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Summary

Lavasan Lake situated in the north-east of Tehran (Iran) is a complex ecosystem of cyanobacterial strains with an ability to
produce a wide range of toxic natural compounds that may lead to many problems or even death of humans and animals. Based on
the report of toxic cyanobacterial strains present in the Lavasan Lake, the morphological and phylogenetic study of the toxic strain
purified from Lavasan Lake water, was performed using 16S rRNA and ITS gene markers. According to the results, the phylogenetic
tree was drawn based on 16S rRNA gene, non-toxic strains with the toxic strain Anabaena sp. strain B3 (CCC B3) were not clustered
within a cloud. In addition, the ability to produce toxins appears to be lost over time. The results of ITS gene analysis using Mfold
showed that, the most important difference between the toxic strain Anabaena sp. B3 with other non-toxic strains of Anabaena sp.
has the number of nucleotides at terminal bilateral bulge and the number of loops at bilateral bulge in the D1-D1 helix. However,
Box B helix structure was not different in any of the strains. This is the first report of molecular phylogeny of a toxin-producing
cyanobacterium isolated from the Lavasan Lake.
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Table 1. Reagents needed for the PCR reaction
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Reagent

328.5 Water ultrafilter (BioPak)
45 Buffer: 10 x (DyNAzyme™ PCR buffer, Finnzymes)
9 (dATP, dGTP, dCTP, dTTP) dNTP
225 Forward primer
225 Reverse primer
2 DNA
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Table 2. Target genes, oligonucleotide primers and PCR program used in this study

Target

gene/ Sequence Thermal profile Reference
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rRNA B235 (5-CTTCGCCTCTGTGTGCCTAGGT-3)  g4¢ g min, 30 x (04°C, 305 & 8- 2003

55°C, 40's, 72 °C, 1.30 min),
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Table 3. Morphological characteristics of the four Anabaena strains

) Vegetative cell Heterocyte
Strain Shape Size (um) Shape Size (um)

Anabaena sp. B3 Cylindrical- 24-65%x4.2-74 Barrel-shaped 5.0-6.7 x 6.7-7.5

(CCCB3) shaped
Anabaena sp. B5 Elongated- 34-52x5.4-6.7 Spherical-shaped 5.6-8.2 x 6.2-6.7

(CccBb) shaped
Anabaena sp. B6 Barrel-shaped  3.4-8.0 x 0.5-6.6 Spherical barrel-shaped 34-8.2x2.6-4.5

(CCC B6)
Anabaena sp. B1 Barrel-shaped  3.4-8.8 x 3.2-3.4 Elongated barrel-shaped 34-82x45-78

(CccBl)
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Fig. 1. A. Anabaena sp. B5, B. Anabaena sp. B6, C., Anabaena sp. B1, D-F. Anabaena sp. B3. (Morphological
characteristics are well-spotted). (a) Heterocytes, (b) Hormogonia with different number of cells, (c) Vegetative cells

(Bar =10 pm).
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Mj KT200370_1_30-1368 Ansbaena sp 21-Zadnidd

KT290369_1_1-1447 Anabaena sp 21-Drowuzk10
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: FMATT4TT 1 1-1961 Anabamna sp  1LT27502
0 KT290358_1_307-1405 Anabaena sp 10-Treb10-K1
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4100 _1_27-1403 sp XSP36B
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06400 <|
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99.8/97, Anabaena sp. B6
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= | KT200371 1 14502 Ansbeens sp  23-Soos10-Cl

| - MGS9ETIE 1 141-1130 Anaboens sp Soos Vé
89727

MGHIET16_1_131-1106 Arabaena sp  Soos VIO
Bg,gm%» WJGTSG67_1_1-1361 Anabacna sp  03S011VY

MGSSAT12_1_131-1115 Anahoena sp Soos B2

L

— = Dodichospermum {134 OUTs)

AJBIOA26_1_445-1418 Anabacna oscilarioides_BECID22_

b Slsibaw slodigw plo g (0l Codble 5 W) ouds aslllas Anabaena sp. asw |z o Seiiekd luly, -V b
Qoo s lis 0,8 o LS slacl) )15 09,5 lgie 4y Gloeobacter violaceus VP3-01.16SIDNA 5 Jlgi wlwly bag e

Fig. 2. Phylogenetic relationships between studied strain of Anabaena sp. (bold & highlighted) and related

cyanobacteria based on 16S rDNA sequences with Gloeobacter violaceus VP3-01 as out group (Numbers near nodes
indicate standard bootstrap/%age of ultrafast bootstrap support for ML analyses).
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Table 4. Comparison of secondary structure of 16S-23S rRNA (D1-D1’ helix and Box-B helix) between toxic
Anabaena sp. B3 and other non-toxic strains of Anabaena sp.

D1-D1 helix Box B
Tgrmlnal Bilateral  Unilateral bulge Basal clamp Tgrmmaj Bilateral
bilateral bulge (B) ©) D) bilateral bulge (B)
Studied strain bulge (A) bulge (A)
No. of No. of No. of No. of No. of No. of

nucleotide loop loop nucleotide nucleotide nucleotide
Anabaena sp. B5 6 3 1 12 6 11
Anabaena sp. B3 8 2 1 12 6 11
Anabaena sp. B6 6 3 1 8 6 11
Anabaena sp. B1 6 2 1 12 6 11

ol sdygw ple L Anabaena sp. B3 e 490 ITS ddlaie ;o oo JSis slacy) sl § Job awslio -0 Jouo

Anabaena sp.
Table 5. Comparison of the nucleotides length of ITS regions of toxic Anabaena sp. B3 and other non-toxic strains of

Anabaena sp.
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T & o g & > &
< K‘ 8‘ k) (tl K m m
Studied strain 5! ) - = S <é: x 5
. ¥ = pa + Z 3 @

3 2 H x B oz >

8 a = 8 — o

@ @ o
Anabaena sp. B5 69 113 10 74 80 73 15 30
Anabaena sp. B3 68 113 10 74 80 73 15 35
Anabaena sp. B6 64 112 10 74 80 73 15 35
Anabaena sp. B1 66 113 10 74 80 73 15 35

i A A "
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Anabaena sp. BS  Anabaena sp. B3 Anabaena sp. Bé6 Anabaena sp. Bl
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Fig. 3. Predicted secondary structures for the D1-D1’ helices of Anabaena sp. B3 and the other non-toxic strains
Anabaena sp. (generated from Mfold web server, Ver. 2.3, temp. 37 °C default): A. Terminal bilateral bulge,
B. Bilateral bulge, C. Unilateral bulge, D. Basal clamp.
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Fig. 4. Predicted secondary structures for the Box B helices of Anabaena sp. B3 and the other non-toxic strains
Anabaena sp. (generated from Mfold web server, Ver. 2.3, temp. 37 °C default): A. Termina bilatera bulge,

B. Bilateral bulge.
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