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Planar structures of tripropeptins (TPPs) were elucidated by spectroscopic studies
including various NMR measurements. Stereochemistry of constituent amino acids of
tripropeptin C (TPPC) (3) was identified by marfey’s method except hydroxyproline which was
determined by studies of NMR and CD spectra. The absolute structure of 3 was determined by
analyses of the fragments obtained by Birch reduction and LiBH, reduction of 3. The
configuration of the fatty acid, isolated from acid hydrolysate of 3, was determined to be (3R)-
hydroxy-13-methyltetradecanoic acid from MS, NMR spectra and negative sign of the optical

rotation.

We have isolated tripropetin A (1), B (2), C (3), D (4)
and Z (5) (Fig. 1), as antimicrobial agents, from cultured
cells and broth of Lysobacter sp. designated BMK333-
48F3. In the preceding paper, the taxonomy, isolation and
biological activities were reported”. In this paper, we
describe the physico-chemical properties and structure
determination of TPPs.

Result and Discussion

Tripropeptin C (3), a main component of TPPs, was
isolated as colorless powder and its UV spectrum showed
end absorption. 3 gave positive color reaction with iodide
vapor, Rydon-Smith and Sakaguchi reagent. IR spectrum of
3 showed characteristic absorption of peptide bonds (1635
and 1537em™) and of lactone “linkage (1737cm™').
Molecular formula for 3 was determined by HRFAB-MS
as CgHynN, 0,y (caled. 1154.5927 for (M+H)", found
1154.5945), which was supported by the 'H and BC NMR

spectral data. .
Other showed
summarized in Table 1 and these properties suggested that

tripropeptins similar results, as
every tripropeptin belongs to depsipeptide antibiotics.

Planar structure of 3 was determined as follows. All
bond connections between 'H and “C signals were
interpreted by DEPT and ‘heteronuclear multiple quantum
coherence (HMQC) e}iperiments. The DEPT and HMQC
experiments revealed the presence of three methyl,
twentytwo methylene, fourteen methine, one sp* quaternary
and eleven carbonyl carbons in 3. The 'H and C NMR
spectral data of 3 are shown in Table 2. The 'H-'H COSY
and HMBC spectra of 3 indicated the presence of f-
hydroxy fatty acid and eight amino acids, threonine (Thr),
serine (Ser), arginine (Arg) and hydroxyproline (OHPro),
one residue each, and 2 residues of proline (Pro) and S-
hydroxyaspartic acid (8-OHAsp) in Fig. 2.

The sequence of 3 was determined by HMBC spectrum
as follows. The correlation from H-2 (8 4.62) of B-OHAsp
(II) to carbony} carbon C-5 (8 169.9) of OHPro, from H-6

* Corresponding author: hashizumeh@bikaken.or.jp
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TLC, Rf value*

3375, 2923, 1731,
1635, 1538, 1450,
1263, 1203, 1097

3345, 2931, 1737,
1633, 1537, 1450,
1263, 1201, 1097

3372, 2927, 1737,
1635, 1537, 1452,
1263, 1203, 1097

3282, 2931, 1739,
1633,1537, 1452,
1263,1203,1099

VOL. 57 NO. 1
Table 1. Physicochemical properties of tripropeptin A, B, C, D and Z.,
. A B C D Z

{aIp? (MeOH) 18° (1) 79° {c 1) 84° (1) 108 D) -14.0° (¢ 1)
HRFAB-MS(miz)

found 1126.5657(M+Hy* 1140.5788(M+H)* 1154.5945(M-+EI* 1168.6101 (M+H)* 1112.5475(M+H)*

Caled. 1126.5632 1140.5776 1154.5927 1168.6074 1112.5491
Molecular formula CagHzgN 09 CsoHgy Ny Og9 Cs1HgaN 1 O19 CsHysN; 019 CagtipNy Ogo

3388, 2923, 1725,
1635, 1536, 1450,
1265, 1205,1095

BuOH-MeOH-H;O(4:1:2) 045 0.45 045 0.45 045
CHCl3-MeOH-H;0(10:5:1) 0.25 0.25 .25 0.25 0.25
Color Reaction
positive Rydon-Smith, Sakaguchi Rydon-Smith, Sakaguchi Rydon-Smith, Sakaguchi Rydon-Smith, SakaguchiRydon-SmiLh. Sakaguchi
Soluble MeOH,DMSO,H0O MeOH,DMSO,H,0 MeOH,DMSO,H,0 MeOH,DMSO,H,0 MeOH.DMSO,H,O
insoluble CHCly,acetone, EtDAc  CHClj.acetone EtOAc  CHClj,acetone,EtOAc  CHCls,acetone EtOAc  CHClj,acetone,EtOAc
# Merck Kieselgel 60F;54 Art. 5715
Fig. 1. Structure of tripropeptins.
L-proline D-proline  D-allo-threonine . .
R: tripropeptin
CH
R
.o g a0)
.. (G 3
NH  L.arginine h NH GHy )
eV T N
WNH R on, B @
HaN ﬁ s o A
e~ AAAA s 3
o NH o CHs
CH
HC.,, e~ D (4
o ) . CHs )
COOH O on  COOH ~——ls 78
CHg

threo--OH-D-aspartic acid
L-serine

(0 4.23) of OHPro to carbonyl carbon C-10 (& 167.9) of
Ser, from an amide proton (§ 7.25) of Ser to carbonyl
carbon C-13 (8§ 168.5) of B-OHAsp (I), from an amide
proton (& 8.49) of S-OHAsp (1) to carbonyl carbon C-17 (§
171.2) of Arg, from an amide proton (§ 7.77) of Arg to
carbonyl carbon C-23 (& 172.6) of Pro (D), from H-27 (&
3.35) of Pro (I) to carbonyl carbon C-28 (& 172.0) of Pro

trans-3-OH-L-proline

threo-p-OH-L-aspartic acid

(ID), from H-29 (8 4.18) of Pro (II) to carbony! carbon C-33
(8 169.0) of Thr, from methine protons H-34 (& 4.52)
and H-39 (§ 5.06) to carbonyl carbon C-37 (6 169.5) of
3-hydroxy-13-methyltetradecanoic acid indicated that the
sequence of 3 to be 3-hydroxy-13-methyltetradecanoyl-Thr-
Pro-Pro-Arg--OHAsp-Ser-OHPro-B-OHAsp.

A long-range coupling between C-1 (8 168.6) and H-39
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Table 2. C and 'H NMR data of
tripropeptin C in DMSO-dj.

position type ac & He{muttiplicity, J (Hz)}
1 >C=0 168.6
2 >CH-N 548  H:4.62(1H, m), NH:7.80(1H, d, 10.0}
3 >CH-0 700  4.55(1H,d,2.4)
4 >C=0 171.8
5 >C=0 . 169.9
6 >CH-N 68.8  4.23(tH, 5)
7 >CH-0 725  4.26(1H, d, 3.8)
8 -CHz- 323 1.75(2H, m)
9 -CHaN< 450  3.53(1H, m), 3.66(1H, m)
10 >C=0 167.9
11 »CHNH- 531 H:A.58(1H, m), NH:7.25(1H, d, 8.0)
12 -CH;0- 61.3  3.53(2H, m}
13 >C=0 168.5
14 >CHNH- §6.3  H:4.64(1H, m), NH:B.49(1H, d, 8.4)
15 »CH-0 700  45{1H,d, 2.0) '
16 >C=0 172.9
17 »C=0 171.2
18 >CHNH- 817  H4.55(1H, m), NH:7.77(1H, d, 8.6)
19 -CH;- 289  1.58(1H, m), 1.63(1H, m)
20 -CH;- 247  1.35(2H, m)
21 ~CHzNH- 403  H:3.06(2H, m), NH:7.62{m)
22 N=C(N-)N- 156.9
23 »>C=0 1726
24 >CH-N 60.6  4.72(1H,m)}
25 -CHg- 317 1.93(1H, m), 2.13(1H, m}
26 -CH- 222  1.78(2H,m)
27 -CHz-N 469  3.35(1H, m), 3.43(1H, m)
28 >C=0 172.0
29 >CH-N 57.9  4.18(1H, ¢, 12.4)
30 -CHe- 200  1.63(2H,. m)
‘31 -CH,- 244  1.75(1H, m), 1.85{(1H, m)
32 -CHz-N 473 3.54(iH, m), 3.61(1H, m)
a3 >C=0 189.0
34 >CHNH- 56.0  H:4.52(1H, d, 7.0), NH:8.04(1H, d, 5.4)
a5 >CH-O 67.2  B3.74(1H,m)
36 “CH3 180  0.97(3H, d, 6.6)
a7 >C=0 169.5
38 -CHa- 40.1  2.28(1H, d, 12.0), 2.66(1H,m})
38 >CH-0 728  5.08{iH,m)
40 -CH3- 337 1.50{2H,m)
41 “ChHg- 241 1.21(2H, m)
42 -CH;- 281 1.21(2H, m)
43 -CH;- 201 1.212H,m)
44 -CHg- 291 1.212H m)
45 -CH,- 281 1.21(2H. m)
45 -CH;- 204  1.21(2H,m)
47 -CH,- 268  1.13(1H, m}, 1.21(1H, m)
48 -CH;- 385  1.13(1H, m), 1.21(1H, m)
49 >CH- 274 1.49(tH,m)
50 -CHs 225  0.83(3H.d,7.0)
51 -CH3 225  0.83(3H, ¢, 7.0)

* 125 MHz, chemical shift in ppm.
® 500 MHz, chemical shift in pprm.

(8 5.06) was observed by decoupled HMBC?. This clearly
indicated the lactone linkage forming between acyl chain
and B-OHAsp (11). According to these data, planar structure
of 3 was determined as shown in Fig. 2. Planar structures of

JAN. 2004

other compounds, 1, 2, 4 and 5 were determined likewise.
The C NMR spectral data of 1, 2, 3, 4, 5 are shown in
“Table 3.

The stereochemistry of constituent amino acids were
determined using Marfey’s method® except hydroxyproline.
Hydrolysis of 3 and its degradation products 6 and 7 gave
the corresponding amino acids. The acid hydrolysates
were converied to Marfey’s derivatives by treating with
1-fluoro-2,4-dinitrophenyl-5-L-alanineamide (L-FDAA), and
analyzed by HPLC. Each amino acid derivatives was
identified by comparing the retention time with that of the
Marfey’s derivatives of authentic amino acid. The Marfey’s
derivatives of amino acids liberated from 3 showed peaks
matching L-arginine (L-Arg), L-serine (L-Ser), D-allo-
threonine (D-aThr), threo-f-hydroxy-L-aspartic acid (threo-
B-1-OHAsp), threo-f-hydroxy-D-aspartic acid (threo-f-D-
OHAsp), L-proline (L-Pro} and D-proline (D-Pro).

The positions of D,L-proline and D,L-hydroxyaspartic
acid were determined as follows. Amino acid analysis of
the 6, obtained by Birch reduction” of 3, showed 6

comprising L-Arg, L-Ser, threo-f-L-OHAsp, threo-B-D-

OHAsp, L-Pro (Fig. 3), indicated partial amino acid -
sequence of L-Pro-L-Arg. The amino acid analysis of 7,
obtained by LiBH, reduction® of 3, showed 7 comprising L-
Arg, L-Ser, D-aThr, threo-f-D-OHAsp, L-Pro and D-Pro
(Fig. 3), indicated hydroxyaspartic acid forming lactone
linkage was threo-f3-L.-OHAsp.

The absolute structure of hydroxyproline (8) was
identified to be L-trans-3-hydroxyproline® by the plus
cotton effect at 220nm in the CD spectrum [CD; [854
+80, [6],5 +1980, [8],,, +2580 (¢ 0.033, 0.5 M HCI)] and
the small coupling constant between H-2 and H-3 in 'H
NMR spectrum (J,;=1.60Hz), in the literature [frans
configuration, J,;=12Hz and cis
J,;=42Hz]. ' ,

The absolute configuration of the fatty acid (9) was
determined to be (3R)-hydroxy-13-methyltetradecénoic

configuration,

" acid (Fig. 4) from MS, NMR and negative sign of the

optical rotation™” [a]3' —7.7° (¢ 0.13, CHCLy), in the
literature [a]2" ~12.7° (¢ 0.14, CDC1,)".

According to these data, the absolufe structure of 3 is
determined as shown in Fig. 1.

Experimental

General

Optical rotations were measured on a Perkin-Elmer

- model 241 polarimeter. UV spectra were determined on a

Hitachi 557 spectrophotometer. IR spectra were recorded
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Fig. 2. ‘H-'H COSY and HMBC experiments of tripropeptin C in DMSO-d.

Q

H
HO. 15 ! N

Pro(l)

e

17 NH

13

Pro{il)

OHAsp(I)

IECOQH o HO —H-'H COSY
—3- HMBC
<« J-D-HMBC

Table 3. '*C NMR data of tripropeptins.
& o {muttiplicity) DMSO-d 4
pasition A B [% 4] <
T 163.7 (5) 1638 (5) 1685 (5) T68.5 (5) 1702 (5)
2 53.0 (d) 54.9 {d) 54.8 (d) 54.8 (d) 55.1 (d)
3 69.9 (d) 70.3 (d) 70.0 (d) 700 () 70,5 {d)
4 172.7 (s) 1726 (s) 171.8 (s) 171.9 (s) 1727 (s)
5 171.3 (s) 1715 (s) 169.9 (5) 169.9 (s} 1715 (s)
-] 66.4 (d) 67.2{d) 68.8 {d) 68.8 (d) 57.2 (d)
7 70.0 (d) 70.4{d) 725 {d) 725 (d) 70.8 {d}
8 324 () 31.8 () 323 (1) 3231(t) 32.8 (f)
9 44.8 (1) 44.1 () 45.0 (1) 45.0{) 44.1 (1)
10 168.8 (s) 168.4 (5) 1867.9 (s) 167.9 (s) 168.4 (s)
1 52.9 (d) 52,5 (d) 53.1 {d) 53.1 (d) 52.5 (d)
12 60.5 (t) 60.1 () 61.3 (1) 613 (t) 60.5 (t)
13 169.0 (s) 169.5 (s) 168.5 (s) 168.5 (s) 169.9 (s)
14 56.1 (d) 57.3 {d) 56.3 {d) 56.3 (d) 57.7 {d)
15 66.9 (d) 70.0 {d) 70.0 {d) 70.0 (d) 69.4 (d)
16 172.9 (s) 174.3 (s} 172.9 (s} 1729 (s) 174.9 (s)
17 172.0 (s) 171.6 (s) 171.2 (s} 171.2 (s) 170.2 (s)
18 51.8 (d) 52,1 (d} . 51.7 {d} 51,7 (d) 52.1 (d)
19 286 (1) 29.1 (1) 28.9 (4 28.9 () 29.0 ()
20 24.6 (1) 25.2 1) 247 (t} 24.7 () 24.9 ()
21 39.5 (1) 39.5 (1) 40.3 () 40.3 (1) 40.4 (1)
22 156.7 (s) 156.8 (s) 1569 (s) 156.9 (s} 186.7 (3)
23 172.9 (s) 174.2 (s) 1726 (5) 172.6 (s} 174.3 (s)
24 58.0 {d) 59.9 {d) 60.6 (d) 60.6 {d) 60.1 {d)
25 3.7 31.4 (1) 31.7(t) 31.7 () 3191
25 223 (1) 22.2 (1) 22.2 (f) 22.2 () 223 (1
27 44.8 (1) 47.0 () 462 () 489 () 47.1 (¥
28 1722 (s) 172.9 {s) 172.0 () 172.0 (s) 1731 (5)
29 56.4 (d) 57.8 (d) 57.9 (d} 573 () 57.9 (d)
30 275 (1) 28.8 (1) 20.0 (t} 28.4 (1) 28.9 (1)
31 24.5 (1) 24.8 (1) 24.4 () 244 (1) 247 ()
32 470 () 47.3 (% 47.3 () 47.3(1) 47.4 ()
33 169.7 (s) 169.9 (s) 169.0 (s) 168.0 (s) 170.4 {s)
34 54.8 (d) 56.0 {d) 56.0 {d) 56.0(d) 56.0 (d)
a5 65.9 (d) 65.8 {d) 67.2 (d} 67.2 (d) 65.9 (d)
36 18.9 () " 18.6 (q) 19.0 () 19.0 (q) 18.6 (g)
37 169.7 (5) 170.3 (s) 169.5 (s) 169.6 (s) 170.5 (s)
" 38 38.6 (1) 38.1 () 40.3 () 39.5 (1) 39.5 (1)
39 73.0 (d} 73.1 (d} 72.8 (d) 72.8(d) 73.1 (d)
40 336 (1) 33.0 (1) 33.7 (1) 33.7 (1) 33.0(t)
41 24.0 (1) 236 (f) 24.1 (1) 24,1 (} 234 (f)
42 29.0 ()# 29.1 ()# 291 (¢ 201 (f# 29.2 (t)#
43 29.0 (t)# 29.2 (t# 291 (h# 29.1 (p# 29.3 ()¢
44 29.1 ()# 29.4 (t# 291 (t)y# 29.0 (ti# 26.8 ()
45 247 () 29.2 (t)# 29.1 ()¢ 28.7 (t)# 387 (1
48 386 () 23.9 (Y 291 (1) 29.2 (t}# 27.6 (d)
47 26.9 (d) 381 (1) 268 (1) 29.3 (B# 227 (q)
48 226 (g) 27.5 (d) B85 26.8 {t) 227 ()
49 226 (q) 22.7 (g) 27.4 (d) 385() - -
50 - 227 (q) 225(q) 27.4 (d) .
51 - - 225(q) 22.5 () -
52 - - - 225 (q) -
—_—

T5 MHz, chemical shitt in ppm.

# undistinguishable

55
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Fig. 3. Amino acid analysis of the fragments 6 and 7.
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Fig. 4, L-trans-3-Hydroxyproline (8) and 3-hydroxy-13-Me-tetradecanotc acid (9).

infrared

using a Horiba FT-210 fourier transform
spectrometer. Mass spectra were recorded using a
HITACHI M1200H LC/MS (APCI), JEOL JMS-S8X102
(HRFAB) and JEOL JMS-TIQOLC (HRESI) mass
spectrometer. The NMR. spectra were measured using a

JEOL JNM-AS500 spectrometer. CD spectrum was recorded
using a JASCO J-720W spectropolarimeter.

Materials
L-Arginine {L-Arg), L-serine {(L-Ser), L-threonine (L-Thr),
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L-proline (L-Pro), D-serine (D-Ser), D-threonine (o-Thr), »-
proline (D-Pro) and erythro-B-hydroxy-L-aspartic acid
(erythro-fB-L-OHAsp) were purchased from WAKO Pure
Chemical Industries, Ltd. D-Arginine (D-Arg) was
purchased from SIGMA. L-3-Hydroxyproline (L-OHPro),
threo-B-hydroxy-aspartic acid (threo-B-OHAsp), D-threo-3-
hydroxyaspartic ~ acid  (threo-B-D-OHAsp), DL-allo-
threonine (DL-aThr), L-allo-threonine (L-aThr) and 1-
fluoro-2,4-dinitrophenyl-5-L-alanineamide (L-FDAA) were
purchased from TOKYO KASEL

Amino Acid Analysis using Marfey's Method

In a micro test tube, 0.5mg of amino acid or acid
hydrolysate of tripropeptin, was dissolved in 50 il of H,0,
then, 20 gl of | M NaHCO, aqueous solution and 20 ul of
1% L-FDAA acetone solution were added. This reaction
mixture was capped and incubated at 37°C for 60 minutes.
After the addition of 20 z1 of 1 M HCI aqueous solution into
the tube to stop the reaction, the reaction mixture was
evaporated to dryness. The residue, Marfey derivative, was
dissoived in 1 ml of methanol and then 10 1 aliquot of the
solution was injected into HPLC system. The analyses were
performed on a ODS column (Capcell Pak, UG120,
Shiseido 5 um, 150X4.6mm i.d.) using acetonitrile-0.01 m
TFA aqueous solution as the mobile phase in the gradient
elution mode (acetonitrile, 10%~40%, 30 minutes). The
flow rate of the mobile phase was 2.0 ml/minute and the
monitoring wavelength was set at 340 nm.

Purification of Constituent Amino Acids

40 mg of acid hydrolysate of 3 was dissolved in 1ml of
H,0 then added equal volume of ethylacetate. Ethylacetate
layer was evaporated to dryness and was used for fatty acid
analysis. Water layer was dried up, then subjected to
column chromatography using 8ml wet volume of
AMBERLITE CG50I (NH,* type resin, ROAM AND
HAAS), eluted successively with 25 ml each of H,0 and
1M NH,OH. Amino acid, eluent and their dry weight (in
parentheses) are as follows: OHAsp and Thr (H,0, 3.8 mg),
Ser (H,0, 2.4 mg), Thr, OHPro and Pro (H,0, 3.0 mg), Pro
(H,0, 4.0mg), Arg (1M NH,OH, 1.1mg). The former
mixture was further chromatographed by using 20 ml wet
volume of AMBERLITE CG501 (NH," type resin, ROAM
AND HAAS) etuted with H,0 gave 2.1 mg of OHAsp and
0.8mg of Thr The latter mixture was also further
chromatographed by wusing 20ml wet volume of
microcrystalline ceflulose (FUNACEL, Funakoshi, Ltd),
cluted with stepwise gradient of acetone : H,0 (60ml each
of 16:4, 15:5, 14:6, 13:7). Fractions, eluted with
acetone : H,O (15:5), were dried up, then chromatographed
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by ‘using I5ml wet volume of microcrystalline cellulose,
eluted with acetonitrile: H,0 (100ml each of 88:12,
85: 15). Eluted with latter solvent gave 1.3 mg of OHPro.

Stereochemistry of Hydroxyproline (8)

Hydroxyproline was obtained as colorless powder. FAB-
MS; miz 132.09 (M+H)*, CD; [6,49 +80, [8],,, +1980,
{6la1p +2980 (¢ 0.033, 0.5M HCI). 'H NMR in D,0O at
10°C; 6 2.06 (m, 2H, H-4), 3.52 (m, 1H, H-5), 3.63 (m, 1H,
H-5), 4.14 (d, /=1.60 Hz, IH, H-2), 4.72 (m, 1H, H-3). 1°C
NMR in D,0 at 10°C; & 32.9 (C-4), 45.0 (C-5), 69.3 (C-2),
74.5 (C-3), 172.0 (C-1).

HPLC Analysis of the Marfey’s Derivatives

Retention time (minutes) of standard amino acids-
Marfey’s derivatives were as follows: L-Arg (13.89), D-Arg
(14.37), L-Ser (16.10), p-Ser (16.91), L-Thr (17.01), p-Thr
(19.89), L-aThr (16.75), p-aThr (18.51), threo-B-L-OHAsp
(17.20), threo-f-D-OHAsp (18.46), erythro-B-L-OHAsp
(18.02), erythro-B-p-OHAsp (18.86), L-Pro (20.53), p-Pro
(21.60). Retention time (minute) of the amino acids,
isolated from acid hydrolysate of 3, were as follows: Arg
(13.89), Ser (16.08), Thr (18.51) , OHAsp (17.12, 18.40),
Pro (20.48, 21.63).

Birch Reduction of 3
The reduction was performed on 37.0 mg of tripropeptin
C in 30ml of liquid ammonia using 450 mg of sodium at

- —30°C. After 5 minutes, the reaction was terminated by the

addition of 2.5 g of ammonium acetate, then concentrated.
The residue was diluted with 30 ml of H,0, then subjected
to column chromatography using 80ml wet volume of
Dowex (50wX2, H* type, THE DOW CHEMICAL
COMPANY) washed with 240ml of H,O and eluted with
240ml of 1M NH,OH. The eluent was concenirated in
vacuo then dissolved in small volume of H,O and applied
to HP20 column (Mitsubishi Chemical Co., 10ml wet
volume). The column was washed with 30 m! of deionized
water, 30ml of 50% aqueous methanol and acetone.
Fractions eluted with H,O gave 21.7mg of 6 as colorless
powder. HRESI-MS m/z 7322844 '(M—H)™ (calcd.
732.2800 for Cp;H,, N0 ).

Reduction of 3 with LiBH,

- 2mg of LiBH, was added to a solution of 10mg of 3 in
50 gl of DMF and 2ml of THF. The reaction mixture was
refluxed for 4 hours. After the reaction mixture was cooled
to room temperature, the solution was neutralized by 1M
HCI, then evaporated in vacuo. The residue was subjected

to column chromatography using 20ml wet volume of
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Sephadex LH-20 (Pharmacia) eluted with methanol.
-Further purification by HPLC (Capcell Pak, UG120,
Shiseido 5um, 150X4.6mm id., the flow rate of the
mobile phase was 2.0ml/minute and the monitoring
wavelength was set at 210nm) using 35% acetonitrile
aqueous solution as the mobile phase gave 7.1mg of 7 as
colorless powder. HRESI-MS m/z 1158.6422 (M+H)*
(caled. 1158.6362 for CqHgN,,050). IR (KBr); 3438,
2927, 1677, 1635, 1384, 1207, 1182, 1133 cm™.

Isolation and Configuration of Fatty Acid (9)

6.2mg of ethylacetate extract of 3-acid hydrolysate was
chromatographed using silica gel column (10m! wet
volume) developed with stepwise gradient of
hexane : ethylacetate (30ml each of 3:1, 2:1, 1:1, 1:2),
Fractions, eluted with hexane:ethylacetate (1 :2), were
collected and cencentrated in vacuo to give 4.0mg of 3-
hiydroxy-13-methyltetradecanoic acid (9). [@)3! —7.7° (¢
0.13, CHCL,). APCI-MS; m/z 257 (M—H)". '"H NMR in
CDCl;; & 0.78 (6H, d, J=6.6Hz), 1.04~1.52 (19H, m),
231 (IH, dd, J=16.6 and 9.0Hz 2-H,), 2.40 (1H, dd,
J=16.6 and 3.2Hz 2-H,) and 3.96 (1H, m 3-H).

9]

2)

3)

4)

5

6)

7)
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Serine/threonine phosphatase type 2A (PP2A) is an
intracellular  protein  phosphatase, which catalyzes
dephosphotylation of many substrates. We have recently
found that specific inhibitors of PPZA augment natural
killer cells in vive and inhibit tumor metastasis' ™. Thus, a
specific inhibitor of PP2A is a candidate for a new immune
activator. In the course of our searching for a novel PP2A
inhibitor, we have found that the culture broth of Fungus
strain F-1531 showed potent inhibitory activity against
PP2A. We isolated active materials including two new
compounds. These compounds were found to be active only
under the chelated condition with ziac ion. In this paper, we
describe the fermentation, isolation, physico-chemical
properties, and biological activities of harzianic acid-related
compounds.

Fungus strain F-1531 was isolated from a soil sample
collected in Amagi, Shizuoka prefecture, Japan. Strain F-
1531 grown on a agar slant was inoculated into 100 ml of
medium containing potato starch 2%, glycerin 1%, soy
bean meal 2%, KH,PO, 0.1%, MgSO,- 7H,0 0.05% and
five glass beads, and cultured at 25°C for 3 days on a
rotary shaker (225rpm). One ml of the seed culture was
inoculated into 500-ml flask containing 100ml of a culture

medium containing corn starch 2%, potato starch 1%, beet”
2 P

sugar 1%, Pharmamedia 1%, gluten meal 1%, malt extract
0.5%, ZnSO, 0.01%, ALO, 0.2%, CaCO, 0.2% (pH6.0
before sterilization) and cultured at 25°C for 4 days on a

rotary shaker (225 tpm).

The fermented broth (10 liters) was filtered and the
mycélia were extracted with MeOH. The mycelial extract
was concentrated and combined with the broth filtrate and
further extracted with BuOH. The organic layer was
concentrated under reduced pressure and applied to a silica
gel column prepacked with BuOAc : BuOH : MeOH : H,0=
4:4:1:2. After the column was washed with the same
solvents, the active materials were eluted with BuOH.:
MeOH :H,0=4:1:2. Further purification was carried out
by Sephadex LH-20 chromatography using MeOH as an
eluent. By repeating this procedure three times, 89.7mg of
1 was obtained as a yellow powder. Compund 1 (tentatively
named 1a) inhibited PP2A activity at IC,, value of
10 ug/ml  without effect on other serine/threonine
phosphatase type 1 (PP1). On the other hand, compound 1
(tentatively named 1b) which was purified by reversed
phase HPLC (Inerisii ODS-3, GL Science) with 80%
MeOH in 20mm KH,PO, at pH 2 did not show any
activity against PP2A. Thus, we examined the structural
discrepancy between 1a and 1b. All NMR spectra including
2D NMR experiments showed that la and 1b were
essentially the same to harzianic acid,” aithough the peaks
of 1a were broaden. EDS spectra of two compounds
revealed the presence of Zn in 12 and the absence of Zn in
1b. This was further supported by the mass spectra of two
compounds. In the negative mode ESI mass spectrum of 1a,
the base peak was observed at m/z 794 due to [ZM+Zn}",
while 1b showed the deprotonated molecular ion at m/z 364
as the base peak. In the ESI-MS/MS spectrum of la, the
daughter ion at miz 364 was observed from the parent ion at
miz 794. These results indicated that the active form was
composed of 1a and Zn as 2 : 1 complex. On the other hand,
all physico-chemical properties of 1b are the same as
reported harzianic acid”. Thus, we concluded that 1 was
active only under the chelated conditon with zinc ion.

During the purification process, two new harzianic acid
family compounds were isolated. The physico-chemical
properties of demethylharzianic acid (2) and homoharzianic
acid (3) were shown in Table 1. The structure determination
of 2 was carried out by comparing the spectral data with
those of harzianic acid”. The molecular formula of 2 was
determined to be CHyNO; (MW 351) based on the

* Corresponding author: numazu@bikaken.or.jp



236 THE JOURNAL OF ANTIBIOTICS

MAR. 2004

Table 1. Physico-chemical properties of 2 and 3.

3

2
Appearance Orange Powdef
Molecular formula C15H,:NO;
ESI-MS [m/z (M-H)}I~ 350 (M-H)~

HRESI-MS (m/z)

Calcd:
Found: 350.1588
UV Rpee DU
in MeOH: 231, 292,
0.01N HClL- 90% MeOH: 228, 293,
0.01N NaOH-90% MeOH: 246, 285,
Rf value on TLC ® 0.28

350.1577 {C,5HpNOg)

350
352
326

Orange Powder

CopHygNOg
378 (M~H)"

378.1917 (CpoH,eNOg)
378.1906

243, 290, 344
238, 283, 357
249, 287, 334

0.28

% 3ilica gel 60 Fy, (Art.5715, Merck) with BuCOH-NH,CH-H,0-MeOH (4:1:1:0.5)

HRESI-MS and C NMR information (Table 2). The UV
spectrum of 2 was closely resemble to that of 1. The *C
NMR, DEPT and HMQC spectra of 2 revealed the presence
of eighteen carbon signals consisting of three methly, three
methylene, six methine and six quaternary carbons
indicating the loss of one carbon and two proton atoms
compared to 1. Two side chains in 2 were identical to those
of 1 based on the 'H-'H COSY and HMBC correlation
suggesting that the structural difference between 1 and 2
should occur in five membered rings. In the 'H NMR
spectra, N-methyl protons (6y 2.94) appeared in 1 was not
observed in 2 (Table 2). Any other differences were not
observed m all NMR specfra. Thus, the structure of 2 was
proposed as shown in Fig. 1.

The molecular formula of 3 was elucidated as C,gH,oNO;
(MW 379) based on the HRESI-MS and “C NMR
information. The UV spectrum of 3 also showed the
similarity to 1 and 2. The 'H and *C NMR spectra of 1 and
3 were also similar to each other except for one additional
methylene in 3, indicaiing the isopropyl group of 1 was
replaced by sec-butyl group in 3 (Table 2). This sec-butyl
group was confirmed by cross peaks from methyl protons
(H-11) to one methylene carbon (C-10), and one methine
carbon in the HMBC spectrum. The remaining parts of 3
were identical with those of 1. Thus, the structure of 3 was

Fig. 1.

Structures of harzianic acid-related

compounds.

Homoharzlanlc acid (3)
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Table 2. '"*Cand 'H NMR assignments of 2 and 3 in chloroform-d,.

2 3
Position  §; (ppm) % (ppm) 8 (ppm) & (ppm)
1 175.0 176.3
2 119.1 7.14 (d, J=15.3Hz) 119.1 7.00 (d, J=15.3Hz)
3 146.9 7.51 (m) 147.5 7.55 (m)
4 129.9 6.36 (m) 129.6 6.37 (m)
5 149.5 6.36 (m) 149.9 6.37 (m)
] 35.5 2.22 (dt, o=6.7, 7.3Hz) 35,5 2.23 (dt, J=6.0, 7.3Hz)
7 21.8 1.49 () 21.8 1.49 {m}
8 13.7 3.24 (£, J=7.3Hz) 13.7 0.%4 (t, J=7.3Hz)
2r 172.7 173.2
3r 89.0 98.7
4’ 195.6 197.3
5f 59.4 4.25 (dd, J=10.7, 2.7Hz) 64.0 3.63 (dd, J=10.7, 2.7Hz}
B’ 38.1 2.04 (dd, J=12.0, 10.7Hz) 33.8 1.91 (dd, uv=14.0, 10.7Hz)
2.49 (ad, J=12.0, 2.7Hz) . 2.47 (4d, J=14.0, 2.7Hz)
7’ 77.2 80.5
8r 36,0 1.98 (m) 42.7 | 1.73 (m)
9! 17.1 0.94 (d, J=6.THz) 12.3 0.97 (d, J=8.0Hz)
107 16.2 1.02 {d, J=6.7Hz) 24.2 1.26 (m)
1.50 {(m)
11’ 12.2 0.92 (t, J=7.3Hz}
12’ 181.2 176.7
13- 26.5 2.96 (s3)

Chemical Shifts in ppm from TMS as internal standard.

'H and *C NMR were measured at 400 MHz and 100 MHz, respectively.

determined as shown in Fig. 1. T. TaKEUCHL: Inhibitory effect of cytostatin on
These compounds weakly inhibited the growth of human SP ﬁnﬁnﬁﬁ-b}mg 2;3%35253852? II;SI’? P melinons
. cells. J. Antibiotics 48 : ~ s
prostate cancer DU-145 cells with ICs 17 (1), 25 (2), and 2) Kawapa, M.; M. AMEMIYA, M. ISHIZUKA & T. TAKEUCH:
10 (3) pug/ml. Cytostatin, an inhibitor of cell adhesion to extracellular
matrix, selectively inhibits protein phosphatase 2A.
Biochim. Biophys. Acta 1452: 2090~2]17, 1999
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In the course of screening program for inhibitors of angiogenesis, novel substances
designated as ICM0301 A~H (1~8) were isolated from the culture broth of Aspergillus sp. F-
1491. ICM0301s inhibited the growth of human umbilical vein endothelial cells (HUVECs)
induced by basic fibroblast growth factor (bFGF)} with IC,, values of 2.2~9.3 ug/ml.
ICMO301A (1) showed significant anti-angiogenic activity at lower than 10 jg/ml in the
angiogenesis model using rat aorta cultured in fibrin gel. ICM0301s showed very low
cytotoxicity against various tumor cells. Furthermore, ICMG301iA did not show any toxic
symptom in mice by intraperitoneal injection at 100 mg/ke.

pp. 97 — 103

Angiogenesis is the process of the formation of new
blood vessels from preexisting blood vessels'?. This
process plays a key role in the development and wound
healing. Furthermore, angiogenesis is essential for the
development of solid tumor”, metastasis of tumors cells”
and chronic inflammation such as rheumatoid arthritis®.
The process of angiogenesis®” consists of: (i} degradation
of basement membrane by MMPs; (ii) migration of blood
endothelial cells {ECs); (iii) growth of ECs induced by
growth factors such as bFGF and vascular endothelial
growth factor (VEGF); (iv) tube formation of ECs and ()
the maturation of tube to vessel. Thus, each process of
angiogenesis should be a target for development of anti-
tumor and anti-inflammatory agents. In fact, TNP-470%,
which shows very strong inhibitory activity against growth
of ECs, antibodies against various growth factors™'?, anti-
oV 3 integrin antibody', mimic peptide of RGD motif'?
contained in integrins and kinase inhibitors of VEGF
receptors'” have been developed in clinical trials.

We have screened for angiogenesis inhibitors, which

exhibit inhibitory activity against the growth of HUVECs
induced by bFGF, among metabolites of microorganisms.
In the course of screening, ICM0301A (1), B (2), C (3), D
(4), E (5), F (6), G (7) and H (8) (Fig. 1) were isolated from
the culture broth of Aspergillus sp. F-1491. In this paper,
we desctibe the taxonomy of the producing organism, and
the fermentation, isolation and biological activities of
ICM0301s.

Materials and Methods

Materials

Inertsii ODS-3 columns and silica gel (Wako gel C-200)
were obtained from GL Science (Tokye, Japan) and Wako
Chemical (Osaka, Japan), respectively. HUVECs and bFGF
were obtained from Dainippon Pharmaceuticals (Osaka,
Japan) and PEPRO TECH EC Ltd. (London, UK),
respectively. Culture plate coated with collagen Type I was
obtained from Sumitomo Bakelite Co. (Tokyo, Japan).

* Corresponding author: kumagaih@bikaken.or,jp
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Fig. 1. Structure of ICM0301s,

ICMO301A (1) Ry=CH;
N ICM0301B 2) R=H

RPMI1640, DMEM medium and Hawnk’s balanced salt
solution were obtained from Nissui Seiyaku Co. (Tokyo,
Japan), and MCDB-131" medium was obtained from
Kurorera Kogyo Co. (Tokyo, Japan), respectively. Bovine
thrombin and fumagillin were obtained from Sigma (St.
Louis, MO, USA). Bovine fibrinogen was obtained from Ito
Ham (Hyogo, Japan). Lys- and gelatin-Sepharose 4B were
obtained from Amershan Bioscience Co. (Piscutaway, NJ,
USA),

Animals

Female ICR mice and male SD rats were obtained from
Charles River Japan (Kanagawa, Japan), and were
maintained -under specific pathogen-free conditions at
23+1°C and 555% humidity, '

Taxonomic Study

The producing strain, F-1491 was isolated from a soil
sample collected at Kanagawa prefecture. The taxonomic
studies of strain F-1491 were carried out according to the
methods of Prrr'¥ and CARMICHAEL ef al.'®. The color
guide of KORNERUP and WaNSCHER'® was used for
determining and standardizing colors. Morphological
observation of strain F-1491 was carried out using a light
microscope and a scanning electron microscope.

gt ]

ICMO301G (8) Ry=CHs, Rp=Cl
ICMO301D (4) Ry=H, Rp=Cl
ICMOSO1E (5) Ry=CH,, Rp=H
ICMQ30F (§) Ry=H, Rp=H
ICMOBO1G (7) Ry=H, Rg=OCH,
ICMOBOTH (8) Ry=H, R=OH

Fermentation

The seed medivm was composed of glycerin 2%, potato
starch 2%, soy bean meal 2%, KH,PO, 0.1% and
MgSO,' 7TH,0 (.005%. The seed culture was incubated at
25°C for 3 days on a rotary shaker at 225 rpm using 50 m]
of medium containing 5 glass beads in a 500 ml Erlenmeyer
flask. The production medium was composed of glycerin
5%, potato extract (hot water extract of 20% minced potato)
25%, malt extract 0.5%, yeést extract 0.5%, tryptone
peptone 1% and Span 20 (antifoam) 0.025%, and adjusted
to pH 6.5. The production culture was incubated at 25°C
for 4 days on a rotary shaker at 225 rpm using 50ml of
medium in a 500 ml Erlenmeyer flask.

HPLC Analysis and Preparative HPLC

Inertsil ODS-3 columns were used for HPLC analysis
(46X150mm, mobile phase: 50% acetonitrile}) and
preparative HPLC (20250 mm, mobile phase: 35 or 70%
acetonitrile). The detection of IMC0301s was performed
using ultra violet absorptioh at 280 nm.

Growth Inhibitory Activity against HUVECs

The inhibitory activities of ICM0301s against the growth
of HUVECs were assessed as follows. HUVECs were
cultured in MCDB-131 medium supplemented with 10%
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FCS and 10ng/ml of bFGF at 2X10°cells/100 ul in 96
wells culture plate coated with collagen Type I, and then
test samples dissolved in DMSO were added to the culture.
Cells were cultured for 36 hours at 37°C in 5% CO,-air,
and were further pulsed with *[H]TdR (7.4 KBg/well) for
12 hours. Proliferation of the cells was assessed by
measuring incorporated radioactivity of *[HJTdR into cells
using a fS-ray counter.

Cytotoxicity against Tumor Cells
The cytotoxic activities of ICMO0301s against human

tumor cell lines including chronic myelogenous leukemia
K562, non-small cell lung carcinoma H226, prostate
carcitoma DLD-1 and fibrosarcoma HTI1080 were
assessed. These cells were cultured at 5x10° cells/100 ulin
RPMI1640 or DMEM medium supplemented with 10%
FCS for 3 days with the test samples, and proliferation of
these cells was measured by the MTT method.

Anti-angiogenic Activities in Rat Aorta Organ Culture

Rat aorta organ culture was done by the methods
reported by Nicosia R. F. et al.'” with some modifications,
Thoracic aortas were removed from male SD rats under
anesthesia using pentobarbital, and immediately transferred
to a culture dish containing ice-cold serum-free HANK’S
balanced salt solution. The peri-aortic fibroadipose tissue
was carefully removed with fine microdissecting forceps

and iridectomy scissors paying special attention not to
damage the aortic wall. Aortas were sectioned within small
fragments (2X2mm), and embedded in 0.5 ml of ice-cold
0.3% bovine fibrinogen (passed through gelatin- and
Lysine-Sepharose) gel-MCDBI131 solution on 24-wells
culture plate. Clotting was obtained by adding 20 ulof a
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50 NIH units/ml bovine thrombin solution to 1ml of
fibrinogen solution. The fibrin gels formed within 30
seconds at room temperature, After polymerization, 0.5 ml
of MCDB 131 medium containing e-aminocaproic acid was
added to the gels, and then compound 1 or fumagillin, as a
positive control, dissolved in DMSO was added to the
culture. The concentration of é-aminocaproic acid was
300 ug/ml during the first 2 days of culture followed by
50 ug/ml for the remainder of the experiment. The cultures
were kept at 37°C in 5% CO,-air. The culture medium was
changed every another day. At 7 days after the start of
culture, the number of tubes derived from aorta fragment
was measured by light microscope observation.

Anti-microbial Activity and Toxicity in Mice

Anti-fungal activities of ICM0301s were measured by
the agar dilution method. Compound 1 was dissolved in 5%
DMSO-saline solution and injected to female ICR mice
intraperitoneally. Body weight changes of mice were
monitored for 2 weeks. '

Results and Discussion

Taxonomic Studies

The fungal strain F-1491 was cultured on various media
at 25 or 37°C for 7 days. The cultural characters are
surnmarized in Table 1, For media tested the growth rates of
the strain F-1491 were greatest on medium CYA. Colony
surfaces on every media were flat to centrally raised,
cottony to felty and white to reddish gray color. Soluble
pigment was not found in the culture on every media.

Morphological characteristics (Fig. 2) of the strain were

Table 1. Cultural characteristics of strain F-1491.

Media Diameter of Color © Surface Pigment or
Colony {mm) Surface . Reverse Characteristics Exudate
White ~ Reddish Gray Clear Exudate
CYA*  56- White ~ Reddish ~B1-2
A 6-58 hite ~ Reddish Gray (8A~B1-2) (84-B1-2) Cottony to Felty No Pigment
: White~Reddi
CYA** 2426  White ~ Reddish Gray (3A-Bl2) " e ReddishGray (v to Felty  Noae
(8A~B1-2)
White ~ Reddish Gray (8A~B1-2) White~Reddish Gray
MEA -29 . Cott t
28-2 Grayish Green*** (25C~D5-6) (8A~B1-2) oftonytoFelty  None
White ~ Reddish Gray (8A~B1-2) White~Reddish Gray
Y20 - F.
CY20S 124 yish Green* (25C~D5-6) (8A~B1-2) Cottony toFelty  None

*: Strain F-1491 was cultured at 25 °C for 7 days,
**:Strain F-1491 was cultured at 37 °C for 7 days. -

***:Strain F-1491 was cultured after several passages.



