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Cyanobacteria grow vigorously during algal blooms, release toxins and cause problems in
eutrophication of lakes, reservoirs and rivers. These cyanobacteria supply a large number of
peptides. Some of these peptides are linear and have protease inhibitory activities.
Cyanobacterial extracts in the laboratory were explored, and several extracts exhibited promising
protease inhibitory activities. The Anabaena species and its thrombin, cathepsin B and dipeptidyl
peptidase IV (DPPIV), and trypsin inhibitory activities were focused as the subject of the study.

The main objective of this study is to isolate and elucidate linear peptides with protease
inhibitory activities from the cyanobacteria of genus Anabaena. The Anabaena are found in algal
blooms, together with other cyanobacteria, and caused eutrophication of freshwater
environments. The Anabaena, which are considered as wastes during algal blooms were utilized
for research and medical purposes by exploring its protease inhibitory activities.

Two strains of Anabaena, A. compacta (NIES-835) and A. heterospora (NIES-1697) were
found to be active from screening in the laboratory for thrombin and DPP IV inhibitory assays,
respectively. These two species of Anabaena were worked out and pursued for isolation and
structure elucidation of protease inhibitors. Also, previous screening done by Shirato in the
laboratory for over 20 extracts of cyanobacteria for thrombin inhibitory assay showed extracts
from A. compacta (NIES-835) gave positive result in thrombin assay and was pursued for
isolation.

Cultures optimization of the active compounds from 4. compacta was done for 36 days.
The yield, thrombin inhibitory assay, and concentration of active compounds with m/z 613 were
monitored every 3 days by LC-MS. The maximum yield with m/z 613-containing compounds
with consistent % inhibition is at its best to harvest on 27-30 days.

Bioassay-guided investigation of the 4. compacta extracts afforded linear peptides spumigin
J and the known thrombin inhibitory spumigin A. The relative configuration of spumigin J was
analyzed by advanced Marfey’s methodology. Spumigin J inhibited thrombin with ECsy of 4.9
uM. The isolated spumigins J and A inhibit cathepsin B with ECsg 0.7 and 0.2 uM, respectively.
Spumigins J and A were subjected to thrombin docking study using MM-GBSA methodology.
The MM-GBSA predicted spumigin with 25-4-methylproline as the better thrombin inhibitor.
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This study also deals with the screening of cyanobacterial extracts for Dipeptidyl
Peptidase IV (DPP 1V) inhibitory activity. The cyanobacterial extracts present in the laboratory
weére screened for the potential DPP IV inhibitory activity. The enzyme- substrate optimization
was performed using varying amounts of DPP IV enzyme and substrate. The 149 fractions were
extracted, which included 6 methanol extracts of Anabaena species. In the DPP IV inhibitory
assay, using porcine kidney and Gly-Pro-MCA, the genera of Oscillatoria, Phormidium and
Microcystis exhibited DPP IV inhibition. O. agardhii gave 95% DPP IV inhibition at high dose
of 100 ug/mL. The A. heterospora (NIES 1697) and A. pseudocompacta (NIES 1939) gave
promising activity of 75% and 70%, respectively, at a lower dose of 10 ug/mL. These two
species of Anabaena are strong candidates for exploring novel protease inhibitors for further
study. Both species are understudied and no known activities reported from literature.

Heterosporins A and B are linear peptides from the freshwater A. heterospora (NIES 1697)
The structures of heterosporins were elucidated by interpretation of 1D and 2D-NMR. The linear
sequence of heterosporins was deduced by FTMS/MS techniques. The overall stereostructures of
the isolated compounds were analyzed by advanced Marfey’s analysis, and HPLC-FTMS.
Heterosporin, a new class of linear peptides isolated from A. heterospora, is composed of
4-hydroxyphenyllactic acid (R-Hpla), phenylalanine (L-Phe), D-allo-isoleucine or leucine
(D-allo-1le or L-Leu), and glycine (Gly). Heterosporins A and B have trypsin inhibitory activity
at 4.87 uM and 0.08 uM, respectively.
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