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          Antibiotic X-14885A is a novel divalent cation ionophore produced by a Streptomyces cul-
       ture isolated from soil sample collected in Wyoming. Its cation binding sequence has been 

       found to be: Mgt+>Ca2+, Sr=+>Ba°+»>Li+, Na+, Rb+, K+, Cs+. 

   Of the more than 70 naturally occurring polyether antibiotics described in the literature, the majority 

are capable of complexing and transporting monovalent cationsl>. A few, such as lasalocid, lysocellin, 

X-14547A2>, antibiotic 60163> and antibiotic X-14868A and B'>, are efficient carriers for both monovalent 

and divalent cations; just two, A231875> and ionomycin4>, are specific for divalent cations. In the course 

of our search for new ionophore antibiotics, we have encountered a soil isolate capable of producing a 

new divalent cation ionophore, X-14885A (Fig. 1). Antibiotic X-14885A is a novel pyrrole ether anti-

biotic structurally related to A23187. The isolation and structure determination of the antibiotic has 

been reported elsewhere). In this paper, we

describe the taxonomy of the producing culture, 

fermentative production, and the biological and 

ionophore properties of the antibiotic. 

   Taxonomy of the Producing Organisms 

   Strain X-14885 (NRRL 12350) was isolated 

from a soil sample collected at the bank of Dead 

Indian Creek, Wyoming. It produces a substrate 

mycelium which does not fragment into spores, 

and aerial mycelium forming retinaculum-apertum 

spore chains with approximately 25 spores per

Fig. 2. Smooth-walled aerial mycelium of Strepto-

 myces strain X-14885. 

   The mycelium does not appear differentiated into 

 spores. Culture was grown on ISP 2 agar at 28°C 

 for two weeks. x 10,000.
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                         Tahle 1. Cultural characteristics of strain X-14RR5_

    Agar medium Amount of growth; Spore mass color, Color of reverse                         degree of sporulation substrate myceli
um, 

Yeast plus malt extract Moderate growth; sparse b (oyster white) in isolated 2ge (covert tan) 
(ISP 2)b sporulation tufts; 2ge (covert tan) on the 

                                                rest where not sporulated 

Oatmeal (ISP 3)b Poor growth; no sporulation 2cb (ivory tint) not sporulated 2dc (natural, string) 

Inorganic salts - starch Poor growth; no sporulation; 2cb (ivory tint) 2dc (natural, string) 
(ISP 4)b does not appear to hydrolyze 

                   starch in medium 

Glycerol - asparagine Poor growth; very scant 2cb (ivory tint) 2dc (natural, string) 
(ISP 5)b sporulation 
Czapek-Dox° Poor growth; almost no translucent 2cb (ivory tint) 2dc (natural, string) 

                   sporulation

  The color scheme used was that taken from the Color Harmony Manual, 4th ed., 1958 (Container Corp. 
  of America, Chicago) after incubation for 2 weeks at 28°C. 

b Media recommended by SHIRLING and GOTTLIEB'O) 
° Czapek-Dox broth (BBL) to which 1.5% agar was added. 

       Table 2. Comparison of carbon utilization by strain X-14885 and related strains.

                              Results, in this laboratory Results reported in                                                                        BERGEY'S Manual'3 
 Carbon source 

                       X-14885 S. humidus S. lusitanus S. lusitanus 

No carbon control - - - -
n-Glucose + + + + + + + 
D-Xylose + + - -
L-Arabinose + + + - + 
L-Rhamnose -1 -{- + + - -
D-Fructose + + + - + 
n-Galactose + + + + 
Raffinose - - - -
D-Mannitol - + + - -
i-Inositol + + (+) - + 
Salicin + + + -
Sucrose - - - + 
Cellulose - - -

a -: Negative response; ±: doubtful response; +: more growth than carbon control but less than on 

  glucose; (+): growth nearly equal to amount on glucose; and + +: positive response equal to growth 
  on glucose. 
  All the tests were performed by the method of SHIRLING and GOTTLIEBIO)

chain. Spores could not be differentiated by scanning electron microscopy (Fig. 2). The surface of 

what appears to be the spore chain is smooth. The cell wall contains the LL-isomer of diaminopimelic 

acid which together with the above characteristics places this organism in the genus Streptomyces'). 

   Table I describes the amount of growth, degree of sporulation, spore mass color and color of the 

reverse substrate mycelium on various agar media. 

   Streptomyces sp. X-14885 hydrolyzes casein, starch and gelatin, but not urea. It decomposes ade-

nine, hypoxanthine and tyrosine, but not xanthines). Table 2 compares the carbon utilization charac-

teristics of Streptomyces sp. X-14885 with those of S. humidus and S. lusitanus, the latter two species 

chosen for this comparison because they appeared to be the closest relatives based on gray spore mass
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Table 3. Metabolic and morphological characteri-
 stics of X-14885. 

         Test' Result 

 Spore mass color Gray-white 
 Spore chain form retinaculum-apertum 
 ISP 6, darkening -

 Melanin, ISP 7 -
 ISP 1, darkening -

 Gelatin hydrolysisb + 
 Casein hydrolysis + 
 Starch hydrolysisd + 
 NaCl (%) toleranceb 3 
 Growth range temperature 10---28 

   (°C) 
 Reverse-side pigment None 
 Soluble pigment None 
 Streptomycin sensitivity -b 9 mm 

  (10 jig disc) 
 Nitrate reduction° ± slight 
 Hygroscopic property -
 DAP isomer LL 

 ' All tests were done at 28°C . 
 b See reference 11 for the test . 

   Determined by the method recommended in 
    reference 12. 

 ° Determination was made after growth on agar 

   of Actinomyces broth (Difco) with 0.25 % soluble 
   starch by flooding the plates with iodine-KI 
    solution.

Fig. 3. Time course of X-14885A fermentation in 

 shake flask. 

   Experimental details are described in the text.

Time (days)

color, smooth spores in a spiral to retinaculum-

apertum spore chain, lack of melanin and a 

similar but not identical carbon utilization pat-

tern"). Table 3 sets forth the morphological and 

metabolic characteristics of Streptomyces sp. X-

14885.

   Since antibiotic X-14885A is a pyrrole ether antibiotic similar in structure to antibiotic A23187 

produced by S. chartreusis'", a comparison was also made between strain X-14885 and S. chartreusis. 

These two cultures differ in the following respects: color of spore mass is blue in S. chartreusis and gray 

for strain X-14885; melanin production is positive for the former and negative for the latter; and S. 

chartreusis produces tunicamycin1°) while piericidine A is produced by strain X-14885. 

    Based on the various taxonomic criteria examined, it has not been possible to assign Streptomyces 

sp. X-14885 to any of the previously described species of Streptomyces. However at this time we defer 

assigning the species until further studies are performed. 

                                  Fermentation 

   Production of antibiotic X-14885A by fermentation was carried out with an inoculum medium com-

posed of (in g/liter distilled water): Tomato pomace 5.0, distillers soluble 5.0, OM peptone (Oscar Meyer 

and Co., Madison, Wis.) 5.0, debittered dried yeast 5.0, corn starch 20.0, Cerelose (C.P.C. International 

Co., Englewood Cliffs, N.J.) 5.0, CaCO3 1.0, KZHPO, 1.0, and CoCl2.6H2O 0.00024; the pH was adjust-

ed to 7.0 before sterilization. The inoculated flask was grown on a rotary shaker (250 rpm, 5-cm gyra-

tion) at 28°C for 3 days. Three ml of the resulting vegetative growth were used to inoculate a 500-m1 

Erlenmeyer flask containing 100 ml of medium with the following ingredients (in g/liter distilled water): 

Cerelose 25.0, corn steep liquor (wet) 15.0, distillers soluble 10.0, Pharmamedia (Traders Protein, Divi-

sion of Traders Oil Mill Co., Fort Worth, Tx.) 5.0, CoCl2.6H2O 0.01, and CaCO3 3.0; the pH was ad-

justed to 7.3 before sterilization. Fermentation was on a rotary shaker (250 rpm, 5-cm gyration) at
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                 Table 4. In vitro antimicrobial activity of antibiotic X-14885A.

        Organism MIC (µg/ml*) 

Pseudomonas aeruginosa > 1,000 
 ATCC 8705 

Proteus vulgaris ATCC 6380 >1,000 

Escherichia coli ATCC 27856 > 1,000 

Klebsiella pneaononiae > 1,000 
 ATCC 27858 

Serratia marcescens > 1,000 
 ATCC 27857 

Serratia sp. ATCC 93 > 1,000 

Acinetobacter calcoaceticus > 1,000 
 ATCC 10153 

Staphylococcus aureus 0.79 
 ATCC 6538P 

Streptococcus faecium 0.79 
 ATCC 8043

        Organism MIC (µg/ml*) 

Micrococcus luteus ATCC 9341 3.13 

Bacillus megaterium ATCC 8011 0.39 

Bacillus sp. E ATCC 27859 0.19 

B. subtilis NRRL 558 0.19 

Bacillus sp. ATCC 27860 0.39 

Mycobacterium phlei ATCC 12290 3.9 
Streptomyces cellulosae 1.57 
 ATCC 3313 

Paecilomyces varioti ATCC 26820 > 1,000 

Penicillium digitatum > 1,000 
 ATCC 26821 

Candida albicans NRRL 477 > 1,000 
Saccharomyces cerevisiae > 1,000 
 ATCC 4226

* Lowest two-fold dilution given a zone of inhibition in an agar-diffusion assay.

Table 5. Displacement of 4'Ca°+ from X-14885-
 cation complex by other cations. 

   Displacing Cation 45Cas+ remaining 
     cation radius in complex             (A) (/) 

     None - 100 
     Mg°+ 0.82 56 

     Ca' + 1.18 65.5 
     Srz+ 1.12 66.5 

     Ba2+ 1.34 74.5 
     Li+ 0.68 89 

     Na+ 0.97 93.3 
     K+ 1.33 98 

     Rb+ 1.47 93.3 
     Cs+ 1.67 98

Fig. 4. Time course of Cat} and Rb+ transport by 
 antibiotic X-14885A in a U-tube. 

   The U-tube system described by ASHTON and 
 STEINRAUFI'r was employed for the assay. A glass 
 U-tube was filled with 5 ml of a chloroform solution 
 of antibiotic (1 x 10-4 m). Two ml of an aqueous 
 Tris-HCI buffer (20 mm, pH 9.5) containing 1 mm 

 [4'Ca]calcium chloride or [86Rb]rubidium chloride 
  was placed in one arm of the U-tube and an equal 

 volume of the same buffer solution with unlabelled 
 calcium or rubidium chloride in the other arm. The 
 reaction was started by the addition of the respec-
 tive labelled metal chloride and the chloroform 
 phase separating the two aqueous phases was then 
 gently stirred with a magnetic stirrer. The rate of 

  appearance of radioactive calcium or rubidium in 
  the label-free side was determined by counting 
 samples (50 pl) taken from both aqueous phases 

 with 10 ml Aquasol (New England Nuclear, Boston, 
 Mass.) in an intertechnique liquid scintillation spec-
  trometer.

   The cation selectivity sequence of X-14885 was 
 determined by the method described previously'). 
 Two trmol of antibiotic (in 2 ml of 70 % toluene -
 30% 1-butanol) were equilibrated by shaking for 
 2 hours at 20'C with 2 ttmol of "RbCI or 1 pmol of 
 45CaCl2 (in 1 ml of dimethyl glycine - tetramethyl-

 ammonium hydroxide buffer, 25 mm pH 10.0). 
 Complex formation was measured by liquid scintil-
 lation counting on both phases (see Fig. 3). 

   Displacement of labelled cation from the iono-

 phore complexes was determined by the addition of 
 unlabelled cations (2 ttmol of monovalent or 1 

 Nmol of divalent metal chloride). 

28°C for 8 days. Broth samples were taken daily 

and analyzed for glucose content (by a Beckman 

glucose analyzer II), packed cell volume (by cent-

rifugation of broth at 1,500 rpm for 10 minutes
Time (hours)
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in an International centrifuge), and antibiotic potency in broth (by an agar well diffusion assay using 

Staphylococcus aureus ATCC 6538 P as test organism). The time course of an X-14885A fermentation 

is shown in Fig. 3. Under the conditions described, a potency of more than 300 yg/ml was obtained 

after 8 days of fermentation. 

                        Biological and lonophore Properties 

   The in vitro antimicrobial activity of antibiotic X-14885A is shown in Table 4. The antibiotic is 

active against Gram-positive bacteria but exhibits no activity against any of the Gram-negative bacteria 

and fungi tested. 

   Based on the structure similarity of A23187 and X-14885A, it was expected that antibiotic X-14885A 

would be preferentially a divalent cation ionophore. Examination of cation binding and transporting 

properties of the antibiotic shown in Table 5 and Fig. 4 indicates that this is indeed the case. The cation 
binding sequence of X-14885A was found to be Mgt+>Ca2+, Sr2+>Ba2+>Li+, Na+, Rb+, K+, Cs+. 
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