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   Two novel antibiotics, catacandin A and catacandin B, were isolated from the fermentation 

broth of the bacterium, Lysobacter gunnnosus, by extraction and adsorption, reverse-phase 

and gel filtration chromatography. On the basis of their physico-chemical properties, they 

are acyltetramic acids that are easily distinguishable from others in this class. Catacandin A 

and catacandin B possess good anticandidal activity.

   It is becoming increasingly evident that bacteria can produce a wide variety of antibiotic types, 

a biosynthetic ability once thought to be the domain of the Actinomycetales. In recent years, bacteria 

have been shown to produce j3-lactam antibiotics1), a nucleoside antibiotic'', aminoglycosides3', amino 

acid analogs4), etc. In addition to structural diversity, bacterially-produced antibiotics encompass a 

wide variety of antibiotic activities, from narrow to broad spectrum, to those with antifungal properties. 

   These considerations have led us to examine bacteria for the production of novel compounds 

with anticandidal activity. In the course of this screening effort, we found two novel antifungal agents. 

One, catacandin, is the subject of this report; the other, xylocandin, will be reported elsewhere".

Taxonomy

   The strain producing catacandin was originally isolated from a soil sample taken on the slopes 

of Mt. Etna, Sicily. The taxonomic characteristics of this strain are as follows: 

   Morphology 

   The organism is a long, slender Gram-negative rod with rounded rather than tapered ends. Some 

chain formation is evident. It is motile by means of gliding, leaving slime trails on the agar surface. 

No fruiting bodies are formed. 

   Culture Characteristics 

   Liquid cultures are viscous and agar cultures are mucilaginous. Colonies on sucrose 0.25 %, 

yeast extract 0.5 % agar are yellow and transparent with scalloped, colorless edges that spread in an 

irregular manner. 

   Biochemical Reactions 

   The organism is capable of lysing eukaryotic cells (e.g., Saccharomyces cerevisiae) and is proteoly-

tic, as evidenced by clearing of the opaqueness of a skim-milk acetate agar medium. It produces cata-

lase, oxidase and phosphatase and is able to utilize citrate as the sole source of carbon for growth.

I Present address: Schering Corporation , 60 Orange Street, Bloomfield, New Jersey 07003, USA.
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It does not hydrolyze starch; it does produce acid from glucose, cellobiose, sucrose (delayed) and 

lactose, but not from glycerol or mannitol. The organism is lipolytic on Tween 20 and Tween 80. 

It does not produce water-soluble pigments and it grows well on eosin-methylene blue agar. The 

G±C content of the DNA is 66.9 mol %, as determined by the thermal denaturation method. 

   Based upon morphological, cultural and biochemical properties, the organism was identified as 

Lysobacter gwnmosus, in accordance with the description by CHRISTENSEN and COOK'). The culture 

has been deposited in the American Type Culture Collection, Rockeville, Maryland and has the ac-

cession number, ATCC 39472.

Production

   L. gummosus ATCC 39472 was maintained by storage in a mechanical freezer at -90°C. When 

needed, working stock cultures were prepared on agar slants composed of yeast extract 1 %, peptone 

2 %, glucose 2 % and agar 1.5 %. The slants were incubated at 25°C for 16 to 18 hours and used to 

inoculate germinator flasks containing 100 ml of medium in 500-m1 Erlenmeyer flasks. This medium 

consisted of yeast extract 0.4% malt extract 1 % and dextrose 0.4%. The germinators were incubated 

overnight (18 hours) at 25°C on a rotary shaker operating at 300 rpm with a 5-cm stroke, and then used 

to inoculate (I%) the same medium (50 liters) in a 75-liter Fermatron fermentor (New Brunswick 

Scientific, Edison, New Jersey, U.S.A.). The fermentation was run for 30 hours at 25°C, with an air 

flow of 50 liters/minute and an agitation rate of 200 rpm. The fermentation and the subsequent iso-

lation steps were monitored by paper-disc, agar-diffusion assay with Candida albicans SC5314 as the 

assay organism.

Isolation Procedure

The isolation and purification procedures for catacandins A and B are outlined in Fig. 1. The

Fig. 1. Isolation of catacandins A and B.
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fermentation broth, acidified to pH 2 with hydrochloric acid, was centrifuged to separate solids from 

the supernate. Since most of the activity was associated with the solids, they were extracted with 

acetone and the resulting acetone extract concentrated in vacuo. The concentrate, diluted with ethyl 

acetate, was then extracted with 5 % sodium bicarbonate. The bicarbonate solution was acidified to 

pH 2 and the activity extracted into fresh ethyl acetate. The active components were further purified 

by a combination of normal-phase, reversed-phase and size-exclusion chromatography.

Physico-chemical Properties

   The major component of the fermentation, catacandin A, is a methanol soluble, acidic antibiotic. 

Physico-chemical data are given in Table 1. The IR spectrum indicates the presence of ester (1720 

cm-') and amide (1655 cm-') functions. The hypsochromic shift of the UV maximum at 375 nm 

to 340 nm in going from acidic to alkaline pH is characteristic of dienoyltetramic acid antibiotics, e.g., 

tirandamycin'). The molecular weight and empirical formula of catacandin A were determined by 

FAB') mass spectrometry. Both positive and negative ion spectra indicated a molecular weight of 

510 for the free acid. The exact mass observed for C,QH37N,O, (M-H)- was 509.267 (theory 509.265). 

Catacandin A gave a major fragment at m/z 98 in the negative ion FAB mass spectrum. This ion 

(C,H,NO, by high resolution FAB-MS) fragments from the parent as shown by MS-MS1,10> data and 
is further evidence to support the presence of an acyltetramic acid in catacandin A (Fig. 3). The 

ion, m/z 98, could arise from a combination of an a-cleavage of the C2-C13 bond and a McLAFFERTY 

rearrangement involving the C4-C5 bond cleavage with the hydrogen migration. Under identical con-

ditions, tirandamycin also gave a major fragment at m/z 98 (C,H,N02), arising from the negative ion 

FAB mass spectrum. This type of fragmentation may be characteristic of tetramic acid antibiotics. 

Unfortunately, samples of ikarugamycin and capsimycin were not available to test this hypothesis. 

   The 'H NMR spectrum and a partial structure, 1, for catacandin A are shown in Figs. 2 and 3, 

respectively. The two four-proton systems, consisting of the protons on C-9 (5 5.90), C-10 (5 7.15), 

C-11 (5 6.13) and C-12 (d 5.86), and on C-14 (5 6.90), C-15 (S 7.35), C-16 (6 6.13) and C-17 (S 6.03), 

were established by decoupling experiments. The assignments of the protons on C-14, 15, 16 and 17 

are based on a comparison of their chemical shifts with those of analogous protons in tirandamycin".

Table 1. Physico-chemical properties of catacandins A and B.

TLC, 
IR (KBr)b cm -1

UV nm (E1%) MeOH 

          0.01 M HCl in MeOH 

           0.01 M NaOH in MeOH 
FAB-MS ((M-H)-, in/z) 
Molecular formula,

     Catacandin A 

Rf 0.31 
3360, 2940, 2870, 2375, 1720, 
1705, 1655, 1610, 1460 
204 (17,500), 258 (30,500), 
343 (8,500) 
205 (14,000), 268 (25,500), 
358 (13,500), 375 (11,500) 
257 (33,000), 340 (8,500) 
509.267 
C2,H39N,O,

    Catacandin B 

Rf 0.42 
3320, 2955, 2860, 2375, 1720, 
1705, 1655, 1600, 1460 
205 (16,100), 236 (15,600), 
320 (7,800) 
215 (17,500), 324 (10,500) 

236 (15,800), 317 (7,800) 
509.261 
Cc,H33N,O,

a Silica gel
, CHC13 - McOH - NH,OH, 6: 4: 1. 

b The IR spectral data for catacandins A and B were obtained on their sodium and ammonium salts
, 

  respectively. 
e Molecular formulae were determined by FAB mass spectrometry .
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   13C NMR data and partial assignments are 

presented in Table 2. The multiplicities of the 

carbons were determined using the Ineptly 

technique. Assignments of carbons at positions 

I through 4 and 13 through 17 are based on 

comparison of their chemical shifts with those 

of analogous carbons in tirandamycin". 

   Ozonolysis of catacandin A followed by 

hydrolysis" yields ornithine and oxalic acid as

Fig. 2. 400 MHz 1H NMR spectrum of catacandin A in CD3OD.

Fig. 3. Partial structure of catacandin A.

Catacandin A (1)

Table 2. 13C NMR data for catacandin A.

Chemical 
shifts (3)a 

 13.1 

 19.3 

 27.2 

 32.2 

 38.2 

 41.6 

 42.1 

 43.8 

 46.6 

 48.2 

 55.6 

 57.3 

 57.4 

 69.8 

 71.7

Carbon 
 type' 

 CH3 

 CH3 

 CH, 

 CH2 

 CH2 

 CH, 

 CH2 

 CH 

 CH 

CH or CH2 

 CH 

 CH 

 CH 

 CH 

 CH

Assignment
Chemical 
shifts (6)a 

  76.4 
 101.6 
 122.7 
 125.2 
 126.6 
 130.3 
 135.9 
 141.0 
 144.5 
 147.0 
 167.8 
 174.7 
 176.8 
 194.1

Carbon 
types' 

CH 

C 

C=C 

C=C 

C=C 

C=C 

C=C 

C=C 

C=C 

C=C 

C=O 

C=O 

C=o 

C

Assignment 

  C-2 

  C-12 

  C-9 

 C-17 

  C-11 

  C-16 

  C-14 

  C-10 

 C-15 

  C-8 

 C-13 

  C-1 

  C-3

  ppm Downfield from TMS, using dioxane (67.6 ppm) as an internal standard. 
b Assignments are made by the Inept technique .
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well as an unidentified fragment from the remain-

ing portion of catacandin A. 

   A minor component of the fermentation, 

catacandin B, is also a methanol soluble, acidic 

antibiotic. Physico-chemical data are given in 

Table 1. The IR spectrum indicates the presence 

of ester (1720cm-1) and amide (1655cm-') 

functions. A hypsochromic shift of the UV 

maximum from 324 nm to 317 nm in going from 

acidic to alkaline pH is indicative of an enoyl-

tetramic acid system as in ikarugamycin12). Com-

parison of the UV of catacandins A and B 

indicates a higher degree of conjugated unsatura-

tion for catacandin A. The molecular weight 

and empirical formula of catacandin B were 

determined by FAB mass spectrometry. Both 

positive and negative ion spectra indicated a

molecular weight of 510 for the free acid. The exact mass observed for C2sH37N2Ou (M-H)- was 

509.261 (theory 509.265) and for C21H3BN20, (M ±H)+ was 511.277 (theory 511.280). Thus, catacand-

ins A and B are isomeric. The 1H NMR spectrum is shown in Fig. 4. 

                              Biological Properties 

   The antimicrobial spectrum of catacandin A and catacandin B is shown in Table 3. Assays 

were done by a two-fold agar dilution technique, with a medium containing Tryptone 0.5%, malt ex-

Fig. 4. 400 MHz 1H NMR spectrum of catacandin B (ammonium salt) in CD3OD.

Table 3. In vitro potency of catacandin A and 

 catacandin B.

Organism

Candida albicans SC*5314 

C. albicans SC9177 

C. albicans SC9721 

C. albicans SC10102 

C. tropicalis SC9861 

C. krusei SC2967 

C. parakrusei SC2621 

C. pseudotropicalis SC 11241 

C. guilliermondii SC2210 

C. glabra SC9342 

Staphylococcus aureus SC1276 

S. aureus SC2399 

Escherichia coli SC2927

M1C (Fig/ml)

 Cata-
candin A 

    6.3 

    6.3 

    6.3 

     6.3 

     3.1 

    6.3 

    3.1 

    3.1 

    6.3 

   12.5 

  50 

 100 

> 100

 Cata-
candin B 

   6.3 

   6.3 

   6.3 

 12.5 

   6.3 

   6.3 

   6.3 

   6.3 

 12.5 

 25

* Squibb culture .
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tract 0.3 %, glucose 1.0 %, yeast extract 0.3 % and agar 1.5 %. From the data in Table 3, it is evident 

that both catacandins A and B are potent anticandidal antibiotics with no significant difference in ac-

tivity. Although not shown in Table 3, the presence of 50% calf serum decreased the activity ap-

proximately 33-fold.

Discussion

   The catacandins are acidic antibiotics produced by a bacterium with good anticandidal activity 

but without appreciable antibacterial activity. It is evident from our studies that they belong to the 

acyltetramic acid class of antibiotics, but can be unequivocally differentiated from others in this 

group' '12-2 3) by their empirical formula and spectroscopic properties.
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