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We found inhibitors, designated aseanostatins PI and P5, against myeloperoxidase (MPO)
release from humanpolymorphonuclear leukocytes (PMN). Aseanostatins were extracted from an
actinomycete isolated in Thailand and purified by a series of column chromatography of charcoal and
silica gel, and HPLC. Physico-chemical characterization by gas liquid chromatography and GC-MS
indicated that aseanostatins were fatty acids. The active forms of aseanostatins were recovered by
hydrolyzing their methyl esters after HPLC. Twocomponents PI and P5 with the IC50 of 0.96 and
0.54 /ig/ml to the MPOrelease were obtained as pure forms, indicating aseanostatin P5 was higher
activity than aseanostatin PI. The component PI was identical with 12-methyltridecanoic acid and
P5 was indistinguishable to 12-methyltetradecanoic acid (ante-i-1 5 : 0). Aseanostatin P5 (1 /ig/ml) did
not inhibit j5-glucuronidase release, but O2~ production a little. It has no effect on chemotaxis of
PMNto fMet-Leu-Phe (10~ 8 m), PMNadhesion or phosphorylation ofa 64-kD protein in the PMN
cell-lysate system.

Polymorphonuclear leukocytes (PMN)take part in the defense mechanism against the primary
infection; they reach infectious sites and eliminate invaders by O2 ~ production and release of lysosomal
enzymes. The function of PMNin vivo is believed to be regulated by chemotactic factors/activators such as
fMet-Leu-Phe (a bacterial chemotactic peptide1}), C5a2), LTB43) and LUCT/IL-8 (lung giant cell-derived
chemotactic protein/interleukin-84)). In vitro these chemotaxin/activators5~8), cytochalasin B9~ 11},

colchicine12), some local anesthetics13'140 and nicotine15) are known as modulators for PMNfunctions
such as chemotaxis, release of lysosomal enzymes and O2~ production. These modulators have been
employed to elucidate mechanism ofPMNactivation. However, mechanismofexocytosis in PMNincluding
enzymerelease has not been clarified.

In order to obtain a new microbial modulator of PMNfunction we screened actinomycete strains
isolated in Thailand, and obtained a strain showing inhibition to the myeloperoxidase (MPO) release from
PMN.In this paper, purification, structure and some characteristics of the active principles were described.
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Cytochalasin B,. 3,3',5,5'-tetramethylbenzidine and cytochrome c were purchased from Sigma Chemical
Company, St. Louis. fMet-Leu-Phe was purchased from Peptide Institute Inc., Osaka. Charcoal and
Wakogel C-200 for chromatography and 4-methylumbelliferyl-/?-D-glucuronide were obtained from Wako
Pure Chemical Industries, Osaka. TLC plates (Silica gel 60 F254) was purchased from Merck Inc.,
Darmstadt.

Production and Purification of Inhibitor of PMNActivity
Actinomycete strains isolated in various areas in Thailand were cultivated in two kinds of media.

Medium A consisted of soybean powder 1.5%, glycerol 2.0%, K2HPO40.1% and CoCl2 - 6H2O 0.0005%.
Medium B consisted of Polypeptone 1.0%, yeast extract 0.2%, corn starch 2.5% and CaCO30.6%. After
cultivation in a 4-ml tube for 4 days at 27°C on a reciprocal shaker at 120rpm using mediumA or B,
the cultured broths were centrifuged at 18,000 x g for 5 minutes and filtered through a Millipore filter
(0.22 fim) and the resulting supernatants were used for screening of PMNmodulator.

For isolation of active principles, strain T261 that showed the highest inhibitory activity was cultured
for 2 days in medium A, and transferred into fresh medium A at a ratio of 2% and cultured for 5 days.
The T261 cultured broth (7.6liters) with pH 6.2-7.6 were filtrated through a Whatman No. 2 filter
paper. Mycelial mass thus separated was extracted with methanol, and the extract was evaporated to
dryness and stored at - 20°C until use. Active principles were purified by charcoal chromatography followed
by silica gel chromatography and HPLC.

Charcoal Chromatography: The methanol extract of the T261 mycelium (1 g) was dissolved in 60 ml of
water and applied to a charcoal column (1.5 x 40 cm) equilibrated with water. After the column was washed
with 80ml of water at 2ml/minute of flow rate, active principles were eluted with butyl alcohol - acetic
acid-water (8 : 1 : 1) at 1 ml/minute of flow rate. Active fractions (Nos. 2-8; 20ml each) were combined
and evaporated. This procedure was repeated once using 2.7 g of separate mycelium extracts with methanol.

Silica Gel Chromatography: The active fraction in the charcoal chromatography was dissolved with
70%methanol, mixed with 2g of silica gel powder and dried in a desiccator overnight. The mixture was
dissolved with approximately 2ml of butyl alcohol - acetic acid-water (22 : 2 : 1) and applied to a silica gel
column (1.8 x 55cm) equilibrated with the same solvent. The column was eluted with 140ml (fractions
1 -35) of the same solvent followed by 84ml (fractions 36- 56) ofbutyl alcohol - acetic acid - water (13 : 8 : 4)
at a flow rate of0.5 - 1.0 ml/minute. The first active peak fractions (Nos. 6 - 9; 4ml each) that gave rise to one
spot upon TLCmonitoring were evaporated. This procedure was repeated once using 1.2g of the active
fraction in a separate charcoal chromatography. Active fractions thus obtained were combined, dissolved
in approximately 1.5 ml of methanol, filtrated through a glass filter No. 4, and evaporated. The evaporated
fraction was mixed with w-hexanewhich was then passed through a glass filter and evaporated.
The «-hexane soluble fraction was dissolved in approximately 1 ml of chloroform and applied to a silica
gel column (1.5 x 40 cm) equilibrated with chloroform. The column was eluted with chloroform (fractions
1 -20) followed by chloroform-methanol (9 : 1; fractions 21 -29) at a flow rate of 0.5 ml/minute. Active
fractions (Nos. 7- 15; 4 ml each) were evaporated and dissolved in approximately 1 ml of methanol which
was then filtrated with glass filter No. 4 and air dried at 4°C.

HPLC:The active fractions in the second silica gel chromatography were methyl esterified. The
esterification was performed at room temperature for 1 hour using diazomethane diethyl ether solution.
The ester solution was applied to HPLCusing an ODScolumn (YMC-PackA312, 6 x 150mm)and eluted
with methanol -water (9 : 1) at a flow rate of 1 ml/minute. The eluates were extracted with «-hexane, and
evaporated. Each fraction was assayed for the inhibitory activity to the MPOrelease and analyzed by gas
liquid chromatography (GLC).

Hydrolysis of Methyl Esters in HPLCFractions: After rc-hexane was removed, fractions ofHPLCwere
added with 1.2ml of 90% ethanol containing 3n NaOH, and then incubated for 1 hour at 85°C to
hydrolyze. After neutralization with 6 n HC1, the fractions were extracted with w-hexanq and filled with
N2 gas. For assay of MPOrelease inhibition, the extracts were completely evaporated, dissolved with
DMSOand then diluted with PBS(-) to the final concentration of DMSOto 0.1%.
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TLC: Samples in each purification step were applied to a TLCplate and developed with the same
solvent employed in each purification step. Substances in fractions were detected by exposing to UVor
spraying with sulfuric acid followed by heating.

GLC:The methyl esterified samples were applied to a 0.25mmx 25mcapillary columncoated
with PEG20M. The column temperature was initially kept at 150°C for 3 minutes and raised up to 196°C
at a rate of 2°C/minute. Analysis was performed using a detector equipped with FID.

GC-MS:The samples were applied to a 0.25mmx25mcapillary column coated with OV-1. The
column temperature was initially kept at 50°C for 1 minute and increased to 200°C at a rate of25°C/minute
and then to 230°C at a rate of 4°C/minute. Mass spectra were determined by a combined GC-MS,model
70SE (VG Analytical, UK), with an ionizing current of 200 /zA, an electron-accelerating voltage of 35 eV
and an ion source temperature 230°C.

Release and Assay of Lysosomal Enzymes from PMN
Human PMNwere prepared as described previously16). Briefly, the fraction containing PMNand red

blood cells were obtained from heparinized peripheral blood (20 IU/ml blood) of healthy adult volunteers.
PMNwere suspended in Hanks' balanced salt solution (HBSS) at a concentration of 2 x 106/ml.
Prewarmed PMN(106 cells/ml) were exposed to samples (final concentration 1% and 0.3%), cyto-

chlasin B (final concentration 5 ^g/ml) and fMet-Leu-Phe (final concentration 10" 6 m) in a 96 well-V-plate
(Nunc, No. 2-45128) for 10 minutes at 37°C in a total volume 75fj\. After incubation, the plate was
immersed on the ice and centrifuged at 350 x g for 5 minutes at 4°C to separate the supernatant from the
cell pellet. The cell pellet was mixed with 150/il of 0.1% Triton X-100 in HBSSin order to measure
lysosomal enzymeactivity remained.

MPOActivity: MPOactivities in the supernatant and cell homogenate were assayed as described previ-
ously17). The reaction mixture consisted of PMNsupernatant or homogenate, 1.7 him 3,3',5,5'-tetramethyl-
benzidine, 0.39mM H2O2, 84.2mMsodium citrate buffer (pH 5.4), 7.2% DMF, PBS(-) and HBSSin a total
volume of 200^1 in 96 well-F-plate (Nunc, No. 2-69620). Increase in absorbance at 650nmin the reaction
mixture at 37°C was measured with an automatic analyzer LFA-096 (Japan Spectroscopic Co., Tokyo,
Japan) at 30 seconds interval. One unit was defined as the activity producing an increase of 1.0 in absor-
bance at 655 nm/minute/ml of original MPOpreparation. MPOrelease activity was expressed as relative re-
lease (percent release) which was calculated using the formula of 100 x released activity/(released activity +
remained activity in cells). Samples were examined at the final concentration of 1 %and 0.3%. The sample
was selected when50%inhibition at the concentration of 1 %with dose-dependent mannerwas confirmed.

/?-Glucuronidase (BGL) Activity: BGLactivities in the supernatant and cell homogenate were assayed
by the method modifying as described previously18). Briefly, reaction mixture (40/il) consisted of PMN
supernatant or the cell homogenate, l mM4-methylumbelliferyl-/?-D-glucuronide, 0.05% TX-100, 0.1 m
sodium acetate buffer (pH 3.5) in 96 well-F-plate. After incubation for 30minutes at 37°C, 210//I of
a termination buffer (50him sodium glycine buffer pH 10.4 containing 5 mMEDTA-disodium salt) was
added. Fluorescence intensity was measured by an automatic fluorescence analyzer LFA-96F (Japan
Spectroscopic Co., Tokyo, Japan) with wavelength of excitation 365 nm and emission 405 nm. One unit
of BGLactivity was defined as the activity liberating 1 pmol of 4-methylumbelliferone/minute/ml of the
original enzyme preparation.

Assay of Other PMNFunctions
O2 Production of PMN: PMNsuspension (2 x 106 cells/ml, 100//I) and 66fiu of ferri cytochrome c

were mixed in 96 wel!-F-Plate and kept for approximately 2minutes. Then, sample and a mixture of
cytochlasin B (final concentration 5jag/ml) and fMet-Leu-Phe (final concentration 10~6m), were

subsequently added to the suspension and stood still for approximately 30 seconds at 37°C. O2 ~ production
was determined by measuring the increase in absorbance at 546nm at 0.269 minute interval using the
automatic analyzer LFA-096.

Chemotaxis Assay: Chemotactic activity was determined by a modified Boyden chamber method19)
using Millipore filter (3.0 /mi pore size).
PMNAdhesion to Glass: PMN(2x 106 cells/ml, 150/d) were placed to the well of 6-well-silicon

rubber containing 1.5 ul of samples on the slide-glass. After incubation for 15 minutes at 37°C, cells were
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immediately transferred to the micro-test tube immersed in ice. Ratio of adherent PMNwere calculated
as percent adhesion by counting non-adherent cells.

Phosphorylation of 64-kD Protein in Cell-lysate System of PMN:The phosphorylation was assayed
as described previously20).

Results

Purification of Inhibitor of MPORelease from PMN
When the cultured broths from 506 actinomycete strains using media A and B were screened by

the MPOrelease assay, 6 broths showed inhibitory activity to MPOrelease from PMN, while ll broths
enhanced the MPOrelease (data not shown). Inhibitors of the MPOrelease from PMNwere purified from
the T261 with the highest activity cultured in medium A. The T261 cultured broth showed no antibiotic
activity to Candida albicans, Bacillus subtilis and Escherichia coli (data not shown).

Since T261 strain showed higher activity in its mycelium than in the culture supernatant, active
principles were extracted from the mycelium with 99.6% methanol. The methanol extract was subjected
to charcoal chromatography and then silica gel chromatography followed by HPLC. As shown

in Fig. 1A, the active fractions obtained by charcoal chromatography gave three active peaks upon the
1st silica gel chromatography using butyl alcohol-acetic acid-water (22 : 2 : 1) and subsequently butyl

alcohol- acetic acid-water (13 : 8 : 4) as developing solvents. Wheneach active peak was monitored by
TLC, the first peak (fractions 6~9) gave a single spot, whereas many spots were detected in the other
peaks. Then, the first peak fraction (Nos. 6~9) was applied to the second silica gel chromatography (Fig.
IB). Elution with chloroform followed by chloroform- methanol (9 : 1) yielded fractions Nos. 7~ 15 that
contained the high inhibitory activity and gave a single spot with Rf value 0.83 upon TLCdeveloped with
chloroform - methanol (9 : 1). Evaporation of the fractions gave rise to a pale yellow waxy substance which
was changed to oily by warming. Whenthis substance was methyl esterified and subjected to HPLCusing
an ODScolumn, 15 peaks were assigned (Fig. 2). However, no peak fraction showed inhibitory activity
to the MPOrelease (data not shown). Since it seemed likely that esterification resulted in the loss of
activity, the esters in the peak fractions were then hydrolyzed to produce the free acid form. As expected,
free acid forms inhibited the fMet-Leu-Phe-induced MPOrelease from PMN. Fig. 3 shows the inhibition
of the MPOrelease from PMNby peak fractions PI, P5 and P6. Their IC50 were estimated at 0.96, 0.54

Fig. 1. Silica gel chromatograph)

(A) The first silica gel chromatography. (B) The second silica gel chromatography.
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and 0.49^g/ml, respectively, according to Fig. 3. Two other major peaks (P10 and P14) slightly inhibited
the MPOrelease at a concentration ranging from 0.05 to 1 jug/ml (Data not shown). Total MPOactivity
of PMNwas 10.9 units/ml without fraction P5 and the value was constant in the presence of fraction P5
at the concentration ranging from 0.05 to 1 /ig/ml (Table 1). PI and P6 showed similar results (data not
shown). Purification process of the inhibitor is summarized in Table 2. The specific activity of fraction P5
was increased by 145.7-folds. P5 showed higher specific activities than the activity of the active fraction
in the second silica gel chromatography (Table 2).

Assignment of Aseanostatins PI and P5
GC-MSanalysis of the methyl esterified HPLCeluate indicated that the sample consisted of fattv

acids with a branched methyl group. Fraction PI
gave the largest m/z 242 upon GC-MSand the Rt
of 2.57minutes upon GLCthat were identical to
12-methyltridecanoic acid (i-14 : 0). Fraction P5
gave the largest m/z 256 and the predominant m/z
87 upon GC-MS (Fig. 4), and the Rt of 3.59

minutes upon GLC. These data indicated that P5
was indistinguishable with 1 2-methyltetradecanoic

Fig. 2. HPLC of the methyl esters of active com-
ponents.

Peak numbers 1~15 were named as PI to PI5,

re spectively.

Fig. 3. Effect of concentration offractions PI, P5 and
P6 on MPOrelease from PMN.
PMNcells were treated with PI A, P5 å  and P6 à"
at the indicated concentrations.

Table 1. The effect ofP5 on total MPOactivity.

P5 Total MPO P5 Total MPO
concentration activity3 concentration activity

Gug/ml) (u/ml) Cug/ml) (u/ml)

0 10.9 0.4 ll.4
0.05 10.7 0.6 10.4
0.1 ll.2 0.8 10.8
0.2 12.6 1.0 12.5

a Total MPOactivity=extracellular MPO+remained
MPO.

Table 2. Purification table.

Purificationstep Totalactivity Totalweight ^^ FoM Yield

MeOH extract 6.27 x 105 3700.0 169.5 1.0 100.0
Charcoal chromatography 1.90 x 105 1 574.5 120.5 0.7 30.3
1st silica gel chromatography 2.47 x 105 420.0 588.2 3.5 39.4
2nd silica gel chromatography 12.0 x 105 204.0 5882.4 34.7 191.4
HPLC (P5) 36.8 x lO5 14.9 24691.4 145.7 58.7

a 1u: IC50inassay.
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Fig. 4. Mass spectrum ofP5.

Fig. 5. The structure of aseanostatins.
(A) Aseanostatin P5, (B) aseanostatin P1, (O i-15 : 0.

Fig. 6. Effect of concentration of aseanostatins PI
and P5 and fraction P6 on O2~ production.

PMNwere treated with PI A, P5 å  and P6 à" at
the indicated concentrations.

acid (ante-i-I5:U). Un the other hand, F6 gave rise to two peaks with the Kt 01 3.43 and 3.59 minutes
upon GLC; the substances contained in the two peaks are identical to 13-methyltetradecanoic acid (i-15 : 0)
and P5, respectively, in terms of the Rt and M+(256) upon GC-MS. Thus, P6 turned out to be a mixture
of i-15 :0 and P5 (1 :2). Thus, PI and P5 were obtained as pure forms and designated aseanostatins PI
and P5, respectively. Aseanostatin P5 showed the highest activity in these pure substances. The structures
of aseanostatins P5 and PI and i-15 :0 were shown in Fig. 5.

Effect of the Inhibitor on Other PMNFunctions
Aseanostatins PI, P5 and fraction P6 did not affect BGLrelease (data not shown), but O2~ production

slightly; aseanostatin P5 showed higher inhibition than that of P6 and PI in a dose-dependent manner
(Fig. 6). PMNmigration toward fMet-Leu-Phe was not inhibited by 1 jug/ml of aseanostatin P5 and PI
(data not shown), but inhibited by fraction P6 approximately 20%. PMNadhesion to glass was not
inhibited by aseanostatins (data not shown). No significant inhibition of phosphorylation of 64-kD protein
in the PMNcell lysate system was observed with 1 fig/ml of aseanostatin P5 (data not shown).

Discussion

In the present study, we screened about 500 actinomycejte strains for the productivity of inhibitors
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against the MPOrelease from PMN.Since the assay employedis so sensitive, a number of strains showed
the inhibitory activity. Out of these, the strain T261 with the highest inhibitory activity was chosen for
extraction and purification of the active principles by a series of chromatography. Physico-chemical
characterization revealed that the active principles were fatty acids with a branched methyl group. The
present study showed that aseanostatins were inhibitors to MPOrelease from PMN,but not inhibitor of
MPOitself, since total activity of MPOwas not altered by the aseanostatins. Upon purification, the specific
activity of P5 increased by 145.7-fold; the yield markedly increased by 2nd silica gel chromatography and
the specific activity increased markedly by 2nd silica gel chromatography and HPLC. These marked
increases were likely due to the elimination of substances that interfered with aseanostatins. It seems likely
that the carboxyl group of ante-i-15 :0 and i-14:0 are essential for the inhibitory activity of P5 and PI
because their methyl esterified forms were inactive to the MPOrelease.

Aseanostatiri P5 had no effect on BGLrelease, indicating that MPOis contained in a different granule
of PMNfrom that of BGLor that MPOexists in different manner from BGL18). Recently, it has been
demonstrated that lipoprotein activates protein kinase C in P388D121) and lysozyme release but not BGL
release from PMN22). To other PMNfunctions such as BGLrelease, O2 ~ production, chemotaxis, adhesion
and 64-kD protein phosphorylation, aseanostatin P5 showed weaker activity than that to the MPOrelease.
Wehave previously reported that a 64-kD protein of PMNwas phosphorylated in a dose-dependent
manner when PMNwas stimulated with fMet-Leu-Phe, LUCT/IL-8 or LU1023). Aseanostatin P5 did not
influence the 64-kD protein phosphorylation of PMN.

Ante-i-15 : 0 and i-14 : 0 were saturated fatty acids with a branched methyl group and have been known
as the bacterial membranecomponents24'25). It is knownthat exogenous fatty acids are incorporated into
microbial phospholipids and glycolipids24'25). There have been several reports on the biological activity
of various fatty acids in phagocytes; linoleic acid hydroperoxide inhibits O2 production by alveolar
macrophages of rat26) and LTB4increases adhesion of PMNto human endothelial cell in vitro21). LTB4
and other fatty acids like 5-HETE have been known to induce chemotaxis28'29), degranulation30) and O2~
production31} of PMN. Moreover, arachidonic acid32) and LTB433) were reported to be related

to the signal transduction of PMN.Thus, fatty acids stimulate various PMNfunctions. It is therefore of
interest that aseanostatins function as specific inhibitors of the MPOrelease from PMN.

Another actinomycete metabolite inhibiting the substance P-induced MPO-release from PMNwill be
reported in a separate paper34).
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