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The lividomycins are new aminoglycosidic antibiotics containing 2-amino-
2,3-dideoxy-D-glucose and are produced by Streptomyces lividus nov. sp.,

strain No. 2230-Nx. Lividomycins A and B have been isolated, purified and
characterized. The lividomycins-producing strain also produces mannosyl
paromomycin and paromomycin I. The morphological, cultural and physio-

logical characteristics of strain No. 2230-Ni were studied and as a result of
comparison with knownspecies, the organism was considered a newspecies.

In the course of antibiotic screening studies, new antibiotics, the lividomycins
were isolated from fermented broths of strain No. 2230-Nx. This paper describes

morphological, cultural and physiological characteristics of strain No. 2230-Ni. The
fermentative production, isolation, purification, physicochemical properties and bio-
logical activities of the lividomycins are reported in the succeeding paper15.

Materials and Methods

Strain No. 2230-Ni : Isolated from a soil sample obtained at Nagoya City in Japan.
Morphological observations : Cultures of strain No. 2230-Ni incubated on some media

at 27°C for about two weeks, were observed with a light microscope. Cultures of strain
No. 2230-Ni incubated on glycerol Czapek's agar, also were observed with an electron-
microscope.

Cultural characteristics : Each of the media used in this study was prepared according
to descriptions in Waksman4), and Shirling and Gottlieb5). Unless otherwise stated, all
cultures were incubated at 27°C for 21 days and observations were carried out every 7
days after inoculation. Color determinations were recorded for mature cultures.

Utilization of carbon sources : Utilization of carbon sources by strain No. 2230-Ni

was investigated with the method of Pridham and Gottlieb6).
Gas chromatographic analysis: The nature of the sugars and fatty acids of strain

No. 2230-Ni were determined by the method of Okami, Hamada and Ueda7). The mycelial
* This antibiotic was previously reported as antibiotic No. 22302) or quintomycin3). However,

owing to the similarity of the name quintomycin with the trade name "quintamycin", the name
was changed to lividomycin.
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Plate 1. Electronmicrograph of Streptomyces
lividus, strain No. 2230-Nj (X5,000)
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1. Morphological characteristics
The aerial mycelium was sparse or

absent on most of the media used. The
chains of spores were either simply flexuous or terminated in loops or primitive

spirals. Mature spore chains contained from 10 to 15 spores where the aerial mycelium
was relatively abundant. The spores were oval to ellipsoidal and 0.2x0.3~0.5ju in
size by electronmicroscope examination. The spore sheath surfaces were smooth.

Plate 1 shows an electronmicrograph of spores of strain No. 2230-Nj.
2. Cultural characteristics

The color of aerial mycelium was white or light gray to dark blue on most media.
On glycerol Czapek's agar the blue color was enhanced. The organism grew well

vegetatively on most of the media except for that containing cellulose. The color of
vegetative mycelium on synthetic media generally was light gray to bluish black.
The diffusible pigment was faint light rose in glycerol Czapek's agar and potato

glucose agar. No diffusible pigments were noted with other media. Table 1 shows
the cultural characteristics of strain No. 2230-Nx.

Physiological characteristics of strain No. 2230-Nx are shown in Table 2. Growth
of the strain was observed over a wide temperature range, with the optimumtem-
perature between 27°C and 34°C when the organism was grown on glycerol Czapek's
agar. On that medium, the reverse of colonies changed color from bluish black to
dull purplish pink on addition of 0.05N HC1 solution, and this pigmentation was

reversed on subsequent addition of 0.05 N NaOHsolution. Starch hydrolysis, nitrate
reduction, milk peptonization and gelatin liquefaction tests were positive, whereas

melanoid pigment, cellulose decomposition and milk coagulation tests were negative.
The utilization of carbon sources by strain No. 2230-N! is presented in Table 3.

The characteristics cited above indicate that is a Streptomycete.
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Table 1. Cultural characteristics of Streptomyces lividus, strain No. 2230-Ni

M edium             G row th A erial m ycelium Soluble pigm ent

G lycerol C zapek's agar

Glucose asparagine agar

G ood, light gray to dark blue Sparse, light gray to N one, rarely light
or black dark blue rose or raspberry
Cream  to dark or black Sparse, light gray N one

Calcium malate agar White to shadow blue V ery scant, w hite or
light gray

Sparse, w hite or

N one

Starch agar Good, light gray to dark blue N one
or black light gray

Peptone glucose agar Good, dark blue or dark gray Scant, white to gray N one
T yrosine agar M oderate, pale brow n to dark

gray
Slightly, w hite N one

G elatin stab 20-C Good, white to light gray N one N one
L itm us m ilk M oderate, cream  color on

surface
N one N o change

N utrient agar G o od ,  w ri n kl e d,  m o is t , V ery scant, light N one
Y ellow ish brow n bluish gray

G lucose nutrient agar Good, wrinkled, pale yelllow V ery scant, light
blu ish gray

Scant, light bluish

N one

Potato glucose agar

Potato plug

M oderate, dark blue to dark N one, rarely light
gray, slightly penetrating into
m edium

gray rose

Wrinkled, pale reddish orange N one N one
B lood agar G ood, dark yellow ish green Scant, gray N one
Loeffler's serum G ood, lustrous dark blue N one

Scant, white to gray

Scant, gray

N one

N one

N one

C ellulose m edium N o grow th

Y east extract-m alt G ood, dark bluish gray to
extract agar, ISP
Medium 2

O atm eal agar, ISP
Medium 3

bluish black

M oderate, bluish black

Inorganic salts starch M oderate, grayish brow n to N one N one
agar, ISP Medium 4 bluish black

G lycerol asparagine
agar, ISP Medium 5

G ood, bluish black W hite to gray N one

Peptone-yeast extract- M oderate, dull y ellow  to N one N one
iron agar, ISP
M edium  6

yellow ish brow n

3. Gas chromatographic analysis of sugars and fatty acids contained in strain
No. 2230-Ni

There were some initial questions as to whether strain No. 2230-Nx belongs to

the genus Streptomyces because the aerial mycelium formed sparsely or was absent
on manymedia. Therefore, the sugars and fatty acids in the myceliumof the strain
were compared with those of representative strains of Nocardia and Streptoverticillium
using the gas chromatographic analytical method of Okami et al.7) As shown in

Table 4, arabinose is present in Nocardia but not in strain No. 2230-^. The latter
contain anteiso-, iso- and odd-numbered fatty acids, whereas the former contain
unsaturated and 10-methyl-C18 fatty acids. These results constitute additional proof

that strain No. 2230-Nx is not a Nocardia and is best classified as a Streptomyces.
4. Comparison of Streptomyces strain No. 2230-Nt with other species
Whencompared with the characteristics of those Streptomyces species in the Gray
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or the Blue color series described in "The Actino-

mycetes, Vol. 2" by Waksman4) and in the ISP*
reports of Shirling and Gottlieb8'9'10) there were

several which resemble strain No. 2230-Ni in some
respects. These were Streptomyces gedanensis, S.

intermedius and S. finlayi. These species, however,
were differentiated from Streptomyces strain No.
2230-N! as follows :

Streptomyces gedanensis forms cream to brownish
colored vegetative growth and produces no diffusible
pigment on potato agar medium, forms yellow to
cream-colored vegetative growth on starch medium

Table 2. Physiological characteristics
of Streptomyces lividus, strain
No. 2230-Ni

M elan oid p ig m en t n eg ative
R edu ction of n itrate p ositive
C ellu lose decom position n eg ative
C oag u lation of m ilk n eg ative

P epton ization of m ilk p ositive

H y d roly sis of starch p ositive

L iq uefaction of g elatin p ositiv e

G row th tem p eratu re 15~ 45 -C

O ptim u m  te m p eratu re 27- 34 -C

Reversed side of colonies : Addition
of 0.05n HC1 changes color from bluish
black to dull purplish pink, and this
pigmentation is reversed on addition of
0.05n NaOH.

Table 3. Carbon source utilization of Streptomyces lividus, strain No. 2230-Nj
C a r b on  s o u rc e U tiliz a tio n C a rb o n  s o u r ce U t iliz a t io n C a rb o n  s o u r ce U t iliz a t io n

D - X y lo se a ,  a- T r e h a l o se + + In u lin

L - A r ab in o s e In o s ito l + + D u lc ito l

D - G lu c o s e + + L a ct os e G ly c e r o l + +

D - G a la ct o se + + S o rb it ol + + S o d iu m  c itr a te +

D - F r u ct o se + D - M a n n it o l + + S o d i u m  a c e t a t e +

M a lt o se + + D e x tr in + C a l c i u m  m a l a t e +

S u c ro s e S ta r c h +

R a ffi n o s e + L - R h a m n o s e

Carbon utilization was investigated using the method of Pridham and Gottlieb65.

and does not peptonize milk or reduce nitrate. Strain No. 2230-Ni forms dark blue to
dark gray vegetative growth and scant mycelium and usually does not produce a diffusible
pigment on potato glucose agar, forms light gray to dark blue or black vegetative growth
on starch agar, and gives positive milk peptonization and nitrate reduction tests.

Streptomyces intermedius forms good olive green vegetative growth and produces an
olive green diffusible pigment in cellulose medium, whereas strain No. 2230-Nx does not.

Streptomyces finlayi forms hairly spores, whereas strain No. 2230-Ni forms smooth
spores.

Strain No. 2230-Nj also was compared with organisms produced paromomycins, Strepto-
myces catenulae9), Streptomyces paucisporogenes10), Streptomyces rimosus f. paromomyci-
nusn\ Streptomyces chrestomyceticus12), Streptomyces pulveraceus13) and Streptomyces albus
var. metamycinus.u) These organisms were differentiated from strain No. 2230-N! as
follows:

Streptomyces catenulae does not reduce nitrate and color of the reverse side of colonies
does not change with changes in pH. Strain No. 2230-Nj gives a positive nitrate reduc-
tion test and color of the reverse side of colonies changes from bluish black to dull

purplish pink with changes in pH.
Streptomyces paucisporogenes is verticillate, forms brown to reddish brown colored

vegetative growth, and color of the reverse side of colonies does not change with changes
in pH. Although the ratio of C14 to C16 iso-fatty acids and other gas chromatographic

data of strain No. 2230-Ni is comparable to that of Streptoverticillia (Table 4), no evidence
of whirls was noted. In addition, orther characteristics suggest the organism is not a

Streptoverticillium, hence it cannot be identified with S. paucisporogenes.Streptomyces rimosus f. paromomycinus forms pale yellow to pale brown colored

* ISP: International Streptomyces Project.
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Table 4. Gas chromatographic analysis of sugar and fatty acid contents of

Streptomyces lividus, strain No. 2230-Ni and other strains

S tr a in
S u g a r  c o n te n t ( % )

R ib o se  R h a m n o s e M a n n o s e G a la ct o se  G lu c o s e A r a b in o se R ib ito l U n k n o w n

S tr ep to m y c es liv id u s ,

s tr a in  N o . 2 2 3 0 - N ,
1 6     1 5 5 5 1

N oc a r d ia

b r a silie n s is 8 5 1
4 1 0 1 0 5 8 9 6

S t r e p t o m y c e s  g r i s e u s R  4 - 3 4 7 5 6 t ra ce 8 2 9

S tr ep tov e r tic illiu m
ba ld a c ii IP V  1 7 4

5 l l      2 2 5 4 1

S t ra in

F a tty  a c id  c o n te n t ( % )

S tr a ig h t c h a in Is o - A n te iso - 1 0 - M e - U n s a t.

1 4 * 1 5 1 6  1 7 1 8 1 4 1 5 1 6 1 7 1 5 1 7 1 8 1 6 = 1 1 8 - 1

S tr ep to m y ces liv id u s ,
s t r a in  N o .  2 2 3 0 - N i

1 2 1 2 1 2 0 9 3 5 4 1 2 4

N o ca r d ia
b r a silien sis 8 5 1

3 4 5 3 2 9 7 1 4

St r e p to m y ce s  gr i s e us
R 4 -3 4 7 5

2 5 8 2 1 0 9 2 8 4 1 8 1 0

S tr ep tov e r tic illiu m
ba ld a c ii IP V  1 7 4

5 1 1 5 1 3 7 2 2 1 2 7 8

* Carbon number

vegetative growth on most media and dense clusters of spirals occur on synthetic media.
Strain No. 2230-Nx forms bluish gray or bluish black colored vegetative growth on
synthetic media and the aerial mycelim is sparse or absent on most media.

Streptomyces chrestomyceticus forms colorless or yellow colored vegetative growth on
most media, gives a positive tyrosine decomposition reaction and does not peptonize milk.

Strain No. 2230-N! does not decompose tyrosine and peptonizes milk.
Streptomyces pulveraceus forms colorless, orange to xanthine orange, and colorless

vegetative growth on glycerol Czapek's agar, glucose asparagine agar and Loeffler's

coagulated serum medium respectively. Also, it produces a brown diffusible pigment on
glucose nutrient agar. Strain No. 2230-Nx gives none of the reaction.

Streptomyces albus var. metamycinus forms yellowish gray or grayish brown colored
vegetative growth on synthetic media, does not reduce nitrate, coagulates milk and
produces light rose or reddish yellow diffusible pigment on glucose nutrient agar or milk
medium. Strain No. 2230-Ni does not produce a diffusible pigment, nor coagulates milk,
and reduces nitrate.

Therefore, Streptomyces strain No. 2230-Nx was considered to represent a new
species for which the name Stretomyces lividus nov. sp. is proposed. The epithet
refers to the characteristic bluish black colored vegetative growth of the strain on
most synthetic media. Progeny of the type strain of Streptomyces lividus nov. sp.
have been deposited in the Fermentation Research Institute, Agency of Industrial
Science and Technology, Ghiba, Japan, as FERM-P No. 50 and in the American

Type Culture Collection, U.S.A., as ATCC No. 21178.
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