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We have focused our attention on various naturally occurring cyclic peptides with unique structures and
biological activities, especially tyrosinase inhibitors, from higher plants. As a part of our continuing studies in
search of new bioactive cyclic peptides from higher plants, we have isolated 26 novel cyclic peptides, named
pseudostellarins A - H from the roots of Pseudostellaria heterophylla, dichotomins A - I from the roots of Stellaria
dichotoma var. lanceolata, yunnanins A - F from the roots of Stellaria yunnanensis, and delavayin from the roots
of Stellaria delavayi, all of them belonging to Caryophyllaceae family. Some of them showed tyrosinase inhibitory
and cell growth inhibitory activities. These structures were elucidated by extensive 2D NMR such as COSY,
HOHAHA, HMBC, HMQC, phase sensitive NOESY and ROESY spectra, chemical degradation and ESI MS / MS
methods. Also, in order to determine the importance of the specific functional groups for the overall conformation
of cyclic heptapeptides, and in an attempt to understand the relationships between chemical composition and
three-dimensional structure, conformational analyses of cyclic peptides, pseudostellarin D (4), yunnanins A (18) and
C (20) using X-ray crystallography, high field NMR and MD calculations were undertaken. The dominant solution
conformations of 4, 18 and 20 analyzed by high field NMR and MD calculations employing distance constraints
were homologous to those observed in the solid state.
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Table 1  Structure of Cyclic Peptides from P. heterophylla. S. dichotoma var lanceolata, S. yunnanensis,
and S. delavayi

compound structures yield (mg)
pseudostellarin A (1) cyclo (-Gly-Pro-Tyr-Leu-Ala-) 250
pseudostellarin B (2) cyclo (-Gly-Ile-Gly-Gly-Gly-Pro-Pro-Phe-) 600
pseudostellarin C (3) cyclo (-Gly-Thr-Pro-Ser-Pro-Leu-Phe-Leu-) 450
pseudostellarin D (4) cyclo (-Gly-Thr-Gly-Pro-Leu-Ile-Leu-) 400
pseudostellarin E (5) cyclo (-Gly-Pro-Pro-Leu-Gly-Pro-Val-Ile-Phe-) 850
pseudostellarin F (6) cyclo (-Gly-Gly-Thr-Leu-Pro-Pro-Leu-Ser-) 125
pseudostellarin G (7) cyclo (-Gly-Pro-Leu-Ala-Pro-Phe-Ser-Phe-) 150
pseudostellarin H (8) cyclo (-Gly-Thr-Pro-Thr-Pro-Leu-Phe-Phe-) 8
dichotomin A (9) cyclo (-Gly-Thr-Phe-Leu-Tyr-Val-) 595
dichotomin B (10) cyclo (-Gly- Thr-Phe-Leu-Tyr-Thr-) 34
dichotomin C (11) cyclo (-Gly- Thr-Phe-Leu-Tyr-Ala-) 255
dichotomin D (12) cyclo (-Gly-Val-Gly-Phe-Tyr-Ile-) 102
dichotomin E (13) cyclo (-Gly-Tyr-Ala-Phe-Ala-) 17
dichotomin F (14) cyclo (-Val-Leu-Pro-Ser-Val-Tyr-Pro-Tyr-Phe-) 26
dichotomin G (15) cyclo (-Ser-Pro-Leu-Pro-Ile-Pro-Pro-Phe-Tyr-) 51
dichotomin H (16) cyclo (-Ala-Pro-Thr-Phe-Tyr-Pro-Leu-Ile-) 85
dichotomin I (17) cyclo (-Val-Pro-Thr-Phe-Tyr-Pro-Leu-Ile-) 43
yunnanin A (18) cyclo (-Gly-Tyr-Gly-Gly-Pro-Phe-Pro-) 400
yunnanin B (19) cyclo (-Gly-Ser-8-hydroxy Ile-Phe-Phe-Ala-) 210
yunnanin C (20) cyclo (-Gly-Ile-Gly-Phe-Tyr-Ser-Pro-) 30
yunnanin D (21) cyclo (-Gly-Ile-Ser-Phe-Arg-Phe-Pro-) 470
yunnanin E (22) cyclo (-Gly-Ser- 8-hydroxy Ile-Phe-Phe-Ser-) 160
yunnanin F (23) cyclo (-Gly-Val-Thr-Trp-Tyr-Pro-Ser-Ser-) 16
delavayin A (24) cyclo (-Gly-Ser- y-hydroxy Ile-Phe-Phe-Ala-) 11
delavayin B (25) cyclo (-Gly-Ser-Ile-Phe-Phe-Ala-) 35
delavayin C (26) cyclo (-Gly-Tyr-Tyr-Tyr-Pro-Val-Pro-) 4

S-Hydroxy-Ile

dichotomin A (9) yunnanin B (19)

Fig. 1 Structures of Dichotomin A and Yunnanin B. Dashed arrows show
HMBC correlations and arrows show NOE relationship in pyridine-ds.
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Fig. 3 Computor-generated Crystal Structures of 4, 18 and 20
Dashed lines show intramolecular hydrogen bonds.

Table 2 B -Turn Forms of 4, 18, 20

compound residues B -turn form
4 Pro’-Leu’ Type I
Leu’ - Gly* Type 1T
18 Gly*- Pro® Type IT
Pro’ - Gly* Type 11
20 Gly®- Phe* Type IT'
Pro”-Gly' Type 1T

Table 3 Hydrogen Bonds & Intermolecular Very Short
Contacts of 4, 18, 20

compound distance (A) angle (° )
4 03-N6 3.40 03-N6H 162
06-N2 2.93 06-N2H 103
06-N3 3.03 06-N3H 150
18 03-N6 3.01 03-N6H 159
06-N2 3.19 06-N2H 141
06-N3 3.02 06-N3H 165
20 06-N2 2.77 06-N2H 151
02-Nb5 2.99 02-N5H 143
02-N6 3.69 02-N6H 144




Fig. 4 Superimposed Structures of Crystal State of 14
and Its Energetically Stable Conformers by MD/MM
and MC/MM Simulations
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