
335VOL. XXXV NO. 3 THE JOURNAL OF ANTIBIOTICS

PLASMID DNA IN THE ERYTHROMYCIN 

   PRODUCING MICROORGANISM, 

STREPTOMYCES ERYTHREUS NRRL 2338

WANG YI-GUANG,* JULIAN E. DAVIES,** 

  and C. RICHARD HUTCHINSON***

Department of Biochemistry, University of Wisconsin, 

          Madison, WI 53706, U.S.A.

(Received for publication October 19, 1981)

   Streptomyces erythreus NRRL 2338, the erythromycin producing microorganism, contains 
extrachromosomal (plasmid) DNA. Four different plasmids, pSEl, pSE2, pSE4 and pSE6 

present in the wild-type strain have characteristic mobilities on agarose gel electrophoresis, 
molecular weights and restriction endonuclease digestion patterns. Treatment of the wild-
type strain with ethidium bromide or acridine orange gave two variants, one that could not 
convert erythronolide B to 3 (a)-mycarosylerythronolide B and another that produced 2 - 3 
times more erythromycin A than the parental strain. Although the plasmid DNA profile of 
these two variants is different from the wild-type strain, it is not possible to conclude that any of 
the structural genes for erythromycin biosynthesis are located on the plasmids of S. erythreus 
NRRL 2338.

   There is much interest concerning the possible involvement of plasmid DNA in the production of 

antibiotics by streptomycetes. Observations that high frequency loss of antibiotic production can occur 

upon treatment with chemical "curing" agents,1-6) and that plasmid DNA is present in several species of 

these bacteria6-9) circumstantially supports the possibility that genetic control of antibiotic formation 

may be located on plasmid DNA in some cases. Convincing demonstrations of this presumption are 

limited; for example, in Streptomyces coelicolor, where genetic10) and physical analysis (J. WESTPHELING 

and D. A. HOPWOOD, unpublished results) has shown that the structural genes for methylenomycin pro-

duction are born by the SCPl plasmid. 

   We are investigating the molecular genetics of erythromycin A formation in Streptomyces erythreus 

N RRL 2338 to determine the location of the genes that encode the information for its biosynthesis. This 

14-membered macrolide antibiotic is made11) in three principal stages: formation of the lactone ring 

and two sugars, their assembly to erythromycin D, and its processing by C-oxidation and O-methylation 

to give erythromycin A. Because most of the steps of the biosynthetic pathway to erythromycin A are 

known, we can focus on single phenotypic events for the genetic analysis of S. erythreus. Thus we 

chose to study the plasmids of S. erythreus NRRL 2338 to determine if they carry structural genes that 

encode information for any of the enzymes governing the formation of erythromycin A. 

   We now describe methods for the isolation of several plasmids from a wild-type strain of S. erythreus 

NRRL 2338 and their partial physical characterization. This is the first report of plasmid DNA in a 

bacterial strain that produces 14-membered macrolide antibiotics. Our findings contrast those of 

OMURA et al.12) who reported recently that two other wild-type strains of S. erythreus did not harbor plas-
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mid DNA. We also note some preliminary observations about the relationship between the plasmid 

profile and antibiotic production phenotype of S. erythreus NRRL 2338.

Materials and Methods

   Strain and Culture Conditions 
   Streptomyces erythreus NRRL 2338 was obtained from the culture collection of the Northern 
Regional Research Laboratory, Agricultural Research Service, Peoria, Illinois, USA. Cultures were 
maintained on a modified Okanishi R2 slant meclium24) consisting of sucrose (103 g), K2SO4 (0.25 g), 
Difco yeast extract (4 g), Difco peptone (4 g), Difco Bacto agar (22 g), and water (800 ml). After auto-
claving, the stated volumes of the following sterile solutions were added to make up the complete medium 
50 % glucose (20 ml), TES buffer (Sigma Chemical Co., 0.25 M, pH 7.2, 100 ml), KH2PO4 (0.5%, 5 ml), 
NaOH (1 M, 2.5 ml), CaCl2 (1 M, 50 ml), MgCl2 (1 M, 50 ml) and trace elements (ZnCl2, 40 mg; FeCl3 
6H2O, 200 mg; CuCl2.2H2O, 10 mg; MnCl2•4H2O, 10 mg; Na2B4O7• 10 H2O, 10 mg; (NH4)6Mo7O24 
4H2O, 10 mg per 1000 ml H2O; 2 ml). Spore suspensions were prepared by washing slants with 20 % 

glycerol containing 0.1 % Triton X-100, filtering through non-absorbant cotton, centrifuging and washing 
the pelleted spores twice with 20% glycerol. These spore suspensions were stored at -80'C in 20 % 

glycerol. Cultures were grown in YEME-sucrose medium14), or in TSB medium (Difco tryptic soy 
broth) at 30°C for plasmid isolation. 

   Chemicals and Reagents 
   Sodiu» dodecyl sulfate (SDS), Tris, PEG 6000, diethyl pyrocarbonate (DEP), EDTA, ethidium 

bromide, and lysozyme (egg white, grade 1) were purchased from Sigma Chemical Co., St. Louis, MO. 
Technical grade CsCl was purchased from Kawecki Berylco Industries, Inc., Glenn Ellyn, IL, USA. 
The solution of phenol - chloroform (1: 1, v/v) and the lysing solution containing 3 % SDS and 50 mM 
tris (pH 12.6) were prepared according to KADO and LUI.13) TE buffer consisted of 0.01 M tris, 0.001 M 
EDTA, pH 8.0. TES buffer contained 0.03 M tris • HCl, 0.005 M EDTA and 0.05 M NaCl, pH 8.0. DNA 
buffer contained 0.01 M tris• HCl, 10-4 M EDTA and 0.01 M NaCl, pH 7.9. 

    Gel Electrophoresis 
    Agarose gel electrophoresis was performed in 0.7 to 0.8 agarose gels (Miles Laboratories, Elkhart, 

USA) using the horizontal apparatus described by MCDONELL et al.23) Gels were made and run in a 
40 mM tris, 20 mm NaOAc, 1 mM Na4EDTA buffer whose pH was adjusted to 8.0 with glacial acetic acid 

(E buffer). Electrophoresis was carried out at 1 - 5 V/cm for 5 - 18 hours at ambient temperature using 
bromphenolblue (0.1 %) in 50 glycerol as a tracking dye. The gel (4 mm thick) was then stained with 
ethidium bromide (I tig/ml) for 30 minutes at ambient temperature. Photographs were taken of gels 
that were positioned over a shortwave UV light source (Ultraviolet Products, Inc., San Gabriel, CA, 
USA), using Polaroid type 55 film exposed through a Tiffen 15 orange filter. 

    Vertical gel electrophoresis was done in 6 nun I.D. glass tubes containing 0.75 %,, low gelling tempera-
ture agarose (Miles Laboratories) in E buffer. Electrophoresis was carried out at 1.5 mA/tube for 16 
IS hours at ambient temperature. Staining and photography were done as described above. 

    Plasmid DNA Detection Procedure 
    YEME or TSB medium (5 ml) in 20 ml test tubes was inoculated with a dense suspension (0.1 ml) 
of snores. The cultures were incubated at 30"C, 350 rpm, in an NBS G24 shaker (New Brunswick Scien-
tific Co., Edison, NJ, U.S.A.) for 3 to 4 days until reaching the stationary phase of growth. The mycelia 
were recoN eyed by centrifugation in a 15 ml conical tube (Corning No. 25310) at 4,000 rpm for 15 minutes 
at 4 C and then washed once by centrifugation with TE buffer containing 15 % sucrose. After decanting 
the supernatant, the mycelial pellet was suspended in TE buffer containing 15 % sucrose (100 ul), mixed 
with 50 ul of a freshly prepared solution of lysozyme (50 mg/ml) in TE buffer, and incubated at 30 C 
until the cells became flocculant but not lysed. A 200 ul aliquot of this mixture was transferred to a 
1.5 ml Eppendorf tube and mixed with 400 ul of the lysing solution by gentle inversion of the tube. If 
the cells did not lyse within 5 minutes at ambient temperature to give an almost clear, viscous mixture, 
the lysate was incubated at 65- 70`C for 5-30 minutes with periodic inversion of the tube until com-
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plete lysis was obtained. The cleared lysate then was treated as described by KADo and LIU13) (extrac-
tion with phenol - chloroform solution, centrifugation in an Eppendorf model 5412 microfuge, and gel 
electrophoresis of samples from the aqueous layer) for the detection of plasmid DNA. 

   Plasmid DNA Isolation Procedure 

   The procedure of BIBB et al.14) was used for the isolation of plasmid DNA on a large scale and its 
purification by CsCl gradient centrifugation in the presence of ethidium bromide. Their procedure 
was modified as follows for use with S. erythreus. TE buffer containing 15 % sucrose was used to wash 
the mycelia and to suspend them for incubation with lysozyme; 10% SDS in TE at a final concentration 
of 1.1 % was used to lyse the cells by gentle inversion of the mixture at ambient temperature until the 
lysate had almost completely cleared before adding the 5 M solution of NaCl; the precipitation with PEG 
6000 was done for periods between 4 and 16 hours at 4°C; the final concentration of CsCl was 10.35 g 

per 10 ml of the DNA-PEG solution in TES; the concentration of ethidium bromide was 800 µg/ml; 
gradients were centrifuged in a Beckman Ti 50 rotor at 38,000 rpm for 48 hours in a Beckman L3-50 
ultracentrifuge and the plasmid band collected under UV irradiation; ethidium bromide was removed by 
extraction with iso-propanol saturated with CsCl (50 % w/v) in TE buffer; plasmid DNA was precipitated 
by addition of two volumes of water and adding six volumes of ice-cold ethanol. After standing over-
night at -20°C, the precipitated DNA was recovered by centrifugation at 10,000 rpm at -10°C for 30 
minutes. The supernatant was removed and the DNA precipitate was dissolved in DNA buffer and 
stored at 4°C. DEP (to 0.1 % v/v) was added to the solutions for long term storage. 

   Electron Microscopy 
   DNA samples were prepared for electron microscopy by the formamide method of DAVIS et al.15) 
and viewed with a Hitachi HS-9 electron microscope. 

   Restriction Endonuclease Digests 
   The endonucleases were obtained from Biotec, Inc., Madison, WI or from Bethesda Research 
Laboratories, Inc., Rockville, MD. All enzyme assays were done in 50 ul of the buffer specified com-
mercially at 37°C for 16 hours using excess enzyme, the enzyme reaction stopped by brief heating to 70 C, 
and the reaction mixture analyzed by horizontal gel electrophoresis. Plasmid DNA used for the endo-
nuclease digests was isolated from the band in horizontal agarose gels by electroelution, or from the 
vertical agarose tube gels by excision of the band followed by its mixture directly with the enzyme digest 
buffer.

Results and Discussion

   The presence of plasmid DNA in the wild-type strain of S. erythreus NRRL 2338 was established by 

two methods. The rapid procedure of KADO and LIU13) for the detection of plasmid DNA was modified 

for use with S. erythreus NRRL 2338 by brief treatment of the mycelial mass with lysozyme before lysing 

it with the alkaline solution of SDS. The period of lysozyme treatment usually was 10 - 15 minutes, 

although some strains required a longer time for the cell walls to swell and weaken. The endpoint was 

judged by the change in the appearance of the mycelial cells; a flocculant and free-flowing cell suspen-
sion was optimum. The age of the cultures affected the susceptibility of the cells to lysozyme as well as 

the yield of plasmid DNA. Older cultures that had just entered the stationary growth phase gave the 

best results. Growth medium was not critical since either YEME-sucrose or TSB media proved effec-

tive. By this procedure we could detect at least five different bands of cccDNA upon electrophoresis in 

horizontal 0.7 % agarose gels (Fig. 1-A). 

   We confirmed the presence of plasmid DNA in S. erythreus NRRL 2338 by large scale isolation 

using the PEG precipitation method of HUMPHREYS et al.16) as adapted by BIBB et al.14) The resulting 

crude plasmid DNA was purified by two cycles of CsCl-ethidium bromide gradient centrifugation, which 

yielded 10-20 ug of cccDNA per 500 ml of YEME-sucrose grown mycelial cells. Electrophoresis of a
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sample of this material in 0.75% low gelling 

temperature agarose vertical tube gels in E 

buffer revealed several distinct bands of DNA 

(Fig. I-E). 

   We studied the five fastest-running bands of 

DNA in the electrophoregrams by two methods to 

establish that they are plasmid DNA and to deter-

mine their size. Two-dimensional agarose gel elec-

trophoresis can distinguish among the linear, open-circle and supercoiled forms of DNA .17) If the agarose 

concentration and voltage gradient are slightly greater in the second dimension, the linear form will 

migrate fas:er than the circular forms and thus its resultant vector will be almost on the diagonal of the 

second dimension gel. The supercoiled form will migrate slower in the second dimension and will be 

preceded slightly by the open-circular form that was formed from it upon nicking by exposure to ultravi-

olet light during photography of the ethidium bromide stained gel. Open-circular forms present in the 

first dimension gel track are not affected by the ultraviolet light and their resultant vector will also be 

near the diagonal of the second dimension gel. Two-dimensional gel electrophoresis of the total plasmid 

DNA from S. erythreus NRRL 2338 (Fig. 2) shows that the five fastest migrating bands are cccDNA, 

whereas the sixth and seventh bands from the bottom contain a large amount of open-circle DNA. 

Therefore, the five lowest cccDNA bands were designated as pSE1, pSE2, pSE3, pSE4 and pSE5 in Fig. 

1 -E.

Fig. 1. Analysis of the plasmid DNA of wild-type 
 and variants of S. erythreus NRRL 2338 by agarose 

 gel electrophoresis. 
   A1 and A2: plasmid DNA of wild-type strain 

 obtained by the method of KADO and LIU13) (chr, 
 chromosomal DNA; 6, the large, ca. 94 Mdal 

 plasmid). B: the 52 Mdal plasmid from S. fradiae 
 ATCC 10745 (bar.) C: plasmid DNA from the 
 variant strain obtained by treatment with ethidium 
 bromide. The second-fastest running band (parallel 
 bars) from the bottom consists of two plasmids, of 

 which the upper one is not present in the parent 
 strain. D: plasmid DNA from the variant strain 
 obtained by treatment with acridine orange.* E: 

 plasmid DNA of the wild-type strain obtained by 
 the method of BIBB et al.14) and separated by 
 electrophoresis in a vertical tube in low gelling tem-

 perature agarose. The numbers identify the pSE 
 1-5 plasmids (see text). 

   * All of the plasmids found in the parent strain 

 are absent in this non-sporulating variant, except 
 for pSEl.

Fig. 2. Two-dimensional horizontal agarose gel 
 electrophoresis of the total plasmid DNA from S. 
 erythreus NRRL 2338. 
   Plasmid DNA was first electrophoresed in 0.7% 
 agarose at 2 volts/cm (A), stained with ethidium 
 bromide for 2 hours, exposed to 300 nm UV light for 
  30 minutes, and then re-run in 0.8 % agarose at 
 3.5 volts/cm (B). The -- symbol indicates ocDNA; 
 the A indicates cccDNA; and the --> indicates chro-

  mosomal or linear DNA.
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   Electron microscopic analysis of samples of the pSE1, pSE2 and pSE4 plasmids confirmed that they 

are plasmid DNA (Fig. 3). The molecular weights of these plasmids, as determined from their contour 

lengths using the 2.1 Mdal pVH51 plasmid as a standard, are listed in Table 1. 

   We also have obtained evidence for the presence of a large plasmid in S. erythreus NRRL 2338, 

appearing as a faint band just below the origin on 0.7 % agarose gels (Fig. 1-A). The 52 Mdal plasmid 

of S. fradiae ATCC 10745,6) for comparison (Fig. 1-B), ran ahead of the large S. erythreus plasmid, which 

suggests that the size of the latter is between 70 and 100 megadaltons. Contour length measurement of 

the large plasmid, taken from an electron microphotograph of the total DNA of S. erythreus NRRL 

2338 (Fig. 3-D), was consistent with a molecular weight of ca. 94 Mdal. 

   We determined the digestion pattern of four of the S. erythreus NRRL 2338 plasmids with three 

endonucleases. The results (Fig. 4) show that EcoR1 cut pSE1 twice, pSE2 and pSE4 once, and pSE6 

nine times; HindIII cut pSE1 once, pSE2 and pSE4 twice; BamHl cut pSE1 twice, pSE2 three times and 

pSE4 eight times. pSE5 was proven to be a dimer of pSE1 by the endonuclease digestion data and other 
results; similarly, pSE3 may be related to pSE2 (data not shown). These and other data from restric-

tion endonuclease mapping of the plasmids, which is in progress, reveal that pSE1 and pSE2 have similar 

BamH1 and HindIII restriction fragments. pSE2 thus is related to pSE1 by the addition of a 4.6 Mdal 

DNA fragment and one more recognition site for each of the two enzymes. 

   Treatment of the wild-type strain of S. erythreus NRRL 2338 with sublethal levels of ethidium bro-

mide in liquid culture resulted in a variant blocked in the biosynthetic pathway at the step where my-

Fig. 3. Electron microphotographs of single plasmid DNA from S. erythreus NRRL 2338. 
   Three plasmids, A (pSE1), B (pSE2) and C (pSE4) are in their open-circle forms. The large 
plasmid, D, is in a relaxed form whose outermost contour is indicated by the arrows.



340 THE JOURNAL OF ANTIBIOTICS MAR. 1982

carose is attached to C-3 of erythronolide B11) 

The plasmid DNA profile of this variant strain is 

shown in Fig. 1-C. Similar treatment of the 

wild-type strain with acridine orange gave a vari-

ant that produces 2 - 3 fold more erythromycin 

A than the parental strain. Its plasmid profile 

is shown in Fig. 1-D. 

   The observation of the presence of plasmid 

DNA in S. erythreus NRRL 2338 is consistent 

with the reports Of OMURA et al,9,12) OKANISHI 

et al.18) and HAYAKAWA et al.19), for example,

concerning the presence of plasmid DNA in other antibiotic-producing species of streptomycetes. The 

occurrence of multiple plasmids in such bacteria is not common, since there are only two other reports 

of the presence of several plasmids in one species of streptomycetes.20,25) One of these cases, the 

SLPL1-SLP1.6 plasmids of variants of S. lividans20) has been shown to originate from S. coelicolor by 

excision of chromosomal DNA sequences and is detectable after the plasmids transfer to S. lividans.21) 

   Plasmid structural changes related to phenotypic changes in macrolide producing streptomycetes 

has been reported by SCHREMPF and GOEBEL with the leucomycin producing strain of S. reticuli.22) We 

have encountered a similar phenomenon with S. erythreus NRRL 2338. The marked variations in 

plasmid content (Fig. 1-C and 1-D) with changes in the antibiotic production phenotype must be judged 

as merely circumstantial at our present level of understanding of this system. Nonetheless, even though 

they must riot be construed to suggest that any of the structural genes for erythromycin biosynthesis are 

located on the pSE1 - pSE6 plasmids, they do suggest that continued study of the question of the involve-

ment of plasmid DNA in the biosynthesis of this macrolide is a worthwhile goal.

Table 1. Molecular weights of the plasmids from S. 

 erythreus NRRL 2338.

Plasmid 

pSE1 

pSE2 

pSE4 

pSE6

Molecular 
weight 
  x 10-6 

      7.4 

      8.2 

    11.7 

 ca. 94

Kb 

11.04 

12.34 

17.46 

140.3

Fig. 4. Agarose gel electrophoretic analysis of the 
 fragments produced by restriction endonuclease 
 treatment of single plasmids obtained from S. 
 erythreus NRRL 2338. EcoR1 ; A, pSE6; B, pSE1 : 
 C, pSE2; D, pSE4. HindIII: E, pSE1 ; F (band 
 at + is a partial digest fragment), pSE2; G, pSE4 

 (bars to the right indicate band positions). BamH1: 
 H, pSE1 (bars to the left indicate band positions); 
 I, pSE2; h lac 5 DNA standard; J, pSE4 (bars to 
 the right indicate band positions).

Addendum

   Professor S. OMURA and his co-workers have confirmed the presence of multiple plasmids in the 
NRRL 2338 strain of S. erythreus (S. OMURA, unpublished results). Yet we and theyl2) have not found 

plasmid DNA in several other erythromycin-producing strains of S. erythreus.
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