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Abstract Purification of amylases from digestive 
tracts of three freshwater fish species with Q-Sepha-
rose Fast Flow and Sephacryl S-200 columns dis-
played two isoforms of amylases from Osteochilus 
hasselti (O1, O2) and three isoforms of those from 
both Hampala dispar (UB, H1, H2) and Puntioplites 
proctozystron (P1, P2, P3). The optimum pH values 
displayed at 7.0 and 8.0, while the optimum temper-
atures revealed at 40 and 50  °C. Almost isoenzyme 
activities were activated by NaCl and  CaCl2, whereas 
EDTA and SDS strongly inhibited all enzymatic 
activities. Verification with an atomic absorption 
spectrophotometry exhibited the presence of  Ca2+ 
ions in the range of 0.02–13.53 ppm per mg protein 
indicating that amylases are  Ca2+ dependent. Molecu-
lar weight analysis revealed 12 to 147 kDa. The UB, 
O1, and H2 amylases with appropriate molecular 
masses of 64, 49, and 25 kDa validated with LC-MS/
MS were selected. Three certain enzymes revealed 
high stability in a sample buffer after five cycles of 
freeze-thawing process upon storage at − 20  °C for 
12  weeks. No protein degradation was observed on 
polyacrylamide gel, and the enzymes still displayed 

sharp and clear bands on zymograms. The result 
suggested that the purified fish amylases, which 
expressed high activities and stabilities, were poten-
tially used as enzyme molecular weight markers for 
zymography.

Keywords Isoenzyme · Amylase · Fish enzyme · 
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Introduction

Amylases are glycoside hydrolases that catalyze the 
hydrolysis of glycosidic linkage in starch molecules 
to produce a small fragment of saccharides. Accord-
ing to catalytic function, amylases are divided into 
three types consisting of α-amylase, β-amylase, 
and γ-amylase. α-Amylase (EC 3.2.1.1) is an endo-
amylase family that randomly cleaves at internal 
α-1,4-glycosidic bonds in starch molecules, ulti-
mately yielding malto-oligosaccharide or glucose. 
β-Amylase (EC 3.2.1.2) is an exo-amylase that cata-
lyzes the hydrolysis of second α-1,4-glycosidic link-
ages from the non-reducing end releasing two glucose 
units. γ-Amylase (EC 3.2.1.3) is an exo-amylase that 
catalyzes the hydrolysis of both α-1,6- and α-1,4-
glycosidic linkages from the non-reducing end yield-
ing glucose (Saini et al. 2017; Kaplan and Guy 2004). 
Among all types, α-amylase is widely produced from 
living organisms such as microorganisms (Wu et  al. 
2018; Sodhi et  al. 2005), fungi (Xian et  al. 2015; 
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Abdulaal 2018), plants (Stanley et  al. 2005; Asat-
suma et  al. 2005), and animals (MacDonald et  al. 
1980; Hagenbüchle et  al. 1980). Calcium plays an 
important role for the catalytic function and the sta-
bilization of an α-amylase structure by interacting 
with negatively charged amino acid residues, such as 
glutamic acid and aspartic acid (Rogers 1985; Sven-
sson 1994). In fish, this type of enzyme is normally 
synthesized and secreted by the digestive tract and 
plays an essential role in the biochemical process of 
carbohydrate digestion, especially in herbivorous and 
omnivorous (Gioda et  al. 2017; Al-Tameemi et  al. 
2010). In previous studies, the amylase enzymes in 
different fish species exhibit the different characteris-
tics and isoenzymes patterns in terms of number and 
molecular sizes (Champasri and Champasri 2017; 
Fernández et al. 2001; Ji et al. 2012; Champasri et al. 
2021). Moreover, characterization of isoenzymes 
from each species regarding optimum temperature, 
optimum pH, thermostability, and effects of metal 
ions has become important and helps to understand 
more about their properties for determining their 
related applications such as hydrolysis of malt starch 
for alcohol production by the thermostable α-amylase 
from Bacillus sp. PS-7 (Sodhi et  al. 2005) and dou-
ble-enzymatic sugar-making process in starch indus-
try by the acidic α-amylase from Alicyclobacillus sp. 
A4 (Bai et al. 2012).

Substrate zymography is an electrophoresis tech-
nique widely used for studying in-gel hydrolytic 
enzymes (Vandooren et  al. 2013). Specific substrate 
of enzymes can be probably co-polymerized with 
acrylamide gel before electrophoresis or soaked with 
acrylamide gel after electrophoresis. The location 
of an enzyme, which can hydrolyze the substrate in 
gel, is visualized as a clear band against a dark back-
ground of overspreading substrate-specific dye. Many 
enzymes such as proteases (Champasri and Cham-
pasri 2017; Van de Louw et  al. 2002; Jones 2014; 
Banerjee et  al. 2016), amylases (Champasri and 
Champasri 2017; Champasri et  al. 2021; Banerjee 
et al. 2016), cellulases (Champasri et al. 2015; Cano-
Ramírez et al. 2017), and endopeptidases (Wong and 
Blaise 2020) have been studied by using this method. 
Determination of the molecular weights of hydro-
lytic enzymes requires comparing their electropho-
retic movements on zymograms with those of pro-
tein molecular weight markers on another gel stained 
with Coomassie brilliant blue. Using different gels 

stained with different dyes and destained with differ-
ent reagents may sometimes cause an error of estima-
tion due to the distance shift of the protein band. The 
commercial kit of enzyme molecular weight mark-
ers separated and detected on single zymographic 
gel has not been available. Our previous studies have 
found that each fish species has exhibited several 
isoenzymes of amylases and proteases with different 
molecular masses (Champasri and Champasri 2017; 
Champasri et al. 2021). In addition, the enzymes have 
been stable in wide pH and temperature ranges with 
residual activities more than 80% after incubation at 
25 to 50 °C, especially for amylases (Champasri et al. 
2021). Therefore, in this study, we aimed to (i) purify 
the amylases extracted from digestive tract of three 
fish species, (ii) determine the molecular weights of 
the purified enzymes, (iii) characterize the biochemi-
cal properties of the purified enzymes, and (iv) select 
the enzyme with the desire molecular weights and 
test the stabilities after several freeze-thaw cycles 
to provide new insight application of fish amylases 
as enzyme molecular weight markers for substrate 
zymography.

Materials and methods

Ethics statement

The ethical principles for use and care of animals 
in science are approved by the Institutional Animal 
Care and Use Committee of Khon Kaen University 
(IACUC KKU). All experimental protocols and the 
care and use of experimental animals complied with 
animal welfare laws of Thailand, and guidelines and 
policies approved by ThaiIACUC (permit reference 
number U1-04,584-2559).

Materials

Starch (from rice) (cat. no. S-7260) was purchased 
from Sigma-Aldrich, USA. Quick Start Bradford 
1 × Dye Reagent (cat.no. 5000205) and gel filtration 
standard (cat.no. 1511901) were purchased from Bio-
Rad, California. Soluble starch (cat.no. SB0904) was 
from Bio Basic Inc., Canada. 3,5-Dinitrosalicylic acid 
was purchased from Fluka, USA. Ammonium sulfate 
was purchased from Ajax Finechem, Univar (USA). 
Chemical reagents for preparation of buffers were 
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purchased from CARLO ERBA (France), Bio Basic 
Inc., Sigma-Aldrich, Honeywell Fluka (NJ, USA), 
and Ajax Finechem. Chemical reagents for gel elec-
trophoresis: acrylamide (cat.no. 17-1302-02) and 
N,N′-methylenebisacrylamide (cat.no. 17–1304-02) 
and ammonium persulfate were from GE healthcare 
(USA), and sodium dodecyl sulfate (cat.no. DB0485) 
was from Bio Basic Inc.

Sample collection and crude enzyme extraction

Three fish species including Puntioplites proc-
tozystron, Osteochilus hasselti, and Hampala dispar 
were randomly collected by using nets from Nong 
Kong Kaew swamp, Chonnabot district, Khon Kaen, 
Thailand.

The identification of fish species was kindly per-
formed by Assoc. Prof. Apinun Suvarnaraksha, Fac-
ulty of Fisheries Technology and Aquatic Resources, 
Maejo University, Thailand. Fishes with body lengths 
of 16.64 ± 2.16, 18.42 ± 1.24, and 14.50 ± 1.45 cm for 
O. hasselti, P. proctozystron, and H. dispar, respec-
tively, were collected. The 110 specimens of O. has-
selti, 85 of H. dispar, and 100 of P. proctozystron 
were sacrificed using 20 mg  L−1 MS222. The diges-
tive tracts of fishes were dissected, cleaned with dis-
tilled water, and homogenized in the extraction buffer 
(0.05  M Tris–HCl buffer, pH 8.0) using a blender 
with the wet weight (g) per buffer volume (mL) of 1:3 
ratios. The homogenates were harvested by centrifu-
gation at 24,000 × g, 4  °C for 20 min using the Sor-
vall™ Legend™ XTR centrifuge (Thermo Scientific). 
Supernatant, referred to as “crude enzyme extract,” 
was collected and then stored at − 20 °C until use. All 
extraction and purification steps were carried out at 
4 °C. Protein content was determined according to the 
Bradford method (Bradford 1976). Standard curve of 
bovine serum albumin was used to calculate the pro-
tein concentration.

Enzyme assay

Amylase assay was carried out by modifying the 
DNS (3,5-dinitrosalicylic acid) method of Miller 
(1959). Assays were conducted in a final total vol-
ume of 1.0 mL containing 50 µL of crude enzyme 
extract; 500 µL of 0.5% starch solution in 0.05  M 
Tris-HCl, pH 8.0; and 450 µL of assay buffer (0.2 M 
Tris-HCl buffer, pH 8.0). After 15 min of incubation 

at room temperature (27 °C), the reaction was inac-
tivated, and the sugar product was measured by add-
ing 500 µL of DNS solution and boiling for 10 min. 
After centrifugation at 16,000 × g for 10  min 
(Rotina 380R, Hettich) to remove a non-digested 
starch and denatured enzyme, the supernatant con-
taining amylolytic products was measured by moni-
toring the absorbance at 540 nm with JASCO V-530 
spectrophotometer. The amount of released malt-
ose was calculated from a maltose standard curve. 
One unit of amylase was defined as the amount of 
amylase which releases 1 mmol of maltose per min 
under the assay condition.

Amylase purification

The crude enzyme extracts were precipitated at 
80% saturation of ammonium sulfate. The precipi-
tated proteins were collected by centrifugation at 
24,000 × g, 4  °C for 20  min and subsequently dis-
solved in an extraction buffer before dialyzing 
against 0.02 M Tris-HCl buffer, pH 8.0 containing 
0.1  M NaCl and 0.5% glycerol. Protein samples 
from each fish species were applied to the Q-Sepha-
rose Fast Flow (GE healthcare/Cytiva) resin packed 
in 1.5  cm × 15  cm column (Bio-Rad). The column 
was pre-equilibrated with five column volumes 
of an equilibration buffer (EQ) (0.02  M Tris-HCl 
buffer, pH 8.0, 0.5% glycerol), and a flow rate was 
run at 2.5 mL per min. Bound proteins were eluted 
with a stepwise gradient by using an EQ buffer con-
taining 0.25–1.0 M NaCl. Fractions were collected 
to measure the protein content by monitoring the 
absorbance at 280  nm. The active fractions exhib-
iting high enzymatic activity measured at 540  nm 
were pooled for further concentration by using 
Amicon Ultra-15 concentrator (MWCO 10  kDa). 
Retentate proteins were slowly loaded onto a gel fil-
tration column (1  cm × 100  cm, Bio-Rad) contain-
ing Sephacryl S-200 high resolution (GE health-
care/Cytiva). The column was run at a flow rate of 
1 mL per 3 min by using 0.05 M Tris-HCl, pH 7.5, 
0.15 M NaCl, 0.5% glycerol buffer. Protein content 
and amylase activity were followed as described 
above. The active fractions revealing amylase activ-
ity were pooled. The purity was analyzed by using 
SDS-PAGE, and the position of amylase on gel was 
visualized by substrate zymography.
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SDS-PAGE and substrate zymography analysis

SDS-PAGE and zymography were carried out 
according to the method as previously described 
(Champasri and Champasri 2017; Champasri et  al. 
2021) with minor modifications. The protein samples 
were separated on 10% separating gel and 4% stack-
ing gel in a discontinuous buffer system using a Bio-
Rad Tetra cells electrophoresis apparatus. Samples 
were mixed with 1 × SDS sample buffer (62.5  mM 
Tris-HCl buffer, pH 6.8 containing 0.02% bromo-
phenol blue, 25% glycerol, 2% SDS) before loading 
onto a stacking gel. After electrophoresis, proteins on 
the polyacrylamide gel were detected by staining gel 
in staining dye solution (0.25% Coomassie brilliant 
blue R-250, 40% ethanol, 10% glacial acetic acid) and 
washing with destaining solution (30% ethanol, 10% 
glacial acetic acid) until the blue bands of proteins 
were observed against a clear background. A second 
gel referred to as a zymogram was set up to detect 
amylase activity and locate the position of the certain 
enzyme on the gel. The gel was immersed in 0.05 M 
Tris-HCl buffer, pH 8.0 containing 2% Triton X-100 
for 30 min at room temperature with gentle shaking 
to remove SDS. The gel was subsequently washed for 
5–10 min in the same buffer without Triton X-100 to 
ensure proper folding of the enzyme. To allow the 
diffusion of substrate into gel, gel was soaked in 2% 
starch solution (dissolved in 0.05 M Tris-HCl buffer, 
pH 8.0) at 4  °C for 30  min before moving to incu-
bate at 45  °C with gentle shaking for 1  h to facili-
tate the catalytic activity of the enzyme. Finally, the 
gel was stained with iodine solution (5.7% KI, 0.6% 
 I2) for 5 min, and the excess iodine was washed off 
with distilled water. The clear band against a dark 
brown background was visualized, and the position 
of amylolytic enzyme was observed after destaining 
with distilled water.

Determination of enzyme molecular weights

Determination of molecular weight of the purified 
amylases was determined by using gel filtration chro-
matography. Blue dextran with molecular weight of 
2000 kDa was firstly applied onto a Sephacryl S-200 
high-resolution column (1 cm × 100 cm, Bio-Rad) to 
determine the void volume (V0) of a column. The gel 

filtration standard (Bio-Rad) with molecular weights 
ranging from 1.35 to 670  kDa was dissolved with 
deionized water and gently mixed well before load-
ing onto the column. Purification was followed with 
the same protocol as described above for gel filtra-
tion in the purification section. The absorbance at 
280 nm was followed to monitor the elution of pro-
tein. The standard curve of protein molecular weight 
standard was generated by plotting the Kav values 
with the logarithm of the known molecular weights 
of four standard proteins. The Kav was calculated by 
(Ve − V0/(Vc − V0), where Kav is the distribution coef-
ficient of the protein, Ve is the elution volume of the 
standard protein or the purified enzyme, V0 is the 
column void volume, and Vc is the total volume of 
the column. To determine the molecular weight of 
the purified amylases, the Kav values of the purified 
enzymes were calculated from the equation, and the 
resulting data were subsequently compared with the 
calibration curve.

Effects of pH and temperature on amylase activity

The effects of pH on amylase activity were evaluated 
by using 0.2 M buffers consisting sodium acetate (pH 
5.0), sodium phosphate (pH 6.0 and 7.0), Tris-HCl (pH 
8.0 and 9.0), and glycine-NaOH (pH 10.0 and 11.0). 
The effects of temperature on amylase activity were 
determined by incubating the reaction mixtures at 27, 
35, 40, 50, 60, and 70 °C. The enzyme activities were 
conducted in duplicate, and the maximum activity was 
defined as 100% relative activity.

Effects of temperature on amylase stability

Thermal stabilities were examined by determining 
enzyme activity after pre-incubation of the purified 
enzyme in 0.2 M Tris-HCl buffer, pH 8.0 upon incu-
bation for 1, 2, 3, and 24 h. The stabilities were tested 
at both room temperature (27 °C) and optimal tempera-
tures (40  °C and 50  °C). The pre-incubated enzyme-
buffer mixtures were aliquoted to measure the enzy-
matic activity by adding 0.5% starch according to the 
enzyme assay protocol. The remaining activities were 
calculated as the percentage of relative activity, at 
which 100% relative activity was defined as the activity 
of enzymes without pre-incubation.
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Effects of metal ions, detergent, and chelating agents 
on amylase activity

Three concentrations (2, 5, and 10 mM) of metal ions 
(NaCl,  CaCl2,  MgCl2, and  MnCl2), detergent (SDS), 
and chelating agents (EDTA) were added to the puri-
fied enzymes and pre-incubated at room tempera-
ture. After incubation for 30 min, the enzyme-ion or 
enzyme-additive reagent mixture was aliquoted to 
detect the enzyme activity by adding substrate and 
buffer. The catalytic activities were allowed at the 
standard condition as previously described in the 
enzyme assay section. The enzyme activity with-
out any metal ions, detergent, or chelating agent was 
defined as 100% relative activity.

Calcium determination by atomic absorption 
spectrometry

The calcium content in the purified amylase fractions 
was analyzed by atomic absorption spectrometry (an 
Instrumentation Laboratory PerkinElmer PinAAcle 
900  T atomic absorption spectrophotometer). One 
hundred microliter of purified enzyme samples was 
added with 0.5 M  HNO3 to the final volume of 1 mL 
prior to incubation at room temperature for 1 h. After 
centrifugation at 14,000 × g for 10 min (Rotina 380R, 
Hettich), clear supernatants were taken to measure the 
calcium content with an atomic absorption spectrom-
eter at the wavelength of 422.67  nm. The calcium 
concentration in the purified enzymes was calculated 
by using calcium standard curve, which was freshly 
prepared by diluting 1000  ppm stock calcium solu-
tion with deionized water to 2–8 ppm. Each analysis 
was carried out in triplicate, and the average or mean 
value was presented.

Amylase identification by LC/MS–MS

The partially purified amylases were initially sepa-
rated by SDS-PAGE. Zymography was also per-
formed in parallel to verify the position of amylase 
on gel. After electrophoresis, the expected bands of 
amylases were manually excised and washed twice 
with deionized water. The bands were subsequently 
digested with trypsin. The tryptic fragments of the 
purified peptides were automatically analyzed by 
liquid chromatography–tandem mass spectrometry 
(LC/MS–MS) at the Biomolecular Analysis Service 

Unit (Faculty of Medicine, Khon Kaen University, 
Thailand). The MS/MS ion results were compared 
with Swiss-Prot database by Mascot database search 
online program of Matrix Science (http:// www. matri 
xscie nce. com). The mass spectrometry proteomics 
data have been deposited to the ProteomeXchange 
Consortium via the PRIDE (Perez-Riverol et  al. 
2022) partner repository. The datasets generated and 
analyzed during the current study are available in 
PRIDE database (PRIDE—Proteomics Identification 
Database (ebi.ac.uk) via ProteomeXchange (www. 
prote omexc hange. org) repository with accession 
number or identifier PXD033432 and PXD033433.

Stability of enzyme molecular weight markers

According to our objective to provide the applica-
tion of the purified amylases as the enzyme molecular 
weight markers for zymography, the purified enzymes 
from different three fish species were mixed together 
before adding 1 × sample buffer (62.5 mM Tris-HCl, 
pH 8.0, 1 mM  NaN3, 33% glycerol, 2% SDS, 0.01% 
bromophenol blue) and kept at − 20 °C. The compo-
nents of sample buffer were prepared based on those 
of buffer supplied with the commercial unstained 
protein molecular weight markers. Five microliter 
of enzyme mixtures stored at − 20  °C was thawed 
and aliquoted to test their stability every 2 weeks by 
using SDS-PAGE and substrate zymography. The 
sharp bands of non-digested enzymes were expected 
to see. Total 12  weeks of storage at − 20  °C were 
investigated.

Results

Purification of amylases

Crude enzymes extracted from three fish species were 
partially purified with 80% saturated ammonium sul-
fate followed by ion-exchange and size exclusion 
chromatography. The purification yield and fold were 
calculated, and the enzyme purity was analyzed by 
using SDS-PAGE and zymography. After ammonium 
sulfate precipitation, the fractions containing amylase 
were dialyzed and loaded onto the Q-Sepharose Fast 
Flow column. The chromatograms of purification 
are shown in Fig.  1. Both O. hasselti and H. dispar 
showed two peaks of amylase activities named as O1, 

http://www.matrixscience.com
http://www.matrixscience.com
http://www.proteomexchange.org
http://www.proteomexchange.org
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O2, H1, and H2, respectively. Both activity peaks were 
eluted with 0.25 M and 0.50 M NaCl, respectively. In 
addition, the amylase activity was also detected in the 
unbound fraction (UB) of H. dispar. P. proctozystron 
displayed three peaks of amylase including P1, P2, 
and P3, which were eluted with 0.25 M, 0.5 M, and 
1.0 M NaCl. The certain activity peaks from three fish 
species were separately pooled for further purification 
with gel filtration chromatography. Before applying 
to Sephacryl S-200 HR column, the enzyme sam-
ples were concentrated in order to reduce the sample 
volume. Figure 2 shows the size exclusion chromato-
grams. Almost all enzyme fractions revealed a single 
peak of amylase activity except P3 (Fig. 2H), whose 
activity was exhibited into two peaks. As summa-
rized in Table 1, specific activities were varied from 

0.21 to 97.55 U  mg−1 protein, whereas the purification 
folds were presented from 0.18 to 61.48. Among these 
enzymes, the purified UB and H1 displayed the high-
est values of both parameters.

Molecular weights of amylases

The molecular weights of the purified amylases 
were determined by using the calibration stand-
ard curve of gel filtration chromatography. The 
volumes of effluent (Ve) or the elution volume of 
the purified amylases (Fig.  2) were converted to 
Kav and compared with the calibration curve. The 
resulting equation (y =  − 0.2916x + 1.7535) with 
R2 = 0.993 (supplementary information, Fig.  S1) 
was used to calculate the molecular weight (MW) 

Fig. 1  Chromatograms displaying the purification of amylases 
using Q-Sepharose Fast Flow column. Enzymes extracted from 
digestive tracts of O. hasselti (A), H. dispar (B), and P. proc-

tozystron (C) (―, Protein content at 280 nm; , , , amyl-
ase activity detected at 540 nm; –-, NaCl gradient)
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Fig. 2  Chromatograms revealing the purification of amylases 
using Sephacryl S-200 HR column. O1 (A) and O2 (B) from 
O. hasselti; UB (C), H1 (D), and H2 (E) from H. dispar; P1 

(F), P2 (G), and P3 (H) amylases from P. proctozystron (―, 
Protein content at 280 nm; , , , amylase activity detected at 
540 nm)
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of the purified amylases. The O1 and O2 of O. 
hasselti had a molecular weight of 49 and 42 kDa 
(Fig.  2A, B), while UB, H1, and H2 from H. dis-
par showed the molecular weight about 64, 32, and 
25  kDa (Fig.  2C, D, and E), respectively. For P. 
proctozystron, the molecular weight of P2 amylase 
was approximately 32 kDa (Fig. 2G), and those of 
P3, which exhibited two peaks of amylase activi-
ties, were 147 and 12 kDa, respectively (Fig. 2H). 
In case of P1, the enzyme displayed the broad 

peak activity of the gel filtration column as shown 
in Fig.  2F; thus, it was not possible to locate the 
actual Ve.

SDS-PAGE and zymographic results

To analyze the purity and verify the presence of an amyl-
ase on the purification fractions, SDS-PAGE and zymog-
raphy were performed every step of purification. Although 
the SDS gel staining with Coomassie brilliant blue R-250 

Table 1  Purification of amylases from digestive tracts of O. hasselti, H. dispar, and P. proctozystron 

Step Total protein (mg) Total activity (U) Specific activity (U 
 mg−1 protein)

Purification fold % Yield

O. hasselti
  Crude enzyme 792.42 1705.75 2.15 1 100
  80%  (NH4)2SO4 precipitation 328.18 1144.93 3.49 1.62 67.12
  Q-Sepharose Fast Flow
    0.25 M NaCl (O1) 16.32 8.40 0.51 0.24 0.49
    0.5 M NaCl (O2) 11.74 6.93 0.59 0.27 0.41
  Sephacryl S-200 HR
    O1 0.37 7.54 20.38 9.47 0.44
    O2 0.24 2.88 11.80 5.48 0.17

H. dispar
  Crude enzyme 589.42 935.15 1.59 1 100
  80%  (NH4)2SO4 precipitation 208.53 350.80 1.68 1.06 37.51
  Q-Sepharose Fast Flow
    Unbound (UB) 7.05 14.40 2.02 1.24 1.54
    0.25 M NaCl (H1) 0.87 6.27 7.21 4.55 0.67
    0.5 M NaCl (H2) 4.83 5.62 1.16 0.73 0.80
  Sephacryl S-200 HR
    UB 0.03 2.63 97.55 61.48 0.28
    H1 0.08 3.24 40.60 25.52 0.35
    H2 1.11 5.62 6.72 4.24 0.60

P. proctozystron
  Crude enzyme 589.42 935.15 1.59 1 100
  80%  (NH4)2SO4 precipitation 208.53 350.80 1.68 1.06 37.51
  Q-Sepharose Fast Flow
    0.25 M NaCl (P1) 65.88 14.12 0.21 0.07 0.60
    0.5 M NaCl (P2) 2.39 7.41 3.10 1.04 0.31
    1.0 M NaCl (P3) 17.14 5.37 0.31 0.11 0.23
  Sephacryl S-200 HR
    P1 13.32 15.99 1.20 0.40 0.68
    P2 4.87 7.36 1.51 0.51 0.31
    P3 18.87 10.20 0.54 0.18 0.44
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(CBB) contained a few bands of impurities, zymograms 
clearly displayed the single isoform of O1, O2, UB, H1, and 
H2 amylases with different molecular weights (Fig. 3A, B). 
In the case of P. proctozystron, all three fractions of P1, P2, 
and P3 showed co-elution of three to six isoforms, which 
were not able to distinguish by using Sephacryl S-200 col-
umn due to the close molecular weights of them (Fig. 3C). 
Among the purified amylases, the O2 enzyme showed the 
highest purity as observed on CBB gel.

Effects of pH and temperature on purified amylase 
activities

As shown in Fig. 4, the amylases from different spe-
cies showed different responses on pH and tempera-
tures. Moreover, the different isoforms of the same 
species displayed the similar pattern of the responses. 
Interestingly, both O1 and O2 isoforms of O. has-
selti showed a broad pH range from 7.0 to 10.0 with 

Fig. 3  SDS gels stained with Coomassie brilliant blue R-250 
(left panel) and zymogram gels (right panel) showing the puri-
fication results of amylases from O. hasselti (A), H. dispar (B), 
and P. proctozystron (C) (lane M, unstained MW protein mark-
ers (Thermo Scientific); lane C, crude enzyme extract; lane 
A, ammonium sulfate precipitation; lanes O1, O2, UB, H1, 
H2, P1, P2, and P3, the purified amylases after size exclusion 
chromatography). Both CBB gels and zymograms were loaded 
with the similar pattern of enzyme samples. For CBB gel (pro-
teinograms), 25 µg of total protein of all three fish species were 
loaded in lanes C and A; 10 and 5 µg in O1 and O2; 8 µg in 
UB, H1, and H2; 20  µg in P1; and 15  µg in P2 and P3. For 

zymograms, lanes C, O1, O2 contained 200, 125, and 50 mU 
of amylases; lanes C, A, UB, H1, and H2 contained 75, 70, 65, 
42, and 33 mU of the enzymes; lanes C, A, P1, P2, and P3 con-
tained 160, 155, 100, 75, and 60 mU of enzymes. The amounts 
of total protein loading and enzymatic activity (unit) were 
loaded and optimized to make clarify in observation on CBB 
gel upon CBB staining/destaining and could also exhibit the 
sharp clear band with high intensity on zymograms. Gels were 
cropped from the beginning of separating gels on top to the bot-
tom edge of the gels. The dye fronts as seen in blue lines were 
still observed above the bottom edge of CBB gels. More detail 
of figures was described in supplementary information
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nearly 100% of enzymatic activity, and both isoforms 
revealed the same optimum pH at 8.0 (Fig. 4A). The 
similar result was also observed in P. proctozystron. 
Three isoforms exhibited the similar shape of graph 

at the neutral and alkaline condition but displayed 
the different response at acidic condition. The P1 and 
P3 showed the same optimum pH at 8.0, whereas P2 
exhibited the optimum pH at 7.0. More than 85% 

Fig. 4  Effects of pH and temperatures on amylase activities. 
Amylases from O. hasselti (A, B), H. dispar (C, D) and P. 
proctozystron (E, F). Reactions were performed in duplicates, 
and mean values were presented. The maximum activity was 

defined as 100% of relative activity. (–o–), O1; (–o–), O2; 
(–◊–), UB; (–o–), H1; (–∆–), H2; (–●–), P1; (–■–), P2 and 
(–▲–), P3
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of enzymatic activity was observed at pH 7.0 to 9.0 
(Fig.  4E). The result indicated that amylases from 
both O. hasselti and P. proctozystron had a broad 
pH range. In contrast, all three isoforms of H. dis-
par showed a narrow peak of enzyme activity. The 
enzymes worked properly at pH 7.0. Afterward, the 
activity slightly dropped at both alkaline and acidic 
conditions. At pH 6.0 to 9.0, the activity reduced 
to nearly 60%. However, more than 40% of enzy-
matic activity was observed in all three isoforms at 
acidic condition particularly pH 5.0 (Fig. 4C), while 
only some isoforms of O. hasselti (O2) and P. proc-
tozystron (P2 and P3) were detected. Six isoforms of 
amylases from both H. dispar and P. proctozystron 
displayed the same optimum temperatures at 50  °C 
(Fig. 4D, F) similar to O1 from O. hasselti, whereas 
O2 revealed the optimum temperature at 40  °C 
(Fig. 4B). Activities of almost enzymes were signifi-
cantly declined after temperature above 50 °C except 
P3 whose activity remained more than 50%.

Thermal stability of enzymes

The stabilities of the purified enzymes were deter-
mined at both room temperature (27 °C) and the opti-
mum temperature (50 °C). Figure 5 shows the resid-
ual activities of all purified amylases after incubation 
of enzymes at both temperatures for 1–3 and 24  h. 
Interestingly, the activities of the amylases from O. 
hasselti and H. dispar increased up to nearly 150% of 
initial activity especially O2 and H1 after incubation 
at room temperature for 1–2 h. Afterward, the activi-
ties reduced to around 100% upon incubation for 3 
and 24 h suggesting that all isoforms of both species 
were highly stable (Fig. 5A, C). Moreover, high sta-
bility was also observed in P. proctozystron. The rela-
tive activities of all three isoforms were constant at 
100% until 3 h of incubation, and their activities were 
then reduced to 93% for P1 and P3 and 69% for P2 
after 24  h (Fig.  5E). In contrast, the residual activi-
ties of all amylases detected at optimal temperature 
were lower than those detected at room temperature. 
The activities of H. dispar amylases continuously 
decreased with less than 20% of remaining activity 
after 24 of incubation (Fig.  5D), while the enzymes 
from O. hasselti were stable at the first 2 h of incu-
bation with the remaining activities about 100% and 
rapidly decreased after 3 to 24 h (Fig. 5B). However, 
the amylases from P. proctozystron showed high 

stability with residual activity more than 80% after 
incubation for 1–3 h before suddenly declining to less 
than 20% at 24 h (Fig. 5F).

Effects of various metal ions, detergent, and chelating 
agents on amylase activities

In order to determine the effects of metal ions, deter-
gent, and chelating agents on enzyme activity, the 
purified amylases were pre-incubated in the presence 
of these reagents, and their effects on enzyme activity 
were then investigated. Not only different species but 
also different isoforms showed the different responses 
in the presence of different ions.  Na+ ion significantly 
activated activities of O1, O2, H2, P1, and P3 similar 
to  Ca2+ ion, which increased the activities of O1 and 
O2 at 2 mM, UB, P1, and P3 especially UB amylase, 
whose relative activity increased up to 120% as shown 
in Fig. 6.  Mg2+ and  Mn2+ slightly inhibited the activi-
ties of all enzymes. In addition, SDS and EDTA dra-
matically decreased all enzyme activities. The presence 
of EDTA significantly influenced the O1 activity with 
the remaining relative activity about 5%, while O2 
activity totally disappeared. Interestingly, the remain-
ing of more than 50% of P1 and P3 activities observed 
in the presence of 2 and 5 mM of SDS indicated the 
resistance of P1 and P3 to SDS, the protein denaturant. 
The activation of the enzyme activities in the presence 
of  Ca2+ and the inhibition of the activities in the pres-
ence of EDTA, the divalent chelating agent, suggested 
that the enzymes might be a metalloenzyme and were 
classified as the  Ca2+-dependent manner.

Quantitative analysis of calcium ion

To verify the presence of  Ca2+ ion in the purified amyl-
ases, the enzyme samples were subjected to atomic 
absorption spectrophotometry (AAS). Detection was 
defined as triplicates, and mean values were presented. 
The level of metal ion was calculated by comparing it 
with the calibration curve. The equation of the calibra-
tion graph of  Ca2+ was y = 0.0604x + 0.005 with a cor-
relation coefficient of 0.9925. The results showed that 
 Ca2+ contents were found in the amylases O1 and O2 
as 0.05 and 1.35 ppm per mg protein, respectively. The 
amylases UB, H1, and H2 displayed significant  Ca2+ 
amounts of 13.53, 2.83, and 0.15 ppm per mg protein, 
and the amylases P1, P2, and P3 revealed 0.02, 0.15, 
and 0.08 ppm per mg protein, respectively.
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Selection of amylases for use as enzyme molecular 
weight markers for substrate zymography

After purification, the purity and the approximate 
molecular weights of resulting purified amylases were 
initially verified and tested by using SDS-PAGE and 
zymography. Movement pattern of the purified amyl-
ases on zymogram gel showed that amylase P1, P2, 

and P3 revealed three to six isoforms, which some are 
close in molecular weights that may not be suitable for 
use as standard molecular weight enzymes. Compari-
son with amylases from H. dispar, all three fractions 
showed clear bands of each single isoform with dif-
ferent molecular weights. However, H1 and H2 amyl-
ases were similar in sizes as displayed on zymogram 
gel. The smaller one (H2) was selected due to the 

Fig. 5  Effects of temperatures on the stabilities of amylases 
detected at room temperature (27  °C) (A, C, E) and at opti-
mum temperatures (at 40 °C for O2 and at 50 °C for the rest) 
(B, D, F). The enzymatic activities of amylases from O. has-
selti (A, B), H. dispar (C, D), and P. proctozystron (E, F) were 

measured after pre-incubation at room temperature and opti-
mum temperatures for 1, 2, 3, and 24 h. The enzymatic activity 
without pre-incubation (0  h) was defined as 100% of relative 
activity. Reactions were performed in duplicates, and mean 
values were presented
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sharpness of the clear band. For the amylase O1, the 
enzyme exhibited the clear band and higher amylolytic 
activity than O2; thus, the O1 amylase was chosen. 
Ultimately, the H2, O1, and UB amylases revealed dif-
ferent molecular weights were selected and applied to 
use as enzyme molecular weight markers. The molec-
ular weights of UB, O1, and H2 amylases analyzed 
from gel filtration chromatography were 64, 49, and 
25 kDa, respectively, as shown in Fig. 7.

Amylase identification

LC/MS–MS was carried out to confirm the authentic 
band of the partially purified enzymes. If the protein 
Mascot scores are greater than 37 indicating that pro-
tein is significantly matched with the protein databases 
with p < 0.05 and a summary result of selected purified 
amylases was presented in Table  2. The MS analysis 

confirmed that the protein band of O1 pointed as a 
black arrow in Fig. 7 matched to the pancreatic alpha-
amylase of Struthio camelus (Oosthuizen et  al. 1994) 
and alpha-amylase 2B of Homo sapiens (Yokouchi 
et  al. 1990) with a Mascot score of 89. The selected 
band of UB amylase matched to pancreatic alpha-amyl-
ase, alpha-amylase 1, and alpha-amylase 2B of Rattus 
norvegicus (MacDonald et  al. 1980), Mus musculus 
(Linnenbrink et al. 2020), Struthio camelus, and Homo 
sapiens with a Mascot score of 108, whereas the H2 
amylase from H. dispar revealed no protein matching 
in database suggesting that there is no previous report 
of amylase sequence of H. dispar. The LC–MS/MS 
analysis was repeated for H2, but the same result was 
obtained with no protein matching detection. Finally, 
the results confirmed that the protein bands of O1 and 
UB were verified as amylase enzymes containing con-
served sequence with other organisms.

Fig. 6  Effects of 2, 5, and 10 mM metal ions, detergent, and divalent chelating agents on amylase activities from O. hasselti (A), H. 
dispar (B), and P. proctozystron (C). The reactions were performed in duplicate, and mean values were presented
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Stability of enzyme molecular weight markers

As mentioned before, the purified amylases with dif-
ferent molecular weights selected from three fish spe-
cies were applied to use as enzyme standard markers 
for zymography. Therefore, UB, O1, and H2 amyl-
ases with molecular weights of 64, 49, and 25 kDa, 
respectively, were selected. Figure 8 shows the SDS 
gel and zymogram displaying the protein bands and 
clear bands of amylases. During storage at − 20  °C 

for 12 weeks, amylase mixture (UB, O1, and H2) dis-
solved in sample buffers were thawed and aliquoted 
to analyze with electrophoresis every 2 weeks. After 
five freeze-thawed cycles, the intensity of blue bands 
and the amount of protein bands observed on CBB 
gel were similar to those before storage. No protein 
degradation was observed. Furthermore, the inten-
sity and sharpness of clear bands on zymographic 
gel were also similar to the sample before the freez-
ing and thawing process. This result indicated that 

Fig. 7  SDS gel staining with Coomassie brilliant blue R-250 
(left) and zymogram (right) of amylases selected to apply use 
as the enzyme molecular weight markers for detection and esti-
mation of molecular weights of amylases on zymographic gel. 
Lane M, unstained protein molecular weight markers (kDa) 
(Thermo Scientific). Lanes H2, O1, and UB, the selected puri-
fied amylases; lane P, pooled fraction of the purified H2, O1, 
and UB amylases. Black arrows indicated the positions of three 
amylases. The 8  µg of total protein from each fraction was 

loaded on CBB gel with 33, 120, and 65 mU of H2, O1, and 
UB in zymogram, respectively. Pooled fraction (P) contained 
24  µg total protein with 218  mU of enzyme mixture. Both 
CBB gel and zymogram were a full-length gel cropped from 
the beginning of separating layer on top to the bottom edge 
of gels. The dye front as seen in a blue line was still observed 
above the bottom edge of CBB gels. More detail of figures was 
described in supplementary information

Table 2  Amylase identification

a Individual ion scores indicate identity or extensive homology (p < 0.05)
b No protein matched detection

Sample Matched protein Gene name Mr theor./exp Mascot  scorea Peptide sequence

O1 Pancreatic alpha-amylase
Alpha-amylase 2B

AMYP_STRCA 
AMY2B_HUMAN

1182.6/1182.7
1286.6/1286.7
1614.7/1614.8

89 R.LVGLLDLALEK.D
R.TSIVHLFEWR.W
R.GHGAGGASILTFWDAR.L

UB Pancreatic alpha-amylase
Alpha-amylase 1
Alpha-amylase 2B

AMYP_HUMAN
AMYP_MOUSE
AMYP_RAT 
AMY1_HUMAN
AMY2B_HUMAN

1696.7/1696.8 108 K.MAVGFMLAHPYGFTR.V

H2 N.D.b - - - -
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the purified amylase mixtures were highly stable and 
were able to be used as enzyme molecular weight 
markers for both SDS-PAGE and zymography.

Discussion

Characterization of amylases has been reported in 
many organisms including bacteria (Shofiyah et  al. 
2020; Dash et  al. 2015), fungi (Karim et  al. 2018; 
Abdulaal 2018), animals (MacDonald et  al. 1980; 
Hagenbüchle et  al. 1980; Oosthuizen et  al. 1994; 
Linnenbrink et  al. 2020), and plants (Stanley et  al. 
2005; Rogers 1985; Bertoft et  al. 1984). Different 
sources of enzymes have revealed both difference 
and similarity of enzyme properties such as the opti-
mum pH, optimum temperature, pH and thermal 
stabilities, effects of ions, chemicals, and detergents 
on enzymatic activity. Different features of enzymes 
are useful for different and various applications, i.e., 
therapeutic uses, food and beverage industries, deter-
gent, and biofuel. Many enzymes have been used in 
industrial processes such as protease, lipase, xyla-
nase, and cellulase. Amylases are also one of the 
main enzymes used in important industries such as 
conversion of starch to glucose in food and beverage 
industries and stain removal in detergent process-
ing. However, application of amylase, especially fish 
amylases, as enzyme molecular weight markers for 
zymography has not been reported.

Amylase activities have been characterized by 
using crude enzymes or purified enzymes. The extrac-
tion and purification of native proteins often result 
in low yields. Therefore, high total protein as well 
as enzyme content of specimens is required to gain 
more and enough enzymes for purification. In con-
trast, microbial enzymes and recombinant enzymes 
exhibit high amounts of total protein upon extraction 
and high yield of purification due to the rapid growth 
of microorganisms and the overexpression of recombi-
nant proteins. For certain reasons, we got a low yield 
after purification that might be due to low enzyme 
content in digestive tracts of fishes or not enough 
digestive tracts, which led to low protein content in 
extracted samples. In addition, the presence of several 
isoforms of amylases in fish is sometimes difficult to 
isolate or may get lost during purification that leads 
to the low yield of purification of each isoform. Most 
amylases from microorganisms have been reported in 
single isoform (Shofiyah et al. 2020; Abdulaal 2018), 
while amylases in shrimp (Coccia et  al. 2011) and 
fishes (Fernández et al. 2001; Bai et al. 2012; Ji et al. 
2012) have been found in several isoforms with differ-
ent molecular weights. The enzymes have been char-
acterized (Al-Tameemi et  al. 2010; Champasri and 
Champasri 2017; Fernández et al. 2001; Ji et al. 2012; 
Champasri et al. 2021; Bai et al. 2012). However, the 
purification of fish amylase has been rarely presented, 
and the application as enzyme molecular weight mark-
ers for zymographic gel has not been found yet.

Fig. 8  SDS gels staining with Coomassie brilliant blue R-250 
(left panel) and zymogram (right panel) of the amylase molec-
ular weight markers after storage at − 20  °C. The enzyme 
markers containing 24 µg total protein with 218 mU enzymes 
mixture were freeze-thawed and aliquoted to run check on 
SDS-PAGE upon storage for 2–12  weeks. Lane 1, purified 
amylase markers before storage at − 20  °C; lanes 2–6, puri-

fied enzyme markers after storage at − 20 °C for 2, 4, 6, 8, and 
12 weeks, respectively. Gels were separately run every 2 weeks 
of freeze-thawed processes. In the same week, both CBB gel 
and zymogram were performed in different gels with the same 
enzyme mixture samples. Both gels were tested in parallel to 
monitor the stability of amylases. More detail of figures was 
described in supplementary information
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The recovery yields of all amylases in this study 
were between 0.17 and 0.68%, which were lower 
than those reported in bacteria such as Dociostaurus 
maroccanus (Rafiei et al. 2016) and Corynebacterium 
alkanolyticum ATH3 (Banerjee et  al. 2016), whose 
recovery yields are 10.78% and 17.55%, respectively. 
However, the purification yields obtained in this 
study were higher than those reported in Escherichia 
coli (Hassan et  al. 2018) (0.093%). Besides the low 
amount of native proteins in digestive tracts of fish, 
the presence of several isoenzymes of fish digestive 
enzymes was another reason to get low yield of puri-
fication of each isoform. The characterizations of 
amylase have been previously reported with optimum 
pH at 8.0 in seven cyprinid fishes (Champasri and 
Champasri 2017), thick-lipped gray mullet (Pujante 
et  al. 2017), and Italian locust (Darvishzadeh and 
Bandani 2012). The optimum temperatures of amyl-
ases have been found at 40  °C in the Italian locust 
(Darvishzadeh and Bandani 2012) and 45 to 55 °C in 
the cyprinid fishes (Champasri and Champasri 2017). 
The same optimum pH may be due to the enzymes 
sharing the conserved amino acids and exposing the 
similar shape at the active site upon ionization.

Our previous studies have shown that differ-
ent freshwater fish species exhibit different amylase 
activities and different isoenzyme patterns. High 
enzymatic activity also displays the strong clear 
bands on zymograms (Champasri and Champasri 
2017; Champasri et  al. 2021). In this study, the iso-
enzymes of amylase with different molecular weights 
were purified. The result showed that amylase from 
H. dispar (carnivore) was separated into two iso-
forms, while those from O. hasselti (herbivore) and 
P. proctozystron (omnivore) were separated into three 
isoforms. The presence of several numbers and differ-
ent sizes of isoenzymes and high activity in a wide pH 
and temperature ranges particularly P. proctozystron 
and O. hasselti amylases might due to the ability to 
digest different kinds of food, different feeding behav-
ior and biochemical composition of food (Fernández 
et  al. 2001; Al-Tameemi et  al. 2010), or adaptation 
for survival from pH, temperature, water environmen-
tal, or climate changes. Two, three, and four isoforms 
of crude amylases have been reported in paddlefish, 
bighead carp, and hybrid sturgeon with the molecu-
lar weights of 156.3 and 129.9, 111.2–74.2, and 
156.3–116.2  kDa, respectively (Ji et  al. 2012). Two 
isoforms were also detected in all wild fish (Pagrus 

pagrus, Pagellus erythrinus, P. bogaraveo, Boops 
boops, and Diplodus annularis (Fernández et  al. 
2001). The estimated molecular weights were around 
135 and 175 kDa compared to those of Oreochromis 
niloticus reported by Champasri et al. (2021). Notice-
ably, the molecular sizes of freshwater fish amylases 
were smaller than those reported in marine fishes. 
The examples of certain species were Ompok bimac-
ulatus, Kryptopterus geminus, Hemibagrus spilop-
terus, and Puntius gonionotus. The molecular weights 
displayed in the range of 35–95 kDa (Champasri et al. 
2021). The molecular weights of the purified amyl-
ases reported here were between 12 and 147  kDa, 
in the range of those produced from Monascus san-
guineus (Tallapragada et  al. 2017) and Aspergillus 
flavus NSH9 (Karim et  al. 2018) whose molecular 
weights have been reported as 56 and 54 kDa, respec-
tively. The limitation of our study is the low number 
of enzyme candidates with a wide range of molecu-
lar weights. Only three amylases (UB, O1, H2) with 
64, 49, and 25  kDa were selected. Other isoforms 
were not chosen due to the impurity, the blurred clear 
bands, and the close molecular weights of the selected 
one. However, our results showed the high stability of 
the purified enzymes after storage in sample buffers 
at − 20  °C and several freeze-thawed cycles. Moreo-
ver, all amylases showed high stabilities especially at 
room temperature (27  °C). Almost enzymes except 
P2 displayed the remaining activities nearly 100% 
upon incubation for 24  h, which were higher than 
those reported in Bacillus subtilis BI19 (Dash et  al. 
2015), miswak amylases (Mohamed et al. 2014) (A1, 
A4a, A4b, A5a, and A5b), and sparid fishes (Fernán-
dez et  al. 2001) (Boops boops, Pagellus erythrinus, 
and Pagellus bogaraveo) with the residue activities 
less than 40% after 1 h of incubation at 50 °C.

α-Amylases have been reported as  Ca2+-dependent 
or  Ca2+-independent enzymes. The  Ca2+-dependent 
amylases contain  Ca2+ in the enzyme structures. 
The presence of  Ca2+ ion helps to maintain enzyme 
structure in the correct conformation (Normurodova 
et al. 2007; Yin et al. 2017; Bush et al. 1989; Larson 
et al. 1994; Buisson et al. 1987), prevent the thermal 
inactivation (Goyal et  al. 2005; Khajeh et  al. 2001), 
and influence the thermostability of the enzymes 
(Liao et  al. 2019). However, some α-amylases are 
 Ca2+ independence (Hmidet et  al. 2008; Asoodeh 
et  al. 2010; Sharma and Satyanarayana 2010), and 
the activities are inhibited by  Ca2+ ion (Tanaka and 
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Hoshino 2003; Mehta and Satyanarayana 2013). 
From our result, the activities of almost purified amyl-
ases were accelerated by  Ca2+ ion, which correspond 
to amylases reported in barley malt (Bertoft et  al. 
1984), Pichia pastoris (Sun et al. 2018), wild Farfan-
tepenaeus subtilis, Litopenaeus schmitti, Litopenaeus 
vannamei (Castro et al. 2012), and thick-lipped gray 
mullet fish (Pujante et  al. 2017). Furthermore, the 
presence of  Ca2+ ions in the purified enzymes was 
confirmed by an atomic absorption spectrophotom-
eter. The strong inhibition of the enzymatic activities 
by EDTA (the divalent cation chelating agent) sug-
gests that our purified amylases are  Ca2+ dependent. 
Our results suggested that the purified amylases from 
digestive tracts of fishes were metalloenzymes which 
contained calcium ions in their structure. Satisfyingly, 
the enzyme molecular weight markers showed high 
stability with sharp bands on zymogram, and no pro-
tein degradation was observed on CBB gels. Moreo-
ver, the investigation of enzyme stability at − 20 °C in 
the presence of sample buffer and after several freeze-
thawing cycles of fish amylases was firstly reported 
here. This study provides new insight into the appli-
cation of the purified stable amylase as the enzyme 
molecular weight markers for zymography.

Conclusions

After purification with ammonium sulfate precipita-
tion, ion-exchange, and size exclusion chromatography, 
the amylase enzymes were separated into two isoforms 
of O. hasselti (O1, O2) and three isoforms of both H. 
dispar (UB, H1, H2) and P. proctozystron (P1, P2, P3) 
with different folds and recovery yields of purification. 
All isoenzymes were characterized and determined their 
molecular weights. The optimum pH values displayed at 
7.0 and 8.0, while the optimum temperatures revealed 
at 40 and 50  °C. The different shapes or patterns of 
graphs upon response to different pH and temperatures 
were observed in different isoenzymes. Studies of the 
influences of metal ions, SDS, and EDTA showed that 
almost all isoenzyme activities were activated by NaCl 
and  CaCl2, whereas EDTA and SDS strongly inhibited 
all enzymatic activities. Verification with an atomic 
absorption spectrophotometry exhibited the presence 
of  Ca2+ ions in the range of 0.02–13.53  ppm per mg 
protein indicating that amylases are  Ca2+ dependent. 
Molecular weight analysis revealed 12 to 147  kDa of 

amylases. In order to investigate the application of the 
purified fish amylase as enzyme molecular weight mark-
ers for zymography, the UB, O1, and H2 amylases with 
appropriate molecular masses of 64, 49, and 25  kDa 
were selected. Validation with LC–MS/MS showed that 
O1 matched the pancreatic alpha-amylase of Struthio 
camelus and alpha-amylase 2B of Homo sapiens with a 
Mascot score of 89. UB amylase matched to pancreatic 
alpha-amylase, alpha-amylase 1, and alpha-amylase 2B 
of Rattus norvegicus, Mus musculus, Struthio camelus, 
and Homo sapiens with a Mascot score of 108, whereas 
the H2 amylase revealed no protein matching in data-
base. The three selected amylases revealed high stabil-
ity in the presence of a sample buffer after five cycles 
of freeze-thawing process upon storage at − 20  °C for 
12 weeks. No protein degradation was observed on pol-
yacrylamide gel, and the enzymes still displayed sharp 
and clear bands on zymograms.
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