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Structure-activity relationships of a peptidic
antagonist of Id1 studied by biosensor method,
circular dichroism spectroscopy, and bioassay

Shih-Ying Yang,? Yeh Chen,® Chia-Xin Yang,¢ De-Len Yang,?
Sheng-Chu Kuo, Li-Jiau Huang® and Feng-Di T. Lung®*

Id1 proteins, inhibitors of differentiation or DNA binding, act as dominant negative antagonists of the bHLH family of
transcription factors, which play an important role in cellular development, proliferation, and differentiation. The mechanism of
Id proteins is to antagonize bHLH proteins by forming high-affinity heterodimers with other bHLH proteins, thereby preventing
them from binding to DNA and inhibiting transcription of differentiation-associated genes. Our goal is to study the SARs of a
peptidic antagonist of Id1, peptide 3C, which exhibits high affinity for Id1 and inhibitory effect on the proliferation of cancer
cells. A series of N-terminal- and C-terminal-deleted analogs of peptide 3C were designed, synthesized, and characterized.
Affinity of each peptide for Id1 or Id1-HLH domain was determined by SPR-based biosensor. The secondary structure of each
peptide was studied by CD spectroscopy. Biological effect of each peptide in breast cancer cell (MCF-7) was analyzed by the MTT
cell viability assay. Results demonstrated that peptide 3C and peptide 3C-CtD4 exhibited higher affinity for Id1-HLH and the
equilibrium dissociation constants (Kp) were 3.16 and 2.77 um, respectively. CD results indicated that the percentage of «-helix
(%) in the secondary structure of deleted peptides were different, ranging from 7.93 to 10.45%. Although MTT results showed
that treatment of MCF-7 with these peptides did not cause antiproliferative effects in cancer cells, SPR results demonstrated
that the high-affinity peptides 3C and 3C-CtD4 are promising for further modifications to enhance their affinity for Id1-HLH and
antiproliferative effects in cancer cells and for the development of peptidic antagonists as anticancer agents. Copyright (©) 2011
European Peptide Society and John Wiley & Sons, Ltd.
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Introduction Recently, we reported a potent peptide fragment of MyoD,
peptide 3C, which showed high affinity for1d1, exhibited inhibitory
effects on cancer cells and induced the apoptosis of cancer cells
[28]. In this study, we used peptide 3C as the lead peptide and
designed a series of N-terminal- and C-terminal-deleted analogs of
peptide 3C to study the SARs by SPR technology, CD spectroscopy,
and the MTT cell viability assay. SAR results should provide

important information for further modifications of peptides as

Id proteins, the inhibitors of DNA-binding proteins or the inhibitors
of differentiation, act as negative regulators of transcription factors
within the bHLH family [1], which play an important role in cell
growth [2-7], cell cycle control [8,9], differentiation [10-14], and
tumorigenesis [12-15].

The bHLH proteins such as Max, MyoD, and E proteins contain

a DNA-binding motif which contain a cluster of amino acids
rich in basic residues and a dimerization motif comprised of the
HLH domain. Heterodimers regulate the expression of cell cycle
regulatory proteins and tissue-specific genes formed between
tissue-specific and ubiquitous bHLH transcription factors which
bind to the DNA sequence ‘E-box’. Id proteins, which contain
an HLH dimerization motif but lack a basic DNA-binding motif,
negatively regulate transcriptional activation by sequestering
ubiquitous bHLH transcription factors in heterodimers that are
unable to bind the DNA, thereby preventing bHLH proteins from
binding to DNA and inhibiting the transcription of differentiation-
associated genes [1,16,17].

Id1 promotes tumorigenicity and metastasis of several cancer
cells through the activation of PI3K/AKT signaling pathway
[18-21]. Over-expression of the Id proteins has been observed
in several tumor types and favors tumor neo-angiogenesis and
metastasis. Thus, the Id proteins and the antagonists of Id1 have
been the potential targets for cancer therapy [22-28].

potent antagonists of Id1 and anticancer agents.
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Materials and Methods

Materials

All Ne-Fmoc derivatives of standard amino acids, Rink amide AM
resin  [4-(2',4’-dimethoxyphenyl)-Fmoc-aminomethyl-phenoxy-
acetamido-norleucylaminomethyl resin], and the coupling
reagents for solid-phase synthesis were purchased from Anaspec
Inc. (San Jose, CA, USA). DIEA, piperidine, TFA, EDT, and thioanisole
were purchased from Sigma (St Louis, MO, USA). DMF and
acetonitrile (HPLC grade) were purchased from Tedia Company
(Fairfield, OH, USA). Purification of each peptide was performed
by using semi-preparative scale RP-HPLC on a C18 column
(244 x 10 mm, particle size 10 um; Lichrospher 100 RP-18, Merck
(Darmstadt, DEU)).

The pET32 vector, Factor-Xa protease, Factor-Xa cleavage
buffer, and Ni affinity column were purchased from Novagen-
Merck Chemicals Taiwan (Taipei, Taiwan, ROC). Isopropyl-D-
thiogalactopyranoside was purchased from Invitrogen (Carlsbad,
CA, USA). Lysis buffer and gel filtration buffer were purchased from
Sigma (St. Louis, MO, USA). Amicon Ultra device was purchased
from Millipore (Billerica, MA, USA).

BlAcore 3000 biosensor, the BlAevaluation software, and all the
materials and reagents for performing BlAcore 3000 biosensor
including the SPR, CM5 sensor chip, and HBS (Hepes-buffered
saline; 10 mm Hepes, pH 7.4, 150 mm NaCl, 3.4 mm EDTA, 0.005%
Surfactant P-20) were purchased from Biacore AB (Pharmacia,
Uppsala, Sweden), GE Healthcare company (Pollards Wood, UK).

The breast cancer cells (MCF-7) were obtained from the
American-Type Culture Collection. Culture medium (DMEM),
FBS, and 1% penicillin and streptomycin were purchased from
GIBCO/BRL (Grand Island, NY, USA). MTT, cell proliferation kit was
purchased from Boehringer Manheim (Indianapolis, IN, USA). The
ELISA plate reader was purchased from Versamax (Sunnyvale,
CA, USA). Apoptotic cells were detected by FACS analysis, using
FACS Calibur flow cytometer, Becton Dickinson Immunocytometry
Systems (Mountain View, CA, USA).

Solid-Phase Peptide Synthesis of Peptide Analogs
of Peptide 3C

Each peptide analogs of peptide 3C were synthesized in our
laboratory by solid-phase peptide synthesis method, using
Fmoc/tBu chemistry [29-31]. Briefly, the Rink amide AM resin
was swollen in DMF for 10 min at room temperature, followed
by the removal of the Fmoc-protecting group from the resin by
treatment with 20% piperidine in DMF for 15 min, repeated twice.
The Na-Fmoc, side-chain protected amino acid, Fmoc-Cys(Trt)-OH
(2 equiv.), was activated by mixing with the coupling reagent,
-1:1:2), for 5min and then added to the reaction vessel for
coupling with resin (1 equiv.) at room temperature for 2 h. Cycles
of removing Fmoc and coupling with the subsequent amino acids
were repeated to produce the desired peptide-bound resin. The
crude peptide was removed from resin by treatment with the TFA
cleavage mixtures A, B, or Caccording to the amino acid sequence.
TFA cleavage mixture A: 95% TFA solution (used for synthesizing
peptides without using Arg, Met, Trp, and the Trt as protecting
group of amino acid). TFA cleavage mixture B: 10 ml of TFA,
0.25 ml of EDT, 0.5 ml of thioanisole, and 0.5 ml of ddH,0O (used
for synthesizing peptides containing Arg or Met in the sequence).
TFA cleavage mixture C: 9.5 ml of TFA, 0.25 ml of EDT, and 0.25 ml
of ddH,0 (used for synthesizing peptides containing Trp or the
Trt-protecting group). The crude peptide solution was lyophilized

and then purified by RP-HPLC. After purification, peptide was
characterized by MALDI-TOF MS and RP-HPLC.

Preparation of the HLH Domain of Id1

The |d1-HLH gene was subcloned into pET32 vector. Thioredoxin-
Id1 fusion protein with a His6 tag was expressed in Escherichia
coli BL21 (DE3). To facilitate the removal of Trx tag by a Factor-
Xa protease, protein expression was induced by the addition
of 1.0 mm isopropyl-d-thiogalactopyranoside at OD (OD595) of
0.6 and cell growth was continued for another 4h at 310K.
The cells were harvested by centrifugation and the cell pellet
was resuspended in lysis buffer (50 mm Tris £ HCl 500 mm NaCl,
0.5 mm PMSF, 10% glycerol, and 5 mm mercaptoethanol, pH 8.0).
Following cell disruption and centrifugation, the clarified call lysate
was loaded onto an immobilized Ni affinity column. The bound
Id1-HLH was eluted with buffer containing 150 mm imidazole. The
elutes were collected and dialyzed against Factor-Xa cleavage
buffer (50 mm Tris—HCI, 700 mm NaCl, 5 mm CaCl, pH 8.0) followed
by Factor-Xa cleavage at 16 °Cfor 4 days. The Trx tag was separated
from Id1-HLH by a second Ni-NTA His-bind resin chromatography
and Id1-HLH was obtained. Fractions containing Id1-HLH were
pooled concentrated by ultrafiltration using an Amicon Ultra
device (3.5 kDa cutoff) and loaded onto a Hi-Load 16/60 Superdex-
200 (Uppsala, SWE) size-exclusion column equilibrated in gel
filtration buffer (20 mm Tris & HCl, 700 mm NaCl, 0.5 mm EDTA,
2mm TCEP, pH 8.0). The peak fractions containing Id1 were pooled
and concentrated by ultrafiltration to 30 mg/ml.

Analysis of Interactions of Each Peptide with the Immobilized
Id1-HLH by a Biosensor

Id1-HLHwasimmobilized on the surface of biosensor chip and then
the binding interaction of Id1-HLH with each synthetic peptide
was analyzed to determine the binding affinity of each peptide
for Id1-HLH [29,32,33]. The surface of CM5 chip was activated by
injecting 35 pl of 0.1 M NHS/0.4 m EDC (v/v = 1) onto the surface
of chip at a flow rate of 5 pl/min. Id1-HLH (30 pg/ml, 200 ul) was
injected forimmobilization on the activated surface of sensor chip.
Finally, 35 ul of ethanolamine hydrochloride (0.1 M, pH 8.5) was
injected for blocking the activated surface. An increased RU shown
in the sensorgram detected by BlAcore 3000 biosensor indicated
thattheld1-HLH-immobilized CM5 chip was successfully prepared.

Purified peptides were diluted into various concentrations with
HBS buffer, and each sample was introduced separately onto the
Id1-HLH-immobilized chip at athe flow rate of 30 pl/min for 3 min.
The binding interaction between each peptide and the Id1-HLH
was detected and displayed as a sensorgram by plotting the
RU against time, at least, in triplicate. Detected changes of RU
represent the association and dissociation of |d1-HLH, and the
data were analyzed using BIA evaluation software (Biacore AB)
to determine the equilibrium constant of each peptide. The Kp
was calculated as the ratio of the dissociation rate constant (kq)
and the association rate constant (k,). Kp of the binding system
could also be determined using the Scatchard analysis by plotting
RU/(concentration of peptide) versus RU to yield a linear line with
the slope equal to —1/Kp. The RU value is the maximal RU at a
given peptide concentration.

Analysis of the Secondary Structure of Each Peptide
by CD Spectroscopy

Solutions of peptide analogs (3C, 3C-NtD1, 3C-NtD2, 3C-NtD3,
3C-NtD4, 3C-NtD5, 3C-CtD1, 3C-CtD2, 3C-CtD3, 3C-CtD4, 3C-CtD5,
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and 3C-CtD6) were prepared at the same concentration (3.7 um in
0.1 M phosphate buffer, pH 7.2). The secondary structure of these
peptides was analyzed by CD spectroscopy using Jasco-715 (Jasco
Inc., Easton, MD, USA). The CD spectrum of each peptide solution
was recorded by measuring the mean residue molar ellipticity
(degree cm?/dmol) of each peptide solution at room temperature,
and for each CD spectrum, three scans were accumulated using
a step resolution of 1 nm, a bandwidth of 1 nm, a response time
of 2's, a scan speed of 100 nm/min, and a high sensitivity. The CD
spectrum of the buffer was subtracted from that of each peptide
to eliminate interferences from the cell, the solvent, or the optical
equipment.

Determination of the Cell Viability by Using the Cell Viability
Assay

The breast cancer cells (MCF-7) were maintained in DMEM with
10% FBS, 1% penicillin, and streptomycin at 37 °C, 5% CO,. The
inhibitory effect of each peptide on the proliferation of various
cancer cells was determined using the MTT cell viability assay.
Briefly, MCF-7 cells were loaded into 24-well culture plates. After
24 h, cells were treated with fresh medium containing various
concentrations of each peptide for 24 and 48 h. The peptide-
treated cancer cells and the control (cancer cells without treatment
with any peptide) were washed once with PBS and reacted with the
MTT solution at 37 °C for 2 h to produce the formazan salt. Finally,
the formazan salt formed in each cultured cells was dissolved
in DMSO and the OD value of each solution was measured at
570 nm using the Versamax ELISA reader. The OD value detected
for the control was plotted on the x-axis and considered as 100%
of viable cancer cells. The OD value detected for the solution
from the peptide-treated cells was also plotted on the x-axis,
designated as proliferation (% control), to demonstrate the effect
of each peptide on the viability of cancer cells. The 1C5o value
represents the concentration of a compound that caused 50%
inhibition of certain reaction such as the proliferation of cells. In
the MTT assay, we recorded the concentration of peptide and
the proliferation of cancer cells (% control) as the x-value and
the y-value, respectively. On the basis of these known x-values
and y-values, the 1Csq value of each peptide can be calculated by
using linear regression. The equation is a + bx, where « =y — bx
and b = Y (x — X)y — )/ >_(x — X)?> and where X and y are
the means of the average of our known x-value and y-value,
respectively. This formula can be used in Excel’s built-in forecasting
to calculate the ICso value of our peptide by setting 50% as the
y-value.

Results
Design and Synthesis of Peptide Analogs of Peptide 3C

Recently, we reported a potent antagonist of Id1, peptide 3C,
which exhibited inhibitory effects in cancer cells and induced the
apoptosis of cancer cells [28]. To enhance its activity and selectivity
in cancer cells, it is important to investigate the SARs of peptide
3C for further modifications. Thus, a series of N-terminal- and
C-terminal-deleted peptide analogs of peptide 3C (Table 1) were
designed and synthesized by solid-phase method.

Synthesized peptides were purified by RP-HPLC and character-
ized by MALDI-TOF MS (Table 2).

The thioredoxin-ld1-HLH fusion protein was produced and
purified by liquid chromatography using Ni-NTA His-bind resin,
and then characterized by PAGE analysis (Figure 1).

Table 1. The name and amino acid sequence of peptide analogs of
peptide 3C

Name of peptides Amino acid sequence of peptide

Peptide 3C H-Tyr-lle-Glu-Gly-Leu-GIn-Ala-Leu-
Leu-Arg-Asp-GIn-Cys-NH,
H-lle-Glu-Gly-Leu-GIn-Ala-Leu-Leu-
Arg-Asp-GIn-Cys-NH,
H-Glu-Gly-Leu-GIn-Ala-Leu-Leu-
Arg-Asp-GIn-Cys-NH;
H-Gly-Leu-GIn-Ala-Leu-Leu-Arg-
Asp-GIn-Cys-NH,
H-Leu-GIn-Ala-Leu-Leu-Arg-Asp-
GIn-Cys-NH,
H-GIn-Ala-Leu-Leu-Arg-Asp-GIn-
Cys-NH,
H-Tyr-lle-Glu-Gly-Leu-GIn-Ala-Leu-
Leu-Arg-Asp-GIn-NH,
H-Tyr-lle-Glu-Gly-Leu-GIn-Ala-Leu-
Leu-Arg-Asp-NH,
H-Tyr-lle-Glu-Gly-Leu-GIn-Ala-Leu-

Peptide 3C-NtD1
Peptide 3C-NtD2
Peptide 3C-NtD3
Peptide 3C-NtD4
Peptide 3C-NtD5
Peptide 3C-CtD1
Peptide 3C-CtD2

Peptide 3C-CtD3

Leu-Arg-NH,

Peptide 3C-CtD4 H-Tyr-lle-Glu-Gly-Leu-GIn-Ala-Leu-
Leu-NH,

Peptide 3C-CtD5 H-Tyr-lle-Glu-Gly-Leu-GIn-Ala-Leu-
NH;

Peptide 3C-CtD6 H-Tyr-lle-Glu-Gly-Leu-GIn-Ala-NH,

Table 2. Physicochemical characterization of the designed peptides
Theoretical MALDI-TOF RP-HPLC Purity
Peptide mass (Da) MS (Da) (tg, min) (%)
3C 1520.7 1521.2 14.2 95
3C-NtD1 1357.72 1357.1 11.09 96
3C-NtD2 1244.64 12441 10.67 96
3C-NtD3 1115.59 11154 8.97 95
3C-NtD4 1058.57 1058.1 8.97 95
3C-NtD5 945.49 945.0 9.48 94
3C-CtD1 1417.78 1417.7 11.01 95
3C-CtD2 1289.72 1289.3 12.37 96
3C-CtD3 1174.69 1174.5 12.16 96
3C-CtD4 1018.59 1018.60 13.47 95
3C-CtD5 905.50 905.49 10.72 95
3C-CtD6 792.42 791.9 8.31 96

Analysis of Interactions of Each Peptide with the Immobilized
Id1 by a Biosensor

The affinity (or binding potency) of peptide 3C for the full
length or the HLH domain of Id1 was determined by analyzing
the sensorgrams obtained by interacting peptide with the
immobilized Id1 or Id1-HLH domain using the SPR technology
developed with the biosensor-BlAcore 3000.

Thefulllength Id1 or the HLH domain of Id 1 was immobilized on
the sensor chip separately for monitoring the interaction between
each peptide with Id1 or Id1-HLH in real time. The affinity of
each peptide for Id1 or Id1-HLH was determined by analyzing
the interactions of different concentrations of each peptide with
immobilized Id1 or Id1-HLH. SPR results indicated that peptide 3C-
CtD4 has the highest affinity for Id1-HLH at higher concentration
(Figure 2).
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Figure 1. (A) PAGE analysis of thioredoxin-Id1 fusion protein which was purified by liquid chromatography using Ni-NTA His-bind resin. (B) PAGE analysis
of the Trx tag which was separated from Id1-HLH by liquid chromatography using Ni-NTA His-bind resin.

The equilibrium dissociation constants of peptide 3C and
peptide 3C-CtD4 for Id1 or Id1-HLH domain were calculated and
summarized in Table 3.

Analysis of the Secondary Structure of Each Peptide by CD
Spectroscopy

CD spectroscopy was applied to analyze the secondary structure
of each synthetic peptide (Figure 3). A maximum signal at 190 nm
and two minima signals at 203 and 221 nm are characteristics of
the peptide analogs. Such a CD spectra pattern has been generally
attributed to a partially helical conformation. The percentage of a-
helix presented in these peptides was estimated by using the K2D2
method [34] (Table 4). CD results indicated that the percentage of
a-helix (%) in the secondary structure of deleted peptides were
different, ranging from 7.93 to 10.45%.

Determination of the Viability of Cancer Cells by the MTT Cell
Viability Assay

MCF-7 breast cancer cells were treated with various concentrations
(0, 25, 50, 60, and 80 um) of each peptide for 24 (Table 5) and 48 h

(Table 6) and then analyzed by the MTT cell viability assay that
detects the formazan product of MTT assay for determining the
viability of cells. Results indicated that peptide 3C-CtD4 exhibited
inhibitory effect in MCF-7 cells at 25 um, whereas other peptides
did not exhibit significant inhibitory effect in MCF-7 cells at
80 um.

Discussion

Theld1isaselective mediator of lung metastatic colonizationin the
triple-negative subgroup of human breast cancer, i.e. cells lacking
expression of estrogen receptor, progesterone receptor, and Her2
(human epidermal growth factor receptor 2) amplification. Thus,
antagonists of Id1 are promising as anticancer agents. Recently,
we reported a peptide fragment of MyoD, peptide 3C, which has
moderate affinity for Id1, exhibited inhibitory effects on cancer
cells (ICsp = 25 um), and induced the apoptosis of cancer cells.
We demonstrated that peptide 3C is a promising lead for the
development of antiproliferative agents; thus, it is important to
understand the SARs of peptide 3C for further modifications to
enhance its activity and selectivity in cancer cells. The N-terminal-

wileyonlinelibrary.com/journal/jpepsci

Copyright (© 2011 European Peptide Society and John Wiley & Sons, Ltd.

J. Pept. 5ci. 2011; 17: 667 -674



STRUCTURE-ACTIVITY RELATIONSHIPS OF A PEPTIDIC ANTAGONIST OF ID1

Journal of

Peptide

(A) 107 == peptie3c
s | = 01
— 02
30 { — MD3
— D4
51— mos
3 10
15 4
10 -
5 -
04 . . v Y y .
15625M 3125uM 6254M 1254M  25uM  SOuM
120
(B) -4 peptideil
-& (D1
100
== (102
s | — @03
— (D4
2 | S
— (iD6
40
20 |
2

L5625 4M 3.1251M B2SPM  125pM  2SpM SOpN
Figure 2. The affinity of each peptide for HLH domain of Id1 was
determined by the interaction of different concentration of each peptide
at the same time range. (A) Various concentrations (50, 25, 12.5, 6.25,
3.125, and 1.5625 uM) of each peptide (peptide 3C, peptide 3C-NtD1,
peptide 3C-NtD2, peptide 3C-NtD3, peptide 3C-NtD4, or peptide 3C-
NtD5) were interacted with the HLH domain of Id1 separately. (B) Various
concentrations (50, 25, 12.5, 6.25, 3.125, and 1.5625 uM) of each peptide
(peptide 3C, peptide 3C-CtD1, peptide 3C-CtD2, peptide 3C-CtD3, peptide
3C-CtD4, peptide 3C-CtD5, or peptide 3C-CtD6) were interacted with the
HLH domain Id1 separately.

Table 3. The equilibrium dissociation constant of each peptide

Name of peptides Kp (Um)?
Peptide 3CP 3.16
Peptide 3C¢ 12.50
Peptide 3C-CtDP 277

@The equilibrium dissociation constant.

b The HLH domain of Id1 was immobilized on the surface of biosensor
chip.

€ The full length of Id1 was immobilized on the surface of biosensor
chip.

and C-terminal-deleted peptide analogs of peptide 3C (Table 1)
were designed to identify the important amino acid residue in
peptide 3C for high affinity of Id1 and for the antiproliferative
effects in cancer cells.

The characterized peptides (Table 2) were analyzed for their
binding potency to the HLH domain of Id1 by the SPR technology
developed with the BIACORE biosensor (Figure 1). SPR results

Table 4. The percentage of a-helix in each peptide

Name of peptides a-helix (%)
Peptide 3C 8.41
Peptide 3C-NtD1 7.93
Peptide 3C-NtD2 8.02
Peptide 3C-NtD3 8.42
Peptide 3C-NtD4 10.45
Peptide 3C-NtD5 8.02
Peptide 3C-CtD1 7.93
Peptide 3C-CtD2 8.07
Peptide 3C-CtD3 8.42
Peptide 3C-CtD4 10.04
Peptide 3C-CtD5 8.16
Peptide 3C-CtD6 7.93

showed that the N-terminal-deleted peptide 3Canalogsinteracted
with 1d1-HLH in a dose-independent manner and the ARU value
was changed slightly within a very small region (from near 10 to
35) by interacting different concentrations of each peptide with
the immobilized Id1-HLH, indicating that the interactions among
these analogs and the Id1-HLH are non-specific interaction. Most
of the C-terminal-deleted peptide 3C analogs interacted with
Id1-HLH in a dose-independent manner, with the exception of
peptide 3C and 3C-CtD4. The Kp of peptide 3C and peptide 3C-
CtD4 were determined as 3.16 and 2.77 um, respectively, which
indicated that the two peptides are comparable in binding affinity
(Table 3).

CD results indicated that peptide 3C-CtD4 exhibited higher
percentage of (a-helical structure, 10.04%) than that of Peptide
3C (8.41%); however, a change in the helical content from 8.41 to
10.04% is not significant and these short peptides are obviously
disordered in buffer solution. These results suggest that the «-
helical structure in peptide 3C-CtD4 may not be the major factor
that contributed to its affinity for Id1-HLH, but the amino acid
residues in the C-terminal of peptide 3C are very important for
affinity.

MTT assay demonstrated that the treatment of MCF-7 with all
the terminal-deleted analogs of peptide 3C, except for the peptide
3C-CtD4, did not caused antiproliferative effects in cancer cells,
suggesting that most of the amino acid residues in peptide 3Care
important for antiproliferative activity. Peptide 3C-CtD4 exhibited
higher antiproliferative effect than other analogs, suggesting that
the helical structure and/or the hydrophobic amino acid residue
in peptide 3C-CtD4 are important for the antiproliferative activity.
Taken together, we demonstrate that peptide 3C and peptide
3C-CtD4 are promising for further modifications to enhance their
antiproliferative effects in cancer cells. Results of this SAR study
are very useful for the development of peptidic antagonists of Id1
as anticancer agents.
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(B)

Figure 3. The spectra of terminal-deleted peptide analogs of peptide 3C detected by CD spectroscopy. (A) The spectra of the N-terminal-deleted analogs
of peptide 3C detected by CD spectroscopy, measuring the mean residue molar ellipticity (degree cm?/dmol). (B) The spectra of the C-terminal-deleted
analogs of peptide 3C detected by CD spectroscopy, measuring the mean residue molar ellipticity (degree cm?/dmol).
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Table 5. The cell viability of human breast cancer cells treated with each peptide for 24 h

Name of peptides Control 25 um 50 um 60 UM 80 um
Peptide 3C-NtD1 100+ 0.0 95.7 +0.6* 95.3 +2.6* 92.8 + 3.5* 93.8 +2.2*
Peptide 3C-NtD2 100+ 0.0 101.94+1.5 102.24+0.8 103.44+3.8 1054+ 1.6
Peptide 3C-NtD3 100 £0.0 97.8+2.5 96.78 1.5 96.4 £+ 0.8* 99.0 +£ 0.9
Peptide 3C-NtD4 100+ 0.0 99.2+2.2 97.0+£0.3 95.5 +1.8* 94.8 +0.2*
Peptide 3C-NtD5 100 £0.0 101.1 £ 3.1 101.6 +2.8 100.3+2.3 102.0+1.2
Peptide 3C-CtD1 100+ 0.0 99.1£0.6 96.3+3.4 948 +3.9 954+4.5
Peptide 3C-CtD2 100 £0.0 96.2 + 3.0 97.9+1.7 97.9+2.9 100.3+1.3
Peptide 3C-CtD3 100+ 0.0 97.6 3.1 93.1 4+ 1.5* 93.6 + 1.5* 94.0 + 1.3*
Peptide 3C-CtD4 100+ 0.0 86.5 + 1.5* 84.7 + 2.5* 83.2+2.7* 82.9 +3.4*
Peptide 3C-CtD5 100+ 0.0 100.6 0.8 95.9 +0.8* 94.9 + 1.4* 94.8 + 2.6*
Peptide 3C-CtD6 100+ 0.0 96.0 £ 1.7* 91.9 £ 3.5* 946 £4.1 99.5+2.7

Data are the mean value + SD of three independent experiments.
*p < 0.05 compared with control.

Table 6. The cell viability of human breast cancer cells treated with each peptide for 48 h

Name of peptides Control 25 um 50 um 60 UM 80 uM
Peptide 3C-NtD1 100 £ 0.0 100.9 £ 0.6 103.24+0.5 103.2+0.4 99.4+3.4
Peptide 3C-NtD2 100 £ 0.0 96.7 £ 2.7 97.8+0.4 100.4+1.8 105.8+1.8
Peptide 3C-NtD3 100 £ 0.0 99.1+£0.6 97.9+2.1 97.6+£1.5 95.5+2.6
Peptide 3C-NtD4 100 £ 0.0 98.1+0.4 97.8+0.9 96.8.1 £ 0.5 97.7+1.3
Peptide 3C-NtD5 100 + 0.0 100.6 £ 0.7 100.7 £ 1.1 102.3+0.8 103.7+3.0
Peptide 3C-CtD1 100 £ 0.0 96.2 + 0.5* 96.61 £ 1.2 97.7+1.9 99.5+0.9
Peptide 3C-CtD2 100 + 0.0 98.6+1.3 97.6 £1.1 96.1£1.8 96.9 + 1.2
Peptide 3C-CtD3 100 £ 0.0 99.4+4.0 98.8 + 3.0 100.0 £ 3.1 103.6 = 2.6
Peptide 3C-CtD4 100 + 0.0 93.81 £1.3* 91.64 £ 1.4* 90.93 £0.5* 90.18 +2.8*
Peptide 3C-CtD5 100 £ 0.0 96.1 £ 1.2% 96.2 £ 1.3* 95.3 +0.3* 101.6 +3.4
Peptide 3C-CtD6 100 £ 0.0 101.4 £ 2.1 98.4+0.3 96.7 £+ 0.5* 98.5+2.7

Data are the mean value + SD of three independent experiments.
*p < 0.05 compared with control.
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