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Morphological Characteristics: The morpholo. 

gical characteristics of the spore chains and 
hyphae of strain B-41-146 grown on various 
agar media at 28°C for 7 to 21 days were studied 
under a light microscope. The spores prepared 
with a critical point dryer (HCP-1, Hitachi Co.. 
Ltd.) were observed under a MSM-6 scanning 
electron microscope (Akashi Seisakusho Co.. 
Ltd.). Vegetative hyphae of the strain fully 
develop with branching. They do not fragment 
into coccoid or bacillary elements. Sporo-

phores arrange singly, in pairs, or occasionally 
in tufts along straight or flexous main aerial 
hyphae, terminating in coil (Spirals) of two or 
more volution (Plate 1), but with no evidence of 
true verticillate branching. Spores are covered 
with a capsule like membrane with a fairly ir-
regular or rugose, possibly warty surface (Plate 
2). Special organs, such as sporangia, zoo-

Plate 1. Photomicrograph of strain B-41-146 (on 
yeast extract-malt extract agar, 28°C, 14 days 
x 300).

In the course of screening for insecticidal sub-
stances, strain B-41-146 was found to produce 
antibiotics having an acaricidal activity. The 
strain was found to belong to genus Strepto-
myces and the antibiotics produced by the strain 
were new antibiotics a1, a2, a3, a4 a5, a6, a7, a8, a9,
a10, r1,~2, 3,and small amounts of milbemycins 
D, E, F, G and H as shown in previous report'). 

In order to obtain strains producing new mem-
bers of the milbemycin family or high-yield 
strains, various mutants were isolated from 
strain B-41-146. Some of these did not produce 
any milbemycins at all, but others produced 
milbemycins D, E, F, G and H mainly or new 
milbemycins J and K. The isolation, physi-
cochemical properties and structure of these 
antibiotics will be reported in subsequent papers. 

In this paper, the taxonomical characteristics 
and milbemycin productivity of strain B-41-146 
and its mutants are described, 

Taxonomic Studies of Strain B-41-146 
Strain B-41-146 was isolated from soil collected 

at Kuttian-cho in the Abuta District of Hokkaido, 
Japan. A water suspension of the soil was 

plated on an agar medium and the plate was 
incubated at 28°C for 14 days. The organism 
was inoculated into ISP medium 1 in a Sakaguchi 
flask and grown for 3 days at 28°C on a reciprocal 
shaker. The culture was centrifuged, washed 
twice with sterile water and then used as an 
inoculum for various studies. Washed cells 
were inoculated into International Streptomyces 
Project (ISP) media described by SHIRLING and 
GOTTLIEB2) and those recommended by 
WAKSMAN3).

Plate 2. Scanning electron micrograph of spores of 

strain B-41-146 (on yeast extract -tnaltextract agar, 

28'C, 14 days 5,000).
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Table 1. Cultural characteristics of strain B-41-146.

Medium

Yeast extract - malt extract 
 agar (ISP-2) 

Oatmeal agar (ISP-3) 

Inorganic salts - starch 
 agar (ISP-4) 

Glycerol - asparagine 
 agar (ISP-5) 

Tyrosine agar (ISP-7) 

Nutrient agar (Difco) 

Sucrose - nitrate agar 

Glucose - asparagine agar

Growth

Abundant, dark 
yellowish brown 

Abundant, colorless 
to dark olive gray 

Abundant, colorless 
to yellowish brown 

Good, colorless 
to yellow 

Good, dark 
yellowish brown 

Poor, colorless 
to pale yellow 

Good, colorless 

Good, colorless 
to pale yellowish

Aerial mycelium

Abundant, brownish gray 
with yellowish patches 
and with black moistened 
patches 

Abundant, brownish gray 
with yellowish patches 
and with black moistened 
patches 

Abundant, brownish gray 
with yellowish patches 
and with black moistened 

patches 

Thin, white to light 
brownish gray with 

yellowish patches 

Good, light brownish gray 
with yellowish patches 

Scant, white 

Thin, grayish white 

Good, grayish white

Soluble pigment

Yellow 

Yellow 

Light olive gray 

Pale yellowish 
brown 

Pale yellow 

None 

Pale yellow 

Pale yellowish 
brown

spores, ball-like bodies or sclerotia were not 

observed on the media employed. 
 Cultural Characteristics: Reading of the re-

sults of the growth on various agar media were 
made at 3 to 21 days. The mass colors of the 
mycelium were described in common termino-

logy, but exact color were determined by com-

paring the mycelial color with color-tips from 
the Japan Color Standard'). The cultural cha-
racteristics of the strain on various media are 

presented in Table 1. The aerial mycelium is 
abundant and varies from white to brownish 

gray in mass color. Within 3 to 5 days, it forms 
a golden yellow globose accumulation on liquid 

exudate in various media, and subsequent yellow-
ish patches on the aerial mycelium. Sometimes, 
moist black, liquefied (hygroscopic) areas are 
also found in the aerial mycelium of older cul-

tures. These are especially common in ISP 
medium 2, ISP medium 3 and ISP medium 4. 

The color of the vegetative mycelium is pale 

yellow to dark yellowish brown. Soluble pig-
ment is yellow to light olive gray. 
 Physiological Characteristics: The media used 

for each test were as follow; ISP media 1, 6 and 
7 for melanoid pigment formation, nitrate broth 

(Difco) for nitrate reduction, ISP medium 4 for 
starch hydrolysis, gelatin stab for gelatin liquefac-
tion, and dehydrated skim milk for coagulation 
and peptonization. The cultures on all of the

media tested were incubated at 28°C for 14 days 
except for those on milk (37°C, 10 days) and 

gelatin (25°C, 21 days) media. Physiological cha-
racteristics of the strain are shown in Table 2. 
As shown in the Table, nitrate reduction, starch 

hydrolysis, milk peptonization and coagulation 

and gelatin liquefaction tests are positive, whereas 
melanoid pigment is negative. Carbohydrate 
utilization was examined by using the Pridham-

Gottlieb basal medium (ISP medium 9). The 
results are shown in Table 3. The effect of 
temperature on growth was investigated by 

streaking the inoculum over the surface of ISP 
medium 2 with a temperature gradient incubator 

TN-3 (Toyo Kagaku Sangyo Co., Ltd.). Op-
timum temperature for growth on ISP medium 
2 appeared to be about 28°C from the following 

results.

Table 2. Physiological characteristics of strain B-41-

 146.

Test

Starch hydrolysis 

Melanoid pigment 

Gelatin liquefaction 

Milk coagulation 

Milk peptonization 

Nitrate reduction

Result

Positive 

Negative 

Positive 

Weakly positive 

Weakly positive 

Positive
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Table 3. Carbohydrate utilization pattern of strain 

 B-41-146.

Carbohydrate

D-Glucose 

L-Arabinose 

Sucrose 

D-Xylose 

Inositol 

D-Mannitol 

D-Fructose 

D-Rhamnose 

Raffinose

Response

++ 

+ 

++ 

+ 

+ 

++ 

++ 

++ 

4-

+ +: Strongly positive utilization. 

 + : Positive utilization.

Temperature (°C) 10 15 18 22 25 
 Growth* - + + + ++ 
Temperature (°C) 28 30 34 37 42 
 Growth* +++ ++ + + -
 * - no growth , + faint growth, + fair growth, 

 + + good growth, + + + excellent growth.

Sodium chloride tolerance was examined by 
streaking the inoculum onto the same medium 
as used for the temperature study, except con-
taining sodium chloride at 1.0, 2.0, 3.0, 5.0, 7.0, 
10.0 and 15.0% and incubating at 28°C for 14 
days. The growth was observed at 5.0% or 
below, but not above 7.0% of sodium chloride 
concentration. 
 Analyses of Cell Wall and Whole Cell: Cell 
wall and whole cell were analyzed by the pro-
cedure of BECKER et al.b) and of LECHEVALIER°", 
respectively. The cell wall contained LL-di-
aminopimelic acid (LL-DAP) and glycine as major 
constituents. The whole cell sugar pattern was 
not characteristic. The strain can be considered 
to be a Cell Wall Type I. 

 Summarizing the above, strain B-41-146 be-
longs to the genus Streptomyces Waksman and 
Henrici 1943. Among known species of Strepto-
myces, Streptomyces hygroscopicus (Jensen 1931) 
Waksman and Henrici 1948 most resembles 
strain B-41-146 in morphological, cultural and 

physiological characteristics. However, strain 
B-41-146 differs from S. hygroscopicus as follow: 

(1) strain B-41-146 forms golden yellow drops 
of exudate on aerial mycelium, whereas S. hygro-
scopicus usually does not, (2) the growth color 
of strain B-41-146 is dark yellowish brown, 
whereas that of S. hygroscopicus is colorless to 

pale yellowish brown, (3) strain B-41-146 utilizes

sucrose and raffinose but S. hygroscopicus 

probably does not, (4) strain B-41-146 produces 
antibiotics of the milbemycin family, whereas 
no other microorganism belonging to strepto-

mycetes produced milbemycins. 
Therefore, the strain B-41-146 represents a 

new subspecies of S. hygroscopicus whose name 
is proposed as Streptomyces hygroscopicus subsp. 

aureolacrimosus. Etymology: derived from L. 
aureo=golden yellow d- L. lacrimosus=lachry-

mal, referring to golden yellow tear-bearing. 
Progeny of the type strain SANK 60576 of S. 

hygroscopicus subsp. aureolacrimosus subsp. nov. 
have been deposited in the Fermentation Re-
search Institute, Agency of Industrial Science 

and Technology, Ibaragi, Japan, with an acces-
sion number of FERM P-1438.

Taxonomical Features and Milbemycin 
Productivity of the Mutants 

Mutagenesis: Strain B-41-146 was cultivated 
for 12 days on ISP medium 2. Spores on the 
slant were suspended in saline and mutagenized 
for 2 minutes with ultraviolet light using a 
Toshiba ultraviolet lamp, located at a distance 
of 60 cm from the surface of the spore suspension 

(98 - 99.9 % lethality). Spores suspended in 1/15 
M phosphate buffer (pH 7.0) were also treated 
with N- methyl -N'- nitro - N- nitrosoguanidine 

(NTG) at 5,000,ug/ml at 28°C for 1 hour (90-
99% lethality). The mutagenized spores were 
spread on ISP medium 2 plates and incubated at 
28°C for 12 days. Each colony on the plates 
was inoculated into 100-m1 Erlenmeyer flasks 
containing 20 ml of BM-1 medium. After 10 
days incubation at 28°C on a rotary shaker, 
their milbemycin productivity was examined by 
thin-layer chromatography assay'). 

 In order to obtain strains producing new 
members of the milbemycin family or high-yield 
strains, many mutants of strain B-41-146 were 
isolated. Among these, 3 mutants designated 
as Nt-15, Au-3 and Rf-107 showed different 
features from the original strain in both cultural 
characteristics and milbemycin productivity as 
shown in Table 4. Strain Nt-15 showed a very 
strong hygroscopic character in all media em-

ployed and produced a dark brown soluble 
pigment in tyrosine agar, but did not produce 
any milbemycins. Strain Au-3 had poor aerial 
mycelium, sometimes showed pock or plaque in 
the aerial mass and the growth color was a red-
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Table4.Taxonomicalfeaturesandmilbemycinproductivityofmutantstrains.

Growtha)

Aerial
myceliuma)

Soluble

pigmenta)

Melanoid

pigmentb)

Milbemycinse)

B-41-146

Abundant,dark

yellowishbrown

Abundant,brownish

graywithyellowish
patchesandwith
blackmoistened

patches

Yellow

al,a2,a3,a4,a3,
a6,a7,ae,ae,alo,

P1,P2,P3,D,E,F,G
andH

Nt-15

Good,
darkbrown

Good,brownish
gray,becomes
moistand
exhibitsdark
brownishgray

None

None

Au-3

Abundant,
reddishbrown

Poor,whiteto
brownishgray
withpockor

plaquepatches

Palereddish
brown

+

a1,a2,a3,a4,
aao,alo,/71,P2,
D,E,F,G,
andH

Rf-107

Abundant,
olivegray

Good,
brownishgray
withyellowish

patches

Olivegray

JandK

a) Yeastextract-maltextractagar
b)Tyrosineagar

e)BM-1medium

dishtingewhencomparedwiththeoriginal

strainB-41-146.Adarkbrownsolublepigment

wasalsoproducedintyrosineagar.Thestrain

producedmilbemycinsD,E,F,GandHmainly

togetherwithal,a2,a3,a4,a6,alo,N1andN2

whichwereproducedbytheparentstrain.Strain

Rf-107hadbrownishgraymyceliumandsome-

timesshowedwhiteoryellowishpatchesinthe

aerialmycelium.Thegrowthcolorwassome-

whatgreenishtingecomparingwithoriginal

strain.Adarkbrownsolublepigmentwaspro-

ducedintyrosineagar.Thisstrainproduced

newmilbemycinsJandK.
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