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ABSTRACT

Allosamidins, metabolites of Streptomyces with strong inhibitory activities toward family 18 chitinases,
show a variety of biological activities in various organisms. We prepared photoaffinity and biotinylated
probes of allosamidin and demethylallosamidin, the N-demethyl derivative that shows much stronger
anti-asthmatic activity than allosamidin. Mild acid hydrolysis of allosamidins afforded mono-amine
derivatives, which were amidated to prepare probes with a photoactivatable aryl azide and/or biotin moi-
eties. The derivatives with an N-acyl group at C-2 of the D-allosamine residue at the non-reducing end of
allosamidins inhibited Trichoderma chitinase as strongly as the original compounds. Since the target of
allosamidins in asthma is unclear, photoaffinity probes were used to analyze allosamidin-binding pro-
teins in bronchoalveolar lavage (BAL) fluid in IL-13-induced asthmatic mice. Ym1, a chitinase-like pro-
tein, was identified as the main allosamidin-binding protein among proteins whose expression was
upregulated by IL-13 in BAL fluid. Binding of allosamidins with Ym1 was confirmed by the experiments

Chitinase-like protein
Chitinase

with photoaffinity probes and recombinant Ym1.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Allosamidin (1), a metabolite of Streptomyces, has a unique
pseudotrisaccharide structure that mimics chitin (Scheme 1).! It
inhibits all family 18 chitinases, which hydrolyze chitin and are
widely present not only in chitin-containing organisms such as in-
sects and fungi, but also in non-chitin-containing ones such as
plants and mammals.? Allosamidin has been used to investigate
the physiological role of chitinases involved in a variety of organ-
isms. For example, it inhibits cell separation of yeast,? transmission
of the malaria parasite and insect molting® by inhibiting
chitinases.

Recently, novel biological or physiological activities of allosami-
din in plants, mammals, and allosamidin-producing bacteria have
been found. Allosamidin enhanced stress tolerance in Arabidopsis
thaliana® and attenuated asthmatic Th2 inflammation in a mouse
model of asthma.” It strongly promoted chitinase production and
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growth in allosamidin-producing Streptomyces through a two-
component regulatory system.5-1°

The anti-asthmatic activity of allosamidin was thought to be due
to its action on acidic mammalian chitinase (AMCase), since expres-
sion of AMCase has been shown to be upregulated in response to
allergen exposure or IL-13-induced inflammation in mouse lung!'
and allosamidin strongly inhibits AMCase.!?> However, it has been
reported that transgenic mice overexpressing AMCase show no
signs of allergic inflammation.'® Furthermore, we recently showed
that demethylallosamidin (2), the demethyl derivative of allosami-
din, showed stronger anti-asthmatic activity than allosamidin in
mouse models and the inhibitory activity of demethylallosamidin
toward AMCase was not different from that of allosamidin.' Thus,
the mechanism of allosamidin causing anti-asthmatic activity re-
mains unclear.

Allosamidin derivatives with a photoaffinity or biotinylated res-
idue are very useful probes to study the biological and physiolog-
ical activities of allosamidin and its target molecules. We
previously synthesized a biotinylated probe from a dialdehyde pre-
pared by sodium periodate oxidation of allosamidin.!® Although
this probe inhibited chitinase just as strongly as allosamidin, it
has a somewhat labile imine linkage between the allosamidin res-
idue and the biotin moiety. Therefore, we planned to prepare more
stable probes of allosamidin and demethylallosamidin. Dem-
ethylallosamidin probes may be equally useful as allosamidin ones
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to study the mode of action of allosamidins as anti-asthmatic
agents.

In this paper, we describe the preparation of new photoaffinity
and biotinylated allosamidin probes which maintain strong chiti-
nase inhibitory activity. Experiments with the photoaffinity probes
to detect allosamidin binding proteins in bronchoalveolar lavage
(BAL) fluid in a mouse model of asthma are also described.

2. Results and discussion

2.1. Preparation of photoaffinity and biotinylated probes of
allosamidins

With respect to the structure-activity relationship of allosami-
din, it is known that modification of the N-acetyl-p-allosamine res-
idue at the non-reducing end of 1 does not reduce the chitinase
inhibitory activity significantly.'® Therefore, we planned to use
deacetylated allosamidin 3 with an amino group at C-2” as a pre-
cursor for the probe. Mild acid hydrolysis of allosamidin with
0.5 M HCl at 80 °C afforded several products, including a disaccha-
ride previously reported.!” After reacting for 10 h, two mono-
deacetylated molecules, 3 and 4, were obtained. A residue with a
photoactivatable aryl azide and a biotin moiety was introduced
by a coupling with Sulfo-SBED at each amino group of compounds
3 and 4 to afford photoaffinity probes 5 and 6, respectively
(Scheme 1). The coupling reaction was done by mixing the solu-
tions of Sulfo-SBED in dimethyl sulfoxide and 3 or 4 in 1% NaHCO3
with stirring for 30 min at room temperature in the dark. Similarly,
biotinylated probes 7 and 8 were prepared from compounds 3 and
4, respectively, by coupling with Sulfo-NHS-SS-Biotin. Demethylal-
losamidin probes 11 and 13, and 12 and 14, were prepared from
deacetylated demethylallosamidins 9 and 10, respectively, accord-
ing to similar methods that were used for the preparation of the
allosamidin probes.

The inhibitory activities of compounds 1-14 toward Tricho-
derma chitinase are summarized in Table 1. Amino compounds 3,

4,9, and 10 were not as potent as the corresponding acylated com-
pounds. Conversely, the photoaffinity and biotinylated probes 5, 7,
11, and 13 with newly introduced acyl groups at C-2” maintained
strong chitinase inhibitory activities, while the inhibitory activities
of probes 6, 8, 12, and 14 with the acyl group at C-2' were very
weak. These probes have stable amide linkage between the allos-
amidin residue and the photoaffinity or biotin moiety; for example,
probe 7 was stable in a solution of 0.05 M HCI or 0.05 M NaOH for
30 min at room temperature.

2.2. Detection and identification of allosamidin-binding
proteins in BAL fluids in IL-13-induced asthmatic mice

Next, the photoaffinity probes prepared above were used to de-
tect allosamidin-binding proteins in BAL fluids in a mouse model of
asthma. IL-13-induced asthmatic mice were used for the experi-
ments. A solution of the BAL fluid proteins prepared from each of
the control and IL-13 instillation mice was incubated with the

Table 1
Inhibitory activities of compounds
1-14 toward Trichoderma chitinase

Compound ICs0 (ULM)

5.4
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allosamidin- or demethylallosamidin-photoaffinity probe (5 or 11).
The solution was UV-irradiated to cross-link the probe and pro-
teins, and biotinylated proteins were detected by western blotting
using HRP-avidin after SDS-PAGE (Fig. 1B). A strong band at
70 kDa was detected in all samples (lanes 1-8 in Fig. 1B) due to
non-specific binding of probe 5 or probe 11 with albumin. The
band at 45 kDa was observed in the BAL fluid of IL-13-induced
mice (lanes 5 and 7 in Fig. 1B) and it was identical to the band of
the protein whose expression was clearly upregulated by IL-13 as
detected by silver staining (lane 2 in Fig. 1A). The density of the
band at 53 kDa detected by western blotting increased in the BAL
fluid of IL-13-induced mice (lanes 5 and 7 in Fig. 1B) compared
to that of control mice (lanes 1 and 3 in Fig. 1B). The bands at
45 kDa and 53 kDa were disappeared in the experiments with ex-
cess amounts of allosamidin or demethylallosamidin (lanes 2, 4, 6
and 8 in Fig. 1B).

N-terminal amino acid sequence analysis of the 45 kDa and
53 kDa proteins afforded the sequence YQLMXYYTSW (X was
unidentifiable.) and EDVQETDTSQ, which showed that the predom-
inant proteins involved in the bands at 45 kDa and 53 kDa was
Ym1 and/or Ym2'¥2° and o-1 antitrypsin,?' respectively. Ym1
and Ym2 are congeners with similar molecular size and high amino
acid sequence homology. The amino acid sequence determined by
the N-terminal analysis is commonly present in both proteins.
Therefore, mouse lung cDNA was analyzed by the method of Webb
et al.%° to estimate the component(s) in the 45 kDa band. Lung
cDNA were prepared from an asthmatic mouse exposed to IL-13
or ovalbumin and PCR products were prepared from the cDNA
using primers whose sequences commonly exist in both cDNA of
Ym1 and Ym2. The PCR products were digested with Sca I restric-
tion endonuclease. cDNA encoding Ym1 has a Sca I site in its se-
quence, while that encoding Ym2 does not have the site. As
shown in Figure 2, the PCR products were digested almost entirely
by Sca I for both IL-13 and ovalubmin exposures. This suggested
that Ym1 was expressed much more abundantly than Ym2 in the
lung of an IL-13- or ovalbumin-induced asthmatic mouse and
Ym1 is the main allosamidin-binding protein in the 45 kDa band.

Recombinant Ym1 (rYm1) was prepared using an Escherichia
coli expression system, followed by refolding. The rYm1l was
cross-linked with a photoaffinity probe (5 or 11), and the binding
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Figure 2. Sca | digestion of RT-PCR product. Lung cDNA were prepared from lung
tissue of an asthmatic mouse exposed to ovalbumin or IL-13. PCR products were
prepared from the cDNA using primers whose sequences commonly existed in both
Ym1 and Ym2 cDNA. The PCR products were digested almost entirely by Sca I to
afford the digest (arrows) in ovalubmin (A) and IL-13 (B) exposure experiments.

of rYm1 with the probes was detected by western blotting
(Fig. 3). The density of the band at 45 kDa increased depending
on concentrations of the probes in both experiments using 5 (lanes
1-3) and 11 (lanes 5-7), and the band was disappeared in the
experiments with excess amounts of allosamidin or demethylallos-
amidin (lanes 4 and 8), suggesting the specific binding of allosami-
dins to rYm1. Significant difference was not observed between the
density of the band detected by allosamidin-probe 5 and that by
demethylallosamidin-probe 11.

Ym1 and Ym2 belong to chitinase-like proteins that have struc-
tures homologous to chitinases but do not have chitinase activity
due to the lack of essential acidic amino acid residue(s) commonly
present in the active site of family 18 chitinases.?? Chitinase-like
proteins are widely present in a variety of organisms including
mammals. However, little is known about their physiological func-
tions at the molecular level. Although they do not show chitinase
activity, some of them have been shown to bind to poly and/or oli-
gosaccharides. Binding of Ym1 to chitin,'® heparin, and glucosa-
mine oligomers has been reported.?®> In addition, it has been
shown that binding of chitinase-like proteins YKL-40 and SPG-40
to N-acetylglucosamine oligomers with relatively high affinity.242°
These carbohydrate-binding properties of chitinase-like proteins
may be implicated in their biological activity. Therefore, allosami-
dins may have the potential to inhibit the function of these pro-
teins by binding to them.

It has been reported that Ym1 shows eosinophil chemotaxis'®
and anti-sense Ym1 RNA suppresses asthmatic responses in a
murine model of allergic asthma.?® Our experiments with the
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Figure 1. Detection of allosamidin-binding proteins in BAL fluids. Proteins in the BAL fluid of control mice (lane 1 in (A), lanes 1-4 in (B)) and IL-13-induced asthmatic mice
(lane 2 in (A), lanes 5-8 in (B)) were analyzed by silver staining (A), and photoaffinity probes (B). BAL fluid was incubated with probe 5 (lanes 3 and 5 in (B)), probe 11 (lanes 4
and 6 in (B)), probe 5 and 1 (lane 2 in (B)), or probe 11 and 2 (lane 4 in (B)). The reaction solution was UV-irradiated to enable cross-linking, and biotinylated proteins were
analyzed using streptavidin-HRP after SDS-PAGE. Prestained and biotinylated protein markers were used in (A) and (B), respectively. Arrows indicate 45 kDa and 53 kDa

proteins.
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Figure 3. Binding of allosamidin-photoaffinity probes with recombinant Ym1.
Recombinant Ym1 (13 pmol) was incubated with probe 5 (lanes 1-3), 1 (68 nmol)
and probe 5 (lane 4), probe 11 (lanes 5-7), and 2 (68 nmol) and probe 11 (lane 8).
The reaction solution was analyzed using streptavidin-HRP after SDS-PAGE.

photoaffinity probes suggested that Ym1 was the main protein
specifically binding to allosamidins whose expression was much
upregulated by IL-13. An increase of AMCase activity in BAL fluid
after IL-13 treatment has been shown,'# but AMCase protein was
not clearly detected by the probes probably due to its low concen-
tration in the fluids. It is known that the amount of Ym1 expressed
in the BAL fluid of allergen-induced asthmatic mice is much higher
than that of AMCase.?” BRP-39, another murine chitinase-like pro-
tein, and its human homolog YKL-40 have been strongly suggested
to play a critical role in asthma.?® The photoaffinity and biotinyla-
ted allosamidin probes we prepared may be useful to investigate
the mode of action of not only chitinases but also chitinase-like
proteins.

Alpha-1 antitrypsin is a serine protease inhibitor which protects
the alveolar matrix from proteolytic attack.?® Although its expres-
sion is not strongly upregulated by IL-13, there is a possibility that
allosamidins might affect an unknown role of -1 antitrypsin in
asthma. Works to investigate the binding affinities of allosamidin
and demthylallosamidin to not only Ym1, BRP39 and AMCase but
also o-1 antitrypsin are now in progress.

In conclusion, new photoaffinity and biotinylated probes of
allosamidin and demethylallosamidin with strong chitinase-inhib-
itory activity were prepared. Ym1 was identified as the major
allosamidin-binding protein whose expression was upregulated
by IL-13 in the BAL fluid in a mouse model of asthma by using
the photoaffinity probes prepared.

3. Experimental
3.1. Allosamidin and demethylallosamidin

Allosamidin and demethylallosamidin were isolated from the
mycelial extracts of Streptomyces sp. AJ9463 according to the
method described previously.>°

3.2. Preparation of allosamidin photoaffinity and biotinylated
probes

Allosamidin 1 (25 mg) or demethylallosamidin 2 (25 mg) was
hydrolyzed with 0.5 M HCl (2.5 mL) at 80 °C for 10 h and the reac-
tion solution was separated using reverse-phase HPLC (column:
Capcell-Pak C;g, 4.6 mm x 250 mm, Shiseido, Tokyo, Japan; a gra-
dient elution of 0-20% acetonitrile in 10 mM AcONH4-NH,OH pH
8.9 over 30 min; flow rate: 1.0 mL/min; detection: 215 nm; reten-
tion times of 3, 4, 9, and 11: 20.7 min, 21.6 min, 14.1 min, and

16.3 min) to afford crude 3 (12.0 mg) and crude 4 (3.4 mg) or 9
(2.2 mg) and 11 (2.8 mg). Crude 3 and crude 4 were further puri-
fied using cation-exchange HPLC (column: Shodex Asahipak
ES502C 7.6 mm x 250 mm, Showa Denko, Tokyo, Japan; an iso-
cratic elution of 10 mM AcONH4,-NH4OH pH 10.1; flow rate:
1.0 mL/min; detection: 220 nm; retention times of 3 and 4:
6.8 min and 6.0 min) to obtain 3 (1.2 mg) and 4 (0.9 mg). 3: HRE-
SIMS m/z 581.2698 (M+H)" (calcd for Cy3H41N4O43, 581.2670); 6y
(D,0 +0.3% CD3CO0D, 500 MHz, acetone &y 2.225 as internal refer-
ence): 5.38 (H-1,dd,J =5 Hz and 9 Hz), 5.05 (H-1",d, ] =9 Hz), 4.77
(H-1, d, ] =9 Hz), 4.38 (H-3', t, ] = 3 Hz), 4.37 (H-2, dd, ] = 4 Hz and
9 Hz), 4.28 (H-3"), 4.28 (H-3, t, J = 5 Hz), 3.93 (H-5), 3.90 (H-6'a),
3.88 (H-4), 3.88 (H-4), 3.86 (H-6"a), 3.84 (H-2'), 3.81 (H-5"), 3.81
(H-6a), 3.74 (H-6"b), 3.72 (H-6'b), 3.71 (H-4"), 3.66 (H-6b), 3.33
(H-2", dd, J=3 Hz and 9 Hz), 3.08 (N-CHs, s), 3.06 (N-CHs, s),
2.53 (H-5), 2.08 (Ac, s). Compound 4: HRESIMS m/z 581.2660
(M+H)+ (CalCd for C23H41N4013, 5812670), 5]_[ (D20 +0.3%
CD5COO0D, 500 MHz, acetone &y 2.225 as internal reference): 5.33
(H-1, dd, J=5Hz and 9 Hz), 5.01 (H-1’, d, J =9 Hz), 4.78 (H-1", d,
J=9Hz), 459 (H-3, t, J=3 Hz), 4.36 (H-2, dd, ] =5 Hz and 9 Hz),
4.32 (H-3, dd, J= 5 Hz and 6 Hz), 4.03 (H-3", t, ] = 3 Hz), 3.97 (H-4,
dd, J=6Hz and 8 Hz), 3.90 (H-5'), 3.88 (H-2", dd, J=3 Hz and
9 Hz), 3.86 (H-6a), 3.86 (H-6"a), 3.80 (H-6'a, dd, J=3 Hz and
12 Hz), 3.76 (H-4’), 3.76 (H-6b), 3.75 (H-5"), 3.73 (H-6"b), 3.67
(H-4", dd, J=3Hz and 10Hz), 3.61 (H-6'b, dd, J=6Hz and
12 Hz), 3.28 (H-2/, dd, J=3 Hz and 9 Hz), 3.08 (N-CH3, s), 3.06
(N-CHg, s), 2.64 (H-5), 2.06 (Ac, s). 9: HRESIMS m/z 567.2485
(]\/[“‘H)+ (calcd for Cy2H39N4013, 56725]4), o4 (D20 +0.3%
CD5COO0D, 500 MHz, acetone 6y 2.225 as internal reference): 5.37
(H-1, dd, J=5Hz and 9 Hz), 5.05 (H-1”, d, J=9 Hz), 4.78 (H-1/, d,
J=9Hz),4.39 (H-2),4.39 (H-3', t,J = 3 Hz), 4.30 (H-3), 4.29 (H-3", t,
J=3Hz), 3.95 (H-5'), 3.93 (H-6'a), 3.90 (H-4'), 3.89 (H-4), 3.86
(H-2"), 3.84 (H-6"a), 3.83 (H-6a), 3.82 (H-5"), 3.75 (H-6"b), 3.75
(H-6'b), 3.71 (H-4"), 3.67 (H-6b), 3.32 (H-2”, dd, J=3 Hz and
9 Hz), 2.91 (N-CHjs, s), 2.55 (H-5), 2.05 (Ac, s). Compound 10: HRE-
SIMS m/z 567.2496 (M+H)+ (calcd for C22H39N40]3, 5672514), OoH
(D,0 +0.3% CD3CO0D, 500 MHz, acetone &y 2.225 as internal refer-
ence): 5.35 (H-1), 5.02 (H-1/, d, J=9 Hz), 4.81 (H-1”, d, J=9 Hz),
4.60 (H-3', t, J=3Hz), 438 (H-2), 4.38 (H-3), 4.06 (H-3", t,
J=3Hz), 4.01 (H-4), 3.93 (H-5), 3.91 (H-2", dd, J=3 Hz and
9 Hz), 3.91 (H-6a), 3.89 (H-6"a), 3.83 (H-6'a, dd, J=3 Hz and
12 Hz), 3.78 (H-4'), 3.78 (H-5"), 3.77 (H-6b), 3.75 (H-6"b), 3.70
(H-4", dd, J=3Hz and 10Hz), 3.63 (H-6'b, dd, J=6Hz and
12 Hz), 3.27 (H-2/, dd, J=3 Hz and 9 Hz), 2.93 (N-CH3, s), 2.68
(H-5), 2.07 (Ac, s).

A solution of 4.8 mg of Sulfo-SBED (Pierce, Rockford, IL) in di-
methyl sulfoxide (200 pL) was added to a solution of 3 (0.6 mg), 4
(0.45 mg), 9 (2.0 mg), or 10 (2.0 mg) in 1% NaHCO5(aq) (220 pL),
and the mixture was stirred for 30 min at room temperature in
the dark. Each reaction mixture was purified by reverse-phase HPLC
(column: Capcell-Pak C;g, 4.6 mm x 250 mm; a gradient elution of
0-80% acetonitrile in 10 mM AcONH4-NH4OH pH 8.9 over 20 min;
flow rate: 1.0 mL/min; detection: 220 nm; retention times of 5 and
6: 182 min and 18.3min, or column: Capcell-Pak C;g,
10 mm x 250 mm; a gradient elution of 0-70% acetonitrile in
10 mM AcONH4-NH4OH pH 8.9 over 30 min; flow rate: 4.0 mL/
min; detection: 270 nm; retention times of 11 and 12: 25.2 min
and 25.4 min) to obtain 5 (0.8 mg), 6 (0.7 mg), 11 (0.5 mg), and 12
(0.8 mg). 5: HRESIMS m/z 1243.4815 (M+H)" (caled for
C5]H79N120]853, 12434797) 6: HRESIMS m/Z 1243.4847 (M+H)+
(caled for C51H79N12018S3, 1243.4797). Compound 11: HRESIMS
m/z1229.4593 (M+H)" (calcd for C5oH77N1,015S3, 1229.4641). Com-
pound 12: HRESIMS m/z 1229.4667 (M+H)" (calcd for
C50H77N]201353, 1229.4641 )

A solution of 4.0 mg of Sulfo-NHS-SS-Biotin (Pierce) in dimethyl
sulfoxide (200 pL) was added to an aqueous solution of 2.0 mg of 3,
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4,9, or 10 and the mixture was stirred for 30 min at room temper-
ature in the dark. Each reaction mixture was purified using re-
verse-phase HPLC (column: Capcell-Pak Cyg, 10 mm x 250 mm; a
gradient elution of 0-70% acetonitrile in 10 mM AcONH4-NH4,OH
pH 8.9 over 30 min; flow rate: 4.0 mL/min; detection: 215 nm;
retention times of 7, 8, 13, and 14: 22.8 min, 24.4 min, 21.5 min,
and 22.2 min) to obtain 7 (0.6 mg), 8 (0.8 mg), 13 (0.5 mg), and
14 (0.8 mg). Compound 7: HRESIMS m/z 970.3580 (M+H)" (calcd
for C3gHgsN,016S3, 970.3572). Compound 8: HRESIMS m/z
970.3585 (M+H)" (calcd for C3gHgaN7016S3, 970.3572). Compound
13: HRESIMS m/z 956.3463 (M+H)" (calcd for C3;Hg;N7016S3,
956.3415). 14: HRESIMS m/z 956.3451 (M+H)" (calcd for
C37H62N7016S3, 956.3415).

3.3. Chitinase assay

The chitinase assay was performed in 0.1 M citric acid-Na,HPO4
buffer (pH 7.0) using 4-methylumbelliferyl-N,N’',N”-triacetyl chito-
trioside [4MU-(GIcNAc)s] (Sigma-Aldrich, St. Louis, MO) as a sub-
strate according to the method described previously.®
Trichoderma chitinase (Chitinase T-1) was purchased from Takara
Shuzo Co., Ltd, Kyoto, Japan.

3.4. Detection of allosamidin binding proteins in BAL fluids
using photoaffinity probes

Eight to 10-wk-old male A/] mice received an intratracheal
instillation of a solution containing 0.5 pg of recombinant murine
IL-13 (Sigma-Aldrich) or phosphate-buffered saline on days 1, 3,
and 5. Mice were given a lethal dose of pentobarbital, and lungs
were gently lavaged with 1.0 mL of saline via tracheal cannula to
obtain the BAL fluids. A BAL fluid containing 5 pg of proteins
(10 pL) was mixed with 6 pL of 0.1 M citric acid-0.2 M Na,HPO,
buffer (pH 7.0). After incubation at 37 °C for 1 h, an aqueous solu-
tion of the probe (84 pL containing 0.068 nM of 5 or 11) was added
to the solution. In the experiments with excess amounts of allos-
amidin or demethylallosamidin, 68 nM of allosamidin or dem-
ethylallosamidin was added to the solution 30 min before the
addition of probe 5 or 11. The reaction solution was further incu-
bated at 37°C for 1h and UV-irradiated (365 nm) at 4 °C for
15 min. Acetone (400 uL) was added to the reaction solution and
the mixture was kept at —20 °C overnight to afford a precipitate.
After collecting the precipitate by centrifugation (6000g, 15 min),
the precipitate was dissolved in 25 pL of water and the solution
was mixed with 25 pL of electrophoresis sample buffer. The mix-
ture was boiled for 5 min and subjected to 10% SDS-PAGE. After
SDS-PAGE, proteins on the gel were transferred to a polyvinylidene
difluoride (PVDF) membrane (Clear Blot Membrane-p, ATTO,
Tokyo, Japan) by electroelution at 100 mA for 60 min (per
75 x 80 mm membrane) with three transfer buffers (300 mM Tris
containing 20% methanol and 0.05% SDS, 25 mM Tris containing
20% methanol and 0.05% SDS, and 25 mM Tris containing 40 mM
6-aminohexanoic acid, 20% methanol and 0.05% SDS), which was
probed using HRP-avidin (Pierce).

3.5. Protein sequencing

Acetone was added to the BAL fluid and the mixture was kept at
—20 °C overnight to afford a precipitate. After collecting the precip-
itate by centrifugation (6000g, 15 min), the precipitate was sub-
jected to 10% SDS-PAGE according to the above-mentioned
method. Proteins on the gel were transferred to a PVDF membrane
and the PVDF membrane was stained with 0.2% Coomassie Brilliant
Blue (CBB) R-250 in methanol for 5 min and bleached in 50% meth-
anol containing 10% acetic acid for several minutes. The band to be
analyzed was cut from the membrane and subjected to N-terminal

amino acid sequencing using a protein sequencer (Model 492HT,
Applied Biosystems, Foster City, CA), affording the sequences of
the 45 kDa and 53 kDa proteins.

3.6. RT-PCR and Sca I digestion

Lung tissue was obtained from asthma-induced mice that had re-
ceived ovalbumin or IL-13. RNA was purified using the ISOGEN re-
agent (Nippon Gene Co., Ltd, Tokyo, Japan) and reverse-transcribed
using SuperScript Il Reverse Transcriptase (Invitrogen, Carlsbad,
CA) with oligo(dT) according to the manufacturer’s protocol. PCR
was performed using the forward primer 5'-AGGCTGCTACTCACTTC-
CAC-3'" and the reverse primer 5'-CTTGCAACTTGCACTGTGTA-3’ for
25 cycles at an annealing temperature of 70 °C. The PCR product
was digested with Sca I and analyzed by agarose gel electrophoresis.

3.7. Preparation of recombinant Ym1

A plasmid construct with the reading frame encoding mouse
Ym1 was generated using a pET28a vector (Novagen, Darmstadt,
Germany), which expressed Ym1 as a His-tag fusion protein
under the control of a T7 promoter. PCR was performed using
the oligonucleotide primers (sense primer 5-GCCGGATCCTAC-
CAGCTGATGTGCTACTAT-3’ and anti-sense primer 5-CGCGAATT-
CAATAAGGGCCCTTGC-3') flanking the coding region of mouse
Ym1 and murine lung cDNA (BD Biosciences-Clontech, Palo Alto,
CA) as the template. The PCR fragment obtained was A-tailed
and cloned into the plasmid vector pGEM-T Easy (Promega, Mad-
ison, WI). The vector was digested with BamH | and EcoR I, and
the fragment containing sequence encoding Ym1 was ligated to
the pET28a vector. The construct was transfected into E. coli
BL21 (DE3), and the Ym1/His-tag fusion protein was expressed
with 1 mM IPTG. The cells containing the expressed recombinant
protein in the inclusion body were disrupted by sonication in PBS
buffer with Complete protease inhibitors (Roche Molecular
Biochemicals, Mannheim, Germany), 1 mM EDTA, and 1% Triton
X-100. The suspension was centrifuged at 6000g for 10 min at
4 °C and the obtained precipitates were resuspended in 20 mM
sodium phosphate buffer (pH 7.8) containing 500 mM NaCl and
6 M guanidine-HCl. After centrifuging the suspension at 6000g
for 10 min at 4 °C, the supernatant was purified using a Ni-NTA
agarose column according to the manufacturer’s protocol (Invitro-
gen). The eluted Ym1/His-tag fusion protein was dialyzed as a
refolding reaction against 0.1 M Tris buffer (pH 8.0) containing
0.5M arginine, 2 mM EDTA, 6 mM oxidized glutathione, and
0.6 mM reduced glutathione at 4 °C for 24 h. The remaining solu-
tion in the dialysis membrane was centrifuged at 6000g for
10 min at 4°C, and the supernatant was dialyzed again in PBS
buffer at 4 °C for 24 h.

3.8. Binding experiments of photoaffinity probes to
recombinant Ym1

A solution of recombinant Ym1 (586 ng) in 16 pL of 0.1 M citric
acid-0.2 M Na,HPO,4 buffer (pH 7.0) was mixed with an aqueous
solution of the probe (84 pL containing 5 or 11). The solution
was incubated at 37 °C for 1 h and UV-irradiated (365 nm) at 4 °C
for 15 min. Detection of the binding of recombinant Ym1 and the
probe in the reaction solution was done according to the same
method as described above.
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