Bk ¥ A
20034 6 H

FURFEER (BRBER)
ACTA  SCIENTIARUM NATURALIUM UNIVERSITATIS SUNYATSENI Jun. 2003

Vol.42  Suppl.

The Comparison of Purification Microcystins Extractant
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Abstract: The study investigated the extraction and purification of microeystin’ extractant from natural cyanobacterial bloom. The
extracting method was assessed with variant solvents, and 80% methanol had the highest efficiency while ethanol solvent could
extract microcystins safely. The mass of phycobiliproteins, which having negative effects on ODS( Cyg) cartridges, was removed by
adjusting the pH of solvents to their isoelectric points. The results provide a solid basis for obtaining pure microcystins efficiently.
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1 Introduction
Toxin-producing  cyanobacteria often occur in

eutrophicated fresh and brackish water bodies!!). The
types of toxin commonly found in freshwater are
microcystins ( MCs ), hepatotxic cyclic heptapeptides
produced by different genera of cyanobacteria, like
Microcystis, Nostoc. Anabaena and Oscillatoria. The
general structure of MCs is cyclo-(D-Ala-X-D-MeAsp-Z-
Adda-D-Glu-Mdha) (where D-Ala is D-alanine, D-Glu
is 7-linked D-glutamic acid, D-MeAsp is B-linked D-
erythro-3-methylaspartic ~ acid, Mdha is  N-
methyldehydroalanine, and Adda is the unique Cy B-
amino acid, (2S,3S,8S, 9S)-3-amino-9-methoxy-2, 6, 8-
trimethyl-10-phenyldeca- 4( E) ,6( E) -Adda
acid ) .

according to the one-letter abbreviation of amino acid. For

dienoic
The structural variants of MCs are named

example, the commonest microcystin contains leucine and
arginine in these positions and is therefore named
microcystins-LR. Possible modifications in loss or
addition of methyl groups and variations in the Adda group
lead to more than 60 structural variations of MCs, and the
number will increase in the future'?! .

MCs are potential toxins due to their inhibition of the
regulatory enzymes protein phosphatases 1 (PP1) and 2A
(PP2A). Furthermore, MCs are regarded as tumor
promoters, and are involved in many cases of animal
poisoning and human health problems'®’ . The use of MCs
in enzymes study in related processes makes them
important  biochemical tools and further enhances the
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demand for purified MCs. There are several reports about

extraction and analysis of MCs!* 5!

. Typical process is to
extract cyanobacterial cells with solvents, and the extract
is then concentrated and purified by a range of sample
separation techniques. However, the methods vary greatly
and there is no consensus on the most efficient purification
approach to date. This paper presents the comparison of
various extracts on MCs extractant from cyanobacterial
bloom, and for the first time reports the removal of
phycobillisome from the extractant by pH adjustment. The
pretreatment remarkably reduces the pollution to the
and makes

expensive Cig cartridges the following

separation feasible.

2 Materials and methods

2.1 Cell material

Cyanobacterial field samples were harvested from
April to October in 1998 from Dianchi Lake, Yunnan
Province, China, using machine collection and air dry.
The cyanobacteria powder was stored in dark bags under
room temperature. The sample contained 85% Microcystis
spp with the granularity of about 0.25mm, and 40% ~
50% of crude protein. The moisture was approximately
8% ~ 10% . The powder was blue-green or slightly
Kelly, and had fishy smell of the algal.
2.2 Extraction of microcystins

One gramme of cyanobacterial powder in tubes was
extracted with 50 mL of the
respectively: distilled water, 5% acetic acid, aqueous
methanol (10% grades increasing) , and aqueous ethancl

following solvents
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(10% grades increasing) . The samples were sonicated for
5 min and subsequently shaken for 10 min during each
extracting step. After centrifugation, the supernatants
were pooled and stored in darkness.
2.3 Purification of extractant

The extractant was purified with three methods. The
first method is salting out, in which sufficient ammonium
sulfate (20 g for each extractant) was added in the
solution to salt out the coextracted phycobiliprotein and
other pigments. The second method is flocculation, in
which (FeCl;), (0.5 g for 50 mL extractant) was put in
the solution to flocculate the coextracted materials. The
last method is sedimentation at isoelectric point, in which
pH of the solution was adjusted by H,SO, to about 4.0,
the solution was then centrifuged for 5 min at 5000 x 10~ °
after 10 min. The supernatants was then decanted and the
pH was djusted to 8.0 by NH;*H,0.
2.4 Preparative HPLC

The purified extractant was loaded to preparative
HPLC, which the process was seen elsewhere.

3 Results and discussion

The methods of MCs extraction and purification from
algal cells have been extensively developed[ﬁ] . Extracting
solvents used in the purification of MCs vary greatly and
yet thereis no agreement as to which is the most
appropriate. This maybe because the range of microcystin
variants among samples and the non-uniform behaviors of
different toxins. There is a widerange of solvents been

(7] , 5% acetic

utilized, such as butanol-methanol-water
acid'® and aqueous methanol'>!, often without efficiency
report. Those frequently used and/or found to be

satisfactory solvents were evaluated for the collected bloom
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cyanobacteria. The results were shown in Fig.1.
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Fig.1 MCs concentration in various solvents

The results indicated that efficient exiraction of
microcystins from field samples could be achieved using
40% ~ 90% methanol, and 80% aqueous methanol was
the most efficient. However, the results also showed that
the aqueous methanol could be replaced by aqueous
ethanol for safety with similar efficiency. The simplest

water extraction was not recommended because the

extractant smelled due to phycocyanins degradation.
Factors including temperature and ultrasonic effects

were tested for the extraction of MCs. The results are

illustrated in Figure 2 and Figure 3.
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Fig.3 The effect of ultrasonication

The microcystins could be extracted directly and kept
stable within a temperature range of 10 °C to 30 °C (Fig.
2). And there was little notable difference among
extractions from 10 °C to 30 °C. Metcalf (2000) used
bhoiling water bath and microwave oven, and found both
resulted in a quicker ( > 10 min) and efficient extraction

recorded degradation[ 10}

of microcystins with no
However, very small cell mass was used in his study since
it was developed primarily as a routine quantification
method. Therefore, further tests are necessary before the
method can be recommended for large scale purification.
In addition, the degenerated protein due to boiling would
produce disgusting smell.

Although sonication was used in a significant number
of papers about microcystins extract!>! , the results of our
investigation suggested that it had little effect on
microcystins” yield (Fig.3).

As the phototrophic prokaryotes, there are kinds of
pigments can be coextracted with MCs, including water-
soluble phycocyanin and solvent soluble pigments such as
carotenoids zeaxanthin,

chlorophyll a, B-carotene,

ketocarotenoid echinenone, and carotenoid-glycoside

myxoxanthophy]l[g]. The appearance and scanning

spectrum of extracts confirmed that massive pigments were
coextracted with MCs (Fig. 4).
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Fig.4 Scanning spectrum of various extracts

The large amount of coextracted compounds would

interfere with subsequent column purification and
separation steps, thus redeemed simple purification by
reversed-phased flash chromatography impossible. In
many cases, these pigments were loaded on RP-column,
and caused seriouspollution on expensive Cyg cartridges.
Many workers have used size exclusion, usually Sephadex
LH-20 from Pharmacia, as an initial separation technique
that allows the removal of pigments and large interfering
molecules. Recently, Saito reported sample preparation
with ammonium sulfate and DEAE anion exchange
chromatography to remove interfering compounds. Those
methods are either expensive or time-consuming.

In order to wipe off those pigments, several methods
were investigated. Both salting out with ammonium sulfate
and flocculation with ( FeCl; ), had litle effect on
precipitation of the pigments. However, pH adjustment
gave good results. Massive pigments were precipitated
after the pH was adjusted to 4. Because the isoelectric
point of phycocyanin is ~4.3, the sedimentation may be
caused by isoelectric precipitation. The purification
method shows its virtues of simplicity and no negative
effect on the following separating processes, thus making

preparation of microcystins in large scale feasible.

4 Conclusions

It was shown that in all extracts 80% methanol was
the most effective for extracting MCs. Aqueous ethanol is
a good alternation with similar efficiency and higher
safety .

pH adjustment is a simple and effective method to
remove pigments from extracts and makes following
separating processes feasible.

References:

(1] Carmichael W W. Cyanobacteria secondary metabolites-
cyanotoxins[] 1.3 Appl Bacteriol, 1992,72: 445 — 459.

{2] Braco M, Rivera J, Caixach J. Analysis of cyanobacterial
hepatotoxins in water samples by microbore reversed-phase
liquid  chromatography-electrospray ~ ionisation  mass
spectrometry( J]. J Chromatography A, 2002, 959: 103 -
111,

[3] Fleming L E, Rivero C, Bumns J, et al. Blue green algal
(cyanobacterial) toxins, surface drinking water, and liver
cancer in Florida[J]. Harmful Algae,1002,1:157 — 168.

(4] Saito K, Ishii H, Nishida F, et al. Purification of
microcystins by DEAE and C18 cariridge chromatography
[J]. Toxicon, 2002,40:97 - 101.

[5] Fastner J, Flieger I, Neumann U. Optimised extraction of
microcystins from field samples-a comparison of different
solvents and procedures( J]. Wat Res, 1998, 32: 3177 -
3188.

(6] Lawion L A, Edwards C. Purification of microcystins| J 1.1
Chromatography A,2001, 912:191 - 209.

[7] Namikoshi M, Yuan M, Sivonen K, et al. Seven new
microcystins possessing two L-glutamic acid units, isolated
from Anabaena sp. strain 186[J].] Chem Res Toxicol,
1998, 11: 143 -149.

(8] Gert-Jan D M P, Hendriks A J, Seinen W, et al. pH-
dependent hydrophobicity of the cyanobacteria toxin
microcystin-LR{ J]. Water Res, 1999, 33:677 - 680.

[9] Cresswell T A V, Rees N Shah. Algal and cyanobacterial
biotechnology[ M]. New York: Wiley, 1989106 — 112.

{10]  Metcalf J S, Codd G A. Microwave oven and boiling
waterbath extraction of hepatotoxins from cyanobacterial
cells[J]. FEMS Microbiol Lett,2000, 184:241 —246.

(8 T3 Jipkiik i pr =R

kg R, kAR, kagE', RiE?
(1. AEXSEINFRABRRE IR ETERETS, & £ 518057;
2. PEMFRAEEDHIL, #H KL 430072)

B E: BRTAXAEOKERR P RMBREEE, URIRBYAO T %, Bt xR R B i 8 5
BOR, BRI 80% P BEMEIRRR, HRAZBEIERRBANGERIFHORE, BHKRERE
2, TR, "LENAVENN pH ZEE AR ENRAAENAA RN EEES. FRSRN

HRBh AL R T R R T IKE,
KGR KRK%E; B, BERER; 40k
HESES: X113 XwERIRE: A

XBHS: 0529-6579 (2003) S1-0144-03



