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AQsfrucl: Aeruginosin 298-A was isolated from the freshwater blue-green alga Microcysris aer@~~ 

(NIES-298). Its structure was elucidated to be 1 on the basis of 2D NMR data. This linear peptide inhibited 

thmmbin and trypsin potendy. 

Blue-green algae have been shown to produce unique biologically active peptides such as 

microcystinsl from A4icrocystis aeruginma, microviridin~ from M. vidis. notMarin3 from NohJaria 
spumigena. and puwainaphyci& from AnobacM BQ-16-1. We have also reported the new protease 

inhibitory pcptides from fieshwatcr blue-green algae, microginin. micropeptins A and B, and radiosumin5. In 

the course of our screening program of new protease inhibitors. we found that M. aeruginosu (IVIES-298) had 

poteznt inhibitory activities on thrombin and trypsin. In this paper, we report the isolation and structural 

elucidation of 1, 
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M. aerughosa (NIBS-298) was obtaincd frcmn the NlBS-collcction (Ivfie Cult Collecdon, the 

National Institute for JZnvinmmental Studies, Japan) and cubed in 10 L glass bottles containing MA medium 

[Ca(NO$x 4H@ 5 mg, KNQ 10 mg, NaN@ 5 mg. Na2SO4 4 mg, MgQ 6H2O 5 mg. 

P-Na2glyctrophosphate 10 mg, Na#DTA-2H~O 0.5 mg, FcCl3.6H20 0.05 mg, M&IT 4H20 0.5 mg, 

Z&l2 0.05 mg, CoClr 6H2O 0.5 mg, Ma$bO~~ 2H20 0.08 mg, H3BO3 2 mg, BICINE 50 mg, 

distilled water 100 mL, pH 8.616 under illumination of 250 @hnz- s on a 12Lz12D cycle. 
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Table 1. ‘H and ’ % NMR Spccua of Acr@nosin 298-A in DMsod, 

H (mult, I Hz) C (mult) HMBCCH) 

172.8 (s) LcuNKHpla2.3.2-oH 

4.04 (m) 

2.64 (ad, 14.0,7.5) 
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39.3 (t) Hpla5.9 
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1 

6.94 (d 8.5) 

6.60 (d, 8.5) 

5.69 @ml) 
9.12 (tad) 

4.51 (&I, 10.1,8.3,3.5) 

1.20 (1.3.5) 

1.40 (m) 

1.35 (m) 

0.82 (d, 6.4) 

0.88 (d 6.5) 

7.45 (d, 8.3) 

4.16 (t, 8.9) 

1.80 (td. 12.7. 10.1) 

2.00 (m) 

2.27 (m) 

1.43 (m) 

1.43 (m) 

2.02 (m) 

3.92 (s) 

1.65 (t. 11.8) 

2.02 (m) 

4.04 (m) 

3.21 (dd, 10.7.6.2) 

3.31 (da. 10.7.5.1) 

3.64 (m) 

1.30 (m) 

1.60 (m) 

1.50 (m) 

3.07 (m) 

7.54 (s) 

7.52 (s) 

128.1 (s) Hpla 3.6.8 

130.4 (@ Hpla 6.8 

114.7 (4 Hpla 5,9,7-OH 

155.7 (s) . Hpla 5.6.8.9.7-OH 

169.8 (s) Leu2 

48.1 ($I Leu3 

41.8 (t) Leu2.5.5 

23.9 (4 LelJ 3.5.5’ 

23.3 (ci) Lcu 5’ 

21.4 (4 Lu13.5 

59.9 (0 Choi 7a. 3 

30.7 (I) Choi 3a, 7a. 2 

36.0 (a) Choi 4.7a. 3 

26.0 (t) Choi 3a, 5 

19.0 (t) Choi 3a. 6 

63.9 (cl) Choi 5 

33.4 (1) Choi 3a 

%O (a) Choi 3a, 7.3 

171.3 (s) Ar8012-NH. Choi 2,3 

63.3 (t) Argo1 2 

50.2 (ci) Argot 3, 2-NH 

28.0 (t) Argo1 1 

25.0 (t) Argo1 3, 5-N-H 

40.8 (t) Argo1 4, 5.NH 
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Tht8o4bMtoHwrwctof~zbdriedalgalalls(13Ogfrom362Lofculaat)was~~ 

be- watch and dicthyl ether. Both layers showed potent thmmVm and trypsin inhibitory activities. Tht 

aquecus layer was further extracted with n-butanol and subjected to ODS flash chmmatogqhy with 

increasing amounts of MeOH in water. The ether layc~ was partitioned betwam n-hexane and !JO% MeCEi 

and subacquently between CC& and 80% MeOH. The active aqueous MeoHlayer was fractionated by ODS 

flash chromatogriiphy with &reasingamountsofMcOHinwater. Theactivcfractionsfrwnbothlaycrsby 

ODS chromamgraphy wee combined and tesubjected to ODS flash chromatography. The 80% MeOH 

fraction was subjected to reversed-phase HPLC (SHISEIDO CAPCELL PAK C18) with 32% MeCN 

containing 0.05% TFA followed by HPLC .on Nomura Chemical Devckil CN-5 elutcd with an MeCN 

gradicn~ (20-5096) containing 0.05% TFA to yield pun ~Ngiaosb~ 298-A (1, 12. I mg). 

Aeruginosin 298-A is colorless amorphous powder [a]D +22.3’ (c = 0.36, H20); W (H20) Smax 

275 nm (e 1 X0), 281 (sh). The molecular formula of 1 was dexmimd to be C$-l4&N6 by HRFABMS 

[nJz 605.3657 (M+H)+ A -0.6 mmu] and NMR data. The spectra of 1H and 13C NMR (Table 1) were 

characteristic of peptide. Ammo acid analysis of the acid hydrolyzate of 1 (6N HCI, 16 hr) gave Leu and one 

unknown imino acid. ‘Ihe detailed analyses of 1H-lH COSY, HOHAHA7, HMQC* and HMBC? spectra 

supported the presence of Leu (Fig. 1). ‘Ihe lH and 13C NMR spectm suggested the presence of p-substituted 

phenol moiety that was easily identified as Chydroxyphenyllactic acid (Hpla) by COSY and HMBC spectra. 

Positive coloration with Sakaguchi reagent and 13C NMR signal at 6 156.7 showed the existence of guanidine 

group. The COSY and HMBC experiments (Fig. 1) revealed that the residue containing a guanidine group had 

an Arg-like stmcture. The chemical shift of C-l oxygenated methylene (8~ 3.21, 3.31; SC 63.3), which was 

corn&ted to C-2 methine (6~ 3.64, 8~ 50.2), suggested that this residue was argininol (Argol). The hydroxy 

group of Argo1 could not be assigned in ‘H NMR. but the C-l methylcne protons were shifted to lower field 

(6~ 3.21 to 3.98, 3.31 to 4.08) &er acetylation with acetic anhydride/pyridine (l:l)lO. The structure of the 

last new imino acid (2-carboxy-Ghydroxyoctahydroindole; Choi) was deduced as follows. In the COSY and 

HOHAHA spectra, the connectivity from C-2, which was correlated to the carbonyl carbon (6 171.3), to C-5 

was easily determined. The C-3a angular methine proton (8 2.27) was coupled to methine at 64.04 (H-7a). 

which was in turn correlated to methylene at 6 1.65 and 2.02 (Hz-7). These methylene protons were also 

coupled to the oxygenated C-6 methine (6~ 3.92; 8~ 63.9). In the COSY spectrum, the cross peaks between 

Fig. 1 COSY and HMBC correlations of acruginosin 298-A 
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Hz-5 and H-6 were not observed, but this amncctivi~ was unambiguously deduced by the HOHAHA and 
HMBC specanm. Judging fram the chemical shifts, C-2 and C-7a wue ad&cent to the nitrogen atom and the 
cclmlationbetweenC-2sadH-7awasncognizedintheHMBCspecrra Finally,dicsmtctmc ofthisncw 
imino acid was datumi& to be 2-y-&hythoxyoctahydroindole (C&i). 

-Ibe sequctm~ of auuginosin 298-A was deduced by HMBC cor~&&~ (Hpla CQ&eu NH. Choi 
co/Argo1 NH), but the connh?don between Lcu and Choi was not observed in HMBC spcctmm. There were 
two possibilities of the connectivity between Leu and Choi. The chemical shift of the C-6 oxygenamd metbine 
proton (s, 3.92) was at high field for ester linkage and was shiftec to lower flcld (s, 3.92 to 5.12) atler 
acctylationl0. These facts exclti the possibility of ester linkage betwew Lcu and Choi. 

The stuwchcmisuy of Lcu was dctmm&d to be Lfotm by the cbiral GC analysis of iV-trifluutoacetyl 
isopropyl ester &rivadve of bre acid hydrdyzate. Study on the othm stmeochemistries is in progress. 

Aeqinosiu 298-A inhibits thmmbin and ttypsin with an It& of 0.3 pg/mL and 1.0 CcglinL 
respecdwly, but not papain, chymotrypsin, elasmse and plasmin. 
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