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Abstract: New cyclic nona and octapeptides, cyclolinopeptides B - E were isolated from the seeds of
Linum usitatissimum and their structures were elucidated as cyclo (-Pro-Pro-Phe-Phe-Val-Ile-Met-Leu-He-),
cyclo (-Pro-Pro-Phe-Phe-Val-Tle-Mso-Leu-Tle-), cyclo (-Pro-Phe-Phe-Trp-Tle-Mso-Leu-Leu-), and cyclo
(-Pro-Leu-Phe-Ile-Mso-Leu-Val-Phe-), respectively, by extensive 2D NMR methods and chemical
degradations. Cyclolinopeptides B and E showed immunosuppressive activity. © 1999 Elsevier Science Ltd.
All nights reserved.

Cyclolinopeptide A (CLA), a cyclic nonapeptide, which exhibits a potent immunosuppressive activity,?

has been isolated from linseed oil in 1959 as one of the first naturally occurring cyclic peptides isolated.3

in the present study, we isolated new cyclic peptides from the seeds of Linum usitatissimum (Linaceae).
Chromatographic purification of a MeOH extract from the seeds gave four new cyclic peptides,
cyclolinopeptides B - E (CLB - CLE) in the yields of 0.0002%, 0.0037%, 0.0015%, and 0.0058%,
respectively. CLB and CLE showed an inhibitory effect on the mitogen (concanavalin A) - induced response of
peripheral-blood lymphocytes. This paper reports the structure elucidation of CLB - CLE by the extensive 2D
NMR methods and chemical degradations, and their immunosuppressive activities on human and mouse

peripheral-blood lymphocytes.

The methanolic extract of the seeds of L. usitatissimum was subjccted to Diaion HP-20 column (H20-
MeOH), and the MeOH eluate was chromatographed on a silica gel column, followed by HPLC on ODS to
yicld peptidic ccmpeunds, CLA -CLE.

Cyclolinopeptide B (CLB), white powder, [a]p -104.1° (¢ 0.20, MeOH), showed a HR-FABMS

quasimolecular ion peak at m/z 1058.6031 (MH™), corresponding to the molecular formula, C56Hg3NgOgS.
The IR absorptions at 3436 and 1659 cm- | were attributed to amino and amide carbonyl groups, respectively.
The nonapeptide nature of CLB was evident from its '3C NMR spectrum, showing nine amide carbonyl groups
(8 173.17, 172.57x2, 171.65, 171.16, 170.72x2, 169.99, and 169.89) (Table 1). In 'H NMR spectrum,
however, only seven amide proton signals (8 7.89, 7.82, 7.73, 7.71, 7.55, 7.45, and 7.27) were observed.
The amino acid analysis of the acid hydrolysate of CLB by HPLC showed the presence of one leucine (Leu),

one valine (Val), one methionine (Met), two isoleucines (Ile), two phenylalanines (Phe) and two prolines (Pro)

per molecule. These nine amino acid units accounted for the above NMR signals due to amide protons and
B P, R P ~ ~1s st al mrrtaa Sraris meatane i a - -
amiac carno 1y1 carbons. The lack of terminal amino group protons in the 'H NMR and the observed mass
o
molecular weight suggested that CLB was a cyclic nonapeptide
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Fig. 1. Structure of cyclolinopeptide B. Arrows show selected NOE correlations, and dashed arrows selected
HMBC correlations.

Table 1. 'H and 3C NMR Slgnal Assxgnments of CLB in CDClg-DMSO deg (1:1) at 330K.
assignment Oy [int. mult, J(Hz)] oC oC
Pro! a 3.97(1H, dd, 6.0, 9.5) 58.28 Tle® « 3 93(IH t, 8.8) 60.31
B 2.10(1H, m) 28.34 [ 2.00(1H, m) 35.25
L7HIH, m) Y LSI(IH, m) 25.29
Y 2.01(1H, m) 24.21 1.25(1H, m)
1.86(1H, m) Yme  0.91(3H,d, 6.9) 15.63
5 3.67(2H, m) 47.63 dMe  0.85(3H, t, 6.8) 10.92
, =0 171.16 NH 7.71(1H, d, 8.8)
Pro® @ 4.14(1H, 4,6.9) 60.54 C=0 165.99
B 1.93(1H. d, 8.0) 31.13 7
1.65(1H, m) Met! o 4.46(1H, dt, 4.0, 8.3) 51.82
¥ 1.49(1H, m) 21.41 B 2.14(1H, m) 32.02
1.00(1H, m) 1.80(1H, m)
) 3.30(2H, m) 46.67 Y 2.44(2ZH, dt, 4.2, 9.4) 30.34
C=0 171.65 eMe  1.98(3H,s) 14.80
Phe’ o 4.84(1H, ddd, 3.9, 8.8, 12.3) 54.54 NH 7.55(1H, d, 8.3)
B 316(1H, m) 36,73 C=0 170.72
2.96(1H, t, 12.3)
Y 137.78 Lev® o 3.84(1H, m) 53.00
o 7.18(2H, m) 128.89 B 1.89(2H, m) 37.29
€ 7.22(2H, m) 128.13 1 1.54(1H, m) 24.64
£ 7.17(1H, m) 12637 OMe 0.89(3H, 4, 7.6) 23.16
NH 7.89(1H, d, 8.8) 0.83(3H, d, 7.5) 21.41
C=0 172.57 NH 7.73(1H, d, 7.3)
Phe* a 4.57(1H, m) 55.13 C=0 170.72
B 3.12(2H, m) 35.80
Y 137.71 fie® 4.56(iH, t, 5.0) 54.54
) 7.10(2H, d, 7.3) 128.89 B 1.76(1H, m) 37.29
€ 7.22(2H, m) 128.13 ¥ 1.62(1H, m) 23.86
g 7.17(1H, m) 126.15 0.98(2H, m)
NH 7.82(1H, d, 7.0) YMe 0.96(3H, d, 6.5) 15.37
Cc=0 173.17 OMe 0.88(3H, t, 6.6) 10.74
val’ o 3.72(1H, dd, 6.0, 12.4) 61.61 NH 7.27(1H, d, 9.0)
B 2.08(1H, m) 2941 C=0 169.89
Y™Me 0.97(3H, 4. 6.7) 19.25
0.97(3H, d,6.7) 18.89
NH 7.45(1H, 6.0}
C=0 172.57

The presence of a Pro residue in the primary sequence, generally, produces cis/trans conformers which

convert into each other at a rate slow enough to give separate signals. However, its NMR spectra in CDCl3-
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DMSO-dg (1:1) at 330K gave well-resolved sharp signals without implying the presence of minor conformers.
The proton signais and the corresponding carbon signals were assigned by the 'H-IH COSY and HMQC
spectra as shown in Table 1. The gross structure including the amino acid sequence was determined by linking
the individual amino acids according to the phase sensitive ROESY and HMBC experiments. The HMBC
correlations between each amide carbonyl carbon and neighboring amide NH and Ha protons, and NOEs
between the neighboring amino acid protons finally determined the structure as cyclo (-Pro-Pro-Phe-Phe-Val-

Hle-Met-Leu-Ile-) (Fig. 1). All of the component amino acids was determined to be of L-configuration by the
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NOE correlation between Ha in Pro! and Ho in Pro2, and the chemical shifts (6 31.13 and 21.41) of B and
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carbons of Pro? residue,® and the doublet signal of Ha of ProZ.

Cyclolinopeptide C (CLC), white powder, [a]p -109.7° (c 0.21, McOH), showed a HR-FABMS
quasimolecular ion peak at m/z 1074.6039 (MH*, A -2.3 mmu), corresponding to molecular formula,
Cs56HgaNgO(S. The IR absorptions at 3329 and 1663 cm-! were attributed to amino and amide carbonyl
groups, respectively.
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corresponding signals of CLB were at § 30.34 (y) and 14.80 (Me). Therefore, CLC was considered to contain
a methionine sulfoxide in the place of methionine in CLB. Reductive transformation of CLC by thioglycolic
acid gave CLB to show the presence of methionine sulfoxide in CLC.8 The absolute stereochemistry of the
amino acids in CLC was determined by Marfey's method® to be L except for the configuration of sulfoxide.
The amino acid sequence of CLC was shown to be the same as that of CLB by the HMBC and NOE studies
(Fig. 2).
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Fig. 2. Structure of cyclolinopeptide C. Arrows show selected NOE correlations, and dashed arrows selected
HMBC correlations.
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Table 2. 'H and C NMR Signal Assignments of CL.C in DMSO-djg at 320K.

assignment oY [int. mult, J(Hz)] oC Y oC
Pro' Tie®
« 3.77(1H, br.s) 58.03 o 4.47(1H, m) 54.04
B 2.06(1H, m) 27.73 B 1.78(1H, m) 36.70
1.62(1H, m) Y 1.46(2H, m) 23.19
Y 1.91(1H, m) 23.98 T™e 0.86(3H, m) 15.08
1.81(1H, m) 8Me  0.79(3H, m) 10.26
] 3.55(2H, m) 47.12 NH  7.26(1H, br.s)
C=0 171.73 =0 168.78
n_ v 7
rro- MSO'
o 4.14(1H, d, 7.7) 60.00 o 4.40(1H, m) 51.20
B 1.86(1H, m) 30.59 B 2.10(1H, m) 25.36
1.58(1H, m) 1.88(1H, m)
Y 1.45(1H, m) 21.09 Y 2.77(1H, m) 49.31
0.93(1H, m) 2.62(1H, m)
) 3.25(2H, m) 46.25 eme  2.45(3H, s) 37.60
C=0 171.13 NH 789(1H br.s)
Phe? C=0 169.52
o 4.51(1H, m) 55.01 Leu8
B 3.06(2H, m) 35.26 o 4.02(1H, m) 5190
Y 137.54 B 1.75(2H, m) 37.57
) 7.02(2H, m) 127.69 Y 1.49(1H, m) 24.12
€ 7.21(2ZH, m) 128.61 OMe 0.85(3H, m) 2262
4 7.18(1H, m) 125.75 0.83(3H, m) 21.28
NH 7.94(1H, d, 6.8) NH 8.15(1H, br.s)
C=0 170.40 C=0 170.17
Phe?* Tie?
o 4,75(1H, br.s) 54.19 a 3.77(1H, br.s) 60.i6
B 3.08(2H, m) 36.30 B 2.07(1H, m) 34.51
Y 137.79 Y 1.47(1H, m) 24 82
o 7.16(2H, m) 127.79 1.17(1H, dt, 7.9, 13.7)
€ 7.21(2H, m) 128.76 YMe  0.86(3H, m) 15.45
4 7.18(1H, m) 126.00 SMe 0.79(3H, m) 10.69
NH 8.12(1H, br.s) NH 7.97(1H, d, 7.2)
. Cc=0 171.45 C=0 171.07
val’
(v 3.88(1H, t, 7.0) 60.16
B 2.04(1H, m) 29.49
Y™me  0.90(3H, m) 18.97
0.88(3H, m) 18.47
NH 7.39(iH, d, 7.0)
C=0 171.79
Cyclolinopeptide D (CLD) was isolated as white powder, [o]p -75.0° (¢ 0.20, MeOH) which showed a
quasimolecular ion peak at m/z 1064.5682 (MH™*, A +3.9 mmu) in HR-FABMS, corresponding to
Cs7H78N90yS. Since the presence of UV absorption max. at 280 nm suggesied the presence of tryptophan

residue, it was hydrolyzed with 6N HCI containing 4% thioglycolic acid. HPLC analysis of the hydrolysate
showed that CLD was a cyclic octapeptide consisting of two phenylalanines (Phe), two leucines (Leu), one
proline (Pro), one isoleucine (lle), one tryptophan (Trp), and one methionine (Met) per molecule. The IR
absorption at 1029 cm-! implied the presence of sulfoxide. The molecular formula corresponded to a cyclic
peptide containing the above amino acids and one oxygen which was due to methionine sulfoxide.

In the 1H and 13C NMR spectra, seven amide NH and eight amide carbonyl carbons of the cyclic
3JH.-C correlations by HMBC was not sufficient for the structure elucidation, the compound was transformed
chemically to an acyclic derivative. Reductive transformation of methionine sulfoxide by thioglycolic acid,

followed by cyanogen bromide decomposition, gave the corresponding acyclic peptide, which showed an

absorption IR band at 1774 cm! of homoserine lactone.8 Sequential analysis by HMBC and NOE correlations
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Fig. 3. Structure of cyclolinopeptide D.
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Fig. 4. Structure of acyclic CLD. Arrows show selected NOE correlations, and dashed arrows selected HMBC

correlations.
Cyclolinopeptide E (CLE) was isolated as white powder, [a]p -75.5° (¢ 0.20, MeOH). Molecular
formula, C57H78Ng0gS was determined by HR-FABMS [m/z 977.5491 (MH*, A +5.7 mmu)]. HPLC of the

acid hydrolysate showed that CLE was an octapeptide consisting of two Phe, two Leu, one Pro, one lle, one
Val, and one Met per molecule. Each of these amino acid was shown to be of L-configuration by derivatization
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Table 3. 'H and '*C NMR Signal Assignments of CLD in DMSO-dg at 320K.

assignment Sy [int. mult, J(H?)] 3¢ 34 dc
Pro! Iie’
o 4.16(1H, d, 7.9) 61.90 [vd 427(1H, m) 57.61
B 2.07(1H, m) 28.63 B 1.83(1H, m) 36.60
1.68(1H, m) ¥ 1.42(1H, m) 2431
Y 1.96(2H, m) 24.42 1.14(1H, m)
5 3.59(2H, m) 46.86 YMe  0.87(3H.d, 5.9) 15.28
C=0 173.02* OMe 0.84(3H, t, 5.9) 11,13
Phe? NH 7.59(1H, br.s)
o 4.09(1H, m) 53.45 C=0 174.14*
B 3.01(1H, t, 13.7) 35.10 Msof
291(1H, m) o 4.10(1H, m) 56.03
Y 137.92 B 2.18(1H, m) 23.68
) 7.23(2H, m) 128.49 1.91(1H, m)
€ 7.01(2H, m) 127.87 Y 2.67(2H, m) 4995
4 7.24(1H, m) 126.01 EMe  2.46(3H. s) 37.94
NH 8.14(1H, d, 5.6) NH 8.04(1H, d, 6.1)
C=0 170.47 =0 170.07*
Phe? Leu’
o 4.60(1H, m) 53.45 o 3.76(1H, m) 52.90
B 330(1H, m) 36.27 B 1.86(1H, m\ 37.59
2.80(1H, m) 1.57(1H, m)
y 138.22 y 1.63(1H, m) 23.49
8 7.23(2H, m) 128.56 OMe 0.86(3H, d, 6.2) 22.78
€ 7.25(2H, m) 127.87 0.82(3H, d, 6.0) 2094
C 7.24(14, m) 126.01 NH 8.03(1H, d, 6.2)
NH 7.87(1H, d, 8.5) C=0 171.60*
C=C 171.29% Leu?
Trp* o 4.76(1H, dt, 6.3, 8.0) 48.37
o 4.18(1H, m) 55.75 B 1.55(2H, m) 40.65
B 3 31(2H, m) 2451 ¥ 1.26(1H, m) 28.31
INH 0.56(1H, s) OMe 0.86(3H. d, 6.2) 23.29
2 704(1H d,7.1) 120.63 0.94(3H, d, 6.1) 21.57
3 110,20 NH  727(1H,d. 8.0)
4 7.46(1H, d, 8.0) 117.68 C=0 171.50*
5 7.21(1H, t, 8.0) 122.89
6 6.95(1H, t, 8.0) 118.00
7 7.33(1H, d, 8.0) 111.09
3 135.85
9 127.21
NH 8.29(iH, br.s)
C=0 172.03*

*Assignments may be interchanged.

TINY R

of the acid hydrolysate with Marfey's reagent and subsequent HPLC analysis. As the presence of Mso was
indicated by the IR absorption band at 1028 cmr!, and the definite amino acid sequence was not obtained by the
NMR methods, CLE was transformed into an acyclic derivative following the procedure in CLD.8 The NMR
spectra were taken in DMSO-dg given the best dispersion of signals for analysis. The sequence of the amino
acids was determined by the NMR methods as shown in Fig. 6. Accordingly, the structure of CLE was
determined to be cyclo(-Pro-Leu-Phe-lle-Mso-Leu-Val-Phe-) (Fig. 5).

CLB showed an inhibitory effect on mitogen (concanavalin A) - induced response of human peripheral-

. . 9
ICsp: 4 .g mL), which mparable to that of cyclosporin A.Y Furthermore, CLB and

cid sequence showed a moderate inhibitory effect of about the same potenc

no a
iferation induced by Con. A ( TR o/l - CTE 42 nia/m ie ,
feration induced by Con. A (ICs50: CLB 39 pg/mL; CLE 43 fig/ml). It is known

that the biological activity of CLA is critically dependent on the sequence and conformation.!

Ei

conformational analyses and further conformation-biological activity relationship of CLB and CLE,

currently conducted in our laboratories.



H. Morita et al. / Tetrahedron 55 (1999) 9

Table 4. 'H and 3C NMR Signal Assignments of CLE in DMSO-dg at 320K.

assignment SH [int. mult, J(Hz)] ¢ OH oC
Pro’ Mso®
o 4.35(1H, t, 7.7) 62.14 o 4.22(1H, m) 57.12
B 2.18(1H, m) 28.89 B 2.19(1H, m) 24.15
1.83(1H, m) 201(1H, m)
Y 1.90(2H, m) 24,15 Y 2.96(1H, m) 49.73
0 3.55(1H, m) 47.16 2.67(1H, m)
3.50(1H, m) EMe 2.56(3H, s) 38.04
C=0 170.11 NH 8.04(1H, br.s)
Leu? Cc=0 169.98*
a 3.87(1H, m) 54.66 Leu®
B 1.76(1H, m) 38.77 a 4.51(1H, m) 51.37
154(1H, m) B 2.51(1H, m) 24.68
Y 1.66(1H, m) 24.09 1.95(1H, m)
OMe 0.89(3H, m) 22.39 Y 1.96(1H, m) 28.79
0.79(3H. m) 2112 SMe  0.89(3H, m) 22.47
8.16(1H, br.s) 0.79(3H, m) 21.39
=0 171.94* NH 7.75(1H, br.s)
Phe? =0 171.75%
o 4.40(1H, m) 52.72 Val/
B 3.35(1H, dd, 4.9, 14.3) 35.38 o 3.79(1H, m) 59.36
2.81(1H, m) B 1.98(1H, m) 2995
y 137.07 Y™Me  0.63(3H. d, 6.6) 19.16
) 7.20(2H, m) 127.75 0.70(3H, d, 6.6) 18.35
€ 7.11(2H, m) 128.47 NH 7.75(1H, br.s)
4 7A5(1H, m) 125.86 Cc=0 171.28%*
NH 7.81(1H,d, 7.7) Phe8
Cc=0 170.56* o 4.90(1H, m) 51.37
et B 3.12(1H, dd, 5.2, 14.4) 36.42
[0 3.87(1H, m) 53.37 2.92(1H, m)
B [39(1H, m) 38.43 ¥ 138.12
Y 1.47(1H, m) 24.46 ) 7.20(2H, m) 127.89
1.02(1H, m) £ 7.24(2H, m) 128.96
gMe 0.96(3H, d, 6.6) 16.73 g 7.15(1H, m) 126.01
Me  0.86(3H, m) 10.12 NH  8.51(1H. br.s)
NH 7.50(14,4,.7.7) =0 170.86*
C=0 172.38*
*Assignments may be interchanged.
N Pro!
phet | ] 2

Fig. 5. Structure of cyclolinopeptide E. Arrows show selected NOE correlations, and dashed arrows selected

HMBC correlations.
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EXPERIMENTAL
M.p.s were determined on a Yanagimoto micro-melting point apparatus and are uncorrected. Optical
rotations were measured with a JASCO DIP-4 spectrometer and the [a]D values are given in 10-1deg cm?2 g-1.
FAB mass spectra were taken with a VG Autospec spectrometer IR spectrum with a JASCO A- 302

erantranhAatamiatas and MrAQQIIsa Arheamatageanh an Tnactc:l DDLDD MY

aycuuuk)uuu_uuchI airg ulsu—plcaaulc uqunu cni vniatugt CllJlly \l ll' lu\ ) WlUl adll HIRCTLM rl\Er"UUD L(."ullul \AU

mmid x250mmand 30 mmid. x250 mm,GL Science Inc.) packed with 10 um ODS. TLC was conducted
on precoated Kieselgel 60 F254 (Art. 5715; Merck) and the spots were detected by spraying Dragendorff
reagent. Proton and carbon NMR spectra were recorded on Bruker spectrometers (AM400 and AMS00) and
Vanan Unity 400 spectrometer. 10 mg each sampie of cycioiinopeptides B - Eina5 mm tube [0.5 mL DMSO-
A ar MMSOY A CTYM M £1-1) dagagead] cod o a hamnonuerlaar an A hatarannieclanr manciiramante Tha

L VI BJIVIONTUDT A Yy (1. 1) u\,saﬁa\.uj was usCa IUL lll\' llUlllUllu\ulCal alid i viiuviaval Illbﬂ)ulcllmlllb 1
spectra were recorded at 303K. Phase sensitive NOESY experiments were acquired with mixing times of 0.6
sec and ROESY experiments 90 msec. The value of the delay to optimize one-bond correlations in the HMQC

spectrum and suppress them in the HMBC spectrum was 3.2 Hz and the evolution delay for long-range

COUpllﬂgS in the HMBC spectrum was set to 50 msec.

Evtracrtion and Tealntinn
At Ui iitTre carsie 200w

Dry roots of Linum usitatissimum (30 kg) was extracted with hot MeOH three times to give a MeOH
extract (4 kg), which was subjected to Diaion HP-20 column chromatography using a water - MeOH gradient
system (1:0 - 0:1). The fractions eluted by 100% MeOH was further subjected to silica gel column
chromatography using a CHCI3 - MeOH gradient system (1:0 - 0:1). The fraction eluted by 10% MeOH was
subiected to0 ODS HPLC with 70 - 80 9 MeQH._ and 40 - 60 % CH3CN solvent systems to

VUJCLILU WU ARSI k2o VY OV /U ViU, s Suv U U A1 3aN SUL VLRI Sy Srwiind

(0. 007%) CLB (0.0004%), CLC (0.003%), CLD (0.0012%) and CLE (0.0002%) as colorless needles or
colorless powder.

Cyclolinopeptide A (CLA). - Colorless nccdles, m.p. 243°C, [a]p -111.1° (¢ 0.23, MeOH); m/z 1040
(Found: MH*, 1040.6562. C57H86N9O9 requires, 1040.6549); vimax (KBr)/cm- -1 3332 (NH) and 1668
(amide C=0); Amax (MeOH) / nm 275 (£ 209) and 218 (g 10050).

QLIUUL =300 AVTIAX \SYARRSLRF 7 IR L7 D (© AUT ) G 410 (© 1

Cyclolinopeptide B (CLB).- Colorless powder, [a]p -104.1° (¢ 0.20, MeOH); m/z 1058 (Found: MH*,
1058.6031. C56H84N9O9S requires, 1058.6113); vimax (KBr)/em™ 1 3436 (NH) and 1659 (amide C=0);
Amax (MeOH) / nm 267 (€ 243) and 218 (& 10600).

Cyclolinopeptide C (CLC). - Colorless powder, [a]p -109.7° (¢ 0.21, McOH); m/z 1074 (Found: MHT,
1074 6039 CCLHOANnnan reanirec ‘ﬂ7A F\nﬁ’)\ Vs oo /l(Rr\/r\m"l 1279 (NHY and AAR (amide C=0))-
56H84Ng010S requires, 1074.6062); vimax (KBr)/em~! 3329 (NH) and 1663 (amide C=0);

Amax (MeOH) / nm 268 (€ 245) and 218 (¢ | 1000).
Cyclolinopeptide D (CLD).- Colorless powder, [at]p -75.0° (¢ 0.20, MeOH); m/z 1064 (Found MH+,
1064.5682. C57H78N9098 requires 1064.5643); vmax (KBr)/cm-! 333

e YaYs) PV ate 72T

1029 (suifoxide); Amax (MeOH) / nm 280 (g 4631) and 229 (g 10070).
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Ourlalinanentide F (T pl - Cnalarlace nowder Tovles - 785 S° (/- 020 MeOHY m/> 977 (Eound: MH+
L/)\.L(/Lllbullcl/“uc f 5 ‘\/44‘-4 N VIVL IV OO PU YYuuvx, Luju ¥ T okt Sy LV‘-U\J‘I}’ L, 17/ \l A/RALINA, IYVYRX X »
977.5491. C51H77Ng0gS requires, 977.5534); vimax (KBr)/em” 1 3"14 (NH), 1657 (amide C=0) and 1028

(sulfoxide); Amax (MeOH) / nm 267 (¢ 303) and 218 (¢ 8690).



A solution of peptide (1 mg) in 6N HCI was heated at 110 °C for 24 h in a sealed tube. In the case of
CLD, 4% thnoglycohc acid was also added. After cooling, each solution was concentrated to dryness. The
hydrolysate was dissolved in 0.02N HCI and applied to the amino acid analyzer (Hitachi L-8500 Amino acid
Anaiyzer).

Ahenliito Canfiour tinm nf Ay A~
AUsoiute \_,ou LgUranon oy AMineG ACias

A solutions of pe ptide (1 mg) in 6N HCI was heated at 110 °C for 12 h in a sealed tube. After bein
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cooled, each solunon was concentrated to dryness. The residue was dissolved in water and treated with 1-
fluoro-2 4-dinitrophenyl-5-L-alanine amide (Marfey's reagent) and 1M NaHCO3 at 35 °C for 1 h. After being
cooled, it was treated with 2M HCI and then concentrated to dryness. This residue was subjected to HPLC
[LlLanbpllCl lUU, l\l’ 10 \lU Mlll, NICIL!.], llUW lalC l llqulllll UCLCL\iGn 340 iiiti, bUl\/Clll 10 80"7 CH3OH

(80 min, aradlenf\ /50 mM trlethvlamlm nhnﬂnhatf’ (TEAP) buffer (pH [ 3.2), tR (min): L-Pro (42.5), b-Pro

(47 7), L- Met (51.4), p-Met (63. 5), L-Val (52 9) p-Val (65.6), L-Trp (56 ), D-Trp (64. 4), L-Phe (58.8), D-
Phe (69.7), L-Ile (60.3), D-Ile (72.6), L-Leu (61.7), D-Leu (73.3)].
Reaction of CLD and CLE with T'hiogiycolh Acid and Cyanogen Bromide

A solution of CLD \41 2 mg,) and a solution of CLE (10 6 mg} in 40% thi Ogiy'COh acid (1 Ky Iﬁ})
heated at 50 °C for 24 h. The reaction mixture was subiected to HP-20 column and pur rified by 0

1eated at 50 °C for 24 h. The reaction mixture was subiected t¢ fied by HE
the reduction product of methionine sulfoxide. The product was treated with 100M cyanogen bro
formic acid (1.0 mL) for 24 h at room temperature. The reaction mixture was lyophilized and purifi

to gnve acyclic homoserine lactonic product (6.8 mg and 4.7 mg), respecuvely

‘éé‘
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Compound 6 - Colorless powder; m/z 1018 (MHY); viax (KBr)/cm -13401 (NH), 1774 (y-lactone) and
1655 (amide C=0). 'H-NMR (DMSO-dg, 300K): Leu! 4.02(1H, m, o), 1.61(2H, m, B), 1.50(1H, m, V),
0.90(3H, m, 8), 0.88(3H, m, 8), 8.08(1H, br.s, NH); Leu2 45‘5(1H m, a), 1.65(2H, m, B), 1.39(1H, m,
¥), 0.90(3H, m, 8), 0.88(3H, m, §), 8.61(1H, d, 7.9, NH); Pro3 4.29(1H, dd, 2.7, 7.9, ), 3.00(1H, m, B),
2.78(1H, m, B), 1.74(2H, m, y), 3.57(1H, dd, 7.3, 13.8, §), 3.41(1H, dd, 7.1, 13.8, 8); Phe* 4.39(1H, m,
o), 2.91(1H, m, B), 2.76(1H, m, B), 7.20(2H, m, §), 7.18(2H, m, ¢), 7.15(1H, m, {), 7.78(1H, d, 7.7,
NH); PheS 4.52(1H, m, o), 2.98(1H, m, B), 2.79(1H, m, B), 7.20(2H, m, J), 7.18(2H, m, €), 7.15(1H, m
), 7.99(1H, d, 7.7, NH); Trp6 4.66(1H, dt, 6.0, 7.2, o), 3.15(1H, dd, 6.0, 14.4, B), 3.01(1H, m, B),
10.79(1H, s, NH), 7.12(1H, d, 7.1), 7.58(1H, d, 8.0), 7.05(1H, t, 8.0), 6.96(1H, t, 8.0), 7.31(1H, d, 8.0),
8.16(1H, d, 7.2, NH); Ile? 4.20(1H, t, 7.8, o), 1.68(1H, m, 6), i.45(iH, m, ), i.08(iH, m, v), 0. 56(3"
d, 6.2, 7),081(3H, ¢, 7.2, 8), 7.97(1H, d, 7.8); HomoSer lactone8 4.60(1H, m, o), 2.38(1H, m, B),
2.14(1H, m, B), 4.36(1H, m, ), 4.22(1H, m, v), 8.38(1H, d, 8.0, NH). 13C-NMR (DMSO dg, 300K): Leu!
50.57 (o), 39.92 (B), 23.36 (y), 22.68 (8) 21 28 (8), 168.74 (C=0); Leu? 48.81 (), 39.71 (B) 23.82 (v,
23.17 (8), 21.75 (8), 169.88 (C=0); Pro3 59.11 (o), 28.65 ([3) 24.20 (), 46.59 (8), 170.94 (C=0); Phe4
53.63 (o), 37.22 (B), 137.52 (), 127.84 (3), 129.13 (), 126.04 (¥), 170 “2 (C=0); Phed 53.73 (0)), 37.54

I
k]
(B), 137.52 (y), 127.88 129.20 (¢g), mﬁmrr\ 170.62 (C=0); Trp 6 53.18 (), 27.52 (B), 123.53

\PMJy 1I7 . Ga\(J)y 2 &l )r L i 7 kN 1ivV.U& =Js 1 22,

118.43, 120.72, 118.14, 111.15, 36 00 127. 40 170 77 (C 0); Ile’ 56 69 ((l) 36 87 (B) 24 28 (y), 15.13
(y), 11.02 (), 170.87 (C=0); HomoSer lactones 47.72 (), 27.89 (B), 65.22 (y), 174.92 (C=0).

Compound 7 - Colorless powder; m/z 932 (MH+) Vmax (I(Br)/cm'1 3425 (NH) 1777 (y—lactone) and
49 (amide C=0). 'H-NMR (DMSO-dg, 300K): Leu! 3.85(1H, m, o), 1.44(2H, m, B), 1.55(1H, m, ),
3H, m, §), 0.83(3H, m, 3), 8.06(1H, br.s, NH); Val2 425(1H, ¢, 9.0, o), 1.92(1H, m, B), 0.85(3H,
Y), 0.82(3H, m, v), 8.34(1H, d, 9.0, NH); Phc?468(1H dt, 4.6, 8.1, ), 2.99(1H, m, B) 278(1H m,
720(2H m, 8) 7. 18(2H, m, €), 7. lS(lH m, {), 8.30(1H, d, 8.1, NH); Pr04434(lH m, 0.) 185(2H

B) 1.95(1H, m, y), 1.78(1H, m, ¥), 3.62(1H, m, 8), 348(1H, m, 8); LeuS 4.20
l .
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A0(1H, m, v), 0.87(3H, m, &), 0.83(3H, m, d), 7
), 2.83(1H, m, B), 7.20(2H, m, 3), 7.182H, m, ¢

Pl & U-l\llx i, M J, LXi, 11k, UJy 7.100\&dl, 1ii,

d N
6(1H, t, 8.9, a), 1.73(1H, m, B), 1.43(1H, m, ), 109(1H m, 'Y) 086( d, 6.6, y) 080(3H t, 7.3,
6) 7.89(1H, d, 8.9, NH); HomoSer lactone3459(1H m, o), 2.40(1H, m, f), 438(1H m, ), 4.22(1H, m,
Y), 8 43(1H d 8.1, NH). 13C- NMR (DMSO-dg, BOOK) Leu1 50.64 (o), 40.13 (B), 23.40 (y), 22.71 (),

S~

Xx,

FETETSE

It

£ 00 s __ MY, DL o 1o SV

4 (C=0); Val? 57.43 (o), 30.88 (B), 19.12 (y), 18.18 (), 169.88 (C=0); Phe3 51.77 (o),
(y), 127.88 (8), 129.07 (g), 126.08 (L), 169.36 (C=0); Pro* 59.11 (av), 28.87 (B), 24.39

VJ» 1&7.00 ), r'Io

(y)' 46.74 (8), 171.04 (C=0); Leu5 51.21 (a) 40.77 (B) '24.01 (v) 22.93 (), 21.79 (8) 171.65 (C-O)
Phe6 53.12 (ar), 37.05 (B), 137.53 (y), 127.98 (8), 129.18 (£), 126.08 (), 170.37 (C=0); lle’ 56.53 (o),
36.87 (B), 24.18 (y), 15.13 (y), 10.90 (3), 170.70 (C=0); HomoSer lactone8 47.72 (o), 27.88 (B), 65.22 (y),

174.89 (C=0).
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Heparinized human blood (10 mL) collected from a healthy volunteer, was centrifuged to remove the red
cells at 1300 x g for 15 min at room temperature. Mononuclear lymphocytes were separated by using a Ficoll-
Hypaque density gradient and suspcnded at a cell density of 1 X 106 cells/ml in RPMI 1640 medium comaining

1AM ANN TTTIY 1A

100,000 1U/L of pemclmn 100 ﬂglL of Streptomycm and 10% of fetal calf-serum. 200 ML of this SUSanSlOﬂ

was nlaced n par‘h uu:a" nf a2 micrntiter nlr.\tn with Of flathattaom welle Cancanavalin A was uﬂﬂnr‘ tn nunh uu:"
Auvvu A1l Wwidwl Wil AL G ARANAELILARNL tl YY1l W R1QRALLJW/LANZEED VY Wild. \J\JII\aulluVullll 4LX ¥V s iK

toa fmal concentration of 5.0 ug/mL and subsequently, 4 pL of serially diluted EtOH of the test compounds
was added to a final concentration of 1 - 10000 ng/mL. 4 pL. of EtOH was added to the control well. The plate
was incubated for 4 days in 5 % CO3/ 95% air at 37 °C. The cells were pulsed with 0.5 pCi/well of [PH]-
thymidine for the last 16 h of incubation and then collected on a glass fiber filter paper by using a multiharvester

Aaulnn and driad The rodlr\rxnt:\utv ratainad an the filter wac ronnted hy the Linnid cointillatinon connta The
VG LIV B1IVAL, 1 IV IQUIVAaR LI YD J 1\«u«uuvu \Jll lll\— 111 vwad vuruliiwviua U‘y I.ll\./ ll\iulu Dblllllllﬂtl\lll lell\tl iR

mean of the counts of triplicate measurements for each sample was recorded. The concentration of the test
compounds giving 50% inhibition of lymphocyte mitosis (ICs50) was obtained from the dose response curves.
The viability of lymphocytes was assessed by the dye exclusion test using trypane blue as a dye as described
elsewhere.

Tha athad iging manca ta wae ac follawe IR ms ce agad 8 ta R wasle wara diclaratad and
ine method udiliy HIJUdL x_y;u}nlub_y W wad ad 1Uiiuwos. 1uan LI agil {0 & WEeKs were aisidcated anag

the spleen was removed, mashed and the cells were suspended in RPMI 1640 medium and passed through a
stainless steel mesh. The single cell suspension was washed twice with the medium and finally suspended in
RPMI 1640 medium containing 10% fetal calf serum, and 10 mg/mL Kanamycin to give 3.5x106 cells/mL.
200 puL of this suspension was placed in each well of a microtiter plate with 96 flatbottom wells. Concanavalin

A wae addad ta each wall ta a final rancantratinn of 2 ( no/ml Citheeanently 4 ul of cnr:o"v ﬂtllltnr‘ Ef('\
was aqaed 10 €acn wei {0 a iinas concentration o1 4. gt o LJU[I1\4\1U\/IILX], ML UL SUdidily W (89 41

solution of test compound was added to a final concentration of 10 - 100000 ng/mL. The plate was mcubat.cd
for 3 days in 5% CO, / 95% air at 37 °C. After termination of cell culture, 20 uL. of S mM 1-methoxy PMS and
0.2 mM WST-1 (DOJINDOQ Laboratories) in phosphate buffered saline was added to every well and the plate
was incubated again at 37 °C in 5% COq/ air for a 4 h. The plate was read on a microplate reader (Corona MT

P.2Y Cnhrcona 'n Ic\nor\\ 90 Al n A dnce resnonse curve was T\I(\f'ﬂll fnr aarh r‘rll(v and the nnnt‘pntrqt nn
=34, LULULIG UL, Japaily 12 0. A QOSC IC SPULIST LUl Of Calil Ug, At waL LUl taa aula

which gave 50% inhibition of cell growth (IC50g) was recorded.
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