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STUDIES ON ANTIBIOTIC SF-733, A NEW ANTIBIOTIC. I

TAXONOMY, ISOLATION AND CHARACTERIZATION
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A new antibiotic SF-733 inhibiting both Gram-negative and Gram-positive
bacteria was isolated from Streptomyces ribosidificus nov. sp., strain SF-733.
Antibiotic SF-733 obtained as colorless needles has a molecular formula
C17H34N4O10,and is concluded to be a new aminoglycosidic, water-soluble and
basic antibiotic based on its physical and chemical properties.

In the course of a screening program for antibiotics active against Gram-negative
bacteria, we found a new antibiotic, antibiotic SF-733, from the culture filtrate of a
newly isolated streptomycete, strain SF-733 for which we propose the name Strepto-
myces ribosidificus nov. sp.

Antibiotic SF-733 is a new amino-sugar antibiotic with low toxicity, and exhibits

antibacterial activity against both Gram-negative and Gram-positive bacteria. Taxo-
nomic studies on antibiotic SF-733-producing organism, and isolation and characteri-
zation of antibiotic SF-733 are reported in this paper.

Taxonomic Studies

Strain SF-733, that produces antibiotic SF-733, was isolated from a soil collected

at Tsu City of Mie Prefecture in Japan. It shows the following properties:
1. Morphological Properties Fi£' 2' E]ectcron micrograph of spores

The vegetative mycelium develops well on
most of the media used. On some media such

Fig. 1. Aerial mycelium of Streptomyces
ribosidificus, strain SF-733.

strain SF-733.
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Table 1. Cultural properties of Streptomyces ribosidificus strain SF-733.

MAR. 197O

M edium           Grow th           A erial m ycelium Soluble pigm ent

Sucrose Czapek 's Good, thick, wrinkled, penetrating V ery scant, light yellow ish N one
agar (28-C )

G lycerine

into medium, yellowish cream,
reverse color; light brow n

Good, thick, wrinkled, penetrating-

w hile

Scant, w hite~ cream

Scant, cream ~ light yellow ish

N one

N one

Czapek's agar into medium, light yellowish
(28-C ) brow n

G lucose Good, penetrating* into medium,
asparagm e agar dark cream, reverse; brownish w hite

A bundant, pow dery, greenish Faint yellow

N one

(K rainsky)
 (28-C )

G lucose

yellow

Good, penetrating into medium,
asparagm e agar brownish yellow with greenish yellow , later gray~ grayish
(U shinsky)

(28-C)

Ca-m alate
agar (28-C)

G lycerine
Ca-m alate
agar (28-C)

Starch synthetic

tinge

Poor, light yellow ish cream

brown with greenish yellow
patches
Scant, w hite

Poor, yellow

Good, penetrating- into medium,

N one, or scant, light yellow

A bundant, pow dery, greenish

N one

Faint yellow

N one

N one

N one

agar (28-C)

Starch yeast
extract agar

(28-C)

Bouillon ag-ar

yellow , at center of colony ;
greenish brow n
Good, yellowish brown

Penetrating- into medium dark

yellow , later grayish brow n

A bundant, gray~ brow nish
gray

N one, or scant light yellow

Scant, cream

(28-C) cream , reverse; brow nish yellow

G lucose bouillon

agar (28-C )
Potato plug"

Wrinkled finely, yellowish brown

Elevated, w rinkled finely, light Scant, w hitish gray N one
(28-C ) brow nish cream

Carrot plug
(28-C )

T yrosine agar
(28-C )

Egg (37-C )

D ark cream N one N one

D ark cream G ray N one

Light brow nish yellow N one N one

Loffler's
coagulated
serum (37-C)

B acto nitrate
broth (28-C)

Skimmed milk

D ark brow nish yellow

Bottom growth, colorless

N one

N one

N one

N one

Ring- and bottom growth, N one

N one

L ight brow n-
(37-C ) yellow ish orange orange

G elatin (20-C ) Colorless~ cream N one

Cellulose medium
  (28-C )

N o grow th

as starch synthetic agar and starch-yeast extract agar, it forms abundant aerial

mycelia which develop into many open spirals (Fig. 1).
The spores are oval to ellipsoidal and 0.8-1.1jux1.1-1.4 jul in size. With electron

microscope examination, surfaces of the spores (Fig. 2) are spine-like.
2. Cultural Properties

Cultural properties on different media are listed in Table 1.
3. Physiological Properties

Physiological properties, including utilization of carbon sources are summarized
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Table 2. Physiological properties of Streptomyces
ribosidificus, strain SF-733.

P r o d u c tio n  o f H 2S n e g a tiv e

T y r o s in a s e r ea c tio n n e g a tiv e

R e d u c tio n  o f n itr a te p o s it iv e
C o a g u la tio n o f s k im m ed n a g a t iv e (2 8 -C , 3 7 -C )

p o s itiv e (3 7 -C )

m ilk
P e p to n iza tio n  o f s k im m e d

m ilk n e g a tiv e (2 8 -C )

H y d r o ly sis o f s ta r ch p o s it iv e

L iq u e fa ct io n  o f g e la tin n e g a tiv e

L iq u e fa ct io n  o f L o f f l e r 's p o sitiv e (w e a k )
c o a g u la te d s e ru m

Table 3. Carbon source utilization of
Streptomyces ribosidificus, strain
SF-733*

Positive
utilization

Doubtful
utilization

Negative
utilization

arabinose, rhamnose, glucose,
mannose, galactose, saccharose,
lactose, inulin, raffinose, dextrin,
starch, glycerol, sorbitol,
mannitol, maltose

inositol, Na-citrate

xylose, fructose, dulcitol, salicin,
cellulose, Na-acetate,
Na-succinate

! Carbon utilization was investigated using the
method of Pridham and Gottlieb".

In Tables 2 and 3.
4. Growth Temperatures

Growth of strain SF-733 is observed at 17-45°C. The optimal temperature is

between 35°C and 40°C when the organism is grown on starch-yeast extract agar

medium.

5. Comparison of Strain SF-733 with Related Streptomyces
Strain SF-733 is non-chromogenic and, when cultured on synthetic media, aerial

mycelium colored gray to grayish brown develops on the surface of yellowish vegetative
growth. These properties of strain SF-733 allow its placement in Waksman's "flavus"
series of Streptomycesl). With respect to the properties mentioned above, strain SF-

733 most closely resembles Streptomyces flavus (Krainsky, 1914) Waksmanand Henrici,
1948, Streptomyces flaveolus (Waksman, 1923) Waksman and Henrici, 1948 and Strepto-
myces flavovirens (Waksman, 1919) Waksmanand Henrici 1948.

These three species, however, principally differ from strain SF-733 as follows :

(1) Streptomyces flavus usually forms straight chains of spores (rarely open coils),
does not reduce nitrate and grows optimally at 25°C. Strain SF-733 forms many open
coils, reduces nitrate and grows optimally within a higher temperature ranges (35~40°C).
(2) Streptomyces flaveolus forms hairy spores, whereas strain SF-733 forms spine-like

spores.(3)Streptomycesflavovirensusuallyformsstraightchainsofspores (rarely open coils)

and produces greenish-yellow diffusible pigment when grown on chemically-defined media.
Strain SF-733 forms many open coils and produces only a faint yellow or generally no

d

iffusible pigment when grown on chemically-defined media.
In view of the above, strain SF-733 was believed to be a new species and was

named Streptomyces ribosidificus* nov. sp. Shomura and Niida.

Antibiotic Production

Antibiotic SF-733 was produced in a medium composed of starch 2.0 %, soy bean

meal 2.5 %, wheat embryo 1.0 % and sodium chloride 0.25 %, pH 7.0 before sterilization.

The optimal temperature for 30-liter jar fermentor cultivation of S. ribosidificus,

* Strain SF-733 was first named Streptomyces thermoflavus nov. sp., and deposited in the American
Type Culture Collection for the application for a patent and accessioned as ATCC 21294 on July

16, 1968. But a referee kindly let us know that Actinomyces thermoflavus had been listed in USSR
in 1963 (Mikrobiologiya 32(4) : 623-631, 1963). Therefore, according to the referee's opinion, we
changed its name to Streptomyces ribosidificus nov. sp. in this paper to avoid duplication.
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strain SF-733 was 30~37°C, but the maximumtiter of the antibiotic was reached at
lower temperature (25~30°C).

Isolation and Purification

The isolation procedure for antibiotic SF-733 was comparable to that used for
other similar, water-soluble, basic antibiotics as outlined in Fig. 3.

Antibiotic SF-733 in the broth filtrate was concentrated by adsorption on Amberlite
IRC-50 (NH4+ type), followed by elution with dilute ammonium hydroxide. The

active eluate was concentrated under reduced pressure, and adsorbed on Amberlite
CG-50 (NH4+ type). Elution with dilute ammonium hydroxide and concentration of
the active fractions gave a crude powder of antibiotic SF-733. The crude powder

was chromatographed on a colum of Dowex1X2 (OH~ type) using development with
Table 4.water. Active fractions detected by

assay with Bacillus subtilis were col-
lected, concentrated under reduced

pressure and finally freeze-dried. The
white powder thus obtained was dis-
solved in methanol. Upon standing

overnight, antibiotic SF-733 crystallized
out as a methanol solvate, which
readily lost methanol on drying at

Fig. 3. Isolation and purification of
antibiotic SF-733.

Broth

filtration

Physical and chemical properties of
free base of antibiotic SF-733.

Mycelium Filtrate

adjusted to pH 7
Amberlite IRC-50(NH4+) column

eluted with 0.5 n NH40H
Eluate

concentrated
adjusted to pH 7

Amberlite CG-50(NH4+) column

eluted with 0.2 n NH4OH
Eluate

concentrated
Dowex1X2 (OH") column

eluted with water
Eluate

freeze-dried

White powder
crystalization from

methanol
Crystals

recrystalization from
methanol

Pure crystals of Antibiotic SF-733

A p p e a ra n c e C o lo r le s s n ee d le

M e ltin g - p o in t
(d e c .)

N a tu r e

1 9 2 ~ 1 9 5 -C

B a sic , p K a ' 7 .7 0

S o lu b ility

O p tic a l

a c tiv ity

C o lo r re a ct io n

M o le c u la r

S o lu b le : w a te r
S lig h tly  s o lu b le  : m e th a n o l
In s o lu b le : a c e to n e, w - b u ta n e l, e th y l

a c e ta te , b e n ze n e , h e x a n e , e th e r ,
e tc.

{ a ] f  + 4 2 -  ( c  1 ,  w a t e r )

P o s itiv e  : n in h y d r in , M o l isc h ,
a n th ro n e

N e g a tiv e : F e h l in g , f e rr ic ch lo r id e ,
m a lt ol, b iu re t , T o l l e n s , S a k a -

G U C H I

4 7 5 (v a p o r p r e ss u re  o s m o m e tr y )
w e ig h t 4 5 2 (titra tion )

E le m e n ta l F o u n d  :
a n a ly sis

S ta b ility  o f

C 4 4 . 1 9 ,  H 7 . 5 5 ,  N l l . 9 2 ,  0 3 6 . 2 1
C a l c d .  f o r  C ^ H o ^ O * ,

C 4 4 . 9 2 ,  H 7 . 5 4 ,  N  1 2 . 3 3 ,  0 3 5 . 2 0

S ta b le : n e u tr a l, a lk a lin e

a q u e o u s
s o lu tio n

S lig h tly  u n s ta b le : a c id ic

Table 5. Comparison of [^]d values of
dextrorotatory, water-soluble and

basic antibiotics in water.
A ntibiotics M i A ntibiotics W d

A ntibiotic SF-733 + 42 G entam icin A + 146

N eom ycin A + 123 c , + 158

//    B + 58 '/   C2 + 160

//    C + 82 N ebram ycin 2 + 159

Parom om ycin I + 64 //     4 + 114

//      II + 78 //     5 + 118

K anam ycin A + 121 //     6 + 127

//     B + 135 Destom ycin A + 7

//    C + 126 //     B + 6

K asugam ycin + 120 Hygromycin B + 19.2

A ctinospectacin + 7.6 C apreom ycin + 2.5
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room temperature in vacuo. Recrystallization from methanol gave pure crystals of
antibiotic SF-733.

Physical and Chemical Properties

Physical and chemical properties of antibiotic SF-733 are summarized in Table 4.

60

40

20

Fig. 4 shows the infrared

absorption spectrum using a
KBr tablet of de-solvated
crystalline SF-733. Fig. 5

shows the ultraviolet absorp-
tion spectrum in water. No
maxima were observed up

to 210mju. The nuclear

magnetic resonance spectrum
of antibiotic SF-733 in deu-

terium oxide is shown in Fig. 6.

Differentiation of Antibiotic
SF-733 from Other Related

Antibiotics

From the physical and chemical
properties described above, it is ap-
parent that antibiotic SF-733 belongs
to a group of dextrorotatory, water-
soluble and basic antibiotics which

Fig. 4. Infrared absorption spectrum of antibiotic SF-733 (KBr).
toor /

/ \
80|l

3400 2900 2000 1600 1400 1200 1000 800 550Cm'1

Fig. 5. Ultraviolet absorption of antibiotic
SF-733 (in water).

0.4

0.3

0.2

O.I

'210 220 230 240 250 270 290 360 mp

Fig-. 6. Nuclear magnetic resonance of antibiotic SF-733.
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includes kanamycin, neomycin, paro-
momycin, etc. Table 5 shows the com-
parison of \a\T> values of antibiotic

SF-733 with those of known antibiotics
of this group. Based on [o]d values,
antibiotic SF-733 was differentiated

from neomycin A, kanamycins A, B

and G, gentamicins A, Gx and G2, ka-
sugamycin, actinospectacin, destomy-

cins A and B, hygromycin B, capreo-
mycin and nebramycins 2, 4, 5 and 63).
Differentiation of antibiotic SF-733

from neomycins B and G and paromo-
mycins I and II was accomplished with
paperchromatography using two sol-

vent systems as shown in Fig. 7.
Thus, antibiotic SF-733 differs

from all of the known antibiotics
studied, and is believed to be a new

antibiotic. This was confirmed by
structural studies described in Part II of

Fig. 7. Comparison of antibiotic SF-733 with
other related antibiotics on paparchro-
motogram detected by bioautography.

Solvent A : n-BuOH-pyridine-AcOH-H2O
(6 : 4 : 1 : 3)(descending, developed
for 4 days)

Solvent B : 2 %-^-toluensulfonic acid in
wet n-BuOH (descending, developed

for 25 hours)

Solvent A

SF733 SF733 SF 733
SF733+A/eo. +Neo. +Paro-_

momycin
Ml

Solvent B

SF733 SFttk SFJ33
SF733~vm_ \wl«. + Poro-

mycm
BmycmC

momycm
1,ll

this series4).

Biological Activity

Table 6 summarized the antimicrobial spectrum of antibiotic SF-733. Antibiotic
SF-733 is active against a wide variety of Gram-negative and Gram-positive bacteria,
but has no activity against yeasts or molds. The activity of antibiotic SF-733 against
Gram-negative bacteria is comparable to that of kanamycin A.

The acute toxicity of antibiotic SF-733 was examined by intravenous injection
into mice. The LD50value for the sulfate of antibiotic SF-733 was approximately
225 mg/kg (mg=unit).

Table 6. Antimicrobial spectrum of antibiotic SF-733 by broth dilution method.
T e st o r g a n is m s

M . I. C .
(m c g /m l)

M e d iu m T es t o r g a n is m s
M . I. C .

(m c g /m l)
M e d iu m

B a c il l u s  su b t i li s  A T CC  6 6 3 3 0. 3 9 1 ! S a lm o n ella ty p h o sa 3. 1 25 1

S ta p hy loc o cc u s a u r e u s 2 0 9 P 3. 125 1 S h ig ella  dy se n te r ia e 6. 2 5 1

// 5 2 - 3 4 3. 125 1 P se u d o m o n a s a e r u g in os a

X a n th o m on a s o r y z a e

> 1 0 0 1

// 1 9 3 3. 125 1 0. 7 8 1

// S m ith 0. 3 9 1 M y c o b a c t e r i u m  p h l e i 6. 2 5 2

// T e r a jim a 0. 1 9 1 // smegmatis607// //streptomycin-R// //kanamycin-R 1 2. 5 2

S tr ep t oc oc c us  f a ec al i s 3. 125 1 1 2. 5 2

S a r c in a  lu te a 1 0 0 1 > 1 0 0 2

E sc h e r ic h ia  c o li 1 2. 5 1 C a n d id a  a lbica n s

T or u la u tilis

A sp e rg illu s n ig e r

P e n icilliu m  c h r y sog en u m

> 1 0 0 3

// K - 1 2 3. 125 1 > 1 0 0 3

if c h lo r a m p h e n ic o l- R 1. 5 6 1 > 1 0 0 3

K le bs iella  p n eu m o n ia e 6. 2 5 1 > 1 0 0 3

Medium : 1=Bouillon, 2=Glycerine bouillon, 3=Sabouraud's broth
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