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Extracellular Products from Cyanobacteria
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Cyanobacteria havebeen identified as one of the most promising group producing novel biochemically active natural products.
Cyanobacteria are a very old group of prokaryotic organisms that produce very diverse secondary metabolites, especially
non-ribosomal peptide and polyketide structures. Though many useful natural products have been identified in cyanobacterial
biomass, cyanobacteria produce also extracellular proteins related with NRPS/PKS. Detection of unknown secondary
metabolites in medium was carried in the present study by a screening of 98 cyanobacterial strains. A degenerated PCR
technique as molecular approaches was used for general screening of NRPS/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%) and by A3/A7 primer in 26 strains (26.5%). HPLC analysis for a
detection of natural products was performed in extracts from medium in which cyanobacteria containing putative PKS or
NRPS were cultivated. CBT57, CBT62, CBT590 and CBT632 strains were screened for a production of extracellular natural
products. 5 pure substances were detected from medium of these cyanobacteria.
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QA (extracellular proteins)°ﬂ gk A7He wAsla B4
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primers7} EAHT73 S ——ﬂﬁl‘é% 9J8te] AREERAAL HPLCE
T3l e el o] Folth
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Figure 1. The Strucure of the NRPS modules and its mechanism C:
condensationdomain, A: adenylation domain, PCP: peptidyl carrier protein,
E: epimerase domain, TE: thioesterase, MT: methyl transferase, Cy:
cyclization domain, Ox: oxidoreductase domain.(10)
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Figure 2. The Structure of PKS module and its mechanism KS:
ketosynthase, AT: acyl transferase, ACP: acyl carrier protein, DH:
dehydratase, KR: ketoreductase, ER: enoyl reductase, TE: thioesterase,
MT: methyl transferase(10).
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SHT 1 ul ©]99] Taq polymerase Mix, 10 pl; DNA, 1 ul;
ZA9eE primer, 4 pl; <3 primer, 4 pl7} 97tk PCR
o

WSS 4TE 587 RYAFE AX F FERFe=R
denaturation 94C, 302 annealing 40C, 30= extension 72T

29 303 Algstgen 72C, 1027 10CE v =Yk

Table 1. The degenerated primers (IUPAC ambiguity codes: M, AC; R,
AG; Y, CT, D, AGT; N, ACGT)used for the identification of NRPS/PKS
genes in direct/reverse direction

DKF 5"-GTGCCGGTNCCRTGNGYYTC-3"
DKR 5"-GCGATGGAYCCNCARCARMG-3"
MTE2 5"-GCNGGYGGYGCNTAYGTNCC-3"
MTR2 5"-CCNCGDATYTTNACYTG-3’

A3 forward 5"-ATYTAYACITCIGGYTCIACIGG-3’

AT reverse 5"-TAARTCICCIGTYTTRTAIA-3"

16S rDNA-PCR £4

PCR ScreeningZHPLC /384 ool Ad=o] A& 75
7} GEAA B AL 165 tDNA-PCRS EaA S4314ch
Alopttg|2]o}e] 16S tRNA FHAFE 27F (5-AGAGTTTGA
TCMIGGCTCAG-3") und 1492R (5-GGYTACCITGITACGACTT-3")
< o] &3fe] PCRE FEalo] AERAsla 1 A7E BLAST
(http'//ncbi nlm.nih.gov/)ell &8st Hlal #4843tk PCR ¥

2 96CE 2.5%719 RS AW & STZHHOZ 96T,
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o oaiA AL 50%9 80% 2] HErSol] s AE2)
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Table 2. The used HPLC apparatus
Type HPLC Column
g™
analytical HPLC CTO-10AC VP Symmetry shield™ PRI8 5 ym 10 x 250

Shimadzu mm steel column Part No, WAT 248000

ELSD-LT Shimadzu Discovery Bio Wide Pore C18 HPLC

preparalory HPLC | 620104 column 25cm x 10 mm § gm

2 1

PCR A3z|4

Z 98 /MA] Alok=rtE|glolel|A] NRPS/PKS F34E E11
3171 918l 37FA] gAldolEl= Zele]™ (degenerated primers)
£ ARt BASHh

Korean J. Biotechnol. Bioeng., Vol. 23, No. 5

AR 38709 FFNA putative PKS 22+ DKF/DKR
degenerated primerE AR8dt FZESE{th NRPS 79|
FA= MTF2/MTR2 degenerated primer$} A3/A7 degenerated
primerS AHg-3te] E1E 4= gtk 307H¢] TS MTF2/MTR2
degenerated primerE AF&3sh= WHOZ HElEtal, A3/A7
degenerated primerS AMEshe WHOZ = 26719 TF7)
AE = Tk

Microcystis aeruginosa PCC 78060141 MTF2/MTR29} A3/A7
degenerated primer2] AFAE &213 A7} A3/AT7 degenerated
primer= MTF2/MTR2 degenerated primerol] 2J3jA SZ==
A2 A B9 I A9E FHFAATE A F7HA degenerate
primerE°] FFAI7|E FEo] fAlg FEe YA, AFd
°|3}H PCR analysis®] #3x9} Zze ¢3¢ wgh b2
22250

Table 3. PCR screening of 3 primers, DKF/DKR, MTF2/MTR2 and A3/A7

Stem-Nr.  MTF2/MTR DKF/DKR  A3/A7 Stem-Nr. ~ MTF2/MTR DKF/DKR  A3/A7 Stem-Nr. ~ MTF2/MTR DKF/DKR  A3/A7
CBT 7 + + + CBT 257 - - - CBT 654 + - +
CBT 41 + + - CBT 259 - - - CBT 657 - - -
CBT 43 - + + CBT 552 - - - CBT 658 + - +
CBT 45 + + + CBT 554 - - - CBT 660 + - +
CBT 46 - - - CBT 558 + + + CBT 661 + + -
CBT 48 - - - CBT 559 - + - CBT 662 + - +
CBT 49 - + - CBT 589 - + - CBT 664 - - -
CBT 51 - - - CBT 590 - - - CBT 666 - - -
CBT 55 + + + CBT 591 - - + CBT 667 + - -
CBT 57 - - - CBT 596 - - - CBT 668 + + -
CBT 59 - - - CBT 597 - + + CBT 669 - - -
CBT 60 - + - CBT 605 - - - CBT 670 - - -
CBT 62 - + - CBT 608 + + + CBT 675 + + +
CBT 69 - - - CBT 610 + + + CBT 676 + - +
CBT 71 - - - CBT 615 + + + CBT 678 - - -
CBT 74 - + - CBT 616 - - + CBT 679 - - -
CBT 75 + + - CBT 617 - - - CBT 680 - - -
CBT 144 - - - CBT 619 - + - CBT 681 - - +
CBT 156 - + - CBT 631 + + + CBT 682 - - -
CBT 196 + + - CBT 632 - + - CBT 684 - - -
CBT 202 - + - CBT 635 + + + CBT 685 - - -
CBT 203 - - + CBT 637 - - - CBT 686 - - -
CBT 205 - - - CBT 638 - - - CBT 687 - - -
CBT 212 - - - CBT 642 + + + CBT 688 + - -
CBT 217 + + + CBT 643 - - - CBT 689 - - -
CBT 219 - - - CBT 644 - - - CBT 690 - - -
CBT 227 - + - CBT 645 + + + CBT 692 - - -
CBT 233 + + - CBT 646 - - - CBT 693 + - -
CBT 237 - - - CBT 647 + + + CBT 695 - - -
CBT 245 - + - CBT 648 + + + CBT 697 - + -
CBT 251 - + - CBT 649 - - - CBT 698 - - -
CBT 252 - - - CBT 651 + + + CBT 699 - - -
CBT 253 - - - CBT 652 - - -
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781 taccctgaga gaggggogot cattittgaa aatcaagaat taacttatca agaattaaat
841 gaaasageea atcaacttQy tcattaccta casaaatfag gagtazaace agaggaatty
201 IR gaattt atctagageg ttccttagaa atggtagtag gattattage tgttttgaag
961 CTTAgAtCCt 22TTATCCLC 23QRACOCCT 2agriatcha
1021 ttagaagata ctggggtaaz agitattatt actggggaat cgctgeogoy attgtiggac
1081 gaataccgag gaattgbtgh tgottiggat acagattggt cagcaattm tcazgaaagt
1141 cagaacaatt gtgacagtqy tgtaactgpy gaaaatitag cttatgttat ctacacticg
1201 [pgticcacay gracacctaa gogoqtyaty aateatcata agoggattay gaatcgbtty
1261 ttotogatge agoatactta tcagttaact aagagtgatt goattttaca aaaaaccecet
1321 trtagtttocg atguitcagt grgggaatte tLitggoctt tattageggg tgcaacccra
1381 gttgtagcetg aaccagaagg tcataaagat agtacctatt taatacaatt gatccaaaag
1441 cagcaaatca ctacccttca ttitgtocoe toaatgttge gggtgtttct goaagaacca
1501 gagctaaaag gatgtagttc totcaagegy gtittetgta gtggagaage titgtcatta
1561 gagttaacac aacgettttt tgageatttt gactgtgaac tcacaacct ctatggteeg
1621 actgaggegy coattgatgh gacttactgg cottgtttge cgoagagtca aaaagecata
1681 grcagtattg gocgaccgat tgotaatact cagatttata ticttaatce goacttacaa
1741 ccagttccta tagggattgh gggagaatta catatiggtg ggataggttt agetcgtgga
1801 tacctcaatc gucocyaatt gacgyccay aa gy tatcs claatoCitt tgotaaggty

1861 gaagcagoaa tagogooaga aattaguoca aaagccmm

1821 tatttaccey atguaaatat tgagrtttta gggeguatty accatfaagt taagattcgy
1981 @tttccgga ttgagttooy goasattgaa getatactca gtcaacatos agoagttgag
2041 caagcgotag ttattgeatc ggagacagaa acagggagtc aaacactaat tgottatgtt
2101 gtgggtcagt ctcaagaagg ggaactcttg acgacticag aaaatgggea attaticgat
2161 gaacaaatcg ggcaatggca aagoctcotat aatcaaattt acagocaaac atcggcagat

2221 tetcagggta tatttaatat toutgEotQy aatagoagtt aCacguggE acctatcocy

Figure 3. MTF2/MTR2 and A3/A7 primer-binding position in gene
sequence in Microcystis aeruginosa PCC 7806.

SPE & FHEH
g oll A AtElE NEZFEAY] RS g & AX
52 AAS FE= wAEEA% 23, CBT57, CBT62, CBT590

and CBT632 T5E°]| extracelluar product®] AAHS- $13k F=
2 AEE A AELEFEC] 5% CBTS7, CBT62, CBT590
and CBT632 TE5°] HE2| AH= (extracelluar product)®] A§4t

S 9 @72 A8 CBT629F CBT632= DKF/DKR
degenerated primer9} degenerated PCR screening®l] 234 A%
QA7 CBT579F CBT5902 o]+ degenerated primerol] 2J3]
ME AEEHA L3k MTF/MTR2} A3/A7 degenerated primes
o oA AMdx= T_fzﬁl:é% MEWE-EZ (intracellular) T
NPsE Astste Zlo] FRAHUAR 2 FFY wjAdA =
A AES A 0}7%‘4 op+ ‘5&'8 TEE HEEA
g 571 Axe] EAE0] wiA A AZEH U

16S rDNA-PCR2 0|23 #F =3
M EZHTNA (extracellular proteins)S A2Fsl= =, CBT62,
CBT590 CBT632+ 16S rDNA-PCR 41 oJajx] FAH= Aok

Table 4. Analysis about unknown cyanobacteria was performed by
sequencing PCR products for 16S rRNA. Gene sequence amplified by
16S rRNA-DNA primer was compared with 16S rRNA sequence of
known strains by BLAST

Strain Number Primer Identity
CBT57 Unknown (not in database)
CBT62 Pleurocapsa sp. 100%
CBT590 Leptolyngbya 100%
CBT632 Synechocytis sp. PCC6803 99%
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Figure 4. Sample of HPLC analysis (three out of five diagrams were
shown).
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