs reporter
of genetic traits as discussed above, su
gengsats Y AREBSE MATIOGT PGB 84°0 ML B YR U] e g%% da8 dfc
reoo%hglnﬂ deskial. 88181V thobdeahiBas the repeRaT@an dbb pydstrte ofi ehe
type of conpounds sought. Exanples of the screenln% i See
potcptialainfivirs Sewsl Parhraindy @n SR GRIFSIEA WhTh Hiedepprier gene 15 sifenced. Se

dqmbl c355e€efing results have been achi eved using these
“PSscreening strains. Conpounds identified using Ec1l063.
[98 DRI\2{r2biarscre@MIBBrains. #Ch BeinY AGSIZCAAPTIRS BIFBOSE|0S BETPITdREhicortain

WD‘Ir gfsrf-{xg:{?ogﬁgtramsrq lpro%g?mg gargg% 6iBaddle SMb&RAL NMEvSbdeRicRabisned. These

ected using drug-screening 13
scredRinb Griaing Baag lifietept ¢dmbiprtieneni zanANEIE Gh dISSURFRIsIP e spdigas drug

of multi-drug resistant Selgent N .. -
0 e Gn by e P S T L en T g ecorcs
with e t%ﬂoﬁaﬁohwouﬂ&b esucd:. FRAMAIAS NDtns berednimg ssrain guaizhsbgi dyeshown 1t
sensitive to new. commonly known ant%bl%tL&§ngS L%ngnxoumk
Talge (o BYRNIEEreo9iNE A FAUFOREHAHEG P At j + -OmpouReE
1aeﬁﬁ§édsﬁs?r@‘%1@@“ SR 1007 LRSTIANEE APscha@ninh @8 @npat t’ﬂsﬁ lk@ad in Tabie 4.
antibiotics during the construction of further -
Drggn:g PRl G s SCEFCNIRE SEER |1=n\‘g51§£§@a\1/1|1}§10t Wjﬁ‘%‘d’s@" rug -screening
mﬂﬁ#‘f’%g Lafuvﬁta[n,tdxy e &AUEGerBnd. eﬁ'&tﬁ‘i@"’@% ¥ als hcreagetsh@ening strains
ances of obtalning novel conpounds. [99] Table 4:
a:Exfw:vaas pva@io rddissovaseot thrng 28tPIalizis AdGHeRAl cY kg & Brecping grain 15
scre n|n SCreeni 7 LREABEE aOHXOLFQRMY. &Fhﬂh rther
g 'ﬁb5Uﬁ S aﬁn@@#??%sﬁTrJ?ts Ebtected Ec 106 ru o
mdBtﬁdrélE drug resigien exisrtamesbeidimprodhdse Peiipgianpiipipligg @uing m~
AR, ”gﬁ&o Ord:Ep BELEORMNCL RS, BLAL QPGERT AR reduce

I'oranphent col. ~streptonycin
20 refRiRbitindid@ale GRENROES iobBirieEtevRTyTionads. Spect omyci n

met hi oni ne streptonigrlr streptothricins.
trimethoori m daunomvcins am nogi vcosi des.

roBet ar JACk &XBRBiaRNE QDLBYENINE strhik® sneChdiediv} &ﬁg scresning

am nogil VCOQI des anramecin lhioun. curl'! ‘ilr'!:m r\|41|n
| Sbetnmei act ana@@f-f?ﬁlﬁameanpheﬁt‘*&bo‘?‘i’%'t"ﬁ?@np rﬁ%“t ©
alSJIF@thrlCln naiiaixi: i ;
ESI08Tt | novyaity CYCORYETRBT omyci 1 al bomvdl n sweptofhnans

IstreptmmnmmehmdU“!%Wm%mycl|ne strentaV|d|n acwnomyamns

| |tnnethmpmuwnamb¢eonVC|n stﬂaV|d|r-|nce 2] Ichloramphenicol |

th

—
wh

DRIZLZ chlo*amuncmcol strepromyein - |biour, {recA jchrysomyceins i

| Itctrac:\cnn‘* spectomycin imethionine SIreplonigrin !
!Stremotnnum- trimethoprim ;- daunomyciqs .
laminogiycosides. beta-iactamase ! chromomycins
meomycin ;
| |

CMI16¢6 iaminogivcosides. apramycin ibiotin. curii, | Thioluun I|
lbeta-iactamase. chioramphnenico! jmethionine :laurcot'nricin '
inalidixi: acid, neomvcin i !iydimycin i
I;specnnomyc'm. SIreptomycin i Ilalbom_vcir: |
IStreprotricir:, teracyeiine ! }swep(avidin
imme,thoprim. bleomyvcin | ! Istravidin-like

2



wh

i CMA00 am nogi ycosi des. apranvcir jcurii tamcetir,

I beta -iactamase. chl oranphenicol inethionine

griseolutein naiidixic acid, neomvcir, netropsin

soectinonvcin. streptonycin nocardam ne

streptothricir,, tetracycline Itnrethopnm rifanvcin j
|ﬁM4o(a| D O oy coBi @O e OV Ly M nog| VCOSI UES LA ATvCTT T

curli !oZt@tha?rkéE‘eQﬂi&hxﬂonehx%& sthigfharna chi ?J’n [e‘?n' CO“
i met hi;@niieacld pdykpor rerildir, rmal | d| XicC; |
NeoMV GhderinohROh t O sqectl nomyjci n. st r\ygtop CI no
el oboiGidhrical LERLQELNI cirt, tet racycl I ne usmi ci n
tri Met Aok R ifakb@mvei n ~LaI bonycilr.. bieofvcin | CV242
st repi;ag,mﬁ(;u“lﬂ,bl Fﬁg&ﬁe\cycl [ né Met hi dni ne. L dact preen’|

| _

I dentified spectnnotnvctn strept?thr|0|n |
’"M4bpI UT'm}ﬁ'moElWQs ...) au'” vcm HoprT lc:url1 dnﬂf’Ci o aureo !
tamn S° cPuo rarm gr%mé? .m\,tmomn\ w? onvei I;D Bl%;t a .
-lact amase ™ M Thl | ONl ne, TLSeua-Ta Z to be D(Z%Fgfrjvﬁllred |
st reot Qmy el n o tett acycline biotir., curii g

i sPect gn r?\/mvcm S%Cm? Eptothricir. ut ri met no Fghpmycin
15 ) otnncm [“ITH..,V nn . ulD |
apr m{mmet 5 m %COSI dds, bieorvcin foa ki o |
beta 1} act Ak 0] 5.2.3 Generial techngjques of thé
¢

ul trad Domﬁc‘nﬁ’mﬂ' ‘H‘but dr ug- scr eenijng met ho

M2 Sy eer!]slnﬁotom Cin :eu?ﬂé dV’ganl S ‘\. eth‘g‘x\garchdacnat lfP 31‘: iaentined ?
pr oducﬁJec r\)ﬁ"fvhm Sé'gPtP‘g “bi 0alPVF ¥ gs (e.g.. |therapeutic
|

s [101; Th

agents, ‘%??Brcﬁf’&éf%“” estji ci des. jetc). As.discussed
in seéat"]"lf’ ygosiges, blepmygit o l, sel ectied or geﬁleti cally |
m-eroorgant-sis—and—ecell—ones c¢an-be used!
ML od Lfgw (7, ARG | ntVBOMEES lmad-Sor donT Mg |
met hodg ‘tl"i 2231, SRR &"8our ces and enri chrent,

vCU =1y)
proceqyfes ODr\J:Ta% ‘E‘nw ronnental sources are rich in

i croq;ng@,rguvg(ggf‘he; ggm@ﬁgrrplle soi | can cont él nuo to }
i

) neomvcin. beta -iactamase ! !

[100] 5.2.3 General tecnnigues of the ulwa-high throughput drug-screening methods

[101; The presen: inventions teach methods for nigh throughput screening of microorganisms
producing natural products with desired bioactiviues (e.g.. therapeutic agents. herbicides,
pesucides. erc.). As discussed in section 3.2.2 in derail, selected or geneticaliv enginserec
microorganisms and cell lines can be used as test strains in the introduced drug scresning
methods.

[102} :.2.2.1. Sampie sources and enrichment procedures

{103} Environmental sources are rich in microorganisms. For exampls, soil can contain up to
10° cultivarabie bacteria per gram of material from which 10° to 10’ acunomycets spores can be
present. Soils from different ecological and geographical locations may contain differen
populations, inciuding numpers of actinomycetes. and other microorganisms. Horan, 4. 1994,
“Aerobic actinomyceres: a continuing source of novel nawral products. in: The discovery of
namural products with therapsuuc potential.” EC. Gulic, V.P. Butterworth-Heinemann, USA.

Therefore. environmental sampies, including soit and water can be the preferred sources for dru [
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10 109 cultivatabl e bacteria per gramof material from
which 106 to 10' actinonvicete spores can be present.
Soils fromdifferent ecol ogi cal and geographi cal
| ocations may contain different popul ations,
screchidg] M%mu&uamc&saoénvﬁs&hma&sta%an msbo@éd*tﬁém 100, Figure 1) and
m Croorgani sms. Horan. A. ,  "Aerobic
the maerpprgemymoRmasted i chand rfm‘nﬁg“ st@@ge ancofuoprovent dnmtsareghing. The
poretfs P St -oobiie cHfR-ObEHAERH YanBlms ARGUEAmFHRIYE Sl Yor
erapeuti c potentia? ic. V.P. °
prodlestce RN OLGs I'EEEh’GHanm nalllJSADI'OIﬁyt drhe disfayery. programs over the last 40

vearE annent al r@l es. .| “ S%IA ‘edﬁ?\ ter can be
rrea'B? 81 8rPe d“%’ irge e f8r %‘2 P EE R acgaropoiyspora
ervtrxmial aead tv m&nmﬁmquﬁrvsceoemmwmam arierBAP LAS etidthidaehat the
(item 100, Figure 1 p the m croorgani sms

frea B GITpLOre T 10F (P EEPER POl - CPBPSIGR S G agaR soils ant

appi¥the Grifi S fRtibRGic tthfnenBAhR RAbictdor Yadinke 0RbniBROHANED not possess
sources O mcroorgani sns can be exen‘pl ified by

resiSEECH MFIARSTOTOT D ARHALIS:- iy ATE RS 28 bp &P@rey tha) gy potentialiy
conduF Rt o AtherhY DAMELy 8 140 2R IGRYE 0% JRERY xamsnav‘%ontmf&ﬁ&as related tc

~

| ast 40°5 years. Exanples of such antibiotics inc
the agHiohe. Gy chiancpy Gdndad shgp @m@ﬁm@alwsmmthmmgdmsaeana} be
Imm%U&h HARGOIYE e va QHe Sﬂoﬁéﬁ?él%’&%ﬁﬁr%ﬁ' Bl GRS teatments are
I's estimated t at t requency & oCceurrence
apnlwt @hegseoogangnaumn°rw|ah efss seippr oxi mately 0. 1c. By
oQl.i soils and strln ent. antjbiotic
(104 B0t s o BPRle h Frb PP Rl SR usine
varit0 8S@sthodsl @hics tapnia® wirtsailics ﬁBrsan:rm tikese1amtlil 0 MEdre$). Lindan!.
ew org nj srs..can he isol ated that may potential l Y.,
v %{3 . Phe ‘Jga&%ﬂfe NP FROGAPhTRIPCHRSY OfttRgena from 50, ” FEMS
chﬁﬁlds@\mcbléwmlé@’ex P0GHC 8f:$afioNOVnpER MRAUD USmERb AL the
tc the antibiotic. The chances of ending such rare .
IDVERHRPS SBPUH EFREPP YORRONE YDRIOE PRSI St SwEYVIFe Fof pymvewerps, soil
sampi¥s B¢ bEAR NG siFh U b hicelre PEARM %{ﬁ chih, W AR Rms
stringent antibiotic treatnents are applied such
extrgymﬂ Iirq:fg epviIipsea! sgmniis\cap Brsupick © cnpgmmguon and maurocn'omm assay as
ac M Ol gL Ss; ey~ b tract ed from.envi-rongent al
s oEL ROCURAL 3170 T 38 o 1235, Bhol! QNG ABNEROI opvionans.
varipigt heskggcuam 'm::lnoas earktrmmmbq tossturich w xpxemsmnzsmabotdmﬁxsm& tAs

tem. 110. Fiqure Bakk R
menbigh &b aodiesfie e ES Geoer e FE B P Bord poures fo
antilag bl serettifgn Godr' 10, OOEEN&UtM@b@bIMﬂa@@% xﬁﬁ@ﬂ@@ﬂmounas have been
16(%21 135-142. Preparation of Lﬁs npl es for use in
1s0l31ed HBRs aB?“’tSH%“‘?Srﬁfé‘n‘l“?oé‘hv"“‘shH 08 TERIh efEP USRSt s acpipemyeetes
are SbviSANhESreRh@d \Wrbd: nBtbigalikib in KOErdERAEH (BN6EsenSRkvention. See
san‘gl es_may be dried without ,sieving and macer at ed
Bergy. 28>, téloéxtt‘f“a'@’lcf@ﬁi MOrOP ST g miviol X8 (bx tir2fc T el £r om
[OEMHERRIEN 8br SR 69 o6 RR I@g.cﬁm Fietes EBmERERRBLRI Qrracied
macr odropi et assay as escribed in sect1ons
rror&t@lemmemal 2upil. s¢gedieh PL13tgurehel ow, see item 120 in
=i qu Lol all resel ection t hods
TIO%Ia%\ L Opo%%tge AL Iag%l?efi (t)(?gl!uﬁctng?re achi nomvc\,t S annaato reguce
nopuianm(mm gary smbsothénonreentdnoae oa&:xeme:roxa@hvlrtmmeaat €MrdsE€Tne firs:
. nost . . cases the red .m crobial source for
s PR PR CURT G GTET oY G p PR e §° RHGURe oY arving
the Kiio@fipies Gol aledmal ceﬁ@Wdfbahax\izﬁ pBEE ltarowdh 4 EQei®thnd then
from various species of actinonvicetes (7.600 from
GITZERTA) FHITUEREON, ICHHRANS &0 PRTIGRTICCEIWETY capRinoBvF o s9oyes: Herror,
preferred target m croorganisns in accordance with the
present invention. See .Berdy. 2005. "Bioactive
m crobial nmetabolites,” J. Antibiot. 58(1,,,-. 1-26.
Table 4. [105] Therefor" it is preferable to enrich
for actinonvicetes from m croorgani sns extracted
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fromenvironnmental sanpies. See item 111. Figure |I. 30
HO61 A two-step procedure can be applied to enrich for
actinonvicetes and to reduce popul ations of fungi and
ot her non-acti nonycete bacteria from environnent al

P.R. MF%@OIOTFHQM Hr 1@9C ‘NampmethotfoSexeatidh VTR [@fﬁ@cc‘g’ss%orﬂ: from

hysj cal treatnment. which can be achi eved
ol "E’B 9‘@“‘1 235 o 1B i e LSQEY &3 Stepis Phmgehircponaericisoih” d¥ppi
nnvxmnbmw«)al%pelmm 1410 QUG sed FingBer &dnO ﬁ@gﬂdg@egm pies car,
. |fferent|al centrifugation t echni que to bias fo theres ¢

be dryed SRR SHFED SAYS 1A @1)se flesasss calynetivpredugs the gumig: IBI Ram-negative
baciegiaCwiiéh binngtigNowda tVi s b

e extract on of sire tsor\r,{/l%%ghzacgg%\rgggph ggr:lwl b ST D, partcies
suitabls o7 X HRGUGR Adsiitional Braydents off alr mgemycanmnspeﬂbmﬂ:eﬁ to alter the

T e e ———

biasing the PPPRIIED i lacur@mvlcetsamphxe&um@roube Sl ip@Ehcle@ bardied B extractec

(szgy rARYS o - S inet to reduce the
usin l%l of ar(gr;?ngozit ?‘f}é "5 bac{\égg@g PIRHTF Y clpgethy with chelex

100 PP@F WWLS?@WL REpuod 2 awre ta tiseutifds bdcheias@iik aﬁd)sofoP’rs Hom soil
pam%ﬂ,n artd ¢l es sui.t abl e_f %r extraction. Additiona
rea rrent SASPIHECE A SOOTPR AN bhEinyesrang tirpagsuléngaiupematant

coliettae Therisoenbital ipOPHbeditDMdREntdiEeR0k b@ooﬁl,}gﬁ) -39 miputes to gensrarc
reducing the nunber of non-acti nonvi cet acteri a =

@ baqiFiacpe PSHC MRFR b ARG 3K agRrHeeizno Mcbet éiscardzdpind uacmhalrpeUnz
can b@ITEupendsah leryd@fdidcinesndCiided X €Qxcdisi N

di sper sal agent (0.1 o chor | ghelguémgl %Eg&gé% qEﬁEéO'ﬁU
screegings dpg egyd S‘t"b@féfuﬁ ERMIGHIMENt pivetss s (2O ebBfh b&tat BbABWoil sampie

exrasNAteHhrat caq, QLI; rQ LS. to.dissociate
bacterial cells ne'i% ‘g%g’r égﬂ ¥ oFrS1 G2 DY apig ENabrppg

wimegjogFipn Ty, Itxn@ﬁa\eeﬁOQQ f wigeid cart f?a’&ﬁ@enom;fnﬂa"ss br il RBE-BePdthvears

bacter 0 rnatant .callected. The super nat ant
ac{ﬂitng s Z%H%%g? 2y g‘a%réﬁafnrailﬁpfg’elamé‘iuc%@(f PEISF PopiBgats fung:. ltem

112 inifpgures re{ocssgemmtlat)mvce&s bk afder (B leﬁ:@.tnme\’iﬂﬁ éi S
The

erpnatant. which is discarde
[107{) *?el?‘?% eF? %?” E é?‘éwg EHAEED {41 neryapontvesst ant

micrangandne! St EFlﬁlurHU!l fdopl €3 %'aﬂ&h‘ﬁbﬁ tMntiblos2 Gﬂ@[nc?(g 931'1’]1:158.} or
scr.eeni n% The second step of this enrichnent process

physical [eaumenrs Ao Fap = ApRlied f,QRials GRIFTosEgapisas obnterasCand the tamods

adopfd GRANE BerRhid 60 HBLRT: o5 8lig6hd: n j such. as
nal i di xi ¢ acid I\gj and f)rﬁ?lrsr@t %‘B#‘%ﬁ %csfducrs 905, RIS &C 1soiate.

SampigyRgY, eQHRFED e%ﬁﬁruéff‘l PéE‘@YSVélI tyeasrupps: @85 @thektidehument, variabie medie

1R, AnQRINVAIE&)nEe Lk exi m de and L
conanvsi?ﬁn can a&)tsng rbeal&ht#‘o L?c[:lé’\é “gpr‘é%‘dc’&”ed?%ﬁu% rig€Boch ror

specifig geflera/§peeins ofimrdorgafisguurfor kxampie 698 Rirfipiacdadn MR IEERE 65
. ! ai er, the enrichnent rocess 20 [107] The °
LS o L e R S S

65°CrioNHaRtiuR0 MiiaEL&ifiHdii i ARk 9aR i1e
113. 1n addition to antibioti S%I?éosae??g% dl gr%mng‘h%%“@élf’” of

Bacilygs, ¢ @I’ﬁ@?’é’ﬁ’l‘x‘i Eepumitist & igherdiocmyr dpe Bapxpiguxads Voakdak KK oizumi.

zm et and met h .adopt ed
19§ S Pgt&%%ﬁ‘gg{e[?] ([)l%rlt L&E(ﬁ{/ ?05‘ norn é(ﬁpgglry ggw % drAﬁ[é[tlaf a;l;(4) 450-

7. Anplisageysmetied flistussedgn tVOqusio Catige, 198 @Rl 850 BRYS=@R enrich
_bhysical treatpents, such as heat
Snorahpl!i%%grﬁ)glp ﬁ\r;ﬁac?cmug?%\,cre@ d%gu E%n(ip&?af ¥oF Hhésoc%prqn Shsnosangial

sudgrewp il Huwoilipe sec@t.iant ppseadoidadonbdiniak a@bl‘-fxcﬁ'ﬁﬁrnrt member of this group,”

r at, to.enri.ch for specifi
Cap. }gg\?}}ér%gfos l|C')lle lgg 'g %EWBWQ%IW%FPOT@@MIEPS goRg specific
sanpl es can be treated by incubation at 30-35 for 2
to 3 hours in a gernination2fredi um fol | owed by heati ng
themat 65C for 10 mnutes ("mna -shifted isolation”

in order to enrich for the m nor popul ati on of
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Bacillus, e.c. B. poivnvxa. E. pumius, E

iicheniforms and B. coagui ans. WAki saka & Koi zurrii.
3C 19S2, "An enrichment isolation procedure for mnor
Baci |l | us population:,” J. Antibio-. 35(4):450- 7. An

o 3 GTELFE: Todh BN R 2EBor TR SaRgs Al opprofpecans

sporang rou
asvBasd! tnssssneel est in 'Fadid | &@fdséﬁtﬁﬂﬁtcnﬁﬁfeﬂﬂn&mmﬁmﬁmon
of sporangi al - subgroup Il Bacillus species, and

genersip®edSat i ons concerning a coil-formng menber of this

nogdr %Qroor Bms dx ?Mnﬁrr% QvirodSkerial shehdles eelm%\l'iﬁl@dﬁwfﬂ%’m an

the énrichment for t her mophi | es using_specific,

enridmegthaprasrdutceraeeatuAly didisd b DhespRerc-DRfed fippC P§§cy4>* other

smtagl;{I G Obl%nzlm dflivgn‘?‘lnt Yoo hNE QR RS REEH! A&kia contMnPhRSSmentione

iR = 'gure 1 represents the enriched
coud’ftr@él&@ﬂj\gﬂmnsmvs g @RIeTTEINS PR CoEY r@mmgmuw[( qigg-qf actinomycetes and
M croor gani sirs_ext racted. fram environnental sanples.
°m°éf‘?‘hr‘@f"“\‘/\ﬁ°{’%b?§r‘”\m %ﬁ' en%jl c%%ent procedure, can be
serially diluted in phosphate-buffered saline("PBS")

or other suitable buffer and an assessnent shoul d be
[10%ade-3-# 5RGESPBHPT nedi a cont ai ni ng, af or enenti oned

it 1(9]0%‘; %thss@lpepltﬂhf“’q aahi1boat tcCSolat aﬂ&@ﬂfﬁnnﬂﬁ'ldulaﬁncﬁwmlsmk
formng units (cfus) of _actinomicetes and

conpsings i1 D& ARONESHE PR &t & PTEIETEP SPQUrmsRRicast r“aﬂcf%ﬂ“’% (MD)

env%p%_sgﬁ 1o 2sieiecel Gcé?agxs-@aﬁ'iﬁ Sikcdpbd®in AlMfro@¥bie:S trRPe from a cross-
ftem 120) is to isolate and grow indivi dual
linket arvom'egtaams eNtAnmg HEIMFBRUPH nleﬁ:@nh‘ﬁmgiogg EPUESrseleptyepeents as
eferred emhadi gen t o (M) oh anv size are
des e%g FB%Eﬁ CHP 2k d1 g%s%nﬁltrﬁé%?fi vagg{)o?\gﬁ%gh E%@ (although any size are
usaBB3t, aAd Rekskrls @Dﬂfaﬁﬁ’ mdjr@nlvﬁonmmdmtﬁmmmaamcrm&mdl culkuselthat can
al ginate matrix containing fernentation

be gg@gdnagg@ﬁ@%q Tegnenes q.qg\ecag TOGHES SgEongaty ’E%’??q“"& utemtl_a in Figurs 13

In &&&i L0 B RroLoZnd bacldiRll SREERIGH QRIrLiedCRGTD Ereapd s;mmamt @iluyed in 10%

ul (al though anN, size are . usabl and r resents. ec
°1Vaelpbﬁ0cﬂ§95fﬁﬁeéﬁ SROSVIFGH ARSTFEIRE S IERHIN gmaa%?‘e“ SRTSIoR A} then mix

w1Wu&Wn?x§e5\@ﬁ E(ﬂ\rﬂter ReesiRadldnys hansthadi-ansidvar BnaBe demid

can produce secondary nmetabolites (item 125 in Fi gure
Tritnethoprinm4 e/ mill Nvsiapngi(f wpint- GFclehesimide Pygymi) to inhibit growth of

fl.ll? u%.g(gnSI On eé‘&lﬂ?}%(’&g“ éa"&%tﬁg &p’}c EO(ﬁllﬂ'Q ng%apeTgl l'nkllhggt mixturs 1s

| ycero t0 generate an inocul umof the
prcﬁceq;sﬁ trecdugemshomcn Hd:aesusemr@%@darsruévmswmﬁnqr§mﬁ’¢éqwﬂevw° to
DY%(&léng D(%ig)cbwpz}égg%c{oldre n Xllker ;3%§13 %@I I\SbQ tﬁfcfdr}ﬁguon of dropiets
of iﬁhﬁﬁdﬁ@@ﬂmd‘kﬁym i TH=. ardwm eam smu&ﬁv tng ange) anc}/ obrexinte chmtact with a
/rnL) to inhibit growth -
12@6543 6?@?‘1”(%‘\16 ﬁ?t‘@fnecw gflt[n écu%d aiso ﬁ:ﬁgra.lgmo mcn¥memum and the
coth@H B Bive 0B BRbHh@RLY, Eﬂe)ﬂadléﬁallsﬁspeﬁsﬁﬂcm&edmkm witigthe alginate
an i notech Encapsul ator(r) Research device, or _other .
sodior abd gord@mqbq;@ltn s numea@a%cgu@étpo RS SfteﬁFY‘le enrts 1n the calclum
Tact.drogket 5 =rr°h‘:é§ nhri&ihd éme kﬂl hcOdHr6o1de) ald Yy in nutrient medium
BiratTon of ets 25 of liquid froma fluid
arRitdoemar-sciirav daz:qntsdfcs exampis dhasdafojerngnuignss) feemgye £3fg§p caicium
§Quse . ess SHHEAHS kil et ¢ s
C%W%raing S HavH V?‘C i Em%a Sslgég%mlgﬁﬁl&ng eI lnousands of
miERkir pani @ ah fve enmmatect ingoliaelly retherg@mtds. which serve as miniamure
Al ternatively the bact eri al. suspension, c d item 120.
fepeHaY Revsicht ﬁ qeraiig 5t tFESR and” caglgﬁl“n'ezd %ﬁ? E&t goe S e L )_

nutrient nmedium and counter- selective agents in the
cal ci um

25
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chloride ba& . After a defined hardening tine the
macr odropl ets are washed in nutrient nedium 30 and
count er-sel ective agents (for exanple. those

af orenenti oned) to renove excess calcium chloride

[111)amdfiéren:Thedih dah ®e Migdcdeimi 18 aRINLELSHTutodSh Bablliife the microorganisms
procedure. hundreds of thousands of microorgani sms

1n O1qeRTY SBIECATERD STPMER BUDF SAFPSIEATPQFEI SRS ardborsbaBrodusiieh ©h
compPEid{ By %%smnmr@&umsm SLIRRL Ml 10Aner YB3 Sthe %%sggtoa lideSren:
I n sections 5. and 5.2.3.4. Also see Figure L.
anumop@emrcxmamu{lﬁ mox]nvc»rfrﬁrememr sestipore o, lsevthrogycind bhotbdie
| o 1 Y I =Te) R\ STy W S el oor n| Sns..

L e Uk L LT

of dxﬂﬁrmewgmnp shiae namd»bxar nddnaupn dd lumz:tprect‘ts@é‘ encmpmumd sn:=by
CI‘OOI‘ further ﬁ?fl ed

conc G| e TR GPFFIEP S ** ST SETCRET B caioaiirging unis
undet {h8 €OIEI@E Bonditidra RPhigddn. spectl nomycin, erythronycin or
other 5 chemcals or exa bile salts ~Different |
(1125 chhedenay Oﬁg{*H’é‘&’é‘“’%ﬁ*ﬁ“B@“ﬁ? 80P 5T o7 A IGpAFRTapge with the
o:su"dd Mn%ee Bf mitebor S cdifs of Rrd¥i gof 00ipBhd. RORHAD R Benshtd of
process of encapsul at’i on, the concentration of
m‘CfPWém’éSé’éStséPli‘&P" §‘H§ﬁ &1 9f BHhe %@“aé’o‘]oa?tfédma@éwmﬁga‘t@ﬁ one
c f EHUL:&&":R@E [P e gel be
mic rg%%aﬁﬁ gﬂésfma%ﬁp%dv 4 a n'é Théen [;Je‘aﬁstﬁélg sg?ﬂ ﬂﬁ% one gel bead contains
mulypilemisorogganisgmotesEsan 9iash toccaptusﬁ md@ema:dar woteatalitrgrapeutic vaiue
DI'OOBES%% g%ﬁﬁ ()MﬁhL thr J%EUODJOQ H%?‘S ﬂn%ﬁ gn‘n m T
m croorganismcells or spores per ge ép Routi nel y
fii 31} hMadnen&nLye (cdntaining moGrogEALISINE) cah Ol lsnd;nhmicamh s vach Siedium, and

each. gel bead co ta| ns. the average, at |east _.
then SRR i Ponr g el bayD i PR REr Gy PO oS i) £ Fieurs
1. TRAfoWR g aftiGiist bufditle hhl&lmfodiﬁmﬁ‘ﬁxl"s arial: 6084 & dGbiotics snouid
multiple m croorqanl sm colonies in order to capture
depang Hﬁ%‘uﬁ‘?d Qméffs%%}'t“érﬂ“r%ﬁty‘lvﬁ’é RISETTERS SRR &°ledo gtreanflud snould be
remévefi @8dHnk nRkrobRPidriRLRICHel BiBciRlei b &albf #BmMOAEN other. The
m croorgani sm 15, [113] Macrodropiets (containing
macrAdEeniRsY CRATHREUINLY BR INSEDAHPEATRATP e (TR epngiigRyIn aliow the
go@m %h%cﬁgfﬁ%ofﬂm@mg%d @59%91&%%»@% RhRL Erela Bk Osuch a:
000 particles per plate;. See item1 8 Figure 1.
antliﬁmotgm@mwg Seeidimibe ho!ug@r" hali @ctmeintveqsbseara fitei dshieedi roisroorganism
spe‘g mgl}gdr5§{19§§ (QII%QD rfcm)a% A& 98 S’hqgl g109 e&ﬂ n%oghenl}o- 7 days, 10
2 esrstant enot ype “f “t he 'scr een ‘ng strain
uxpaell teacmenb Eii(wemwam cd:hs o wiked lnghs MEhduea calwtirghvenditons. such as
esracr od.r ets shoul. [fr?cct | veI% separated from .
G g YR FOmOR RO o ‘8““’ FOpPIet 8T AN s (s ¥ err?PP‘fF“B‘é“‘
mictddegibRing dmumlem acﬁtﬁﬂhﬂsithm‘- Qthetadr iFBgex@ait, Ei &1SantiQoms othe:
al | 'ow t he 1% h of the incl 'uded i croor gani sns_an d . o
baciera 3R R5 FHIETFD ¢ 3P -3¢ e OB 2T @b hPiBFy fHRR cap Bhoujwred at 25-30 °C.
Durf} thdinfcr SBin@htaRef Blckess A& ribéEAB¥3 Qed A ddrh SiHifbolizes b producec,
acrinonvicetes aré the desired m croorgani sm species,
secrRigd RRASiF VNS NesMeHIE TR ERREARSC At iDRe @atdraplel (nese can
u ny
M, SR b S O BRI TR 1,
culturing conditions. such as 25 different nedium
[,lg‘omposutwlgg rgblfIgcg_qu&c%a{url ng tenperature, etc. can
be "apprli m cr o6rgani sns ot her than
[t LactAfmamhﬂpeab@sr mcmaatxam gﬁdesdwecﬂiammexmmbcﬁppxe(@ @ad bdeekenad for
acteria can tured at -15-37 whi I,Ien_.. -
01019 xagltactcma..s l%VH':lelfm(?lb,nIg(fnn.ngn tﬂge%wragga ﬁcrefnmg GSS&\ ne prological
During the mcrofernentati on process descri bed above,
secondary netabolites are prdduced, secreted and
diffuse within the nmediummatrix contai ned within the
macr odropi et. These can 30 subsequently be detected by

t he macr odropi et bi oassay descri bed bel ow (Fi gure 1.
item 140. 1.
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[1141 5.2.3.3. Macrodroplet screening assay: [ 1151
After the period of incubation as described above.
macr odr opi ets can be screened for biol ogical

activities by a uni que techni que ternmed macrodropi et
ssa

acuv@grﬁgg%&gmgé sec et[ed Py gmp %lﬁJaQQl'laQ@d micfdrgarismBnkic¥hkin€S wathin the

e encapsul at éd m cr oor gani sns

ma;rcﬂﬁ&bl&%@i@lﬂﬁxe Be mttédnwmt Fre exammle s astraopy B inipbEgs. 1s gpnepa. screening
det'ect ed . for exa

straing ghpaidsiirst %‘C‘r“été“ﬁ"fj ARy C afré?ﬁhnsaeg%%tvg(i%g)‘ﬁ%:pobqh Rt 59 ribddNn sectior

i St e cultured
5328, quﬁ@ﬁk@xhﬂx &G'ﬂhsnm&l 1Tn)$ r(Lpﬂcﬂmene(ﬁDnrrMS( (eR%). which overlays the
described in section i

macrodrepieieadsd s¢nFIEWHiL- EOT %O ﬁ‘eH‘l T %é"t’f'r%lu" 9(3(?”@5?‘%%“ o pigver of

semi %ﬁﬁc{ Jn?t ﬁmtrliﬁ.g? c&ﬁ&iﬁﬂd LQRLAEd feashenc(staim). FA ikt fveink .mdubﬁm

em Figure 1 represents the toF Iaye{;n
overselm mmrcmmmamm TSR thT Mg SEFRE agFes Where

macrloﬁlrggleeptl)vna s Eea@ B):mbﬁtlse(vnp,ﬁ 'DFEQ/"thﬁ“b@WoI @Y Sdréngiatstrain. The

screening strain can growthroughout the matrix. 155
innitg@egitcell prosteamy vsek & 2araTet foaRiaBIoB I RRE (est Biagysee tem 135,

_. hetabolites )V\:hl ch. preve grot oft 3¢ screening
Figugy palVRcn #HRLLY FHHP IS5 ' orkﬁlaﬁ\ ° gr owtlh ngy result in
[116% 00880ty DN birt beomidet oueinithers andgieel 8t X mg@é 1 PEET tfﬁvﬂﬂﬁstw

[C Figure 1. whjch us | Iy .can L& L
DN@é’éﬁl"‘r‘@}'&rC@“‘Pou’Pc’Fé’ﬁW%@% ZyT %g‘tsdg%a Iy Sdclzjv‘gn _ 6
mtex%gﬁjrﬁ'dcohﬁ)oﬁ[lﬂﬁ, "Bﬁlt:zfds@ﬁlhxoﬂedbﬁﬁmﬁbackﬂmg@ wh"n BN@r dharaging agents ars

sequester DNA-interactin co

not REIeis ﬁly.tgé?f.@gmng-”é agclnggre OB% géo rréIF gocc%vyﬁcom‘* the

nﬂv%ﬁ%p*gﬁm%s piofR-sEAKSE R HntHdusdd BRAIAGY ha@rkgﬁ\@md BWeiall\ if using
amagi ng agents are _not targets

SCreaging en:mmgauxpmo}ardidlof pigHE 0B H@ﬁ’%ofﬂdgﬁnéﬁl\ﬁ‘g Lo ge pulturing
Q. IUELES QL a{lggfaz(deﬂg aff rfu%@{ndm drug screening. In an
me‘BP‘gtSFJ?}ﬂé qﬂmls ér I 'ng % ounds rel eased " >
emBi et Iee Cosl00@s FIE(SCIabIhyU $rfaigy ghm@\amgdgrééﬂ PIpgSSaY k| g generated
auxtr hic for biotin rcgﬁ[g 10 @Qh@tg'r%l = media
with i AP ahcé)““r%a?%nmoesg‘le gﬁ orﬁfotl ‘'ed when DNA o

coxﬁlaﬁﬁr@&inﬁg sagaiesgale firakgmbie dAinpidliio gOstgqr@er'ﬁuﬁgywpmz %uwm and
enbodi nent usi ngT CMA00 as the screeni

v L i

<GB S T B OGS IP e PR pec oy

erow 1Jb:¥‘&%‘oxﬁﬁ%v Ahcr8dreMBG &bfin @ iricovarof. AprtOxim@reli HI0 . of this
SO cvho

. The culturerrE|a 20 ¢y . :
maam‘umérpng@e@emo\ﬁ%»%& %M%R%nﬁre”m%‘}%&“&?ﬁ igh, Toe volume of
Saéhg_' e VEELERGNE SR a’1=-9= bithe siz8BLihe BRBXsamist. @Ry the

to prevent the contam nation b =
ovaaivIantitaooy petes. Ba S0Vl ™ A ipe RAUGW SKFFDt Briregp woere
around the nE 0 i e RRr&th of CM40C, resulting in
m%&b"ﬁf‘ﬁg r?ﬁ"fasqq“aft) %@bﬁ% tvﬁflﬂéd MRtrix can be Dpgur ed

zo@ﬂtdﬁlﬂmﬁu@ohOmmeb@embbeads per 25;?5cm bi oassay
di sh. The_yol unme of.

1&10[}’1”%"“&&5&?& PETSOR FPOY ng% use; % eoqxg'p' Osgglg\ggﬁﬂgﬁlﬂ-lﬁQe&ﬁd fusior

Duri ng
41&?) 18 OV Rlefing PFock At el etk Inﬂzlfbrpﬂls lt®abm\t ﬂneth@hﬂﬁ@f)awqupv the Teporter

gr0W|nthe matri x, exce - ec as 5
genels s FAFSHPRE BEHIL RN BT b S s ghooses o v

Myl Ql ¢ Wt&s af M@Qerﬁe&ﬂﬁ dah BEY $ubscrAEE - mau[OSlClaS" to the
SSh B {r?ltaﬁgvégbund t hese beads. [117' Wen a skil 1 i
midisand esop descirosigse MR ssece &t ﬁ@b%‘ff@}ﬁ‘?m@d’ﬁf‘ﬁi"%{“ﬁ)@ will turn blue.

rie- fusoon £$epbited NGBS & GENIRIP, RIRSREUE® all well
Mpinog%mbfi FerasP e Ogﬁglgpcffnne? hods for detecting the
koM £dkilieddegona(th} amxpressi on in order to determne
positive MDs. For exanple. if one chooses to use a
27
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screening strain having lacZ as the reporter gene, one

can add substrates of B. -gaiactosidase to the nedium

and easily detect positive MDs since test cells

surroundi ng positive Mbs will turn blue. Methods for
[118HeWen pm@smlmmrmrmy ccsseh o @pocdlbiines aswgdeni® stehibs, sREB. layer agar

i_uciferase. known by a skilled person in
diffupirg bigapsay san pe ﬂf@? B ST e BEFE BrichimRssaly Hyswaied in
Figutes® MEls|(FioORES ués 138Y a8t Hgs: Siré @ il Sioassayl Mazd @GY&Hr- ag@lm 200;.
di ffusi on bi oassay can be applled Procedures of th

Aftep gUERg S5 yrefiain PeRRehinca ey then G35 DF gmaerds in 0. G%gigme(" igure 2,
em2:10 VP Clb@ME G- ank L6 fdn't8e yBL o

e i oassay pl at es (R gur e&%@nlo ?g(n{%i%%g)dn the W?e?y\%ﬁu PG

largeesy Far Sappi fesbltirow the fof agtinontyest=t herefoam thes 7 davb at 28°C. The
raeahesded J %392, LS . )

plaig AR AR kR BRI o BHAHE Seore o ENE TGl (85 Srn Figure

2), lpwhigh @mregaxmg sels showd getxmdulat%or Adeaimphiying R 48 hours, 3-(4.5-

tL fgr {] nmycet es referred to be "
aum als at S neny e% e 1élan PREF @'@v&? Pa@@& d g3 the aggrgse

sundmmMOmngltagmmmWeaNMdmwbw’ﬂ (i §1RMdDE Jralika PufBi Erigurs 2.
ich the ening cells should be inocul ated.
“va ﬂﬁl lg{j-bgi Fl}?gl C? ooy %Sr@ne%ot(cﬁeagnc Figure 2. item 1551, Ses
Figutld rmerh\ztao Mis@ gde-séition 2.255 fbir plveoYéthi@t r azol i um brom de
(MIT) can be added to the agarose 10 surface and
cytotoxicity can be visualized so that viable cells
[118hewls becstert MR afdnRARNoF 'ngulro%roax?nsms *:nto% uﬂ'«ﬁégﬂ}ui\ﬁggura?
toxicity should be observed as zones o
compminggire 2. item 155i. See Figure 2 item 230 AI S0 see
1208 8 BLhRNiRard B $hef &L Rdi end 20k b2 Ferdi®s venes are
[ dli covery %ndd i e%ltul |cat’| oﬁﬁo M &7 001 Jan GpEer genss are
eXprgssodiisen ngrqqsm‘rw frovatisrradury. Fif: ammomds:n[wa:hﬁ’éh] anBe@iiSared in =

n i tion zones i nsi de. t he zones
Som\%‘é?@“?g‘ﬁ%r &t mlo ﬁe uc%?”eamg%%s[g (g'd“cné’&ﬁ BeSTERRESTR 1s

sensfuvamhedzoy fmtulfms‘z(varﬁl dvaf of mhﬁﬁ&rﬁkmnﬁb EavRe sk a8\ ace-steriiized
SOll ution cont al nin an anti bi Otl C.

b“adss&éh g‘g"zﬂ*%&ﬁ%iﬂw - t”B“ RIReE AR9 H}S§P‘tﬁlﬁ‘éf‘§é?l§w figodinppgimate. The
liquidspnaens kdrhoied bl ReFRBY uh@dVadueh £RMhYniOMES 19fhctdiEd with 2 numien:
screening strain to the next stage. Surface-steriilzed
solubigr. (ARIGUIng FArthe; @AURPNGE dQ EFBINARASY Funangefeengt af tss sgmching
strai@l ?Mx&l%ﬁlssh@reﬁu%cﬂjéiﬂd R 18041 KBGEIALGon DS co {%uqunr nutrien:
phase is renoved by filtration under vacuum and °t
medgirg PAFEOOrEAnisHEs PhRseRdp Wietnracepdmeplets entthensabbwed m)rgrovs in the
an urrde t i cs., >l im, nat . I
e L L0 i R BB Wty P sByin ervopronctan:
Singd¢ pyri{eg musropegahisma aplrarttread chavagienmast ot devedilcated using a varerv of
te"nﬁ grsoma[ur&lenrg,tb%ggn | at e_cont ai ni ng.nutrient medi um
CFo0r ganicang Oﬁ} B8 BT eaP G KA T AP Sp?“é‘t“s LRRYRIpG Foemucal
anaxam avie b StroNgyt gemznlsaamhﬁnQS m crof ernentation plates
tO r which a'.second copy is made and stored frozen
*-’1 n EFFosE &t e‘E’té"ﬁ"m“‘SPWbP‘é‘% T FFRBE FiUeFedog saahamasaansea pane!
of ahilirid6hialCdialnd ¢l &nitd dnOkcHRf LA AEH stshNn Brobfld Sh¥nicrobial
of techni ques, including phenotypic or net abor ¢
agenth MISTOOETAPERE PERUBINS SRY-BRGTRDIak 450 pi brpcceshrfrarathe conv piates.
the [ami Y Sbr3irBE 246 5ior N GREE  SELeNe :
: t[he m cr ofaer mgnt étl on pll‘at eg canr&?l 2 %ﬁex?acu ggeetes by
165 ffBNAt amgtvisIy @rcz;/g%s nsvlogpnpmwmom@aomooanme AELOBIYE@ds isolated as hits
fronP{cii @R ik Oei GANAiD KIS LG 8LGH s F:RL QL Ak G AL o B e

produce antimcr
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agents. M croorgani snms producing anti-m crobial agents
can be accessed fromthe copy plates. their purity
confirmed. and stored individually at -135 C
Characterization of actinonvicetes by 16S r DNA

obta@ﬁ@p%tpag:ompwd MOphgﬂcatgiem&ﬂl undenidicreat ¢dhﬁl[ﬁ)|ﬂ9 Hhd fr&ﬁ different

soI ated as hits fromsoils and t
soil é?glféatg %&mﬁgﬁgﬁg RREH G rapliiates e e BpisaTd S Il'@iﬂé‘lr Seaﬂ'fnea can. if

desxrdcwerrsnnqrameflvzteheohm sp&ifbiigtaagdcan be conpared for
(122 ,S0 %s enca sul at ed under different conditions and from
“=odi PPNt CORAUPASRUPEES. Cambg ANFSas fromaticappeartsat albes and
subnfceemi b @aIES &Y dnBRiRASISHfioh8 Snl B, SE ence
6‘$S,| red, be further analuyzued fgggi st FZlagaSs?%v ﬁlt‘,‘“"w“ tO persons
skiligf ¥ 1R7SE AfLR &0 Aqigrpmne TRHECTESA) SUTORES, ands"c@f:ndnﬂt:ﬁfnﬁﬁicmﬂs and
bioldokAi Q&lvmlg‘at,@%(_ﬁrpqﬁ Hnl%goor ganismcultures and 5
subj ected to physica chem cal investigations and
17 bi ol ogi cal assays. well known to persons skilled in
(123] hege 't BeeGiog Ecaysming actinemnyrechemingatodsdpiaict ur es,
[124ph}gica@o&RRA GalcREARE) &l - bi ol ogi.cal -
activiti es See Fi Fi gure %h(ﬁg‘f LB m[”f%%]”%micrsd@m"ﬁ is
discypsedip el lpécﬁmﬁalngoaoi weaenyistsd i @ WESiRd0aNH &l

dikd oA Srhadl recover actinonycetes from -
o he posF}tnlgve ngrcq:%g YGBI“G FR %G&PQEB%%&POHHG‘M@P&W to v-

bottgredd6- waiypiamatdmyalmbe afls u.\L\BPSI\M@&ﬁ\ﬁﬂ iRl frSr &ritﬁsé 85&””

ngp ... cont ai ni 20 ugi nL azireonafn
awclo ?‘heoga%‘dsr%"r REFRERIP OF IHEreT Qs ek e tie allmn«?tttob"aas were

mssdamct:ommbs%romhd ARb@dre s reRAdR .m,lﬂgss R Whneflea? {Pmme curface of 2=

adi umICLtrate buffer with 20 aztreonarrt . ﬁ‘gf -

I AR EE 1RGSR LTRGBS TSrsgHn g op %vmhmgr eglenniairgnawdttiRaltan d®east exiract

baseﬁhaaamslmtpeat&aﬁéismléﬁw AL 55 rel ease bi omass

Aiiouots of rel eased bi g?mss \?é;k‘:d]tor P r‘eé‘f"? t8HgT Which
tume tps T s weR remgved Segnin g aftinoekbe Inpssiia iwhicatad bedek@led the

mbrdnt | 9 BRnRa¥\Ek Im ont.ai ni ng oatneal and yeast
e extract © basedél\@‘rns\cfEl ha E"f%& '&% POY i FUOMARY e AspaRueated for up

0 2 tharS @V 8 28 Cri@mrgsluwﬁluihn& Gimyﬁumazf i e Rurtidel BRiracterization
[125 hz@m{rﬁclrﬁ\%vﬁa mlﬁ(vﬁnv ved I)ea i ng the actinonvicete '
nycelia.” Whi © ad’ pen%%“?’a? PRE HERbRessfemeding were Turter

puriiggs lomos@dntth evwedinge heduss. PrdabiyBRAMe g;@,beangg J‘gm §r§atu~ 5. at this

snaoé"ﬁ»r? J.hen incubated for up to a further

C betore subCH ¢ &*’r‘??&“dﬁ%é“ﬂﬂf anéWPf"Fr%Mm flmmufmtahemauon
Repichaes at the lidenatai adtinom2Bert 3i22lR) whe LbRARY SELES QL O N e erm
s 015 oat meal and yeast extract based rred%nul?n gmcm Bifendtypes. suct

i ?Jraflﬂ g}om%’éﬁq”‘ffné{&n‘rl? V%%@SB@?%“WD&EMM]@P ﬁ{r.raf‘uon and

anai ¥k BYUHBISC POt 0% 68dheir HRLHBSE was condyct ed at

this stage to reduce the nun‘E[gr t%’?p%%t T AERIT Pt denucai ciones
Was SHCHCHST LAY Repecriibpedinct exdng tiimres slar @iifsd. 2 Al iR screen
was et ELH=0f wi j ctl nonvi.cete strains were

detect ed by tweJl?lr$= P ?glﬂé ShenatypEEca watRuiy ghle g pgpuce
natus &I@mnﬂupmn@gwmanﬂ otdmah of the@tiesiahy RN TULILOES

Wow‘iquf_r%[- %gﬂ:%g, %p extra n and 25 anal ysi s by HF’IY%§ Sarped out by

thef T He e&bc Pt L Iingsh PSricsieé tige (fangingfirophes ¢ days,
preferabént doal oo homes: agwasedieth @6d 8@n f'é?ﬁovfldl'r 4018 of the biomass and agar
8*& erizati.on.. Once axepni c cul tures were obtai ne
wiicf 1, 8618

eIy BIATY SRd<a T Pt o F e EM490 enisbipws \mm ineccultne of

CM490tMaJ§16 hre@be gohan@d NmPWrisfehig: I 1 ]

pr oduc‘?zj nat ural conpounds tﬂg?@lslﬁtﬁl gh’?f?aﬁh unmc?\%tqp%‘f"“c L1s

the screening strain. This assay was carried out by

grow ng the actinonvicete strain selected for a

defined period of tine (rangl ng from 7-14 days. 30

preferable 7 days, on nutriéht agar medi um and then

removing a plug of the biomass and agar



th

10

P
N

20

30

whi ch was subsequently placed or. a lawn o! i/.coili
CVA00 as follows. The innoculumof ~ CW00 was
prepared by growing 5 uil-, of sterile MHB in a 50nL
flask until an OD ,nn, 0.1 is 29 reached (equival ent
reached (e@uiddent of PJkIU-,cnuﬂib,e Tidlculthe: Wadod B iiigred i &Lrﬂdg\}[ﬁB [0 give &
sterile MHB to give a working stock of ix 10s cfuinlL.”
workipe sfoglogf7ix 1\ %W&grl e cotton swab was then dipped into
1261t hesigdlt bsicad | S [ ked over
[ t wo- t hi rd%%oyﬁgbraggﬂgg%%? fﬁg@g?earﬁl S@H%'Afgs‘%ggsus”ﬁﬁ}% and
streakgd SMerpw ariirds @h serkase 0gthe Meald 245X R§ Inio riNaga kisvipidie containing

a A e | t— 1th S el <
MuclBPBERR) WAL RGOS ad il (DL ot R PR b T
procegwialwas mpeg@edoy erdakimgshe swab akries glotrén@mesl SRt PlareBRO: cach
time ol Tt O ghsure.an even distr laon of ingculum The

© BB TR CLR PP h1Tp ‘C)‘P"’% “ﬁB WergRifrgnied for 4 Fnipkyer
Finallyl, ugagaasmc Whas Eutdront Be idofedd Sl Jak dlale AN R 1186 8 GiafN TG u.

ate. The plu oul d be approxi matei v Sx5nmm
shouif 2 §¥°Z§“§‘ﬁ‘&“t S 17 9 aé‘H YaeB ATOBF 2t #e2 elifpe eilEirs tatshows ooth
marafpeuth At YoukQ amwse 1 2964 0L KRGS 1R

good cross- sectlon of the culture age is sanple
H2T] YePROIYGEIOTRFE 1B OPRBERGSappaisy oéemlrmomm@ammyumwero
ferméheRf ik h 1 £ 2TRBHRLSLRERY t .
| ar ger IE{G/ol urgre swu?!iaég g&%%fp’é\gg%??é‘g‘g&{%rﬁ% %‘g s SiPughgeuon. The
EENUE HIRFBEARS Op Lici SFlcelat RermonThue sgenuweraiciespined 8% 16:8‘ DN gene
ect o S e determn
s S R SR UG8 SRSt ? R TS0 know
in theDyt. Puvied qoompotidgs veart further mrastemdﬂns\d\ z{i‘lbhhﬁﬁk&k_l&n N9 dD anc
o ur|f| d co nds were further
orologtal 38y Eiaslelinis' Gl PR St Dhvsiehsokmsirad bioacuvi:
bi ol ogi cal assays to determ ne thel r chem cal
1285t:ruc5tpammsﬁxq:vimmmm @noperédies and bi oactivilies |
(120 3 i f nlgllflcatlon of the Invention
%1“29] B! ‘1“"%8%‘51 ?1 T R A AP RS DS NS LAY PECEETiBereot:
[130/anid3 .1 heEseanidhidieli soreRh 888 O5R 12887 Bekiple drds3@Listances.
311?{?“ a. Escherichia coii screening strain. DR1234°
3L e e rgpigor sSPErantey:. DI¢23¢. reapmmeops ol it gresistant

gene€ Gkd TSI LRl @chﬁfdoﬂi MutdREZ 3AweIE ala) Rk B9 h%&,,ﬂ onstructed by
mul tiple drug-resistant enes (see Tabl and -

""““Hrﬁééﬁ%ﬁﬁﬁﬂé Uik RaET e Q4 Gl S) (£( edideentab Seod; Cdms #3eHn whoss
genofRhad bdk kMl | yi par 53
strain. &q Méd 1938?&&?{?&%&5}%}% rlg%k&é’éqnt &t 7%&1 peg T4
anOWSF@ng@‘#R)’ﬁE nmemaen sequenced in its entirety,
328! At 7 277(5331j : 1457-: - - 74
S ac@{)rcgl?%req%m& 8569 gl%l”g\)/%coﬁuceé Ee R “{VB%OEPF?ea‘tFF‘Hg“G
comms‘snassoawbs gxawésn tr ambe Tt ooguestanae pened Bisatimesl witkh Gy were
Comm] A aa%de rci al. sources (listed in Tabu
‘3 ™ dr %‘5‘396%?&"&1{88 HaTHE" LT P AIRAIINAE Fromeler frgian was
rcnlacm’thi aggmmsmﬁd»moigr o ueadn asq:a1 9¥RdhEd-ef. @RS 38t 118, |
e cr le c sat pronoter region was replace
Casseé"s%/‘nﬂf t FIE“;ySPormtséT FISPEG: 9R34h et a' . 1988. Gent
30:69(21: 30:-15. The nodified cassette is termed

[133]' 1T 4dkeT Drirg-reSReanEVakitess CoreitedkB Scrdbnibid 83kn FROLS: 5:

’D_%Wrc Contained in Screening Strain .
PTUBREDEAT  Driug YESi st anc¥Cene Source Suppid e’ | |GenBanic #

|
| Am{regiBasiest*  |aph(27)-Io |l“ Taecium [Joseph Chow™ |AF20784¢ |
i | | : ) | !

B‘IOGH]CC

30



| Am nogi vcosi aes* i abh(2' -rD 1 .. iaeciun: | josepn
Cnov | AF20784C |1 30 Aprarnycir. | aac(3') 3V j
pStrept oBACV | Cubis A1414670 P-lactans |ITEM1 bia I
PQE ANde2 | Cubi s: f X54604 Ch| i or an‘phenl coI | car

3RS Wizras70 |
: i - coil Genetic !
Bla@tmck Cent éTEM- ngoasﬁzuwdﬁ (#?@@89 T- V00618 [ X54604

: : ] |7 e

aa n7-1°7 DSMZ 3872 col E . i fns T APOO2537T .|
pi asm d) Sqreptorrycll n aadAi TW”@%I\/Z 387 2 i:col El;

L—W—Ammmanmxu T APO0257437 PTasTHiBys St T eNELAEhdhs SRS, T Mesbbes2
00 E. coil |Genetic Stock Center | AF312716 (#6152):

Streptothngin i sat| Tn7 DSIv1Z®98% (colE ::Tn7 |

NeoRRU2527  NRAS O; ;| |J380%0T TNl @apowp: N> T TN7-[voos1s

—DSMZ 3872 ¢ - el-Lacye : ——
| SpeqHEpRYCiT et Ale2A18491 /T col i GAREMA & SRk Garit er 100257
| 1830 1(#7464) Tnmet nopnnn dfmféﬁrupSUZOO I r. ae i-'s

e /C] " 73577
SR at ed i "AYe cont i gugus S P Stuced PG>
modi fi ed cassette i h whi ch t heiplsyigt i ¢ sat pr onot et

s:rwg%%ih' Vet 'tT'u%b’sLaf%\““ O cATGeY T et TRt g&&;ﬁﬁp’ IAF31271¢6 I

1988. ne 30: 69(21 301-1 |

modi fied cassette |$ termed "ni#i4H 7+, [135] ' -
St d e ta Oz 1988 | D8Nz 380 (RIS 2110 Rb00252 ,
32C '5. Piasmid pSU2007 is a b sul fonam de-sensitive |
derivative of R388 that cont ai ifPiHe Tn5 neo Gene (F.

Trn@&ndodmU UZ, i Agr sonal; 1n7C0mTUﬂ| CEbINGN3872 [ cbB [Ty MDAl TIABTQE_S:T 'i
from pQE6O (Q agen. jInc.::: Created an Ndel [

| resitriction site at p03|t| on PI#™d%y fusion with |

| TeRkytithe €nded,ideblrers| tjeaSee@t at gfz. asGekhd SR iCRotert 1 e¢30183o
. Ndel site a} posi tion 1369'r),1#., nsertion of

| nuci eotide (n restriiction site: cattatq | 01

Trinkta@Aml * Kediriot . al |pow2)000) Aptt oeriacngi
2 gérjes as3act neEl%’liOLb and mtroauced as &

£sis In/are
et BRiQR FEsISi8E FAiey AR gh ekaci n. mvCi n.
modifad @msetein Avniclr e kigptitisar promoter region is repiaced by a synthetic promoter

—-Agent S IX01702 |

(Prrc, Amman et al., 1988, Gene 30:69(2):301-15). Tne modified cassette is termed “miniTn7+".
[135] +% Marunez and d= la Cruz, 1988. Mol Gen Genet., 211(23:32C-3. Piasmid pSU2007 1s a
sulfonamide-sensitve derivative of R388 that contains the Tnd neo gene (¥, de la Cruz, personal
commuiicauon;.

[136] # Modified from pQE60 (Qiagen. Inc.:: Created an Nde! resiuiction site at posiuon 114
bv fusion with biunt ended Nco/ site “ccatarg” and eiimiunated the Nde! site at positton 1369 by
insertion of nucieotide in restricuon site “cattarg”.

11377 * Kao et.al., (2000) Antimicrot. Agents Chemothe:., 44(101: 2876-2879.

[138] **include gentamycin. tobramycin, dibekacin, netilmycin. kanamvein-A. arbekacin

[139] Alieles containing some of the iistea drug resistant genes (underiined i Table 5) already
2xist at certain chromosomal ioct 1n other £. coii stwrains (nalA37. rpsL150. metE:1etAs. Tnese

alieles were introduced into MG1655 in an iterative manner using standard bacteriophage P!
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f 139] Alleies containing sone of the listed drug

resi stant genes (underlined in Table 5) already exist

at certain chronmosomal loci to other E. coii strains

(nal A37. rvsL]50. netk::tetA). These alleles were
transcicBbs GREHRE it Faddel&ied imaam! it '@t ShiryEoursdinBactesibNGenetics".

standard bacteri onhage P transducti on nethod, which
1992. egaMillesEpldSorng Hagpor Bicps, PR 2662 4nBiere GRIp s aschematc
iliustraﬁ%ﬁ behd @ hrBaBellk s_renes ngx%gc%.vn eGnddvkd b8 dofSH Kl coIPE A o the

rbor PreSs, pp. “268-274. Figure 3 provides a

recipieic Steam M@ 1653 . 1n ri"hust, ret 360, e Phévsagiof) gurd@sq)@eramfth“ strain

o B5R5% B S BARE LSEArLR SE00E S 2805, L

't em
by grovligy &k do\tﬁabemfaoﬁchetrﬁiammt ng tirBabroti(, tahe’-' °Stavaimigi with agitatior.
contal ni.ng the dr resis o o _
Tms »Hngn s, F}.,g &xmt’% Eagg El 5%8 #}t&gl;ré sh L?% n?dé Slﬁn 4%, lucos and

0. OOJMB@&: bgn»gmﬁ% T&Gluﬁﬁe«aﬁiﬁiﬁmﬁhﬁcgit e 1d®|§t@tﬁb @ﬁtérakbeﬁln fdl:']\ 711) minutes,
L B braot at 3 C over t Wt on. This
then 200 Bt WU IeHEn ST HE ety aard) Hot RiecRisumigra erowr
at 37 "ﬂ wftﬁ g‘st-guoln%nm R’E@ wik ENa4d0 0 M CUEE): dasladded RABM e@Ciwhich was
he luted cul'ture was incubated at 37 Cin a static
then ‘W&F’Eﬁd foails- €t dshgs wantemeyed by prRHDgIng|thegysey cyltgrs|in apippendor:
c Mﬁ?ﬁﬁn MG, 16650k - W&asSs agldgd. The infected
microf -’%%gwg?%&% 16 at 37 Cwth aeration until |ysis
[140] mamz iircieais. lysafsOwark n@e@k Browabiciidatinsior thhéonoy datzaesifiinsh genes
I then v for 30s=Selk S r Wi
into t%e’ﬁt PRALSTH g@ﬁg&gysgﬁ %8‘[ f ﬁr%g” F’nlgglﬁng m@g& IR i
was giow ﬁﬁmnatsﬁrlgﬂdjgﬁonvrc@emgtnenmnﬁtﬂrwotatmdﬁuﬂﬁ)ﬂxaz °CoTndculture was
m nyt es. }%V Phases in this |vsat ,M@{ r?gjs,ed aé the
then GFBRITRESE % o> IFEASTORR EHRFRIBITIP SR FY™Pd St gt was
resushéHaed tnN@CHREPioeM METIADNOSMITEDS) dd ihdubaed aHR avﬁt@)u rae37 °C
I tem 302). Br|efI%}1 the reC|p|ent strain 15 maaﬁg 3ﬂ1
for 2@ pamTay @F"ﬁ@#v@%l( ) BhABT ﬂ‘?’lﬂ’l YSAIs veps gpmpigs W ip
rcsus@.l,ndgg ctrurd B 1ﬁ’°{lotaéé5 & e foheh nhMRb hiidi@etnal m?ﬁ@@%&n flus 200 u:
roon1tenperature to spin down the cells. The cel |
Neetirat deﬂb? wp@ﬁ@?dwﬂsﬂn%aﬁéﬂ@eﬁf m(‘@? 1Nt FFEKT With agitation.
Q 2 e%omi 5} (86t e PRAITIR Lefe pelier was
Cemfwgr g’%‘ vvent nh{r}n&%}r?b%l ter a&}j dpaﬂﬁe donor oW
resudpysdetien mgu'dMUEmmtwﬁhU@@@) ong |LB<ﬁfEaI IN@I s inerSWRTp gigfaiye for the
cul ture and |ncubat ed f{uwz =Y
con oo S b PR RN Bhodfiof s 25" IRFREAT polPhiflre urined
by sieddilid.on ThksiveilB ggwplmscomnmgwélﬂbMa-au’awmhdh ercuiarfon @vemnight

R with agitatjon  Cells were then harvested s
o 37 i R BB R R B B e D ymerase
chaiPflab®n (PER) a{aeﬁdéﬁpﬁa@kectmw&&ﬁwmﬁ%%mu&:wtm 288l as
spread on LB agar plates that were selective for the
descripion Reochgp g iradedpdicR AVYLUR PACKEEHIUGIE SYIRSYE R ERRcigptide
pnmSZ Lol 2851 SLABLmERH AR REioNES: Erelitfdndsile wh¥re the new alieie
eaﬁl ng on selective LB agar plates containing
was &»@@5 VPEE -using sedhepriameds Wold Ihei s difiercrjisizeg ragme 7or@ fragment
Lesl.shant PHSSE £i the new
it e B A R G B ARMal BB DRSERiirlc. o e
aru gt Sig B Strng caﬁlﬂ &y us<Bhis 8 remmepdof gidmedalbyuores stamgaedesPCR
asgay as .described in Roches 1-ii Lt .3
[141 %f% a&EJa“grés‘S‘ﬁ‘%u‘ﬁ%‘é“syn%“ﬁ ST ch8| i Sgﬁlﬁ%?E 48@1 o ir Table , also
see E&?ﬁﬂ’c’(@r gerd 830,00 thde @’ sV &atdre i\mmm:rambd thysmd’dardDgAmmmmooou
of the chronosone whe al | el S L ‘
recomerApor FERORaE BT Doaptle e B i YR 2y B e
sized fragnent. or a fragnent 30 with a dlfferent
sequence. as conpared to the3¥il d-type parental
strain. Once confirnmed, the new drug resistant strain

could be used as a recipient for additional drug
resi stance genes.
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[141-1 Part of the drug-resistant genes. for instance.
Tn7-associ ated genes (italic in Table 5. also see
Figure item 31C . e.g. aac(3 )-N) were further
i ntroduced by standard DNA honol ogous reconbi nation
97(1 e dode Ser Lbe datsyt Imtcs?e‘iﬁléd~alndi W& PareneNe. @801 356PDohor £ coii.

C& 40-6645. See U. S, Patent
Sﬂm{%%%v @5592&‘ an%““t‘&“%‘(“p ‘”é URE! @eraeq 8g0verslsq Gpntgined some
of thedigenes (8éth ahderiisAdng Naiidie TRbie[H) aghvaved thdk 8rdRMButated forms.
Theeio@nNsduction as described above al so cont ai ned sone
PETEITY AAYIEUGRAN BV HELRTANER T RRIOIAFRIS rcambmanen Fedssesibed
neredijer. THROWRYLF=sistaROEnNEY Bickddr W Shedsibf MBiro J—W BFRLK @
" funct i onal copy was i ntroduced by honol ogous ©
OlgqnECIEAe PRMEENACONBEEY PHBAOZOEERENEas o UTEHarzet genes and an
addif6ndf=3ES RIndfbe e RE: thesized
lV| tro ul?i ng PCR wt h&fm l"I%gonuc: Sé\%?ll e%ppxl ?r‘lérns] ?ﬁg?" For
instagem tainpRELDA 6 PHRESgUalsd ssipanc esnctcesstireditfarsgetadyenestnabids gene
locu@Bt th@fdiphdnf ], 8‘?’9'9? d cu
oeh rormslgrrg Blaa!w u@ t gﬂgr%lc]?gfag%t o ¥ éll‘gn tl'h‘i;apltauzed portions of
thess prathern bxeqnauz;d |t<n§a=/r teoriphaes IDNA Jostr&ﬁﬁﬁm @dvatireLs bStha iBRtance gene
CASSE dhfrl-sat-aadA into the bi oA gene | ocus
cass‘qf at"ﬁe recdlt%ﬁ%ﬁﬁm’é’t‘?ago?lm PhETET PREPent (RetisdMennheyp) @ergrany)
LongAEBxﬁpM&EEKER S¥seenc.aPinet -280i peddipionili seqeenef ofkRest BBSShucleotides (low
gmr}ré(fn br|rd| zed to . Tn7 tenpl ate DNA upstream and
case G EERLY H‘é"%ﬁlg%‘ane*goa’@ﬁgnal E25S% 611¢ @ thpEecipient. in this
instaild, @il PeER=abquk (T dokad | The BER bRGub A $8L arbt ABNBNL was c
(Roche (Mannheim_ Ger many) LonguTterrpI a% e PCR Sy ste n%mmu e
1nto gpeciaiged iirat §iVY 153 Ak obsaddrame s epiéSenetic Stock C"m‘" swrain &
7739y 3RS BREFSRSauoh SWovi ASHL L S @ orc
Sgor‘ml ogy with the chr oormsorran?a{ng%g[g?’g%l{ 81?) fBlORad (Rercules,
CA)Cassr Briser mojig #16F2976. fnsttantiews citdwoporauck ofgheol d]zcuﬁnb-crossovn
P I8 t t he above reactio
mor e P T PO L ool e LA S LG gPinass presont
the S(Labts@hﬁléé (#7666}, PHB T8 (#7198 SesretiInl 1St{9"£9r90§eﬁ&tﬁfed beiwedh Ehs#moh
10"uso§§1)>rcb St agggrd ﬁg,% ratlon follow ng the o
“hanut ac pu“r L S AP f st ‘& e OTP@FE‘&IY@%‘ODQ qepjened in the

PCRCarierPus dstripetbeN:. #306201Gne fr9srmisl andatfhe resistance cassents into the
ei ectroporation of E. col. Double-crossover
DioA, 951 B GRS YRGS FgHHE o e d? ‘af BY2d¥pntagRo! this srategy was that it not
oniybaebRIcEOR0 296 1R bR RRdaik CEQ8BE RAREHSRIE/D A o endering
. strains pKD46 [#7630;, pKD78 [#79891 or pKD11§ 79§
the recigiEBiRRP b EEERH 1406 A BAIoRIS (et on bfotnh dMillet | epile pt 437.
OncS a3 ANehd REEOR dLadu] h S above). the drue
ncr egi ons “desi gned in El%d[gﬁ ﬁoxhﬁd%ﬁgg%spngscrybs“daom - the drug
resIgdGYencodus ipaus m@m e Bh‘e-qlrh@emo Sleval] wlahmtxd)nutgd into tie same iocus
s tlS8k SLANG SSE i e . BioA | ocus of A
of i FELSLATEEAR SAM & Sl By e Redintrg vt e e Fie
nerrsftllCat egy was that it not only introduced
ant .genes.. but also deleted majority of the
el A BT R Fiun? Hipe TPRGAR denehORTSS Wi og6pes o3
nonﬁbfdst@ui ﬁ%ﬁﬁxﬁiﬂonaﬂdsﬁﬂw JD@{HNV@F‘ E6BlaYo 86hil Bliduee 1o rimethoprim
|l er. Once verified by drug

at 1“%&?%%% é" aw&ivé&“érafhfétﬂrlbﬁ DULTIP! i SHGPIOUTICH (PERcHB@mYcin (at 3
u nﬁfsa@@m@ey/ﬁi,rninh&nd nds . G
S TS DA o) PateteleBOR Gl YAk Bor 6 U T WBhrex: wa
crypgia e fogrefgciege XPWégl‘PPecﬁﬂﬁlsémSUﬁ@rﬁéeh L9 . $8ireaspaciBy insertion of three
ngacd, L ~a ) NE.nAl SO s€
il b LA R T G
drug-resi stant genes inserted into tine bioA |ocus byy
30 honol ogous reconbi nati on Hs described above were
found to confer resistance to trinmethopnm ,at |east
10 ug/m; by virtue of the dhfrl gene) but not to
streptothricin or spectinonycin (at 5 ugim and 100
ugirri. respectively). It has been reported that the
sat gene in the Tn? context was
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cryptic due to inefficient expression. See Sundstrom
et al. 199" _, "Site-specific insertion of three
structural gene cassettes in transposon Tn' l.
Bacteriol. 173(9):3025-3028; Tietze Brevet, 1991 "The
auab B t-hont i . T contalrls
Brove 0 IR B 3G LRSS S e votnmci
resist@fse 24ng-" 28 mid @3i216r28ask mnireasfethe omsess:omxwﬁvmk 77 tofi@moter

sed to re weak pronmpter of
was ule SRS B RSB o FBs T T DI o e Prog amplisce
usxnvlﬁlb&ﬁlc@bﬂlmﬂrﬁ{ﬂdﬂﬂeorﬂﬁlhi‘@fe&lcymlh@ﬁ]om&ﬁonﬁduﬂsﬁé?ﬁ‘g sat gene
honol ogous to the upstream of sat gent 4-7 (in |ower

(n lowgsease). WGk fpat H‘at‘ecloﬁ’@“’laﬁ%‘ﬁfﬁ‘lﬁ%ﬁ FGAanEAe dsgsenieccd gV argper scheme
r°§ultt€:@ ifjRpiaeen: Nde NBRBGE: REHABE re i GSWiL ﬁld sbﬁhﬁtﬁﬁlﬁlﬁ&%ﬂi See
of the native sat pronoter region with the synthetic
U.S. Datgnt hoopBi ot 12 @ed .S Pagnt Pat @a9 08¢ Gha3csuldiDsuand nvify the T7
promfat &tk e A0S bol 8RNl 18 SLLALASAMN I ini To
pronot er SUDSTitute were resi stant t th
gene s{isri@m o Yani tyi the A grosoes tiap mtwﬁuned 1'ﬁtuethvka¢rmeumm scréen strain

(MG frg%_u% {:SS‘“M ?{M’%O el "%ﬁgé eé‘Pée rF"§t Fé‘fsﬂuﬁﬂ Ses Figure 3,
itemGMGl655(rpsL15O in Figure 3. item 305) by P1 phage
nmedi ated gene transductiort. See Figure 3, item 310.
[143] Table 6: Disruptionireplacenent primers to
(143D eTedled: Difresl GiBpeCnaSHahdre So bsiRhid RsisRRIQGRLUS sed in
reconbi nation by the method described by Datsenko and
homeigyg recompinatiph Phﬁ‘%&?&%’@&%ﬁwgi 0y Pawssnist and Vernnger
Targ2uhd ERccERRHENERud-REHR NOPr@&NE( S)Erimd? idkencd¥ OOt ET T
locdsNSef ked bi 0A 434423 Tmvnahai upbi o
atgataacacaca@tm&gccttzga ccaapaccatatctaacacccatacG |
AGATCCTTGT TTAGSEGEAG Tf | 7dnbi ¢ at gt ~~catc, ;-
bio#~gt acmgeacagt trar *accgct acag«bsagalcgcdageaaﬁﬁéqaﬁcfl&&é-cLc«-g i
X907i5z, aac(3' -1V aaci GAAACTTTIAAAACIAG - AGG-ddFLIG-c |
" $39 AG) AATCGTATTCTCCGGTA@@@@@ATumm:scﬁc T |
P, 0G TAACTG aad14BAGT GGAA e |
enc. ¢sgs GAC,\/IG TAAANAGTTCGGT CBTCB&’@G"T@ME@AE@@E@A@T \
iivC MIO3:  ca: itvG cat's CCGAAGTACISTARIIICTSAG ATG -

csgh OT@ TRANA O - aac- | GAAACTTTTAAAAGTAGTAG ARTTS \
- \s _cses l CAGCAATCGTATTOTOCGGTAGCGCE |

l

|

|

|

GGTCOCTCACGETAACTS (
CAGTGGAACGGCARAAATTCOTGARAT
GACGGTTAAACAGTTOGGTGETEETE
| TCCGCTCATGAGCTOAGS
CCGAAGTTGAGCAAGCGCGCCAGETS
| CTGGCAAAAGCGCAAAAACCGATEGES
CGCGCOTACCTETGACGS
iivG-car? | CGTAACGCCAGGAATGTTCAT BTG

T
I
i ; _ | lAGCTGCGCGCA"TGTTGCTGCCAGTC
: 1
i
1
1
}
I

| | | aac-

| : | end_csg?
! : .
|
I

iivG I M1Q313 | ca: { ivG-cats
| i

)
! l i
i | i
|

| [

APQD2527 | Py, *= , satproup

Sa:
promoter

| actagTtaccaaatctggcaaaaggan
. CaaZaagrggcagcaacggatooglT
GGCAAATATTCTGAAATGAC

| satproan ggtictcagcatocaatgitooogos

|
|
l
TCGCAGTACTGTTGTAT |
|
|
1
|

|
| ! : ia:vtcc:cauaanHacccaaatc:: |
} | ; | i CatCTATACTTCCTCCTGGGETALCC |

[i44] = Sequences in lower case are nomologous to the corresponding target iocus (for

homologous recombinauon; and sequences In uppercase are dssigned for PCR ampiification of

tne corresponding resistance marker(s;.
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., GIG0O  CGCGCCTACCTGTGACGG ii vG cat3 CGTAACGC

.. AGGA ATGITOATC- kCGZ AGCTGCGCGCALTG TTGCTOOOACTC

ATCG AGTACTGTTGTAL | Sa, i AP002527 satw our

at aa=zaccaaat ct cr gcaaaaQO0= pronote, -
[145]t aémﬂggeﬂﬁﬁaﬁﬁ'oa&&ggﬁatﬁﬂgﬂ caSSEEAAATATTCTGAA. ATGAG

sawoan i agr ~- 'g%aq caatgt ~ccac
[14614cc é{ct‘t‘&g G AUBVEGHASH TRIACS] {2 PEORRIAEr SoTeETaeaEAeeD of sa!
and a4® gdnkd#H the reSERUMR BGQSIdeNrh@wer case are honol ogous to

t he corresponding target |ocus ffor honol ogous

reconbi nation;; and sequences in uppercase are

.desi I r.respondi n

(147,08 REbel UorP e BB R P B el MR R e
responjipie fOIfthmBloq:\emnvsr FADYap a&mxeess@ntmnﬁjméms. Risniting $n thb@ecipien:
_ r ieh rep s sat_ pronoter and drives
strai, %Yn expr e SI oﬁ1 ocwhon to bz quaglgdubg £90 hr‘isﬂ%ns?be‘s{ﬂ Fughsvntnesis
and z@Grgeeﬂreng)mxbrealoﬂmn Syfth&d o Ae gesti wbethithpy@rgstiR€loc:. The
Lgtant cassettes re inserted into sone gene
aaeC GRS ST S Rer P B2 B S e isR0R i G 405 PG ot 0 disror
ivG mem #b PeesTabit] @l ARYkEd BBkS 3. kesybi0 4@ 330, t he
i pient  strain belngﬁauxotro phi... in addition to

“48't h W%P‘B&Q“Pbﬁ%a‘mé‘%é‘)& s, émrésiﬁ%ﬁbrb‘l*aék@%‘ﬁs‘%rﬂ [Tjable 5 were isolated
from$¥h @sqwrm@n@hnb smagaanmle&eemi»%rﬁﬁno rseé nﬁ)@%m BRRr, 1980,
of Ile and were al so the targetlng ocC
SamiraeX g o) Coly Spans Heroer fress. ased21-87.def étee uahgomsygAnigame
) f S u I n
apme,ghat n@GqFosg%éSane ap gw%@a&o G35 o gaen‘g)hée ﬁ%&g ltcgn ah
[149BZUnezamdt QBQSU'{I&QRLZFMDW@ easibusiszd @bnt i desingi driierasggin: gdnes iisted

. he: resi st ance mark isted . were i sol ated
in Tall B AT W hneen 0t sl M s P glspepopesertes
abovtelcshnvem udmg s:smalﬂbé eatlimalvzéd on tkﬁgtan&arg &Qmmuﬁamifnﬂ@k er

bor, Pr.ess, and_then
concBziop SRlecesrayy D VAR DS FOBER L iots 1 e OHer APApARES acuvic
of roR)wSinetided Hoslared £RRAGAL. T DMnudRe, T9(9e-53 and (heMs3BKas
15 (1491 The screening strain. DR1234. was established
summagzed iy gblyasi red drug-resistan' - genes listed in T
able 5 had been delivered into the parent E coii
strain, MG1655, by nethods described above. Its |evel
(150pf Tefieig Mgl iapeborngencsawatpne MEywol ﬁ@ngwiam@gdnsn : coii
[ i-R [ [ ( M enes
MG L (pan ot TR 120100 bt SRR M an: senes
nad espitndorpprate infooixibuhnay tiose, whase Icaﬂnﬁpamq)mg/xlnsmtant genes were not

Drﬁs%alln %ﬁ%tswc.,mnoé{]t | biot, 39(5):660-8) and the result was
‘ Urrar T 28d 1 h Tabl e 7.

1 I
l

ir\nUD)O[‘KC

[0%)

Chiorampnenico! 100

)

| MG1655 : DRI23 |
(Actinomycm C .' 5C i 100 |
‘%A:nnom_vcin D 200 , 106
IAmpicilin 1632 ] 400
Apramycir, ' 3.2-63 | 400 '
Aztreonam ;01 <005
[Bieomycin | <0.2-04 ] 0.8

(2
N
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[150; Table 7: Mnimal inhibitory concentrations

| M C90j of antibiotics against E. coil MZ1655 and
DR1234 in MHB medi um DR1234 was resistant to drugs
whose resistant genes had been incorporated into i:.
but not to those whose correspondi ng resistant genes
were not 25 present in this screening strain.

Anti biotic M3 BhbmdRiaszl | [ AGld NOMVCER C_bO 100
Actinonmvcin D 200100 Ammlcilliri 1 6-3 ' >400
Apranycir. 3.2{8UmOmHsic Azt | eoH¥m 0. >4&0. 05 Bi eonycin
I <0.2 - 0.4 OBynbftPT ambnenkco | 10ff;~3ti Couner nvci n
Al 12,5 3.2 Launorubicin P00 >400 j rytnréonvcin 25
100 | Gentar ni (°A20IB 400 | Kafdnvgin 98- 116 >400
itomvcin C O. Sgggm¢ﬁa||d|X|@8@%|? 62310 [ Neonycin
0.8 100 etii nvedlr 6 200. Spectinonycir. ;12.5 >400
Streptonyci n 3Miomysia§o Strepﬁonﬂgrlﬁ 3.2:3 2
Streptothricir NLifixic adi© 290 gietracyg)ite 0.4 - 3 2
100 -~obranmvcih-0.4 5C _Trinefiiopnrr <0.41>400 [ 151]
S.3.1.b. col; &¥pBif ng stralﬁ3CNu66 Knultiple drug
resi stances ang gHxoRT opm es. 6[1 $2] *ﬁc SCreeni ng
strain, CML66. Lis a plasnid Lt ee mulT1ple; drug

resi st ant Esch&@%@wmaw00|llostnabm thaMJls constructed
according to t Wy progedires:, —Hie; dr ug

resi stance gene II(lgh‘z:,g]roorated info Ci%6 were

obt-ai ned fron1ﬁ@tﬂmagaden1c ahd connEEC|aI sources as

shown in Tabl T‘Sr:%tothrtlc?l]” L”'UOJI I_J g cdé)—ﬁr cnllrb\/\B t he

(2]

expressi on casset of sat-aa A driv byiPty,. and
'Tetracvciine | 0.&-32 | 100
|
[Tobramyein i 04 ] 50 !
| I !
Trimethopnm: | <04 >400 i
i : )

{1511 3.3.1.b. £ col: screening strain CM166: mulupie drug resistances and auxotrophies
[152] The screening strair, CM166. is a plasmic-free multipie drug resistant Esch;;richz'a coi:
strain that is constructed according to the following procedurss. The drug ressisiance genss
imcorporated into CM166 were obtained from both academic and commerciai sources as showrn
in Tabie §. Item 410 in Figure 4 shows the expression cassettss of sai-aadA driven by P, and
aph(2""}-"Ib-aac(6')-im-bia driven by Prs promoter. Item 420 further deraiis the multpie drug
resistance genss which are incorporated into the screenng strain CM166. The detaiied

procedures of constructing CM 166 is described below.

[153] Table &: Relevan: resistance markers

Drug resistance | Gene } Seurce | Suppiier | GenBank '
Aminogivcosiges** ;aph”‘ ’»-1"0 |E. faecium | Joseph Chow= iAF20784C' |
iaac(6'-im | | | AF337947
Apramycin iaact 3’)—1\’ |pStreptoBACY  [Cubist - 1AJ414670
B-iactams {TEM-1 bia |PQEANd=? | Cubist=*x= | X35460<
Chioramphenico! jca.-‘ ipK.DS |£. coii Geneuc Stock Center | AY048742 :
- ' l l#7631) :
}Naudxxn: acid nalA37 [UB100:3 I£. coii Genetic Stock Center | D9085<
| i (#7138} i
| Neomvein nec iTns £. coli Genetic Stock Center. | V00618
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abh('2 -'rb-aac(6')-ir n-ilia driven by FT5 pronoter.

Item 420 further details the nmultiple drug resistance

genes which are incorporated into the screening strain

CM 166._ The_det ai | ed procedures of constructing CML66

'S described bel ow. | 10 [1531 Tagt®:8. Rel evant i 'g
WSpe{:tﬁfélfns&Tance lGBRLKET'S Dmg resi st am&'m@u?rtﬁ | AP002527 |

Suppl i er GenBank Ammnognvcosi aesédidaphi  -1b | | !
|S[r3‘D@Qﬁt1ﬁtl‘l‘ Jeseph C vk AF207840Svaad®7Cicol3iNTA7 [ |AP002527 |
| AF33794 ADranvcir aact: 3')-JV BBsmeot oBAC V Cubidt 1 |
lsUa@mM&AG?O Brd aat ams MOENK| bi c | B GeniNdeatk Qahiers tyAFM 2716 1‘

| X5460-1 Cnl or anpneni co: |lca.l#§15sKD , | -E coili
Srdgemieicinc St opk: Cent el TdY AYO48742|2)S(I\WEB'“1<)olﬂ\laiInd| Xi; cAP002327 -:
acid nal A37i1 UB 1005 i E. coil|p@smelic Stock Centler ‘
TnDeodma: | (#@h38) | I TNEonvem ned®SMB3872koliioln7 GenePpe2sz7 !
Stock Center. | V00618 | 36 #7@8pmidSpecti nomvci n - "
Tewm@pAny  Tn7 t@@?%%’té‘!(b%Eﬁ + - THY ciPBeRsStock|Cepier ‘101830 |
pi asmd) St tonyciin aadA Tn7TI#7406MF 3872 (col E1: - !

quW\'#\POOZSZﬂthhI asmi dTnd St r ept omfe ekl Hﬂ%LJS@H@@MOONO 70“
E__coil GCenetic Stock Center AEH%38%5 1(#6152"

154100 8L QLN i0Bh! AndmSat, A RSMEGRL2 46 A0} Br78-2FRT
‘AP002527 plasmd) Tri. et noprim1 dhfri | Tn7- DSMZ
{155 BWanlwnﬂentmwm wonm‘@zsérpek@% ASWingc1in, kanamycin-A. arbekacin
se1l €145 6Lt i -GAG
156 LEL IR oCRIEGHE i C A S b 5 o
114tE/rusom witGeet ¢rme$i\/ock81@emaemc’)®m7ﬁ®®unate( w2 By 51§°J£pq>smon 1366

An d A Ch- - h
by ‘“ﬁ%&"i‘b?‘ “u2'§9%ﬂ22‘§‘?‘9§m‘[utfg%']r[u Fag‘%{udl ggngznt arrygf)tn o

t obranmvci n. di bekacin. netil nmycin, kanamvcin-A.
[157ar belodsirtic MABGP (NModilf Gemetid $tonx E?@@OT@QJ jere gdnome jhas been

Created an Nd reS|tr|q 08 8l tecat.
ot ER B DR CGH dicl T0 SEEME1 DB FCaarar g 4ind - whs cnoser
as the phidhidabi@dot r.he\,mmls 'S:hst feliatinp 08 pérRtrahd6Osraktpies were taken 10

insertion of nucleotide. in restriction site "cattatg".
introduce the uruo resistance genes nto this strain.

[158) Some of these drug resistance genes (other than the ones derived from Tn” sources) are
alleles aiready present at chromosomal loci in other E. coli strains (nalA37. rpsLI5C, metE:eth.
Tns (neo. bie);. These alieles are inwoduced into MG1€35 1n an iterative manner using standard
bacteriophage P1 mansducton using a Pl phage lvsate mads on a donor strain containing the
drug resistance gene. See A Short Course in Bacterial Geneucs 1992, ed. Miller, Coid Spring
Harbor Press, pp. 268-274 and section 3.3.1 for experimental detaiis. Aiso see Figure 3. The
drug-resistance ppenotype of tne recipient strains was conilrmed by PCR ambpiification assay and
drug selection assay (the viability of the strain In medium containing the corrssponding
antibiotics ). Once confirmed, the resulting strain (the intermediate swcain) was used as the
recipient strain for the further aelivery of addiuonai drug resistance genes and otiier genetic
raits.

[139] Resistance genes tnat do not reside on the ciromosome to start with (for instance, Tn7-
associated genes, aph(2”)-Iv, aac(6’)-m. TEM-1 bia and aac(2"}-1V) were inroduced 1nto the

screening straifl, Of DrECUrsor strains. using the method described by Datsenko amd Wanner,
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[157] E. coil strain M3l655 (E. coil Genetic Stock

Center # 7740). whose genone has been sequenced in

its entirety (Biattner et ai.,(1997) Science. Sep 5:

277(5331 j:1453 74) was chosen as the parent strain
2000 fSee L.hPaEGMLIS6. €. 33t 201U H\iarn t Naot o e56. rargésstance gene(s) of

strateqgi.e re take o] ntroduce the drug
Ineres gTE f‘g‘ﬁ’bé‘z\é\g He¥t? RY EC%’ W&’&FP%‘?%“S‘W‘{”%%O”%%‘“%‘F that
contald Eesedlisi@ed RS PERADGMNILRNLSs (Rl NEapbldRitnaid?€ 50 BS Bomologous

derived from Tn7 sources) are alleles aireadv present
SeqUERESSAR R GROTIORRUPL! &R SR ot her E. coil strains (nal A37 .

11607 Gk irGncTRl-Fe8&hdte cas-gxlg?:a (:ﬁk%Qimcbﬁlg)z)nh( e 6 aal QP €

‘are introduced into inan iterative manner
combiReid AREC SMAW @amombaesxmnce p#agtee #d thy epszheion wem duwiniy aTls

v Sat de . in ole
pr"maL %IB?’%{S?I% a%cgpyﬁnero OgaciQShorg tnch)‘ur s“é&l%%?%&]ac g%}t{ ar a singie
imkeﬂaemetmmi 1e8aym SEI L7%) brdeligate@aneh tS@NkiElI/Bé:ﬁHHaﬁémif the pQEANde?
o § Press, . PR 268- 2 and sect If‘?‘ﬁ S 1 for exper| ment al ..
1 ”&ét‘%ﬁ“l g Alpé‘H“%‘&e P?@“GF%‘C:%S e 1%9‘19@“? S PEYOgRwere: “aphl-Nde !’
- cphe szm%mm@mugwanc St rakrgpMRsLEANT §tmed by

iification assa and drug sel ection assay (the
C““C&MH—F AGAGITAIREAT TR ATEACTE i Ths S@RsEPhPhgP(Re-To and aac(€’;

Im iffQL FRPAPHlaBRic, 3O 18D Qbds GRdd:- thVGrof 81thi TEBmAdI® A fnirg
resulting strain the intermediate straln) was use as
resisanes 2enadiip iveas ampliped with te ohipenyclpopieprimert i ‘haryBagfi1”

o o Si 6 ene Rthers. geneti c 20
C“CF?%BCE f‘f‘ljg{bz&l‘gA sdlﬂi aﬁEngehe%]d?%gat 0 ot reside on
wmgb:eag:m'mrmsﬁmresﬁmammem h! (ubmg pQEANGIAT 65 thd fempiate. The

associ at ed genes B aac(6')-inn. TENT-l bia
a‘“P‘é’hr? TR 52 fax‘}}vd\ﬁé?rﬂ d’PH‘E oﬂﬂ\ééd"‘f‘hﬁ BPSIRAM of Br @FaRgeription star
site SoViaing a sPacePeREdatlees oA 5f al& 6Nl A€ tBEROSF big in the final
descri bed by Dat senko amd Wanner, 3'" 2000. See U.S.
mulyRi¢-g3ne-oREeG . Bumbig ragmeny vas pgred o s BaglHH (§éhe] s82s ofpEM100,
gendrfink HARRENREHN0 ‘otvmch RERLRSE (RREusY Mipecic 45&151%” gene cassetie
Vit ro by PCR anplification using oiigonucleoti
(Prspph(RErls -uac(f’ - 1gon bigiTenbdits: seediede eBndf eptireR@fens inciuding the T3
prorﬁé[gijffb'a&ﬁﬁlhgc?uﬂﬁv WGMIO itﬂ@gﬁﬁ:ﬁf&%cﬂn régmbfp was then used tc
onol ogous sequehces to a chronpsonal target Site.
r°p1(c:b©ﬁlbniés¢malns¢fa’rbceu" nérgod @mmedmy@mcemdéé amrccddom gSe= U.S.
Da.gh ~4r) | ( r i or
Pate" ew co“‘“gd'2 tg%zf%gsggﬁcegbdgasset e%alhod‘“? cé’xlbr‘ °§‘§T Bﬂm T were
used/\msmdrlac\mmcbymaruiiﬁor proapkiRt” 5°'Speci fi cal I y, the

-rb and aac enes were lified b
e R R A BBE Ol MRS, L Er AR 20, B PO o
‘WHuk g'at ed‘tabﬂhélcédﬂ@cch@@l,éﬁﬁtﬁﬂgg&da@ﬁcﬂzfct%@ﬁgg peANdesT N
th the pronoter. The sequences of the
GC"‘T/i\@BﬁdaT&otvu d%‘npﬁqawa" ipaippercasg Gioridigggdo the'mujgpig dmg resistan:
\.asscQg@ﬁ%agﬁﬂ_ﬁe‘ggm@@onﬁﬂoﬁﬂgm ﬁ%@z@é&ﬂﬂna mediated the
cggcgggat ccTl " ACACTCTCCATTCCA 31. The expression
sxte@pecapvrr(ommcra@uarﬂﬁoaa@em -Top ﬂrstriunmph of e sasistAnpgpalicics ang casseties
is srmm%rﬁ%% 20"3e & ontct}%z&f);marrgétu i Je38ueli3n biorig gnd
not er resi s ance gene T Preg"
mvtmohmvhmnobmgsnucl eotide prinmers "bia;-- BarTH ;P 5'

6 O S e R T e B By Misk -
liquRiGlrediNe @Rd &1 rkdutrs verguuaimerzethe Tadrys. CM 16d if leagamnd aniibacienal

contai ned an additional 55 nucl eotides upstream of the
bia transcription star’

were

38



site providing a spacer region between the end of
aac(6')-Imand the start of bia in the final
mul ti pl e-gene-cassette. The bia fragnment was iigated
into the BanH /Nhel sites of pCMLOO. generating the
agentg yigterreeitant gans e ls paghinchrroocaitdinmetis sinan Mok hoqab Sther antibacrerial
DLt sistant. gene cassette 20 (P-r, avh(3" -rd
Mgs?‘%géksg{s@% geﬁ‘“f T 1g90§5?r§r53ns; see Fig.4' . The
entire cassette including the T5 pronoter was

amplified using pCM 101 as the tenplate and the
(162, &éh@nsﬂ t"l%é“ﬁ‘%“éﬂcww%sp@\%ew Ohripiesisratana gl ol
5 by wiaeseidaatiies mriibedndiuiat senko and Wanner. 2000.
See U S. Patent—No__6 355 412 ; |.S. Patent No.

6.509. 156. The lAmitiamii ng ol ipgcmsi ec'pcghdeﬁaor,?i nmers were
used for the idclZ locus disruptionl "TS-anh2 '." 5'

25 Acunomycin C ?50 150 i
ggt ggccggaagge JRARBHUGARCal gyt tyagactat cgaat ggAAATC
ATAAAAAATTTAT' iITG-3' _and  "WWta 1" e

gt acat aat ggancghPEEY!r gaaat dcghgcagaedt gacct gceegg.
TTACCAAT CGCTTA G =3 Lo reSeqpences in

upper case hybrildl r;d@%%r'fo the -Br'r%ﬁ'ti pl Leg‘)'%)gr ug, resi st ant
cassette wi |igAstpenaseouencds! i n | owdr0scase were

homol ogous to tEE LA Z toctug and negiated the
site-specific ol ogous recoibi hatifon. The

di stribution of/Chibgmpesicst anice al | eli@s and cassettes
30 is shown in FEroure-i 26 e bt i on of bi 0A
and metE loci rgsulted in biotin and net hi oni ne

auxot ropni es. [R&&trubne | evedooof drwgioresi st ance of
CML66 was esti nated—by—M-E-gssay—earried-but in MB

li qui d nmedi um and tHe Fesul &5 wer e d¥fmari zed in Table
9. CML66 is reshstuamtint 0 antddact erigalpp 3D agents
whose resistant < reep—-Reorporated into the
strain, but notPtG Sther antlbabteriPAC diugs whose
resi st ant genesMbey:rmod:. i ncargporated [ 162; Table :

M ni mal i nhi bi tigry—e¢ 4 4.C90) | of

anti bi otics agal ASY¥EMColi ©5 Ma168*% and CML66 in
MHB nedi um AntiNbércinC MGL65%s [ CML6Gys TACti nonycin C
50 150 LL r Act{-nomrel ( ppiciblin 11.6-3.2
>400 Apranmvcin. BU5YE"3 1200"Azt r eortth 10 1 <0. 05
 eonmvcin ic0.2 Spudbrd0@ _ Chi praante4geni coi 13.2 1100
| oumermvcin Al'—2i2-5-16-3 [ Jicin 1200 i >40C t
rvtnromvecin (25°9PRFYent afitin P. 408400

Streptonigrin 13: 1.6 |
Streptothricir 0.4-16 40C
[Tetracyciine )4 - 3.2 1106 i
[Tooramyvcin l[)/- !i>400 :
ll'frimemoprim 0.4 i(>400 .

(1631 S.3.1.c. I coii screening strain DR1212: supersensitive to DNA damagine agents
(1647 Compounds that can cause DNA damage are potenuai anti-tumor drug candidates

10 because ramor celis, as fast growing cells. are much more sensitive 1o such drues. These

3¢



wn

wh

Kananycin 10.8- 1 xi ~400 f Aitonvcm C 10.8 13.2

I Naiidixic Acid 16.=. 1800 I Neonvcin 10.8 125

| vetiimvcin 11.6 1400 Spectinonvcin 163-12.5 >400

Streptomvcin 13.2 >400 Streptonigrin u. 11.6 '
compdtnde pintietubeiinied blQcrdeninOodial kkeint AAM& b3 nch-Rinddd) mutation in

i fobranvcin 0.4 _1>400 | Trinmetnoorim<0.4 >400 [163'
the DIA Jefail sysipm. iigiefors ate S¥PRTHGSH YeaP NRIamaze.  This example teaches the
consuBERAY FQBSEdihY od | D980 Sipielardfd vene

Con'pounds t haﬁgg%usg%g &g‘arragemg le uprn‘;ﬁﬁremtgm[ genes similar o
DR1Zgth{5ec se5H0R S arl). andnddidanadls, tiklashecamsatibunrcicebdis,in as

much nore sensitive to such

nypcr&?‘glgggg Rwélgg' &%L’ﬁb a%gsnds can be obtai ned by
[165]s cr ecenstngl MaatEy Lalcozs GemmStomhceﬁteﬂewmn Giroks ! PRk been

n_ir ) resystent therefore are
sequ yper stgﬁ%[frgrve‘a & rﬁf\ﬁ\ g@%g%le “Hfi s 7é?<aﬁ}5ll > Bhic Hids Chasgn as the
parencmﬁt fou DRIIBLC. Mul&-@ﬁ‘@etﬂi;lﬁt@m&id'nai WetRdabrdoradinédthe parental strain Dy
et tains, mlti ﬂ Jesistant genes simlar to
gt 2%&‘ tsec s‘@é‘r. 0 %‘fS‘“ dmg TERRANE EensaMEE, delibered gy Pi
h m@déamtvatlu&ﬁ whdrc b ﬁl@l%“d)dssr e
phag sdu o ebSmPinkoRE W%ﬂ&%ébﬁ%ﬁ%&uon

amagi ng agents. [1651 E. coil stf
[166 Ccﬂ“f ad@l—f"r?é‘?‘l { EC‘%WS@ROWI%Q Bytogr m@‘)‘CSd\Rﬁ@s@'ugmmmcmmes had been
884 HRIMBRELF -k Todut § reLy Bl o Tapid
incor® ence. 277(5351; 1 chl 3 Sk g 2 g erEh (8; 7did 6 bac
deﬂvg‘aﬁ@nﬁnﬁqoausnamms@mwzwmm 5 Bdnm:g 19%5 i"mpmbo gﬁﬂl’tﬁ&xecma,

i strain.b- , :
o5t AR 1SRRI B} 551 B
2:1118&: |1$96aﬁfn‘= gereesl naet hnudaewsvxarreduda:yi 1 300) Uﬂlm@hﬂﬁﬁatﬂﬁ%@t&)ﬂtmmnv

nsd tlon m)lo ous .reconbi nation. and
auﬂrg %‘SE%‘?% P Sk g A FRROinE Sk SRR Halifshing the targe:

screenmtaxtrmramm_further i ntroduced after drug-resistance
genes had been incorporated. The nutated recA | ocus,
in which a cat gene was inserted (see Table 10. was

[167:derabierh: Waioad réie i fesiShi@ Ma@esCri bed in Wanner &
Boiine, 1990 "Mipping and molecular _cloning of the

D”tﬂ'fnm(‘ﬂi‘g"r D) }Fﬂ‘cus‘sf"ﬁ?" phosp’ﬁeﬁalee utilizati onGennBann
ChicsipaEdidon! ac&01 T pxpl. Baclgf D GenetoSiod: 3
The nut at ed recAI | ocus was|ckmzoduced | nt o t he
internediate strain (contalning all drug-Teststant
enes) by standard P 1 phage nedi ated gene
[168}9 r IS PT GHE TRHARE? PISTTSRENE iEain DRISH 2 wae pepéyTied gy standard MIC
assavSih MR iighid rkéibdm ahd @l keshRR)AE sdBmaAddi: | Hanal ; rel evant

resi stance markers Drug resistance ~ gene source- screening
srains BRI P ¥ anddnbitk DEHE &Y mrapsnersivol 6 dogs whesBesiskant gérick have been
inrosRgt i ¢ Stock Center | AY04874

{169} Table 1i: Minimal innibitorv concentrations (MICqq) of antibiotics acainst . coi:

MG1655 and DR12:i2 1o MHB medium.

\Antibiotic | Mc16s: IDR1212]
Actnomycin C : 5C l 25.0 :
ilAcnnomycmD | 200 i 500
lampicilitn : 1.6-3.2 | >400

4¢



’ (#7631 20 [1681 The | evel of drug-resistance of
screening strain DR12l2 was anal yzed by standard M C
assay in MHB liquid nmediumand the result was
summari zed in_Table 11. Simlar to screening strains.
DR1234 and CIVE&&mrE)leZ i s 'al sa-gesilstaft [to drugs

+ rvindh |r\g

whose resista geres—have—hbeen—int+ody 2C [ 169)
Y
Tabl e 11: M niI¥hi bi tory cor?centra?ﬁ’grm; (M C90) of

anti bi otics agaddstincol @  MGl6kS and DRbZlZ in MHB
medi um Anti bi - - | ti nonycin C
50 25.0 Acti HOMRERHETS00 50. 0 5 A%iilr, 1.6-3.2
>400 4(: ~Apr aBifakihydnAi6. 3.7 1. 625 [Aztrgonarn 0.1

<0.05 L Bleo < 4._<O.A_Ch4_or_a,nphen| COi
3.2 400 Counﬁ%?f?‘hc'w 12. 5 3. 200 paundrdbici r: 200
12.5 Ervtnr oGhrolyall Gent AT Céy. O 83({00

| Kananvecin 0.8.1.6 400 f Mtomicin G 0.8 <0.4

Nal i di xi ¢ Aci d°B23FD | Neonvci n0-9. 8 '25~0°\lvét| | nveir,

1.6 400 Spezrgfemeed I, 6. _ + T pe>30U00% ; ~
Strept omvcir 2_>400 Qtrnnt oni nan<ﬂ !

i StreDtonficifMgerovein 6 it poo 08 | <04
[Nalidixic Acid '} 63 .| 50 i
IlNeJom_vcin 1 0.8 ‘ 25
Netimvein | 1.6 400 |
?Specnnomycm 63125 | ~400 |
¥Strcptomycir. E 3.2 I >400 |
}Str:ptonigrin 22 i <0.2 |
Istreprotnricin 0£-16 1 200 |
Metracyciine booe-22 1100 |
ITobramycin '. 0.4 ' 23 ;
[Trimethoprim S <04a >400 i

s

[170] 3.3.1.d.E coli. screening strains CM191 and CM242: iacZ reporter genes driven by SOS-
response promoter sulA and recN, respecuvely

[171] In additon to the construction of screening strains containing multiple drug reststan:

w

genes and auxotrophic mutations, we have shown in this exampie the construction of screening
strains having a reporter gene fused with a promoter seguence responsive (o specific
physiological conditions, such as DNA damage. ransiaton inhibition, ezc., for the purpose of
seiectng for/against compound classes with a specific mechanism of action. In paruicuiar, we
have constructed scresning strains containing bacterial SOS-response promoters of sul4 and

10 recN fused with LacZ reporter gene. respectively, to detect DNA damaging compounds from
natural sources. Quiliardet and Hofnung, (1993), Muiarion Research. 297:235; Kiil anc
Camesrnni-Otero, (2002). Mol Microbiol 44:89.

[172] Py -‘lacZ reporter fusion gene was constructed according to the foliowing procedurss.

The muluple drug resistant cassette (Prs apn(2”)-Ib - aac(6”)-im — bla) of strain CM16€, as

4]
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Tetracvclint ! 0.- - 3.2 ! 100 |Tobramvcir 0.4 25

| Tri metnonrim<0.4 >400 [170] 5.3.1.d. E col:.

screening strains CML91 and CMR42: iacZ reporter genes

driven by SOS- response pronoter sul A and recN.

respectively [171] In..additj t Q. Q . "
cescERGERFHY St & HE EBRUGON g i ol Bt e hafanél 2
nuclc3B B8 AR mAsH R F 0Fih M 1685 &l qrismorael AT | Shimases 153842623 dy

exanpl e the construction of screenin aLns haying,.
homalosap -PBPaRTEAEY SR ea b SO et S Fhd o
6,35%.@?%%5&’%&&[ fReSkhd. C56. Py SbwAEE 6BdonGOB6t dei fRffers, S48 W2 and
as a

mage. translation inhibition, etc.. for the R
“sulppl¥ Posce Table 1§e‘{vg@tu'§¢¢(jof BeR égmhﬁgqnoe %@ﬁge@og@gé gassette and the

Wi th 8 SRechl CriBeNan GMARL pARELQR uptdcRahitidedto th¥&Pr:
SUDSHARFR" rg%or?gl}l?dﬁlgk' 'grd{%égg{egn?%ng strains containing |
aph(3acibe dual’ ;SES- bies peskste vitlo st mEonoih lgwtrAasmpers omelerpus Lo the

fused with LacZ reporter - t. YomibiRalf 86k tares:
B
iocu@uieicatdetisamceinf wern & ofpd@@rientdtivmta swit Fogwearcind the

297:235: Khil a gLl L= O er g (2002), . Abl o
recoppraregh 8o Rlsge T PR D] st 2R momiBepy gregpotmanon
resB8AH MNeHeRBShEE Uehie CRIG D tidtgwisathérhesed ad inewdnmgate for PCR

procedures. The nultiple dr resi stant casset épe (&JPL,;,,\ I -
ampiiStsonjal g fragmaRCEBIIRg Both the dfue-regprant gengs Fapseh g s 4l To
aacé’»l)—ﬂg§%fd“ BEP ik R 58T bh68: . STd P fradifdn: AP kédetRel BihgfhHollowing
nd t he f)ragrrent was then inserted 62 nucleotides |
oligopsdicasappumets Hac o Wiand 655/ s¢ il We 15riaRist ler WRISENES geened ©
bases .2558- 2625) - ph ‘ £ bB&! QB regions of these
me R S DR B iy L SR G, OB OCOE, 8 regons of these.
prifeds @fficabdd in ufne3a8Se Wyvb2idemad 1ol the SruePauBt SRRES CESSEOOWHEGNS regions
._.The follow ng oiigonucieotide.pri. . -\ - the
e e
fusfdiide ivf |, Gatne Qe Zak pdrize c@ar Inabpeadiingsueas SM 1% . aotdl i4diend the region
subsequent reconbination. The rggi ons,.of these priners .
oo OLRASE FTBFHESAE 5 paic (CIPFORAOR( 2oy oy (o - DB Sasses
an@ 8 ERpressldnlof 1aclivias coMSREE @ndehink ol of B is@ADromokower
case were honol ogous to the upstream sequence of the
sul A pronoter and nedi ated honol ogous reconbi nati on at
[I'HJ € tLRL 98IDis kB repiBamt BEMER LSS BREnGAB &R AMRS-Resisfnt cassettss
opposite orientation to sul A pronoter. and the 10
r econgtbnatwithouighrgeef EFIRAEEICHOT59 ( AE000198 bases
27765 340o L -—Homotogous Teconbi nat T on resulted Th the
i nt et nedi ate_ st EHFE"CMI7 which was then used as_the!
t enphidt-W4f or  PCRo2@AI P REHIT 0RO - EoF FatAaReaacasas |
coWai ni ng bot hﬁﬁ@%&gpeﬁ%frw&ﬁh@%ﬂ%ssette (PT;
aph(ZEn - aacE6tgeaneattaditaraspal SoRe-SIHABEERCe; .
The PCR fragnment ceasaagsyer e e asFag ~PRerd ™ | owing |
ol i JORBEGIAWT | dE | pht e achaciesahAVAEcandad@EAr s ok /A2 |
in Tabl e 12, whi chanes GeshIedCCRCIB RS e the |
i NSeTEIwE 1 e eaeta IR pdafdetcddiasbbaiaat Zzac |
Iocﬂs. The regi oRg:ef-dhesencpmToersiTrdetat ed in
uppetgasehyhr izt Lo I T UEEr e SeaPl c JRiEeSaas
SRR E@Eggiﬁémﬁiﬁ@a%aﬁsmf case
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between iacl and iacZ were replaced by the P. - (FT;
anh(2")-T - aac(6' ;-Im- bia) cassette 20 and the
expression of iacZ was conpletely under the control of
t he suLA pronote.-. [173] Table 12:

D @EMWH oni re'mcﬁﬁﬁwaa&awugaeéswaﬁdwh@qﬂﬂaﬁ&a&

e 4. he

[ URS Jo,

55¢%  ar gat -

\CCAK TGO AAT

a

g

A

a(‘ggﬁcﬁs‘l‘@“r g aat
I

a

L

2 . ]
gfralatbgalat TTA@BW?WP@gﬂgfgaaiﬁlRamtra@eﬁmf |
_gaga-aac_t- *BGERCAQERTHAC PAG YT datc |
oﬂ ecif-d@dat TT' TFAGERD @B cattg
af - gct gaccac- ageaaw@rgewt@@?w* @ceTv i
C B Bglsaaag~nCeAd AC(I0GAGE: JMACEE G- og-anecdeMarygs |
caa: . cacgacgt ¢ geagaargatis-agcgassrTpcaa

cgcaQ at ggcat gat accgcccacaagacr agt caat cCa
ggat aat gaaTTACCAATGCTTAATCAGTGAG recN-pl an' - F. o
(174 a alre aneredyanig£aRvBEt ¥ as atiegdoaneres fisian ggoe are described beiow.  In the
o bi 304 TGNl B EA (G ol R €GNl pBR-GR-recN1 and
first &%%%}g?ga aaecccgat aagcg§ —ccaacagi‘?ﬁ%‘lg%84‘\Ji + PBR-GR-recN1 anc
nBRﬁhoeqa/aW@f' MTCA‘G@AMTDFMT‘E@meanman@a and or:. The

aacacr at aacaat ttca tcat.caaaaaarac _ . o e <o
reasol B Y R e R CRARA pRUESAPRAR0 Blprs i sowersase were
hom@iagnaaaine ent@adaa@at (gaac/C goagye ieaa CEBMO0347 basss 5433-5516) of £
a GCGGCAT TTTA bgl r - bi a%
oSSR BEROMEOEE T ORI A o DL A% e v 201

"A MMQQ%WM&T%TMMEM&E& ebgﬁe'%nbb @vstern adapted for
acaccgcggagaaacacttcaacag aac~cat - cact g=

TeCOBRP FARA AR IMAEIC AN M FARTEAGHENA. " Genomics 72: 56-6. resulung in

plasmic, pCM10Z, which contained recN promoter in the opposite orientation of bia (P, -bic

cassette}. 1n the second step of reporter strain construction, the P,.qn -biaz cassette was ampiified
by PCR using pCM105 as the template and primers. recN-WIE-1 and “recN-WIE-2, see Tabie 2.
The PCR fragment was ther inserted nto the iacZ locus by homologous recombpination as
descrived in Datsenko and Wanner, 200C. See U.S. Patent No. 6.355,412 and U.S. Patent No.
€.509.15¢6. The regions of these pnmers in upper case were responsibie for PCR amplification of
the P, — bia cassette while the regions tn lower cass were homoiogous to regions flanking tne
lacIZ Yocus so that they could mediate the recombinauon at that locus. in the resulting strair,
CM203, both iacl and the region between iac/ and iacZ were replaced bv the P, -bla cassette
and the expression of lacZ was under the control of tne recN promote:. Nex:, the bia gene of the
P,ecn -bia cassette contained in CM203 was repiaced by the muluple drug resistance cassette (Prs
aph(2™-Ib - aac(6’}-im). resulting in stratn CM212. Using CM191 as t1empiate. the (Fr:
aph(2™-To - aac(6’}-Im) cassette was amplified using the following oligonucleotide primers,

recN-piani-A and PtS-rec/h-1, see Tabie 12. These primers aiso contained regions homologous
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[174-i i ne procedures to construct Precv - ia"Zz
reDorter fusion gene are described below. in the
first step pBR3'2 was used as a tenplate for PCR using
oi [ gonucl eori des, pBR—GR recNl and 5 pBR-GR-recN4. see
to the bé(hsz% ao gr{; Ehﬂg] goux Ste%%&%%@&rtﬁ%ﬁ@ﬁ B agiabd {i\e bza gene

ONS in uppércase were responsib N
with fhe PR 2apm cfdc(ﬁat-]m IThamepidrizeof Mgt pnmeisnn hppee coasere T“Sp0n81bl€
were honol o oustothe regi fianking the recN . . .
for PR GBEBF PSS SOOI oLt s aap s BerEigh i gpyer cas
wprp%gégkougﬁqogmch oduct was cl oned into pBR322 usi ng the
hod of Lee et a;. 2001. fg‘ﬁ ef ficient
[I’D‘Eslelfvéfh* moamembnb&@edméqﬁw THEBMag: S5 &plim - Te
d o PPy PgEN C k&t %‘% 806 @ube! @Bi=Neplaced
aac(é‘ ﬂ%&e B&ﬁ ¢&%é§1§9rh cs&% 9 resuletl ng in %
with plaaslmr(g, COMIL &3 he whripbdre. @émt@ m@ﬂtﬁé@ﬂﬂﬁ%ﬂ%ﬂ%?»@%dﬂh’ém%
oppasit.e,api entiati 00 1af). Bb ar FlE6incedth Bppdr@SS Glekebor PCR
Precki ﬁg?%;e s%co’ffﬂn&fep&”ﬂ?legoﬁer Strain constructi oﬁr
amplih&uﬁ’ni e, the seqbtxa:esmsswtltcess\msr domidnidiegpus WOXP@RNMSY{ Age PCR
bR el ST A L B BT TRl e o e
repldcBMERlo? thel dph@t-hte- dar@Z; InO(ﬁUSE kr;msb:nn@negwus bla gene. The resulting
reconbi nation as_|: descril bed .i. r}hDgtnse ko and Vanner, ..
straip (fO = 2 Seangnsthesdif) SRRt N JEH T PS5 SXpigsIgn ST ‘ﬁa‘i’%rﬂ“
conol 0 e B3GrockBer.r €gi ons o_- these prinmers in upper case
were responsible for PCR an‘pllflcatll\gn of e bolF locus
[17@aseely éﬂwﬁﬂ Blay FRESIUE Y20 AR How a§ea“6\/é‘ise“ed into the bglF locus -
( F‘&ﬁ(ﬁﬁ% QU3 b068L0MON mEd AUI ML DTG BRYunL ARl Al CM212
cour diate t’he reconbi nation at that |locus. in
by xtdrr@ncreesutetmmgnmqnamultmmwembéﬁ‘ﬁaiﬂ §M°43n%F“t[i’?éS~F‘é‘gf“@n“ anner.
e o d A ZC € nt € Hu cle ie
20085 §°BRel 3 62561 S0 ARRENETEAERER, thd Qg SHeomycleoic
prith€ b@ Mbiz0 Iandafognrhezaz aeNI gD tverrs uddeor, botthRCRy aamgvew@on and the
of the P,ecn'. -bia cassette contain
belf dashs EPEOE PREMSHTTS SP?)‘T’%md’ PRy 78sI'EF gn c%k%gg? 5? B‘I’th“ Prs bic
cas@B vaid e se@RBES in lOWem:aS° siesed homgognwal thaibp! FObRds2 TS5 promoter
Usi ng CML91 as te . the (FT= aph(2 -fb -
Wa%ﬁd(‘%"’ﬂ”ﬁﬁ“l’?&%@? &™%nplified using the follow ng

(17841 ﬂ@ﬁHSﬁaﬁ?t&xdﬁv@r AATBNSs wad 19EDEwed Mo éﬁcﬁﬁdm%ﬁaxheﬁavmo lacZ
--1. see Table 12. These 8r|rrers al so_cont ai ne

revpeglrgmn e ReodfsErPed 2B0ve sCMHE L Bpd Gy 'Qde‘tdﬁ‘ai“ {§su{ping soam the
oAb QUSd VB QYIRLREdrh O phid-NRRsAEGE

a“’ﬂ%%‘gr Bﬁ% F}fn (&JB &?{@Og%sqgvh(g >-To - aag(6' -I'm Thoen

[17\8¢gi‘mksvﬂfof ntmgsaxq@amcner wedecigppeg seasedRiEiyermediates and finals) was

cvar‘igaﬁ%gnp SI bl e ard IggI €Séa\§ I ﬁ?nﬁ% é@%i@%&ﬂ%%d Enh?esﬁ-[m { Strain CM2472 15

the regions in
surlnﬂx‘dﬁiedﬁﬂsebxe\l\&re honol ogous to bla gene. 5 [175] in

order to obtain the bia gene under the control of the
TS5 pronoter. the aph(2"}-rr - aac(6')-lrn resistant
rlﬂﬁn%bﬂn 12t i RAIInRBREr2 chndefiratioR@ ONIBL o) y df AhEAGES bk Anst E. coli

were replaced w.th bhia. using CMI91 as t he

terrpll‘éﬁéﬁldkﬁnﬁ %@ﬂf‘rﬁﬂ{? eI -t h the oi i gonucl eoti de
prinmers. Pfecn-- |a o3

— see Tabl e
12. The sequencéé Upperca@4 Wer e foH@éR'

anplification a C[;ngﬁ,vcs‘eguenies EONL owerzo@ase were for
honol ogous reconhlnation PCR_10 1t was

i ntroduced into |awrepyand reconbitied at e targeting
| ocus. resulti ng T the Teplacenent of the aph(2")-To
- aac(6')-Irr. drug-resistant genes with bla gene. The
resulting strain. CM225. congains the (P-r5 bia)

cassette in which the expression of bia was under the
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control of the T5 pronoter. [176] Finally. the (PT-5
bi a) cassette was anplified from CM25 and inserted
into the bgl F locus 15 (AE000449 bases 5104-6981.
also listed as bQLC=ML5746, i nto the i nter nedi at e
strain CM212 v fmor . genbiarggm resul ting
in screening al s ] a

2000: L.S. Patﬁemﬂ\No 6. 355 43263 S, %t ént No.

6. 509. 156. Thg —I;Umrrrg—tm—gvgqrcl—equ—cdﬁe*prl ners.

bgl F-bi al and Abzq T2bla2. see Table 12. were used for
bot h PCR anpl iBiecxatihon and| t ke.2 - bgl H [206us di sruption.

Sequences sho WWW@R :

ampl i fi cati on O ¥RESEBF bi g 20°cassetts whil e the
sequences in I@nmﬁmﬁfalsenshpr edihdnol |og§fgvv|th the bglF
| ocus. T5 pror ientation to
bgl F gene. [13% "R i onal Iy, i1 @ gat allele
was i ntroducedpibgkdaan each of the.zstrai n@ohavi ng lacZ
reporter fusi i ] 'CM 191 and
CMR42) to ren AP esul i ng Strain the: auxotrophic
phenot ype (depegetdin upon I\|e ared Val )1doy st andard Pl
phage transduc = el of drug
resi stance of Lﬂ@%‘é“‘%cr eenungosﬁfr ; |

i nt er nedi at es imdmt,hrrtal s' qeval wed ed byssta andard M C
assay in MHB |i-gui-d—redi-umand—the—+esult—of Strain
OMR42 is  surmBPiE Sh Table 12 [ 1799 Table 12:

M ni mal i nhi biNegmegoncentrati axs (M C3g) ‘of

anti biotics aga4—ns¢—4r-E—@eb—39—Mb-1655—and Cwv242 in
MHB nedi um  AnfEBMET ¢ MG 1655 1Cwve42 P00 I'Act i nonvcin

C 50 ; 200 I%ggcmm{c,hn D120z 1;-200" Algo~Anp| ciliin
1.6-3.2 >400 F;._AnLa,mch_Ln_S_La._S_AOQ__Aztreonarr [

0.1 0.-, |Bi eoRiFeFMMY50. 2 - 0. 4 200 ~Chi%8P ai npheni co!
3.-) loo Courrgg,ggg&,;apmAl 1775 6; 3 TDadnor ubi cin 20C
100 Di bekaci . 2 400 (Ervt hxom/m r_25 95

| Gentamicin 0. §“1%hf'§ﬁarrycpn G:48-15 ¢ 00 M tonvcin
C0.8 3.2 Nai{iEiGme ACTE B G3AUT 400
I | -

[Tobram_vcin || 04 ) 100

[Trimetnoprim <0.4 | >400

i

[180] The responses to DNA damaging agents of the screening strains described above were
measured by anaivzing the B-galactosidase acuvity in the presence of DNA damaging drugs.
This method 1s described in detail in "A Short Course in Bacterial Genetics” 1992, ec. Milier,
Cold Spring Harbor Press, pp.72-74. The Py, -‘lacZ fusion gene in CM191 was induced 15 fold
commpared to a non-induced conwol two hours after the addinon of mitomyein C (0.5 ug/ml). In
the case of CM242 which contains the P,..»'-‘lacZ Tusion gens, a more than 40-fold inducuorn
had been observed. Such induction was also drug-specific. in an expeniment when pnosphomycin
{(at 10 ug/ml) was used. there was no inducton of the P-galactosidase activity.

[181] The screening strains' responses to DNA damaging agents were furtner confirmed by S-
Gal staining assay. When mitomycin C and strepromgnn (both were well-known DNA damaging

drugs) and S-Gal. the indicator. were appited to the screening strains growing on solid mediur.,
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| Neomvcir O 8 50 INetiinvcini .6 200 Spectinonvnin
6.3 - 12.5 >400 |Streotonvcir j 3.2 "' | >400
| Streptoniorin 3.2 3.2 Streotothricin 0.4-1.6 >400
t Tetracvciine 0.4 - >400 rrobramvcir. 0.4 100
blue-cbibfedrdicH o8I idisio m-‘buhd%loxﬁxis&m driifrenpresaosasitsks  TheBA reporte:
damagi ents of e Sscreeni ng strai descri bed
en viB G0 A0 TR SG-T b g Siod S S R0 Farmegoprim.
were pedehY While itflexpRRsiBh 028 HaBce oy RN pRaHRY bNEieh WIS C, suldptchigrin.
met hod is described in detail in "A Short Course in
and otBgrdPN4 jdgmagipg BRiZe SXCUPYYFCIN EHWaNF SKEEDUOG. CMI242 Bjgp pojgensitive ©
.. r - - A L fus) R . —
o oS B S5 o BT 15 0 G806 Some
St Lome MO)nwecesdd Uotmaremp riment hrougppraad wrspediiebadghionndactigity.
mtonmvcin C (0.5 ugim.). ii the case of CVM242 which

contains the Precn' -"racZ fusion gene. a nore than
1182) 4% 5.0k OF bolditedenmmg surhia (CNGEEN ireserduirdly pé‘melﬂnxlmduct i on

, al so. dru fic, i.n an .
1183 B o A 0 G G TR P A pgrecucted by
the mlvaﬂcbt@tswaecgh i h@bl@ztgawxﬁm aisdasticacint §/iebivianckGndrk&d hs those of

The screening strains’ responses to DNA damaging .
CMAQYRA PR FRIRRAY 4 €T DRbRRIAE AR el SF raRli T 9lRimfieA@ -im). The rolC

gene gﬁ)ﬁ?ﬁ 15 éﬁ'}ﬁl@' m 2 Roin3Ad i hi @ B’Iu%x'og ﬁﬁ@ca@;hbqﬁypéfﬁ&?uihty of the
known amagi ng drugs) and S e

outerimuibcatzox £. ot eThtp;pCWéaa tohypheserstr e cortpirstiagspangf antivioucs bus

mamgnn%\e%l % gaporﬁ\%éﬁl e I’?ﬁ% B}éﬁ &r E%Meﬂn@hél%ﬁﬁéﬂ@\[ %7 estabiish

d‘n“es [ i npregnated di's
screshg ZriePpeith arruawrtemmxmmr @Expy ie ssmcogure munaronDNA reduce the

da i.ng dru as Nalidixic.acid trlnethom
offug, 8 B s BRE el ol heP ey B S RS AT BBy ‘fr?@ s
descibe@2efiRwef mtomvcin C. streptonigrin. and other
damagi ng drugs. Actingnmvcin D was an exception. CI\/242
[ 184, ResFRANCT WAL WAES 10600y qer 8Y gt Uaaffﬂelﬁaa@mﬂf SR fpHgance
alieiddWPesShi 2t SirbimBsontFISe: {ndotih eNYRLsBMins (nald37, rpsLi530. metE::eth) or they
B-11-thiogai actoside. Sigma, St Louis MO, was used in
werst ifrafiugsdyEer IABNCe + 0V sispisiaiseenips pRF T11e: stk yiB Ul -/ bla and
aac@g—twgl"ﬁxx—asiocr’kga Vé"s?’usdw the n‘gt&g'dﬂsﬁﬁn@ﬁ%ﬁ&nﬁsﬁlﬁ%‘ﬂmncr 2000.
Cwi3 i ncreased drug perneability [183; The screeni ng
See BtS Bann'ChA 85 35, 1 aartel SyBateny &loot. STMIBO C(raorgesoa@htam}h were

cosE L B e Bl b AP e SRR e e

operBRY ot @4aGingSo bQAB@rodhy oMHSGidatHs (Fdifh thﬂsﬂQﬁli il AdGidndt @ésﬁtanm o
null rmutation. ArolC : (PTCaph( ")-I b - aac(6')-i m .

compppods BSRE thg STECHEPHE YRR %"S‘aﬁ‘ *r menbrane protein

185@”@'{# érﬁu@éﬂskam%du@ﬁmb TS hEAFRE (Pﬂtﬁph POLIRRARLI6 L i¥n)Qfas ampiified

outer menbrane of E. coil . 35 1is
uSlnEpr@@m injepRediae sEpPInMISFIRINASaERS the a@wqugqqagcgssg@) as tne
temyk B find $rab entqyag 6@1n| usBUotb AR M dihsbis DA the %mmovoua
phenot ype © Anot her strategy to estab | S
recombnmenm mgthetl descrised iyt Pakenge exbsBanper feabisl Payntdfe. 4305412 and

U.s | l§a[en N é 5&9 U’%e "Irxrlli tlc;“(/)urx]os 0&;&%531&% u%lelmtﬂtlewerﬂ used for the 10lC

disrupuor: “r0lC-aph!™ 5’
cgcgclaaatacrgeticaccacaaggaargcaaatgaagaaatigtlccAAATCATAAAAAATTTATTTG-3" and
“tolC-aphZ” 5’ - cgaagcececgicgicgicalcagiacggaaagggtiatgacc gracte

TTACACTCTCCATTCCATCAG -3'. The regions of these primers 1n uppercase hvbndize te
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efflux of the drugs fromthe cell. The procedure of
establishing screening strain CM435 is described as
follows: [ 1841 Resistance markers were introduced by
ei t her transducing al ready existing resistance
o heS BLe QPR9 Q6ker Lf3e AL RSHofoe es
the m‘@%lsfj it %t" Sﬂ% “Crlm %ImllrsrgltE SE etA) or PE’@?”“ tgéeauenc
nearbWRIE© 1dc{i¢ mehﬂsxedne(oiamhc Itmtstlamml, of Tie ¢asselts soc imtield Igendm the
aph(2 -1b, @g (6" 1-ire.. TEM -1 bia and aac(3")-W),
Sam”cf"i‘r‘S“aé@%t?“at‘ gBHes) usi ng the nethod described in
[186] D@H%@;HK&JCWQD VAR B&Hsrud @B furtheedelivéringRalie® Muldiyle drug resistant
355,412 an-, U.S. Patent No. 6,509, 156. rogosorral
genest ‘dh@élﬂ@ apayaes TR YEGHPSP HERE SHAP Pt hd's HEWHC Afprefgentioned strair
beam%grg Cgﬁ‘xﬁﬁ%d & p{ Ek'xzfgé‘%e‘aﬁ%‘éd Lne whS8ietion (Rt beGINMRNkc®nt €3.1.4).

operon) or |eading to an auxotrophy for
[187InBkiloysing dfwpsteEjiange oF SSTRERIPE GRS GNE0Y %%M‘*Pégva%f‘a%#@éed by
;L & LI GRfQ i %M?&ﬁgns
e Ll e e ﬁ‘*“id
Accofifinnottier M{PTSalh CMZ;J.:'ﬁenyDva;aos(lﬁ!'e tO—BNFﬁ)m\WHS H?ﬂmffl?léd

_ OO an Lnt o 8B L NPotdL N
CourthPFin e A BYBREREN roran Cofut VA Mokt Yoo
nypedsBskitRao f:err&gn@p& of@astmlesbidiseehtd. mxwphmmomn CRBSIOTEEioactive
ro/ C by the honol ogous. reconbi nati on net hod descri bed
comwnéﬁawérewowa“‘ & %h‘é‘r"h SEEMJ2EYS'Bht ent No. 6. 355. 412
and 30 U.S. Patent No. 6.509.156. The foll ow ng

oi i gonucl eotide prinmers were used for the talc .
[188Hi Sahpt: Mxmmaipg];@ogbwcenuauons( ICq0) of antibiotics acamstx; coii

84 CAaggaat gcaaat gaagaaat t gct CCAAAT
MG R D apn © 5a..

cgaagccccgt ¢ Q&% cagt tw@ggaqéggggtaﬁ\g@gcgttactg
TTACACTCTCCA] 3' . The regions hkese
primers in upmewnetay;@%ylbrl Hicze |t 0>246 thé‘ ?Ful [iple drug
resistant casgghite . qWHETe T Te0 g5 | 4QWer case are
honol ogous ta_sequences  nearbyl t0l1C l:ocus_ therefore
medi at i ng the‘AmmgGrrtl on i of § he |cass‘ette ¥t ol t he tolC
| ocus (in tht e OTTENt af T oM ast e toLC gene ;.
[186' Screeniit ra@MwMu her
delivering otlherconast ti plie BPoig regi®tantt.125 genes,
whi ch are dert ] 13. 1. a.

into the af or!e'r?grr'}]h"bned lstrain | béafing tolClnutation
by Pi phage mednoatremhn@ehe tBansduetoﬁon\ (see details in
section 5.3.1 The ey T Tesi st ance
of screening §f"|l‘"é°"rr1'l‘s'°"&lg00 E—hd vvasu}gval uated b~
standard M C pas@yubicin MHB biaqw d n@eﬂ um ahd the
results are sprrBarzed—r—Tapte i3 —According to the
MC results. Rygmycen hyper énsitive th Bl eotycir.

Daunor uci bi n, IGERmGRENES nym n Al ang4Er yt k6omyci n.

Scr eeni ng str?—n—@%—a ; eh—?“&\l

hyper sensi ti vé~P3™EEr t ai n tgpes of *%nt | ni” f obi al
agents, are aguamkageruSs | nsdet éctigag bi sactijve
conpounds W t hl-owconceptrait+on—t+n—the—sereeni ng
system [ 188[NemEi® 13: M | mal i i bi tofy
concentrat i onsneiieR0) of amkl agagnst! E. col:

—and CW3 v .$ rre_'d-ﬁu é[\ml bi ouc It
MG16_55 | CMAOGFeeeRemys! .8 |

[Rifamycin 16
2 .

EC_T
=)
V_
5]
"0
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Actinomycin C 256 >256 >256 | Actinomvcin D 256 256
256 Anpicilhr -~ 5 >64 >64 j Apranvcin 4 64 >64
Aztreonam 0. 06 <0.06 0.125 |Wonycin 2 >64 C

hi oranphenicol ! 8 >64 >64 Counernvcin All >64 64 4

" Daunor ubi c[sraeﬁg&ﬁ\,vai% B vthroguci n >k 64 4
bentam ci n Nal i di xi ¢

in 8 =64 =64 |
Acid E; >64!Ssemomm#onvci n“2 16 8>Reti|i niféin:>64 64
hosphonyci n Sq,/emgmpgﬁ fargCi n\ 165>64 103
Spect i nonyci.L: 54 >64
St rept oni gr |!5r§f3810$“9n3 St rept ot hPPEi n >64 64
Tetracycl i ng 364,64 7T 71 ETNOONMEE. 5 >64 >64 [ 189]
5.3.1.x. Gampasitive screenihg strdins: miltiple

drug resi st "C{DmIQO ABSi vi hg >&h appPeach anal ogous
to that tak nt coil 5
strains. a Gampositive organismcan be nodified to
exhibit a simlar antibiotic resistance profile.
[189]Sé\ser.alGrn-posit posrdening ssiingimmsluple dgng iStisipiegt ococcus
ayreus or Enterococcus, fae vaj l.abl e -
(19055 APPIMRS BRI A rruc ‘lls’p € g%ﬂ“g)[ ﬁ%ﬁgl%ﬁhmm“&“ﬂ&m‘% col:
strain@ 3 GeadChdit ve efiadikMeian b° moaifRAU6 exhibic B e@iTAE aMlipiotc resistance
spectingnvcir., stre cte. tobramvcin, _
profilg, %,TvFﬁab I HOS“f‘i”ISIt@‘ln fﬁ”""%{&%ﬁ%‘f (gﬁrgus or d:lnﬁzé-ococcus faecalis) are
availkfSingl @0 tesigARES rﬂ.flmblﬂh@b._eﬁiaudﬁdi’c 4NE lapraf@bih COMavcin. kanamyeir.
availability are listed in Table 14. The 10 screeni ng.
DEOTYEIT g RFCHORT SR STPTIRAIT HPTAR ¥&% B HREY CIpgipimgthoprim). Addiuona:
drug ‘E“%ﬁ%{ H.-;% £6k iR ER! Slanikit BuicBeof BlaliMiN%re RIQACEAUH 4. The
Tabl e 14: Rel evant resistance rmarkers Drug
s\.reenexgsg'mam@ aggimenal Goif TeusmIEp (SRR be constugigharicording to the following
procga%;eracvci ine tetA(MpGX»®33 S. Proiar | M1136

[1911 Table 14: Relevant resistance markers

Drug resistance |Gene | Source | Supplier | GenBank #
reracveiine i1etA(M 1pGOS533 'S. Projar. * IM21136
Ampiciliin | pbp5+ | E. faecaits | Avaiiable 1n aimost all X78425

| \blaZ |S. aureus piasmid i research iabs |AY373761
{chloramphenicoi i car 1pIP50; |'T. Horaud ** 1X65462
| VANCOMVELT ivans "Tn?546 i Arthur et al. *** |M97267

[192] =* Nesin ez a:.. 1990, Anumicrob Agents Chemothner, 34:2273-2276.

[193] ** Tnev-Cuoi el al.. 1992, Piasmid. 2&: 272-276€.

[194] *== Arthur ar ai., 1992, ] Bacteriol. 175 (13:117-127

[195] T Overproduction of ppp5 results in resistance to P-iactams. Fontana e: al., 1983, 1

Bacteriol 135(31: 1343-50 and Arthur e al., 1993, J Bacteriol 175(1}: 117-127.

[196] Thne E. faecaiis strain V583 has been sequenced (Genbank accession # NC_004668} and
can be used as tie parent strain for the introduction of additional drug resistance genes. The
following two strategies can be taken. FIrst, resistance markers can be introduced in tie genoms
using protocois for gene disruption mutagenesis. Briefly, flanking regions of 2 non-essenual

region of the Enterococcus genome are amplified by PCR, ligated and then sub-cloned imto an

48




N

10

-y
tn

30

Ampicillin pbp5 E. faecaiis Available in al nost all

X78425 big, Z 1S. aureus piasm d research tabs

AY373761 chl oranpheni coi ca: ol P50 I T. Horaud I

X65462 vancomvcin i vanA Tn. 546 Arthur et al.
Ecolh@%@r%loccﬂt}%tb Nes k3 &t ﬁMél:Olg'g% Vi C NS of

henot her . 34: 2273 -7276. 15 | 163] t= oD R, eg’?a“o‘”’ :
denvaiyg»! ERirggeiiie COLEémeZ)‘ﬁqumalw S[nmﬁ]vef‘mr rAeLMhm L.ﬂtpcﬂtur"

93 Ll e t:117- 1

senst erI(L)Irn%1 %ﬁ on' 6 ofmeca?l é’g drlgss% “t‘%“.“‘%“af‘égakt‘%?‘fé%‘“‘f’a of pADI par-
depermnu ra&snadstamﬁmtoaﬂ z?uﬁtmza 40(3)19832. The BaatiRg piatmil2dastuct can

then & r -Sé)m[ ‘S ?r et aL.. 1993.3 Bact(?rl ol 175(1;
? afi‘?“l‘i ? ft%j“’%‘ﬂ‘é TEEIDIPTY SEAY pY siapd ﬁw%‘g’gr%‘é& The
singibE@Rs 08 EHHRARE Gan(HoRIDRATNE REEaE SR NedipdNBU9608) ARDD shift 1o a
can be used as the parent strain for the introduction

NON-REHMISHNG ETRREFUrE g b BUF AR RhdbleTHgssOYast Fanifemgrovered.
Targd:WResShf @k %lsﬁ‘a%c&éh@se}&@s &ﬁlﬂ%r&nv Fibi- Sgscmfa?t%'crﬁ;n%% %ﬁq}xjﬁ‘e b it is
can be introduced in the genone using protocol
Prefegablrd O (TSRO Y B BCNSh oagrBpaL ayxompnhiss Kg/g. Pt Girlkieng..rl88. SGeneraton
Rbrdnlap Nt e Eater0 _
of auarlfeé?ﬂanp l|nf§1?t‘zd Alg’llgf){cs?{ag%tled aE!r% e /sﬁg:c zﬂeﬁm“ﬁw'tngow"a o
entergepcad vELsots (<! Enmreﬁ‘ éb@cm as. X0ut lClnerameritambn Qﬂﬂh aasvuka[o.-

Q ayen 9 .
Conugi:eﬁlr}{? V%éxﬁ%sg‘égb erl Sleg%c%riof“ af:*nlfl ézfloeé%cc%ﬂg T‘f‘"é@’d HPPARE.
Bacnﬁ‘rmtltSBellvéH@&” \DAI\/HOl tenperature sensitive for

Nt enance in E. faecaiis and its use in evaluatin

(0TS (R R, S AR = QOp LRI sa Sipdm Tavle L5 and are
1(&6 abittd Bd di@BmpotticaREil. Othef Sned2Baid Zuc BErehGr3d! |n5§nﬁrgven°s

asm d construct can 5 then be transforned into

auxo H?‘ér BRBLERSs SISV ISR I CeRIn s 1plp2isal spvriitiens. exc., can all be
inco@bRekh MB WAL aRPpostVe scrsblil &8 8% %Er éﬁﬁ@‘%) %na?g‘ncog&'ucﬁ o E

obt ai ned at perm ssive tenperature ne
coll. SHPFIENG FFaEs ah eRsciadrApe % Yhat gensee amu‘»rm (38¢) Gi”mldseumttho type of

RBAINLNIAT QUBIRALRSS PHE LG aTk-RE: [ REQVETL]; ‘

COmlgtl%t es for the resrst ancg c%%%eg%ddﬁ P ennﬁym"moas 28 o
Phaggome@sise reisgictop gplammic frandiemge oo membivigonst ret@nbinator, etc. are ali
apnnﬂﬁtﬁﬁ r o%ﬁ:ﬁséré E(é}%ng§051tk'a%%eg§g§r§mt1no A ""Lee%vﬁb? v é'lﬁﬂeﬂ' i
tn°a1t0 of auxotrop nic nmutants of Enterococcus, faecaiis.'

J Bacteriol 177: 6866-73) or genes invol ved in

ent erococcal virulence (e.g. fsrB;, Qn. et a., 2001.
[1987 Charach efetitd!iboRiedfing Microodgdn@@idlpddddEing @Q‘ﬁtrﬁﬁ’llvl‘xh B8 vancomycin
¢ exp&:ﬁs& on of gel aunase and serl ne protedse in
1o SEOSHRRES aecaiis OG 1 R." J Bacteriol.

11991836 hdvdddiod 628 drakrodfopla s&&ﬁm@r MR SR inSn@Biond : snine
ilnt roduced are not limted to those Ir st eg E'%E%]n sereening
sraingys thgh ppilipes oruaﬁur@@mc@ewaw prEETey) ea mﬁoxeampomrtw pas:, onlv tens-of
SRHIM acu S D8kt L Grd u reporter fusion

anmgenes ot T %gﬁ'& %r t&§ s Ig‘gingsntn P g2l gmpames pe:
vea: CEersipns. piipoiio bogiuciag BQIUWUIVt-“pchr[B"‘S"mIm soil £ W &édusifes can be

r to the (rampositiv screenln strain .
founls G B R R ob el o M R L 3G Gt o sois were

pomsccauelenumgnmrvabm\ asr=dssaed ﬁreld tiedooE MiWoAE 0B infere plated on
are desired de engs on the, type of compounds

an aw% Eﬁsﬁa MERIYT N HYERT § MEBEO! Vélﬂ\é)rqucgir% fzévltt?.r@@ﬁelﬁ e producers of

thesCagbIvBies iHogidmR bRt (St c@ﬁceﬂ&ax%@lsleanumkaﬁﬁgd upon their
transducti on, pI asm d transformation. honol ogous
gennl:l Eﬁﬁﬁ‘i“nat’iCBG‘F 3t YanAgnd EfmE antibiotic resistances, respectively. and most
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applicable in establishing Gampositive bacteri al
screening strains as known by the skilled in the art.
[198] 53.2. A nethod for selecting m croorgani sms
produci ng ervthromvcin and vanconvcin 25 from pool ed
amnoﬁﬂhlmss%%h fiSr L&%mr@&a@% a08. Aftiidis RCEQALORIEL of the
screeni ng sys Femw th antibiotic resistant screeni ng
warget snmtaq)tncswe;rsxsolhwn Priofihdtion of B badt $rHrAfevsIapdo@ncdyByCIn Were
= R ng v% & ]
contr g RS Rt p PulbPRpdy b b 1P Abem bR Srckl
previditivae Be ey agﬂil&t meﬁﬂblmhumanﬁ@n Emshrpmrcinyeprioducer was

Ther ef nt|b|ot|c oduci acti nonyi.c S resentrn
discoy it P a00 B PRt ol BT O PR O A 5y ERREraege o
differbhiPhoduBerO 4 GRRY kweBC (e RihcADWEIY B r&liltedl@ o@sdiciteb kS Saccharopoivspora

concept. thousands of soils were pooled and

eryihegeg | s @ ERt0s EFAPISES MEWEIePUdss AT BSH SUBHS I e2aHeRsES OF strains
deposile 1o @ﬁﬁBﬂf\Iksxﬂgﬂﬁéd WRmBvAlar @l @RinsasbiRSAIFRIGRDmyvcir. |
medi um cont ai ni ng nmgi M of vanconycin or i
produges,/wasrdsen ergs. peT Ré- 0B efdmew%»t%%r Tng preuency®f s & TRA gene of all o
the lsaﬂgu kgﬁoabfin kSHR0h rhRnbNES FeRRACCRLE AL 81 Plolaropsis orientaiis
ot CrS ased upon their genetl Cc resistance
This expedohent shywed tharAcpainEmitorsmii apirpmp xseree Sont rooed $pil sampies

Ll espectivel an S I t

s SRR ¥kl SRS, o Rplol S AL SR 10

cormﬂﬁlﬂ_du;@ﬁteﬂ uofcartdam lovahethmntdrédnot i ¢ wer e i sol at ed.
Production of the both erythronycin and vanconvcin
were confirnmed by LC-MS on putative peaks of the

[2008N8 £ B Qtrefd ion sdrenifinabicitiabs @hRSusER M1 6604 aid Rrshing strain.
to be active against susceptl ble S. aureus. For

(201 r Thin prsmipls descrivep s fgREEd SRR edreCovET & “b%‘PorE?”SS‘B%)B“’“““‘““

anuo%&t:hﬁ %H?ﬁg&:%hé%?mmlhﬁ sirhpiss, ufRO CREB aP&elsSreSfind il GRe

DNA gen ferent producers isolated were
rrudgerzg@rem seliregh cathby €esiyPd BEm|ONeh §N HEADBIsaEL $agnples as well.
gzozfag&h BRQ 'c&%ee%%%w&om RE Vil 8! €MacPlinddhl HRN $HE §Soiec.
n nu otides of these strains to sequences of
micretrganipgs exgepos int away maGENBIINKoT asdhemyastestahé thasperks yrorof. In
Lhe.strains isolat Fato Rrqucer
detajy; %’883‘3 é?j“%rer G4 63%6 % &{ ndé%%g‘ erslh ONgeL o torg Ruce%ger%r?om@ér noe:
actifidh@lceS badDiA. @mree-noﬁdrad hulofuqu 36hmb)i Psaau’imasumfl?ﬁﬁﬁmn golution and
vancomci n rratched t fer ence sequen
13¢ B0l L SRGEap Fiihr AP S PR 4 PR RIC PRI Sh Shgke Y30 rom & 5
°C f§C’f RRid O uﬁBn'dch@llﬂ&chat msblrﬁtarm icetres SFPComhpant@eanoids coliscted
nples readily | ed to the isol a&hon of producers of
(Suw aweeﬁryd?eHetawa remﬁﬂﬁwlé@ YR A B SpioeR gpd the
nrodeﬁ@e@&fesgaﬁxﬁ‘c staaR ekl Ok R T3ERA YnEL TRE RSulnde silpdRlant (Sup 2
.3. A nethod of scr eeni_ng anti bact er ial agent S
waswguwged@m eepleds with Sus & resBHitegd 8t 3U0APm 3 504 ; forpfy gunutes. The pelie:
oen?exééﬁwab 2£lRRGhY glﬁsgltnﬁa i@ bRABC bqepwganozfcps%ﬁfél% 850 m for 2
m croorgani s produci ng- anti bacteri conpounds
potsh r One soliilites i bethe smsucngcmﬁ@ @s stsrended melkstivag scnal diluted to 10°

< r Ttie QOrgani sm sources..can, be deri.ve
ST R BT T o PO A S SR ety BB & er
exmﬁﬂﬂpk&ﬁa @Rk} §otedutd n)pﬁgxbguﬁvcmﬁ fldpinkRd al AEL 300 HANAER of the
and the UK were pooled. 20 'm croorgani sms extracted
107t 16° vddyuonsamplenwersidased @y witd B0 miefmi reditiess agiid 49 he/m! rimethopnr,

spores stored. In detail, soil sanples were

heat-treated at 60 C for 1 hour in order to reduce the
nunber of nor-
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actinonvicete bacteria. Three-hundred mlliliters (300
m ) Na Cholic acid/ PEEB000 sol ution and 15g chel ex
100 was added to each 150g soil in pot. The soil
sanpl es were shaken at 220 mmat 5 C for 2 hours and
2R i EEN T st of B r@bispended pEll& sam les were
>0 u”}éxgg]gsr[ﬁ[g?tgﬁﬂj\g%g%gfcllﬁt ed 25 (Sup 1) and ptsﬁe ppe P
aliquowgsing ewugperAdédCwi th 200 M Na Choiic aci d/ PEG
lution and.the Q ~0 o ore
203 Bt iR PR e B OCnl BRANH Bl vone were
en.,aDSLLI:iIed’ b tnarbtpp2ts pmskared bl ecirett mmdoqngxmhsadmmtmbeSdp
1, cetrlfu ed at 3000 rpmat 5 for .30 i
accoring e D5 AT T RSB T P B S 00 SR L Priy 2 aiquo:
of th=%oif BNt a’ susfndiod & ad WAL 18Q0KOivEdrélNo eardit af Mbcwrum of the
pots;. One mlliliter (m ;) of the sol ution contai ni ng
requufe 4TS PEACRINSES| SHERENHAR W &EPFR MUHC WHILRHTERR ISR usi ng

countglgsfc&ﬁ“’ b B& st dipdle) ahl€ 46 d0dlif6l S RRRI M8 B Qithh ikrure
[tered through a Su.mfilter to eliminate some

PFOCvFF&ﬁ gEpuSHE rlweqmﬁfgﬁvs&iatqr@@eaﬁarﬁw BRI ofrediie geisbeatid called

4 108 s3qhh frof@ e | ¢hd @Bpiers soiidif
macrb At P ERET BT R iyl e B i
into gkfbeadghnthey ¢amrsnto>oqgmant wig(r Sclumghlerdpbath aviuph alamepnaned

num%na mﬁbfié\rlncal.vrcé Eg&(rlxtgr]ls Iqecu v nﬂe 3& ? % ?éel Bd ?sgr_%glggge E:gxg ([Eirfg%cjr%roplets

werzNextied rorrsedove egasd cmmmh rtbmnﬁmzmdsro |ston3mmlrmmgqud>ceest ednidsrod

criped . above were - encapsul ated form, . . |
an et o P < A BBt A MarS T oo Gl Sippsimo:
g31.9aehc \,bfé@dnacﬁ)u%iﬂ&{ EinRgnibO@midiGoRlidsHEw &k Mdnaeread th cﬁﬂié@frorr
of the particular soil extract. in this process.
which s egeofiuid gps famovesifne FRACTOSFIPIEtS i}g’beéi*fs‘i“&rf’l\ﬁ’/%‘l Gl %&P targs:
orgahiSin! $FbrBdEaEY O set GhaB8NBSAHoB 1RRuHNR GHl Wik Bbial &¥ntc. Macrodropiets
required density. This adjusted suspension was then
wererspsead] e veni rpvaUthe DEAN USHESCR TRl SRIBRAST ewwp @axtcize D%fgém Jand
incub & BAY 18 dads S MSOUMP BB B ARl LRRH! M
ture” processe rough an | notec ncapsu at or(r)
proﬂBﬁ%MSdﬁtod@ﬂ oewabblgepr oduce gel - beads (called 10
lets bythefor tion ofﬁroplets of |IQUId° .
2047 ENAZ TR EisBbe P or R P e BB P il Tworc
thre€)&hgetd %dﬁ%&ﬁ AN esc eattndenibed mntaamtke\ﬂakmcmmxah@ Il(Iuml of MHB

chloride bati al so co ined nutrie
eI 8P G RATO 0 A AR P ERS RH fot o 2+
hous! :.:IEEOIB A& R GF RIEQENRLSIE eSS r%ﬁﬁeoﬁ’abtagoxfn@m‘éﬁu@é‘;ﬁ&@ 2x1C° cfuj,
cal cium chforide and to stop the hardeni ng process.
the SPECHIGE Sidain magiredfy Ir dilgpope Pthervigy gne strA}ngqeﬁ 0 jg incubated for
o) b J r " Ll T
onde P Y QB Hedledeld o0 B MEB ror LR AR ALRGDRA11 Duran
add m: og bﬁu’.@aowsmtsv awr 6.8 %B nndsm A iwas dinsHles:dfand neoiedutei - °C. and
S fluid was Lem he_macr odr
aroES 6 B Ry AR TIEG |G- SFOERED K Be T ipg difre fg-L werml

werd Bhe B! 10 kil inih ”Oinﬂss@&@ﬁdaﬁtkﬁlﬂanaWQhﬁxeﬁoMﬁho &feening strains as
anti-m crobi al agents. Macrodr Opl ets. were spread

desEipat PROVE Ve PPHED P POf i FRGrodrenigs. |‘Yt¥é~f§ﬁ|dé’ﬁdé%m§“‘(§68r 7 days at
28- Akt s G 8SinPeIb vt A )piAdvert PehRabRsh Al °28or3PGnih@ks b aliow the
days to allow the growth of the m croorganismwthin,
actgnaenl droR(thp MAEeETIDIsEs lofiiEEe B¥dalcy N RITaBRiiRg Badia pige]the
scr»%b(ﬁ%&ﬁ BEbafl SFB T rola@@tw%&"l ﬁzuam A5ee @énmﬁ A 88b- zone is

|n‘t i's exanp three single tol onies
of CM 166 were |nocuat ed |nto a shake flask contai ning

10 M of MHB nediumwith 40 ugim Tnp and 200 .tgim
Anp. After the cells were cubtured at 35C for 2-3
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hours. an OD reading was perforned. If the OD reading
was above 0.1 (equivaient to 2x101 cfu). 25 the
screening strain was ready for dilution. O herw se,
the strain needed to be incubated for |onger tine
until the OD read reached >0.1. Mediumfor the ,
obseryed @ravde FEFwarepiaalrofuss amifragienal aggpfs 1 Ensxpgldiiqp of DNA to the
ROVE e dycd L QB d & INALMBSDRU 85248 d .a0d
a0 A0Rnb s B f P Ron gl e
Anotizets=ag poicedirre (WhOormdinde. blowhaint toersareamin@xgedmn i fedagecbackground
. biotin (0.1 u.qginil' . were added,. to er. W.th 2.5m .
s G et e AR T R Sy iy Bl
biotinSdnkzgbfists &&ch3H sdassidibest aRouEn wapecpotis efihomiditam «ffDN A eamples
. macrodropl.ets, mhrch.hq%vg Sgﬂgégmhn for. L. days at ds
in the sgregpyng mediugples B YHEVEN ARG ST WEFlg e tareet compounds
120511 nB&YE 8-@eeodkbritt detihdivid Ot idcesirdmetailslcoiérilnedescribed in
~active agents fromthe macrodroplets to_diffuse out _
sectqnnt- 3 £ hé Sifr TSWAKT MEFTPRIEPISS PEPBIBEZRRES 0F HERERpyere coliected
manua Y, AvRiPRIRAN GEAM: N Gpedififin PhBSRRYE IR ) HANALSE: Aprebfiate
C overnight. A clear 'zone is 5 1 observed around .
metnpheicd @ SPISPrsior laad cash drilidaua MACHRERI e PiagRsip & seragee well ola
. It on.. of At 0. the ' n ,k the . . S
oo R R 58 TRAATLER SBAUES RS oppons
10% peabSE 0.19ANaEHE0 1hgab weiiraaediinewnaRidtdroicacl eidapied well of the
biotin in the screening nmediumto reduce background
fileerpiats-vPepe HigdelgSerean o BradoldMiligersy %@%ﬁ%ﬁ)@?‘ét °E
washiZh %t AL Bwitd. Tk YabiNsohfirdy SN ivASucati@lonsh @O eiér dPitied dcweli piate as
ant agoni sts such as streptavidin and stravidin i
wastr depyethymagrodrPhissantetin By veslis DRIedawEbeseen filrer plage. 150 Wi of
~=Screeni ng nedi was omtted when anpgi ng WS e
025 fPBRP PR R B TR BORALT YR R Rt N 4pg foe MRS Srocn i
platd $AQYEHh 207 SCipRMAiest 50 aifutRes adscv Bt fatrsdi@eRer Bid welis of
described in section 5.2.3.5. in this exanple. B
the THigE PIGE BT BIES WIsRFEGEIEAT) TSR EENG 00 MHHBFEFIORC iR ganifold
(_Muﬁg%é;‘% GdaShe TBIALY in 2 RYniEHRE Wef of FRUBIEIURS. ( RRQGHL W2 im
oratorfes, Inc.). or by another appropriate 10
celiviestehndahts membese tterd¥iamman was asrpuealyhrapsigired idgagh well of a 6-well
acr odr opl ef,, was. p A - Of ronlet
o RSBl 1R AABE e SRR Bl Bkt oo
produkadre . Eabb Biogiast waf aseptsell wrarsiered whai adepayate T@#brane filter in the €-
gl.ycerol . 0. 1% Tween. 80 and 20 uqim aztreonamwas . . ..
wel e i ORI BT DT ST 9 TrRprhy Ayigomyceiss n tis
exatdie Ngerk BBoWAH o Sedeenevaguumiamni fol d (M1 lipore;, the
_hacrodropiets were washed at |east tw.ce. The wash .
[2065 o PRERAEYPISHAY CHEEENHED COIRPIGT YR OREIORTlY fifierent anppgrances were picked,
piatdPogl darhl AlpBsdSnk@sd-Rell bR@SING ichsadBe bodr aplset gavs.
“Intact 1n the wells of the Multi Screen filter plate. =
ColaBevitipfdendrap Bigenptyesdi e Taptiadted @il ope colapingmong several idenucal
§i7 e s 1SR i & 90 f3C LM 20
o HEGERAT, 5 QSRRSO i) iE 91 e
minmien ahdSiet eutohugeb fivrd 65 MRNAegsno shraopicats. TiRheraysWege dirther fermented
the filter plate e _the S at least tw ce using
a"“taﬁ[évq\ﬁﬂnfﬂog}%&e“éeﬁ“ 9‘%& M %g‘%rﬁ?g%‘?M | lipore;. |eaving
20 FacdeviiaDavaasmiveersasulaing tietk feregedweing M 16ohe ti@Genaeiihg strain, and

. _plate. A sterile.. 0.22 tun 20 cellulose nitrate ... .
fordsrbre FrEEPRATT T dsSa e SRPM AT dveete
aurdoRnrRAE hvadaltin Olb@n @ mvelrdpravidintid aeRida-hikN@n@oendshSes Table 4. No
media, primarily media identical to that used for
macr odr opl et producti on. teach bi omass was aseptically
transferred onto a separate rggrrbrane filter in the 6-
wel |l plate using sterile toothpicks. The
m croorgani sns on the nmenbrane. actinonvicetes in this
exanple, were allowed to grow at 28 C for 7 days.
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25 [206] Phenotypically differentiated colonies with
obvi ously different appearances were picked. plated
on an oat neal - based nmediumin 6-well plates and
i ncubated at 28 C for 5-7 days Col onies with
henot ypes_ wer [ a
anibal i oS RS RS Pt e GBI S oA SBme wee
sdeaﬁdﬁ£mﬁ$uuaﬁ@yﬁahb@cted. An al i quot was |nact|vated at
90 C for at least 20 mnutes and then submtted for
16S r RNA gene sequencing. The strains were further
r208] f enne At Rehior seiRthiA€ bl AinEANROMO d§in NERATi Bk Sk dsad tRN@reening
characteri zed. [207] Several actinonvicete strains
swainpyer e sel ect ed using CM 166 as the screening strain.
[209] afﬁhs £ 5D Qs CRETE drerliR REL ReZ B AR 7UnRAl ae i S 6kid N @tipie
bi oacti ve compounds wWere thioiutin. —aureothricin,
drug desaenamﬁbqnwaa alrboyasahh scremngprains dhithoagll S sterewsiieti. as hvkle
estabicx: %E'(P %ﬂg&n Q@ J:%*?L gnoﬂheam égeapjﬂt fs %ﬁh Q-Eé;-ﬁlJ to %&ﬁ@h%ﬁ we Choose
Whose Tesi St ant genes were |ncorporated Into
Canaikﬁ@a g:enmmuwe tigs alsteivemmwp Uendidg sur:essmrn gnorwet batighgens for
.of screenln a ngal ent s
numay 3PiREe R e e Dot TReLnAlly it B SRS
10Tl ardr atmheet | 4. uﬂﬂizbc&fs es. m&r&a&c Ceemsa ey ozady il odrue

antlfungatf gﬁnts i ng multi 5 drug resi st ant N
reSISET PG &S e AT Y SR HET YR PR r?@“’&t“r&ﬁ ROSAPPREEeg; musagen-
ucaufi@ 8Y béhe@Eene@Berin dVeliihicathbd o5 RRl-@NR QL RN Gah4igY SERR are

in bionedi cal research, is nuch easier to manipul ate,
coliegied BRBASBENTCHRIRYPER a‘éfﬁ‘“@?éﬁ‘?ﬁ a2t TR gl dyet 1o SXtERfigd periods
of mﬁ GAUSEMERDE AR oihin@iikSe fafnskROWEN RASAPGSAS arf Bee Bk 2: a1, 1980,
uman bel ngs ang ey cause systemc i nfections, which

"Incidggabf wmnerrww vtﬂséa@mm@ frorpripjcaCrpaelimtas. s huingpsob. Agents

I S - a‘ F ) KI [+ 1 J oo
Che [‘écggr f}ég(l il t p‘s’“&‘% o %%s?%@angéghédriae?%estr (? cﬁ"‘ Hadt ubonaml
rﬂsxstaﬁlnirﬂt-stmmpfmle mat Idamzzaalalnsaam seljedhwigin gdesgic geographic iocale.’

t nut agen- _treatnent ar
A Bl BT Vo B3GR RS R0t BBk By mugiggpuns of
motxﬁaﬁﬂidxrdgsé‘:&dhat Maheabeantze lof mtzedruforssmmﬁhk evat snawhao shied Candido
been adn1n|strated Wit h antl-fun drugs for extended
S“alﬁseqqn@b‘g"‘i‘“fs’é? TREESIHIRG: PREIIRAFRS b*“r witl HI“éY‘?vn‘tj CpRRYyRds
souo‘ﬂt 'i@hdlﬁucﬁ:r EaMBhd sKraIMa strind B8 RIkrabia@ed Bl 6éneBt efoineering. As

80. "incidence of polvene-resistant yeasts
mSv‘FSé?PoWéFfé'@ﬂPr—e-n% EERGFHIcEaMs Sirdtifyngaldrug msisiapeq (¢lofssistant to polyenes
and é_%@mi are r@ﬁé@ﬁxﬁe& = ca{ntrodick b %utaa%ﬁssﬁwak&m%nt @hndido strains

2, "Ml ecular heterogeneity o fiuconazol e-
to Ummmmntdnw@SlSmrm i Wlieh ssreds aCthsdidenng tiramrrsr antifungai
com]solated within a single geographic locale.” APMS.
TTWP&) 315-24. Such drug-resistant strains al so canbe
[211gelat ploeciulyy ionsbiiisphpie colladsn, ekukDoh a@aaﬂmemvchmg:nmnmom are

sel ection. .The advanta e ,of , q%f sel ecti.on al
exaqliy the WS 28 AFUIgR £° %8 direfa r“g?sﬁ%“c ORELPHPRG: bi0aSsay is also
strifle Hih @ pefuiged @&r&&@ﬁltsﬂfﬁdnbx@teﬂ ﬁn@emaﬁ&amwerd\iot h-10keys, but
pe of conmpounds, sou in a dltlon

moss EF @Y g S8 r AR éafe&%{’ﬂf Sheig tcg%*néfelloe"m“ procedurs.

Col &I PR ERIBE scréhin il $RAcbJuiB Gl sRikiSeNRkE G 1tR3%hi%ab®f medium
antifungal drug resistance (e.g. resistant to oIvenes
InClydipg gpiesPusantiiyneals aad N SR VG RECTERISET et ddued ) t hsgumal

medTH BbddPibh vaRtOrdR8rdif & RiafdndGaRdh A3t AL MoorelPMcMultar,
generate nulti-drug resistant strains. which serves as

2003 Weogwansonion gediafod gpsinfabreceiery ¢ilrydida dngsand Sandida giabraia
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[211-1 The procedures for soil sanple collection,

extraction and actinonvicetes enrichnment are exactly
the same as described in section 5.2.3. 1. The
subsequent nacrodropiet bi oassay is al so sinilar

Si ng opul ated r let.s d and )
from t&gﬂdtq}# grp Qh IMER omf Qg %@ {,}vncralgug'gg ¢ optimal medium fos
both & LEAMEREAYC " gL, Aﬁ@{@ﬁﬂhﬁ@uﬁta@um sEhifs W@maﬁtemglr cell density

according to the follow ng procedure. Colo
15 deteZaentt &% Osglér%ﬁwaépr%uﬁ%f’ BE‘CT’WB ‘P"a‘i"é‘b‘“f’n 6" %%SF%TQ‘““

straini Lv?ﬁ' El?ﬁewm 1618 sS4 {oRld-¢ HBHL 1R pibP el Wit RGRRNIBGE té@rowth of a

ungal s and count er - sel ecti ve agents (see section
single52ye3 oiCaﬁdw sammmalan agasdilaien Acten g g al Qfe geqdr1p ggrermined,
040 S B ARh 8 ESRYRL A LRuBIZ0f arugs
Ca"aféé‘l\‘?ﬂ HrE. @gDnﬁé?c{jlsgiﬁHo @ﬂpedlﬁ]g on?i Jg Cgu ceTe drgs
as welieg euxﬁmymofuse@amdimdaa)ajrmscams aampﬂatmhlldﬁ gtmabrcm alrsaslvm
from ood culture.' Med. { 1 00-2. -0
nyStagR fht gjf’? pedigmgopiang gr'ﬁ"%-:\“‘““'a1 e T”“ &é“ﬁqmgrr égg,;%g? ﬁ’%ﬁr the
macrédrohie@ e aNkhvEbe g «Cabwafcraol AlD @ayscu D.% a0 f‘@gS&tmezaﬁ}amdmjar 3.2.3
strains overnight. their le gg %/ i s determned . ..
The qjyefqrapiaqqﬁlémé‘ﬁwwomef 3050 % 1”8 HURBY BRete (Bve1 G} Candi
celis Gl didahil, B, CRR{Ua6ZonS GHiB ©B bR@rvestar@ind s pokitie Glbdrb@bsist which
. D

. read for 48-72 hours and pick the one which
prodigel enigungaeasggféwt h of a 5 single laver of Candida

[212f‘t'h§-l vl o"?gmaxgj@fcraﬂls,xﬁg ?mm/NDB@J prb@Rif2ohBd: afdifdngdl &Rty and

s deternine Candida culture with the optimal O D.
theirrcelte psd wsmdawrtlh aTBBYEDEH Ay P A} - TOGARIARA ap awfipggal drug o which
. dry as. wel |l . a i yheal drugs.

the Sﬁ@ﬁ %mghﬁﬁJFgP glﬁﬁg ggﬁﬁﬁéggfgnﬁg%n§%|C|n

nystatlc etc. The nedi um cont ai ni ng Candi da screeni ng
[’7L3$t £ AiSn8 Teatiendow sErRENi DN AN LDRLODASERESNIAGIRS @ MR FuF0r G e as the

e been growi ng for 5-10 days at 28-30 C. See

SmedET%ﬁWQfl n section 5.2.3. 10 Tne plates are placed
[21 4] NntrDadiiftion NE ubaie@nnabm%ur@ fapand-Badiondh oganss, umrpd!rﬂausms, n

single | aye Candida .cells are clearl A e
Pam(?P‘é‘ai‘C”fBﬁqg Cfcl ?avﬁélp% BER Ve P Al AP0 i lgﬁr Ve Hlanomonr drugs.
Ex affift QR DN A -iddbrabibve a@élﬁd lslﬁc&ﬁas&iiﬂokrf\'umg adacagpents, miidh2in C and

The recovery of mcraoor sms _fram beads ?rodu0|ng thii
anthgnyelinegfas fstliaf GAGRPUDAE P thrT%i‘ﬁ OEHY W FE FFE R R FPomHone
(m‘o‘éx%eﬁmdnﬁ:\ﬁbb%d n&%c@xﬁﬁﬂcbt@@dwhﬁh Actdy &ta@xlﬁ)&ﬁ&ﬁxbrohfm& =s during

an anti f'ungai drug to which 15 _the screening strai
cellidsvisien shidfias ai-s! PaqiFopeyops #ae Bo Nye! LgiMepgies Mﬁ*@“a s with
Cw[yé}a]ﬁxv%w%\ ﬁsoxﬁmﬁt AR08 1rRGlrE SR h T n b MR BLRSEA.C Angew. Cherr.

gents using a human tunor cell line as the screening

Jnrékrﬁnw.%npgldﬁ 74lp6%ddi tion to be the principal source

for.anti-bacterial CLoor gani SiBn ale e[ screenine
21y, R Ofa%“t%ls ﬁ%nrr%/l%g &Sﬁd ﬁgz;@\?eggrgso been T rﬁderlg%cﬂc}aé%m o poreemne
ass@ (8édgaeor G2 B rmetrtaintevtmﬁqtcbmnmuﬂ it gsL-neoRGUERANICE O
coctfion PRSRTOP R Chrpay PR ke B P FERARR py gpoivine <
wARyGUFRQAiRESontfRod itfubedsedin ipdes. Si‘mxaxe bioagsavsf @hich have been used

exanpl e, epothiiones % I 0 uced b acter not
exs Bt Peretreanp moiog e SRy DETIR IS HG PR EF Bedical
a°\9é1‘[ ' a@gals&ﬂnlhygﬂly [nSdu@ Righ ol éhpRt ardk scredhi9ROsvsieinRedidtid foneti-tumor
and Novel 16-Menbered Macroiides wifh _Cytotoxic
aruA@tfp:\,qxplymlﬂ 3T) |nzﬁtqq9rplscg§sugtnaﬁosgft}lw e 19fNq Tissue culure method for

Q6B &bk SRl ditus@Nin mefRUPWaceh el BPhar S5 d-d4: 1 98d.
SC‘%?]‘%L B)ggl:' pp.l 1567 -155613. [ 215 Human tunor cells can
al so be used as the screening strain in the

nmacr odr opi et screeni ng 54




16

P
o

20

assay (see section 5.2.3) for the detection of
conpounds with anti-neopiasuc activities or detection
of cvtotoxic compounds produced by bacteria growing in
macrodropl ets by applying a two-laver agar diffusion
method illustrated in Flg re 2. Simlar % assa d
12161 wh 4 cempIe B2 R UR0esTy o KPBHS PYBH RoparogEl P Aagjpgina (obiaine

from ﬁ[) %tt )ta@éeus%@fa?%l th{ cnh'lﬁ’xn%e@@ﬂe&xhlcs &fhid)For macrodropiet bioassays.
ancC%urlng medi cal devices, are also applicable in
The advmrahm ghusmng @ughb ine yrikpgitdep éé‘l‘ﬁﬂﬁgf CSIHI@RGETHY SBAK FARPOUPEy than

many; nﬁmﬁsg s cell °ll lip r M §rer<{r9 lan? ?%2@1 rugd Wen AR IBQanJ ﬁ%ﬁ‘sﬁgcovered by

"Ti ssue “cul ture net
screﬂxfuﬁf* agdifpt &ﬁﬂ¢elmgxrkdmvdrﬂig¢scﬁenplgasm ibe scitigved &y lgtget@llq)\nmo procedures
di cal practice,

S
xllusqah,dtsmeénaél)\(%n]}.p]'né'wulr_‘e.p &j}; Erélc_f?%wa grﬁ:%’ge (§ I‘%meal ns%ﬂlﬂg%%edmm

rom a
(E Mmpﬁlpgfeﬂiphwﬂ &FitnCIRLCie 0 FBvind bémmnad indubasd hth€°E@°CEi)nuamec
are uSed as the test cell line (the screening strain

atmogpperervdT VHI S pilepir BPOBES AP assagh 1%@’\9‘8&%‘&@’@3 BrArE; 3y are re
mma%e@rﬁm‘xjﬁuerx Jd2es ks hbdh didrvli@s a higher resistance t 0
oxI ¢ conpounds than many non-hepatic cell lines:
12171 hérgbanople tmnmmnzrmnnmwgt@s wetmctﬁr@tjlws PEVERSYy dseyiop@and
di scoyer h creening- a ot—h+ al ) . N8 e
mcu‘ﬁﬁ“(ﬁ‘g‘n\é@r"gg 80%587’1\ qae‘"satghl evel r%'r chvlv]lt’ EH@ ‘AR i period
the MRA-RRIESHIEE Sare rhibdd8dd 18t edhes ctheraa(d. ﬁffal\&lly agan uFEMlE‘ﬂVEnﬁmumx and the
Cells are grown in Eag)l es M ni mal Essgntl al
platss ENENgd WpH ErfentedeiZ i Hefgs Pt BEVINE "§%‘rqfr1'{%{ﬁd" low
o136 L8 ' bt 8hiSieMihitl HepG?2 celis
menigtFREp i SR ot T € WA, pE e BRSE:
to a aftsichbOt k q6f cetie/ntirddi ivam 2010 Phanss arekept m4t iCatoedS fmom aliow the
frozen stocks at 3-month igterva %n%
agarREEdp SEHOSHITe PENE BRTRRHIThY o4 i a2 dOBPepif
cytofokiddty GYd ﬁk‘&ih\iﬂd}l&%hmd @ ¥gardsP bRt eathiz3 MEmi s@0u@al 3-(4.5-
bi oassay pl ates for 7 days at 28 C._Figure 2. item
dimgpplthigyot-8¥ LRt @D&?@F‘i‘ﬁfélmt%mﬁﬁﬁ?d&@%’l 1@@50“%1%“‘““’ and incubating

ddy .. £.%
wSSIBCE Ph] o2up SE Mt Y s

wmldzﬁiﬁ:%i(hxxdﬂi\at‘ee@sa'lvﬂi gshrenesey eidanve dd. \Artnh—3© 8 % (WI v)

0 ng poi nt agqaro. n L2 d
[Zlﬁ%ﬁ,rﬂcggplsg gﬁodiuhlg%a gtoxx&%omtoﬁux}'% 'M@%B%Fﬁgm&g c%v rlg)
micfeREdnisyns@ondinéd Ifdfie podilie/ microclrdpleustamwﬂn"ﬁﬁhredl?h aﬁzes rajogume and

kept at 4 Cfor 15 nmin.to allow.the arose to N
Gefmﬁﬁ%bbévﬁﬁf“" %iﬁé‘é{‘ié‘a“?aﬁ‘%%é‘?ﬁm°8w‘f’ﬂ${8“‘ ﬁ‘B%‘B%&“ ‘S For’®

exaft®iN P& SDNATRASse@hiencY ! THe@$trpotinds\cadigy oéli Sudldxz@e abypurified and
overl aved the agarose surface with a 5 ngim solution
tne@fcvtgtoq(xp mgoperties are furtner characterized. Tnose wmch ihduce CYtotoxocity by causing

Wﬂv 'nlm*o%@ 'csl?e{,%}sm% &z diDheRMhL Qhf-8%R-IHD Bharkse

growth nmedium and incubating at 37 Cfor 2
hours. Viable cells are stained purple by the
[218t oBd6t Aaretbdd foesrirear e A i aHCU NP RassE agRngfsing a sensiuized

baéﬂg@ gf%g?.rs%hcbser ved as zones of clearing.. 1d. item

rodropl ets producing CVtOtOXIC conpounds
m@r eHsubseludiiA ycvr@erm/é'qe@dd Larght oraBRIY ANTOLIR 2GS Apadld a ciinical
DS 8BRS il o€ oI SiESHRAL 8fhidofutfic. Antd
Setf”é’r qaF vt bnrﬁeuaaﬁ d@?%g%ggéﬁvﬁg l %rl\qfc‘%(%enetoplc tc. Anthony anc
Twehar. 200 eriDnd i itk 2bgreeet drthdsoicogratd M Vkaawm ey PN Arentemctive

for, ex le. 16S r DNA gene [ Th
2205y sﬁﬁgaﬁ‘l&?"%\%ﬂ? B % y %ar ?cbzbur ?%mgyg C?aln d g)é“ lt%gpgolﬁ%%f cel
GiVeNSANEre aqiivepetdiicaitncandr DNAL ke acihiar mot-aensaed.1o Dgs éamaging
whi ch induce cvtotoxocity by causing DNA danage.
inhibiting cell division. et.z; are potenti al
anti-tunmor drug candidates. [219] 5.3.6. A nethod for

screening DNA-i nteractive anti-neopl astic agents using
a sensitized
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bacterial screening strain. [2201 Historicall.y. DNA
represents the end-target for many cvtotoxic agents
used in a clinical 30 setting. Exanples include
dacti nomvcin. mtonvcin C. bl eonvcin. daunorubicin.
Ant hony and Twelves. 2001, "DNA: Still a target worth
drugs| 'ﬁinrkcpfng: aIIﬂDOAnmmusmg BNMWW# PRIACAIPEN G fiEwg candidates.
% LBECAUSE L
AN i UG OF B0 RORERGF rmedrTebeel e AHEE el of cances

I VI'SI on an
most BN A -Wdrycive phimtadisdigve blghm-ﬁmmtblaayma raemﬁar Tms meamnlo

oS Ay TR e R B SHOIE
secti6 ¥9 1 CARGHAAL 8niv sChdiihaLtg @Nhammlghﬁusbe m&eﬂ:cn for
clinically as chénot herapeuti %8ents in.the treagrrent
micresireARATIEePSPECI ST IMIAYGoFE S ARG REC N Gl IE R HY S P RRARRAS
- [ fiuRRPbo@ii - bacterial activity. This exanple
pote Iﬁ%a]g%{st ruat eémt hé use of a genetically nodified
1221 balettiacierizmrduniisnass te el ilaDRIN/ pecapsrdbeyfiavaap &ipdive HNA
repal} %&stl rr? ket % Mngan#o%ant%p h¥ ST 'xskﬁdn‘s(‘esvklgm, vgﬁl'?sgérﬁﬁ, | role it
S, T0 screen m croorgani sms.” especially o
oomm A mﬁmt iacdthe Sip-rpgubalioo ioh gx“IDMAP irepagysapemn e drmpeslingsxpenencing
tential anti-tu 2 1 I Ragleria;
STrEsg, Lﬁ"{‘}] ¢e- 5%26‘8“ ce“f‘ PUTar %ﬁﬁécaﬁééﬂif R a‘z\‘;“e&?asg&Ige%i i
sectOf E&ct.d, vie soMAning epah DRIP ST mama Rew@Bd recd m:a.]som wh@rpaIe pens.

of the SOS response system plays.an essential role in .
encoptR A FRTRE AP R R e 1 TR I BROROn oh g 1octs makes
DR 2P aipergustiemohten chiesifi€hdentss experienci ng st ress,

such’as W radiation or. the exposure under
[22H avarFrmpe B ERY A INIHECHE AZFRH ¥ S rﬂme‘%‘é{ft“F‘Bn“g S?“E‘“& macppgroplet
scre\./ﬁxﬁ@ﬁﬂth@@ nﬁkfo@hl(‘ aPRBd2 “hﬁxin@eiﬂéﬁ@dn@a Wﬁxxja@ ext8udeld from the

Ith a cat gene, encoding chioranpheni coi
bioBsatmtdumaisliewas@veiighi mseyation at -, dastod[pic peash ofezones 0F
__recA | ocus five NA . <
g AT TR PEC PrpBgngs ERSLARION b ischuelMisection 5224

22Nl agt d n:gorageﬁmcmmsmg awas medommti lusicTegse dpecificity of the
standard macrodro

| et. reenin thod .previ ous R
Scrﬁé%r Mlﬁ.‘éﬂ)raww neél)?é %qu&%ﬂtv%)é?he V\Ig's geS)C(:lél C{oéf)gvv were
subfdcOid A s8fond RbRRATT 8dtedTREH wiiic scehapsRgnOieengiaghtZ reporter gene

i ncubation at 35 C, macrodro | et bead
coriaHedhvy H’féﬁohfsefe?"@&i\"/%‘roéaNér?dg‘ﬁ é%@saé@‘%ga?fﬁgpﬁgr (g secuon
3 ”Zlqytﬁxﬂ%staﬂé SCYR3RiMg bbb hieiische@indoth sechiad?B}.3. Microorganisms

ternatively. a second round screening was gerfor med
fromonicesirenigie PRIGERNG FQ8ES §f 35K VIDhWeIP (PUE Bl g getnods previousiy

ues'éﬂngercoagﬁm 02 inl Q;oal Qggmgsg TR s 6 IR iRfriet B8re determined by
screening descri ove were " subject to a second
seguenthtt mfir $ET PN ggnea shtthe scueaampgusis mEraririigy jang iugther
| acZ re orter gene con roll r
bR B S A P DL e ST
strébtehigrrd oauﬁbmvdﬁtaah tigroporrscineehich grepiticmedtt DN /adamaging agents. Ses

d| scussed in both section 5.2.3. Mcroorganisms from
rodropl ets produci ng zones of activity were
puri fied using nethods Dreviousiy 25 described and
[244e1 BBIM. edlmietholl drgerecniof amessoDTdIEs 42es I @EINg polyene- -resistant yeast as the
specificities were determ ned bv sequencing their 16S
SCIEERNRE FEtfes and the active compounds were purified and
further characterized. Several active conpounds were
sel ected by DRI 21.2, such as chrysonvcin.

streotoni grin, daunomycin and chrononvcin. which are
all known DNA danmagi ng- agents. See
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Table 4. 30 [2241 A nethod for screening
anti - neopi asti c agents using poivene-resistant yeast
as the screening strain. 56 [225] This exanple
illustrates the use of the macrodropiet screening
Aoy SYStem t etect cvtotoxi o) nds w th poten
2251 1% s SRR B DG e e PR s L R Rl ponon
compdifnfaivith 8Steda ants BERPRRBLNLLONY BRLS POIVER2BHsARARLS @KL as the
bei ng used increasingly as nodel organi sns for
SCreehiit S or drug discovery. 5 This is partly due to the
r2261 1 @hgsru,eﬁt bélﬁta@gﬂabﬁréats%a@'raa YR8t oreMidrds o0 BRARRchr i discovery.
mammel i an cell lines and their “adaptability to
This 1g| parfle dehio t@?sxgave@y@t:@nww ofryead gPly compatedivp samswiiapeell iines and
their Jdgﬁtaglﬁgggﬁﬁiep ?5%5\ svstl%ﬁaﬂ%dﬂﬂ%r y@oﬁtrctyangcﬁ‘xl $I%$@%8P§b%m
a hig egree of conservation 1 n the major signallng
humapy otdeicas celhmdvhaevo adetil dbdgere g cotsessuen inghsywmegror signaiing proteins
and b?/n‘sz%\ 5, lui anroget%sessoeta\pegb Hf‘%aﬁg}i‘k?&a | éc?]vgg‘gﬁka?g%%cf&&emgghca as
veast.dMaeowe 2P0, 'Appications gf ¥as.in BﬁrﬂhlsZoﬂ:ﬁQIPrdd)qrM@; 57:117-162.
~Yast cells are al so amenable to genet
227) P ATDHEC ARA E{JI{% EYBET agppjagons ﬁéf“}aﬁf%‘mvﬁﬁ% they are
more Sbikab@dds exo§t§roh @ftskpfetdion SEpeARE BSEAORENS], <SP B6kAtiaC dlid iR Pers,
genes, potential dru tar ets, allow.ng nore
aliowng HIe t%ssfi é’ﬁF%‘?‘e@ Dma&ﬁgfsfag’ AEY ‘Efé"adé/\‘}’é’l s AN HEF . & sast
celis bl 13B8Ror A2 brientt8 astenige! J\ﬁn‘aﬁhérgﬁlbs Bflcﬁxf‘hno' 52:311-320. These
target-oriented screening M cr obi ol
factom; Bteeehsi 6Flls a)@SLB‘I&a%ZGa““MQSEYOEM@‘%UP%R@ﬁ e rrga@ayﬂlan cell itnes as
screeﬁﬁ o§vaﬂlsﬁl %r tﬁ]cc(fx Igr%qul,%% a&ﬁo&éﬁE whth %B@.ﬁﬂﬁtclv&)t&ﬂ:% &l th'nan cells.
or lan ce ' nes , Screening organi sns
[2281 HEn=gicsT swan yomphoniy npalas dsnadet fm* pmtremiiaalcvroym;:ttexuume& 73

Saccl nohl\,’manercl%lll > As t 228;sr Ihu%x rlgllﬂn conéﬂ%g"et% bacieria
TORYFHGEFV'8r Wamyal i an cvt‘o OXICI ysu8 5 10 bastetie.

it carSeCeakiy ﬁr[’pldrm&dQ&tR)&ldd sh@edrodist wibassayy emsdcingSE. coii as the screening
.u%gzl lular with simlar growh conditions to
straig, FRsFaY 15 QLnEXITe FRTES ST )Y i PR B Ol e Y STy grutants of

SaccABORQEHs QBlebkiab] Wags@RY: all. ERbREON S Ciaivsid Bf két6eonronembign:
strain. The bioassay js otherwise carried out analysis
muiagfs G SEHHRLET € audst M0 InMieent'st Mveop 253 thé otlifyiseat suck a

straifs 8 @Y k&tAtng PGSR woltld réduce thelieligtiold @R sA&in@ BRLYS ko]

ket oconazol'e resistant nutants of Sacharonvces '
antifyegad giugs AUher vempograigs wigpaulugle drugfreisianceoage 3is@suitplp to serve as the
screaif 43 HniSHER. TRELABnd S R HCTSEB A0 8L 4R USRon: of nicr

uce t of selecting al ready known
aosvanf mﬁlmgal drolgsu gso\ ganhe:r enggreiting teigiensg thtrhnsrmbm:g pisestant genes

resist re. also suitable to serve as the
““%%r gcé?f“‘ﬁr Ve%s?f;gl n |n° %‘ﬁ’éﬂ B “These strains can be
ei ther established by the treatnent of high 2f doses

[22%f Sartt iArmosgad fod sangsunsmmibiyalgem P yCseErynnB@YNgmMpounds which
deliverin tifungai. dru £ an enes into the
mm?’éqctf’brrémt );ggslt RS nur?“g%e A=y r?gsect ion 5.2.2.1.
md, 279]s rardpid La&:merufﬁqémr uls@fh&enhmgumt soréshitle oAg@btabcompounds
y sel ecting natural oun s whi ch hi bits the
that éﬁfﬂ‘ﬁ 5t intgrazupn Pn‘tw&efh HRrehPeis rf%[ﬂ%a?t%%’ of pyman D4 7
iym ﬂns:egmx&dnew@ﬁwtdmrefﬁmw i8Mos: delit r a- hi gh

hroughput scréeni ng of natural conpounds 30 that
[231gi $Y plt %P“trh@[q Wit Rshedls BYMHEIME & AYEPRRCYtegia Do THmare ¢f an

o CMpELGRPIAR £ff20MTRMIGRAT mah o BRGEYbESR: edtUS HIV-1 into its
mc@ﬁo‘:k' ng the entrg of HV-1 |ntgllltsfmhwgst cells. o its
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[231 ] HP,"-1 enters into its host cell. human CD4 T

| ynphocyte via the formation of an anchoring conpl ex:
and both pl120 and CD4 are the major players for the
entry of HV-1 into its 5 host cells. Qher cell

ce co-receptors and v | envel o roteins al so
nost Bl DB ol o R C B P udt Wil ep iy erOleuR i Fuclii e process
See FieMisl @0 g3001, WisogSee ARsiseak nibasrkle: &i...2080 0fne diliBpion of the
di sruptjon of the formation of such anchoring coi Iex
formatipp hoh HENGHES SR PO T 0 GiHY e Rigreetng 1
infecdddf 8edionroosSchol s. 2004. 5 [232-1 In this exanple, we
use S. cerevisiae as the screening strain. Cell |ines
[132] a e thag grembleeWe $67 £ apiepgias oy thie ﬁgrcarppg $reaib |Gelliimes &1k suitabie
¢
oo g T e s e Mol H Mo e
mechgpgn pbhpwstn@ 2ethod Whtkatiedisossed mi mgusm nal.nl Tex lsnrbanﬁng strain
exaioffl} Bl ot MR ShENEERAE, B UGMBERRE g g ncroducec
into t‘sscmmng gn—at r}élasmm A aemd adacOrepanitene braEZthe ep@fd ef bacterial
ZxxAg ne under the controLloi Qgp ial 10 LexA operator
BoTR9a10 PAdDR FHTESIOP Shidst 15 9pFqeRt YRop dRIREN eI et arotein,
whicip E@SERGE v fulseXdhaPlddhLhNDN ARGk e GORSINTDB MM and Wivarion domair
functional domains. DNA binding domain (DBDl and
(AD)5 £ FGGAC Go REDHRd Adpyiormy g duncliopal imapiERueRal BRIT SRYEARS iac”
report P eBR: SRpfbiie IPRRANI B LARSGL APEIRARon f”é’s‘élt@r or QLY SRT-B8 20 fusion
iacZ reporter gene expression. Plasmd B contains an
protey Biagmil (o prrrgssaent bexgf-AD-ERAIERIR poER0 The sntmcuon between gpl120
yus - X e sion_ o
and a2 el P S L A A ARl maonine o
of thy @slkspgnempenh Haszor t:«anmndmnmmsm théﬁmemhmcﬁfbetwem gpi20 and
uentiy results t he, t.urni
CDh4. ée? a ?trox% dsgoc %eo\;eﬂr}'ﬁ) Con%ltgu%n X %F] qgvﬁntpltgxind:& i H1€b reporter
gmvmmhemamtlon betmeen gol20 and CD4, also destroy the
338580 lL.ation ? _gﬁg AD, and consequent|y turn off
(233} Hg fpon Report-ine fihe BYFPROWRS mr%«%d It WERECRY Hfuch as
g4 1 Bs@h2R theiahRf hoMsthuceMeh SRR ORI A8ibkMYIVY efmisedB. Liv &
virus entry, such as 20 gp4l. also can be the target
Jiang. 0@ NAteh HRIPUENRS} SHEBING RBT Fharaderiaddy o' fHE - apsvdnhipitors targeting
gp4all BleSri2 a4 lééﬁmo@su darr. @’hﬁ'ﬂgD*‘ZOM 151 - fdh el s tﬁfrggﬂb Riler cell surface
screenlng and characterization of HB- entry
receRigff ot VGE & thg iefatappgof tgpmm' Ctomm surnan dnaneakimi rgagewrs CXCR4
and é@p BR VIR ngs,waqjﬁg( 15;:182''-43. Simlarly. other
cel surface Teceptors |nvolved in the formation of
{2341 hEncenateemng prpeéxs sgucfrmass olsowsskd 1 mes crmmepﬁ ors. c=ﬁ£=X£R4bxl

o5 SRR B85l shRclfF 198

condStemtma(n la\.r.ﬁloﬁlvaetf:i; e gﬁﬁtﬁhéﬁ The enti¢hmenapiotaiirsis €kipped if no specific
~_col | ect ed, ooleg croor ani sns are extracted and
MICT QR R wﬁ‘?‘fr ‘“i" %éﬂ%ﬁ"? AGFotaRatiatse 19 REmAac@aptets and
furtn@f @uhaRIig Deeb. unﬁ&&n@ﬁ#f%ﬂ%ﬁmﬁn@ GO EUERbddSn SdetiBPSd 3l fs
no specific mcroorganisns are targeted. Single cells
cereyflag IR HraIng AFYEUEA LY s PR hIel -bavwhindhsaraai mixed
with st L W8 rieddbitrk i8S dvrideli bR {W@.ﬁ &Q&omﬁtgr'gr@dn itive macrodropiets
conditions as described in section 5. 50
are dgsFied PY PatiusENRIBE MY SsTat SCTPSniRE s &umoemlummu‘tdmacroaropxet
o ngLlL o
o eRAT LR e SR b Bl A0 MRl 1 e
nacrodroplets. The positive nacrodroplets are
detected by in situ staining with S-gal. Screening
strains surroundi ng negati vegnmacr odr opi ets



thn

1235] dcroaganismsZopagied Apthp \p@mréw

are bl ue, whereas screening strains surrounding
positive nmacrodroplets are white. 58 t235]

M croorgani snms contained in the positive nacrodroplets
are recovered, further fernented. and their species

determ ned by 16S r DNA gene se uen gras descr.i
JR P

tract.a o dnbi@8 aﬁﬁ&cﬁwdhh €¢cuion
ﬁn““&%g?gg Y 5%%6‘ m&ES&L Hﬁﬁhﬁgﬁtggﬁﬁsgference cited in
2.3. :‘I mcﬁvﬂd:cﬁﬁ}i(mﬁdsra“ purifrerfeiny cqlk@@ﬂ@fe@“ﬁt“@é‘ GPAMICRIPrERRITE Ty further
reference. None of the foregoing exanples are
C“maq?ﬁ%%ded tolimt the full scope of the invention as
fully set forth in the clainms that follow 59 O ains:

1. Acell conprising a Iur it f t v by
(236" ghsraemanher 81t REdsEht (BT BTerD R SRLE e Snreur o
rer,,r;.gg@,n q@ona rog marfg,;c.f,dngb g*;in}p]*sfhﬁ’é)ﬁtﬁnﬂﬁﬂtol iimiotha fidhscopmeioiye Inypntion as

he cell. 2. The cell of claim1, wherein the first
fuliy sdr Upgmrlééq“slﬂaamélag&#é“ of the at least two different

drug 5 resistance genes is artificially reconbined

into an essential chronmosomal |ocus. 3. The cell of

claim1. wherein the first drug resistance gene of the

at least two different drug resistance genes is

artificially reconbined into a non-essentia

chronosomal | ocus. 4. The cell of claim 2, wherein

the second drug resistance gene of the at |east two

different drug resistance genes is artificially

reconbi ned into a non-essential chronmosomal |ocus. 10

57. The cell of claim2, wherein the essentia

chronosomal | ocus of the cell before reconbination

encodes at | east one gene product involved in the

bi osynthesis of an essentia nutrient and the

artificial reconbination of the first drug resistance

gene into the essential chronosomal | ocus thereby

renders the cell auxotrophic. 6. The cell of claim1l
further conprising at |east one auxotrophic nutation.

15 7. The cell of claim1, further conprising a

reporter gene that is regulated by a pronoter gene

that is responsive to a phvsioiogicai condition of the

cell'. The cell of claimi. wherein the outer-nenbrane
perneability of the cell is altered by an artificia
change in the genotype of the cell. 9. The cell of

claimwherein the artificial change increases

out er-nenbrane perneability. 20 10. The cell of claim
wherein the artificial change decreases outer-nenbrane
perneability. 11. The cell of claim1l. wherein the
sensitivity of the cell to cvtotoxic agents is altered
by an artificial change in the genotype of the cell
12. The cell of claiml i, wherein the sensitivity of
the cell to cvtotoxic agents is increased by the
artificial change. 2-5 13. Tne cell of claim11.
wherein the sensitivity of the cell to cvtotoxic
agents is decreased by the.
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artificial change. 14. The cell of claiml. wherein

the cell is a bacterium a fungal cell. a manmali an
cell., agiant <cell, or an insect cell. 15. The cell
of claim12, wherein the cell is a Grampositive or a

Claim& am negative bacterium 30 16. The bacterium of claim

I.

2

n

_O\

10.
11

- TP PEFiam K 2igiEm the Hsiuyin

15. wherein the bacterlun1|s a strain of % scherichia
A @s@u dompSsinge phirdigy of &g BesiSEnFRZensE WsTedideast 'wWoElBprep dyus
resm tC" lc'Jg’n"s arn%g}V lﬁﬁqg’collﬁbx IE&S%_ qn%&%@ ePMEYs]L.

pneuirbni ae {7 eococcus aecalls,

ThERrtR bDAaaCL) Svikeacing mlrst dSrerrepstanny @ess of Arnvas dfast yesdierent drug
Sacchar o OI vsyvora. M cr.o

ha ¥ nosoor.
re A5G SO by AR ToCUBPEeA MR 8 senpd] chromospmal lcus, o

. Tosher of faf i lvarsdin Qﬁ&irﬂfanioheglﬁtﬁh}@ gcﬂfséfah:aﬁtdeasgmted;ﬁ.,rpm drug

confers resistance to anpicillin. m no i de,
reHpRREMPERT IS BHEGRYLTeFOmOIRe l“F%%t‘%Ith““"“ RO ﬁ%%ﬁ@ﬂf&%ﬁ

THMHe]) @F Xihafen @%kﬂrslﬂﬁpw&dna drresibh MR FYSd oT.theinept ydifierent drug
streptothricir_. tetracycline, trinet h$hf
regigARSSIBFRSSAs AGTTANY rEREMBIRE] BEG & RPTSFSSENNA] ‘i‘BOSC\mi 1961

5] ! ol bHi aZ.
TSPy AR AT RS- 1 B

renahmﬁaqonmewd"aadmst omergshs nl@Q)JClsa‘tmvvd Al e DIoSVRHhpgEpOT an essential
nu ent:r@ an(gJ {n ’aruqrcxay ?elgénm:hguon-r%‘bﬁ&? &lrulv sgncg l_’ﬁﬂrﬂltgéms sssentiai
Whet &M a repor ene 1s regul ated a pronoter
ckgemesdnhaato usmeneevsmnssmcbbaaxqmtwsmol og| cal condi tion

he bacterium 10.20. The bacteriu Laim 19,
%.ﬁl piclpup hé“%ﬁb?‘?%‘?s“(}ﬁgﬁéea“ offe an trogﬂz‘] UCI er ase

. TB@@@H{ @fairf & NRirthér cofdpdsing ﬁ@df;io@fer gﬁﬁehaL orreguliREPDY e prmiceer gene

gene. 21. The bacterium of cl a‘% m1l in which the
UG SPBPRICCAR PRYWRIPEIFY FORUUQRPY e fsless. 22, The

TRach edA i Of whtrainThLdured Retibiafd pérhRaiBly lof B/ @B 35 dierddWA an
damage. 23. The bacteriumof claim19. in which the

apmwbcr@mw%gﬁwy@?om’ééﬂ 15 24. The bacterium of

4L @llg&]cq’axmvm Gkl thd S oL ALNBIRL ARG BEEARARbldnL Ye@feabiiity.
th acteriumis altered by an artificial changé in

Tink eclpefriay pe woere trHbe bridicial ¢NpRES OB TeaT OUFATRSEI YR RsFmeability.
n|° %lclmot "lﬂlmV\P anrlen &’lh n@futv [I/ b?rg'@ ceﬁ’ tba‘moix %JE% 1S alt°r°d D\ an
geno Bt ype I ncreases out 6. - rane per neabi 7 | ty of

abraa:ﬁa&bha:m %0 c_rélﬂmeyyiaam:tkercaum of cl a| m 25, wherein the

rt| icial change. ipn the Y ni ..  the
fé ol dﬂﬁ’t lafnf” fgrrgxztgnsengxrugxéy 8% %\Q%?lﬂo y‘:ﬁ'r{o?éxdv ?‘h Esq In\,r Z&d by the
arifgdi 8 @B@ge OUt er - menbr ane perneabiiit of the
bacterium. 27. The bacteriumof claim15. wherein an
g% 9’10 é\.léfot »é’f(gO)ilhg 2nts 1s aecrvased DV tn°
SeRsditthyicty of the bacteriumto antibacterial agents.
H. The bacterium of claim?27. wherein the artificial

. Thanlyel ¢iam hevigeaiothpsel!l Eradacsiug: Abmgal o8, 3 mampagpygel 2 pian

i £G6A.gene and thereby increases the sensitivity
gy’ ?aéh l]k;)act eriumto antibacterial agents.

. The cell of claim 12, wherein the celi is 2 Gram positve or a Gram negative bacterium.,

_The bacterium of claim 15, wherein the bacterium is a stratn of Escherichia coii. Saimonelic.

Kiebsielia. Acinetobacter. Bacilius subtiiis, Staphviococcus aureus, Streptococcus
pneumoniae, Entreococcus faecalis, Enterococcus faecium, Streptomyces, Amycolaiopsts,

Saccharopolyspora. Micromonospora. or Sireptosporangium.
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29. The bacteriumof claim 15 further conprising an
auxot rophi ¢ phenotype. 30. The bacterium of claim 29
wherei n an auxotrophy is created by a nutant bio,4 . a
mut ant csgA, a nut ant netE a mutant iivG or a

[.. 30.31.. The e m 14 vvhereln t

17, Trihepiefn it g . il acgsast o of el febisatBe bl odle:

regikandE A@piBilfid @n fah'ﬂﬁﬁivc@s@cﬂ abBm¥c Y ERSSm Gk | B tactam,

Saccharonvces cerevi scae, Candida al bi cans.
chigrpapiginicioly @mmlalauaeﬁsneomeer ECFVWWFQ éqmpthgmrr QFFFPIQ@“C"
e %ug;amc o ?r[”o‘r:g;lflcbﬁﬁgrln Cephai osporiurr., or other
ungl 1 nper The fungal cell of claim

18. Tﬁdoacwhlemeuf clagth 1P ealsreippdest onhef tdq: ogpg nreesmt@tcagaanecQ gares. biaZ.

esi st ancext o4 ona 2 'S0 enr Abfrl
2? eaaf{é Slm 87t ucg[;w]l&zo?’e f?’ﬁ unga L gt oGy san dhrrt
a!ﬁvIBaltm?»Htc di\:h&zhel n at | east one of the drug resistance

enes is CYPS _I A ene. RGL .| or a ERG
1o, THE B il A BB Grenerar RS 1t ~ARBAK A B arar (e
rghBeRiIvie S0 £ igpsloddeach] bohdionrod Rt wEegeme that is
responsive to a physiol ogical condition of the fungal
10 20 Tpgppcreryg OI'FF?éfrflt?nﬁé?’ e HElDf FPPTIE] SinATSISCs WHRTISTase foparier gene.
APREEdERF cHENG o IBFP RBdrerdekelCi f €erase reporter gene. a
G-P reporter gene, or a RFP reporter gene. 37. The
- Ting epagugeef clagm 1c°| Bi Wgsthe RRETAIPgCY KenEHYL S S Efrsal
A 160 I QLN 3ipge. 38. The
- ?\uﬁgéé Augtg al? < gﬁ%n&%&vmﬁle% t egout er- menbr ane
22, Treoa@arinin ortayalm‘“t mewiugin thelpraredier ik Ssuldlor @sel. by an
i ficial,chan in_t 0 of .the f.ungal. cell
T 'J%gtbacllr{éun? al éi%lfn fg‘gwnnr‘* I'}.gr g\-‘ﬁ?n @é&%lm?é Peerimﬁ,a?xﬁtv%? the bactehium is
adetet bl ah ﬁﬂtmﬁhaﬂglﬁgd in méﬁe:ngenebyme ba:nmums es outer-
.. Jrenbrane per mea jlity of the fungal cell. 1S 40. The
25, TR Pl I6H ¢ e G fTdge o FORaT Torgee
hfmibae: BERVREe oplnt Bhderidie Sensitivity of the
bacteriumto antlfungal agents. 41. The fungal cell of
- Elediapeaam PUFIERR F S BT OF AGIISHH SRAR8T FOPhFLOpRE AEseippa mutan:
20 A aPsR 583 50, bOk mRtBPAY A 1iRer&R ithere&80BESh&Horane permeability
reconbi ning at least two differént drug resistance
gfelhfeeaﬂt‘v‘ml@ a chronosone of the cel'. 20 43. The net hod
27. ?Eetpalaté 3 claM?E g’lrr}tl{éuhgn fhifiSh &{aH& &,%J 28l yﬁfeal%%]t?xv Qénsmvm

ast t wo erent drug resistance genes IS
ofabobdziened o ahabagrneisgentt.i al chronosomal | ocus.

Dthod_h clai Y 1) firs o

2. }E:t? {gn’@eo‘gjlenel’o’f eﬁ“ east © %’J\/‘\hﬁ”a‘ﬁr‘ftg?rgon%gc&raﬁganor

23 ﬁﬁsm&ia&nﬁ@mgenegenﬁmd &remmb invechststhOsaRsinoiny a&B:ebdctﬁﬂum 10
chr onos | ocus. 43. The method of claim43. wherein
pDaE ﬁec "rug resistance gene of the at Ieast t wo

29, thd fLIB0E or Al 15 GStiRt SRERISHRNMMSIuk SrdpREAHS into a
non- essenti al chronosonmal |ocus. 46. The net od of
30. pabagiem GRHSENBIZH WIRESILE JUXPEORRY ARTEYR] Pt mél‘aPU?f@%I a murant

cell 2 nRAPADR b AhmelidG, Pk nfitant bg!.

!, The cell of claim 14, wherein the cell 15 a fungal cell.

tn
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. The fungal celi of claim 31, wherein the fungal cell 1s a veast cell, Saccharomyvces cerevisiae,
Candida albicans, Aspergillus niduians. Aspergilius niger, Aspergilius fumigatus,

Peniciliium. Cephaiosporium:, or other Tungi imperfectl.
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48,

2. The aisigalogH @ECigEma L. et Hdeass il By

. Ths fupgal il of £igim A5 BrGeT GORPIARR 2F 2
. 128dALs 1drRSdohal a 881 cofiptside. recdhthiBg at Risfrwo BiferenOdrug resistance

pl ant cell. 4-. The method of claim 43, wherein the
essential chronmosomal | ocus of the cell before

reconbi nati on encodes at | east one gene product
i nvolved in the biosynthesis of an essential 30
nutrient and the reconbi nation of &Ee first dru

B PSS e e

res&?a‘i\csmmﬁ defis b, GabhordXOld: $RBbfazoi48. The net hod
I ai m wherein the cell further conprises at

4. Thegast) ahief aiairo Bt OptFran atteashonoef, thegruggesisEnes BEhbE GY PS1A

o | furt h cgrr,prl sing reconbining a reporter
cﬁéﬁlg‘rﬁtcﬁ ensmiraegu ated h'. a pronoter gene that is

. ThegspansdlMe ctam 31 phlyaﬂ:m Iawg:octa:t ggengicghlowd 0f atphenaer gene that is

50. The nethod of cl |m4 further conpri sing
TESROPRYS 9§ %@0)6’ai“élr°° HBP 8@8 SHility of the

. Tife fuddkbYel CoYNGin7g, ﬁvhﬁelgekﬂm&y@eer(&énd ReéadZet lucit&ra& TepoFee eene. &

cell  of claim50Q, wherein the change increases
Gt reaprressDt Qha REBIFROFET 9%y, 52. The method of claim

 TOun M A LIARESC haAER tesveRSQEc0 birdiioNai iafess or DNA

permeabi lity. 53. The method of claim42. further
degeagpri sing altering the sensitivity of the cell to
YiQbgX%Lie (ﬁﬂﬁxni 1S wWB¥re AN &Y Lﬁ%rageﬂ%ﬁé&ﬁu@fm f{ﬂ?ﬁunwal ell is
THe #u? E@é 1 OI he net hodreof cl a[I mm46 wherein the cell Ts
alacrd:ﬂao}ta‘rammmmm%m m@“lﬁﬁéml@?ﬂ@%lcﬁﬂ 54 wher ei n at

) Tb‘ggﬁ%t %lglg leno h% %U;% o S hj’?&l@ﬁ? 9!1&95 ggps 1ncreasss outer-

Firns an amnOg vco 1
mm@tﬂmcaﬁﬂlm mmwzacﬂ-l actarr:. chl oranphenicol.

Tgl? %ngxg{ﬂ)élt. Pi Clia.lél" 3 n’g%ly% z}nﬁ g%t Ih:g{?%r%gh & gexsut)[&gg au;.@@%' QSnsmvw
oF &8 GMEIn o ﬁu@mn}ﬁl&oeﬁt hod of clai m 54. vvher ein at
| east one of the drug resistance 1genes | I{J? 5. biaZz,

YrOoPRGPICIPRPAS nee,

vanA. 57. The nethod of claim54, further conprising
%wonmuamqsmeoméfJ@ell a reporter gene and

. CO%M a of ﬁ#ﬂ-ﬁt ﬁga'%cré1§ iSRRG MSistafePreRDYShOL AL Ao differen:

acteriumwherein the pronoter
dmgmbxaltae@ BREFiesspwhnod inthan sepbiet erogeseal PuE8. The

. ai,m - r orter ne; i ere
.'ggeei [ﬁ‘gﬁ? aclzsaérnrlke pgg\tr 1% &LJL:BD&%&BW &e% oBRDG: bt h@&éﬁ rent

er gene re orter gene. oOr a
cRE;Premeﬁﬁfet ehege neeombiied Thea net- hssdm@ﬂ clubmpmn&? jocuher ei n

. ; he %@Xd‘m 0| olgl-ﬁﬁgl H%?‘ﬁg'&t%gnn(?: g %mﬁr&é}gﬁ‘?ioﬁ&x% %Nébst two different

RLOnRisahed SenBSidhrdofibines ﬁﬁd)\la nGﬂ.-"ssEhlﬁll mebmosbned icchai m
547 further conprising

RSP T AR P DInS H P ES T iR T By ool o

@&mtcgl@ bacterium 62. Tne met hod of claim61. wherein
change in the genotype increases outer-nenbrane

7. e mrethpd pii qxgamo%,. Pherels4ps 285519 ciromosomial tocus of the cell before

recombination encodes at least one gene product involved in the biosynthesis of an essential
nutrient and the recombination of the first drug resistance gene nto the essential
chromosomal locus thereby renders the celi auxotrophic.

The metnod of claim 42. wherein the cell further comprises at least one auxotrophic

mutanon.
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. Themethod pheaigedys iz (9mpASIngG TREOTRR)

63. The nethod of claim62. wherein the change in the
genotype creates a nutant tolC. a nutant rfa2l C, or
a mutant inp and thereby increases outer-nenbrane

pernmeability of the 30 bacterium 64. The nethod of

claimb54. further conprising chagg1 the &Q% tglaseregu ated by

a p\?\ﬁﬁét@rav%‘xgﬁﬁalls F%g&m\ﬁ {0 @%hvsﬁl@m@tchﬁ’&in&f ofCtlnabéH 63.
ereim t h? ge in the genotype creates a
Toaowrifodnd tiaondl. fnmiteanemprsegaltpsing terpiitar HRGTR9NS RFEMeapsiay of the

he sensi DVJt the hacteriumto antibacterial
CJia%ﬁ?f’é‘ 6%“ c@ yDT%nH hod of claimb54. wherein the

. Trael of tium FouwhBen eocpngs esrease:s auKoieophinge ppimsabilype.
. Tr e B S P e B R St Cukh e RBERE pORMoNR
. TH¥8hdEnodPof Ak AL, fuktW&z.cofpridingdludite tb@Lnﬁﬂqudm&hﬂeetlhuoctvmftoxic

clai m46, wherein the cell is a fungal cell. 5 69. The
agRpss AYEDAFEING ) 37PERTE AHEF E5h t he fungal cell is a yeast

 THShdtno SFC B IR MIh&SS el 8 bagerunCandi da al bi cans.

Asoergillus nidulans, Aspergillus niger. Aspergiljus

. Trﬁwtgeﬁ ofslaimPénwBeTEn al feast ope Dhiie GEYSIFTIHRICE BBResSONSF: resistance

tofa;r'lr? ”1]t1 g%%%ﬁ&h{rmqgg anw{$?go elnsgﬁ‘?ﬁ:ﬁnnghfolflﬁnnnemcox

ound on a ce conprising: a.
ndfdi-at mdid gledsrhya:xm crpnuosiycil Gubptotybinustieptpttaicge kdtragyeiine.

claiml in the ?resence of the conpound, and c
THRARIATh Phf N8t Her the cell grows in the presence of

. Thog=ge8BOsAeh 547 Wherklita: ®kIHE odtheainad rsid@ncevieatsi nppj, biaZ,

culturing the cell in the presence Qf_ the c
aplsAprip <8 6griBwrag- al i %f%drtﬁ%r?ﬂsﬁfz[t’*ﬁat"eﬁr Ces"sg 30, sa. dhfr!

dFRIROUNG:. f2anine method of claim71. wherein the
‘m croorganismis an actinonvicete. |~ 73. The nethod

7. Tioé mekimit 9f Aim ith dumicn CQFBPTHFIRG TEPRHBING dHP HiFE! @GFRHIES &Qe and &

| so ati.n A ; ersin the
AR08 LA SR FRAL A i SRR b oo

pecrmmemnents&txnmmpﬂ» of ths rpogerigensanpl e, an air sanpie,

_ depasi.t. near a hot spr o o1y e L agre
'[3@% Og qlrlél%ala.t el'IlErTllll ., Ortllg. a%ﬁg?&m_ allsléelg;?{rfegefl}cpl {Eml a Gt
r@&irtéawrﬁeo—&ewm%rxwgfmsa seawater filtrate. 20 75. The

met hod of cl ai_m wherein jso

T PO SR USRS ToaF Hob st 5 g PPy gomase
 BRMh&GRd cldd® 55 akpdrén i prameer isdsWASpEsees of

onpri ses

m croorgani sns. 76. The net hod of claim 75.

Bl LTS G COBPTE CEIZHE B G YPoP B et o ale

RS bhBe fﬁvﬁx&%}venerz'xzammh’%z pRtfaedned, cl ai m 76, wherein

enri chi ng the sanple conprises dispersing the sanple.

B déthéeoieiinal| yoereintted $1a0ee s EHELYBRHIGTeEss outer-membrans

treatin Wi th a counter-sel ective drug.
aﬁwh[ rre{i]]ﬁggim?&]gl aim77. wherein the

. 'cmattaﬁa cfedi ot a2 vemdemgnsp shangs indbxganoyot dreates a mutant 1olC, a mutan:

]IEEt hO lrll‘!anr? mp an T.HCI' )'sluligrga%es OQI er -YX&&D%LAC%&HB‘,&DIUIY of the

bacterium.

_The method of claim 34, further comprising changing the genotype 1o alter the sensitivity of

the bacterium (o antibacterial agents.

. The method of ciaim 63, wherein the change in th= genotype creates a nor-functionai mutant

recA gene and thereby increases the sensitivity of the bacterium to antibacterial agents.

o~
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2. ThE snertohlAf sieau @hovher® (e THEroRESENSE ofh FIUAPHRY L.

TERER S Sl b el §EraBe s Rl GRERRL b

79. The nethod of claim7i. wherein obtaining a
conpound conprises encapsul ating an individua

m croorgani smthat produces the conpound into an

al gi nate bead. 30 80. The nethod of claim79, further
conprising culturing.the al e bead U

. The g16E10€1% Fl&ing 343y 8 {_rh é)a%% €1 Comp ggre ux%l& hﬁenoryve.

organl il increase t
ham&mc Phiat 8 GRHERGH B ARkEELES s dvared klilsea MiuCHORIGAN mitant csg4,

1. The nethod of claim71 . wherein obtaining a
arowmﬁom.mu %Wﬁlé’esoe%]@ﬁﬁmgatl ng an i ndivi dual

. The xﬁ%tr%%ir A ¢ xb@%qﬂ rtk?:dééﬁe?@a ?Iﬁ%alch@m) ound into a

I'um ai gi nat e 82. "The net hod of claim 81,

Tifamthet of ot IGE s Whegeio Wb rurngq«\ gek e Yoy cPmassgTomaIces reairias

under . suitabie.condi ng 1.0, ‘ 065 ORh8aRism
C?'fﬁmfanacg?le%'é’e VRe l%ﬁo"tﬁ% l&'gf fhfr;hg lg%gnrg%%uh je‘Deprlodsalﬂ(g:ze by
Péh&iiihC Copgenpatam. &3 owthinpenmedeaf cl ai m 80. wherein

swt bl e conditjons ¢ ri se be 8-30 for
o et e SponERaRE b e Afithue D 50
awwtﬁhﬂa&khe;oﬁfpf)m is an anti bactenal or anti f ungal
activity. 85. The nethod of cI m71, rt er
bcoRPIMPBE AGSLt Hel¥Pepndhe FEBP e f"r?émr‘r‘f’ T86r gani sm
caf BELmiAGL YMBhE (Y cah@bRen thb @rﬂé‘&LE ofihewsmbsuntihe
presence of the corrpound 86. The method of .claim71.

L. Thegmethep ot e FAYS |Vﬁ§r\§é%@pﬁ% tk'{uﬁ:gll érbtélc PESSE of g compounc

%éﬁ@?gmﬁcsmmc}&r@%usrﬂ_ hfa: peliiRda edmpdudicm 86. i n which

péC|es I's dedlGced by phenotype, chenotaxonony or
further

aim 70
rhidfooFt@his EIFRg msemgronimanmplszi ng the compound. ' 9C.

The net hod of _cl _ wherein the n ) - -
B}?ﬂ%mdé} rgaga byw?fé?g V“é)&r?rbmrﬁe marl sdimp 5@3 sl%ndsﬂn%l an air sampis,

deposit near a hot spring. a deposit near a thermal vent, a freshwater filtrate. 2 manine

sedimment, an estuarine sedimen:, or a seawater filtrate.

The method of ciaim 73, wherein isolating the microorganism from the environmenta!

sample comprises enriching the sampie for a cerain species of IMICTOOrganisSms.

The method of claim 75, wherein enriching the sampie comprises enriching for an

acunomycets.

7 The method of claim 76, whersin enriching the sample comprises dispersing the sample.

differentially centrifugating the sample or treating the sample with a counter-selecuve drug.

The method of claim 77. wherein the counter-selective drug 1s nalidixic acic. mmethoprm.

cvcloheximide. oF nystatir.

The method of claim 71. wherein obtaining a compound cOmprises encapsuiating an

individual microorganism that produces the compound into an alginate bead.

_The meathod of ciaim 79, further comprising culturing the alginate bead under suitabie

conditions to allow the microorganism 1o increase the amount of the compound produced oy

the microoganisSm.

_The method of claim 71. wherein obtaining a compound comprises encapsuiating an

individual microorganism that produces the compound into a calcium aiginate beac.
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> The method of claim 81, further comprising culring the caicium aiginate bead under

suitabie conditons to aliow the microorganism to increase the amount of the compounc

- produced by the microoganism.

86.
87.

BE.

. The method of claim 8Q. whersin suitable conditions comprise between about 28-30°C for

about 7 to 10 days.

t. The method of claim 7C, wherein the efiect is an antibactenal or antifungal activity.

. Tne method of claim 71, further comprising the step of isoiating the microorganmism after

determining wnether the cell grows in the presence of the compounc.

Th= method of claim 71. further comprising deducing the spectes of the microorganisim.
The metinod of claim 8€. in which tihe species 1s deduced by phenotype, chemotaxonomy or
165 rDNA seguencing.

The method of claim 71, further comprising tsolating or purifying the compound from the

MiCroorganism.

. The method of claim 7C. further comprising characterizing the compound.
9C.

The method of ctaim 8¢, wherzin the compound is characterized by mass specromeuy.



