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Summary

A new antifungal antibiotic, HA-1-92, was isolated from the biomass of Streptomyces CDRIL-312, by extracting in
butanol and further puri®ed by silica gel column chromatography followed by preparative TLC. The antibiotic is
presumed to be an oxohexaene macrolide and showed promising antifungal activity against yeasts and ®lamentous
fungi including human and plant pathogens. It was found to be less toxic in mice than known oxohexaenes.

Introduction

Polyene macrolide antibiotics comprise a large group
of antifungal antibiotics produced by soil actinomy-
cetes, the majority belonging to the genus Streptomyces
(Omura & Tanaka 1984). Since 1950 more than 200
polyene macrolides have been reported. They elicit
mainly antifungal activity, although, some of them also
show antibacterial (Prave et al. 1972), antiprotozoal
(Chuenkova et al. 1982), antiviral (Jordon & Seet 1978)
and antitumour (Aszalos et al. 1968) activities.
During the soil screening programme, an intracellu-

lar antibiotic was isolated from the mycelia of Strep-
tomyces CDRIL-312. The antibiotic was found to be a
polyene macrolide presumably belonging to the ox-
ohexaene group and designated as HA-1-92 (Harindran
1996).
The present communication reports the fermentation

of Streptomyces CDRIL-312 and the isolation, puri®-
cation and biological activity of HA-1-92.

Materials and Methods

Microorganism

The Streptomyces strain CDRIL-312 was obtained from
the Central Drug Research Institute (CDRI), Lucknow,
India. It was maintained on agar slopes containing:
Jowar starch (2.5%, w/v), cornsteep liquor (1%, w/v),
sodium chloride (0.5%, w/v), ammonium sulphate
(0.5%, w/v), calcium carbonate (0.5%, w/v) and agar
(2.0%, w/v). The initial pH was maintained at 6.6 � 0.1
prior to sterilization.

Fermentation

Shake ¯ask studies were carried out in two stages. To a
well sporulated slant, 5 ml of sterile distilled water was
added and a suspension of 1.1 ´ 108 spores/ml was
prepared.
Seed medium consisted of jowar starch (2.5%, w/v),

cornsteep liquor (1%, w/v), sodium chloride (0.5%,
w/v), peanut meal (1.0%, w/v), ammonium sulphate
(0.5%, w/v) and calcium carbonate (0.5%, w/v), and the
pH was adjusted to 6.6 � 0.1 prior to sterilization. Seed
medium (100 ml/500 ml Erlenmeyer ¯ask) was inocu-
lated with the spore suspension so as to give a ®nal
concentration of 1.1 ´ 106 spores/ml. Vegetative growth
was obtained by incubating at 28 °C on a rotary shaker
(240 rev/min, 60 mm throw) for 48 h. The seed culture
(5.0%, v/v) was transferred to 500 ml Erlenmeyer ¯ask
containing 100 ml of the production medium.
The production medium consisted of cornsteep liquor

(1.0%, w/v), peanut meal (2.5%, w/v), corn meal (2.5%,
w/v), sodium chloride (0.25%, w/v), ammonium sul-
phate (0.5%, w/v), dextrose (2.5%, w/v) and calcium
carbonate (0.75%, w/v), the pH was adjusted to
6.6 � 0.1 before sterilization. Fermentation was carried
out at 28 °C for 120 h on a rotary shaker (240 rev/min,
60 mm throw).
After optimization of the fermentation parameters for

better production of HA-1-92, scaleup studies were
carried out at laboratory fermentor scale. The inoculum
was grown in 100 ml seed medium in 500 ml Erlenmeyer
¯asks at 28 °C for 48 h on a rotary shaker (240 rev/min,
60 mm throw). Of this, 2.5% v/v seed was transferred to
the 30 l of production medium in 41 l fermentor
(CHEMAP, Sweden). Fermentation was carried out
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for 120 h at 28 °C with back pressure (0.7 kg/cm2),
aeration (1:1) and agitation (200 rev/min).

Fermentation analysis

During fermentation, various parameters were moni-
tored. The pH was measured on a digital pH meter
(Control Dynamics, India). Growth was monitored by
determining the percentage packed cell volume after
centrifugation at 3 000 rev/min for 10 min. Ammonia-
cal nitrogen content in the fermentation broth was
measured on an ammonia meter (Ionlyser Digital, Orion
Research Incorporated, USA). Residual carbohydrate
content was estimated by a colorimetric method (Dubois
et al. 1956).

Estimation of HA-1-92 concentration

Harvested broth (10 ml) was ®ltered through buchner
funnel under vacuum. Mycelial cake was washed twice
with distilled water. HA-1-92 was extracted from
mycelial cake using butanol and ®ltered. The butanol
extract was used for assay after dilution.

Chemical method

Absorbance of test samples was read at 380 nm.
Concentration of HA-1-92 was determined by extrapo-
lation from a standard graph. This method was used
during monitoring of fermentation parameters (Menon
& Lavate 1961).

Microbiological method (turbidimetric method)

M2 broth (9 ml) was distributed in test tubes and
sterilized at 120 °C for 20 min. Dilutions of HA-1-92
(1 mg/ml) were made in sterile distilled water and
1 ml of these solutions were transferred aseptically to
9 ml M2 broth tubes so as to give 0.05, 1.0, 2.0, 3.0,
4.0, and 5.0 lg/ml of ®nal concentrations. Freshly
prepared Candida albicans spore suspension (with
60% T) was used to inoculate the M2 broth
(0.05 ml). Tubes were incubated at 28 � 1 °C for
24 h along with positive and negative controls. The
lowest concentration of HA-1-92 showing inhibition
of visible growth was considered as Minimum Inhib-
itory Concentration (Menon & Lavate 1961). This
method was used during isolation and puri®cation of
HA-1-92.
The activity is expressed in terms of Candida units/

mg. One Candida unit is calculated as: MIC of HA-1-92
against C. albicans HA4463.

Isolation and puri®cation

Harvested broth of Streptomyces CDRIL-312 was
®ltered under vacuum. Mycelial cake was suspended in
butanol (1:2), stirred for 1 h and then ®ltered under
vacuum. The butanol extract was concentrated to one-

tenth of the initial volume by rotary vacuum evapora-
tion and chilled at 4 °C overnight to allow the antibiotic
(HA-1-92) to precipitate. The residue was washed twice
with hexane followed by ethyl acetate and then dried
under vacuum at 40 °C. The activity of the crude
powder was determined by microbiological method
(Menon & Lavate 1961).
The crude powder of HA-1-92 obtained was puri®ed

by silica gel column chromatography. Two grams of
HA-1-92 (crude) was dissolved in 10 ml butanol. The
solution was passed through a silica gel (100±200 lm
particle size) column in benzene. Gradient elution was
carried out using benzene:methanol (90:10 to 10:90).
The active fractions showing the desired UV absorption
(at 404, 382, 361, and 342 nm) were pooled and
subsequently, subjected to preparative TLC using pre-
coated silica gel (GF254, E. Merck) plates (solvent
system, butanol±acetic acid±water, 4:1:5 v/v). The major
active component was recovered with methanol, follow-
ing the usual work-up procedure, and then the metha-
nolic extract of HA-1-92 was concentrated, chilled at
4 °C, ®ltered and dried under vacuum at 40 °C. The
purity of HA-1-92 was con®rmed by TLC employing
di�erent solvent systems (See Table 1). The activity of
the puri®ed powder was determined by microbiological
assay using Candida albicans HA4463 as the test
organism.

Physicochemical properties of HA-1-92

Preparative TLC plates coated with silica gel GF254 (E.
Merck) were used for analytical and preparative TLC
(Solvent system, butanol±acetic acid±water, 4:1:5 v/v].
High performance liquid chromatography (HPLC)
analysis was carried out on Hewlett Packard (Model
8810) equipment using a C-18 column (4 mm ´ 25 cm)
(Altech, USA) and employing as solvent system citrate
bu�er, pH 5.3 and acetonitrile (60:40 v/v) at a ¯ow rate
of 1 ml/min with a UV detector at 380 nm. The Fourier
Transform Infra Red (FTIR) spectrum was recorded on
an 8101 Shimadzu spectrophotometer (Japan). The
melting point was determined with Gallenkamp appa-
ratus. UV absorption was recorded on a Hitachi UV
spectrophotometer (V-2000-Japan).

Antimicrobial activity (in vitro)

The minimum inhibitory concentration (MIC) of HA-1-
92 was determined by serial dilution (Spooner & Sykes
1956) employing M2 broth for yeasts; nutrient broth and
antibiotic assay medium No. 3 (Hi Media Laboratories,
Bombay) (Indian Pharmacopoeia 1996) for bacterial
cultures. Filamentous fungal cultures were tested by the
agar dilution method (Spooner & Sykes 1956) using M2

agar and Sabouraud agar. The test cultures for bioassay
were obtained from the American Type Culture Collec-
tion (ATCC) and the Hindustan Antibiotics Culture
Collection (HACC). Plant pathogens were obtained
from the Agricultural College, Pune 411005. Clinical
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pathogens were collected from the Department of
Pathology, B.J. Medical College, Pune 411001.
Acute toxicity studies were carried out by adminis-

tering via di�erent routes in swiss albino mice 6±8 weeks
old weighing 20±25 g. The LD50 value was calculated by
the method of Litch®eld and Wilcoxon (1949).

Results and Discussion

Microorganism

The Streptomyces CDRIL-312 is aerobic, mesophilic
and grows readily on most of the nutrient media
described (Waksman 1961, Locci 1989). The colony
characteristics observed on calcium malate agar incu-
bated at 28 °C for 8 days were: circular, convex, opaque,
hard and aerial mycelium greyish white to pale bu�
in colour. Di�usible pigments were not observed
(Figure 1). The aerial mycelium bears sporophores in
simple loops to open coils.

Fermentation

Submerged fermentation studies on HA-1-92 were
carried out for ®ve batches. After optimization of
fermentation control parameters, scaleup studies were
carried out in 41 l laboratory fermentor. A typical time
course of production of HA-1-92 is shown in Figure 2.
During fermentation the pH varied between 6.1 and
7.38. The packed cell volume increased gradually,
reaching a peak at 116 h. Residual carbohydrate content
and ammoniacal nitrogen content decreased from 41 to
16 g/l and from 1.5 to 0.6 g/l respectively at 116 h of
fermentation.
HA-1-92 production started at 16 h of fermentation.

In shake ¯asks, maximum productivity titre (900 lg/ml)
and yield of HA-1-92 (5 mg/g wet mycelium) were
achieved at 120 h. In the laboratory fermentor, a
maximum productivity titre (1500 lg/ml) and yield of
HA-1-92 (8 mg/g wet mycelium) were achieved at 116 h
of fermentation.

Isolation and puri®cation

HA-1-92 is an intracellular antibiotic produced by
Streptomyces CDRIL-312 during fermentation. It was
extracted from the biomass using butanol and subse-
quently puri®ed by silica gel column chromatography.
The crude product on an HPLC chromatogram showed
®ve closely related isomeric components having reten-
tion times 3.23 (major), 3.89, 4.81, 5.66 min and a minor
component at 6.47 min (Figure 3). From the 2 g crude
HA-1-92 (850 u/mg), 500 mg pure HA-1-92 (3000 u/
mg) was obtained and the purity of the product was
con®rmed by TLC using di�erent solvent systems
showing single spots at Rf values, 0.32 (butanol±acetic
acid±water, 4:1:5 v/v), 0.52 (butanol±methanol±water,

Figure 1. Colonies of Streptomyces CDRIL-312 grown on calcium

malate agar at 28 °C for 8 days.

Figure 2. Time course of Streptomyces CDRIL-312 fermentation.

Packed Cell Volume (m), pH (h), carbohydrate (n), ammoniacal

nitrogen (j), HA-1-92 (s).

Figure 3. HPLC chromatogram of HA-1-92.
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4:1:2 v/v) and 0.61 (pyridine±ethyl acetate±acetic acid±
water, 5:5:1:3 v/v) (Table 1).

Physicochemical properties of HA-1-92

Physicochemical properties of HA-1-92 are summarized
in Table 1. HA-1-92 is a yellow amorphous powder,
soluble in methanol, ethanol, butanol, acetone, pyridine,
dimethyl formamide and dimethyl sulphoxide; while
insoluble in water, ether, chloroform, and carbon
tetrachloride. It decomposes at 215±217 °C without a
sharp melting point and absence of nitrogen was found
by chemical tests as well as from elemental analysis. The
UV spectrum in 95% methanol showed absorption
maxima at 404, 382, 361 nm and a shoulder at 342 nm.
The absorbance pattern observed with HA-1-92 indicate
that the chromophore consists of a chain of conjugated
double bonds in the molecule (Figure 4).

The FTIR spectrum of HA-1-92 was dominated by
broad absorption centered at 3350 cm)1 indicating the
presence of a large number of hydroxyl groups. Several
absorption peaks in the region 1 710 to 1 600 cm)1 in
FTIR spectrum of HA-1-92 indicated the presence of
free carbonyl and carboxyl functionalities (Figure 5).
The lactone at 1 710 cm)1 was con®rmed by comparing
the absorption band with the reported chemical struc-
tures of mycoticin A (Wasserman et al. 1967), ro¯amy-
coin (Schlegel et al. 1981) and dermostatin A (Swamy
et al. 1994).
The data obtained from the qualitative tests indicated

the presence of unsaturated bonds (UV spectrum),
carboxylic acid and carbonyl groups (FTIR spectrum),
aldehyde or ketone group (silver mirror test) with the
absence of free amino groups (ninhydrin test), diazotiz-
able amino groups (Tollens reagent), phenolic OH
groups (ferric chloride test), mycosamine sugars (TLC
of acid-hydrolysed product), and p-aminoacetophenone
moiety (alkali hydrolysis), and absence of nitrogen
(elemental analysis).
Careful evaluation of analytical data generated in our

laboratory as well as data reported in the literature
suggests that HA-1-92 is di�erent in melting point,
optical rotation, Rf value in TLC etc. from the reported
oxohexaenes mycoticin A (Wasserman et al. 1967),
ro¯amycoin (Schlegel et al. 1981), and dermostatin A
(Swamy et al. 1994) (Table 2). It is, therefore suggested
that HA-1-92 is presumably a new oxohexaene anti-
biotic. The other detailed spectroscopic studies viz.

Table 1. Physicochemical properties of HA-1-92.

Test Observation

Colour Yellow

Nature Amorphous

Melting point 215±217 °C (decomposition)

Solubility Soluble in methanol, ethanol,

butanol, dimethyl formamide,

dimethyl sulphoxide, acetone,

and pyridine. Insoluble in

water, ether, chloroform,

carbon tetrachloride.

pH (10 lg/ml) 4.39.

Optical rotation �a�23D )89.29 (c 0.2, methanol)

Functional groups

(a) Molisch reagent Negative (sugar absent)

(b) Benedict's reagent Negative (sugar absent)

(c) Tollen's reagent Negative (diazotization absent)

(d) Ninhydrin test Negative (free amino

group absent)

(e) Sulphuric acid test Positive (unsaturation present)

(f) Ferric chloride test Negative (phenolic OH absent)

(g) Silver mirror test Positive (aldehyde or ketone

present)

Elemental analysis

observed: C (66.43%), H(7.86%),

O (25.87%)

calculated: C(67.67%), H (8.29%),

O (24.26%)

UV k max nm (E1%
1cm ) 404 (868), 382(1023), 361 (772),

342 (542) (Sh)

IR m max (KBr) cm)1 3800±3500, 3000, 2850, 2700,

1720±1700, 1650, 1600±1590,

1550, 1500, 1450, 1375±1350,

1200, 1100, 1050, 850,

750±710, 700, 650

Retention time

(HPLC)*

3.23 (major), 3.8, 4.81, 5.62

and 6.47

Rf values of pure

HA-1-92 
(a) 0.32, (b) 0.52, (c) 0.61

* Solvent system, 0.05 M Sodium citrate bu�er, pH 5.3:acetonitrile

(60:40); Column, C-18 (25 ´ 0.4 cm); Flow rate,1 ml/min; Detec-

tion, 380 nm.
  (a) Solvent system, butanol:acetic acid:water (4:1:5 v/v). (b)

Solvent system, butanol:methanol:water (4:1:2 v/v). (c) Solvent

system, pyridine:ethyl acetate:aceticacid: water (5:5:1:3 v/v).

Figure 4. UV spectrum of HA-1-92 in 95% methanol.

Figure 5. FTIR spectrum of HA-1-92.
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1H NMR, 13C NMR, Mass Spectra etc are in progress
to elucidate its chemical structure.
The results of antimicrobial activity (in vitro) indicat-

ed that HA-1-92 shows promising activity against yeasts
and ®lamentous fungi including plant pathogens and
clinical isolates, but it shows weak antibacterial activity
against Escherichia coli ATCC 10536 and Pseudomonas
aeruginosa NCTC 6750 (Table 3). Comparison of the
antimicrobial activity of HA-1-92 with known heptaenes
such as hamycin (Thirumalachar et al. 1961), aureofun-
gin (Thirumalachar et al. 1964), griseofulvin (Laskin &
Lechevalier 1973), and amphotericin B (Pansy et al.
1966) indicates that its antifungal activity (in vitro) is

comparable to that of amphotericin B as well as
hamycin whilst it is found to be more potent than
aureofungin against plant pathogens (Table 3).
The LD50 of HA-1-92 in mice was found to be 1 000

(900±1 100) mg/kg by the oral route, 7.25 (7.05±
7.45) mg/kg by the intravenous route and 90 (75±
105) mg/kg by the intraperitoneal route. These results
suggest that HA-1-92 is less toxic in mice than other
known oxohexaenes, viz. dermostatin A 50 mg/kg i.p.,
mycoticin A 15 mg/kg i.p., ro¯amycoin 24 mg/kg i.p.
(Berdy et al. 1987). Further evaluation of antifungal
activity (in vivo) and other pre-clinical pharmacological
studies are in progress.

Table 2. Comparative data of HA-1-92 with dermostatin A, mycoticin A and ro¯amycoin.

Physicochemical data HA-1-92 Dermostatin A Mycoticin A Ro¯amycoin

Melting point (°C)
(decomposition)

215±217 222±223 210 161±163

Optical rotation �a�23D )89.29 (methanol) )82.0 (methanol) +63.4 (dioxane) )45.0 (dioxane)

UV k max nm 404, 382, 361, 342 384.8, 282 364, 262 390, 369, 351

Rf value (TLC)

(1) butanol:acetic

acid:water (4:1:5)

0.32 0.64 ± ±

(2) butanol:methanol:

water (4:1:2)

0.52 0.78 0.85 0.88

Retention time (HPLC)* 3.23 (major), 3.8, 4.81,

5.62, 2.9, 6.47

2.5 (major) ± ±

* Solvent system, 0.05 M sodium citrate bu�er, pH 5.3:acetonitrile (60:40); Column, C-18 (25 ´ 0.4 cm); Flow rate, 1 ml/min; Detection,

380 nm.

Table 3. Comparative antimicrobial activity (in vitro) of HA-1-92, hamycin, aureofungin, amphotericin B and griseofulvin.

Organism MIC* (lg/ml) Hamycin Aureofungin Amphotericin B Griseofulvin

HA-1-92

Bacteria

Bacillus subtilis ATCC 6633 75 50 ± ± ±

Staphylococcus aureus P209 25 50 ± >50 ±

Sarcina lutea ATCC 9341 75 50 ± ± ±

Escherichia coli ATCC 10536 10 50 ± >50 ±

Pseudomonas aeruginosa

NCTC 6750

5.0 ± ± ± ±

Klebsiella pneumoniae

ATCC 10031

7.5 ± ± ± ±

Yeasts

Candida albicans HA 4463 0.5 0.01 0.05 0.04 >100

Saccharomyces cerevisiae

NCTC 9763

2.0 0.01 0.4 0.012 ±

Filamentous fungi

Paecilomyces varioti HA 1056 0.1 0.25 0.01 ±

Plant pathogens

Helminthosporium sp. 0.5 4.5 5.5 ± ±

Fusarium oxysporum 0.9 ± 2.5 ± ±

Macrophomina phaeseolina 1.5 50 2.0 ± ±

Alternaria macrosporum 1.0 11 2.25 ± ±

Scleroticum sp. 1.25 6.5 1.5 ± ±

Colletotrichum gleosporides 1.75 4.5 3.5 ± ±

Curvularia lunata 0.5 5.0 1.0 ± ±

Clinical pathogens

Cryptococcus neoformans

(clinical isolate)

5.0 0.005 0.05 0.06 >100

Aspergillus fumigatus

(clinical isolate)

0.1 >20 10 3.12 >100

* Minimum inhibitory concentration.
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