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[ABSTRACT] Two cyclopeptides, celogentin L (1) and its epimer lyciumin A (2) were firstly isolated from Celosia argentea L.. The
planar structures of the two compounds were fully determined by spectroscopic data, including 1D-, 2D-NMR, and HR-ESI/MS. The
absolute configurations of amino acid components were assigned via chiral-phase HPLC analyses after acid hydrolysis. Furthermore,
the configuration of C-N linkage at the glycine Ca was elucidated by extensive analyses of 2D-NMR and comparison of the experi-
mental and calculated electronic circular dichroism (ECD) spectra. Cytotoxicity of the two compounds against human alveolar epithe-

lial A549, hepatocellular carcinoma HepG2, and cervical cancer Hela cell lines was assayed. Although both of them were inactive in

these cells, the present findings add new facets for the chemistry of Celosia argentea.

[KEY WORDS] Celosia argentea; Cyclopeptides; Lyciumin A; Celogentin L; Absolute configuration

[CLC Number]| R284 [Document code] A

[Article ID] 2095-6975(2018)01-0063-07

Introduction

Plant cyclopeptides represent a large array of structurally
complex natural products, which are defined as cyclic com-
pounds formed with the peptide bonds of 2-37 protein or

1 Since

non-protein amino acids, mainly L-amino acids
cyclolinopeptide A was isolated and determined from Linum
usitatissimum in 1959 by Kaufmann and Tobschirbel ],
over 450 cyclopeptides with intriguing skeletons have been
discovered from high plants (!, These cyclopeptides showed a

1 antihyper-

[12]

broad range of bioactivities, such as antimitotic
tensive 1, antileishmanial ©, anti-HIV 1011, cytotoxic
U effects. The fantastic structures
and the demonstrated bioactivities of naturally occurring

and immunosuppressive

cyclopeptides have attracted sustaining attentions from phy-

tochemists in recent years >,
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The seeds of Celosia argentea L. (Amaranthaceae) have
been used for a long time in China and Japan as a therapeutic
drug for eye and hepatic diseases ['"*'7), from which many
cyclopeptides such as bicyclic peptides celogentins A-C 7},
D-H, J '8 K and moroidin " and monocyclic peptides ce-
logenamide A, lyciumins A and C methylates *” have been
isolated. Continuing our interest in cyclopeptides in Celosia ar-
gentea L, we found a pair of epimers, celogentin L (1) and ly-
ciumin A (2) (Fig. 1) and tested their cytotoxitity on human al-
veolar epithelial A549, hepatocellular carcinoma HepG2, and
cervical cancer Hela cell lines. In this paper, we report the isola-
tion, structure elucidation, and cytotoxicity assay of the two
compounds.

Results and Discussion

Compound 1 was negative to ninhydrin but positive after
hydrolysis with concentrated HCI !, The molecular formula
determined to be C4Hs;NyO;, by HR-ESI/MS ([M + H]" at
m/z 874.375 0, Calcd. for C4,HsNgOy,, 874.373 0), indicating
22 degrees of unsaturation. The '"H NMR spectrum revealed
some characteristic amide and phenyl signals (8> 6.55) and
several Ha singlets (8 3.34-4.55). The *C NMR spectrum
showed obviously nine amide carbonyl carbons in the d¢
165.87-177.31 regions and 12 signals corresponding to 14
phenyl carbons in the 6c 111.30-155.79 regions. These data,
combined with those of HSQC, HMBC, COSY, and TOCSY,

suggested that compound 1 was a cyclopeptide 2 and the
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amino acid residues were identified as one proline, tyrosine,
valine, serine, tryptophan, pyroglutamic acid, and two gly-
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cines. The residues were also confirmed by chiral HPCL after
acid hydrolysis and assigned as L-configurations.
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Fig. 1 Structures of celogentin L (1) and its epimer lyciumin A (2)

The sequence of these amino acid residues were determined
using 'H-"H COSY, HMBC and ROESY correlations (Fig. 2)
and verified by MS/MS fragmentation. The ROESY correla-
tions between the amine proton and each adjacent amino acid
residue (Ha of PyroGlu'/NH of Pro®, Ha of Pro?/NH of Tyr’,
Ha of Tyr’/NH of Gly*, Ha of Gly*/NH of Val®) suggested the
sequence of PyroGlu'-Pro*-Tyr’-Gly*-val’. 'H-'H COSY
correlations such as Ha of PyroGlu!/H6 of Pro’, Ha of

Pro?/NH of Tyr3 and HMBC correlation between NH of Val®
and C=0 of Gly” also allowed the above sequence. The C=0
of Val’ was correlated to Ha and NH of Gly®, as well as Ha of
to form the Pyro-

Val® was correlated to NH of Gly®

Glu'-Pro’-Tyr*-Gly*-Val’-Gly® structure partiall. HMBC
correlations of Ha of Ser’/C=0 of Gly® and NH of Trp®*/C=0
of Ser’ indicated Ser’ bonded with Gly® and Trp®. In addition,
the ROESY correlations between H2 and H7 of Trp® and Ha
of Gly* as well as HMBC correlation between H8 of Trp® and
Ha of Gly* indicated that Gly*-Val’-Gly®-Ser’-Trp® was a ring
structure. Furthermore, 'H NMR data showed the signal of
Gly* Ha (8y 6.86, 1H, d) was obviously shifted downfield
compared to that of Gly6 Ha (04 3.34, 2H, m), indicating that
Ca of Gly4 was attached to electron-withdrawing group.
Taken together, those DEPT, HMBC and ROESY data indi-
cated that Ca of Gly* was bonded to N1 of Trp®.

(3]

e 'H-'H COSY, TOCSY

—>» HMBC

-(----- » ROESY

Fig.2 Key 2D-NMR correlations of celogentin L (1) and its epimer lyciumin A (2)

The proposed structure was also in agreement with the
MS/MS data. According to literature, three common frag-
mentation patterns in peptide slitting process are by-y,,
b,—b,.; and b,—a,, in which b,-y, plays important role in
linear peptide sequence, supported by the loss of neutral
molecules like H,O, NH; and CO, while by—b,_; is the most

231 In our

powerful evidence for cycle peptide sequence
MS/MS spectrum, a series of crucial signals in accord with

the above fragmentation rules were found. Firstly, the most

®

abundant ion had an m/z value of 468, which was consistent
with the loss of side chain S (PyroGlu'-Pro*Tyr’, S 372)
together with neutral molecule NH;. Three pairs of comple-
mentary ions including 666/209, 503/372, and 486/389 were
assigned to the fragments of B6/S2, B5/S3, and B5'/S3', re-
spectively (Fig. 3). And the losses of 208 Da and 163 Da also
confirmed the side chain S (PyroGlu'-Pro’-Tyr®, S* 372).
Secondly, the cycle peptide residue B dissociated into frag-
ments B5', B4', B3', and B2, clucidating the sequence of
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Gly*-Val’-Gly®-Ser’-Trp®. Therefore, the structure of 1 was
established as (Gly* Ca, Trp® indole N1)-cyclo-L-PyroGlu'-
L-Pro*-L-Tyr*-L-Gly*-L-Val>-L-Gly®-L-Ser’-L-Trp".
Compound 2 was negative to ninhydrin but positive after
hydrolysis with concentrated HCI 1. The molecular formula
determined to be C,4,Hs;NgO, by HR-ESI/MS ([M + HJ" at

- ~
g AY

']

Fraction S
(S3:372)

m/z 874.375 0, Calcd. for C,Hs;NgOy,, 874.373 0). The 'H
and "*C NMR data were very similar to those of compound 1,
indicating the present of the same amino acids. The planar
structure was confirmed to be identical with 1 according to
'"H-'H COSY, HMBC, and ROESY correlations and all amino
acid residues were assigned as L-configurations.
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Fig. 3 Fragmentation patterns observed in the positive ion HR-ESI/MS spectrum of compound 1

3C NMR spectrum showed that major differences were
the signals of C=O of PyroGlul, Ca of Tyr3, 8¢a, 6 of Tyr3,
C=0 of Tyr’, Ca of Gly*, C=0 of Gly*, Ca of Trp®, C2 of Trp*
and Ca of Val’ (8¢ 171.39, 54.75, 129.12, 171.52, 61.5,
166.21, 52.05, 124.26, 109.63, 59.39 in compound 2 while 8¢
169.57, 53.36, 130.21, 170.54, 59.8, 165.87, 53.05, 123.88,
111.3, 58.41 in compound 1). The ROESY correlations in-
cluding NH of Trp®/H2 of Trp®, H2 of Trp®/NH of Gly*, H2 of
Trp®/Ha of Gly* and NH of Val’/Ha of Gly* in compound 2
implied that the configuration of Gly* Ca was R ¥, while no
such correlations were observed in compound 1, elucidating
the configuration of Gly* Ca compound 1 was different. The
absolute configuration of Gly* Ca was finally determined by
comparing the experimental ECD and calculated ECD. The
theoretically calculated ECD spectra were in good accordance
with the experimental ECD spectra, as shown in Fig. 4, re-
vealing that the absolute configurations of Gly* Ca were S in
compound 1 and R in compound 2.

Conclusively, compound 2 was structurally identical with
lyciumin A, which was firstly isolated from Lycium chinense
(Solanaceae) and the absolute configuration of Gly* Ca in the
proposed molecule was determined to be R by a com-
puter-simulated experiment using the Monte Carlo and ROE
restrained molecular dynamics calculation ¥, On this basis,
we identified a new cyclopeptide (compound 1) from the
seeds of Celosia argentea by 2D-NMR, chiral HPLC and
ECD calculation analyses and named celogentin L.

The cytotoxicity of the two compounds against three
human cancer cell lines, including A-549, HepG2, and Hela,
was evaluated using MTT method, with 5-FU as the posi-
tive control. Unfortunately, neither of them showed sig-
nificant inhibitory effects on these tested cancer cell lines
(ICso > 100 pmol-L™").

®

45 — exptl. for cpd-1
— calcd. for cpd-1

_6 T T T T T T T T 1
200 220 240 260 280 300 320 340 360 380
A/nm

— exptl. for cpd-2
— calcd. for cpd-2

7200 220 240 260 280 300 320 340 360
A/mm

Fig. 4 Experimental ECD and calculated ECD spectra of
compounds 1 and 2

Experimental

General experimental procedures
Optical rotations were recorded on an AutopllV-T auto-
matic polarimeter (Rudolph Research Analytical, USA).
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HR-ESI/MS data were acquired in the positive ion mode on
an Agilent Technologies liquid chromatograph connected to
Q-TOF mass spectrometer (Agilent Technologies, Santa Clara,
CA, USA). Electronic circular dichroism (ECD) data were
acquired on a JASCO J-810 spectropolarimeter (JASCO Co.,
Tokyo, Japan). All 1D- and 2D-NMR spectra were obtained
on a Bruker Avance III 500 NMR (Bruker, Zurich, Switzer-
land) spectrometer with TMS as internal standard. Chemical
shifts (8) were expressed in ppm with reference to the solvent
signals.

Column chromatography (CC) was performed on D101
macroporous resin (Anhui Sanxing Resin Technology Co.,
Ltd., Anhui, China), silica gel (200-300 mesh; Qingdao Ma-
rine Chemical Inc., China), and RP-18 silica gel (50 pm,
YMC Co., Ltd., Tokyo, Japan). Thin layer chromatography
(TLC) was carried out with glass precoated with silica gel
GF254 (Yantai Wish chemical products Co., Ltd, Yantai,
China). Semi-preparative HPLC separation was performed
with an Agilent 1100 HPLC (Agilent Technologies, Santa
Clara, CA, USA) system using a Shim-Pack Cg column (10
mm % 250 mm, 5 pm, Shimadzu Co., Tokyo, Japan) at a flow

rate of 3 mL-min_', with monitoring at 203 nm.

Plant materials

The seeds of Celosia argentea were purchased from Bozhou,
Anhui Province, China. The botanical identification was made
by Professor LI Hui-Jun, China Pharmaceutical University. A
voucher specimen (No. 20140903) was deposited in the State
Key Laboratory of Natural Medicines, Nanjing, China.
Extraction and isolation

The seeds (50 kg) of Celosia argentea were crushed and
extracted with 70% EtOH thrice (50 L, 1 h for each). The
solvent was concentrated to obtain a residue (50 L). The ex-
tract was suspended in H,O and chromatographed over D101
macroporous resin column using EtOH/H,O (0 : 100, 30 : 70,
40 : 60 and 95 : 5, V/V) as eluent to give four fractions (A-D).
The Fr. B (320 g) was purified by silica gel column stepwise
eluting with CH,Cl,-MeOH (9 : 1-0 : 10, V/V) and then
MeOH-H,O (10 : 0-3 : 7, V/V) to obtain four subfractions
(B,—By). Fr. B3 (50 g) was further submitted to a RP-18 silica
gel column eluting with MeOH-H,O (1 : 9-7 : 3, V/V) to
obtain Fr. B;,—Bjq. Fr. B;. (400 mg) was then purified by
semi-preparative HPLC using CH3;CN-0.1% HCOOH/ H,0
(22 : 78, V/V) solvent system to afford Compounds 1 (15 mg) and
2 (11.5 mg).

Table 1 1D and 2D NMR spectroscopic data (8, J in Hz) of compound 1 (in DMSO-d;)

HMBC

3 ¢ i ROESY
PyroGlu'
a 4.32 or 4.55 (1H, m) a 53.66 PyroGlu': C, Cy PyroGlu': NH; Pro*: Ho
Vi 2.10 and 2.25 (2H, m) Vi 23.97
1.86 and 2.09 (2H, m) y 29.02
NH 7.72 (1H, s) 6 177.31
C=0 170.61
Pro’
a 4.28 (1H, m) a 59.33 Pro*: Cf, Cy, C=0 Pro’: HB, Hy; Tyr’: NH
Vi 1.85,1.77 (2H, m) Vi 28.52
y 1.87,1.67 (2H, m) y 24.15
0 3.36 and 3.52 (2H, m) o 46.05
C=0 170.94
Tyr®
a 4.42 (1H, m) a 53.36 Tyr*: CB, Cy, C=0 Tyr’: HB, H5,, NH; Gly*: NH
B 2.70 and 2.86 (2H, m) B 36.31 Tyr’: Cy, Cd,, Cds Tyr’: H,, Hdg; Gly*: NH
- y 126.93
& 6.91 (1H, d, 8.5) 52 130.21 Tyr’: Ce, ¢ Tyr’: &;5, NH
6 6.97 (1H, d, 8.5) 06 129.93 Tyr’: Co,, ¢ Tyr’: &35
£35 6.55 (2H, d, 8.5) €3,5 114.66 Tyr’: Cy, Coy, Coe, &
¢ - e 155.79
NH 7.61 (1H, d, 8.0) Cc=0 170.54 Tyr’: Ca Tyr’: Ha; Gly*: Ha; Trp®: H6
Gly*
a 6.86 (1H, d, 9.0) a 59.80 Gly*: C=0 Gly*: NH; Trp®: H2, H7; Val’: NH
NH 8.94 (1H, m) C=0 165.87 Val’: Ca Gly*: Ha; Trp®: H2, H7
?
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Continued
B 5 [Mpe ROESY
Val®
a 421 (1H, m) a 58.41 Val’: C=0, Cf Val’: HB, Hy, NH
B 1.96 (1H, m) B 29.68 Val’: Ca, Cy,, Cy, Val’: Ha, Hy, Hy,
i 0.92 (3H, d, 5.5) 71 18.52 Val®: CB, Cy,
12 0,89 (3H, d, 7.0) 72 19.22 Val®: Cg, Cy,
NH 8.94 C=0 171.27 Val’: Ca, C; Gly*: C=0 Gly*: Ha
Gly*
a 3.34 (2H, m) a 43.13 Gly®: C=0, Val’: C=0 Gly®: NH
NH 8.44 Cc=0 169.30 Gly®: C=0,Val’: C=0 Gly®: Ha, Val’: Ha
Ser’
a 4.19 (1H, m) a 55.17  Ser’: CB, Gly®: C=0, Ser’: C=0 Ser’: HB, NH; Trp®: NH
B 3.48 (2H, m) B 60.71 Ser’: Ca Trp®: NH; Ser”: Ha
NH 8.97 C=0 169.57 Ser’: Ha
Trp®
a 4.31 (1H, m) a gggg Trp®: CB, C3 Trp®: HB, H4; Trp®: NH
Vi 2.99 and 3.21 (2H, m) B 26.68 Trp®: C2, C3, C9 Trp®: H2, H4, Ha, NH
2 7,12 (1H, s) 2 123.88 Trp®: C3, C8, C9 Trp®: HB
3 s 3 111.67
4 7.52 (1H, d, 8.0) 4 117.97 Trp®: C3, C6, C8, C9 Trp®: Ha, HB, H5
5 7.08 (1H, t, 7.5) 5 119.45 Trp®: C7, C8, C9; Tyr’: Co, Trp®: H4,
6 7.15 (1H, m) 6 121.35 Trp*: C4, C8, C7 Gly*: Ho; Trp®: H7
7 7.60 (1H, d, 7.5) 7 111.30 Trp®: C5, C8, C9 Gly*: Ha; Trp®: H6,
8 - 8 135.91
9 s 9 128.01
NH 7.91 (1H) Cc=0 173.13 Trp®: C=0; Ser’: Ca, C=0 Trp®: Ha; Ser’: Ho

Celogentin L (1), White, amorphous power; [a]5 +5.28° (¢
0.068, DMSO); HR-ESI/MS m/z 874.375 0 [M + H]" (Calcd.
for C4Hs;NgO)5, 874.373 0); 'H and *C NMR data are shown
in Table 1.

25

Lyciumin A (2), Offwhite, amorphous power; [&];

—27.03° (¢ 0.056, DMSO); positive HR-ESI/MS m/z [M + H]"
874.375 2 (Calcd. for C4Hs;NgO1,, 874.373 0).
Absolute configuration of amino acids

The absolute configurations of PyroGlul, Pro, Tyr3, Val®
and Ser’ were determined by chiral HPLC after acid hydroly-
sis according to literature ") with slight modification. Briefly,
each solution of 1 and 2 (0.2 mg) in 6 N HCI (0.4 mL) was
heated at 110 °C for 24 h and then concentrated to dryness.
The residue was dissolved in H,O (200 puL) to obtain the test
solution, 10 puL of which was injected into chiral HPLC system
with a SUMICHIRAL OA-5000 column (4.6 mm x 150 mm,
5 um, Sumitomo Chemical Industry, Japan) maintained at
40 °C and detected at 254 nm. MeOH-H,O (15 : 85, V/V)
containing 2 mmol-L™" CuSO, was used as the mobile phase
at a flow rate of 1 mL-min"'. Retention times (min) of au-

®

thentic amino acids were as follows: L-Glu (23.3), D-Glu
(25.1), L-Pro (3.7), D-Pro (8.2), L-Tyr (12.1), D-Tyr (17.3),
L-Val (6.0), D-Val (9.2), L-Ser (3.1), D-Ser (3.3). Retention
times (min) of the hydrolysates of 1 and 2 were as follows: 1,
L-Glu (23.0), L-Pro (3.7), L-Ser (3.1), L-Val (5.9), L-Tyr
(12.1); 2, L-Glu (23.4), L-Pro (3.7), L-Ser (3.1), L-Val (5.9),
L-Tyr (12.2).
Absolute configuration of Trp

Trp® was completely destructed during acid hydrolysis.
Herein, it was transformed into Asp by treatment with
03/AcOH and then H,0, before acid hydrolysis. Chiral HPLC
analysis of Asp in the degradation products revealed the con-
figuration of Trp® ", Each solution of 1 and 2 (0.2 mg) in
0.4 mL of AcOH was treated with O; at —78 °C for 1 min.
After removal of excess ozone by a stream of nitrogen, the
mixture was treated with H,O, at room temperature for 3 h.
Then the mixture was concentrated to dryness and the residue
dissolved with 6 N HCI was heated at 110 °C for 6 h. The
remaining procedures were same as above mentioned. The
retention times of authentic L- and D-Asp were found to be
13.5 and 17.4 min, respectively. The retention times of Asp in
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the degradation products of 1 and 2 were found to be 13.6 min
(L-Asp).
ECD calculations

All calculations were performed with the Gaussian 09
program package (Gaussian, Inc., Wallingford, CT, USA).
The relative configurations were submitted to random con-
formational analysis with the MMFF94s force field and using
the Sybyl-X 1.1 software package. The conformers were fur-
ther optimized using the TDDFT method at the B3LYP/6-31G
(d) level and the frequency was calculated at the same level of
theory. And finally, four stable conformers of 1 and five stable
conformers of 2 were obtained. These stable conformers
without imaginary frequencies were subjected to ECD calcu-
lation by the TDDFT method at the B3LYP/6-31+G (d) level
in MeOH as solvent. ECD spectra of different conformers
were simulated using SpecDis (http:/specdis-software.jimdo.
com) with a half-band width of 0.16-0.3 eV, and the final
ECD spectra were obtained according to the Boltzmann-cal-
culated contribution of each conformer 22!,

Cytotoxic activity assay

Three human tumor cell lines including A-549, HepG2,
and Hela were cultured in DMEM supplemented with 10%
heat-inactivated fetal bovine serum (FBS), 100 U-mL™" peni-
cillin and 100 pgrmL ™" streptomycin at 37 °C in an atmos-
phere containing 5% CO, and 95% air.

The cytotoxic effect against all the cells was determined
using the MTT assay. Briefly, 100 puL of adherent cells was
seeded into each well of 96-well cell culture plates and al-
lowed to adhere for 24 h before drug addition, while sus-
pended cells were seeded just before drug addition to an ini-
tial density of 5 x 10* cells/mL. Each tumor cell line was
exposed to the tested compounds dissolved in DMSO at vari-
ous concentrations in triplicate for 72 h, with 5-fluoro-2,
4-(1H, 3H)-pyrimidinedione (5-FU) as a positive control and
cells without treatment were used as a control *”). Formazan
crystals were solubilized by addition of DMSO, and optical
density (OD) value was measured at 490 nm. The percentage
of cell growth inhibition was calculated based on a compari-
son with untreated cells.

control

Dmm)le
I % 100%
oD

control

Cell growth inhibition rate =

All the experiments were run in triplicate. The data were
expressed as means = SEM (standard errors). Statistical
analysis was performed by unpaired Student’s t-test for two
comparisons. P < 0.05 was considered statistically significant.
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