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   Guanidylfungin A, C58H103N3O18, and guanidylfungin B, C57H101N3O18, were isolated from 

the mycelia of Streptomyces hygroscopicus No. 662 by means of silica gel absorption and re-

versed phase liquid chromatographies. The guanidylfungins were active against fungi and 

Gram-negative bacteria.

   In the course of our screening for antifungal substances from soil microorganisms, two new anti-

fungal antibiotics, named guanidylfungins A and B, together with the known antibiotics, nigericinl) and 

elaiophylinz2) have been isolated from the mycelia of an actinomycete strain. The content of the 

guanidylfungins in the mycelia was as much as 10% (weight/dry weight mycelia). The producing or-

ganism, strain No. 662, was isolated from a soil sample collected at Sapporo-city, Hokkaido, Japan. 
   In this paper we describe the taxonomy of the producing organism, and the production, isolation, 

physico-chemical and biological properties of the guanidylfungins. 

   The structures of guanidylfungins A and B are presented in the accompanying paper3).

Materials and Methods

   General 
   Most of the taxonomic studies were carried out in accordance with the methods recommended by 

International Streptomyces Project (ISP)4). 
   Melting points were determined by a Yazawa micro apparatus and are uncorrected. UV spectra 

were measured using a Uvidec 610 spectrometer. IR spectra were recorded with a Jasco A-102 infrared 
spectrometer. 1H and 13C NMR spectra were measured by a FX-100 (1H 99.6 MHz, 13C 25.1 MHz) 
and a FX-400 (1H 400.5 MHz, 13C 100.7 MHz). 
   Analytical high performance liquid chromatography (HPLC) was carried out on a reversed phase 
column (Nucleosil 5C18) with a Tri Rotar pump, employing a Uvidec spectrometer and a Shodex SE-30 
differential refractometer as detectors. Preparative reversed phase liquid chromatography was carried 
out in a Waters Associated 500 instrument, using a PrepPak 5001C18 column. 

   Detection of Guanidylfungins A and B 

   Bioassay of guanidylfungins A and B was carried out by the paper disc diffusion method based on 
their antifungal activity against Candida albicans IAM 4888, Aspergillus fumigatus IAM 2046 and 
Mucor racemosus christianus, using a medium composed of malt extract 1.0%, glucose 2.0%, yeast ex-
tract 0.4 % and agar 1.0 % (pH 6.0). 
   The guanidylfungins were chemically detected by TLC (Kieselgel 60, Merck) with a solvent system 

of chloroform - methanol - water (65: 25: 4) or 2-butanol - water (4: 1) using the color reaction to vanil-

 t Present address: Central Research Laboratories , Takara Shuzo Co., Ltd., 3-4-1 Seta, Otsu-city, Shiga 

520-21, Japan.
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Results

                                        T axonomic ~rucues 

    Strain No. 662 was cultivated at 27'C for 14 days on various media such as yeast extract - malt 

extract agar, inorganic salts - starch agar, glucose - asparagine agar and tyrosine agar shown in Table 1. 

   Its morphological characteristics were examined with both optical and electron microscopes. The 

substrate mycelium did not form fragments. The aerial mycelium branched monopodially and formed 

spiral chains of spores with 10 - 30 spores per chain (Fig. I a). Spores had a warty surface and were 

cylindrical to ellipsoidal in shape (Fig. lb) with a size of 0.7-.0.8 x 1.0-1.1 am. No sclerotic granules, 

sporangia or zoospores were observed. 

   The growth characteristics of strain No. 662 are summarized in Table 1. The physiological proper-

ties and utilization of carbon sources of the strain are shown in Tables 2 and 3, respectively. According 

to these results, the main characteristics of strain No. 662 are summarized as follows: Cylindrical to el-

lipsoidal spores with warty surface in spirals at the top of the aerial mycelium, aerial mass color gray to 

brownish gray, reverse color pale yellow to yellowish brown, melanoid pigments are not produced. The 

strain showed moist, black and hygroscopic patches on the aerial mycelial mat at the beginning of the 

isolation, but this property was lost after several generations of cultivation.

Fig. 1. Electron micrographs of spore chains (a) and spores (b) of strain No. 662 on oat meal agar. 
    Bar represents 1 jim.

Table 1. Cultural characteristics of strain No. 662.

Medium

Sucrose - nitrate agar 

Glucose - asparagine agar 

Glycerol - asparagine agar 

Starch - yeast extract agar 

Tyrosine agar 

Nutrient agar 

Yeast extract - malt extract 
 agar 

Oat meal agar

Growth and reverse

Moderate, colorless 

Moderate, pale yellow 

Moderate, pale yellow to 

pale brownish yellow 
Good, pale yellow to 
brownish yellow 

Good, brownish yellow 

Moderate, pale yellow 

Good, yellowish brown 

Good, pale yellowish 
gray

Aerial mycelium

Gray to brownish gray 

Scant, white 

Scant, white 

Abundant, gray to 
brownish gray 

White to pale reddish white 

Scant, white 

Abundant, gray to 
brownish gray 

Gray to brownish gray

Soluble pigment

None 

None 

Pale brownish yellow 

Pale brownish yellow 

None 

None 

Pale yellowish brown 

None

fin-sulfuric acid spray and/or HPLC with a solvent of methanol - 0.01 M aqueous ammonium acetate 

(4: 1) using the UV absorption at 210 ~ 220 nm.
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   Among the known species of Streptomyces 

described in "BERGEY'S Manual of Determina-

tive Bacteriology" 8th Ed.5), the ISP reports6), 

WAKSMAN'S "The Actinomycetes" vol. II') and

other references, strain No. 662 resembles Streptomyces hygroscopicus except for the utilization of 

raffinose. We propose Streptomyces hygroscopicus No. 662 for strain No. 662 in view of the produc-

tion of guanidylfungins A and B.

                                  Fermentation 

   A spore suspension from a slant of the strain was inoculated in 100 ml of a medium consisting of 

glucose 1.0 %, Polypeptone 0.2 %, beef extract 0.1 % and yeast extract 0.1 % in tap water (pH 7.2) in a 
500-ml Erlenmeyer flask and cultured with shaking for 26 hours at 27°C. The culture was transferred 

into a 30-liter fermentor containing 20 liters of the medium composed of soluble starch 1.0%, glucose 

1.0%, corn steep liquor 1.5 %, yeast extract 0.1 %, N-acetylglucosamine 0.025 %, KH2PO4 0.05 %, NH,CI 

0.03 %, FeSO4 0.01 % and CaCO3 0.3 % (pH 7.2). Fermentation was carried out at 27°C for 4 days under 

aeration (10 liters/minute) and agitation (300 rpm). 

   The antibiotics were assayed by the antifungal activity and chemical detection by TLC or HPLC in 

an aqueous acetone extract of the mycelia. The extract was found to contain two novel antifungal anti-

biotics, guanidylfungins A and B, in addition to the known antibiotics, nigericin and elaiophylin. 

   The production of the guanidylfungins was almost parallel to the increase of mycelial growth (Fig. 

2) and the content of the antibiotics in the mycelia was 8 to 10 % (weight/dry weight mycelia).

Table 2. Physiological characteristics of strain No. 

 662.

Temperature range for growth 

Liquefaction of gelatin 

Hydrolysis of starch 

Coagulation of skim milk 

Peptonization of skim milk 

Melanin production 

Reduction of nitrate

15~ 37°C 

  -r

+ Positive, - negative.

Table 3. Carbon utilization of strain No. 662.

Positive 

Negative

D-Glucose, D-fructose, L-rhamnose, 

D-mannitol, L-arabinose, D-xylose, 

i-inositol, raffinose. 

Sucrose

Fig. 2. Time course of guanidylfungins A and B production.
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                                 isolation ana rurincation 

   The isolation procedure for guanidylfungins A and B, nigericin and elaiophylin is summarized in 

Scheme 1. The mycelia] cake separated by centrifugation from a cultured broth (12 liters) was extracted 

with acetone - water (7: 3). The aqueous acetone extract was concentrated in vacuo to a brownish paste. 

The paste was chromatographed on a silica gel column with chloroform - methanol (5: 1), chloroform -

methanol - water (65: 25: 4 and 6: 4: 1) and methanol. 

   The fractions containing guanidylfungins A and B, which were eluted with chloroform - methanol -

water (6: 4: 1) and methanol, were collected and concentrated to dryness in vacuo to obtain a crude 

powder. The crude powder was dissolved in hot aqueous acetone, and the solution was left overnight at 

room temperature yielding a yellowish powder precipitate (4 g). Further purification of the yellowish 

powder was carried out by preparative liquid chromatography on PrepPak 500/C18 with methanol -

0.01 M aqueous ammonium acetate (76: 24). The fractions containing the guanidylfungins were col-

lected, concentrated and crystallized from hot aqueous acetone to obtain white fine needles (2 g). The 

crystals, which were a mixture of guanidylfungins A and B, were separated into guanidylfungin A and 

guanidylfungin B by silica gel column chromatography with 2-butanol - water (8: 1 and 4: 1). The 

fractions containing guanidylfungin A and guanidylfungin B respectively were collected and crystallized 

from hot aqueous acetone to obtain white fine needles (guanidylfungin A: 1,080 mg, guanidylfungin B: 

45 mg).

Scheme 1. Isolation procedure of guanidylfungins A and B, nigericin and elaiophylin.
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   HPLC analysis of the pure guanidylfungin A 

(Fig. 3a) showed that it contained a minor com-

ponent (2a) besides a major one (la), but the 

two were found to be interconvertible. Similarly 

guanidylfungin B (Fig. 3b) contained a minor 
component (2b) besides a major one (lb), and 

the two were interconvertible. 

   The fractions containing nigericin and 

elaiophylin, which were eluted with chloroform -

methanol (5: 1), were collected and purified by 

preparative liquid chromatography on PrepPak 
500/C18 with methanol and by silica gel column 

chromatography with chloroform - methanol or 

dichloromethane - acetone to obtain pure nige-

ricin (white powder, mp 255~265'C (dec)) and 

pure elaiophylin (colorless needles, mp 170~
175'C).

                            Physico-chemical Properties 

   Some properties of guanidylfungins A and B are summarized in Table 4. The antibiotics were 

stable at alkaline pH, but very unstable at acidic pH. They showed no characteristic absorption in the 

UV spectra. Their IR spectra (Fig. 4) exhibited broad strong bands at 3600~ 3000 cm-1 due to multiple 

hydroxyl groups and at 1750 ~ 1600 cm-1 due to carboxyl groups. The 'H NMR spectrum of guani-

dylfungin A (Fig. 5) revealed the presence of four olefinic protons at 5.72, 5.44, 5.33 and 5.17 ppm, two 

acyloxy methine protons at 5.17 and 4.73 ppm, two methylene protons at 3.22 and 3.16 ppm, one N-

methyl protons at 2.83 ppm, seven doublet methyl protons at 0.6 -j 1.2 ppm and two singlet methyl pro-

tons at 1.6 ppm. The 13C NMR spectrum of guanidylfungin A (Fig. 6a) showed more than fifty carbons,

Fig. 3. HPLC of guanidylfungins A (a) and B (b). 
   Column: Nucleosil 5C18 (6 mm x 150 mm) 

   Mobile phase: MeOH - 0.01 M aq NH,OAc (76: 
               24), 1.0 ml/minute. 

   Detection: UV 215 run.

Table 4. Physico-chemical properties of guanidylfungins A and B.

Appearance 
MP 
SIMS 
Molecular formula 
Anal Calcd 
    Found 
UV (MeOH) 
IR (KBr) cm-' 

Solubility: Soluble 
        Insoluble 

Color reaction: Positive 

            Negative 
Silica gel TLC (Rf value) 
   CHCl3 - MeOH - H2O 

      (65:25:4) 
   2-BuOH - H,O (4: 1)

Guanidylfungin A

White fine needles 
> 155°C (dec) 
1,130 (M=H), 374,224 
C58H103N3O18 (MW 1,129) 
C61.65,H9.12,N3.72,025.51 
C 61.55, H 9.27, N 3.65, 0 25.65 
End absorption 
3400, 2980, 2940, 1730, 1640, 1600, 
1460, 1380, 1160, 1060 
(CH3)2SO, pyridine, aq acetone 
CHC13, EtOAc, acetone, HO 
KMnO,, vanillin-H..,SO,, I, vapour, 
Dragendorff 
2,4-Dinitrophenylhydrazine, FeCl3 

0.17 

0.25

Guanidylfungin B

White fine needles 
138 ~ 142°C (dec) 
1,116 (M+ H), 360,210 
C57H101N3O18 (MW 1,115) 
C 61.34, H 9.06, N 3.77, 0 25.83 
C60.87,H9.30,N3.55 
End absorption 
3350, 2930, 2900, 1710, 1660, 1580, 
1450, 1370, 1080, 1060 
(CH3)2SO, pyridine, aq acetone 
CHCI3i EtOAc, acetone, H ,O 
KMnO4, vanillin-H2SO4, I2 vapour, 
Dragendorff, Sakaguchi 
2,4-Dinitrophenylhydrazine, FeCl3 

0.17 

0.30
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which contained three carbonyl carbons at 174.5, 170.2 and 170.0 ppm, one guanidyl carbon at 156.4 

ppm, six olefinic carbons at 120~140 ppm, one hemiketal carbon at 98.3 ppm, more than ten carbons 

bearing hydroxyl or acyloxy groups at 60~ 80 ppm, nine methyl carbons at 8 ~ 17 ppm and others. The 
1H NMR (100 MHz in CD3OD , data not shown) and 13C NMR (Fig. 6b) of guanidylfungin B were very 

similar to those of guanidylfungin A except the absence of an N-methyl group (a$ 2.83, be 27.6). The 

secondary ion mass spectra (SIMS) of guanidylfungins A and B exhibited their [M+H] ion peaks at 

m/z 1,130 and 1,116, respectively.

Fig. 4. IR spectra of guanidylfungins A and B in KBr.

Fig. 5. 1H NMR spectrum of guanidylfungin A (400 MHz in CD3OD, HDO was decoupled by homogated 
   decoupling).
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   From these results of 1H, 13C NMR, SIMS and elemental analysis, the molecular formulas of guani-

dylfungins A and B were determined to be C58H103N3O18 and C57H101N3O18, respectively. The result 

that guanidylfungin B was positive to the color reaction with Sakaguchi reagent and other physico-

chemical properties of the guanidylfungins revealed the presence of a di-substituted guanidine in guani-

dylfungin A and of a mono-substituted one in guanidylfungin B. 

   Nigericin and elaiophylin were identified by comparison with their published data8~10) of the TLC, 

UV, IR, 1H and 13C NMR spectra.

Fig. 6. 13C NMR spectra of guanidylfungins A (a) and B (b) (25 MHz in DMSO-d6).

Table 5. Antimicrobial spectra of guanidylfungins A and B.

Test organism

Staphylococcus aureus FDA 209P 
Bacillus subtilis PCI 219 
Escherichia coli K-12 
Pseudomonas aeruginosa IAM 1180 
Vibrio metschnikovii IAM 1039 
Candida albicans IAM 4888 
Saccharomyces cerevisiae IAM 4020 
Aspergillus fiunigatus IAM 2153 
A. oryzae 
Trichophyton mentagrophytes 
Sporotrichum schenckii 
Paecilomyces varioti IAM 5001

Incubation 
temp ("C)

37 

37 

37 

37 

37 

30 

30 

30 

30 

30 

30 

30

Medium*

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2

MIC (11g/ml)

A

   12.5 

 25 

> 100 

>100 

> 100 

  25 

  50 

  50 

   12.5 

  25 

    6.25

B

 50 

 50 

>100 

 100 

  25 

    6.25

* 1 : Heart infusion agar , 2: glucose 20 g, malt extract 10 g, yeast extract 4 g, agar 15 g/liter H2O (pH 6.0).
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                              Biological Properties 

   The antimicrobial spectra determined by agar dilution method are shown in Table 5. Guanidyl-

fungins A and B were active against fungi and Gram-positive bacteria. The acute toxicity (LD50 in 

mice) of guanidylfungin A was 12.5 to 25 mg/kg when administered intraperitoneally.

Discussion

   Guanidylfungins A and B were compared with other known antibiotics having some points of simi-

larlity in physico-chemical and biological properties. Among several known antibiotics azalomycins 

F3a, F4a and F5a,11-13), scopafungin14,15), copiamycin16.17), neocopiamycin A18), niphithricins A and B19), 

tendomycin20), niphimycin21,22) and primycin23.24) Were similar to guanidylfungins A and B in their 

analytical properties as well as in their biological properties. 

   In the UV spectra, however, the guanidylfungins Were clearly different from azalomycin Fs, scopa-

fungin, copiamycin, neocopiamycin A, niphithricins A and B, niphimycin and tendomycin. In the 

SIMS and 1,C NMR, the guanidylfungins were also distinguished from those similar antibiotics.

Acknowledgments

   The results of taxonomic studies presented in this paper "ere in part provided by Mr. M. ITO of Takara 

Shuzo Co., Ltd. We thank Dr. T. Uozunl of The University of Tokyo, Drs. O. TANABE, A. OBAYASHI, T. NAKA-

MURA and their coworkers of Takara Shuzo Co., Ltd. for valuable technical assistance and encouragement of 

this work. We also thank Drs. A. IsoGAt, K. AIZAWA and H. SETO of The University of Tokyo for helpful discus-

sions and spectroscopic analyses.

References

 1) ARCAMONE, F. M.; C. BERTAZZOLI, M. GHIONE & T. SCOTTI: Melanosporin and elaiophylin, new anti-
    biotics from Streptonryces melanosporus (sire melanosporofaciens) n. sp. Giorn. Microbiol. 7: 207~216, 

   1959 
2) HARNED, R. L.; P. H. HIDY, C. J. CosUM & K. L. JONES: Nigericin, a new crystalline antibiotic from an 
    unidentified Streptomyces. Antibiot. Chemoth. 1 : 594~596, 1951 
3) TAKESAKO, K. & T. BEPPU: Studies on new antifungal antibiotics, guanidylfungins A and B. II. Structure 
    elucidation and biosynthesis. J. Antibiotics 37: 1170~ 1186, 1984 
4) SHIRLING, E. B. & D. GOTTLIEB: Methods for characterization of Streptomyces species. Int. J. Syst. Bac-

    teriol. 16: 313 ~. 340, 1966 
5) BUCHANAN, R. E. & N. E. GIBBONS: BERGEY'S Manual of Determinative Bacteriology. 8th Ed., The Wil-

    liams & Wilkins Co., Baltimore, 1974 
6) SHIRLING, E. B. & D. GOTTLIEB: Cooperative description of type cultures of Streptomyces. V. Additional 
    description. Int. J. Syst. Bacteriol. 22: 265~394, 1972 
7) WAKSMANN, S. A.: The Actinomycetes. Vol. II. The Williams & Wilkins Co., Baltimore, 1961 
8) ARAI, M.: Azalomycins B and F, two new antibiotics. II. Properties of azalomycins B and F. J. Anti-
    biotics, Ser. A 13: 51 ~. 56, 1960 
9) KAISER, H. P. & W. KELLER-SHIERLEIN: Strukturaufklarung von Elaiophylin: Spektroskopische Unter-
    suchungen and Abbau. Helv. Chim. Acta 64: 407~424, 1981 

10) SHOJI, J.; S. KOZUKI, S. MATSUTANI, T. KUBOTA, H. NISHIMURA, M. MAYAMA, K. MOTOKAWA, Y. TANAKA, 
    N. SHIMAOKA & H. OTSUKA: Studies on polyetherin A. 1. Isolation and characterization. J . Anti-

   biotics 21: 402~409, 1968 
11) ARAI, M. & K. HAMANO: Isolation of three main components , F3, F4, and F; from azalomycin F-complex. 

   J. Antibiotics 23: 107~112, 1970 
12) NAMIKOSHI, M.; K. SASAKI, K. FUKUSHIMA, S. IWASAKI, S. NOZOE & S. OKUDA: Studies on macrocyclic 

    lactone antibiotics. I. Physico-chemical properties of azalomycin F4a,. Chem . Pharm. Bull. 30: 1653 ~ 1657, 
   1982 

13) IWASAKI, S.; M. NAMIKOSHI, K. SASAKI, K. FUKUSHIMA & S. OKUDA: Studies on macrocyclic lactone anti-
    biotics. V. The structures of azalomycins F3, and F5,. Chem . Pharm. Bull. 30: 4006~4014, 1982



1169THE JOURNAL OF ANTIBIOTICSVOL. XXXVII NO. 10

14) JOHNSON, L. E. & A. DIETZ: Scopafungin, a crystalline antibiotic produced by Streptonryces hygroscopicus 
    var. enhygrus var. nova. App]. Microbiol. 22: 303.~ 308, 1971 

15) SAMAIN, D.; C. COOK, Jr. &K. L. RINEHART, Jr.: Structure of scopafungin, a potent nonpolyene antibiotic. 
    J. Am. Chem. Soc. 104: 4129~4141, 1982 

16) ARAI, T.; S. KURODA, H. OHARA, Y. KATOH & H. KAJI: Copiamycin, a new antifungal antibiotic derived 
    from S. hygroscopicus var. chrystallogenes. J. Antibiotics, Ser. A. 18: 63~ 67, 1965 

17) FUKUSHIMA, K.; T. ARAI, S. IWASAKI, M. NAMIKOSHI & S. OKUDA: Studies on macrocyclic lactone antibio-
    tics. VI. Skeletal structure of copiamycin. J. Antibiotics 35: 1480~1494, 1982 

18) ARAI, T.; J. UNO, 1. HORIMI & K. FUKUSHIMA: Isolation of neocopiamycin A from Streptomyces hygrosco-

    picus var. crystallog eves, the copiamycin source. J. Antibiotics 37: 103 ~ 109, 1984 
19) FIEDLER, H.-P.; W. WoRNER, H. ZAHNER, H. P. KAISER, W. KELLER-SCHIERLEIN & A. MULLER: Metabolic 

    products of microorganisms. 200. Isolation and characterization of niphithricins A, B, and elaiophylin, 
    antibiotics produced by Streptonryces violaceoniger. J. Antibiotics 34: 1107~1118, 1981 

20) MIYAMURA, S.; N. OGASAWARA, H. OTSUKA, T. UCHIYAMA, H. OCHIAI, Y. NITAHARA, K. KOIzuMI, A. 
    TAMURA & H. ISHII: Tendomycin, a new antitumor antibiotic isolated from Streptomyces No. 9034. Jpn. 

    J. Antibiotics 33: 227~233, 1980 
21) BLINOV, N. 0.; V. V. ONOPRIENKO, T. M. RODINA, S. I. AGAINA & E. 1. KHLABAROVA: Chemical chara-

    cteristics of niphimycin A, and A.. Antibiotiki 19: 579~581, 1974 
22) BASSI, L.; B. JOGS, P. GASSMANN, H. P. KAISER, H. LEUENBERGER & W. KELLER-SCHIERLEIN: Versuche zur 
    Strukturaufkiarung von Niphimycin. 1. Reinigung and Chracterisierung der Niphimycin Ia and I; Bowie 

    Abbau mit Salpetersilure. Helv. Chim. Acta 66: 92~ 1 17, 1983 
23) SzILAGYI, I.; T. VALYI-NAGY, I. SZABO & T. KERESZTES: Infra-red and ultra-violet spectra of primycin. 
   Nature 193: 243~245, 1962 
24) ABERHART, J.; T. FEHR, R. C. JAIN, P. DE MAYO, O. MOTL, L. BACZINSKI, D. E. F. GRACEY, D. B. MACLEAN 

    & I. SZILAGYI: Primycin. J. Am. Chem. Soc. 92: 5816~5817, 1970




