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Met hods® f or Generating and Screeni ng Novel Metabolic Pathmays
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candidaiﬁs greeneiged Qgﬂﬁ%ﬁﬁ§§1¥: “91n?2§e§EFF9;§yf°rS§ f ol ecul es
coul d be rgenptraltipnenﬁym@ biochemidalapatihwalyisoantiacher production
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are representa Ive O e causa ent o sease

agents i ncmeeébﬁepema@tmdrq \RASk h?éllﬂ utilityp in gemmercial production

Tr adi ti onabley eneh@ofphimdao sources -of potential- drug candi dat es,
col l ectigns of natural products and synthetic chem cal s.
Ident|ngation of | ead conpounds has been achi eved by random
screeni ng of such coll ecti®dns BACKEROUND CGF THE CINVBNTION br oad a range of

structural types as possible e re opnent of synthetic
conbi natorial cheni cal 2.1. SouRcER®oF°BRbE HEXBL

The basic challenges in drug discovery are to identify a

lead compound with the desirable activity, and to optimize

20 the lead compound to meet the criteria required to proceed
with further drug development. One common approach to drug
discovery involves presenting macromolecules implicated in
causing a disease (disease targets) in bicassays in which
potential drug candidates are tested for therapeutic

25 activity. Such molecules could be receptors, enzymes or
transcription factors.

Another approach involves presenting whole cells or
organisms that are representative of the causative agent of
the disease. Such agents include bacteria and tumor cell

30 lines.

Traditionally, there are two sources of potential drug
candidates, collections of natural products and synthetic
chemicals. Identification of lead compounds has been
achieved by random screening of such collections which

35 encompass as broad a range of structural types as possible.
The recent development of synthetic combinatorial chemical
libraries will further increase the number and variety of
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Random screeni ng of natural products fromsources such 5 as terrestrial

bacteria, fungi, ipverteprates and plants, has resulted in the discqvery
of nanyilnﬁﬂéhﬂﬂn lﬁﬁ?%*é%%ﬁxfaﬁ scregninggg) HOWEVERe o FhRe F1BESSE ENN N
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| nportance of Randok syxgsning ofhratuxal prodostsf Sramasauagesy such

Sci ences,s padasetiElsthbinl Béurerizan AMhdI00 ieferitaseabaklubal plRReYURLS are
blologlcaléy activ anggﬁt east 100 of these are currently_in use as
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screeni ng RO Tyl r l.cal conpani es Scraen, conpound
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conpounds. Undwersity Rresgd i 3B 132 Berdyr a974ushdvdAppdviiedobiol

conpoundg has Waudiehashiddss et id®. 193s5CHACBIoheMiIRAL ThRBFEANRECRES,
for exanpl nost of m crohi al speci ﬁi@\fghl ¢ch are biologically active
(¢

e . the y
my  yi eMRCHHEFRADIINR . B-E alf ERi2eACBERY| T this s
due to thesdiifefricess | ipsgend XSINSISH)ant IMorendhaseqoabebyo25StheBdi Agtural
repr oduci n [ ng. novel r L0 t I N
bi ol ogi cal %ﬂgg‘rcssﬁ )?A]}lésr}?laér%)a%'ycag'a&lt%uweq%g@r RS %ég% g@ﬁl% Ghege, ty,
there is i ®AF fAuRrENtly in Mswjiasalanfidhdotiicp.i marnchemical snendurnsit| y

sel ect ed f Qance AULHRSCT OFRE NicAlie g RHISLEpHRBaBROBRDiELLEY that novel
30 conpounds, w | | beSA sol bi cactivity has Consistently

f?f%ﬁea"} , Novel

been found $4PSRNG(Lepe egvidy Qe hovsmany , COBROHRAS eBF&Tg3et al .,
1994. (in scrdaimphmtemyamnd The cadyh pharmaeeudicgd” chnpesies

Chi chester.. A& P8pok®’ A TSP Uttai %G BGRAreds of thousands

of natural and synthetic compounds. However, the ratio of

20 novel to previously-discovered compounds has diminished with
time. In screens for anti-cancer agents, for example, most
of the microbial species which are biologically active may
yield compounds that are already characterized. Partly, this
is due to the difficulties of consistently and adequatély

25 finding, reproducing and supplying novel natural product
samples. Since biological diversity is largely due to
underlying molecular diversity, there is insufficient
biological diversity in the organisms currently selected for
random screening, which reduces the probability that novel

30 compounds will be isclated.

Novel biocactivity has consistently been found in various
natural sources. See for example, Cragg et al., 199%. (in
"Enthnobotany and the search for new drugs" Wiley,
Chichester. p178-196). Few of these sources have been

35 explored systematically and thoroughly for novel drug leads.
'Por example, it has been estimated that only 5000 plant
species have been studied exhaustively for possible medical
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use. This is a mnor fraction of the estinmated total of 250, 000- 3, 000, 000
speci es, nost of which growin the tropics (Abel son 1990, Science
247:513). MieeeveFhiguisor mgaor Ey@ickdond of K&ﬁo#@t@maﬁﬁﬁnh9§adfGﬁhrlne

i croor gani 388, 000LY, 808, 200 bpewiker, Rdwe RECUNIRY YR iiHEEhd RIRRACs

there is t ndou i.odi_v Slt unt ap ed as our.ces of )
| ead conpouﬁésgfson igg?erﬁ zﬁgaﬁﬁgﬁgang§ﬁ? ngl e%br at es and
pl ant s haveebstimatiedahi)lhons @@e@p@$1ssumdbsmmhnnanucaboﬁ@amuadmctSnly
Houever, §par bmbi PThiRkRE awe'begeu%mse-gqaﬂea ol AR S The RG] as the

actlnonycetes een vel ope screenlng an
comerci al BFEBEREPHR. bioddyessitabitibaty ramainso dyRsbisOvFces Of
exist. For 1egdagBhBouhle.antitunor agent, taxol, is a constltuent of the
15 bark of maturg Pacific¢ yew.trees, and i up as a_ _.clinical agent

has caused conce ﬁrﬁﬁﬁﬁflaénEB§IP8r?W@lFﬂEhI oI&EW@Ei?QﬁﬁF&% apg, o
cont ai ns 11p&hhta|haeathnstwmuhall@O&&emouaeﬂlasdm@mt&t&Db&bﬁBmmmaﬂorns SO

E'E»ﬁhIfﬁsgﬁpg%ﬁi‘g'ssy”*r‘?g’%?ﬁgyaa?’ g3 Ep el BerRA BTN ogups of
Mari ne | nvePrEBRABES, apuch BSofng mgﬁ&aﬂmxseﬁesnov'lch h@&#pb@#@s but there

exi st naJordeeakaeéaeeokna&h eeeeew Y and- cmmeordua! bRoadcedoncr eens and
| ar ge- scal e resugBFééfglﬁy nsta narlne nvert eh é tes.can be

difficult tHePEE qﬁ&%@“&?& $WSV§FF i BFAPti-n §%ur al
pr oduct eraimpbe, the antzhhmbueagemmoomgzmﬂsn&saaecanpmdmuenmgo&ouhee of

novel Ogagﬂng§ RHEH&QGESCQ%ig Sé SW%$§QES§§%pP§}%QePat|on wth

technology conduct n Scr ria
mar i ne n1crséigaﬁaénegenerhaﬁspawee concern about damage to the local

ecological system. Taxol contains 11 chiral centers with

2048 possible diastereoisomeric forms so that its de novo

synthesis on a commercial scale seems unlikely (Phillipson,
20 1994, Trans Royal Soc Trop Med Hyg 88 Supp 1:17-19).

Marine invertebrates are a promising source of novel
compounds but there exist major weaknesses in the technology
for conducting drug screens and large-scale resupply. For
instance, marine invertebrates can be difficult to reEollect,

25 and many have seasonal variability in natural product
content.

Marine microorganisms are a promising source of novel
compounds but there also exist major. weaknesses in the
technology for conducting drug screens and industrial

30 fermentation with marine microorganisms. For instance,
marine microorganisms are difficult to collect, establish and
maintain in culture, and many have specialized nutrient
requirements. A reliable source of unpolluted seawater is
generally essential for fermentation. It is estimated that

35 at least 99% of marine bacteria species do not survive on
laboratory media. Furthermore, available commercial
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under high gsgé%HESnSéC°F unde%rhﬁgknBES sﬁ?étaln conmpounds appear in

nature only g i SRSFgani s Si REaract with each other and the 5
envi ronnment . Pat F8gé §rmﬁyealF@FtBP&nFOEEﬁEnéﬁp?EB%?ﬁnlanﬁatu¥?|Qgéy
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resi st atgack . For acco ant N coti ana syl vestris

I
i ncreases®i tBVLY ﬁPWEE?s o?athﬁﬁfgﬁopﬁg ﬁﬁ&ﬁruﬁﬁg?ca??ﬁﬁke¥P5ﬁ?? 1PV B0
Manduca sextalggerLskamhsslsunglcomponadponduth psypbptealexlhg that

detOXIflCatéﬁableOEhPrﬁig%EIQg EQ%EEtaQEEQEkat' ﬁyﬁﬁpnof mﬁll be

m ssed by traditiona hrou ut _screens eva uate a
f ungus togesﬁbaCﬁptalap§ ﬁpﬁﬁﬂlﬁéétSYK”&F&F&Fléncréaéﬁﬁlét%sth%h¢%$$u@ﬁce

of the natuaﬁka@a!aéoaﬁeatuaae&na£5aekg§9bﬁn1a§v§eeafwu&ﬂd&as Bekgan dart
frog. v%#he a | et hal dose of theﬁépdlu c an

oni s
bat racho xpﬁkew*SEaﬁuB€1h5P9e§F§§° F8oB ¥5°? %xf? é?%?ﬁhkﬂ%??lgBross
t he gl andul prebenkiaf ahhueldcspaulaempnbatSachomexahorbuéd wbll bebe

detect ed | Mg 8EaRIHICRELRL LIRS BALHUTHEBALAGUL! 8% &y | RphYen 189%hof" O

Nat| . Acad nal Streéni ng
t echnol ogi e§VatuaggpRri f4ngus ﬁ@B@ﬁbﬁ&lP}thaﬂﬁﬁbPéahﬁlb@%Fes %u@hamst%%ese

may never b@xam SQESQQVQh%dlnfluence Mer eR¥Chat drd Pasn ¢ 0PRSS dbs Cayer ed
t hr ough &gndon1 5 scr.eenin rar%8¥ becones a.dru

I
sel ecti vitPyOrBRBAFY t5nFL QﬁlPPP§°ﬁagaﬁB?fB§§nceWhlfepo fecyal

dose of the sodium channel agonist alkaloid, batrachotoxin,
can be harvested by rubbing the tip of a blow dart across the
glandular back of a field specimen, batrachotoxin could not
be detected in second generation terrarium-reared frogs

20 (Daly, 1995, Proc. Natl. Acad. Sci. 92:9-13). If only
traditional drug screening technologies are applied,
potentially valuable molecules such as these may never be
discovered. - )

Moreover, a lead compound discovered through random

25 screening rarely becomes a drug, since its potency,
selectivity, bioavailability or stability may not be
adequate. Typically, a certain quantity of the lead compound
is required so that it can be modified structurally to
improve its initial activity. However, current methods for

30 synthesis and development of lead compounds from natural
sources, especially plants, are relatively inefficient.
There are significant obstacles associated with various
stages of drug development, such as recollection, growth of
the drug-producing organism, dereplication, strain

35 improvement, media imprdvemenc, and scale-up production.
These problems delay clinical testing of new compounds and
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so that it can be nodified structurally to i nprove its initial activity.
However, coW@@emdmethods for 30 synthesis and devel opment of PCEHSIEIPDUNS
fron1natura| sources, especially plants, are relatively inefficient.
There are significant obstacles associated wth various stages of drug
developnent such as recollection, growth of t he drug- produci ng

or gani sm d@*fefmqtc@theorﬁcqnmqs 2 uging dhese newdiseunge=\whednyg and
scal e-up pr Qdiagd on. These probl ens del ay cIinicaI testing of new

conpounds and

W0 96/ 341
PCT/ US96/ 06003 At BRSSSRt ﬁé‘%&hﬂi’rﬁ'&‘?”&‘ﬂ%%d“ﬁrﬁé’see r’Pé?ﬁ%’&Frife drug
| eads. anyMaunsﬁurdestdﬁanﬂnnnahnpﬁndmuntlamelunddruSHd(xﬂThém

ani ml sou rre%%%%sntpg} 4 I%[ﬂfgl% %%glacd&& and EHLEN g lead

avai l abl e u0|ng an screenl conmpounds can

appl i ed ef f icompRuUnds sannese heh@mpliad mﬁf-ria;emhté:@ these aindaie-

terrestrial Sants¥dd spificdd!NYiunltikes doid! TetAEEH i @ﬂ?d?éﬁfas &g not
readily a able tQ industrial fezﬁgytatlon stechnol ogi es.

Si mul t aneou “?‘9’1 ‘hé %@rms“gsomg‘-%rrea%%s i s
i ntensified alﬂgeﬂm&ltgh-:&f&ushzﬁmy fRthentgition tdﬁdmﬂﬂm#ie%?r eeni ng

t echnol ogjge 1m'ﬂ1%r é}s AR | predsy e%%rral é%%nﬁe%""t t(r;sf%qf cgefsse 5 yet

har nessi ng t ene ‘out ces rSi
unt apped SO@% t@nq;cﬁmﬁ: %m%@mﬁi@mﬁmgd sdglery.
2. 2. EXPRESEhNUgHBRIdereening tRHnd1@5Ad Y Q‘H&éﬁo‘i‘éov%rﬂéz@ o g5 have

shifted to nech ni sm ed d| cover creens a mol ecul ar target 20
i s |dent|f|§&Wﬁ§%} giﬁb ﬁgﬂﬁﬁﬁﬁg PSSR RS #i FEOFHLR (TRFAMEes
di sease), asm@yxhamictmmdwvsismty(ﬁﬁﬂﬁﬂé@e as yet untapped sources of

15 compounds for the purpose of drug discovery.

2.2. P I10ON 1ES
Most recently drug discovery programs have shifted to

mechanism-based discovery screens. Once a molecular target

20 is identified (e.qg., a hormone receptor involved in
regulating the disease), assays are designed to identify
and/or synthesize therapeutic agents that interact at a
wolecular level with the target.

Gene expression libraries are used to identify,-

25 investigate and produce the target molecules. Expression
cloning has become a conventional method for obtaining the
target gene encoding a single protein without knowing the
protein’s physical properties.

" Many proteins identified by screening gene.expression

30 libraries prepared from human and mammalian tissues are
potential disease targets, e.g., receptors (Simonsen et al.
1994, Trends Pharmacol Sci 15:437-441; Nakayama et al. 1992,
Curr Opin Biotechnol 3:497-505; Aruffo, 1991, Curr Opin
Biotechnol, 2:735-741), and signal-transducing proteins

35 (Margolis et al., US 5,434,064). See Seed et al., 1987, Proc
Natl Acad Sci 84:3365-3369; Yamasaki et al., 1988, Science
241:825-828; and Lin et al., 1992, Cell 68:775-785, (type III

- 5 -
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and/ or gynthesize therapeutic aEngr?th? that interact at aTO .}r%) %%%?%?S?evel P.es
with the target. Gene expression libraries are used to identify, 25
i nvast i gatwo®gd4mgoduce the target nol ecul es. Expression pctrosssngodsas
becone a conventional nethod for obtaining the target gene encoding a
single protein w thout know ng the protein's physical properties.

Many proteins identified by screening gene expression 30 |ibraries prepared
from human mmﬁwﬁ iﬁ@ﬂeéxaﬁ;ﬂes Pt eilngi isRane fiaadiey, €. 9.,

receptors ( t Tr en CQ 15: 437- 441,
Nakayana etfs‘g[@]ll%@e exP]f?Lﬁ?"‘&)l d%hor?aa}g“%%ggellﬁ ‘uf f o, 1991 Curr
pi n Bi ot echrifice 2 rysgqags | tm%lmddﬂnml e Ipsatiadat 3@mrget

(Margolis eir %ngg;ﬂ&z%&%é@@ell?ecl@@%ﬁﬁré’és e hed od@:LQP tard¥ Inaad
Sci 84: 3365%- Y ms%‘?%oet al 1988, Sci ence 41: 825-828;" and_ Lin et

al ., 19925, ctqzﬁﬁi |13§8ays to \GSIREN 1ead compounds
PCT/ US96/ OGﬁﬁﬁrt‘.en eﬂ'G._-J:[ €ex943 /s eliﬁﬁdﬁ )Bi@fecﬁnﬁﬂpllﬁls 287480t ei mhugentified

functi essi,on clo n el | Once a
d| sease tar"sg;ig"teﬂ X&a%n?‘fl??"é% °€hée] ong?%m?%rr}@'et Ch "?ﬁe @Fgl%eé’eer ed host
cells that @mmqmdwmmeﬁ tmgéaeemvhrg'ﬁheémms:aﬂ ite il ogi cal

assays tO0 SLIHAN f Qad £5¢ &Wmu 1 Lo tdt éﬂuaell g:%‘;% @ se
Bi otechnol 11:247-54). Thus, |n°the sC ru dllnscovery, t he

use of gehFaraehreHibn 13 b‘i’%‘??%s”?’%%arlfe"e?l ‘Y ds & \retein

i dent i fi catdwnsmlol mmtme,oreqj pcﬁ:etrtthcadlew,otlﬁv*e cﬁ:q&m:.kﬁa tlamgﬁﬁ.esOnl y
i n those i nces e r.ot.ei nal

ant i bodi esq?%%\l/g%e Vgr)zéésél %*: F%?%régesger?e%e%enmrf%psg#ree | r#%f?g’l%%% geesner ate
and screen Hawing| whel dssiralibeibiplopichbiactbl vty olbpe dt &dti ias2 ( Huse

et al. 199gips FdbiRad @ﬁ?}g ePeiofe P - 102) . 15 However, there
I cations

are ot her app expreSS| on | ibraries that are reI evant to
drug di sedvery. Hpver, Iﬁtﬁ@l%ﬁe&tﬁ%rm%@@%ﬁfe%mq or

t he pur fossr®f i éslethad yArg feTesantivied @fud didassuhhet igene pat hways
that prOdu?fiﬂ%%@fé£q$%yﬁfﬁ%&&?@aniéggﬂﬂa&s g, prepared for the

purpose of identifying genes involved in biosynthetic
pathways that produce medicinally-active metabolites and

20 specialty chemicals. These pathways require multiple
proteins (specifically, enzymes), entailing greater
complexity than the single proteins used as drug targets.
For example, genes encoding pathways of bacterial polyketide
synthases (PKSs) were identified by screening gene libraries

25 of the organism (Malpartida et al. 1984, Nature 309:462;
Donadioc et al. 1991, Science 252:675-679). PKSs catalyze
multiple steps of the biosynthesis of polyketides, an
important class of therapeutic compounds, and control the
structural diversity of the polyketides produced. A host-

30 vector system in Streptomyces has been developed that allows
directed mutation and expreséion of cloned PKS genes
(McDaniel et al. 1993, Science 262:1546-1550; Kao et al.
1994, Science 265:509-512). This specific hogt-vector system
has been used to develop more efficient ways of producing

35 polyketides, and to rationally develop novel polyketides
(Khosla et al., WO 95/08548).
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bacterial pol yketide synt hases (PKSs) were identified by screening gene

libraries 25 of the organism (Ml partida et al. 1984, Nature 309: 462;
Donadi o et al. 1991, Science 252:675-679). PKSs, catal yze nmultiple steps
of the b|osynthesﬁ%o%heﬁd¢§%@91%e%s he Pr9¢ﬁﬁﬁ%2ﬂn°§ﬂﬁﬁﬁ;Eﬁxﬁ?kﬁeﬁﬁﬁtlc
conpounds, aid f@s Jsjz féement &t iowt it adn dEVessld Yot I heryw| ot oniie s

duced. A h t dey,
Phot o ows ORI HE! GEnd LRI Ih R ERUMURPR R REF b £ OREE L
( McDani el etp@thwmgi@cavscbmaqmtqgmBlnmmmmdeﬁo impr@el  Sci ence
265: 509- 51p) rJ&ﬁécchﬁ%f'fn@?é& ;écmsi %ﬁ?ﬂs E. h@s1 Pagsstiseshd Peglevel op

nor e eff|C|ent g pr od u0|n9 PO and t%.ratlonally develop
novel pol ykedd dek983, (%ﬁb%?%?e? %116 ¥b1 34112

SCT 1 US96/ 86% /Technology\npi heg1exeep| e mﬁeiaﬁﬂ. D rmnmﬁl tdeudpxsi o
ye, i ndi nmeptation_ I n

t t
Uhe genes. t HRYCERRHROTRC AT OP RS Mo ISR AR EE P TG e LR
genetically nmmmbuéadadetbednploneng,5s¢quznma|analK51$uh4ﬁsign¢¢e forelgn '
E. | lc
i oLt e Sl e 2 e qitgal
heterologouspﬁaﬁﬁb%§?%ﬂoﬁﬂ fRenkee LRYRLYes N RISl h AMnEdcterivedve
directed cIqmg@gbosggupagnwayaly5|s desi gned 10 nutations, and

rearrangenent of eci enes_t hat e ode t.eins kno to. be ipvol ved

o eviously charhoret ool RERetaRt, Fa%Hites, Hl Uil Vnd Al s oF

nuner ous advénseasenmebhanndmssanﬁdld@mtificanxnnﬁnfrdxnsuﬁaxsﬂemd there

identificati t h Fggg qgﬁh

|nnovat|vggs ra %g?égggégiﬁi ﬁe%& f&ff%ﬁhéiﬁfiﬁ ent §¥%%L; eéﬁé%%%%%unds

and channel i fertHepidlyt bdaﬁ'éll'é'l’ihgch?a@e%@ml?@m s ‘and channellng them
toward clinical testing.

3. SUMMARY OF _THE JINVENTION
20 The present invention provides a drug discovery system

for generating and screening molecular diversity for the

purpose of drug discovery. The method of the invention

captures and preserves in combinatorial gene expression

libraries the genétic material of organisms that are known/or
25 prospective sources of drug leads.

In one embodiment, the invention involves the
construction of combinatorial natural pathway gene expression
libraries from one or more species of donor organisms
including microbes, plants and animals, especially those that

30 cannot be reco&ered in substantial amounts in nature, or be
cultured in the léboratory.' The donor.organisms in the pool
may be selected on-the basis of their known biological
properties, or they may be a mixture of known and/or
unidentified species of organisms collected from nature.

35 Random fragments of the genomes of donor organisms, some of
which contain entire biochemical pathways or portions
thereof, are cloned and expressed in the host organisms.

- 7 -
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3. SUMVARY OF THE I NVENTI ON 20 Phe present inventioh’ p? bifTREE R ug P-11
dlscovery system for generating and screening nol ecul ar diversity for
the * purP&s¥MEi2drug di scovery. The method of the inventi SRTUSEIPUr es

and preserves in conbinatorial gene expression | i braries the genetic
mat eri al of organisns that are known/or 25 prospective sources of drug
| eads. I n one enbodi nent, the invention involves the

construction of AERBFAAPEr £al that APYPNEAPANGTY GeREeExPF ckBRoFERe | braries
from one orpﬂaaacspeefeshefcéaﬁgfeﬁtQAnnnnsare c&ﬁihﬂen@fnfﬁheb£6n1ﬁ§aﬂhs

and ani mal sepgspegially Ligge thal A0cqapiel beclec i S8 hapUbsEaphLal

amounts in nature nor -organi sns
in the pooldononayrgensemscmeu éhuﬁhbebas¢9n%tlth©¢¢ nobhebhosbgi cal

properties, oPgahfigK. ”aTtheﬁpEb§§ﬂéﬁ 8f 45R8P g@ﬁé@rln tHei deBEifi edy
speci es of oygani Sns_co ecte fr m nat ure., 35  Random_ fragnents_of the

genones of HBXEFo pgafRRLENd EREY ?t°rymﬁFEthEM?%Fn° nti PetEF3LAgATEal

pat hways orhgstt tansunmabRebehbrwiise sibest watalbspiessethwayshe Thet
or gani sms

pCi Usoe ogBBaabe11d BRERUAYECoS, the doRoE PRIRRIFE MY, BHBRLREPTERE gene
products ofwihb metabpbdicepabhWayscrespdene i thﬂchvahlqgganlsmthe host

organlsnioTasnaéguéahb¥cheuﬁ buaaaaabwea Ap&indd enot IR9Lka P PPk aﬁcgay
t hus be reconstgg in th ost | organi sm The expression of donor
i

genes in t hBYdF F§r°r9ﬁH}§Wolog|cal and regul atory environment of a
het erol ogous  hMekeb®arynpeskusehenivse deffmédnemh@@tlofpabhmays The

pat hveys r CoTaER Bmbehd®, 387 SpBeRPen, Th B a0l .PESBtEr 28 dBunaRdor ¢
conpounds nb&mﬁarnhblyyptemuceu rehgerhwetbabol i¢ gpatbways and cohpoendsr,
because 93'¥a§19§fhaeaeﬁghéengEnQengﬁ %1r8£§?néﬁ§}989§§ékédeXpressed In

t he host organism at any one em.can ren met abol i c
pat hways an 196Hﬁ8&ﬁé§/fﬁléaéﬁ€rb96k3§9B%@ %ﬁaﬁh%th%ﬁta?¥éﬁﬂy5@haracter|zed

Essentially, the genetic resources of these donor organisms

are captured and preserved in the gene expression libraries

which can be replicated and used repeatedly in different drug
20 discovery programs.

In another embodiment, the invention involves the
construction of combinatorial chimeric pathway expression
libraries in which genetic material derived from one or more
species of donor organism is randomly combined, cloned, and

25 expressed in the host organism. Such libraries gemnerate
random combinations of genes from multiple pathways and
organisms, which gives rise to metabolic pathways and
discrete gene sets previously non-existent in nature. The
term “discrete gene set" refers to any assemblage of two or

30 more genes obtazned from the ligation of genes from one or
more pathway or organlsm in a comblnatorlal gene expression
library. The plurality of gene products are capable of
functioning in the host organism, where they interact to form
novel chimeric metabolic pathways that produce novel classes

35 of compounds. Thus, the diversity of molecular structures
available for drug screening is increased by mixing the
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bi ocheni eal / cel | ul ar background of the host organi sm T%s%%h??%ﬁ???'s? he FP.le
genetic resources of these donor organi sns are captured and preserved in
the gene exW@8&34m2 | i braries whi ch can be replicated and R¢I8§96/06003
repeatedly in different drug 20 di scovery prograns. I n anot her
enbodi nent, the invention involves the construction of conbi natori al
chimeric pathway expression |ibraries in which genetic material derived
fromone or M8Fetic MALEERLPHMR FFRt PRHYAYENABR PrIdRbSASd 1nc thifed,
an?m-_25 expr e&s;?@ﬂﬂaﬂdtsdlosdhilmgqiaj sgfeneStssdpﬂeistygw gibgamer.at e random
conmbi nati ons of gepes fraom tip S, a ..organi Is gi ves
rise to netabolic ?%A meg”lﬂs)o?r%toe é:ﬁ%eéléf‘g Sgg\ﬁ %&%F?‘é@l %
non- exi st ent liibraatiese cafhde usest,mthe ddbsiegigencagebe fuirshert oodified
assenbl age gof, | : I gat is f m
R R N L S I L R
li brary. The thaf ane expraffiagd tde desizablespashways and: metabedilsy in

the host or ggicaictder err heYspdtiaiac enfoditient , th@vabsehw%ahasmaaﬁ@ ic
pat hways t hat r,oduceeé‘uovel. cl.asses 35 of conpqunds. Thus, the diversity of

mol ecul ar st ARGRGSFSA R, FMCAE @ SRR REORIES Ag TRPOFREFeREGESH ni xi ng
t he WOcp@raAlikizly associated with a chemoresponsive pPGHOUSSOAMER03

geneti c ”&toerrje%?dﬁdé W& MUY %ladgsg Q;fg%il:%%liﬂﬁ%h@o be detected
conbi natorial_ chinmeric gene expression |ibrary. i I'e standar

net hods of sdfedfieh EXRIRETIN dSIFHFY- |ibraries can be used, the

It i blr ari gst candbet f1]gﬁ téi‘lﬁram':{dhﬁsre %n%dif?dé@itp,mt@abﬁh%gtepﬁggiﬁﬁ.sﬁﬁgiﬁ%%e |
ailored to identi cl one ] are .expressin e desirabl e pa s an
Tt abol 1 o pIERRRIE % % REIIos Ko HEeER WILSY 6se BRGSHESRE Sias

engi neered t xdépratumie molgene et g Tormeotiedr directily or dpdiaeicrdlyy to

associ ate | ' t ‘{PI"EE’ n t

desi r abl eq'c e{%{s}s %égn%%%lgl | ée_s t%/lge E{gpt?e)tcg;c € ' 1>|Q-rc1’['1t%%§ae>%§lr Eggi g%thwgyary.
In an al t er n@ughtenb A tisraticmofh etprassen Pinkeh FeporERposed to a

physi ol ogi calcqifbes bt Cbf 18 Fegifttdd Freairsdr prodleesch BRLAGY! enkkat is
converted dir citly or |nd|rec1%j}/ t o, ) )
allows for identification and isclation of the desirable
clones.

20  In yet another embodiment of the invention, the host

organisms in the library may be embedded in a semi-solid
matrix with a reporter regimen or another indicator cell type
that contains:an assay or is itself.,a target for the
desirable coﬁ@ound, e.g., pathogens for anti-infectives, or

25 cancer cells for antitumor agents. High-throughput screening
processes can be used, e.g., macrodroplet sorting,
fluorescence activated cell sorting or magnetic activated
cell sorting, to identify and isolate the desired organisms
in a combinatorial Qene expression library.

30 The positive. clones may be further analyzed for the
production of novel compounds. The genetics and biochemistry
of the metabolic pathway that lead to production of the novel
compounds may be delineated by characterizing the genetic
material that was introduced into the isclated clones.

35 The present invention also relates to recombinant DNA
vectors useful for constructing combinatorial gene expression
libraries, specific combinatorial gene expression libraries,

- 9 -
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15 the«eporter nolecule by a conpound produced in the pathway sought .
Acti v¥tion of expression of the reporter or conversion of a reporter
precur sor woodsdsHa2 a signal that allows for identificati baT/a8e6/06803 ati on
of the desirable cl ones. 20 In yet anot her enbodi ment of the
I nvention, the host organisnms in the library may be enbedded in a
sem -solid matrix with a reporter regi nen or another indicator cell type
that cont aihsstacngaaysns centaiming s tpaxictlar ttywwe ofdegpariier conpound,

e.g., path rﬁorhﬁé‘é'ofé‘éﬁf&hy%dﬁlg@ f&ncﬁa{cﬂgldai::fr@ ﬁBdﬁé’E‘P&n
agents. . gh- t hroughp

ut screenin rocesses can be used
macr odr opl e‘f ﬁ?@?ﬁﬁlse t?i‘h‘br%%"&&?&%‘ig {RRFRAN L ighs |?RJ“QF1?1’51%et iC
activated ho$elbrgaismg, mdidaem:rfqemui drid/ o & tdepaiasey ateimeni sms
in a<unfgnatorial gene expression |library. 30 The positive clones may
be furth anal yzed for the production of novel conpounds. The genetics
and bi ochemi stry of the net aboBi&.paRERENITHANS| ead to production of the

novel  compoungs Hé‘&dgﬁef'@ih“e%@dfwlmﬁqmgﬂq'f gﬁ‘g&r\%éﬁe present

material that was introduced 1nto the i-sol at®ed cl ones
i nvention dnexnikgsttadieatedonbi nant DNA vectors useful for

constructing conbi nebbinkteiL) exXNEEES] Opathwdy Wxprdersigpaidtfry” is
combi natpf i 2l gene. expregal 00 LI LSSt ruces prepared £romgenstis osogs |
host or ganimasexdal aderiyed ﬁammlcuwbmrayxmycﬂfrsnanﬁaﬂ OfEQQHQﬁn host
or gani sns or

%ﬁf&'mé 1£aﬁhibﬁf$éﬂgs %Pgéjiﬁst L € an| sms gﬁaéé’i‘i.&l 7

corrpounds OSI trons co at or
and/ or a recpmr@blmgsﬁeﬁlate@ with regulatory reslons q AR NI TI ONS

As used her&cﬁreébfoﬁobfot\héggéﬁégﬁlm ah dpproptitate MHAY Sgddibn At eThe
A rcombi patorLal nalural paiuey, xplosslod LAY Hoed Gibdd PLAE Ve e
expr essi bn TIARIPRAEPELR %ﬁ?ﬁﬁ ¥+ £§HE?¥% g
are capable of produc1ng functional gene products of the
donor organisms. The genétié'materiél in each of the host
organism encodes naturally-occurring biochemical pathways or
portions thereof from one of the donor organisms.
20 A "combinatorial chimeric pathway expression library” is
a library of expression constructs prepared from randomly
concatenated genetic material derived from one or more
species of donor organisms, in which genes present in_phe
genetic material are operably associated with regqulatory |
25 regions that drive expression of the genes in an appropriate
host organism. The host organisms used are capable of
producing functional gene products of the donor organisms.
A "biased combinatorial gene expression libraryf is a
library of expression constructs prepared from genetic
30 material derived from one or more species of donor organisms,
which has been preselected for a specific property. The
preselected genetic material can be used to prepare
combinatorial natural pathway or chimeric libraries.
As used herein, the term "library" refers to expression
3§ constructs or host organisms containing the expression

constructs.

- 10 -
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mat eri-al ¥derived froma plurali tymg%\mspem es of denor  of FiSRE3§ 3 3nhi ch P. 14
genes, present in the genetic material are operably associated with

regul at ory wegésdigz t hat drive  expression of the genes in arcHpsssmposat e

host organism The 15 conbinatorial expression library utilizes host

or gani sns t hat are capabl e of producing functional gene products of the
donor organi sns. The genetic material in each of the host organi sm

encodes nat ur al | yrie et xrmhsng° i ocheni cal Hmsﬁﬁways o'rnatumﬂr tpanmvaw'eraeni

from one of , Ci,cﬁo{ %%%ﬁ e@@onéqass A Ghideri ¢ pat hway

expression I| rary neycsm on construc]is prepared from
random y r@mborm@e%s n‘h‘f-%‘? iage d’-e#rrl?ﬂeﬁﬁ fA¥mkh @ rongate sm.

speci es of @1{}9{ P R P Bma y Ni NEL Edle ASNE e er&%ltllﬂttéaf to Kithithetic
mat eri al are o&fe?g)qbfg]% soclated wi th regul at% ons t hat drive
expr essi orP IR RIS at gy generatiion

or gani sns ua:eﬂ Sorerexfidah £ of produci ng functi onal gene products of the
donor organi SNS. " bl | res

s a library opf 5T %SSI on %%ng?fq@%ie%are ﬁrr%r%%gne slﬂc(%é er| aI
derived fromisguek wbra Bpechenierl deaihvway gand s usuaM}cwhvawmhwt

presel ect ed d10r; i SRELH { biks PEPPET PYurdery oﬂﬂr%%?ﬁé eigghganetic materi al
can be used to prArPare . conbipatorial nat or chineric

libraries? ASLTEER HET o ﬂ tl??ne‘:?%? ’t‘?}br%f Lo RGP I8M  si on
35 const r uctemxry host @rlgmhemc@ntmmmﬁ her ex eSO f bicyitEntidls.

- 10 - 9 .
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pat hway" andinterestabolic pat hway" enconpass any series of related

bi ochem cal reaCtA@Q%sééi‘a{naEﬁeC?ﬂ{-ééé% Ot vehit ¥h Orrgfaﬂmlow1r§ich pat hways |

bi osynt hetic .5 or biodegradative

may i ncl ude yt are not
pat hways 2 %V%@/%i%?se‘ﬁ igy rat gnlequivalents); M (Molar); mM

(millimolar); uM (micromolar); N (Normal}; mol (moles); mmol
(millimoles) ; ﬁmol (micromoles) ; nmol (nanomoles); kg
(kilograms) ; gm (grams); mg (milligrams); pg (micrograms); ng
(nanograms); L (liters); wh {milliliters); ul (microliters);

20 vol (volumes); s (seconds); and °C (degrees Centigrade).

In addition, the following abbreviations are used:
Cfu: colony forming units; LB: Luria Broth; 4dH,0: double-
distilled, reversed osmosis purified water; sea H,0: Filtered
Pacific seawater; SSW: synthetic seawater; FACS:

25 fluorescence-activated cell sorting; GFP: Aegquorea victoria
green fluorescent protein; kbp: Kilobase pairs; g: Gravity;
rpm: Rotatione'per minute; CIAP: Calf intestinal alkaline
phosphatase; EDTA: Ethylenediamine tetraacetic acid; TE: 10mM
Tris/1.5 mM EDTA pH 7.4; PEG: Polyethylene glycol; E. coli:

30 Escherichia coli; CHO: Chinese hamster ovary; S. cerevisiae:
Saccharomyces cerevisiae; A. nidulans: Aspergillus nidulans;
S. pombe: Schizosaccharomyces pombe;. S. lividans:
Streptomyces lividans; 5. aureus: Staphylococcus aureus; S.
coelicolor: Streptomyces coelicolor; B. subtilis: Bacillus

35 subtilis; BAC: Bacterial artificial chromosome; YAC: yeast
artificial chromosome; PCR: polymerase chain reaction; CaMv:
cauliflower mosaic virus; AcCNPV: autographa californica

- 11 -
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or conver si on. A "compound” is any nolecule that is | R22F380FE or
by- product of a biochem cal pathway, and is usually the product of
iinteracti omegeB4n2pl urality of gene products. 10. An " aptT/usdey0sonss t he
capability of a host organismto carry out a biochem cal reaction or a
series of biochem cal reactions |leading to the production of a conpound
of I nterest. As used in the present invention, the follow ng 15

abbrevi ati omscivdtr pppyhydregikeqirval eBBY) ; Eps (dirt Byzr M rus( ndP$i nol ar) ;

[erTIM (m 9Bl doabbl BOLTREL o TobaEFP! £8)iud Bkt oryd || ol 05).

[err]mol (m cronoles nanono ograns); gm (grans); ny
(mlligrams); [err]g (mcrograns); ng (nanograns); L (liters); nL
(milliliters); [err]l (nicrolitpEsORIPAroMloK IdBIFESIUREE (Seconds); and

[err] C (dggrees ntigrade) In addition, the f.ollow n

abbr evi atTons ar 1%%@%:f‘ Efﬂ?eiﬁ?gﬂyc?%ﬁ?EYEfLﬁﬁf&foTﬁiniﬁﬁﬁé%¥koth;

ddH err] O matdn®l patbwayi ekpdessiorritbrasynsiThe exgresbiwt aronseauct
Herr] O Flddsehs vEBELL! SNACRNA! &7 domSH DIt ik dne SR eéamfﬁfés 25

fl uorescence-activated_ cell sortlng; . Aequoreda victoria reen

f 1 uor escentIRVT FRCORBPY ki FebaRRl bR PRThYRY @Gnd/ingtively Bsqwiakiedns per
m nute; Cl Afsgkpdtolpt eegioak. al kaline - phosphat ase; EDTA:

Et hyl ened| am ne etraacggic acidé JE. 10nmV Tris/1.5 . nmM EDTA pH 7. 4; PEG
Pol yet hyt'®tne gl Ureg 2&o| FXPEBS RN FPRATINCDI FOF G GR amst er
ovary; S. czhimésiaepathwSpcekpresyios Librarywi acThel exprhssitsi Aspergill us
ni dul ans; e, £ ZQS e oV calh A 1

Strept onyce%°%5%ans?°€?ggﬁgeﬁ§§?§%2§%| %I(I:a(;ccus a%%rneéués%/ér%q{?d %%:5 i col or:
St r ept onyceZA SR Ees| opchpcowppifing : dpaer | PNA Tyl gaguliqterBaegiRti eri al
artificial chronpsgike YACh ¥Bofilng sefitédfi fdr dumB¥MsiBy i SR alipkaTer ase

ohai n T eACtL O oS M ag b LLBYEE, %81 Sl T Bl Y s S U E AR

PCT/ US96/ 06868m dononuctganipoby il bsi savtiakly Hl\gedfest avittiBa r vi r us;

SDS: sodi e dpdecybnSLhEGhE: £55Gdne£45: UL dGf genomic DNA (C)
encoding naturaliy-occurring biochemigél pathways or portions
thereof. A DNA: vector (D) digested with a restriction enzyme

20 to génerate a vector having compatible ends (E) is ligated to
the fragments of genomoic DNA to form expression constructs
(F).

Figures 4A-4C: Assembly of a gene cassette. Fiqpre 4A
depicts an annealed, phosphorylated lac promoter fragment

25 containing a cohesive BanmHI site and a blunt end
corresponding to a portion of a Smal site. PFigure 4B depicts
a promoter dimer containing a BamHl site flanked on each side
by a lac promoter. Figure 4C depicts concatenated promoter
fragments. '

30 Figures 5A-5F: Cloning strategy for combinatorial
chimeric pathway expression library. Figure SA shows the
steps in preparing promoter and terminator fragments for
directional cloning of cDNA and genomic DNA inserts. Figure
SB shows the steps in preparing promoter and terminator

35 fragments for ligation to genomic DNA inserts. Figure 5C
shows the steps in preparing cDNA inserts for directional
cloning, assembly of gene cassettes, and attachment to solid

- 12 -
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4. DESGRI PTION OF THE FI GURES 8 NP Figure 1: Express| &1 !E37&3R7&2 for P.16
combi natorial natural pathway expression |ibrary. The expression construct
contdi ns ve¥P8FRHA and a donor DNA fragnent that conprises ’g
encodi ng a netabolic pathway and natively associ ated regul atory regions.
10 Figure 2: Expression construct for conbinatorial chineric
pat hway expreSS|on l'i brar reTEﬁagégress construct cpntains vect DNA

and five contiRRfEted HtH ??eghﬁaﬁﬁeeﬁnb?l8¥ﬁﬁaﬁbﬂ%r IEREORR A
regul atory ribgsemts for clokingrea8sewlbtyoafngesercasggtfes amdbi natori al

natural 15 9§E£§@ﬂh§%€ §3S§8f1h Qﬁ??¥r5C|°?§§g§egﬂ$ﬁ(§%d'§Fe§$6@C£ﬁQ

from donor organi shs (A tTa restriction enzyme
to generate #¢%§ﬁ%n¥§9®¢l©@néﬁ¢c ER%PFE? 1°neﬁ§oﬁﬁﬂ§ FRFSREFES - BR cEPFRNY

bi ochem cag é&ﬁ&ﬂ@@ﬁe?r Eﬁétlﬂgﬁtlontbﬁrﬁﬁé conbhbenest 06 4®)sdi gombegewi th

|bl d E
i ooren o BoThiTuee. Pe SR, MBRTet ) Rer et APPSR SRS (oL &

(F). céhgﬂmust4ﬁrdﬁ:theseqbi§ stippoytnandasivcubarization 4f the
depicts an %&9e%9109h883%?£ﬁéeted | ac pronoter fragment 25 containing a
cohesive BanH*site and a

€ end corresgondlng to a_portion of a Snal
site. Figure 4B deb@eres 6Az68 oNBEEPTEi HERTRONEQF PFEPAFHSH site flanked

on each S1decomb§uaeo£ﬁ£1pgeﬁ§tekprEseuba ﬂﬁbdeﬁisﬁs cpﬂgafenaAedhawenater
fragments. oni ngéstra conbi nat or

chineric paﬁWN% %x%#g§§F8ﬁ°FrbrEP? CPPfaFeVEA 8% §EI%R °c°ss?%5§a+ﬂs @
preparing praombiree BawiHIesiteatdankedghynT3 &ond T7 promotévsainctbeai ng of

CDNA and gegﬁﬁ%ri'na Eféggﬁ?rsEtgurEh §E?§H°|0n §§1§£§P§oﬁna R4 eparing

pronot er an t or agnment s genom C i nserts.
Fi gure 5C tbh@ﬁEr?RE°§tEﬁElﬁﬁaEFEpEFPﬁg EENMPFHS@??S 2 O0FoF} ¥ 1M

cl oni ng, ﬂssﬁﬁ?iY,0£n98ﬁ§i§iiiehtgéneaﬂﬂmﬁbtﬁﬁﬂnﬁﬁb E6sS9ltés. Figure 6B
pc%fUSQG/060§§ow36a3§a%20f modified pDblet. The plasmid pDblet is
modified in the multiple cloning site (MCS}, and contains a
ColEl origin of replication, an ampicillin gene (Ap®), two
copies of autonomous replicating sequence (ARS), an ura4
20 marker, and the fB-galactosidease gene (LacZ). A: Aatll; B:
BamHI N: NdeI. Figure 6C shows the oligomer containing an
alctered BstXI{sequence and a Ncol site, which was ligated in
"excess to SacI/Notl cut pDblet to form modified pDblet.
Figure 7 shows a chemoresponsive construct pERD-20-GFP
25 comprising a reporter gene encoding green fluorescent protein
(GFP), a chemoresponsive promoter (Pm) and its associated
regulator (XylS).
Figure 8 shows a macrodroplet comprising a permeable
matrix, in which is encapsulated a clone from a combinatorial
30 gene expression library, and an indicator cell which contains
a reporter regimen. '
Figures SA and 9B provides an example of FACS sorting of
a pool of E. coli cells, with and without the presence of
expression constructs comprising marine bacter1a1 genes. E.
35 coli, strain XL1-MR containing the chemorespons;ve construct
PERD-20-GFP, referred to as XL1-GFP was infected with a
cosmid library of marine bacterial genes. The XL1-GFP cells

- 13 -
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support = Figure 5D shows the steps in preparing genom c DNA Inserts for
cl oni ng, éng of gene cassettes and attachnment to solgﬁ

Fi gures 5E Bgézshow t he serial ligation and deprotect |PI ;'s# Pgée%rﬁge
cassettes to forma 5 concatener, the ligation of the concatenmer to an S.
ponbe/ E. coli shuttle vector (pDblet), release of the expression

construct fro the sl i d ort an c LG r|z n he r i on
construct . gh ﬁl& eB§‘19 &t 5°S use g%b% n§rggarultu%%& ok
combi nat ori aR @@mrse)apr é@§|don anidoisabijestel §or SWOACYRIRS 2f FAES of

Streptocos. ng Tr7n E2) ‘iieor oR:’ ¥hQeRP WARhAmATide bﬁ@'t@%’ia@agéhe%i ;te

fl anked by T nDters In the I'tiple cloning site he origin
of replicat FoFUERdIB: tﬁF@§F pte &S e gene fromplJ 699, a Col El
origin 15s(ori), Fagu&@pumlHhamsgemeaaA@mneamdc&mmheoamihbeaclaig&qaeﬁae

h f Lfi | l4f i ed
Tt ple ol 84 AQCareETORRY) deny el ot Bk obddniier® costiRtrpit and TS
an anpi ci | | pregacsefApaertil)l, amige acighiseqguenceudendneds from CE&+-ANY20.
sequence (AB@aa.na%o&'é%A' 1%@1'?3%@&6 'se '&‘i‘lcteh %dﬂa?xrt&}:ggahﬁat %ﬁhﬁ%@s Bokele

(Lacz). A Aat ure _6C shows the oligoner
cont ai ni ng &ﬁdlca&Pt69&&%&¥ﬁﬂlv§bﬁﬁaﬂﬁgcﬁh omolegy -si t e, which was |igated

kn eéi@ﬁs to Paghiddotl : C@Kmp@@u@tﬁybnf?Eﬁggggbgcgg nﬂgbetse quences in
igure 7 s enpresponsive Gonstr.uc conprisin
reporter RgoéﬁCS% lopk Fgéhi#ﬁhéﬁpgﬁgﬁﬁ pF%F&eﬁla Ebﬁ) ng 2hbsa
chennresponstaenpdoﬁsaepsepmblam@nua;nﬂmso@ﬂatempllcpaguﬁ&rdweéxfrsm
Figure 8 Shgl 45 i3 MBG AR YorfMIY IDHANY ¥ :PRTeRBI8r welBH fﬁagk@r‘é’“' ch is

encapsul ated a clone_from a conbi nat or1 al 30 gene expr.ession rary, and
an i ndi cat ofig&E iphbeh corit ReFRTIVe, coptEtler FegPREATiVe contrplgfezx ga
and 9B pagvictes aa@mwml@d)ffo%eﬁmdxnaugm TaepQahesf cbntadhi cells,

wi th and withoyt. the enc ressi o onstrucg risi.n rine
bacterial g&i® .1c€.r153%re53| de#r"é“ e nf"nﬁ?ﬁ‘&%@. %%ﬁg“ f}h@ éﬁg%BFg%ﬁgng
construct mapERS 2acBeRiaeflar 12ad 3,0 4as polsGRE geoomitePNadofi marine
cosmd |ibragy.b-jaarine bacterial genes. The XL1-GFP cells
- 138 -

Figure 12A-C. PCR detection of clone CXC-AMN20 sequences

20 in genomic DNA of marine bacteria species. The figures show
stained agarose gels containing PCR amplicons derived from
genomic DNA of “individual species of marine bacteria. M:
molecular weight markers, sizes in bp. -: negative control.
+: positive controls for the amplicon and for ribosomal RNA.

25 The lanes contain amplicons derived from genomic DNA of
marine bacteria: species #1-10, #12-20 and #21-35 in pool 1;
2 and 3 respectively. '

5. DETAILED DESCRIPTION OF THE INVENTION
30 The present invention relates to a drug discovery system

that provides methods and compositions for capturing and
preserving the diversity of genetic resources in nature, and
for translating and expanding the captured genetic resources
into diversity of chemical structures. The invention also
35 facilitates screening for desirable activities and compounds.
More particularly, the invention provides methods for
constructing and screening combinatorial gene expression

- 14 -
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or without the marine bacteria genes were cultured for 12 hours at

30[err]C, AA%¥fected to two cycles of FACS sorting. Fi R HUSK069831 . p
wi th marine bacterial genes; Figure 9B: control XL1-GFP cells. 5

Figure 10 shows an alignnent of the am no acid sequence of actinorhodin
dehydrase of  Streptonyces coeljcolor, and the predjcted partial am po

aci d sequendeRIATARSS f rERIXE IMFDDLeS GIURT IR FANIR | 2SHF LIRS

i dentity, argb@a;dﬁs&d:w@es:f aulh Qsliee QuutSirsy atheh sorgiet esdmsndagys 10

Flgure 11 FOR HGeald ofh ol 61075 X GLMGA RAIUSIES | lepr 0O S oagienON ©

DNA of marine sta
cont ai ni ng mamﬁukronmmme/eceas%mn the | fermaian ief qeoieed ¢ DNA. M

nol ecul ar #ve) R LRI &I SpathwadyE Sand)/ &P the ;smiéa/ﬁ:ﬁ%ﬁ dvelt cPSsdd ve
controls for 15 the a Ilcon and for r.i bg'rﬁ%;ﬁ anes cont ai n
anpl i cons deét¥ \)%?]“1?9 5 JIeRSREeDnER JTis ine

bacteria; 1,pgbhvide 4ef il entofacmesst o Bthafwiss |imacceémi:bh§ isources of
Fi gure 12A- etectl cI one CXC- AMN20 sequences 20 in genom ¢ DNA
of marine bgg:?lgfc:? flspe%ln({:"ggs)Ps " figures show st ai ned agarose gels

cont ai ni ng PCR arfhté corelideiochienicad pathwais cnaNcCINTY ol i pRREESIRE | es

of mari neld)aﬁsﬁa@;n@/lbut ﬁ@é%ﬂem&mtmﬁﬂﬁfﬂ :ﬁéé%éit% of a
negative contro %&géltlve%f trols for | i.con for

ri bosomal RNAMPSEANGR | C XMt 9%@“&1&? TR F < DNPY of
mari ne bact edlé@Eompspet Hon AIE me%ﬁhnmd #21-35 in pool 1. 2 and 3
respectively. T I NV 30
The present II’IVEI’ITI oY ?]at%]éé?%% rug chPsE ver&sys‘fcfugb%‘t‘% %:rprr(%# des
met hods and Tiowpead ttormetfapolipesy i secondpry marwakelMUrRst RNZWRS SiQY of
genetic resoNLeSthPalatdhfondls of fl dif éﬁ' noy %E{nﬁéﬁﬁ?&‘déf‘ga.ﬁi@grehst

capt ured genetic resources i nto diveyrsj chenj cal™ structures

i nventi on al®®Y FBAYHCPRE t AF SUOXR IRRAFME ?Jore&&f’e?ﬁi?%%buﬂec RIFRETL RS and
conmpounds. :.ncludlx&@r}ﬁ.l@aﬁétcllirﬁ.{ied ttcheanmmmm. narovd eesa et hods for

constructing, angd S¢Leen N9 SO0 08 A1 Ar WRRURRIETPAOhg properties or
be other commercially-valuable chemicals such as pigments. A

20 compound may serve as an agonist or an antagonist to a class
of receptor or a particular receptor.

As used in the present invention, the term
"combinatorial gene_expression library" encompasses
combinatorial matural pathway expression library,

25 combinatorial ‘chimeric pathway expression library as well as
host organisms containing the libraries of expression
constructs.

A "combinatorial natural pathway expression library" is
a library of expression constructs prepared from genetic _

30 material derived from one or more species of donor organisms,
in which genes present in the genetic material are operably
associated with regulatory regions that drives expression of
the geneé in an appropriate host organism. The combinatorial
expression library utilizes host organisms that are capable

35 of producing functional gene products of the donor organisms.
The genetic material in each of the host organism encodes

- 15 -
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PCT/U896/06003 libraries. These |ibraries conprise random assortments
of *gene WORM@LE of nultiple species which are in some caf€IUS9§P408hed to
interact with each other in the expression host, and result in some cases
in the formation of novel 5 biochem cal pathmays and/ or the production of
novel cl asses of conpounds. Moreover, the libraries of the invention
provi de ef f PatenaliycessursinghbiarhemifascEathyrEsS setrpestapns pheseafar

diversity. from onelBe eggehogbgcaeghﬁagmgathmays may carry out processes
10 i ncl udi ng but ng a subst.ance,

t i f
addi ti on of chenf* F°§%&BB§°F6a%hgkéﬁﬁgignegggﬁ?yCQXE%%%%bB?l}Fsﬁaﬁy t hE

subst ance. a 1lbrarThefnexpkesbaesesoastrqueupdepayednerMerbudoalg not
limted tg gphabekhhesq %?BQE@érMaEEr§QQ|HE§§veS”E¥8ﬁsa %u%QliEgUSEUVa'

conponents of an organis onmpound” of [ nter est ave oné or nore
potential tFABREpEHt PE PrBpPEr PFganisms; nipywhigh bﬁ?nﬁBtPFPﬁPPEleot e

anti biotic, aﬂétxerabcerlaanhréuagéranmgrasse&gstealthhlﬂayﬁmaea atlng
properties or

h h
b omouRRSHEP S EROE BeitRs s RPEPL iPAL e ahbe URRes 18 SnpgBzobrigEe °

recept or orhespaorgenliam.r eChpt host organists used anethappbéeeof

nvent i 0ge Lhga asaﬂglfunegqhhaﬁtgaha'Pgﬁaﬁcgépe95§§§ndah§£ YoaREGRODaSSES

conblnatorl atu at'h ress chlnerlc
pat hway expPE9Bi 8¥PFEESaPR 45 ®BE| hgst °rﬁé§%SErgﬁﬂﬂénﬁrééﬁﬁﬁﬁnpﬁgtbﬁe

libraries Oﬁoﬁéﬁres?hﬁ&sm(s90ﬂ§9rEﬁhéract to fofm"REUBLNBhOkE2LcNat ural

pat hway express rar a library of expression constructs
pr epar ed frg gﬁ@?Fé %EV?VPaI derived fromone or nore species of donor

or gani sms, |nGahewhlgymeshprasehbdéncfhehgeﬁn?éntnanecbmprise oper ably
AsSoci al g8 MebliHeAY BRAL1CoHh0aR LhaheltbLl® cEXR 638 9 fbre abfiSrOcnES

In an appro anli sm e (o10) I na expr essi on rary
utilizes hosrgsprdemi(sis mﬁa@paiétéasaaaéd genetic waterial, and

introducing said genetic material into a host organism via a
cloning or expression vector so that one or more genes of the
donor organism(s) are transferred to and expressed in the

20 host organism. Such host organisms containing donor gehetic
material are pooled to form a 11brary

The transferred genetic materlal typically comprises a
random assortment of genes, the expression of which is driven
and controlled by &n& &r more functional regulatory regions.

25 The expression construct or vector may provide some of these
regulatory regions. The genes of the donor organism(s) are
transcribed, translated and processed in the host organism to
produce functional proteins that in turn generate the
metabolites of interest.

30 According to the present invention, gene expression
libraries comprising.complete naturally occurring biochemical
pathways or substantial portions thereof can greatly
~facilitate searches for donor multi-enzyme systems
responsible for making compounds or providing activities of

35 interest. Genes that are involved in a particular
biochemical pathway can be conveniently isolated and
characterized in a single expression construct or clone. A

- 16 -~
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35 of pgoduci ng functional gene products of the donor organi sns.
genetic material in each of the host organi smencodes WO 96/ 34112
PCT/-US96/ ®¥@0@34112 natural |l y-occurring bi ochen cal pat hwayRCTHISHH6a080NS

t her eof fromone of the donor organisns. - A "conbi natorial chimeric

pat hway expression library" is a library of expression constructs
prepared fromrandomy 5 concatenated genetic material derived froma
plurality clesizpials eproperioh®r - or Baws snthe igendtiich HYaresimesdntthiese he
genetic matFdli She pgeé@piur@és&qd Lésa-bdyg requl atory regi ons that
drives expressiaon of t%g eg alfg}r) riate host organism._The host
organi snms used a'® T BFCX 'b?ll')'ﬂ ‘%P § RSHRAR géh TR the
donor organtisiteeric lmhwrgssse osncpresﬁwomdﬁbm:gammnhe gﬂﬁmtmmhzd s of
t he donor, .or el chem cal
pat hwaysrp 4P Wne@%l@%ﬁ%qﬁnﬁ%%& ’&e ?nneveo'rc#]l on tci r%'}?r %3‘

provi di ng REEAnISTRIITE arawwmcqmmmaﬂ iy dendmtragughiicms)

mani pul at i Ngh @ theeesd cof@sﬁsrﬁll Bds, dddn Qb r&%%l%ngqeptexfe materi al

into a host %Y?anl sm vhg?g ng or_ expression vector. so that. one or
more genes OFPTHY ™% *'bY’g% SFORE 11 (3 1Y d FHEaT ORRIEREPT n
the 20 hostoﬁ)rmmsrﬂeﬂm@dmscbmoﬂganvmwrdmdr rnatﬂmaqrs @enetic

Tt or 2 IS 000l 6 10 EOLINE 31 BALY ene arranddifedy HPRHET genetic

mat eri al™ conrpr Ses a A
expression nﬁgmwsr@mwﬂ in m&mﬂ#ﬂ@e(maﬂmtopfrr@re functi onal

regul atory é&ﬂbﬂf@t@ﬁgﬁ%ﬁﬂ%ﬁ?@ﬁ&wt eid Sprédin Mb RV d&s0me
of these ul ator egl %F engs of he "donaor organls 5

are
transcri bedh ? o P LH NS gahithe ddPrany Suce

functi onal rwmtmmt:tmnamfelr N Ypne’ eterddeion, rmieamﬂndtasnﬁfl igeiriy est .
30 ordéé}?c 1;l)r 01 bV, ntlon ene exrr%s,rS| Qn rez%_ralc S
conpri si'ng ot Y2 nat FEI Ty 6ecurTing. gﬁw\ﬁefyg‘ or

subst ant i alwih t¢arls etheroincimdyridual host‘; mgamaﬁms soagemesater donor
mul ti - enzy oy Sh&fBons of biochemical reactions which result in novel

chimeric metabolic pathways and/or production of novel
compounds. Collectively, the genetic. resources of the donor

20 organisms in the library are translated into a diversity of
chemical compounds that may not be found in individual donor
organisms.

In another aspect of the invention, the species of donor

organisms may be selected on the basis of their bioclogical

25 characteristices, or ability to carry out desirable but
uncharacterized biochemical reactions that are complementary
to the host organism. Such desirable characteristics may
include, but are not limited to the capability to utilize
certain nutrients, to survive under extreme conditions, to

30 derivatize a chemical structure, and the ability to break
down or catalyze formation of certain types of chemical
linkages. When genes of the donor organism are expressed in
the host organism, the donor gene products can modify and/or
substitute the functions of host gene products that

35 constitute host metabolic pathways, thereby generating novel
hybrid pathways. Novel activities and/or compounds may be
produced by hybrid pathways comprising donor and host-derived

~ 18 -



OCT 22°'97 18:22 FR PENNIE & EDMON
) ) b . ... To.®
responsihl e for nmaki ng conpounds or providing activities of %%F?%ﬁ%ﬁ%ﬁﬁ.

Genes that wpegkie! ved in a particul ar bi ochem cal pat hwpgrasse/65003
conveniently isolated and characterized in a single expression construct
or clone. A - 16 - WO 96/ 34112

PCT/ US96/ 06003 desirabl e properties. Thus, the genetic diversity of
these OrgéahégﬁehﬁsQaP&%EEQEQQQtPQQQ%&*ﬁﬂc pathway hMBd3#9kRebyeBadTENt
of the inventioh, a conbinatorial .chineri ¢ pathway gene expreSsion
library can SE8REOREPAYCHEI ™Y Pf RIFTCHS H8 & gPEtnﬁngPéF§°fron1one or

mul ti pl e donalternatdeeilyys tivee thagydnnime takrddice patawayr may be pmrbrvddedt i on
i nto the host_or i u f%ﬂﬁ{s éﬂ;@i y : ' y
individualkagoﬁ?§aﬁzggu§?qﬁgfgggﬂ nyco%glnapﬁgkfﬂ %ggfegghggﬁgg%ngd from
the variou$§ bQHQrbp&nhﬂawstGFEQGYbﬁ@ﬁﬁQQQESQHL@GFeeZe§th§S$h@rSPﬂéﬁgbnent
of genes a_”dPrioF:eQB! OBt R X RIS AELIONS bEUEheOhene

conbi natori al chineric pathway gene expression I|brar£. Par t he nost
part, such cSﬁBFﬁ&PFeﬁsléprﬁgéés iTi%Se Yh BHepeRs 1nVRBEIS0ALSPn nature.
Upon expr essiefbodilbe oncitiraiedlinge rndl sqyeadiicicss gehet kapresisdon donor

pat hways or qr, [ i nher Wi eac t 4.0 0 ndio v I

or gani sns toQ g%%#gg%’ “hg%%%%hauFbﬁ%QEE1 ggﬁgﬁ%géﬁgrggg%kgzgc %%hw?géult

in novel 10 effi dorcr excardisms gxchwheneth@ng coexpresced an hows|

conpounds. Cgl@ekiswel Yorthl rieRfld C et tapel ikhpatawal .20 organisns in
the library aré transl ated ‘i nt ,dlver%g{y of . = chen1calhpog§p nds t hat
may not be found % BRGSASFUS nt Jif dyention, the hogh o,

aspect of thergavdsm aay triafres [T ic@thanfc eb omp l emeingja pif's aetisre derugel ect ed
on the basis

f_.t.heir biaologj,c | St I A caLk

out desirablg%g& X 9%%%#%&3%?%#}%%ﬁﬁgﬁ%%ﬁéﬁ$%af’?%E@@Foﬁg %h%%rggg nd
conpl enentlsr ghe cud tiire restium,galivmresiwtinge sheasoxicisyacfethst i cs may
i nclude, but RESRGad ivd WL b SLRRANEN | L AR rive? Ratersdit 2l g. ,
nutrients, to survive under extrene conduilqns, tg ]

neutral resins, may be used during culturing of the host

organisms, whereby metabolites produced and secreted by the

host organism may be sequestered, thus facilitating recovery

20 of the metabolites.

In order to make the process of screening combinatorial

gene expression libraries more effiéient; the present
invention further provides methods fpr detecting those host
organisms in the library that possess the activity or

25 compound of interest. In one embodiment of the invention,
the host organism contains a reporter system that will
respond to the presence of an introduced change, such as the
presence of the desirable compound or activity, by activating
the de novo synthesis of a reporter molecule. In another

- 30 embodiment, the host organism contains the precursor of a

reporter molecule, or a physiclogical probe, which is
converted to the reporter by the presence of the desirable
compound or activity. The reporter molecule in the positive
clone generates a signal which allows detection of the

35 positive clone in the expression library, as well as its
isolation from the other non-productive clones.
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catalyze formation of certain types of chenical | i nkages. 'Wen genes of
t he *donor VW0 883d18In are expressed in t he host organi sm tPE/888¢06003ene
products can nodi fy and/ or substitute the functions of host gene
products that 35 constitute host netabolic pathways, thereby generating
novel hybri d pat hways. Novel activities and/or conpounds nay be
produced by hybrﬁrd mEIthViesSpeeh®r | Bhe @XRa i sary s iSRSy @rovides

- 18 - éﬁgjéEnvenzence and time advantage to the various

PCT/ U896/ 060 ent The target ,net.abal 1 c pathway  nodified by
donor cﬁfct‘i‘%ﬁ TRRE 4P t Cc?(rl"g ’sa?ﬁ ﬁ‘ R&rnatively,
the tar get m:aimlesc qiat tiveyinregn tisorprane chndnpatb;b]m o-dum shf  het er ol ogous

genes whi rgﬁgfzqwﬁ to every
host orga‘z’ﬁl@sm prior to or conterrporgneous % constructlon o% %elngene
expr essi on hiigh-dhroughput tseresring |?h/%rh93§n Qngani swe i

construct i gk i AR NEr-SENEsRX RESRRIITY uddd/ Sy onddies el n DNA
fragments encaodi met abol hwa 10 of donor orgﬁg}l sns are cloned and
coexpr essedai tlmbrifhc:lf%’rgsp SLFSEat hvay .

| n anot her :ammm:mnttaﬁeé mavmgewf ttlhae ﬁw thay geamh;rhdmy have an

h | t t,
conpoundS SEgaTat Br FHAEH{ hoftd 3% PELTaARE W ddhe
toxicity ofoﬁ Heeir duiplegicalt cplsmems @rghmmt%mtnwmnt@
e.g. Neg4 r@Jaﬁ@tséthln ek 1S Afla i 16 CRttdmlrd b (dYydiidm to

o e e L o
nmet abol i t edifficult dmum:elﬁigt@oxﬁmdmmﬂm ﬁﬁmdass dunee rergEmism is
Covent orf rrtirsor cURs it ittt RS Sl L 1 D e s i
the |ibrar phamaq;dm%m h@m&cw:oic: yPrePexs el mmbflead gampound, one
enbodi ment PfcdretdY Y| Qe system of the 1nventlon may be studied and
optimized more eff1c1ently
The novel metabolic pathway generated in a positive
20 clone can be delineated by standard techniques in molecular
bioclogy. The lead compound may be synthesized by culturing a
clone of the drug-producing host organism under standard or
empirically determined culture conditions, so that sufficient
gquantities of the lead compound may be isclated for further
25 analysis and development. There are already high purity
manufacturing protocols, such as Good Manufacturing Practice
{GMP) established for some of these standard industrial host
organisms. Unlike conventional methods of screening natural
product sources, less effort is required to adapt the
30 screening and production technologies to the particular
requirements of each potential drug-producing organism.
The present invention also provides specific
combinatorial gene expression libraries made according to the
methods of the invention from genetic materials of a
35 particular set of donor organisms and/or cell types. Not all
organisms or cell types in a set, especially mixed samples,
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t he host® organi smcontains a reporter systemthat wll réé&?ﬁ&%ﬁ&sﬁhe

resence |ntroduced change, such as the resence o abl e
P et ] b " ECgisii

conmpdund y, by activating t he de novo synt hesi rter
nol ecule. In another 30 enbodi ment, the host organi smcontains the
precursor of a reporter nol ecul e, or a physiological probe, which is

ted to t t, Jhe d
activity. TRESRosGr Be trsidide iy dRERRaated & SRRt eTire L ik e
whi ch all owr@@ae'attlm off ttihe quhmattmad-l geae expressigneddibardiigs.ary,

as well as |ts f t %
=l . 724112i%&td¥¥£1 bRne! ke a0 dYbhiatsy SO

PCT/ US96/ oa&%’entmﬂ may be, amply figdsedeplicated udnd SEGFEAr system
provides s wmlffue:arthoexome@az@me ad chiviim thagutaa Hosty argadsms

Thvent Lon af SEEBARE, FnRY Fdh, S0y LRl 1&%@3 e ifneg ¥ FHCHl 1o o
and robot i cgm@msm giret mmﬁgmg@t s&e@émqagmmereﬁ@ms @ogmcéqwgofandte

i nvention a oETE QTR eaethelsOTi nd%Re! 1S b | Pyl Qe rialtdQAlal
process devgﬁapn%%? Thg'pr sent &% en#]qn takesr§g§gn&€%e of the fact
t

that such h§SPe1GXBFEEARISTs 3OTFHYd! e HEeation Rpayl in
terms  ab tleeiiiched @y ealy reeperigues awdmwuﬁut ehe)aets elaitr e.@nt s By

transferri ngpg} QP%&%tréatf%rzj %I ro%@ % g%ﬁﬂ Wy f h%m tt%el 19.% (510 g:f i ons

famliar systerns, nee cul’'t ng con
for the donéheorganensrhdns axe mmctm metam mfob@@t@a‘lm&!ctam ties, the
phar macoki nebleGeald ddtiHe RN %s% %g@ HisSCQgIce i
t he systentgkltﬁb |nvengﬁzﬁgnay:be studl opt| n:'rmre
efficient|ymay be accpgsesh \Rﬂpﬁﬁﬁﬁg&ﬂl¥9 ﬁa dJSTOVETYd BERI¥ 3 Fosi ti ve 20
cl one cansbe delineated by standard techni ques in nolecul ar bi ol ogy. The
| ead conpound My Be SyNthEH AT %%J tdffnia’t?m%xmn GENE

EXPRESS O

5.1.1. DONOR ORGANISMS

Any organism can be a donor organism for the purpose of
preparing a combinatorial gene expreséion library of the
invention. The donor organisms may be obtained from private
or public laboratory cultures, or culture deposits, such as
the American Type Culture Collection, the International
Mycological Institute, or from environmental samples either
cultivable or uncultivable.

The donor organism(s) may have been a traditional source
of drug leads, such as terrestrial bacteria, fungi and

25

plants. The donor organisms may be transgenic, genetically
manipulated or genetically selected strains that have been
useful in generating and/or producing drugs.

The donor organism({s) may or may not be cultivable with
current state-of-the-art microbiological techniques e.g., the
genetic material used to prepare the libraries can be
obtained directly from an environmental sample. Since only a
minority (s 1%) of the microbes found in nature can be
cultured in the laboratory, the major advantage of the

30

35

- 21 -



, D ‘L TO @11852238762 P.BS
c?%ﬁez%nghéad%%gF%rP%ﬁ%}%g&h%gTo%rgan|sn1under standard or enpirically
determ ned cul ture conditions, so that sufficient quantities of the |ead
conpound nawosss4ERl at ed for further 25 anal ysi s and devel ophremusIgibeosx ar e
al ready high purity manuf acturi ng protocols, such as Good Manufacturing
Practice (GW) established for some of these standard industrial host

~organi snms. Unli ke conventional nmethods of screening natural pr oduct

sources, | esprebénrt insenedonr 2d thatdebe fdroBlosgarismndoasdnptotavei bo

teCh”O'Og'esbéochﬁﬁlgéﬁibCEEaBe u%%gﬂﬂééeﬂg?éan(T BL01ROLENLY Al 5 900,

dr ug- pr oduci ng organlsm g sent 1nvenfron also provides’
specific 2Brbi BBVOMigKCgehE: é82r284l on |ibraries nade according to the

net hods of the lnTBBtEﬁﬁeﬁtQBhgﬁﬁeﬁbﬁ nameeé@ISooéha Géepefticular set of
donor orgaglsns and/or .cel | %ygonors nlsns or_cell ges in a

set, espec aWFﬁrﬁ?fgﬁn§ﬁﬂﬁI3 ?iants pr ucé an enormous ghge
WD 96/ 34112 of compounds, some with dramatic actlvftﬁéﬁE&ﬁ/BﬁﬂB3an1malaeed

to be [ ndivi gual hichds éhﬁkﬁﬂsorES?a%Q%‘?iézeﬂh\}'Eo&f%ﬂﬁ £R8A! 188001

t he conbi nat ori al "gene ressfon oria
expressi on I$6F3393094?h§ 3. |ﬁ?@ﬁtP%nthﬂﬁeb%°ﬁﬁﬁvﬁﬂ$eﬂrerébﬁﬁ@ébbé bHnd
StO[ed -9 Qﬁ@hhﬁh tbﬁn?%ﬁ%stér%odéﬂiﬁédlﬂﬁoﬁhEh%n¢%1E|wQP§§ @£9§MhﬁﬁB .
cont ai ni ng,dono S at _nmujti e i sns_are

pr oduced. E@BFF%S?FBﬁ ?8F§W§r p?g gég d§M§$ %ﬁh@ %?é %@# aPeE| Bhes
in the |ibraa¥. ABB&anaa3ncea227gbh@OexpibssDnunIebraly bSSBheProaention
may be store d et ve Yaal c e at is
appropriate o?mthégﬁﬁstES?gaﬁS§n$§ ﬁ7§§ Eﬂéﬂr br%pQQQg%€aif§ é{:{::rL;%%ntlon
are an ef f ecFPPBEOHBEAS é#keabﬂﬁPingcéHEtOtbﬁék%rv?%@ aRkenbatniB RF8our ces

of donor orgaﬂaﬁameswefcﬁlanaaaebsveaCﬁseeﬂ%%fgf@a@sty wRiénhdayg di scovery
Bl ogram Oilg 1i caRF deveio ment res ect]._gﬂ; % §£NEn i-tumor
EXPRESS! RS L PBARFPRERS Clini P P Y as anti-t
: and anti-malarial agents. Any plants, especially those with
potential medicinal properties, may be desirable donor
organisms (Phillipson, 1984, Trans R Soc Trop Med Hyg, 88"
Suppl 1:817-9; Chadwick et al. eds, 1994, in "Ethnobotany and
20 the search for new drugs", Wiley, Chicheste¥, Ciba Foundation
Symp 185).

Another source of natural products with potentially
useful antimicrobial or pharmacological properties are
invertebrates and vertebrates. Some of these compounds serve

25 as chemical defenses against competitors, pathogens and
predators. Such compounds may also be used to kill prey or
used as a form of communication (Caporale 1995, Proc Natl
Acad Sci 92:75-82). In numerous cases, the secondary
metabolites are thought to be produced by associated microbes

30 that may be symbiotic (Faulkner et al. 1993, Gazzetta Chimica
Italiana, 123:301-307; Bewley et al. 1995, in "An Overview of
Symbiosig in Marine Natural Products Chemistry Symposium" in
honor of Professor Antonio Gonzalez, La Laguna University,
Canary Islands, September 16, 1995, p26 {(abstract)).

35 Organisms known to manipulate biochemical pathways of
other organisms in nature are sources of particular interest,
e.g. certain plants, such as Cycas, can produce an ecdysone-
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593T1€? ?i»k?i%f{iﬁ&i&ygbs “ E%@&”%rganisn1can be a donor organismfor the
pur pose of preparing a conbi natorial gene expression library of the
i nyention. Womedamar organi sms nmay be obtained from private PCTAISONGH03 C
| aboratory cultures, or culture deposits, such as the American Type
Culture Collection, the International 25 Mycol ogical Institute, or from
envi ronnment al sanpl es either cul tivable or unhcultivable. The
donor organi sifiir whichadd shreptsatheadevedopimesbucfecertaindingekéads, such

as terrestri shchagkebhagiialy 330e 1nPLAR! SandhEcOpDot gigamgﬁgswwebe

transgenlc enetlc pu ate enetli ca ected stralns that
have been hs¥r gxisk QéngP&PPﬁgcﬁﬁﬁﬁoFYEEEGEE?ngPH? Cor and preype SFonor
organi sn(s) RegtoandAnpafaisile.culfhugabie wayhbe aduanrieagestst eooliskhe-art

the |1 brar Pedoughife nabegiaden dariBa Fron shufalBaf Hhar antar sk e, -
Since only achemiicmddyt yith oWheys ihenaturebes found in nature can be

cultured in the | r vaat t
il 0o, ggpg ' bBthex! B3cHPbhradV8E! A2EuPhl 'Boduct s is marine

PCT/ US96/ 060039anisms.os QT ARFEANFEn MEXingt ™ AECHBRPrSAYER| BAVESes not

have to bemembtunaalgt&ach&ruklImaa# berehmchTﬁfQkaosetﬁbe 1399 App
Env Mcro limted tg g use of
£¥

5 n1croor68n|§§3%§§%&é B & hlﬁpaﬁ?s pP8é % ﬂ %ﬂ% n%ﬁ%c?ﬁnﬁgen &5Rp8unds,

some with drasdeculaet Seirvicgsrennbst preMiously seemdimi cevveguniads, for
exanpl e, phyjgat %h%s(&%@&bag L%991 19§§'950§m@é7c§ )So§0”§1§f4kb§$e

conpounds are inducib wound I Ng elicitors erived fromthe cel
wal |'s of plaf®)102p8t ﬁééé%m(lée&rréFréﬁch‘antSal EMBRP %, 4 dmero§hencsgger
et al . 198%.:759-9869 %%ECLZﬁQv32§3teﬁtoanei ﬂhfléaﬁﬁtofyogro erbakk.

égﬁgtofﬁgéﬁn gﬁglgzggwgééﬁ?ﬁ Eﬁghgghcg %grigg microo gangsms Eggtg§é0|
bromine from seawater which renders the compounds highly
active because of the chemical reactivity of the incorporated
halogen, e.g., marinone (Pathirana et al. 1952, Tetrahedron
Lett 33:7663-7666), a product of mixed polyketide and

20 mevalonic acid biosynthetic pathways, which has selective
antibiotic activity against gram positive bacteria. There is
a vast diversity of marine species which live in a range of
habitats, from polar to tropical regions, with different
salinities, temperatures and pressures. The unique nature of

25 these habitats is reflected in the distinct genetics and
biochemistry of these organisms, and may provide many useful
drug leads. See, for example, Fenical et al. 1992, in
*Marine Microorganisms; a new biological resource", Adv in
Marine Biotechol, Vol. I, Plenum Press, New York.

30 Environmental samples may be obtained from natural or
man-made environments, and may contain a mixture of
prokaryotic and eukaryotic organisms, and viruses, some of
which may be unidentified. Samples can either be randomly
collected or collected from areas that are ecologically

35 stressed, for example, near an industrial effluent. Soil,
freshwater or seawater filtrates, deposits around hot springs
or thermal vents, and marine or estuarine sediments may be
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e%%ﬁp@%sstl%l%ﬁt BT TVREE niae ERAY products which are 15 undergoi ng cli ni cal
devel opnent respectively as anti-tunor and anti-nal arial agents. Any

pl ants, espagodkhkisis hose with potential nedicinal propertiRS;usiRIsss
desirable donor organisnms (Phillipson, 1994, Trans R Soc Trop Med Hyg,

88 Suppl 1:S17-9; Chadwi ck et al. eds, 1994, in "Ethnobotany and 20 the
search for new drugs", WIley, Chichester, G ba Foundation Synp 185).

Anot Eer soulraeséﬁld@ts&@ctég Qi Cdsno deé@%l%ﬁbﬁs' al leymp é.elésﬁ'{a‘jﬂbb'%”'tddmlgéé&cﬁl
or phar macol ogi ca rties are vertebrates and vertébrates. Sone of
t hese conpou s"%eb%étc}%sc %@ﬁ Iarﬁ{e]fl@ﬁ§§§ %&2 G,
pat hogens andampladeorke Ricteamdh dnas trm!plalaéo lsebaswmalkl Il prey or
used as a for@@e%&'%ﬂ&%d%(@‘yﬂ e 11%%%05690 P‘@% %faﬁ:

Pres Al e ought to

92: 75-82). In nunerqus cases e secondar met abo
be produced HhERQRhki) Hakepivd i oplni liE smp@hlé-l(q;atﬂrlmer et
al . 1993, Gamnamﬁéﬁm@a Italiana, 123:301-307; Bew ey et al. 1995, in

i Cuerview of R SUPieRLs i dhile Nt weal cPeadyets QI S facing 1,
Canary | sl andshe m%irman:m ofl 39§ imp2Ad ofigbstuchc ) thdse plan®sgandsns
Known to manipdii e ﬁlﬁ“fwn@%{'% t%plca?t QS&nOEQ?-%'s% Ist%%%{,F %s

are sources of parti<c, I nt er est ain plan such
can produdd® &Pt Rpkifats are xggfgggfgyed spec;es are being lost

PCT/ US96/ 060@hat mlgnun;meml alsebulr weididihesdevel opnent of certain

I nsects. Such or IS8 Lddve din th ecaologi cal ni.che wher.

they exist as conpé %‘}frs&s% éﬁt LA dg’ﬁgecéﬁaa gé'?pea'}:leshog.pc&mhng
parasite. Thuaslga'a:. ria@cnmlad\mrtggemlarms used abigedet i mayatdsioabe derived
from organi srgyhialt dd i aHe b 'h>é1‘é‘ hEth Eﬁr Erh&'&%ﬂ%& - or ethnic

Yet anot her_rich source of natura pro ucts is
i nst ance, @ﬁMWQQ§Qﬂ¥nﬂﬁﬂ§$kﬁ?ﬁhwe novel nDIecuIar structures nany of

whi ch are bioacti VI@x nfarq,e déberiig| Ad iis AewhirgbleStaapotast uabraw igancer

agent with a .o eeH B S Gt 110 aRe g ol abYs 85" et b SR T2
organisms that are not generally amenable to traditional drug
discovery or development technolbgigs. Such donor organisms

20 may have one or more of the followiﬁg characteristics:

(i} the organism cannot be propagated or cultured in the
laboratory; (ii} the organism cannot be recovered from nature
in amounts sufficient for further experiments; and/or

{iii) the organism requires special conditions for production

25 of the desirable compound that are unknown or are not
commercially reasonable. The latter characteristics also
describe organisms in extant culture collections, where no
drug leads .may have been detected in conventional screening
processes due to inappropriate culture conditions.

30 For the purpose of constructing. an expression library,
the donor organisms need not be taxonomically defined or
biochemically characterized. Identification or genetic
footprinting of a cultivable species or a representative
group of species from an environmental sample may be

35 performed depending on the complexity of the sample and the
needs of the drug discovery program, such as, for example, a
requirement for donor species dereplication.
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bacteria (Taplo as et al. 1991, J Aner Chem Soc, 113:4682- 83); and

sal i nani des (Trischman et al. 1994, J Anmer Chem.Soc 116; 757-758) whi ch-
have pot ent WAh?4/341HF | ammat ory properties. 15 Certai n conpound®CIMSH6M6a03f r om
mari ne m croorgani sns contain brom ne from seawater which renders the
conpounds hi ghly active because of the chem cal reactivity of the

I ncor por at ed hal ogen, e.g., marinone (Pathirana et al. 1992, Tetrahedron
Lett 33:7663-7666)The %marﬁn#ﬁm@dnqml%eqqmmtm ey aivdiuret i ih

bi osynt het i ¢ it NvRSTa e lohasi SR §tide to SRHNQId ACingsly Afal IS
gram p05|t|ve h terga There is c-slﬂsl vast di V:at{:.SI ?, of ITB.I’I ne speC| es
which Iive i #4%ange U pre%x}%t A% o ARRA dIEFHWE O%ni t h
di fferent tdwel |mietsem;;e tafivpeettasire schewi qales sir eche Eﬂﬂ.tlm:leqmawaielre of

20 those p¥dhitden el Sfhie d il O UNRASAN or BBRIPT ST
of these organi sms gznrow de many, us eads.. for

exanpl e, FenPERd u&tsa|en g ithe achitivieavaf dagrnesstndin é;hee\ﬁonor

bi ol ogi cal resaEEms .Ad\S'da(hdard\/%‘ideclBldBrﬁﬁftQJonsVQJay boe E’Js%@lu'f'c':' r&ﬂ%m.l\éew
York. 30 Envi r onnent al’ﬂif es nm be t ai.ned fr.om_natural

man- made envisPSn RRFRILERR hth e Elequlrﬁfiokaryotlc and
eukaryotic organi Sincearid vig u.a‘ds:,k@qrrﬂ:hﬁt almmrrmxtghnmmlsd&m{t iafri ed
Sanmpl es ¢ d I lJ ect mares
are ecol og:acal V}‘%%ﬁ&;}r{%}sg?rﬁﬁ "&& ﬁﬁc?% gar q:f%rﬁi %%d%‘g't r e eFﬁ &e‘ntl
Soi | fresfwdidr 1B1dak AaR %ﬁa‘?qu r"é-‘t Lt ignsosisonea ofutiehdonopr i ngs

or thermal VeRiganidhd Wiy retgrit ald NeaHITRMNeS 16R% Be dilution of
- 23 - WO 96/ 34112

PCT/ US96/ 06083 ©% -9 {dish SFaHif%rs JhUfundt JRyabesREeLSZABLES thay be
col l ected pirepariee mitleiqaedgis digmettly diriond donsar blirganﬁufneeSn an

Sanpl es Gl T r qﬂ! ; rrp ate and ot her

.regi ons. rr% gg%gjﬁnorgamlsrf%m%eoml ﬁgﬁi hclgﬁk:urﬁ' ﬁ‘

aci dophi | i c, 1BRCF@EOnYe, Jihis max Mmqq;ally useful when attemptlng to
access the secondary metabolites of :invertebrates such as

marine sponges, where the metabolités are often believed to
be produced by the associated symbiotic and uncultivable

20 microbes. Methods for preparing high quality nucleic acids
from donor organisms in environmental samples are provided
below in Sections 5.1.2.

Donor organisms contemplated by the invention wmay
include, but are not limited to viruses; bacteria;

25 unicellular eukaryotes, such as yeasts and protozoans; algae;
fungi; plants; tunicates; bryozoans; worms; echinoderms;
insects; mollusks; fishes; amphibians; reptiles; birds; and
mammals. Non-limiting examples of donor organisms are listed
in Tables I and II.

30

35
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18T s also preferable to use organisns that are facing the possibility

of extinction, such as those pl ants and m croorgani sns found in the
tropi cal r W@ 9@4H3t . I nsofar as 10 such habitats are bei ng RfSLPPS{PERP3
speci es are being | ost that m ght yield useful nedicines.

Organisns with potential nedicinal properties, including al gae, lichens,
fungi, plants, and aninmals, may al so be collected on the basis of their
uses in tradi i i i :

aspects, it is desirable that the Iibr§%£gis , constructed with genetic
material derived from donor organis faf*are not general ly anenable to

traditional n I
organisr 20155 T %ﬁgﬁgﬁq‘% ]}5@@5 %‘2299 rf@%%%?‘ L Weray
the organism ggnofy bey SHuctid rda@hes"! al&&r@ﬂ@g (ii)

t he organi sm&m@gl@p presy esegl-fgpm nat ure | n amount's sufficient for
further experinents; and/or (ii1) the organismrequires special

condi ti ons me‘o@oducti on 25 of the desir&¥mereonpound that are_unknown or
are not comrercially reasonable. The latter characteristics al so

descri be or Radwemian extant culture collections; where no drug

| eads. may have bekatimemycetales convent i orﬁaﬁrm Mignogesesporue to
i napproprigte culture conditions. 30 Wﬂ#@rp@t%@é’ﬂ@ﬁ‘@@structl ng
an expression library, t he donor or gam%‘?ﬁslq?&zdwl be taxonomically

defined or bi ocheni cal |y characterized.5§ 5H°€éﬁg enet i c.
f oot printing of aﬁ'\‘# hvablg species or a “é"ﬁ Xy ?;;g&.ﬁo&?m
species froman € FonTEhEaFS sanpl e may npcﬁr g on the
conplexity of the sanple and the needs éﬁhg% @' L‘f d%\ﬁlr i%%)gr am

such as, for exanple, a requi r enent form oothEL! g%cq:g

- 24 - WO 96/ 34112
15 Bacillus, Clostridium,
PCT/ US96/ 06003 The .donor organlﬂgﬂﬁzé& Q?gspgézntlr ated or

cultured in thpsgaagﬁ,aﬁg)aylgg field pripgeddondasaClaicddpifctidiei r nucleic
Vibrio, Halobacterium

Mycoplasmatales Mycoplasma
Myxobacteriales Cytophaga, Myxococcus
Fungi . :

20 Myxothallophytes Physarum, Fuligo
Phycomycetes Mucor, Phytophtora, Rhizopus
Ascomycetes Aspergillus, Penicillium
Basidiomycetes Coprinus, Phanerochaete
Fungi Imperfecti Acremonium (Cephalosporium),

Trochoderma, Helminthosporium,
Fusarium, Alternaria,
Myrothecium

25 Yeasts Saccharomyces

30

35
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aE?HsZZF%W b@é%%rﬁ%gp%%mﬁé g%e0| Ic growth conditions or t he presence
of certain chemicals in the culture may be 5 required to induce or enhance

the transcryglbkgi9f gene products encoding the activitieg gb&)ﬁ@ﬁfst

in the donor organi snms. Standard growth conditions nay be use

culture the organisns if only genomc DNA is required. Since it
Is unlikely that all donor organisnms in an 10 environnental sanple may be
propagated at the sanme rate, if at all under | aboratory conditions, sone
of the donor organi sns may overgrow and [ead to the Toss or difution of
sl ow- growi ng organi sns. Thus, it may baamlef drable to prepare nucleic

acids directly fromdonor organisns in an 15 environnental sanple w thout
prior culturing in theRigheabdoams pf Exempiayrybdosopeorgianisasef ul when
attenpting to access the secondarylnetabolltes of |nvertebrates such as

mari ne sponge - _
by the asso *%ﬁ%ﬁs nblotlc and uncul tivable 20° n1crobes tho ds for

preparing high qu%f%?? nucl ei ¢ aci ds frBﬁgaggg séﬂg ﬁg aipic acid,

envi ronnment al sanpl es are provided bel o n Lro n
Donor organi sms contenpl ated by the invent ﬁg z gﬁgfﬁﬁga HLEmEPERR ot

limted to V|ruseﬁ Qgﬁgerla 25 unlcellulg Eaggf $a §yﬁ fﬁ1¥§8§&5 and
MRe

prot ozoans; al gae; ungi; plants; tunicghe BZOAN
echlnoderk% i nsects; nol | usks; flshes,aﬁg%gﬁ igps rept es,; ctlrds and

manmal s.  Non- Ilmmgse@xgmahes of donor orgaghaPEnahls! (ViR€a alkalémabﬁs I
and 11. 30 Digitalis (card28c-glycosides),
Podophylium (podophyllotoxin),
Taxus (taxol), Cephalotaxus
(homocharringtonine),
. Camptotheca (Camptothecin),
1s . Axtemigia (artemisinin), Coleus
(forskolin), Desmodium (K
channel agonist)

Protozoa
Dinoflagellates Ptychodiscus brevis
{(brevitoxin, cardiovascular)
Insects Dclomedes {"fishing spidexr"
20 : venoms), Epilachna (mexican
bean beetle alkaloids)
Bryozoans Bugula neritina (bryostatins,
. anti cancer)
Molluscs Conus toxins
Sponges Microciona prolifera (ertyonin,

antimicrobial) Cryptotethya
cryta (D-arabino furanosides)
25 Corals . Pseudoterogonia species
' (Pseudoteracins, anti-
inflammatory) Erythropodium
(exrythrolides, anti-
inflammatory)
Worms
Annelida Lumbriconereis heteropa
{nereistoxin, insecticidal)
Spinunculida . Bonellia viridis (bonellin,
neurocactive)
Tunicates - Trididemnum solidum (didemnin,
anti-tumor and anti-viral)
Ecteinascidia turbinata
{ecteinasciding, anti-tumor)
Fish Eptatretus stoutii (eptatretin,
35 cardiocactive), Trachinus draco
(proteinaceous toxins, reduce
blood pressure, respiration and
reduce heart rate)

30
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WOTOBR39710:26 FR PENNIE & EDMOND PCT/ US96/ 06003

Tabl e* | : Li st of exenplary bacterial and fungal donor organisns (Berdy
1974, Adv G%&Q obiol, 18: 309-406; Goodfellow et al. 5 '

"M crobi al réﬁ%&ﬁé: New Approaches", Canbridge Universifégéggggﬂn
343-383) G oup : Gener a Bacteria
Actinonycet al es Streptonyces, M crononospora, 10

Nor cadi 8, AGligMABRGHA, Dendrobatid frogs”Ctinoplanes,

St rept ospor angi um _ (batrachotoxVhs] 0OBL&RYEBtoxins,

Ki t asat ospori a Eubact eri al es histriofAiebeekeht|manBhbzakirum
Achr onpbact eri um polyamines) Ent er obacteri um
Brucella, Reptiles Snakkcwenomctuexihact obacil | us, 15
Baci | | us, CBdgds di um histrionicotoxinB; empBafiedi um
Pseudonon&dal es Pseudonpbnas, Aer é8xotencids, retinoids and

Vi bri o, Hal obacterium Mycopl asmat gtegoids (GoodwpopPasndn "The
Myxobact eri al es Cyt ophaga, MyxocBdeghemiscylgpLphe

Myxot hal | ophyt es Physar um FuIigSar°ten°ldPﬁx¥8ﬁzcEFeSChaPman
Mucor, Phytophtora, Rhizopus Asco ?Féél' New York, PRspdffr| | us,
Penicilliu Basi di ozycet es ’ rinus, . Phapnerochae

Fungi Inpep}%%ﬁnals Acrenoniunl(CEphgﬁéggg gﬁ ;gg: 35%;3%?3 HsuCk'

Trochoded®a, Hel mi nt hosporium
Al ternaria,

modif@id cgntenoids, ret TH825UM
Sacchar onyces

and sVkrBideCl(dBbdwin 19s846asts
supra, pp. 173-185; Devlin 1982
in "Textboock of Biochemistry",
Wiley, New York, p. 750)

15

20

25

30

35
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PCT/ US96/ 06003 - Table Il

Hi gher f or neoalkeanpl ary donor organi sns 5 Goup PCT/US96/06003
Exenpl ary Genera, Conpounds & Properties Pl ant s Al gae

Di genea si npl ex (kainic acid,
~anti hel m nthic) ' Lam nari a anqustata

(1 am ni ne, 5.1.2. PREPARATION OF HIGH RUpLIaEwsNUELEIC ACIDdi chens

Usnea fasciata (vul pinica NOR ORGANISMS

antimcrobial; usfi,e185daci be isolated : d s

Hi gher Plants B 2k a&é?ﬁaﬁgxthﬁsl 8iﬁ§g affgpoiggf? org% éﬁgﬂyp a
Digitalis (c¥paigsygPr§chetyeds depending on the type of organisms and the

Podophy! | up epagephylt! @hexisaiiple. It is important to obtain high quality
nucleic acids that are free of nicks, single stranded gaps,
and partial denaturation, and are of high molecular weight
(especially for genomic DNA cloning), in order to construct
gene expression libraries that are fully representative of

10 the genetic infqrmation of donor organisms. To prepare high
quality nucleic acid, the methods of the invention provide
gentle, rapid and complete lysis of donor organisms in the
sample, and rapid and complete inactivation of nucleases and
other degradative proteins from the'organisms. Initial

15 extraction may be carried out in the field to stabilize the
nucleic acids in the sample until further isolation steps can
be performed in the laboratory

Any nucleic acid isolation procedure requires efficient
breakage of the donor organism; A number of standard
20 techniques may be used, including freezing in liquid
nitrogen, grinding in the presence of glass or other
disruptive agents, as well as simple mechanical shearing or
enzymatic digestion. ) ; )
For mixed materials such as soil, or for samples that
25 contain high amounts of tough materials, such as cellulose or
chitin (as in filamentous fungi and plants, for instance)},
freeze-drying may be employed to render the samples fragile,
thus making them more amenable to disruption. Such
lyophilized materials preserve both enzymatic as well as high
3¢ Molecular weight materials (such as nucleic acids) for long
periods (Gurney 1984, in Methods in Molecular Biology, Veol.
2, p35-42, John M. Walker ed.). Samples may be flash frozen
in liquid nitrogen. Samples that are loose, such as soil, -
can be frozen in fine gauze or nylon mesh. Lyophilization
35 Can be carried out on frozen samples under vacuum for a
period of 24-72 hours. Freeze-dried samples can be stored

desiccated under vacuum at -70°C. Additional steps may be

- 29 -
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(honnharrlngtonlne) Canpt ot heca

( Canpt ot heciwd 9er3kbi2 - Artenisia peqiRssdons ) .
Col eus o (forskolin), Desnodium (K

channel agoni st) Pr ot ozoa . Di nof | agel | at es Pt ychodi scus
brevis (brevitoxin, cardiovascul ar)

I nsect's thred for prepar2®iRMEYES ehviirohmBaLsDi d8kpldY, such as
vVenons), Epllac na

xi can
2l kal o) ds) BsSRRAcH"be microial populagigns, (farpbRa b dbs: SEPAS
ant i cancer)ApplwﬁhNuMasroblol 58:2458-2462; ZBonuettakini996, SAppgeEnv

M croci ona p E&B%&%l(e%by%&k“azz Somerville et al. 1989, Appl E?V

anti m crobi a pt ot et é%

(D-ar abi no5f SHG H@d3) 5P5 548854 ) - Pseudoterogonia
Spﬁfles t - Oﬁe pﬁ;nc1pa1 method of thePpeddener aavantisn}i though

i nf | anmat ory)_ Er Lopodi_u

(erythrolide§® 5%9 19°70c the only one to be used, is modi fied E¥ePy)

Wor ns ChAma@hmdat al. (1379, Biochemiddi:528¢)¢i Safiderrepaal. (1992,
(nerei st oxi nCuE'Qs%%h'e‘E' dgh): 439 -416) SBNAUBSeL DA L1991, Bh.D. tRaggklia
viridis (bhanellin euf oacfiyve

Tuni cat es10 University of callfﬂﬁﬁﬁadeﬁﬁﬁﬁﬁs§PFHEH?Zdlthﬁlﬂeth° uses

‘anti-tunor arfieastirovig’ dhaotropic agent, guanidinium isothiocPshgtaaseigha
~turbinata ctei nas I di ns ngi-tunor)

e 2-mezcaptoethanol tg denature prbfRifis| Sai.LPaLtAvaGe

_cardioactiveppcteashsnufamtmwad by purification of the nucleic aCld

~(protei naceoys Lg% bzrgggﬂﬁm chloride gradient centrifugation. ﬁ
pressure, resplratlon duce eart
rate) 15 method provided herein differg;from Chirgwin’s method in that

both DNA and RNA are extracted. Also included in the method
of the invention is a high speed centrifugation step, and the
optional addition of bisbenzimide dye. Depending on the .
donor organism used, additional steps may include, but are

20 not limited to, treatment with hexadecylpyridinium chloride
or cetyltrimethyl ammonium bromide (CTAB} to selectively
remove polysaccharides, treatment with polyvinylpyrrolidone
for removal of phenolics, and cellulose chromatography for
removal of starch and other carbohydrates (Murray & Thompson,

25 1980, Nuc Acid Res 8: 4321-25).

RNA isclated from donor organisms can be converted into
complementary DNA (cDNA). using reverse transcriptase.
Damaged nucleic acid may be difficult to clone resulting

in loss of donor organism DNA and low numbers of clones in a

30 library. The problem can be worsened if the host ofganism is
permissive for recombination and lacks effective endogenous
DNA repair mechanisms. The present invention also provides
that damaged DNA can be repaired in vitro prior to cloning,
using enzymatic reactions commonly employed during second

35 strand synthesis of complementary DNA (Sambrook et al. 1989,
in "Molecular Cloning" 2nd Edition, section 8). For example,
DNA gaps and nicks may be repaired by the Klenow fragment of
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hi strioni cotoxins, and ot her pol yam nes)
Reptil es Snake venom t oxi ns Bi rds

hi strioni cot S d|f|ed 5 car of enoi ds,
retinoi ds angﬁ]‘\%‘?g ofymerase, and £. coli paa llg%ﬁ?ﬂ(N%EFT(%E%NW%E1§84 in
"The reactions are well known tithdsenskilled imethe arts.

Egafsgpﬁid;; Vb|0 when PARPSRPing a combinatorial express&on 11br§P? Fabih,

C)lnthorhynoH@&Adﬁ%EF?E&e?dGEQm gpvironmental samples, the quantity;pfeq

pl atypus vesos¥ailable DNA is often limited, and isdlidonside@priedohdsn the
retinoids Gpodwi

supra, pp. 17§?aiﬁfi%%v?$nli§%ﬁion s:rategy?”mkftfﬂ 'éﬁ%ﬂtlty 1s #ﬂw after
"Text book of @kbx#epierrgr concatenation (<100 pg), the DNA m&ylkq,l$9aped
York, p. 750)intd®a high-éPficiency¥ cloning system e.g., SuperCos, as
described in Section 5.1.3. The inserts in the clones are
10 amplified and are released from the vector by restriction
enzyme digestion. Due to the nature of environmental DNA
samples, which may contain both prokaryotic and eukaryotic
donor organisms, it may be desirable to use multiple host
organisms. If sufficient amount of original environmental
1S DNA sample is available, or if the DNA has been amplified,
the DNA may be ligated to each of a panel of vecrors
appropriate for the desired panel of expression host cells.
Preferably, the vectors have the capacity to shuttle between
two or more expression hosts.
20
$.1.3. HOST ORGANISMS AND VECTORS

The term "host organism" as used herein broadly
encompasses unicellular organisms, such as bacteria, and
multicellular organisms, such as plants and animals. Any

25 cell type may be used, including those that have been
cultured in vitro or genetically engineered. Any host-vector
systems known in the art may be used in the present
invention. The use of shuttle vectors that can be replicated
and maintained in more than one host organism is

30 advantageous.

Host organisms or host cells may be obtained from
private laboratory deposits, public culture collections such
as the American Type Culture Collection, or from commercial
suppliers. Such host organisms or cells may be furthexr

35 modified by techniques known in the art for specific uses.

According to the invention, it is preferable that the

host organism or host cell has been used for expression of
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PCT/ US96/ 06003 5.1.2. PREPARATI ON OF HI GH QUALI TY NUCLEI C ACI DS
FROM DONOR wiooasl s Nucl ei ¢ acids may be isol at ed frporaisssusens
organisnms by a variety of nethods depending on the type of organisns and
the 5 source of the sanple. It is inportant to obtain high quality

nucl eic acids that are free of nicks, single stranded gaps, and parti al
denatluratlo;lhea@ﬁloaggo@é Béﬁésm)imuifé mmabuawmlmiayaéﬁrmmm C
DNA cl oni ng LN, order.to co st are
fully represgh?aPFoEcat y,tggyé ma §%§o§%¢llg%ﬁi€am§s&%h

prepar e hi ghhosgyuatrgenisms| vay h@?ﬁ b@ﬁ@ mes@om@tbftxadntxnm#&|g#n§#@w|de

gentl e, raplgtfaﬁnc Ls%sméﬂ@ﬁe@ﬁodgn%r@émscn&wué heferméiPhLiomnd
rapi d and conpl ete 1 nactivation of nucl eases and ot her degradative

prot ei ns f?oRFPRES8RHanPRALOT | KEEPEPLAGNL WA technigyede cBFri®d out in
the field todssabablgecbh@se Rust ebtganisias iwhidie kawvplbeemt dévélopédrfor

oLt o St ER2gE et 0o PERIPLIEN AR S0 Wher somay DL ©
organi sm A guaweh ahdsfandrrddretienef geecordgryanetablites Rifeigknown.
freezing in |iquighe host organisms may be cultured under standard

10 conditions of temperature, incubation time, optical density,

" and media composition corresponding to the nutritional and
physiological requirements of the expression host. However,
conditions for maintenance and production of a library may be
different from those for ekpression and screening of the

15 library. Modified culture conditions and media may also be
used to emulate some nutritional and physiological features
of the donor crganisms, and to facilitate production of
interesting metabolites. For example, chemical precursors of
interesting compounds may be provided in the nutritional

20 media to facilitate modifications of those precursors. Any
techniques known in the art may be applied to establish the
optimal conditions.

The host organism should preferably be def1c1ent in the
abilities to undergo homologous recombination and to restrict

25 foreign DNA. The host organism should preferably have a
codon usage similar to that of the donor organism. I£
eukaryotié donor organisms are used, it is preferable that
the host organism has the ability to process the donor
messenger RNA properly, e.g., splice out introns.

30 Preferred prokaryotic host organisms may include but are
not limited to Escherichia coli, Bacillus subtilis,
Streptomyces lividans, Streptomyces coelicolor. Yeast
species such as Saccharomyces cerevisiae (baker’s yeast),
Schizosaccharomyces pombe (fission yeast), Pichia pastoris,

35 and Hansenula polymorpha (methylotropic yeasts) may also be
used.' Filamentous ascomycetes, such as Neurospora crassa and
Aspergillus nidulans may also be used. Plant cells such as
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nitrogen, grinding in the pTesence of glass or ofher di sruptive agents,
as well as {ig@fechani cal shearing or enzymati c di gesti @ornysosnsoos FOT

m xed materials such as soil, or for sanples that 25 contain high anmounts
of tough materials, such as cellul ose or chitin (as in fllanentous fungi
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| yophi | i zed materials preserve both enzymatic as wel
vei ght mat er Prefergiad, maymaldiag foss §&Lleolncange buEePF6d§°GG}P1‘f€3F

i n Met hods ut}iweefad:aﬁzea (IlmyhuVﬁJns modkep3Sahd, rédbnthl, Baldkerased. )

Sanpl es may sh.frozen | |d Ah4r.0g I ar ose
such as soil, %% % nh[?e e({zé:r‘{al ° f| gauzté' drﬁgyllgqur‘re ) 'L%%Bfﬂ I%;E!fg& ‘i on
35 can be éaratlcedsmet Kariegleze M .s dmpl"Senen Feaneferu Anfo Expressgemi:od of

24-72 hours n§%ﬁple S desi C under vacuum
at -70[err]CIFAdd|t|oﬁgge%te S agé%aQogi F26tfian <983 sab%@ - 29

- WO 96/ 34 P host organ:.sm may be chosen which wmodifipeTARd96/ 06003
required for priceRwsdls Phedfepéssedrgenal p&aank:es, iaughs &clfleomﬁamlba;tlon

of m crobial _popul at s Jacobson e IO

58: 2458- 2|462a%Z L?lé:ltag‘l ( %é‘g% tféﬁ\?tm“ﬁl Sfoli |B&KE°§¥¥E‘§2§’“" and
Sonervi | | 0epraceskiag, Uﬁngu,Ew&eaEaubdroﬁ|prthEnSPSGEﬁdys may be One
princi pal ”Etl%@r‘& ntth%‘er ?x"emfuh@‘é‘idﬁ:ﬁ o, thQOPQBtE:L Cgét ai Bl ¥ Ra :.tcléﬁ only

one to be used, _is nDdl wn e Bl oc
24:5294), SaBPEhY@Y -3 D fexent hogk, ce ﬁehavzlcl!eyaﬂep&ﬁa@e@éer (1991,

Ph. D. thesi s.sp&lmlcvafe‘aﬁam%fmscaurf ehel postaBranBaababaxl Ebee@%&&gd eSS

th 1 haat. t di t hi
ey ot oot AR RIS AE, FLotRigs AREEPRAIAEE PRIl hibREacEs host
fol |l owed Bp swsitiensatdaon bef dhivsemutlociensaciedthe gotrectl mbghfesaumhla@d de

gradi ent cen T d e di f &er (o]
Chirgw ' s n%{ ofc%%%txn% of | thel TJFRL A0 pRbR Y e dxpeessaadi f £8M EhlikOWNha,
eukaryotic host cells which possess the cellular machinery

for proper and accurate processing of the primary transcript,
glycosylation, and phosphorylation of the gene product may be
20 preferred if the donor organism{s) are eukaryotic.

For example, it has been shown that eukaryotic fungi
share much of the same core molecular biology, and that gene
exchange is possible between many of the most common fungal
species (Gurr et al. 1987, in Gene Structure in Eukaryotic

25 Microbes, Kinghorn ed., p.93; Bennet & Lasure 1992, Gene
Manipulations in Fungi, Academic Press, NY). A preferred
example of a eukaryotic host organism is the fission yeast,
Schizosaccharomyces pombe. First, the molecular biology of
S. pombe is highly developed and many major culture and

30 purification processes and manipulations are routinely
performed. Second, it is unicellular, and thus can easily be
cultured, stored, and manipulated in a laboratory setting.
Third, and of particular importance for use in expressing
mixed eukaryotic DMAs, it is capable of properly splicing and

35 expressing genes of other species of fungi, plants, and
mammals. Studies of the splicing and processing of |
heteronuclear RNA (RNA which contains introns) have indicated
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b&H SﬁAsgnd@RﬁR &Re PEIN e & e&D"RINso included in the nethod - of the
I nvention is a high speed centrifugation step, and the optional addition

of bi sbhenziyg sgsdye. Dependi ng on the donor or gani sm use@cTaRdssmBal
steps may include, but are 20 not |limted to, .treatnment with

hexadecyl pyri di ni um chl ori de or cetyltrimethyl ammonium brom de (CTAB)
to selectively renove pol ysaccharides, treatrrent with

pol yvi nyl pyrtﬂﬂﬂ doNepombé aEhd ¥ wail t o fotyhean dungd., amdhd.gil'ieui Mazoans a

chr omat ogr aph I /10, S er r rray &
Thonpson, %@8%‘ 2R§R ’of%’gé% é@ﬁ}-_%&% el tg‘% at ec?'l\#]romy
donor  or ganlrs.mslemn RNA cosnRi¥A ke ccdmpanent s aiggidede foar FH@M%NA Fingash ey
reverse trangsgl g\} Fl-l&?-es Pombe pRSHERISE N Ul %@%‘ic@)&éﬂx@ el t to

clone resultin ss of donor or gani sm DNA nunber s cl ones

ina 30| |El)r'%t'=?"§ma:ﬁ‘+ﬁ‘;'* pﬁ% RIARGE Y e 8f5F s ARed G 5’ ﬁ&sﬁrdr" §?ﬁ‘{
perm ssive fuy Hiflomevel s OHf aghd eea&prﬁ‘s‘:mﬂl(\tbzsmmnws, MDA Acsipds r

rochani sms. Jhe Beecols] MR AR TSy e Ynsamond 0V, can be

repaired in 8RSt usi hg enzymatic reacti ons commonly
enpl oyed durﬁu@sb@m/whtlbbmaymmé@m 1%@&%@@&'@5% ERERF 00k

et al. 1989,g,cnids "WokopH! 153N Ak s)2NGTRAIT | (@RureR@l)ON oY) otHEY cell
exanpl e, DNA gaps and ni cks may be repaired by t he Kl enow fragnent of

- 30 - 10 T¥W®96/34112
PCT/ US96/ 06003 A <Ihiifg! yeEtas eor aencbﬁss}sdn vishdAdyi geye be SusEd emzymat ic

et GBS ARG i b S sl

envi ronment axpreptisn tonstmact iy ai exﬂmqrame@ugmq@tm@m idane
and i's a CONGLAelahidnced bpErapPp! S ik Ichik T HAW rdduldtory

quantity is Tow a ext actl concat enat i_.on E <18(‘1‘§[de1§] 8"@??30‘%
may be | |5b%1t7é%ﬂl°‘|'*$|to Ehﬁlﬁﬁgﬁ?-?’?ﬁlérﬁ:%ﬂ’tﬂ%l“}?@’ n
descri bed i npNECéEOPhe. wleétoiFhe Anggriety rof Mecticanesmay el bsadlwhiad and
are rel eased, [LpmLhe, NeCLol BY:TPRAILGE' S, pidlER SRRy, Due to the
phagemlds, artificial chromosomes, such as yeast artificial
chromosomes (YACs), and bacterial artificial chromosomes
20 (BACs, Shizuya et al. 1992, Pro Natl Acad Sci 89: B794-8797)
or modified viruses, but the vector must be compatible with
the host organism. Non-limiting examples of useful vectors
are kgtll,'pWEls, SuperCosl (Stratagene), pDblet (Brun et al.
1995, Gene, 164:173-177), pBluescript (Stratagene), CDMS8,
25 pJB8, pYAC3, DPYAC4 (see Appendix 5 of Current Protocols in
Molecular Bioclogy, 1988, Ed. Ausubel et al., Greene Publish.
Assoc. & Wiley Interscience, which is incorporated herein by
reference) .
When the regulatory regions and:transc:ripti'on;_factors of
30 the host and donor organisms are compatible, donor
transcriptional regions will be able to bind host factors,
such as RNA polymerase, to effect transcription in the host
organism. If the donor and host organisms are not
compatible, regulatory regions compatible to the host
35 organism may be attached to the donor DNA fragment' in order
to ensure expression of the transferred genes.
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sanpl es,> whi ch may contain both prokaryotic and eukaryogic

organisns, it may be desirable to use nultiple host organi sns. |f -
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of vectors appropriate for the desired panel of. expression host cells.
Preferably, the vectors have the capacity to shuttle between two or nore
expression hosts. 2p cases where the egtirg opeExyn ORCARISHEIANLE FECTORS

The term "hostrahgaat$6h anivsadibar ebdoh! ORdb¥some EHERAPAG SEEqUBhEE! hHlar
or gani sns, sugagas bgcterla ani sns, such

and . _ nulticellular a | ant s
and animal s, SKIPOIBL EFRUENSES M panasEhed RBFadFRg TROREPTRAES natebiBen
cul tured in vorrexpregeneohni vakkprengensddédionay hostrokcsibgnalssmayehe
known in th y b i nsth S Loyent ) : The_ds f :
shuttle vec?oﬁéé?ﬁgf cgﬁ%%ggfépﬁ?cgﬁggg gﬂgﬁﬁ ﬁ%?xtgi ggtf%hn%?e?Pﬁaﬁogﬁgg
host organi snffIu8DcaIPENPageHgsis insertedysexpggaans goRErabssigeal s, my

be obtained fiAfluding vhkechabelataby dapesatsonpebios cﬂ£é§ﬁ6n§9*|ﬂﬁéi0n5
such as thgﬂAnerLcan '

Cul t Col ti
Suppl i er o, SURRANBE) S5RBn PRRIABF SEel Mo Tmb LEF PUF RS  SEARER FrEdePgus
techni ques knvegulatblry xegibos spdcihitiatéen codons cdwcbe dofigatvatrhety
| nventi on, 1l ok SopighALIPEBLh"ARehER1 anBOB{mPhEERL M BbefOsbnsELtubigao0N

used for expression ) , .
96/ 34112 and inducible regulatory regions pey/bgogsedobor expression

heterol ogous genghe ABfocR BNBACASIRABLY déBlrabllar 861 €sé ZefducDbDé hgromat bxs
physi ol ogi cal | y, angd/ or neti call Such host organi snms have, been
Dovd wi th & raUbEPORGr BERELCES Of Fhen SRREPEILRR L HERFOEaY thecurRbe . The
nmet hods, fernmefifatiency bfprhecegpresaddhomayecbenenhamte®NBy t elsdninukasibh
I's deSirﬁ?'Sft8p5§8p99§%e0Egéﬁhégipﬂﬁbﬁheﬁﬂxﬁcéfe@;&ﬁ&&é&PeFsé&rBitcner
et al. 1987, Methods in Enzymol. 153:516-544).
"Operably-asgociated" refers to an asscociation in which
the regulatory regions and the DNA sequence to be expressed
are joined and positioned in such a way as to permit
20 trahscription; and ultimately, translation. The precise
nature of the regulatory regions needed for gene expression
may vary from organism to organism. Generally, a promoter is
required which is capable of binding RNA polymerase and
promoting the'transcription of an operably-associatéd nucleic
25 acid sequence. Such.regulatory regions may include those 5’-
non-coding sequences involved with initiation of
transcription and translation, such as the TATA box, capping
sequence, CAAT sequence, and the like. The non-coding region
3’ to the coding sequence may also be retained or replicated
30 for its transcriptional termination  regulatory sequences,
such as terminators and polyadenylation sites. Two sequences
of a nucleic acid molecule are said to be "operably-
associated" when they are associated with each other in a
manner which either permits both sequences to be transcribed
35 onto the same RNA transcript, .or permits an RNA transcript,
begun in one sequence to be extended into the second
sequence. A polycistronic transcript may thus be produced.
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RNA propaid Yoorftfin SdSmeAl! ITHd Wiprelbion veRit@reiagd apwokprpatice host
organi sms may | nclude but are not I'imted to Escherichia ¢al i Baci | | us
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speci es suchdserSans aid/YE efe b £vd I pdaftaleers ©fy ehet PNA inserts in an
Schi zosacchar o ceswponbe éfission yeast), Pichia pastoris, 35 and

Hansenul a mﬁ%ﬁ%%ﬁﬁﬁ1?rﬁﬂ% ¥oeropi ¢ yeasts) may also be used. ‘

Fi | anent ous ascorfivetespressioBsVeLtPD SIRY LaRtaisn spmpencess f8agi PeFRit

E‘i g;l ?-ns ﬁ%%%%ﬁg&d/gf%pfﬂé@iw% &he vector in one or more

PCT/ US96/ 06083ST OYgaRi@@e BEr FYERSFRGHIN o i YESTOTALRS SRS Fo5ke
preferred. chPsrbSémed NBUBB! s6Gudncés ardy Sirdinided dbututarer motofl iltitieded t o

to replication origins, autonomously replicating sequences
(ARS), centromere DNA, and telomere DNA. As a result, one or
20 more copies of an expression construct may be generated and
maintained in a host organism. The expression construct may
be integrated in the host genome or remain episomal in the
host organism.
Generally, it may be advantagecus to use shuttle vectors
25 which can be reéplicated and maintainéd in at least two host
organisms, such as, for example, bacteria and mammalian
cells, bacteria and yeasts, bacteria and plant cells, or gram
positive and gram negative bacteria. A shuttle vector may
contain a broad host range replication origin, such as those
30 derived from IncP, IncQ plasmids, or at least two or more
replication origins. A shuttle vector may also contain
sequences derived from naturally-occurring plasmids which may
be used to mobilize the library to various compatible host
organisms via conjugative transfer (Hayman et al. 1993,
35 Plasmid 30: 251-257). By using a shuttle vector for
constructing a-library, the DNA sequences of the donor
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PCT/ US96/ 060¢8'TP analogs.
Advantages of this system include the utilization of

20 highly efficient lambda in vitro packaging systems for
initially generating a library in restriction wminus, recA
minus, E. coli hosts. Since the quality of source genomic
DNA may be lower than that is required for naked DNA
transformations, packaged genomic DNA inserts may be

25 protected. against degradation. Once inside an E. coli host
cell, damaged inserts may be repaired by the host’s cellular
DNA repair mechanisms. The system requires only small
amounts of starting genomic DNA (5-10 ug), and size selection
may not be required since the packaging system only accepts .

30 inserts in a certain size range. The initial library in E.
coli may be amplified to produce supercoiled cosmid DNA which
may be used in high efficiency transformation methods for
introduction into other expression host organisms.

The SuperCos 1 vector may be further modified for

35 cloning in a Streptomyces host by replacing the SV40 origin
of replication and the neoR gene with the Streptomyces origin
of replication (e.g., from the plasmid pIJl0l or plJs922), and
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driving noderate to high-levels of gene expression (Forsburg, 1993, Nuc
Aci ds Res, 21:2955) This feature can allow the shuttling of a f ungal

DNA/ cDNA | i brtaqrey thd oRFEY i :*“e@:.'st@fﬂfee in@N hcmtlss shatteN ea Sreliitid3 13
(fibroblasts eur onal ), L,J:pt her A cl oni ng

N
vector or %Fé‘g‘ﬁ%oﬁ gé‘tt(ﬂcc’r?aysﬁ& §‘§d‘rteo%% |r+tsr 5\5’8‘831'&8&89 into a
host or gani smedlatam essitdie 4A0 kb efmagu@g:torfzmnptmisw |(§0@|woe>>qgree:ssilon

vector cont ai @Is %%%rnc Mﬁgﬁ ur&p%foeecr W'%%@b@ﬁli

nore regul atory I ons atory regions ma be supplied By the
donor DRAM&R ofe m%ﬁ%ﬁ?%\d r SORER iBd ngs Ehe BT 02
i ncl ]lc.lqe_, Ibut o&figiJiiDTarJd mHe%(tHL(hstLﬁeaﬁ'Iard?efsiml , genepbyyAigestion with g
artificial c as . yeast. artifici.a r00s S ( YACs)., .an
bacteri al argpﬁ cFé’IrEB m #s}drres (fgﬁgrs" %hllfu?élu&ggg ngg% K%P@ ﬁé"ttle
Acad Sci 89: a@41Sred J.ntmrsunm:iqqse@tv|tm§5§gza1bﬁindliéIve‘@lsarim§bnbe
conpati bl e | I
vectors ;Mftelta[eerrwl r\'/{%rfgqry uper 1 (lgsﬁza?%grg%%mc%%ogka Brun ‘et al
1995, Gend? Ity 2afff t}m: ediements, (age ke) neeml 5.Pm8 shipkads,
EgACi (sgeI Aﬁ:@@?ﬁw nlgmflleargleslﬁ \Era)tdiﬁﬁhfgdtﬁve d&ﬂahecf_ | lerar(BBIeQ'hﬂ@y en&%_&Sh

. Ausube ee | . Assoc. tersci.ence ic
is i ncorporaﬁ@&ghe S bq‘yes %Peﬁsgren én)éserem: %c\gﬁ??réct e@&&f’ﬁ‘t ory
regi ons and tcmmmptg It eguttamys e - @qitﬁe'-mmumr@on‘ew beganitaeduged.
conpati bl e, 4eRY che by i y'zm jfitle ROIORS Bintdr RoRling 59cRINdBYOk ng

factors, such ase, to effect transcriptron in th

or gani sm 15 AQFe FIRAP LAY GRS PYOMRHAL FFagnents may P@r‘rﬁ&ﬂeb’ﬁ‘éedr §§GFat ory

regi ons conpalaErbiRe tq@ Ader vl 13p darcﬂfda ST Hee NotiIFEROR It @ﬁtb@ @gnor DNA

fragnment in der t.o ensure .ex sfelon of Sthe t.ransferred

- 34 - uperCos 1. varie y of known Streptomyces prowm ers may be
used including. ermiE, Pptr (1995, Mol Microbiol, 17:98%) and
hrdB (Buttner,:M.J. 1989, Mol Microbiol, Vol. 3, pp. 1653-

20 1659). This approach can generally be useful for a wide

range of host-vector systems. Accordingly, SuperCos 1 may be
modified by introduction of host replication origins,
selectable marker genes, and homologous promoters if_
necessary. a

25 For combinatorial gene expression libraries using plant
cells as hosts, the expression of the donor coding sequence
may be driven by any of a number of proﬁoters. For example,
preferred strains are described in Principles of Gene
Manipulation 1985, R.W. OLD and S.B. Primrose 3rd ed.

30 Blackwell Scientific Pub.; Vectors: A survey of molecular
cloning vectors and their uses 1988, R.L. Rodriquez, D.T.
Denhardt, Butterworths Pub.; A Practical quide to molecular
Cloning 1988, B. Perbal, John Wiley and Sons., viral promoters
such as the 35S RNA and 19S RNA promoters of CaMV (Brisson et

35 al. 1984, Nature 310:511-514), or the coat protein promoter
of TMV (Takamatsu et al. 1987, EMBO J. 6:307-311) may be
used; alternatively, plant promoters such as the small
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In cases where the entire operon, including its own transl ation
initirati on ®oaless411d bosone bi ndi ng regi ons, and adj acent SHCIIUSIEO5903 S
inserted into the appropriate cloning or expression vector, no

addi tional control signals nmay be 5 needed. However, in cases where only a
portion of the coding sequence of a gene is inserted, exogenous control
si gnal s, | SUbuish th oo f RuBISOS| atopuz2ii ¢t adl o gyl preNss e@luemtimﬂféso,-

and adj acent nces pr e X ous reg ry
regi ons and |§n%05%ie‘:foent cagi(;on]égg%m ié’ Qe ﬂ;f %g %‘%eof orlheah% u%%%’ﬁ
natural and BAAMRLEXS, BdLAH- co%Yb@%mh@Ua-’chl@dlefé 3e@u(%molqyreg| ons
rraé beblused fﬂrt@%@sa«&p t%eilthﬁlgpnogf%séé) Irﬁaﬂeéér@é?éb& to use

i nduci bl e pronoters en the products o e expresSsion |library ma

toxic. The> effi GV n'fh‘ée@‘br%% i P FRE2 N R ‘gh%g}ﬁ%%/ si on
15 of appropraedtles i r splsadt fiidsns andp nixeeslwde/TEnits, a:(eaeotBll:m:eu:ed tef al.

roters o hOd%:Hcp ;nz rro;izé'S }?c t'54l4%?‘le r eg%"?%?x; Cn? @%4 ohs an %?é‘led"

refers to an ASSOei A ory
sequence to mmqnﬁsmbnutamo;atqedsw peretts orsunflowerh yamay as to

P.

permt 20 transestdtsofs, %é"éé&@t CANd - ﬁé@tﬂ?ié‘t'%aﬂ-@epnoét?&éfésts dgdure.

of the re Iator reglons needed for gene ex reSS|on vary_ from
organi smt R RBRAUFE oL 4 ‘b‘? ARFHCE LT 2 R4 ¢ JV\fh|%‘I‘Fi helbabl e
of bi ndi ng R%qm-lwiml ase prolifepivands ngelhecuYvursss | Madreofregenerate

oper abl y-'asscgﬁ,gﬁas ;E]ijzﬁ]; |c 25 acid sequence. Such regulatory regions nay
i ncl ude t hose non- codi ng sequences involved with initiation of

transcription and ¥In aaddition, the hreconbinant AMmMSEIwCHi MRy CORRRARSICe,
CAAT sequence,) 4\ derds&en1d h§ei‘@é‘e&l9fé NS ' $S¥-&8habl e mdkd P Eg&d Nohich

sequence may ‘al so be Tetalned or rep Icated 30 for its transcriptionpal

terni nati ot rid¥RAuder PukREMHCRIL limitRe LR, (IR AtRALS SPREer antiblotic
pol yadenyl at i1k Sdt @ced WO ( 8 £§UENEES] stade atd Ucd Ry Ein oFthetdy el®) Se d

2" rmnner it IR R ofned TR o mErER e b ke Beac onto |
the same RNA phesptingthriciperortslypheddte)r ansterqrnable peaxkers one
ffgﬁggf?pt Ombignqg&@d%t N e, St SB& O'fhi ted BB/Eéhed® HREIEL R IBNI C
glucuronldase (Jefferson, 1987, Plant Molec Biol. Rep 5:387-
405}, luciferase (Ow et al. 1986, Science 234:856-859), and B
protein that regulates anthocyanin pigment production (Goff
et al. 1990, EMBO J 9:2517-2522). )
To introduce donor organism DNA into plant cells, the

25 Agrobacterium tumefaciens system for transforming plants may
be used. The proper design and construction of such T-DNA
based transformation vectors are well known to those skilled
in the art. Such transformations preferably use binary
Agrobacterium T-DNA vectors (Bevan, 1984, Nuc. Acid Res.

30 12:8711-8721), and the co-cultivation procedure {Horsch et
al. 1985, Science 227:1229-1231). Generally, the
Agrobacterium transformation system:is used to engineer
dicotyledonous plants (Bevan et al. 1982, Ann. Rev. Genet
16:357-384; Rogers et al. 1986, Methods Enzymol. 118:627-

35 641), but it may also be used to transform as well as
transfer DNA to monocotyledonous plants and plant cells.
(see Hernalsteen et al. 1984, EMBO J 3:3939—3041 ; Hooykass-
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Two or nore sequences, such as a pronoter and any ot her nucl eic acid

sequences ahR R8I M@LI y-associ ated if transcripti on comrencpéfusssdshes
pronoter will produce an RNA transcript of the operably associ at ed

sequences. In order to 5 be "operably- aSSOCIated" It is not necessary that
t wo sequences be i medi ately adjacent to one anot her. I n

addi ti on, th@aﬁ@ié&éé?ﬁfzv@g an . ”%a@onkatgg%t?fflfﬁﬁ%@ Qi SEL RSPl e

mar ker genes for inftra I solatin ying or tracking Host
organi sms t ht- lb9§6nt§ﬁﬁu68n5?5lf)ﬁxl§\77 gﬁégex%?%%‘?xbrﬁ%e@tor 1988, Hpt
provi de urMelle BioTonyenBenrtaby ;| gealddetesll i T43DN Bldmas nhysaid»bw
severing and§§r4£§a%%gpglng portions of the DNA inserts in an  expression
const ruct € éxpression vector may contain sequences that permit
15 mai nt en&nce anH%o@thEEIP@BPﬁéﬁeBFsthﬁaﬁéeﬁ%ral¢ﬁ¥ﬁﬁﬁkﬂerﬁﬁ%ho S Hesx

or gani sm orm@i—sauaih nrei:ohfeenaﬁet ﬁﬁcléi@ 4683 fwﬁstru@nm Of SO 'FLantiCh

sequences cl ude e not to replicatiop origins,
autononnuslyz?tg?l%%Yl gsge&BeHEéélzed(AﬁE?es%eﬁﬁbé%mﬂ ﬁﬂé% 3FRI tel omere
DNA. As a repatticabardy d6efulewhepecshef targex piessimonasstileddndy be

gener at o0 angh ane TBLIH &1 129 L0n3. 08! o810 0L e I XN ERR AN U0t

be i renarn e
or gam sm10 methodgehnedbfig, butrrayebeowwamtagrbm tR?-’QMJs'?ﬂktle vect ors

25 whi ch Ca”tP&né?@i-\‘nﬁéﬁ.@ﬂ EHQoHBh”E&lEEQmL N dﬁél}@&?}léﬁ@ &!ﬁFéol (PEG) -

organi snms, such acteri bacteri a

s,
and yeasts, Pact ?‘Fﬁraﬁﬁrﬁf:ggf‘ E‘&B §t38r“§F #\Pé‘”’angs T am negat i ve
bacteria. A Basikbeskeceor allny 1986QnEMBQ J brmvmn*znﬂzr%ﬂqﬁrykuﬁlenualul

01T gin, such gact Ngase0 dER VEdoLLombgePe A0 HhAN d Y. Adadst (o

nor e ron orrgins e vec so- cont’ai i
sequencesiﬂePIQed Nabn1AaadraSFy~0866rﬁ?néabﬁa%ﬁaﬁs S%ﬁm#mQRg/ 198 used to

mobi | ize theyliREer ¥3602%aL0294S aaapa&eéhfoﬁeféuon WBHPU S tddbues
conj ugative transi%ulg ewa” et 1%92 P%ant Cell 4:1495-1505). Additional
methods for plant cell transformation include microinjection,
silicon carbide mediated DNA uptake (Kaeppler et al., 1990,
20 Plant Cell Repérter 9:415-418), and microprojectile
bombardment (see Klein et al., 1988, Proc. Nat. Acad. Sci.
USA 85:4305-4309; Gordon-Kamm et al., 1990, Plant Cell 2:603-
618) . -
For general reviews of plant molecular biology
25 techniques see, for example, Weissbach & Weissbach, 1988,
Methods for Plant Molecular Biology, Academic Press, NY,
Section VIII, pp. 421-463; and Grierson & Corey, 1988, Plant
Molecular Biolegy, 2d Ed., Blackie, London, Ch. 7-9.
In an inséct system, Autographa californica nuclear
30 polyhydrosis virus (AcNPV) a baculovirus, is used as a vector
tO express donor genes in Spodoptera frugiperda cells. The
donor DNA sequence may be cloned into non-essential regions
(for example the polyhedrin gene) of the virus and placed
under control of an AcNPV promoter (for example the
35 polyhedrin promoter). These recombinant viruses are then
used to infect host cells in which the inserted gene is
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35°$Wa§51%?3bﬂ %%15%57%. By using a shuttle vector for constructing a

library, the DNA sequences of the donor WO 96/ 34112
PCTL US96/ 0600396/34112 or gani snms may readily be replicated and PEHHS6£6p%
from one host organi smto anot her. For instance, a preferred and

exenpl ary expression vector-host organi smconbination is the cosmd,
‘Super Cos 1 S and the Esherichia Coli strain, XL1-Blue MR both of which
are conmer ci akkpresaetabl def. gom Seeafmgbheetlal JolP83  OA) ViroThé&6vSétiar

accepts through;gnBagth . cbapeng fible4Dbisigsests  ranging from 30-42 kbp
In size, and carries a neonycin fesi st ance narker ggggg% and

n_Sv40
pronoter that is ufBdYeBSFer 2eRPMREE; 8F VRCHARFaFPRH : ?ﬁ&sgé5P¥FY5 &5
contains  anijadpctblki promsteranmeygbacused withcSaonharopyciesr yeriayisiae

|1 The _E. Li,h
o5 T D3 e aoRELh Sk st Vet
and reconb|na?nghzaepastenn515apﬂe@ﬁpsemnéahgeﬂympgﬁhasﬁme&hméptep@a@e

i nserted DNA eagagsylnﬁoeyhoeeoeeanﬂéer @d?ﬂéﬁﬁ ﬁ?bh&bélboﬂn yolekular
often present I n eukaryotic

t hesi sin
dNTP anal ogs. Biology, XB@an?agé?séf FHISA§§§géﬂ1FHCPE %ﬁ&e u&ﬁﬁﬁ@n of
20 highly effnskest kawhday untetseipackagChg sgsteaantoet allnnBBaIIy

generati no g HBLELK LA LES' LEALLAON! HRsobEChpr +UROS: (F MERbLlOSHS

Si nce the e
requkred for Bazvmommsy EﬁSanﬁﬁoﬁnﬁFP@ﬁgﬁnpaéﬁéaedAgéﬁen?@eBﬁA Nngent¥°%ay

be 25 protecteds, agﬁlngasdgq&adeubear Cﬁ@@slnﬁNﬂecaanEngCOVblhost Ireel |,
damaged inserts nay be repaire host.'

mechani sms. TR€e§§st@ﬁPPeunr$é'oﬁPy SiaPPd glﬁﬁﬁﬁnt§98F BNAFFﬁ3°§€W5h1C
DNA (5-10 [ergkag, E&p&e&@i&ns&he&baen Meuhydsoﬁnbanzymnibgq,sEﬁse Begger

ot a1 Dok el REGH. T oo R S, ol BB 2hy BRGc S 20 Se sty The
cosmi d DNA whmoheculauyaheluquqfnthegwéabtlShenbyrpmwngﬁbr#ﬁﬁﬂonEﬂﬁthods
for i ntroduetleR el @e0kher PSP AHOrIdRe3EE- Vols. I and II.
In mammalian host cells, a varietf of mammalian
expression vectors are commercially available. In addition,
20 a number of viral-based expression systems may be utilized.
In cases where an adenovirus is used as an expression vector,
the donor DNA sequence may be ligated to an adenovirus
transcription/translation control complex, e.g., the late
promoter and tripartite leader sequence. This chimeric gene
25 may then be inserted in the adenovirus genome by in vitro or
in vivo recombination. Insertion in a non-essential region
of the viral genome (e.g., region El or E3} will result in a
recombinant virus that is viable and capable of expressing
heterologous products in infected hosts. (e.g., See Logan &
30 Shenk, 1984, Proc. Natl. Acad. Sci. (USA) 81:3655-3659) . The
Epstein-Barr virus (EBV) origin (OriP) and EBNA-1 as a trans-
acting replication factor has been used to create shuttle
episomal cloning vectors, e.g., EBO-pCD (Spickofsky et al.
1990, DNA Prot Eng Tech 2:14-18). Viral vectors based on
35 retroviruses may also be used (Morgenstern et al. 1983, Ann
Rev Neurosci, 12:47-65). Alternatively, the vaccinia 7.5K
promoter may be used. (See, e.g., Mackett et al. 1982, Proc.
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THETséﬁeFEoé8133e550P5H§9€b3 FBP?Her nodified for 35 cloning in a .
Streptonyces host by replacing the SV40 origin of replication and the

neoR gene t rept onyces origin of replication (e.g, e
pl asm d pl %&19%&}?1 J922), and ‘%cmi{g;%gotop

WO 96/ 34112 " PCT/ US96/ 06003 t he
't hi ostrepton resi stance gene. This shuttle vector, termed Streptocos

(see Figure [ onstgucte | t of . the 0 kb fr t from
pl J699 (Hop\/\oqﬁg le’t S%‘Faél éij’QBS%%ne%l c.?%é%?o at |N(l)ancr]<o A"'Sterteri"f:L m?%{ﬁ%{‘ A:F
Laboratory 5ViEmbial4S T&7 Jofth | arkcablurrfatalon)128h Raamg Natd .plaxeod.

origin and the-1 hl-pg;tggepiqlgg;gm stance gene by digestion with Kpnl and
[ t he K site and cloned intag

Hndlll. This fra i s bl

Super Cos at the S%gE nypbey | 9L 5 %j?‘%t’[?‘bnsy teéﬁ ey & used for mamalian s
1992 for ré atedlexaimdlsding (butn mtdlhme&arpleme md:qswts&mpﬂ.)e;banrus
I ntroduced f :ﬁﬂﬁ n c toi transf er
(Bi erman et (e)ﬁr %%flré&émﬁlg@% %"a%})'ffeér'g?rft %tlo\cé‘(;zs Ver si ons
contai ning StHRVGARRINeEAnine mmm@m anﬂﬂemayedSzyhaitska e
vector adj acesdydA d¥ie, Begdd, sy nq«éﬁiep&a Ui WsaPdB . 292630t Qi es

pronoter fra nts may be gen t hat can be directional |y cloned ’
into the Not %r%fbﬂ séi? 1‘8‘? 1Bs %ﬁpté‘?ﬂﬁfﬁrasﬁ VBl &5 Adnoh? 8 Sftldmyces
pronot er s IM2HB17) ypsmies nedndeempldyedPpin tki99hgpibt dﬁ@p}h:i'ok:ell% 989)

d hr dB 6
i259) . T[n S g:?pgré oac 1ve#¥; genelrgbgc?'l yENBAe ust%@#ﬂe r\écglscf%n&o ca:h %% fused S
host - vect or aasinchranirgiiomuinr cihydrafiolate ramtraisgd (191}1fr)

i ntroduction uﬂ{:.é}i)séor{fé%!'é qaéém&réeglw,mem&%le%t&blm iTPHEr egenas, and
honol ogous prormte cergsar For_conbi nat ori_al I%ene
expression | |1b?'ad°r'| rﬁc"‘]:ffa 7%?35%7dst°s,HaH‘?e $1of the

donor codiXfy Eam:mem:aa:l mbedJmmwﬂf gpmnh&ﬁ.dhf con@atser s. For
P s on SR AL B I el i),
Proc. Natl. Acad. Sci. USA 78:2072); neomycin
phosphotransférase (neo), which confers resistance to the
aminoglycoside G-418 (Colberre-Garapin, et al. 1981, J. Mol.
20 Biol. 150:1); and hygromycin phosphotransferase (hyg), which
confers resistance to hygromycin (Santerre, et al. 1984, Gene
30:147).
The present invention also provides specific -

—modifications of host organisms that improve the performance
25 of the combinatorial gene expression libraries. When the
libraries are used for the purpose ¢f generating secondary
metabolites, the toxicity of the compounds can lead to under-
representatiod of these productive host organisms in the
library. In one embodiment of the invention, the host
30 organism may be modified so that the growth and survival of
the host organism is less adversely affected by the
production of compounds of interest. The increased tolerance
can reduce the loss of host organisms that are producing
potent drugs at the screening stage as well as the production
35 stage.
One preferred modification of the host organism is the
introduction into and/or over-production of active drug
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3PE ffkv?e?l IIBSC| ent e Blb. ; Vectors: A survey of nolecul ar cl oni ng

vectors and their uses 1988, R L. Rodriquez, D.T. Denhardt, Butterworths
Pub.; A Prastoseadsigyi de to nol ecul ar Cl oni ng 1988, B. Per [RGT/USESI06003] | ey
and Sons, viral pronoters 3 such as the 35S RNA and 19S RNA pronoters of
CaMV (Brisson et 35 al. 1984, Nature 310:511-514), or the coat protein

pr onot er of TW (Takamatsu-et al. 1987, EMBO J. 6:307-311) may be

used; a|ternaéfﬂ?hx,s?bﬁéhspinnvherhosuothSniQm sreémbrane-associated
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hCY] USg6/ 060051 TS éﬁbvﬁPteSFlﬁﬁef%iﬁﬁ TOT 19ty indEYe IRALSyanee in
3:1671- 1680; mofkogkfrenasms) . 1492ud1&z|bm@@qum.ssga%mga apd méama§h68k

pronoters, e. gelléeéﬁ ﬁalaéph§95 Es@iehs®! Z68: fbﬁfyﬁé?YBﬁlzl ét. a198699lbl .
Cell. Biol. 6:559-5

cells an pl
may be usedSaBlfgBim 188¥V§ AﬁFan%1§BS}§2nﬁgéfﬁ§?E sm%ﬁteﬁrﬁ i8F$ ?ﬁ
to, t hose RévnBidehewheat385)ce, Asng@ﬁﬁhedthustoqrgmbasmohav;ngaanots,
peanut, potatQ

f d
etuni a. Pl aneEpRiEeR A6FbTapaHp 0f 'EFELUR Bystefh 20UH BB Eve 1 gPECRERCs 31
cell wall, anbrohder rapgeenfin PtﬂbtéablYf%¢§}@ gempeundey| thnesredugipg

regenerate tﬂé?raaﬁhﬁﬂhlatlon 1nsi8eaﬂﬂéth@§t éﬁ@aﬁﬂ@@ﬂbln itQOISIFUCtS
may conprise ant - expr

%ﬁ sel e tabl e & %eega ﬁ ga agngﬁe

whi ch 15 |A8|Ges BGk BES GESWPn1F88 185 BB eer? Urt coiftd Eﬁ?Fb t

resi stances, fetgboliespathwag prodaningcthe ocohyoundycimiyobe aweifedide
ot . I Cnorhri ol

st St ance (eurekes! ok HA° hlatibhopX! PheRcompBRSIRst Ho! fhig flre

encodi ng [errpffieighticsiogedsbe GQ@PPBﬂéénOf198VerF$En§°NBPEcaBFﬁmuikg

5:387- 405lnsHH%'Eﬁ%aiﬁsEOW%§%n§5m51986 Sci ence 234:856-859), and B
protein that regulates anthocyanin pignme odgc

r [ ,
EMBO J 9: 2857- 2522)n bacterlaToa|AFFSBuEBmHgﬁo? ?BgﬂPénFtﬁﬁPWﬁtbaBFaﬁPen
cells, the 25sfgagkacuaiictimcanphapi eus ayeiée farietpnefostirngtpradly may

-unrelated molecules ranging from, for example, polyketide
antibiotics (acrAE genes of E. coli, Ma et al. 1993, J
Bacteriol 17546299-6313), fluroquinolines and ethidium

20 bromide (bmr of Bacillus subtilis and nor A of Staphylococcus

aureus, Neyfakh et al. 1993, Antimicrob Agents Chemother
37:128-129), doxorubicin (drr of Streptomyces peucetius, to
quaternary amines (qacE of Klebsiella aerogenes and mvrC of
E. coli). See Table III for a list of non-limiting examples
25 of efflux systems. Any such efflux systems may be used in a
prokaryotic host organism.
In yeast, many genes conferring pleiotropic drug
resistance encode efflux systems, and may be useful in the
"present invention. For example, thé bfrl+ gene confers
30 brefeldin A resistance to Schizosaccharbmyces pombe, and the
CDR1 gene of Candida albicans confers resistance to
cyclohexamide and chloramphenicol (Prasad et al. 1995, Curr
Genet 27:320-329).
For mammalian cells, the multidrug resistance proteins
35 which belong to the class of ATP-binding pump protein may be
used (Juranka et al. 1989, FASEB J, 3:2583-2592; Paulusma et
al. 1996, Science 271:1126-1128; Zaman et al. 1994, Proc.

- 43 -

26



beGEeR2 " Fhe! Bi BpeFR RENYHE SHEVEHR ructi on of such T- D! 15pEEag 52 i

transformation vectors are well known to those skilled in the art. Such
t ransf or mat erably use binary . Agrobacterium T- DNA vect

( Bevan, 1983‘98%’9‘{1%;. d Res. 30 12:8711-8721), and the co- culfGV RBE 003
procedure (Horsch et al . 1985, Science 227:1229-1231). Cenerally, the
Agr obacteriumt ransf ormation systemis used to engi neer di cot yl edonous

pl ants (Bevang 9 et 7-

loe. -vethods i And b o5 oGR8 ppeunthaly’ 5 40, L e
transform as KRS | 525534213 3h54 eﬁ"°w Eﬁ)rﬂﬁﬁﬁ%ﬂi"ddonm glumarns rdrl pl ant
celsgs (Sﬁﬁ.ti'iﬁiﬁ@é dfey LésdrandBygerdVBds) btie) PmitibralHdPYdasfessed
PCT/ US96/ 0600‘5’\/\%3“3%?{"35‘1’%&%‘?%%”&1%? (Kdyl enyat Ad 3 12973 Fape Natl
Ginsley etS Acad .SADSH9: 2802+23 G5, 1 FHYy biHer BAiflhon sitstadms W89, al¥dibe
Mol . Bi ol SRkl 1, Plant Physiol. 95:426-434). 5
I n ot her enbodsl’%%?o vam& a tceerlrjlia ive nethods for i nt roduci ng
reconbi nant nucleic acid constructs into plant cells may al so be
utilized. These other nethods are particularly useful where the target
is a nonocotyl edonous plrant cell. Alternative gene transfer and
transformation 10 nmet hods include, but are not Iimted to, protoplast
transf or med on t hrough cal cium, polyethyl ene glycol (PEG - or

el ectroporati on-nedi at ed upt ake of naked DNA (see Paszkowski et al.,
1984, EMBO J 3:2717-2722, Potrykus et al. 1985, Mol ec. Gen. GCenet.
199:169-177; Frommet al., 1985, 15 Proc. Nat. Acad. Sci. USA 82:5824-5828;
Shi manot o, 1989, Nat ure 338:274-276) and el ectroporation of plant
tissues (DHalluin et al., 1992, Plant Cell 4:1495-1505). Additional

nmet hods for plant cell transformation include mcroinjection, silicon
car bi de neiB at ed DNA upt ake (Kaeppler et al., 1990, 20 Plant Cell Reporter
9:415-418), and mcroprojectile

20
25

30

35
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bof5ar Ggent’ (lgég‘SKngi FESNIE ¥ 595@5? Proc. Nat. Acad. g9 elie3zEgerez P.

85:4305-4309; Gordon-Kammet al., 1990, Plant Cell 2:603- 618).

For general Vd of plant nol ecul ar bi ol ogy 25 techni ques

exanpl e, Wi ss dé‘?ﬁﬁé Wi ssbach, 1988, Met hods - for Pl ant I\/b?gg”tﬁjls{;lér?&s003

Bi ol ogy, Academ c Press, NY, Section VI, pp. 421-463; and Gierson &
Corey, 1988, Pl ant Mol ecul ar Bi ol ogy, 2d Ed., Blackie, London, Ch. 7-9.
In an insect system Autographa californica nuclear 30 pol yhydrosis virus
(ACNPV) a bacdroviTus, TS Used as a Vector 1O exXpress donor genes 1N
Spodoptera frugi perda cells. The dongaprDdArsequence may be cloned into
non-essential regions (for exanple the pol yhedrin gene) of the virus and
pl aced under control ofLizt Af\Rdmpoursdisethatoaraexaepreteliebgs pol yhedrin
pronoter). These reconbi nant vi rrsdyeadeughefifluxusgdtemsi nfect host cells

in which theéinserted gene is - 40-
WD 96/ 34112 . : . PCT/ US96/ 06003
expressed. (¢ 1Gible A 9S _lospec Bames- 584 ef&dux

Patent No. 4, FBFipmic dyes I n yeast¥hop }8£-6C vect oP®Tcont ai ni ng
constitutive or i nduci bl e pronoters rﬁi}" Ys SFoieR sacchar onyces
cerevisiae 5 (baker's yeast), Schizosacchar ces ponbe (fissian yeast),
Pi chia pastoris, and Hansenul a pol ynorﬁcfj(fﬁ'%ﬁﬁeot ropic afé@%’t s). For a
review seel i in Ml ec i,ol ogy, Vol . 1988, Ed.
Ausubel et ﬁé&%’%eﬁ%%ﬁ Asso Ig&?m' i&nl nt er sci eﬁé%; ey 13;
Grant et al. 1987, 10 Expression and Secretion Vectors for Yeast, in

Met hods in W}Mic Eolse i Db &F OSidtibiokd8’. Acad. Pgesag N. Y., Vol.
153, pp. 516-544, over, 1986, DNA C ofigxdlidel . 1, IRL Press, Wash.,
D.C., Ch. 3; and Bitter, 1987, Heterol ogous Gene Expression in Yeast,
Met hods i n Enhyddophobiclsandigeridsd &dtiavimictadwad. -Press, N. Y., Vol.
152, pp. 60F 684; and The Mol ecul ar Bi ol ogy of the Yeast Saccharonyces,

1982, Eds. organic cation tetraphenyl
phosphonium bmr
uncharged taxol mdr
chloramphenicol bmr
50 Weak acid nalidixic acid emr
mithramycin mdr
zwitterions fluoroquinolines bmr
detergent Sbs acYAE -
25
30
35
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SOdt k& ﬁ'?etl'al"s FBOIPEN%E ngEHEPBIBr Press, Vols. | and I'n

mammal i an host cells, a variety of mammali an expr essi on vectors are
comaer ci al | YyaWaddr le. In addition, 20 a nunber of viral- baged fXPb&IS! ON
systens may be utilized. In cases where an adenovirus is used as an
expressi on vector, t he donor DNA sequence may be ligated to an

adenovi rus transcri ption/translation control conplex, e.g., the I at e
pronoter and tri p%ﬂét&rhﬁéﬂéreﬁ@ﬂ% t kY %na§h'b'$er1'n%rgﬁﬁ%e%5

inserted in the adenovir genone b |n vVitro I'n Vivo reco |nat|on

I nsertion i n WHHRE ‘é"e?f%llia‘l‘ CP RSt oxganiam.yi The gersTe sPE§ing egi on E1

or E3) will resmpdnénts of dweceftinanystdm hayhdle llat&bm&daﬁdat%aﬁi&blae of

expressi ng e o) d n ecte ost s an
30" Shonk,  1od RSP RERR Ad dEbledded LR Pnte Bibrebtidn yettort
Epst ei n- Barg t\ﬁQhIqul@/)dQﬁqﬂgilPeq @bave andrERNe] instancesnsit mayctheng
replication fagp,;é}{ 40 %t,_.g“@

vectors, e.g., ti%;?‘%%ﬁ%%%k eﬁ%ﬁﬁl@ 990, tSﬁA%%r&(s)t ngg'?(elcry#qq’f
2: 14- 18) Vi r%ﬂe % PRI F retroviruses nay al so be used
(Morgenstern et al. 1989, Ann Rev Neurosci, 12:47-65). Alternatively,

the vaccinia 7. 5K5 1 M omé%mT%ﬁ%ﬁe?A%ﬁ% g{gﬁg%%%ggk al . 1982,

Pr oc. LIB T

PCT/ US96/ 34003 Nat | . et al.
1984, J. Vi r ol The): RS e Linention talafies £982hepconsTRECTionc nd
Sci. 79:4927+/¥)of combinatoriiPefertd @raaldion IWBLaNEeFRY Wi Ae3ed iy

e
mammal i an 5.cells, inc)udi ng but.not limted to .the Hergls su‘qglex Vi rus

t hym di ne ki MesF (‘-W%?’élrs'“%t optain genesdq mpreyjigl encoding natural
hypoxant hi ne-tgicartienel g Spdinirdogs bt rwﬁmwah@Séyslﬁahhha &s deriyed Fitiom

phosphor | sy FHAHE B0 o LREELEY &F Sobiou Stgani 8987 5Rg, oy capabis, o
enpl oyed in mq@uqlnmg@md;remr}abrgm tHreddctsebifs fhe deagpecrgraligmsAl so,
anti met abol i g dcavd i AL Sp SR dPs Ll:'::'xe%éﬁ:lons thereof of the donor
organisms are thus functionally reconstituted in individual
host organisms of a library. Novel activities and compounds
29 ©f such biochemical pathways may be more accessible to
screening by traditional drug discovery technigues or by
methods provided herein. '
Either DNA or RNA may be used as starting genetic
material for preparing such libraries which may include cDNA
25 libraries, genomic DNA libraries, as well as mixed
cDNA/genomic DNA libraries. DNA fragments derived from a
plurality of donor organisms, e.g., organisms described in
Section 5.1.1, are introduced into a pocl of host organisms,
such that each host organism in the pool contains a’ DNA
30 fragment derived from one of the donor organisms.

It may be advantageous if the host organism and the
donor organisms share certain genetic features, such as
similar GC content of DNA and common RNA splicing mechanisms,
or physiological features, such as optimal growth
35 temperature. It may thus be desirable to use a host organism

that is phylogenetically closely related to the donor

organisms. For instance, a prokaryotic host organism may be
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t REThEET 8701 238FeERi BRNNOF &i FYUPYPol ate reduct ase (thfOr)',11852 3% R Confers

resi stance to nethotrexate (Wgler, et al. 1980, Natl. Acad. Sci. USA
77:3567; Ofgle@nefiy @ - 1981, 15 Proc. Natl. Acad. Sci. USA gérisssijspogpt ,
whi ch confers resi stance to nycophenolic acid (Miulligan & Berg, 1981),
Proc. Natl. Acad. Sci. USA 78:2072); neonycin  phosphotransferase (neo)
whi ch confers resistance to the am nogl ycosi de G 418 (Col berre-Garapin,

et al. 1981, nl, My i%@&!foéﬂﬁﬂnf%dﬁ%&%@ianpms ppakoaRs ber ather
(hyg), which confers resistance to hygronycin (Santerre, et al. 1984,
CGene 30: 1@¥pkaryotes. The present invention al so provides specific

modi fications of hewororgafmiEnd Hat MreovLt hmepabler trenceads tdonele

conbi nat ori al, gene,.expressi on_|i rd . t Lhibrar e used for
t he purpose ﬁ&%@fé‘%"ﬁ%@%%@ dee;er%eotg;%g]ﬁ [%ggﬁnto%g%l%fi g‘% y&%f t he
conpounds Gapriefatred undRor exangie .cmmstamaging baissexigr adgc PORX ost

organi sis in cifiGacedi el Yand N arRHHAETRE v 1AUANkedRe st alost
30 organi sm nmay be Todi |eda so that the growmh and survi,val of _ t ethos-t
organi smis PeSFoRhRIQE! PRI bFit%(?reseﬁ‘rtodﬂé’teF‘(’}r’r"&f < oLV Ts at f

i nterest. TheHeN@eRashriet G GRrodudidion ethd eurtic ilasd onfl processegani sns
that are producin ot ent_.drugs S ni; s the -
production 35 st ag&e fOragmen'-Oncgigpdre °ez§ :bgq(f' (r\‘r%%?f il(%gtt%%ggfe Q?ﬁgellqlg t

organi sm 19 deepridentcatiing i regions enetdinoanoticnadt Preteingcofve drug

- 42 - . o .
At#:?c 1 thway qr portions thereof, as well as
PCT/ US96/ 060(5:?\481%6"[6; uxhes“;/:‘é?%rrspal' n tHe oth .organi sm

Menbr ane- ass a@itdvaly a9ReGHAERS \EeTRk3IARY Fegions FHch 3% PEFIRtersy and
resistance i Rermiifdts¥Han GpBimaDcteslilg: hant & dbrpdaniss byame imgnimxigen

Cel L (M et Dot B0 Pl g o a3 g BN
62: 385) . ASmuhidbaii hiosy of geméedimgamentiire biochemical pathway. If
the native function and organization of the transferred DNA
fragment is maintained in the host organism, the genes of the
donor organism may be coordinately expressed. Also provided
are exogenous regulatory regions that may be attached to the
20 DNA fragments so as to ensure transcription of the
transferred genes in the host organism, thereby replacing or
supplementing transcription initiated from the native
- promoters. v . -
Interestingly, many of the genes derived from marine
25 bacteria have been found to utilize the native promoters to
express functional proteins in E. coli. Thus, genes of
marine microorganisms may be expressed even without the need
to use exogenous regulatory regions. An exemplary list of
marine bacterial genes that uses its native promoter in E.

30 coli is provided in Table IV.

35
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enkaneadszonpl: 8feAiR BENYAE xEBPEMBs can actively secr T%t% £7% 5 bade

range of potentially toxic conpounds, thus reducing their accunulatlon

i nskde the host organism Negative 10 feedback nechani snms, such as

end- pr oduct Wiaf§f3§1®Ri on of the netabolic pathway produci ng PREUSEHI8Hhds,
may be avoi ded. Mor eover, the isolation of the conpounds may be nade nore
efficient since the conpounds of interest do not accunul ate i nsi de the
host organi sms. 15 I n. bacteria, a | arge number of efflux systens have

been st udi
unrel ated nol ecul es ranging from for X aﬁflel pol yketi de

anti biotics

(acr AE genes of E. coli, Ma et al. 1993 cterlol 175, 6299-6313),
fluroquinoli S48 u A%gn At dpor A
of Staphyl oc% Q& alf}r%%rg%%%%? ﬁe f%;&%%gntl m gr%g%wg Eﬁ' &’

B.£07b o)

Chenot her doxorub|0|n (drr of Streptonyces peucetius, to

quat er nary anﬁﬁﬂﬁuﬁdacE of Kl ebsi el d-mvr Beference coli).

See Table 111 ;i | es 25 of yst-e JAny
such effl ux sy ﬁ%guse |rxégﬁfgbﬁggégggglc hosgggﬁggﬁgégﬁE 4.

I n yeast, nany enes conferrlng plqgf&ﬁgum(hé¥dﬁb respsbamos-gneode

ef fl ux systens, .and may be useful in the present invention. For exanple,
the bfrl+ gen@@jﬁﬁﬁﬂﬁﬁQKPQﬁQQEHchr11§§%Si§tance to Schi¥ é vy ﬁaF n1i
ponbe, ang 4 hdNb 1 gene of Candf TS confers bt ARE 1

cycl ohexam de and chl oranpheni col (Prasad et al.- 1995, 655 gt

27: 320- 329). For mammalian cells, the nultldrug Fési stance proteins
35 whi ch bel opthdspHdth ed toexsa s ATHdiwﬁbrtp$dnpdhrote|Buniypbet alused

(Juranka et al(cpd¥89, FASEB J, 3:2588uli®f, Paul usma et 1993al J.1896L.
Sci ence 271:1126-1128; Zaman et al. 1994, Proc. 175(15) :4615-4624

43 - 34112 1.
PCT/ US96/ ola_pof\pgtgl%%tl Acad Sci  AHISEFSTIR R ‘Breunta8ar ot Shacld9s,
Cancer

tributyl tin
chloride resistance

Al teromonas sp.
M-1, gram{-) red

175(1):176-181

Fukagawa et al.,
1993, Biochem.

Biophys. Res.
Comm.
_ 194 (2} :733-740
20 dagA-complementing Alteromonas MacLeod et a;.,
' bhaloplanktis, 1992, Mol. Micro.
gram(-) 6(18): 2673-2681
vibriolysin (nprV) Vibrio David et al.,
proteolyticus, 1992, Gene
gram(-) : 112:107-112
25 tetracycline Vibrio salmonicida, Sorum et al.,
resistance aerobe 1992, Chemo.
36(3):611-615
melanin synthesis Shewanella Fuqua et al.,
-(melA)} colwelliana, 1991, Gene

gram(-) periphyte

109:131-136

30 DNA modification Hyphomonas _ Danaher et al.,
cluster ' jannaschiana, 1990, Gene
' thermophile 89:129-133

35
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ReQCE528393. 48437 RBeFENMIEED BBBSYB3). The human mdr O HARTRAAER ug

resi stance gene has been functionally expressed i n Saccharonyces
cerevi si ae (Wyoksarzet al. 1992, Proc Natl 5 Acad Sci 89: ZSOQC%Qmosoﬁny

ot her effl ux
15 . 20

10

15

20

25

30

35

systens may al so be used for eukaryotic cells.
25 30

In a preferred embodiment, the method of the inventien
takes advantage of the way that genes of prokaryotes, such as
bacteria, are organized into discrete functionally-related
gene clusters in the genome, termed operons. In these
clusters, genes encoding components of a biochemical pathway
are linked together to common regulatory sequences.
Functionally related genes in filamentous fungi
(Actinomycetes) are also known to be clustered. Gene
clusters for many bacterial -and actinomycete, and few
eukaryotic fungal, biosynthetic pathways have been isoclated
and characterized. For example, twelve proteins used to
produce the cérotenoids zeaxanthin and beta-cryptoxanthin de
novo in Erwinia herbicola, can be activated and produced
synchronously in the bacterium E. coli (Perry et al. 1986, J.
Bacteriol, 168:607-612; Hundle et al. 1991, Photochem and
Photobiol 54:1:89-93). 1In addition, prokaryotic amino acid
biosynthetic pathways such as leucine and isoleucine
biosynthesis, as well as glucose transfer systems are also
contained in discrete clusters. Thus, when prokaryotes are
used as donor organisms, it is likely that genes that are
functionally related in a biosynthetic bathway would be
isclated in one clone. .

Donor organisms having compact genomes that contain
relatively few non-coding regions are preferred. In many
aspects, the donor organisms are bacteria which have a
relatively small genome, for example, 4400 kbp in length for
E. coli, and 2500-3500 kbp for archaebacteria. The number of
independent clones reguired in a library to achieve a 939%
probability of containing all of the sequences of the donor
genomes is calculated from the following formula (Clarke et
al. 1976, Cell 9:91- 99)

1n (1-P)

N = Tn (-5

Where

- 49 -
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PCT/ US96/ 06003 Table 111
Li st of conreypslsgthat are secreted by aﬁffﬂﬁﬁﬂ?@?
ef fl ux systens 5 chem cal cl ass speci fic nane e ux
systens cationic dyes r homadam ne- 6G bnr '
et hi di um bromni de _ acriflavine acrAE 10
basic antibioticsy = ' i ' :
doxor ubi ci n N_ drr, %‘&Er%@f % reo‘fo%nl‘lflfncanaég{glb?noetsl c%ecensosvao [ olcl} nthe
acr AE library macrol i de hydr ophobi ¢ anti biotics
beta-lactams 15 pafgani cci@tpesbability a sejuardend represented
ﬁQSSphon'u”‘ £ b thé”%¥g%§#§h%&qﬁﬁﬁﬁ?ﬁﬁi°n oéﬁﬁﬁg genome in a

5 single recombinant clone

For example, E. coli has approximately 4400 kbp of DNA;

a cosmid vector can package approximétely 40 kbp of DNA.
Following these calculations, the entire genome of E. coli
can be expected to be thoroughly represented in as few as 504

10 clones in a cosmid library. Since a typical DNA library can
contain 500,000 independent recombinant clones, one such
library can effectively represent the genomes of up to 1,000
different bacterial species having a genome size similar to
E. coli. Thus, considerable chemical diversity can be

15 generated and assessed efficiently by screening a gene
expression library comprising the diverse genetic material of
1,000 or more species of bacteria.

The procedures described in standard treatises, e.g.,

Maniatis et al. 1989, Molecular Cloning, 2nd Edition, Cold

20 Spring Harbor Press, New York; and Ausubel et al., Current
Protocols in Molecular Biology, Greéne Publishing Associates
and Wiley Interscience, New York, may be followed to carry
out routine molecular bioclogy reactions used in constructing
the combinatorial gene expression libraries.

25 A cloning strategy for combinatorial natural pathway
gene expression library is shown in Figure 3. Any cell from
a donor organism can potentially serve as the source of
nucleic acid for construction of a gene expression library.
Genomic DNA, which includes chromosomal DNA as well as DNA of

30 extrachromosomal genetic elements, such as naturally
occurring plasmids, may be used. Alternatively, RNA of a
donor organism may be used. RNA, preferably messenger RNA
(mRNA) , may be extracted, purified and converted to
cémplementary DNA {(cDNA) by any technique known in the art.

35 An oligo- (dT) primer or random sequence primers may be used
for priming first strand synthesis of cDNA. DNA inserts may
optionally be amplified by polymerase chain reaction (PCR).
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2GR A2 HT J@:38 FR PENNIE & BDMNAND ¢ acig opy  TO 81185223

m t hranyci n mdr ZW tterions _ f 1 uor oqui nol i nes

brr . deterent SDS acr AE - 25 30
35 96/34112 : - 45 - WD 96/ 34 PEIUS96/06003

PCT/ US96/ 06003 One or nore efflux systenms may be introduced,

I nduced or overproduced into a host organism The genes encoding
conponents of an efflux syste be introduced intqQq in a host_ organi sm
and expressed usi f§ iBVb PaYr beamtractedhangueyrdddesd by the

above. In SOp&obﬁﬁb&ﬁc@&pﬂﬁﬁeﬁﬁﬁnb@ectiadvantageeusbyOth&%eaﬁhbmdﬁﬁbb|e
promot er forkﬁé@%ﬁiﬁ'%ﬁe art. t%%rekghgﬁeﬁ¥8hgnkggggsand bacteria, such
procedures may comprise any of several techniques including

5 a) rapid SDS/high salt 1ysi§ of protoplasts prepared from
young mycelia grown in liquid culture and immediate -
extraction with equilibrated phenol; b) rapid lysis of
protoplasts in guanidinium isothiocyanate followed by
ultracentrifugation in a CsCl gradient; or c¢) isolation of

10 high molecular weight DNA from protoplasts prepared in
agarose plugs and pulsed field gel electrophoresis. For
bacteria, an alternative procedure of lysis by
lysozyme/detergent, incubation with a non-specific protease,
followed by a series of pﬁenol/chloroform/isdamyl alcochol

15 extractions may be useful. -

' For optimal results, large random prokaryotic genomic
DN2A fragments are preferred for the higher probability of
containing a complete operon or substantial portions thereof.
The genomic DNA may be cleaved at specific sites using

20 various restriction enzymes. Random iarge DNA fragments
(greater than 20 kbp) may be generated by subjecting genomic
DNA to partial digestion with a frequent-cutting restriction
enzyme. The amount of genomic DNA required varies depending
on the complexity of the genome being used. Alternatively,

25 the DNA may be physically sheared, as for example, by passage
through a fine-bore needle, or sonication.

Prior to insertion into a vacant expression vector, such
DNA inserts may be separated according to size by standard
techniques, including but not limited to, agarose gel

30 electrophoresis, dynamic density gradient centrifugation, and

' column chromatography. A linear 10-40% sucrose gradient is
preferred. The insertion can be accomplished by ligating the
DNA fragment into an expression vector which has
complementary cohesive termini. The amounts of vector DNA

35 and DNA inserts used in a ligation reaction is dependent on
their relative sizes, and may be determined empirically by
techniques known in the art. However, if the complementary
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500T 422, CERBI BATERF RLPRAUITURAE BRITPNRY EXPRESSI ON 10 10 21185228878, s
The present invention relates to the construction and uses of
conbinatorhﬁl ene expression libraries, wherein the host or gani snms
contain genét 6% 42t erial encoding natural  biochemical pat B&JHSo6ps003
portions thereof that is derived from15 a pIurallty of species of donor
organi sns, and are capablée of produci ng functional gene products of the

donor organis Bi ochen cal hwa r on her eof f t he donaor
organlsng ar& W%ﬁ R 535S ngg%5ﬁhﬁﬁﬁﬁﬂp h ﬁg PJGaP° RF§sent in
or gani sns ofthe |eixpramssiddwelctaxt,i Chei mdandafcmmaonmﬂs m2Qeafulescmay be
bi ocheni cal eﬂ@yt&l c sgre b di
‘éﬁ:hm qués%dfbfyfeda &8> ?o %xrraoglgé ¢ ?:Q"eQQe %1 eE

drug dlscovery t er

DNA or RNA RehFe@afddelys smar Site g’@fsé{reei mayﬁbeepmriufcssi bive gddiatg nguch
l'ibrari es S\/\A?!L{Hle'&)iden@ :faEEMZ@.I,I llrlalude% o&eaaabeow bR A RHRS DS
well as m xed_ . ries. Dg@ nents derived froma
plurality 0F553H8F o DN? §ﬁ'§ﬁh EPF efayn COMPEISE o
5.1.1, are B@Eﬁﬂdﬁ@e¢hammm&ihymﬂynmhehasEdoogagnnnsleotléashehhaﬁ;a@ph host
organlsn1|nrggﬁ ls 5O ro ngnof the
donor organlsnsra%ﬁld%lgﬁadﬂ%'y be agg ?%gggﬁg;ggakﬁﬁgﬁ%stngg §n|3n1and
t he donoRlSeFadtdive Jerhedpeths ﬁlgéN@@|@XP§&§§#§§ V§G§ﬁra§nd Dali | ar
GC cont enfo qh@%&aﬁwmﬁm&@Wh&o@Q%&ﬂ%canlag physi ol ogi cal
features, such a pt| qﬂpmﬁh 35 t Pbi é thus be desirable
to use a host oré&% gﬁ of Bﬁfl&ﬁé 58I cRBSEFYSreffed to the
donor orgmpnasslcﬁomqnsﬂnuuns axepimtaodared iatb thgahobsm margapd sms.

- 46 - .
-PCT/ US96/ 06 SQQl%@QBQ&Q égm¥§blay%or gﬁonanhéﬁ é?ﬁ%egglgﬁto ope?gns of
ot her limited to, transformation, transfectlon, infection,

‘15 conjugation, protoplast fusion, liposome-mediated transfer,
electroporation, microinjection and microprojectile
bombardment. In specific embodiments, the introduction of
bacteriophage or cosmid DNA into an E. coli host is carried
out by in vitro packaging the DNA into bacteriophage

20 particles then allowing these particles to infect E. coli
cells. Other naturally-occurring mechanisms of DNA transfer
between microorganisms may also be used, e.g., bacterial
conjugation. -

Afrer the host cells containing expression constructs

25 are pooled to form a library, they can be amplified and/or
replicated by techniques known in the art. The purpose of
amplification is to provide a library that can be used many
times. Amplification may be achieved by plating out the
library, allowing the bacteria to grcw and harvesting the

30 phage or bacteria for storage.

Alternatively, the library may be stored in an ordered
array. The bulk of the library can be plated out at low
density to allow formation of single, discrete plaques or
colonies, followed by transfer of individual plagues or

35 colonies into the wells of coded multi-well master plates,
e.g., 96-well plates or 384-well plates. The individual
clones are allowed to grow in the wells under the appropriate

- 52 -
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pro8RaPZoBds 18:38 FR PEHGE & GRNCPERs that are not anené%l%lkss%ﬁiﬁﬁtlonalFHSE

drug di scovery or drug devel opnent technol ogi es may be 5 preferred For
exanpl e, h FB4f?e bacteria are poorly characteri zed and &ple
to conventional tefrestrial m cr obi ol ogy protocols. The presenf I'nvention
can sinplify the devel opnment of production and purification processes.

The fragnent of donor DNA that is transferred may 10 conprise codi ng

o0 o onCORRRa tIRH N Ane [ Rt ed glaegepbspeaglrgga ATkgalpat hway

or portions thereo asso ulatory regions
such as pronBrehsvadd souncs o Fepldcatepepshl clesal 5@Pﬁ§§tBéYoB¥1;§|Q1@d‘-aoy |

usi ngl i’ir?e or Rb2¥ea ki ih g0 P t@f‘é‘s DN&vhheageaehsf.mbhehlhamealgm&t ¥§ mby
probability nc entire emi.ca ive
function and% rgﬁﬁgggggéﬁ' éﬁ@ﬂ@ﬁ?@&ab%A ¥ﬁ¥rﬁﬁﬂ§ﬁtaF§%ﬁ§ ai ned
i N the hosE pilgaeissmayt e g&mdedohnﬁhstoredoﬁor fuyaresuseny Beplication
coordi nately_exp e n reg I egi ons
that may be a??a%%%g'%g tﬁgpfgﬁkﬁagﬁgg #g%r§e5§8g§ ggégnéuﬁgikga g%rlptlon

of the tr§ﬁ§ﬂéﬁﬁé@rgeﬁ€§“Wﬁtﬂh§hﬁ@§ﬁloﬁ§HhF§ﬁ1fPﬁe?eB}drbﬁpééﬁﬁg -or

Isur)pl enent i ln@rbee&& )t izQn idY hicdtedff th@ thansgekE¥eand ﬁéﬁﬂpﬁ@é&;ons
nteresti ng

d d f 25 b b
found to uti%#fe Q@éﬂ? 5 %&g&gbro °g%g?é§§g}ﬁXcF?g% I ng é?nsefﬂ

E. coli. Ibusengmﬂes QD 534nammne m cr oor gani sns nay be expressed even

w t hout the need net § eneségﬁ%&p%%erngEﬁqux LEgI BQsPrégF%6EEp§%ry i st

of mari ne bacterral at uses Its native pronote coli is
provi ded in 1y@p@1ﬂvzatlon, cryopreservation in a freezer (at -20f¢ to

-100°C) or under liquid nitrogen (-176°C to -196°C).
Host organisms containing donor DNA in a library may be

15 identified and selected by a variety of methods depending on
the host-vector system used. In one approach, such host
organisms are identified and selected upon the presence oxr
absence of marker gene functions, e.g.., thymidine kinase
‘activity, resistance to antibiotics, such as kanamycin,

20 ampicillin, bleomycin, or thiostrepton, production of
pigment, such as melanin, and resistance to methotrexate.
Alternatively, a change in phenotype or metabolism of the
host organism, indicated by metabolic testing, foci formation
in tissue culture, or occlusion body formation in baculovirus

25 may be used. Once selected for the presence of donor DNA, a
series of enzymatic assays or metabolic tests may be carried
out on the clones for further characterization.

To characterize the donor DNA inserts in a library of
clones containing donor DNA or a portion thereof, mini

30 preparations of DNA and res;riction analysis may be performed
with a representative set of clones. The results will
provide a fingerprint of donor DNA size and restriction
patterns that can be compared to the range and extent of
insert DNA which is expected of the library.

35
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Tabl e |V: List of marine bacterial genes that use its native pronoter

in E coli- wdssmip : CGenus & Speci es Ref epepRR96/06003
kappa- carr ageenase Al t er onbnas Bar beyron et al ., (cgkA)
.carrageenovor a, 1994, Gene gran(-) aerobe
'139: 105- 109 Na+/ H+ anti porter Vibrio Nakamura et al.
(NhaA) 5.1.5. tEMEONAMD CHIMERIEO PATHRAYC BXPRESSTON LIBRARIES

Bi ophys Acta . . : "
phosphodi est er ase The PRGSEEY LOvRBLAon alpg rgpakes,fo the Fepgpyuction

synbi ont and uses tI0gombinAzoirial chimeric pathway expression

175(13) 46151%@%%1es, qméfe&%§§he h056 9rganf§ﬁ§regggggnsgangom};auj'bo et

al., 15
175(1) : 176 Foncatenaties gpnetiie materialg thrbnakasdepived from pRganE et

al . chl gidrde sipRislsAdEe doMok oftgatiishs! 0O8nd a2898apBbDe hsm produc1ng
Blophys Res

194(2) : 733- F¥GCtiongl AeneBrERUREenGE ChP feRgRoREganisms. Al\/acLeod et
al ., substantial number k€l hpbankbirganisms in 4882} ibbaryMnayo.

gran-) contain a0¢h®Mom 25863uAGlke com%iﬁ%t?&%sbﬁ &Qﬂééoiggg%gééﬁgom

David et al.
gram(-) 10 one or morgp SP@FlP§2°de°P§Fr 869@1‘1?-%@(5) Coexpressdon of

sal moni ci da, ther thadisfelrred gene®Simalabeceffected by BRéPPErespective
1992, Cheno. ) :611-615

mel ani n synt RESYe TegndRbeay Fegions or byrgxagenpugty Suppft- | A)
col wel | i ana, regulatori9%kgiGmse The plurality of gene produau$-depéwveghyte

109:131-136 %QCRN%hEP@fEnyédyqdonor 6§§BH9HRQa§nteract inE?ﬂQhﬁésEt al .,

15 organish to generate novel chimeric metabolic pathways and
novel compounds. Novel activities and compounds of such
chimeric pathways may become more accessible to screening by
traditional drug discovery techniques or by methods provided
herein.

20 While not limited to any theory of how novel pathways or
compounds are generated in a combinatorial chimeric pathway
gene expression library, the coexpression of functional
heterologous genes derived from one or a plurality of species
of donor organisms enables the gene products to interact in

25 vivo with each other, and with elements of the host organism.
Through such interactions, new sets of biochemical reactions
will arise, some of which can act in concert to form a
chimeric biochemical pathway. The heterologous gene products
may encounter substrates, cofactors and signalling molecules

30 that are not present in their respective donor organism.

Such substrates, cofactors and signalling molecules may be
supplied by the host organism, by other heterologous gene
products that are coexpressing in the same host organism, or
from the medium.

35 Moreover, some of the heterologous gene products may be
modified structurally, and compartmentalized or localized
differently during biosynthesis in the host organism. Some
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t her nophi |l e 89: 129- 133 35
- 48 - WO 96/ 34112
/ :
PCT/USQG/OGS% fei34112 In a preferred enbodi nent, Eﬁgnﬁgfﬂgﬁaof
the invention t akes advantage of the way that genes of -
pr okaryotes, such as bacteria, are organi zed into discrete

functional | y-gel - e I ' ‘ ons.
In these ot agggﬁ’%%?:é?]é?gogﬂegé%%c%%éﬁﬁ%%nq“pé@ﬁg.}l%s f ae ébiec(r)dgﬁéejm ca
f fhate ot s

pat hway cellulax 2RyvikeanfeRkt HRT(bS §Teg A28 .
Functi onal | y redppdexth een@snopsfi | anent ous fungi (Acti nomycet es)

are al so known to pe cl us n clusters for many bacteria

and acti nonycete, iﬁmﬁ?e%ﬁ$;§9°né§o€%%%a§3%ﬁi%@?{ﬁé}ﬁ?°%ﬁ<%Sﬂﬁrﬁﬁ?é@cns

pat hways hévéajearlssoiat edn the host erghmismandmotily Fire dastpl e,

twel ve prOte'é@h]Hﬁ‘.'%rté’nvironment.pr@f&ﬁ&ﬁ@%f%ﬁ% S Y hi n and
nthin de er a

bet a- crypt oxa novo In Erw ni a | col a, can be activated
and produced environmeny sk JARYEHLRRL ¢ X e taffieshed o ithepdunctsion) |

1986, J. of H&&f@l@%&:@é,géﬁiﬁﬁad@&@s kA i reclAided|butl @e Ot 0GHRTRG
and Phot obi ol _54:.1

:89-93).,ln additio rokaryotic amno acid
b1 0synt het | ¢ TATTESRATRTAGRS| 8R PAbt ST ads s, RicsicEd,
bi osynt hesliG oxegear) Imasahdliivee, t enesdersoystess wedoxlsmtes, and pH.
cont ai ned '”éBﬁ&ﬁ‘?é@eféi‘é#&Eé- Jﬂgs?res\ﬁ'&‘&gr S I Eract witkhded
as donor organisnms, It 1s Tikely that genes that are _, ] #metlonally
related in a 9% \RRPREFES paRkhGRyCABUFESBEE in the modifiqatden whridhe| one.

host’s metabolic pathways.
Depending.on the combination of heterologous genes,

15 novel chimeric biochemical pathways:and novel classes of
compounds that do not exist in nature may be formed in the
host organisms of the library. In combinatorial chimeric
pathway expression libraries, the genetic resources of the
donor organisms are multiplied and expanded to provide a

20 diversity of chemical structure that may not be found in
individual organisms. The libraries so prepared may be
screened using traditional methods or methods provided by the
present invention. Thus, the novel pathways and compounds
are made more:accessible to drug screening.

25 any of the donor organisms described in Section 5.1.1
may be used in preparing a combinatorial chimeric pathway
expression library. Donor organisms may be selected on the
basis of their known biological properties, or they may be a
mixture of known and/or unidentified organisms.

30 The combinatorial chimeric pathway. expression libraries
of the invention may be assembled according to the principles
described in section 5.1.3. In order to allow the random
concatenation of DNA fragments from multiple species of donor
organisms, the procedure for library assembly may be modified

35 by including the following steps: generation of smaller
genomic DNA fragments, ligation with regulatory sequehces
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Doy %ﬁg%?mls%‘lh \F ngE%%ma&ctE ger'flc]))rres t-hat contain relatively

few non-codi ng regions are preferred. In many 25 aspects, the donor
organi sns akg9gagf18ri a which have a relatively smaldrseeeds for
exanpl e, 4400 kbp in length for E. coli, and 2500-3500 kbp for
.archaebacteria. The nunber of I ndependent clones. required in a
library to achieve a 99% probability of containing all of the

fsequelncesdof shBg Qenﬁs.—omocers aﬁdggggﬁgﬁoaetér&?é&%&&%&ﬁ@mém&@é OVAAWY
V\ﬁ;::rg a ( aLk oncatenat:.on of t e gene cassetteﬁg V\D 96/ 34112

PCT/ US96/ 06003 Insert DNAs may hanbempbémemmmmnt(aﬁmesiemmad;af:yomn '
the H r f?a ments {QE ﬁéx‘?@ﬂ?&'m&ﬁ’ aﬁfeg‘iﬁsﬁ%f %zﬁz?péf?se“t ed

f = t he racflonafopro 8P Ton o € genone in ngl e
r econbi nanb @ifferent spectes ekafipner erganisms MRS mm@w%wr kbp

of DNA; a Eﬁéy‘ﬂayeﬁho&s@QHtEéCEéﬁﬁréﬂélfxéﬂ@léﬂéh‘gbﬁﬂﬂhéﬁ iﬂwﬁpec1f1c
Fol | owi ng these” cal cul at &B he .enti re enoge r& (i‘%c? 3%2 CfP
expected to BE°?ﬂ6F68§ﬁly Brﬁ@@ﬁ?@dm?ﬁl Pew e PNE GFBh ne at
cosm d |ibraapy Stage prippi tal iDddrtibnaigtcarhe clomixig) ) @Affession

i ndependent ggophi nant: cl ones, one such library can effectively

represent the genones of up to 1,000 different bacterial species havin a

genome si 2@ sini| Bethylated ayrleothdes. cBngi det MMIRIATR maX &aivsedan
be 15 generagfdcangd %9%%&&%%6&5' pre?i8Y PYoSEcEivi N i @nzymatic

cleavage, and allow directional cloning of the cDNA inserts
in the sense orientation relatlve to the promoter and
terminator fragments. '

B3 Random fragments of genomic DNA in the range of 2-7 kbp
may be generated by partial digestion with a restriction
enzyme having a relatively high frequency of cutting sites,
e€.g., Sau3AI. Partial digestion is monitored and confirmed
by subjecting aliguots of the samples to agarose gel

20 electrophoresis.

Exogenous:regulatory regions, such as constitutive or
inducible promoters and terminators may be provided to drive
expression of the transferred genes. When the host and donor
expression systems are not compatible, it is essential to

25 provide such regulatory sequences. PCR may be used to
generate various promoter and terminator fragments that are
specific to a particular expression host, and have defined
restriction sites on their termini. Any method for
attachment of a regulatory region to the DNA inserts may be

30 used. Treatment with the Klenow fragment and a partial set
of nucleotides; i.e., a partial fill-in reaction, may be used
to create insert DNA fragments which will only ligate
specifically to promoter and terminator fragments with
compatible ends.

35 The present invention provides a method invelving the
use of gene cassettes which contains two copies of a
promoter, oppositely positioned on either side of a unique
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eXqNTe RS ‘@Y lidorddr RGN IS5 fg EDMONG ver se genetic mat ef PPl BF522950%0 or F-4@
nor e species of bacteri a. The procedures described in standard
treatises, Mani atis et al. 1989, Ml ecular C oning, pdgusséosen,

Col d 20 Sprlng i%wﬂxn Press, New York; and Ausubel et al., current

Protocol s in Ml ecul ar Blology, G eene Publishing Associ ates and W| ey

I nterscience, New York, may be followed to carry out routine nol ecul ar

bi ol ogy reaC}é£@§1&§ '§1€Q“Stﬁﬂgtbﬁﬂ 1nséP@e&0ﬂktaaéﬂiéa%eg@ﬁﬁcexaﬁeSSIon
libraries. oni ng strag I hat o

gene express?%#ﬁl?%%%r?e %r§ﬂ§ﬁﬁ1P%¥F?ﬁu?% s?ﬁ?n%%a?yf€%ﬁ1tw°a?ﬁ8ﬂ8¥ers

organi sm canrgspetively SeoMebesht sedesurce of nucl ei ¢ acid for

const ructi on Of ‘arQene SxBLESThOInLIBAALYao b GHRSUL Cal\ey UBhERLLgC! Udes

chr onosonal rac omwmmlgmmlceaammS
such asnuﬁtmqﬂhgd lntmbulngnghplugﬁ1eg geng oessektes AvhiehatPRER{D RNA of

a  donor gaﬁﬂbéé}”gﬂdbg eéfﬂlnﬁ%ﬁr BéQIEEéHéa SESEEFHEr RMe of (SRDR,

ny Cechni QRSB | BE{ PBSQPFOCSAURA. EPFGRLTRTS LRt iurL R Farbrt CORUERCS

primers nmay fs116@6d, thersprenisgahdr st ahdandfsyhé heBNA bDhsefb@. wollRd
INSErts MY pay@PibfldL! ¥aPentHp' bhbeiBY:BR! ¥IBLESH: ERt R §20LAER 6ECR -
PCT/ US96/ DB0CBe promoter fesgoantsDapdakberNA fagsbef elheabe¥RinAECHurifi ed

by the prege QHéﬁch9¥bS§g kgedoction 5. 1. 2 or by those that are known
in the art. For anent ous Fun I “and bacte roceduy g may

conpri se any of s%%@?ﬁ#ctggﬁnﬁﬁ6€§ePﬁ€IBH| BNAS é?aFéﬁgdg@EEfﬁ? ®salt
lysis of protestasécisnepates heobothoendsmycel Lagatedntontheqprdmotersre

d di at t t t | : f
ond el S ERRR, ARl ReFRSRCBE FRAPRIREH, b 608 Bkt o
uItracent15faga$eonesnhav¢a§1agmaahesnzeopfc?PPSQKamF§ﬁ1Hf11@°hk§ﬁ

ol ecul ar wei ght PNA-LEQReREOLBREIIEIna #B3ESH1ENtranscription units are

assembled by an approach similar to that used in peptide

synthesis. A subset of the pool of gene cassettes is bound
at one end to a solid phase, e.g., a magnetic bead. The

20 other free end is subjected to several successive cycles of
"de-protection" and serial ligation of the remaining pool of
transcription units. The solid phase allows separation of
the concatemers from the unligated DNA fragments after each
addition cycle: When concatenation is completed, the

25 concatemers are released by incubation with a restriction
enzyme, such as an intron nuclease, that cleaves a unique and
very rare site adjacent to the solid phase to reduce the
probability of cleaving the concatenated DNA. Concatenated
DNA may then be inserted into a cloning vector to form ..

30 expression constructs which are introduced into the
appropriate host organisms. Alternatively, the constructs
may be transformed into an E. coli recA minus strain for
amplification prior to introduction into the host organisms.

Details of the synthesis of the promoter and terminator

35 fragments, the preparation of gene cassettes, the assembly of
the DNA inserts, and the ligation of insert and vector, are
provided in Sections 5.4 and S.S5.
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aganrTogé a?ud@ ‘Sfd F&ngéﬁ”fel & DngI el ectrophoresis. For bacteria, an

alternative procedure of lysis by | ysozyne/ det ergent, i ncubation with a
non-speci f wo g3atease, followed by a series of phenol/chpormuksaresbesoany!
al cohol 15 extractions nay:be useful. For optimal results, large

random pr okaryoti c genomc DNA fragnments are preferred for the higher
‘probability of containing a conpl ete operon or substantial portions

t her eof . The goner e¢ha\Acrbinecriedyvehiakripepatheagi eeprassion20

vari ous res g NZye d | at.g greater than 20
kbp) may be&gg%%rgn % & %gﬂE%?lgg‘;%%bBeDﬁéoLéﬁA”§Hb§ar |éf di gestion
with a freqﬁ@ﬁﬁl@attteﬁngprr@sﬁqrmw andeﬁsyﬁsnerihesaﬁﬁgmlby {enbhe cSTRA

required vamagheseRgNdcaeribed ilth@ec@TReXi. 1Y30f the genome being used.
Alternatlgely, 25 the DNA may be physically sheared, as for exanple, by
passage through a fine-bore needle, or sonlcatlon Prlor to
insertion into a \Adarg. exXRIXSE EETN ARITE

separ at ed accordlgg Eﬁﬁiﬁéeep*étr QQrgf thEeEHOEHEf " |Qc££g%§ ’but not

limted to, agarose ores S, ehsT't I ent
centrifugat F@ﬁlbl&ﬁ&°rlaé-olfi§rﬁvr<§4r m@gmsp'ny pAthWﬂﬁaexnaea@ Butibsary

%rNZd:‘ ent i Smay %eiﬁ*eb%@edﬂﬁ:dnﬂiﬁre{slﬂ%c@éa Eeagﬁéﬁﬂmbﬁhﬁﬂzabﬂhé.tgﬁ-% ng the
rag n ex on vect or nt ar cO esi ve
Dorm e T8 boel Fhogthies Brth e O A aPERier: SE RRHOF o4 E87% on
reaction i sldependentf arsing tdmdiyr thel aotad popted gaedomby DEAdetecmNNedf

O boant AEé donbt®BUGMIALA" il BppRbhen BYEY *teahbe' ffe mumber )

conpl enent a
'PCT/ US96/ 069@3clones ittty neEdh v hee sarsenedoandajneneastet A are not

present in %ﬂcgﬁt@éﬁ! %?ES'cQ.'bn‘&Ctthat tm.leg%da&et Esm%aal S£UL 88 PRY: be
|

t | di f f bl u
2Pfggﬁaiﬁge n%ﬁ%%ﬁ ﬁ%%@gﬁ%&gbgfppgauEggt%§nI9@%??n5nc%§hﬁgleotlde

sequences |partlulnb&r&omphﬁtﬁﬁhmusynmmBmlthpaEhWays, and may be
preselected by hybridizing to an initial DNA library a
plurality of probes prepared from known genes that may be
related to or are involved in producihg compounds of

20 interest. The initial DNA library, preferably a cosmid
library and not necessarily an expression library, may
contain DNA from one or more species of donor organisms. For
further pre-screening, if the initial library is an .
expression library, DNA in the positive clones may be

25 transferred into and expressed in a host for production, such
as E. coli or Streptomyces lividans. More than one initial
library may be pre-screened, and DNA from all the positive
clones can be pooled and used for making the biased
combinatorial gene expression library.

30 The initial library may be amplified so that DNA of the
donor organismg can be pre-screened in a variety of host
organisms. For example, once a gene expression library in
Streptomyces lividans is generated, it can be introduced into
specialized host organisms for expression and screening, such

35 as S. rimosis that produces oxytetracycline, or $. parlus
that produces actinomycin D. If the expression vector
contains the appropriate sequences for genetic transfer in
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chem cal | y-synt hesi zed ol i gonucl eoti des encoding restriction endonucl ease
recaogni ti orweesmanzes. In an alternative nethod, the cl eavepcEwpsamso30n
vector and DNA 10 inserts may be nodified by honmopol ynmeric tailing.

After ligation of vector DNA to DNA inserts, the expression constructs
are introduced into the host organisns. A variety of nmethods may be used,
whi ch i ncl udaaburadtly Beturring pddstmddst r anshoseniieasest magsbecuised, to

fection. LacBomkygethany BLalopkastalys8 cohblesaTE HRdiakeq transher.

electroporatlon m croinj é&ction“and m croprojec ment. In
specific enbﬁﬂPhEHF§1V?h§rﬁﬁ?ﬁ66uct|on of bacterlophage or cosm d DNA

Lnt? an Eh CO|50hQ§E ioﬁé%rﬁﬁéd F?Htpbé bﬁr&bh&ﬁgpﬁﬁ abnae&h?e@Nﬁébmtol
acC eI‘IOp ge arti es t oW t hese tic S to.l Gt coli
o o 8ISk sRahey’ bipsyPtns tisohatiuay . oEuBRAas: Lhe: BpLYREE fel,
nicroorganlsbnoagmthbsmcbeoc&edasetgesebaGEethalbesconhagabten1zed

After the hog&oggg%ﬁgegetapegnggaxe§;§éi9@ S gReRag! ed to form

a library, ues known in
the art. The°93§96§étépn ayeen Ehei SRoWE € uEFGFFdeeaglvbﬁsF t hat can be

Fsgd nmany lWh&EinoﬁHBth{ﬁ&bb??tﬁ&blbe aﬂgu &Q&LE?.Eha?%ngégsthBEure

i brary, cteri row, .and_haryesti e age o
bacter?a ih 92%08&5 5287 % (# gﬁ&tp%gpﬁnt é°FVBE§Fﬁlﬁay Bga§g8r85 in
an ordered alariag3 Geeebabt: ab7kb6)lahdaeryaan(benpaabedtoaﬂ atLsbaw
density to a%k?&h%QrEE%'o% el b@g'e 19&&%&9P§§§E§gﬁéé Ray. becgkﬁﬂigélFs

foll owed by trans IVI aal’ aques o oni es®into
coded nultl-Réhﬁrn§§Féb19PaFe§r secenéarygmeﬁébplptstbsogwnSQstaélﬂosnates

The i ndi vi dughy exahgmsscﬁ@ecabheweﬁebglaeoathhbhas@ebbaeunéﬁr1bbecc

ggg;agg%?égoggam positive bacteria, such as Bacillus (Scacﬂolgaus4%%2al.

1995 Science 269: €9- 72) and in high-GC gram positive

bacteria, such as actinomycetes species ‘that produce
thiostrepton, virginiamycin, valinomycin and actinomycin, may
have enough sequence similarities to be used as probes to
20 identify new biosynthetic loci in both groups of bacteria.
Other cloned biosynthetic pathway, such as peptide synthases
and aminoglycoside synthases, can alsc provide probes for
pre-screening the initial libraries. _
Alternatively, the initial DNA library may be screened
25 by probes derived from DNA that encode proteins involved in
secondary metabolism. Such probes may be prepared by
subtracting non-coding DNA and DNA encoding proteins that
~ relate to primary metabolism biosynthetic pathways from total
DNA. The remaining DNA is thus biased toward coding regions
30 that encode proteins involved in secondary metabolism.
Details of the. subtraction procedure are provided in Section

5.3.5.

5.2. § ING COMBI ORI XP SION LIB 1IES
35 The drug discovery system of the present invention
further encompasses novel methods for screening combinatorial
expression libraries. While standard methods of screening
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cHd B e TiFe ST R FI%Y can be used as an archival source to

replicate each clone separately into one or nore working plates. Thus,

each cl oneyq g,ﬂgd i brary may be handl ed and assayed i ndipgrdssdkbsnos The
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‘replicator, or nulti -channel devices for fluid handling. Preferably, all
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producti on (ﬁfflc:mrg:rreynd Kigh- Hacomd i tn, dereb tiesi sireh dedlatierhetfr exat e.

i cat ed DS (e TR MoRRP N TR enalee adi? B BRR o

I hg, foci |nt|ssue cuture
occl usi otbFEBraenathtion 4 rbmdnmn%sofzmwzﬁé%ecfor @K@epé@ldé’(ﬂtédmf or

thetpreseng%pfa ctqra(cjgs @P\?&n ox%rﬁcﬁé '<|9.LS Rir fea@/ tsr;ezwasﬁ 71 SRAAD PN2C
ests may be carrie ut o e, cl ones for further, characterization.
To charact eﬁ%‘et‘}f'ee%'on Il?’??s%‘r?% waY 215905 pssd ﬂr(ﬁc&h‘é’s%ﬁﬁ & ning
‘donor DNA orcargsy timrbétier 2ofvive indlipreparatdszaysaf Oe drentddtiedction
anal ysis ma e per e arhe

ysi Yol sooelafuo%dmgg';oguléﬁéiéh % é’%ffdsef}&ag} ﬁcﬁﬁ?e ang,]u%%sre

results wll erprln restriction

patterns 1$aﬁxmdqrb borvamkerd o ankd subigctedl wfamther analysds foma

whi ch is expaqd ethuddion | F AdveBompoundd) 96hn# bbhes encoding the
PCT/ US96/ 06003
metabolic pathway that lead to production of the novel

activity or compound may be delineated by characterizing the
genetic material that was introduced into the isolated
20 ciones. Information on the genes and the pathway, and the
clones, will greatly facilitate drug optimization and
production. ' -
As used herein, the terms "library clones" or "library
cells" refer to host cells or organisms in a combinatorial
25 gene expression library that contain at least one fragment of
donor DNA that may encode a donor metabolic pathway or a
component thereof. The term "positive clones" or "positive
cells" refers to library clones or cells that produce a
signal by virtue of the reporter regimen. The term
.30 nproductive cells® or "productive clones" refers to host
cells or organisms in the library that produce an activity or
compound of interest, in distinction from the remainder “non-
productive cells" in the library.
The term "pre-screen" refers to a general biological or
35 biochemical assay which indicates the presence of an
activity, a compound or a gene of interest. The term
sscreen® refers to a specific therapy-oriented biological or
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present invention also relates to the construction and uses of

conbi nat or i@bgg)ghqgrl c pat hway expression | i braries, wher ep@ribes/deosst
organi snms contarn random y 5 concatenated genetic naterlals that are
derived fromone or nore-speci es of donor organi sns, and are capabl e of
‘pr oduci ng functional gene products of the donor organisns. A

substantial gy bRL anmo?gsgggaa%éﬂslgndibsci;é@reeyar@yecﬁﬂetaiaeaséaaglom .

and uni que co fion o erived_from 10 one or nﬁ ecj,e
donor organl§k%§}¢a1CE@¥§F§§§PonaB¢ emplays, & kREFREd gLRBsEHEY DE2EFRECt ed

by their respgebirdegenB8hill¢ togwheler geligi asswell bysemageonudegueppl i ed
regulatory r

' Th | It
et ory R TRe A L SR o LU ok el 1o
novel chi nmBracsoeeahol i Thpatbaaps hath pngvecreenﬁoandsscnaees g@ﬁﬁ#ﬁllﬁs

and conpoundg.gfass ghvlsﬁFmrfa&tece%ia\ﬂei#sammgeeanmgéeaaam §8Ebbe £0
screeni ng by tra I'tiona ues ot hods provi ded

g di scovery tech nlg
herein. 20 cologggerBigodnAigAted.t Hﬁ§ EREBFS ?tﬁﬁﬁFﬂBvEY pat hways or
conmpounds arﬁlaeﬂeeabﬁdehaca1oaﬂhdneemlsaborbnngrKEApalhmaythe geaeof a

expression | jbrar the.co f n eLnl Qg
Geri ved fronfBABe5Hcaatay SPPEygy SUpLemc NS BYr cortEhTLl, 80gUBuIRpEen
t he gene noodﬁcﬁsbrarynceiéstlnntbs pre§empeh°§aéthPQEFeraﬁGQQFFH el enent s

of the host organigm mechBBEsOBQhtﬁHCEn&zeh&&aﬁtpilahdaem'ée&ﬁaeivbl pabenbeal
reactions will arise, sone of whi can act in concert _t

chineric bloﬂﬁéﬁﬁééw GéFﬂW@}VeTﬁBPHQFEPSFoﬁﬁugeﬁﬁﬁétbPBdBEtaetecﬁﬁgle
encount er SUQibhatteass@@flaﬁbar s:landp&bguathvagcamecﬁbescaa phapoaeeoifiot

present in their respectlve r._or ganism Syehs s tes
and si gnal | | RGERGEERE BBaF ngégﬁsﬁleae%%s ﬁg ?§%%€an %n$8%89£§%
het er ol ogass cganbe a podecule mham enabiesxgiresthy Pﬁ @ﬁél§aﬁﬁlﬁo§ e

organi sm or oon fLem h%f”%db%@bc%ible silfBagoverorseitmplet ha peperekggous
gene productg may be fied structurally, and conpart ntallz?%SHée

localized a8 entiighduemiGtdngs FRLRcULE, | A%t ReCRost SHF§ARFSHP

- 54 - that may be recognized specifically by other components of

the regimen. A reporter regimen comprises a reporter and

20 compositions that enable and support signal generation by the
reporter. The reporter regimen may include live indicator
cells, or portione thereof. Components of a reporter regimen
may be incorporated into the host organisms of the library,
or they may be co-encapsulated with individual or pools of

25 library cells in a permeable semi-solid medium to form a
discrete unit for screening.

To facilitate detection of compounds of interest as
described in the following text, absorptive materials such as
neutral resins; e.g., Diaion HP20 or: Amberlite XAD-8 resin,

30 may be added to cultures of library cells (Lam et al. 1995, J
tndustrial Microbiol 15:453-456). Since many secondary
metabolites are hydrophobic molecules, the release or
secretion of such metabolites may lead to precipitation on
the cell exterior. Inclusion of such resins in the culture

35 causes the sequestration to occur on the resin which may be
removed from the culture for elution and screening.
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t he het erol ogous gene products may be exposed to a host cel | ul ar
environmenWa de34q1is different fromthat of their- r espect iPCT/URIB060D3
It is envisioned that sone heterol ogous gene products 5 nay al so act on
‘the host organismand nodify the host cellular environnment. El enents of
t he host cel lul ar environnent that may affect, or be affected by, the

function of hememieogmh@d;mmtpnfdm imsrenitiehydeheuhoste orglariisms ed
to concentr ghld O'é%gc{}fne%fyetds ’to ‘%a%ege%%mo%gtsgﬁ%%&%e £y gen.

nmet abolites, ener sour ces, oX st at onme het erdl ogous
gene pr oduciCOMRE) Singo 3 ﬂﬁ@ﬁa@@qﬂdﬂﬁghésF€P°I§GHGmsﬂéﬁudﬁsOWRFéhlaan resul t

in the nodi fastidieted With a dheorespongivel farl&ﬁxb@é&%hat responid@Perdi ng
on the cogp ation, ofgg rolo%ous 15 no ﬁhlﬁErlC i ochem cal

pat hways 2nd o & C@B%f §s OFh I & 328« F8t Pen STXEERESay
be fornmed i rirt htéxe eﬁm:aswc@ammmrwf t i@ ither presehrec ofbichat dlelsalrable
chineric 53ﬁﬂ ri C eg. of the
donor organlsns arﬁ'nult |g§ an %bxcgﬁ eg%eggﬁgg&gdggsagggg 33r%ity of
cheni cal stEﬁ@ﬁ&ﬂ&etW&Pnﬁaysnépdy§eﬁoﬁﬁd1Pﬂtlatﬁnﬁrﬁpésﬁlp§#ganPgnﬁhe The
libraries seoperepiicasyidted reporeesdgenend u‘hedpbsﬂaalverrebndasor

Comoundd® LeEFEatsd Ry ackeEranns piendy 2gPLgeRBrBLRRNGY She <RBERADISR I no

donor or ganicfimk hee sepioreeri geBection 5.1.1 nay be used in preparing a
mbi | chi
combi natorial ¢ 'I'FP“ aﬁ‘ﬁe@@%ﬁlve o%i?h'e ‘o 05%%3098%9 ?g@%&”‘éaﬁ%

be selected on th basi' s the nomm or t
my be a b k‘tslﬁde“@fl%meéﬁ&ﬁ@r auﬁ.la@ﬁtlu filne¥esPgaARSKL. 230 The

conbi nat or i @Ihy@lldwg;‘éauawmxge DRPH@ESveBulalbEalll8Sas aOkeblieti B¥ECRKEON
may be aa&gnbled accaor ed . i,n section 5.1.3.

In order “toPARESRIhES %%ﬁrﬁ §‘ éﬁéIXQ&P%R%PBRR“PEagnEHF fr BRPPE
mul tiple spﬁ@@ebeoh.@uﬂ@mrsoron@aalgnpprthe podecdliecethat hsbranyezsednbl y

ray be modh WSSy Heldidiel 1 e QhloyieBl-BLEPRo1ENTE L} OAn®! STl e

genom ¢ DNA ragme ation sequences
- 55 - act1v1ty or compound in the 1ochem1cal pathway sought. Upon

contact with a productive cell, the physiological probe or
20 reporter precursor generates a detectable signal which
enables identification and/or isolation of the productive
cell. Contact may be effected by direct addition of the
probe or precurgsor to the library cells. Alternatively,
contact may be.éffected by encapsulatﬁon.and diffusion of the
25 probe or precursor to the library cells during screening.

In yet another embodiment of the invention, indicator
cells may be used to signal the production of a desirable
activity or compound, thereby enabling identification and/or
isolation of productive cells in the library. Whole live or

30 fixed indicator cells, or cellular fractions thereof may be
mixed or co-encapsulated with individual or pools of library
cells. Indicator cells are selected for their biological
properties which is responsive to the presence of the
desirable activity or compound. Indicator cells may be the

35 target cells of the desirable compound. Alternatively,
indicator cells may be used in conjunction with a reporter to
generate a detectable signal.
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as pronoters and termnators to . form gene cassettes, and concat enati on
of t’he genewoagseiizes. Insert DNAs may be conpl enment atyrdshidedosNA)
derived from nRNA, and/or fragments of genom c DNA. The DNA or RNA of 5
di fferent species of donor organisns may be copurified, or t hey may be
| sol ated separately and then conbined in specific proportions. The

random ni xi ng of Ppaeckicrlddhs end berdene &br eaanylsbaaeypairer chesiemser ti on

into the clo or__expr nucl eQti des,
e.g., 5- nethgkggETﬁom %ﬁ usedCh%g%%%85hﬁg§§ﬁPh8gb§H¥oﬁ Egaﬂﬁgfbctlon
agai nst enzynaﬁpcwheneweaV@9651@ﬂe.abﬁomheldenoroqagauhsmsng A$saws GDBNA
inserts igpibg Eﬁ@sﬁo%%'%&béhhgﬁsr E@t E;EQV%hQrQrQQQh%hAﬁgged while

termnatorfra%ﬁ n s of genom,c he range
of 2-7 kbpS ySbéng& §@3b9°BQFtP£EaBF§@§tPE RPERLAVECAEE ction
enzyne havingoas&dbabdvabtebmgblbr&Qbeaey precsttéegssoreacreens. g.

SeUSA - P befilERl bl BRSSO R0 COOLLLTEY coclies LTEUY ro
regul atory régﬁéﬁgblsubhcayn¢@#§ﬁptEﬂpabibitieSLndazibeeupednnoers and

terninators HEEeQﬁaE&Q%ﬂ@qu&%lﬁ%hﬁﬁ tar§4BEe$8l g0, Ohm mss&raﬁsferred
genes. Wen the host and ong expresSion sys efrs afe nof conpati bl e

i's essent +8I IRbasEOFioSEd ﬂé&&F§F6r9h§e36§ﬁ8€§e P@rﬁﬁaysﬁ§19§éenﬁé
generate var apdstpaaslbeionad btivigyoEokr eaeenmi ihas gﬁec;.fl&pe%héc to

a particul ar expression has and e _de restrjction_s
their termni. AngnngFﬁo % e 5??§&Wﬁ§ t°§ftaer%ﬁﬁ? #6?? r%ﬁ#bﬁngthe
DNA i nserts megibtadGeusay; ber usedens ant indheakbenof praeduenionndra

partial set poteﬁc&uqlgebu@%%uoh %f,lﬂteééstﬁhgfgééoh&affaﬁ&t9301HE¥sbe
used to create Igé_el’t %gents

speci'fi catPyWPgRpLdRERZY &ﬂ&“@@r ﬁaFEP°FP§gHBn?SP i of EBﬁﬁH%PEFGSends.
35 The pesietanceved! ithie pheibdegiasmmapoindiwatyi et Peesence of a

self-defense mechanism, such as efflux pumps which are
frequently found adjacent to secondary metabolite
biosynthetic pathways as protection against auto-toxicity.

20 Such clones may not exhibit secondary metabolite production
at the time of detection, but have increased probability of
containing adjacent biosynthetic pathways that can be further
manipulated or, examined as desired. _

The preséht invention also provides encapsulation as an

25 efficient high-throughput method for growing cells in a

confined space,.replacing the classic method of growing

~bacteria in petri dishes. Growing cells in a plate format is
both labor- and materials- intensive, while encapsulated
cells can be grown easily in a liquid culture with the

30 advantage that dividing cells are Kept together, and thus
facilitating detection of interesting secondary metabolites.
Another advantage of encapsulation is the ability to co-
encapsulate components of the reporter regimen and/or other
indicator cells with library cells so that pre-screening or

35 screening may be performed in a discrete unit. Encapsulation
of cells can be performed easily by means of thermal or ionic
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uleT 2 2he! b3 iR MBI TR EM%hs two copies of a pr onot er,
oppositely positioned on either side of a unique
- 96 - 6/ 34112 :

PCT/ US96/ O‘g&gg’m ? restriction site. Any DNA inserted int P%mssalosoos
restriction site will be transcribed on both strands by the two pronoters
respectively from both sides. The present invention also provides an

oromot or - rAeaRELPAEINS! HaDLAFs (ECH M AR AR SE O T

t he proceduf@rfagegnaBeti onal cloning of cDNA is follomed t he 5' ends

and 3' ends of thﬁcsDM anﬁensmwdnetmefwl NEaFesélést i on
sites with Eye g s of 10 thqvgronDH$r nents and e 5! end of the
t er mi nat or t g’éﬁe’n’f‘ssfﬁﬁbe}ﬁ? |§p the W?F Bhe

cDNAs beaslpgrtbabeslbkamarch€sl$$tt|M5thndsﬁﬂnzyﬂnmi1Iﬁmhnsaelﬁsgated to
the promotepges waPs! 8nSOHE ﬁ?éféof qé@%@t&cft{%@{%{“& fﬂ;é?é%&?@e 15

cassettes havi ng a nean Sl ze O cat eners

pr oxi ma
conpri si ng Rotetpes %—?ahb%r?»ﬁéﬁﬁbkg‘éﬁ# tzanatnecfles -ass%?ﬂﬂ%’d’%yﬂdwﬁ?ﬁ#m
sinmlar to thablysesni aaaceibfcos assﬁai@%pec&m%hﬁgé%m of gene

cassettes is boun one end tp, a so hase magnet i-c pead.
The 20 ot hebaFFiBrend The oBfinadt lidnd s lnetSinaneifk webardiion of
"de- pr ot 20t posit ave aadlaéghtguelpnmtﬁclém fxomali an g tpoce . (ﬁSeparated
transcriptl I

concat eners Fg%%% |%§ %gr%ﬁﬁff ﬂgéregftéiﬁt?& e;}{(}}]qhdua dh't?el:l(')ln"s c?/cl e.
Wien concat 8havedbh OB ééﬁpweldelﬁﬁ%525 concateners are rel eased by

i ncubation with gaegsiki &t WO -kn&WRE YiEe hédl bR Sseh a1 that

cl eaves a and | t.e, adj acent_to the zﬂfld ha
reduce theugagﬁgoﬁﬁbFP?f§ 5% £fé§v¥ﬂ DAFRER T M F TR ?é%lg. ated
DNA rmay L1Een0Obgmi dtaméedr) n{Dyaak) 01199@1) ved oraxtietiyoroh 3&‘&56@ ession

constructs m@aEPlé£E1bﬂér8QHCEQ ﬁé&fbf&@h on the magnetic microspheres,
including covalent addition of antibody which specifically
recognizes a cell-surface antigen or hapten. Alternatively,
for magnetization of encapsulated cells, a reporter regimen
20 can be incorporated into host cells that generate
magnetogenic reporter proteins, such as ferritin. In this
case, encapsulated cells that generate a éositive signal act
' as magnetic microspheres. The selected microspheres can be
physically manipulated by exposure to a magnetic field. For
25 example, the selected microspheres may be sequestered by
application of a magnet to the outside of the reaction
vessel. -

S.2.1. REPORTER CONSTRUCTS

30 According to the present invention, the host organisms
in the library may be engineefed to contain a chemoresponsive
reporter construct comprising a chemorésponsive promoter
operably-associated with a reporter gene. The host organism
and/or the construct may contain other genes encoding

35 accessory proteins that are involved in the regulation of
transcription from the chemoresponsive promoter or the
production of signals.
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appropri ate host organisns. Alternatively, the constructs may be

transfornmed into an E. coli recA mnus strain for anplification prior to
i nt.r oduct iwo 9sBgn2t he host organi sns. Detai | s of thpCHystdisesxs of
the pronoter and term nator 35 fragnments, the preparation of gene
cassettes, the assenbly of the DNA inserts, and the ligation of insert
and vector, are provided in Sections 5.4 and 5.5.

- 57 - WO 26kBéhbZesponsive promoter is any double-stranded DNA

PCT/ US96/ 06 . combi Lal . chiger y
expr ossi on_ Saapepee, shar 13 eipabl <" BE HIRNTRG pn AR L REHILEY ana
replicat ed, 1pieissiasney medudatddgeiransenipraicy PR aneoBarebly-nanner as

descri bed i Bsg6etia@RASrbpdrrexr gene onl¥y in €he BLOSERCSDBI AALER:ALN
EXPRESSI I nvention, a

Cy ELBEARIES .o In ano%her egbodinggt of th§
bi ased cSABPNREoPEEAVAAYUPE S PRt FE2R5t RAaGOTREPReE on 1 brary
may be prep@redefrabiypr chel chieswriespgmsive proibberhbasane 49 pndyed
t oget her fr AL I peGi ‘ 0 ' i ng
onl'y the t o apLegsPLsTer oI Kort (iR Ve bERYEEEng cralfLeRts fhndy
thi s approadft&VEEYr dausde hesfussgrnismoinc tbaesbsence neédthe prdyeingned
and increasgctheity Re compe@del @l Q%&o&é%ﬁz%ibe%ﬁgﬂéeeﬁoﬂﬁﬁﬁnds of
i nterest, 15 The@B;esel gteq f ra gﬁﬂts of ggntaln epes encodlng
partial 3P ESRBABHCDAS TS PR REFSEnERORng ™ HRSE IV AT s BF cCPRESHPS
hybri di zi ngbyoderreaisting oRN&daigimg Lranscrippulehal yaotipivpemapr abavebe
from known gg%gg that may be related to or are involved in producing

conmpounds o interest. The initial DNA library, preferably a cosmnid
library and not BEeBessrs ws@fudxjfesdicoPressntr ynveayion wayit BRALYRA, from

one or nor epjReah@s ndhe d3RAted 43 Promokrs folUnkbgboPi& SaERRAYSY, T
the initial_lihrary is an xpression I ibrary, DNA in the positive clones
may be 285t PiR SFPéld‘tilPﬂeo%@%Yﬁfeﬁé&ch°5eﬁo§9df%Fr%’?%dﬁgﬂ’%,sesuch
as E. coli dorSetreptomicesdosyi dansither Toixtienlode71q8%} al such as heat
shock proteins. For exémple, the Pm promoter of the
Pseudomonas TOL plasmid meta-éleavage pathway and its
positive regulator XylS protein which is inducible and
20 modulated by a range of benzoates and halo- or alkylaromatic
compounds may be used (Ramos et al. 1988, FEBS Letters
226:241-246; de Lorenzo et al. 1993, Gene 130:41-46; Ramos et
al. 1986, Proc Natl Acad Sci 83:8467-8471; Mermod et al.
1986, J. Bateriol 167:447-454). Other non-limiting examples
25 of chemoresponsive promoters are promoters relating to
phosphonate utilization (Metcalf et al. 1993, J Bacteriol
175:3430-3442), promoters sensitive to cis-cis-muconate
{(Rothmel, 1990); promoters sensitive to antibiotics and
salicylates (Cohen et al. 1993, J Bacteriol, 175:7856-7862;
30 Cohen et al. 1993, J. Bacteriol, 175:1484-1492), promoters
from the arsenic and cadmium operons from Staphylococcus
aureus (Corbisier et al, 1993, FEMS Letters 110:231-238);
sfia (Quillardet et al. 1982, Proc Natl Acad Sci 79:5971-
5975), 2zwf (Orser et al., 1995, supra).
35 A reporter gene encodes a reporter molecule which is
capable of directly or indirectly generating a detectable
signal. This includes colorigenic or magnetogenic reporters
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pool ed and used for making the biased conbi nat ori al gene expression
library. 3Qoegsarthe initial library may be anplified so thgky By&&kgghe
organis

donor organisns can be pre-screened in a variety of host For
exanpl e, once a gene expression library in Streptonyces lividans is
generated, it can be introduced into speci al i zed host organisns for

expression %ggg%gﬁe%% @&g}?éém.ngﬁ§t§ngoggggkéeghgucﬁyoduces

oxytetracyclin es actrnomyern D. If the
expressi on @@GﬁﬁﬂlneﬁﬁﬁmFal uaﬁﬁﬁésﬁnét@rséhueneesembrpg@hexne may
transfer inbe used, which includes but are not5§1m1ced toV€h&64B4dA2

PCT/U896/06 t || , h s

used 10 rescehl BrBechs”T6HR), B8 DeRRRHAR: aednnls AR B thoat i ve
transfer. 5 al 199¥hespnGMG§ G§éd896r8p5é7sarmedlﬁgeda@FbewﬂEMIdﬂﬁaﬁéed1 5
any cl oned ?u&%&&%t&%h'c‘é ReelliALe 34Ch139s! NaapRLYkedd dgeq b pSYIpEt i C Toct,

as these ari best characterize I 0S ] ocCi and
consi der abl “§é &eence (dyndBr ggrRoRYPEUGE noﬁhﬁikannhérusYErﬁKaepg , act|

&zcélnorhodusablOBl&Ehﬂ&lBlophbbpﬁethdﬁoﬁﬁ 84 - 9é98§ﬁ%ﬁ%y%b éqﬁ%é5ﬁ§%§i2€°)’
anh egiggr? gﬁg&8£ iyn}ggsﬁiagciéﬁﬁ OZ%éd 55% %W@? e{§£§| £59% i nci pl es
may be aéplféaeﬁ&y. Fhlotri nanst phyiratliis ¢r DecWendeat yalet Bda? | tMoDi @syntHedl C

| oci . For e the S5 gram
posi {i ve bagt Z??E"g”c R ?ﬁ%ﬁ%f%%‘?fﬁe R T

269: 69-72) USRg hlﬁg Aretuge anPHSSPFFvB°t limttedite Qﬁkﬁrsﬁiqsﬁ¢smﬁ9@@tes
speci es that(Lat::zduNelan thi a&tr @8O, P¥bE Nt BMNEad, s&v/al i el 35 gd

At Looryct nagkRY gl AT KEASHE SR RRRE RS, I AR D & s Sk ey 00
cl oned bl§svﬁvhb§|DSpdthﬁay,esamplas pEBpt cd2i sty dweesdscin - Emuyellln
am nogl ycosgdg; sunpRasein, €3Ned|, S8, PEGY s I PLALESKI P  (the tzxa gene)
expressed as a fusion protein with flagellin (the £1iC gene)
on the surface of E. coli flagellae (Lu et al. 199S,
Bio/Technology 13:366-372).
20 An exemplary chemoresponsive reporter construct provided
herein is pERD-20-GFP which contains the Pm promoter and the
- XylS gene of Pseudomonas (Ramos et al. 1988, FEBS Letter
226:241-2476) that are responsive to certain classes of
benzoates, resulting in transcription and tramslation
25 (expression) of the reporter, GFP (see Figure §).

Different promoter sequences may be generated by PCR and
attached to the coding regions of GFP or flagellin-
thioredoxin reporter. Genomic and plasmid DNA containing the
promoter of interest may be purified from the relevant

30 species using standard DNA purification methods, and
resuspended in TE. Primers‘méy be syrithesized corresponding
to the S and 3’ boundaries of the promoter regions with
additional sequences of restriction sites to facilitate
subcloning. The amplification reactions are carried out in a

35 thermocycler under conditions determined to be acceptable for
the selected template and primers. The reaction products are
separated by agarose gel electrophoresis, and subcloned using

- 66 -



pr @S 2EeMng @i AR REANTE Br £DMOSD Alternati vE9y21 1882238 T62l DN .S@
library may be screened 25 by probes derived from DNA t hat encode proteins

i nvol ved i ndary mnetabolism Such probes nmay be pre s b6003
subtractingw%%ﬂgﬁgging DNA and DNA encodi ng proteins that relate to
primary mnetabol i sm biosynthetic pathways fromtotal DNA. The renai ni ng

DNA is thus biased toward coding regions 30 that encode proteins invol ved
i n secondar b i§m¥ et gl s : tyctdyon B qﬂ%&$ I

provi ded i n)%e%g{i?’o(rgl %%{p P‘iﬁﬁ&fog}é}g,_ ?g)g(%cEEa\)ll NG 6%5/5 &1%
EXPRESS| ON PrBRSRSES s3BIuencesygay ke XRLRRG ;ﬂ-"‘sﬁ%taerﬁ%?e@“?e RS
invention cloitRe v REHTRS SE Sodivatt et sl S Hed IGREC rae i IgyelQrilti -nat or i al

expression |iLhrariges.. Wi standard net hods of screening
PEe! O el

PCT/ US96/ 6003 expression libraries, such as ahtibody bi ndi ng and
l'igand - 'binding, o,can al A ¢ | @Rpd I ipRECORSHRAS
present invention, t%e_l%gz%;2¥¥§xﬂl € adapte 0 a reporter regi men
tailored to ident BANfIRlegifah SRORHAS Hred Rexgiteds fy fveraesentoir
pﬁt hways and:dm:?lg@nife rag&wt»&llich upon I 4 rtﬁs_i%rlfd:?.wgt_dwa@e% enabl es
t he managenent_of, . large sanmpl e nunbers with m.ninal. handli to permt
ef ficient aﬁ&gma&h-%ﬁﬁé?ﬁﬂﬁe ¢ é%hﬁ'b‘??-‘arﬁd‘i sa?ﬁ]t?r?l&aq' arﬁﬂg’d’hct ive
cl ones i 10t metabuldry paitemdtidrsaireea nabireryreelll @ dredmat droced 1br oad
range of activiti h r [ C f ds or for
e&iﬁ%b%}ﬁ%ﬂ’ﬁ@“&ﬁ Eggefﬁﬂ?ﬁé%fﬁ%?ﬂlnﬁéan%ﬁJ%

the presence _of relevan _ sequenc raries may also be used
directly wi fRugrogamdiqagsit votFPy PXARRIen® i uARaIemHss AlkylTgther

i dent ijf ije_d canonbrbs' S.Qicﬁitaﬁtéd)p&ﬂtﬁi ijuma c&fex:eé.l s my;lhgaﬁi]{cly ilbapﬁdrc]itiﬂie@ 15
expanded in_n ers, .and.subj ect to further,analysis for . e
producti on Spﬂm5ﬁﬁm§§ﬁﬁxﬂﬁé%9cﬁé&?iﬁﬂuﬁ?%;hﬁﬂﬁqﬁf%ﬁﬁ?s.Can 1n§hce

15 microsomal dealkylases, which in turn cleave the fluorogenic

alkyl ether, yielding a fluorescent product. _
Fluorescent probes may be selected for detection of
changes in the following physiclogical and metabolic
parameters such as, but not limited to, yhose described in
20 Shechter, et al. (1982, FEBS Letters 139:121-124), and
Bronstein et al. (Anal Biochem 219:169-81).

Cause Stain/ Substrate
Metabolic activity J(specific exauple) (clags of chemical)
Decrease in Stress, injury BacLight stain
25 membrane potential (isopropancl) (Semi-permeant
nucleic acid stain)
Intracellular pH Physiological BCECF-AM
' changes {(lipophilic

acetoxymethyl ester
of phenclic fluor)

Increase in Induction of 7-ethoxy-
30 cytochrome-mediated microsomal heptadecyl -coumarin
oxidation o dealkylases by - (fluorogenic alkyl
' polyaromatic ether)
- hydrocarbons
(naphthalene)
35
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conpound may be delineated by characterizing the genetic material that
was> i ntroduced into the isolated 20 clones. Information on the genes and

t he pat hwaywo samBi1the clones, will greatly facilitate druBCHUSPHIsse} i on
and production. As used herein, the terns "library clones" or
"l'ibrary cells" refer to host cells or organisns in a conbinatorial 25
gene expression |library that cont ain at | east one fragnment of donor DNA
that nay encode asdendr. n@ER NGWAND0 SCREENTING nOR NEH EBRARY. The

term"positive Cl'ﬂ{éescon%ln ' lvegene ‘é@!ﬂr%ssﬁ%@teﬂ.ibkgrﬁbgr 6EYtﬁ50nes or

cells that produce a gna y Vi rtue ' gtrb Ee term
30 "product IR SRt e “Eﬂy l?fr m’ﬁ%ﬂea%&éﬁ' sFéF@P? thV rleEXI P

organi sns | medids brigigluding mmdlmﬂ; drinstiedy ity crlisualcdmppaadmh
interest, gn.distinciion fromdt r p in
the 1ibr al%,.auq:omateé Amage ada seiss,Cr %?.dl %‘E’iont goafng.dn.%ghg gkkén

or 35 bi och@NA girahesny(Tyagh éthdilcatldd & hdFaturecBioterhnnl, 1&C5Wrﬁ_98_)a
conpound Or g &[rnéé‘t Efated' &1 Bort indCN(EARS) " 8har RabRetigPelhi C
t herapy-oriente I 0 oglca or 0 -

WO 96/ 34112 sorting (MACS). Screening wmay be PerfPETFGSQB/ 6'8.6630.1 tures

bi ochemni cal oafsamemymmue@ St ramg ek deml 4 itreniifeisc di sease or  clini cal
oo oo, 00 o YBe AR Wlhoditithd IR ol dBvenciLR C1RagRaANAL! ¥x!©

whol e celd% as
conmpounds umdmrls exfi lkbrasgpoeelkls rﬁre @@aﬂﬁt@@ﬁeﬁhg 88ciBerbot Ftable

pre-screens il SOFSENSsépfescl i maﬁrﬂami:ﬁ%h\s Feam At agbpacer davtiagat ed
i mge analysis of a colorigenic indicatqgr, fl uorga gnce det ection by
f I uor escenc@REISHAWARE | 95 SFHEIHPI FA £ FeMi&odeE BREZIX dfignetic cel |

sorting systpﬁﬁn(é\ﬁ(ﬁ terdas NEXiquid, pepwell as dcrbmbllecalgscekhs in t he

pr es_ence&'(g j&,ge %ﬂﬁ ri%%m and d:LV:LSJB}le c{?te%%gfas%flakga E@ﬁgt ion

provi de
Examples of suitable matrices may include but are not limited

to agarose, alginate, and carrageenan. The encapsulated
library cells may be cultured and tested in the droplets, and
remain viable so that the cells may be recovered from the

20 droplets for further manipulations. The matrix may
optionally be exposed to substances, ‘such as an antibiotic,
which can select for library cells that contain a selectable
marker. The droplets may also be exposed to nutrients to
support the growth of library cells. The following examples

25 are offered by way of illustration and are not intended to
limit the invention in any manner.

Encapsulation may be performed in one of many ways,
producing either macrodroplets (droplets fxom 0.5 to 2.5 mm)
or microdroplets (droplets from 10 to 250 um) depending upon

30 the method of detection employed during subsequent pre-
screening or screening. The size and the composition of the
droplets may be controlled during formation of the droplets.
Preferably, each macrodroplet or microdroplet will contain
one to five library cells.

35 For example, macrodroplets may be prepared using sodium
alginate as follows: sodium alginate is dissolved in 100 mL
of sterile water at a concentration of 1% using an overhead
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associ ated with productive cells for the purpose of detecting and
i solating these cells of interest. A reporter 15 can be a nolecul e that
enabl es di r®x96@84012 i ndirectly the generati on of a detect HITAISICHENGE .

For exanple, a reporter may be a light emtting nolecule, or a cell
surface nol ecul e that may be recogni zed specifically by other conponents
of the reginen. A reporter reginmen.conprises a reporter and 20

conposi t i ons THXEr @tal#0® ampmupporroldimmast ddhxeay eelds fe E. CF@perIEr
The report er yeR@UEBURY dd'Baiieddatridbnffddly pombetldni Y cdHi Adidfde

t her eof . Corrponents of a report regi men be i.ncor |nto the
host or gani s 6t zﬂg'f s For, WW)FQO%S F< é?@ap%ﬂ‘gﬁlgg‘

i ndi vi dual orsqhml]ssof azﬁ fiilanenteeid fungus pucieas dspergsilus] amiall um to

forma | r’]_?t gsgtyat Jp%rc }Csr ee_Lrgb ded e tfh %Jcﬁ%nl Ity l%aq'%_t %cht | ve

conmpounds of escri 5 1°Gw ng
materi al s suS® &hat Ivduaedils @sﬁqqﬁn@l-@ulﬂe&l mmmmmm&na t@méB

Irezl nt 30I rramsb%blqdﬁ@l%t& G4t W3S SaQ:f 1ddyrardo Gr@.'duc'ii:e(é-%@ @egas, lja%t% ig)
ndustria robi o i nce, condar olites are
hydr ophobi c q‘?‘i °é'29§’e §é')ér§§'1 cﬁfys&fcﬁ%‘%et AR Rfy
|l ead to prec@msta:tet(m d::roplettdle cxld sa»dlerdem:.cel e @sisyriviges waltl @sias i n

the cul tung 3o heedl e S ﬁ:‘ 1L 3 OE %e%b@%dﬁ%d‘%%be

renoved from ure for n and screen
PCT/ US96/ 060@d-ginate 501Ut1IQ11 SFORTHES id¥e & Wﬂrn%aecmlx IRt irgging

Organi sns 133 Qe R IRIRUE EHIGHUY %dhétl@hlemﬁﬁ%ﬁlb@%s\/%z@@tlrdﬁd to
W th & chomo RUneiE Fopr omirites. ATehas BT FATRFerad 5P @ ase of
conpounds or stetr@die |ﬁ1£§skt mﬂﬁesu—mmruad.clum Ioh ichd dex mrodssiian liishnsmovedd
the presenge a%fd &anl%%‘{% sv.?icéalbg.et éd:%” Wt R, téa%agmt%%oonS' ve
prondter in i've c brie 3¢ hduc initirate transcription of
t he Operémh;:asr%mlét%m«em tgé:ovgver\@demesvp@ﬁatrﬂv@%mtnosxs .10
identified by detefl3idroHidta) By Ykt dd By sPREHEtHOd or device
that produces small droplets, such as but not limited to,
two-fluid annular atomizer, an electrostatic droplet
20 generator, a vibrating orifice system, and emulsification.
Other methods for preparing semi-solid droplets are well
known in the a\'rt; see for example, Weaver, U.S. patent
4,399,218. -
The following example is a protocol for producing
25 microdroplets using the emulsification technique (Monshipouri
et al. 1995, J. Microencapsulation, 12:255-262). Using an
overhead mixer at 2000 rpm, 0.6g sodium.polyphosphate and 2%
sodium alginate are dissolved in 100 ml sterile water, and
the alginate solution is allowed to degas for 60 minutes. An
30 oil phase is prepared by mixing 300ml cil, such as canola or
olive oil, with 1.0g purified soy bean lecithin for at least
30 minutes. A slurry containing 1.8g calcium sulphate in 10
ml S0% glycerdl is prepared by sonication for at least 15
minutes. This slurry and a volume of library cells which
35 will yield 1-5 cells per droplet are blended into the
alginate solution immediately before introduction to the oil
phase. The emulsification process is initiated by slowly
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physi ol ogi cal probe can be used which generates a signal in response to

a - physiological change in individual cells as a result of the 15
presence ofWQ9@¥di2 abl e activity or conpound. Such a probe PEIUS6/66003

precursor of a reporter nolecule that is converted directly or
indirectly to the reporter nolecule by an activity or conpound in the
bi ochem cal pat hway sought. Upon contact with a productive cell, the

physi ol ogi cdlragnaflrrmwimg 2the glginatemicturs igerethiecoid pbeeet abde si gnal
whi ch enailieny | antid inddts anrd/sHo Ix?ad.a_t 500 ff Lherhnedvwatieteis

cell. Contact nay <§¥§ff%£t%$ %¥ di rect,.addition of the probe or
precursor t s d APt e MIARNG Riqrad) to contdpug £oray Fdmdtesct ed
by encapsul aicxodplétd usrorehadn e redfovedfercar cheecoddsby to the library
cells duri | . er_. i b.men f _the
inventiomé¥€€§€é§%¥§g%l°QﬂﬂI%?%ﬁ@ﬂﬁéﬁﬁggg%%% §F§H§%g?%§ %PngEFPgReBFeS
desirabl e in Ftgujiitaple axawidumedishemeaddyefalyl cnd tugenunfierastendamd/ or

i sol ation ofedHAHirs/ & € Hdduiired.he THD AR Jfhehe Lirkgi18Es 38nf byed
i ndi cator cells,, or,cellylar fr.actions thereof may b m_xed or

y_Dbe .
co- encapsul & &P RS hARASR AL FOIFERYs of OF GRgr PUXPOSRePEsSOFhdrgabyr
cell s are s#aas et MACS ,hdif diieoldhgiplaits arepoopeitieesfWwhhehdesifredpgigeve

to the pr Q%@ of_ 1 ch?” i t dy._I ndipcator cells
may be t#g,s _ Pgtearngee"{é%cﬁaaﬁys of t%%ltglen w&é"&é’%ﬁ%ﬁ%ﬁ%ﬁe% &r ﬁgklgvel Y,
i ndi cat or cd9leqhed MEine® ifilcey mestirameniofh cher spanived: gize limhbrate

a detectable sign@cording to the invention, components 82 the repo¥Cer
96/ 34112 P /USQG/gOOOB

Pre- scr eens "59TER &ndhStargat 9% AFug §SXRE8RY aLFPebPecBRpr ehensi ve
char act er i z@rncapsofl atied Hosta amppiveinh 1ibrdrywkeddVel . poWhobeeindichbor

i squal i Aoy 2 Yanlar, SRl Qe AR e B oBEEaRT S LhE R,
consi der ed & EFRMILEY MRlagulece mag @@nmimedswlgbng.ibrary cells

suspended in the medium prior to formation of macro- or
micro-droplets as previously described. Compounds of

e
e are

interest produced by the library cells may accumulate and
20 diffuse within the droplet to reach the co-encapsulated '
indicator cells or reporter, and generate a signal. The co-
encapsulated indicator cell may be a live target of the
desirable compound, e.g. pathogens for anti-infectives, or
tumor cells for: anticancer agents. Any change in mecabolié
25 status of the indicator cells, such as death, or growth
inhibition, constitutes a signal and may be detected within
the droplet by a variety of methods known in the art. Such
methods may include but are not limited to the use of
physiological probes, such as vital stains, or measurement of
30 optical properties of the drop.

When the droplets are exposed to components of the
reporter regimen, metabolites and compounds produced by the
encapsulated library cells and the reporter components may
diffuse through the semi-solid medium to produce a signal.

35 For example, a physiological probe may be added to a batch of
droplets which are then subjected to the appropriate sorting
formac. If cthe library cell(s) are allowed to divide within
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bi osynthetic capabilities, may be used to al'ternatively irrel evant
targets (e. Iase [err]- 10 gal act osi dase) that indicate_the presence
of transcrlglqg and translational activity for fhe DNA FTTASEFR0F ¢
cl one. In yet anot her enbodi nent of the invention, antibiotic

resi stance may be used as an indicator of production or potenti al
producti on o i nt.eresti secondar abol ites.. 15 Wen |ibr Iones are
xposed Lo acBenBFoR: hAE: BEGSRLY. ot Fhe Sriutial PeRbtane: Srolle

i ndi cate thekppESEngethéraln aehﬁeﬂetemeaynethanebp]genehaasngfélaxrpngﬁ&
whi ch are gagﬁﬁsnt'xtfggngr2959989g EﬂaéeERQd§é¥1”§éf?8'h§§

bi osynt hetic is as tection aut o-t ox cﬁsclones
may not exhi BPFlgeé Mdspypﬁéﬂaﬁel w&éhpraue%%al gea@rﬁﬁedt byethe

det ecti on, shyépbgveri, nérgaseéaaépbﬁbhtlw Pight ﬁ@:@té;l' ﬂaﬁgeaéfacent
blosynthetlc gatg égBthat ned. as

 ERaberbforianal prB PResPERELRRERK:
desi red. Pes8Rt PRV ehPFOR g?@% PRBVPUES ﬁﬁéﬁgﬁ ¥t Pehegtedn 25
ef ficient high- thMeugbﬁubp&etBodaﬁobegsomtag usihg ancelorigenitcnedpspaet,

e ") | G1Eh8EShY BRERARIAL ByOUBlor bPAELERL k) BEYLLe HALE 110w

Gowing cells 1n_a or ma al s enS|ve
whi | e encapsthat éaople5§| Fe pafspEbEPRgA easq:x?emhna PPt d 2ndtwhichi has

the 30 adyenth@echpatigividi sageebaﬁeaﬁssK@WeéOg%héffed?aﬁlébﬁscan be
facilitating deé tion_of éere L g g abolltes Ano

advant age of >8h 3§SHFéPgoﬁlE efhé Q% ?Ft§£$ S%ﬁ%ﬁﬁ%ﬁl%f% B BH@ﬁﬁs
of the reporbgrarggabifiieddbperatberon anydsnatableeméethéh(élbrary cells
so.that pre- ﬁ&&ESH'Bgc?ﬁn35n5§§E§E£ngf@¥)be ﬂE%éP%ﬂ?dsﬁ%%@ngi§ﬁr9te uni t.

Encapsulatlon farned eas ermal or
i oni c densities {cells or droplets)agre adjustedm;ga1gmllg

PCT/ US96/ 260p3rt iclegfhdti OMnUSLDIcABEE] | PbSLiELEds A8aRUSE 086t &4 JaNRL 8L By
into multi-well plates at 1 clone per well. MACS is
performed using an MPC-M magnetic tube rack following the
manufacturer‘s instructions (Dynal, 5 Delaware Drive, Lake
Success, New York 11042). ..

20 Encapsulated cells which are found to be positive in a
pre-screen or screen can be recovered by culturing the
droplet by placing it either on appropriate agar or liquid
growth media or by dissolving the droplet in sodium citrate.
After a period of culturing, the positive cells may grow out

25 of the droplet. For convenience in handling and storage of
droplets, the subsequent culturing may be done in multi-well
plates.

Pre-screened positives which have been reduced to a
smaller population can then either be frozen and stored in

30 the presence of glycerol or grown in multi-well plates.
These can be used to transfer groups of clones using mulci-
pin replicators onto various types of assay plates (e.g.
differential media, selective media, antimicrobial or
engineered assay lawns). Specific assays can also be

35 performed within these microtiter plates and read by a
standard plate reader or any other format used in current
high-throughput screening technologies.
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(1-130[err]min size) based on the fluorescent properties of the 5

particles Qﬁ 5%Q§Q 1987, Methods Enzynol, 151:150-165). PACS works on the
basi s of Ias Ptation of fluorescent rmoieties in the i Meo003
particles. Positive fluorescence results in addition of a small electrical
charge to the particle. The change allows el ectromagnetic separation of 10

ositive and negalive art cle roma mxture. rat ed articles ma
Do v oct |y donacFPEGcRRFbEY BE TiRarSatprs R febGeies pubsidefons ™

pl at es. deschilos is aomelﬁekanhnthet@Dﬂférense@mbedlm@pmaf¢fcths

based on the Y ngggﬁ %ﬁ?? [ ] m
di anet er) (Dgfwﬁﬁt%bﬁ ﬁgogb é*‘—)‘;use ﬁ&h& catloﬁo%gg %ﬁé
per f ormed onPPfE ﬁﬁgﬂ%%ﬁ@sn1c?B%pﬁ%l%%Wlngl¢WPQQHW@P%%V%F%WQXQKEH%waﬁnﬁ
anti body whi ghespeti ihtahd¥d roeBOINidESiRgcel | -surface antigen or hapten.
Al ternatively, for magneti zation of encapsul ated cells, a reporter

regi nen 20 can be incorporated into host cells that generate
magnet ogeni ¢ repobt ¢ proPEOﬂ@COb&CHOESTEErPREPARATIONrms HIGmase

encapsul ated cel |l s that i » B ANESMS | C

m crospheres. Therﬁslsoaﬁﬁamﬂ@pa@rﬁﬁgﬁa(?ué)&% mscsf A/a{@”é@#@i
exposure to a nagneti¢ field exa e sel ected m crosphere

be sequesier®Batpyia éﬁp%?E%FF%ﬂto*naFH%gﬁ%?s?%P?¢&PQnR%|QE3 l@?ﬁ?#%%ctlon
veSSﬁI that are repreSﬁntétﬂvé ofFﬁﬁgfggﬁéﬁlﬁﬁﬂﬁiﬁﬂﬁiﬁibn ofﬁam@rdlng
to the prese t he

t th I
engi neer ed t§°%%%¥§?35§g§ﬂ8nnr@§€%ﬂ§?v€°r e*%ﬁﬁﬁ%ihgtgi anﬁiq%%?|5|ng a
chenor esponspyeppringt bigh quakithl yeeksiciatids vixdm a:uls:pmesaro@edmofr he
host or gani sgygana@fls 05t Bfoﬁogﬁ&w&ﬁmmaf%@iwtm SEREREA Cadl i 35

.accessory protelns that are 1nvolved 1n the requl ati on_ of transcrlptlon

fromthe rbeﬁﬁFEﬁﬁBnS|%emBFBﬂﬁtg?rdPr?PﬁFlngpﬁ SR VA RfRhes to be

- 64 - used in pre-screening DNA libraries for the purpose of
enriching DNA related to secondary metabolism is also
described.

5.3.1. GUANIDINIUM ISOTHIOCYANATE NUCLEIC ACID
JISOLATION

Lyophilized or non-lyophilized material can be disrupted
by passage though a mechanical grinder, or alternatively by

20

hand in a mortar and pestle in the presence of fine ground

glass or pumice. Immediately after grinding, ground
25 lyophilized material may be mixed with 10 ml of lysis buffer
per 1-2g of material. Lysis buffer is 5M guanidine
isothiocyanate, 50 mM Hepes pH 7.6, 10mM EDTA, and 5%
B-mercaptoethanocl (or 250 mM DTT). After mixing and
incubation at 5b°c for 5 minutes, thé'solution is rendered to
30 4% sarcosyl, mixed, and incubated for 5 minutes more at 50°C
prior to centrifugation at 8000 g. If the supermatants are
visibly cloudy a 90-minute centrifugation step at 27,0009 may
be used to sediment unwanted carbohydrates. Alternatively, a
15,000g spin may be used to clear the lysate of unwanted
35 contaminants. Following centrifugation, the supernatant is

made up to 1.42M CsCl (0.15g CsCl/ml) and layered onto a
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A chenor esponsive pronoter is any doubl e-stranded DNA sequence that is
capabl e of blndlngﬁan RNA pol yner ase and initiating or nmodul atin
transcripti 3P oper abl y- associ ated reporter gene onP§TUFY

presence of a certain 5 kind of activity or a certain class of conpounds.
Preferably, the chenoresponsive pronoter has no or only a negligible | evel
of constitutive Qackgroun transcrlgﬁ activit e host _organi sm

th
in the absen®&SIfoBFeY §18rm@oﬁﬁbﬁnéCLA ehBoEELAdNsi ve
pr onot er thascl&tueapdnduﬂagabenmkﬁfhgathenptabeace Ultaa-eaehtyifyugation

compound - baeieeaslydd o cERSENG ch BBBE' B! 90%hoash VbV aRkER DS

used. ot er s use enit i nven
are not |ini Ld§reoceptaiirgasios, ﬁeF&B@chJBélﬁmhySe l§Y§ro€§9ﬁ8§at|ve

pat hways, syhoqbuvgesMa@Qcatﬁ@&%xﬁ@&ﬁoageDNA (Gh&@é ebtal . céﬁﬁﬁlaknnﬁht&%
Toxi col 8:71-85) eat or _ex

pronoter of P ken P§§u30 R ?@&iﬁla?ﬁlERﬁEFQtE?@aQQQEgﬁaFHREy and |ts
posi tive regul at oDNRy £Sopr thel mlwnraeckensrifidgat bbe abep20anvideal dialybgda

range of ben a r o] (of0) b

(Ranos et alé@%&@%t EEB%%%%ngrgéhﬁg%%g %M Q%C1 eS€ £g§5§§¥d §19§933
Gene 130: 41- ¥elupgspsfepthangl, dyded Ppécrﬁﬁiﬁs¢éﬁﬁd5kn 28 appyopriate
Mernmod et 1@l volumt93@ T&. Baifethel DRA714¢ér494) whEk8einned1bi M §kNGan be

exanpl es 25 of che ponsi ve pronot.er.s are pronoters relating to
phosphonat e &€V ?g?ﬁﬂﬁ Eﬁﬁ?@ﬁFﬁf@?eglf°59§3h83r§at?e?|ol

175: 3430- 3442;p1¢basb23zadamndetgwaduentlSQCremoueonamalnanRothnel 1990) ;
pronoters se ti | t 9
Bacteriol, %é&ykégd%%égg %h%%'e?gglbelgé§8¥é& ﬁg ﬁqgh§€3ﬁésabltﬂ 455
175: 1484- 1492F°P§P@ﬁﬁpéhsan henDNAc dind¥Ard and treRteth aperbA¥et rom

St aphyl ocagcus R&mreu& b@p&huib%blebdahn $883sp EE@Ebhemﬁﬁf§r119M231 238) ;

GLCTILE N e NN TR D g 2 ST
nol ecul e whi diluted teoapaBlBiEM guatiiddakl isochiodyanaté ywieheaasobgtion of
?eggcfab'e 505 ¥ Hepe bl 1@, U985 nfPEBTATEEE PLe TRIRRA CPENEEE £RAT L ERS
diluted RNA sample is precipitated by the addition of 2 vol
20 of ethanol or 1 vol of isopropanol. The precipitated RNA is
rinsed with 70% ethanol, dried, and resuspended in water or
formamide, and stored at -70°C until used. '

5.3.2. ISOLATION OF POLY(A)-CONTAINING RNA

25 Since the vast majority of eukaryotic mRNA molecules
contain tracts of poly(adenylic) acid at the 3' end, up to
250 bases in length, it can be purified by affinity
chromatography using oligo-dT cellulose matrix. A wide
variety of commercially available oligo-dT matrices may be

30 used, including but not limited to, simple gravity columns,
para-magnetic particles, spin and push columns. Isolated
mRNA may be stored either dissolved in water, in formamide,
or dried at -70°C. '

5
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wel | as any' light-emtting reporter such as bi ol um nescent,

chem | um n fl uorescent proteins may be used, whicgh_incl but
are not sﬁs&gﬂs‘flé;the green fluorescent protein (G-P) of W%ﬁﬁgﬁg
aequor i a (Chal fie et 5 al. 1994, Science 263:802-805), a nodified G-P

w t h enhanced fl uorescence (Hei m et al. 1995, Nature 373:663-4), the

| uci ferase (I UxAB. gen pr r V. Kayr, 8 ochim
Bi ophys Acta 10075?3:2 gO %gfg T éﬁb ﬁ%g@no?em%%gfq@%g%%go%
138: 1289-1300), .and the | ts ( De
Wet et al. 1987, T <rticlBrent of mmmma&nyse‘qumoqyamw dve an
col ori geni ¢ @éwmamtéﬁ in SSEHNMHS ddiIUGER Hdp Al iM0ls I8 84 ed to

bet a- gal act ggse o‘g LacZ, Nolan et al. 1988, Proc Natl Acad Sci USA
85: 2603- ﬂcuja’h 51 ¥aFHe YARAS 1anRk OTARRiEmS - suBie antigen 15

may be used fiaet omapien &f RNAiod mwMIsudﬁds@elgrlamemfsmm by ot ei n,

S U BB e 8 St PSR ol Sy A
et al. 199Sothep RN etpeciegyy(R3:MEPIAN 1983, In Mﬁtl'@da’rplrar%olecular_
chenor esponsi ¢81 sSPOFS£r £ Mad i zaffafg defhmana $reids | HPERFRGHEHP whi ch

cont ai ns the Pr’sle(%)ronoter and_t he Xyl'S gene of - Pseudofonas (Ranos et al .
1988, FESY LER wlngw%afmonm&h%r%wéﬁﬁo@%w&% Aa0gesdes
of benzoadmsunt €56t t1ilfosdmaY B dat ive GHMEalrGads| alndothed remedrassy on)

of the reporg fi,c%ff]h%ig&r%?&%ec&qltaﬁg fferent pronoter sequences

may be genera e € ‘codi ng regions of GFP or
flagellin- thl%ﬁmil)xmﬂth@qb%rwbwh Geridiize 1aidoira paiicheDidAwidin &mi ng t he

pronot er of wﬁr%@@tré@aoaet&mél&ﬂéaaﬁ yﬁde@se\émt PER RREGCHRS uedld ' ¢o

st andard %r&h[%ébcatlon nmet hods, and esuspended in TE. “Prinmers may be
synt hesi zgsl ORW nmount g ehRNA igh FLRrtiseh Fatesdads t he pr onot er
regions with addi ti onal sequences of restriction sites to facilitate

ooy e e T ¢ g S ERACREQR B 6 ThEl tedil Aralienyy,

t her nocycl er under
sel ected. t enpl at érmm@elqérshemnmcﬁragmqmtomfcﬁs @odi DNA

polymerase, or other DNA polymerase which lacks 3’5’

20 exonuclease acéivity. to add nucleotides to the 5’ cohesive
ends is a standard technique often used to create blunt ended
DNA molecules after digestion. When used without a complete
nucleotide set, such an activity can be exploited in creating
ligation ends that are incompatible with themselves but

25 compatible to each other.

Such a technique has been used to produce high-titer
gene libraries and constructs (Hung et al. 1984, Nuc Acids
Res 12:1B63-1874; Zaborovsky et al. 1986, Gene 42:119;
-Foster, 1991, Ph.D. thesis, University of California, Santa
Barbara; Loftus et al. 1992, Biotechniques 12:172-175.)

The fill-in reaction can be carried out with Klenow
buffer (50 mM Tris-HCl pH 7.5, 10 mM MgCl,, 50 mg/ml BSA, 1 mM
dNTP), enzyme {(10U/50ul reaction), and an incubation of 3-4
hours at 37°C. After the reaction, the DNA may be purified
by a variety of methods, including but not limited to,

affinity chromatography, ethanol precipitation, and spin-

30

35
column centrifugation.
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PCT/ US96/ 06003 the TA doning Kit (lnvitrogen, La Jolla). The
anplified WOMEBAHRZer sequences may be recloned into a gener BFT/HSP50E
cloning vector in a context 5 to the GFP or flagellin- t hi oredoxi n
‘cDNA. 5 5.2.2. PHYSI OLOG CAL PROBES AND REPORTER PRECURSORS
A physi ol ogi cal probe as used herein is a fluorescent or col ori geni c

agent whi ch upon Eedt&ct @RQEQQQ%S QQRePEEBéRéTIONs¢§n%VBT%A€€§BoH B to
changes in physiol ogi cal ZBOBES FER BRESSCREENING oiors of o tibrary cel |

or indicator cell RNA may belheocpatkd €zombgoafigenmydelsgbshieseculoedsto a
fl uorogeni c agent

| noubatcd vi o PRIBSPRE WEn fepdeli’ 1898 EheTkaltnil Mive nffflifercone
hydr ocar bogsdi€ferkptiietdcbons Toas Rnaupeol51ﬁ1e¢m9bﬁ@9nae§Yk9¢asegesmh.Ch

in turn cl eaygybhgek! 4ar %ﬁ&lﬁexen%h&zledegbswthyaﬁa 99m§r£|#l@£§§6§ﬂ§m

product . Fl uorescent. probes ma ection of
changes in tﬁbefBNPo%ﬁn&lﬁﬁ9§W8FG§ﬁc&P Xﬁ&rﬁeﬁﬁgthPrldlﬁﬁ alBt 8¥Seg€fchCas,
but not ||”1&&ﬂdbﬁi{tEQ%&:@QSC@bhedshﬁeaofﬁhgﬁéhEE oftgéhom{d 90RA FLB%

Cause . Ehs” BomoaplMis aneibresY TorebaBohPEexerpeHs EreheRr i c

Cause
exanpl e) 1§cPhesodfexheaw¢mqp of Dbiseadytime results Hnrebe, réempuay of

BacLi ght S agEnBR%QEEQH%@%dgg Emeﬁﬁh%?pﬁepﬁQthry Tetab&f@ﬁ%é%ﬁﬁ”ﬁ@nt

nucl eic acid ) I'ntracel | ular %SIO oglca CF- AM
changes the 1nte@ pg@ph,p his process may be repeated once. The

acet oxynet hykeg@lieing single stranded DNA fragments are composed of the
phenolic fluq+3 strand of primary metabolism genes and the (+) and (-)
15 strands of other genes, including secondary metabolism-
related genes. This mixture of DNA is denatured, and
rehybridized for 5-10 half c;ts under highly stringent
conditions such that only related sequences can rehybridize
to form double-stranded DNA. The remaining single-stranded
DNA can be removed by binding to hydroxyapatite or by
digestion with mung bean nuclease. The isolated double-

stranded DNA representing non-primary metabolism related

20

genes may then be labeled using random priming, and used as
probe to pre-screen a library. '
25

5.3.6. PURIFICATION OF NUCLEIC ACIDS FROM SOIL OR
OTHER MIXED ENVIRONMENTAL SAMPLES

Soil samples are flash frozen in liquid nitrogen and
stored at -70°C until processed. Alternatively, solil samples

are stored frozen at -20°C. Samples are either thawed on ice
30 immediately prior to use, or freeze-dried prior to

processing.

Total nucleic ac1ds are extracted by a number of
protocols with minor modifications depending on the physical
state and source of the material. Dry to semi-dry samples

35 are frozen.and processed directly; very wet samples are flash

frozen and freeze-dried; oily samples are diluted with

- 75 -



30clnerease tign 52 FR PENNIfd&C EDYANST 7- et hoxy-TO 811852238762 P
cyt ochrone-nedi ated m crosonal ' hept adecyl - coumarin oxi dati on
deat kyl ases by (fluorogenic al kyl

pol yar onat WO 96134112 et her) hydr ocar B&REIS6/06003
(napht hal ene) 35 - 67 - WO
96/ 34112 PCT/US96/06003

5.2. 3. PRE- SCREENI NG AND SCREENI NG OF THE LI BRARY th
conbi nat or i BiogRhRt @ XBRESSFER FRHIAP| BEIQF ?%épr°??ﬁﬁ%ﬂ9tn1ﬁﬁxr?ﬁa e
pre- screeneﬂoploﬁgﬁgeﬁﬁdcbauﬁeyamagtbeoédaptmd#mxngramuéuuhlm]Iﬂﬁ7n01

l[imted to,, VisS nspecii oy, au eg§é Si i on
to nol ecul abld %’éé%bﬂi %ﬁiﬁ rgbgs Eq' aéegg%&gl 856 ét/ur B| %’E%l(l:‘ﬂiﬁ?&
14: 303- 308)M1ct¢hwbggnncé4aé37vé\ 2d Werresoptial: (F99) dnPhdpRiic cel |

cnarmpl 111800 A7l {1123 L(bLalt Bgg 10 - 1n Speci ¢, empod ments of the
i nventi on, Mhﬁ??ggﬂ b B (2 paaﬁsgg? library cells are encapsulated in an

i nert, stabl e Bﬂdepmyous gegnmpmésdauatlysednditacﬁlyrbxﬁdxbmmﬁ$gs during
Pr e oGy een D8Rt 88" EMhAY. ghlRs ACTh ggégﬂl £hded SlysDETURARLE Lo,

l'iquid, macr ono ts the growh and division
of encapsulaeedchIESS 1), Eﬂ&#pﬁéb]gptgélF9b¢e0%%}ﬁmc%% ?ﬁ@d?nclude but are

not Iim isd?unkﬁzcge%ﬁse A2t arRdteveldd ERLTIARETEH. addonDREANSLLR! E3. 5
i brary cel

e cultured ste the _dro in
viabl e so tﬁ&t°fh€NﬁeFF§rﬁE§18€ g@é%?ﬁriﬁ°?r%ﬂ1?ﬁb B ?Hag 0, 186
EDTA, 100 mM sodium phosphate, 1.5 mM NaCl, 1% CTAB

(hexadecylmethylammonium bromide) and 100 ul of 20 mg/ml
proteinase K in 50 ml centrifuge tubes and shaken by
15 horizontal shaking at 225 rpm for 30 minutes at 37°C. After
shaking, 1.5 ml of 20% SDS is added, and the samples
incubated at 65°C for 2 hours, with end-over-end shaking
every 15-20 minutes. The supernatants are collected by
. centrifugation at 6000 x g for 10 minutes at 20°C. The
20 pellets are re-extracted 3X by adding-4.5 ml of extraction
buffer and 0.5 ml of 20% SDS, vortexing for 1 minute,
followed by a 10 minute incubation at 65°C and re-
centrifugation. Pooled supernatants from 3 extractions are
extracted twice with chloroform-iscamyl alcohol (48:1). The
25 nucleic acids are precipitated by the addition of 0.6 volumes
of isopropancl followed by a one hour incubation anad
centrifugation at 16,000 x g for 20 minutes at room
temperature. The crude nucleic acid pellets are then
resuspended in 10 mM Tris-HCl1 pH 8.0, 2 mM EDTA. Further
30 purification of: the DNA is by DEAE chromatography if needed.
Total RNA is obtained from the crude pellet by selective
precipitation of RNA by 4M lithium acetate or acid phenocl
extraction (Ausubel et al. 1990, Greene Publishing Associates
and Wiley Interscience, New York; Hoben et al. 1988, Appl.,
35 Environ, Microbiology, 54:703-71).

- 76 -

.59



20cdr 8pl' 8ffs 1Pok2f ARt .ﬁéﬂNﬁﬁanﬁpﬂpi"an. The matrix may '° ao‘plﬁs(?r‘izfiei?faoe P.6@
exposed to substances, such as an antibiotic, whi ch can sel ect for

| i brary ce é%sgﬂght contain a selectable” mar ker. The droplpﬁ,ﬁjsﬁésoa so be

exposed to s to support the growth of . library cel

fol l ow ng exanples 25 are offered by way of illustration and are not
I ntended to limt the invention in any manner. Encapsul ati on may
be perforned in one of many vvayg 7 pr% l.[ﬂgo |B macr odr opl et's
(droplets from0.5 to 2.5 nm ropletsfromlOto 250

[err]m depending upon 3@1€h§dne¥héﬂg5$d§@twiml&ﬁﬁm ZRR3¥xpd by
tsEbsequgnt Pifse b1SAEeRs '?ﬁyofrgggeﬁﬂéagenagagﬂﬂer@rﬁhﬁ mjf@fassél on of
e rop e.contro ormation o e
Preferably, "z ’héjc?%‘éir%b?i?kﬁf 'ﬁ‘ | tF TFRC ei?11 tp’d'i%%?‘bf‘??ﬁe
library c®l (50 m6 Tr;i.s-HOI pHaVrpte 1 0B Oy OPp2 £t 460 nEdy MRBJEFEHMNS;&Q\Q
sodi um af«ﬂ'ﬁi\?ﬁ !ﬁ%en%ggf féPd ”g‘/ﬁ&%ga&? 3P0l Ssﬂidé’eﬁki & dnoy Of

sterile water usi ng an ove

- 68 - prem:g!gagqqllzy the addit::.on of 1/10 volume of 3M sodium

PCT/ US96/ 0608k at e aﬁaxgrsaooﬁgﬂgsr@fi 10o¥0btiEn®L. | ibrary cells of E. coli
or yeast, such s Schi zosagchay pnyces _ponbe and sacchar onyces Speci es
or spores for St# ‘b?Bn’fr%%Er%g ?E%° B%E@I?%%“Sp"sr&i%’f‘?rh’sn %4 | iR

fungus s1Ehsampis pis gtteéasedndithSENeaods poDNA shisgasss ;in SE adebeli t]mgatma

sodi um al gi o] el p r et
The mixtur dUtEef o0 8 T2 ROR p 7 F7 L0 B UGEEAPSY MEDPE! € Qi

t hen ext r ud®P+hrang2BnyMdBFheel PHapt cBusesl hkox ckrathairpfat iGrete
droplets. Quer&tChrésvmest ! éhé QNA' BafpYe! {is aax?ﬁuléh @mmﬁeﬂw a The

2 boaker of SIS sPEreP M TSS- PRk CBICP it bt B | SRELH DU ot s

are all o:iz\s:de:mracisedii&ég &bthlﬁhenehtand ance arech iuititdrofm‘nerr‘ﬂtbto a

sterile TlagkaWrers LBe2C8! GLYIMED' 8F' SEns0bH L8 AE dAIENES phase

precipitates the DNA. The samples are rinsed two times with

70% ethanol and resuspended in sterile water or 10 mM Tris-~

HCl1, pH 8.0, 1 mM EDTA and frozen at ~-70°C until used.

20 : _
5.4. PROTOCOLS FOR PROKARYOTIC EXPRESSION LIBRARIES
The procedures for preparing natural pathway expression

libraries and chimeric pathway expression libraries using
prokaryotic host and donor organisms are provided in this

25 section. Purified high quality DNA obtained by the
techniques described in Sections 5.3.1 - 5.3.4 may be used in
the following procedures.

5.4.1. BACTERIAL SPECIES, STRAINS, AND CULTURE
CONDITIONS

Particularly good expression host organisms are
restriction-minus, endonuclease deficient, and recombination
deficient. For E. coli, a preferred strain is XL1-MR
(genotype: McrA-, McxCB-, McxF-, Mrr-, hsdr-, endal-, recA-).
For Streptomyces, a preferred strain is S. lividans TKé4.
For Bacillus subtilis, preferred strains are B. subtilis
PB168 trpC2; B. subtilis PBS002 sacAh, degUhy; B. subtilis

30

35
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19ENEA SN d@e@-w':ﬁw PENNJE a&bIE«?”&Nc?vw h nedi a. Encapsul TR 18° 7% ‘brary cell s
can be grown under standard conditions. M crodroplets nay be
generat ed Ryodk¥4i®t hod or device that produces snal | qg&@ﬁ h as
but not limted to, two-fluid annul ar atom zer, an el ectros a?g ﬁﬁoplet
20 generator, a vibrating orifice system and enuIS|f|cat|on. O her
nmet hods for preparing sem-solid droplets are well known in the art; see

for exawplepsweﬁwﬁﬁtaUc§ cﬁatgm%delté 3896219, subczllsTH?cEOEbﬁﬂbngnd
exanple is SB rotocol for producing 25 m crodroplets using t

enul si fi cat ﬁechnlque (Monshi pouri et al. 1995, J.
M croencapsul ati Bhe #2n2x502ganistsi ageabactewialhepdciieser 8bme08@er pm

0.6 d d | d 100 m
Stori e vt SoTesEREcRBY Erlardtyey SRIbHEHRCE B31E:B08 SoRRRLNE chisyls
m nutes. BAndsbestRbARabY F@rﬁﬁﬁﬁaﬁééaw§ m Rthgrsoene selecsgdhdas tanol a or

olive oil, ﬂhbmrlpggsaaebfuada§0énbs%6nh§ﬁthm'Qa&ﬁieaaflgaé%ntlaﬁo m nut es.
A slurry conéglnlng 1 %g cal C|un1suaphate i n cerol is
iron—T'0

prepared by*BoRfES FOUE FXaTpLes. maﬁFHBtE§Ct?ﬁF§ gPEPr? bgaingdyol ume
of library €ebhsHekbolr B&awch10¢eahdgia§h¢eltasﬂetudéoﬁh&tSéf@pbhendEd into

th | t b d to t
bhase. Tho SARFiEREY, b20dcTHRRLARERY. Prel LRkE SURGERTIY eblfelteac) 511
PCT/ US96+086b08m interppiisnadr Wagerisemargi thas aﬂﬁtmlbesnoﬁfshereLl phase

and m Xi RgthBb11e &baubeasabeiﬁoagpgkaéogegt1ﬁ§e£hhec&@$ﬁ* g }hfn
crodroplets

added and theﬁﬁh g 8 al |l oned to cont au L
can then be™PERBYLASEFSNERE BEFIRyMes EentRPf h§Yel oReCERERRY cFBJPBEREE S
are washed thdtrthaspangdds arentaxsnomabhidlgr divrérsedi a, ready for Culture

under standard cggglthggsg&éwaeggesgdc &ﬂgn #gggg%fthe%ggo Lﬁ;%ﬁﬁ% s'

exam ned by phase m Cr 0scopy purpose o
MACS, |f1§hénéréﬁlé@gcaﬁ@rosﬁpréésépntheMaﬁsnpedAstzeOmﬁCﬁangednecessary

for sortinggekBgrdmgplst eeaeaeasbzgrownssh§9t§d ygbgg a filter menbrane
of the required size |n1?

5.4.2. DPREPARATION OF DONOR GENOMIC DNA

From each species of bacteria, a 10mL culture is grown.
20 The bacteria are pelleted by centrifugation and resuspended
in 10mM Tris, 5mm EDTA (TE). The DNA may be purified by the
procedures described in Section 5.1.2., or the bacterial
‘pellet may be solubilized in SDS/proteinase K, extracted by
phenol:chloroform, and precipitated with isopropanol. The
25 resulting purified DNA is resuspended overnight in TE.
Aliquots of each purified DNA are subjected to agarose
gel electrophoresis to confirm integrity and to determine the
DNA concentration. :
To prepare :random large DNA fragments for the natural
30 pathway expression library, 20pg of DNA for each species is
partially digested with a frequent-cutting enzyme, such as
Sau3A, by incubating in 1X enzyme buffer and 0.01-0.5 unit
enzyme per pg DNA for 1 hour at 37°C. The amount of enzyme
used may be determined empirically to generate the desired
35 size range. The digested DNAs are pooled, phenol:chloroform
extracted, and ethanol-precipitated. 100ug of this mixture is
used for each library that requires large.native fragments of
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target of a drug screen may al so be co- encapsul ated in a drop with

i brary cel Wosessjdhol e i ndicator 15 cells or cellular fracti pegasegbiavn ng
a bi oassay, enzynes, or reporter nolecules may be mxed with library
cells suspended in the nmediumprior to formati on of macro- or

m cro-droplets as previously described. Conpounds of I nt erest produced

by the |ibragenseld DNy mcwuﬁﬁt@ﬁld:éw dﬁﬁzfdmww& sife. droplet to

reach the c sul.at epor enerat e

si gnal . The%c:%p:Ctai eantce‘%%tﬂ ué‘g sﬁ%'f ca% or em:s “};?Pievre% ar%"é natﬁ ?a%e
desirabl e cdipouing the. cmewgermaﬁmammxpmﬁmn vle@ramy cart unor cells
for anti CancgimAAHeoud VY 1&41 CeddbdBhAhal e ﬁ%éé;%ﬁ&ﬁnthe | ndi cat or

cells, such as death, r owt I nhi b |t|on constitutes signal and may
be detecte&t withithe thrﬁas 1and 3ize \ERaGRAPNAC IAR AR qameni tR¥e art.

Such met hndsj edind dlidfudis of alwisdniplidetd addiss qalf

physi ol ogi Caelrletoc{]tg:pgfhorseusc:.hs as vital stains, or measurenent of 30 optical
properties o When the droplets are exposed to conponents
of the reporter reginen, netabolites and conmpounds produced by the

encapsul at ed 'l i breangy scel e TR 0EP PRORARYD @qﬂw_ﬂ%%w

t hrough thhe sem -solid nédiu 0 proqguce, a signal exa

physi ol odital pr ddk RE L& d ek pidmonugiegiides wrs pead Shen

subj ect ed t adrstapy epritignan tdorgainimy ralo ddpiidie df it betrld (s) are
Sg}gﬁﬁgztO(Héﬂégiégfégéé promoter (lac), one ?ﬂjﬁ%i&%ﬁéﬁﬁﬁ%%f-a uqﬁﬂgém)
drop, the prEgg@ily sifteheviohi glartt queyt 1ok dseldqssit ioned tokdireasget her in

a m crocol 0%&1&5@1&%&’?%@1‘&1&& e d Banmglr%'ta | (i [gﬁ.rw %ﬁ;rab' e

that the sem -solid nediumlis op i cally conpati e Si

gener at edhyFRehSYTEhasdst tQ@iiganygl %‘?’:&ﬁ%@gﬁarﬁe‘-’rﬂ akwqpkgqﬁylﬁ@,e of
wavel engt hs,syaf: Hdiilzde 40 @tRlof aadte Afiigatirilidot idrt a¢ %Qmealed by

boiling five minutes and slow cooling ovér 30 minutes to 25°C
before ligating 30 minutes at room temperature with T4 DNA

ligase. The ligation mix is subjected to agarose gel
20 electrophoresis and 2-7 kbp fragments are excised and
purified by Gene Clean. The joined, éaired, and properly-
oriented cassettes are inserted into the Smal site of the
PBSK plasmid vector by incubation for 16 hours at 15°C with
T4 DNA ligase in 1X ligase/PEG buffer. The ligation mix is
25 introduced into XL1-MR cells. 1Individual clones are analyzed
by restriction enzyme analysis and may optionally be
sequenced to confirm orientation and accuracy.
The pBSK-(lac/lac), clones (where n is an integer from 2
to 10} are cultured in 0.3 liter quantities and the plasmids
30 purified using a plasmid preparation kit (Qiagen). 40ug of
the selected and purified pBSK-(lac-lac), is digested to
completion with Smal in 1X buffer. The digested DNA is
subjected to agarose gel electrophoresis and the lac/lac
promoter dimers are excised and purified with Gene Clean, and
35 digested to completion with BamHl in 1X buffer. See Figure
4B and 4C. The digested promoter monomers are
phenol :chloroform extracted, ethanol precipitated, and
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success, Negod8Elier41948) or28ong/u1 FBERBRY! BLEFILEI 48 VBOSE BECruoUAdylo be
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or by dissol vi ngrhhgndtaatebxhiiptedi prepatéat ﬁromoé‘éi‘efré?ﬂéﬁtﬁdaﬁé
culturing, the osLthve,ce-Is naé géOM/gu%. of %Qe d&op e%. Fog .

conveni ence®tXeHaNdFPn§iBAy2EL¥r RGEPRTFE +%€?5§s, he"QuBReqBRAY2 2T t uri ng
may be donepromotkti seglibncepl abré. then usedPie- bigatibeuspesthi the dbnoh
have been r t | ] p ti st henee) f n and
Stored in S9SRBes, BN scoTHTE PILaMar the' SOReERRLLRTRE FERTPpe s, LRERT
These cadObenl¥edneoPrrEases; §Rodpsesf WREBHReINLET FENAG| FYansCpiption 1is
replicatorszopbgasyaekadschypes of assay plates (e.g. differential nedia,
sel ective nedia, antimcrobial or engi neered assay | awns). Specific
assays can al so be 35 performed within these mcrotiter plates and read by
a standard pl st ¢.readPREPARATYIONt OBr GENENEGASSETTES nFORI r ent

hi gh-t hr oughput scr eeni nGOMBENATOBRJABSCHIMERIC PATHWAY EXPRESSION -
71 - WO 96/ 34112 LIBRARIES

PCT/ US96R86003 1 one exalpheS! BahiY-BhmiSeraghenrst 88 §hbR1ENSNA
SubseCtlonS(méan size 3.5 kbp) are mixed with an excess of
dephOSphorylate& promoter fragments, and phen ligated. The
molar ratio of promoters to genomic DNA fragments is 20:1.
The resulting units (lac / genomic DNA fragment/ lac) will
have a mean size of approximately 4 kbp. Other prokaryotic
promoters that may be used include other E. coli promoters
(Harley et al., 1987, Nuc Acid Res 15:2343-2361), and
Streptomyces promoters (Strohl 1952, Nuc Acid Res V20:961-
974) for use in Streptomyces species expression hosts. 1In
hosts with undetermined or significant recombination ability,
it is desirable.to use a series of different promoters such

20

25

that any clone -containing several cassettes will contain
several different promoters.

30 5.4.5. PREPARATION OF SOLID SUPPORT
Ultralink Immobilized Streptavidin beads were purchased
from Pierce (Cat. No. 53113). 3M Emphaze Biosupport Medium
AB1 "blank beads" was purchased from Pierce (Cat. No. 53112).
gimilar solid supports from other vendors may be substituted

35 for this procedure.
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i nvol ving prokaryotic and eukaryotic, donor and host organi sns. The
fol towi ng enbodi nents are exenplary and 5 are not intended to be Jimiting.
5. 3. PROYOSEBYIEOR THE PREPARATI ON OF HI GH . ”‘—'&ﬁi’t 3
NUCLEI C ACI DS FROM DONOR ORGANI SMS The availability of high quality
DNA or RNA as starting 10 material is inportant in the construction of DNA
l'ibraries that are representative of the genetic information of the

donor or gani sns. Oldorausleet ides, yerenpursbpacd; fgornkife Ieg REHFSgh
qual i ty nucligiecacie®s.)f.r omiGydnucdeoctiddonBead-10ngasirsis 6r biemin-GCC

envi r onment S ar o\Va i his 3 ction. A nethod for
prepari ng s%bFrg@ﬁgg%BN&§BE5g%%qﬁ§'9@ e Gsedgfﬁgp?éggc?eegﬁng DNA |ibraries
for the pur phosphhite-TN GO RATINTAR RIG@TCoGSECc3Ndar Whest abpleaded.s al so

descri beds ele oxscimbicheor il Dbl SOEGRECHAMATE MUGHEI C ACI D

I.zed or non-|yophilized gaterlal can _be g%fQﬁpted
by passage enéogmcdensehaiiteal (shovRjundeglinedoPRiCW el yRFRealehhgads o
m)rtgr anld Rti?ﬁd %1&@6&3&:11@&&@&6 ngSOf F.eavﬁr lannﬂ'r ovgk'haﬂlgoatpltmiece.' ;
| medi ately after grindin roun 5 1y Ll mat er i I xe
with 10 n &Pdi-ysi’fgl%ﬁ"é*&h"q‘&eﬁslé‘é’w& %[P)Fak"é’#ggg E%/lsf)g& S@é}%?’s'f
guani di ne blead-liinkydnate, 50 mM Hepes pH 7.6, 10nM EDTA, and 5%

[ err] - mecqapt:oet:hal O WNDERr ot @rampe ng and i ncubation at
50[err]C&?ogag&ﬁghgﬁgé?ﬁ¥%§§%ﬁTTﬁTTﬂT1 s. rendered to 30 4% sarcosyl, m xed,
and incubat ed f€PS 5CHF BIRsANE TIA(SCHMT | C prior to centrifugation at

8000 g. If the syRg/iNY¥IHNY artithts of wadhy bekdudink SQigomucdeotide are
O bohyoda Bk Eanter oy S Sbesdbs, e, S BIRTL A MR o e
| ysate of umwie e 35 fontlaorsrenk ratdidnowitn g odawt.r i Thgatriesstione 1s
_suggrflat 0 srubad B Gl Bdt d@M S Hr (0ah?@atHy Wak 20t eidmRIEHPNI0 a
agarose gel electrophoresis using non-annealed
oligonucleotides as a control.
To prepare blank beads, 100mg dry beads was resuspended
in i1ml phosphate buffered saline (PBS). Bovine Serum Albumin
20 (BSA) was added to final concentration of lmg/ml. Beads were
rotated for 4 hrs at room temperature. Beads were pelleted
by centrifugation and washed 3x with 1M Tris-HCl pH8.0 for 2
hours at room temperature to block unreacted azalactomne
sites. Beads were pelleted by brief centrifugation and were
25 washed ektensively with PBS. Blank beads were stored in PBS
at 4°C until used.

. To bind bead-link oligonucleotide to streptavidin beads
10ug previously-annealed oligonucleotides were mixed with
20pl Ultralink Immobilized Streptavidin beads in 1x binding

30 buffer (PBS, 500mM NaCl). Beads were incubated for three
hours at room temperature with inversion to keep the beads
suspended. Beads are pelleted and washed 3x with 1ml binding
buffer. Beads are then washed and equilibrated with 1x
ligation buffer (50mM Tris-HCl pH7.8, 1O0mM MgCl2, 10mM

35 dithiothreitol, 1mM ATP, 25ug/ml BSA). Beads are stored a:t
4°C until used.

- 81 -



WD ©O6/224 B2 18:55 FR PENNIE & EDMOND . PCT/ B9 &% bR ae7E2 P.65
previously-made 5. 7M CsC /TE (10 nM Tris-HCL/ 1 niM EDTA) solution in
ultracentrifugation tubes. Utra-centrifugation can be carried out at

160, 000g fO¥OEBHIUrs, 20[err]C. After ultra-centrifugati GETEE0eM
jelly-like layer at the 51.42M5.7M CsC interface is DNA, while total
cellular RNA is present as a clear pellet at the bottom of the tube.

DNA fromthe ultra- centrlfu atlon st ep zed i nst TE buffer,
rendered 0.1M Na&l-4- ﬁrect- i %@ﬁg dried and
redi ssol ved in an appr opf 3 : v .yer IS white in
color, it can beattaehmend aﬁdgeaeenasséuged t@rmégmmmus beags: The gene
Csd / bi sben g [ r [ S dye
can be rennéégggkqgs QQQ ﬁﬂ%s&ﬁo%?%@ﬁgd ?gg% fgno fﬁﬁ@@f¥é€§&8 kéggggzed
and treatgdlasléva@aSSSbUfferRNATbanPbﬁsPEGFX ¥ SR ETAoPEREE PRSI on buffer
(5M guaneéhaaousg&abegxeaeha ahd pdbhependedHin. TE. 1ﬂ/ntﬂﬁfﬂéhzs is

diluted to 1.33 uani di ne i sot cyanat th a sol ut 50 nmM Hepes
pH 7.6, 10 EB? ‘Pfat89§F“ﬁﬁA°2 gﬁgs?ﬁggé ?ﬂ%’ph°ﬁ?$ gaﬁﬁi sample is
pr eci pi t at egyhyheltd caddinkieans .ofthe veima20ing 2fhanbs @$eé for aflater

| 5opr opanol . TG LeC! Pisahed sBer 9111 Fh08Cenal o zagffaegneattgﬁged and

resuspended”i stored err unt 1| Tused.
5.3.2. |§gLAnz®me@F p@ﬁh@ﬁ)A@manrNﬁmélRNAIQ5addltl€Pnc ehlobdst majority

of eukaryot kentBNA iR qqak@& is agatahplaeaatatoﬁheotﬂﬁadeﬂyéyﬁthaend of

the 3' d t I fied b t
chr omat ogr a5HF e@eaanaq Stifeeel | Ghgsora: prd Srff, Bthkerglart, iupd Y
cpnner0|alIw;&%amh&bb@aﬁphyryiﬁteﬂtnraascnﬁytbenBﬂnusad;nlthUUanQObut not
jimted 10 AR YAy bl %g‘émi%o 1; RARC1TBADES 41 PA'E4 DA, 138000204

push col umg di sso ter, in
fornan1dqs 1X diggsied®PER buﬂgpgrﬁpg 16 qurs at 15°C. This mlxture is

allowed to bind to avidin-conjugated MPG magnetic beads, and
the manufacturer’s protocols are used to remove the bead -
bound transcription units from the liéation mixture.

In the mixture of ligated DNA, approximately 1/2 will
have a biotinylated Notl linker placed at one end and a Srfl
linker at the other end. The Notl ends will be bound to the
beads by avidin-biotin linkages. The fragments with Notl
linkers at both ends are not involved in further addition
steps. The fragments with Srfl linkers at both ends are not
retained in the. magnetic separation step.

Preparatioh of pool of DNA for addition to beadbound
DNA: The remaining 9/10 of the phosphorylated transcription
units are ligated as above, but to the Srfl linkers only,
followed by digestion to completion with Srfl,
dephosphorylation, purification and ethanol precipitation.

De-protection of bead-bound DNA: Transcription units
bound to the beads are digested to completion with the Srfl
enzyme in 1X Srfl buffer. The reaction is heat-inactivated
and the beads are removed by magnetic separation.
ag Concatenation: The beads are then added to a ligation

' mix containing the dephosphorylated Srfl1-Srfl digested
transcription units in 1X ligation buffer. Ligations are

20

25

30
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PCT/ US96/ 06003 5. 3. 3. ENRI CHVENT OF NON- Rl BOSOVAL SEQUENCES FROM
TOTAL RNA The enrichnent of non-ribosonmal sequences may be an
essential sPE§3418pt ai ni ng useful RNA popul ations from diPCH{USA6/p6083
uncul tivabl e donor organisns. The fractionation of RNA on neutral
sucrose gradients can be usef ul in purifying t he predom nant ri bosonal
RNAs away from ot her RNA species (R MGookin 1984, In Methods in

Mol ecul ar  CEFBERESAVBY. 2ddiEiPR; efAE#deNA%%%e Rd Progeed otRY 169 .

Fol | ow ng ceninuiégpt 29nC, t Bafspepheat cdnsot ivagidheot afige511gasarmuat S of

ri bosomal RNA can, be discar ed. apd e, I eQui ni fracti di al d and
preC|p|ta.tecf"agnetlc s?fﬁﬁ? Ph8gst&gie%a ?iliggg? ?ﬁﬁﬁn El%f¥hf

wi t hout randm#maibedwgtngphdipborﬁﬁsednhemmU@N&Smﬁtnp115 anpl i fy

| ow anountg %i Ndéjg;\i%f%vg;éat ’cPQnQBi:E{:rt%n units. The %éaﬁscfi;s&l&i\l Bﬁf&i I ON

USI NG THE KL he use | enow fragpent  of
coli DNA  9RIyRerBead are PhRerPRRAYD BF?ﬁeﬂés’E‘*vﬂ’ﬁ irrni%?&&trﬁe Jsmase'
exonucl ease heat vihyctivaddd, nuagnetﬁ.desly%éjsae:&e&.oimm Vifet urmpgdist ¢ Stike

standard techin gueoQ HEBUSEyE OnCLES Sall ULy o0Blre PGP £hglse after

di gesti on. use a conplete S activity
can be exploited Thisreyciagis rﬁpgateéntend51m¢ﬁubeﬁqr¢raiﬂﬁknmﬁnﬁhQAth

t hemsel vegg Iy efOEP&E' Qh@ BQa&éCB Ohfﬁéﬁtion with ?Uégﬁ a t'ﬁ?@”&fé’&v@é‘s

been used tﬁag uce high-tit raries_an onstructs Hun

al. 1984, NURNAcigset ap@% EQeEBBB‘JEB?Qv yaseeReadsd ot

42:119; F&st@garaselgei?hta ghtigei sheuauamisyta{n@fsi:-aé I:f'aﬁiéé ébeﬁﬁ“léa 30
Bar bar a; LOftHéeg on 1n€82th§'8u889809“fsor ot7g%14§2 or, according to

the expression host. The concatemers. are used to generate a
15 prokaryotic library in the relevant expression host as
described in Section 5.4.S.

5.4.7. ASSEMBLY OF A COMBINATORIAL NATURAL PATHWAY
EXPRESSION LIERARY

The expression vector for an E. c011 library is

20
'~ desirably the cosmid SuperCos 1, capable of maintaining

inserts of 30-42kbp in size. 1Insertion of the DNA fragments
into SuperCos 1 and packaging with Gigapack extracts are
performed according to the manufacturer’s directions

25 (Stratagene) .

Briefly, XL1-MR host cells are infected with SupercCos 1
phage containing the DNA library. This is performed as
follows: XL1-MR cells are grown overnight in SmlL LB medium
with 1% maltosg, 1l0mm MgSQO, at 300 rpm, 37°C. The overnight
culture is diluted 1:10 and cultured 3 hours in"LB/10mM MgsoO,
at 300 rpm, 37°C. The culture is pelleted by centrifugation
at 800xg and resuspended in SmL LB. 600x1 of this suspension
is incubated with 500cfu of library packaged in phage
particles for 30 minutes at ambient temperature, followed by
a 60 minute incubation with 8 vol LB at 300 rpm, 37°C.

In order to amplify the expression libraries, the
infected host cells are spread on 150mm Petri dishes w1th

30

35
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Tris-HA pH 7 5 10 MM Md [err], 50 ng/mM BSA 1 mM dNTP), enzyne

(10U 50[ err reaction), and an incubation of 34 hours at 37 Ierrgg.

After the mw the DNA may be purified 35 by a vari et yPEF

I ncluding but not limted'to, affinity chromatography, ethanol

preci pitation, and spin- columm centrifugation.

74 - WD 96/ 34112 . . )

PCT/ US96/ 068@BL LB, 50xg/mb ampiciRbimooo Bre aR airesp Arer R Growsus riciied

DNA for 48 hoURSBES HBi&hE- &t dNGze. AfteRNpr@ndiieg shat ed

from young, o] ha cul.tures of or anls mnth L exy,ldf cles

t hat have nB?gﬁﬁﬁegﬁgnaff°geﬂ E?e+%ﬁ?? n§§ 3oot- )&he places

conplenentaayetecgeped andnvbevedl0ml@mdr¢$m§pﬁndeﬁeniqﬁ(inﬂh and primary

met abol i sgn 3 g5 THe BMAGHS Bset@y%efegue\?v' Ui LB IR ZREkddh 2GRS (O
ra SO

random y Shear e gene Si zed genom ¢ rom e honol ogous
or closely ?EPﬁ?édaﬁerEPopoﬁﬁﬁsfgﬁEb?%é“sio Phenol extractlon of this

m xture resul tls T8 pPepaesDYRe Dibrarﬂfﬁlof&ﬁ SEFRERTIARS 1Qf&mahﬁirmt ary toOI
prlmary rreta IsSm er e I S QL eSS .eate
bhce. The- SEPatdrt Fhe Ehgrued aRbCEA AR 375 frrtedt T TRDESEEE 1 he
(+) strand disbesmstn.yhnﬁﬁaboLBsnﬁglagléshamnpictuell(lf) arthe glatestamds of

ot her ge n Thi ture
of DNAgI 28 n%oglrjgglg ggga Eéﬁy ge%l zed ?étamblf{)ﬂhaﬁt%& errits un er IX

hi ghl y strlﬁgéﬁ?dlngeoﬁﬁﬁtP6ﬁ§e§u§ﬁet%%}°Yﬁﬂ3F9eﬂQﬁRQFQQHﬁﬁﬁﬁﬁ%S Bt

rehybri di zez7ecto heém!.d@ugl eoibﬁﬁédeﬁlr@%cm Wit st €1 18 @i i dinsled

rZrSnSNQegﬁnnggﬁeggﬁnsgﬁ#ego?g%gge%gu%¥ oxyayﬁ%tn‘geé@r Iﬁ%?treespr e eSt : (rjlg eif 1
non- pr|naryoneaabéﬂrwﬁilepiaea confaims Teluk Hdh O ugindl aampistidg ¥mandtm
primng, 18ngd1Y389o8S ThB' BlEekOrBwE- $66 67 Fe |dd¥A) axre not inoculated
| but are similarly filled with medium to provide an
evaporation barrier during subsequent:incubation and
freezing. These inoculated master plates are placed at 37°C
for 16 hours without shaking. The ovérnight master 384-well
20 plates are used as a source plate to replicate into one or
more working 384-well plates or Omni-Trays. The master 384-
well plates are then sealed individually and frozen at -80°C.
Replication is done with a 384-pin replicator. Before and
after each use, the 384-pin replicator is dipped sequentially
25 into bleach for 20 seconds, water for 30 seconds, then
ethanol for 5 seconds before flaming. Methods of library
assembly are dependent on the selection of vector and
expression host.

30 5.4.8. PRE-SCREENING OF EXPRESSION LIBRARIES
There are three categories of pre-screens: intracellular

differential, and selection.
Briefly, the first category, intracellular pre-screening
entails introduction of the library into a host engineered to
35 contain a chemo-responsive reporter construct. The reporter
'is GFP {(green fluorescent protein) or -f-galactosidase, and
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OTHER M XED ENVI RONVENTAL SAMPLES . Soil sanples are flash frozen in
liquid nitr stored at -70[err]C until processed. jyely,
soi | sanpl e‘g'geggl‘.’gﬂg stored frozen at -20[err]C. Sanples are ?ﬁﬁfép%@ﬁed

ion ice 30 i mediately prior to use, or freeze-dried prior to pr ocessi ng.
Total- nucleic acids are extracted by a nunber of protocols with m nor

di f t d di h I t at
materi ol DRPI o Af ol Ficfacendt BEAISL D Fortthg .
very wet san(}ﬁPé'SS)arca: fiashodropletz esoxtning r eeze- dri ed; oily sanples are

diluted with The sec nd cate ory, dif ntial pre-scree éﬁ% 2
PCT/ US96/ 06003 pf= T ate bu feyred Jé e|rnee rcllor to rocens:l'srl1 n' Aﬂ%

the foll owwﬁﬂﬁfﬁa& %ylﬂo‘é’-’%ﬂép&%och@g’?%ﬁﬁ Hith 1%298%9

M crobi ol .5 Wﬂ‘bmc@é&?xcﬁ@hﬁﬁﬁmﬁl atradéfs, #gllowdd\by ERCS or

M cr obi ol og 161; et al. 1992, J. of Bact. 5 174(15)

: 5072-5078; ¥l?hou e ]Ie6t 15%{ %p Environnental- M crobiol.
62(2):316-322. The third e¢¢8ﬁ9®¢19 sseirceticon eptesearelnigy | ernaidiopw se
addition to shphoanidlidm L0 NRKANAEE LN ol aih (Sefect e

5.3.1), and subjecte to a cesiumcHl ori de elgg{)urlflcatlon ter |veI
the sanpl es S¥ Asc@ptikirtics, folgyedpy SAGH QT W%@@Pl(%@mlng
Tris-HO 1@Ht% Gder¥indy stBIfnﬂéJbeﬂ\‘lusm ws@rle, 1.5 M Nad, 1%

CTAB (hexadecy I u o) 100 ul of 20
proteinase Kin ﬂc@n’??% ge t‘fj'%gég %\?%Jstl!%%s Tﬁ?%cﬁ%nﬁ%t%ﬁﬂ(l ng
at 225 rpm foft mhm&dmr&ﬁt@s rpiGonf terexamiatidory,ofl . ddvicduddD% SDS

s added, angytdig-sanples | incubated at 65[err]C for 2 hours, with
end- over-end shaki ng every 15-20 minutes. The supernat ants are coll ected
by The librariés may be pre-screened by FACS or

15 macrodroplet sorting. Pools of host cells containing the DNA
libraries are cultured in one of two formats promoting either
high or low density micro-environments.

In the first format, cells of the aﬁplified library are
examined as individual cells. an E. coli library aliquot is

20 grown for 4 hours at 30°C in 20 vol medium at 300 rpm before
pelleting, resuspension in 1 vol sterile ddH,0, incubation
with fluorescent probes (as needed), and placement on ice for
transfer to the FACS facilities. : -

" In the second format, aliquots of the amplified library

25 are encapsulated and cultured in the presence of substrates
or selection agents as described in Section 5.2.3 before
transfer to the FACS or macrodroplet sorting facilities.

For cultures to be examined with fluorescent tracers or
substrates, the cultures resuspended in ddH,0, are stained

30 before FACS following the manufacturers protocols, typically

'~ as follows: incubations are in the dark, at room temperature,
for 15 minutes, followed by pelleting for 5 minutes in a
1.5mL microfuge tube and resuspension in 1 vol cold ddH,0.

After sorting, pools of selected 1-1000 clones or

35 macrodroplets from the expression libraries are cultured in
0.5L nutrient media. The cultured bacteria and media are
processed for chemical analysis by extraction with 0.5L ethyl

- 85 -

515



cenCTi2aYATi bA: 97 BROPENNKEf®HrERNOMP nutes at 20[ err] C. TPh&@13§5GEPELEE are P53
re-extracted 3X by adding 4.5 m of extraction buffer and 0.5 M of 20%
SDS; vortexing for 1 mnute, followed by a 10 mi nute incubation at

65[ err] C an® Q34112 centrjfugati on. Pool ed supernatants fronPGT/ES6/6%003 ONS

are extracted twice with chlorof ormisoanyl alcohol (48:1). The 25

nucl eic acids are precipitated by the addition of 0.6 vol unes of

i sopropanol followed by a one hour incubation and centrifugation at

16,000 x g fRFERFi nUkeBaEy eRPRTatiampdieids & cFudec owgeniackeaiteaati d

pel l ets aredmearpproxma:@@pgadmn Mg Gxtabiy e'i'ﬂhle@chQlt%r@V' Ebla

Furth t t phy i f ded
Total RNA | CosRar i, pks cmepwq%%é;é‘%g%f" gormggcinser hossn
of RNA by 4ma1dtsntmn@metane the dochlplmatdlon ofexelavhnenseiustbek eb al .
1990, Ge@%féﬂ&ds’?ﬁé‘g RS B £Ssam plﬁ&d Iﬁ%JepﬁéteﬁtS S%%g%(é%f)lgrezwf\ég&k

Hoben et al 98 ., 35 Environ ol o

- 76 - 1i rw %a_zmay be examined by HPLC using a series of

PCT/ US96/ 06Qﬁ>’iumns (catlonlc, anionic, rev§r§e7ph358'f\| EnFsiNée ently

Ni cked or aﬁ(‘i‘led_lt sarrpl ar E | re i first blunti nauany
fragment ed SHdS W o )gﬁ?gr gmd Bi ol abs). The DNA

is treated in blunting buffer 5 (50 MM Tri s- HCI pH 7.8, 10 nMNgCL[err],

40 NTP: aJ¢l0 fgg%
37] Eaﬂ]r]CMo?he E)NAéSl S %t aﬁgﬁbbﬁ leﬁﬁﬁ ;EE‘%&EEQQ ﬁf\ﬂlén)z ?’?g&vol ume
of 3M sodi um acet ate VOl UITeS ; 2Aft er

centrifugation antt MRS WaFing @pecire BHAtEthénpréorst@r eated with
E. coli DNApmegmaumE o:ﬁ:Ctlhe |DNpa9d bravikketo( 59&%5 r rédﬁ&%a%&?aﬁd 8 ™™

d | f 1-
%ur[se;'[] 16%.%1?&‘“332@:- ter reau@@ t%r}dme%ﬁﬁwlstéﬁp ESF’?; 1Eﬁ’l e O§Ief‘61cl)(r:lq?&th

a completed libraries.

To prepare the libraries for screening 1nd1v1dual
clones, the infected host cells, such as E. coli XLl- MR are
spread on 150mm Petri dishes with 50 ml LB, 50mg/ml
ampicillin. The plates are previously dried for 48 hours at

20 ambient temperature. After spreading, the plates are allowed
to incubate overnight at 37°C. Resulting colonies are picked
with sterile toothpicks and transferred one per well to
384-well plates. Bach well contains 75 pl LB, 50 pg/ml
ampicillin, 7% glycerol. The outer rows (80 wells total) are

25 DOt inoculated but are similarly filled with medium to
provide an evaporation barrier during subsequent incubation
and freezing. These inoculated master plates are placed at
37°C for 16 hours without shaking. The overnight master
384-well plates are used as a source plate to replicate into

30 ©ne or more working multi-well plates or Omni-Trays. The
master 384-well plates are then sealed individually and
frozen at -80°C. Replication is done with a 384-pin
replicator. Before and after each use, the 384-pin
replicator is dipped sequentially into bleach for 20 seconds,

35 water for 30 seconds, then ethanol for 5 seconds before
flaming.
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once with phenol and once wi th chl orof orm The addition of 2.5 vol unes of

et hanol to Eﬂ%%gﬂ eous phase precipitates the DNA. The sanples are

rinsed two t 70% et hanol and resuspended in st er iNGURPE003, 10
mMv Tris- HC pH 8. 0, 1 mM EDTA and frozen at -70[err]C until used. 20

5 4. PROTOCOLS FOR PROKARYOTI C EXPRESSI ON LIBRARIES The procedures

excpr eseron |1 br arestd iE¥s LA s 1ok St Bomer wroamhea e
provided in stscéZ@BGI&sam ﬁplic:aatzh Milgh RNl lihrdhesirtoe dgride of

techni ques desefd gt Seed t he
fol |l ow ng procedetresiapl 76¥E%é&é%él BACTERIZEyégECIES é%hAINS AND

CULTURE 30 detection me%m[srrn%mlémblabéﬁww| ar | ThY FRECLEF 2% on
host orgarg s¢sempiled andSdéémpdred-to ke pmlmwé B e efwll®typdntarine

reconbi natiqn deficient. For coli rred strain ts XL1- MR
(genot ype: &39&, Jl\i:r"af‘{{1 o ‘ansEﬁ\ﬁ"%Ct tH%dr- aryy ecA-). 35 For
Streptonyces, a preferred strain is S. I|V|dans TK64. For Bacill us

subtilis, preferr ai b MAERES dHAe S lis
PB5002 sacA, degdﬁ'd% %Bd %’gﬁ%ﬁm ugciﬁgg;ggmz ENCA?SULAT)IO&N' e&r” -

WD 96/ 34112
PB168del tgp t r pC2, SR I13%E RRRPMLatAd iBY Lalving FArginm Rl gingasy and
The donor ordyass I iy arbamnermmlosmme Segefist a conwiterhdiin tdl

ability to % ggte r
assays. O hgagqggrgnée#wecé % 1'géu)e to r%ée éosopor e nce(\zl{ ﬁpéal(ra}"&e)élnv##oin%%&f%
sanpl e of pausnension istadded so RSdE enkedhlles Thonsm PeXtdrdpleter e
obtained  ghe mixture is allowed to sit for at least 30 minutes to

degas. The mixture is then extruded through any device that
allows it to form individual droplets. One such example is a
syringe with a 25 gauge needle. These are dropped into a
gently stirring beaker of 135mM calcium chloride. Droplets
are allowed to harden for 10 minutes and then are transferred

is

20 to a sterile flask and the calcium chloride removed and
replaced with LB/Amp media and a substrate (e.g.
x-glucosidaminé). Flasks containing the droplets are then
shaken at 30°C overnight and examined the following morning
for positive clones indicated by the presence of blue

25 colonies.

Droplets are placed in a single layer in a large clear
tray and scanned by eye. Positive colonies are removed and
placed in 96-well master plates containing LB/Amp and 50 mM
sodium citrate pH 7.4 to dissolve the droplet, and allowed to
30 JTow at 37°C overnight. These overnight master 96-well plates
are used as a source plate to replicate into one or more
working multi-well plates or Omni-Trays. The master 96-well
plates are then sealed individually and frozen at -80°C.
Positive clones can then be either sent for specific testing
-of the products or sent through another round of

pre-screening or screening. Further screening may be

35

performed by replication which is done with a multi-pin
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f raom Hea (| 187 <R FRORENOLE #plERMONTst i t ute and Scripps'© O hRPFETT 8551
Cceanogr aphy. They were generally collected 10 frominternational waters

nore than 2Q0 mles offshore. Met abolic tests as well as gramtesting
and col ony YO¥HM0l ogi es were performed to the | evel necesB&TAPISIH6BZ Ur e
that the sanples are taxonom cally diverse. E. coli are grown at

37[err] C when preparing library stocks, 15 and at 30[err] C for expression.
Mari ne, Actinonyces and Streptonyces speci es ar ed%r own only at 30[err]C
5.4.2. PREPEERITERFRF- DAREFOTENERM AER@r each use S tpddites  of

bact er}a, a ddplicatourbsi digpednse@ietittalbet Bitid Made!iat eb Es\éconds,
centrifugati S4sSp DTA (JE). .The DNA may
be purified ‘g&'éﬂdféf y?o%é;éﬁjﬁlg%ss’ d*éis?%rr}l %M(’fﬁéfsfegng % %f )b P %he

bacteri al iRg- may be solubilized in SDS/ prot ei nase K, ext ract ed by
phenol : chls)roform and precipitated wth isopropanol. The 25 resulting
purified DNA i s resus ended overm ght in TE Al i quots of each
purified DNA are 3ubj g er TIN ﬁoqgﬁflrm
integrity and to determ e R X CAPSULATIO) epar e
random | ar ge DNA Nicxmindpsléos mine hmtg&wéra&(bd:&iyh\me @mrlmlr@n rdeltbfo@f Y,
20[err] g of (AW, %n%&ﬁu0§'£&é§ at g@d& ﬁlnlyod %to%‘l ‘ﬁf”‘ a

frequent-cutting enzyne, s I'ncubating 1n 1X enzyme

buf fer angp ® %smﬂ%e an@ Y ngodinm [akginp e e dissndmedatind 06r mlC.

The arnount cét@fwém»ateﬂsemﬁambﬁc@@é e{énélqd:n@a)ltrd delga¥% Fex0gerate the

desired 35 size_ range. TThe est @r ool .ed, henol chl oroform

extracted, amdHr$anol THHRC p?a‘f% ke 1110 % S Be lr‘ﬁafFGr &nj 40 ml geq

for each |i s yglhesrokgior est | beget NS invadteagneMhdsofslurry and WO

96/ 34112 1 P 6/ nom c
volume of the 11bﬁu§,y sussgens:.on whlcgr Wiy quﬁ'rough sc&gﬁ'gse

DNA. This m xture can optiona fTact] onate
gradi ent 55 Bl dxePkstpentklended Gk g dihe (il gimater isolpgiionay expr essi on

library can immediately before introduction to an oil phase (olive oil)
which has been premixed with the addition of 1.0g purified
soy bean lecithin for at least 30 minutes. The

emulsification process is initiated by slowly transferring

20 the alginate migture into the oil phase and mixing for 10
minutes at 580 rpm. 500 ml sterile water is then added and
the mixing allowed to continue for 5 minutes. Microdropléts
can then be removed from the oil by centrifugation and washed
and resuspended in LB/Amp. For the purpose of sorting by

25 FACS, if the droplets are outside of the desired size range

necessary for sorting, the droplets can be size selected
using a filter membrane of the required size limit. Clones
can then be grown 2 hours at 30°C with shaking in LB/Amp
media containing a fluorescent ‘substrate.

30 Following incubation the sample is prepared for sorting
with FACS by centrifuging, washing and resuspending in
sterile water at a density of 1 X 10° droplets per ml. The
size of the droplets can be examined by phase microscopy.
FACS services are performed by a qualified operator on a
asg Becton-Dickinson FACStar Plus and positives are sorted

directly into multi-well plates containing LB/Amp, isolating:
positives to 1 clone per well. These plates are allowed to
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size fractionation are confirned by subj ecting aliquots of the sanples to

agaf ose gel el ectrophoresi s. 5.4.3. GENERATI ON O PEEKARY I C
PROMOTER FRAGVBER$H210 In one exanpl e, synthetic oligonu&fd SHEEN, e
used to construct a fragnment containing two copies of the beta-

gal act osi dase pronoter (lac), one on either side of a unique BanHl site,

with each copy of lac positioned to djrect transcription toward th
centered Bar§Ho%i3® 3 %u?%tH%)Fh%SC%'%“’s%ﬁTé?‘f O i YorfthT Rt s(%rg

phosphoryl atggy®y. t hehese syvétwsgierpladfimoard wseah a8 i geuctestplateste

anneal ed by piling.five mnute ' ] s to
25[err]C =~ P 1’%#’? gh?#ﬂgog%) #nu?%%%%g#o%ﬂin%gﬁg V\A%Q%FDNA

li gase. The OmmyatToaysi x The sudpee¥ amlni it blakes are| deer optdtedi s and
2-7 kbp fr§gf§é!i§i?&§lf§%ﬁ&dff‘éﬂen Mrigoed, byp&ene: ¥ ealonddecani eRen.
pai red, and proper]y- oriented cassettes are inserted |qao the Snal _site
of the pBIRepehEhER F8REOFOHYSPRTIBLT i TrPFHRT 18T Hotf PERMETEr P St
T4 DNA | i gasehtrudX bhgoherPEcuhdf berprdhectégaingnoni screeing nt r Bduther
into XL1- MR cells. .lndividual r . tylchl me
anal ysi s andsﬁﬁﬁeﬁb?goﬂ3¥I%gbggkggggaﬁéﬁ%Zgéé%fééhﬁ??2%%%?€n%%1%%ﬁgaﬁgzx
accuracy. a 96 orhasppskn(replicafersr|Befeoresandirfeen fachnupa: bl
from 2 169:%8%1&1 EOEnguggﬁpéa Begubit €51 TyahidiSeaed tbe pbasetenas)

purified usin plasm d preparation kit ep). 40[err f t he

sel ect ed and¥pterf fed BBSR?EQEdFaCFP%Prftﬁé%g£g€%¥eﬁ %%°°Ag%gh$?8f?on with
Smal in 1X bgifgingThe digested DNA is subj ected to agarose gel

el ectrophoresis and the lac/lac pronoter dinmers are excised and purified
‘W th Gene Cean, and 35 digested to conpletion with BanHl1 in 1X buffer. See
Fi gure 4B and 8C4.TIRe MEFABOBACPTERBINE @Bnoners are

phenol : chlgr of or m ext r act ¢TINOMXGETE /€€R§FT@U¥€$Saﬁ€VIDANS LIBRARY

- 79 - WO 96/ 341 BY _PLATE REPLICATION

PCT/ US96/ 06003 Each cultivable wild-type actinomycete species is tested

prior to prepafation of the DNA libraries to prevent

taxonomic redundancy, and to help determine -the array of

metabolic tests to be done on the completed libraries. To
20 prepare the libraries for screening individual clones, the
transformed host cells, Streptomyces lividans TK66, are
spread on 150mm Petri dishes with F10A. The plates are
previously dried for 48 hours at ambient cemperature. After

 spreading, the plates are allowed to incubate overnight at

25 3p90c. Selection is initiated by overlaying with
thiostrepton. .Resulting colonies are picked with sterile
toothpicks and}transferred one per well to 96-well plates.
Each well contains F10A media. These inoculated master
plates are placed at 30°C for 1-4 days. The overnight master
96-well plates are used as a source plate to replicate into
one or more working multi-well plates or Omni-Trays. The
master 96- well plates are then sealed individually and
frozen at -80°C. Replication is done with a multi-pin
replicator. Before and after each use, the multi-pin
35 replicator is dipped sequentially into bleach for 20 seconds,

30
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dephosphoryl ated, digested pronoters are extracted and precipitated as
before, dw?eg[% nded in TE at a concentration of 20ng/]| e
storing at 0 erfi?c or further 5 use. I n anot her exg%pwggg%?g%ar ed
pronoter fragnments are mxed with simlarly-prepared |inkersthat do not
contain pronoter sequences, and then used in ligations with the donor
genomi ¢ DNA- il #bi-oyp ﬁf;&f&erﬁéma{aﬂf%é%g&é&ﬂb

pr onot er, in cases ere | -sense transcr ion i's considera |on
5.4.4. PREFAFOWITR OF GENE CASSETTES FOR COVBI NATORI AL

CHI NE:?| C EATFN\AY @mm_" |rﬁ\1t§[1 -well plates ot |CMiRTRQys are uééHCHE
exanpl e, Ba a fragnents no nmean size are
mxed i th SO 408 G Sl RO e DY JiaR RS R @ Skiadh e
ligated. Thediffemdrariakhtand fdr FBEi[’BI!tEI\& tmecymlom.chM%m‘ﬂﬂgmm Splafta’a) 1.
The resul ti DW% qggﬁnt a mean
si ze of app%%rﬁa%ﬁié%{)aﬂ% ro aryo chs proéqélrs?et%%fmy be
used i ncl udecqmmect t%otme Rk ke %0 bactrria ggedAGI Res
15: 2343- 236 ldongiifuct tHe ND MRS . ormters (Strohl 1992 Nuc Acid Res
V20: 961- 974) for use in Streptonyces species expression hosts. In 25
hosts with undeterm ned or significant reconbination ability, it is
desi rabl @ 0 use . $£¥3 e METARDLIC@IEESTING MR er s: such t hat any cl one
cont ai ni ng several cassetA@EIWMYC%EEﬁéSTREPTm%ILWIHMS&mlam’ﬂbters
30 5.4.5. PRERMNRIHODER ENCARSIEATION Wiralink

15?{1{2')' i zed St rem?agwg rhmaétiﬁcwa\ggéﬂawd:A 1Q91§| mé[(trt?a ?@rﬁ&%edhl‘iqx g
aze Bios i ank beads" was purchase

from Pier ce%%"t 312@2% §?ﬂ’r ArREAT RS p RAARL G A% Rt M&Hor s

may be substtid lhaﬁdié&S for 1dimiguoeeditid.then are transferred to a
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sterile flask and the calcium chloride removed and replaced
with F10A media and a substrate'(e.g. X-gal). Flasks
containing the droplets are then shaken at 30°C for 1 -5 days
and examined for positive clones indicated by the presence of
blue colonies.

20 Droplets afe placed in a single layer in a large clear
tray and scanned by eye. Positive colonies are removed and
placed in 396-well master plates containing F10A 50 mM sodium
citrate pH 7.4 to dissolve the droplets and then grown at
30°C for 2 days. These overnight master 96-well plates are
25 used as é source plate to replicate into one or more working
multi-well plates or Omni-Trays. The master 96-well plates
are then sealed individually and £rozen at -8o0°cC. Positive
clones can then be either sent for specific testing of the
products or sent through another round of pre-screening or
30 screening. Further screening may be performed by replication

as described above in Section 5.4.9.

5.4.14; PRE-SCREENING OF CLONES BY CO-ENCAPSULATION
WITH INDICATOR CELLS

35 Pools of library clones are titered by plating
appropriate dilutions and performing colony counts. Adequate
library cells are mixed in 1% alginate to result in
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A i gonucl eoti des wer e purchased fromLife Technol ogi es (G bco-BRL).

A igonucl e ad-link-5" is 5 biotin-GCC GAC CAT TT, ey 3/ TA
AT 3'. "Bead-li nﬂﬁg is 5 - phosphate- TAA CCG ATT TAA ATG g?éa m@’

When anneal ed, 5. these oligonucleotides contain a Swal restriction
endonucl ease site (shown underlined bel ow). Anneal ed bead- i nk

ol i gonucl eotj & \@ o)y khe 37 Beioh) & g
i's shown by | uﬁ’lné[%}né |goc?iét}c$}otl‘§r &?& |nk g af.g |18 tin- q:é&.‘j

CAT TTA AAT ig3cptorrFell def teaYeprAtcin ARProxmate A | ar

amoun:js ?f &&cﬁgé&aﬁwsﬂ é}}ldlﬁﬂilﬁédd teot lmﬁexafdeo pleftisx agtet @geumefl ed a=an
eppendorf tu a t he e_t Inal__co tion
of 300nM T esrce"ézﬁqh‘go S"gé*t ngo[c&ﬁ?rgeﬁoﬁnfeg RPERETLAt %
was confi rSTmbr@a.tlorasgéazse:l;pellnéimyr qﬂdorle:@lsams:rng:eﬂdrs.anneal ed

ol i gonucl eoti des 3s rfeq_rg r ol sl 20y dry
beads was resuspende(% l 1srﬁd{)‘6ls at glgéﬁgg‘ggskglaﬁ?gq%%%S Bovi ne
Ser um Al buniFrifpigess At \ﬁé?%ddb % &% iFi0A . c GRCefier £0Ldn 1dPTeFY M . Beads
were rot aﬁaiﬁkcfdllfo étr§ Dde rmamatataw-eweeadsmebe B3l.| etrek media

onperat ur e 16 I TBERRRER AT R SArEd o, REgoNmoBata, Ehel e bol |'et od by
brief cergko |;fh;gaaztohrgm m@iﬁ&ﬂaﬂiaed.n@ucartmeley.lw t hTeBSisBiadileebeads
were stored d f}&ﬁ% of AnelEr e&eg on e indiRaRiRd J28ad | ivhe

ol i gonucl eotide to strept aV| [err].g previously- anneal_ed
ol i gonucl eotfiQldeHidie IFﬁBGLiEF%’ t’f?glmeﬂﬁ é\fliﬂ utdlizedt:n ko PSSO 1

Streptavi di iaads i:fhlli%lt&rﬂfbﬂ%éi&ﬁﬁ fr@ia wBson«aQOMNa@o) detBradseldr e
i ncubated for th.ree wi_t h nveﬁonto kegﬂthe

ho rs er at ur
beads susHefit )Bean'éc %l‘i‘félcf tsé'hD &"'??t\mttoh A BT 5§
buf f er. Behdesare thaylwaspgrechrarsl dsyidn (R at&a@cﬂlulsixx to detgati &Er buf fer

(50MM Tri s- Hd 3 PEVo 85 a1 0N MBI &F 'dot iATY in response to promoter

activation, inclusion of 80 mg/ml X-gal in culture media.
After isoclation of positive macrodroplets as described in
Section 5.4.10, indicator cells are eliminated by addition of

20 antibiotics that are selective for the library cells but not
the indicator cells. The library cells are then stored
and/or further examined as desired.

5.5. PROTQCOLS FOR BEUKARYOTIC EXPRESSION LIBRARIES

25 This section describes procedures that may be generally
applied to prepare combinatorial gene expression libraries of
eukaryotic donor organisms. The steps involved in the
preparation of a combinatorial chimeric pathway gene
expression library in eukaryotes are shown in Figures 5A-SF.

30 Particularly good expression eukaryotic host organisms
are stable, non-filamentous,'and characterized sufficiently
SO as to be genetically manipulatable for the purposes of
gene expression. For yeast and fungi, a preferred species is
S. pombe, which is grown at 30°C (C. Guthrie and G.R. Funk,

35 Guide to Yeast Genetics and Molecular Biology, Methods in
Enzymology, Vol. 194, Academic Press). A. thaliana and N.
tabacum cells are preferred hosts (C.P. Lichtenstein & J.
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5.4.6. ASHMERHIBE A COVBI NATORI AL CHI MERI C . PCIPAISSR/ROPO3
EXPRESSI ON LI BRARY Attachnent of gene cassettes to nagnetic beads:
The gene cassettes are phosphoryl ated using T4 pol ynucl eoti de ki nase I n

1X ki nase buffer. The ghosg oryl at ed fragpments are et hanol preC| pitated
and resuspeRtiRBeT n §eNeYigoERGIRGEEing of Blaftey MV GHoming VAL ¢ wblshort
non- phosphopy! asediissynthetic linkers. The remaining 9/10 is used for a

| at er procedure. Each linker will have one of two rare-cutting 10
enzynmes, either Notl or Srfl. In addition, the Notl- containing linker is
biotinylated at $h®-1i neRSMOWtQEﬁE.TEﬁLITR r@mmgbrnm aﬁ iBRNSIThe Not 1
and Srfl ginkers are m xe® - Qn_units in

the ratio, reS@@l@&i?’&i:Yc Gendihls 190k 1k 11 ' %rﬁéﬁ&z{ksT"oPNA i gase in
1X |i gasel/ PEG buf f er é hours at . 15 ery]1C xture is | | owed

to bind to ZRHATHELERH; %g P é’fd'é"arm USRI RSr ' s
prot ocol s aregirwes, t@rreequend:é\e daéatb -appay@nd furmtsen .pt ithugynids from

U i i o R SHEE: genomic DA fatn Rdlidbyortlc ae® O AR U TRV
| i nker ajgqthR Wa%l@l trhexaiede esigh an- q@@l@mmht Fedvencesh it By

avi di n- bi otubﬁfryagegtam@rarmrg&dw& DN buri fiicdeSich #Metidl aiifls are
not involved in further gdltlon r'PJt‘T'i" he frag nts vmth Srfl Ilnkers

at both endsP@rRFeRENSE P&t Hhe e i & 3#P&tGponey &
Prepar at i orMaitipews, ol 9ONA hay beldisedrtd (Béiﬁa:(#t@utaﬂxt vaﬁ%usﬂlﬂarﬁﬁﬁ ni ng

9/ 10 of the I d Yol units are ligated as above, but
to the Srfl fh%%%?’g{%nﬁﬁﬁ pé{?%lﬁ? c#r%q’%’l gest i"on to conpletion with Srfl,
15

5.5.2. GENERATION OF EUKARYOTIC PROMOTERS AND
TERMINATOR FRAGMENTS

Both promoter and terminator gene fragments may be
produced by PCR using sequence-specific primers adapted from
published sequences of known promoters and terminators. The

20 . . . .
choice of promoter and terminator sequences can be determined

by the host organism used. For instance if S. pombe is used
as an expression host, both native promoters, such as amtc 1
or ura 4, and non-native promoters such as those derived from
viruses, e.g., CMV, SV40 (Forsburg, 13893 Nuc Acid Res.
§:4321-4325), or from humans e.g., chorionic gonadotropin or
somatostatin (R. Toyama, H. Okayama 1990, FEBS Letters 268(1)
pPp. 217-221). Genetically engineered promoters similar to
those found in the inducible tetracycline system (Faryar et
al. 1992, Curr Genet 21:345-349) may also ‘be used.

PCR reactions may be performed in a commercially

25

30

available PCR machine using standard PCR reaction conditions
and DNA polymerases of high fidelity and throughput, such as
but not limited to, Pfu polymerase (Str'atagene) or Vent
polymerase (New England Biolabs}. Since not all primer sets
35 winl use the same reaction conditions, precise conditions may.

be determined empirically by techniques known in the art.
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De- protection of bead-bound DNA: Transcription units bound to the beads
ar e> di gest edwignemana etion with the Srfl enzynme in 1X Srfl peptisedincedine
reaction is heat-inactivated and the beads are renoved by nagnetic
separation. 35 Concat enation: The beads are then added to a ligation
m x containing the dephosphorylated Srfl-Srfl digested transcription
unl8 t2 s in 1X |Bcuatdp.{9%§lhﬁéﬁéotid@6§rmsimﬁybe obtained commercially or
PCT/ US96/ OGO(ﬁ’nt\%%SJC% er&erb %‘eacr?]llor%mcﬁml’i‘wel |a§§s'e and proceed for
60 minutes, 25[ éthg Rrorduee Mttemam !forragnfentlse dengaxategdndy PCR
mgnet i ¢ Sepa( | Al i 41 OO oe 1A all dnIsh TREDSY,  BAIC U1 Daeen

phosphoryl at ed "head- bound and_non- osp oryI ate cription
units. The % ran&d REBHL A% e suse%r*‘qlfﬂe‘-fbe‘éu %@%ﬁ&h&m Pragodple of
pol ynucl eot i dﬁm&lmtlomeatmwaﬁswmoﬁw eyl besﬁl@&aah%dlo%@d as

returned to e e} tu t i tion f AJore T4 DNA L ase.
This cycle i i_r. repea%eqcfs?eg 1%%13( as‘;%ee%% "pt iﬁ'ﬁ pfﬁ@ 8 p &y FEF A h

beads by di gesfi®rFeduend®s!. The cl eaved DNA I s ethanol precipitat ed
resuspended in TE T&"Q’e?{éf‘ﬂ@@ Elbnin rb:.aé@ %%%\p‘l%'lbtl‘é Q@“QﬁNﬁh%rqﬁéh'oﬁ-&icand

si ze rang %Nﬂx’ | nse on into or other vect or,

accor di ng%too %?‘1"%@ msgn&r Eraguencs yisd el a

sochion 5 4 b i 2 w1 r@“““iv Ao em“fr&@/‘i'e“ﬁf\?ﬁmfhﬁi‘a%v
ection ,

EXPRESS! ON LASRAbeLn 5° eads e@r&:@f S & oFr‘ré‘yA T gitgoat Fheiz

desirably thenstsm dTeSuprguers, axmpull endly miitit Xhoi dgand widér havef only

30 42kbp In zoend npetis OO chey BAIIAITY ana 3+"b2iSHESE EBRe’ 220"

packagi ng W th apack extracts are
15 base on the expected direction of transcription across the

promoter or terminator gene fragment. See Figure 5B.

Partial fill-in reactions utilizing the large subunit of
E. coli DNA polymerase I (Klenow fragment) and a subset of
deoxynucleotides (in this case 4CTP and 4ATTP) may be used to

20 generate promoter and terminator fragments that are incapable
of self-ligation by their Xho I ends. The Bgl Il ends of the
promoter fragments cannot be affected because of the lack of
base-complementarity, and the BamHI end of the terminator
fragments have no exposed 5’ end for the Klenow fragment to

25 utilize.

Treatment with a phosphatase, such as calf intestine
alkaline phosphatase, will prevent BglII self-ligations, and
provide similar termini for ligations in both the promoter
and terminator fragments. <¢DNA fragments are protected from

30 digestion with NotI by incorporation of 5‘-methyl 4CTP during
first strand synthesis (Short, J.M. 1988, Nuc Acids Res
16:7583-7600). _

In an alternative embodiment of the invention, when DNA
inserts are derived from mRNA, directional cloning may be

35 applied to improve the efficiency of cloning. The cDNA
inserts can be unidirectionally ligated in the sense
orientation with respect to the promoter and terminator
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Briefly, XLl MR host cells are infected with SuperCos 1 phage containing
t her DNA Q&g ﬁ?4Th|s is perforned as follows: XL1-MR cells are ggomm
over ni ght iMOSHE4YE medium  with 1% mal tose, 10mm MySO er rCTAYS%6@8%83pm,
37[err] C. The overni ght culture is diluted 1:10 and cultured 3 hours in
LB/ 10mM MgSd err ] at 300 rpm 37[err]C. The culture is pelleted by
centrifugati.on t 800 and resuspended .ipn Sni LB. 600[ert of this
suspensi on Treglenks patk gﬁb@F l&VeﬁlgyaﬁﬁnﬁE%Ra@%dg ﬁ%ﬁﬁﬁﬁé
particles foen3Qiganitdse amdaﬂmneMbtheppematareanaoténmedabyr35ragﬁ@nﬁbnute
I ncubati on hh+§ v OLQ at. Oq MR r lify
t he expressi on I|br§?ies ﬁ?é gFé?%%g&h%g% us??st%rgfﬁgégg ek tggp
Petri di shednyengion. Any pair of enzymes that generape. compatlblevgnds

28{341%2/§Land caﬁ be p;ﬂ?ecﬁed by methylatlon F£H7$§@@é9§?03 48 h S0m. LB,
err]g anpi e plates.are us or ours_at
anbi ent tenperatép &bﬁgt §gf@h&mﬁ6tl Pat %Pa}I%&E% b FReuBate

over ni ght aend®[ efr ke fMGMMnanmr fragmestsapwhlhedthaepreyawaE$on of

resuspendedgyygt r%ﬂ?o fjr%%?r* un%?a{%%;ﬁdper Rhat £ 15“&&33%&85&&

suspensi on LS St ore prepare t he

libraries fé&F éér@@ﬁﬂ%&%h%ﬁ'ﬂﬁﬁﬁa °t Icbynéélling imf%%ﬁbthﬁEchells are
spread omolgeaEmeekr and d@r@hes w;.tsh re@ih tkBinS2NBé Fkiddb £ £1hgmend Ne

pl ates are viously d 4 s at | ent te erature. After
spr eadi ng, %85% gFe? &%8 %1 Fbgpﬁguﬁatgvﬁv ARG gYhig WE i837[err]C
Resul ti ng cobmpaeabaeewpmmksuwmabhyspeepheaﬂoﬂbhpIC&Sgestédmbmnnngéﬁéred
one per wel - sgach wel | of a 384-well plate

cont ai ns 75¥re9mgﬁk%8 m%%f%r#%h anp|C|II|n 7% 15 gl ycerol. The outer
rows (80 wells total) are not inocul ated but are simlarly filled with
medi um t @sprovi de an evarA! | EREEMNATION i DRE 3nBeRfygent i ncubation

d———l—_——"
and  freezing. Jhese QU ated el 8L PLAL SRl S S AE i ila LS L f1

be derived from two principal DNA sources, namely that of

genomic DNA (gDNA) or complementary DNA derived enzymatically
from messenger RNA (cDNA). Strategies for preparation of

20 gDNA or cDNA are very similar, but not identical.

Complementary DNA is made from messenger RNA and/or

total RNA using standard protocols available in the
literature, or particular to a manufacturer’s instructions.
.Isolation of total RNA may be accomplished simultaneously

25 with genowmic DNA by the guanidium-isothiocyanate method
described in Section 5.3.1, and mRNA can be isolated by
subsequent affinity chromatography over oligo-dT cellulose.

First strand cDNA synthesis can use an oligo-dT DNA

primer that contains a cloning site, e.g., a Not I site, at

30 the 5° end. An oligonucleotide of random sequence, which
contains an internal Not I site near its 5' end, can also be
used for randomly-primed first strand synthesis. The use of
this alternative primer avoids 3’ bias for large mRNAs.
Methylated deoxynucleotide, such as 5-methyl-dCTP may be used

35 with a polymerase such as Pfu to provide protection from
restriction digestion (Short et al., supra; G.L. Costa, 1994,
Strategies 7:8). Only non-methylated sites present in the
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used as a source plate to replicate into one or more wor ki ng 384-wel |
pI ates or Cmy%é ? . The naster 384- wel | pl ates are thepcpaabiasoos
i ndi vidually and frozen ati -80[err]C. Replication is done with a 384-pin
‘replicator. Before and after each use, the 384-pin replicator is dipped

sequentially 25 into bleach for 20 seconds, water for 30 seconds, then

Gependent o e sel's o BRLES L1 2RO e dlasvage | wRneTSigua
;
8 RE G T PHERR, ChP TNy o e ed |3, ol algo be

categories @r@tﬂ:ﬁrmr&eamemddm amethylht ¥y erutaltheand sel ecti on.

Briefly, thefli r@[s.%. &_F;;:Eg%yof' L PR P E éé;dfﬁu rirEécauseé"tﬂ]'. S

i ntroduct i oo y I nfo a ost ng| neer e cont ai n
chen- respﬁ)rﬁéraﬂelab]sﬁ)rﬁwe%oﬂlsl-l uee  mepRylatrit gind %3 G:qf’(sg‘?aééh to

fl El;Zrescent é}{%mc Oéléﬂééegm act osi dase, and

PCT/ US96/ 06003 et lard o3 opree 85 SPH) Y RASRAESE O, s b ot
sorting (Fd@emenqceoﬁfi)pladapbersngsuch as a mmmﬁmw

differential .br& s&;gegl §g5pﬁ§§§b$§e x?é’ﬂég ddeidd t};ﬂ:ﬁhéln t he

host with fluorescen eni c p ysi o] ogl cal tracers owed b
FACS or Mmbw@w@le@@;@engthe a aPte#h@%’Fﬁ*%F Ry A yt“’% %%‘EE |‘%ﬁ" Y

pre-screeni ngaTEN 8 bSerhahgChRat 40BLeALt He j:h@éptﬁa«te neridie husis Vmédn.fzed
sel ective ag suc anti bi,ofics FA!
sorting 10 t ?EE$E|$?nhB?V}%9ﬂﬁeﬂr PF% é??%ﬁ% Reen fatet ?
net hods, celdr sp4tDNE pslgmesase hslkncataudesd prbtqnqisflemftemrarles
prior to exaf1£§£i8Q 8% hQQEEEQHahaer adapters and digestion of the cDNA
15 with Not I , the adapted cDNA can be treated with Klenow
fragment and dGTP generating a defined, directionally
oriented cDNA gene insert ready for ligation to suitably
prepared promoter and terminator fragments. The orientation
of the fragmen;s is such that the 5' end of the cDNA is
20 located toward fhe 3’ end of the promoter, and the 3’ end of
the cDNA is located toward the 5’ end of the terminator
fragment. See Figure 5C.
Genomic DNA fragments are obtained by partial digestion
of total genomic DNA with a frequently cutting restriction
25 enzyme, such as Sau 3AI. This enzyme is widely used for this
purpose, and partial digestion followed by sizing though
sucrose gradients is a very standard technique. Fragment
pools from three different digestions that vary in the
concentration 6f initial enzyme can be used to allow for
30 differences in enzyme sensitivity within the genomes.
Following size fractionation and purification, the
fragments can be treated with BanmHI methylase to protect any
internal BamHl sites, followed by treatment with Klenow
fragment and 4AATP & dGTP. This results in gene fragments
35 that are internally methylated at BamHI sites, and possess
only GATP-dGTP overhangs. See figure 5D. These fragments are
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cOCTURESS? 11:83 FRAEENMNIEaRi EB"ARY be pre-screened b&”%&l or 15

macr odropl et sorting Pool s of host cells containing the DNA Iibraries
are cultur ré??gf of two formats pronoting either high Pbgﬁgslty
m cro- envi ron In the first format, cells of the anpli

library are exam ned as individual cells. An E. coli library aliquot is
20 grown for 4 hours at 30[err]C in 20 vol nmediumat 300 rpn1before

pel | eting, ) si Q il d ry
fIuorescentEgsgﬁggmfas%nggé }993%%8%Vage§e °L£% c?é&gf ans F% t he
FACS facilitPesuitably preparkd presageropndt temnigabor genehérmenf:sed
library 25 are encapsul ated and cultured in the presence of substrates

or selection agepts as descrihed i tiggghgnnﬁh TSFBEB%éTﬁﬁgegngSLgr to the

FACS or macr odr opt &t 4sor 3

exami ned 8ith fluorescen

resuspended in d8ufierbl®, paapasedln@HA30pb9moterFA£Eﬁfoermmnngorhe

manuf act ur e o] p asgbpl bat 4 o Eof M b ne
dark, ot roohaBRehERotan bUPLABaLka atiRe g SO ARy D Ao R TR 1 1%
mnutes in aromOEesnﬁPh1cﬂoF9§é tasetaﬁalpe§a§péﬁ§|6ﬂY|helu%@¢ £B| ghe

‘ddH[err] O ligationAtkaet3ient. thepegtimaﬁ zrateetﬁeylbaoaatehaﬂﬁédor 35
macr odr opl et s fron1éh E presgﬁ n Libraries, arg cultg red # t 1
nut ri ent 10e8FRITITALYUPYUFEFPRASRER 5OSKT ABAFREAPE B %cgﬁggﬁ ?8?a

chem cal analgsimgbprexedace prowmitlesOoblyeohgl ligation p¥eHQ@6t 34118., a
PCT/ US96/ 06 i I ni ¢
extract . ofSEEsesiYneEiRhesy b BEIRanaL PHFE CrfifaLor Jen C nate
‘cl oned DNAsc&p&eptfi-fi ed and re-transfornmed i nto host cells to confirm

the | ocalizationpegatgbay et e&aegehamcSDNhe pembter Chandcal sanpl es
gener at ed bx exgre55|on fro nes naé ge exa 'nggogy C using
erg Bh8¥e) *&nt® sho¥bglent | y

a seri esisf PahRE ?8£F|ng€me§ﬁFoﬁFX gFe53F§

by qual it at varydhgnresiosnal ginceusong NFRthe ligation components can
self-ligate, the optimal ratios may be determined
empirically. It is estimated that half of the ligation
products forméd are directly useable, 1/4 of the products

20 formed cannot enter the rounds of 1igations, and 1/4 of the
products can be ligated only once before terminating the
growing chain.
The following combinations (p=promoter, frag=5‘-3’
genomic DNA fragment, T=terminator garf=3’-5’ genomic DNA

25 fragment) :
l. P-frag-T 5. P-garf-T
2. T-frag-P 6. T-garf-P
3. P-frag-P 7. P-garf-P
4. T-frag-T 8. T-garf-T

30 Combinations 1,6 & 2,5 rep;esent the desired éonstructs.

but because the orientations of the inserts are random, it is

expected that S0% of these constructs will be in the correct

orientation for any given gene (1 and 6).
Terminacor/terminator gene cassettes may form, but

35 cannot be involved in an& subsequent cloning step because of

the lack of an exposed 5‘ end because of the blunted, uncut

BamHI end at their 3’ termini.
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LI BRARY BY PLATE REPLI CATI ON Each wi | d-type narine species is
tested pri t preparation of the DNA libraries to prev ncy
and to &é‘?f)&fféf’erm ne the array of netabolic tests to bemggﬁgﬂﬁe 15
conpleted |ibraries. To prepare the libraries for screening

I ndi vi dual cl ones, the infected host ceIIs such as E. coli XL1-MR are

d 150 Pet L /m
o arc BPUOFORELY BiBBocPBY SR, abs; bSE Mrer: SEaRbE: APuPRERAr o
spreadi ng, th2iphaties.apembkl.owed to incubate overnight at 37[err]C.
Resul ti ng colonlgaragg Wg?FggFg iWER ﬁrléﬁ?tﬁﬁiég#fgssggglh sterred

one per well to cont L LB, 50
[err]g/m (Mﬁﬁbl@flPPHle?@FQVyESrBP 1ﬁh%doﬁ?e?c?ﬁmﬁ°?39emélP§t St &ifeare
25 not i nscufakﬁdwhugequen&em | seeyFightredsmi t hrma@ll 8 becaupeorhde an
evapor ati on,

b b
mocul at ed WAEFeP BréLeass SHBPAR.ARar 15 5fke To 78 ast rEhecdhprrbhres
shaki ng. Thehainr firgiht thassolid ﬁBasaegéngtates 3f enuskeotide ewvarhengkate
torepli CatSf'QthﬁﬁPQHesgéggﬁés ;(‘ﬁ‘éh@ﬂ mj ti- leé%iﬁ%%earagl{?t L5gys.

The mast er 384-we are en sealed in rozen at
-80[err]C. F%ﬁFPEaFPGnsﬁguﬂﬁﬁﬁ ﬁFPﬁchﬁgggﬁlﬁFne¥%Eﬁ$c%P%raPBE?EFéaEﬁd
after eagzhb OTRA-Bheod84hBhg aftepl tleavsges di pped sequentially into bleach
for 20 seconds, 38 4Bhek,' Bhuile$°50"d5n HOCPLELDN0L [2Lnog8RE0pTgobs! O e
PCT/ US96/ 06003remove the ewbsking BatXi-sikté whicksdoes not-hawgsthee used
as  sourcgoplakesskQubfbll Catfiet PEHDRY bibLsRIE SSoRBE Gparse1baSHY! spin-

chromatography or other means, can be mixed with a

15 presynthesized oligonucleotide which contains in addition to
a correct sequence for the BstXI site, a new Ncol site and
Sacl- and Notl- compatible overhangs. See Figure 6C. After
ligation and transformation, mini-preps of clones are checked
for correctness by digestion with NcoI. Correct clones will

20 be identified by the presence of both a BstXI and Ncol site.
Treatment of this modified pDblet, with BstXI followed by
Xhol sites generates a vector that contains a S5° Xhol site
and a 3' CTAA BstXl overhang. See Figure SE. This cleaved
vector can be treated with Klenow fragment and ACTP and 4dTTP

25 to render it incapable of ligating to itself. Such a vector
may be used to accept the concatemer chains.

5.5.8. PLANT EXPRESSION LIBRARIES

This section describes procedures that may be generally
30 applied to prepare combinatorial gene expression libraries
using plant cells as donor and/or host organisms.
For preparation of donor DNA from plants, the following

35
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antimcrobial lawns). The results are 5 conpiled and conpared to the
profiles of the wild-type marine bacteria used to construct the DNA
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LI BRARY BY MACRODROPLET ENCAPSULATI ON 10 Cl ones are encapsul ated by

t aki ng sodi um al gi nate and dissolving in 100 nL of sterile water at a
concentration of 1% using an overhead m xer at 2000 rpm A vol ume of
library s@epenaloprpsedytediscaprlied enbidd a prafnartunent of dpretPlanyhe

m xtﬁre i's aiégtéedﬁﬁocs}]a é@hzﬁt;beasﬁaﬁé r&énltnit @iéﬁﬂﬁ&fgasz)_ The _m;jxt:Jre
is then extr t hrough _any_deyj ce t hat al lows .it to formi vi dua
dropl ets On'ggcé %ﬂl%§gnﬁ?@°5§n¥aélg§/r‘{’]ﬁgféh?/vittlffsélez§1@eﬁfglen%l"gﬂlfhese are
dropped intsand, ghassl|pesdsror ngluwrimuwm @fidessntd)cdiciuratidnribeough a
Dropl ets I 0 d . | DAt ES it FEH\ ed
20 to a s?expié]ég ﬁagﬁﬁﬁ%l ?Egicgﬁ:{l-ﬁ% C Ci(;nr‘l-a(?eeer%farn)veé an,d&f eutrléeg?g%:ﬁ W th
LB/ Anp nedi Bhanerecedpses sgescribed in,8 gt (kositherizpsulHng eusbhiedning
the dropl et sNAT £sthi6difiedhakedestr BMErid Gemelctge . sl exene nesy hess
foll owi ng norni ng 13 for ogltlve cl ones ind cat;%&jgy t he ‘__q{esence of blue
25 col oni es®F RePa lnf)r'aﬁg'é §s‘3r%r?)” e iHD RS 9 aﬁ)@? % | ar ge cl ear
tray and sceenetndyoryEraguentsvare prepaxedirby R \eal desbcribed amd i n

96- wel | S t @S¢ cONt &) i | | pH 7.4
to di sso?@eéfgﬁ%%l?ogf%fg' aﬁgﬁgrﬁgﬁﬁ% %g&igr ow atatSOﬁﬁi@%%ér ?lélf?‘lt :

These over ntbfachedt ke SheBp Erageants, and (Hgated FouRiant d¥A ¢t o

replicate ivweero&pPCadr d8BELibed WOK KE NG, Sndrd -5vd le pl ates or Omi-Trays. The
mast er 96-wel | es are | ed .i ndi Vi and., frozen, at

I h |l
-80[err]C. PR gf‘%te’éf%ﬂegiﬁgﬂ ]?Iﬁlgnv%%t%? t’r?eﬂﬂgrgf‘#l e ¥ 18 st i ng
35 of the pwbilcktsses TeDNAthovdghs aamd heransaatiogfg funrticns eehi e or

Sor con! ngs VUE! PEGLSA BENh G0l s Pent RE'SIILRA Do IARERLLOPL MR CN 1 S
tumefaciens to transfer the donor genetic material into the
nuclear genome of plant host cells (Bevan 1984, supra).
Modified Binl9 vectors containing a multiple cloning site,
such as pBI121 or pBI221 which are commercially available

20 (Clontech, Palo Alto), can be used. Kanamycin resistance
and/or B-glucuronidase activity are used as markers for
monitoring transformation, and for pre-screening.

Plant protoplasts are prepared from leaves of Nicotiana

tabacum plants as described in Potrykus et al. 1988 in

25 "Methodg for Plant Molecular Biology" Weissbach and Weissbach
ed. Academic Préss, page 376-378. The expression constructs
are introduced into protoplast cells by transformation using
polyethylene glycol as described in Power-et al. 1988 in
"Methods for Plant Molecular Biology" Weissbach and Weissbach

30 ed. Academic Press, page 388-391. The transformed
protoplasts are selected by antibiotic resistance, e.g.,
kanamycin, and can be encapsulated for pre-screening as
described in Section 5.4.10. '

35
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m nut es at 580 rpm_ 500
al | owed to rﬁﬁé“sf or @%?ﬁﬁ’“gst °é"ré’t!i‘r"‘%'pl ome oL Lhe: hdRTBEYr SRdvVEd
fromthe oi killsplaenmu‘atgﬂtma)ramdmmsrwfd theaddnoesospandetsi AndBcAting-or
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desired S|ze range neces or sIrZe
sel ected &¥PRELIONEY tiey therihofte Qrganis mlsequﬂl'ﬂeédéit;!eom mit. i€l shewn can

then be of O4ha? ket 3 i2iraat QiYdre Wokitaiiek DAL bicbBAAGDa mHRIRE CONtai ni ng
a fluorescenpt substrate Fol.l owi ng i ncubatjon {he sanple_is

prepared fo ackECitRg Fﬂttq'}’}:ﬁ(lgtbf}@éﬁsr RGeS RQ%A; ﬁgyaﬁﬂ RekBOWENdi ng
in steril eneymer jai samearabdlimfpathwalQ[err] droplets per m. The size
-of the dAéplets can be exam ned by phase m croscopy.. FACS services are

performed by a qualified operator on a 35 Becton-Di ckinson FACStar Plus and

positives are sorted di rec®t¥- i MATERIALS HND MRTHOBS cont ai ni ng LB/ Anp,
I sol ating POS iRelayntisd dséianqm%e/@ﬂeseﬁheﬁstﬁbat §8e25€ndkhe1pd 1O

commeréially available. For example:

Gene Clean, Genome kit (Biol01l, Vista, CA); Restriction
enzymes, PCR reagents, and buffers (Promega, Madison, WI; New
England Biolabs; Stratagene, La Jolla, CA); TA cloning kit
(Invitrogen, La Jolla, CA); Bacterial media (Difco, Inc.);
Mira Tip (Hawaiian Marine Imports, Inc.); pBSK plasmid, XL1-
MR cells, SuperCos 1 cosmid, Gigapack packaging extracts
(Stratagene, la Jolla, CA); Qiagen QIAprep plasmid
purification kit (Qiagen, Inc., Chatworth, CA); avidin-
conjugated magnetic poréus‘glass (MPG) beads (CPG, Inc., New
Jersey); petri dishes, 96- and 384-well plates, Omni-Trays
(Nunc), 96- and 384-pin replicator and forms (V & P

20

25

3o Scientific, San Diego, CA); ampicillin (IBI, Inc., CA); green

fluorescent protein and GFP cDNA (Clontech, Inc.);
oligonucleotides (Genset, La Jolla, CA); bacterial species
and DNA sequences not elsewhere designated (American Type
Culture Collection, Rockville, MD); 7-ethoxy-heptadecyl-
coumarin, BCECF-AM (Molecular Probes, Oregon); 3-methyl
benzoate, 3-chlorotoluene, m-toluate, tetracycline, |

35
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at 37[err]C until the colonies grow out of the beads (1-2 days). These
over ni ght re used as a source plate to replicate nor e
wor ki ng nuﬁ%ﬁ%@éfﬁ'plates_or Omi - Trays. The naster nult|*€gﬁ?&%ﬁgﬁés are
- then sealed 5 individually and frozen at -80[err]C. Positive clones can
t hen be either sent for specific testing of the products or sent
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sequenti al | pyh&ib8a8b fagbciar (BPnserongs,, Laad @uédérss%zmconds then

et hanol for 5 seconds before fl am ng. 5.4.12. METABCLI C TESTI NG
CF 15 ACTI NOWCETES/ STREPTOWCES LIVIDANS LI BRARY
BY PLATE REPLI CATI ON Bach. uIMBDAR) |BRBBARATIONe acti nomycete species

is tested prlguriglgaeagfg%eg&a%{g) 1D§A E&Qi%!ass #\ OmREg%Caha

t axonom ¢ redundancy, and e arra nmet a oI|c tests
to be done %@l\ﬁﬁeoaérrw@@@li}ﬁéaby@fwm,pmq imsniosdsar iand f or

Iscr egm nng A& ¥hdpat i6hOnedaci hec S%ea&%ﬂff Owde%d ﬁhest lt§ ﬁbigﬁglA‘%?ﬁﬂeﬁy fes
i vi dans rea mm Pet r.i €s at es
are pret§ﬁﬁ§P?SdFP§E£?BFe4% HOTR G 3Ry 4ﬁatﬂﬂﬁﬂi e ATg ¢ ered
spreadi n¢ bébopé aves. arSyathem\ed_seawmdoatssmvemmgﬁpaa:teGZEzﬂﬁO@dH,o
Selection iyl oht! ket bun 4L LEVLEOS i ndP & caesy!, gy

colonies are’ pic teri S an trans er réd one per wel |

to 96-wel | BiBfhes0.563pMcKBYel F- Eéﬁﬂaxﬁ% P09 FaLl,, TABMeNRaSRul at ed
mast er pi@tmangcpl AcRghud N1ST ¢lsC ahur N&%ﬁcsiayi . 16R®r Emm qhisemmst er

30 96-wel | are. used as .a sour | at e replicate in one or
mor e wor ki nﬁaﬁé&% apd mayife e "‘%P&? (OTHE P H Miga( Tip 6 wel | plates
are themseal ed L.Bdngdtuml Ly pﬁdparedrfnmm dﬁH,QSOiEhrj.Q tR_?'ptbﬁatl ons%s
done with | repl or. t
mul ti-pin g% r%%legg?%Ctrsfg %%g% sequen i %Q%F%FE%LF§§®h7% égonﬁs

SSW with 0.25% peptone, 0.15% yeast extract, 0.6% (vol/vol)

glycerol.

F10A is prepared from ddH,0 containing 2.5% soluble
20 potato starch, 0.2% glucose, 0.5% yeast extract, 0.5%

peptone, 0.5% Distiller’s solubles (Nutrition Products Co.,

Louisville, KY), 0.3% calcium carbonate with pH adjusted

to 7. | -

25 6.2. PRE-SCREENING OF ACTINOMYCETES/STREPTOMYCES
LIVIDANS COMBINATORIAL NATURAL PATHWAY
EXPRESSION LIBRARY BY PLATE REPLICATION AND
MACRODROPLET ENCAPSULATION

Thirty four actinomycetes species, identified as species
# 501-534 were used as donor organisms. The organisﬁs were
30 cultured in F10A medium separately, and genomic DNA was
extracted and purified as described in Section 5.3.1.
Approximately 100 pg genomic DNA per species was
obtained and mixed together for partial restriction digestion
by Sau3A as described in Section 5.4.2. Fragments of genomic
35 DNA were subjected to size fractionation by sucrose gradient
centrifugation, and fractions containing 20-40 kb fragments
were pooled and partially filled-in with the Klenow fragment
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nmast er 98.0wall, OPi0atesi caree Aonese ver yARMAtRd) AMPliFiedpbndaise orelkio agne
ol ates ar SYERLieLdy 2P R e A \eebr B SpebdRalBr an B9 1 ve
cl ones can BR¥SeFeleiather70f&ht for specific testing of the = products or
sent through anotiehdepiii¥d Hnd e Sy "#d10'screening individual
clones, the transformed TK64 host cells were spread on 150mm
15 Petri dishes filled with F10A agar. After spreading, the
plates were allowed to incubate for 21 hours at 30°C. A
selection was performed by overlaying plates with
thiostrepton at 5 pg/ml, 1 ml/plate. After 48-72 hours,
colonies were picked with sterile toothpicks and transferred
20 one per well to 36-well plates. Each well contained F10A
media. These inoculated master plates were placed at 30°C
for 1-4 days. The overnight master 96-well plates were used
as source plates to replicate into one or more working 96-
well plates or Omni-Trays. The master 96-well plates were
25 then sealed individually and frozen at -80°C.  Replication
was done with a 96-pin replicator which was sterilized by
flaming before each use.
- Working 96-well plates were used as source plates to
replicate the library onto a series of differential and/or
30 selective media and indicator plates. Selective antibiotics
included erythromycin, novobiocin and neomycin. Differential
media included F10A and R5 medium containing substrates X-
glucopyranoside and X-gluconic acid. Indicator plates
included library clones grown on F10A then overlaid with a
35 indicator lawn of Enterococus faecalis (E. faecalis),
Bacillus subtilis (B. subtilis) or SOS Chromotest (with X-
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SBCECf%eﬂ?nb?’#%r%%e?Eggigeﬁlﬁgpﬂay be performed by replication as
descri bed above in Section 5.4.09. 5.4.14. PRE- SCREENI NG OF CLONES
BY .CO- ENCAPS YA ON W TH | NDI CATOR CELLS 3%crruseshitied S Of
library clones are titered by plating appropriate dilutions and
perform ng col ony counts. Adequate library cells are mxed in 1%
alginate to. result in - 90 - WO
96/34112 gal) The results are com iled and B&hmHLPEE/ PEOLRe profiles

appr oxi mat e crqdr, . I'n addition, adequate | ndi cat or

|
cells are © ﬁgl‘gtfd?d’tt%? KRS OXI mately 50 target cells per
droplet. MacrodThe etlorese qff mhecddianry descelbedpie-SectenedSby. 10, and

cultured u ons r r d digat o

ol 1 5. " \eECrophREAE Uit oo ® Fody shif RECREESPRY S8R0 CU ¢ ur e
at 30[er§]6mpﬁlﬁ5 :Hmﬁsaﬂijq@e dGmFaKVbﬁaeyencnaeubateélbYsthee cul tured
at 30- 37[ emelefiddn alsB d¥sd33 bed 8 T dck 1 ondBd 4t ggPErature nay be adjusted to
accomodat e the 10 physiol ogical needs of the indicator cells. To visualize
effects of the library cell has on the indicator cells, the follow ng
reporter regi meds 3are UERE-SOREENINGOFCACTENOMYCHEBEYE. | goLwsi on of

neutral red or congo reaﬂOMBiNﬁEQRﬂALcGHEMERICaEAIHﬂ&Y EHERBSSD@Nof
-substrate relevant to i R R : DN

faecal i 30 10 dgedehi® DNa e ‘%%ﬁ eseoemt C’:‘b&ﬂ%aki‘n&ﬁé@%é& to

pr onot er act.i vat,.on, |ncIES|on of In culture

After isol SPFEReSt (36S é#bd%@ﬁP@ﬁs a§°aé§g?}b§ﬁ dpscribediipn

5. 4. 10I i nGiecation csﬁlzl ls_wm eiseail Irmt t&ebpraﬂdrktﬁﬁnoég 2 bdulﬂltd:ﬁﬁa#] hat
are sel ect] ibrary ce not the indjcator.cells e
library ceFF&mggé‘ ﬁ%rl\: hs‘,"tgazr'jl f% ne eé%(f%%%lf’ﬂr }ﬁgra’&aﬂln%dg iﬁeﬁ?‘?’éﬁ

host. Fractions containing fragments of Sau3A-digested

15 genomic DNA of 2-7 kb were pooled.

Aliquots of the genomic DNA fragments are ligated to the

different promoters separately to form gene cassettes as

described in Section 5.5.3. The concatemers are formed by 8

cycles of ligation and deprotection using a different pool of
20 gene cassettes for each cycle, such that the resultant
concatemers each have 8 gene cassettes comprising 8 different
promoters attached to fragments of genomic DNA.

Ten micrograms of the concatemers were circularized and
ligated to 0.5 ug of SuperCos 1 vectors at the BamHll site to
25 form expression constructs, which were packaged in vitro for
infection of the E. coli host cells XL1-MR according to the
manufacturer‘s directions (Stratagene). Approximately
1,000,000 of unique clones are obtained, amplified and pooled
to form an amplified library. The library was stored at -

30 990, Amplified cells are encapsulated as in Section 5.4.10,

and pre-screened as in 5.4.14.

35
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5.0£T BRORTALS ok EIEARVISTI % BBRMBsS) oN LI BRARI ES 25 0 21 iRTEe38iee o,

describes procedures that may be generally applied to prepare

conbi nat ori expression libraries of eukaryotic don ﬂﬁﬂh&ﬁs
The steps |‘§é3?’§§§2| n the preparation of a conbinatori al Pﬁr@é“ C

pat hway gene expression library in eukaryotes. are shown in Figures
5A-5F. 30 Particul arly good expression eukaryotic host organisns

are stable, non-fjlanment _ SPa¢ ﬁﬁﬁﬁﬁl S¥cBs to be
genetical l'y mani pdu'lqg’t abl epE ?ﬁ?" E %@M@%Ee CHI)géAﬁ%%;%RO For yeast
and fungi., a preferred SBesHRSSIGN LIBRARGED &Y WHNEHDDROMEIEMN at 30[err]C

(C. G@thrie and G R Funksncie. g Yeast Cenetics and Ml ecul ar
and Kt abacum R GREAATTERLY RS RAC I [ ORAARAI, Kiorerids”
- 91 - 5 were WRei@B3xd hilsing the following fungal donor organisms
1 o, e iipgped TN rﬂf&‘g“et*ﬁ% P e i S iy
DENSI TY 5 Penicillium xgpgpfontibNRiizeRys o igosporusy RYERFROFENONES

often have |@kffs2T0pySomfces bﬁﬂ@&eéle@am RE S ﬂfﬁi§tﬁjﬁgﬁmﬁ7ﬁ“ ly

b epari ng oARIEENET ol Rn ST Eoahin hef S O e (A G 1"
desi rabl @ gmaci lele Barcichbhi wndiogs i, sRepisniChbL oa'hzafsogdmwnary
[S)}\Izng?:]gl S;Gdyger%ge(:h%\%% %Cg%%fe){/higé %%%eev\sy t}g ﬂg@%@ff%o@%%%get o]
separate out dexiineRe agassERDA; TN SFHTRCE AFRT NS ’F\%‘\
at medium rpm for 48-72 hours Spore inoculations of 1x10* -
1x10° spores per ml were placed into 500 ml of potato extract
15 or malt extract broths in 1 liter culture flasks and grown at
22 C, 225 rpm, 48-72 hours.
Cultures were harvested by filtration through Miracloth
(Calbiochem) under vacuum. The collected mycelial masses were
washed with 2 litres of ddH,0, and air-dried for 10 minutes
20 before freeze drying. Fungal genomic DNA and mRNA were
extracted and purified from the mycelia as described in
Sections 5.3.1 and 5.3.2. A portion of the harvested mycelia
were freeze-dried and stored at -70°C. -
Fungal genomic DNA fragments were prepared as described
25 in Sections 5.4.2. Fungal mRNA was converted into cDNA
according to standard methods. (Sambrook et al. 1982, Watson
¢J & Jackson JF (1985) DNA cloning: A practical approach 79-
88, IRL Press). Weight equivalents of DNA fragments from
each species were pooled to yield a genomic DNA pool and a
30 cDNA pool.
Each of these pools containing approximately 5-10 pug of
DNA is used independentlf to assemble a combinatorial
chimeric pathway expression library. The following S.
pombe-compatible promoters and terminators were generated as
35 described in Section 5.5.2: CMV immediate/early , SV40
early, RSV, HSV thymidine kinase, CaMV, nmt], adhl and uva4
promoters. The promoter and terminator fragments are
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5,957 22" GNEA T ROl RE BN AR OF POBBOVOTERS AND To er1esEa i arer T %°

FRAGVENTS Both pronoter and term nator gene fragnments nay be
produced Qo é4&dF1sSi Ng sequence-specific prinmers adapted fre@Eryseobbdabs Shed
sequences of known pronpters and term nators. The 20 choi ce of pronoter
‘and term nator sequences can be determ ned by the host organi sm used.
For instance if S. ponbe is used as an expression host, both native
promoters, -3pehinad B9thlche QDNA' @né @V@m@.@nnﬁﬁ Fb&@lQ@@&éIsér:ﬁHéB &

t hose derived from Vi ruses SVv40 or sbhur 993 Nuc Ac
Res. 25 8: %85%¥188555.504- fr§ﬁFPuﬁ§H§ EaSSEtEﬁoﬁlﬁﬁFﬁlﬁgnéd r oPi eﬂgt
somat ost at i tBncIﬁgﬁE&edHasCBeﬁaw&bEHQQn BeBSibat 5e555268The¢ f£inab.

217-221). t N h
nduci bl o CONPRESETFHe o Aa0Eary Ghne, casBEFEER ehth art"QLfclouREaL] 1 NC
21: 345- 359?nﬁa¥nabscedeznsedthsovectorP@Rddéaeﬂupﬁ§1n§y<g§upe¢;0aagd I

comercial hygs, axakl abe PEBaMpphi A93uizAY akandacdiBER iﬁaééé@ﬂon
condi ti ons and nMer ases o elit such as

but not ||ﬁ1Fea to%uéfGxﬁéFfﬁéPﬁb€°PSFF§F§§eH8feogrﬁﬁﬁg°rme 5ﬁ8r§se ( New
Engl and Bi pbabe) ce$lBceinolizhliup iaweratet methodi bf GsetzhandaWeodga¢FDon

conditi OnS C| S C | (0] e Lr4C
ot e GiBEECE kA ﬁg%d ), OPR1TRb ar RendeieEhbeegdegaPL A B££¥tg§a1
Wb 96/ 93018pproach, chapter 8, pp 121-134). Uponpe¥lesbépnoses PCR

ol i gonucl ePE-bQ@nEE' BRr $heBYRa40kiadkeed 490TB00I &8l.| pobe cB¥RbBestéed by
‘met hods we known in pronoter apd_terninator

t he
fragments QPﬁéFgﬁédaBQ 1fﬁ§¢'comﬂFi§B°P€§tPFEtP89 edi £8 LPTMHBR5' ends.

Bgl I, XhamplifhedandeaEHIr&hﬁyutb& bceesnrbenuhyustThéefbhkowinQC|ple of
t he |nvent|on stricti o] S e site does
not appearpﬁh gFH ngng %&cﬁ?'tern1n gaggéggtéegggﬁte nEE To

generatdSCmonrnglsﬂtastGGnﬁat|Hﬂ@ﬂh;GQMQAneﬁlgéﬁﬂﬁﬁc 10 DNA inserts,
cl eavage of the pronoter gene fragnents with Bgl

6.5. PRE-SCREENING OF MARINE GRAM(-) /E. COLI
LIBRARY BY PLATE REPLICATION

Marine bacteria cbtained from seawater collected near

20 the Bahamas Islands were provided by the Harbor Branch
Oceanographic Institute. Each of the wild-type gram-negative
pigmented marine bacterial species was tested prior to
preparation of the DNA libraries to determine redundancy, and
to help determine the array of pre-screens to be done 6n the
25 completed librafies. _

The following assays were performed on the parental
species of marine gram-negative/B. coli library, with the

indicated results:

Assav Positive species oﬁ; of 37 species
10 Chromazurol S (CAS) 27
Streptococcus pyogenes . 0
Enterococcus faecalis 3
Proteus mirabils 1
Sarcina aurantiaca : 10
Staphylococcus aureus 6
Starch digestion 17
35

Of these aséays, the following were selected to be
performed on the cells of the combinatorial gene expression

- 106 -



3 FR
c“:sz§(ho I1 f geng?g'f'{aEpsr‘ EDt rD gene fragnments whi ch |?|81.V

5' ends a Bgl Il site and an Xho | site at their 3 ends. Term nators
are cut omydgatsifyaXho | and will have only an Xho | sit e pggaissciodeod’

end. 5 and 3' orientations are 15 based on the expected direction of
transcription across the pronoter or term nator gene fragnent. See Figure
5B. Partial fill-in reactions utilizing the |arge subunit of E.
col i DNA poiywéﬁsem EK ggpy fr agaent ) s anguesslpses. OéuranQEQ&iP%ESQEhdes
(in this ca& P and dTTP) may be used to 20 generate pronoter and

ternmi nator $1EYHeh?] that are incapabl e of self-ligation by their Xho |
ends. . The Bgl | |Beielflpf é¢heh of prhenterpdramgrEhtspasientwie bhbéenladed
because of | @cks O Ly, ,g;ng-t Bgi_m—g &R d the
t-erm nat or M@?rg 'lr%%sn : %%\?@éﬁ%)&g%%m&%%d 9 lh%?rkl enow fragrrént to
25 utiliz® rpm in Falm@atmﬁ tibes e pHas PrAERight (Rl isres | werat est i ne

al kal i ne phespiéet &g eandd the PESYED g&ledhic INK -dsttad¥® b d}an&.andﬂf@V' de
simlar termni r m nat or

I th th
ragront s REREEATER R éﬁ?@lé%ﬁ YT TN SO G TR T RTETT B9
i ncor por at i am ajfabdosaegdy| anCTH pgordWy fror iesth I arte YNt spscEed Shast
J.M 1988, |
enbodi ment %Pﬁf&??ﬁ/jéeﬁ |°on &%f%%\ifﬁ% 20 etS arlleﬂ.bdgékr% ﬁ@g}i%gNA
di r ect i ob@l natwrahgorbhway %&pmﬂrfw lﬂebxraip?etﬁ/émrﬁe aHgemp ek yinfEel oni ng.

The cDNA  cbngesd sa&abr PBednifli s€stiomad |v. 4 | gafrerk ipNA heasehisPtially
orientation wth r sp ct to_the pronoter andterr?< té’
- 93 - diges Qd to SuperCosl and packaged in A phage for

PCT/ US96/ 06m&oducti®nghnm SE. Tboki c@ccdnsdntgume:héayswai ng
different, Om?l[ﬁ??g ‘?Péfbla céﬂrﬂﬁ%ﬁti’gngo élc ) d{ £ BAAPLed

Bgl I, ar e use ust rate the | nven Any

pair of bﬁzy%slftme e o WhsigiaMas émé§led5t§na é‘aﬁobémbr@f‘écbkfd by
met hyl at i ongeafa®ed Us#cocols. The amplified stock was stored in 15%

glycerol at -70°C for subsegquent use.

¢

To prepare the libraries for screening individual

clones, the amplified library cells were spread on 150mm

20 Petri dishes with 50ml LB, 100mg/ml ampicillin and SOmg/ml
kanamycin. The plates were previocusly dried for 24 hours at
ambient temperature in the dark. The 7 X 10°/ml cfu stock was
diluted in LB to 500 cfu/ml. One ml was spread on each 150mm
plate. After spreading, the plates were allowed to incubate

25 overnight at 37°C. Resulting colonies were picked with
sterile toothpicks and transferred one per well to 384-well
plates. 6400 colonies were picked and archived. Each well
contained 75 ul LB, 50 ug/ml ampicillin, 7% glycerol. The
outer rows (80 wells toral) were not inoculated but were

30 similarly filled with medium to provide an evaporation
barrier during subsequent incubation and freezing. These
inoculated master plates were placed at 37°C for 16 hours
without shaking. The overnight master 384-well plates are
used as a source plate to replicate into one or more working

35 multi-well plates or Omni-Trays. The master 384-well plates
were then sealed individually and frozen at -80°C.
Replication was done with a multi-pin replicator. Before and
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AACXNER’ 87t & 17 $4sGBsPENNEd T BPMOMR Xho | site at the d °!'685F0% P he 717
term nator fragments, while the preparation of ‘the promoter fragnents is

unchangedwoeﬁy.}}d i s used because it is conpatible w thd¥aisokosios
filling in enow 10 fragnent and dCTP. This results in a term nator

fragnent t hat has a two-base dCTP-dCTP 5' overhang, which is
conpatible wth suitably prepared Not | digested cDNA gene fragnents.

See Figure T dgg@ | NSERTS

Codi ng gene\rrf%r agrﬁjaarﬁh Yot é%h;;; 1_?ygxt %g;ﬁl@br aﬁ%elgg\/gm q: be derived from

two princi REQUENA il danta ar o secondsni Wanex EFNAC or

g?moi ement agfféed?l‘é% d%%&?%&f%i&fzgﬂ&a@ wecoﬁawmemrm@mﬂm (CDNtA) t
rategies for RIS a.raloRlQ_ ]%iA DNéareTﬁ AT no

i denti cal . ‘“‘éd}ﬁ) 3% om sser‘f"g?r &ﬁf ancf/ or

total RNA usiwmrgestpinataral o atepildlcatey ailea B iLikntegies |anter & wegies of

parti cul ar f_act | &l al RNA may

é z‘sgﬂl w\%ﬁlaﬁ éHcf'/crzs é%lsécféih MEARia (DN§O %tldé&dﬂhotz‘ét

be acconplis taneous genom C,

guani di um@?ﬁ%@@hﬁ%ﬁ et ‘F%“d or fntdmicae é-@t“%‘/'ﬁﬁ 5. Fhe refrlHNA can
ol Ll oae e S L ang TN, "H“t'“"h*mwﬁ“”“ o) oo dT B

cel | ul ose. irst, strand c synt hesi.s ¢ an Q) i go-

primer that"oMSiBRSEERAD MR & & rg?‘:d' ugt t&l‘&ﬁhAsﬁt%'g 30 the 5' end.
An ol i garucl eot igfix cﬂldmes:im:s&ammi@e;ed/\mm wemmmm fiont ebaaichNot |
site near '%f%éétfé}?’aﬁﬁ’jfﬁso f}f‘ese HGtbd QJexfea'?:‘i@Eé& Ffdz”'?c@xé I3l 1§y and

synt hesi s. ternative prinmer avolds 3" bias for large
MRNAS . Mee hinhskkedeh TG oY i RUT SR IPTasS 5 AWHARALAREFP PE used 35
With a pol yiEsas avad! Cfowddd el ikhitiayiviee rg:eam i J.r Grandieadd.i Ctids

e L i
WO 96/ 3414 2sequence analysis, and was found to compr@EinUIN GEER@nces
encoding proteins homologous to those: in a polyketide
synthesis pathway. Figure 10 shows the alignment of the
predicted amino acid sequence of a DNA sequence derived from
clone CXC-AMN20 with the actinorhodin dehydrase gene of
20 Streptomyces coelicolor.

The active component from this clone is further analyzed
by extraction with organic solvents and purification guided
by anti-microbial assays. =~ -

The DNA sequence contained in this clone was further

25 examined by multiplex PCR to determine the cognate parental
species. PCR primers were selected and synthesized based on
sequence of the clone. Highly conserved ribosomal RNA primexr
sequences were used in the PCR as positive contrel. The
positive control generates a fragment of approximately 2 kb.

30 The amplicon generated from the clone or its cognate parental
species was less than 600 bp. Initially, mulitplex PCR
reactions were performed by standard method using a set of
four pools of genomic DNA of the parental species. Genomic
DNA from Pool 1-3 produced the amplicon upon amplification.

35 See Figure 11. -The multiplex PCR reactions were repeated
with genomic DNA of individual parental species. Figure 12
shows that genomic DNA derived from species #6 from Pool 1,
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initial> priners man ge avallaEPe Por cl eavage, thus ensurin

3' end for the cDNAs. Methylated cDNA can al so be produced by treatment
Wit h net hyl@bisgRaripUt the directionality of the cloning wig ,Qg%yogws
because all 5 avai Pabl e sites will be nethylated, - and thus reésﬁ stant to
enzymati c cl eavage. Defined 5 ends of cDNA nay be prepared by

| i gation of sequence-specific adapters, such as a nodified BanH adapter

whi ch has a gped{lOsniad efre/meébaﬁrteadrﬁﬂ d c.i'lte?s Rant rf%ml%ali aom&leeot i de,

t he adapter cont aJ ns onl a tvvo base dGT dATP 5" over bl unt
5' phosphat @¥tELVithi &0 Gt reagtafter g&ﬂ""bé“ﬁ t':g" Qhat has
been treat edu!{erid:nﬂeﬂ Dm _é’dqu[lbﬂbqao&amar:a&e.ya:aamu@damm Fnyotaf allsese
Af ter I | gaf i %E . ters and di gestion of the cDNA 15
wi t h Not apt ed can treated with Kl enow fragment and

dGTP gener‘-"atl ng &Chid r@le TRIECS cﬁ%‘mw yrhat e qombizplarddde damsert ready

for ||gat|0ré>§§?céé%£&b|l’1braﬁ%t§ﬂﬁ(b’m AN g@wufcrwm 1 The
orientation ‘FF‘eéf rrent5|s such that the §' endo cDNA i s 20
WSk r

| ocated to ’E?leb ot R, gaeRdes “‘gﬁ' i RAtaA
| ocat ed towa:rﬂ inte¥éstend R).irittknarmcarem riat drs showna gt suSke dlicpe=s iTC.

Genom c DNA f %?%ég ﬂﬁ% ti i ey Ao %I m c
DNA with a frequen u ?I ng restri c l%gén' fg’ldeg‘zs%qn%ttesuc ggeSau ﬁrﬁﬁ{ﬁil S
enzyne i st dely used for this pur pose, and partial digestion followed
by sizing though sucrose gradients is a very standard technique.

Fragment pool s fromthre ?é, iﬁ'astlons tha(t vary in the
concentration of §rfitial QFs %m erences in
enzyme sensitivity wthi rUln: SR = = ' actionation
and purification,39h200 cImmynam:se oamamstﬂrae;adedbyvmttakmsmsbdmuhyl ase to
protect a &N | gl bt Wi 13 ow

f ragment Jag'/l(f o%\il%& d%’r lﬁllss"lr'ltas té;cPI n ene‘}%yr]%é’%hﬁﬁ 5 tha'tr‘ma;ﬁg _
internal |y fHRFHaw: @F“at m}vrsrawst Hhd Podeof stegile wakexjetpr2

OVSYShangS Ssndémtr e fbh JPese s DYYair ovidvhead mixer at 2000 rpm.

One ml of library suspension containing 30,000 cells was
added so as to embed 1-5 clones per drbplet. The mixture was
20 allowed to sit for 30 minutes to degas. The mixture was then
extruded through a 25 gauge needle. These fluids were
dropped into an O0.5L gently stirring beaker of 135mM calcium
chloride. Droplets were allowed to harden for 10 minutes and
then were transferred to a sterile flask and the calcium
25 chloride removed and replaced with LB/Amp media and a
substrate, ¥X-glucosaminide, at 80 pg/ml. Othexr substrates
were X-acetate, X-glucopyranoside, X-gal and specific custom
substrates relevant to polyketide pathways. Flasks
containing the droplets were then shaken at 30°C overnight
30 and examined the following morning for positive clones
indicated by the presence of blue colonies. Clones are also
co-encapsulated with indicator cells as described in 5.4.14.
Indicator cells include S. aureus, S. aurantiaca.
Droplets were placed in a single layer in a large clear
35 CTaY and scanned by eye. One X-glucosaminide positive was
recovered, resuspended in 15% glycerol and stored at -70°C.

Other positive colonies are removed and placed in 96-well

- 109 -

TO 81165
lgE EZSBC?e%I ned P.11



. B11652238762 P.12
WO 6284 Bitp 11:15 FR PENNIE & EDMOND PCT/ U958/ 06003

i ncapabl e of self-ligation, and are only capable of l|igating to suitably

pr epar ed and term nator gene fragnents. 4 TI ON
OF | NSERT R AONOTERS ARD TERM NATORS PeTIOSSons i tably

prepared cDNA, pronoter, and term nator fragnents can be |ligated at
16[err] C over night. Aratio of 10 pronmoter (P): 1 cDNA 10 term nator

(T) may be usdln igation on. op. Jratio

det er mi ned % Fhi P %ﬁ?ﬂcﬁgé‘?éﬂﬁﬂééﬁ%}AW %Ri;]esrp "M) sa?rq “ml'hce“d'f%/te%t?%nal

cl oning protetivke gisgdliiee theymareixi g@nd orllpwdlidlo draw at 37%0rrectly
oriented pr&@fﬁigﬁ@nse’rh8§€révé€ﬁ1§ﬁ'@trﬁ’és@é‘:n%6 A YPlfres are uséd 925! ON

of prepared_genonic pr onot e and termnator dgene fragments may be
carri ed outaa?miﬁf%ri’}#'?\n FR TeRbicaty +%”E‘? e G, OONG 1eXNL4%e | gation
conponents mahti-sell-pblgeee, ot hemwpPiTrays & atThes Mt dre sl sihtes

errplrlcally t e e t|on od ts. fornmed
are directl y %sréﬂl éééﬁa g élf‘u@{% ﬁdi%t%négﬁfo Fa noc"EH ‘ent ecf Jttf"f'e ¢ ounds
of |igationslones are either semt oflerctspecifin ﬂqa}atr@l afnlbheo podettos e
termnatingof hsentgeei%ﬂghcaﬁbaher round Jf’epzféﬂéd}‘@é?ﬁ pieh @fﬁl@? -

(p=pronmoter, frag=5'->3 genom c_DNA f ment, T= term nat or

genomi ¢ DNAFUBER Faﬁﬂ’éﬁ?l?lng 15 Perfl°r'Fﬁ4 replication yhyichr -"-5 done 3
T-frag-PLo with d-galtiFPpin replidatdrfrag-P 7. P-garf-P 4.
T-frag-T 8. T-garf-T 30 Conmbi nations 1,6 & 2,5 represent the
desired constructs, but because the orientations of the inserts are
random it is Haxpegtedushdischosed edrmplamhsmhesiiments dfe tihe t he

correct é%@tiweﬁeioanylelmw e (nodd¥f 1) those skilled in the
Term nat or/term nat or. gene- cassettes may form but cannot be 1 nvolved in

any subsequaft TRahi by s@éﬁc RRUUTSS Fe exquRtIaTy e éﬁlde%ﬁ@sted’aén%’rﬂj
because 1§ dtieebl ahternatiess, adaptations, and modifications may be

made within the scope of the present invention. Accordingly,
the present invention is not limited to the specific
embodiments as illustrated herein, but is only limited by the
following claims. |

20

- 25

30

s

- 110 -



Baﬁﬁr %%(’jsg.t ltl ﬁélsl‘ F§, PLEEPI!nEn?e. EDMOND : TO @1 18522_33&)62_ P.13
WD 96/ 34112 PCT/ US96/ 06003

moder at el X‘.Bigg)gﬁcigpy nunber and being very stabl e in both EPCT/U%koisoo%nd S.
ponbe. or the present invention, the nmultiple clommg—srte—

(MCS) of pDblet nmay be nodified to accommbdate a Bst Xl sit

sequence. See Figure 6B. This is because the I ntron nuc;T Im H mm“llﬂ'lm
is used to ease e Cpd enmer chain fromthe solid phase genesatses *
3 nucleot#%%LUVEThaﬂQS"‘E%%‘a defined sequence (3 GATT...). An engineered
Bst Xl site havi ng the sequence CCACCTAACTGG generates the appropriate 10
CTAA- 3" overhang after cl eavage. . To nodify pDblet, it can be first
cut with Sacl &iotl 7 FIUHAE AL Se TEPREPREOE AP RAT¥H does not
have t he [LJ:€0 auence. t_ DI ' ce i £ .SPi N-
chr omat ogr gﬁ&:&:&%&é}i% LiJmeans(?jgrca eﬁmoég%v%n%}t%uggﬁ Srgg:glyﬁ gg?%é'

ol i gonucl e%%h%%f%ﬁ&&gﬁ%ﬁ%@ é’%%gﬂc }ci_z"?neg.%ﬂgﬁ %N‘Ao'fﬁcﬁﬁnﬁ?&qﬁ%%%e@r the

BstXI site, a new _ _ | - conpal e over hangs.
See Figure s@om Af fAuralid@als Wpadikd IANdoiora niBhdi, - Bhephieh ¢henes
are checked for correctness by digestion with ol. Correct clones wll

20 be i dentcpiaedrb\gdrdtmmid R Fragmdny L dpeiriblgndsieeliatetewith one
Treatment of this nodified pDblet, with BstXl followed by Xhol sites
gener at 49 @rvectme ddmpiloomtyirsgioE theal ditves expmeésaidh GTAgeBeisX
overhang. See Figure S5E. This cleaved vector can be treated w th Kl enow
fragnent ag®ceSrE I HETEDNA tor gsnamiq ONALExpapeatofin| pgaaPRyoPTiptsel f .
Such a vector may be used to accept the concatener chains.

5.5.8. PLARPSEXSHSSHET | BRARI ES This section describes procedures
that may be generally 30 applied to prepare conbinatorial gene expression
l'i braries

35 2. A combinatorial chimeric pathway gene expression

library, comprising a pool of expression constructs, each
expression construct containing randomly concatenated cDNA or
) genomic DNA ﬁragménts derived from one or more species of
29 donor organisms; in which the concatenated cDNA or genomic
DNA fragments are operably-associated with one or more
regulatory regions that drive expression of genes encoded by
the concatenated cDNA or genomic DNA fragments in an

25
- appropriate host organism.

3. A biased combinatorial gene expression library,
30 comprising a pool of expression constructs, each expression
construct contéining cDNA or genomic DNA fragments some of
which are preselected from a plurality of species of donof
organisms for a specific property, in which the cDNA or
35 genomic DNA fragments are operably-associated with one or

more regulatory regions that drive expression of genes
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usPeh 3F 2t thi 18 ER RRMOIE Sh WO st _organisms To ”&éFESFESEFEtion P

of donor DNA from plants, the foll oy _
- 99 - woog3allf 96/ 34112 Tmlmﬂ l li l ' PCT/US96/06003
PCT/U896/060(§'§,3 ME) general procedur " I umll) a pretreatnent of the

pl ant tissue in cold ether to enhance cell disruption; (2) mechani cal
honogeni zati on of the tissue by grinding with sand, gl ass beads or

al um num oxfi€oatd) pl! tkhgeasbi&gabgbr gefiBnic DRAMESMghEntENpY Sagel | debris,

and (4) extractron o e procedures” descri In 5.1.2. The

resul ting papbtbgeiatONAcke Beghhigh.as described in Sections 5.5.3. The
CaW 35S or nopaline synthase pronoter, and nopaline synthase

term nator fragnents are prepared by PCR as described in 10 Section 5.5. 3.
The pronoter and term nator fragnents are attached to the DNA fragnents,
and |igat®d to atpl ant DRhe. genet oxpussdionriberain of Chatmdl 5.5.6r 3

A preferred plant DNA vector is Binl9 or its variants which uses T-DNA
bor ders andiRréhichcthfgexnresrdns 6PNEREUCE GPRPFiEsePm Plaskid reece¥t Ti
plasm d in Agrobacterium t unref aci ens to_éransfer t he donor ggnetic
material it oPRRES: AnViFedr VEERSKe Bf CRFRLE YBSEOkel PE IBAT Gupkal
supra). dified Binl9 vectors containing a multiple cloning site,

such as pBIT21°BP*PBF221 which are commercial ly available 20 (O ontech,
Pal o AItd§, can be used. Kananycin resistance and/or [err]-glucuronidase
activity are used as markers for nonitoring transformation, and for

pre-screening. s Praat gehet aRbaeksidhel Phepey ede fEDiMh eAVas Which
Ni coti ana t abacum pl ants as described in Potrykus et al. 1988 in
the vector is a shuttle vector capable of replicating in
different host cell species or strains.
15
6. The gene expression library of Claim 1, 2 or 3
in which the c¢cDNA or genomic DNA fragménts are derived from
20 bacteria, fungi, algae, lichens, plants, protozoans,

metazoans, coelenterates, insects, mollusca, sponges, worms,

amphibians, reptiles, tunicates, birds or mammals.

25 7. The gene expression library of Claim 1, 2 or 3
in which the donor organisms comprise a mixture of
terrestrial microorganisms or marine microorganisms, or a
mixture of terrestrial microorganisms.and marine

30 microorganisms.

8. The gene expression library of Claim 1, 2 or 3
in which the cDNA or genomic DNA fragments are derived from

3s
. an environmental sample.
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250'(':.I{/Et2"ﬁéag for 1B &Rt PE/BP(!}%U alrzggl—efegy—\#&%sieae—brw ' and Ve %ddE2E7E8 784

Academ c Press, page 376-378. Th r | ructs are introduced’
i nto prot opk@sksdigs! s by transf oamﬂmﬂmiwanjﬂm&ol yet hyl engcfly¥setlsos .

described.in Power et al. 1988 i ¢ Pl ant Mol ecul ar BI ol ogy"
Wei ssbach and Wi ssbach 30 ed. Academ c Press, page 388-391. The
t ransf or ned protoplasts are selected by antibioti-c resistance, e.g.

kananycin, and can be en lee@ &nS G eal s idescri i
Section 5 4. 10, 3 35 GRS etlef & xlpRle siln QLQQQ%QQO -C%SéQ? lbp%%ld%ND

96/ 34112  the cDNA or genomic DNA fragments cBGprisS2660e06F more 6.

EXAMPLE: CONSTRUCTI ON AND SCREENI NG OF _

COVBI NATOR!I Ape€ENE , EXPRESSItdins thereof, of the donor miBRARYganism. The
followi ng subsections describe the preparati on and pre-screeni ng of
combi nat o al gene expression libraries 5 using mxtures of terrestrial
m cr oorgani sns or narine m cr oor gani sns as .donor organi snms. The

libraries utilizd®- StrdheoREIEs PPFregsion tibxrgry 98dCdaisyfodadich
or gani sns. Tge results show t hat sogﬁi%%gthe | ibrary cells displ%¥
met abol i ¢ alPFVPRFIER Pife PRFHICTS FATERE SRG° | Ay CORPLREE §3t BREtdraly

I nteresting r t ' at hways are functional in the host
4R IR Fatnart

or gani sns. M
encodi ngl& narine bacterial protein that shares sequence honology to a
known enzynme in a netabolic pathway. 15 6. 1.

MATERI ALS AND MEIHODS  The gene expression library of Claim 1, 2 or 2
in which each ekpression construct is contained in a host
cell. |

15
12, The gene expression library of Claim 11 in which
the host cells have been modified by the introduction,

20 induction or overproduction of active efflux systems.

13. The gene expression library of Claim 11 in which
the host cells.have been modified bytthe introduction,
25 induction or overproduction of a known metabolic pathway of

interest or portion thereof.

14. The gene expression library of Claim 11 in-which
30 the host cell is a bacterium, fungus, plént cell, insect

cell, or animal cell.

15. The gene expression library-of Claim 14 in which
35
the host cell is Escherichia celi, Bacillus subtilis,

Streptomyces lividans, Streptomyces coelicolor, Saccharomyces
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. 15 ' - 0 B11652238762
Re%@érﬁ% et bi ' nF'%,hPeEhf)'# Iegse&ntEDnrw'sﬂﬂfod_a.Le_gﬂnﬁLaJ_l_)L Tcorrmer c?gal 'y

avai |l abl e. For exanpl e: Gene C ean, Cenone kit (Biol0l, Vista, CA); -

Restriction. 20 enzymes, PCR reaHmufmlJHI ” |I3I|s (Promega, Madison, W:
New  Engl*8fdS2f8t abs; Strat agenelll | WTA ¢l oni §96/06003

(I'nvitrogen, La Jolla, CA); -Bacterial fredi a (Difco, Inc.); Mra Tip
(Hawai i an Marine Inports, Inc.); pBSK plasm d, XL1- MR cells, SuperCos 1

cosm d, G gapack .packaging.extracts 25 (Stratagene, La Jolla, CA); Q agen
Q Aprep pl a§%’8V1sﬁ&Pi'f FERiEOFALhAFOrYSES, PPRDS, ERAGRBERRE ERYIIRGFEAN-

' t ed Is . .| caee NEW. ] ;
SOt Ol e RREli R0 BiRuTanes aYREh aREadE HRCTIahdC ML and SISOV L
repl i cator sadaborocOY Eefl130 Soncwentis. vERD Bhgen, B/a2amLltliB.(15).

Inc., CA); green fluorescent protein and ech

ol i gonucl sothdegeiBanset, La Jolla, CA); bacterial species and DNA
sequences not el sewhere designated (American Type ~ Culture Collection,
Rockville, MD); 7-ethoxy-heptadecyl- 35 coumarin, BCECP-AM (Mol ecul ar
Probes, Oregon); 3-nethyl benzoate, 3-chlorotoluene, mtoluate,
tetracycline, 16. The gene expression librady of Claim 11WhohBdH 12
PCT/ US96/ 06003 chl or anpheni col , acet am nophen, arsenic, antinony,

cis-cis- - HAGORREE, cqrdsofnErhemeprBERIN A BSFORbEBITESIDem) tadlored to
Dynabeadsp MRC-M.(Dynal , Ing., Lak uccess : 5 ) .

6.1.1. NMEDI AGBRE %\wiaﬁes in't epgilgﬂaaf Mﬁgﬂ(am@e#ﬂn@e%wra% in
nmedi a and LQns .| urified by sof.it ening, reverse osnosis, and
deionizatioﬁ?égbéé#gi§ag§g%§?ePE(§8§¥ﬁPEFFTC» i s obtained from Scri pps
Institute of Cceanography (La Jolla, CA) and filtered

1 17. The gene expression library of Claim is'in which
15 the reporter regimen comprises DNA encoding a reporter gene
operably-associated with a regulatory region that is .
inducible or modulated by the desirable metabolic pathways or

20 SOmpounds expressed by the host cell.

18. The gene expression library of Claim 11 in which
the host cells are in a matrix containing a reporter regimen
25 tailored to identify clones in the 1ibrary that are

expressing desirable metabolic pathways or compounds.

19. A method for making a combinatorial gene
30 expression library, comprising ligating a DNA vector to cDNa
or genomic DNA fragments obtained from a plurality of species
of donor organisms to generate a library of expression
constructs in which genes contained in the cDNA or genomic

35 _ . )
DNA fragments are operably-associated with their native or
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Q ’ : d .
10 lggf gYZegtrsel.l ;?ntFﬁetplEgNslga\?\'/aFgrmf'gSV\) IS _prepared frohd G%ﬂ%ﬁgﬁ@?sa by P.

the addition of salts (45.2mm NaF, 48.8mm SrCl [err], 0.324mM

e g abbpssints St s hc £ o RN IIRIRIES 51 v Freqaoney

1.10mM EDTA, 1.58nM  NaHCO err])” arfd fiar'ne’ trace el ements (0.01 % Mra

Tip). 15 LB nediumis prepared fromddHerr]Owith 1%tryptone, 0.5%
yeast extract, 1% Nad . -Bl is prepared.from_75% sea H err] O or SSW
Wi th 0. 25% FEREEREIT 1Ry SEFLENS WRiH CravRy SRPTeS aiiaR Sl the
F10A is prepared f.rom dd [ ontaini . 5% sol ubl e 20 potato starch,
0. 2% gl ucos?jer%%%nyea%talﬂgi{orﬂzfgta%eo.}%%r& I&&éﬁt one, 0.5%Distiller's

solubles (Nutrition Products Co., Louisville, KY), 0.3% calcium
carbonate with pH adjusted to 7. 25 6. 2. PRE- SCREENI NG COF

ACTI NOMYCESTES/ STRRPTOMYCES method for making lal VHRARS iCOMBIENVEQRIAln NATURAL
PATHVWAY EXPRESSI ON LI BRARY BY PLATE REPLI CATI AND
MACRODROPL EBAp¥eARRUATI il ary, compdiiging freidondly emeeticdih tSIRE IEDNA or
identified as species # 501- 534 were used- as donor organi snms. The

or gani sns weyencd(l o IDNAIrfadigwerE) Abtedined sewar ainel pr @modeg@apadiecDNE was
extracted and purified as described in Section 5.3.1. proxi mately
100 [err]g dgaman cm@eninms smnd dsigsing i soned tena teid QA Yor

partial regptriction digestion by Sau3A aﬁgdescri bed in Section 5.4.2.
Fragments oftQéndtif VEFTNA SR EPIEHR S fed ¥ a8y, 8% EXRES®4%n by sucrose
gr adi ent centrifugation,. and fractions _contai.ni ng 20- kh fragnents
Mere pool ed AT 1 AT AATR R CEAIR, dRobtr SPenET JeHbRLE
- 102 - 4JE§ _ . . . .
PCT/ US96/ 06 fég%“geg{ %‘s 0 5& e(:]"oar}f:'p]%-ialzﬁsé> i t}?ds-iwrlrﬁharﬁhﬁlﬁr erl;?é:rlé'f Vect or s
bel ow  (Korgbbdedius Nt dlsryRefeglifind! U322 Qi sV ek eBlon 19% he

: 15 :

genes in an appropriate host cell.

21. A method for making a biased combinatorial gene
20 qxpression library, comprising ligating a DNA wvector to cDNA
or genomic DNA fragments obtained from one or more species of
donor organisms, some of which are selected for a specific
property, to generate a library of expressién constrdcts in
25 which genes contained in the c¢DNA or genbmic DNA fragments
are operably-associated with.their native or exogenous
regulatory regions which drive expression of the genes in an
appropriate host cell.
30
22. The method of Claim 19, 20 or 21 in which the

DNA vector is a plasmid vector, a phage, a viral vector, a

cosmid vector, or an artificial chromosome.
35
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Bi OCcRRI’'§Ted 15371 TR PEMNIE @ EBMONB rorrig of the pool BY 2! Fi3GTH{%E wer e

ligated in nmultiple batches to 0.5-3.0 [er 5 pl J922 and pl J903

r of
(Hopwood 1985, supra) vector preparlm “mrli EHH ‘“Er Xhol . The ligated
expressi on POSBAURts were  transtlel A st or ganfSH{USI6/06003
Streptonyces |ividans, strain TK64 whi ch had been nmade conpetent by
renoval of cell walls with | ysozynme (Hopwood 1985, supra). Approximtely

10 11, 000 uni que ¢clones were gener at ed, |ified and, stored as celia
in 20% gl ycer ol aﬁa'as spgﬁﬁ_@ﬁg 2% s? H%fgﬁ“ o 21 éhb%%r%ﬁeéfeggﬁﬁe 1T
To prepare t i [ o] i Lo vl :

t ransf or ned g‘ﬁ‘égkgégyegg?%séeégéﬁgBéggﬁé%é{%% i P%Jfé)?gédel%%ggo Y’ ICI:%Jd1

w th F10A agggecfggeérsgfggghgg, t he plates were allowed to incubate for
21 hours at 30[err]C. A sel ection was performed by overl aying pl ates

W th thgostrepton at 5 [err]Jg/m, 1 m/plate. After 48-72 hours,
colonies were picked with sterile toothpicks and transferred 20 one per
well to 96-wel| pgates. Enhé methodovf aCheim FIDA 20 nexli 21 Ihesleickmoche at ed
master plates were placed at 30[err]C for 1-4 days. The overni ght naster
96-wel | pl at cBNAeps gendmicaBNAofragments care cdexived afromnthacrrerioa, nore
wor ki ng 96- well plates or Omi-Trays. The master 96-well plates were 25
then seal ed FRAFYi dBBERG: ahéCREBS enPIARLBO[R¥PFRZOIR i BREFFPRNS mas done

ith a 963pin replicator which wa terjlized b flam ng befor ach e.
Vorking 96  vEPFIEPEFEACHEs o SRATEs ROLITESH ARRAGES . YIS o ATPHHaIans,

l'ibrary ontorgggsiée?egﬁnggggg engi? sagg/&gmé%iéglective nmedi a and

i ndi cator pla I'Vé antibrotics I'ncluded erythronycin
novobi oci n and neonycin. Differential medi a i ncl uded F10A and R5 nedi um
cont ai ni ng substrates X- gl ucopyr anosi de and X-gluconic acid. |ndicator

pl ates i ncl udedsl i braryhel aBERo8r §PNCDaL M 104\ tH@NopVEL | fh AiéR eSS
i ndi cat orgfawn of Enterococus faecalis (E faecalis) , Bacillus subtilis
(B. subtilisdonorSebgehlsimt esinprise ha Xmixture of terrestrial
- 103 - : :
microorganisms or marine microorganisms, or a mixture of
terrestrial microorganisms and marine microorganisms.
20 .
26. The method of Claim 19, 20 or 21 in which the
cDNA or genomic DNA fragments are derived from an
environmental sample.
25
27. The method of Claim 25 in which the cDNA or
genomic DNA fragments comprise at least an operon, or
portions thereof, of the donor microorganisms.
30
28. The method of Claim 27 in which the operon

encodes a complete or partial metabolic pathway.

35
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WOO§8/ 88197 11:18 FR PENNIE & EDMOND PCT/ USS5/RGPP238767)5| ), P.18
The results are conpiled and conpared to the profiles of Streptonyces

p
LT oo (R i

. 0, 000 5 ARPIUSK6HE003] ones
of the library are encapsul ated by t fie met’hod as described in Section

5.4.13. 6. 3. PRE- SCREENI NG. OF ACTI NOWCETES/ E. COLI
COVBI NATORI AL CHI MERI C PATHWAY EXPRESSI ON . LI BRARY BY
MACRODROPLET ENCAHSULATI (Rhe grethod @fh dHiadmDNR of0aiore @ 1f Eompthier thirty
four actinonycetes . S ecigs (ide tifijﬁ)d as species # 501-53@ as
described | EOMPERRIRG iRt EodNEAng (R TiPRARY SitoSaPReRSTOB st Tucts
conbi nat ori .Chi i C t hway gene expression library in a S. |ividans
host. Fract ?}brh%o c%&t‘%%%i%%ﬁ? agnents of Sau3A-di gested genom ¢ DNA of
2-7 kb werg pool ed. Al'iquots of the genom c DNA fragnents are
ligated to the different pronoters separately to form gene cassettes as
described in Secti@n 5.5.7he THAKSDGH LRI HF IOWIBEOENE hosty 3 Ofs
ligation and deprotection using a different pool of 20 gene cassettes for
each cycl e, $usicddwium hefumgue | aplant cellcatigRict <adh ,have ahigRne cell.
cassettes conprising 8 different pronoters attached to fragnents of
genom ¢ DNA. Ten m crograns of the concatenmers were circularized
and -~ ligpated to 0.5 [err]g of SuperCos 1 vectors at the BanHl site to 25
f orm expressi on cbhst ructEhe mmé)m Clpiak ddedn whichr sheohost iaefldctiison
of the E. coli host cells XL1-MR accordi n%_to_ t he manuf acturer's
di rections (BIGherkrts cobbr Bahtids subtilisn, GETePtomycese ldvddasnsar e
obt ai ned, anplified and poolfd to fo%‘rgan anplified lihrary. The library
was stored aicEePRPUNFLS rfReliGHiori SPEHAOWCES: FEXFYIFIPEd as i n Section
5. 4.10, Eggkf¥§§§5£ﬁ§¥§§§é§%'ﬂbéhé%:%%odopté¥% frugiperda, Aspergillus
15

nidulang, Arabidopsis thaliana, Nicotiana tabacum, COS cells,

293 cells, VERO cells, NIH/3T3 cells or CHO cells.

20 32. The method of Claim 29 in which the host cells
further contain a reporter regimen tailored to identify
clones in the library that are expressing desirable metabolic
pathways or compounds. .

25

33. The method of Claim 32 in which the reporter
regimen comprises DNA encoding a reporter gemne operably-
associaﬁed with a regulatory region that is inducibie or

3% modulated by the desirable metabolic pathways or compounds

expressed by the host cell.

34, The method of Claim 29 in which the host cells

35
in which the host cells have been modified by the
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. omya22'97 11: \FDFGG/PEMYIE & EDMOND TO 811652238762 P.20
PCT/ US96/ 06003 6. 4. PRE- SCREENI NG OF ‘

FUNGAL/ SCH|, ZOSACCHAROWYCES CHIIIIIHHMHIHHW' NATORI AL CHI MERI C
PATHWAY ~ WO96i34112 EXPRESSI L EFCT/US36/06003

ENCAPSULATI ON Two conbi natbri%l 'chi"nefi c* pat hway expression
libraries 5 were prepared using the follomﬁng fungal donor organi sms
obt ai ned from AT Trichoderma reesei sarlunloxys orum &C|Illum
roquefortii TPRAPIEGELCH i ¢ SR ﬂEuPS?BBF&duCE+3ES ?ﬁ?ﬁﬁﬁy@gg
blankesleeagggt Aspergillus fum gatus, Aspergil |l us fIavus Enericella

het erot hal | i e8R4et oomi um 10 gracile, Penicilliun1notatun1 Penicillium
chrysogenum Each species was cultured separately in 500 nl potato
dextrose agar (PDA;, Difco) or malt extract agar (MEA; Difco) at nmedi um
rpmfor 48-72 hogks. Spokel aeeWod! beNe18iml¥30i8  Which thdxhBker £b1gRor es
per m were placed into 500 mMl of potato extract '15 or nmalt extract broths
in 1l liter haveubeeh amiddifded dyovheatintroddctioR25in@ite#ién7dxrhours.
Cultures were harvested by filtration through Mracloth (Cal bi ochem
under vacuunrveIpeodulctdcinedfmac &nown massbelierpathwapsbfdimtehedt| okres of
ddH err] O and air-dried for 10 mnutes 20 before freeze drying. Funga
genom ¢ DNAP&X& ipRNEhgEeef- extracted and purified fromthe nycelia as
descri begdpi n Sections 5.3.1 and 5.3.2. A portion of the harvested

nycelia wer e freeze-dried and stored at -70C Fungal genonic DNA
fragnents were prepared gs ed 2 ection
converted into cé%A agt ? gﬁ&&ig ﬁﬁghﬁdgom?gﬁﬂ%rBEklﬁPeﬁFSC

1989, Wat A t I h
79- SO?ﬂLaP sg)%§§§% ligqg#%a?}st ﬁbgﬁﬁ?§$agngaﬁg }fgn]app;ggﬁ
speci es Were pool@gd to yight 3 iagneweC gbhie BRpte8B8foR BbfiPY BPOL1aim

15
11; and
(b) screening the gene expression library for a
clone which produces the compound.
20 .
37. A method for screening a gene expression library
for a compo:nd of interest, comprising:
(a) culturing the gene expression library of claim
25 16; and
(b) detecting a signal generated by the reporter
regimen;
thereby identifying a clone which produces the coﬁpound.
30
38. A ﬁethod for screening a gene expression library
for a compound of interest, comprising:
(a) culturing the gene expression library of claim
33 18; and
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EafRTof2t Rdsd 138l ERcBRMYIIRI AgERPBMBxi mately 5-10 [err]P A 1659598182 used P- 2!

i ndependently to assenbl e a combinatori al chineric pathway expression

library. Th ng S. ponbe- c rs and termn nators
wer e gener at%veéiggéjs‘? described in Seﬂmm'"l" mﬁﬂml mredi atférk 2@(‘?’?’9 903 S\v/40
early, RSV, HSV thymi dine kinase, CaMV/, hnt%, "adf1 &nd uva4 pronot ers.
The pronoter and term nator fragnents are ' -
105 - WO 96/ 3411 . .

PCT/ US96/ 06003 (%gcorrbi ﬁ’e"ﬁ/ﬁtﬁﬁ‘% e R L, FPSERST: DBNEDS, FePorEer
described in Sections 5.5 ch gene cassette averaging 5 kb in length
i s concatenated as descrlbeailn ection 5.5.5. The final concat eners
contai ni Ng 8 tHRIRHHRAS! Al e WHidH RefRMAd Nto the
vector nodified p[ﬁh%?et%%ﬁé?afr}lﬁg{a]a 1995, md\‘?‘(ﬁésa%gh pp. 173 d177) as
described isn Section 5.5.7. The expression constructs were transformed
into S ponbe cells via lithiumacetate nethod of G etz and Wody (FD

G etz & RA Wody, 3%bl ecul & ngarheid dorofpreehurtingAapeatipotald b¥ dmverast,
chapter 8, pp 121-134). Upon sel ection for presence of the ura4 marker,
110,000 S. pewTPrdlsimes are obtai ned and anplified. The clones are pooled
to form an anpllfled l'i brary ready for pre-screening. The follow ng
pre-screens are peffor med: WA RRG Fétoé*et égﬁnt&ﬁtlied in sladgni3g: and

activity, yanti bi ot resi st ance. PRE- SCREENI NG OF MARI NE
GRAM -) /E. COLI S recwerﬁﬁ%lﬁ&?f"@?‘ﬂﬂ%ﬁfﬁem g&TF&%ture of the
Mari ne bacteria obtained frﬂlra! | ected near 20 the Bahanas

| sl ands were provided by £ %'e%'\(l)gféganc Qceanographic Institute. Each
of the wild-type gram negative pi gnented mari ne bacterial species was
tested prior to preparation of the DNA libraries to determ ne

[ﬁdundancy, and 4d.0 hel p GRItYdE Tor BrdBUBhPR RoMPIUNCBE tlatlaﬁe@&ne on
e 15

comprising:
(a) culturing the clone identified in claim 37; and
{(b) recovering the compound from the culture of the
20 identified clone.
41. A method for producing a compound of interest,
comprising:
25 (a) culturing the clone identified in claim 38; and
{(b) recovering the compound from the culture of the
identified clone.
30
35
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28CEoRBI 8Ped1F 1 Br BRi BENNIE & EDMQMD f o) | oui ng assays were performed on the

par ent al species of marine gramnegative/E. coli library, with the

i ndi cated , Assay Posi tive speci es gifu&dsoddos
speci es BOv%ﬁy%%éiﬁrol S (CAS) 27 St rept ococcus
pyogenes 0 Ent er ococcus faecalis

3 Proteus mrabils 1 Sar ci na aurantiaca

10 St aphyl ococcus aur eus | / 6 Starch digestion
17 O these assays, the follomjné &g%e selected to be per f or med
on the cells of the conbinatorial gene expression _

- 106 - WO 96/ 34112

PCT/ US96/ 06003 library in E. coli : CAS; S. aureus; S. aurantiaca,
starch di gesti on. Briefly, each of the 40, parental species was

i nocul at ed into 5 mM of B3 nediumand cultured overnight at 30[err]C
300 5 rpmin Falcon 2059 tubes. the overnight cultures were. pel |l eted
and the total genomic DNA extracted by standard procedures. Genom ¢ DNA
was quantified by visualization on an agarose gel and 5 [err]g DNA from
each of the 40 species was contributed to a pool totaling 200 [err]g.
The conbinatorial 10 natural pathway expression [ibraries were assenbled in
E coli as described in Section €1.4. This DNA was partially

di gested, ligated to SuperCosl andgg?ggaged in [err] phage for
introduction into E. coli accordin 6>t he Super Cosl manuf acturer's
directions (Stratagene). This resulﬂéd } 15 10[err] uni que cl ones,
which was anplified to 7 x 10[err]/m standard protocols. The
anplified stock was stored in 15% -70C for subsequent use.

h
c
(e

<

gl ycer ol

NATIVE
PROMOTOR

WY, WY, Y44, 44

- FIG.1
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I|brary cells were spread on 150mm 20 Petri dishes with 50m LB, 100ng/ m
anpi‘cillin and 50 kanamycin. The plates were previously dried for

24 hours at¥W r‘rg‘gent tenperature in the dark. The.7 X 10[ ePFFURIS/EPN
stock was diluted in LB'to 500 cfu/m. One m was spread on each 150mm
plate. After spreading, the plates were allowed to incubate 25 overnight at
37[err]C. Resulting col onies were picked %gﬁﬂ% sterile toothpicks and
transferred one per well to 384-well p 6400 col oni es were picked
and archived. Each well contained 75 [err]l LB, 50 [err]g/m anpicillin.
7% gl ycerol . The outer rows (80 wells total) were not inocul ated but

were 30 simlarly filled with nmediumto provide an evaporation barrier
duri ng ‘subsequent incubation and freezing. These i nocul at ed master

pl ates were placed at 37[err]C for 16 hours wi t hout shaki ng. The
overni ght nmaster 384-well plates are used as a source plate to replicate
into one or nore working 35 multi-well plates or Omi-Trays. The master
-384-wel | plates were then sealed individually and frozen at -80[err]C
Replication was done with a multi-pin repllcator Bef ore and :

- 107 - WD 96/ 34112

PCT/ US96/ 06003 after each use, the 384-@&n replicator was di pped
sequentially into bleach for 20 seconds, wat for 30 seconds, then

et hanol for 5 seconds before flam ng. gawrking mul ti-well plates or
Omi -Trays were used as 5 source plates to r@licate the DNA |ibraries onto

a series of . differential and/or selective dia (e.g. siderophore
detection nedia (CAS) or antimcrobial |awnsg. The results were conpil ed
and conpared to the profiles of the w.ld- tyx@g mari-ne bacteria used to
construct the DNA library. 10 Si x clonegwere isolated that were
positive for starch di gestio Qgése clones were tested for the
ability to inhibit growmh_ae ugf or \SNauranti aca, and one

FI1G.2
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subjected to further analysis, including DNA 15 sequence anal ysis, and was
fouhd to copbaksRs DA sequences encodi ng proteins honol ogopsyti9odidiede i N
a pol yketi de synt hesi s pathway. Figure 10 shows the alignnment of the
predi cted am no aci d sequence of a DNA sequence derived from cl one
CXC-AMN20 with the actinorhodin dehydrase gene of 20 Streptomyces
coelicolor. The active conponent f this clone is further

anal yzed by extraction with organic sol s and purification guided

by anti-m crobi al assays. The DNA sequence contained in this clone
was further 25 examined by nultiplex PCRto determ ne the cognate parenta
species. PCR priners were selected and synt hesi zed based on sequence of
the clone. Hi ghly conserved ri bosonmal RNA priner sequences were used in
the PCR as positive control. The positive control generates a fragnent
of approximately 2 kb. 30 The anplicon generated fromthe clone or its
cognat e parental species was | ess than 600 bp. Initially, mulitplex PCR
reactions were performed by standard nethod using a set of four pool s of
genonmi ¢ DNA of the parental species. Genomc DNA from Pool 1-3 produced
the anplicon upon anplification. 35 See Figure 11. The multiplex PCR

reacti ons were repeg wi th genom ¢ DNA of individual parental species.

Figure 12 genoni ¢ DNA derived from species #6 from Pool 1
- 108 - '
PCT/U896/06003\ ,/ 7veciqu#18 from Pool 2 and spe

wer e posi tSREZ e PCR reaction. This suggested

DNA sequence was |likely derived fromany of these

bacteria. S Thys, the results show that the com

expression library cogtains clones carrying genetic nma
from mari ne bacteria Rthat § ﬁgrnnabolic pat hway
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can be identified, and isolated by pre-screening. 10 6. 6.

PRE- SCREENI RINE GRAM -)/E. COLI LIB
NACR@R@LE‘?&?% ULATI ON 30, 000 cl ones were encap?ﬁﬁg’tuggﬂ%gos
taki ng sodium 15 al ginate (Protanol LF 20/60, Pronova Bi opol yner, Drammer,
Norway) and dissolving it in 100 nL of sterile water at a concentration
of 1% using an overhead m xer at 2000 rpm4 One m of library suspension
cont ai ning 30,000 cells was added so as /t29 enbed 1-5 cl ones per droplet.
The m xture was 20 allowed to sit for 30 mnutes to degas. The m xture was
t hen extruded through a 25 gauge needl e. These fluids were dr opped
into an O SL gently stirring beaker of 135nM cal ci um chloride. Droplets
were allowed to harden for 10 m nutes and then were transferred to a
sterile flask and the cal cium 25 chloride renoved and replaced with LB/ Anp
medi a and a substrate, X-glucosanm nide, at 80 [err]g/m. Oher

substrat es were X- acet sBI@INTXS@4 LENDYr anosi d8UILI-gA gemldl speci fic custom
substrates relevant to poﬂ,yketi de pat hways. F| @¥RRHANG cont ai ni ng t he
droplets were then shakeg- 3t L ang exam nFIGeA(ALOWi ng
nmorning for positive clofNesT jqi 'mq-ﬁg)g»t @ gresence lo le | oni es.
Clones are al so co- endafsul a th_i <%l ls as described in
5.4. 14. I ndicator cells include S. aureus, S.. aypantiaca.

Droplets were placed in a single layer in a large clear 35 tray and scanned
by eye. One X-glucosam ni de positive was recovered, resuspended in 15%
gl ycerol and stored at -70[err]C. O her positive col onies are renoved
and placed in 96-well ' - 109 - WO
96/ 34112 PCT/ US96/ 06003 mast er

pl ates cont ai ni ng é’m%/IAEWME?E MM sodigypugi trate pH Smal COMPATIBLE
P
S > o S >
3 ¢ | lac PROMOTER>>>>" >3 3> <<<<<lac PRONOTER | >
< <5 3¢- <3,

F1G.4B

BomHI BamH1 BamHI BamH1
<LK > B KK W O <K W@ YO KKK W@ <KL

FI1G.4C
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These overni ght master 96-well|l plates are used as a source plate to
replicate inygoggfpr nore working S nulti-well plates or Cgm-Tr%y The
master 96-wel | plates are then seal ed individual |y and frEoHHSaos003
-80[err]C. Positive clones are either sent for- specific testing of the
products or sent through another round of pre-screening or screening.
Further screening is performed by repllcaSﬂQ which is done 10 with a
mul ti-pin replicator. Havi ng thu i scl osed exenpl ary enbodi nents
of the present invention, it should be noted_ by those skilled in the
art that the disclosyr aré‘ex onIy &ht?d_hat,‘:var'?ogs 15 ot her
alternati ves, adapt a% cat W|th| n the scope
of the present inventgd Ae.eordl in I S not
limted to the specitE od| E ut i S ogJy
limted by the foII&B'ng elal = =4~
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PCT/ US96/ 06003 WHAT IS CLAIMED | S: 1. A conbi natori al
gene'expres%@&lg_‘“}r ary, 5 conprising a pool of expression constructs,

each expression — construct containing a cDNA or genomi ¢ DNRGIAHGHR4963
derived froma plurality of species of donor organisnms, in which the
cDNA or genomic DNA fragment is operablé§f2associated with one 10 or nore

regul atory regions that drives expression of genes encoded by the cDNA
or genom c DNA fragnment in an appropri ate host organi sm 15 2.
A conbi natorial chineric pathway gene eXression l'ibrary, conprising a

pool of expression ¢Qrgtructs, etfcipa SAPr ESIPHN c§nst=r|-»m;>t cont ai ni ng

randonl y concat enat DNA)%r ;&;hom' & B agmegt s i ved from one or

nore species of 20 r Prgan g,"iﬁsv\hi tdre atoncAte@ngt ed cDNA or
&5

s
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library of daim116 in which 15 the reporter reglnen conpri ses DNA
encodi ng a reporter gene oper abl y-associated with a r§QH?i%9kﬁ 5egion
“that is WO9%PIeEi ble or nodul ated by the desirable netab pat hways or
20 conpounds expressed by the host cell. 18. The gene
expression library of Cdaim1l1l in which the host cells are in a matrix
containing a reporter reginmen 25 tallore o identify clones in the
library that are expressi ng desi rabl1 tabol i ¢ pat hways or conpounds.
19. A nmethod for making a conbinatorial gene 30 expression library,
conprising ligating a DNA vector to cDNA or genom c DNA fragnents
obtained froma plurality of species of donor organisns to generate a
‘library of expression constructs in which genes contained in the cDNA
or genomc 35 DNA fragnents are operably-associated with_their native
or - 114 -
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exogenous regul atory regions which drive expression of the genes in an
appropri at ewagis4ae! | - 5 20. A nmet hod for nmegbpesssdshésTeric
pat hway gene expression library, conprising randomly concatenating
cDNA or genom ¢ DNA fragnents obtained fromone or nore species of
donor organisns, and ligating the concatenated DNA fragnents 10 to a DNA
vector to generate a |library of expressio 4 constructs in which genes
contained in the cDNA or genonic DN&? ?ggnents are

oper abl y-associated with their native or exogenous regul atory regions
whi ch drive expression of the 15 genes in an appropriate host cell.

21. A nmet hod for making a biased conbinatorial gene . 20 expression
library, conprising ligating a DNA vector to cDNA or genom c DNA
fragnents obtained fromone or nore species of donor organi sns, sone
of which are selected for "a specific property, to generate a library
of #expressi on constructs in 25 whi ch genes contained in the cDNA or
genom ¢ DNA fragnents

MODIF [ED
R~ poblet uroé

6238 bp

ColEt ori LacZ 5%
LocZPr /

MCS = Sacl-Ncol-BstXI-Not[-Xba...

F1G.6B

5' CCTAGCCATGGCCACCTAACTGGGATCGC 3'
3' TCGAGGATCGGTACOGGTGGATTGACCCTAGCGCCGG o

Sec]  Neol BstXl Not] END

FIG.6C
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regi ons which drive expression of the genes in an appropri ate host

TO 811652238762 P.
re

34

cel I'. 30 wo9634112 22. The nmethod of Caim 19, 20 or Zkridsokbéged t he

DNA vector is a plasmd vector, a phage, a viral vector, a cosmd
vector, or an artificial chronosone. 35

- 115 - WO 96/ 34112

PCT/ US96/ 06003 23. The nethqgf Claim22 in which the
vector is a shuttl e vector capable of réplicating in different host
cell speci es or strains. 5 24. The nmethod of C aim 19,
20 or 21 in which the cDNA or genom c DNA fragnents are derived from
bacteri a, fungi, algae, lichens, plants, protozoans, netazoans, 10
coel enterates, insects, nollusca, sponges, worns, anphibians, -

as
3
L

pERD-20-GFP
FIG.7

Kpn 1
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Claim19, 20 or 21 in which the 15
tertestria }.Cr oor gani sns or
| a9peadls gan

terrestria

conprise at | east an operon,

m cr oor gani sns. 30

96/ 34112

PERMEABLE
MATRIX

21 in which the

TO B11652238762
5. The net hod of

donor organi sns conprise a m xture of
marine m croor gani Sne
gani sns and narine m croorgani Sis.
The met hod of Cl aim 19, 20 or
fragnments are derived from an
The met hod of Claim25 in which the cDNA

or portiﬁﬂéZQhereof,

28.

PCT/ US96/ 06003
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The nmethod of Claim27 in which the
oper on encodes a conplete or partial netabolic pathway.

27.
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20CT 22’ §Pe! hitfhoaR of EMLF nf 18" I or 21 further ggn5#|5|ng i ntroduci ng

t he I|brary of expression constructs into a host cell. 5 30.
The™ met hod vad oddaqtam 29 in which the host cell is a bact exgnws9shsnegUS,
-plant cell, insect cell, or aninmal cell. 10 31. The met hod of
"Oaim30 in which the host cell is Escherichia coli, Bacillus subtilis,
Streptonyces |ividans, Streptonyces coelicolor, Saccharomyces

cerevi si ae, Schlzosaccharonyces ponbe, S odoptera frugi perda,
Aspergillus 15 ni dul ans, Arabi dopsi s tﬂ5 ©a, Nicotiana tabacum COS
cells, 293 cells, VERO cells, NTH 3T3 ceIIs or CHO cells. 20

32. The nethod of Caim29 in which the host cells further contain a
reporter reginen tailored to identify clones in the library that are
expressing desirabl e netabolic pat hways or conpounds. 25 33.
The method of G aim32 in which the reporter regi men conprises DNA
encodi ng a reporter gene operably- associated with a regulatory region
that is inqnthblesxh %P nodul at ed by the. desirabl e netabolic pathways or
conpounds ~ PL

1 GFP

FIG.9A

% 7 sawpiE B
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1678@ nethod of- Claim 29 in which the

the i ntroduction
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i nducti on or overproduction 0

WO 96/

_ The nethod & '87%FAES n
I n which the host cells have been nodified by

34.
117 -

35.

5
have been nodified by

8’6’396’34112 i nt roducti on,

exBFLs8BA%By 1§ AB4n5E, PEANE * EDMOND
syst ens.

whi ch-the host cells 35

the™
PCT/ US96/ 06

ef f | ux

i nducti on or

host cells
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screening a gene expression library for a conpound of interest,

conpri si ng: (a) culturing the gene expression library of claim
25 wo 9634118, and (b) detecting a signal perrosswesdodby t he
reporter regi men; t hereby identifying a clone which
produces the conpound. 30 38. ? t hod for screening a gene
expression library for a conpound of 1% st, conprising: (a)
culturing the gene expression library of claim35 18; and

- 118 -. WO 96/ 34112

PCT/ US96/ 06003 (b) detecting a signal generated by the
reporter ' regi men; '

FIG.11
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th reby identifying a clone which produces the conpound. 5 39.
A netshod for producing a conpound of interest, conpri si ng: : (a)
culturing the clone identified in claim 36; and 10 (b) recovering
t he conpou@#R8H2t he culture of the i dent PET/U8964968%3%
40. A net hod for producing a conpound of interest, 15 conpri si ng:
(a) culturing the clone identifiedi|1F¢ EﬂgS?; and (b)
recovering the conmpound fromthe culture o 20 |dent|f|ed
cl one. 41. A et hod for erdUCIno a conpound of interest,
conprising: 25 (a) cul t S ed in cIa|n138
and (b) recovering th ure of the
i dentified clone. 30 &35
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