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(57) ABSTRACT 

The present invention relates to a method of improving the 
strain used for the production of erythromycin through the 
disruption of the melA gene. 
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METHOD FOR STRAIN IMPROVEMENT OF 
THE ERYTHROMYCIN-PRODUCING 

BACTERIUM 

RELATED APPLICATIONS 

This application claims priority from US. Application 
No. 60/059,079 ?led on Sep. 16, 1997. 

GOVERNMENT FUNDING 

Funds used to support some of the studies disclosed 
herein Were provided by the United States Government 
(NIH Grant No. R44-AI34698-03.). The United States 
Government, therefore, may have certain rights in the inven 
tion. 

TECHNICAL FIELD OF THE INVENTION 

The ?eld of this invention is erythromycin production. 
More particularly, the present invention pertains to a method 
of improving the strain used for the production of erythro 
mycin through the disruption of the melA gene. 

BACKGROUND OF THE INVENTION 

Actinomycete fermentations are the source of many medi 
cally important pharmaceuticals, particularly antibiotics. 
The commercial production of these compounds is made 
more economical through genetic alterations in the produc 
ing organism, referred to as strain improvements, that are 
traditionally introduced through a random mutation and 
screening process (Queener, S. W. and D. H. Lively 1986. 
Screening and selection for strain improvement, p. 155—169. 
In Manual of Industrial Microbiology and Biotechnology. 
Eds. A. L. Demain and N. A. Solomon. American Society for 
Microbiology, Washington. 1986). The traditional process is 
tedious and time consuming, but is technically simple to 
perform. Its major draWback is that it is empirical; and 
during the 50 years that it has been practiced by industry, 
very little has been learned concerning the genetics of strain 
improvement. 
More recently molecular genetic technology has been 

developed that alloWs for the introduction of “targeted” 
genetic alterations of industrially important strains. In 
particular, the erythromycin producing strain, Sac. 
erythraea, has a Well developed system for integrative 
transformation, targeted gene replacement and disruption 
(Weber, J. M. and R. Losick, 1988, Gene 68, 173—180; 
Weber, J. M., J. O. Leung, G. T. Maine, R H. B. PotenZ, T. 
J. Paulus and J. P. DeWitt, 1990, J. Bacteriol. 172, 
2372—2383). This approach, though technically more dif? 
cult to perform, provides yield improvement results plus 
insight into the metabolic and genetic events that lead to 
strain improvement. 

Although molecular genetic technology has been used in 
Sac. erythraea for the development of novel macrolide 
structures (Cortes, J ., K. E. Wiesmann, G. A. Roberts, M. J. 
BroWn, J. Staunton, and P. F. Leadlay, 1995, Science 
268:1487—1489.; Donadio, S., J. B. McAlpine, P. A. 
Sheldon, M. A. Jackson, L. KatZ, 1993, PNAS USA 
90:7119—7123), it has not yet been applied to the area of 
erythromycin strain improvement. 

Current strain improvement technology consists of an 
empirical and labor intensive process of introducing ran 
domly produced mutations folloWed by large-scale brute 
force screening for better strains. Targeted gene disruption is 
a Way to rationally modify a strain of Saccharopolyspora to 
overproduce erythromycin. Currently there are no other 
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2 
genes described Whose inactivation Will lead speci?cally and 
reproducibly to an improved erythromycin-producing strain. 
Erythromycin is a bulk pharmaceutical produced in the 
thousands of metric tons per year and the market for this 
bulk compound is approximately 600 million dollars per 
year. Any improvement in the production process that Would 
lead to substantial increases in production Would have 
signi?cant economic implications. 

BRIEF SUMMARY OF THE INVENTION 

The method of the invention, herein described, includes 
the genetic modi?cation of an erythromycin-producing 
microorganism through the targeted disruption of the melA 
gene With plasmid pFL1046 so that the microorganism is 
transformed into a more ef?cient and more robust producer 
of erythromycin under conditions Where oxygen is a limiting 
nutrient. Plasmid pFL1046 is a derivative of plasmid pFL14 
Which Was isolated from a library of Sac. erythraea DNA 
fragments found during a visual blue-pigment screening 
procedure in S. lividans. The DNA sequence of a subclone 
of pFL14, pFL1040, is shoWn in FIG. 1 (SEQ ID NO:1) 
shoWing the coding sequence of the melA gene (SEQ ID 
NO:2) from Sac. erythraea. The alignment of the deduced 
amino acid sequence of the melA gene (SEQ ID NO:3) from 
Sac. erythraea is compared to the sequence of melA genes 
from other organisms (FIG. 3 SEQ ID NOS:6—11). A very 
high degree of homology is seen to these other melA genes 
Which further supports the fact that this gene is in fact 
involved in pigment biosynthesis in Sac. erythraea. 

According to one aspect of the method of the invention, 
transformation of an erythromycin-producing microorgan 
ism into a more robust producer is accomplished by 
integrating, via homologous recombination, a plasmid con 
structed from a parent vector, pFL8 and a DNA fragment 
from the Sac. erythraea chromosome Which is internal to the 
coding sequence of the 4-hydroxyphenylpyrivic acid dioxy 
genase (melA) gene. Integrative transformation of this plas 
mid into the Sac. erythraea chromosome disrupts the normal 
function of the melA gene Which consequently blocks the 
production of pyomelanin pigment and sloWs the groWth of 
the organism. This integrative plasmid is constructed to be 
capable of being stably maintained in the microorganism 
(i.e., of being passed faithfully in its active form from one 
generation to the next). 
A microorganism embodying the present invention is a 

novel strain of Sac. erythraea With loWer oxygen require 
ments for the production of erythromycin in an aqueous 
medium containing assimilable sources of nitrogen and 
carbon. The blockage of metabolic How of oxygen into 
pigment biosynthesis and tyrosine metabolism reduces the 
strains requirement for oxygen, and indirectly sloWs the 
groWth of the strain, but does not negatively affect erythro 
mycin biosynthesis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the nucleotide sequence and deduced amino 
acid sequence of the melA gene from Sac. erythraea and tWo 
incomplete open reading frames ?anking melA on clone 
PFL1040. The nucleotide sequence betWeen the convergent 
dashed arroWs indicates the region that Was ampli?ed by 
PCR and cloned to make integrative plasmid pFL1046 
Which Was used for the targeted disruption of the melA gene 
in the chromosome of Sac. erythraea. The putative ribosome 
binding site (GGGAGG) for the melA gene is also shoWn 
(underlined) and is located 6 bp upstream of the putative 
GTG start codon. Also shoWn are tWo ApaI sites internal to 






























