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Abstract
Target proteins are functional biomolecules that are addressed and controlled by biologically active
compounds. The identi�cation of target proteins is a key element of understanding molecular
mechanism of action of ligands, since the interaction with target proteins is particular important for
molecular biology, molecular pharmacy. To identify target proteins, new technologies are being
developed. In this protocol, we developed a new system to identify target proteins in PC-3 cells of natural
compound, Ganoderic acid DM \(1). Ganoderic acid DM \(1) is a naturally occurring triterpenoid of
Ganoderma which exhibits distinct pharmacological effects. We used ganoderic acid DM-conjugated
magnetic beads as a probe, and Tublin was identi�ed as a ganoderic acid DM-binding protein using LC-
MS/MS. Ganoderic acid DM should exert its cytotoxicity by binding with tubulin, and showed the
microtubule-stabilizing activity comparable to the well-established antimitotic chemotherapeutic drug,
paclitaxel. We also show that this technique is capable of detecting different target proteins of other
compounds among cells. The whole protocol, starting from bead conjugation can be completed within 4
days.

Introduction
Mushrooms have been known to be a source of medicine for thousand years. Recently, Nature products
from mushrooms are widely researched as they showed strong pharmacological properties. Screening for
functional compounds from extracts or large number of candidates is still mainstream for compound
selection \(_1-9_). Studies on target protein identi�cation have been a key stone for understanding the
mechanism of natural compound which gives out the direct interaction of compound and target proteins.
As compound controls the action and the kinetic behavior of target proteins, target protein - compound
interactions interrupt the function of target proteins which shows changings on their signaling, mitosis
formation, cell cycle, cell growth, etc. \(_10-12_). Identi�cation of direct target proteins is the most
challenging and di�culty step of the mechanism study. Here, we introduced a protocol for identi�cation
of the target protein of Ganoderic acid DM. In our previous screening of mushrooms, we discovered that
the ethanol extracts of _G. lucidum_ showed the strongest 5α-reductase inhibitory activity among 19
species of mushrooms. Also, treatment of the fruit body of _G. lucidum_ itself or its ethanol extracts
signi�cantly inhibited the growth of the ventral prostate induced by testosterone in rats \(_13, 14_). Our
group previously has obtained a series of triterpenoids from _G. lucidum_, which showed suppressive
effects on the proliferation of the androgen-dependent or androgen-independent prostate cancer cell line \
(_15_), estrogen-like effects on the proliferation of the estrogen-dependent MCF-7 cells \(_16_) and
inhibitory effects on osteoclastic differentiation \(_17_). Among all these triterpenoids, we found that only
ganoderic acid DM \(**1**, Fig. 1) had multiple functions: cell proliferation inhibitory activity on prostate
cancer cell and cell differentiation inhibitory activity on osteoclasts \(_18_). Although **1** showed
different signal pathways on different cell line, the multiple functions of 1 prompted us to focus on
clarifying of the target proteins, which can explain and fully clarify the mechanism of the medicinal
activities of **1**.
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Reagents
1. Magnetic FG beads were obtained from Tamgawa Seiki Co., Kanagawa, Japan. 2. 10 mM 1-
hydroxybenzotriazole 3. 10 mM 1-ethyl-3-\(3-demithyl-aminopropyl)-carbodiimide HCl 4. N,N-
dimethylformamide 5. 0.5% NP-40 lysis buffer \(containing 50 mM Tris-HCl \(pH 8.0), 150 mM NaCl, and
0.5% NP-40) 6. ProteoExtract subcellular proteome extraction kit was purchased from Merck Co., Japan.
7. KCl\(100 mM and 1M) 8. Vinblastin sulfate salt was obtained from Sigma-Aldrich, St. Louis, MO, USA.
9. Tubulin \(99% pure from porcine brain) was obtained from Cytoskeleton Inc., St. Denver, CO, USA. 10.
Tubulin Polymerization Assay Kit

Equipment
1. SDS-PAGE 2. LC-MS 3. NAPiCOS QCM system 4. Fluorescent reporter enhancement \( FlexStation3)

Procedure
**1) Preparation of 1-immobilized beads** A) Incubate Magnetic FG beads \(NH2 beads; TASB848 Nii30;
5 mg) with 10 mM 1-hydroxybenzotriazole, 10 mM 1-ethyl-3-\(3-demithyl-aminopropyl)-carbodiimide HCl,
and various concentrations \(0.4, 2, and 10 mM) of **1** in 1.5 ml of N,N-dimethylformamide for 4 h at
room temperature. B) Mask unreacted residues using 20% carbonic anhydride in N, N-dimethylformamide
C) Store beads at 4 °C. **2) Cell fractionation** Use ProteoExtract subcellular proteome extraction kit \(S-
PEK) extracting PC-3 cell fractions **3) Puri�cation and identi�cation of **1**-binding protein** A)
Equilibrate Compound 1-immobilized beads \(the �nal concentrations of 1 were 0.4, 2, and 10 mM) and
FG beads \(without 1) with 0.5% NP-40 lysis buffer. B) Incubate cell protein fractions with beads for 4 h at
4 °C. C) Wash Beads �ve times with 100 mM KCl \(200 µl). D) Wash beads with 1M KCl \(30 µl). Use this
fraction for SDS-PAGE on a 10% gel. E) Performe silver staining of the gel F) Cut and treat the cutting gel
with trypsin. G) Analyze recovered peptides with electrospray ion trap mass spectrometer coupled on-line
with nano-scale HPLC on a C18 column to acquire MS/MS spectra. H) Use peptide mass �ngerprinting
for protein identi�cation from tryptic fragment sizes using the Mascot search engine \
(http://www.matrixscience.com) querying to the entire NCBI database of theoretical human peptide
masses. **4) QCM system** A) Dissolve all compounds in 50% EtOH B) Use paclitaxel and vinblastine
sulfate salt as stabilizing and destabilizing controls C) Fix tubulin on one electrode \(ch1) and the other
one was absolutely blocked with BSA \(ch2) for reference D) Use NAPiCOS QCM system to investigate
the a�nity of compound with tubulin E) Stabilize baseline with PBS/50% EtOH, �ow rate was set to 20
l/min. F) Inject one hundred microliters of each compound into the system to react with �xed tubulin to

obtain differential frequency shift between ch1 and ch2 G) Calculate _Kd_ values by standard scatchard
analysis with frequency changes from several concentrations of compound **5) Tubulin polymerization
assay** A) Use Tubulin Polymerization Assay Kit to test tubulin polymerization on each compound B)
Paclitaxel \(Wako Co., Japan) and vinblastine were used as positive and negative controls, respectively.
C) Measure �uorescence using FlexStation3 \(Molecular Devices, USA)
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Timing
The time required for Preparation of **1**-immobilized beads is variable, but usually between 3 hours to
4 hours, depending on the concentration numbers. The cell fractionation takes 2 hours. Puri�cation and
identi�cation of 1-binding protein needs 8 hours. QCM system assay takes 1 hour for measuring 1
sample. The whole procedure can be accomplished within 4 days.

Troubleshooting
Step 1: Be sure to mask unreacted residues Step 2: Avoid cells suspending in extraction solvent Step 3:
Wash Beads �ve times with 100 mM KCl \(200 µl), if too much unspeci�c bends appeared, using high
concentration KCl. Step 5: Make sure not to incubate the plate more than 1 min to avoid a quick
evaporation of solvent

Anticipated Results
As shown in �gure 1, the protocol for target protein isolation using FG beads is very succeeded for
ganoderic acid DM. This protocol also can be used to evaluate other natural compounds.
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Figures

Figure 1

SDS page image showing speci�c binding of cell protein to ganoderic acid DM (*1*) �xed with magnetic
beads (*a*) Diagrams for ganoderic acid DM (*1*) �xation to the magnetic beads by reaction and
amidation of the carboxylic group in the side chain of *1*. (*b*) Lane 1: protein marker; lane 2: cytosolic
protein incubated with FG beads; lane 3: cytosolic protein incubated with *1* (0.4 mM) bound FG beads;
lane 4: cytosolic protein incubated with *1* (2 mM) bound FG beads; lane 5: cytosolic protein incubated
with *1* (10 mM) bound FG beads. A speci�c binding protein of 46–58 kDa emerges with increased
concentration of *1*.


