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Formamicin, an antifungal antibiotic, was isolated from the cultured broth of an actinomycete
strain. The strain was isolated from a soil collected at Setagaya-ku, Tokyo, Japan, and identified

as Saccharothrix sp. MK27-91F2.

Formamicin was extracted with acetone from cultured mycelia and purified by silicagel and
Sephadex 1LH-20 column chromatographies and CPC (Centrifugal liquid-liquid Partition Chroma-

tography).

Formamicin showed strong antimicrobial activity against phytopathogenic fungi.

In the course of screening for new anti-microbial
substances from microorganisms, we found that a ac-
tinomycete strain which was isolated from a soil collected
at Setagaya-ku, Tokyo, Japan, produced a new 16-
membered macrolide, named formamicin, belong to
bafilomycin-concanamycin type antibiotics. Formamicin
showed strong antifungal activity against phytopatho-
genic fungi.

In this paper, we describe the identification of the
producing organism together with the isolation,
fermentation and biological activities of formamicin.
Physico-chemical properties and structure elucidation of
the compound will be described in the accompanying
paper?.

Materials and Methods

Taxonomy

Formamicin producing organism, strain MK27-91F2,
was isolated from a soil sample collected at Setagaya-ku,
Tokyo, Japan. Morphological, cultural and physiological
properties of the strain MK27-91F2 were examined
according to the methods described by SHIRLING and
GotrLie?, and WaAKSMANY. Detailed observation of
mycelial morphologies was performed with the use of
scanning electron microscope (Model S-570, Hitachi)
after strain MK27-91F2 was incubated on sucrose-
nitrate agar and inorganic salts - starch agar (ISP No. 4)
at 27°C for 10 days. Chemical analysis of cell wall was
analyzed using thin layer chromatography (TLC) ac-
cording to the method of STaNeck and RoBerTs?. Cell
wall sugars and whole-cell sugars were determined by

Fig. 1. Structure of formamicin.
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the methods of LECHEVALIER and LECHEVALIER™, and
Mixkami and ISHIDA®. The acyl type of cell wall was
analyzed according to the method of UcHDA”. Mena-
quinone was performed with the method of TAMAOKA
et al.¥ Phospholipids and mycolic acids were analyzed
by the procedures of MINNIKIN ez al.®'® The fatty acids
were analyzed by gas chromatography of whole-cell

methanolysates!?,

Fermentation

A slant culture of the formamicin-producing organism
was inoculated in to a 500-ml baffled Erlenmeyer flask
containing 110 ml of a seed medium consisting of glycerol
2.5%, yeast extract 1.0%, meat extract 1.0%, polypep-
tone 0.5%, NaCl10.2%, MgSO, - 7H,0 0.5% and CaCO,
0.3% in deionized water (pH 7.4 before sterilization).
The culture was incubated on a rotary shaker (180 rpm)
at 30°C for 3 days. The seed culture (330 ml) of the strain
were transferred into 30-liter fermentor containing 15
liters of a producing medium consisting of glycerol 2.0%,
dextrin 2.0%, Bacto-soytone (Difco) 1.0%, yeast extract
0.3%, (NH,),S0, 0.2% and CaCO; 0.3% in deionized
water (pH 7.4 ). The fermentation was carried out at
27°C for 4 days under agitation of 200 rpm.

Analytical Procedure

Content of formamicin in fermentation broth and
purification steps was monitored with reversed phase
HPLC and silica gel TLC. HPLC was performed
CAPCELL PACK C,g4 column (4.6 x 150 mm, Shiseido
Co., Ltd., Japan; mobile phase, 70% aq acetonitrile; flow
rate, 1.0ml/minute; column temperature, 25°C; detec-
tion, UV (274nm). It was eluted at 8.2 minutes. TLC
was performed with Kieselgel 60 F,;, (Art. No. 5715,
Merck) developed with CHCl,-MeOH (9:1). Spot on
TLC was detected by molybdophosphoric acid-sulfuric
acid and UV quenting (254 nm). Rf value of formamicin
was 0.39.

Biological Activity

The minimum inhibitory concentrations (MIC) of
formamicin was examined by serial agar dilution method
using potato sucrose agar for antiphytopathogenic fungi
and nutrient- 1% glucose agar for yeast and fungi and
Mueller-Hinton agar (Difco) for bacteria. The MIC was
observed after 96 hours incubation at 27°C for phyto-
pathogenic fungi and 42 hours incubation at 27°C for
yeast and fungi and 18 or 42 hours incubation at 37°C
for bacteria.

The cytoxcicity against murine tumor cell lines were
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examined by MTT assay method!?. The tumor cells
were incubated in 9-well plate for 24 hours prior to the
addition of formamicin into culture well at varied
concentrations. After 2 days incubated at 37°C, MTT
reagent was added and further incubated for 4 hours.
Growth inhibition activity was determined according
to the standard MTT assay method and IC,, was
calculated.

Results
Taxonomic Features of Strain MK27-91F2

Strain MK27-91F2 produced well-branched vegetative
mycelia. This strain formed long aerial hyphae which
was straight or flexous. Both vegetative and aerial hyphae
formed nocardioform fragmentation. The spore was
cylindrical with smooth surface and 0.3~0.5x1.1~1.9
um in size (Photo. 1). No synnemata, sclerotia or
sporangia were observed.

The cultural characteristics of strain MK27-91F2 on
various agar media are shown in Table 1. The aerial
mycelia were white to brownish white. The vegetative
mycelia were pale yellow to pale yellowish brown. The
soluble pigments were not produced or faint brownish.
Physiological characteristics and carbohydrate utiliza-
tions are shown in Table 2. Permissive temperature ranges
for growth of the strain were 20°C to 30°C. The optimal
temperatures for growth of strain MK27-91F2 was near
30°C.

Whole-cell hydrolysates of strain MK27-91F2 con-

Photo 1. Scanning electron micrograph of Saccharothrix sp.
MK27-91F2 grown on Sucrose - nitrate agar for 4 days at
27°C.
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Table 1. Cultural characteristics of strain MK27-91F2.

Medium Growth Aerial mycelium Soluble pigmemt
Sucrose - nitrate agar Colorless White None
Yeast extract - malt extract agar Pale yellowish brown [3ic, Lt Amber] White ~ brownish white None

(ISP No. 2) [3ba, Pearl]
Oatmeal agar (ISP No. 3) Pale yellow [2gc, Bamboo] White None
Inorganic salts - starch agar Pale yellow White None
(ISP No. 4) [2ge, Bamboo ~2ic, Honey Gold]
Glycerol - asparagine agar Pale yellowish brown White None
(ISP No. 5) [2ne, Mustard Gold]
Tyrosine agar (ISP No. 7) Pale yellowish brown White Faint, brownish

[2pg, Mustard Gold]

Observation after incubation at 27°C for 21 days.

Color names and numbers from Color Harmony Manual, Container Corporation of America.

Table 2. Physiological characteristics of strain MK27-91F2.

Temperature range for growth (°C) 20~30
Optimum temperature (°C) 30
Formation of melanoid pigment
ISP No. 1
ISP No. 6
ISP No. 7
Hydrolysis of starch
Reduction of nitrate
Utilization of
L-Arabinose
D-Xylose
D-Glucose
D-Fructose
Sucrose
Inositol
Rhamnose
Raffinose
D-Mannitol

Negative
Negative
Negative
Positive

Negative

Mo+ 1+ +++

+: Utilization, +: doubtful, —: no utilization.

tained meso-diaminopimelic acid, galactose, and rham-
nose but did not contain arabinose. These results were
indicated that the strain belongs to cell wall type III and
the whole cell sugar pattern E!'* (arabinose —, galactose
+, thamnose +). The strain has type PII phospholipid
(phosphatidyl ethanolamine +, phosphatidyl choline —,
unknown glucosamine containing phospholipid —) and
MK-9 (H,) as the major components of menaquinone.
N-acyl type of muramic acid in cell wall was acetyl type.
Mycolic acids were absent. Cellular fatty acids consisted
i-16:0 as major component and i-14:0, i-15:0, 16:0,
16:1,17:1 and i-16: 1 as minor compoment.

These taxonomic properties suggested that strain
MK27-91F2 belonged to the genus Saccharothrix'®.

Therefore, the strain was identified as Saccharothrix
sp. and designated Saccharothrix sp. MK27-91F2.
Detailed taxonomic study of strain MK27-91F2 is now

15)

Fig. 2. A typical fermentation of formamicin.
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progress. Strain MK27-91F2 has been deposited in the
National Institute of Bioscience and Human-Technol-
ogy, the Agency of Industrial Science and Technology,
Tsukuba, Japan, under the accession No. FERM P-
16053.

Fermentation and Isolation

A typical time course of formamicin production in a
500-ml baffled Erlenmeyer flask is shown in Fig. 2. The
production of formamicin began at 2-days and maximum
(ca. 14 mg/liter) was reached at 5-days after incubation.

The fermentation broth (30 liters) was separated to
the mycelial cake and supernatant by centrifugation. The
mycelial cake was extracted with acetone (6 liters). The
acetone extract was concentrated in vacuo to 2 liters. The
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Fig. 3. Isolation procedure of formamicin.
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lower layer
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(Fr.6ml, Fr.1~65:ascending, Fr66~:reverse)
silicagel (CHCl3 : EtOAc=2:1,=1:1,=1:2)
40mg
crystalyzation from diethylether

23mg, .
Formamicin (colorless plate)

active principle was extracted with EtOAc (4 liters). The
EtOAc solution was concentrated under reduced pressure
to yield a dark brown oil (5.3 g). The oil was distributed
between hexane and CH,CN (1:1, 200ml). The active
principle was almost distributed in CH;CN layer. The
CH,CN layer was concentrated in vacuo to yield a
yellowish brown oil (1.9 g). The concentrate was chro-
matographed on column of Sephadex LH-20 developing
with EtOH. The active fractions were collected and
concentrated in vacuo to give a brownish yellow oil. The
crude oil was further purified by CPC (Hexane: EtOH :
H,0=100:85:15, ascending method). The active frac-
tions were collected and concentrated in vacuo to give
a brownish oil. The active eluate was further purified
by silica gel column chromatography (CHCI;: EtOAc
=2:1, =1:1 and =1:2). The active fractions were
collected and concentrated in vacuo to give a formamicin
(40 mg). The antibiotics was dissolved in a small amount
diethyleter, and obtained as colorless plate crystals of
formamicin (23 mg, Fig. 3). Structure of formamicin is
shown in Fig. 1. The studies on the structure deter-
mination of this antibiotic will be reported in the
accompanying paper®.

Biological Activity

The antimicrobial activities of formamicin is shown in
Tables 3 and 4. Formamicin exhibited broad and strong
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Table 3. Antibacterial activities of formamicin.

Test organisms MIC (ug/ml)

Staphylococcus aureus FDA209P 6.25
S. aureus Smith 12.5
S. aureus MS9610 12.5
S. aureus MS16526 (MRSA) 25

S. aureus TY-04282 (MRSA) 12.5
Micrococcus luteus TFO3333 12.5
M. luteus PCI1001 12.5
Bacillus subtilis NRRL B-558 50

B. cereus ATCC10702 6.25
Corynebacterium bovis 1810 25
Escherichia coli NTHJ > 100
Shigella dysenteriae JS11910 > 100
Salmonella enteritidis > 100
Proteus mirabilis IFM OM-9 > 100
Providencia rettgeri GN466 >100
Serratia marcescens > 100
Pseudomonas aeruginosa A3 > 100
Kilebsiella pneumoniae PCI602 >100

Mycobacterium smegmatis ATCC607*  >100

Mueller Hinton agar, 37°C, 18 hours.
2 37°C, 42 hours.

Table 4. Antifungal activity of formamicin.

Test organisms MIC (pug/ml)

Alternaria kikuchiana 12.5
Cochliobolus miyabeanus C-8 <0.39
Diaporthe citri <0.39
Fusarium oxysporum IFO9761 > 100
Gibberella fujikuroi 1.56
Pyricularia oryzae P-2 <0.39
Rhizoctonia solani 1.56
Penicillium digitatum P-7 1.56
Cercospora beticola 3.13
Botrytis cinera B-22 25
Colletotrichum lagenarium <0.39
Ustilago maydis <0.39
Candida tropicalis F-1* > 100

C. pseudotropicalis F-2° 100

C. albicans 3147* 100

C. YU-1200* 100

C. krusei F-5* 6.25
Saccharomyces cerevisiae F-T7* 0.2
Cryptococcus neoformans F~10* 0.39
Trichophyton asteroides 429* > 100

T. mentagrophytes F-15 (833)* > 100
Aspergillus niger F-16* 100

A. fumigatus F-181* 100

Potato Sucrose Agar, 27°C, 4 days.
* Nutrient agar + 1% Glucose, 27°C, 42 hours.

antifungal activity against phytopathogenic fungi and
moderate antibacterial activities against Gram-positive
bacteria. Formamicin exhibited very potent cytotoxicity
against murine tumor cell lines in vitro. The 1Cs, values
against various leukemia cell lines were 0.13 to 0.15
ng/ml. The results are summarized in Table 5.
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Table 5. Cytotoxicities of formamicin.
Cell lines IC,o (ug/mi)

L1210 leukemia 0.00015

EL4 leukemia 0.00013

P388 leukemia 0.00013

IMC carcinoma 0.00029

S180 sarcoma 0.00345

B16 melanoma 20.7

FS3 fibrosarcoma 12.5

Hela 3.62

Discussion

Formamicin having antifungal and antitumor activi-
ties was structurely classified as bafilomycin-concana-
mycin group antibiotics. The antibiotics group have
been reported from microbial source such as hyglo-
lidins!®, leucanicidin!”, bafilomycins!'®, L-681,1101),
L-155,175%9, PD 118,576%", PC-766B**2¥ concanamy-
cins?¥ and TAN-1323?%. These bafilomycin-concana-
mycin group antibiotics have been found from Strepto-
myces sp. except for PC-766B which have been isolated
from Nocardia. Formamicin is the first isolation of the
antibiotics group from Saccharothrix sp.

Bafilomycin-concanamycin group antibiotics have
been discovered based on a various biological activity
such as antifungal activity, insecticidal activity, cytotoxic
activity, angiostatic activity and inhibition of cholesteryl-
ester synthesis?®. Bafilomycin-concanamycin group was
reported to be specific inhibitor of vacuolar ATPase?”.
Presence of hemiacetal moiety in bafilomycins and
concanamycins was important functional group for
inhibition of vacuolar ATPase?®. However, structural
biological relationship of 16-membered macrolide (or
18-membered macrolide) moiety was insufficient.
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