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ABSTRACT - Anatoxin-a, saxitoxin and neosaxitoxin are produced by Aphanizomenon flos-aquae that is a sort
of the cyanobacteria phylum. Therefore, it is not permitted for food materials in Korea. Traditionally, the classification
of cyanobacteria has been based on morphological characters such as trichome width, cell size, division planes, shape,
and the presence of character such as gas vacuole. But, some diagnostic features, such as gas vacuole or akinetes, can
show variation with different environmental or growth conditions and even be lost during cultivation. Therefore, we
developed detection method for functional foods containing Aph. flos-aguae by PCR. To design the primer, 16S rRNA
region of Aph. flos-aquae, Spirulina laxissima, and Spirulina spp. registered in the GeneBank (www.ncbi.nlm.nih.gov)
have been used and for comparative analysis, BioEdit ver. 7.0.9.0. was used. As a result, we was design AFA-F1/AFA-
R1 (363 bp) primer for the differentiation Aph. flos-aquae from chlorella, spirulina, green tea, and spinach. Also, it
could be distinguished chlorella and spirulina products those are made to contain 1% Aph. flos-aquae.
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Table 1. List of blue green algae related product used in this study

Zolle FAAE7] 4 v, FAAE7IME 24 Sl
ek SRS 2ol AlmEIL ST
A} N

oA 7]1&3IHRE0] dph. flos-aquaecs N EJEZ &
7 AR 545 A7) el anxte] A%
st A FHoM = AEFLERE AHEE T jlE

3ok wEkA Aol e T A7ISAE T
A2t = 29 FY AFoA Aph. flos-aquae’t T3

-
=2
>
=
e
o)
ok
i
> rlo
[N
=
)
ME
rx
lo

o AEAZ-HEANE HEole 5 AEAIRDY B

Al 3 AY 7Y

252 (Polymerase Chain Reaction, PCR)S- $]3F
gtol™ 9 Tag DNA polymerase H}©] 2 1 o}(Bioneer,
Korea)oll ¢&|ate] 4 = ot PCR M=
C1000 Touch™ Thermal Cycler (Bio-RAD Laboratories,
Inc. USA)S AMg3llen, 82 %S DNeasy Plant
mini 7]E(Qiagen GmbH, Hilden, Germany)E A}-&-3}t}.
BEFABR Aph. flos-aquae, SZ2EAE}, 23FI U= 2
FEMAA (A7 AFIEIHETH T Lo
o, 2o 2 AREH =3k, AlgA, 228 AF 2%,
20 FEu AF 25 Lt vtECA AR ST
2P RFAIRE olgste] IR B A9 R
Aph. flos-aquae?t Z¥ZF 10% THates A@AoA A=
stlom, ARSE AlFel tisted= Table 19 718kt

(Kl

B
DNeasy Plant mini 7]|EE A3l F1AE FE313
o FEWHS ARALA AFels FEHA A3

FEsion, & HF &EdAd = AE &8 Al
Had5HFTE A3l DNeasy Mini spin column® 2%

Items main ingredient composition remarks
S1 Aphanizomenon flos-aquae Aph. flos-aquae (AFA)100%
S2 chlorella chlorella 100%
S3 spirulina spirulina 100%
S4 chlorella chlorella 99%, AFA 1% this study
S5 spirulina spirulina 99%, AFA 1% this study
S6 chlorella chlorella 99%, sea weed powder 1% A co.
S7 chlorella chlorella 99%, sea weed powder 1% B co.
S8 spirulina spirulina 100% C co.
S9 spirulina spirulina 100% D co.
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CTGAAGAAGAGCTTGCGTCTGATTAGCTAGTTGGTAGTGTAAGAGACTACCAAGGCGACG

CTGAAGAAGAGCTTGCGTCTGATTAGCTAGTTGGTAGTGTAAGAGACTACCAAGGCGACG
CTGAGGATGAACTCGCGTCTGATTAGCTAGTTGGTGGGGTAAGGGCTCACCAAGGCGACG
CGGGAGATGAGCTCGCGTCTGATTAGCTAGT TGGTGAGGTAAAGGCTCACCAAGGCGACG

AFA-F2
GCAAGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCATT GTAAGTCTGCT
GCAAGCGTTATCCGGAATGATTGGGCGTAAAGGGTCCGCAGGTGGCATTGTAAGTCTGCT

GCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGTCCGCAGGCGGCTTTTTAAGTCTGTT
GCAAGCGTTATCCGGAATGATTGGGCGTAAAGCGTCCGTAGGTGGCTGTTCAAGTCTGCT

560 570 590

GTTAAAGAGTTTGGCTCAACCAAATAAGAGCAGTGGAAACTACAAAGCTAGAGTGTGGTC

A
GTTAAAGAGTTTGGCTCAACCAAATAAGAGCAGTGGAAACTACAAAGCTAGAGTGTGGTC

GTTAAATGTCACAGCTCAACTGTGGGTCGGCAATGGAAACTGAAGAGCTTGAGTGTGGTA
GTCAAAGACAGTGGCTTAACTACTGAAAGGCAGTGGAAACTGAACAGCTAGAGTACGGTA

CATGCAACGCCAAAAACCTTACCAAGGCTTGACGTGTCCCGAATCCTATTGAAAGATGGG
GATGCAACGCGAAGAACCTTACCAAGGCTTGACATGTCACGAATCCTATTGAAAGATGGG

GATGCAACGCGAAGAACCTTACCAAGGCTTGACATGTCGCGAATCTCTTGGAGACGAGAG
GATGCAACGCGAAGAACCTTACCAGGGCTTGACATGTCCGGAATCTTGGTGAAAGCCGAG

.90 980 990 1000 1010 1020
AGTCCTTTCGGGAGCGTGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGA
AFA-R2

AGTGCCTTCGGGAGCGTGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGA

AGTGCCTTCGGGAACGCGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGA
AGTGCCTTCGGGAGCCGGAACACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGA

7 mis0 L 1e0 170 1180 1190 1200
ATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCTACA

ATGCCCCTTACGTCTTGGGCTACACACGTACTACAATGCTACGGACAAAGGGCAGCTACA
ATGCCCCTTACGTCTTGGGCTACACACGTCCTACAATGCTACGGACAGAGGGCAGCGAGC
ATGCCCCTTACGTCCTGGGCTACACACGTACTACAATGGGGGGGACAAAGGGTAGCCAAG

1?10 . !?20 . !230 . !240 . 1950 ; 1260
" AFA-R3 ' o ‘AFA-R5 "
CAGCGATGTGATGCGAATCTCGTAAACCGTAGCTCAGTTCAGAT CGAAGGCTGCAACTCG
AFA-R4

CAGCGATGIGATGCGAATCTCGTAAACCGTAGCTCAGTTCAGATCGAAGGCTGCAACTCG

CAGTGATGGCAAGCAAATCCCATAAACCGTGGCTCAGTTCAGATTGCAGGCTGCAACTCG

ACGCGAGTCTGAGCCAATCCCGTAAACCTCTCCTCAGTTCAGATTGCAGGCTGCAACTCG
1270 ‘ 1280 : 1290 : 1300 \ 1310 , 1320

CGTTCGTG%AGGAGGAATCGCTAGTA%TTGC%GGTCAGCATACTGCAGTGAATTCGTTCC

CCTTCGTGAAGGAGGAATCGCTAGTAATTGCAGGTCAGCATACTGCAGTGAATTCGTTCC
CCTGCATGAAGGCGGAATCGCTAGTAATCGCAGGTCAGCATACTGCGGTGAATACGTTCC
CCTGCATGAAGGAGGAATCGCTAGTAATCGCAGGTCAGCATACTGCGGTGAATCCGTTCC

Fig. 1. Nucleotide sequence alignment and primer information designed from 16S rRNA gene of Aphanizomenon flos-aquae (Accession No.
FJ424569 and EU157995), Spirulina laxissima (Accession No. DQ393278) and Spirulina spp. (Accession No. HQ008228) for detection of
Aphanizomenon flos-aquae. The underline and italic sequence indicate designed primer site. For more detailed contents of primer see the
Table 2.
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Table 2. Species-specific primer designed for detection of Apha-
nizomenon flos-aquae
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AFA-F1 tag ttg gta gtg taa gag act

AFA-F2  gta agt ctg ctg tta aag agt t

AFA-F3  tcc cga atc cta ttg aaa gat F1/R1=363
F2/R2 =445
16S rRNA AFA-R1 ctc tta ttt ggt tga gcc aaa ¢ F3/R3 =280
AFA-R2  gct ccc gaa gge act ccc at F3/R4 =293
AFA-R3 ttc gcatcacatcgectgtg F3/R5 =327

AFA-R4  cgg ttt acg aga ttc gca tca

AFA-R5 cgg ttt acg aga ttc gca tca
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Fig. 2. PCR results from various blue green algae and plant by
PCR using AFA-F1/AFA-R1 primer designed for detection of Aph-
anizomenon flos-aquae. Lane S; 100 bp ladder, 1; Aphanizomenon
flos-aquae 2; Chlorella spp. 3; Spirulina spp. 4; Camellia taliensis,
5; Spinacia oleracea, 6; no template control.

< 363 bp

Fig. 3. PCR results from blue green algae-related product by PCR
using Aphanizomenon flos-aquae-specitic primer (APA-F1/APA-
R1). Lane S; 100 bp ladder, 1; Aphanizomenon flos-aquae, 2; chlo-
rella product containing Aphanizomenon flos-aquae 1%, 3; spir-
ulina product containing Aphanizomenon flos-aquae 1%, 4;
chlorella product (S6), 5; chlorella product (S7), 6; spirulina prod-
uct (S8), 7; spirulina product (S9), 8; no template control. For
more detailed information of samples see the Table 1.
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