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The present invention relates to new and
useful cosmids with a variety of cloning and expression
capabilities. For instance, the cosmids of the present
invention are used in cloning of the gene cluster (DNA)
encoding the entire pathway for chlortetracycline, and
thus also tetracycline, biosynthesis from S.
aureofaciens and its expression in the heterologous
host 8. lividans. The use of these cosmids relates to
enhanced fermentation yields as well as being used in
novel ‘'screens to determine novel products such as
antibiotics, proteins and/or polypeptides.

The antibiotic chlortetracycline and its
derivative compounds (e.q. tetracycline,
demethylchlortetracycline, demethyltétracycline) are
produced commercially in submerged fermentation by
Streptomyces aureofaciens (Dugar , 1948). More than 30
years of industrial manipulation of this microorganism
has resulted in the development of sophisticated
fermentation techniques and media formulations that
have allowed significant improvements in fermentation

yield (Goodman, '1985). These advances in yield’

improvement have also been aided by the isolation of
mutants of S. aureofaciens with increased ability to
produce antibiotic (Veselova, 1969). These
high-producing strains have largely been isolated by
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aureof aciens and its expression in the heterol ogous host S. lividans. The
use of these cosmds relates to enhanced fernentatio lelds as well as
bei ng uSed in novel screens to deternm ne novel produg-% such as

anti biotics, proteins and/or polypeptides. The antibiotic
chlortetracycline and its derivative cofipounds - (e.q.

tetracycline, denethylchlortetracycline, denet hyl tetracycline) are
produced commercially in subnmerged fernentation by Streptonyces
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These advances oyepent have al so been a

_isolation of nupéﬁfé’n%h%lsaurﬂﬁf"ﬁ& ereXf t h SFAdAsaded 'émlﬂit y fQxr pr shece
;antibigtic (e2meclidation 1968 . the Thiveyhithleticoduddguanedi Ns fgq.ve

-Iargely been 'Sehibﬁge@¥acycllne formation (McCormick, 1968). Desplte
these accomplishments, an understanding of the genetic
regulation of chlortetracycline biosynthesis was not
completely realized. Recent developments in "the field

16 of Streptonyces genetics have created the opportunity
to study molecular genetics. of organisms producing
industrially important metabolites.

The demonstration of recombination of
chromosomal markers by the fusion and subsequent

15 regeneration of Streptomvces protoplasts (Hopwood, et

' al, 1978 and Baltz, et al, 1981) was a pivotal event in
the genetics of the -actinomycetes. Whereas prior to
the development of techniques for protoplast fusion,
genetic crosses could only be reliably performed in a

20 . few species with demonstrated conjugal systens
(Hopwood, 1967), now genetic analysis can be performed
in any species which can be protoplasted and
regenerated. More importantly, protoplasts later proved
to be an ideal substrate for transformation by plasmid

25 DNA, thus creating the opportunity to do recombinant
DNA experiments in these organisms (Bibb, et al, 1978).
The isolation of genes for several antibiotic
resistances such as, thiostrepton, viomycin and
neomycin, * allowed the construction of readily

30 selectable cloning vectors from indigenous Streptomvces
plasmids (Thompson, et al, 1982).

One of the first antibiotic biosynthetic
genes to be cloned was the O-methyltransferase involved
in the formation of the antibiotic pigment

35 undecylprodigiosin (UDP.) (Feitelson, et al, 1980). The
gene was identified by its ability to complement a
known mutation in the UDP biosynthetic pathway. Other



“the 'process of nutagenesis, followed by random screeni ng
«for inproved vyield. The sane techniques - .~ allowed the

i solatiion of nutants bl ockéd in antibiotic bi osynt hesi s whi ch
were critical tools for the 5 elucbdatlon of t he bi osynt hetic
sequence for chlortetracycline formati on (McCorm ck, 1968).
Despite t hese acconplishnents, an understanding of the genetic
regul ation of chlortetracycline biosynthesis was not conpl etely
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| ater. proved af, 1983} 4 %@aggpgaga}tngﬁggﬁigpécf genes, yexs: et fhed
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DNA experi nment slg'd]s)t.hese organi sns (Bi bb, et al ) 1978) .

Genes involved in actinorhodin biosynthesis
were cloned by complementation of biosynthetically
blocked mutants of Streptomyces coelicolor (Malpartida

15 et al, 1984). In this last case, two overlapping clones
complementing distinct classes of mutants were combined
on a single plasmid- which was shown to confer the
ability to synthesize actinorhodin when introduced into
a heterologous s_t_:_ep;g_mmgg parvulus host.

20 _ Another important series of observations was
that genes for antibiotic biosynthesis were physically
linked to the resistance determinant(s) for that same
antibiotic in the producing organism. Thus, a DNA
fragment - from Streptomyces griseus conferring

285 streptomycin resistance was shown to be contiguous with
DNA that complemented biosynthetic blocks (Distler et
al, 1985).. The same situation was seen in Streptomvces
fradiae where biosynthetic genes had been identified by
probing a cosmid library for homology to a mixed-base

30 oligonucleotide _ constructed to represent the DNA
sequence for the amino-terminus of the final enzyme in
the tylosin biosynthetic pathway (Fishman et al, 1989).-
A previously cloned tylosin resistance gene (tlrB) was
shown to be contained within this region of DNA, which

35 complemented nine classes of blocked mutants (Baltz et
al 1988). In the cases of puromycin (Var2 et al, 1988)
and tetracenomycin, (Motamedi, et al, 1987), a primary



The 4solation of genes for several antibiotic resi stances

such as, thiostrepton, _ viomycin and neomycin, allowed t he
constr uction of readily 30 sel ectabl e cloning:vectors from

i ndi genous St reptonyces pl asm ds (Thonpson, et al, 1982). _

One of the first antibiotic biosynthetic =—4= genes to be cl oned was
the O nethyltransferase invol ved in the formation of t he
antibiotic pi gnent 35 undecyl prodi gi osin (UDP.) (Feitelson, et al,
1980). The ene s identified by its ability to conplenent a
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) The use .of nucleic acid probes has aided the
ié_blation of biosynthetic genes. This approach relies
on the existence of a pre-existing body of information
concerning the pathway or prior cloning having been

10' ' performed. Thus, in the case of tylosin above, a probe
was constructed using information from a partial amino
acid sequence of a biosynthetic enzyme (Fishman, et al,
1987). Similarly, the gene for isopenicillin N
synthetase was cloned from Streptomvces clavuligerus by

15 identifying a clone hybridizing to an oligonucleotide
probe constructed with a knowledge of the N-terminal
amino acid sequence. of the enzyme (Leskiw, 1988).
Genes involved in the biosynthesis of erythromycin were
identified by probing a cosmid 1library with a

20 previously cloned érythromycin resistance gene
(Stanzak, 1986). Similiarly, genes involved in the
biosynthesis of oxytetracycline have been identified by
hybridization to both a previously cloned resistance
determinant (Butler et al, 1989) and an oligonucleotide

25 synthesized to represent the DNA sequence corresponding
to the partially elucidated amino acid sequence of the
biosynthétic enzyme anhydrotetracycline oxygenase
(Binnie et al, 1989). The use of heterologous actI and

_ actIII probes allowed the identification of genes

30 involved in anthracycline biosynthesis in Streptomyces
peucetius (Stutzman-Engwall et al, 1989).

The use of these techniques individually or
in combination has allowed the isolation or assembly of
entire biosynthetic pathways, and in some instances,

15 their expression in a heterologous host. The entire
biosynthetic cluster for bialaphos was cloned by a
combination of selections for complementing activities



"synt het ase (Jones, et al, 1984) and sul phonam de resi stance

*conferred by the p-am-obenzoic acid synmthetase involved in
candicidin production (G et al, 1983). Bial aphos biosynthetic
génes were identified vi a conplengptatlon of bl ocked nutants
(Murakam et al, 1986) . Genes involved in
acti norhodi n bi osynt hesi s were cl oned by conpl enentati on of
bi osynthetically bl ocked nmutants of Streptomyces coelicol or
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pat hway (Fishman et al, ed tylosi n
resi stance gened%‘iimnﬁﬁ'E was isolated’ from a

ervthrea library and shown to direct the synthesis of
erythromycin when transferred to Streptomyces lividans
15 . (Stanzak et al, 1986). An E. coli cosmid clone that
showed hybridization to both an oxytetracycline
resistance gene probe and biosynthetic gene probe (for
anhydrotetracycline oxygenase) allowed the isolation of
the oxytetracycline biosynthetic cluster from

20 Streptomyces rimosus (Binnie et al, 1989). Subsequent
' subcloning into a Streptomyces plasmid vector allowed

produ_ction of oxytetracycline in Streptomyces lividans.

Two overlapping clones from the
tetracenonmycin producer were identified by
285 - complementation of blocked mutants of Streptomyces

glaucescens and ability to confer tetracenomycin
resistance in §8. lividans (Motamedi et al, 1987). When
both were separately resident in §. 1lividans and
co-fermented, or when they were co-resident in the same
10 S. 1lividans host, tetracenomycin was produced.
Bifunctional clones isoclated from an E. c¢oli library of
Streptomyces peucetius DNA by hybridization to actI and
actIII probes of S, coelicolor were shown to direct the
synthesis of pigmented antibiotic when introduced into

35 S. lividans (Stutzman-Engwall, 1989).
Additionally, the isolation of the
biosynthetic pathway for cepthamycin C production has



shown* to be contained within this regi on of DNA which 35
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The present invention provides a useful
genetic engineering tool for cloning and/or expressing
the DNA genes related to the biosynthetic pathway fo

producing tetr_acycline and chlortetracycline. -
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 11: Structure of the components of the
bifunctional cosmid vector and method for ‘generating
cosmid arms. Cosmid vector arms L and R are generated
from plasmids A and B, respectively, as shown in the
figure and as deta‘,il.ed in Example 3. Single 1lines
represent Escherichia coli replicon portions of the
constructs. In pla_smi& A the E, ¢coli portion is
derived from the 3.7kb EcoRI-Sall fragment of pBR322
(Sutcliffe, 1979). Plasmid B contains a 5.9kb
ECORI-Sal)lI fragment from SCP2* [striped] that provides
for replicafion function in the actinomycetes (Larson
et al, 1986). Three tandem cohesive end sites derived
from a 700bp BglII-BstEII cos-containing fragment of
pHC79 (Hohn et al, 1980) are provided on both plasmids
(open]. The thiostrepton-resistance gene [darkened]
present in plasmid A is derived from a 1l.lkb BcilI
fragment recovered from pIJ702 (Kafz et al, 1983). A
1.1kb spacer region in plasmid A [stippled] is derived
from a SacI fragment of bacteriophage A (Sanger et al,
1982). |
Figure 2: Physical map for LP?127 and LP°128. Both
plasmids show equivalent structures by restriction
maplﬁing: therefore, a single stucture, representative
of both, is shown here and in Figure 3. The vector
portion is represented by double 1line; the TC/CTC



1987). Sinmilarly, the gene for isopenicillin N —synt het ase was

‘cloned from Streptonyces ckavul i gerus by 15 | dent | fyi n a clon
hybridizing to an ol i gonucl eoti de probe constr e Replaced
know edge of the N-term nal am na-Aci d sequence mlry
(Leskiw, 1988). Genes involved in the biosynthe cin
wer e identified by probing a cosmd library vmth a 20

previ ously cl oned eryt hromycin resi stance gene (St anzak

1986). Sinili aiysyntReesc ragibneds ishowit as a slngl@'Peré‘t hegt
oxytetracycline have b en |§nt|_:__éy%‘% ridi zatlon to bot% a
previously cl oretPPes; aureo mlﬁar?ll i eth@t VRCEOryghs and
an ol i gonucl eot1delids. Thesymée‘sozed rtegy irces esdehotéd Dlébﬁesecpmr,eu

correspondi n 0 I, uen of
t he g ? E)réay%?lned? Eg‘rg\'?%?r:ertépaé rﬂv1 %é%%%cyc | ne99§§ggeng‘g‘e“ Eio
(Binnig et al, m; 51=ﬁ6‘-"uw76¥eﬂeﬁ'é-rtél oyoudd)acdre aMector-derivec |and

probes al | oned giwnkdenki 19T OPARStion which RIS vector +
ant hracycl i ne bi ogit hesis Ln trepb%rryces peucet | us .
( St ut znman- Engweft The .use of these

teclhnl ques mdlElightBéI;'. ORestrictioni n cendonatleasbas aidp)wedfbh'ed S. }
| nat ances, s Autsbfadiens o AUred °f’£-?‘§fir§’#oﬁs§ oot B 138 8" e 2O
bi osypghetic clikidkbfef BNA apnedaincIFd@byand LP128 isomhiawn i tn of
sel ections for CON@ALTRL]Y afihéViapSSis drawn so as to include the
EcoRI sites derived from the vector as the start and
finish posifions at the left and right. The sizes of
restriction fragments are presented in kilobase pairs
18 and are accurate to within the normal resolution limits
of agarose gel electrophoretic analyses (~500bp).

SUMMARY OF THE INVENTION

The present invention relates to novel and
20 useful cosmids for cloning and/or expressing proteins

and/or polypeptides and/or antibiotics. For instance,
the cosmids of the present invention are useful in
cloning the entire biosynthetic pathway for  the
formation of tetracycline and chlortetracycline from
25 . Streptomyces aureofaciens and its expression in the

heterologous host Streptomyces Jlividans.  Further,
these cosmids are used in the cloning and expression of

the isolated DNA gene(s) (cluster) coding for the
biosynthetic pathway for producing these antibiotics,

30 chlortetracycline and tetracycline, and to DNA which

under stringent hyb'ridization procedures, known to
those in the art, hybridizes to DNA isolated gene
clusters encoding for the pathway for the formation of
chlortetracycline and tetracycline. Further, the
35 present invention relates to the use of these cosmids

for increasing yields of these antibiotics and other
products and in methods for screening for producing new



- ‘and het er ol ogeus—expressi-en—of—bi-al aphos resi st ance (Murakam et
al, 1986). th u ﬁﬁaﬁno e as made concer‘hl ng a successful

i sol ation of th in a single step in Streptonyces

| i Vi dans by sel for blalaq%ps resi stance, no nmention is
made concer ni ng SIOﬂ of the Dbiosynthetic genes. The assenbly
of - the actinorhodin cluster from conpl enenti ng cl ones and

its expression in Streptonyces parvul us was di scussed (Mal partida

et al, 1984) heamabagues. tb0 tetracycline arflDidhIGEtOPRAcFOETHhE Chene

whi ch hybr|d|ze . l.ogously derived erythronycin resistance
det er m nant ma§g?%%Fa?gal rg ggggggﬁ%ropolyspora erythrea library

and shown to direct the s§mt o¥desr ¢fo proceed wi?hrﬁgfggéanwbbcntoansherreg
E?oﬁ’ér?E;?”ycesbié**‘*@“%‘;slg’ nJored: o openddn L of Y rellalinghl  Sao"
5 or a clone expressxng tetracycline-
resistance is employed. The S. aureofaciens DNA inserts
in the recombinant cosmids. which comprise the library
are necessarily large since the constraints of the jin
vitro lambda packaging system employed demands cosmid
10 molecules with DNA inserts of 25-40Kb in order to yield
a viable transducing phage particle. When tetracycline
resistant clones are selected from ambngst this
population of S. aureofaciens genomic clones, a limited
subset of cosmid clones is selected. Many or all of
15 these are expected to contain antibiotic biosynthetic
genes linked to the selected tetracycline resistance
gene. Amongst those. that are sufficiently large and
correctly positioned is a subset encompassing the
entire biosynthetic pathway. Thus, the cloning of
20 genes, and in fact all of the genes, for tetracycline
and chiortetracycline formation is possible without any
preexisting knowledge of the structure or sequence of
- the regioh. Although reports have been published
concerning the cloning of a tetracycline-resistance
25 determinant (Reynes et al, 1988) and a bromoperoxidase
(Vam Pee, 1988) from Streptomvces aureofaciens, these
studies are in no way extended toward the isolation of
chlortetracycline biosynthetic genes or the entire gere
cluster.
The more detailed description of the present

30

invention is provided hereinbelow through examples
which are illustrative of the invention and not-
limitative of it.

35 DETAILED DESCRIPTION OF THE INVENTION

_ The method used for isolation of the DNA
involves lysozyme digestion of cells in an osmotic



‘resistance gene probe and biosynthetic gene probe (for

anhydrotetracycline oxygerase) al  oned the isolation- ot _ t he

oxyt et racycl i ne bi osynt hetic cluster from 20 ' ost rept onyces
rinosus (Binnie et al, 1989). Subsequent -g- subcloning into a
Stretonyces plasm d vector allowed production of oxytetracycline
In Streptonyces |ividans. Two over | appi ng cl ones
from t he tetracenonycin pr oducer wer e i dentified by
25 conpl ervfiferi onfoblowed odkedgenulentbysid, Strro&mmyéﬁtract:.on

gl aucesens, and,ghi | |é,yri£h,gg,q£er {ﬁ racgﬂgnyc&}bc%%tratr__%oég;;?s ancg I;l S.

| i vi dans (I\/bt arredl et .al, 1987).
resident in S. FPYPEHART H@lght DNA. ;Akthough cthe onevhod dasgribed is

co-resident in ébc;a&&nt,BQhose si81led i A ar@gé 11 EE&BEHEQQW?:BQ

was produced. n onal ones isol ate rom
librar$ of a varéﬁttf #y tm%{ %spﬁﬂﬁeﬂl%r@m’z&q ofimpdoyed|, and
actlll probes o$uéh aselthosleoﬂaanmhdﬂ)\/by HopWdat tet &1, 1935. synthesi s-

of pignented antibiotic whgg 'éEde’é’CSQ k13 3%”1} 8ﬁ3$l }n tl}?]eexample

(Stut zman- Engwal | , 1989) .

i solation  of 15thﬁﬁmosww¢©r iggvhamimets Cthe -
production-has jnvention is in no way limited to this particular
10 source. A variety of other Streptomvces aureofaciens

strains producing antibiotics of the tetracycline class
could be used in the present invention with equal
success. These S. aureofaciens strains include mutant
strains and alternative wild-type isolates producing
15 chlortetracycline, tetracycline, 6-demethylchlor-
tetracycline, 6-demethyltetracycline, 7-chloro-5a,lla
dehydrotetracycline, - 2~decarboxamido~-2-acetyl-
tetracycline and other members of the tetracycline
family of compounds. -The present invention relates also
20 to the cloning of chlortetracycline, tetracycline and
tetracycline-related 'compounds from other organisms
producing such cdmpounds, which include, but are not
limited to §Streptomvces rimosus, S. avellaneus, S.
lusitanus, S.  wviridifaciens, §.  psammoticus,
25 Actinomadura brunnea, and Dactvlosporangium vesca.
’ A partial digestion of S. aureeofacjens DNA
with restriction endonuclease Sau3A to generate large
DNA fragments in the desired 35-kilobase size range
with ends homologous to those of the arms of
bifunctional cosmid vector is employed. In this case,

20 an empirical determination of the optimal digestion
conditions is obtained by conducting a series of
digestions and analyzing a sample of the end products
by agarose gel electrophoresis. Those skilled in the
art recognize alternative 1library construction and

35
) recovery methods for cloned DNA of interest. The use of

E. coli, as well as the size selection imposed by



T6- ¢ occurred (Chen rt al, 1988) in this case, random

‘clones in S. lividans were < ndividually screened for=, _ cephanycin
C production using an agar plug fernentation met hod. One
transformant of S. lividans, out of 30,0040~ screened was shown to
be producing cephanycin C. J. T. Fayerman, Bi otechnol ogy 4,786-9
(19S6) describes general strategies in cloning and expressing Streptonyces
encoded antinbiotics in Streptonyces Lividans. The

present inventlambddrparkeging, effthe example ieneotc ldnditaediviegot 00!
for cloning andiie ﬁi‘é’ééﬁﬁ' Divention sinkl€th¥ALGR) roeéhaetregié&érf is

bi osynt hetic pathwgy produci n tetrac cline an
chl ortetracycl i$® 1 as well. Those skille nEFtpes@mqvnngqniqa{;hat

ER%AWNSS | monofuft?dnal 1§.LLSM¥.%_% vekt totr*%% Morﬁ'tsprﬁzdzthe
Tunétional ool yegt gt apdl meBed Tor generating 15, T, - coemd

arms. 5C05mdv ar s
} 1nvent10n, with the attached proviso that library

. construction and recombinant plasmid recovery -is
conducted within the actinomycetes. | )
The steps that follow in the examples involve
16' in vitro packaging of the ligation products of cosmid
arms and size fractionated DNA, transduction to E. c¢oli
X2819T, collection of the population of transductants .
and isolation of DNA from them to give a cosmid
library. The methods used- are described, but the

15 . invention is not 1limited by those described in the
example. Alternative methods could be employed to the
same end with no. untoward consequences. Thus,

alternative protocols for 1ligation and jin vitro
packaging may be employed, as well as alternative

20 recombination-deficient (recA) E. ¢oli hosts, library
amplification procedures (e.g. selective broth growth)
and plasmid preparation procedures, all of which have
been published in the scientific literature (Maniatis
et al, 1982).

25 Subsequent steps in the examples describe
introduction of the pooled cosmid DNA preparation into
Streptomyces lividans, creation of a cell library and
subsequent screening of such a library for
transformants of S. lividans éxhibiting resistance to

30 100 ug of tetracycline/mL. Though more laborious,

transformants could be directly screened for .

tetracycline-resistance by replica plating. Alternative

levels of tetracycline could be used for screening as
dictated by the innate resistance exhibited by the host
or source organisms. Other tetracycline-sensitive,
non-restricting hosts, such as tomyces

ariseofuscus, could be substituted for S, lividans.

35



"fromplasmids A and B, respectively, as shown in the figure and

"as det aled in Exarrpl e -3. Single lines —~ represent Escherchia
coli “replicon portions‘ of the constructs. In plasmd A

t he E. coli portion is 20 -11derived fromthe 3.7kb

EcoRlI - Sal | fragment of pBR322 (Sutcliffe, 1979) . Plasmd B
contains a b5.9kb EcoRI-Sal | fragnent from SCP2* [striped] that
provi des for replication function in the actinomycetes (Larson

et al, 1986). Three tand¥gx§eheZecoveny siotfes régomkdchar®s plasmidrdoya

700bp Bgl 11 -Bst ). |
1980I)O a?e proilgtﬁlgﬁing??lﬁéﬁfw bRRYBYm Othe tet]racyd?.'niqeg P fie al

ope
t hi ost r ept on- r e+ % Eﬁf’d’ ed dedin vitro packagimg: of saidhsPHA A
i s derived froamm frdksdiicklion into E. £oldmiel obtadrided TEXyemid 7Ba

EsK'fllt Epggd?l | 51312%%{7%%@& 3q.’rom ?P%ﬂ\lkl%zf&acf‘?%f&rﬁre Iono:"nbglﬁa";"rrqwd Yerr]

(Sanger et al, characterizegl’)by restrictidngenzyms Rappingl armlydis;
LP[err] 127 a”daxl:&’[ ehel 1@@0 B‘ﬂa’%mids isola@é&‘sThdstl?éhQWamﬁ'ig' vahgmh.,

structures by restrpctio
stucture, repr¥R@ bBtie8, are sho%ﬂ%mses% egviNRlant W‘F‘H-‘ﬁﬁure

3. The vector Those skill¥di ff ithe eRFeseilad fecspnbzé khae $iwilsrCTC

‘ 10 DNA regions cloned from alternative organisms could
show polymorphism in the arrangement of restriction
sites, but that a: sufficiently large DNA fragment
conferring tetracycline-resistance would be expected to
confer the properties described hereinbelow.

15 The plasmid-borne nature of the tetracycline
resistance is confirmed by <demonstrating that
thiostrepton-resistant transformants of §. lividans
obtained with LP%127 and LP?128 are also tetracycline
resistant. The qlabbratibn of tetracycline~like

20 antibiotic is demonstrated by the production on agar by
the aforementioned thiostrepton and tetracycline
resistant 8., lividang of antibiotic activity effective
against E, goli but less so against a tetracycline-
resistant E. coli.

25 Finally, it is demonstrated <that the

' synthesis of tetracyclines is directed by LP%127 in the
heterologous host Streptomvces Jlividans. This is
accomplisﬁed in both agar and broth fermentation. Both
the originally isolated tetracycline resistant S.
lividans and a LP?127 transformant of §. lividans

2 produce tetracycline and chlortetracycl ine under
conditions where the same products are isolated from
the DNA source organism Streptomyces ayreofaciens ATCC
13899. On the other hand, a S. lividans transformant

a5 containing only plasmid vector with no inserted DNA

shows no antibiotic production.



LT- bi osynthetic region is showm as a single line. The DNA

cl oned fron18 aureof aci ens is 31.9kb; the vector is ™ - 11. 1kb
The vect or regi ons dénot ed are pl Bl - 24 (hat ched) ,
t hi ostrepton-resi stance [striped]. The %o 5 EcoRl sites
marked with a (+) are vector-derived an flank the
Sau3A-Bgl Il junction which demarcates vector and S
aur eof aci ens DNA. Fi gure 3:'Restriction endonuclease map
for S auranﬁaciea%mdﬁgﬁrdﬂz g LPLe E% of

r a d

LP[ err]128. 1.9 DNA c| oned in LP[er
LP[err] 128 is %tl‘:gcycllnes eb £Re?) i heherqlngrus hastnds netdlimited as
to include theto the fema@dres q:tmdi/ﬁi:biﬁﬁ onvE heHl’Eét Oénaiygi@ait art

and G gltgh,spo et e sy th right oS ZES
restriction fragﬁ; ﬁr ar ?éé esené:ded n ki Pobarségaﬂﬁﬁq'res' j3ithough ,khegee

accurate to wit fdiciangn analysis. A largef mgaiexscogel
el ectrophoreti Cpﬂbeleﬂﬂﬁféd 50@6@) - fermentation and analysis of

tetracyclines have been described and can be substitued

herein. Also, although Streptomvces lividans is used
_. as the heterologous host in the examples,  the
10 heterologous expression of ‘antibiotic biosynthetic

genes is expected in a number of actinomycetes and
other bacterial groups including, but not limited by
Bacillus, Corynebacteria, Thermoactinomvces, so long as
they are transformed with the relatively large plasmid
15 . constructions described here. Those that are

transformed include such as Streptomyces griseofuscus
and Streptomyces ambofaciens which are known to be

relatively non-restricting.

EXAMPLE 1:PREPARATION OF STREPTOMYCES
. ,

A 1lyophilized preparation of Streptomyces
aureofacieng ATCC 13899 is suspended in 0.8 mL of 1X
synthetic. salts solution (6 g of NazﬂPo4/L, 3g of
I<I~I2PO4/L, 0.57g of sodium citrate/L) and plated onto
Bennett's agar (1 g of yeast extract/L, 2g of NZ-Amine

- A/L, 1 g of beef extract/L, 20 g of D-glucose/L, 20 g
of Bacto-égar/l’..) . After incubation at 28° for two
days, cells from a single plate are scraped into 5 mL
of Tryptic Soy Broth (Difco) and sonicated briefly (~10
seconds) with a Heat Systems Ultrasonics W200P
sonicator equipped with a microtip. A seed culture is
developed by inoculating 2mL of the sonicated
suspension into 50 mL Tryptic Soy Broth (TSB), followed
by incubation at 28°c, 200 rpm for 2 days. Five mL of
seed culture is then inoculated to 100 ml TSB
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SUMMARY OF THE | NVENTI ON The present invention relates to
novel and useful cosmids Toer cloning the entire biosynthetic
pat hway” for the formation of tetracycline and chlortetracycline

from Streptonyces aureofaciens and its exu3ession in the heterol ogous host
Streptonyces lividans. Further, these cosmds are used in the cloning and
expr essi on of isolated DNA gene clusters coding for the

bi osynt hetic pathway for producing t hese antibiotics
chiortetracycl i swupphementedcydthnds Flaocinesemd iinmitated ats@sc, 200
rel ates to DNA why chopnglgr nekli ngent hybridization procedures, known to
those in . the art, hybridizes to DNA gene clusters |located in
cosnid LP2127 (ATCC 68357Fells ~are hagvestiad oy g qemtas Bepssion whath

e‘;ngo?etfo_r tlh_e mctFw%/féar Bbh&tﬁrﬁfﬁﬁ{ onTié cell pellet q:s' Q{ésﬁié@w&ﬂx“e
and tetracycli er. d:he p nt ipvention reiates to the use
af theBe cosni 5%0? o#'jf'i Ec?‘ggg&gﬂg {)]Ieozqe& ‘3? ?HﬁE@sﬁﬁger(jlzi & K33 pbbhods

for 2 suLeofi IRrdce eledentngalmtimmiboguirichocbasistgcldesand -
chlortetracyclige 8¢ zncl./L and 10 - 85
streening for an express?ﬁ nuc eotiﬁ%é%qﬁgﬁgegegr}@dcﬁarﬁ’su%lhc%g?n ?Jés

usi ng the MnClgndflyQs NP B0 dPHyO |3}, (NH2B 4t MOypiedd D). t HEhe
nucl eoti de sequesTEsS.pellet is frozen at -20°C then defrosted and

10 suspended in 12 mL P + ( P medium suppplemented to
contain 25 mM TES, 25 mM Cac12, 10 mM Mgclz, 03.7 mM
KHzPo4) containing ' 10 mg/mL lysozyme (Sigman, 3X
recrystallized). The c¢ells are incubated at room
i:emperature for 2 hours by which time protoplast
15 - formation is evident. An addition of 2.5 mg of
Proteinase K (Boehringer-Mannheim) is made and the
‘mixture incubated at- 37°C for 15 minutes. Lysis is
achieved by adding 10 mL 0.2M EDTA pH8, 0.1M Tris pH 8
followed - immediately by the addition of 2.4 mL 10%

20 sodium lauryl sulfate (SDS). The viscous mixture is
incubated at 50°C for 60 minutes with occasional gentle
mixing.

Oonce lysis is complete, 20 mL of equilibrated

phenol (50 g phenol + 6.5 mL of 100 mM NaCl, 10 mM Tris

25 pH8, 1 mM EDTA pH8 + 0.05 g 8-hydroxyquinoline) is
added, the preparation gently shaken and then spun in a

table top centrifuge at 1500 X g for 30 minutes. The

agueous tép layer is collected and re-extracted as

above; the spent phenol from the first extraction is

30 back-extracted with 20 mL 10 mM Tris pH7.4, 1 mM EDTA
PH 8 (TE). The collected aquecus phases are then
extracted with an equal volume of chloroform, spun as’

above and 10-mL portions distributed to separate test

) tubes. One mL of 3M ammonium acetate pH 5 is added to

35 each and 10 mL of cold ethanol layered on top of the
viscous solution. The DNA is gently spooled onto a

glass rod, rinsed twice in cold ethanol and dissolved



“I'n order to proceed with _the isolation of the bi osynt hetic genes
a screen of a reconbi n nant S. 5 | i vi dans I|brar’l}lns\‘ShEetHas'.Iteem ced
expressing tetracycline- resi stance i s enpl oyed. T

-aur eof aci ens DNA inserts i n t he "tdconbi nant COSﬂld iﬂ

the library are necessarily large since the constraln S

vitro | anbda packagi ng system enpl oyed denands cosm d 10 nol ecul es

wi th DNA insert; k r_to ysiel a vi abl e transduci ng
phage particle. th en t’ﬁ?rg‘éépfgégg at’s S‘gsf\a%anls"eﬁm°%9‘@etnc
selected fromreafmingtisttirken as an qmmpinaté oof ototalanuelfeid exdids

genom c cl ones praddni t edominant$Y¥PpRR)Of cosm d clones is selected.
Many or all of 15 AN 63§ll:k'1ese ar e exg ? 21 to contaln antibiotic

bi osynt hetic L | J4M STaiy EFZES IIQHMENT i St ance
gene. g Anongst those that are f§Ci fz 2 a correctly
positioned is a subset enconpassing the - entire biosynthetic

pat hway. Thus, the cloning of 20 ~ genes, and in fact all of the

genes, for tetracycline A partiaind difestiin acondiraddrdr BHA©N yields

ossible witho n W fhe s cture or
gequence of SaudN digestion%f@&%?{:h gtk@‘re%%%&%@ bg LB}? shed
concerni ng t he Tanghi gy 3P ]%-JIQH#%R'S/CKKH dssidaterminad empiridxzt]e]ryn nant -

(Reyg@s et al, al98@riesd dHOr FRARiOH datdes contaiﬁ\i Pe,e‘,s 1 ga) JNF
Streotonyces a | xt en

reqQf S, _t e studi es_ are
toward the |soé ?&?ﬁ' in' 5Y | BF: Kearkien n@“SFG?yrﬁ%#%tMes'for
the entire gend00 mM NacCk) ut0emM Tris pH7.4 lomM Mgcl are prepared,

and restriction endonuclease Sau3a (New England
Biolabs) added to give final concentrations of 0.5,
15 0.1, 0.05, 0.01, 0.005 enzyme units/ug DNA. The
reactions are incubated at 37°C for 60 minutes, then
placed at 65°% for 20 minutes and finally removed to
ice. Twenty uL is removed and loaded to 0.5% agarose
gel for size comparison to fragments of known length
20 (lambda DNA digested with HindIIz, Zhel and
undigested). The DNA in the remaining volume is
precipitated by the sequential additions of 50 uL 3M
ammonium acetate and 1 mL ethanol, followed by chilling
at -20°C. The precipitated DNA is then pelleted by
25 centrifugation at 8800Xg, redissolved in 300 uzL 0.3M
ammonium acetate, similarly precipitated, pelleted, '
rinsed with ethanol, vacuum dried and the dried pellet
finally dissolved in 1004L TE. An inspection of the
ethidum bromide stained agarcse gel which is
30 electrophoresed overnight at 1 volt/cm, reveals that
digestion with 0.05 units Sau3A/ug DNA gives digestion
products largely in the desired 35Kb size range.

EXAMPLE 3:PREPARATION OF COSMID ARMS

35 The components of the bifunctional cosmid
vector are retrieved from plasmids A and B shown in
Figure 1. Plasmid A contains pIBI24 which provides an



30

The nore detail ed description of the present

I nvention is provided hereitnbel ow t hrough exanpl es ' which are
illustrative of the invention and naljg- limtative of it.
- 8A- Statenents of Invention According to

first aspect of the invention there is 5 provided cosmd LP[err] 127
deposi ted under ATCC accession nunmber 68357.
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origin of replication and an ampicillin resistance gene
for ;eplication and selection in E. coli. This plasmid
also provides a thiostrepton-resistance gene for
plasmid selection in the actinomycetes, as well as
multiple cohesive end sites (cos) from bacteriophage
lambda which serve as substrates for in vitro
packdging. Plasmid B is designed to provide an scp2=*
origin of replication for plasmid maintenance- in the
actinomycetes, and multiple cos sites. '

Plasmid A is digested with Asp718 and then
desphosphorylated with  calf intestine alkaline
phosphatase (CIAP). The DNA then is extracted with
chlorpane and chloroform, precipitated with ethanol and
vacuum dried. The DNA is then resuspended and digested
with BglII. Plasmid B is digested with SalI and
subsequently treated with CIAP. After chlorpane
extraction, ethanol precipitation and wvacuum drying,
the DNA is resuspended and digested with BglII.

The digestion reactions noted above are
loaded to an agarose gel and electrophoreéed overnight.
A 6 Kb fragment from plasmid A and an 8.0 Kb fragment
from plasmid B, which contain the functional regions

35
a

described above, are -isolated from the agarose gel by |

electroelution.

SAU3A DIGESTED GENOMIC DNA AND IN VITRO PACKAGING

The s_ansi\ digested and size ‘"inspected"
génomic fragments of S, aureofaciens DNA are joined to
cosmid arms via jn vitro ligation. Four uL Sau3sa
digested S, aureofaciens DNA, corresponding to ~8 ug,
are combined with 1 ug each of cosmid arms 1 and 2 in a
10 uL ligation mixture that contains 66émM Tris pH7.4,
10 mM MgC12, 1 mM ATP, 10 mM dithiothreitol and 40
units (cohesive end unit) T4 DNA ligase (New England
Biolabs). The ligation mixture is incubated at 11°%

Sheet Has Been Replaced
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»“According to a second aspect of the invention there i-s

provi ded cosm d

LP[err] 128 deposited under ATCC accession 10 nunmber 68358. ' Accor di ng
to a third aspect of the invention there Jg- provi ded a DNA which
"hybri di zes under stringent hybridi zati on conditions to the DNA of
cosmd LP[err] 127 15 deposited under ATCC accession nunber 68357 or cosmd

LP[err] 128 deposited under ATCC accessi on nunber 68358 V\/ni ch encodes

t he bi osynt het i ﬁoﬁaumﬂyoliﬁs thernf ] ¢dtedf to arde

chlortetracyclip actgg grdé‘{]&?'gs fourt .aspect %’P e |nvent|oﬁ PHere

S prowdedr

and tetracycli naaoalsaggne elémad DNA paRikaryirk Bytapmn i é:6€r ade e PAS

accessi on nunbeg g@g@gBOr tAeeer CPSM Lg[ogrlj]lsgfﬁggglllted Qderrooncx:c

accessi on nunber

358, said nethod conprisin

transferning a temPﬁFBﬁ‘&F?ot POOhsdt PhRge dilatiemibmtfiar c(2DBY i (LOO hem
transforned progaeypt ilo hamt m;b-r.g@pn(il_mt | Pg, | N

expressi on of
further aspect

of 3R 4bd ehkeragermer The

Re + RECIFE qlOomL reagtdonet acyal i ne

Cg?ﬂ%‘gte{iﬁ c![: e anaﬁétfl tetracyc I ne. %&ﬁu Accorél nﬁdto a

screeni ng and axpxﬁaseomsoiroztexednmﬂde@hdi@dswelﬂlﬁ encodi ng anal ogues of

tetracycline or
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AND PREPARATION OF A BIFUNCTIONAL COSMID LIBRARY

- The phage preparation derived from the jin
ﬂm packaging reaction is transduced into Escherichia
¢oli X2819T (R. Curtiss), with the objective of
obtaining thousands of transductants from which a
pooled plasmid DNA preparation, or bifunctional cosmid
library, can be obtained. To this end, 0.3 mL of an
overnight culture of X2819T 'is inoculated into 10 mL
20-10-5 (20 g of Tryptone/L, 10 g of yeast extract/L, §
g of NaCl/L, 50 mg of thymidine/L) and incubated at
28°c, 2.5 hours. Four portions of 0.4 mL X2819T cells
are then combined with 0.8 mL PDB and spun in a
microfuge at full speed for 5 minutes. The pelleted
cells are suspended in 100 uxL PDB. Then 50 uL of phage
preparation from in vitro packaging is added to each.
Phage are absorbed to cells at 37°c, 25 minutes. Two
mL of 20-10-5 are added to each mixture and the
suspension incubated with shaking at 28°c for 2 hours.
One-tenth mL aliquots are plated onto a total of S50
Petri plates containing 20-10-5 agar (20-10-5 broth and
20 g of Bacto agar/L) supplemented with 100 mg of
ampicillin/L (sodium salt-Sigma). The plates are
incubated at 28°c overnight and then left at room
temperature for three days. A plate count of five
representative plates reveals that a total of ~12,000
ampicillin-resistant colonies are obtained.
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“chlortetracycline using the cosmd LP[err]127 dep05|bed under 35 ATCC
accessi on nunber 68357 or the cosmd LP[err]128 deposi ted
under ATCC accessi on nunber 68358, said nethod conprising the steps of:
a) hybridizing the nucleotide sequence td%e screened 5 with the DNA of
the said cosm d under stringent hybri di zati on conditions; b)
detecting the hybridi zed nucl eoti de sequence; and 10 c) expressing the

detected, hybridized nuckggh'%ﬁate is flooded with 5 mL of solution

consisting of S0 mM glucose, 25mM Tris-HCl1 pH 8, 10 mM
EDTA pH 8 (GTE). The colonies are suspended with a
sterile spreader and all eluates pooled to yield a cell
5 suspension which is spun at 9800Xg for 5 minutes. The
pelleted cells are resuspended in 72 mL-GTE. Then 8 mL
of GTE containing 40 mg of lysozyme/mL is added. The
lysozyme digestion is incubated at room temperature for

20 minutes. Then 160 mL of alkaline-SDS (8 g of NaOH/L, =
10 10 g of sSDS/L) is added which yields a viscous lysate
after gentle mixing. After incubation on ice for 20
minutes, 80 mL of 5M potassium acetate is added, mixed,
and incubated an additional 20 minutes on ice. The
preparation is then spun at 9800Xg for 20 minutes, the
15 . supernatent collected and 200 mL of cold isopropanol
added, mixed in and incubated on ice for 15 minutes,
followed by centrifugation at 9800Xg for 20 minutes.
The nucleic acid pellet is dissolved in 20 mL TE
supplemented with 1% sodium sarcosine. Twenty-two
20 grams of CsCl is addeq; and once dissolved, 2 mL of a
solution of 10mg ethidium bromide/mL is added. The
CsCl-ethidium bromide mixture is loaded into
appropriate tubes and centrifuged in a Beckman 70.1Ti
rotor at 55,000 rpm for 19 hours. The tubes are
25 removed and plasmid band is recovered by syringe side
puncture. Ethidium bromide is removed from the sample
by extracting 4 times with equal volumes of butanol
saturated with water. The aqueous solution is brought
to 6 mL with TE; 1 mL 3M ammonium acetate is added and
the plasmid DNA precipitated with 18 mL of ethanol.

30 o .
After chilling at -20°C the DNA is pelleted by
centrifugation at 3400Xg for 30 minutes. A second
precipitation is similarly performed, then the DNA is
rinsed with ethanoi, vacuum dired, dissolved in 1 mL TE
15 and the - DNA concentration is determined

spectrophotometrically.
I —
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‘sequénce in a prokaryotic—host to produce the anal ogues of tetracycline
and chlortetracycline expressed by said nucl eot i de’ sequence. 15
According to a further aspect of the |nvenibon there is provi ded an

| sbl ated DNA gene cluster from Streptonyces aur eof aci ens encodi ng t he
bi osynthetic pathway for the formati on of ‘tetracycline and
chlortetracycline, wherein said isolated DNA gene cluster is the DNA

gene cluster 20 | oc @XeMBLE tdwel NTRODUC
accessi on nunber 683
accessi on nunber 683§ég£ﬁ#§
under stringent hybridi z&.i ds ) H j

cluster. 25 DETAI LED DESCRIPTICN OF THE INVENTICN The

met hod used for isolation of the DNA involves | ysozyme di gestion of
cells i1 an osnotic . The bifunctional plasmid library constructed

in the previous step is transformed into Streptomvces
lividans TKS4 where phenotypic expression of
Streptomyces genes is achieved. To this end

protoplasts of S_t:_e_gggmm lividans TKS54 ,are prepared

10 by essentially standard methods (Hopwood et: al, 198s5).
Briefly, the cells from a 45-hour culture of S,
lividans TK54, developed by inoculating 0.2 mL of a

spore suspension into each of ten-50 mL aliquots of

complete YEME medium (3 g of yeast extract/L, 5 g of

15 peptone/L, 3 g of malt extract/L, 10 g of glucose/L,
340 g of sucrose/L, 5 g of glycine/L, 5 mM Mgclz, 40

mg/L each L-histidine and L-leucine) are pelleted by
centrifugation at 9800Xg for 15 minutes. The cell

pellet is washed twice with P medium and then suspended

20 in 60 mL P . Twenty mL of pt containing 14 mg of
lysozyme/mL is added and the suspension incubated at

30°C in a shaking water bath at 150 rpm for 90 minutes.
Subsequently, 100 nL pt is added and the protoplast
suspension is passed through sterile non-absorbent

25 cotton. The filtrate is spun at 3800Xg for 10 minutés,
" the protoplast pellet resuspended and washed with 100

nL P+, and after a second centrifugation resuspended in

120 mL PY. The protoplast preparation is distributed

to 1.8 mL cryotubes and frozen at -70°C.

10 Transformation is conducted by distributing 0.3 mL of
the TKS54 protoplast preparation (containing ~1 x10°
protoplasts) to each of 4 centrifuge tubes containing S
mL PY. The protoplasts are pelleted by spinning at
. 3400Xg for 10 minutes and then resuspended in the
residual volume. Approximately 10 ug of cosmid library
DNA is added to each, followed by the addition of 0.5

mL of 25% PEGl000 (1 g PEGl000 [Sigma) dissolved in 3mL
_ et
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¥ -0- buffer,~foll owed by gentle |ysis, tein extraction

and enrichnent for, and concentration of, high nol ecul ar

wei ght *DNA. Al t hough the nethod descri bd®- s efficient, those
“skilled in the art will recognize that 5 a variety of alternative

procedures may be enpl oyed, - such as those descri bed by Hopwood et

al, 1985. source of _taqtal DB? used in the exanple

is Streptomyce$ %ﬁ%‘ﬂ%&?%f°%ﬁ@é“ﬁss§ § Hutd sucrose/L,; el on

is in no way |5o0Ketrhcet f[dlemants csbbucilén/L, 0.25ugcaf sm‘{,?mylob
e o Pt PTHE 8RO S S TRIS patealld %a Pl O0uFLAR LB AES OF |

the tetracycline clas@’ present T nve
equal ingybating TAeSe I SAacsyidsoi efis Bbraﬁ ns hsrlchdded rmt'ﬁhe

strains and al hbepRapiusey drd yeﬁehsﬂbiﬁ.%%ear%'i‘ﬂs&§pended in 1
chl or Pet racycllpe, tetrac denmet hyl chl o tetracycl, | ne

6- demet hyl t et rBcycl i9fe ?ZEH‘OH} 5\5011\115@5 are th%h?HFSFQt ORER | ARded
2- decar boxanmi dR- anaghrl {100 g of sudvosw/ll o5y of %‘Q/ yher amdf othe
il

LPLZSH " ggo xalll diedin€f RSP Ean Ee RGBT LINEN AR SRSl e

N2 EHe
tetracycli ne rgl @fedD c@IpORaR/ By 0 Gt R YRyshi extract/L, O0pOSdEi @ such

Conpgands p&g'/!.de,zé)%uawsn%s mM CaCl)) "SURM Mg®13,\ o2 0gy ot

rimosts, S avgacgg-g%ar/L) and incubated at- 28 %. at 24 hours each

plate is overlayed with 3 mL of soft R agar (formulated

as above but without yeast extract, glucose, or KH, PO,

and containing 8g of Bacto-agon IL) containing 500 ug

15 of thiostrepton/mL and then incubated an additional 12
days.

Approximately 9100  thiostrepton-resistant
colonies are obtained. These are collected by scraping
colonies from the agar plates into 3 tubes containing

20 25 mL each 20% glycerol. ¢he colony suspensions are
fragmented by sonicating for 90 seconds, pooled, then
distributed to 1.8 mL cryotubes and frozen at -70°%¢c.
This frozen preparation constitutes the §, lividans

recombinant cell library.

il



* Y usi t-anus, S. viridi-faci ens, S. psammot itus, 25 .

Actlnonadura brunnea, and- Dactylosporanglunlvesca A
partial digestion of S. aureofaciens DNA=20- wWith restriction
endonucl ease Sau3A to generate | arge DNA fragnments in the desired
35- ki | obase size range with ends honologous to those of the
arns of 30 bi functional cosmd vector is enployed. 1In this case,
an enpirical detern nBXAMBLE! 7t hESORATION @Fy&st ILIVIDANS LLSIDpditions is

obt ai ned by conducting fpeRAL9SLONE-R ISTANY muﬁi JJLLJ’ by zi Ng a
sanpl e of the end products . aga 3SE pnor esi s. Those

skilled in the 35 ar t WHISH BRASHY oy 2. LN A ~'y construction
and recovery nethods for cloned DNA of i nterest. The use of

S0%s P e BaR TR Bt CORE L bibrary, of) Su (bividans

t he present invﬁatinaxtimanhi&ctm& otoot laer sereems ifor tetracycline
resistance. One-tenth mL portions of the fragmented S.

lividans cell 1library are plated onto Bennetts agar
supplemented with 100 ug of tetracycline/mL. After
10 incubation at’ 28% for 5 days, two

tetracycline~-resistant colonies are detected. One of
these, LL535 (initially designated LLS529-2) is chosen
for further'analysis. The LLS535 colony is streaked to
fresh Bennetts agar containing 100 ug of
15 tetracycline/mL. Growth is observed after 3 days
incubation at 28°c. The growth obtained is scraped
into 50 mL TSB supplemented with 10 g of glucose/L
(TSBG) and 100 ug of tetracycline/mL and the suspension
incubated at 3o°c, 200 rpm for 3 days. The LLS535
20 culture is briefly sonicated and a portion distributed
to 1.8 mL cryotubes and stored at -70°c. The remaining
‘volume is used to inoculate four 2 liter flasks
containing 500 mL each modified YEME medium (as
previously described but containing 16 g of glycine/L,
25 mM MOPS and without MgCl,, L-histidine or L-leucine)
containing 100 ug of tetracycline/mL. The growth
obtained after two days is then processed for isolation
of plasmid DNA as previously described except that all
volumes employed are four times that of the previous
10 example. The final DNA precipitate is dissolved in 1
mL TE.

25

A 10 uL portion of the plasmid DNA isolated
from S, lividans transformant LL535 is subjected to an
in vitro packaging reaction and subsequently transduced
to E. coli X2819T using methods described hereinabove.
An ampicillin-resistant transductant (designated LL537
is streaked to 20-10-5 agar containing 100 sg of

35
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“useful as well. Those ski Hed in the art recogni ze tHat
monof unti onal Streptonyces vectors, such as plJ922 5 ° (Lydi ate et al,
1985) can be enployed in the present 21- i nvention, with the attached

proviso that library construction and reconbi nant plasmd
recovery is conducted within the actinonycetes.
The steps that follow in the exanples involve 10 in vitro packagi ng

of the ligati ona@ppdm;lsnpfnr_,cmdthe owthar | c i opa
DNA, transductipn_t ﬁf%ectléozaef E pgp{!ﬁ%t i on

of transduct antbm'“‘lgaglc’n %\%d S(S:| ai'?or\‘lﬁﬁd DHR f iBAcrhatet d:"g? véOQ C!lDEm d
library. The rpotbilsnaseof arm-etem-€5| bbd'othbutcodmﬂﬁ., 100! ny, éntl

Coul o be. ol oy iPPEcFELEh/HEC | Mablgy snuonr LATEDE, 200 548 rpmho.ds
consegsiences. °qu59ht Plasmida|BNA nasi isqlattest cagalnr aki qRtdwibuwdy i N
\r/ieE:(r)(r)Tbi nati-on- | cllagbea. mamA,Qe 1%31 Eost S, ¥\§| is %sx@na‘?’e’a&tﬂﬁgp
anpl i fication peib%e?ﬁ#%’gg%ﬁ& Li§§l 8& t@‘@ plasmig dﬂ\ﬁc I¢)3 kilobase epwlu}:ttasm d
pr epar a]E i onI procedures, aAl reStrficeionawap is genebgeaapebli 3p?d I gpe
scientific lit
Subsequent ste%& %e exanﬁﬁ And.; fllob'?le digest% nf’igaucﬁqﬁﬁf’tﬁt’t% -
p]?ol e;blcloslmg [?W?ﬁ'ﬁ%h@éﬁegn i n’l‘be locatiost reft oc@m?cjewsiﬂﬂas At i on
of a ce i br ogameen BQ]I se in
l'ibrary for ansf%t sqﬁﬁ% €5%ﬁgns blﬁéig‘ffe%nce
to 30 10058 ¢ y S8k SRRRcARE StRlu(NewnERIIRAEBinkabs)

are d_etermlned by digesting with each enzyme alone and

in combination with enzymes that cut at known locations
18 within the vector portion, such as EcoRI, EcoRV or
HindIIx. Restriction endonuclease digestions are
performed by combining 1-2 ug of plasmid DNA,«‘. sl of a
10X solution of salts that are optimal for the
restriction endonuclease being employed and
20 approximately 5-40 units of enzyme in a total volume of
40 ul. The 10X salt solutions employed are as follows:
for BamHI, EcORV and SalI, 1.S5M NaCl, 0.06M Tris PHS,
0.06M MgCIzz for BglII and Scal, 1.0M NacCL, 0.1M Tris
PH7.4, 0.1M MgCl,; for BclI, 0.75M KCl, 0.06M Trish
25 pPH7.4, 0.1M ugc12: fo_r: BstBI, 0.6M NacCl, 0.06M Tris pH
7.4, 0.06M HgClz.‘ for Clal, 0.5M NaCl, 0.06M Tris pHS,
0.06M Tris pH7.4, 0.06M MgCl,; for Clal, 0.SM NacCl,
0.06M Tris pH8, 0.06M MgCl.,; for EcoRi, 0.5M Tris pHS,
0.1M MgCl,; for MluI, 0.5M5NaC1, 0.1M Tris pH7.4, 0.1M
HgCIZ: for Sacl, 0.1M Tris pH7.4, 0.1M Mgc12: and for

2 Stul, 1.0M NaCl, 0.1M Tris pH8, 0.1M Tris pH7.4, 0.1M
MgCl,; and for Stul, 1.0M NaCl, 0.IM Tris pH8, 0.1M
MgClz. Double digests are performed with salt
conditions compatible for both enzymes, as recommended
35 by the manufacturer. All digestion reactions are

conducted at 37°¢ except for Becll which is performed at
50°C and BsmI and BstBI which are performed at 65°¢c.
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‘transformants coul d be ~ directly screened for™

tetracycline-resistance by replica plating. Alternative | evel s of
tetracycline could be used for screening 2S5 dictated by the innate
resi stance exhibited by the host 35 or source oOrgani sns. O her
tetracycline-sensitive, non-restricting - hosts, such as

St rept onyces gri seofuscus, could be substituted for S. lividans.

Next, recovery théeﬁﬁabbaéiibnmﬁ%m dlbyeo 120 mdu&s&@tl ng gl a3 myd R0k
fromthetetracycllner Si st I VI followed by 1n vitro

packagi ng of saiQf DRKacking gyﬁndﬁ?%ng&ﬁé’ﬁr&*'l n?ols'% EQFA  PRE, ol of kd.
Plasmid DNA 5 bromphenbat bluefirais aaded tbamptms;.-eaénahrwr@ély

Dl'asm ds. | sl at REELEHELS Ene SUBERTEAS NS SF agarase, palE' o shovn
to possgss equival ent struBiqeéfyion resulltese iz | edvisuabézedt wiby
recogni ze that sijdéefophoresis through 0.8% agarose gels. The map is
assembled by direct digestion of Lp2127 as well as by
digestion of subcloned fragments. Mapping for BelI and
clal sites is inhibited by host methylation and,
10 therefore, aided by the use of L92258, which is
' obtained by in vitro packaging of LP2127 , transduction
to E. coli GM119 (dam-dcm-) and plasmid isolation by
previously described procedures. The physical structure
of LP2127' is shown in Figure 2. A more detailed
15 . restriction endonuclease map for the 31.9kb at S,
aureofaciens DNA cloned in 1p%127 is shown in Figure 3.
EXAMPLE 8: ISOLATION OF S, LIVIDANS LL529-TT2,
IHIOSTREPTON=-RESISTANT, IETRACYCLINE-RESISTANT
IBAHSEQBHaEIEBQH_HHI9H_2LASHID_LEEIZQ_IS_DEBI!ED
20 .
. The isolation of §Streptomvces lividans
LL529-TT2 is performed in a similar fashion to that

described for LL535 except that the recombinant §S.
lividans cell 1library is plated onto Bennetts agar
25 containing 50 ug of thiostrepton/mL and 100 ug of
tetracycline/mL. After incubation at 2s°c, for 11
days, two resistant colonies are observed. One of
these, LL529-TT2 is streaked to Bennetts agar
containing both antibiotics. After three days
10 incubation at 28°c, the resulting growth is used to
inoculate 50 mL TSB containing 10 pg of thiostrepton/mL
and 100 ug of tetracycline/mL. After five days
incubation at 2a°c, 200 rpm, plasmid DNA is prepared by
a minipreparation procedure, which is similar to
15 previously described plasmid isolation procedures up to
the isopropanol precipitation step. However, in this
case the volumes employed are ~1/4 of those previously
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10 * DNA regions cloned fromalternative organi sis coul d. show
pol ynorphismin the arrangenent of restriction sites, but that a
.sufficiently large DNA fragnent -ggaferring tetracycline-resistance
woul d be expected to confer the properties described hereinbel ow.

15 The pl asm d-borne nature of the tetracycline

resi stance Is confirnmed by denonstrati ng t hat

t hi ostrept on-r eutaddant Af&esf oisaptrepahod. p:’rud:'rlphtsation, thebraiacledon t h
LP[err] 127 and r a A agyclyi t The
el aborati on [de Iiéacé%'l %% ?L.Egotlggd C% T% ?d elg‘gééérr?%ﬁstwrla ed by
the producti ona@n %@éﬂl byelume of Chhérpaﬂsre&ﬁa‘?ﬂ i dndhrenodi @nd ePr8n g and

tetracycline -nydroxy@ﬂx&mme e&ullllb‘fh@%as iof @nﬁubrey cottidifiing
effective %?égft %ut | ess, so agai nst a tetracycline-

resistgant E. cdi90 m% EDT PHY inA9 M ?‘Pd"ﬁ'@ agetts: P &
t hat t he plus 5mrmneehio@bfmmac%claqwatﬁthandt etehy spimiingl27

T e 1 A0 RPN OB, PO eoh Y Wbuced ! i

originally isolagquabus:tphagel iis: nextsrenrextracted with cmpaange aPm:ﬂ a
LP[err]127- ”a&?érf’rmi'acgkds withVc#ddtoform in apré’flﬂffart a0 ] ne .

and, chlortetracycline condit1ons where the _sane Broduct s

are iqgol ated f /e final aquegusnAlayey cdsorgahkierted, eﬁﬁ%n}@@s b

aur eof aci ens Aldmonium acetate and 1.8 mL ethanol are added to
precipitate nucleic -acids. After chilling to -20°C,
the precipitation reaction is centrifuged at 8800Xg for
30 minutes. The resulting pellet is dissolved in 300
15 sL 0.3M ammonium acetate, similarly precipitated with 1
nL ethanol and centrifuged. The resulting pellet is
rinsed with ethanol, wvacuum dried and dissolved in 1 mL

TE. ' _
The LL529-TT2 ﬁlasmid minipreparation ;s used
20 ' to perform in vitro packaging as previously described.
An ampicillin-resistant transductant (designated LL538)
is chosen for plasmid preparation which is performed as
ocutlined in the example for LLS3S. The resulting
purified plasmid is designated Lp?128. The restriction
band patterns obtained when Llezs is digested with 20

25
different restriction endonucleases is compared to that
obtained for LP2127 by analyzing the digestion products
on the same electrophoresed agarose gel. The gel
banding patterns obtained for LP2128 are identical to
10 those seen for LP2127, indicating that the two plasmids
are equivalent. Thus, Figures 2 and 3 describe the
structure of LP 128 as well as LP 127.
35
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©*13899. On the other hand,~a S. l|ividans transformant -85 cont ai ni ng
only plasmd vector with no inserted DNA shows no antibiotic

producti on. -24- -12-
"The denonstration of producti on of tetracyclines by the
het er ol ogous host is not limted to the fernentati on conditions

or HPLC anal yti cal systens described in the exanple, although
these 5 cl egxampLE oo ePf ASMEDL Rabys A e of

pr ocedur es for ferm EE%EEI :Ir g ; E

tetracycl i nes have bee ' QYTLINE RESISTANC her ei n.

Al so, al though Strepponyces lividans is used as the
heterol ogous host in If¢ vREEy cenat! %elocecracgeﬂﬁao'%ances
expression of antibioti¢ biosynthetic IS expected I1n a

nunbersof acti @g&‘t’!fe%r%‘ﬂd are Plasmé@ﬁbp%terﬂlas%%pstl? rﬂeﬂjd@i@d but
not li'mted by rp“128 areBeeahisaamGar meba@tz@uo@laﬁﬁ mﬁ&ﬁm@g_@_@o
ar ge

ong s 1ividis ¥ Grld 28he b1 f1Ag° el d R A PlESL ¢
transformants are tested for tetracycline-resistance.
The procedures for preparation and transformation of S.
10 lividans protoplasts and the subsequent selection -for
thiostrepton-resistant transformants are performed as
previously described. Ten sg of both LI?2127 and Llezs
are . transformed, as well as 5 »g of a
tetracycline-sensitive control, I..lell (a vector
15 consisting of pIBI24, the SCPZ* replication and
stability regions and thiostrepton-resistance gene).
Oone hundred and fifty transformants for each plasmid
tested are sequentially picked to pairs of Bennetts'
agar plates containing 100 ug of tetracycline/mL or 25
20 pg of thiostrepton/mL. °
"Growth of the stabs are scored after
incubation at 28°C for 5 days. All the thiostrepton-
resistant transformants derived from I.lell prove to be
tetracycline-sensitive, whereas 80% of thiostrepton-
resistant transformants tested from either LP 127 or

25
LP2128 are shown to be tetracycline-resistant.
EXAMPLE 10: PRODUCTION OF CHLORTETRACYCLINE AND
MWWWBIM
2 2 )
LP~127 AND LP 128
30 | 7
A series of experiments is performed to
demonstrate that LP2127 and LP2128 dir_ect the
biosynthesis of chlortetracycline (CTC) and
35 tetracycline (TC) in the heterologous host Stretomyces
‘ lividans. The original isoclate LL535, as well as S.
lividans transformed with Lp%127, produce CTC and TC on
I
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‘15 ¢ constructions described here. Those that are
transfornmed include such as Streptonmyces griseofuscus and

St rept onyces anbof aci ens which are known _to be relatively
noh-restricting. EXAVBOE 1: PREPARATI ON OF STREPTOWYCES
20 AUREOFACI ENS TOTAL DNA A

| yophi | i zed preparation of Streptonyces aur eof aci ens ATCC 13899 .

[ ded i fidX on of
Nl ot PO er 1§ eE Bndl i oroth equBtAeR, VRnchedl 6,0 1y Padng
citrate/L) and ‘iﬂ"éﬁ%%ﬁbﬁ? o ®sPlasmidpgiraing yeatqn yJ-&hO}d&asinsartadt/ L,
2g of NZ- Am ne pNa does /Hdt. ﬁlﬁl@f abasdcadyariné aﬂQlﬂu.]%ft:T% 3l “ﬁﬁzfﬁb 20

g r ft Rcu atlon at 28 [err
days, cells fr(E)ifﬁ ?“?ﬂf’ aie efti the SYn“'kﬁsrﬁyﬁf-l c

Soy Br%t h (Dif an antllebﬁ:otaceduh:h ad:iitivi&ySSgalnst M%Qs_%\ﬂéb &oria
Heat

m croti %St ingee%%:%f? Bé b%?gglcalég cpai%g,u teé}%recf%oscp#)%?ﬁ'%‘@yc%ﬁﬁe'
the sonicatedi® such ac%&gpﬁmsngnprnwcsd by TheptS.c JSowvidans hhéI6h) ,

f ol | owed by incubpitealal,, 28ke rrh%ﬁ%g prgd dpy Fi v of
seed culture is en i nocul at ed tg 105_ sk §35' Endt
. ' th ostrepton-resistant isolate  from which LP 127 is

10 ) 1solate§i, is plated onto Bennetts agar (which contains

25 pg of thiostrepton/mL) at a cell dilution designed

to give approximately 200 colonies per plate. s,

lividans strain LLS31 (which contains the previously

described plasmid vector Lle'll) is similarly plated at
15 a target density of ~400 colonies per plate.

After eight days incubation at 3o°c, colonies
of LLS35 ‘exhibit a yellow UV flourescence when
illuminated with a 366 nm UV lamp. This is
characteristic of tetracycline producing cultures and
is not observed for LLS31.

Plates of each then are tested for biological
activity by overlaying the colonies with 5 nL soft
20-10-5 agar (8 g of Bacto agar/L) which has been
seeded with 0.1 mL of an overnight growth of assay
organism. The assay strains employed are PBacillus
subtilis strain T1325 obtained from the University of
Leicester (Dr. Eric Clundliffe) T1325 (which contains a
plasmiad " conferring thiostrepton;resistance) '
Escherichia coli MM294 and MM294 (ATCC 33625)
containing pBR322 (which confers tetracycline and
ampicillin resistance). The overnights are developed
at 37°C in 10 mL 20-10-5, which is supplemented with 25
ug of thiostrepton/mL for T1325 and 100 ug of
ampicillin/mL, for MM294/pBR322. Once overlayed and
incubated at 37° overnight, the plates are examined
for zones of inhibition in the lawns of overlay
organism. Strain LL531 gives no zones with E. coli

20

25

30
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-13-° suppl enented wth 2% gI ycine and incubated at 28[err]C,

200 rpmfor 48 hrs Cell.s are harvested by
centrifugation at 9800Xg for 30 mnutes. The cell pellet is
.washed with 5 200 mL P medi um (10®& of sucrose/L, 0.2 g of _
Klerr]SOerr]/L, 2 mL of trace elenment solution/L which consists
of 40 of ZznC[err]/L and 10 ng/L each FeC[err].6H err] O

Cud 2H 4H
Naerr] E][err][%%éhfnfo% PBMIG (RPfciAiarhes Rirer ARad) chppelizehe
cell pellet |szbnesenwath-ZDhPerg?imtpealdeveoswédzénd 1811 of suapeaded

in 12 nL P [er medj l e dto - cont rrMTES
25 mM Cad [[errfJl té? bam[’g?rg]gp nggbg red plgmﬁﬁferr]gb?err])

cont ai ni ng hPrﬁPﬁ'fE‘*"'l rre"f( Se¥pEessign of iniiz&d).

The c¢ells ar uggngat td l&fmwﬁocﬁa express ‘tﬁ'i&erﬁbk‘fn&lfl?r 3:??’!‘.&% by
whi ch2 i me pr ot ogkast 15 I on

2.5 mgy of way ppk e?ﬁﬁgé'v RLgEoeﬂFFﬂBQPC%nﬁﬁ@?ljr}mf"é:%détanﬁ t'he
m xture i ncubaled9jt- By’ Cdmpadison hustsainl $8535 shows produethbonved by

by the addi ti oifofryag iS¥ir il Coeally Apninies grodth dF chlTHIaIST Y
“-yiscous nixturands MM294 in Fhéub?i‘tﬁ?@-%ﬁ ES@Perlf?@#orem%m% Wikt
occailoonal geneb@er colonies per plate, small, discrete and very
large 2zones of inhibition are seen around suitably
separated individual <colonies' with these assay
organisms). Colonies of LLS535 overlayed in the present
experiment with MM294/pBR322 show discrete zones around
15 ' colonies. This reduced activity effect seen with
MM294/pBR322 is taken to indicate a reduced sensitivity
owing to the expression of tetracycline resistance

resident on plasmid pBR322.
The antibiotic beihg elaborated on agar is
20 characterized by extracting antibiotic from agar blocks
of confluent plate cultures. Strains LL535 and LL531
are grown on Bennetts agar containing 25 ag of
thiostrep’con/ml‘..: 8. aureofaciens ATCC 13899, the source
of the cloned DNA in LP?127 and LP%128, is plated on
Bennetts agar without drug. After five days of growth
at 3o°c, 1" square agar blocks are cut out and
macerated in 3 mL acid methanol (l1.5 mL concentrated
H,S0, in 4 liters methanol). After vortexing for five
nminutes, the supernatant is filtered through an
Acro®LC-25 membrane filter and subjected to HPLC

analysis.

25

30

The HPLC analyses are carried out
isocractically on a Cl18 reverse phase column with a
mobile phase consisting of oxalate buffer at pH 2.9
containing 22% DMF=N.N-dimethylformamide. Flowrate is

35
1 mL/min and the eluate is monitored at 365 nm.



" mi xi‘ng. Once lysis is conpl ete;—20—r—of—equitibrat ed
phenol (50 g phenol + 6.5-nlL of 100 MM Nad, 10 nykléwa sﬁ pFB 1

mV EDTA pH8 + 0.05 g 8-hydroxyquinoline) is ged ’
"l centrifuge
| | ected

preparation gently shaken and then spun |n a

“at 1500 X g for 30 ninutes. The équeous t
and re-extracted as above; the spent phenol fronlthe first.
extraction is 30 back-extracted with 20 mL 10 nM Tris pH7. 4, 1 nmM
EDTA GLE) re then
extracted wthAgﬁhgnﬁé;EEt trTé] {’;ﬂ{ﬁg %or%%\lfggéﬁgﬁggygﬁne arep4¢edingd
10- m_ portlonsa§|§tﬁn§axé@-to separate test tubes. One nL of 3M

ammoni um acet at & pH 5 i sThddedpie %xomat E‘% H‘&t‘)fnﬁﬂ %"n%ano'
t I on.

| ayered on top_of t f Vi SCOUS so
spool ed onto aATCC 13899, are  BHoduFABEd F“PﬁEaFﬁeﬁolHl§hhaﬁBFe§ﬁd°n
Q|ssogved times indentical to TC. and CTC. Extltécts of LLS31 do

not show these peaks.
Thiostrepton-resistant transformants of §.
| lividans obtained with LP®127, LP%128 and LB%63 (a
. plasmid vector consisting of pIBI24 cloned into the
"0 SacI site of pIJ702) are similarly analyzed for
' production of antibiotic by . overlay with assay
organisms T1325 and MM294. The LP°127 and LP%128
transformants show production of antibiotic(s) active
against both assay organisms whereas LP263
15 . transformants do not, thereby indicating that the
ability to produce antibiotic is associated with the S.
aureofaciens DNA present in LP®127 and LP®12s.
Broth fermentations are also conducted as an
additional confirmation that the antibiotics being
20 produced by S. Ligiggng'bearinq LP?127 are tetracycline
and chlortetracycline. Fifty mL seed cultures of ATCC
. 13899, LL531, and LL873 (a L32127 transformant of S.
-liziggng) are developed using S medium (4 g of yeast
.extract/L, 4 g of peptone/L, 10 g of glucose/L, 0.5 g
25 of MQSO4.782Q/L) containing 5.pq of thiostrepton/mL;
ATCC 13899 was grown without thiostrepton. After
incubation. at 30°C for three days, 0.5 mL seed is
transferred to 25-mL fermentations containing 10 ug of
thiostrepton/mL (except no drug with ATCC 13899).
30 After incubation at 289c for ten days, 0.5 nmL samples
of the final mashes are diluted into 4.5 mL acid
methanol, processed as previously described and
subjected to HPLC analysis. Strain LL531 yields no
tetracycline compounds, whereas ATCC 13899, LLS535 and
LL873 yield 37, 56 and 6 ug/mL CTC respectively. A
small amount of TC also is detected in the fermentation
mashes of these three strains.

. 35



in<8 n TE overnight at 4 [err]C. An Alerr] spectrophotonetric

*reading is taken as an estimate of total nucleic acr pr esent
(predom nantly DNA). ' EXAMPLE 2: PARTI AL' Ol GESTI ON AND SI ZE
ENRI CHVENT OF SpgAURECFACI ENS DNA

"A partial digestion condition that yields Sau3A di gestion
products of S. aureofaciens DNA in the range of 35 kil obases (Kb)
is determ ned enpiricall y 10 A series of reaction tubes

containing -25 [err] g DBA coli strafnsauisd7 naRd@0LpsS3el ae@cthen puffer
consi sting of

pr ep;ar e;:I ?ﬁﬁa&gggg%ctl onf%gﬁidonu c@aggia%é%\ﬂ W{\,@ﬁ' r]l':ﬂbéand

Bi ol abs) addedLPR 012‘13 vare isolageserandithave been. er°§5ted, ur@lelz the 05,

0.01, 0.005 u h ct bat ed
o srferr] et & 6Oﬁ€n5t '?I'ztéd L @HAthI Qunerica ¢ep W1t % :

nutg 8-5» ace at im{}[err C for
m nutgs and filRd9y PRFE éH"t Qr:.ve, Rocky, [and N3 ARLE and
| oaded to 0.5%@@ee6n numbers @sl £olrlcsisze n;,ormm A2BUST fempreiiingl

and O e, (kEs3iThes itessidl hiibat Mer, deli meam%i?f'

precipitated hyolhe X2BAMML |c;bntﬁ&nin@nsLR)f12m [(ELEBE)3Mhas accesshomni um
acetate and 1%%@??@@ feﬂiiﬁ&’e‘j RBotHideldIriled on Paly2dd,eridée The

precipitated p

10 are ava:.lable to the public when legally
applicable.
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.25 centrifugation at 8800Xg, redissolved in 300 [err]L 0.3M

amoni um acetate, simlarly precipitated, peIIetEB . rinsed

wi th ethanol, vacuumdried and the dried pellet finally dissolved
in 100[err]L TE. An inspection of the -39 ethidum bromde stained
agar ose gel whi ch is 30 el ectrophoresed overnight at 1
volt/cm reveal s that ~ digestion with 0.05 units Sau3A/[err]g DNA
gi ves di gestion products largely in the desired 35Kb size range.
EXAMPLE 3: PREPARATI ON OF COSM D ARVSBIBRIOGRAPHY The conponents
of the bifunctional cosnid vector are retrieved fromplasmds A
and B shown in . 1. Plasmd A contains plBl24 which provides
an 1. BalB?rg?nﬂofaPépPrcgﬁtéﬁséﬁ@aanhﬂﬁi0|9t¢¢ppbasttance

gene for rephsichi on stdepeb@ged’ conditidns fdY SeftfSTAe
5 genetic recombination and cell regeneration. J.
Gen. Microbiol. 127:137-146.

2. Baltz, R.H. and E.T. Seno. '1988. Genetics of

_ Streptomyces fradjae and tylosin biosnthesis. Ann.
10 " Rive. Microbiol. 42: 547-574.

3. Bibb, M.J., J.M. Ward, and D.A. Hopwood. 1978.
Transformation of plasmid DNA into Streptomvces
protoplasts at high frequency. Nature (London)

15 274:398-400. '

4. Binnie, C., M. Warren, and M.J. Butler. 1989.
Cloning and heterologous expression in
Streptomyces lividans of Streptomvces rimosus
20 genes involved iqfoxytetracycline biosynthesis.
J. Bateriol. 171:887-895.

5. Butler, M.J., E.J. Friend, I.S. Hunter, F.S.
Kaczmarek, D. A. Sugden and M. Warren. 1989.

25 ' Molecular cloning of resistance genes and
architecture of a linked gene cluster involved in
biosynthesis of oxytetracycline by Streptomyces
rimosus. Mol. Gen. Genet. 215:231-238.

6. Chater, K.F. and C.J. Bruton. 1983. Mutatiocnal

30
cloning in Streptomyces and the isolation of
antibiotic production genes. Gene 26:67-78
7. ¢Chen, C.W., H.-F. Lin, C.L. Kuo. H.-L. Tsai and
3s J.F.-Y. Tsai. 1988. Cloning and expression of a

DNA sequence conferring cephamycin C production.
Bio/Technology 6:1222-1224.



:also' provides a thiostrepton-resistance gene for pl asm d

selection in the actinomycetes, as well as 5 ™ multiple cohesive
end sites (cos) from bacteriophage | anbda which serve as
. Substrates for in wvitro packagipng. Plasmid B is designed to
provi de an SCP2* origin of replication for plasm d maintenance in
t he actinonycetes, and nultiple cos sites. 10

Plasmd A is digested with Asp718 and then desphosphorylated with

calf intesting, adsl iKeaL. and R.HPhsapkataleseC ARstrika WA dhen is

extracted with chi or.pane and chl arof orm precipitated with ethano
and vaguumqﬁ%§ﬁflqgé?§$MP£§qPﬁe%°F@§&§88n&@d ' 15

with Bglll. Plasnspp.BJd sBakgesiell. wish:$abk5a4d subsequent |y
treated with C AP After chl orpane extraction, ethano
precipitation and vacuum dryi ng, the DNA is resuspended and

di gestsed with Bgl| Pistler, J., K. Mansoypi ande¥:i Hiepexsbieng. kA%
above are 20 st dy &in A6 egALHBSi8Ndne ; ght .-
A 6 Xb fragnent fro ' y %asrﬁd

| a A d an 8.0 Kb fragnen .
B, which contain th ]Tp'un?tra %?ggeﬁ?ﬁﬂg“'c §"c’at"g’ﬂeggr PIOFYRSTREL 1S o
i solated fromthe agmmese ared drye of two stretbnmyelint resistadnce genes.
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n1xture I's vortexed and stored at 4 [err]C 10 ) EXAMPLE

" 5: TRANSDUCTI ON | NTO ESCHERI CHI A COLI AND PREPARATI ON OF A

Bl FUNCTI ONAL COSM D LI BRARY The phage preparation
,detived fromthe in vitro packagdg reaction is transduced into
Escherichia 15 coli X2819T (R Curtiss), wth the objective of
obt’ai ni ng t housands of transductants from which a pool ed plasmd
DNA preparation, or bifunctional cosmd library, can be obt ai ned.
To this end, 0.3 nl 1&:189p=-209 overni ght culture of X2819T is

I noculated into 10 nL 20 20-10-5 (20 g of Tryptone/L, 10 g of yeast
extract/L, 5 of Nadl /L, 50 ng of th m di ne/L) and_ i ncubated at
28[err]C, 2.5 R@ursnﬁékk W 1K onst tﬁAQﬁE9ﬂ?W¥5819¥'c@PV§re° h. S. are then
conbined with 0.8 deami,arnd.cpwumm@ D.W.S. waktlakeganat sf.g.l speed for
5 mnutes. The pellﬁreteen 51988 cells are suspended in 100 [err]L PDB
Then 3® [err]L of p * *preparation fromin vitro packaging is

added to each. CIOnMW&rmMW sequehte detgimimatlion 2f

m nutes. Two t a xture and
t he suspen5| on |néc5%at edllpié N @Hgégse Qe grr% or 2 hours.
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"Petri pl ates containing 20-10-5 agar (20-10-5 broth and 20 g of

‘Bacto agar/L) supplemented with 100 ng of “anpicillin/L (sodium
sal t-Sigma) . The plates are i ncubated at 28 [err] C overni ght
and then left at room 35 t enper at-33e- for three days. A plate
count of five representative plates reveals that a total of

-12, 000 anpicillin-resistant col onies are obtained.

-17- Each plate is flooded with 5 nL of solution

consi sting of 50 nviNagaeks eand5eMI Tr Chorpisop 8980 nithe bialaphd®TA pH 8
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gentle mxing. Afteg 55%bagggg OE&bﬁﬁnborEQ%resszon in BIRH&S; cfPam Of

5M pota55|un1acetate |s
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and 1 ncubated an additional 20 m nutes on ice. The preparation
“is then spun at 9800Xg for 20 minutes, the 15 pupernatent col l ected
and 200 nlL of cold isopropanol added, m xed in and incubated on
.ice for 15 m nutes, foll owed by3dentrifugation at 9800Xg for 20
m nut es. The nucleic acid pellet is dissolved in 20 nL TE
suppl enented with 1% sodi um sarcosi ne Twenty-two 20 grans of Csd is
added, and once di sso| ved {rL ' sol ution of, 10ng et hidi um
bronmide/nL is addedid ‘H-u%"e expresseeei oét B BEEROPEFBHIARSE HeR@re s

| oaded into from MUQ_@M&F muzged J.n Badieeki@y, 70.

1Ti r ot or 4" pm for 19 hours. The tubes are
renoved and pl asm d ]b dsl S recovered by syringe side punct ure.
Et hi di um brom de is renoved fromthe sarrpl e by extracting 4 tines

Wi th equal vol WS afakalf aRoA. D, PuliddalgLa\ ei'.aw 31& The aqueous
sol utidn is br ought {o ammnl um acetate i s

added and 30 Hdnenez nj %%NA 'EY'@CEBPF&t é&
After chilling at &mm}&hhbxak&mtheBQH patBwdy are closeDEniimkéegation
at 3400Xg for é%’g%tgéhé-"wiscond _ precipitation is

simlarly performed, Tinsed with ethanol, vacuum
dried, dissolved in 1 nL TE and the . DNA concent rat i on

s lodet ermnefh .. veselovaPe§lIOPRGE9TE! ConBlinéd effect of nitrous
acid, ultraviolet light, streptomycin and

chlortetracycline on Agctinomvces anr_e_qf.asi_g_
Antiobiotiki 14:698-702.
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CELL LI'BRARY
construct ed
l'ividans TK54
St rept onyces
pr ot opl asts of

EXAMPLE 6: | NTRODUCTI ON OF PLASM D LI BRARY | NTO
‘L1 VI DANS AND CONSTRUCTI ON-OF A

5 The bi functi onal plésnid library

STREPTOWYCES
S. ~t1 VI DANS RECOVBI NANT

in the previous stegsLs_trans nto Streptonyces

wher e phenot ypi c expression
genes I's achieved. To this ridhs SheetHas Been Re; laced

Streptonyces |ividans TK54 are prepared
essenti akl gsata@edar d net hods (Hopwood et al, 1985).

cells froma 4
I nocul ati ng O.
al i quots of

15 pept o
g of sucrose/lL,
L- hi st& di ne an
9800Xg for 15
medi um and t he
containing 14

10

15

20

25

30

35

5-hour culture of S. i vi dans TK54

2 nmL of a spore suspension into each of ten- 50 nL
WHAT IS &IIMER I$ME nedium (3 g of yeast extract/L, 5 g of

ne/L, 3 g of nalt extract/L 10 g of glucose/lL,

5 g.of gl mM MgCl [esr], 40 ng/ L each
d L- Iéuelgﬁg QFFQ?IE?E L 1£8- centrifugation at

340

m nut @s. Théhecoshids accord:. ge’cbeélhimwisr‘%ﬁetr@l eﬁiﬂﬁf‘ P_

%g%gﬁ%%ndeaq:ez 0 inserteg gngt er rl:okaryotx)é host fecarr:r ]

expressing a product.
3. The cosnmids acqording to c1aim12, wherein saiad

host is E. Coli, Streptomyces lividans, Streptomyces
griseofuscus, Streptomyces ambofuchsus, Actinomycetes,

Bacillus, Cornebacteria, or Thermoactinomvces.

4. The cosmids according to Claim 3, wherein said
host is Streptomvces lividans.

5. The cosmids according to Claim 3, wherein said
cosmid contains the DNA gene cluster coding for the
biosynthetic patyway of tetracycline and
chlortetracycline. B

6. The cosmids of Claim S5, wherein said cosmids
contain DNA which under stringent hybriziation
conditions, hybridizes to the DNA gene cluster which
encodes the biosynthetic pathway for the formation of
tetracycline and chlortetracycline.

7. The cosmids according to Claim 4, wherein said
cosmid contains the DNA gene cluster coding for the
biosynthetic = patyway of tetracycline and
chlortetracycline.

8. The cosmids of Claim 7, wherein said cosmid
contains DNA which under stringent hybriziation,

conditions hybridizes to the DNA gene cluster which

encodes the biosynthetic pathway for the formation of
tetracycline and chlortetracycline.

9. A'method for enhancing the yield of a desired
product, said method comprising: regulating the
biosynthetic pathway of a microorganism producing said
product by manipulating the DNA gene cluster encoding

* [ L M s *




I?sdéyne/nL I s added and the suspensi on incubat ed—at 30 Cin a

shaki ng water bath at 150 rpm for 90 m nutes. This Sheet Y Bef@Reglated y, 100
mL P[err] is added and the protopl ast sus sed

. through steril e non-absorbent 25 cotéon. emmm%[‘l pun at
3800Xg for 10 m nutes, t he protopl ast peII and
washed with 100 nmL P+, and after a second centrifugation

(esuspented | Nsata nioeykgb LSty e BALRLBLoBLERTCE 0" o
-70[ err] C. 30 produckransformation is conducted by distributing 0.3 nL of
t he TK54 protoplasqopreg@rghtg@d(ééggﬁ%ph gtdlegg&ﬁr?] wherein Sﬁgd

protoplasts) to ea \ centrlfuge f ubes”contal nin -
The prot opl ast BFRANSKe IS AY A itokieg RE¥otein or PQIUBRBtﬁd#-lo m nut es

Fmd } enfresuspenlde.d..l it method accof@ﬁhﬁlgado Vol g 169]PrvflT£éF@§ﬁL)éa]:%
err of cos isQr ar. added.to, ea ol | owed by the
addi ti on of OHEHA 1% %ﬁbﬁﬁ?sﬁd:§ﬁ§%¥§ﬁfkﬁF¥ gb CPRe2B00 [ Sigma] dissol ved-

in 3nL 12. A method to Claim 11, whereinOsaid host is E.
Coli, Streptomyces ljividans, Streptomyces griseofuscus,
Streptomyces ambofuchsus, Actinomycetes, Bacillus,

" 10 Cornebacterja, or Thermoactinomvces.’

13. A method according to Claim 12, wherein said
host is Streptomvces -lividans.

14. .A method according to Claim 13, wherein said
antibiotics are chlortetracycline, tetracycline or

15 analogues thereof.

15. A method for screening for antibiotic
analogues of tetracycline or clortetracycline, said
method comprising: screening for resistance
transformants claimed and expressed by LP2127 or LP2128

20 containing the DNA gene cluster encoding the
biosynthetic pathway or portion thereof for production
of tetracycline or clortetracycline.

16. A method according to Claim 15, wherein said
DNA under -stringent hybridization conditions hybridizes

to the DNA encoding the biosynthetic pathway or portion

2 thereof for production of tetracycline or
chlortetracycline.

17. A method according to Claim 16, wherein said
DNA is expressed in a prokaryotic host.

10 18. A method to Claim 17, wherein said host is E.
Coli, Streptomvces lividans, Streptomyces griseofuscus,
Streptomyces ambofuchsus, Actinomycetes, Bacillus,.
cornebacteria, or Thermoactinomyces.

35
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of a solution consisting, of 25 g_9f_ sucrose/L, 2 n 500X trace
el ements- solution/L, 0.25° g of Klerr]SQJerr]/L, 100 err],
50 "M TRI S- mal eat e pH 8). After m xi ng and ’Dcubatl 30
seconds, 5 mL Plerr] i The pr ot opl ast g, ar e thera
Plerr]. One teggh m volZine
YE agar (100 g of s rose/ L

ace el enents solu on/L
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This frozen preparation consti tut®$-the S. |ividans reconbi nant
cell library. 25 30 : 35 "*}
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TETRACYCLI NE- RES§ ST FCE\/N\E F g 3 VHI PLASM D
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- S -lividans Jopn{ JF] ' .
resi stance. On Dortlon of Jthe fra : "" I /i dans
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[err]g of tetr ) qa:; err]C
for 5 -da tletre ies are
detect.ed. One b35 E_m, | S
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fresh  Bennet ing]Q {100
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previ ously described but containing 16 g of glycine/L, 25
and -wi t hout MgCl[err], L-histidine or L-leucine) .
tetracycline/nm.. The growth
t hen processed for isolation
descri bed except that al

pg  of

1:95515—2

of plasm d DNA as previously

il MOPS
containing 100
obt ai ned after two days is

vol unes enpl eyed-—atefou.tines..that of

? -

-
-----

t he grevi anpt The final DNA dre ﬁﬁﬁ%é&%bﬁﬁﬂﬂﬁﬁﬁ Ied $G 1
m. TH D;gffz&@EE;igEE?§t ) pL portion of tHe? pLé%ﬁW@GDNswﬁﬁo -ate a§5?
from TV AAn B8 st 8rpr?'§ “1'I5B5 is subjectie® t&im(s) : paged.®. o pugddr.o.
packy ?mpaéctl8ﬁ$5nd sREEHUentty t ansduced {351 Drawingtsp: Bagedial.i toXBAGAT....
usi ng HEBESH e B bed- VR8T habovk. An ¥R piiedck | i npggﬁl 3 Npaged
tran<ﬁhépﬁﬁ¥t(degﬁﬁﬁatedoﬁﬂsgﬁ ---------- is strdaked to 20-10-5 agar

cont aPATEQOFOBECEIRT g...0f...cccvoevree,

anpicillin/n_ and the grow h obtail hed after at uay'

" derivative conpounds  (e.q.

-

'TONAL COSMID U CLONING

ACTINOMYCETE DNA
BACKGROUND OF THE INVENTION

The present invention relates to new and
useful cosmids with a variety of cloning and expression
capabilities. For instance, the cosmids of tﬁe present
invention are used in cloning of the gene cluster (DNA)
encoding the entire pathway for chlortetracycline, and
thus also tetracycline, biosynthesis from S.
gg:ggﬁg_;gng_ and its express;on in the heteroloqous
host 8. lividans. The use of these cosmids relates to
enhanced fermentation yields as well as being used in
novel ‘screens to determine novel products such as
antibiotics, proteins and/or polypeptides. _

The antibiotic chlortetracycline and its
tetracycline,
deméthylchlortetracycline, demethyltéfracycline) are
produced comnmercially in ‘submerged fermentation by
Streptomvces aureofaciens (Dugar , 1948). More than 30
years of industrial ‘manipulation of this mlcroorganisn
has resulted in the development of sophisticated

fermentation techniques and media formulations that

have allowed significant improvements in fermentation

yield (Goodman, 1985). These advances in yield

improvement have also been aided by the isolation of

produce . antibiotic (Veselova, - '1969). These
high-producing strains have largely been isolated by

is Sheet Has Been Reﬁaced ' This is the r'.plaoom
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i ncubation at 30[err]Cis used to inoculate two 500 ni : portions

of 20-10-5 broth containing 100 pg of : anplicillin/nm. After
« ncubation at 30C, 200 rpm 5 overnight plasmd DNA is isolated again
as previously - described. The ispfated plasnmd is designated
LP[err]127; the estimated size of the-plkasmd is 43 kil obase
pairs. ' A restriction map is generated for LP[err]127 by

perform ng single and doubl e digests with restriction 10

endonucl easesjn gThe TEO@Meraighy att!avagm ] ggSsﬁéétropnotomeB%EH'

| | q S
T L Y i

with each enzynesehhne(pa:redomlnantly |DNP£)o.nb| nation with enzynmes that cut at

known | ocati ons I, EcoRV
or Hi nd = g‘ﬁgﬁ—vgﬁf

perfarmed by conbi i ng 1-2 ngﬂAerr]l of a : 10X
sol ution of salts that are optlmal for the restriction

endonucl ease  being an approxi mately 5-40
units of enzyme in a tot‘al P%‘ ﬁﬁﬂ- @1935“0“ CQOdF-§ﬁ-PPI thage YOxldst

‘sol utions enpgaies Aigextiion |Préducts of oo 2Adehal |

1. 5M Nadl , %%%/I Tri sq B

I oM NaQL, 0. TRPSF ST 3B kilohgses, (ol Ay detsr ined); egfiFi eTigﬁ’fﬁ'ci,
0. Q(ilgl Trish &5 series puf. 4reflctibhpCriibes] ; cOntabBaiBy, ©26M higCl DNA. 06M
Tris pH contained in 300 gL of reaction buffer consisting of

100 mM NacCl, 10 mM Tris pH7.4 1l0mM Mgc:l.2 are prepared,

and . restriction endonuclease $Sau3A (New England

Biolabs) added to give final concentrations of 0.5,

15 0.1, 0.05, 0.01, 0.005 enzyme units/ug DNA. The
reactions are incubated at 37°C for 60 minutes, then
placed at 65°C for 20 minutes and finally removed to
ice., Twenty uL is removed and loaded to 0.5% agarose
gel for size comparison to fragments of known length

20 (lambda DNA digested with HindIIiz, Xhol and .
undigested). The DNA in the remaining volume is
precipitated b'y' the sequential additions of 50 pL 3M . .
ammonium acetate and 1 mL ethanol, followed by chilling
at -20°C. The precipitated DNA is then pelleted by

25 centrifugation at 8800Xg, redissolved in 300 uL 0.3M |
ammonium acetate, sim.larly precipitated, pelleted,
rinsed with ethancl, vacuum dried and the dried’ pellet
finally dissolved :_i.n 100pL, TE. An inspection of the
ethidum bromide stained agarcse gel which is

10 : electrophoresed overnight at 1 volt/cm, reveals that
digestion with 0.05 units s_gn_fiA/pg DNA gives digestion
products largely in the desired 35Kb size range.

The components of the bifunctional cosmid
vector are retrieved from plasmids A and B shown in
Figure 1. Plasmid A contains pIBI24 which provides an

35
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7.4, 0.06MMgC [err]; for dal, 0.5M NaCI, 0.06M Tris pH8, _ 0. 06M

Tris=s pH7. 4, 0.06MMwWC [err]; for Cal, 0.5MNaCl, 0.06M Tris
pH8, 0.06M MgCl[err]; for EcoRi, 0.5M Tris pHS8, .. 0.1MMdJerr];
for. Mul, 0.5MNaC, 0.1M Tris pH74 O.44L 30 MyCl'[err]; for Sacl,
0.1M Tris pH7. 4, OlMNgCI[err] and for Stul, 1.0M NaCl, 0.1M
Tris pH3, 0.1M Tris pH7. 4, OlM MyC [err]; and for Stul, 1.0M
NaCl, O.IMTris pH3, 0.1M MyCl [err]. Doubl e digests are
performed wi origid tof repllcati@tﬁldaﬁdoélﬁ seﬁmatiwhﬁ Ea%;&%%&”é%%s as
recomended 35% le‘cf'y n&mufgctu rer., Al estign redctlons
are O8n &SR aﬁl%ry[aeq gelschient &p Bel F—Ml'chThQ-Sp@ﬂ-ﬁ@m@d at

- 50C and Bsnl addoBstfitowbdes ame penieéﬁedpabn65651stance gene _
;)fZZErackl ng d?&a(sgg'a) &g(%?gl‘.‘%r‘l’ot IH?I EﬁﬁGEﬂéggwngﬁgg/éggs' AasS E‘I%-rji]plhé\r;g: e
bl ue)gis addeduﬂ.&lgl@p cbbesévet iemd asdties (cos) from bacteriophage. '
lambda which serve as substrates for in wvitro
packdging. Plasmid B is designed to provide an SCP2*
| origln of replication for plasmid maintenance. in the
_ actinomycetes, and multiple cos sites. '

10 Plasmid A is digested with Aspns and then
desphosphorylated with calf intestine alkaline
phosphatase (CIAP). The DNA then is extracted with
chlorpane and chloroform, precipitated with ethanol and
vacuum dried. The DNA is then resuspended and digested

15 with BglII. Plasmid B is digested with Ssall and
subsequently treated with CIAP. After chlorpane
extraction, ethanol precipitation and vacuum drying,
the DNA is resuspended and digested with BglII.

o The digestion reactions noted above are

20 loaded to an agarose gel and electrophoresed overnight.

- A 6 Kb fragment from plasmid A and an 8.0 Kb fragment
from plasmid B, which contain the functional regions
described above, are -isolated from the agarose gel by

electroelution.
25 | |
H ON_OF COS)
SAU3A DIGESTED GENOMIC DNA AND IN VITRO PACKAGING
_ The $Sau3A digested and size "inspected"
30 genomic fragments of S, aureofaciens DNA are joined to

cosmid arms via jin vitro 1ligation. Four uL Sau3A
digested S, aureofaciens DNA, corresponding to ~8 g,
are combined with 1 usg each of cosmid arms 1 and 2 in a
10 puL ligation mixture that contains 66mM Tris pH7.4,

15 10 mM MgCI 1 mM ATP, 10 mM dithiothreitol and 40
units (cohes:.ve end unit) T4 DNA ligase (New England
Biolabs). The ligation mlxture is incubated at 11°
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facilitate the subsequent | oading of agarose gels. 5

Di gestion results are vi sual i zed by el ectrophoresis

t hrough 0.8% agarose gels. The nmap is assenbl ed by direct

di gestion of LP[err]127 as well -as by -16- di gestion of subcl oned
fragments. Mapping for Bcll and _ ?:Ial sites is inhibited by
host nethylation and, 10 therefore, aided by the use of
LP[err]258, which is obtained by in vitro packagi ng of

LP[err] 127, trapsdygti : lie SVLAO 5 | asm d
I sol ati on by 11.§ h(grﬁgvﬁ oﬁg??/ Sggérgf'ﬁgg _ptr oceéur‘g%?ﬁ’fg}%ﬁmj _
structure reactifn | iiYer RREANG | Sheh@ntire Filgur ol Xeagtione taletai | ed

15 r est rHa@Naen&NIDAEA L A58A Bicki@Lngt Ak ,
aur eof aci ens. DA £l ed | Wty N Packading lgr?éﬁ?'é gktrilt IPronega

EXAMVPLE 8: | SBIRFRN oF sAi%e¥ paRs (#52d10p  incubation at room
THI O%TREPTON RizvipeidGurd FTSOCYAL | piadd-d Siftilon buffer (PDB) (100 mM
TRANSEORMANTFROM W EE P%@S%q#g__?cirr %23 S DERIVED 20

The isol ation 2%’ t rept S |1PEi dads 10 MgSPgI9- ¥§2 3dded

perforned in #cllowed fgshthe taddibion of 25 seschlvabfarm) L5Fheexcept

that the recormiiggme Sis vorit:exed “‘ws%@{i?&ey; ?b?r ary is plated onto .

Bennetts agar - contarning rijg o Ri ostrepton/nmL and 100
[err]g of ' tetracycline/nm. After incubation at 28 [err]C, for
11 days, pAWp.BSkSPRNsSOCPFORSTRYE PRSRENISHTA @1 Of
theskd LL520-TT2 = eprahled “ro--tammetta—agaf A_EER4

AND PREDARA o U - UNA QoM. BRAK

- The phage preparation derived from the jin
_ vitro packaging reaction is transduced into Escherichia
15 coli X2819T (R. Curtiss), with the objective of
obtaining thousands of transductants from which a
pooled plasmid DNA preparation, or bifunctional cosmid
library, can be obtained. To this end, 0.3 mL of an
overnight culture of X2819T 'is inoculated into 10 =L
.o . 20-10-5 (20 g of Tryptone/L, 10 g of yeast extract/L, 5
g of NacCl/L, 50 mg of thymidine/L) and incubated at
2s°c, 2.5 hours. Four portions of 0.4 mL X281ST cells
are then combined with 0.8 mL PDB and spun in a
microfuge at full speed for 5 minutes. The pelleted
cells are suspended in 100 xL PDB. Then 50 uL of phage
preparation from in vitro packaging is added to each.
Phage are absorbed to cells at 37°c, 25 minutes. Two
mL of 20-10-5 are added to each mixture and the
'suspension incubated with shaking at 28°¢ for 2 hours.
One-tenth mL aliquots are plated onto a total of 50
Petri plates containing 20-10-5 agar (20-10-5 broth and
20 g of Bacto agar/L) supplemented with 100 mg of
ampicillin/L (sodium salt-Sigma). The plates are
incubated at 28°C overnight and then 1left at room
temperature for three days. A plate cou_nt of five
representative plates reveals that a total of -12,000
ampicillin-resistant colonies are obtained.

25
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35

This is the replacemsr? sheet

oae: 2 6 DEG 1%



contai ning _both anti biotics.- After three days 30
I ncubation at 28 [err]C, the resulting gromh is used to

“ nocul ate 50 fFhis SHER Replaced 10 [err]g of thiostrepton/nlL ' : and
100 pg of t After * five days i ncubati on at

28[err] C, 200 r i s prepardd-by a mni preparation
procedure, which i1s simlar to 35 previously described plasmd

- iSolation procedures up to ' -t he isopropanol precipitation step.
However, in this case the volunmes enpl oyed are -1/4 of those
preV|oust Each plate is flooded with § mg3of solution
noted. After chnerstanplopreei it gtlluease t%m@ﬁ&acl a<‘1'd3' :ﬂf' | et

(5, O scolved Lol Tl Soengytrsohed Wi (ol v MM etE FOEST
in a buffer cemezildiengpreader ad@Oanhﬂéhﬂiteé pYbEBRALRHY i el MO um
acetaste pH.6, suspension which is spun at 9800Xg for 5 minutes. The
pelleted cells are resuspended in 72 mL-GTE. Then 8 nL
of GTE containing 40 mg of lysozyme/mL is added. The
lysozyme digestion is incubated at room temperature for
20 mlnutes. Then 160 mn'of alkaline-SDS" (8 g of NaOH/L,.
10 10 g of SDS/L) is added which yields a viscous lysate
after gentle mixing. After incubation on ice for 20
- minutes, 80 mL of 5M potassium acetate is added, mixed,
- and incubated an additional 20 minutes on ice. The
preparation is then spun at 9800Xg for 20 minutes, the
18 . supernatent collected and 200 mL of cold isopropanol
added, mixed in and incubated on ice for 15 minutes,
followed by centrifugation at 9800Xg for 20 minutes.
The nucleic acid pellet is dissolved in 20 nL TE
supplemented with 1% sodium sarcosine. Twenty-two
20 grams of CsCl is addeq; and once dissolved, 2 mL of a
solution of l0mg ethidium bromide/mL is added. The
CsCl-ethidium bromide mixture is loaded into
appropriate tubes and centrifuged in a Beckman 70.1Ti
‘rotor at 55,000 rpm for 19 hours. The tubes are
25 removed and plasmid band is recovered by syringe side
puncture. Ethidium bromide is removed from the sample
by extracting 4 times with equal volumes of butanol
saturated with water. The aqueous solution is brought
to 6 mL with TE; 1 mL 3¥ ammonium acetate is added and
the plasmid DNA precipitated with 18 mL of ethanol.

3 After chilling at =-20°C the DNA is pelleted by
centrifugation at 3400Xg for 30 minutes. A second
precipitation is'similafly performed, then the DNA is
:rinsed with ethanol, vacuum dired, dissolved in 1 nL TE

15 and the DNA concentration is determined

spectrophotometrically.
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plus 500 nL chloroform by agitating and then spinning in a

m crofuge at full speed for 3 minutes. The aqueous phase. is
‘next re-extracted with chlorpane and - then extracted with
chloroformin a simlar fashion. 10 _;g_ The final aqueous |ayer is
collected and 100 [err]L 3M . ammoni um acetate and 1.8 nL et hanol
are added to precipitate nucleic acids. After chilling to

-20[err] C, the precipitation reaction is centrifuged at 8800Xg for

30 ninutes. The r gg@gﬁriﬁﬁy Iu#)err] L 0.3M
[ nol and :

anmoni um acetate, Skgil cLpl F
centrifuged. . The %@% | ¥ § AND COHQMQMQ&_Aanm , vacuum.

dried and dissol ved inS VIDANS RECOMBIN c The LL529-TT2
pl asm d mnipreparation is used 20 to performin vitro packaging as
previ ously descri bed. An ampicillin-resistant transductant .

(desggnat ed LL538) The bllguam%rpbandd lri.tbmza:ryatd:m‘ist\@uéﬁeas

perforned as in the pr@ﬁxdd@dstéﬁ rige 'F“ %53% The ces
resul ting , urlfled plasnmd 1's designha 2aeL
restriction Jeggg_é)_a S ¥5fat t MheFeopt EPMOWthLszresshcgest edfwit h
20 gﬁ_g_@mé__st rg&hedn eﬁion%ﬁgéegdl S coaggar eq §Q thaka

u

Che. same o dATSHA ke shashtthysss L ividans 1134 are prenarag
pati@rns obt dnezssenti@lbyr btaddard imtuHods (Képwood et al, 1985).
Briefly, the cells from a 45-hour culture of S,
lividans TKS4, developed by inoculating 0.2 mL of a
spore suspension into each of ten-50 mL aliquots of
| complete YEME medium (3 g of yeast extract/L, 5 g of
15 peptone/L, 3 g of malt extract/L, 10 g of glucose/L,
340 g of sucrose/L, 5 g of glycine/L, 5 mM MgCJ.z, 40
mg/L each L-histidine and L-leucine) are pelleted by
centrifugation at 9800Xg for 15 minutes. The cell
pellet is wa.shed twice with P medium and then suspended
20 in 60 =mL »pt. Twenty nL of pT containing 14 mg of
lysozyme/mL is added and the suspension incubated at
30° in a shaking water bath at 150 rpm for 90 minutes.
Subsequently, 100 mL pt is added and the protoplast
suspension is passed through sterile non-absorbent
25 cotton. The filtrate is spun at 3800Xg for 10 minutes,
" the protoplast pellet resuspended and washed with 100
nL P+, and after a second centrifugation resuspended in
120 oL PY. The protoplast preparation is distributed
. to l.8 nL cryotubes and frozen at -70%.
10 Transformation is conducted by distributing 0.3 mL of
the TKS4 protoplast preparation (containing =1 x10°
~ protoplasts) to each of 4 centrifuge tubes containing 5
mL P*. The protoplasts are pelleted by spinning at
3400Xg for 10 minutes and then resuspended in the
35 residual volume. Approxiinately 10 pg of cosmid library
DNA is added to each, followed by the addition of 0.5
mL of 25% PEGl000 (1 g PEG1000 (Sigma) dissolved in 3mL
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30 t hose seen for LP[err]127, i ndicating that the two plasnids'
are equivalent. Thus, Figures 2 and 3 describe the structure of
«LP[err]128 as well as LP[err]127. 35 '

- 24- EXAMPLE 9: PLASM D LP[err] 127 AND LP[err] 128 CONFER A
PLASM D LI NKED TETRACYCLI NE RESI STANCE To verify that

the tetracycline resistances gountered are plasmd-borne,

plasmds LP[err]127 and LP2128 are transformed into protoplasts
of Streptonyces _ ' :

of a solution consisting of 25 g of sucrose/L, 2 mL
S00X trace elements solution/L, 0.25 g of K2504/L, 100
mM Cac12, 50 mM TRIS-maleate pH 8). After mixing and
incubating for 30_ seconds, 5 nL P+' is added. The
s protoplasts are then pelleted and resuspended in 1 mL.
p'. oOne tenth ml volumes are then spread onto dried
RZYE agar (100 g of sucrose/L 0.25 g of xzso4/L, 2ml of
500X trace elements solution/L, -2g of L-proline IL, 20
g of D glucose/L, 5 g of yeast extract/L, 0.05 g of
10 KH 904/L, 25 mM TES, 25 mM CaC12, 5 nM MgC12, 20 g of
Bacto~agar/L) and incubated at 28 °c. At 24 hours each
plate is overlayed with 3 nL of soft R agar (formulated
as above but without yeast extract, glucose, or KH,PO

2" 74

and containing 8g of Bacto-agon IL) containing 500 pg

15 of thiostrepton/mL and then incubated an additional 12
days.

Approximately 9100 thiostrepton-resistant
colonies are obtained. These are collected by scraping
colonies from the agar plateé into 3 tubes containing

20 25 mL each 20% glycercl. The colony suspensions are
fragmented by sonicating for 90 seconds, pocled, then
distributed to 1.8 mL cryotubes and frozen at =70 c.
This frozen preparation. constitutes the S. lividans
recombinant cell library. '

25

30
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lividans and the resulting thiostrepton-resistant

transformants are tested for tetracycline-resistance. The
‘procedures for preparation and transformation of S. 10 | i vidans
protopl asts and the subsequent selection for _

t hi ostrepton-resistant transformants aréOgerforned as previously -
described. Ten [err]g of both LP2127 and LP2128 are

t ransf or ned, as wel | as 5 Jerr]g of a

tetracycline-sensitjiyve . gont rol LP err]Flll Q}a vector 15

consisting of plBAAMPLELS: MMH-MH———A " LL335. stability
regi ons and thiostr CYCEIRESREGESTANT TRANSFO 1h }ed and fifty
transformants_for each pl ) ed juentitally picked to
pairs of Bennetts' Bt . e &irr]g of
tetracycline/nL or 25 20 pg of t hi ostrepton/m_ :

Gowmh of the stabs t ncpbat i 28[err] C
for § days. Al the thi o@%rget%%%qqxaﬁ ‘%ll llsbtraaﬁtf gg - m%—%érl ved

from LP[err] 148 pre¥E t sukd ected tot ey acﬁ/@Hm séazi t itatradyskise 80% of
thiostrepton-resistancel escﬁéaeénthaai.f BoPRIbhs! BF thd rﬁﬁfdéﬁ@éc% L§’2127 or

10 PRODUCT! GCHSARE CRAVIRAYEERKE /AER Blated ontpciReRReEFRe a8ar
STREPTOWYCES suppIT¥hEh€EATAMNG 100 ug of tetracycline/mL. LR{fted127 .-
AND]_(I.; Plerr] 128ncubatlon at 28°¢ for -] days, two
tetracycline-resistant colonies are detected. One of
these, LL535 (initially designated 1L1529-2) is chosen
for further.analysis. The LL535 colony is streaked to
fresh Bennetts agar containing 100 g of
1‘-5 tetracycline/mL. Growth is observed after 3 days
incubation at 28°c. The growth obtained is scraped
into 50 nmL TSB supplemented with 10 g of dglucose/L
(TSBG) and 100 ug of tetracycline/mL and the suspension
incubated at 30°c, 200 rpm for 3 days. The LLS53S
20 culture is briefly sonicated and a portion distributed
to 1.8 mL cryotubes and stored at -70°c. The remaining
volume is used to inoculate four 2 1liter flasks
conta'ining 500 mL each modified YEME medium (as
previously described but containing 16 g of ‘glycine/L,
25 mM MOPS and without MgClz, L-histidine or L-leucine)
containing 100 ug of tetracycline/mL. The growth
obtained after two days is then processed for isolation
of plasmid DNA as pr‘evicusly described except that all
volumes employed are four times that of the previous
example. The final DNA__precipitate is dissolved in 1

nL TE.

25

30

A lo pi portion of the plasmid DNA isolated
from §. lividans transformant LLS35 is subjected to an
in vitro packaging reaction and subsequently transduced
to E, coli X2819T using methods described hereinabove.
An ampicillin-resistant transductant (designated LL537

is streaked to 20-10-5 agar containing 100 ug of
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A series of experiments is perforned to denonstrate that

LP[err]127 and LP[err] 128 direct the bi osynt hesi s of
ichlortetracycline (CTO and 35 tetracycline (TC) in the

het er ol ogous host Stretonyces |ividans. The original isolate
LL535, as well as S. i vi dan§2&ansformed with LP[err] 127,
produce CTC and TC on -25-
agar and in broth fernentation, whereas S. [ividans

containing a pl asni | gni.n ctor w thout ser does not
yield a tetra%‘?%?'?ﬁg iH{PB’I %’f‘f t?xel_p'ggey}:lizé:%tamed afttr%ﬁ'nsPor Ynto S.
lividans direghcubdeionntaesss®af is used ton imé¢wbatei wwd tBoaCthNity
agai nst Escherl c@Lgngol 'of I%O s]tjch ac?Psgﬁn be tgro.l aqi cal ;xpchar acterized

as tetracycliP® y i he 8. i dans
host . amp11c1111n/an|t|AEt9: Encubavmdansatstxa?c, L2685, rpmhe

ol ated s GTSFIiORE pale oNACTL et acdd MO ad P ioumy
t hi ostrepton/d:gscmbadeel [The; |ilﬁqlcm:%splg¢mid is designateg eP2127; -
apprOX'”ate|ythgogstiﬁhﬁéae§izaebf Rhat praskid is 43 kilobase pairs.
A restriction map is generated for 12127 by
-performing single and double digests with restriction -
10 " endonucleases. The location of cleavage sites .for
.EMI BEIII MI B—imll mﬂl mll ESQB-I' mBII
Necol, Sacl, Scal, SphlI and Stul (New England Biolabs)
are determined by digesting with each enzyme alone and
in combination with enzymes that cut at known locations
15 within the vector portion, such as ECORI, EEORV or
HindIII. Restriction endonuclease digestions are
performed by combining 1-2 pg of plasmid DNAJ4 pl of a
10X solution of salts that are optimal for the
restriction endonuclease being employed  and
20 approximately 5-40 units of enzyme in a total volume of
40 pl. The 10X salt solutions employed are as follows:
for BamHI, EcoRV and SalI, 1.5M NaCl, 0.06M Tris PHS,
0.06M MgCl,; for BalII and Scal, 1.0M NacCL, 0.1M Tris
pH7.4, 0.1M MgCl,: for BelI, 0.75M :Kc1, 0.06M Trish
PH7.4, O.1M MgCl,; for BstBI, 0.6M NaCl, 0.06M Tris pH
7.4, 0.06M ch12; for ClaIl, 0.5M NaCl, 0.06M Tris PpHS,
0,06 Tris pH7.4, 0.06M MgCl,; for glaI, 0.5M NacCl,
0.06M Tris pH8, 0.06M MgCl,; for EcoRi, 0.5M Tris pHS,
0.1M Mgcl for MluI, O. SuiNaCI, 0.1M Tris pH7.4, 0.1M
MgCI for SacI, 0.1M Tris pH7.4, 0.1M MgClz, and for
_s_;\_u:, 1.0M Nacl, 0.1M Tris pHs, 0.1M Tris pH7.4, O. 1M
MgCI ; and for Stul, 1.0M NaCl, 0.IM Tris PpHS, Q.lH
MgCl,. Double digests are performed with salt
condltions compatible for both enzymes, as recommended
by the manufacturer. All digestion reactions are
conducted at 37°¢ excepr for BclI which is performed at
50°c and BsmI and BstBI which are performed at 65°c.
This is -tho replacement sheet
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lividans strain LL531 (which contains the previously descri bed

pl asm d vector LP[err]111) is simlarly plated at 15 a target density
‘of -400 col oni es per plate. After eight days incubation
at 30 C, colonies of LL535 iglblt a yellow UV flourescence
when illTumnated with a 366°“nm UV | anp. This is
characteristic of tetracycline producing cultures and 20 I S not
observed for LL531. Pl ates of each then are tested for

bi ol ogi cal y VEL | gYLpgot I la@Ni €S, Wkt 75 e t
20- 10-5 agar ?éeg O?agég;igha{%{ & @b! I&g'n%(%egq A"S géealgal wth 0.1
nL of an overof gkragkdnsh @ Yeas(sﬁiﬁ 251ycer01org%n]-%mEDTN'hEHBas%y25%t rains

enpl oyed  ar g r fhéhss  bue) J.S Sé@&é&' £oSistdip) thled2pe 28 2bREA Y OFR t he
Uni versity of éH Eric Clund |ffe) 11325 (which
contains a fac:.l:.t%;gs}#xa subse BhEr LPAGINg Of AgGArase A ST esi stance),

Escherichia coli NNQ991gegadonwwﬂgﬁesu1jgfcc 33@625)v39u311zedc0nt§yn|ng
Fhe over n ghidreseramharealy Bh¥oush® 9§7apemsg G¥Ty° PR E 5L i o
i's supplemaﬂasbamhhedSby direct[éigégtioﬁ oithi tas/ wellf ars E¥325
gcgrl éSgd [::]%iggsf’ion olfngh%c?gg'eﬁ' lf%%@gve]; ﬁ[%ﬁ?%é‘%‘g are
exani ned clal fsitesonds d&nhibdfiedi t boh hQ$tiﬂm9th$##%i°%f a%@erlay
organl sm  Strahfrik33d, 01 ¥§3eB0 BYethY tise ©F | LP?258, which is
obtained by in vitro packaging of LP2127, transduction:
to E. coli GM119 (dam-dcm-) and plasmid isolation by
previously described procedures. The physical structure
of LP2127 is shown in Figqure 2. A more detailed
15 . restriction endonuclease map for the 31.9kb at §S.
aureofaciens DNA cloned in LP2127 is shown in Figure 3.
. ' v 529
THIOSTREPTON-RESISTANT., TETRACYCLINE-RESISTANT
N ' 2 VE
20 .
The isolation of Streptomvces lividans
L1529-TT2 is performed in a similar fashion to that
descfibed for LI535 except that the recombinant S.
lividans cell 1library is plated onto Bennetts agar
25 . containing 50 ug of thiostrepton/mL_ and °loo pg of
tetracycline/mL. After incubation at 28°C, for 11
days, two resistant colonies are obseryed. One of
these, 1IL529-TT2 is streaked to Bennetts agar
containing both antibiotics. After three days
jncubation at 28°c, the resulting growth is used to

39 inoculate 50 mL TSB containing 10 pg of thiostrepton/mL
and 100 ag of tetracycline/mL. After five days
incubation at 28°c, 200 rpm, plasmid DNA is prepared by
a minipreparation procedure, which is similar to

35 previously described plasmid isolation procedures up to

the isopropanol precipitation step. However, in this

case the volumes employed are ..1/4 of those previously |
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-26- strains and only a few colonies give snall |ocalized

zones wth the grampositive T1325. Al of these | atter

col oni es show red- pi gnent whi ch S characteristic of
expression of actinorhodin; S. l'ividans is known to express this .
normal ly cryptic pat hway at observabl e frequency (Horinouchi et

al , 1989). By conparison, strakl8-LL535 shows production of . _
an antibiotic that totally inhibits growth of the T1325 and Mwv94
in the overlay (In later experiments with 10 fewer col oni es per
plate, small, discrete and very | arge zones of inhibition are -
seen around sm?tt%'b'l y After 15?55&P&tﬂé’d~ PﬁﬂF@«PHE&F1°60I ofhes nugkeic these

assay 1 58€) isCaliesiodved ild SBmpvet! auademrta&elar Qﬁﬁ:ﬁv{
experi nment W|th 94/ pBR322 shgw géscrete zones around col oni es.
RERANE, (500

This reducedd RERILt yOIMTG R g P /%392 | & taken
to indicate sg<lpirredygeinolinet gquilibrated/itg &obtlf€eeX ot ALy

tetracycline 65 Rt%R461, 1 mM EDTA pHs, 10 mM sodium acetate pH 6,
-plus 500 nmL cploroform) by agitating and then spinning
in a microfuge at full speed for 3 minutes. The
aqueous phase. is next re-extracted with chlorpane and
then extracted with chloroform in a similar fashion.

10 The final aqueous'layer is collected and 100 uL 3M
ammonium acetate and 1.8 nL ethanol are added to
precipitate nucleic -acids. After chilling to -20°c,
the precipitation reaction is centrifuged at 8800Xg for
30 minutes. The resulting pellet is dissolved in 300

15 sL 0.3M ammonium acetate, similarly precipitated with 1
mL ethanol and centrifuged. The resulting pellet is
rinsed with ethanol, vacuum dried and dissolved in 1 nL
TE.
The LL529-TT2 ﬁlasmid minipreparation is used
20 to perform in vitro packaging as previously described.

An ampicillin-resistant transductant (designated LL538)

is chosen for plasmid preparation which is performed as

outlined in the example for LLS35. The resulting
purified plasmid is designated LP?128. The restriction

band patterns obtained when L92128 is digested with 20

different restriction endonucleases is compared to that

obtained tor-LP2127 by analyzing the digestion products
on the same electrophoresed agarose gel. The gel
banding patterns obtained for LP2128 are identical to
those seen for LP2127, indicating that the two plasmids
are equivalent. Thus, 'Figures 2 and 3 describe the
2128 as well as LP 127.

25

30

structure of LP
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resident on plasm d pBR322. The anti biotic being

el abotated on agar is 20 characterized by extracting antibiotic from
dgar bl ocks of confluent plate cultures. Strains LL535 and LL531
are grown on Bennetts agar containing 25 err]g of
thiostrepton/niL; S. aureofaciens ATCC 1 13%%9, the source of the

- cloned DNA in LP[err]127 and LP[err] 128, |s pl ated on 25 . Bennetts:
agar without drug. After five days of grovvth ~at 30[err]C, 1"
square agar bl ocks 3 ~ aci d net hanol

(11.5 L concentr &t ead * H ert BT ol ). After
“vortexing for five ' 1 S ' S RELSTANCEf j | t er ed

t hrough an 30- Acro[ err] LC— 25 merrbrane f| I ter and subjected to

HPLC anal ysi s. he HPLC , anal yses are

carried out i%%cVﬁEt"fgaltthf‘bntﬁeCft?tr%@el%aéféséél%ﬁ?% th a

mobi :\5 NPgase eunsan.mt:en@ddaf el eghfeamm-asomepH ﬁleﬁﬁds (;"QQRt a'alf}!dﬁg 22%
moni t-oredl gft gg‘z‘ig%”%@e etral@f)%eg J.nto protoplasgt o n§anI gtto?nzeceusat eis
: lividans and the resulting thiostrepton-resistant
transformants are tested for tetracycline-resistance.
The procedures for preparation and transformation of §.

10 lividans protoplasts and the subsequent selection -for
thiostrepton-resistant transformants are performed as
previously described. Ten ug of both LP?127 and Lp2128
are .transformed, as well as 5 a9 of a
tetracycline-sensitive control, .Llell (a vector

18 consisting of pIBI24, the scp2” replication and
stability regions and thiostrepton-resistance gene).

One hundred and fifty transformants for each plasmid
tested are sequentially picked to pairs of Bennetts'
agar plates containing 100 pgg of tetracycline/mL or 25
20 pg of thiostrepton/mL. °
Growth of the stabs are scored after
incubation at 28°C for 5 days. All the thiostrepton- -
resistant transformants derived from 1;?2111 prove to be

tetracycline-sensitive, whereas 80% of thiostrepton-
2

25 resistant transformants tested from either LP“127 or

LP?128 are shown to be tetracycline-resistant.

IETRACYCLINE BY STREPTOMYCES LIVIDANS CONTAINING
2 2
LP"127 AND LP 128 .
30 z

A series of experiments is performed to
demonstrate that LP2127 and LP%128 direct the
biosynthesis of chlortetracycline (CTC) and
35 tetracycline (TC) in the heterologous host Stretomvces

lividans. The original isolate LL535, as well as S.

lividans transformed with LP2127 produce CTC and TC on
| This is the replacemsnt sheet
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-27- Authentic tetraycline and chlortetracycline are used
as strandards. The HPLC chromat ograns show that LL535 and
+ATCC 13899 are producing substances w th r &hisShdetidas Been Replacedt i nes

‘identical to TC and CTC. Extracts of L#gBl do “Imuluvmlw\!!r t hese
peaks. Thi ost r ept on- ~&Si st ant of S
lividans obtained with LP[err]127, LP[err]128 and LP| err (a

pl asmi d vector consisting of pI BI 24 cloned into the Sacl site

of plJ702) aer Qh?al fﬁl % derftltion, tor wherQEQd % vidans

antibiotic OVEr ni sIs MVR94.
The LP[err] mtmnqp[aerp}gzmd clonmq r é{#§|t6>r!'rra‘r’|%§h§“§w imsreked on of

ant i bi Ot'C(S)Dm?‘C&éés not yielddal r@étraéwﬁneasﬁemoeri&am 162128
wher eas LP[ J tran nt's not, thereby .indicating
that the transfopped;intg ;ﬁs@dﬁ&ggﬂﬁbﬁ&ﬁe&ﬁss the oSYBEBESES: 1PF he S,
aureof aci ens d?NAarﬁ)tﬁenmbtun ke rddﬁxm Ldgainst28scherichia coli
Brot® fernent ons arlgﬁa# Q,condu addi.tiona

t

confirmation ‘i tt G2 Pﬁésagéﬁfn&%afe"terize& &ﬁj LAF¥SL19%1 dans
beari ng LP[emng k&ﬂcmr&ctéw.ayya.lsl pzroduced by ahe &hl Qieidarey Haose. Fifty

mL seed cul tures of AT%:.tJ.ally, 1§899”E! ]’s ang J.58/3 Lﬁé’sé—Pm@ﬂe

transfornant of S.
thiostrepton-resistant isolate  from which LP 127 1is

isolated, is plated onto Bennetts agar (which contains
25 ug of thiostrepton/mL) at a cell dilution designed
to give approximately 200 colonies per plate. S.
lividans strain LLS31 (which contains the previously
described plasmid vector Lle'll) is similarly plated at
a target density of ~400 colonies per plate.

After eight days incubation at 3o°c, colonies
of LLS35 exhibit a yellow UV flourescence when
illuminated with a 366 nm UV lamp. This |is
characteristic of tetracycline producing cultures and
is not observed for LL531.

_ Plates of each then are tested for biological
activity by overlaying the colonies with 5 nL soft
20-10-5 agar (8 g of Bacto agar/L) which has been
seeded with 0.1 mL of an overnight growth of assay
organism. The assay strains employed are Bacillus
subtilis strain T1325 obtained from the University of
leicester (Dr. Eric Clundliffe) T1325 (which contains a
plasmid "  conferring thiostrepton-resistance),
Escherichia coli MM294 and MM294  (ATCC 33625)
containing pBR322 (which confers tetracycline and
ampicillin resistance). The overnights are developed
at 37°c in 10 mL 20-10-5, which is supplemented with 25
pg of thiostrepton/mL for T1325 and 100 pg of
ampicillin/mL for MM294/pBR322. Once overlayed and
incubated at 37°C overnight, the plates are examined
for zones of inhibition in the lawns of overlay
organism. Strain LLS531 gives no zones with E. coli

i0
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| i vi dans) are devel oped using S nedium (4 g of 'yeast extract/L, 4

g of.-peptone/L, 10 g of glucose/L, 0.5 g 25 of MgSO err].7H err] A L)
».containing 5 [err]g of thiostrepton/niL: - ATCC 13899 was grown

wi t hout thiostrepton. Af ter . ~incubation at 30[err]C for three
days, 0.5 nL seed is transfesmsed to 25 ations
containing 10 [err] g of thiostrepton/nL (gex d Wth
ATCC 13899). After incubation at 28C for RS sl }Q£H& sanpl es
of the final mashes are diluted into 4.5 nl acid - l‘ Dlmﬂ ﬂm
processed as previously descri bed and ' HPLC
anal ysi s. Strain LL531 yields no tetracycl i ne conpounds,
whereas ATCC 13899, LL535 and .LL873 yield 37, 56 and 6 [err]g/nL
CTC respect i WBIAT IS CLAIMED ISgnmml| anount of TC also is detected in the
fermentation mashes of these three strains.

- 28- 2 '

1. Cosmids LP%127 and LP?128.

2. The cosmids according to Claim 1, wherein said
cosmids are inserted into a prokaryotic host for
expressing a product. '

3. The cosmids according to CIaihlz, wherein said

10 " host is E. Coli, Streptomvces lividans, Streptomvces:
griseofuscus, Streptomvces ambofuchsus, Actinomvcetes,
Bacillus, Cornebacterja, or Thermecactinomvces.

_ 4. The cosmids according to Claim 3, wherein said
host is Streptomvces lividans.

15 5. The cosmids according to Claim 3, wherein said
cosmid contains the DNA gene cluster coding for the
biosynthetic patyway of tetracycline and
chlortetracycline. '

‘6., . The cosmids of Claim 5, wherein said cosmids

20 contain DNA which under stringent  Thybriziation

conditions, hybridizes to the DNA gene cluster which

encodes the biosynthetic pathway for the formation of
tetracycline and chlortetracycline.

7. The cosmids according to Claim 4, wherein said
cosmid contains the DNA gene cluster coding for the
biosynthetic ~ patyway of tetracycline and
chlortetracycline.

8. Tﬁe'cosmids of Claim 7, wherein said cosmid
contains DNA which wunder stringent hybriziation,
conditions hybridizes to the DNA gene cluster which
encodes the biosynthetic pathway for the formation of
tetracycline and chlortetracycline. _

9. A method for enhancing the yield of a desired
product, said method comprising: regulating the
biosynthetic pathway of a microoféanism producing said
product by manipulating the DNA gene cluster encodinq

5
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E. coli, strai ns LL537 and LL538 are the E. coli transductants

from'whi ch plasmids LP[err]127 and ;. - .LP2128 are isolated and have
‘been deposited, under the ‘Budapest Treaty, in the American Type
Cell Culture, 5 12301 Parklawn Drive, Rockville, Mryland and have

- ATCC accessi on nunbers as follows. E. coli X2818T contai ni ng
LP[err] 127 (LL537) has accessi on nunber ATCC 68357, and E. col
X2819T containing LP[err] 128 (LL538) has accession nunber ATCC
68358. Both were filed on July 10, 199§ -10 ‘and are available to
the public when legally appl i cabl e. 15 20

A_BIFUNCTIONAL COSMID USEFUL FOR
CLONING ACTINOMYCETE DNA

The present invention relates to novel and
useful cosmids for cloning and expressing the isolated
DNA gene cluster which directs the synthesis of
tetracycline and chlortetracycline, in a heterologous

host such as Streptomvces lividans. The claimed

plasmids (cosmids) are isolated by screening a cosmid

library, constructed in Escherichia coli, for the
expression of tetracycline resistance in §. lividans.
Plasnmids LP2127 and 'LP2128 are recovered from such .
tetracycline-resistant g, lividansg isolates shown by
HPLC analysis of agar and broth fermentations to direct
the synthesis of tetracycline and chlortetracycline. |

No Figure
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" 30- 8. Cox, KL and RH Baltz. 1984. Restriction of

bact eri ophage plaque formation in St r ept omyces ' SPpp. w7 2103
Bacteriol. 159:499-504. 9. Distler, J., K Mnsouri and W

Pi epersberq. 1985 - St rept omyci n blosynthesis in Streptonyces
ari squs RBEPLACEMENT SaEkrsAd] @gentjgenom ¢ | ocation of biosynethetic

geney #MNBe@ipiioh : bigedytT Brehy B resistance genes. FEMS

M crc [jvptiaﬁk;@bi)t Séhi'al_mlgﬂpagekqﬂ__ 10. ‘Duggar, B. M 1948. Aureonycin:
a prqduch, age con i nuing search for new antibotics: Ann
NY. | p \%act - S sg 1p1-181. 15 11. Feitelson, J.S.
and . A Fbpmood ﬁ 3 Eﬂ rﬁng"bf a Streptonyces gene for an
O nmetihyl trans nvol ved in antibiotic bi osynt hesis. Ml .
Gen. )ﬂfgi-ﬁQl%;%ﬁE@nei?!?l-‘&uge-:--394--398 420 12. S.E, K

Fi shman,
Cox, J.L. Larson, P.A Reynolds, : :

A BIFUNCTIONAL COSMID USEFUL FOR

CLONING ACTINOMYCETE DNA

BACKGROUND OF TH ENTION
The present invention relates to new and
useful cosmidsused in cloning of the gene cluster (DNA)
encoding the entire pathway for chlortetracycline, and
thus also tetracycline, biosynthesis from S.
aureofaciens and its expression in the heterologous
host S. lividans. The use of these cosmids relates to
enhanced fermentation yields as well as being used in
- novel screens to determine novel products such as
antibiotics, proteins and/or polypeptides.

The antibiotic chlortetracycline and its
derivative compounds (e. g' tetracycline,
demethylchlortetracycline, demethyltetracycline) are
produced commercially 'in submerged fermentation by
Streptomvces aureofaciens (Dugar , 1948). More than 30
years of industrial manipulation of this microorganism
has resulted in thé- aevelonment of sophlstlcated
fermentation techniques and media formulations that
have allowed significant improvements in fermentation
yield (Goodman, 1985). These advances in yield
improvement have also been aided by -the isolation of
mutants of §S. au*eofac1ens with increased ability to
produce antibiotic (Veselova, 1969). Thesg

- high-producing strains ‘have largely been isolated by
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ET. Seno, W-K Yeh, R Van Frank and C. L. | Hershberger

1987. Coning genes for the bi osynt hesi s of a macrolide
antibiotic. Proc. Nat|l. Acad. Sci. USA 84:8248-8252. 25

13. GI, J.A and D. A Hopwood. 1983. &&-oning and - expression
of a p-am nobenzgi&, a6 d(eydhhet-asgl, 1szs). 1n ch@eN&Rfe,the o

candi ci di n- produm ng Strepto ces . ) ri Sgus. Gene 250 th9-132.
30 14.€1564neh, 23, S F&rRedfat v éAtand ntiLRS6Hal for

devel opment of tdeptetideycl baesi'c:pmﬁvi?- ~gna: agar :‘ g fermedeakidd avka
and J. H Boothe jeoLf)g H%ndbgraqs ormant cf i v Lmental
Phar macol ogy, voi© THE®3 HEbEement Cl‘eﬁ‘-ac’y'd-lrﬁég Spr?hgeq 8% | ag,

Bg r1| in. screeded: wiidhSvn B-ve ﬁﬂ)quc]ng c@?!lalnjyaﬁ c.AE 'ﬁ) erm&R BBl nd gy
4,786-9 (1986) describes general strategies in cloning and expressing Streptomyces

encoded antinbiotics in Streptomvces Lividans.

The present inventicn provides' a useful
genetic engineering tool for clcning and/or expressing
the DNA cgenes related to the kbiosynthetic pathway for
producing \.etracxclme and chlortetracycline.

BRIEF DESCR

Figure 1: Structure of the components c¢f the
~ bifunctional cosmid vector and method for generating
cosnid arms. Cosnmid vector arms L and R are generated

[
w

from plaszmids A ' and B, respectively, as shown in the

figure and as detaled in Example 3. Single lines
represent Escherichia coli replicon portions of the

| constructs. In plasmid A the E. coli portion is

20 "~ derived from the 3.7kb EcgRI-SalIl fragment of pBR322
(Sutcliffe, 1975) . Plasnid 3 contains a §5.9kb
EcoRI-SalI fragment from SCP2* (striped] that provides
for replication function \n the actinoznycetes (Larson
et al, 1986). Three tanden cohesive end sites derived
from a 700bp BglII-BstEII cos-containing' fragzment of
PHC79 (Hohn et al, 1980) are precvided on both plasnids

(39
wm

(open]. The thiostrepton-resistance g¢ene (darkened)
present in plasaid A is derived froa a 1l.lkb Bell
frag*ent recovered from piJj702 (¥atz et 21, 1983). A

10 1.1kb spacer region in plasnid A (stippled) is derived
fron a SacI fragment of bactericghage A (Sahger et al,
1982).

figure 2: rFhysical rap

)-h. .

cr LP2127 and LP"128. Both
plasnids - show eguivalent structures by restriction
5 ) mapping; therefore, a single stucture, repr esentative
of both, is shown here and in Figure 3. The vgctor
portion is represented by double line; the TC/CTC
This is tha replacement sheet
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‘efficient cloni ng of |large DNA fragnents. Cene ' 11: 291- 298.

16. Hopwood, D.A. and HM Wight. 1978. Bacterial 5 pr ot opl ast
fusion: reconbination in fused : protoplasts of Streptonyces

- coelicolor. Mol. Gen. Genet. 162: 307-317. 17.
Hopwood, D.A., 1967. Genetic anal ysis and Jenorre 10 structure in
Streptonyces coelicolor. Bacteriol. : Rev. 31:373-403.
18. Hopwood, D.A., MJ. Bibb, KF. Chater, T. Kieser, o C J.

Bruton, H M Klbeser & Lyd| ate, C. P 5 Smth, J.M Ward
and H. SchrenpPrODEBEheEAE; FgIlon Is shown asrre?m%)’tﬂ'%ﬁoh-rtﬁ StTheptiMwy ces

- a laboratory dlpswed. from S. aureofa&i@niohps! '3"1959)@“”%3% 9%81;'&\%”"‘ ch,

Engl and. _ 19. Horlnouan S., F. Malpartida od-%nd
T. 20 0 1l-Bhpu T8 WS f?stuﬁﬁsé9&§tr%ﬁ@@?ﬁétuemeofnnﬁi -24
actinorhodi n bidsudhed ) ¢ patibsay oo Rt iYBLRSe (striped). The two

5 'ECORI sites marked with a (+) are vector-derived and

flank the Sau3lA-531II junctlon hhlch de"a*cates vector
and S. aureofaciens DNA.

Flgure 3: Restriction endonuclease nap for S.
| aureofaciens DNA cloned in LP2127 and L?%128. The
‘o 31.9kb of DNA cloned in LP?127 and LP%128 is shown in

linear form. The map is drawn so as to include the
EcoRI sites derived from the vector as the start and
finish positions at the left and tight. The sizes of
restriction fragments are presented in kilobase pairs

15 and are accurate to within the normal resolution limits
of agarose gel electrophoretic analyses (~500bp).

SUMMARY OF THE INVENTION
The present invention relates to novel and useful cosmids for cloning the
entire biosynthetic pathway for the formation of tetracycline and chlortetracycline
from Streptomyces aureofaciens and its expression in the heterologous host

Streptomyces lividans. Further, these cosmids are used in the cloning and expression

of isolated DNA gene clusters coding for the. biosynthetic pathway for producing
these antibiotics, chlortetracycline .a_ﬁd tetracycline. The present invention also
" relates to DNA which under étringent hybridization procedures, known to thoé_e in
the art, hybridizes to DNA gené clusters located in.cosmid LP%127 (ATCC 68357)-
or LP?128 (ATCC 68358), which encode for the pathway for the formation of
chlbrtetracycline and tetracycline. Further, the present invention relates to the use
of these cosmids for increasing yields of these an'tibiotiés and in methods for

screening for producing new analogues to tetracycline and chlortetracycline by
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" coélhis Has haﬂd st rept onyces |ividans. M)hmb ; T HA Gen
GEne 20. Jones, GH ,A @%o 0. 1984.
Nble cl oni ng and express|01 nf f oxazi hone

sy nthase gene fron1Streptonyces anti bi ot cus. J. "Biol. Chem
259 14151- 14157 fho Hopwood.
1983. . . sc1eenmg%'or@ngmcw&ssg}ﬁ]nu(gtésflé%sgﬁgﬂlc ﬁenf%%n% 03| nase g)séﬁét rgm' |
- Streptonyces appii EPZ'IQ‘P%r LP’I@B&@BEI@&V&Q%C nucleotide sequences.| i vi dans. J. Gen.
M crobiol. 129:2/703-271 22. Larson, J.L. and C L.

Her shberger. 1986. _The m ni mal- repllcon of a streptonycete
pl asmid - pmdaz-ségrur-@raﬁpgﬁeﬂewéu‘bftfm akFA R ONID of athed -
-32-

bicsynthe ic genes, a 'screen of a recombinant S.

lividans library for a clone expressing tetracycline-

ut

resistance is employed. The S. aureofaciens DNA inserts
in the recombinant cosmids which comprise the library
are necessarily large since the constraints of the in
vitro lambda packaging system employed demands cosmid
10 ‘molecules with DNA insefts of 25-40Kb in order to yield
a viable transduc1ng phaqe particle. When tetracycline
resistant clones are selected from amongst this
population of S. aureofacjens genomic clones, a linited
subset of cosmid clones is selected. Many or all of
15 these are expected to contain antibiotic biosynthetic
genes linked to the selected tetracycline resistance
gene. Anongst those that are sufficiently large and
correctly positioned is a subset encompassing the
entire biosynthetic pathway. Thus, the cloning of
20 genes, and in fact all of the genes, for tetracycline
and chlortetracycline formation is possible without any
preexisting knowledge of the structure or sequence of
the region. Although reports have been published
concerning the cloning of a tétracycline-resistance
55 determinant (Reynes et al, 1988)_and a bromopérdxidase
(Vam Pee, 1988) from Streptomvces aureofaciens, these
studies are in no way extended toward the isolation of

chlortetracycline biosynthetic genes or the ehtire gene

cluster.

10 - The more detailed description of the present
invention is provided hereinbelow through examples
which are illustrative of the invention and not
limitative of it.

35 DETATLED DESCRIPTION OF THE INVENTION

The method used for isélation of the DNA
involves lysozyme digestion of cells in . an osmotic
' B This is the replacement sheet
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* 15:7 199- 209 23. Leskiw, B.K., Y. Aharonowitz, M Mevarech. S.

Wlfe, L.C Vining. DDWS. Wstl|lake and S.E. 5 - Jensen. 1988.

Cl oni ng and nucl eoti de sequence determ nation of t he

i sopenicillin N synthetase gene from =17- ‘Streptonyces

clavul i gerus. Gene 62: 187-196. 10 24. Lydiate, D.J., F. Ml part I da

and D. A. Hopwood. S5.igThey t onuGesspLas

funtional analysis and dé'\f.le'slPl E?rile%?gl nto usé{:é?ﬁ e rgtd gﬂ%gm“ :

vectors. Gene S9BS238ipgs5.0f. g M Uluwse.l\/az?}'a-‘ﬁtwas-ﬁClarpd{ 2 A. ltlopmood.

1984. Mol eculggra ou g (GTE) ¢! OW eklgﬁﬁfﬂboéﬁeb'£§¥8£h§£50.B.th“ay of

a Stréptorryces anti bi'otic an S expression I

het er ol ogous HoTET N&t§f¢ée(al_ctﬁﬁo#1)d3®91462u46¢s Dcm)led to PbeldMantelas,

T., EF. Fritsgh k‘l S ,l\/bJecuIa,r cl onj
faegg SRk s %%%é‘ &% ?—%Oﬁ%r fo‘borat‘t‘d'f"y“e%bl djrggrl ng

| abordat ory manua

Harbor, NY..  pelleted cells are resuspended in 72 ®mL-GTZ. Then 38 nL

| of GTE containing 40 mg of lysozyme/mL is added. The
lysozyme digestion is incubated at rooa temperature for
20 minutes. Then 160 nL of alkaline-SDS (8 g of NaOH/L,

0 . 10 g of SDS/L) is added which yields a viscous -1ysate_

after gentle nixing. After incubation on ice for 20
ninutes, 80 mL of 5M potassium acetate is added, nmixed,
and incubated an additional 20 minutes on ice. The
preparation is then spun at 9800Xg for 20 =inutes, the
supernatent collected and 200 rL of cold isopropanol

[
wn

added',- mixed in and incubated on ice for 15 minutes,
followed by centfifugation at 9800Xg for 20 mninutes.
The nucleic acid pellet is dissolved in 20 mL TE
supplemented with 1% sodium sarcosine. Twenty-two
50 grams of CsCl is added, and once dissolved, 2 nL of a
solution of l0mng ethidium bromide/mL is added. The
CsCl-ethidium bromide mixture - is  loaded into
appropriate tubes and centrifuged in a Beckman 70.1Ti
rotor at 55,000 rpm for 19 hours. The tubes are
removed and plasmid band is recovered by syringe_'side

[N
wn

punctu_re; Ethidium bromide is removed from the sample
by extracting 4 times with equal volumes of butanol
saturated with water. The aqueous solution is brought
to 6 mL with TE; 1 mL 3M ammonium acetate is added and
the plasmid DNA precipitated with 18 mL of ethanol.
After chilling at -20°%c the DNA is pelleted by
centrifugation at 3400Xg for .30 minutes. A second
precipitation is sim'il_'arly_ pe_rfdrmed, then the DNA is
rinsed with ethanol, vacuum dried, dissolved in 1 mL TE
and the DNA concentration  is determined

.4

whn

spectrophotonetrically. |
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bi ogenesis of tetracyclines. p. 163-173. In: G - Sernmonti and
M Al ecevic (eds), Genetics and Breedi ng of Streptomycetes.
Yugosl av. Acad. Sci .- ' : and28rts, Zagreb. 30 28.

Mot anmedi, H: and C. R Hutchinson. 1987. Cioning and

het er ol ogous expiessingn Oh &dane @EBﬁEﬂﬁzaft:qron wherea
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Acad. Sci. USAp: £5coes nOL..{lEﬁﬂ £4&5t%%$%cllne antis iddic Mirgkan,, T.,

H Anzai, S. |mi é

- 33- -rahs;c lividans directs the synthesis of

an antiobiotic with activity against Escherichia coli

wm

that can be biologically characterized as tetracycline,
No such activity is produced by the S. lividans host.

| Initially, S. lividans strain LL535, the
thiostrepton-resistant isolate fronm which L92127 is
isolated, is plated onto Bennetts agar (which contains
25 pg of thiostrepton/mL) at a cell dilution designed
to give approximately 200 colonies per plate. S.
lividans strain LL531 (which contains the previously
described plasmid vector TD 111) is similarly plated at
a target density of ~400 colonies per plate.

After eight days incubation at 30°c, colonies
of LL535 exhibit a yellow UV flourescence when
illuminated with a 366 nm UV larp. ° This is
characteristic of tetracycline producing cultures and
is not observed for LL531. '

Plates of each then are tested for blologlcal
activity by overlaying the colonies with 5 nlL soft
20-10~-5 agar (8 g of Bacto agar/L) which has been
seeded with 0.1 RL of an overnight growth of assay
organisn., The assay strains employed are Bacillus

.§gh;11;§ strain T1325 obtained from the leverSLty of
Leicester (Dr. Eric Clundllffe) T1325 (which contains a
plasmid conferring thiostrepton-resistance),
Escherichia «coli MM294 and MM294 (ATCC 33625)
-containing pBR322 (which confers tetracycline and
ampicillin resistance). The overnights are developed
at 37°c in 10 nL 20-10-5, which is supplezented with 25
pg of thiosfrepton/nL for < T1325 and 100 g of
anpicillin/rL for MM294/pBR322. - Once overlayed and
incubated at 37°C overnight, the plates are examined

for zones of inhibition in the 1lawns of overlay

20

30

-—

organism. Strain LLS531 gives no zones with E. col;
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Nagaoka and C.J. Thonpson. 1986. The bi al aphos bi osynt hetic
genes of Streptonyces hygroscopi cus: - nmol ecul ar cl oning and
characterization of the gene - .cluster. Ml. Gen. Genet.

205: 42-50. 5 30. Reynes, J.P., -R7-Calnels, D. Drocourt and G
Tiraby. 1988. Coning, expression in Escherichia : coli .and
nucl eoti de sequence of a : tetracycline-resi stance gene from

Streptonyces 10
31. Sanger, F.,

rimosus. J. Gen." Mcrobiol. 134:585-598.

Arla;r@aml;éome»@aﬁvcmng, :DdF.ctHiddteamecycline are usé&sB.

Pet er son. 1982. Nucl £ ti,da,sgguence of. bact eri ophage | anbda

DNA. J. Mdl. Bio

15530 162: 729- 773. 32. Stanzak, R,
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W
w

fromStreto ces ervthreus.
tizes 1deé£@q§§9 2 TC aJa é?l E xvracss of LL531 ds

not shew these peaks.

Thiostrepton-resistant :rans crmants cof

l(h

P
T

ividans obtained with LP12Z7, LP 125 and LP763 (a

‘0

lasmid vector consisting of pIBiI24 cloned into the

(N

acI site of pIJ702) are 'sinilafly' analyzed for

production of antibiotic by overlav with ass:v
organisms T1325 and MM2¢4. The 1p?127 and " LP%128
transficrmants show productioﬁ of antiktiotic(s) active
against both - assay organisms whereas LPZEJ-
transformants do not, <thereby indicating that the
ability to produce antibiotic is associated with the S.
sureofaciens DNA present in L$2127 and LP?128.

Broth fermentations are also conducted as an
additional confirmation that the antlbloulcs being
produced by S. lividans bearing I..D 127 are tetracycllne
and chlortetracycline. Fifty mL seed cultures of ATCC
13899, LLS531, and LL873 (a LP127 transformant of S.
lividans) are developed using S medium (4 g of yeast
extract/L, 4 ¢ of peptone/L, 10 g of glucose/L, 0.5 ¢
of Hgso4.7H20/L)_containing'_s ng of thiostrepton/mL:
ATCC 13899 was ¢rown without thiostrepton. After
incubation at 30°C for three days, 0.5 nL seed |is
transferred to 25-mL fermentations containing 10 pg of
thiostrepton/mL = (except no drug with ATCC 13899).
Afﬁer incubation at 28°C for ten days, 0.5 nL samples
of the final mashes are diluted into 4.5 rL acid
nethanol, proéeSsed as previously ‘described. and
subjected to EPLC analysis. Strain LL531 yields no
tetracycline compounds, whereas ATCC 13899, LLSBS and
LL873 yield 37, 56 and € pg/mL CTC respectively. A
srall amount of TC also is detected in the fermentation

mashes of these three strains.
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* 33." Stutzman-Engwal |, K. J. and C.R Hutchinson. 19809.

Mul tigene famlies for anthracycline antibiotic 25 production in
Streptonyces peucetius. Proc. Natl. : Acad. Sci. USA

86: 3135- 3139. 34. SUtC|Iff J. G 1979:  Conpl ete nucl eoti de
sequence ' of the. Escherlcﬁla coli plasm d pBR322. Cold 30
Spring Harbor Synp. Quant. Biol. 43:77-90. 35. Thonpson, C. J.,
T. Kieser, J.M Ward, and D A _ - Hopwood. 1982. Physical

‘anal ysis of Claims: - anti biotic-resistance genes from Streptomyces
and 35 - their use in vector_construction. Gene 20:51-62. '

36. van Pee, K. -H 1988. Ml Eegmaf cllghilRg arfieposited under ATCC
- 34- accession number 68357.

2. Cosmid LP?128 deposited under ATCC
accession number 68358. '

3. The cosmids according to Clzims 1 or 2,
whérein said cosmids are inserted into a prokaryotic host
for expressing a product.

4. The cosmids according to Claim 3, wherein

said host is E. Coli, Streptomyces lividans, Streptomyces

griseofusus,  Streptomyces ambofuchsus, Actinomycetes,
Bacillus, Corynebacteria, or Thermoactinomyces.

5. The cosmids according to Claim 4, wherein
said host is Streptomyces lividans. |

6. A DNA which hybridizes under striﬁgent
hybrlalzatlon conditions to the DNA of the cosmid of
claim 1 or claim 2 which encodes the biosynthetic pathway
for the formation of tetracycline and chlortetracycline.

7. A method for increasing the yields of
chlortetracyéline and tetracycline using the cosmid of
Claim 1 or Claim 2, said method comprising the steps of
transforming a prokaryotic host with the cosmid of Claim
1 or Claim 2 and culturing the transformed prokaryotic
host under conditions which result in the expression of
chlortetracycline and tetracycline. _

_ 8. The method according to Claim 7, wherein
said host is E.  coli, Streptomyces = lividans,
Acl:_nmxs_e_t_e_s _E.as_Ll_h;_s m_eb_am.__a or
lh_ema_c_Lme_ggs _ '

S. The n=thoa according to Claim 8, wherein
said host is sgxgp;g__ggﬁ lividans.

10. A method for screening and expression of
a nucleotide sequence encodlng analogues of tet racycllne
or chlortetracyclins using the cosmid of Claim 1 or Claim’

ThﬁisthsrgMac@meﬂ!aheet

T A

Dade:



hi gh-1 evel expression of a bronoperoxi dase gene ~from

Streptonyces aureofaciens Tu24. J. Bacteriol. 170: 5890- 5894.
5 37. Vara, J.A, D. Pulido, R A Lacalle and A _

Jimenez. 1988. Two genes in Streptonyces. al boniger - pur omyci n
bi osynt hesi s pathway are closely |inked. Gene 69: 135-140.

10 38. Veselova, S.I. 1969. Conbiped effect of nitrous

acid, ultraviolet light, streptony0|n and - chlortetracycline

on Acti norrycesz,auseﬁﬁameeh&d comprising the Memﬂ)ldﬂftkl 14: 698- 702. 15
20 {a) hybridizing the HUCleOLlQ; seguence
to be screened with the DNA of the cosmid of Claim 1 or
Claim 2 under stringent hybridization conditions;
(b) detecting the hybridized nucleotide
sequence; and |
(c) expressing the detected, hybridized
nucleotide séquence in a prokaryotic host to produce the
analogues of tetracycline'and.chlortetracycline expressed
by said nucleotide seguence.

: 11. The mesthod according to Claim 10, wherein
said prokaryotlc host is E__ggl; Streptomyces lividans,
Streptomyces griseofuscus, Streptomyces zmbofuchsus,
Actinomycetes, Bacillus, Corynebacteriz, or

x i nomye ' ' '
12. An isolated DNA gene cluster from
sgzgg;gm,ggg aureofaciens encoding the biosynthetic
‘pathway for the formation of tetracycline and
chlortetracycline, wherein said isolated DNA gene cluster
is the DNA gene cluster located in the cosmid of Claim 1
or Claim 2. o _ o '
13. The isolated DNA gene cluster according to
Claim 12, wherein the isolated DNA gene cluster is
inserted 1nto a prokaryotic host. _ _
14. The isolated DNA gene cluster according to
Claim 13, wherei.n said prékaryotic host is E. coli,
SLI_GM\.}LC_G_S. a_bgqusx.l_s Actinomycetes, Ba.uLus
' Corvnebacteria, or ;hgxmgagnlngm,ggs
15. A DNA which hybridizes under stringent
hybridization conditions to the isolated bNA.gene cluster
of Claim 12. - '
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screening for and expressing nucleotide sequences encoding such analogues using the

cosmids LP?127 or LP?128 to screen for the nucleotide sequences.

In order to proceed with the isolation of the

biosynthetic genes, a screen of a recombinant §.

lividans library for a clone expressing tetracycline-

resistance is employed. The S.

P3N

aureofaciens DNA inserts

in the recombinant cosmids which comprise the library

are necessarily large since the constraints of the in

- vitro lambda packaging system employed dermands cosnid

molecules with DNA inserts of 25-40Kb in order to yield

a viable transducing phage particle. When tetracycline

resistant clones are selected fronm this

population of S. aureofaciens genomic clones, a limited
subset of cosmid clones is selected. Many or all of
these are expected to contain antibiotic biosynthetic

anongst

genes linked to the selected tetracycline resistance

gene. Amongst those that are sufficiently large and
subset
Thus,

genes, and in fact z2ll of the genes,

enconpassing the
the
for tetracycline

correctly positioned is a
entire biosynthetic pathway.

and chlortetracycline formation is possible without any

breexisting knowledge of the structure or sequence of-

the have been

concerning the

published
tetracycline~resistance

region. Although reports
cloning of a

determinant (Reynes et al, 1988)'and 2 bromoperoxidase
lo8s) from Streotomvces aureofaciens,

studies are in no way extended toward the isolation of

(Vam Pee, these
chlortetracycline biosynthetic genes or the entire gene

cluster.
The more detailed description of the present

cloning of

esnzy e

invention

which

limitative of it.

are

is provided hereinbelow

illustrative of  the

through

invention

examples

and not

[ Claim(s)

0 Abstract

: paged ..... to paged ...
[1 Drawing(s) : paged ..... to paged..... e
: paged ..... to paged ..... -

DATE OF RECEIPT... M ...

the uplaoemsg\t sheet
17 AUG 98

This i




d ai ms: 1. < Cosmid LP[err]127 deposited under ATCC

accessi.on nunber 68357. 2. Cosmd LP[err]128 deposited
under ATCC accessi on numnber 68358. 3. The cosmds according to
Clainms 1 or 2, wherein said cosmds are inserted into a prokaryotic host
for expressing a product. 4. The cosm ds according to Caim 3,

wherein said host is E. Coli, Streptonyggs | i vidans, Streptomyces

gri seof usus, Streptonyces anbofuchsus Acti nonycetes, Bacillus,
Corynebacteria, or Thernpacti nonyces. 5. The cosm ds accordlng
to Claim4, wherein said host is Streptonyces |ividans. 6. A DNA
whi ch hybridizes under stringent hybrldlzatlon conditions to the DNA of the
cosmd of claiml or claim2 #h&E e =834t het i pathmay for the
formati on of tetracycline and chlortetracycllne . A nmethod for
I ncreasing the yields of chlortetrac clln% and tetra ¥C|IEE u5|ng t he
cosm d of O AFRPYASRICERi A $178hi ASRBREROAECHRFr FEVARG &€ &
trENBfCWrBngp@oﬁiabdr¢©bm&dhnsﬂlmﬂtaepbelceanuddek girgCmatcesstbai m 2 and
culturing the gans%gégﬁd prokaryotic host under conditions which result in
t he expre55|8H étracycline and tetracycline. 8. The

nmet hod according to Caim?7, wherein

According to a second aspect of the invention there is
provided cosmid LP2128 deposited under ATCC accession
10 number 68358, '

According to a third aspect of the invention there is
provided a DNA which hybridizes under stringent
hybridization conditions to the DNA of cosmid LP2127

15 deposited under ATCC accession number 68357 or cosmid
LP2128 deposited under ATCC accession number 68358 which
encodes the biosynthetic pathway for the formation of
tetracycline and chlortetracycline.

20 According to a fourth aspect of the invention there is
provided a method for increasing the yields of
chlortetracycline and tetracycline using the cosmid
LE2127 deposited under ATCC accession number 68357 or the
cosmid LP2128 deposited under ATCC accession number

25 68358, said method comprising the steps of transforming a
prokaryotic host with said cosmid and culturing the
transformed prokaryoti¢ host under conditions which
result in the expression ¢of chlortetracycline and
tetracycline.

30 - .

According to a further aspect of the invention there is
provided a method for screening and expression of a
nucleotide sequence encoding analogues of tetracycline or
chlortetracycline using the cosmid LP2127 deposited under

35 ATCC accession number 68357 or the cosmid LP2128
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said, host is E coll, Streptonyces i vidans, Streptomyces
grlseofuscus Streptonyces anbofuchsus, Actinomycetes, Baci | | us,
Corynebact eri a, or Thernpacti nonyces. 9. The nethod
according to Claim8, wherein said host is Streptonyces |ividans.

10. A nethod for screening and expression of a nucleotide sequence encodi ng
anal ogues of tetracycline or chlortetrqgﬁgline using the cosmd of daim1l
or Claim -36- 2, said nethod conprising
the steps of: (a) hybridizing the nucleotide sequence to

be screened Webst8eaPihaal MEcoaRRbdefba et 883502 Bald AdEhon

stringent hybr zatron conditl
hybri di zed nQ@M@ﬁiEngsééeeﬁéépsaﬁﬁ (c) expressing the
detected, hybridized nucl eotide sequence in a prokaryotic host to produce

t he
a) hybridizing the nucleotide sequence to be screened

5 with the DNA of the said cosmid under stringent
hybridization conditions;

b) detecting the hybridized nucleotide sequence; and

10 c¢) expressing.the detected, hybridized nucleotide
sequence in a prokaryotic host to produce the analogues
of tetracycline and chlortetracycline expressed by said
nucleotide sequence.

15 According to a further aspect of the invention there is
provided an isolated DNA gene cluster from Streptomvces
aureofaciens encoding the biosynthetic pathway for the
formation of tetracycline and chlortetracyeline, wherein
said isolated DNA gene cluster is the DNA gene cluster

20 located in the cosmid LP2127 deposited under ATCC
accession number 68357 or the cosmid LP2128 deposited
under ATCC accession number 68358. There is also provided
& DNA which hybridizes under stringent hybridization
conditions to such an isolated DNA gene cluster.

25 _

DE D DE PTT THE NTI

The method used for isolation of the DNA involves
lysozyme digestion of cells in an osmotic

et
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&nal ogues, of tetracycli ne_and chl ortetracycline expressed by said

nucleot ide sequence. : . 11. The nethod according to crasnir &
‘wherei n’ sai d prokaryotic host is E coli, Streptonyces |ividans,

St Feptonyces griseofuscus, Streptonyces anbofuchsus, Actinonycetes,
Baci | | us, Cor ynebacteri a, or Thernpacti nonyces. 12. An

t sol at ed31DI§I@4_@Q,ne cluster from Wam ens encodi ng

the bi osynt hetic pathway for thepq tetracycline and

chlortetracycline, wherein said isol at . ceﬂster I's the DNA gene
cluster located in the cosmd of O ai ' I 13. The

| sol ated DNA gene cluster according t s erein the isol ated DNA
gene cluster is inserted into a prokaryotic host. 14. The

i sol ated DNA gene cluster according to Claim 13, wherein said prokaryotic
host is E. coli, Streptonyces lividans, Streptonyces ariseofuscus,

- Streptonyces  anbofuchsus, Actinonycetes, Baci | | us, Corynebacteria, or
Ther noact i nonyces. 15. A DNA which-hybridi zes under stringent
hybri di zati on conditions to the isolated DNA gene cluster of C aim12.

ABSTRACT OF THE DISCLOSURE

The present invention relates to novel and
useful cosmids for cloning and expressing the isolated
DNA gene cluster which directs the synthesis of
tetracycline and chlortetracycline, in a heterologous
host such as gStreptomvces lividans. The claimed
plasmids (cosmids) are isolated by screening a cosmid
library, constructed in Escherichia g¢oli, for the
. : expression of tetracycline resistance in 8. lividans.
Plasmids LP%127 and LP®128 are recovered from such .
tetracycline-resistant 8, lividang isolates shown by
HPLIC analysié of agar and broth fermentations “to direct
the synthesis of tetracycline and chlortetracycline.
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