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\bstract A novel antibacterial metabolite, ARK42, was
solated from a xerophilic fungal strain K42, and identified as
wspergillus repens based on its morphological characteristics. The
netabolite exhibited antibacterial activities towards Staphylococcus
‘ureus, Bacillus cereus, and Pseudomonas aeruginosa, with
AICs of 25, 12.5, and 3.125 pg/ml, respectively, and killed
>seudomonas aeruginosa with minimal bactericidal concentration
MBC) of 12.5 ug/ml. Furthermore, anticancer activities were
lemonstrated against human colon cancer DLD-1 and lung
ancer LXFL529 cells with an IC,, of 10 and 1 pg/ml,
espectively.
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the Aspergillus glaucus group (Anamorph, Eurotium
Jink: Fr) is generally prevalent in the mycoflora found in
tored grains, because of its ability to grow at minimum
noisture levels [13]. Some of these xerophiles, for example,
\. chevalieri and A. amsterlodami, are considered to be
nycotoxigenic [8], while other representatives, including
\. repens, produce metabolites, such as anthraquinones
ind alkaloids [4, 22]. These metabolites are known to
:xhibit a variety of biological effects, such as inhibition of
yacterial and fungal growth, mutagenicity, hepatoxicity,
ind toxicity in cockerels and rabbits [1, 2, 3, 5,6, 17, 28,
19], and they have recently attracted worldwide interest as
mtitumor therapeutics [7, 13, 27, 30]. It has been suggested
hat the fungal anthraquinones and alkaloids may be responsible
or such potent biological activities, and furthermore, none
»f the biologically active metabolites from the Aspergillus
slaucus group have been found to be extractable, except by
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using organic solvents such as chloroform, dichloromethane,
and ethyl acetate [2, 5, 22, 29, 30]). According to Bachmann
et al. [5], all the fungal anthraquinone derivatives can be
extracted with dichloromethane and chloroform. In addition,
the alkaloid echinulin causing feed refusal by swine has
been reported to be extractable with acetone and ethyl
acetate [29]. Nevertheless, until now, there has been no
report dealing with the biological activity of a water-
soluble metabolite. In a recent screening by the current
authors to discover biologically active metabolites from
the xerophiles in stored rice, the fungal strain K42 was
found to produce a new water-soluble antibacterial metabolite
that was tentatively named ARK42. Accordingly, the current
study was undertaken to investigate the taxonomy of
the K42 strain, along with the isolation, physicochemical
properties, and in vitro antibacterial and anticancer activities
of ARK42.

The fungal strain K42 was originally isolated from a rice
sample collected in Korea. CZ20S (Czapek agar with 20%
sucrose: NaNO, 0.3%, K,HPO, 0.1%, KCI 0.05%, MgSO,:
7H,0 0.05%, FeSO,-7H,0 0.001%, sucrose 20%, and agar
1.5%) and YE20S (Yeast extract agar with 20% sucrose:
yeast extract 2%, sucrose 20%) media were used to
identify strain K42 and for the production of ARK42,
respectively [24]. The morphological characteristics of the
strain K42 were determined with a culture incubated for
two weeks on CZ20S at 25°C under an electron microscope
(JEOL 8400 SEM, Peabody, MA, U.S.A.). Spectral and
physicochemical data for ARK42 were obtained by the
following instruments: UV, Kontron UVIKON 930; IR,
Bio-rad FT-IR/RAMAN spectrophotometer; and Elemental
analyzer, CE instruments Flash EA 1112 series. The
microtiter-based MICs and MBCs (minimal bactericidal
concentrations) of ARK42 against test microorganisms were
determined using a Labsystems Bioscreen C reader, as
recommended by the National Committee for Clinical
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Laboratory Standards [19, 20]. The microorganisms tested
in the current study were as follows: Gram (+) Bacillus
cereus KCTC 1012, B. subtilis KCTC 1021 [16], Listeria
monocytogenes ATCC 19118 [15], Staphylococcus aureus
KCTC 1916 [11]; Gram (-) Enterobacter cloacae KCTC
1321B, Escherichia coli ATCC 43894 [12], Klebsiella oxytoca
ATCC 10881, Pseudomonas aeruginosa ATCC 9027 [14],
P. aeruginosa KCCM 11328, and Salmonella typhimurium
KCTC 1925 [9]. The anticancer activity of ARK42 against
human tumor cells was colorimetrically determined at 590 nm
according to a sulforhodamine B assay [26]. Human colon
cancer cells, DLD-1, and lung cancer cells, LXFL529,
were obtained from the Korean Cell Line Bank (KCLB),
Seoul, Korea. The concentration required to reduce cell
viability by 50% (IC,,) was used as the index for anticancer
activity.

The colonies of the strain K42 on CZ208S spread broadly
and irregularly, attaining a diameter of 8 cm in 2 weeks at
25°C, were flat, and characterized by broad zones of light
yellow to olive conidial heads. Reverse was colored in
dark brown. The conidiophores were 170 to 200 pm in
length and 6 um in width (Fig. 1A). The vesicle produced
at the top of the conidiophores was mostly subglobose
and 22 to 32 um in diameter. The conidia were globose,
ormnamented, and 4 to 6 um in diameter. The asci were
globose to subglobose with 8 spores and 13 um in diameter.
The ascospores were 3 to 6 um in diameter, and subglobose
with a convex smooth surface, without any equatorial
ridges and furrows (Fig. 1B). Therefore, according to the
taxonomic criteria of the genus Aspergillus established by
Raper and Fennell [23], the strain was identified as A.
repens. The isolation procedure of ARK42 is outlined in
Fig. 2. After incubation at 25°C in YE20S as a static
culture for 8 weeks, the broth was filtered with Whatman
#42 (Whatman® Int. Ltd., England) and titrated to pH 7.

Fig. 1. Photographs of (A) conidiospores x90 and (B) ascospores
%5,000 of strain K42 grown on CZ208S at 25°C for 2 weeks.

A. repens K42 culture (900 ml)
| filtered with Whatman #42
Filtrate (600 ml)
passed through C18 resin column
washed with ethyl acetate
Aqueous solution (550 ml)
l adsorbed to Toyopearl DEAE-650C resin

eluted with 0.3 M NaCl
Eluate (520 ml)
concentrated using ultrafiltration membrane (MWCO 500)
freeze-dried
Agqueous solution (20 ml)
fractionated using preparative silica gel TLC
developed with methanol-water (1:1, v/v)
collected the biologically active fraction (Ryvalue = 0.16)
observed the TLC bioautography
dissolved in water and freeze-dried

ARK42 (410 mg)

Fig. 2. Isolation procedures for ARK42 produced from A.
repens K42.

The filtrate was passed through a CI18 resin (Waters,
Milford, MA, U.S.A.) column to remove the pigments,
then washed with ethyl acetate. Next, the aqueous layer
was applied to a Toyopearl® DEAE-650C (Supelco Inc.,
Bellefonte, PA, U.S.A.) resin, and eluted with 0.3 M NaCl.
The eluate was then concentrated using an ultrafiltration
membrane (MWCO 500, Millipore Co., Bedford, MA, U.S.A).
After being freeze-dried, the concentrate was further purified
using a preparative silica gel TLC (Kieselgel 60F254, 1

Rf0.08 »

Fig. 3. TLC bioautography of ARK42 isolated from A. repens
K42 culture.

Each TLC plate, (A) developed with methanol-water (1:1, v/v) and (B)
with acetonitrile-water (1:1, v/v), was overlaid with a soft agar containing
P. aeruginosa ATCC 9027 to detect the antibacterial fraction [9, 18]. The
arrow indicates the inhibition zone observed after 24 h of incubation at
37°C.



Tible 1. Physicochemical data for ARK42 isolated from A.
r. vens K42 culture.

; ppearance Colorless amorphous powder

M ature Acidic
$Hlubility : soluble Water, DMSO
insoluble Ethyl acetate, chloroform,
diethyl ether
1 .G, silica gel developed R 0.16

with methanol-water
(1:1, v/v)
I ements analyzed (%)
1 V A__ in water (nm)
|

C: 22.19, H: 4.18, O: 31.65
214, 289
3,417, 2,931, 1,653

‘max

v, (cm™)

r im thickness, Merck Co. Ltd., Whitehouse Station, NI,
1 .S.A), and the gel was developed with methanol-water (1:1,
1 'v) to give ARK42 (R, value=0.16). The TLC bioautography
« f ARK42 is shown in Fig. 3. The active spot was cut from
tie silica plate, extracted with water, and finally freeze-
cried to give ARK42 as a colorless amorphous powder.
" he powder was readily soluble in water and DMSO, yet
iisoluble in ethyl acetate, chloroform, and diethyl ether.
* arious physicochemical data for ARK42 are summarized
it Table 1. UV absorption was exhibited at 214 and
- 89 nm, and IR absorption at 3,417, 2,931, and 1,653 cm’,
« ue to phenolic hydroxyl and carbonyl groups, respectively.
. [RK42 showed antibacterial activities against Staphylococcus
« ureus, Bacillus cereus, and Pseudomonas aeruginosa
/ith MICs of 25, 12.5, and 3.125 pg/ml, respectively (Table
- ). It also showed bactericidal activity against P. aeruginosa,
' 7ith an MBC of 12.5 pg/ml. As shown in Fig. 4, anticancer
. ctivities were observed against human colon cancer DLD-1
i nd lung cancer LXFL529 cells. The IC,, values of ARK42
. gainst DLD-1 and LXFL.529 was about 10 and 1 pg/ml.
In summary, we isolated A. repens K42 from stored rice.
“’he strain was found to produce a biologically active
1etabolite, ARK42, which exhibited bactericidal activity
gainst P. aeruginosa. Experiments with two human cancer
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Fig. 4. Anticancer effects of ARK42 on human colon (DLD-1)
and lung (LXFL529) cells.

The cells were incubated with ARK42 for 48 h. Growth inhibition was
determined using a sulforhodamine B assay [19]. The data were calculated
as viable percent, determined by Ay, of treated cells over control cells
x100. The values given are the mean+SD of three separate experiments,
each performed in quadruplicate.

cells also revealed anticancer activities. Based on the fact
that ARK42 was adsorbed by a DEAE anion exchanger,
it would appear that ARK42 contains carboxyl and/or
carbonyl functional groups, which was coincident with its
acidic nature in water and the IR spectrum results.
Therefore, to the best of our knowledge, this is the first
report on the isolation of a water-soluble metabolite, which
exhibits bactericidal and anticancer activities, from the A.
glaucus group. Further studies of ARK42 are currently
underway to elucidate its structure using mass spectrometry

‘able 2. In vitro antibacterial activity of ARK42 isolated from A. repens K42 culture.

Bacteria

MIC (ug/mly* MBC (ug/ml)°

Bacillus cereus KCTC 1012
B. subtilis KCTC 1021

Gram-positive

Listeria monocytogenes ATCC 19118
Staphylococcus aureus KCTC 1916
Enterobacter cloacae KCTC 1321B

Gram-negative
Escherichia coli ATCC 43894
Klebsiellas oxytoca ATCC 10881

Pseudomonas aeruginosa ATCC 9027

P, aeruginosa KCCM 11328

Salmonella typhimurium KCTC 1925

12.5 50
12.5 50
25 -°
25 -
>100 -
>100 -
>100 -
6.25 12.5
3.125 12.5
>100 -

The MIC was defined as the lowest concentration at which there was no sign of growth after 36 h of incubation.
The MBC was determined by subculturing the broth from each well with no sign of growth after 36 h of incubation and from the control well (no addition of
\RK42). The MBC was defined as the lowest concentration yielding CFU<0.1% of the control well.

Not tested.
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(MS) and nuclear magnetic resonance (NMR) spectrometry,
and examine other biological activities such as its mutagenicity
in the Ames/Salmonella microsome system [25].
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