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ABSTRACT

The present study aimed to characterize chymotrypsin-like enzymes in three species, namely the mudcrab Scylla
serrata, the brine shrimp Artemia salina and the rotifer Brachionus plicatilis. Optimized conditions of assay were
established in terms of the volume of crude extracts used and the time of reaction. The crab enzyme was the most
affected by pH showing big increases in its activity until pH 8.0 and abruptly decreased beyond this level. The
Artemia chymotrypsin exhibited maximal activity at 7.0 - 7.5 while the rotifer enzyme was the least affected by pH
with small increases in its activity until its maximum level at pH 8.5. The stability of the mud crab enzyme was the
most affected by pH; the Artemia and the rotifer enzymes exhibited maximal activity at 7.0 to 7.5. The enzyme
activity of the mud crab was maximal at 30°C and decreased abruptly at higher temperature. In contrast, the
Artemia chymotrypsin-like activity was practically unaffected by temperature and the rotifer enzyme exhibited
maximal activity at 25°C and gradually decreased with increased temperature.Thermal stabilities were slightly
affected in all three species;a small peak was observed in the mud crab enzyme at 25°C. The rotifer and the
Artemiaenzyme stabilitydecreased dightly and linearly with temperature. The determined Km for benzoyl-L-
tyrosine ethyl ester (BTEE) of the rotifer, Artemia, and the crab chymotrypsin-like enzymes were estimated to be 1.3,
0.4 and 0.5 nmol N-benzoyi-L-tyrosine produced minmg protein®, respectively. Conclusion: Chymotrypsin-like
enzymewas stable at alkaline pH and at room temperature or above for all three species. The Artemia and the mud
crab chymotrypsin-like activity manifested higher substrate-enzyme affinity in contrast with the rotifer enzyme which
exhibited the least affinity.
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INTRODUCTION

Chymotrypsin and trypsin are alkaline proteolytizymes present in invertebrates. They belong ¢ostrine
protease family, one of the largest family in timénzal kingdom[1]. Within this family, the chymotrgm family
includes chymotrypsin A which contains a varietyesizymes such as chymotrypsin, trypsin, elastasazgme
and different matrix peptidases [2] which are plentin the extracellular spaces while chymotrymBiplays an
important role in intracellular protein turnover.Chymotrypsin-like serine protease plays an imptrtale in
immune defense against pathogens in shrimp [3,4].

Chymotrypsin, together with trypsin are the moatratant proteases in the digestive system of aqoagi@nisms.
The mammalian chymotrypsin is well studied whilegh in the invertebrates are mostly focused ordipestive
system of some pest insects [1]. In the lepidopteéBaodoptera exigua, chymotrypsin is found to mediate
proteolytic remodeling in the gut during larval-ligransition [5]. The enzyme plays an importasierin the
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molting process in the red flour beefleibolium castaneum[2].In mollusks, chymotrypsin has been studied in
scallop [6] and abalone [7]. In crustaceans, tl@eevery few studies that have been done on chypmib-like
enzyme[8, 9]. The enzyme in the Chinese shii@meropenaeus chinensis is involved in innate immune reactions
after bacterial and viral challenges [10].

The catalytic properties of these enzymes are aindd those of mammals. In crustaceans, the awyatiinthe
digestive system affects protein digestion whiclcasposed of a foregut, a midgut (or hepatopangreas a
hindgut [11]. As the name implies, the functiorhepatopancreas in crustacean combines the fusatiotie liver
and pancreas; it produces digestive proteases quéh aschymotrypsin. Crustacean chymotrypsin-likeyme
hydrolyzes synthetic substrates in a narrow rarfig@ecificity and appears to have unique catalytaperties [13].

Studies on some properties of chymotrypsin-likeyemz will help in the understanding of digestive dtion of
crustaceans and rotifer. Hernandez-Cortes et]aifnot find any evidence of chymotrypsinogen avete only
found in their active forms; thus, it did not reguinduction by another enzyme. Chymotrypsin ishart-term
indicator for the nutritional condition and nutoitial requirement of larvae [15]. In invertebrategh as the
swimming crab Portunus trituberculatus) the gene expression of chymotrypsin are downiatgd by ammonia
exposure suggesting its involvement in the respdasammonia-N exposure [16]. In the Pacific whitgimp
Penaeus vannamei, chymotrypsin gene was down-regulated after l@mgt(56 days) salinity stress, which may be
related to immunodepression [17].

Invertebrates exhibit higher chymotrypsin activitian some vertebrates Thus, invertebrates are gandidates as
a source of digestive enzymes for biotechnologigadlication. As an an example, chymotryptic atithei of the
Mediterranean sea urchinrpacia lixula L., Paracentrotus lividus and Sphaerechinus granularis) exhibit twice
higher activities than in rainbow tro@ncorhynchus mykiss [18]. Chymotrypsin is always produced in industry
from fresh cattle or swine pancreas and are matte tablets for oral consumption or as aliquid itij@T,
invertebrate chymotrypsin can dramatically lowes tlost of production.

In the mud cralscylla serrata, chymotrypsin-like enzyme was detected in all #histages. The activity was about
25% of the maximum at stage Z1, doubled at Z2 aBddéclined to 40% at Z4 and Z5, abruptly increaed
maximum activity during the megalopa stage, anldtéedbout 33% at the first instar stage [9]. Ia tirine shrimp,

a sudden increase in enzymatic activity during iaty of the nauplii was observed [19]. So far chynypsin-
likeactivity has not been characterized in rottias not been studied together with those of the onald and brine
shrimp. This paper aimed to characterize chymatry@activity of three invertebrates, namely mudbcgaylla
serrata, the brine shrimp\rtemia sp and the rotifeBrachionus plicatili.

MATERIALSAND METHODS

Experimental animals

Live mud crab $cylla serrata) were purchased from Roxas City, Capiz, Philippireend were acclimatized to
concrete tanks in the hatchery until assBsachionus plicatilis stock was purchased from SEAFDEC AQD at
Tigbauan, lloilo, Philippines, reared and mass peoed in a 1-ton tank located at the Institute ofudaulture,
University of the Philippines Visayas. Rotifers wefed with the green microalageetraselmis chuiiand were
harvested by filtration using 3@m mesh plankton nets, appropriate sample size atetleand used in enzyme
assays. Commercially availablartemia cysts were hatched in the laboratory following tmanufacturer's
instruction. Nauplii of about 0.1 g wet weight wegllected within 6-8 h after hatching and used éozyme
preparation and assay.

Preparation of the enzyme

Guts of mud crab or wholArtemia or rotifer samples were washed with cold extracsotution (50 mM citrate
phosphate buffer pH 7.0), weighed and homogenizetié same solution at 1:20 ratio (w/v) using atrdtlirrax

homogenizer. The homogenate was centrifuged at 48@0for 15 min and the supernatant was used agnenz
preparation.

Chymotrypsin assay

The activity of the enzyme was determined usingnie¢hod of Hummel [20]. Briefly, the assay mixtwensisted
of 1.4 ml of 1.07 mM benzoyl-L-tyrosine ethyl es{BTEE) dissolved in 50% (w/w) methanol, 1.0 ml 8@riris-
HCI buffer (pH 7.8) containing 0.1 M CaCl2, and O extract in a final volume of 2.7 ml. The reactiwas
stopped by adding 0.3 ml 30% acetic acid. The Hydi® of N-benzoyl-L-tyrosine ethyl ester into Nrz®yl-L-
tyrosine + ethanol caused an increase in absorts@rz®6 nm. Enzyme activity was expressed as nrioémoyl-
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L-tyrosine produced mitmg protein® at 25°C and pH 7.8 using the millimolar extincticoefficient of BTEE at
256 nm of 0.964(Sigma Aldrich 2015).

Progress curve with time and enzyme concentration.
To establish the method to be used in routine as&atychymotrypsin in each organism, progress aimwere
obtained from 0 to 60 min, and also activity vsyane concentration from 0.1 to 0.5 mL of the enzyoreparation.

Estimation of Michaelis-M enten constant (Km).

The substrate concentration and chymotrypsin-litevidy relationship was investigated at a concatitin range of
2.5x10* to 4.0 x10%umol benzoyl-L-tyrosine ethyl ester (BTE), keepirte tother components of the reaction
mixture constant. The results were plotted by thebde reciprocal plots (i.e. Lineweaver-Burk plats)obtain the
Michaelis-Menten constant (Km) of chymotrypsin BFEE.

Optimum temperature and ther mal stability.

The optimum temperature of the reaction was detexchiby conducting assays at various reaction teatynrers
(range of 25 to 40°C). Thermal stability of the yme was determined by incubating the enzyme préparat
different temperatures ranging from 0-55 °C for, hfter which assay of the chymotrypsin-like enzymas done.

Optimum pH and pH stability. The effect of pH on enzyme activity was deterrdiie&50 mM citrate phosphate
buffer at various reaction pH ranging from pH 50pH 8.5 at 25 °C. Enzyme pH stability wasdeterahitoy
incubating the enzyme preparation at different fidd h at 0-4 °C afterwhich enzyme assays weredon

RESULTS
The linear part of the progress curves with timgedafrom 30 min forArtemia,to 50 min for the mud crab and to

60 min for the rotifer (Figure 1). Chymotrypsin iaittes of the crab exhibited linearity with enzyrmencentration
up to 0.3 mL, while the crab and the rotifer extatilinearity up to the maximum volume of 0.5 mlig{iFe 2).
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Figure 1. Progress curve of chymotrypsin-like activity with time of reaction of mud crab, Artemia and rotifer
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Figure 2. Activity of chymotrypsin-like enzyme of mud crab, Artemia and rotifer against enzyme concentration
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Figure 3. Changesin the activity of chymotrypsin-like enzymes of the mud crab, Artemia and rotifer with varying reaction pHs from pH
59topH 85

Of the three species studied in the present stindycrab chymotrypsin-like enzyme was the mostctdfd by pH
showing big increases in its activity until pH 8abd abruptlydecreased at pH 8.5 (Figure 3). Ahemia
chymotrypsin-like enzyme exhibited an hyperboliaveuwith maximal activity at 7.0 to 7.5 while thetifer

enzyme was the least affected by pH with very smalieases in the activity level until the highastivity at pH of
8.5.
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Figure4. Stability of chymotrypsin-like enzyme of the mud crab, Artemia and rotifer as affected by pH

The stabilities of chymotrypsin-like enzymes a®etitd by pH in shown in Figure 4. The effectsezfation pH in

the assay of the three enzymes in the present stfidgted those of the pH effects on their sttbgi the mud crab

enzyme being the most affected while those of Alemia and the rotifer enzymes were practically unaffécte
exhibiting small peaks at 7.0 to 7.5 and decreatghtly beyond this pH.

Figure 5 shows the effect of the reaction tempeeatun the chymotrypsin-like activities of the thigeecies at pH
7.0. The enzyme activity of the mud crab was makimh&FC and decreased abruptly beyond this temperature.
contrast, théArtemia chymotrypsin-like activity was almost unaffecteglthe reaction temperature while the rotifer
enzyme exhibited maximal activity at@5 gradually decreased at higher temperature.
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Figure5. Effect of temperature on the activity of chymotrypsin-like enzyme in the mud crab, Artemia and rotifer
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Temperature slightly affected the chymotrypsin-ldaivities in all three species except the sma#lpobserved in
the mudcrab enzyme at the intrapolated temperatiut®-15C and an actual peak at°€5(Figure 6). The rotifer
and theArtemia chymotrypsin-like stability were slightly decreddgy the 1 h immersion at increasing temperature

in a linear fashion.
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Figure6. Thermal stability of chymotrypsin-like enzyme of the mud crab, Artemia and rotifer
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Figure 7. Doublereciprocal plot of the activity of the chymotrypsin-like enzyme in the mud crab, Artemia and rotifer, with estimated
Km of 0.5, 0.4 and 1.3 nM N-benzoyl-L -tyrosine min™‘mg protein™, respectively

The determined Km for benzoyl-L-tyrosine ethyl eSBTEE) of the rotifer Artemia, and the crab chymotrypsin-

like enzyme were estimated to be 1.3, 0.4 and Or®InN-benzoyl-L-tyrosine produced mimg protein
respectively (Figure 7).
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DISCUSSION

Results on the linearity curves of activity agairesdction time and volume of enzyme preparatiothe present
study established the optimized protocol for thgnobtrypsin assay in the three species. This cbeldiseful for
researchers who would be doing further studiedh@enzyme such as purification or its moleculatdgy.

Results of optimum pH of chymotrypsin-like activity the present study agreed well with those of ghéfied
enzyme reported by Hernandez-Cortes et al [14Paénaeus vannamei; in their results, the peak of activity was
between 8.0 to 8.3, similar to the values of pHiB.the mud crab and pH 8.5 in the rotifer in thegent study. In
Artemia, optimum pH of the reaction mixture was from pH) To pH 7.5. Results in other invertebrate and
vertebrate chymotrypsin were similar with those thé present study [22, 23]. In general, protedses
crustaceans have maximum activities from neutralkaline pH, similar to mammalian enzymes butdhestacean
enzyme is more acid labile [14] as was the casledmpresent study.

Maximal stability of the chymotrypsin-like enzymefpH range of 7.0-7.5 in the three species agvesitwith that
of the purified enzyme of thBenaeus vannamei [14]. The observation that the purified enzymes waore stable at
alkaline than acid condition was also observedhéngresent study in all the three species. Astheéinding in the
Pacific white shrimp, this results could be relat@dhe pH of the intestine of pH 7.4. The acidialproperties and
mild activity above room temperature could makedhestacean chymotrypsin-like enzyme as a candidati®od
technology applications. The observation on thel dability of chymotrypsin-like enzyme could be @idein the
inactivation of proteases in food processing, bweong of the pH of the reaction. Black spot orlanesis
phenomena of the fishery products after storagé §dl also autolysis of krill [25] and the mushxttee in
crayfish meat [26] are all caused by proteasesso Aprotein modification by controlled hydrolysishances the
functionality of raw protein [27].

Chymotrypsin-like activity in either the brine smp or the rotifer, and to a limited extent the naudb enzyme in
the present study were very stable even at roonpeeature or above. This observation could be edlab the
contribution of the exogenous enzymes coming froettvo prey organisms. Protease such as chymairiike
enzymes could be released to the gut of the mumwith activities almost completely intact to hétpdigestion. It
has been reported that total protease contributiofood digestion was highest (84.4%) at Z1 stage lawest
(24.6) at the first instar stage 8dylla serrata larvae [28].For food-grade proteases to be useffdod processing,
they must have a wide thermal stability similathie properties of the enzymes in the present study.

Kinetic and enzymatic studies of chymotrypsin ageassary for understanding the digestive functfdhie shrimp.
The Km for BTEE indicated the affinity of the suflade to the enzyme and also the threshold of satiestr
concentration that would induce chymotrypsin-likdinaty. Results of the present study indicatedttthe affinity
of the enzyme to the substrate BTEE of Alntemia and the mud crab enzyme were similar while thahefrotifer
was less than half of the affinity of the two spsciaffinity is an indicator of the velocity of theaction. Rotifer
which constitutes the live food of early larvaeasfuatic organisms is expected to be released ta@ut of the
larval predators.Artemia, in contrast, are live food for later larval stagmd its high velocity of enzyme reaction
would be necessary to support the processing armait food and also its fast growth. Km also intBsathe
physiological concentration of substrate. AlthoBJFEE is a synthetic substrate, it could indicate Igvel at which
the enzyme could adjust to a pattern of substiagesfter feeding. The lower substrate threshodd igwer Km) of
the Artemia and mud crab enzyme would enable it to rise tevallbeyond the physiological concentration of the
substrate in their gut system.

CONCLUSION

The present paper documented the effects of pHeangerature on the velocity of chymotrypsin-likeymes and
on their stability in the three species. The crabyme was the most affected by pH showing big mses in its
activity until its maximal activity at pH 8.0. Tha&rtemia chymotrypsin exhibited maximal activity at 7.0 b
while the rotifer enzyme was the least affectegpbywith very small increases until maximal activétypH of 8.5.
This pattern of results were also the pattern ef ¢ffects of pH on the chymotrypsin-like stability the three
species. The mud crab enzyme activity was maximnaflC and decreased abruptly beyond this temperafline.
Artemia chymotrypsin-like activity, in contrast, was almamaffected by temperature and the rotifer enzyme
exhibited maximal activity at 2& and decreased gradually as temperature was secteal hermal stability of the
enzyme was slightly affected by temperature intladke species. The determined Km for BTEE of thi#fer
Artemia, and the crab chymotrypsin-like enzymes were eséichto be 1.3, 0.4 and 0.5 nmol N-benzoyl-L-tyresin
produced miftmg proteift respectively. The Km indicated that the mud cratl Artemia enzymes had stronger
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enzyme-substrate affinity than did the rotifer eney thus, theArtemia and mud crab enzymesexhibited faster
reaction velocities and higher physiological lev@lsubstrate than the rotifer enzyme.
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