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Abstract. The absence of a stomach in halfbeaks (Hemiramphidae) does not restrain their capability in
digesting food item. Halfbeak (Zenarchopterus buffonis) is known to have a wide spectrum of dietary
preference. The present study investigates the activity of four digestive enzymes along the gut of
halfbeaks to determine how they digest their diets as opportunistic omnivores. A total of 20 halfbeak
samples were collected from the coastal waters of Peninsular Malaysia. Overall, we found that the a-
amylase shows the highest enzymatic activity, followed by lipase and relatively low activity of protease
(trypsin and aminopeptidase) along the alimentary canal, even though all of the enzymes show no
significant difference among the gut sections. The increasing activity of a-amylase from proximal to distal
intestine but with a notably drop-off in rectum zone demonstrates its high consumptions on arthropods
and plant materials which are available in the environment. Presence of lipase with uniform distribution
along the gut is expected due to insectivorous nature of fish, which gives an indication that there is
possibility for halfbeaks to assimilate a wider array of diet nutrients. Our findings in this study is thought
to be beneficial for improving knowledge on the biology and nutrition physiology of examined species and
may provide valuable information on current model of stomachless digestive system, yet further
refinement may be necessary.
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Introduction. Almost all vertebrates possess an alimentary tract that consists of the
same basic components, which are the oesophagus, stomach, intestine and rectum,
which function to process, digest, absorb and excrete food supported by auxiliary organs
such as the liver, pancreas and gallbladder (Stevens & Hume 1995). The vertebrate
stomach is derived from a growth of embryonic, undifferentiated alimentary canal (Smith
et al 2000; Fukuda & Yasugi 2005). The motor activities of the vertebrate stomach relate
its fundamental function in food storage, mechanically process it and initiate digestion by
acid denaturation of ingested food and promoting enzymatic hydrolysis of proteins
(Greger & Windhorst 1996). The lack of stomach is not only restricted to early
developmental stages of fish such as larval fish (Kobegenova 1988), but also in several
divergent teleost fish lineages that includes Cyprinidae, Labridae and Gobiidae, the
stomach has been secondarily absent (Barton 2007). The Hemiramphidae (halfbeaks) is
one of 15 families of stomachless fish. The commercial value of this halfbeak fish
(Zenarchopterus buffonis) is relatively low especially in Malaysian region, thus less
studies has been made and documented information related with their digestive enzyme
activities on this particular species is yet to be published. The basic biology of this
particular fish in coastal waters of Malaysia has been documented by Abidin et al (2015).
Published materials on digestive physiology on halfbeaks are focused mainly in Australian
coastal waters (Day et al 2011) but different localities may offer distinctive results based
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on food availability. The present study was performed to study the enzymatic activity
profile along the segments of alimentary canal of Z. buffonis in order to further
understand how food is processed in the gut. The data obtained from this study would be
useful for better understanding the digestion physiology of this fascinating stomachless
fish.

Material and Method. A total of 20 fish samples were collected from coastal waters of
Matang, Perak (4°49'0"N, 100°41'0"E) (Figure 1) between December 2012 and February
2013 using fishing rods (fishing hook size 6) on mangrove areas and shady underneath
jetties. All fish samples were captured around mid-morning and late afternoon (08:00
and 13:00) to ensure the halfbeaks have fed adequately to fill their guts (Tibbetts &
Carseldine 2005). However, due to the irregular nature of feeding opportunities, it is
impossible to ensure that all fish had fed. After capture, the fish samples were
transferred immediately into a Dewar flask filled with liquid nitrogen (-40°C) and kept
frozen, subsequently transported to the laboratory of Universiti Kebangsaan Malaysia for
further investigation.

Tissue preparation. The alimentary tract from ten Z. buffonis (standard length (SL)
range 8.0—13.5 cm and it is measured from the tip of the upper jaw to the posterior end
of the last vertebra) were eliminated, cut longitudinally in the mid-ventral region using
scissors and contents were emptied and thoroughly rinsed using distilled water. In order
to identify the food composition, contents of alimentary tract were analyzed under the
light microscope. The guts were then divided into four approximately equal lengths of
segments (proximal, middle, distal and rectal) and weighed individually. This is to
quantify the difference in enzyme distribution and activity along the gut. Gut segments
were homogenized individually using glass Teflon homogenizer (Polytron, Heidolph RZR
1, Germany) in 20 volumes (v/w) of ice cold 50 mMTris—HCI, pH 7.4. Homogenate-buffer
solution was centrifuged at 5.500 x g for 5 minutes at 4°C. Supernatant was separated
into 500 pL aliquots and stored at -80°C until used in enzyme assays.

Essay conditions. Assays were carried out in duplicate at room temperature (25°C) and
absorbance was read with a Thermo Scientific Spectronic GENESYS™ Visible
Spectrophotometer 20 (Thermo Fisher Scientific, Inc., Waltham, Massachusetts, USA). All
pH values for enzyme assays solutions were taken at room temperature and all reagents
were purchased from Sigma-Aldrich (Selangor, Malaysia). Every reaction was run against
homogenate and substrate blanks (Skea et al 2005), and all assays were run at
saturating substrate concentrations as determined with preliminary optimizations
(German et al 2004). Incubation times were also optimized prior to assays to ensure
incubation time period was within linear range.

a-amylase. The method to determine a-amylase activity which was described by
Bernfeld (1995), modified by Ezeji & Bahl (2007) where the reducing groups released
from starch are measured by the reduction of 3,5-dinitrosalicyclic acid. The a-amylase
activity was assayed by using 1% starch (Merck) solution in 0.02 M sodium phosphate
buffer pH 7.0, containing of 0.006 M sodium chloride as substrate (Worthington 1993). A
total of 0.5 mL of substrate solution was added to 0.5 mL enzyme preparation and
followed by 5 minutes incubation at room temperature. The mixture was then added with
1 mL of 0.5 dinitrosalicyclic acid colour reagent and heated in a boiling water bath for 5
minutes. A volume of 1.5 mL distilled water was added and then cooled to room
temperature. The sample was then read at 540 nm and a-amylase activity was
determined from a maltose standard curve. Activity was expressed in U (1 pmol maltose
liberated per minute) per wet weight of gut tissue.

Lipase. Lipase (EC 3.1.1.-) activity assay was performed by following the modified ljima
et al (1998) method which was adapted from German et al (2004). A total of 71.5 pL of
7.0 mM sodium cholate bile salt solution in 250 mMTris-HCI buffer solution (pH 9.0) and
2.5 yL of 10 mM 2-methoxyethanol were added to 5 ul of homogenate and incubated for
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15 minutes at room temperature. Once the lipase has been triggered by the bile salt
solution, 21 pL of 10 mMp-nitrophenolmyristate substrate which was dissolved in 95%
ethanol, was added into the solution. Absorbance was measured continuously at 405 nm
for 15 minutes. Lipase activity was quantified with a p-nitrophenol standard curve and
results were expressed in U (1 pmol p-nitrophenol liberated per minute) per gram wet
weight of tissue.

Trypsin. Trypsin (EC 3.4.21.4) activity was determined according to a modified version
of the German et al (2004) assay. In a microcentrifuge tube, 12.5 pL of homogenate was
added with 95 pL of 2.0 mM Na- benzoyl-L-tyrosine-p-nitroanilide in 100 mMTris-HCI (pH
8.0), and read continuously for 20 minutes at 410 nm. Trypsin activity was measured
from a p-nitroaniline (pNa) standard curve and expressed in U (I1molp-nitroanilide
liberated per minute) per gram wet weight of tissue.

Aminopeptidase. Aminopeptidase (EC 3.4.11.2) activity was measured according to
Roncari & Zuber (1969) by using 90 pL of 2.04 mML-alanine 4-nitroanilide hydrochloride
(HCI dissolved) in 200 mM NaH,PO4/Na,HPO, (pH 7.0), following by addition of 20 pL of
gut homogenate. The sample was read at 410 nm for 30 minutes continuously and
activity was determined with a p-nitroaniline (pNa) standard curve. Activity was
expressed in U (1pmolp-nitroaniline liberated per minute) per gram wet weight of gut
tissue.

Statistical analysis. The comparison of specific and total digestive enzyme activities
along the gut of Z. buffonis was expressed as the mean+SD. All statistical analyses were
conducted using One-way ANOVAs followed by a Tukey’s HSD multiple comparison test
where applicable. Family error rate set at p < 0.05 were used to perform intraspecific
analyses of digestive enzyme activities, compared between each of the four segments of
the gut, and interspecific total standardized gut activity, made between each enzyme. All
statistics were conducted using Minitab® 17.1.0 for Windows (2013 Minitab Inc).

Results and Discussion. Consequent to dissection and removing the gut contents, it
was observed that the alimentary canal of Z. buffonis consists of insects, crustaceans,
terrestrial plant parts and unidentified particles or detritus (Table 1), which approves this
species consume exclusively on arthropods and parts of plants that dropped from the
mangrove tree.

Table 1
Diet items with some of their key chemical components, and hypothesised enzymes
required to break them down (adapted from Karasov et al 2011)

L Key chemical Enzyme activities
Diet item(s) - - - -
components A-amylase Lipase Trypsin Amino-peptidase
Insects Cuticle, chitin, X X X X
Glycogen
Crustacea Chitin, glycogen X X X X
Terrestrial plant Cellulose, starch, X X
materials lignin, sucrose,
Detritus Cellulose, lignin, X X X X

starches, a-glucans

This species demonstrated a clear pattern of increment g-amylase activity from proximal
intestine (85.03 U mg™), followed by mid intestine (166.57 U mg™) and reached
maximum value of activity at distal intestine (533.30 U mg™) but decreases at the rectal
segment of intestine (296.97 U mg™) (Figure 1). The distal intestine displayed the
highest level of activity than proximal, mid and rectal intestinal sections. However, no
significant a-amylase performance pattern was found between gut segments.

The lipase activity showed not much significant difference from proximal intestine
to rectal intestine distally, where proximal intestine (299.69 U mg™), mid intestine
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(210.77 U mg™), distal intestine (307.22 U mg™) and rectum (292.98 U mg™) (Figure 2).
Mid zone of intestine showed the lowest lipase activity among the whole regions of
intestine.

Based on Figure 3, trypsin activity in the Z. buffonis demonstrated an overall
trend towards a distally increasing gradient from proximal intestine (23.33 U mg™), mid
intestine (49.97 U mg™), distal intestine (151.48 U mg™?) and rectum (200.93 U mg™).
The increasing trend in trypsin activity was not found to be significant.

Aminopeptidase activity exposed an increasing levels (37.28 U mg™, 39.74 Umg™,
76.58 U mg™, 76.48 U mg™) from proximal intestine, mid intestine, distal intestine and
rectal of segment intestine respectively (Figure 4). Proximal and middle parts of intestine
displayed similar lower level of aminopeptidase activity, while distal and rectal part of
intestine has relatively higher levels of aminopeptidase activity, though the difference
was again not significant.

As for Figure 5 demonstrated the whole enzyme activity along the gut proved that
a-amylase activity has the highest activity on the distal intestine compared to other
enzyme activity, while aminopeptidase has the lowest enzyme activity compared to other
enzyme activities.
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Figure 1. g-amylase activity along the gut segment in Z. buffonis.
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Figure 2. Lipase activity along the gut segment in Z. buffonis.
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Figure 3. Trypsin activity along the gut segment in Z. buffonis.
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Figure 4. Aminopeptidase activity along the gut segment in Z. buffonis.
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Figure 5. a-Amylase, Lipase, Trypsin and Aminopeptiade activity along gut segment in Z. buffonis.
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Z. buffonis in brackish waters of Matang fed principally on terrestrial insects (Formicidae,
Dysticidae, Diptera), crustaceans (shrimp) and parts of mangrove plant parts (Abidin et
al 2015) which were found in all guts containing food. This observation has revealed that
Z. buffonis is an insectivorous and opportunistic omnivore, which may due to vast
availability of arthropods on mangrove leaves and trees in the environment.

Despite being a stomachless fish, biochemical digestion for specific enzymes along
the alimentary tract reflects the nutritional proficiency of Z. buffonis. The digestive
enzyme activity profile of Z. buffonis followed our predictions, with a prominence on
dominant performance of amylase and lipase but low protein diet based on low levels of
trypsin and aminopeptidase.

High g-amylase activity is an indication that Z. buffonis is capable of digesting
carbohydrates in its diet. The digestion of starch appears to have initiated in the proximal
zone and high g-amylase activity in the mid intestine ensured complete digestion of
carbohydrates in this region. This is supported by Smoot & Findlay (2000) where some
species have displayed enzyme activity design along the gut that range from a relatively
consistent distribution to distally increasing (Logothetis et al 2001). This species
approves this hypothesis with an increasing pattern of a-amylase from proximal to distal
intestine, but with a prominent decline in g-amlyase activity at the rectal segment of the
intestine. However, the rectal decrease is not as conspicuous as expected, suggesting
that Z. buffonis are capable of digesting plant materials all the way through the intestine,
including the rectum. As predicted, ag-amylase enzyme profile for this species was
relatively highest compared to other digestive enzymes. g-amylase is a protein enzyme
that hydrolyses alpha bonds of alpha-linked polysaccharides such as starch and glycogen,
producing glucose and maltose. Glucose or sugars such as sucrose are the
photosynthesis product that can be found in plants and are essential storage saccharides
in marine plants (Kuiper-Linley et al 2007). Therefore, marine plants such as mangrove
fruit petal fragments that were found in food item contents during the gut dissection in
this fish suggested that plant materials are a potential target of this omnivorous fish
species. Amylase could also be required to digest glycogen, an energy source which is
commonly found in animal tissue (Natalia et al 2004). Nevertheless, our result differs
from Day et al (2011)’s results where they found that halfbeak fishes Hyporhamphus
regularis ardelio and Arrhamphus sclerolepis krefftii from Queensland, Australia have
distally declining of g-amylase activity along the gut. This is because habitat and locality
differences could perform different adaptive digestive and metabolic strategies to manage
with variations in environmental conditions (Duarte et al 2015). Moreover, in the natural
environment, carbohydrates are absolutely more predominant than protein (Hari Sankar
et al 2014). Therefore, this could be another reason that Z. buffonis possess higher a-
amylase gradient compared to other digestive enzymes.

Lipase is one of the most important enzymes for digestion (Natalia et al 2004;
Jun-Sheng et al 2006). Lipase is an enzyme which has the ability to hydrolyze ester
bonds within the triacylglycerol at the hydrophilic-hydrophobic boundary (Park et al
2008; Prim et al 2003). Z. buffonis fish demonstrated similar levels of lipase activity
profile, as little difference in digestive enzyme activity was showed in the entire gut
system. Teleosts with exclusively short guts may absorb nutrients throughout the length
of the gut (Ferraris & Ahearn 1984), which may justify the relatively uniform distributions
of lipase activity along the gut of this fish. This observation is in agreement with reports
from other hemiramphids such as A. sclerolepis krefftii (Day et al 2011). Z. buffonis
requires substantial lipase activity to effectively digest the high dietary fat intake from
live insects.

Despite possessing low protein diet, protease (trypsin and aminopeptidase)
enzyme has been reported to play a vital role in omnivorous species (Munilla-Moran &
Stark 1990; Eshel et al 1993). However, protease activity was a minor constituent of
total activity and not as high as expected, which is consistent with reports on
Atherinopsis californiensis (Horn et al 2006) which is a stomachless silverfish and also
possess the same omnivorous diet, indicating that these enzymes are either not
preferentially targeted as predicted or are common enough to allow for sufficient
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assimilation despite low aminopeptidase activity. It has been claimed that the absorption
of amino acids in fish could be due to passive transport. However, amino acid absorption
in stomachless fish fed a diet containing a mixture of amino acids led to loss of body
weight (Kaushik & Dabrowski 1983) and postulated gill excretion of amino acids. In
addition, the chitin and cuticle that form the exoskeleton of the insects may take some
time for it to be completely hydrolyzed from proximal intestine to rectum distally, thus
the protein that contained in the internal parts of insect body can finally be hydrolyzed by
trypsin and aminopeptidase into amino acid, hence elevated the activity of trypsin and
aminopeptidase enzyme. Furthermore, elevated activity levels of proteases and lipases
have been reported in herbivorous fish and are understood to allow these plant eating
fishes to maximise the assimilation of any available proteins and lipids in their food
intake, which can be considered limiting nutrients. Hence protein must be utilised
efficiently (De Almeida et al 2006; German et al 2010).

Conclusions. This present study explains the existence of several major digestive
enzymes functioning in the entire gut of Z. buffonis and this reflects their omnivorous
nature. Hence they have the efficiency of hydrolyzing and digesting storage
polysaccharides, lipid and protein using respective a-amylase, lipase, trypsin and
aminopeptidase enzymes. The presence of these important enzymes explains that Z.
buffonis possesses the ability to digest a wider array of food ingredients, making the
development of cost-effective formulated feed for intensive farming of this fish a
possibility. Future research into nutrient transport rates and other digestive enzymes on
other parts of digestive organs will provide further understanding into how these
nutritional demands are met, hence may help clarify a full characterization of the
digestive strategy in Z. buffonis. Expansion of current knowledge of biochemical digestive
mechanism in a variety of stomachless fishes is crucial in order to clarify and improve
current model of digestion structure.
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