
American-Eurasian Journal of Toxicological Sciences 11 (1): 21-28, 2019
ISSN 2079-2050
© IDOSI Publications, 2019
DOI: 10.5829/idosi.aejts.2019.21.28

Corresponding Author: Mohibul Hasan, Department of Environmental Toxicology, Faculty of Biology,
Universität Duisburg-Essen, Universitätsstraße 2, 45141 Essen, Germany.
Tel: +4917687146240.

21

Extraction Optimization and Quantification of
Chymotrypsin Inhibitors from Cyanobacterium

Microcystis aeruginosa NIVA Cya43 Using LC/MS

Mohibul Hasan, Kamrul Hasan and Abul Khayer1 2 3

Department of Environmental Toxicology, Faculty of Biology,1

Universität Duisburg-Essen, Universitätsstraße2, 45141Essen, Germany 
Department of Bioengineering, Faculty of Graduate School of Natural and2

Applied Sciences, Bahçe ehir University, Turkey 
Department of Agriculture, Noakhali Science and Technology University,3

Noakhali-3814, Bangladesh

Abstract: Cyanobacteria are photosynthetic organisms found in most freshwater and marine system. They are
well known for their bloom forming potential. Zooplankton (e. g. Daphnia) can play a important role in
controlling cyanobacterial blooms, as they are the major consumers. However, cyanobacteria are a bad food
source for Daphnia due to the production of bioactive secondary metabolites. Many cyanobacteria produce
these  bioactive secondary metabolites that can inhibit the major gut proteases (Trypsin and Chymotrypsin)
of Daphnia. Different treatments were tested to determine the best extraction of chymotrypsin inhibitors in
Microcystis aeruginosa NIVA Cya43. The most efficient extraction was achieved by 80% MeOH use extraction.
After extraction, samples were analyzed using liquid chromatography mass spectrometry for quantitative
analysis of chymotrypsin inhibitors.
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INTRODUCTION summer [3]. The characteristics of this lake were

Cyanobacteria are the oldest life form still present on transparency, higher water column stability, high surface
Earth [1]. They are gram-negative photosynthetic water temperature and decreased lake flushing [3].
prokaryotes which are found in most freshwater and Cyanobacterial blooms lead to water hygienic problems
marine water. For the photosynthesis cyanobacteria through excretion of volatile compounds which creates
evolved a variety of pigments that allow them to harvest unpleasant taste and odor, e.g. geosmin [4]. Freshwater
a broad  light  spectrum.  Few  species of cyanobacteria blooms are usually dominated by the cyanobacterial
are  capable  of  fixing  atmospheric  nitrogen which genera Microcystis, Anabaena, Oscillatoria,
enables them to access an additional nitrogen source [2]. Planktothrix or Limnothrix [5].
The most noticeable feature of cyanobacteria is their Herbivorous zooplankton (eg. Daphnia) plays an
ability  to  form  blooms  in eutrophic surface waters extremely important role in aquatic food chains. They use
(Lakes, reservoirs and slow rivers) which is mostly caused primary producers as their food source (Algae,
by an increase in the level of nutrients, usually cyanobacteria). These zooplanktons are the prey of
phosphorus and nitrogen. But other factors like aquatic insects or many types of small fish, which are
temperature, water column stability can play a role to themselves eaten by members of higher trophic levels
influence cyanobacterial bloom. In Lake Steilacoom (1994) (e.g. bigger fish and humans). Due to the influence on the
toxic bloom of Microcystis aeruginosa occurred in food change by changes in zooplankton (eg. Daphnia)

associated with higher phosphorus, decreased water
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populations in aquatic system, affect human need can are break down and may form ROS (Reactive oxygen
indirectly be affected. The crustacean Daphnia is well species) which activate several antioxidant enzyme and
studied because of its abundance and important role in influence the glutathione-ascorbate cycle. The resulting
aquatic system. Daphnia provides an important link for conjugate are less toxic and hydrophilic for easier
the transfer of carbon and energy from primary producer excretion.According to their multigenerational experiment
to higher tropic level [6]. Daphnia might also play a role enhance tolerance of Daphnia over generation observed
in the control of cyanobacterial blooms because they are [17].
unselective filter feeders. They cannot distinguish Trypsin and chymotrypsin are the major protease
between good and bad food quality. Cyanobacteria are enzymes found in the gut of Daphnia [18]. They belong
not a good food source for this crustacean because to the group of serine proteases because they cleave
cyanobacteria lack fatty acids and sterols which is peptide bonds in proteins. Cyanobacteria produce some
necessary for the growth of Daphnia [7]. Some strains of depsipeptides which contains one or more ester bonds in
cyanobacteria form filaments (eg. Anabaena) that clog the addition to amide bonds. Micropeptolins or
filter apparatus of Daphnia [8]. Another reason is the cyanopeptolins are one class of cyanobacterial peptides
production of secondary metabolites by cyanobacteria that strongly inhibits trypsin like activity of Daphnia [19].
[9]. A major focus of recent research is therefore to It was found that depsipeptides also inhibit chymotrypsin
identify secondary metabolites of cyanobacteria and their activity of Daphnia. The cyanobacterial strain
detrimental effects on Daphnia. Microcystis aeruginosa NIVA Cya 43 contains two

Secondary metabolites are those compounds which depsipeptides, i.e. BN920 and CP954, which inhibit
are not used by organism for their growth or reproduction chymotrypsin activity of Daphnia [20]. The same
[10]. Researchers are interested in these compounds cyanobacterial species but different strain BM25 contains
because their effect in still unknown and they might be micropeptins  (DR1006, DR1056 and MM978) which
used in medicine, which has already been shown for some inhibit chymotrypsin enzymes of Daphnia magna [21].
secondary metabolites [11]. Microcystis aeruginosa is Various studies have been performed in order to identify
one of a number of species of cyanobacteria that can environmental factors which influence growth rate and
produce cyclic peptides, i.e. hepatotoxins, known as toxin production of cyanobacteria. It is found that
microcystins [12]. The cyclic nature of microcystins makes phosphorus, nitrogen and light have effects on
them difficult to be broken down and to be metabolized by cyanobacterial growth and toxin production [21, 22].
animals. Moreover, microcystins block protein Microcystin production was found to be positively
phosphatases 1 and 2a by binding irreversible to these correlated with growth rate under phosphorus limitation
enzymes and provoke oxidative stress [13]. Because of [23]. In another study it was shown that
growing public health concerns, scientists are working to photosynthetically active radiation affects the content of
control the toxicity of blooms of M. aeruginosa. The toxic microcystin in the Microcystis aeruginosa strain PCC7806
effects of various cyanotoxins have been investigated in [24].
mammals and aquatic organisms [14]. In vertebrates, From  previous  information   it   is   clear  that
microcystins accumulate in the liver, where it damages different species of cyanobacteria produce different
liver tissue and promotes tumor growth [15]. Not all strain secondary  metabolites,  few  of   these  compound
of   Microcystis    aeruginosa   produce   microcystins. interfere digestive proteases (eg. Chymotrypsin) of
For example, Microcystis aeruginosa NIVA Cya 43 does planktonic  crustaceans.  The aim of this research work
not produce microcystins [16]. However, they produce a was to develop a method for better extraction of
variety of other bioactive metabolites which are cyclic and chymotrypsin inhibitors from Microcystis aeruginosa
non-cyclic peptides. They are called depsipeptides with NIVA Cya43.
unusual amino acid compositions [16].

An experiment was done to know the MATERIALS AND METHODS
transgenerational effect of microcyasin on Daphnia [17].
According to their work, it was hypothesized that Preparation of Wright’s Cryptophytic (WC) Medium and
Daphnia are able to withstand microcystin. The concept Population Growth Rate: Normal WC medium was
behind their hypothesis was the biotransformation of prepared by adding 5 ml of stock solutions A-E and G to
microcystin via glutathione S transferase enzyme. During 4.5 L ultra pure water and filled up with ultra pure water to
the biotransformation process toxin and toxin conjugate 5L.
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Table 1: Stock solutions for the preparation of Wright´s Cryptophyte (WC) medium (Guillard 1975)
Stock solution Ingredient Stock solution (g*L ) Medium (mgL ) Medium (mM)1 1

A CaCl *2H O 36.8 36.8 0.252 2

B MgS0 *7H O 37.0 37.0 0.154 2

C NaHCO 12.6 12.6 0.153

D K HPO .*3H O 11.4 11.4 0.052 4 2

E NaNO 85.0 85.0 1.03

G Trace elements Table 2 Table 2 Table 2

Table 2: Composition of stock solution G (Trace elements) for the preparation of WC-medium
Compound Stock solution (mg*L ) Medium (mM)1

Na EDTA 4360 11.72

FeCl *6 H 0 3150 11.653 2

CuSO  *5H O 10 0.924 2

ZnSO *7H O 22 0.0774 2

COCl *6H 0 10 0.0422 2

MnCl *4H O 180 0.912 2

Microcystis aeruginosa NIVA Cya43 (Collected from cyanobacterial  cells  to  measure  them   using  LC-MS.
Biozentrum  Universität  köln,  Germany)  were cultivated To optimize the extraction process several experiments
in batch culture. For all experiments the cyanobacterium were performed. First extraction optimization experiments
M. aeruginosa NIVA Cya 43 was used. Optical density of of chymotrypsin inhibitors from M. aeruginosa NIVA Cya
this  pre-cultured  cyanobacterial  strain  were  measured 43 were done based on different concentration of MeOH
at 470 nm with a spectrophotometer (Macherey & Nagel, use for extraction. These inhibitors were extracted with
PF-11).  By  using  Y = 0.198x-0.016  formula  volume of 40%, 60%, 80% and 100% MeOH and the peak areas of
pre-culture cyanobacterial cells were measured where X the chymotrypsin inhibitors Nostopeptin 920 and
refers optical density and Y refers concentration. Cyanopeptolin 954 were compared. For the experiment
Afterwards, medium was inoculated in 300ml conical 80% MeOH was used for extraction of inhibitors. Second
flasks filled with 100 ml autoclaved WC medium under a extraction optimization method was done based on the
sterile bench. The flasks were kept on a horizontal shaker effect of different duration of extraction time like 0 hour
(90 rpm) under constant light condition (46 µmol photons (Immediately), 2 hour and overnight. There was no
*m *s ) at room temperature (20°C). significant  difference  was  found.  For this reason2 1

Cyanobacterial  cell  abundance  was determined samples were extracted immediately in further experiments.
daily using light microscopy. Therefore, 0.5 ml Third extraction optimization method was done to check
subsamples from three randomly choosed flask were taken the extraction from filters is more or less efficient than the
from each flask under sterile conditions and the extraction from cell pellet. For all treatment NIVA
cyanobacterial cells were counted by using a Neubauer suspension with 20 mg C*L  (25ml=0.5mg) was used.
improved counting chamber (Depth: 0.1 mm; 0.0025 mm ). Total 9 filters with 0.5mg C and 3 filters with 0.3 mg C were2

To estimate the proper cell abundance  at  least 100 cells prepared. Treatments were labeled with Control, 10ml,
per sample were counted. The experiment lasted 15 days. soni, freez, ON and 0.3mgC. After prepared filters with cell
Based on the cell abundance,  population  growth  rates palate 5ml 100% MeOH was added except treatment
were calculated in 3 days interval by the following ‘10ml’. In 10ml treatment 10ml 100% MeOH added directly
formula. and kept in freeze for 15 minutes. After that 15 minutes

sonication (Bandelin, Sonorex Super RK225H) was done

Formula 1: Population growth rate r of Microcystis kept in fridge overnight before sonificate (Bandelin,
aeruginosa NIVA Cya 43. Nt1 and Nt2 represent the cell Sonorex Super RK225H) again. Additional 5ml 100%
abundances [Cells*ml ] at the time points t1 and t2 and MeOH was added on the filters and centrifuged at 11.0001

t is the time interval between t1 and t2 [d]. rpm for 3 minutes (Eppendorf Centrifuge 5804, Rotor:

Extraction and Quantificationof Chymotrypsin Inhibitors glass tubes. Then supernatant was dried in speed vac
from Cyanobacteria (Christ, RVC 2-25) and added 1ml 100% MeOH and
Optimization of the Extraction Method: The transfer to eppendorf tube and dried in speed vac (Christ,
chymotrypsin inhibitors have to be extracted from the RVC  2-25)  again.  After  that  100µl  MeOH  (100%) added

1

except treatment ‘Freeze’. In treatment ‘Freeze’ filters were

Eppendorf F34-6-38) and transferred the supernatant in
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and transferred in vials for quantification of chymotrypsin
inhibitors. Compare to control extraction treatment more
or less no differences observed.

Extraction of Chymotrypsin Inhibitors from
Cyanobacteria Using Optimized Protocol: Chymotrypsin
inhibitors were extracted from Microcystis aeruginosa
NIVA Cya 43 cells by 80% methanolic extraction. Every
third day of experiment, flask with Microcystis aeruginosa
NIVA Cya 43 were taken from the shaker and number of
cyanobacterial cells were counted. The volume of the
cultured samples were calculated depending on the cell
abundance by using y = 8.9811 x + 16.158 formula, where
X  refers  concentration  and  Y  refers   cell  abundance.
To remain constant of carbon amount (0.25mg) required
volume were calculated. The calculated volume was
centrifuged at 11.000 rpm for 3 min- (Eppendorf Centrifuge
5804, Rotor: Eppendorf F34-6-38). The supernatant was
discarded and the cell pellet was. 10 ml 80% MeOH and
10µl internal standard (MC-LR, concentration was 10
µg*L-1) were added to the cell pellet. After 5 minutes of
sonification (Bandelin, Sonorex Super RK225H) this
suspension was centrifuged and the supernatant was
transferred to a glass tube. The sample was evaporated to
dryness by using a vacuum centrifuge (Christ, RVC 2-25).
The residue was dissolved in 1ml MeOH (100%) and
transferred to an Eppendorf tube and again evaporated to
dryness. The residue was re-dissolved with 100µl MeOH
(100%) and transferred to glass vials for quantification of
the two chymotrypsin inhibitors nostopeptin 920 and
cyanopeptolin 954 by using LC- MS.

Quantification  of  Chymotrypsin   Inhibitors by Using
LC-MS: The quantification of chymotrypsin inhibitors
(Fig. 4) from M. aeruginosa NIVA Cya 43 was performed
using an Accela ultra high pressure liquid
chromatography system (UHPLC, Thermo Fisher)
combined with an Exactive Orbitrap mass spectrometer
(Thermo Fisher). The chromatography system consists of
a 1250 psi pump, an autosampler and a photo diode array
detector (PDA). A C18-nucleosil column (EC 125/2
Nucleosil, 100-3; Macherey and Nagel, Düren, Germany)
was used as stationary phase. The mobile phase was a
gradient (Table 3) of ultra pure water and acetonitrile
(ACN) both containing 0.05 % trifluoracetic acid (TFA).
The mass spectrometer was run in electrospray ionization
mode (ESI) with positive ionization at 325°C and a
constant N2 gas flow. Capillary voltage was set to 60 V
and the spray voltage was 4.5 kV. For the measurements
a scan range between150 to 1500 Da was applied. Xcalibur
software (Thermo Fisher) was used for quantitative
analyses.

Table 3: Applied solvent gradient for the quantification of chymotrypsin
inhibitors (BN920 and CP954) by using internal standard MC-LR.

Solvent Solvent B
Time [min] A ACN + 0.05 TFA [%] Water + 0.05 TFA [%]
 0 38 62
 2 40 60
12 50 50
12.5 100 0
15 100 0
15.5 38 62
17 38 62

For each run, 10µl of a sample were injected and
sample  were  measured  twice (Technical replicates).
Under  the  applied  conditions,  BN920  is  elutes  after
1.85 min and CP954 after 2.21 min (Fig. 1). Based on the
measured peak areas chymotrypsin inhibitors in the
sample were measured by using calibration curve. The
calibration curves were established by Jasmin Jülich
(Master Thesis, 2014) using purified chymotrypsin
inhibitors and the internal standard MC-LR. The
calibration curve for BN920 ranged from 0 to 35 µg*ml 1

(y = 0.661777x - 0.207, R  = 0.9908) and the calibration2

curve for CP954 is in the range of 0 to 150 µg*ml  (y =1

0.662427x + 3.66638, R² = 0.9621).

Statistical Analysis: Statistical analyses were conducted
with the program Sigmaplot 11.0. The data were analyzed
using one way ANOVA and a post hoc analysis [Tukey’s
honestly significant difference (HSD)].Graph were made
with Microsoft office Excel 2007.

RESULTS AND DISCUSSIONS

With the aim of optimizing the extraction method
identical pellets of Microcystin aeruginosa NIVA Cya43
were extracted with 40%, 60%, 80% and 100% methanol
(MeOH) after the addition of microcystin-LR as internal
standards  (Fig.  1).  The  samples  were  measured with
LC-MS and the peak areas of the chymotrypsin inhibitors
CP954 and BN920 were compared to determine the best
MeOH concentration. There was no significant difference
between the different MeOH concentrations (One way
ANOVA, p  =0.099, p  = 0.217). Since 40% and 60%BN920 CP954

MeOH required more time for the evaporation during the
sample preparation, subsequently 80% MeOH was used
for the extraction of chymotrypsin inhibitors from this
cyanobacterial strain.

After the above described optimization of the
extraction solvent, 80% MeOH was used with the aim to
compare the effect of differences in extraction of time.
Three different extraction times were tested: 0 hour
(Immediately), 2 hours and overnight (Around ~18 hours)
(Fig.  2).  No  statistical  difference  between   the  different
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Fig. 1: Effects of different concentrations of methanol on the extraction of the two chymotrypsin inhibitors CP954 and
BN920 from M. aeruginosa NIVA Cya 43. Depicted are mean values ± SD, n=3. Statistical analysis showed no
differences between the treatments (One way ANOVA, p  = 0.099, p  = 0.217).BN920 CP954

Fig. 2: Effect of different extraction times on obtained peak areas for the two chymotrypsin inhibitor CP954 and BN920
after extraction of M. aeruginosa strain NIVA Cya 43 with 80% MeOH. Depicted are mean values ± SD, n = 3.
Statistical analysis showed no differences between the treatments (One way ANOVA, p  = 0.889 p  = p =BN920 CP954

0.922)

Fig. 3: Effects of different filter extraction procedures on the obtained peak areas for the two inhibitors CP954 and BN920.
Depicted are mean values ±SD, n = 3. Different letters indicate a significant differences (Tukey’s HSD after one
way ANOVA, p<0.05). Here, control=normal extraction protocol, 10ml=Extraction from filter with 10ml 100% MeOH,
soni=2 times 5ml added to the filters, Freez = keep sample in fridge for 15 munities. ON=Overnight extraction,
0.3mg=Extraction with 0.3 mg C instead of 0.5 mg C
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Fig. 4: Example for mass chromatograms of the chymotrypsin inhibitors cyanopeptolin 954 and nostopeptin 920 using
LC-MS. Shown are chromatograms for the inhibitors BN920 (m = 903.46108, z = 1, retention time = RT = 1.85 and
CP954 (m = 937.42251, z = 1, retention time = RT = 2.21). The injection volume of the experimental sample was 10µl.

extraction  times,  neither for  BN920 (One way ANOVA, time for the evaporation during the sample preparation.
p = 0.889) nor for CP954 (One way ANOVA, p = 0.922). Because of that, 80% MeOH considered for the better
Because no difference was found, samples were extracted extraction.
immediately in further experiments [26-28].
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