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Cyanobacteria are a very old group of prokaryotic organisms that produce very diverse secondary metabolites, especially
non-ribosomal peptide and polyketide structures. Although some cyanobacteria produce lethal toxins such as microcystins and
anatoxins, some may be useful either for development into commercial drugs or as biochemical tools. Detection of unknown
secondary metabolites was carried in the present study by a screening of 98 cyanobacterial strains from Cyanobiotech
GmbH in order to establish a screening process, isolate pure substances and determine their bioactivities. A degenerated
polymerase chain reaction technique as molecular approaches has been used for general screening of NRPS gene and PKS
gene in cyanobacteria. A putative PKS gene was detected by DKF/DKR primer in 38 strains (38.8%) and PCR amplicons
resulted from a presence of NRPS gene were showed by MTF2/MTR2 primer in 30 strains (30.6%), respectively. A
screening of interesting strains was performed by comparing PCR screening results with HPLC analyses of extracts. HPLC
analysis for a detection of natural products was performed in extracts from biomass. 5 strains were screened for further
scale-up processing. 7 pure substances were isolated from the scale-up cultures and tested for bioactivities under
consideration to purity, amount and molecular weight of substances. One substance isolated from CBT 635 showed cytotoxic
activity. This substance may be regarded as Microcystin LR.
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Table 1. Secondary metabolites from Cyanobacteris and their
biochemical activities

Compound Strain Biological activity
Lyngbyatoxin Lyngbhya sp. Proteinase C activator
Anatoxin Anabaena sp. Nicotinergic agonist
Dolastatin Symploca sp. Anticancer
Aeruginosin Microcystis aeruginosa "Thrombin- and trypsin. inhibitor
Cryptophycin Nostoc sp. Tumor suppressor
Antillatoxin Lyngbya majuscula Ichthyotoxic
Microginin Microcystis aeruginosa ACE-inhibitor
Microcoline Lyngbya majuscila Immunsuppressive
Microcystine/Nodularine Microcystis/Nodularia Protein-phosphatasc-1/2A inhibitor
Anabaenopeptine Anabaena flos-aquae Protease inhibitor
Nostocyclamide Nostoc sp, Antialgal, anticyanobacterial
Westiellamide Westiellopsis prolifica moderately cytotoxic
Oscillamide Oscillatoria agardhii Chymotrypsin inhibitor
Micropeptin 90 Microcystis aeruginosa Plasmin/trypsin inhibitor
Nostocyclin Nostoc sp. Protein-phosphatase-1 inhibitor
Microcystilid A Microcystis aeruginosa promotes cell-differentiation
Cyanopeptoline Microcystis sp. Antimicrobial, peptidasc inhibitor
Micropeptine A, B Microcystis aeruginosa Plasmin/trypsin inhibitor
Oscillapeptin Oscillatoria agardhii Elastase/chymotrypsin inhibitor
AS0720A Microchaete loktakensis Serine protease inhibitor
Aeruginopeptine Microcystis aeruginosa Chymotrypsin inhibitor
Calophycin Calothrix fusca Antifungal
Puwainaphycine Anabaena sp. Cardioactive
Laxaphycine Anabaena laxa Antifungal
Schizotrin Schizothrix sp. Antimicrobial
Microviridine Microcystis aeruginosa Elastase inhibitor

http://www.cyanobiotech.com/products/background_np.html
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Figure 2. Biochemical activities of NPs from Cyanobacteria.

o ™ \ o Sy
)L ~ LN ux\ /f A CooH
i H I K \H/ \L

HOy,
s O | jad _’.f“_\\:
SN x/’““wj\m oo H/ j\
o /; ‘_GH

-

Figure 3. Microginin from Micorsystis aeruginosa.

HH
&

Hot —ﬂ

NH

Figure 4. Microcystin.

Cyanobacteria= 7Hg Q¥ & & A 749 ABA
ol shyEA AF di7) A BAs) $ow©), 11
28 AZgFdA A BAAGAT dFe Ldst
1 F84E AASA Xl gtoh 2Py /lFe] Aol
= 9493 "y AGsrte oofdord AAAH] dAL



358

Nopwdtdlelolgts A2e FAE AAn oAl A
Z‘i% ojth, B dAFdAe Aol TFE EF o ek
HHE £ e FFRFHOE AE-F moleculesS
21] il EASATIZ] % A AHS 23 W
28ttt NRPS/PKSe] #HdE FHAE #F
degenerated primers’} ¥-A-7-A8 A Screening2 93+
§5ojf 1 HPLCMSE &3l 88 F 2 A&
Fo 7t

o g Mk n{m il

L = r e K Jo

AlOf - Bt 2 of 2} uf

Cyanobiotech GmbHOI| 4] (www.cyanobiotech.de) A F¥H
FEo| ol AFAM HHHAUZ, BGll Mediums Al-&-s}
of 25°Co| A} FueF (f=gF 1500 1x) = QItd Total DNAES
F3l7] A TFES 35 T 500 ml EHERA Ao A
HE v gEojRth d5e] FET Beckman spectrometer
DU-50 (Beckman instruments, Fullerton, USA)¢] 2J&jA] 750
mmol A SAEHAA, OD 0.7-09 Atojojr] DNA F534
(15 ml) HPLC %4< (50 ml) 93 AWZgo] o] o]z
PCR¥} HPLCS 53 &4 9siM HEd d5= 2017}
Z] Scale-up FoZth 20 L 1 E& viY¢A] CO, 7l&7F 4
HE 53 9502 §55o|A= biomasssv FEFEZ

o FEREAT AFIFH BHAY] AEH AT

=
=
al
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Figure 6. 20 L. Scale-up.
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Table 2. Degenerated primers (IUPAC ambiguity codes: M, AC; R,
AG; Y, CT, D, AGT; N, ACGT)

DKF 5-GTGCCGGTNCCRTGNGYYTC-3’

DKR 5-GCGATGGAYCCNCARCARMG-3"
MTF2 5-GCNGGYGGYGCNTAYGTNCC-3”
MTR2 5"-CCNCGDATYTTNACYTG-3"
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Table 3. The two types of HPLC apparatus used

Type HPLC Column

Symmetry shieldTM PR18

5 ym 10 x 250 mm steel column
Part No, WAT 248000

Discovery Bio Wide Pore C18
HPLC column
25cm x 10mm 5;m

CTO-10AC VP

lytical HPL
analytica C Shimadzu

ELSD-LT Shimadzu

tory HPL
preparatory HFLC 1 Ms-2010A

PCR Screening
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Figure 7. Agarose gel stained by ethidium bromide showing an example
for the presence or absence of PCR amplification products of NRPS/PKS
genes (a) 1,000 bp fragments were amplified by MTF2/MTR2 primer
detecting NRPS gene b) 750 bp fragments were amplified by DKF/DKR
primer detecting PKS gene. Positive control is abbreviated to Pos.: CBT
265 Microcystis sp. Strain PCC 7806, known to contain NRPS/PKS
genes, Negative control; water with no DNA template, lane 1: CBT 7,
lane 2: CBT 46, lane 3: CBT 48, lane 4. CBT 69, lane 5: CBT 196,
lane 6: CBT 212, lane 7: CBT 217, lane 8: CBT 233, lane 9: CBT 558,
lane 10: CBT 559, lane 11: CBT 645, lane 12: CBT 661, lane 13: CBT
662, lane 14: CBT 675, lane 15: CBT 682, lane 16: CBT 684 and lane
17: CBT 685)).
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Table 4. Screening summary based on PCR Screening and HPLC
analysis. +: positive; -: negative

Strain.Nr Strain MTF-PCR | PKS-PCR | HPLC/MS
CBT45 Fischerella + + 1 peak
CBT233 | Scytonema miriabile + + 2 peaks
CBTS58 unknown + + 3 peaks
CBT635 unknown + + >7 peaks
CBTo654 unknown. + — 4 peaks
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Figure 8. Sample of HPLC analysis (three out of five diagrams were
shown).
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Table 5. Analysis about unknown cyanobacteria was performed by
sequencing PCR products for 16S rRNA. Gene sequence amplified by
16S rRNA-DNA primer was compared with 165 rRNA sequence of
known strains by BLAST

Strain Number Primer Identity
CBT558 Nostoc 100%
CBT635 Microcystis aeruginosa PCCT7820 100 %
CBT654 Aphanizomenon sp. 100 %

GeneRule

Standard 632 635 654

Figure 9. Gel electrophoresis of PCR amplification products by 16S
rRNA-DNA primer (27F, 1492R). A 1,500 bp fragment amplified by
specific 16S rRNA-DNA primer was sequenced. Standard is CBT
265 Microcystis sp. Strain PCC 7806.
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_'_xl'o |_é|
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Table 6. Human cell line and Microorganisms

Bacteria S2 Proteus vulgaris, Staphylococcus aureus
Yeast S2 Candida albicans

Fungi S2 Aspergillus. fumigatus

Human cell line HeLa S3

Table 7. Bioactivity of pure substances

: . d.w. of pure | . . .
Strain Peak | Test con. | Biomass substance | Bioactivity

CBT 558 |33.7min |8 ug/ml 043¢ 1633 ug No activity
1.2 mi 10 . 1vi

CBT 635 31.2 m}n ug/ml 9.8 ¢ 393 g No actn.zlty
422 min |10 yg/ml 83 ug Cytotoxic

343min |10 yg/ml 114.6 ug No activity

CBT 654 35 m?n 8 ug/ml 6528 66 Lg No act%v%ty

44 min 10 pug/mi 3,340 ug No activity

557 min |10 yg/ml 2023 ug No activity
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Figure 10, HPLC/MS chromatography of pure substance from a peak
at 42.2 min in CBT635 (a) High purity was checked, b) Molecular
weight measured 498.5).
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