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POSSIBLE CONTROL OF
FORMATION OF AERIAL

MYCELIUM AND ANTIBIOTIC
PRODUCTION IN STREPTOMYCES

BY EPISOMIC FACTORS

Sir:
In general, aetinimycetes reduce the for-

mation of aerial mycelium and productivity
of antibiotics after repeated sequential cul-
tures. According to Okami (personal com-
munication), productivity of kasugamycin
of Streptomyces kasugaensisl) markedly
decreases after cultivation on an agar slant
at higher than 30°C. These phenomena
could be explained, if episomic factors or
plasmids played a role in determining these
properties. Gregory and his collaborators
reported that tyrosinase inheritance in S.
scabies is controlled by a plasmid which
replicates faster than the other genomes.
They reached this conclusion from an
analysis of the progeny of heterocaryons

obtained from genetically marked strains2),

and from the fact that acriflavin caused
the loss or alteration of the genetic material

for tyrosinase production^. On the other
hand, Yokota et at. found that R-factors

controlling kanamycin resistance in Escheri-

chia coli and Salmonella typhi-
murium were eliminated from

their host cells by incubation
at 43°O>.

In this paper sudies are re-
ported on the effect of acri-
flavin and high temperature
which cause an increased inci-
dence of progenies in Strepto-
myces lacking the ability to

form aerial mycelium and to
produce kasugamycin and
aureothricin.

In order to eliminate plas-
mids from the mycelium, each

culture was grown in an
appropriate liquid medium (cf.

footnotes of Table 2) in L-
tubes at the highest tempera-
ture permitting growth or
incubated at 27°C in the pre-
sence of acriflavin. After 4

Table 1.

days of the incubation each culture was
treated for 1 minute by a 10-KC sonic
oscillator to cut the mycelia and this was
inoculated onto selective media (Table 1) to
observe the production of melanin and for-
mation of aerial mycelium. The mycelium
was also inoculated onto Pridham's medium5)
containing glucose as the sole carbon source
to observe the properties of each colony.

In order to test antibiotic production, each
colony was transferred onto the antibiotic-
producing agar medium (Table 1) and in-
cubated for 4 days at 27°C. The antibiotic
productivity of each colony grown on this,
medium was assayed by transferring a
cylinder of agar bearing the colony (diameter
5 mm) on an antibiotic assay plate. Bacillus
sphaericus NIH-B 143 and Bacillus cereus
NIH-B310 were used as test organisms for
kasugamycin and aureothricin, respectively.
The spectrum of sugar utilization was tested
by the velveteen replica-plating techniques-
transferring the colonies on Pridham's media
containing various sugars. The characteris-
tics of strains which had lost the abilities.
of aerial mycelium formation and production
of antibiotics were also studied using the
agar slants of the same composition as the
selective media.

The highest temperatures permitting
Composition of selective media and antibiotic-
producing media

M ed iu m P u rpose u sed C om position (g/liter)

M

M ela nin form ation g lucose 2 .0 , y east ex tract 10 .0,

in S. scabies an d L -tyrosin e 1.0, N aC 1 3.0 ,

5. venezuelae ag ar 15

G A A

A erial m y celiu m glucose 10 , sod ium asparag ina te

form ation in 1.0, asparag in e 0.5 , M g S O r 7 H 2O

5. sca bies 0.5 , C aC O o 0.5, K 2H P O 4 1.0, ag ar 15

Y G A A

A erial m y celiu m

form ation in

S . ven ezu elae

glucose 10, sodiu m a sp arag in ate

1.0, asparag in e 0.5, M g S O 4-7 H 2O

0.5, C aC O 3 0 .5, K 2H P O 4 0 .5,

yeast ex tract 1.0 , ag ar 15

B e n ne tt

A erial m y celiu m g lu cose 10 , P olyp epton e 2 .0 ,

form ation in m eat ex tract 1.0 , y east ex tra ct

S . kasu g aensis 1.0, ag ar 15

K S M

K asu ga m y cin

prod uction in
S . kasug aen sis

P rorich 10, m altose 15, aga r 15

A T M

A u reoth ricin

produ ction in
5 . kasug aensis

g lycero1 10 , m eat ex tract 5,

P oly pepton e 5, N aC 1 5, a gar 15
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Table 2. Effect of preincubation at high temperature on abilities of streptomycetes
to form melanin, develop aerial mycelium and produce antibiotics

T e m p , o f

p r ein c u b a tio n
c o

M e la n in fo r m a tio n A e r ia l m y c eliu m fo r m a tio n A n tib io tic

p r o d u c tio n

No.  ofc olo nies tes ted F D d > No. o fcolon iestest ed FDd)  No. o fcolonie stested F D <*>

S . s ca b ies a >
2 7

3 5 . 5

1 4 31 2 8 0 5.9 1 5 1458  6. 0 7. 2 N ot pr o du ced

S . v en e z u e la e ̂
2 7

4 2

1 1 57 8 01 2 .8 3 1 62 45  07 . 3 No t pr od u ced

S . "k a s u g a e n s is c)

2 7

3 5

3 8 3         K S e) : 1 3 5  0

A T f> : 9 6
N o t p r o d u c e d

393     8 . 9  K S :  9 7  6. 2

A T :   1 1 2  5. 4

a) 5. scabies was incubated using medium Z containing glucose 15 g, Polypeptone 8 g, yeast extract 4 g, NaCl
3 g, and distilled water 1 liter,

b) S. venezuelae was incubated using medium YGA containing glucose 10 g, sodium asparaginate 1.0 g, aspara-
gine 1.5g, MgSO4-7H2O 0.5g, CaCO3 0.5g, K2HPO4 0.5g, yeast extract 1 g and distilled water 1 liter.
5. kasugaensis was incubated using medium B containing glucose 10 g, Polypeptone 4 g, yeast extract 2 g,
meat extract 1 g and distilled water 1 liter.
Frequency of progeny colonies deficient in the property cited
Kasugamycin
Aureothricin

c)

e)
f)

Table 3. Effect of preincubation in the presence of acriflavin on abilities of streptomycetes
to form melanin, develop aerial mycelium and produce antibiotics

Acrifl a v in
M ela n in f o rm a t io n

A e ria l m y c e liu m I A n tib io tic fo r m a tio n   p ro d u c t io n

co n c e n tra tio n

( > g / m l )

N o . o f

c o lo n ie s
t es te d

F D
( % )

N o. o f

co lo n ie s
t es te d

FD N,0'?fco lonies(%) tested
F D
( * )

S . s ca bies
0

5

3 12 24 3  0 1 0.7
N o t d e te rm in e d N o t p r o d u c ed

S . v e n ez u ela e
0

5

4 7 7

2 7 3

0

9 . 1

3 8 3 44 5 0 7. 0  N ot d et er m ined

S . k a su g a en s is

0

2 0
N o t p r o d u c e d

1 2 8

3 4 2

0 K S : 7 7

A T : 4 8 9 0

K S : 1 0 8  4. 6

A T : 2 5 5 2 . 4 g )

Abbreviations are the same as in Table 2.
g) Experiments on the elimination of aureothricin used acridine orange instead of acrifiavin.

growth were 35.5°C for S. scabies At-382,
42.0°C for S. venezuelae At-40, and 35.0°C

for S. kasugaensis At-534. As a result of
preincubation at high temperature (Table
2), colonies arose which were deficient in
production of melanin, formation of aerial

mycelium or production of antibiotics. How-
ever, the spectrum of sugar utilization was

not changed in all strains. In the case of
S. scabies, the incidence of colonies lacking
an aerial mycelium was not significantly

increased by incubation at the high tempera-

ture.Inthis strain, 6.0% of the progeny

colonies failed to form an aerial mycelium
on incubation at 27°C after they had twice
been purified by sequential single-colony
isolations.

The minimum concentrations of acriflavin
allowing growth of the test cultures were
5 //g/ml with S. scabies and S. venezuelae

and 20 jug/ml with S. kasugaensis. In agree-
ment with Gregory's reports3), following
treatment with acriflavin, melanin non-

producing colonies appeared with frequencies
of 10.7% in S. scabies and 9.1% in S.
venezuelae. The ability to form an aerial
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mycelium in S. venezuelae was lost with a
frequency of 7.0% but acriflavin did not
affect this characteristics of 5. kasugaensis.
Inabilities to produce kasugamycin and

aureothricin appeared at 4.6% and 2.4 %,

respectively (Table 3). The spectra of sugar

utilization in progenies of all species tested
did not show any detectable change follow-
ing treatment with acriflavin.

No correlation was found among defi-
ciencies in the characteristics studied but
deficiencies in two kinds of characteristics
of S. kasugaensis, that is, production of
kasugamycin and aureothricin appeared

simultaneously in a very few progeny colo-

nies following treatment with either high
temperature or acriflavin.

From the results described above, it seems
probable that the production of melanin in
S> scabies and S. venezuelae, the formation

of aerial mycelium in S. venezuelae and S.
kasugaensis, and the production of kasuga-
mycin and aureothricin in S. kasugaensis

would be controlled by plasmids. The fact
that the formation of aerial mycelium in
S. kasugaensis was not eliminated by acri-
flavin treatment does not necessarily mean
that the ability to form aerial mycelium in
this strain is not controlled by a plasmid
since it is known that several kinds of
plasmids are not eliminated by acriflavin
treatment.6>7) The fact that preincubatioti
at a high temperature resulted in an in-
creased incidence of colonies deficient in
aerial mycelium sugguests that the formation
of aerial mycelium in S. kasugaensis might
also be controlled by a plasmid. However,
the possibilities that high temperature and
acriflavin may act to favor the growth of
strains lacking in abilities to form aerial
mycelium or to produce antibiotics, or to

cause mutation, have not yet been elimi-
nated.
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