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In our previous studies, we have observed that curcumin and momordin I isolated from dmpelopsis radix
nhibit the formation of Fos-Jun-activation protein-1 (AP-1) DNA complex. We have screened more effective
compounds which have a S-membered ring framework like momordin I and have modified disaccharide or
carboxylic acid portions in momordin L. We synthesized momordin I derivatives according to the published
method with slight modification. Synthetic momordin I derivatives showed remarkable inhibitory activities on
Fos-Jun-AP-1 DNA complex tormation results in i vitro assays. The ICsq values of momordin I derivatives
were about 4.0 &M in an electrophoretic mobility shift assay (EMSA). This value is about 125 times higher
than that of curcumin and about 12 times higher than that for curcumin derivative C1, and moreover about 30
times higher than that for momordin I. We tound momordin I derivatives {a) and (b) are the strongest inhibitory

compound for Fos-Jun-AP-1 DNA complex formation.
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Introduction

The transcription factor activation protein-1 (AP-1) regulates
the transcription of various genes with the consensus DNA
recognition sequences TGA(C/G)TCA designated as a TPA
responsive element (TRE) in their promoter region.' The
proto-oncogene products, Fos and Jun are members of the
AP-1 family of the transcription factor and both belong to a
family of leucine zipper proteins. These proteins dimerize
via a structural motif known as the leucine zipper and bind
to an AP-1 DNA consensus sequence. Jun binds as a
homodimer to the AP-1 DNA site, while Fos fails to
dimerize and has no apparent affinity for the AP-1 element.
But cotranslated Fos and Jun proteins bind more effectively
to the AP-1 DNA site as a heterodimer than does the Jun
homodimer.

The role of Fos-Jun oncogenic activation is a regulator of
the final steps in signal transduction processes, such as
tumor proliferation and differentiation. Therefore, inhibiting
the formation of Fos-Jun-AP-1 DNA complex can be a
reasonable tumor suppressing method from a transcriptional
perspective.

Curcumin {diferuloylmethane) is known to have diverse
biological functions, such as anti-inflammatory, anti-tumor,
anti-oxidative, cytotoxic, antifungal, antibacterial, and anti-
hepatotoxic activities.> As explained in our previous report,
curcumin and curcumin analogues showed an inhibitory
effect on the formation of Fos-Jun-AP-1 DNA complex.*”

In our previous experiment, momordin I was isolated from
Ampelopsis radix and then assayed.* Momordin I showed a
remarkable result in its inhibition of the formation of Fos-
Jun-AP-1 DNA complex. So we tried to find more powerful
compounds which have some structural similarities.

As shown in Figure 1, Momordin I consists of a five-
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Figure 1. Chemical structure of momordin I. Momerdin T was
isolated from ethanol extracts of Ampelopsis radix. It contains a 5-
membered ring, disaccharide and carboxylic acid portions. The
compound has three active functional portions. One is disac-
charide, another is carboxylic acid, and the other is a double bond.

membered ring with disaccharide and carboxylic acid por-
tions. Disaccharide and carboxylic acid portions in momordin
I were modified and synthesized according to a published
synthetic method with slight modification.® Inhibition activities
were assayed by electrophoretic mobility shift assay (EMSA}
and quantified by an image analyzing system (Nonlinear
Ltd. in UK Phoretix TorafLab program). Comparison data
were estimated with an ICsq (50% inhibition concentration)
value.

Experimental Section

Construction and purification of Fos and Jun proteins.
A DNA-binding and Leucine zipper region of ¢-fos (rat}
gene (amino acids 118-211) and c¢-jun (rat) gene (amino
acids 228-334) were reconstructed with pET21c vector
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(Novagene) which contains a 6-histidine residue at a C-
terminal region>"" The reconstructed ¢-fos and c-jun are
referred to as pJH-Fos and pJH-Jun, respectively. pJH-Fos
and pJH-Jun plasmid were transformed in E. colt BL2I
(DE3) and overexpressed using isopropyl-£-D-thiogalacto-
pyranoside (IPTG). Pelleted cells were solubilized in the
presence of 8 M urea and purified by nickel-chelate affinity
resin (His-Bind Resin, Novagene). The purified proteins
were renatured by an extensive dialysis against a dialysis
buffer (50 mM NaCl, 25 mM Tris-HC|, pH 7.4, I mM EDTA,
1 mM DTT) with a gradually decreasing concentration of
urea. The purified pJH-Fos and pJH-Jun proteins had an
apparent molecular mass of 15 kDa and 17 kDa, respec-
tively.

Electrophoretic mobility shift assay (EMSA). Purified
pJH-Fos and pJH-Jun proteins were mixed to a molar
equivalent then incubated for dimerization of Fos-Jun
heterodimer at room temperature for 30 min. A **P-labeled
AP-1 DNA probe was prepared by the standard radioactive
S-ternminal labeling method. 1.75 pmole/gl. of AP-1 con-
sensus oligonucleotide (Promega) was mixed with 10 #Ci
[7-*?P] (Amersham), T4 polynucleotide kinase (Takara), and
T4 polynucleotide kinase buffer. The above mixture was
incubated at 37 °C for 30 min. Unincorporated y->’P ATP
was removed by a G-25 spin column (Boehringer Mannheim).
Chemicals, Fos-Jun heterodimer proteins and AP-1 DNA
probe were mixed and incubated at 37 °C for 30 min, then
loaded on 6% polyacrylamide native gel. A Fos-Jun-AP-1
DNA complex band was detected in x-ray film by autoradio-
graphy and quantitatively interpreted using the Tora/Lab™
program {Nonlinear Dynamics Ltd., UK).

Synthesis of momordin I derivatives. Momordin 1 deriva-
tives (a) and (b) were synthesized by the published method
from uvaol.® This is slightly modified. Uvaol was purchased
from Sigma-Aldrich Chem. Co.

Derivative (a): A solution of 0.1 mM (44.3 mg) uvaol in 3
mL pyridine was refluxed with 0.25 mM (59.06 mg)
phthalic anhydride for 24 h. After cooling at room temper-
ature, the mixture was solved in ethyl acetate and then
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diluted with 10% hydrochloric acid. An organic layer was
obtained and washed with hot water. The organic layer was
dried with sodium sulfate then precipitates were filtered off.
After concentration, white crystals of (a) were obtained.

Derivative (b): Products of (a) were dissolved in acetone
and mixed with [ N NaOH. The precipitates were filtered
off, dissolved in ethyl acetate and then dried with sodium
sulfate. After concentration, white crystals of (b) were
obtained.

Results and Discussion

Synthesis of momordin I derivatives. As shown in
Figure 2 momordin I derivative (a) (Urs-12-ene-3/4,28-diol
Dihemiphthalate) was synthesized according to the publish-
ed method from uvaol. 'H-NMR (CDCl3): 3.80 (d, 1H, J=
10 Hz, H-28a), 4.40 (d, 1H, J= 10 Hz, H-28b), 4.76 {dd, [H,
J1=11, L =35Hz, H-3), 5.17 (bt, 1H, H-12), 7.5-8.2 (m, 8H,
Ar). IR (KBr) 1735, 1290 cm™ (ester); 1700 cm™
(-COOH), m.p. 142-144 °C.

The sodium salt of Urs-12-¢ne-3£28-diol Dihemiphthalate,
Momordin 1 derivative (b) was dissolved in acetone and
mixed with 1 N NaOH. IR (KBr): 1710, 1280 cm™ (ester);
1590, 1570, 1390 ecm™ (-COO), m.p. 250-253 °C.

Inhibitory effect of synthetic momordin I derivatives in
Fos-Jun-AP-1 DNA complex. Curcumin and curcumin
analogues CI are known as inhibitors of Fos-Jun-AP-1 DNA
complex formation.”™ And, as found in our previous report,
momordin I which is isolated from Ampelopsis radix inhibits
more effectively than curcumin does.* Momordin I has three
active sites, namely: disaccharide, carboxylic acid and the
double bond in the 3" ring (Fig. [). So we tried to find
compounds which have structural similarities and modified
active site groups in momordin 1. We assayed chemicals
which have a five-membered ring framework like ursolic
acid, uvaol, oleanolic acid, [8beta-glycyrthetinic acid and
friedelin, but no significant inhibitory activities were
observed through these compounds. Disaccharide and
carboxylic acid in momordin were substituted with phthalic
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Figure 2. The synthesis of momordin T derivatives. Momordin T derivative (a) was synthesized by the following reaction. Uvaol was
refluxed in pyridine with phthalic anhydride. Product (2) was mixed with sodium hydroxide in acetone resulting in momordin Ix derivative

(b) being formed.
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Figure 3. Autoradiogram of EMSA with several potent inhibitors.
The bands of Fos-Jun-AP-1 DNA complex and unbounded free
DNA are indicated. 32-P labeled AP-1 consensus DNA was used.
Gradually increased concentrations of several potent inhibitors
were mixed with Fos-Jun-AP-1 DNA solution. (A} Curcumin {0,
0.1, 0.2, 0.4, 1.0 mM), (B} Momordin 1 (0, 0.04, 0.10, 0.16, 0.20
mM), (C} Curcumin derivative (C1) (0, 0.04, 0.06, 0.08, 0.10) (D)
Momordin T derivative (a) (0, 0.002, 0.004, 0.006, 0.008 mM), (E)
Momordin T derivative (b) (0, 0.002, 0.004, 0.006, 0.008 nM),
respectively. All inhibitors were dissolved in DMSO. The first lane
in the autoradiogram is a DMSO control (DMSQ instead of
inhibitors). 6% polyacrylamid native gel was used.

A. Curcumin

free DNA

anhydride according to the published method® resulting in
momordin 1 derivatives (a) and (b) being successfully
obtained (Fig. 2). For comparison data, curcumin, curcumin
derivative C1, momordin I, and momordin 1 derivatives (a)
and (b} were concuirently assayed by EMSA. I1Csy values
were calculated as a basis for quantitative analysis. As
shown in Figures 3 and 4, momordin 1 derivatives showed
remarkable inhibitory effects on the formation of Fos-Jun-
AP-1 DNA complex. ICsy values of momordin 1 derivatives
for inhibition of the formation of Fos-Jun-AP-1 DNA
complex were about 4.0 £#M in this experiment. This result
means that momordin 1 derivatives are the most effective
inhibitors by a factor of about 30 compared to momordin 1
(the ICsy value of momordin 1 is about 0.13 mM), and are
moreover about 125 times more effective than curcumin (the
ICso value of curcumin is about 0.5 mM) ever published.
From our previous report, the curcumin derivative CI was
shown to be very effective inhibitor.® However, in this
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Figure 4. Activity in the formation of Fos-Jun-AP-1 DNA
complex decreased by increasing the inhibitor concentration. (A)
Curcumin, curcumin derivative C1 and momordin T showed
gradually decreased curves as the inhibitor concentration increases.
(B) Momordin 1 derivatives (a) and (b} show exponcntially
decreasing curves at low concentration.
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Figure 5. Comparisons of IC50 values in each chemical. Marked
figures denote measured IC50 values (mM).

experiment, we found that momordin I derivatives are about
12 times more effective than the curcumin derivative C1. As
shown in Figure 4, the curve illustrated that the increase in
the inhibition activity as the concentration of curcumin,
curcumin derivative CI and momordin I increased showed a
gradually decreasing slope (Fig. 4-A). However, the curves
illustrating the increases in the inhibition activity as the
concentration of momordin 1 derivatives (a) and (b)
increased showed an exponentially decreasing slope (Fig. 4-
B). That is, momordin I derivatives more easily reached the
1Cs¢ value at more low concentration than curcumin and
momordin I did. So we finally concluded that momordin 1
derivatives were more efficient inhibitors of the formation of
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Fos-Jun-AP-1 DNA complex.

Ursolic acid, uvaol and momordin 1 derivatives have a
similar chemical structure with little differences. Although
there were only little differences, they showed quite different
inhibitory activities. So this indicated that momordin I
derivatives (a) and (b) have an specific inhibitory mechanism
through chemical interactions with Fos-Jun heterodimer or
AP-1 DNA sequences. To explore the mechanism of
inhibitory effects on the formation of Fos-Jun-AP-1 DNA
complex, further structural approaches are being investi-
gated.
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