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Streptomycetes Improvement by the Interspecific Protoplast Fusion
Induced by Polyethylene Glycol

" Tokumitsu OKAMURA, Shinji NAGATA, Haruo MisoNo and Susumu NAGASAKI
Laboratory of Applied Microbiology, Faculty of Agriculture

Abstract : The polyethylene glycol induced interspecific fusion between protoplasts of
Streptomyces antibioticus broducing multhiomycin and S. fradiae producing neomycin gener-
ated a fusant which has an ability to synthesize multhiomycin and a new antibiotic. After
the polyethylene glycol-induced fusion treatment, we obtained fusants which resist to multh-
iomycin and neomycin. The regeneration of protoplast or self-fused protoplast, however, did
not generate a clone resist to both antibiotics. One of the fusants, F! strain, has a high anti-
biotic productivity and produces at least 6 antibiotics in which multhiomycin and new anti-
biotic are included but not neomycin. This strain is very similar in physiological properties
to parent strains. The new antibiotic which has not been produced by the paren-t strains
has a comparatively high antibiotic activity against some range of gram-positive bacteria.
Thus, the interspecific fusion treatment on the streptomycetes protoplast was shown to be a
useful tool for the breeding of a novel antibiotic producer ‘
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Table 1. Appearance of MM" NM" clones after .protoplast fusion treatment

Addition . ‘ o ' S. antibioticus
i S. antibioticus S. fmdiae +
to . , | < e S fradiae
medium Colony No. Frequency = Colony No. Frequency Golony No.. Frequency
None 1.1X10° 1.0 3.1X10% 1.0 36 1.7X107°
‘MM 1.1x10% 1.0 0 0 . 5.5x10°  2.6X107
NM 0 0 3.axi0° 1.0 1.6x10°  7.4x107
MM +NM 0 0 o0 0 2 9.3%1071
MM, Multhiomycin ; NM, Neomycin (in 10 ml protloplast mixture )
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Table 2 Antimicrobial spectra of parent strains and fusants

. Organisms . - S. antibioticus S. fradtae - = Fusant.s“' ~ :

, s 1 2 3 4 5 6
B.subtitis -+ + T+ o+ o+ o+
Ecoli , .- + [

S lactis . - + - +. - + o+ +
M. javariicus ) ' '--7 + = + - + + .+
S. antibioticus ) - “ ; + _ + ‘_ . + -
S. fradiae o+ - + o+ o+ A+t

+. Inhibition zone was formed ; —, Inhibition zone was not formed
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Fig. 1. Bioautograms of the products from parent strains and fused strains.
A, S. antibioticus ; B, S. fradiae ; 1—6, Fused strain.
Antibiotic activities were determined against B: subtilis (A), S. lactis (B), E. coli (C),

and M. javanicus (D).
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Table 3. Physiological properties of parent strains and Fl strain

Characteristics S. antibioticus  S. fradiae FI strain
Chromogenicity: deep brown pigment on organic media + + +
Starch hydrolysis + + +
Cellulose decorﬁposition - - -
Nitrate reduction + + +
Proteolytic activities: gelatin liquefaction + + +
milk peptonization + + +
Carbon utilization: glucose, arabinose, xylose + + + + + +
galactose, _sucrose; mannose + + - + +
mannitol, rhamnose, cellulose - - -
Alanine dehydrogenase +(A) +(F) +(A)
Valine dehydrogenase +(A) +(F) +(F)
Alcohol dehydrogenase +(A) +(F) +(A)
+(UN)

(A), S. antibioticus form ; (F), S. fradiae form ; ( UN ), unknown form

Fig. 2. Electron micrographs of spores of parent strains and fusant.

Photographs were taken with an Hitachi electron microscope HS-7 S ( X 2000).
A, S. antibioticus ; B, S. fradiae ; C, Fl strain.
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Fig.3 Time course of growth and antlbnotxc product:on , . .

‘ -Parent strains and Fl strain were respectlvely incubated at 30°C in YM rmedmm
with shaking. The antibiotic activities of filtrates” of the cultured broth were ex-
amined against B. subtilis, using the cup assay method —A— S. antzbwtwus
—A= S fradiae ; —@—, Fl strain. L 5 ’*» i
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Table 4. Antibiotic productivity in various media

Media Inhibition zone (mm) Time ( day ) Final pH

Lactose ( MM ) 16 K 5 7.2
Glucose 15 7 6.5
‘Galactose 13 8 6.5
Maltose . 19 5 7.1
Sucrose 9 8 7.2
Starch : 14 6 7.0
MM + 0.4% glucose - 13 5 7.2
Galactose + 0.4% glucose n 8 7.3
Maltose + 0.4 %glucose 10 8 7.3
Starch + 0.4% glucose - 14 7 7.1
MM pH 6.0 15 7 6.8

pH7.0 12 3 6.9

pH 8.0 10 3 7.2

pH 9.0 13 5 6.8

-4.0% Carbon source, 4.0% soybean flour, 0.9% KH,PO, 0.4% NazS0,, 0.4% malt extract ( pH 5.2)
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Fig. 4. Bioautogram of fhe filtrated culture of Fl strain.
FI strain was incubated at 30°C in MM medium with .shaking. The filtrates of the

cultured broth were chromatographed with an ethyl acetate-isopropyl alcohol-water
(65 : 24 : 11) solvent system. Antibiotic activity was examined against B. subtilis.
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Fig. 5. Bioautograms of the antibiotic produced b}; the fusant.
1. The filtrated cultures were chromatographed with an ethyl acetate-isopropyl
alcohol-water (65 24 2 11) solvent system. a: S. antibioticus, b: Fl strain, ¢: S. fra-
diae. ]
. 2. The isolated antibiotics were chromatographed thh an ethyl acetate hexane-
methanol (6 5 : 2) solvent system. F1-1~6, antlblotlcs from FI strain : MM, multh-
iomycin ; NM, neomycin. Antibiotic activity was determined against B. subtilis.
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Fig. 6. IR spectrum of purified Fl- 3 and multhiomycin. -
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Table 5. Antibacterial activity of Fl—4

4 Organisms , MIC( g /mé)
Staphylococcus aureus FDA 209P o v<0.2‘
 Staphylococcus epidermidis IFO 3762_ . <0.2
Micrococcus luteus IFO 12708 <0.2
Bacillus subtilis NIH] PCI 219 <02
Bacillus cereus FDA 5 » ) . <0:2
. Escherichia coli NIHJ JC-2 l >100
Saémonel_la typhimurium IF041,2529 . >100
Citrobacter freundii IFO 12681l . >100
. Klebsiella pneuminiae IFO 3317 . ' v>1004
Enterobacter cloacae IFO 12937 - _ >100
Serratia marcescens IFO 12648 o >100
Proteus mirabilis ATCC 21100 >100
. Proteus vulgaris IFO 3988 >100
Pseudomonas aeruginosa IFO 12689 >100
Alcaligenes faecalis IFO 13111 >100

Acinetobacter calcoaceticus IFO 13006 >100
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