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Abstract

The present study involved isolation, identification and purification of four species of Cyanobacteria
Microcystis aeruginosa Kuetz , Microcystis flos-aque (Wittr.)Kirchner , Hapal osiphon Welwitschii  (West and
West ), Calothrix parietina (Thnret.) from Basrah region at AL-Ashar and AL- Khandag canals that have been
recorded for the first timein Iraq in this habitat . The extracted species testing for its ability to produced toxins
particularly hepatotoxins (Microcystin—LR). This toxin was diagnosed depending on chemical features by using
the thin layer chromatography technique (TLC). Toxic study showed that the toxin proceed by the algae has an
(Rf) value closdly to the standard hepatotoxin (Microcystin — LR) (0. 58). However, the value for the purified
toxin was (0.54-0.56). The Ultraviolet spectrum of the purified toxin showed two absorption peaks ; the first
appears at (240-243) nm and the other at (275-280) nm these two peaks are so close to the absorption peaks of
the standard toxins ( Microcystin-LR), namely (239) nm for thefirst peak and (275) nm for the other. Whereas
Infrared spectrum has shown that the purified toxin from the four species of toxic algae contains most of the
active groups composing the structure of Hepatotoxins ( Microcystin-LR ) .

By using the HPLC technique, the purified test has shown that the toxins have a retention time ranging
between (3.920-4.108) minutes which is quite close to the retention time of the standard hepatotoxins
Microcystin-LR (4.037) minutes. The results revealed that the species H. Welwitschii contains the highest
concentration of hepatotoxin Microcystin — LR (44.415) pg/ml among the other species. The Bioassay tests for
two species extracts of toxic algae have shown that the LD50 was within the toxic range of algae toxicity which
reached (740) mg dry cells’kg mice for H.Welweitschii and (1540) mg dry cell§Kg mice for C. parietina, while
the concentrations (20 and 50) mg dry cells/ml for all toxic species killed half numbers or more of the Artemia
salina larvae after 24 hours.
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1-Introduction

Cyanotoxin have long been recognized as
a water-based disease that causes animal illness
and death. The biotoxin, Microcystin-LR and
nodularin, have been implicated in causing
irreversible hepatotoxity and tumer promoting
reactions laboratory rats ( Falconer 1998).

Microcystins ( MCYSTS) are agroup of
cyclic heptapeptide liver toxins produced by
several genera of cyanbacteria (blue-green
algae), including Anabaena , Hapalosiphon |,

/ Marsh Bulletin 3(1)(2008)1-16

Microcystis,, Nostoc and Oscillatoria .but most
often by this belonging to the genus Microcystis
( Carmichad , 1997 ).

The general structure of microcystins is
cyclo (D-Ala-X-D-MeAsp-Y-Adda-D-Glu-
Mdha) in which X and Y are variable amino
acids, D-MeAsp is erythro- B-Methylaspartic
acid, Adda 3-amino-9-methoxy-2,6,8-
trimethyl-10-phenyldeca-4,6-diencic acid, and
Mdhais N-methyldehydroalanine (figure 1) .
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Figure-1: Chemical structur e of hepatotoxins ( Microcystins) that producing from
cyanobactria ( Carmichael , 1997)

Over 60 microcystins varients have been MW.994), in which the variable amino acids

reported so far . The most common and toxic areleucine (L ) and arginine(R) .

among them is microcystin-LR (MC-LR Microcystins are known to be pontent

inhibitors of protein phosphatise 1 and 2A as
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well as skin and liver tumer promoters in
animals ( Rao et al., 2004 ; Sivonen and Jones,
1999) .

The hepatotoxins are more famous group of
toxins that producing from cyanobacteria
because a highly liver toxic effects, but needing
more time comparatively with neurotoxins, so
that death may happen through the period
between 5 and several days independently on
several factores such as the size of animals,
type of toxins and the dose exposure
( Steffensen et al., 1999) .

2- Material and methods
Sample collection

The water samples are collected from two
(Al-Ashar and Al-
Khandag) by using Zippline plankton net , and
then stored in Plastic bottle (500 ml) until
arriving to the laboratory .

canals in Basrah region

I solation and purification of algal species

The isolation of algal species was made by
using stresking method on the solid Chu-10
media ( Stein , 1975 ). Axienic culture was
made according to (Wedman et al., 1984 ) .
M easur ement of growth

The growth curve for all species was made
by measuring the concentration of chlorophyll
(a) according to (Vollenwieder, 1974) ,and then
growth constant (K) and generation time (G)
was made.
Extraction and
(Microcystin—LR)

The algal cultures (axienic cultures) for all
isolated species are harvested after (5-6) days

purification of toxin

from stationary phase by using centrifuge
(3000 rpm), the harvested algal cdls was
lypholized by using freezing drier type (Lab
ConCo- 18) .

Extraction of toxins was made according
to (Luukkainnen et al., 1993) by taking 0.5 g
from lyophilized cdl for any isolated species
and then mixed with organic
(Methanaol:n-butanol:water) in portions (4:1:15)
respectively .

mixture

Purification of toxins was made by using
gd filtration chromatography (Namikoshii et
al.,1993), the column size (2x15)cm filling with
silica g (100-200 ) um in size . the column
was washed with three duent repectively
(Deonized water, 20 % methanol and 80 %
methanol), the fraction duted by 80 %
methanol was concentrated and lypholized .
Chemical analysis of purified toxins
A- HPLC analysis

The toxin fraction was dissolved in 1ml of
absolute methanol (speciallized for HPLC
analysis), and then put on sonicator for 5
minutes, 20ul was injected by microsyring to
the instrument (type Shimadzu) with the
following conditions (Reverse phase (15x4.6
mm |.d)-C18 column 15um particles size) .The
mobile phase (65 : 35 v/v )of (Methanol : S5um
Buffer phosphate, flow rate (1ml/min) at wave
length 239 nm (Mahakhart et al., 1998). Results
were compared to a standard hepatotoxin
(Microcystin-LR) (Alexis biochemical
company) .

B-TLC (Thin layer chromatography)analysis
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This method was made in silica gd plate
in diameter (2x10)cm (type Merck silica gd
GF245), the mixture (1-Butanol:acetic acid:
water) as poritions (2:1:1) respectively was as
duent solvent, and the isolated spot was
evaluated by Ultraviolet Lamp and ninhydrin
reagent 0.2%.

C- Ultraviolet spectrum

A(0.1)mg from both purified and standard
toxin were soluted in 3ml  ethanol, the spectrum
ranged (200-400)nm was measured using LKB-
sweeden ultraviolet UV spectrophotometer.

D- Infrared spectra

The Infrared spectra for all purified toxins
were measured by using fourier transform
(FTIR-84005),
(0.5)mg were mixed with potassium bromide
(KBr) in portion 3:1 and the wave number
range between ( 600-3600 cm™ ) .

E- Bioassay tests

Infrared  spectrophotometer

Two types of bioassay method were made
to investigating the toxicity of algal species, the
first by deeminating of lethal dose
concentration (LD50)on mice type Albino
(Balb/c) according to the (Lee et al., 1999 ), the
second method by using Artemia salina larvae
according to (Vezie et al., 1996 ; Lee e al.,
1999).

3-Reaults
M or phological
algae

In this study the isolated four species of

characteristic of isolated

cyanobacteria represented by  Microcystis
aeruginosa, Microcystis fols-aque,
Hapalosphon Wewitschii and Calothrix

parietina are shown in Table-1 and picture -1
(1-4).

The alga M. aeruginosa shown as colonies
consist of aggregation condensed cdls 2.5-
7um in diameter and always mean 5 pum .
While in type M. flos-aque the colony cdls are
less condensed cdl 2.5-7um in diameter. H.
Welwitschii is filamentous algae branched in
one side that equall to or less than main
filaments in diameter of its cdlsthe width in
the main filament 7.7-10um and 12.5-20um in
long, while cells of branch ranged between 5-
6.25um inwidth and 5 —-15pminlong .

C. parietina is filamentous alga unbranched
some times appear pseudobranched with basal
hetrocyst, the basal cells nearly the hetrocyst 10
um in width, the long of filaments between
87.5-250 um .

Growth curve

Results reveald that all isolated species
were grow wdl in the Chu-10 medium , but the
species C. parigtina have a highly growth
constant (K)1.53 and low generation time
(G)0.196 following species were M. aeruginosa
, H. welwitschii and M. flos-aquetable- 2.
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Table (1): Thetypes of the cyanobacterial culuresisolates.

Cyanobacterial species Unialgal culture Axienic
culture
Microcystis aeruginosa + +
Microcystis flos —aque + +
Hapal os phon Welwitschii + +
Calothrix parietina + +

4-Calothrix parietina | 0si phon Welwitschii

Photo (1): Morphological characters of cyanobacterial speciesisolates .
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Table(2): Growth constant ( K ), Generation time (G) , Harvisting time and different growth
phases of cyanobacterial isolates.

Lag ) Stationary ) .
. Exponantial Havesting Growth Generation
Algal isolates phase phase ) )
- phase (days) period (days) constant(K)  time(G)
(days) (days)
M. aeruginosa 4 9 13 19-20 1.053 0.286
M. flos - aque 4 21 25 29-30 0.149 2.1
H. Welwitschii 2 13 15 20-21 1.005 0.29
C. parietina 4 10 14 20-21 1.53 0.196
Chemical analysis equal to Rf = 0.58 , so that the purified toxins
A- Thin layer chromatography (TLC) from M. aeruginosa and M. flos-aque reached

IAll purified toxin from four cyanobacterial to (Rf=0.54) and Rf=0.56 for the species
species were found closed to the Rf value of Hapalosphon Wewitschii  and  Calothrix
standard hepatotoxins (Microcystin-LR) that parietina (Table-3) .

Tabl (3): Therate of flow value for standard toxins ( MC-LR)and purified toxins.

Standard hepatotoxins with purified Rf value
toxins from different species algae
Standared toxins ( MC-LR) 0.58
M. aeruginosa 0.54
M. flos-aque 0.54
H. Welwitschii 0.56
C. parietina 0.56
B- Ultraviolet spectra hepatotoxins are showing: (243, 280), (241,

Figure-2 showing that the standard toxin 278), (240, 275) and (240, 278)nm for M.
(MC-LR) UV spectrum is consisting of two aeruginosa, M. flos-aque, H. Welwitschii and
peaks, thefirst at 239 nm and the second at 275 C. parietina respectively .
nm. In contrast the UV-spectra of the standard
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Fig.2:Ultraviolet spectra of purified toxins compared with standard toxins

A- Standard toxins(MC-LR) ,
C- M. flos-aque

(Microcystins-L R)

PDF created with pdfFactory Pro trial version www.pdffactory.com

B- M. aeruginosa ,
, D- H.Welwitschii , E- C. parietina


http://www.pdffactory.com
http://www.pdffactory.com

8 M. J. AL-Aaraly andE.Y.A. Al-Sultan / Marsh Bulletin 3(1)(2008)1-16

C- Infrared spectra (IR)
The IR- data of the hepatotoxins (MC-LR)
are listed in Table-4, which shows the involved

functional groups of the purified toxins. The IR-
Spectraare shown in Fig. 3.

Table (4) : Infrared data (in cm™ )of purified toxins from four speciesisolates .

Functional M. aeuginosa M. flos- aque H. Welwitschii C. parietina
groups

OH , N-H 3421 3409 3423 3409
Str. S.,Br. V.S V.S., Br. V.S., Br.
Alkyl group 2931 - 2854 2933 - 2857 2927 - 2848 2928 - 2862
CH2,CH2,CH3

Str. M. V.S., Br. S.Br V.S
Carbonyl in 1736 1729 1732 1726
Carboxy!l group

Str. M., Br. S. Br. S. Br. V.S
Carbonyl in 1651 - 1465 1466 - 1424 1621 - 1465 1649 - 1465
amide

Str.

s.br. = Strong braod u.s. = Very strong
D-High performance liquid chromatography

(HPLC)

The purified toxins from al species
isolates having retention times very closed to
the standard toxins (Microcystin-LR) ranging
between (3.950-4.108) minutes compared to
the standard retention time (4.037) minutes . the
results revealed that the species H. Welwitschii
contains the highest concentration of hepato-
toxins (MC-LR) reached to (44.415 ug /ml)
among the other species Table -5 and figure-4
(A-E).

Bioassay
A- Mouse bioassay

The two species H. Wewitschii and
C. parietina were tested of ther toxicity on

m. br = Medium braod str. : Stretching

laboratory albino mice type Balb/c , because
ther have a highly concentration of toxin
(Microcystin-LR), so that the statistical analysis
by using propapility paper revedled that the
LD50 for the species H. Welwitschii reached to
740mg dry biomass/kg animal weight and 1540
mg dry biomass’kg animal weight for the
second species C. parietina figure-5 .
B- Artemia bioassay

Result revealed that all algal extracts was
have ahighly significant effects on the means of
larval numbers and its mortality .in addition to
that the concentration 20 and 50mg/ml led to
dead ahalf of larvae in all algal extracts table

(6) -
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Figure 3: IR spectra of purified toxins (MC-LR ) for algal isolates.
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Table(5): Concentration of Microcystin in purified and standard toxins (MC-LR) and their own
retention time.

Algal isolates Aeriaunder  Retention time Conc. Of hepatotoxin
curve (min) (MC-LR) pg/ ml
Standard Toxins 35190 4.037 20
(Microcystin- LR)
M. aeruginosa 65141 3.975 37.022
M. flos-aque 58583 3.950 33.295
H.Welwitschii 78149 3.974 44.415
C. parigtina 64778 4.108 36.816
i
. . r/
A | = ;o
M. aeruginosa Standard curve
fl .
o —JI ll _a; Lf = } =
H. Welwitschii M. flos-aque
A
)
b
5 e
C. parietina

Fig. 4: HPLC analysis of standard toxins (MC-LR ) and purified
toxins from algal isolates .

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

M. J. AL-Aaraly andE.Y.A. Al-Sultan / Marsh Bulletin 3(1)(2008)1-16

95,00

90.00

Z0.00

FOo.0oo0o

G0.00

S0.00

A40.00

Mortalty % (Porbit Scale)

20.00

Z20.00

10.00

S.00

a5.00

a0.00

g0.00

F0.0o0

G000

S0.00

40.00

3000

Mortality % (Porbit Scale)

20000

10,00

5.00

- 6.60
I &40
- &.20
I &.00
I 580
I s.e0
I s .40
I s .20
- 5. 00
I 480
I a.e0
- 4 .40
I a.20

Mortalty (Probit Units)

— <00
= 2.80
— 2.60
= 2.0

IIII|IIIB|IIII|IIII

IIII[

_ "~ 6.60
® H. Welwitschil

A C. parietina

6.40

L]
L]
Mortality (Probit Units)

740 mg/ kg . LDwo=1540mg/kg |

Woww A b b RGO OO OO
(53]
(=)

iy
]

500

2 3 456789

1500 2500
Dose(mg/ kg)

Figure5 : Propability papers constituting deter mining the L D50 conc.

For algal extracts H.Welwitschii and C. parietina .

PDF created with pdfFactory Pro trial version www.pdffactory.com

11


http://www.pdffactory.com
http://www.pdffactory.com

12 M. J. AL-Aaraly andE.Y.A. Al-Sultan / Marsh Bulletin 3(1)(2008)1-16

Table (6): Mean of Artemia salina shrimps numbers after 24 h treatment with different

concentration of cyanobacter als extracts .

Algal extract Algal isolates
mg/ ml M.aeruginosa M.flos-aque H .Welwitschii C.parietina
Control 20+0.00 * 14+086 a 185+08 a 14+0.28 a
2 14+1.15 b 13+057 a 15 +1.73 b 14+0.00 a
10 11+4230 ¢ 13+115 a 14 +230 b 12+028 b
20 105+1.44 c 10+ 000 b 12 +230 b 10+028 c
50 105+0.86 ¢ 10+ 0.00 b 11 +057 b 7 +057 d
100 6+ 115 d 6 + 0.60 c 4 +£115 ¢ 2 +£057 e
R.L.SD 2.86 1.218 3.29 0.730
4- Discussion the late nineteen seventies ( Pelander , 2000 ) .

Recent study revealed that many genus of
toxic algae exactly cyanobacteria are found in
our environment ( Basrah city ) such as sweage
water (AL-Ashar and AL-Kandak canals ) such
as M. aeruginosa is wdl Known awide
distributed in the world and it’s the first genus
recorded capable to produce hepatotoxins
(MC-LR) (Botes et al., 1982 ; Carmichad,
1988). While the species M.flosaque, H.
Wewitschii and C . parietina was the first
recorded in lraq by the ability to produce
hepatotoxins (Microcystin-LR) .

The growth rate for all species having a
highly growth constant (k) and low generation
time (G) in Chu-10 medium, so this revealed
that this medium is very suitable for growth of
algal isolates .In addition, the growth of species
M. aeruginosa have a highly growth compared
to AL- Rekapy ( 2003).

The thin layer chromatography (TLC) is a
classical planar chromatographic technique
widdly utilized by analysis until the papuarity
of gas and liquid chromatographic techniques in

The results of TLC technique for purified toxins
and standard toxin ( Microcystin-LR) were
similar to (Pelander, 2000) ,Which found that
the Rf value reached to 0.59 for hepatotoxins
(MC-LR) and agreed with (Pelander, 1998 ; Al-
Shaheen , 2000). Who found that the Rf = 0.55
and Rf = 0.54 for toxic substances purified from
Oscillatoria tenuis.

The ultraviolet spectra of al purified toxin
from cyanobacterial isolates are consisting of
two peaks similar to the standard toxins (MC-
LR), the first range between (240 -243) nm and
the second peaks between (275-280)nm. So
these results on agreement with many
researchers such as (Namikoshi et al., 1992 ;
Brittain et al., 2000). The observed UV-signals
above 200nm may be assigned to n-r transition
of the aromatic system of hepatotoxins (MC-
LR) (Silverstein et al., 1991) .

The results revealed that the infrared
spectra for all purified toxins several functional
groups, are involved eg. amine group hydroxyl
group (N-H,O-H), alkyle group, methyl group
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(CH,CH2,CH3)and carbonyl of amide group
(C= 0), as main groups in the structure of
hepatotoxins (MC-LR) (Silverstein et al.,1991).

By wusing the technique of higher
performance liquid chromatography the result
showed that all purified toxins from algal
isolates were closed to the retention time of a
standard toxin ( MC-LR) that reach to 4.037
minutes. In addition the species H.Welwitschii
producing this toxins as more as other species
and then the reproducibility for the standard
toxins and purfied toxins reached to 97.28 %,
this result was showing a highly similarity in
the structure between purified and standard
toxins. Finally this tegnique is considered a
method using for  separating
cyanobacterial toxins and showing its purity
and concentrations ( Pelander , 2000) .

The mouse and Artemia bioassay is
widdly used methods to determine the toxicity
of cyanobacteria (Wanatabe and Oishi,1882 ;
Falconer, 1998 ; Larsen, 1998). Mouse bioassay
was showing that the LD50 for two algal
isolates H. Welwitschii and C. parietina reached
to (740, 1540 mg dry weight/kg animal weight)
respectively so that these results agree with
those obtained by many researchers eg.
( Lanaras € al., 1989 ; Sivonen et al., 1990 ;
Leeet al., 1999 ) ther detected toxicity of algae
ranging between (1500- 2000 mg dry weight
/kg animal cells) and Carmichad (1995) refered
that the death may be occurred after expouring
to the aga toxins (Microcystins) in rang
between 4-24 hours or after several days. The
second bioassay method using Artemia salina

widdy

shrimps that which can be considered as sutable
test to determine toxicity of cyanobacteria
(Vezie e al.,, 1996) showing that the
concentrations from 20-50 mg/l was led to
death of (50%) of Artemia salina shrimps of
table (6 ). These results agreed with ( Veize et
al., 1996 ; Lee et al., 1999 ) who visualizied
that the algal extract less than100 mg/l in
toxicity for mice to less than 1600 mg dry cdls
/ kg animal weight .
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