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[57] ABSTRACT 

The present invention provides isolated and puri?ed 
polypeptides that increase antibiotic production, polynucle 
otides that encode those polypeptides, expression vectors 
containing those polynucleotides, host cells transformed 
With those expression vectors, a process of making the 
polypeptides using those polynucleotides and vectors, and 
processes using those polypeptides and polynucleotides. 

19 Claims, 13 Drawing Sheets 
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METHODS AND COMPOSITIONS FOR 
ENHANCING ERYTHROMYCIN 

PRODUCTION 

TECHNICAL FIELD OF THE INVENTION 

The ?eld of the invention is antibiotic production. More 
particularly the present invention relates to compositions 
and methods for enhancing erythromycin production in 
bacterial cells. 

BACKGROUND OF THE INVENTION 

Erythromycin A is a medically important antibiotic 
produced by fermentation of the Actinomycete Saccha 
ropolyspora erythraea (Bunch and McGuire 1953). More 
recently it has also become increasingly used as the chemi 
cal starting point for the generation of a neW generation of 
semi-synthetic macrolide derivatives Which has created a 
demand for the production of larger quantities of this bulk 
compound. In the past, increasing product output from 
Well-developed fermentation processes involved either 
increasing the siZe of the fermentation plant, or using the 
traditional empirical mutate-and-screen approach to strain 
improvement (Queener and Lively, 1986). Because com 
mercial scale fermentors are very costly and the traditional 
strain improvement methods do not reliably result in sig 
ni?cantly better strains, a rational approach to strain 
improvement involving metabolic engineering of antibiotic 
producing organisms has been developed. The approach 
involves using genetic engineering to increase the expres 
sion of positive regulators of antibiotic production. 

To ?nd positive regulators of erythromycin projection 
from Sac. erythraea a protocol involving a simple visual 
screen that has been used successfully in the past for the 
isolation of antibiotic regulatory genes from other Actino 
mycete species Was folloWed(Horinouchi et al., 1983; Hori 
houchi and Beppu, 1984). A slightly different method than 
Horinuchi and et al. (1983) and others since then Was used 
(Romero, et al., 1992; Fernandez-Moreno et al., 1992; 
IshiZuka et al., 1992) to discover genes from Sac. erythraea 
that Were different from any of those previously found to 
stimulate antibiotic production in other Actinomycetes 
(Chater and Bibb, 1997). The present invention describes the 
cloning and characteriZation of a DNA fragment carried by 
pFL37 Which contains tWo genes involved in starch utiliZa 
tion and one neW regulatory gene. 

BRIEF SUMMARY OF THE INVENTION 

In one aspect, the present invention provides an isolated 
and puri?ed polynucleotide. That polynucleotide includes: 
(a) the nucleotide sequence of SEQ ID NO:1 from nucle 
otide number 733 to nucleotide number 1758, the nucleotide 
sequence of SEQ ID NO:1 from nucleotide number 1889 to 
nucleotide number 3451, or the nucleotide sequence of SEQ 
ID NO:1 from nucleotide number 3560 to nucleotide num 
ber 4411: (b) sequences that are complementary to the 
sequence of (a); and sequences that hybridiZe under strin 
gent condition to the sequence of (a) and, Which on expres 
sion produce a polypeptide that contains the polypeptide 
encoded by the sequence of (a). 

The polynucleotide can be a DNA molecule or an RNA 
molecule. In speci?c embodiments, the polynucleotide has 
(a) the nucleotide sequence of SEQ ID NO:1 from nucle 
otide number 733 to nucleotide number 3451; (b) the 
nucleotide sequence of SEQ ID NO:1 from nucleotide 
number 733 to nucleotide number 4411; (c) both the nucle 
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2 
otide sequence of SEQ ID NO:1 from nucleotide number 
733 to nucleotide number 1758 and the nucleotide sequence 
of SEQ ID NO:1 from nucleotide number 1889 to nucleotide 
number 3451; (d) both the nucleotide sequence of SEQ ID 
NO:1 from nucleotide number 733 to nucleotide number 
1758 and the nucleotide sequence of SEQ ID NO:1 from 
nucleotide number 35 60 to nucleotide number 4411; (e) both 
the nucleotide sequence of SEQ ID NO:1 from nucleotide 
number 1899 to nucleotide number 3451 and the nucleotide 
sequence of SEQ ID NO:1 from nucleotide number 3560 to 
nucleotide number 4411; the nucleotide sequence of SEQ 
ID NO:1 from nucleotide number 733 to nucleotide number 
1758, the nucleotide sequence of SEQ ID NO:1 from 
nucleotide number 1889 to nucleotide number 3451, and the 
nucleotide sequence of SEQ ID NO:1 from nucleotide 
number 3560 to nucleotide number 4411; or (g) the nucle 
otide sequence of SEQ ID NO:1. The present invention 
further provides an expression vector comprising a poly 
nucleotide of the invention. The expression vector drives 
expression of the polynucleotide in a cell. Preferred poly 
nucleotides are set forth above. A bacterial host cell trans 
formed With a polynucleotide of the invention is also pro 
vided. 

The host cells can be used to make polypeptides that 
enhance antibiotic production. In accordance With this 
aspect, a suitable host cell is transformed With an expression 
vector of the invention and maintained under conditions and 
for a period of time suf?cient for production of the polypep 
tide. Polypeptides produced by such a process are also 
provided. 

In another aspect, the present inventor provides isolated 
and puri?ed polypeptides that enhance antibiotic production 
in bacterial cells. Exemplary and preferred such polypep 
tides comprise the amino acid residue sequences of SEQ ID 
Nos: 2, 3, and/or 4. 

In yet another aspect, the present invention provides a 
process of enhancing the production of erthromycin in a 
bacterial cell that produces erythromycin. The process 
includes the step of increasing the levels of polypeptides of 
this invention in the cell. The bacterial cell is preferably a 
Sac. erythraea. The polypeptide levels are preferably 
increased by transforming the cell With a polynucleotide that 
contains the nucleotide sequence of SEQ ID NO:1 from 
nucleotide number 733 to nucleotide number 1752, the 
nucleotide sequence of SEQ ID NO:1 from nucleotide 
number 1889 to nucleotide number 3451, and the nucleotide 
sequence of SEQ ID NO:1 from nucleotide number 3560 to 
nucleotide number 4411. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. ShoWs a map of pFL37. The folloWing features are 
shoWn: bla, ampicillin resistance; tsr, thiostrepton resis 
tance; neo, the promoterless kamamycin-resistance gene; 
lac, disrupted [3-galactosidase gene; colElori, E. coli origin 
of replication; pIJ101ori, Streptomyces origin of replication; 
ORF1—3, cloned fragement of DNA from Sac. erythraea that 
stimulate production of erythromycin. 

FIG. 2 shoWs the FRAME analysis of the cloned fragment 
contained in pFL37 .ArroWs beloW the plot indicate siZe and 
direction of the ORFs identi?ed. TTA in the ORF3 open 
arroW indicates the location of the rare TTA codon in ORF3. 
ShoWn beloW the FRAME plot is the subcloning and inser 
tional mutagenesis of clone 37. Subcloning: Open bars With 
no arroW heads beloW the ORF map represent the subclones 
of the original 4.8 kb fragment that Were tested for their 
ability to stimulate blue pigment production in S. lividans 
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When carried on plasmid pFL8. TWo subclones, pFL186 and 
pFL216 Were able to stimulate Blu equally as Well as the 
parent clone (indicated by “+” symbols to right). Insertional 
inactivation: darts pointing to ORF map indicate the SalI 
sites of insertion of the aphAl (Km-resistance) gene that Was 
inserted as a SalI cassette isolated originally from pUC4K 
(Pharmacia LKB Biotech); insertions are numbered for 
reference above the darts. “+”, blue pigment formation; “—” 
no blue pigment formation. 

FIG. 3(a) and FIG. 3(b) shoW Sac. erythraea shake ?ask 
fermentation results. FIG. 3A Unshaded bars, red variant 
strain; lightly shaded bars, pFL37 transformants, and dark 
shaded bars, pFL37 ampli?ed transformants. Media used for 
Experiment No. 1 Was E29F with 4x starch and 03x oil, 
using the fermentation protocol described in Examples. 
Experiments No. 2—4 Were performed With E29F medium 
Without oil. Each bar is an average from the results of four 
independent shake ?asks. FIG. 3B Unshaded bar is the Wild 
type (White) strain. Shaded bar is the pFL37 integrated 
transformant of the White strain. Medium Was E29F With 
oil. Fermentation conditions Were 32° C., 5 days, in shake 
?ask fermentation. 

FIG. 4A—FIG. 41 shows the nucleotide sequence of the 
4,776 bp cloned fragment in pFL37 and the deduced amino 
acid sequence. The numbers of the nucleotides and amino 
acids are shoWn to the left. Putative ribosome binding sites 
are in italics. The rare TTA codon of ORF3 is boxed. SalI 
sites that Were used for insertional mutagenesis With the 
aphA1 gene are numbered corresponding to the reference 
numbers used on darts in FIG. 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

I. The Invention 
The present invention provides isolated and puri?ed 

polypeptides that increase antibiotic production, polynucle 
otides that encode those polypeptides, expression vectors 
containing those polynucleotides, host cells transformed 
With those expression vectors, a process of making the 
polypeptides using those polynucleotides and vectors, and 
processes using those polypeptides and polynucleotides. 
II. Polypeptides 

In one aspect, the present invention provides one or more 
polypeptides that enhance antibiotic production in bacterial 
cells capable of making the antibiotic. Polypeptides of the 
present invention are particularly useful in enhancing the 
production of erythromycin in the Saccharospolyspora 
erythraea (Sac. erythraea). 

The present invention provides 3 separate polypeptide 
gene products that act alone or in combination to enhance 
antibiotic production. The 3 polypeptides are encoded by a 
region of polynucleotides disclosed herein designated 
ORF1, ORF2, ORF3. The polypeptides encoded by ORF1 
contains 340 amino acid residues. The amino acid residue 
sequence of that polypeptide is referred to herein as SEQ ID 
NO: 2. ORF2 encodes a polypeptide that contains 526 amino 
acid residues. The amino acid residue sequence of the 
product of ORF2 is referred to herein as SEQ ID NO: 3. 
ORF3 encodes a polypeptide containing 283 amino acid 
residues. The amino acid residue sequence of the product of 
ORF3 is referred to herein as SEQ ID NO: 4. As set forth 
hereinafter, any of these polypeptides, either alone or in 
combination, can enhance the production of antibiotics 
When administered to cells capable of producing that anti 
biotic. Combinations of polypeptides include a combination 
of the polypeptide of SEQ ID NO: 2 With SEQ ID NO: 3; a 
combination of the polypeptide of SEQ ID NO: 2 With the 
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4 
polypeptide of SEQ ID NO:4; a combination of the polypep 
tide of SEQ ID NO:3 and the polypeptide of SEQ ID NO: 
4; and a combination of all three, the polypeptides of SEQ 
ID Nos.:2, 3 and 4. 
The present invention also contemplates amino acid resi 

due sequences that are substantially duplicative of the 
sequences set forth herein such that those sequences dem 
onstrate like biological activity to disclosed sequences. Such 
contemplated sequences include those sequences character 
iZed by a minimal change in amino acid residue sequence or 
type (e.g., conservatively substituted sequences) Which 
insubstantial change does not alter the basic nature and 
biological activity of the polypeptides. 

It is Well knoWn in the art that modi?cations and changes 
can be made in the structure of a polypeptide Without 
substantially altering the biological function of that peptide. 
For example, certain amino acids can be substituted for other 
amino acids in a given polypeptide Without any appreciable 
loss of function. In making such changes, substitutions of 
like amino acid residues can be made on the basis of relative 
similarity of side-chain substituents, for example, their siZe, 
charge, hydrophobicity, hydrophilicity, and the like. 
As detailed in US. Pat. No. 4,554,101, incorporated 

herein by reference, the folloWing hydrophilicity values 
have been assigned to amino acid residues: Arg (+3.0); Lys 
(+3.0); Asp (+3.0); Glu (+3.0); Ser (+0.3); Asn (+0.2); Gln 
(+0.2); Gly (0); Pro (—0.5); Thr (—0.4); Ala (—0.5); His 
(—0.5); Cys (—1.0); Met (—1.3); Val (—1.5); Leu (—1.8); He 
(—1.8); Tyr (—2.3); Phe (—2.5); and Trp (—3.4). It is under 
stood that an amino acid residue can be substituted for 
another having a similar hydrophilicity value (e.g., Within a 
value of plus or minus 2.0) and still obtain a biologically 
equivalent polypeptide. 

In a similar manner, substitutions can be made on the 
basis of similarity in hydropathic index. Each amino acid 
residue has been assigned a hydropathic index on the basis 
of its hydrophobicity and charge characteristics. Those 
hydropathic index values are: He (+4.5); Val (+4.2); Leu 
(+3.8); Phe (+2.8); Cys (+2.5); Met (+1.9); Ala (+1.8); Gly 
(—0.4); Thr (—0.7); Ser (—0.8); Trp (—0.9); Tyr (—1.3); Pro 
(—1.6); His (—3.2); Glu (—3.5); Gln (—3.5); Asp (—3.5); Asn 
(—3.5); Lys (—3.9); and Arg (—4.5). In making a substitution 
based on the hydropathic index, a value of Within plus or 
minus 2.0 is preferred. 
III. Polynucleotides 

In another aspect, the present invention provides isolated 
and puri?ed polynucleotides that encodes polypeptides of 
the present invention. The polynucleotide can be a DNA 
molecule (e.g., gene sequence, cDNA) or an RNA molecule 
(e.g., mRNA). 
The present invention also provides non-coding strands 

that are complementary to the coding sequences as Well as 
RNA sequences identical to or complementary to those 
coding sequences. One of ordinary skill Will readily appre 
ciate that corresponding RNA sequences contain uracil (U) 
in place of thymidine 

In one embodiment, a polynucleotide of the present 
invention is an isolated and puri?ed DNA molecule that 
contains a coding sequence for one or more polypeptides of 
this invention. An exemplary such DNA molecule is shoWn 
as SEQ ID NO: 1. Preferred polynucleotides of this inven 
tion depend on the speci?c polypeptide preferred. 
By Way of example, Where the polypeptide contains the 

amino acid residue sequence of SEQ ID NO:2 a preferred 
polynucleotide contains the nucleotide sequence of SEQ ID 
NO:1 from nucleotide number 733 to nucleotide number 
1758. Where the polypeptide contains the amino acid resi 
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due sequence of SEQ ID NO:3 a preferred polynucleotide 
contains the nucleotide sequence of SEQ ID NO:1 from 
nucleotide number 1889 to nucleotide number 3451. Where 
the polypeptide contains the amino acid residue sequence of 
SEQ ID NO:4 a preferred polynucleotide contains the nucle 
otide sequence of SEQ ID NO:1 from nucleotide number 
3560 to nucleotide number 4411. Where the polypeptide 
contains the amino acid residue sequence of SEQ ID NOS:2, 
3 and 4, a preferred polynucleotide contains the nucleotide 
sequence of SEQ ID NO:1 from nucleotide number 733 to 
nucleotide number 3451. Where the polypeptide contains 
the amino acid residue sequences of SEQ ID NOS: 3 and 4, 
a preferred polynucleotide contains nucleotide sequence of 
SEQ ID NO: 1 from nucleotide number 1889 to nucleotide 
number 4411. Where the polypeptide contains the amino 
acid residue sequences of SEQ ID NO: 2 and 4, a preferred 
polynucleotide contains the nucleotides sequence of SEQ ID 
NO:1 from nucleotide number 733 to nucleotide 1758 and 
from nucleotides number 3560 to nucleotide number 4411. 
Where the polypeptides contains the amino acid residue 
sequences of SEQ ID Nos: 2 and 3, the polynucleotide 
contains the nucleotide sequences of SEQ ID No:1 from 
nucleotide number 733 to nucleotide number 1758 and from 
nucleotide number 1889 to nucleotide number 3451. 

The present invention also contemplates DNA sequences 
Which hybridiZe under stringent hybridiZation conditions to 
the DNA sequences set forth above. Stringent hybridiZation 
conditions are Well knoWn in the art and de?ne a degree of 
sequence identity greater than about 70%—80%. The present 
invention also contemplates naturally occurring allelic 
variations and mutations of the DNA sequences set forth 
above so long as those variations and mutations code, on 
expression, for a polypeptide of this invention as set forth 
hereinbefore. 
As is Well knoWn in the art, because of the degeneracy of 

the genetic code, there are numerous other DNA and RNA 
molecules that can code for the same polypeptides as those 
encoded by SEQ ID NO:1, or portions thereof. The present 
invention, therefore, contemplates those other DNA and 
RNA molecules Which, on expression, encode for a polypep 
tide that contains one or more polypeptides encoded by SEQ 
ID NO: 1, or portions thereof as set forth above. Having 
identi?ed the amino acid residue sequence those 
polypeptides, and With knowledge of all triplet codons for 
each particular amino acid residue, it is possible to describe 
all such encoding RNA and DNA sequences. DNA and RNA 
molecules other than those speci?cally disclosed herein and, 
Which molecules are characteriZed simply by a change in a 
codon for a particular amino acid are Within the scope of this 
invention. 
ATable of codons representing particular amino acids is 

set forth beloW in Table 1. 

TABLE 1 

First T'hird 
position Second Position position 

(5' end) T/U C A G (3' end) 

T/U Phe Ser Tyr Cys T/U 
Phe Ser Tyr Cys C 
Leu Ser Stop Stop A 
Leu Ser Stop Trp G 

C Leu Pro His Arg T/U 
Leu Pro His Arg C 
Leu Pro Gln Arg A 
Leu Pro Gln Arg G 

A He Thr Asn Ser T/U 
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TABLE 1-continued 

First T'hird 
position Second Position position 

(5' end) T/U C A G (3' end) 

He Thr Asn Ser C 
Ile Thr Lys Arg A 
Met Thr Lys Arg G 

G Val Ala Asp Gly T/U 
Val Ala Asp Gly C 
Val Ala Glu Gly A 
Val Ala Glu Gly G 

A simple change in a codon for the same amino acid 
residue Within a polynucleotide Will not change the structure 
of the encoded polypeptide. By Way of example, it can be 
seen from SEQ ID NO: 1 that a TCG codon for serine exists 
at nucleotide positions 745—747 and at positions 1097—1099. 
It can also be seen from that same sequence, hoWever, that 
serine can be encoded by a AGC codon (see e.g., nucleotide 
positions 1125—1127 and 1131—1133). Substitution of the 
latter AGC codon for serine With the TCA codon for serine, 
or visa versa, does not substantially alter the DNA sequence 
of SEQ ID NO: 1 and results in expression of the same 
polypeptide. In a similar manner, substitutions of codons for 
other amino acid residues can be made in a like manner 
Without departing from the true scope of the present inven 
tion. 
A polynucleotide of the present invention can also be an 

RNA molecule. A RNA molecule contemplated by the 
present invention is complementary to or hybridiZes under 
stringent conditions to any of the DNA sequences set forth 
above. As is Well knoWn in the art, such a RNA molecule is 
characteriZed by the base uracil in place of thymidine. 
Exemplary and preferred RNA molecules are mRNA mol 
ecules that encode an adenosine kinase of this invention. 
IV. Oligonucleotides 
The present invention also contemplates oligonucleotides 

from about 15 to about 50 nucleotides in length, Which 
oligonucleotides serve as primers and hybridiZation probes 
for the screening of DNA libraries and the identi?cation of 
DNA or RNA molecules that encode other polypeptides 
involved on regulating antibiotic production. Such primers 
and probes are characteriZed in that they Will hybridiZe to 
polynucleotide sequences encoding a polypeptide of this 
invention. An oligonucleotide probe or primer contains a 
nucleotide sequence that is identical to or complementary to 
a contiguous sequence of at least 15 nucleotides polynucle 
otide of the present invention. Thus, Where an oligonucle 
otide probe is 25 nucleotides in length, at least 15 of those 
nucleotides are identical or complementary to a sequence of 
contiguous nucleotides of a polynucleotide of the present 
invention. 
A preferred oligonucleotide is an antisense oligonucle 

otide. The present invention provides a synthetic antisense 
oligonucleotide of less than about 50 nucleotides, preferably 
less than about 35 nucleotides, more preferably less than 
about 25 nucleotides and most preferably less than about 20 
nucleotides. An antisense oligonucleotide of the present 
invention is directed against a DNA or RNA molecule that 
encodes a polypeptide of the present invention. Preferably, 
the antisense oligonucleotide is directed against the trans 
lational initiation site or the transcriptional start site. It is 
understood by one of ordinary skill in the art that antisense 
oligonucleotide can be directed either against a DNA or 
RNA sequence that encodes a speci?c target. Thus, an 
antisense oligonucleotide of the present invention can also 
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be directed against polynucleotides that are complementary 
to those shown in SEQ. ID NO: 1 as Well as the equivalent 
RNA molecules. 

Preferably, the nucleotides of an antisense oligonucle 
otides are linked by pseudophosphate bonds that are resis 
tant to clevage by exonuclease or endonuclease enZymes. 
Preferably the pseudophosphate bonds are phosphorothioate 
bonds. By replacing a phosphodiester bond With one that is 
resistent to the action of exo- and/or endonuclease, the 
stability of the nucleic acid in the presence of those enZymes 
is increased. As used herein, pseudophosphate bonds 
include, but are not limited to, methylphosphonate, 
phosphomorpholidate, phosphorothioate, phosphorodithio 
ate and phosphoroselenoate bonds. 
An oligonucleotide primer or probe, as Well as an anti 

sense oligonucleotide of the present invention can be pre 
pared using standard procedures Well knoWn in the art. A 
preferred method of polynucleotide synthesis is via cyano 
ethyl phosphoramidite chemistry. A detailed description of 
the preparation, isolation and puri?cation of polynucleotides 
is set forth beloW. 
V. Expression Vectors and Transformed Cells 

The present invention further provides expression vectors 
e.g., (FIG. 1) that contain a polynucleotide of the invention 
and host cells transformed or transfected With those poly 
nucleotides or expression vectors. 

Apolynucleotide that encodes one or more polypeptides 
of the invention is placed into an expression vector suitable 
for a given host cell such that the vector drives expression 
of the polynucleotide(s) in that host cell. Vectors for use in 
particular cells are Well knoWn in the art and include phage 
or plasmids. 

In one embodiment, a host cell is an eukaryotic host cell 
and an expression vector is an eukaryotic expression vector 
(i.e., a vector capable of directing expression in a eukaryotic 
cell). Such eukaryotic expression vectors are Well knoWn in 
the art. In another embodiment, the host cell is a bacterial 
cell. The bacterial host cell is capable of producing an 
antibiotic. A preferred antibiotic is erythromycin. Bacterial 
cells that make erythromycin are Well knoWn in the art. An 
exemplary and preferred bacterial cell is an Actinomycete 
and more preferably, a Sac. erythraea. 
A polynucleotide of an expression vector of the present 

invention is preferably operatively associated or linked With 
an one or more promoters. Apromoter is a region of a DNA 
molecule typically Within about 100 nucleotide pairs in front 
of (upstream of) the point at Which transcription begins. That 
region typically contains several types of DNA sequence 
elements that are located in similar relative positions in 
different genes. As used herein, the term “promoter” 
includes What is referred to in the art as an upstream 
promoter region or a promoter of a generaliZed RNA poly 
merase transcription unit. 
Apromoter is operatively linked to a coding sequence that 

encodes at least one gene product. As used herein, the phrase 
“operatively linked” or its gramatical equivalent means that 
a regulatory sequence element (eg a promoter or transcrip 
tion terminating region) is connected to a coding sequence 
in such a Way that the transcription of that coding sequence 
is controlled and regulated by that promoter. Means for 
operatively linking a promoter to a coding sequence are Well 
knoWn in the art. 
A promoter used in an expression vector of the present 

invention can be any promoter that drives expression in a 
host cell. By employing a promoter With Well knoWn 
properties, the level of expression can be optimiZed. For 
example, selection of a promoter that is active in speci?cally 
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transformed cells permits high level expression of the 
desired product. Still further, selection of a promoter that is 
regulated in response to a speci?c physiological signal can 
permit inducible expression. 

The placement of a promoter sequence relative to an 
encoding sequence of an expression vector Will depend as is 
knoWn in the art on Whether the encoding sequence encodes 
one or more of the polypeptides as set forth above. By Way 
of example, each encoding sequence can be operatively 
associated With a separate promoter sequence. Alternately, 
as shoWn With SEQ. ID NO 1., a single promoter sequence 
can be operatively linked With only one of the encoding 
DNA sequences (e.g. ORFl, ORF2, and ORF3). 
A coding sequence of an expression vector may be linked 

to a transcription terminating region. Typically, DNA 
sequences located a feW hundred base pairs doWnstream of 
the ORF serve to terminate transcription. Those DNA 
sequences are referred to herein as transcription-termination 
regions. Promoters and transcription-terminating regions are 
Well knoWn in the art. The selection of a particular enhancer 
promoter or transcription-terminating region Will depend, as 
is also Well knoWn in the art, on the cell to be transformed. 
VI. Method of Making Polypeptide 

In another aspect, the present invention provides a process 
of making one or more polypeptides of the present inven 
tion. In accordance With that process, a suitable host cell is 
transformed With a polynucleotide of the present invention. 
The transformed cell is maintained for a period of time 
suf?cient for expression of the polypeptide. The formed 
polypeptide can be recovered. Preferably, the polynucleotide 
is contained in an expression vector as set forth above. 
VII. AProcess of Using Polypeptides and Polynucleotides of 
the Present Invention 

In another aspect, the present invention provides uses for 
the polypeptides and polynucleotides of the present inven 
tion. Those polynucleotides and polypeptides are used to 
enhance antibiotic production in cells capable of producing 
that antibiotic. Typically, compositions of the present inven 
tion are used to enhance antibiotic production in bacterial 
cells transformed With genes that alloW for expression and 
production of a given antibiotic. 

Antibiotic production in a cell is increased by exposing 
the cell to increased levels of one or more polypeptides of 
the present invention. In a preferred embodiment, the cell is 
exposed to a solution (e.g., culture media) that contains 
effective stimulatory amounts of those polypeptides. 
Preferably, that solution contains effective stimulating 
amounts of more than one polypeptide of the present inven 
tion. Even more preferably, that solution contains effective 
stimulating amounts of the polypeptides having the amino 
acid residue sequences of SEQ ID Nos: 2, 3 and 4. 

Levels of those polypeptides can be increased in an 
antibiotic producing cell by increasing the expression of a 
polynucleotide that encodes those polypeptides. In accor 
dance With this embodiment, the cell is transformed With an 
expression vector that contains polynucleotides that encode 
those polypeptides and Which expression vectors Will drive 
the expression of those polynucleotides. In a preferred 
embodiment, the levels of polypeptides are increased by 
transforming cells With expression vectors containing poly 
nucleotides that encode more than one polypeptide of the 
present invention. Most preferably, the expression vector 
contains polynucleotides that encode all three polypeptides 
of the present invention. Polynucleotides and polypeptides 
of the present invention are particularly useful for increasing 
the production of the antibiotic erthromycin in Sac. eryth 
raea. 
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As disclosed herein, a DNA clone from Sac. erythraea 
causes a signi?cant and reproducible increase in production 
of erythromycin When it is introduced into the chromosome 
of this strain in multiple copies. This represents the ?rst 
rational approach to the construction of higher 
erythromycin-producing stains. Previously, erythromycin 
yield improvements relied on traditional mutagenesis and 
screening methods (Queener and Lively, 1986). 

Although much recent Work has appeared concerning the 
molecular genetics of erythromycin biosynthesis, the Work 
has focused on the erythromycin biosynthetic gene cluster, 
and very little is knoWn about the regulation of these genes. 
A visual screening method (Horinouchi and Beppu, 1984), 
Which had been shoWn to be useful for identifying heter 
ologous activators of actinorhodin production in S. lividans, 
Was used to identify activators of blue pigment formation, 
and stimulate erythromycin production in Sac. erythraea. 

This approach alloWed for the screening of a large library 
of DNA fragments covering the entire genome of Sac. 
erythraea. One of the factors that aided in the identi?cation 
of the clone in pFL37, Which contained a novel regulatory 
gene, Was the composition of the agar used for screening the 
library. Previous investigators had used, for example, Ben 
net’s Agar (Horinouchi and Beppu, 1984), or standard 
Streptomyces media (Romero et al, 1992). 

The S. lividans prescreen Was therefore helpful in ?nding 
our novel genes, but upon careful characteriZation of these 
genes We found that the genes behaved differently in the tWo 
hosts studied. For example, in Sac. erythraea, neither thios 
trepton nor starch Were required for the induction of eryth 
romycin overproduction, but both Were required for the 
stimulation of actinorhodin production in S. lividans. Since 
erythromycin overproduction apparently involves both 
ORF2and the ORF3 gene, the situation seems to be more 
complicated in Sac. erythraea than in S. lividans. In S. 
lividans it is clear that only the ORF3 gene is required for 
stimulation of actinorhodin production and grey spore for 
mation. 
pFL37 is useful for strain improvement as an integrative 

plasmid. In its present form the plasmid can be directly 
transformed and tested in any commercial erythromycin 
producing strain. “Second generation” constructions can be 
used for the overexpression of the genes on pFL37 for 
production improvements. In both the ?rst generation and 
second generation formats, there is no need for introducing 
modi?cations to the existing commercial process. For 
example, the addition of thiostrepton for the maintenance of 
the plasmid is not necessary. The plasmid in its ampli?ed 
form is also stable for the period of the fermentation Without 
having to add selective pressure. 

The Examples to folloW illustrate preferred embodiments 
of the present invention and are not limiting of the speci? 
cation and claims in any Way. 

EXAMPLE 1 
General Methods 
Bacterial strains and plasmids 

Streptomyces lividans TK21 (HopWood et al., 1985) Was 
the host strain in transformations. Saccharopolyspora eryth 
raea ATCC 11635 (red varient) Was the source of genomic 
DNA used for the generation of the DNA fragment library. 
The E. coli DH5alpha strain (Hanahan, 1983) Was the host 
for the Sac. erythraea genome fragment library. Plasmid 
pIJ487 (Ward et al., 1986) Was provided by Mervyn Bibb, 
John Innes Centre, NorWich, England. and pBS(+) Was 
purchased from Stratagene, Inc. (LaJolla, Calif.). 
Chemicals and Biochemical Reagents 

Erythromycin A (Em), tetraZolium chloride, Was obtained 
from Sigma. Thiostrepton (Ts) Was provided by S. J. Luca 
nia (Bristol Meyers Squibb, NJ 
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Media and handling 
E20A agar medium (Weber and McAlpine, 1991) 

contains, per 1 liter aqueous solution: 5 g bacto-soytone, 5 
g soluble starch, 3 g CaCO3, 2.1 g MOPS buffer, and 20 g 
bacto-agar. E20A agar containing 50 pig/ml of thiostrepton 
(E20A-Ts50) Was used When selection for thiostrepton 
resistance (TsR) Was required for maintenance of plasmids or 
induction of the Blu phenotype in S. lividans. Carbon 
sources other than starch Were sometimes used, and Were 
added at 5 g/L. Substitution of peptone for soytone, Was also 
done using equal Weights. E29F broth medium (Weber and 
McAlpine, 1991), Which contains per 1 liter: 22 g nutrisoy 
?our (ADM); 15 g soluble starch (Difco); 3 g CaCO3 (J. T. 
Baker); 0.5 g MgSO4-7H2O; 0.015 g FeSO4.7H2O, and 50 
ml soybean oil. R2T2 regeneration plates (Weber et al., 
1989; Weber et al., 1985) Were used for the selection of 
transformants using both Sac. erythraea and S. lividans host 
strains. Tryptic Soy Broth (TSB, Difco Laboratories, 
Detroit, Mich.), prepared according to manufacturers rec 
ommendations. 
Fermentation protocol for the production of erythromycin by 
Sac. erythraea in shake ?asks 

Spores of Sac. erythraea Were transferred asceptically 
from a slant or plate culture to 4 ml of sterile TSB broth in 
duplicate 16><125 mm capped test tubes. Spore inocula of all 
experimental and control cultures Was prepared in advance 
to be less than tWo Weeks old. Test tube cultures Were groWn 
in a shaker for 2 days at 32° C. at a slight angle from vertical. 
The contents of one tube Were mixed With the duplicate tube. 
A 3 ml portion of the mixture Was transferred to 30 ml of 
regular or modi?ed E29F medium. Weights Were recorded 
of ?asks after inoculation; the cultures Were groWn in 250 ml 
non-baffled shake ?asks for 5 days at 32° C., 400 rpm (one 
inch rotary displacement). After 5 days, the color of the 
culture Was recorded and the ?asks Were re-Weighed and 
adjusted to their original Weight through the addition of 
sterile Water to compensate for Water lost due to evaporation. 
The cultures Were also streaked onto R2T2 to check for 
contamination. Cells Were then pelleted by centrifugation 
and the broth Was decanted into 50 ml plastic Corning tubes 
for storage at 4° C. until they Were bioassayed. 
Bioassay for erythromycin 

Alarge plate (Coming Costar, Cambridge, Mass., 245 mm 
square bioassay dish, (cat. no. 431111), double-agar layer 
system Was used. The bottom agar layer consisted of 100 ml 
TSB agar. Once solidi?ed (sitting 1 hour at room 
temperature) a top agar layer Was poured. Top agar consisted 
of 100 ml TSB agar containing 200 pl 1% tetraZolium red 
(Sigma) and a sufficient quantity of B. subtilis thiostreption 
resistant spores to produce a con?uent laWn of groWth. The 
upper layer Was solidi?ed at room temperature for 1 hour 
With the lid slightly open, or the plate Was placed open in a 
laminar ?oW hood to remove any moisture from the surface 
of the plate. Broth samples (10 pl) Were spotted onto 1A1 inch 
bioassay discs (Schleicher and Schuell, Keene, NH.) and 
dried for 30 min. Standard erythromycin A solutions Were 
prepared at 5, 10, 25, 50, 100, and 250 pig/ml and used to Wet 
bioassay discs Which Were dried and stored at room tem 
perature and placed onto the plate at the time the dried 
experimental samples Were applied. The bioassay plate Was 
incubated overnight at 37° C. FolloWing incubation, the 
Zones Were measured, and converted to concentrations using 
the standard curve produced for each plate. 

EXAMPLE 2 
Preparation of pFL37 
A. Construction of cloning vector pFL8 

Plasmid pFL8 Was constructed for this study to serve as 
the cloning vector for the library of Sac. erythraea DNA 
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fragments in both E. coli and S. lividans. Details of its 
construction are described by Hessler et al, 1997. Plasmid 
pFL8 and its deriviatives including pFL37 (FIG. 1) are 
maintained as a high-copy autonomously replicating plas 
mid in S. lividans and has the properties and functions of 
pIJ487 (Ward et al., 1986) including the pl] 101 origin of 
replication, the thiostrepton resistance gene (tsr), and the 
promoterless kanamycin reporter gene (neo) from Tn5 
(Beck et al., 1982). A feature of pFL8 and deriviatives that 
is unique to the Sac. erythraea cloning vectors reported thus 
far (Weber and Losick, 1988; Vara et al., 1989; Weber et al., 
1990) is the placement of the promoterless neo gene proxi 
mal to the pBS(+) multiple cloning site. This arrangement 
alloWs for blue/White X-gal dependant screening of clones in 
E. coli and the subsequent activation of neo expression in S. 
lividans and Sac. erythraea by promoters Which may be 
contained on the cloned fragment. Selection for higher 
levels of kanamycin resistance in integrated transformants of 
Sac. erythraea leads to the ampli?cation of the plasmid 
including the cloned sequences in the Sac. erythraea 
genome (described beloW). 
B. Construction of Sac. erythraea DNA library in S. lividans 
TWo to ?ve kb Sau3A fragments from Sac. erythraea 

ATCC 11635 Were produced by partial Sau3A digestion of 
genomic DNA folloWed by preparative agarose gel electro 
phoresis and extraction of the properly siZed DNA from the 
gel. The mixture of Sau3A DNA fragments Was ligated to 
BamHI-digested pFL8 and transformed by electroporation 
into E. coli DH5alpha. Transformants Were selected on LB 
plates containing X-gal and 100 pig/m ampicillin, and 7,200 
White transformants (those containing inserts) Were picked 
to duplicate grid plates containing 50 colonies per plate. One 
plate from each pair of grid plates Was scraped, and the cells 
from 12 plates (600 colonies) Were combined into a subli 
brary. Cell preps from the 12 sublibraries Were kept separate 
for the isolation of plasmid DNA. The plasmid DNA from 
the 12 groups Was then transformed into S. lividans in 
separate transformation experiments. 
DNA from the E. coli sub-libraries Was transformed in 

separate reactions into protoplasts of S. lividans TK21. 
Thiostrepton resistant colonies appearing on the primary 
transformation plates (R2T2 agar containing 50, pig/ml of 
Ts) Were visually screened for pigment production and other 
morphological and sporulation-related phenotypes. Because 
the R2T2 regeneration medium is not favorable for actinor 
hodin production or sporulation of S. lividans, the colonies 
Were transferred (still on the agar), to an E20A (US. Pat. No. 
5,141,926) agar plate containing 50, pig/ml of Ts. This 
stimulated sporulation and pigment formation by the colo 
nies. The spores of primary transformants Were harvested 
and replated at single-colony densities on different screening 
media, usually E20A containing 50 pig/ml of Ts or Complete 
medium (HopWood et al., 1985). Over 50,000 colonies Were 
visually screened for pigmented mutants. Since red variants 
of S. lividans occurred spontaneously at high frequency We 
limited our screen to blue or gray pigmented colonies. 

Eleven S. lividans transformants With blue or altered 
pigmentation (Blu phenotype) Were found from the visual 
screening on E20A-Ts50 plates. For pFL37 transformants 
(FIG. 1) it Was observed that thiostrepton in the media Was 
required for the stimulation of blue pigment production. 
Very loW levels of thiostrepton (less than or equal to 100 
ng/ml) Were suf?cient to induce Blu. Besides stimulating 
blue pigment formation, plasmid pFL37 also appeared to 
stimulate the formation of more highly con?uent and darker 
grey spores in the S. lividans host When compared to the 
parent strain. pFL37 Was stable, for example, When plasmid 
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12 
DNA Was isolated from an S. lividans transformant carrying 
pFL37 and passaged through E. coli then returned to S. 
lividans, nearly all of the re-transformants in S. lividans 
turned blue. 
When starch Was not included in the E20A-Ts50 agar 

medium or if it Was substituted With a different carbon 
source, pFL37 transformants greW normally but completely 
lost the ability to make blue pigment. The Blu phenotype 
Was restored When the cells Were transferred back to a 
medium containing thiostrepton and starch. The Blu pheno 
type Was not even Weakly observed using any other carbon 
source besides starch (or the starch derived malto-dextrin), 
including sucrose, glucose, alpha or beta-lactose, mannose, 
L-sorbose, or maltose. If starch Was included in the media 
With any of the other carbon sources, the strain regained its 
ability to make blue pigment. 

Investigation of the effects of nitrogen source revealed 
that casein-derived peptone could be substituted for soytone 
in the E20A-Ts50 agar With no substantial effect on blue 
pigment formation for pFL37 transformants. 
C. DNA sequencing 

Plasmid templates pFL205, pFL206, pFL207, and pFL37 
Were puri?ed by Qiagen preparation procedure and submit 
ted for automated sequencing using the ABI model 377 
instrument at the IoWa State University Nucleic Acid Facil 
ity (Ames, IoWa). 
D. Subcloning of pFL37 
(i) construction of pFL186, pFL184 

Plasmid pFL37 Was digested to completion With KpnI and 
BamHI, producing ?ve fragments. One 2.25 kb KpnI frag 
ment covering the left half of clone 37, and a second 2.4 Kb 
BamHI-KpnI fragment covering the right-half of the insert 
Were puri?ed from agarose gels by Gene CleanTM (Bio101, 
Vista, Calif.) and subcloned into pBS(+) With complemen 
tary ends to create subclones pFL176 and pFL175, respec 
tively. These tWo fragments Were subsequently subcloned 
folloWing EcoRI and HindIII double digestion into the 
complementary sites in pFL8 to create pFL186 and pFL184. 
(ii) Construction of pFL211, pFL212, pFL213, and pFL216 

Plasmid pFL216 Was digested With SacI and religated, 
Which removed a 870 bp SacI fragment from the left side of 
the insert in pFL186; the resultant plasmid Was called 
pFL37LS. The 870 bp SacI fragment deleted from pFL186 
Was then ligated to SacI digested pBS(+) and the resultant 
plasmid Was designated pFL207. In another experiment, 
plasmid pFL186 Was digested to completion With PstI 
spliting the insert into three fragments (FIG. 2). TWo of these 
fragments Were subcloned into PstI digested pBS(+) to form 
pFL205 and pFL206. Each of these plasmids Was then cut 
With HindIII and EcoRI to remove the inserts Which Were 
then ligated to HindIII and EcoRI digested pFL8, the result 
ing plasmids Were called pFL212 and pFL211. 
E. In vitro insertional mutagenesis of the insert in pFL37 
The parent plasmid pFL37 Was partially digested With 

SalI and the singly-cut, lineariZed form Was puri?ed from an 
agarose gel using Gene CleanTM. This band containing a 
mixture of different lineariZed forms of pFL37 Was then 
ligated to the SalI fragment from pUC4K (Pharmacia LKB 
Biotechnology, PiscataWay, N.J containing the aphA1 gene 

from Tn903 Which confers kanamycin resistance The ligation reaction Was transformed into E. coli DH5 alpha 

and transformants Were selected on LB-Km50 plates. Plas 
mids from KmR transformants Were subjected to restriction 
analysis to determine the site and orientation of the aphA1 
gene in the plasmid. The ligation resulted a library of 
plasmids With the aphA1 gene inserted into the various SalI 
sites in pFL37 . TWo insertions Were made into ORF1 and 
one insertion Was made into each of the other tWo ORFs 

(FIG. 2). 




















