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Cyanobacteria have been 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. Large multienzyme complexes which are responsible for the
non-ribosomal biosynthesis of peptides are modular for the addition of a single amino acid. An activation of amino acid
substrates results in an amino adenylate occuring via an adenylation domain (A-domain). A-domains are responsible for the
recognition of amino acids as substrates within NP synthesis. The A-domain contains ten conserved motifs, A1 to A10. In
this study, ten conserved motifs from A1 to A10 were checked regarding their amino acid sequence of the NRPS-module of
Microcystis aeruginosa PCC 7806. The part of the amino acid sequence chosen was that which contained as many
conserved motives as possible, and then these amino sequence were compared between other cyanobacteria to design a
new degenerate primer. A new degenerate primer (A3/A7 primer) was designed to detect any putative NP synthetase region
in unkwon cyanobacteria by a reverse translation of the conserved amino acid sequence and a search for cyanobacterial
DNA bank.
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Figure 1. Module structures of the NRPS and their mechanisms, C:
condensation domain, A: adenylation domain, PCP: peptidyl carrier
protein(10).

Figure 2. Module structures of the PKS, KS: ketosynthase, AT: acyl
transferase, ACP: acyl catrier protein(10).
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Figure 3. NRPS gencluster of M. aeruginosa PCC7806.
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Figure 4. The selected amino acids sequence in the NRPS-module of
Microcystis aeruginosa PCC 7806 contains 8 conserved A-domain
motifs  ((A1~A8); Al: LTYxEL A2: LKAGxAYVPID A3:
LAYxxYTSGTTGxPKG  A4: FDxS A5: NxYGPTE A6
GELxIxGXGLARGY A7: YKTGD AS8: GRxDxQVKIRGxRVELEEVE
(6). x is any amino acid).
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Figure 5. The phylogenetic tree. Cyanobacterial strains were selected
and compared with each other in order to find highly conserved
sequences (Anabaena variabilis, Nostoc punctiforme Planktothrix
agardhi were not shown).
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Figure 6. Structure of the Inosine.
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Figure 7. Amino acid sequences of several cyanobacteria were aligned
in a multiple fashion for the design of a new primer. Highly conserved
amino acid sequences were selected and shown in the two boxes. The
front box represents the A3 motif and the rear box represents the A7
motif.
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Hicrocystis, aerugimn

Anabaena,circinalis GAGRATCRGAALAATCYCARCRGTEECGTRARAGERGRGRAL TTARE TTATE) ART TIRTRCCIETGHE TE TRCARGTRAGL
Anabaena,varishilis TCTAYTGL YCTGTCEAGCCRAGARARTEL CATTECTGETGTGLAGTRCAGTHACY TGLC T TATGYORT T IR TRC TTETGRTT € TRUCGELRAGL
Hostoe ,punctiforne RGTCARGARAATCCART TACTACTGTACRAGETRGTRACT THEL TTASTGRTT TALRCM ELEGTTLCAC THHCRAGE
Chlerogloeopsis, frit CCTGARMRCCCART TAGTGARGT TACRCCAGARRRCL TRGCH THYGTRAT T FRCALT TCCGGTT CTRCRGERRAGE
Planktothris, agardhi GATCTOAT TGCARRGGRRARATCCRGACAA TTT TGRGAR TGGHGT TACGG TREAGHAT T TRECC TRYET TRIC T ATACATCRGETTCRALAGEATAAT
Planktothrix.rubesce CAGACARTTT TGAGAGTGAGE T TAERGTRANGANTT FAGCL TRTGT TR TC TR TALATUGGGTTCAR GGEACRAL
Nodularia.spumigena PGTGATTGGCAAL TAAT YGCTCRL TATAECCAGCRGAR TCCLE TCRGLCARGTGRLATCGROARAT T TGHL TTRTGT LR TYRTALL ICTGECTCLACAGELARGT
Pscillatoria,sp. TTBLICTT AGRERAT TRERGC ARG RRART CLARGCAL Y TU TR LCRR CRGRRAIT T ¥ RGCL SR T TR TCT A TAER TURGR T VOURE THROCHAR.
Lymgbya.na juscula  GRRGCARRGETAGT T TGL TTAEATCGREAT TEECREARAAT TG TTRL TGAARATCE TARARN Y GT TACCAG T GARG T TACGRCAGRARATT Y ABCCT ATRTRATC TALACT TLAGRT ICCHURGGEARRL
Tolupothrix. sp, TTRCACAARACEST CARGARRA T CCARCCAAT TGTETARCAT T TRAFEIRCTTAGL TTATGYCATC TRCBOC SCTGRLACTRCT GLEANGL
Crocospheera, wat soni CTTGFTRGTHART FRATCRATCGATART TTARTC rRCA FCATTTATRLT TCAGSL TCCACAGGARAAL
Nicrocystis botrys CCTERGAATY TASCCTATRT TRTATRLACT TCTGHT TLAHDEGRARAAT
Hostoc, sp., ARGCTAGTRALT FEGL TTRTGTAATT IRCATATLCRST T TRCTLACAAGT
LORSENSUS 0 seeeemeessassasrsrarrarerrries Cuvell,@BhL ansr agt., ..gt. acag, .ga BALTTaECLTAT R T ATLTRERAL, TC, 65L TT AL, GG, aflal
131 140 150 150 1M 180 1% 200 210?1?
Microcystis,aeruging crmacmmmmmcmmmnmumnm
fnsbaena,clircinalis CASKGEGAGCARTGAATACCCATARRGGLAT TAGTART
Anabaena,variabilis CCRARAGAAGCCATHARCACCCACTTREEGAT TTIGTARTCRCCTATYGYGGAT GCAG
Rostac,pumctiforwe  CCARAGGALCARTSHRACACCTAC TTESGAAT FTGCAATCGE
Lhloroglosopsls,frit CERRGGETGLGRTSRACAL TCACMGSHCTTGTGTAATCGETTR
Planktothrix agardhi CCARRGELGLGRTSARTTGCLATCAAGECGT TGTCRATCGTTTRCTHTGRATGCAGEATRCCTATCCATTAACCOAGGEGLGAT
PLanktothrix,rubesce CCARRGGLECGATGRRTTGLCATLORGELET TRYCARATCOTTTGL

Hodularia, spunipena
Gscillatoria, sp,
Lyngbya,na juscula
Telypothrix.zp.

Cro¢osphaera,yatsoni O

Hicrocystis, botrys
Mostar.sp.
Consaneus

CRHBGGRTETEATERATCT IURTCARGE-=TATF IGCAR—TAATTTA
CCARRGEEST GRTGRRTCTTCHTERGEG— TATTTGCRA--TARTAT
CCARAGGASTAATGRTAGCLL RTAT TRERCTRCATRACL —THC TTRARBT T
CTRRAGEART TTYRATTGARTRTTEGECAT TGTETRATT -~ TAGTAGRRGLT
RARGEGARCCATGARCACTCRTCAARGAG T TGTTRATCETTTACTTTGEATG
CYRAAGE TETGATLAATATTCH TCARGGART TTRCARTACT

CCRRAGLRECART GHACRTGEACTTELGA

Ceffiatifiate  ATGRa ac AL, 3Rl TL, La8be, ke ee e nn i n e

Figure 8. MULTALIN alignments about nucleotide sequences corresponding

to the A3

motif, Highly conserved sequence is checked above.
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Table 1. The new degencrated primer A3/A7 (IUPAC ambiguity
codes: M, AC; R, AG; Y, CT, D, AGT; N, ACGT, I, Inosin)

A3 forward 5°-ATYTAYACITCIGGYTCIACIGG-3°
AT reverse 5-TAARTCICCIGTYTTRTAIA-3"
! 10 ) o L] 30 (=] 70 80 30 100 110 120 13
My il T T Ty
o parigena FER e b i AL L e UL Lt

Tmﬂﬂ1'lIZR'ITT‘I:lml:CWW“BC“TEI:I:I:—CFIIT‘IEIC[IDTTTHEFEW‘H‘ GAGHCTTAGE T A
LGTCCRGRAT TAACEECAGARACA T T TAT TEREAMTCCAT T TAGEGARARC TYTGECTAT TCGLGTT{ ATHERAGALAGEAGATTTRGTTTGRT T

T TGALRARAEANAAT YCAT TTCORRCCCCTT THRARATTC —. —=—FRAT TATATRRARACTEGALATY | IECACHRT Y

Chloroglocopsls. frit mmtsmemnmnnmcmrsm Tmnn—--—-—-mm GTRCREFAGHTSRT ITAGCRIGCT
Hicrooptis. botrys RTmtmmmamsﬂmnmrmmrmnmrncw:wrmnm—-—— ~=GAAATTATATARAM. CERGGERT TTRRL TGO
Tolypothris,=p, ACCATCCTGRAT TERCAGCCERRRART TTATTCCCAATLLTTT FARTCAGORMARTGEMG- ~-CGOGAL FTTHTARGACARGTR TTRGCTOGRT
Lynrhya. o uscula BTCCCRACTTRACCAC TERGAAG T T TATCCCCARCCCTT TLAGTRACARRGL AGAAC --—RGAGEL T TTATRARACRGEGH Y T {WELRCGT 1
Oscillatoria,sp, CRGLTTGRAT TARCRGC THRRAAATTTATTLCTARTCCT T TY GG T GoMAGE- e TARAT TG TR TR AGECGAT TTRGTCLGET
PLankt obbirix. sgardhi GLCARTCCATT TYRTCCT FCCC TTCRARRRAGRGCANGET TCGACCATC TCRCCOL BACT TTATARARE GLGREATT TRGCCL 15T
Plankt obhrin, rubesce CRATCCET T TTATCCTYCCCTTCAMMBAGAGCRITGE TTCGACCATC TLAL (I GAL FTTHTHAAAC YTGAEITT1 RGCCCTET
Moztoc.sp. CAGTCCCTAGTCCCCRATCCL: === =—=CRGC T T FNTWPC TGORGETT TRGCGLGYTT

Conzenews rassrssraassassstboC, g blalE LU E T o

Jactb TR RHatl, GhaGEA 1T TG, LG, T
}Zﬂ 140 150 160 170 160 190 20 210 220

ne sequence
Hicrocustis,sorugino  AYVTACCCEATGGARATAT]GAG (T TTRGGECSEAT TEACCATCARG T THAGATTCEA gene seq
fnahaene. circinalis  ATTTACOLGA] GECAATAT TEAAT TTCTCLGTOGTA T CGRCCACT RAG T TAREAT TCGCGEC T TCLGCAT THARC Y AGGAGAN :
Hodularin. spmigena Il'lITM‘W‘mmnmmrl:!TE’TI:MTIEITHTM‘IM!scmtrlltmmnm‘lmanﬂm for A7 pomer
fnabaena.varisbiliz  ATCTACCTEATEGLEAATH Y TGRATACT TABAACGTAY TEATAGCCARG TRARAA TACETHET T TCCGCATTENGT TAGGOGRAN T TGARGT

Bl RIC mimrt!usmrﬁnﬂmn

ATetacl GATRECARLAT IGRaTaLLT, Bhact, ‘Il'_i d.cat . as, b,

Figure 9. MULTALIN alignments about nucleotide sequences
corresponding to the A7 motif. Reverse primer was derived from the
highly conserved sequence checked above.
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A AEET ¥ 7l IFE ME UASIE A3AT
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GeneRuler Pos. Water =~ 233 558 635 654 658

Figure 10. An example of PCR screening through the new designed
A3/A7 primers. Some 730 bp fragment was amplified by degenerate
A3/AT primer. Positive control: CBT 265 Microcystis sp, Strain PCC
7806, Negative Control: water without a DNA template. Annealing
temperature was determined at 40°C.
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