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I. Biochemical Characterization of EI-1941-1 and-2
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EI-1941-1 and -2 isolated from the culture broths of Farrowia sp. selectively inhibited the

human recombinant ICE activity with IC50 values of 0.086 and 0.006μM, respectively, without

inhibiting elastase and cathepsin B. EI-1941-1 and -2 also inhibited mature interleukin-1β

secretion from THP-1 cells induced by LPS with IC50 values of 5.0 and 10.3μM, respectively.

Biochemical characterizations of EI-1941-1 and-2 are described in this article.

The IL-1β converting enzyme (ICE) is a cysteine

protease which cleaves biologically-inactive 31k Da

precursor to biologically-active IL-1β1,2), a key mediator of

inflammation3,4). Thus, ICE irlhibitors would be useful as

anti-inflammatory agents.

To discover novel anti-inflammatory drugs, we initiated a

screening program to obtain ICE inhibitors from microbial

sources5-8). We isolated novel ICE inhibitory compounds,

EI-1941-1 and -2, from culture broths of Farrowia sp. strain

E-1941 (Fig. 1). In this article, we describe the biochemical

characterization of EI-1941-1 and -2. The taxonomy and

fermentation of producing strain, the isolation, structure

elucidation and biological properties will be described in a

separate paper9).

Fig. 1. Structures of EI-1941-1 and -2.
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Material and Methods

Material

Human recombinant ICE was prepared by heterologous

expression in Escherichia coli and in vitro refolding

as described10). The enzyme was purified by ion

exchange chromatography10). Acetyl-Tyr-Val-Ala-Asp-

amino-4-methylcoumarin (Ac-Tyr-Val-Ala-Asp-AMC)1), a

fluorescent substrate was purchased from Peptide Institute,

Inc., Osaka, Japan. All other chemicals were of analytical

grade.

Determination of Stability of EI-1941 s by HPLC

HPLC analysis was performed on a ODS-AQ-312 (6mm

i.d.×150mm, YMC Co., Ltd.). The column was eluted

with 25% aqueous acetonitrile (EI-1941-1) or 30% aqueous

acetonitrile (EI-1941-2), at a flow rate of 1ml per minute.

The effluent was monitored at a wavelength of 220nm.

Assay of ICE Activity

ICE activities were measured as described by

THORNBERRY et al.1) with a slight modification. An assay

mixture (sodium phosphate buffer: pH 6.8 10mM, bovine

serum albumin 0.2%, substrate Ac-Tyr-Val-Ala-Asp-AMC

10μM, refolded ICE 1×10-12 I.U., test sample solution 1%;

final volume 100μl) was incubated for 2 hours at room

temperature. One I.U. was defined as the amount of

enzymatic activity which produced 1μmol AMC per

minute. Then, the change in fluorescent intensity of

liberated AMC (excitation-wave length: 370nm, emission-

wave length: 440nm) was measured.

Assay of Cathepsin B and Elastase Activities

The enzymatic activities of cathepsin B and elastase were

assayed according to the method of BARRETT & KIRSCHKE11)

and that of MUMFORD et al.12), respectively.

Measurement of Interleukin-1β Secretion

THP-1 cells were suspended in RPMI1640 medium

(Nissui Pharmaceutical Co., Ltd.) supplemented with 10%

fetal bovine serum, and were distributed into 24-well plates

as inocula of 1×105 cells/well. The cells were differentiated

with phorbol-12-myristate-13-acetate (PMA: 30nM) for 72

hours. After the plates were rinsed with serum-free

RPMI1640 medium to remove unadherent cells, adherent

cells were stimulated with lipopolysaccharide (LPS:

25μg/ml) for 4 hours in the presence of various

concentrations of EI-1941-1 or -2. The culture media were

harvested, and mature IL-1β was measured by an ELISA

method using IL-1β assay kit (Amersham). RPMI1640

medium without cysteine was prepared using select amine

kit (Gibco).

Detection of Cell Survival

The cytotoxicities of EI-1941-1 and -2 against THP-1

cells were examined by the MTT (3-[4,5-dimethylthiazol-2-

y1]-2,5-diphenyl tetrazolium bromide) method13). MTT

solution (10μl/well; final concentration 1mg/ml) was

added to the cells at the time of EI-1941's application. The

culture medium was removed after 4 hours incubation, and

dimethyl sulfoxide (50μl/well) was added to dissolve

formazan. The absorbance of formazan in DMSO solution

was measured at 560nm.

Results

Inhibition of ICE

EI-1941-1 and -2 inhibited the enzymatic activities of

human recombinant ICE in a dose-dependent manner (Fig.

2); IC50 values were calculated to be 0.086 and 0.006μM,

respectively. The enzyme specificity of EI-1941-1 and -2

was examined by testing for inhibition of cathepsin B

(another thiol-containing Protease) and elastase. EI-1941-1

and -2 were inactive against these two enzymes at

Fig. 2. Inhibition of ICE by EI-1941-1 and -2.

The assay mixture was incubated for 2 hours at room

temperature after which the fluorescent intensity

(excitation-wave length: 370nm, emission-wave

length: 440nm) of the assay mixtures was measured.

Symbols indicate EI-1941-1 (●) and EI-1941-2 (○).
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concentrations up to 40μM. These data showed the

selective inhibitory activities of EI-1941-1 and -2 against

ICE and are summarized in Table 1.

Effect of DTT on ICE Inhibitory Activities

of EI-1941-1 and-2

EI-1941-2 inhibited the ICE activity in the absence of

DTT as described above. The addition of 1mM DTT to the

reaction mixture completely reduced the ICE inhibitory

activity of EI-1941-2. On the other hand, the ICE inhibitory

activity of EI-1941-1 was not affected by the presence of

1mM DTT (Fig. 3).

Stability of EI-1941-1 and -2 in DTT,

Cysteine, and Glutathione

Since the ICE inhibitory activity of EI-1941-2 was

decreased in the presence of DTT, the stability of these

compounds in the presence or absence of DTT was

examined by detecting the amount of EI-1942-1 and -2 by

HPLC analysis (Fig. 4A). EI-1941-1 and -2 were incubated

in a sodium phosphate buffer, pH 6.8 containing various

concentrations of DTT for 2 hours at room temperature.

The amount of EI-1941-2 decreased by 33% in the presence

of 0.01mM DTT, and completely disappeared in the

presence of 0.1 and 1mM DTT. In contrast, the amount of

EI-1941-1 did not decrease in the presence of 0.1mM

DTT, but did in the presence of 1mM DTT.

Next, we examined the stability of these compounds in

the presence of 0.4mM cysteine or 0.3mM glutathione

which are included in RPMI1640 medium (Fig. 4B). The

amount of EI-1941-1 and -2 decreased in phosphate-

buffered saline containing 0.4mM cysteine but neither of

the compounds were affected when incubated in phosphate-

buffered saline containing 0.3mM glutathione.

Since the amount of EI-1941-1 and -2 was decreased by

cysteine, we examined the stability of these compounds in

the cysteine-free and cysteine-containing RPMI1640

media. The amount of both EI-1941-1 and -2 decreased in

RPMI1640 medium containing cysteine. On the other hand,

neither of the compounds was decreased in cysteine-free

medium (Fig. 5).

Biological Properties

In order to determine whether EI-1941-1 and -2 were

efficacious in intact cells, we investigated the effects of EI-

1941-1 and -2 on extracellular release of IL-1β from THP-1

Table 1. Effect of EI-1941-1 and -2 on various

enzyme activities.

Fig. 3. Effect of DTT on ICE inhibitory activity

of EI-1941-1 and -2.

The assay mixture was incubated for 2 hours at room

temperature in the presence of 1mM DTT and various

concentration of either EI-1941-1 (A) or -2 (B).

Fluorescent intensity of the assay mixtures was

measured. Symbols indicate control (○) and 1mM

DTT (●).
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cells. EI-1941-1 and -2 inhibited IL-1β secretion in a dose-

dependent manner (Fig. 6); IC50 values of EI-1941-1 and-2

were calculated to be 5.0 and 10.3μM, respectively. On the

other hand, these inhibitors did not affect the cell survival at

20μM and lower concentrations (as shown in Fig. 6).

However, these inhibitors slightly affected the cell survival

at 60 and 200μM. EI-1941-1 and -2 inhibited IL-1β

secretion from THP-1 cells induced by LPS in the

concentration ranges where cell viability was not affected.

It was speculated that since the amount of EI-1941-1 and

-2 decreased in the presence of cysteine, these inhibitors

did not inhibit the IL-1β secretion in the concentration

range where they inhibited recombinant ICE. In order to

obtain evidence for this speculation, we examined whether

EI-1941-1 and -2 inhibited IL-1β secretion from THP-1

cells induced by LPS under the conditions where cysteine

was removed from the culture medium. Removal of

cysteine from the culture medium shifted inhibition curves

of EI-1941-2 to the left, but did not shift that of EI-1941-1

(Fig. 7). However, the concentrations needed to inhibit IL-

1β secretion from THP-1 cells were around 10 times higher

than that needed to inhibit the isolated enzyme in a cell free

system, even in the absence of cysteine.

Fig. 4. Stability of EI-1941-1 and -2 in the presence of thiol compounds.

10μg/ml of EI-1941-1 and -2 were incubated for 2 hours at room temperature in a sodium phosphate buffer, pH

6.8 containing various concentration of DTT (A). 10μg/ml of EI-1941-1 and -2 were incubated for 2 hours at room

temperature in phosphate-bufferd saline containing 0.4mM cysteine and 0.3mM glutathione (B). EI-1941-1 and -2

were analyzed by HPLC, and the concentration of the compounds were determined from their peak area.

Fig. 5. Stability of EI-1941-1 and -2 in the

cysteine-free or cysteine-containing RPMI1640

medium.

10μg/ml of EI-1941-1 and -2 were incubated for 2

hours at room temperature in RPMI1640 medium in

the presence (cysteine+medium) or absence

(cysteine-medium) of cysteine. EI-1941-1 and -2 were

determined by HPLC analysis.
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Discussion

EI-1941-1 and -2 inhibited human recombinant ICE in a

dose-dependent fashion. The ICE inhibitory activities of

these compounds were potent and selective in cell free

systems as shown in Table 1.

We previously reported that manumycin-related

compounds containing epoxy structure in their molecules

failed to inhibit ICE in the presence of DTT8). Although

both EI-1941-1 and -2 have an epoxy structure in their

molecules, EI-1941-1 inhibited ICE activity in the presence

of DTT, while EI-1941-2 did not. To clarify this difference,

we examined the stability of these compounds in a DTT

containing buffer. EI-1941-2 disappeared completely after

2-hour incubation in the presence of 0.1mM DTT at room

temperature, whereas EI-1941-1 did not decrease under the

same conditions. The DTT concentration needed to

decrease EI-1941-1 was higher than that needed to decrease

EI-1941-2, indicating that EI-1941-1 is more resistant to

DTT than EI-1941-2. This may explain that EI-1941-1

inhibited ICE in the presence of DTT, and that EI-1941-2

did not. Although even 1mM DTT did not affect the

inhibition of ICE by EI-1941-1, the amount of EI-1941-1

decreased by 84% in the presence of such a high

concentration of DTT. This may be due to the difference in

assay mixtures of the stability test and the activity test.

However, we could not exclude the possibility that

degradation product of EI-1941-1 inhibits ICE activity.

The inhibition of IL-1β secretion by EI-1941-1 and -2

(IC50 values of 5.0 and 10.3μM, respectively) was not due

to toxic effects of the compounds as shown in Fig. 6. EI-

1941-1 inhibited IL-1β secretion from THP-1 cells in the

Fig. 6. Effect of EI-1941-1 and -2 on IL-1β

secretion from LPS-stimulated THP-1 cells and

on cell viabilities of THP-1 cells.

Symbols indicate IL-1β secretion (●) and

percentage of viable cells (○).

Fig. 7. Effect of EI-1941-1 and -2 on IL-1β

secretion from LPS-stimulated THP-1 cells in the

cysteine-free or cysteine-containing RPMI1640

medium.

Symbols indicate IL-1β secretion from THP-1 cells

in the absence of cysteine (●) and in the presence of

cysteine (○).
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absence of cysteine at almost the same concentration range

it inhibited in the presence of cysteine. On the other hand,

removal of cysteine from the culture medium shifted the

inhibition curve of EI-1941-2 to the left. These results

indicate that EI-1941-2 is labile to cysteine even in the cell

system, whereas EI-1941-1 is not. The difference of lability

of these compounds to SH-containing reagents in the cell

system corresponds with that in the cell free system. These

results suggest that their inhibition of IL-1β secretion in the

THP-1 cells is due to ICE inhibition. However, the

concentration ranges of these compounds needed to inhibit

IL-1β secretion in the absence of cysteine were higher than

that needed to inhibit human recombinant ICE in a cell-free

system. One possibility of the less effectiveness in the cell

system is that the inhibitors do not completely penetrate the

plasma membrane of THP-1 cells to reach intracellular

ICE. Another possibility is that the compounds reacted with

and are inactivated by the thiol-containing amino acid

residues of proteins in THP-1 cells. However, the latter

possibility may not be the case in EI-1941-1, since EI-

1941-1 is resistant to the reaction with thiol reagents, such

as DTT and cysteine. Alternatively, it is possible that El-

1941-1 and -2 may inhibit the activation of NF-κB, since

cycloepoxydon14,15), which structure was close to that of

EI-1941-1 and -2, inhibited the activation of NF-κB, a

key transcription factor regulating the expression of

inflammatory cytokines such as IL-1β and TNFα16).

In this paper, we described that EI-1941-1 and -2

inhibited human recombinant ICE together with IL-1β

secretion from THP-1 cells induced by LPS. EI-1941-1 and
-2 would be another sets of useful tools to elucidate the

physiological and pathological roles of the ICE and could

be lead compounds to synthesize selective ICE inhibitors.
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