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Conophylline, a vinca alkaloid extracted from the tropical plant Ervatamia microphylla, has been shown to
induce the differentiation of insulin-producing B-cells in cultured cells and in animals. However, its
mechanism of action and the molecular target have remained unclear. Therefore, we prepared a fishing
probe with conophylline to identify the target protein by using latex nano-beads, which are newly inno-
vated tools for affinity-purification. With these conophylline-linked nano-beads, we found that conoph-
ylline directly interacted with ARLGIP. ARL6IP may thus be involved in the mechanism of cellular
differentiation of B-cells, and this probe should be useful to find other target proteins.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Conophylline (1) isolated from the leaves of Tavertaemontana
divaricata of Malaysia is a low-molecular-weight compound having
a vinca alkaloid structure.!? Also, we isolated it as a Ras function
inhibitor from the leaves of Ervatamia microphylla collected in
Thailand.> Moreover, recently we also found that conophylline
showed antidiabetic activity in vivo, as it decreased the blood glu-
cose level in diabetic model mice. Its mechanism of action is un-
ique, since conophylline induces the differentiation of insulin-
producing cells from precursor cells in culture* and in animals.
So it may be useful for the regeneration therapy of type-2 diabetes
mellitus. Recently, conophylline was also shown to induce the dif-
ferentiation of insulin-producing cells from mouse bone marrow
cells when added together with betacellulin-d4,® thus suggesting
its usefulness for transplantation therapy of type-1 diabetes. How-
ever, its molecular mechanism of action and the target molecule
have not yet been well documented. Especially, identification of
the target molecule(s) of conophylline should give us new insights
into the function of the identified protein, and also into the molec-
ular mechanism of its p-cell differentiation-promoting activity.

* Corresponding author.
E-mail address: umezawa@applc.keio.ac.jp (K. Umezawa).

0968-0896/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.bmc.2009.07.062

Latex nano-beads, termed SG beads, are a new innovative tool
for affinity purification-based identification of the target mole-
cules of bioactive compounds.” SG beads are composed of a glyc-
idylmethacrylate (GMA) and styrene copolymer core with a GMA
polymer surface, and have several advantages over conventional
affinity-purification supports; for example, their extremely large
surface area results in a relatively high binding capacity, and
their lack of pores facilitates the efficient removal of residual
proteins. SG beads have been used successfully to purify various
proteins, including transcription factors and several target pro-
teins for various chemical compounds. DNA affinity latex beads
were used to purify sequence-specific DNA-binding proteins di-
rectly from crude cell extracts.® The target proteins of several
bioactive compounds have been identified using this device, as
in the example of the anti-NF-xB agent E3330.” The beads were
also used to show that deoxycytidine kinase, an enzyme that
acts in the salvage pathway of nucleotide biosynthesis, is an-
other target of methotrexate.® Moreover, by use of affinity latex
beads, the mitochondrial transporter of 2-oxoglutarate, was
shown to bind to PATCPP, a phosphorescent porphyrin deriva-
tive; and PATCPP was found to inhibit 2-oxoglutarate uptake into
mitochondria.!®

Thus, we prepared conophylline-ligated latex nano-beads and
used them to screen for and identify the target protein of
conophylline.


http://dx.doi.org/10.1016/j.bmc.2009.07.062
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2. Results
2.1. Synthesis of conophylline amino-derivative

In screening for target proteins by affinity-purification using
nano-beads, the bait for the target protein should be immobilized.
Either a carboxyl or amino-group of the bioactive compound under
study can be employed for the immobilization on the surface of SG
beads through amide-bond formation. Therefore, we synthesized
an amino derivative of conophylline according to the reactions de-
picted in Figure 1. We introduced an amino function at the site of
the oxirane ring by performing the ring opening reaction.

At first, when conophylline (1) was treated with trimethylsilyl
azide and ZnCl, in 1,2-dichloroethane, an azide group was intro-
duced to give the silylated azido-alcohol (2) by a radioselective
opening of the oxirane ring, as shown in Figure 1. Then, after cleav-
age of the trimethylsilyl ether groups with trifluoroacetic acid to
give 14’-azidoconophylline (3), this compound was hydrogenated
under an H, atmosphere in the presence of Lindlar’s catalyst to
provide 14’-aminoconophylline (4, conophylline-NH,). The struc-
ture of 14’-azidoconophylline (3) was determined from its MS
and NMR spectra (chemical shift assignments are shown in Table
1). The stereochemistry at 14’ and 15’ was elucidated by using
2D NMR, ROESY, and differential NOE. The "*C NMR data except
for the 14’ and 15’ positions for conophylline azide were very sim-
ilar to the reference data on conophylline. The coupling constant (J)
of 14'-H and 15’-H showed 10 Hz. The NOEs were observed be-
tween 15'-H and 21'-H and between 14’-H and 17’-H. Therefore,
the stereochemistry of 14’-N3 and 15’-OH was determined to be
trans. The structure of 14’-aminoconophylline (4, conophylline-
NH,;) was determined from its MS and NMR spectra. The chemical
shift assignments are shown in Table 1.

2.2. Biological activity of conophylline amino-derivative

We next examined whether conophylline-NH, (4) would pos-
sess the same biological activity as conophylline. We employed

rat pancreatic carcinoma AR42] cells, since conophylline showed
a cytostatic effect on and induced endocrine differentiation in this
cell line.* Cytotoxicities of conophylline and conophylline-NH, to-
ward AR42] cells were determined by using the trypan blue dye
exclusion assay. Although the toxic concentration of conophyl-
line-NH, for AR42] cells after 48 h of treatment was about 10 times
higher than that of conophylline (Fig. 2), conophylline-NH, was
confirmed to possess biological activity comparable to that of
conophylline.

2.3. Immobilization of conophylline (8)

SG beads with carboxyl groups at their terminus were prepared
as previously described.” As shown in Figure 3, after activation of
the carboxyl group with succinic anhydride, the amino-group of con-
ophylline-NH, (4) was reacted to give immobilized conophylline on
the beads via amide-bond formation. After treatment with 2-amino-
ethanol, non-reacted carboxyl groups were eliminated. The control
beads were prepared by using the same protocol, except that the
reaction with conophylline-NH, was omitted. The quantity of
immobilized conophylline on the beads was estimated by quantifi-
cation of the succinic anhydride released during the reaction by
using high-performance liquid chromatography. The content of li-
gands was approximately 100 nmol/mg beads. Hence, we succeeded
in immobilizing conophylline on the SG beads with high efficiency.

2.4. Affinity-purification using the conophylline-immobilized
beads

Then, using the prepared beads, affinity-purification was per-
formed by the batch method. Besides affecting AR42] cells, conoph-
ylline also induces cell death at low concentrations in HeLa
(unpublished results) and K-ras-NRK cells.? Therefore, these 3 cell
lines were employed for the preparation of cell extracts for affin-
ity-purification. About 500 mg of cytosol extracts or nuclear extracts
of AR42]-B13 cells prepared by the Dignam method!! were sub-
jected to affinity-purification with 0.5 mg of control or conophyl-

HaC—

HO

R =H or/and TMS

14':NH;

Figure 1. Synthesis of conophylline amino-derivative. Conophylline-NH, was prepared by employing oxirane ring opening via the azide derivative. Conophylline was firstly
converted to 14’-azidoconophylline with trimethylsilyl azide (64.7% yield). Then, 14’-azidoconophylline was reduced into 14’-aminoconophylline with H, and Lindler’s
catalyst (64.9% yield). Reagents and conditions: (a) TMSN3, ZnCl,, CICH,CH,Cl, reflux, 12 h; (b) 50% CF3COOH, rt, 1 h; (c) 5% Pd/BaSOg4, H,, EtOH.
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Table 1
NMR data for conophylline derivatives

Conophylline-N3 Conophylline-NH,

‘13C lH 13C ‘lH
1-NH 8.78 8.78
2 164.7 164.7
3 59.5 478 59.6 4.78
4(N)
5 46 2.82,2.97 46 2.84,2.97
6 419 1.69, 1.99 419 1.69, 2.00
7 548
8 1335
9 104 5.53 104.2 5.57
10 1435 1436
11 1387 13838
12 136.8 136.8
13 1288 1287
14 85.2 5.03 85.2 5.03
15 69.6 415 69.6 415
16 90.7 90.6
17 22.1 2.39, 2.73 222 2.40,2.73
18 74 0.7 7.4 0.7
19 26.4 0.84, 1.15 26.4 0.85,1.15
20 448 448
21 65.3 2.63 65.2 2.65
10-OH 5.14
11-OMe 61 3.82 61 3.81
12-OMe 60.5 3.86 60.5 3.86
15-OH 2.54
16-CO 168.8 168.8
16-CO,Me 51.1° 3.77 51° 3.77
1-NH 8.95 8.95
2 167.3 167.6
3 516 2.49, 3.37 56.6 2.30, 3.24
4" (N)
5 50.9 2.70, 2.95 51.1 2.65, 2.91
6 46.6 1.72,2.10 46.6 1.71,2.10
7' 55.2 553
8 129.9 130.4
9 118.8 7.13 11838 7.14
10 114 11338
11/ 161.1 161
12/ 93.6 6.35 935 6.35
13 1452 1452
14/ 62.1 3.75 51.6 3.02
15 79.6 36 81.7 3.8
16' 922 925
17' 22.7 2,51, 2.77 22.9 2.52,2.73
18 9 0.81 9 0.83
19’ 27.6 1.3 27.9 13
20 44 431
21 70 275 70.5 2.76
15'-OH 213
16-CO 169.1 169.2
6'-CO,Me 51.0° 3.77 50.9 3.77

b Assignments are exchangeable.

line-immobilized beads. After the beads had been washed, the
bound proteins were eluted with an elution buffer containing 1 M
NaCl. Residual proteins on the beads were also collected by boiling
the beads with Laemmli dye. These samples obtained were subjected
to SDS-PAGE, and the proteins were detected by silver staining. A
protein band having a molecular weight of approximately 23 kDa
was detected only with the conophylline-immobilized beads from
both the cytosol and nuclear extracts (Fig. 4A). Using SDS-polyacryl-
amide gel electrophoresis, we confirmed that the electrophoretic
mobility of the bands obtained with both cytosol and nuclear
extracts were the same (data not shown), indicating that these bands
were of the same protein origin. Subsequently, the band was proved
to be conophylline-specific by drug-competition analysis (Fig. 4B).
Moreover, the 23-kDa band was also observed when the cytosol ex-
tracts of both HeLa cells and K-ras-NRK cells were examined (Fig. 4C).
Thus, we identified this 23-kDa protein as a positive candidate for
the target protein of conophylline.
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Figure 2. Biological activity of conophylline amino-derivative. Effect of conophyl-
line-NH, on cell viability. AR42] cells were treated with the indicated concentra-
tions of conophylline or conophylline-NH, for 48 h. The cell viability was assessed
by trypan blue dye exclusion. Each value is the mean+S.D. of quadruplicate
determinations.

2.5. Identification of ARL6GIP and preparation of the
recombinant protein

Next we subjected the 23-kDa protein to MS/MS analysis for
identification. To obtain a sufficient amount of the protein, we used
nuclear extracts of AR42J-B13 cells (20 mg protein in total) for the
affinity-purification. Since the protein could not be fully eluted with-
out boiling, as was shown in Figure 4A, all the treated beads were
immediately boiled with the Laemmli dye. The protein band of
23 kDa was detected again on the acrylamide gel by SYPRO-Ruby
staining (Fig. 5A). Then, the band was taken out, trypsin-digested,
and then used for the MS/MS analysis. As a result, the peptide se-
quences of 2 fragments were determined. These sequences matched
those in the amino acid sequence of ADP-ribosylation factor-like 6
interacting protein (ARL6IP) (accession; AAP83442 in GenPept).
The amino acid sequence of the 23-kDa protein is shown in Figure
5B. Subsequently, this protein in the nuclear extract was confirmed
to be ARL6IP by immuno-blotting using commercially available anti-
ARLGIP antibody (Fig. 5C). The affinity-purified proteins from the
cytosol extracts of AR42]J-B13, HeLa, and K-ras-NRK cells were also
confirmed to be ARLGIP by immuno-blotting. Additionally, ARLGIP
was detected more strongly in nuclear extracts than in cytosol ex-
tracts by immuno-blotting analysis (Fig. 5D).

To examine whether ARL6IP directly interacts with conophyl-
line, a binding assay was carried out by using recombinant ARL6IP
protein. ARLGIP cDNA (accession; AY316590 in GenBank) was
cloned from a rat brain cDNA library, and the protein was prepared
as described in Section 4. Since it is a membrane protein, we
adopted the mammalian cell expression system rather than using
Escherichia coli for the preparation of the recombinant protein.
Briefly, FLAG-tagged ARL6IP was transiently over-expressed in
Hela cells. Then the cells were collected, and after lysis the cell ly-
sate was immuno-precipitated by using the anti-FLAG antibody-
conjugated agarose beads. As expected, the recombinant ARLGIP
protein strongly interacted with the conophylline-immobilized
beads (Fig. 5E), whereas no interaction with ARL6IP was observed
with the control beads. Thus, we confirmed that ARL6IP could
physically interact with conophylline in vitro.

2.6. Inhibition of ARL6IP /ARL6 interaction by conophylline
in vitro

As ARLGIP is known to bind to ARL6, we examined whether the
ARL6IP/ARL6 interaction would be inhibited by conophylline. First,
we prepared ARL6-ligated Sepharose 4B beads. Subsequently, in
the presence or absence of conophylline the beads were mixed
with Flag-tagged ARLG6IP that had been purified from the lysate
of over-expressing cells. The ARL6-ligated Sepharose 4B beads
were then centrifuged, and the pellet was incubated with anti-Flag
antibody. As a result, the interaction was observed in the absence
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Figure 3. Immobilization of conophylline. The latex nano-beads, termed SG beads, are composed of glycidylmethacrylate (GMA) on the surface and a styrene copolymer core.
The SG beads previously prepared'! were firstly converted to the carboxylic-type SG beads. Then, the carboxyl groups on SG beads were activated with succinic anhydride.
Next, the amino-group of conophylline-NH, was reacted with these activated carboxyl groups to give immobilized conophylline on the beads leaving the succinic anhydride
moiety. An excess amount of 14’-amimoconophylline was added. We estimated the portion of reacted aminoconophylline by the production of liberated succinic anhydride.
About 10% of the conophylline used was incorporated into the beads; and the approximate content of conophylline moiety in the beads was 100 nmol/mg beads. Reagents
and conditions: (a) (i) succinic anhydride, EtsN, DMF, (ii) 1 N aq NaOH; (b) N-hydroxysuccinimide (HOSu), 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC), dioxane,

rt, 2 h; (c) (i) 4, DMF, rt, 24 h, (i) HOCH,CH,NH,, DMF, 1t, 2 h.

of conophylline, whereas in its presence the interaction of ARL6IP
with ARL6 was clearly inhibited (Fig. 6).

3. Discussion

Conophylline shows antidiabetic and anticancer activities in
vivo; however, its molecular target has not been elucidated. In
the present research, we identified ARL6IP as the target protein
of conophylline by affinity-purification from both cytosolic and nu-
clear extracts derived from conophylline-sensitive cells. Subse-
quent immuno-blotting analysis revealed that ARL6IP tended to
be present more in the nuclear extract than in the cytosolic one,
which suggests that the protein was localized in organelles such
as the endoplasmic reticulum linked to the nuclear membrane.
We also prepared recombinant ARL6IP, and confirmed the physical
interaction of ARL6IP with conophylline (Fig. 5).

ADP ribosylation factors (ARFs) is involved in vesicle formation
and intracellular transport. ADP-ribosylation-like factor 6 (ARL6) is
a member of the ARL subfamily of small GTPases, and is also likely
to be involved in intracellular trafficking.'?> By use of the yeast
two-hybrid system, ARLG6IP was identified as one of the interacting
proteins of ARL6.!® Pettersson et al.'* showed that ARL6IP is an endo-
plasmic reticulum (ER) integral membrane protein with 4 predicted
transmembrane domains. Although its function has not been well
described, ARL6IP was also identified by the mRNA differential dis-
play method to be a gene dramatically down-regulated during cyto-

kine-induced hematopoietic cell differentiation.'* ARLG6IP is highly
expressed in brain and primary hematopoietic tissues, such as bone
marrow and thymus, all of which contain many immature and undif-
ferentiated cells. Because ARL6IP is predominantly localized in the
intracytoplasmic membranes, it has been suggested that ARLGIP
would be involved in protein transport, membrane trafficking or cell
signaling during differentiation.!*

Besides the predicted role of ARLGIP in cell differentiation, Lui
et al.'® suggested a possible role for it in cell survival. They showed
that overexpression of ARL6IP protected HT1080 fibrosarcoma cells
from apoptosis by multiple apoptotic inducers including serum star-
vation, UV irradiation, tumor necrosis factor-o, and ER stressors such
as brefeldin A; therefore, ARLGIP was also designated as an apoptotic
regulator in the membrane of the endoplasmic reticulum (ARMER).
However, the molecular mechanism of its anti-apoptotic function is
not yet understood. Proteins in the Bcl-2 family including Bcl-X; and
Bcl-2 are central regulators of apoptosis. ARL6IP was also shown by
screening to be a protein that interacts with Bcl-X;.'®

If conophylline inhibits the function of ARL6IP, inhibition of the
anti-apoptotic function may partly explain the mechanism of the
anticancer activity of conophylline. Since ARLGIP was identified
by its physical interaction with ARL6,'> conophylline may have
an effect on this interaction and on the ARL6 function. Actually
conophylline inhibited the interaction between ARL6IP and ARL6
(Fig. 6). ADP-ribosylation factors (ARFs) have been reported to play
an important role in intracellular membrane trafficking.'?> ARF-like
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Figure 4. Affinity-purification using the conophylline-immobilized beads. (A) Identification of a 23-kDa band protein specifically purified from AR42]-B13 cells extracts with
the affinity beads. Cytosol extracts (lanes 1-4) or nuclear extracts (lanes 5-8) were subjected to affinity-purification with control or conophylline-ligated latex beads. The
beads were precipitated and washed, and bound proteins were eluted with elution buffer (lanes 1-2 and 5-6). Proteins remaining on the beads were liberated by boiling the
beads (lanes 3-4 and 7-8). Samples were subjected to SDS-PAGE, and proteins detected by silver staining. Red dots indicate the 23-kDa bands. (B) Competition analysis with
conophylline-NH,. Nuclear extracts of AR42J-B13 cells were pretreated with increasing concentrations of conophylline-NH,, and subjected to affinity-purification using
conophylline-fixed latex beads. After incubation for 1 h at 4 °C, the bead were washed and analyzed by SDS-PAGE followed by silver staining. (C) Identification of the specific
23-kDa band obtained with cytosol extracts of HeLa and K-ras NRK cells. Cytosol extracts of HeLa and K-ras-NRK cells were subjected to affinity-purification using
conophylline-fixed latex beads. Eluted or boiled samples were analyzed by SDS-PAGE followed by silver staining.

proteins (ARLs) are very similar to ARFs in terms of amino acid se-
quence. Although ARL1-13 proteins have been cloned,!” their bio-
logical function remains unclear. Conophylline may be a useful tool
to study the role of ARL6IP and ARL6.

In conclusion, we prepared conophylline-ligated affinity nano-
beads for screening, and using this method we discovered ARLGIP
as the target protein of conophylline. Conophylline may thus be a
useful ligand to study the roles of ARL6IP and ARL.

4. Experimental procedures
4.1. Materials

Conophylline was isolated in our laboratory from the leaves of
E. microphylla,? and stored at -20 °C in benzene at 1 mg/ml. For use,
the solution was dried; and the conophylline was dissolved in
MeOH at 10 pg/ml.

Recombinant human HGF was purchased from Sigma-Aldrich,
Inc. (St. Louis, MO). Recombinant human activin A was obtained
from R&D Systems (Minneapolis, MN). Western lightning™ chemi-
luminescence reagents came from PerkinElmer, Norwalk, CT.
Horseradish peroxidase (HRP)-conjugated anti-rabbit and anti-
mouse IgGs from donkey were obtained from Amersham Life Sci-
ence, UK.

4.2. Spectroscopy

General procedures: Optical rotations were taken on a Perkin-El-
mer 241 polarimeter. MS spectra were measured on a JEOL JMS-
T100LC mass spectrometer; and NMR spectra, on a JEOL JNM-
A500 spectrometer in CDCl; using TMS (6 = 0) as the internal stan-
dard. 'H NMR spectra were recorded at 500 MHz; and *C NMR
spectra, at 125 MHz.
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Figure 5. Identification of the conophylline-binding protein as ARL6IP. (A) Isolation of the 23-kDa protein. Affinity-purified proteins from nuclear extracts of AR42J-B13 cells

were analyzed by SDS-PAGE and stained with SyproRubyGold. Protein bands were

detected under UV light, and the band at 23 kDa was removed and subjected to MS/MS

analysis. (B) Amino acid sequence of ARL6IP. Using an amino acid sequence database we identified the 23-kDa protein as ARL6IP. Two peptides derived from fragments of the
23-kDa protein are underlined. (C) Immunostaining of affinity-purified ARL6IP. Affinity-purified proteins from nuclear extracts of AR42J-B13 cells were analyzed by SDS-
PAGE followed by immuno-blotting using anti-ARL6IP antibody. (D) Intracellular localization of ARL6IP. Nuclear and cytosol extracts from AR42]-B13 cells were prepared and
analyzed by immuno-blotting using anti-FLAG antibody. (E) Binding of FLAG-labeled ARLGIP to the affinity beads. Recombinant ARL6IP proteins were subjected to the binding
assay using conophylline-fixed latex beads. The protein was detected by using anti-FLAG antibody.
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Figure 6. Inhibition of ARL6IP/ARL6 interaction by conophylline. The Flag-ARL6IP-
overexpressing HeLa cells were collected and lysed. The lysates were subjected to
immuno-precipitation using anti-Flag antibody. The precipitated proteins were
eluted with Flag peptides to release FLAG-ARLG6IP. Then, the ARL6 binding
Sepharose4B beads with or without conophylline were added to the eluted
proteins. After the incubation for overnight, the beads were washed and boiled.
Then, the samples were subjected to SDS-PAGE and immuno-blotted with anti-Flag
and anti-ARL6 antibodies.

4.2.1. Preparation of 14’-azidoconophylline (3)

To a solution of conophylline (229.3 mg, 0.289 mmol) in 1,2-
dichloroethane (15 ml) was added trimethylsilyl azide (0.383 ml,
2.89 mmol) and ZnCl; (315 mg, 23.1 mmol) at room temperature,
and the mixture was heated at refluxing temperature for 12 h.
The reaction mixture was then concentrated in vacuo. The residue
was dissolved in MeOH (100 ml) and 50% CF;COOH (50 ml), and
the mixture was stirred at room temperature for 1 h and thereafter

concentrated in vacuo. The residue was dissolved in EtOAc
(100 ml), washed sequentially with 5% NaHCOs; and saturated
NaCl, dried over anhydrous Na,SO,4 and concentrated in vacuo.
The residue was purified by preparative TLC with hexane/acetone
(1:1) to give 14’-azidoconophylline (156.2 mg, 64.7%), with ESIMS
(pos) m/z 838 (M+H)* and [a]p — 169 (¢ 0.7, CHCI3). The NMR data
are shown in Table 1.

4.2.2. Preparation of 14'-aminoconophylline (4)

A suspended solution of compound 3 (150 mg, 0.179 mmol) and
Lindlar’s catalyst (150 mg) in EtOH (10 ml) was hydrogenated un-
der an H, atmosphere for 20 h. The reaction mixture was filtered
through a Celite pad, and the filtrate was concentrated in vacuo.
The residue was purified by preparative TLC with CHCl3/MeOH/
28% NH40H (40:10:1) to give conophylline-NH, (97.0 mg, 64.9%),
with ESIMS (pos) m/z 812 (M+H)" and [o]p — 179 (¢ 0.35, CHCls).
NMR data are shown in Table 1.

4.2.3. Preparation of conophylline-immobilized latex nano-
beads (8)

The SG beads (10 mg) prepared as described!" were centrifuged
in 2-ml tubes at 15,000 rpm for 5 min at 20 °C, and the supernatant
removed. Next, N,N-dimethylformamide (DMF, 500 ml) was added
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to the beads, which were then centrifuged again. After having been
washed three times, they were suspended in DMF (300 ml). Trieth-
ylamine (100 ml) and 500 mM succinic anhydride (600 ml) were
then added to this suspension, and the mixture was incubated
for 24 h at room temperature. Then, the beads were washed with
DMEF three times and suspended and kept in DMF (430 ml) with tri-
ethylamine (50 ml) and 500 mM succinic anhydride (20 ml) for 2 h
at room temperature. After centrifugation, the supernatant was re-
moved, and DMF (100 ml) and water (500 ml) were added. After
another centrifugation, the beads were washed with water, sus-
pended in water (450 ml) with 1N NaOH (50 ml), and agitated
for 30 min at room temperature. After the reaction the beads were
washed three to five times to afford the carboxylic-type SG beads.

After the beads had been washed with MeOH, they were sus-
pended in MeOH (100 ml) and dioxane (500 ml). The supernatant
was removed by centrifugation. After having been washed twice
with dioxane, the beads were resuspended in dioxane (200 ml),
to which suspension HOSu (23 mg in dioxane) and 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (38.4 mg) were
added. After 2 h at room temperature, the supernatant was ob-
tained by centrifugation and discarded. After the beads had been
washed with DMF five times, they were reacted with 1 mM con-
ophylline-NH, in DMF for 24 h. After centrifugation, the beads
were washed with DMF (500 ml), and then reacted with 1 M 2-eth-
anolamine in DMF (500 ml) for 2 h at room temperature. After the
centrifugation, the beads were washed with DMF three times fol-
lowed by 3 washings with 50% methanol. Then the beads were sus-
pended in 50% methanol (500 ml) and kept at 4 °C. Control beads
were prepared by the same protocol without the reaction with
conophylline-NH5.

4.3. Affinity-purification

The conophylline-immobilized SG beads (0.5 mg) or control
beads in 2-ml tubes were washed with a binding buffer, 15 mM
Tris-HCI (pH 7.0), containing 75 mM NaCl, 15 mM EDTA, 1.5 mM
DTT, 7.5% glycerol, 0.3% NP-40, and 0.25 mg/ml BSA. The cellular
extract was diluted by adding sufficient binding buffer to yield
1 mg/ml protein. After centrifugation at 15,000 rpm for 15 min at
4 °C, the supernatant was taken into the tube containing the beads;
and the mixture was incubated for 4 h at 4 °C. Then, the mixture
was centrifuged at 15,000 rpm for 5 min at 4 °C. After removal of
the supernatant, the pellet was washed with the binding buffer five
times, suspended in 30 ml of elution buffer containing 20 mM
HEPES (pH 7.9), 10% glycerol, 0.1 M KCl, 0.2 M EDTA, and 1 mM
DTT, on ice for 15 min. After centrifugation at 15,000 rpm for
5 min at 4 °C, the supernatant was taken into a 1.5-ml tube. Bind-
ing buffer (30 ml) was added to the pellet, which was resuspended
and moved to a new 1.5-ml tube, which was heated at 98 °C with
the Laemmli dye (10 ml). The eluates were subjected to electro-
phoresis in a 5-20% SDS-polyacrylamide gradient gel, and visual-
ized with silver staining.

4.4. Cell culture

Rat pancreatic acinar carcinoma AR42]-B13 cells, a subline of
AR42] cells, were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 20 mM HEPES-NaOH (pH 7.4),
100 mg/l kanamycin, 0.6 g/l glutamine, 100 k units/l penicillin G,
5 mM NaHCOs;, and 10% FBS at 37 °C in a humidified atmosphere
with 5% CO,.

4.5. Trypan blue dye exclusion

AR42] or HT1080 cells were seeded into 24-well plates at
1 x 10° cells/well and treated as described in the legend of

Figure 2. Then the cells were stained with trypan blue, and the
numbers of total and stained cells were counted.

4.6. Preparation of rat ARL6IP recombinant protein

AR42] cells were cultured in 100-mm dishes until 70-80% con-
fluence had been achieved. On the next day, the cells were trans-
fected with 10 mg pCMV-Tag2-flagged-ARL6IP plasmid by using
Lipofectamine2000 (Invitrogen, San Diego, CA). After the medium
had been removed, the cells were further cultured for 48 h. Then
the cells were collected and lysed with FP buffer, which was
10 mM Tris-HCl (pH 7.4) containing 100 mM NacCl, 1 mM MgCl,,
0.2 mM EDTA, 1 mM DTT, 10% glycerol, 0.5% Triton X-100, and 1%
protease inhibitor cocktail. After centrifugation at 14,000 rpm for
20 min at 4 °C, the supernatant was transferred into a new tube.
The cell lysate (1 mg/ml) was immuno-precipitated with anti-flag
antibody-conjugated agarose beads, and then the precipitated AR-
L6IP was eluted with 3 x flag peptides. After centrifugation at
5000 rpm for 30 s at 4 °C, the supernatant was transferred into a
new tube as prepared recombinant protein. Samples were sub-
jected to SDS-PAGE, and ARLG6IP was detected by immuno-blotting
using anti-flag antibody.

4.7. Construction of plasmids

Plasmids were prepared by PCR using rat ARL6IP cDNA (acces-
sion no.; AY316590 in GenBank) as template, forward primer 5’-
TTTT GTC GAC CTA TTC GTT TTT CTT TTC TTT TTG C-3/, and reverse
primer 5'-TTTT GGA TCC ATG GCC GAG GGG GAT AAC C -3'. These
primers were introduced at BamHI and Sall sites at the 5’ and 3’
ends, respectively, in the extracellular ARL6IP domain. PCR prod-
ucts were cloned into the corresponding sites of the pCMV-Tag2B
plasmid (Invitrogen, San Diego, CA), resulting in pCMV-Tag2-
flagged-ARL6IP. The BamH-Xhol fragments including ARL6IP do-
main in pCMV-Tag2- flagged-ARLGIP were cloned into the corre-
sponding sites of pcDNA/TO (Invitrogen, San Diego, CA), resulting
in pcDNA4/TO-ARLGIP.

4.8. ARL6IP and ARL6 binding assay

Firstly, we prepared ARL6-ligated Sepharose4B beads. ARL6
cDNA was inserted into the pGEX-1 vector, and E. coli BL21 were
transfected with this vector. The bacteria containing pGEX-ARL6
were cultured for 4 h with ampicillin at 30 °C and then induced
with 0.1 mM IPTG. After incubation for another 4 h at 25 °C, the
cells were collected by centrifugation at 5000 rpm for 30 min. The
cell pellet was resuspended in Ca?*, Mg?*-free PBS (PBS ) and lysed
with the sonication buffer (PBS™ with 0.2% Triton X-100, 1% prote-
ase inhibitor cocktail, 1 mM DTT) on ice. The lysate was centrifuged
at 14,000 rpm for 10 min to remove cell debris. Glutathione-Se-
pharose 4B beads were added to the supernatant, and the superna-
tant was incubated at 4 °C for 1 h. After incubation the beads were
washed with PBS™, and the purity of ARL6-GST was checked by CBB
staining and immuno-blotting. Flag-tagged ARL6IP was prepared
from the ARL6IP-overexpressing Hela cells. The HeLa cell pellet
was lysed by using Flag buffer (10 mM Tris containing 0.5% Triton
X-100, 100 mM NacCl, 10% glycerol, 1 mM MgCl,, 0.2 mM EDTA,
1 mM PMSF, 1% protease inhibitor cocktail, and 1 mM DTT) on ice.
The lysate was centrifuged at 14,000 rpm for 10 min to remove cell
debris. Anti-Flag beads were added to the supernatant, which was
then incubated at 4 °C for 4 h. After incubation, the beads were
washed with Flag buffer. The beads were next resuspended in Flag
buffer with 3 x Flag peptide and incubated at 4 °C overnight. After
incubation, the lysate was centrifuged at 14,000 rpm for 10 min to
remove the beads; and the supernatant was used as Flag-tagged
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ARLGIP. Finally, the ARL6-ligated Sepharose4B beads were mixed
with Flag-tagged ARLG6IP with or without conophylline and incu-
bated overnight at 4 °C. After incubation, the mixture was centri-
fuged at 14,000 rpm for 10 min to remove the supernatant; and
the beads were washed with Flag buffer. The beads were resus-
pended in Flag buffer with loading buffer. Then, after electrophore-
sis the immuno-blotting was carried out.
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