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Abstract

Using 2-chloro-trityl chloride resin as a solid phase carrier, a linear peptide was synthesized by Fmoc solid phase synthesis
followed by liquid phase cyclization. After separation and purification by high-performance liquid chromatography (HPLC),
cyclic octapeptide samoamide A was prepared. The synthesis yield was 54.5%. The structure of cyclic octapeptide
samoamide A was characterized by electrospray ionization—mass spectrometry (ESI-MS) and nuclear magnetic resonance
(NMR) spectrometry. The biological activity was evaluated by the CCK-8 assay and DPP4 enzyme activity inhibition assay.
This compound exhibited high antitumor activity. Using samoamide A as a lead compound, eight cyclic octapeptide
samoamide A derivatives (a, b, ¢, d, e, f, g, and h) were designed and synthesized using the alanine scanning method. The
molecular weight and chemical structure of these derivatives were verified by ESI-MS and NMR, and the antitumor activity
of the derivatives was analyzed. The antitumor activity of compound f was similar to that of samoamide A, and its
replacement site is the non-active site of samoamide A, providing a theoretical basis for further modification and
transformation of samoamide A.

Keywords Samoamide A - Samoamide A derivatives - Solid phase synthesis * Alanine scanning method * Antitumor activity
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Introduction and small molecular weight, peptide drugs have gained

attention in the research and development of antitumor

Malignant tumors are a serious threat to human life and
health and cause high morbidity and mortality worldwide
(Al-Benna et al. 2011; Andrade et al. 2018; Khalily et al.
2018). Because of their low toxicity, clear target specificity,
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drugs (Rosca et al. 2011). In recent years, researchers have
identified a variety of small molecular peptides with anti-
tumor activity, such as the integrin antagonist AP25 with
the function of antiangiogenesis, NC1(XIX)-F4 with anti-
tumor activity released by plasmin, and TZT-1027 and
Kahalalide F, which have relatively strong killing effects on
non-small cell lung cancer cells and melanoma cells,
respectively (Hu et al. 2015; Oudart et al. 2015; Riely et al.
2007; Martin-Algarra et al. 2009). Currently, marine
organisms have become recognized as promising resources
for natural products with biological activity, particularly
peptide analogs with good biological activity extracted from
sponge and cyanobacteria (Aneiros and Garateix 2004;
Gogineni and Hamann 2018).

Increasing attention has been given to cyclic peptide
compounds with a wide range of biological activities.
Compared to linear peptides, cyclic peptide compounds
have advantages such as stable structures, high fat solubi-
lity, strong membrane penetrating ability, and long half-life
period in vivo (Abdalla 2016; Dartois et al. 2005). Their
biological activities can be further improved by chemically
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modifying the cyclic peptide (Johnstone et al. 2005).
Common polypeptide modification methods include back-
bone end modification, side chain modification, and amino
acid substitution (Riahi et al. 2017; Mccusker et al. 2002).
By replacing amino acids in the polypeptide with alanine in
sequence to investigate the effect of amino acid changes at
different sites on the biological activity of the cyclic pep-
tide, the replacement with alanine removes the active group
on the side chain and replaces it with a small methyl group
with no other functional groups, which has little effect on
the protein structure, alanine scanning technology can
provide a basis for structural transformation of cyclic pep-
tide compounds (Miyake et al. 2002).

Samoamide A is a cyclic peptide extracted from Sym-
ploca sp. collected in American Samoan. It has shown good
cytotoxicity in in vitro activity tests, with an ICs, value of
<10 uM against colorectal cancer cells and between 1.1 and
4.5 uM against non-small lung cancer cells, breast cancer
cells, and others (Naman et al. 2017; Chang et al. 2018).
However, the samoamide A content in natural products is
very low and cannot satisfy the demand for studying in
structure—activity relationship, which limits its further
development and applications. Solid phase synthesis of
peptides has the advantages of short synthesis time, low
cost and simple operation, and liquid phase cyclization can
effectively improve the yield. In this study, samoamide A
was synthesized by solid phase synthesis, liquid phase
cyclization, and its structure was characterized. The alanine
scanning method was used to identify the inactive site of
samoamide A, which provides a theoretical basis for sub-
sequent modification and transformation of samoamide A
(Lim et al. 2006; Li et al. 2017).

Materials and methods
Materials and instruments

N-Fluorenyl-9-methoxycarbonyl (Fmoc) protected L-amino
acids: Fmoc-Phe-OH, Fmoc-Ile-OH, Fmoc-Pro-OH, Fmoc-
Leu-OH, Fmoc-Val-OH, 2-chloro-trityl chloride resin (with
a loading amount of 0.985 mmol/g), 2-(7-azabenzotriazol-1-
y)-N,N,N’,N’-tetramethyluronium hexafluorophosphate
(HATU), 1-hydroxybenzotriazole (HOBU), and
benzotriazol-1-yl-oxytripyrrolidinophosphonium hexa-
fluorophosphate (PyBOP) were purchased from GL Bio-
chem (Shanghai) Ltd. (Shanghai, China); LH-20 was
purchased from Guangzhou Qiyun Biotechnology Co., Ltd.
(Guangdong, China); dichloromethane (DCM), N,N-diiso-
propylethylamine (DIPEA), trifloro acetic acid (TFA), and
dimethylformamide (DMF) were obtained by Shanghai
Reagent Chemical Co. (Shanghai, China) and used directly.
Dipeptidyl peptidase-4 (DPP4) inhibitor and the CCK-8

value-added test kit were purchased from Shanghai Tongren
Group (Shanghai, China); phosphate buffer solution, 0.25%
trypsin, penicillin—streptomycin solution, and fetal bovine
serum were purchased from Invitrogen (Carlsbad, CA,
USA). 4T1 cells were obtained from the Cell Bank of the
Chinese Academy of Science.

A Bruker Spectmspin AC-P600 nuclear magnetic reso-
nance spectrometer (Bruker Corporation, Germany), LC-
20A high-performance liquid chromatograph (Shimadzu,
Japan), LCMS-8030 three-quadrupole mass spectrometer
(Shimadzu, Japan), Synergy NEO microplate reader of
multi-wavelength (BioTek, USA), and a DFY-5/25 low-
temperature constant temperature reaction apparatus
(Changzhou Nuoji Instrument Co. Ltd., China) were used.

Preparation of test reagents

Six grams of ninhydrin was weighed and dissolved in 100
mL of absolute ethanol; 20 mL of absolute ethanol was
added to 80 mL of phenol solution. These solutions and 50
mL of pyridine were separately poured into three 100-mL
brown glass bottles.

Synthesis route of samoamide A
The synthesis route of samoamide A is shown in Fig. 1.
Activation of 2-chloro-trityl chloride resin

First, 2.00 g of 2-chloro-trityl chloride resin was added to the
polypeptide synthesis tube and rinsed once with DMF and
DCM. After suction filtration, approximately 30 mL of DCM
was added so that the chlorine resin fully swelled for 1 h;
subsequently, the resin was drained using a water pump.

Synthesis of Fmoc-Phe-Resin (1)

As shown in step (A) of Fig. 1, 1029.4 mg of Fmoc-Phe-OH
was added to a sand core tube, DCM and 1390 uL. of
DIPEA were used as the solvent and condensation reagent,
respectively, and air was pumped to perform bubbling
reaction for 1 h at 25 °C. After draining the solvent, DCM
and DFM were used to rinse the solid three times. Thirty
milliliters of 25% methanol/DCM (V/V) solution was added
to react for 30 min, and then the residual active sites of the
resin were blocked. The solvent was drained, DMF was
used to rinse the solid three times, and Fmoc-Phe-Resin (1)
was obtained.

Synthesis of Phe-Resin (2)

The synthesis route is shown in step (B) of Fig. 1. First, 30
mL of 25% piperidine/DMF (V/V) solution was added to a
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sand core reaction tube, subjected to a bubbling reaction by
pumping air into the solution for 30 min, and followed by
the de-Fmoc reaction. After the reaction, the solvent was
drained and the residue was rinsed five times with DCM and
DMF.

Ninhydrin color development detection

More than 10 pieces of amino resin were randomly removed
and placed into the test tube. The detection reagents, com-
prising of 6% ninhydrin ethanol solution, 80% phenol
ethanol solution, and pyridine in the volume ratio of 2:1:1,
were added and heated at 100 °C for 2 min. The color of the
resin was observed. A dark blue color of the resin indicated
that the intermediate (2) was obtained, and the next reaction
could be carried out.

Synthesis of linear peptide NH2-Val-Leu-Pro-Pro-
Phe-lle-Pro-Phe-Resin (5)

The synthesis route is shown in step (C) of Fig. 1. First,
2692.5 mg of Fmoc-Pro-OH, 1390 uL. DIPEA, 1517 mg
HATU, and 20 mL DCM were added to a reaction tube for
1 h at 25 °C. The reaction solution was drained, and DCM
and DMF were used to rinse the mixture three times, after
which the rinsing solution was drained. Ninhydrin color
development detection was conducted as described above.
If the color remained unchanged, it indicated that the
intermediate (3) was synthesized successfully. Otherwise,
the above reaction was repeated until intermediate (3) was
successfully synthesized. Next, the de-Fmoc reaction was
carried out as shown in step (D) of Fig. 1 in which the
intermediate (4) was obtained. The above experimental
procedures were repeated, and amino acids were sequen-
tially added to obtain the intermediate (5).

Synthesis of linear peptide NH2-Val-Leu-Pro-Pro-
Phe-lle-Pro-Phe-OH (6)

The amino acid resin was transferred into a 50 mL cen-
trifuge tube, and 30 mL of 95% TFA cutting solution was
added for oscillatory reaction for 2.5 h at 25 °C. The filtrate
solution was suction-filtered into a 100 mL eggplant-shaped
bottle. The mixture was dehydrated under reduced pressure
using a water pump to remove DCM from the filtrate and
concentrated under reduced pressure with an oil pump.
Diethyl ether was added at a volume ratio of 1:4, and the
mixture was centrifuged to obtain a white solid, which was
a crude linear peptide of NH,-Val-Leu-Pro-Pro-Phe-Ile-Pro-
Phe-OH.

The crude linear peptide was dissolved in methanol and
purified by high-performance liquid chromatography
(HPLC). Acetonitrile containing 0.1% TFA and water

containing 0.1% TFA was used as the eluent with a
detection wavelength of 254 nm, C,g reverse column as the
preparation column, and the following gradient settings of
the mobile phase: 0—15 min, acetonitrile 20-80%; 15-30
min, acetonitrile 80-95%.

Synthesis of samoamide A (7)

First, 100 mg of pure linear peptide (6) was dissolved in
100 mL of anhydrous DCM and placed in a constant pres-
sure dropping funnel. Next, 280.2 mg of PyBOP, 72.8 mg
of HOBt, and 188 uL of DIPEA were dissolved in 100 mL
of anhydrous DCM, and the mixture was transferred into a
round-bottom flask. The above device was evacuated, pro-
tected with argon gas, and placed in ice water at 0 °C. The
solution in the constant pressure dropping funnel was
slowly added in a dropwise manner and completed in 4 h,
and the reaction was conducted overnight at 25 °C.

The solvent was evaporated under reduced pressure, and
then the mixture was purified by a Sephadex LH-20 column
to obtain cyclic peptide samoamide A solution. The solution
and filtrate were concentrated under reduced pressure using
a pump to remove DCM from the filtrate and obtain a light
yellow powdery solid, which was a crude product of
samoamide A (7).

The crude cyclic peptide was dissolved in methanol and
further separated and purified by HPLC, after which the
target peak solution was collected. After cryodesiccation, a
white powdery solid was obtained. The molecular weight
and the structure of the compound were determined by
electrospray ionization—mass spectrometry (ESI-MS) and
nuclear magnetic resonance (NMR) spectrometry. The
analytical conditions of ESI-MS were as follows: ion
source: ESI(4), scan target product with SIM pattern,
scanning range (m/z): 800-860, temperature at the interface:
300 °C, temperature at the DL: 250 °C, temperature of the
heat block: 400 °C, drying gas flow: 15 L/min, voltage at
capillary: 4500 V, detection voltage: 1960 V. The analytical
conditions of NMR were as follows: the sample was dis-
solved in methanol. The height of the sample volume was
approximately 4 cm in the NMR tube, volume was 0.5 mL,
and the sample amount was as follows: 1H: approximately
5-10mg, 13C: >20 mg. The sweeping range of NMR was
set at 1H: —2 to 13 ppm, 13C: —20 to 230 ppm, SF (‘H):
400 MHz, and SF (*C): 100 MHz.

Alanine scanning of samoamide A

The synthesis method was the same as that described above.
The eight amino acids of the cyclic peptide, samoamide A,
were sequentially replaced with alanine so that eight new
cyclic peptides (a, b, c, d, e, f, g, and h) were synthesized,
the structures of which are shown in Fig. 2. ESI-MS and
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Fig. 2 Structure diagram of the samoamide A derivatives

NMR were conducted to determine the molecular weights
and structures of the obtained derivatives of samoamide A.

Cytotoxicity test

The effect of the sample on the toxicity of 4T1 cells was
examined by the CCK-8 method. The examination method is
referred to the literature (Li et al. 2015). 4T1 cells were cul-
tured according to the standard cell culture method (Yi et al.
2015). 4T1 cells were incubated until 90% of the cells were in
an adherent state, which were then digested with 1 mL of
0.25% trypsin in an incubator for 2 min and centrifuged at
800 r/min for 5min. After the cells were resuspended in a
complete medium, the number of cells was determined with a
hemocytometer, and the concentration of the resuspended 4T1
cell solution was diluted to 8 x 10% mL. Next, 100 pL of the

@ Springer

cell suspension was pipetted into 96-well plates (approxi-
mately 8000 cells/well), which were placed in a constant
temperature CO, incubator and incubated until the cells were
in an adherent state. Peptide solutions of 0, 3.125, 6.25, 12.5,
25, and 50 pg/mL were added. After culturing for 24 h, the
cells were observed by an inverted microscope. After
removing the original culture solution, 100 uL of cell culture
medium containing 0.09% CCK-8 was added to each well
and the cells were incubated for 2 h. The absorbance of each
well was measured at 450 nm by a full-functional microplate
reader.

DPP4 enzyme activity inhibition experiment

The DPP4 inhibitory activity of the sample solution was
tested using a DPP4 Inhibitor Test Kit. First, 49 uL of test
buffer and 1 pL of DPP4 enzyme solution were added to
each well of the 96-well enzyme-linked immunosorbent
assay plates; a blank control well, sample well to be tested,
and inhibitor control well were used. The blank control well
contained no substance. The inhibitor control well con-
tained 2uL of the inhibitor sitagliptin mother solution
provided by the test kit and diluted by 100-fold with the test
buffer. Next, 25 pL of the diluted solution was removed and
added to the inhibitor control well. For the test sample, 25
pL of polypeptide sample solution at concentrations of 100,
10, 1, 0.1, and 0.01 pg/mL was added. The sample was
incubated at 37 °C for 10 min; 23 pL of test buffer solution
and 2 pL of DPP4 substrate were added to each well and
mixed with a pipette. The sample was incubated for another
10 min; a full-functional microplate reader was used to
measure the absorbance of the sample at 37 °C and pro-
tected from light, with an excitation wavelength of 360 nm
and absorption wavelength of 460 nm (Schubert et al. 2002;
Valeriote et al. 2012).

Results and discussion
Synthesis of samoamide A

ESI-MS revealed that the [M+H]" (m/z) of the linear
peptide of NH,-Val-Leu-Pro-Pro-Phe-Ile-Pro-Phe-OH (6)
was 929.60, which is consistent with the theoretical mole-
cular weight 928.54; the nuclear magnetic spectrum was
consistent with the theoretical structure. After 2.00 g of the
synthesized product of 2-chloro-trityl chloride resin was
purified with an HPLC preparation column, 250.0 mg of
intermediate (6) was obtained in a yield of 85.9%.

After 100 mg of the linear peptide (6) was introduced,
54.5 mg of samoamide A was obtained after the cyclization
product was purified by HPLC with a yield of 54.5% and
purity of 95.8%.
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Table 1 ESI-MS data of samoamide A and derivatives

Compound HRMS, ml/z M
[M+17"

Samoamide A 911.35 910.50
a 835.50 834.50
b 885.50 884.52
c 869.50 868.48
d 835.50 834.51
e 885.55 884.53
f 885.55 884.53
g 869.50 868.48
h 883.50 882.51

ESI-MS electrospray ionization—mass spectrometry

The MS results of samoamide A and the compounds a, b,
c,d, e, f, g, and h prepared by alanine scanning are shown in
Table 1.

Spectral data for samoamide A

"H NMR (400 MHz, MeOD): § 7.45-7.23 (m, 10H, ArH),
471 (t, 1H, J=12.0Hz, NCHCO), 4.50-4.31 (m, 3H,
NCHCO), 4.27-4.15 (m, 4H, NCHCO), 3.91-3.63 (m, 6H,
CH,), 3.60-3.11 (m, 4H, CH,), 2.28-2.13 (m, 3H, CCH),
2.12-1.56 (m, 16H, CCH,), 1.48-0.83 (m, 18H, CCHj3). *C
NMR (100 MHz, MeOD): 6 173.75, 172.64, 172.54,
171.91, 171.72, 171.50, 171.42, 170.13, 137.87, 136.72,
128.90, 128.69, 128.46, 128.20, 127.01, 126.54, 61.55,
61.53, 60.68, 60.54, 59.58, 57.81, 55.11, 50.04, 48.29,
48.26, 48.05, 47.84, 47.63, 47.41, 47.20, 46.98, 46.46,
41.12, 38.06, 37.26, 34.84, 31.82, 31.00, 29.25, 27.88,
25.18, 24.65, 24.56, 24.05, 22.62, 20.90, 20.77, 18.17,
18.13. ESI-MS revealed that the [M+H]" (m/z) of samoa-
mide A was 911.35, which is consistent with the theoretical
molecular weight 910.50.

Spectral data for compound a

'"H NMR (400 MHz, MeOD): § 8.17 (d, 1H, J=7.6 Hz,
NH), 8.13 (d, 1H, J = 8.8 Hz, NH), 7.74 (d, 1H, J= 9.6 Hz,
NH), 7.70 (d, 1H, J=6.4Hz, NH), 7.39-7.32 (m, 2H,
ArH), 7.31-7.21 (m, 3H, ArH), 4.65 (t, 1H, J=10.0 Hz,
NCHCO), 4.44-4.32 (m, 2H, NCHCO), 4.28-4.05 (m, 2H,
NCHCO), 3.99-3.77 (m, 3H, NCHCO), 3.76-3.62 (m, 2H,
CH,), 3.50-3.39 (m, 1H, CH,), 3.29-3.01 (m, 3H, CH,),
2.38-2.13 (m, 3H, CCH), 2.12-1.50 (m, 18H, CH3), 1.38—
0.89 (m, 21H, CH;). *C NMR (100 MHz, MeOD): §
175.04, 174.76, 174.68, 174.12, 173.20, 173.09, 173.03,
172.79, 171.46, 138.05, 130.09, 129.84, 128.43, 63.72,
62.64, 62.12, 60.98, 59.23, 56.58, 54.65, 51.27, 49.64,
49.43, 49.21, 48.79, 48.57, 48.36, 42.54, 39.16, 38.55,

33.56, 32.51, 30.58, 29.34, 26.44, 25.97, 25.87, 25.38,
2391, 22.37,22.17, 19.49, 19.30, 17.05, 16.18, 11.40. ESI-
MS revealed that the [M+H]" (m/z) of compound a was
835.5, which is consistent with the theoretical molecular
weight 834.50.

Spectral data for compound b

'H NMR (400 MHz, MeOD): § 7.37-7.18 (m, 10H, ArH),
4.49-4.34 (m, 2H, NCHCO), 4.25 (d, 1H, J=12.0 Hz,
NCHCO), 4.19-4.05 (m, 2H, NCHCO), 3.90-3.79 (m, 1H,
NCHCO), 3.71-3.61 (m, 2H, CH), 3.60-3.41 (m, 2H, CH,),
3.34-3.28 (m, 2H, CH,), 3.27-2.94 (m, 4H, CH,), 2.19—
1.78 (m, 8H, CCH,), 1.64-1.30 (m, 4H, CCH,), 1.16-0.91
(m, 21H, CH;). *C NMR (100 MHz, MeOD): § 176.58,
176.10, 174.68, 174.24, 173.92, 173.40, 173.32, 173.30,
172.94, 172.92, 172.52, 171.51, 171.21, 139.08, 138.18,
130.34, 130.03, 129.85, 129.58, 128.35, 127.94, 120.06,
62.76, 62.04, 61.74, 61.00, 59.16, 58.74, 52.69, 51.52,
51.41, 50.42, 50.02, 49.64, 49.43, 49.21, 48.79, 48.57,
48.36, 47.80, 42.53, 39.51, 38.70, 36.39, 32.96, 32.20,
29.24, 26.60, 26.10, 25.62, 24.03, 22.23, 19.68, 19.39,
16.44, 16.10, 11.48. ESI-MS revealed that the [M+H]" (m/
z) of compound b was 885.50, which is consistent with the
theoretical molecular weight 884.52.

Spectral data for compound ¢

'"H NMR (400 MHz, MeOD): § 7.34-7.16 (m, 10H, ArH),
4.79-4.22 (m, 8H, NCHCO), 3.92-3.52 (m, 6H, CH,),
3.27-2.97 (m, 4H, CH,), 2.35-2.17 (m, 2H, CCH), 2.16—
1.49 (m, 14H, CCH,), 1.32-0.92 (m, 15H, CH3). '*C NMR
(100 MHz, MeOD): 6 174.35, 173.98, 173.08, 173.06,
172.69, 172.66, 172.34, 172.20, 171.55, 169.59, 139.01,
138.28, 138.09, 130.60, 130.44, 130.40, 130.22, 129.59,
129.47, 129.43, 127.82, 61.56, 61.40, 59.71, 59.42, 55.64,
55.00, 51.18, 49.43, 49.22, 48.80, 48.37, 38.36, 38.28,
31.62, 31.53, 30.14, 29.35, 25.94, 25.74, 23.66, 21.92,
21.80, 19.44, 18.91, 17.82, 17.22. ESI-MS revealed that the
[M+H]" (m/z) of compound ¢ was 869.50, which is con-
sistent with the theoretical molecular weight 868.48.

Spectral data for compound d

'H NMR (400 MHz, MeOD): § 7.36-7.20 (m, 5H, ArH),
4.77-4.69 (m, 1H, NCHCO), 4.68-4.60 (m, 1H, NCHCO),
4.38 (dd, 1H, J = 8.0, 4.0Hz, NCHCO), 4.24-4.11 (m, 2H,
NCHCO), 4.05 (dd, 1H, J= 8.0, 4.0 Hz, NCHCO), 3.90—
3.81 (m, 2H, CH), 3.80-3.57 (m, 5H, CH,), 3.54-3.35 (m,
2H, CH,), 3.25 (dd, 2H, J = 12.0, 4.0 Hz, CH,), 2.35-2.16
(m, 3H, CCH), 2.09-1.51 (m, 16H, CCH,), 1.36-0.89 (m,
21H, CH;). '3C NMR (100 MHz, MeOD): § 175.55,
174.97, 173.91, 173.57, 173.20, 173.16, 173.07, 172.95,
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171.03, 139.32, 130.29, 129.59, 127.91, 63.09, 62.15,
61.61, 60.84, 56.16, 56.06, 54.21, 51.33, 51.22, 49.64,
49.43, 49.21, 48.79, 48.57, 48.36, 42.27, 36.15, 33.39,
33.03, 30.63, 29.42, 26.27, 25.89, 25.83, 25.15, 23.77,
22.35, 19.55, 17.70, 16.26, 11.27. ESI-MS revealed that the
[M+H]" (m/z) of compound d was 835.50, which is con-
sistent with the theoretical molecular weight 834.51.

Spectral data for compound e

'"H NMR (400 MHz, MeOD): § 7.36-7.12 (m, 10H, ArH),
4.81-4.58 (m, 2H, NCHCO), 4.55-3.88 (m, 6H, NCHCO),
3.85-3.37 (m, 5H, CH,), 3.30-2.91 (m, 3H, CH,), 2.36—
2.09 (m, 3H, CCH), 1.94-1.32 (m, 12H, CCH,), 1.28-0.84
(m, 21H, CH;). *C NMR (100 MHz, MeOD): § 181.08,
180.51, 176.41, 166.32, 148.47, 139.17, 138.61, 138.42,
138.32, 137.74, 137.57, 135.96, 135.81, 135.59, 71.18,
70.45, 69.74, 66.30, 63.64, 63.21, 62.20, 61.70, 61.41,
59.50, 57.50, 56.27, 55.49, 49.50, 49.33, 49.17, 48.83,
48.67, 48.50, 44.64, 40.82, 38.56, 38.36, 36.08, 34.71,
33.96, 32.67, 32.60, 32.12, 29.18, 28.35, 24.33, 20.69,
20.59. ESI-MS revealed that the [M+H]" (m/z) of com-
pound e was 885.55, which is consistent with the theoretical
molecular weight 884.53.

Spectral data for compound f

'"H NMR (400 MHz, MeOD): § 7.39-7.18 (m, 10H, ArH),
4.79-4.46 (m, 4H, NCHCO), 4.42-4.21 (m, 2H, NCHCO),
4.08-3.87 (m, 2H, NCHCO), 3.86-3.56 (m, 4H, CH,),
3.46-3.35 (m, 1H, CH,), 3.29-2.97 (m, 3H, CH,), 2.18—
1.95 (m, 3H, CCH), 1.94-1.28 (m, 12H, CCH,), 1.28-0.83
(m, 21H, CH;). *C NMR (100 MHz, MeOD): § 174.71,
174.01, 173.82, 173.73, 173.32, 173.24, 172.88, 172.80,
172.66, 139.60, 138.12, 130.22, 130.10, 129.80, 129.52,
128.42, 127.79, 101.37, 62.94, 62.79, 62.05, 60.97, 58.95,
56.55, 52.92, 49.65, 49.43, 49.22, 48.79, 48.58, 48.37,
47.82, 42.32, 39.09, 35.88, 33.53, 32.40, 30.57, 26.43,
25.32, 24.21, 22.12, 22.06, 19.49, 19.41, 16.31, 15.75,
11.46. ESI-MS revealed that the [M+H]" (m/z) of com-
pound f was 885.55, which is consistent with the theoretical
molecular weight 884.53.

Spectral data for compound g

'H NMR (400 MHz, MeOD): § 7.39-7.20 (m, 10H, ArH),
4.67 (t, 2H, J=12.0Hz, NCHCO), 4.45-4.29 (m, 2H,
NCHCO), 4.18-4.04 (m, 2H, NCHCO), 3.91-3.82 (m, 2H,
NCHCO), 3.81-3.54 (m, 4H, CH,), 3.52-3.38 (m, 1H,
CH,), 3.33-3.02 (m, 5H, CH,), 2.26-2.10 (m, 2H, CCH),
2.05-1.37 (m, 14H, CCH,), 1.35-0.63 (m, 15H, CCHj3). *C
NMR (100 MHz, MeOD): § 175.51, 175.43, 175.40,
174.29, 174.18, 174.05, 173.59, 173.56, 173.47, 173.09,
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172.99, 172.87, 172.05, 172.02, 139.07, 138.12, 130.28,
130.02, 129.92, 129.61, 128.35, 127.97, 62.87, 62.70,
62.18, 62.00, 60.95, 59.13, 56.45, 49.68, 49.64, 49.43,
49.21, 48.79, 48.69, 48.57, 48.36, 47.89, 39.62, 38.46,
36.29, 33.02, 32.40, 30.62, 29.24, 25.99, 25.43, 22.16,
19.54, 19.50, 17.00, 15.91, 11.21. ESI-MS revealed that the
[M+H]" (m/z) of compound g was 869.50, which is con-
sistent with the theoretical molecular weight 868.48.

Spectral data for compound h

'H NMR (400 MHz, MeOD): § 7.40~7.19 (m, 10H, ArH),
4.72-4.63 (m, 4H, NCHCO), 4.45-4.29 (m, 3H, NCHCO),
4.22-4.04 (m, 1H, NCHCO), 3.86-3.45 (m, 6H, CH,),
3.30-3.00 (m, 4H, CH,), 2.25-2.12 (m, 2H, CCH), 2.07-
1.36 (m, 16H, CCH,), 1.34-0.84 (m, 15H, CCH;). "*C
NMR (100MHz, MeOD): 6 174.14, 173.99, 173.08,
172.95, 171.23, 171.20, 138.83, 137.93, 130.19, 130.02,
129.76, 129.55, 128.37, 127.90, 62.85, 62.01, 60.93, 56.31,
52.89, 52.77, 51.53, 51.42, 49.64, 49.43, 49.21, 48.79,
48.57, 48.50, 48.36, 47.80, 41.90, 39.01, 38.49, 36.13,
32.36, 30.42, 29.22, 29.16, 26.51, 26.01, 25.91, 25.44,
23.98, 22.28, 22.05, 18.99, 15.69, 11.11. ESI-MS revealed
that the [M+H]" (m/z) of compound h was 883.50, which is
consistent with the theoretical molecular weight 882.51.

Samoamide A cytotoxicity test

As shown in Fig. 3, the survival rate of 4T1 cells gradually
decreased with increasing of concentration of samoamide
A, and when the concentration reached 50.0 ug/mL, the
survival rate of 4T1 cells was only 20.79%, indicating that
samoamide A had a greater effect on the survival rate of
tumor cells. The result was consistent with the reported
results of the natural samoamide A extracted from Symploca
sp. (Naman et al 2017).

Effect of samoamide A on the inhibition rate of
DPP4 enzyme activity

DPP4 is a key enzyme involving in allosteric-binding sites
of tumor cells. The activity of tumor cells can be inhibited
by inhibiting DPP4 enzyme activity. In this study, the effect
of the sample on inhibiting enzyme activity was determined
as the changes in the released quenched fluorescent groups
when DPP4 digested the substrate.

Using sitagliptin as a control inhibitor, the effects of
different concentrations of samoamide A solutions on the
inhibiting DPP4 activity were investigated. The results
shown in Fig. 4 suggests that the inhibition rate of DPP4
enzyme activity increased with increasing the concentration
of samoamide A solution. When the concentration of
samoamide A solution was 100.0 pg/mL, inhibition of
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Fig. 3 Effect of different concentrations of samoamide A on cell
viability. Cytotoxicity of different concentrations of samoamide A
solution with 0, 3.125, 6.25, 12.5, 25, and 50 ug/mL on 4T1 cells were
investigated, respectively, by CCK-8 assay in vitro
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Fig. 4 Effect of different concentrations of samoamide A on enzyme
inhibition rate. Using sitagliptin as a control inhibitor, the effects of
samoamide A solutions at different concentrations of 0.01, 0.1, 1, 10,
and 100 pg/mL on the inhibition rate of dipeptidyl peptidase-4 activity
were investigated

enzyme activity reached 85.72%, which was significantly
higher than that of the positive control group of sitagliptin
(17.58%). This indicated that cyclic peptide samoamide A
had relatively stronger inhibitory activity on DPP4 enzyme
activity.

Cytotoxicity experiment of samoamide A derivatives

Based on the above results, when the concentration of
samoamide A was 50 pg/mL, the solution showed strong
cytotoxic effects toward tumor cells. Therefore, cytotoxicity
toward 4T1 cells was investigated in samoamide A deri-
vatives with concentrations of 50 ug/mL. The results are
shown in Fig. 5.

120 4
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Cell viability (%)
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control a b c d e f g h
Samoamide A (50ug/mL)
Fig. 5 Effect of 50 ug/mL samoamide A derivatives on cell viability.

Cytotoxicity of samoamide A derivatives of compounds a, b, ¢, d, e, f, g,
and h toward 4T1 cells was observed at the concentration of 50 ug/mL

Compounds a, ¢, and h were nontoxic to 4T1 cells; when
4T1 cells were processed with compounds d, e, and g, cell
viability was >70%, which indicated that compounds d, e,
and g are of low toxic in nature to 4T1 cells. The cell
viability of compound b was 46.98%; the cell viability of
compound f was the lowest at only 25.35%. The antitumor
activities of the cyclic peptide samoamide A derivatives b
and f obtained by alanine scanning were relatively closer to
that (20.79%) of the procyclic peptide, in which compound
f significantly inhibited the proliferation of 4T1 cells.

Effect of samoamide A derivatives on the inhibition
rate of DPP4 enzyme activity

According to our results, the samoamide A at a concentra-
tion of 100 ug/mL could strongly inhibited enzyme activity.
Therefore, samoamide A derivatives a, b, c, d, e, f, g, and h
were performed to inhibit DPP4 enzyme activity at a con-
centration of 100 pg/mL, as shown in Fig. 6.

The inhibition rates of compounds a, ¢, and h DPP4 on
enzyme activity were very low; the inhibition rates of
compounds d, e, and g were all <40.0%; however, the
inhibition rates of compounds b and f were higher at 81.97
and 82.44%, respectively. These values are close to the
inhibition rate of 85.72% of pro-cyclic peptide, in which
compound f can significantly inhibit DPP4 enzyme activity,
indicating that compound f possesses strong antitumor
activity.

Conclusion

Samoamide A is a new antitumor cyclic peptide extracted
from Symploca sp., but the extraction rate is low and its
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Fig. 6 Effect of 100 pg/mL samoamide A derivatives on enzyme
inhibition rate. The effect of samoamide A derivatives of compound a,
b, ¢, d, e, f, g, and h inhibiting dipeptidyl peptidase-4 enzyme activity
at a concentration of 100 ug/mL was investigated

production cost is high. Samoamide A can be synthesized
through cyclization of the liquid phase of the linear peptide
synthesized using the Fmoc solid phase method, and the
synthesis yield is 54.5%. Compared to the extraction
method, the production cost is significantly reduced.
Cytotoxicity and DPP4 enzyme activity inhibition experi-
ments showed that samoamide A prepared by chemical
synthesis had high antitumor activity. Based on analysis of
cytotoxicity and DPP4 activity inhibition, among the eight
samoamide A derivatives synthesized by the alanine scan-
ning method, compound f showed the highest antitumor
activity and its antitumor activity was closest to that of
samoamide A. This indicates that proline at this site is the
inactive site of samoamide A; replacement and modification
of the amino acid at this site will not cause samoamide A to
lose its original antitumor activity. We successfully identi-
fied the inactive site of samoamide A, which provides a
theoretical basis for subsequent modification and transfor-
mation of antitumor cyclic peptide samoamide A to enhance
its antitumor activity, which has high research significance
and application value.
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