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ABSTRACT

Amino acids that comprise proteins tibm® essential nutrients for any animal
organism. Indeed they are directly related togiteswth and maintenance. Protein
assimilation depends on the catalytic propertieproteases in the alimentary canal.
Such protein-degredative enzymes include trypshymotrypsin and elastase, with
trypsin being the most important and abundant. fiten objective of this research
project was to use a highly sensitive fluorometgichnique to assess both total protease
and trypsin activities from intestines of the queeiggerfish, Balistes vetula, and
determine if these were affected by fish size. fiis €nd, 32 west coast and 4 east coast
intestinal samples were obtained. Each sampleaowd from 2 — 10 total intestines.
The weight (wet weight) was obtained and recoradedcfich sample. Samples were then
individually homogenized in distilled water to pragt a supernatant. Filtered
supernatant was assayed for the following thre@eptees: 1) protein content; 2) total
protease activity; 3) trypsin activity.  The remag supernatant was pooled and
subjected to size exclusion chromatographic praeedn order to obtain a partial
purification of proteins conferring trypsin actiyit The kinetic analysis of this trypsin
activity was assessed as per the following fouialédes: 1) protein concentration; 2) pH;
3) temperature; and 4) presence of soybean trypkibitor. The data are considered
with respect to both the utility of the fluorometriechnique in this analysis and the
significance of trypsin with respect to the biocl&ny/physiology of the queen

triggerfish.



RESUMEN

Los aminoacidos contenidos en las proteinas sonentds esenciales para todo
organismo animal y su asimilacion depende deepsats presentes en el tracto digestivo,
tales como tripsina, quimotripsina y elastasasndsietripsina la mas abundantes e
importante. El objetivo principal de esta investiga, fue determinar mediante un
sensible método fluorométrico, la actividad totalpiloteasas y la actividad de tripsina en
el tracto intestinal del queen triggerfiBalistes vetula y determinar si dichas actividades
son afectadas por la edad de los peces. Con pi@Ees obtuvieron 32 muestras
intestinales de la costa oeste y 4 muestras deska este de Puerto Rico; cada muestra
conteniendo de 2 a 10 intestinos. El peso humedoada muestra fue determinado y
registrado. Las muestras fueron después individersie homogenizadas en agua
destilada para producir sobrenadantes (homogenaiodos). A los sobrenadantes
filtrados se les determind 1) Contenido de proteMaactividad total de proteasas y 3)
actividad de tripsina. El homogenato crudo fuenaike sometido a cromatografia de
exclusién por peso molecular, con el objetivo deéewodr la purificacion parcial de
tripsina. La tripsina parcialmente purificada tiseacterizada cinéticamente de acuerdo a
los siguientes 4 parametros 1) actividad de traps) pH, 3) temperatura y 4) inhibicién
usando el inhibidor de soya de Kunitz. Los resldtade este estudio son utiles para
evaluar la utilidad del método fluorométrico usaglda importancia de tripsina con

respecto a la fisiologia digestiva del queen tnifisfe.
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INTRODUCTION

The growth of any animal is directly related to ttreakdown of ingested proteins
into their constituent amino acids and the subsatgassimilation of these breakdown
products into the body. The enzymes involved is thiotein-digestive process include
trypsin, chymotrypsin and elastase (Solomon €1386). All of these are endopeptidases
that occur in the alimentary canal. Trypsin is gjpetor peptides and esters of the amino
acids lysine and arginine; chymotrypsin is spediicthe hydrophobic amino acid side
chains of phenylalanine, tyrosine and tryptophatgstase is specific for small
hydrophobic side chains such as alanine. Colldgtiibese three endopeptidases play
essential roles in converting ingested proteing intividual amino acids, which are in

turn absorbed across the gut epithelium (River@3p0

Various studies have shown that trypsin, trypsiecprsors, and/or equivalent
protease activities have been used as indicatorthefnutritional condition of fish
(Garcia—Carrefio et al., 2002; Hjelmeland et al.8198eberschar, 1988). The basic
premise is that a diet rich in proteins, and theeefalso amino acids, will promote fish
protease secretion and its activity within the midgOn this point, investigators have
observed that trypsin ranks as the more importadgut (i.e., intestine, anterior midgut
caeca, and posterior midgut caeca) protease iedifMartinez et al., 1988; Hideki and
Hayasi, 2002; Castillo-Yafiez, 2005). Thus, modt fisgestive protease studies have

focused on this enzyme.
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Various methodologies have been used in assessiatg lof fish trypsin activity and
abundance. One such method is that of the radiomoamsay (RIA), in which
radioactive antibodies specific for trypsin hybreliwith and thereby identify the enzyme
in midgut tissues (Ueberschar et al., 1992). Ano#pproach utilizes a trypsin specific
substrate (N-alpha-pTosyl-L-Arginine-Methyl Ester, TAME), the breakdown of which
is evaluated over time via a spectrophotometer (Hem1959). One drawback with each
of these trypsin assays is that one must perfolabar-intensive and time-consuming
process of first partially or completely purifyirthe enzyme, and may also require

relatively large amounts of tissue.

Ueberschar (1988) introduced a highly sensitiverthmetric assay that determines
total protease activity from crude tissue homogemathough lacking the specificity for
its direct determination, it is here hypothesizédttthis methodology can be made
specific, in an indirect way, for trypsin activiby running the assay once in the presence
of a trypsin inhibitor and then once again in theemce of that inhibitor. Trypsin activity
would then be measured as the increased leveltioftg®btained in the latter. All other

protease activity is that obtained in the presearidgypsin inhibitor.

The queen triggerfisiBalistes vetula, a moderately important food fish inhabiting
shallow Puerto Rican marine waters, feeds excliysivgon crustaceans (notably crabs),
mollusks (major predation upon oysters), echinodel@specially sea stars and sea

urchins), sponges and other marine invertebratewell as some small fishes. Given the
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fish’s feeding habits, the queen triggerfish isgmbially an excellent species to assess the
proportion of the trypsin activity in relation tte total intestinal proteases, to better

understand the contribution that trypsin has dm digestion.

In an effort to more precisely assess the proteasigity within queen triggerfish
intestines, a methodology was developed wherelysitnyand total protease activities
could be individually, yet simultaneously, deteredn This method makes use of
soybean trypsin inhibitor (SBTI) added to certas#says. The resulting protease activity
in these assays is lower because the trypsin gctnas been wholly, or nearly so,
blocked by the inhibitor. In this way, one canedgtine the contribution of trypsin to the
total protease activity. In addition, the diressay of trypsin activity via the Hummel
(1959) assay was utilized in efforts to chromatppreally obtain a partial purification of

the trypsin enzyme.

The data obtained in this investigation help devedobetter understanding of the
gueen triggerfish’s chemical digestion function addition, analysis of the possible
influence of fish age on trypsin and total inteatiprotease activities helped to meet this

goal as well.



LITERATURE REVIEW

Fish Proteases

As with others animals, fish growth depends oned that provides sufficient levels
of protein. Indeed, amino acids are needed for teaance, growth, and regeneration of

tissues. Protein is therefore a critical compoménie fish diet.

Among the 23 naturally-occurring amino acids, 1@hafse must be obtained through
diet to support growth and maintenance as fishe@alpy non-adults, lack the capacity to
synthesize them in sufficient quantities for ragidwth (Bureau and Young, 2000). It is
thus clear that an analysis of the enzymes whildwamidgut breakdown of ingested
proteins into their constituent amino acids is nto understanding the biochemistry

that supports fish growth and development.

It has been established that fishes and higheelvetes utilize the same enzymes
and hormones in the breakdown of proteins into anaicids (Smith, 1989). In fish, the
specific levels of digestive enzyme activities dependent on age, diet, season, and/or
ambient temperature (Munilla-Moran and Saborido;R4996). Moreover, some
researchers have demonstrated that the productitmecahree fish midgut proteolytic
enzymes, including trypsin, chymotrypsin, and elsst is regulated at the transcriptional

level as a function of diet (Peres et al., 1998hNasAlmazan et al., 2003).
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In the past three decades several studies of chypsmt, elastase and/or trypsin
from digestive tissue of numerous fish species hdee=n made and several
generalizations have emerged. First, these enzymge an approximate molecular
weight of 25 to 27 kilodaltons (kDa). In additidhe enzymes are not stable at low pH
but retain their activity at a neutral pH in presemf C&" (Cohen et al., 1981; Arnt and
Walter, 1989). Because carbonate salts are secretedthe frontal portion of the
intestine to neutralize the acidity of the bolushfmidgut digestion is carried out under
neutral to alkaline conditions. Both trypsin and/miotrypsin characteristically display

higher activities than elastase (Von Elert at2004).

Trypsin

Given its higher catalytic rate and therefore gmeaverall contribution to the
breakdown of ingested proteins for animals in galnet is perhaps not surprising that
trypsin has been at the center of attention fogasshers wishing to better understand the
digestive biochemistry/physiology of many differdisth species. For example, in 1960,
Bradford was among the first to characterize a tiigpsin-like enzyme activity, when he
identified proteolytic hydrolysis to be presenthomogenates of pyloric caeca from the
Chinook SalmonOnchorhynchus tshawytscha. The enzyme was found to have similar
properties to both mammalian trypsin and chymoinpdhis trypsin-like enzyme

exhibited an optimal pH of 9.0 and maximum activtya temperature of 40.
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Prahl and Neurath (1966) described an anionic fofrpancreatic trypsinogen, as
well as other digestive enzymes, in the spiny dbgfsqualus acanthias. The dogfish
enzyme was found to have a molecular weight oft?£25 kDa and exhibited an
optimum pH of 7.9 to 8.0. Reeck et al. (1970) idfeatt three forms of trypsinogen in the
African lungfish, Protopterus annectens. One form was later purified and characterized
(Reeck et al., 1970). It displayed a molecular wemf 24 kDa and optimum activity at
pH 8.0. The lungfish trypsin amino acid compositisas found to be similar to that of
other animal trypsins especially those obtainednfioovine and dogfish sources. Its
properties including, pH and temperature optimuna molecular weight, were found to
lie between those of invertebrate and mammaliapsing. It resembled invertebrate
enzymes in being anionic and stable at neutralrpthé absence of calcium. However,

like cationic mammalian trypsins, the lungfish fowas found to be stable at pH 3.0.

Yasunaga (1972) identified protease activity froigedtive organs of three flatfish
species, the marbled floundePseudopleuronectes yokohamae, the stone flounder,
Platichtys bicoloratus, and the olive flounderParalichtys olivaceus. He found an
optimum pH of 8.0 and maximal activity at a tempera of 40°C. Overnell (1973) made
a comparative study of the digestive enzymes froforit caeca and its associated
mesentery in the coGadus morhua. Activities of the following were identified: tpgin,
chymotrypsin, carboxipeptidase A and B, leucinerapeptidase, ribonuclease, amylase,
acid phosphatase, and alkaline phosphatase. Tisrirljke enzyme showed a molecular

weight of 18 to 22 kDa. Its pH optimum ranged fr@0 to 9.0. It is notable that the
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principal pancreatic enzymes were found in the mesg of the caeca and not in the

caeca themselves.

Titani et al. (1975) purified pancreatic trypsin®m the spiny dogfish through
chromatographic and related procedures. This pdriinzyme revealed two bands, one
of 11 kDa and the other of 23 kDa. This finding gesis the possibility of a mixture of
single chain and double chain trypsins. In addjtittre amino acid sequence of these
trypsins was determined, indicating that there was less amino acid residue in the
spiny dogfish than had been identified in bovine g@orcine trypsin. In 1976, Klaus-
Dieter found a trypsin-like activity in the intes#i and hepatopancreas of the bonefish,
Carassius auratus gibelio. This fish is the wild type, eastern european favmthe
familiar goldfish. He determined its optimum pH be 9.0 and that optimal activity
occurred within a temperature range of°@G0to 50C. This study also found that
trypsinogen was synthesized by the hepatopanci®alssequently, this zymogen became

activated through enterokinase activity upon baegreted into the intestine.

Cohen et al. (1981) purified pancreatic proteolgizymes including trypsin from
carp,Cyprinus carpio. The enzyme showed an approximate molecular weighb kDa.
The carp trypsin was found to be anionic proteat th unstable at low pH. Hjelmeland
and Raa (1982) purified two trypsin-like enzymesnirthe gut of the artic capelin,
Mallotus villosus. Both enzymes had a molecular weight of about R8.kThe enzymes

were inhibited by standard trypsin inhibitors amspthyed a pH optimum of 8.0 to 9.0.
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In 1984, Simpson and Haard purified and charaadrizypsin from the pyloric
caeca of Greenland codjadus ogac. Trypsin was isolated by ammonium sulfate
fractionation followed by acetone precipitation aféinity chromatography techniques.
Electrophoretic analysis of the enzyme revealedingles band with an estimated
molecular weight of 23.5 kDa. Characterization loé £nzyme included identifying its
catalytic specificity for amide or ester bonds ilwiog the carboxyl group or arginine,
capacity to hydrolyze the trypsin-specific syntbetubstrate TAME, its sensitivity to
serine protease inhibitors, and lowering or cesmatf enzyme activity when in the

presence of SBTI.

Yoshinaka et al. (1984) isolated an anionic trydsom the pancreas of the amur
catfish,Slurus asotus. This enzyme had a molecular weight of 26 kDapHsoptimum
was 8.3. The amino acid composition of this trypsas similar to that of cationic bovine
trypsin. Clark et al. (1985) examined proteasevdids in the intestine of the solgplea
solea. Experiments using synthetic substrates suggdsigresence of a trypsin-like
enzyme. This activity revealed a pH optimum of &9s and Hecht (1987) characterized
pancreatic enzymes, including trypsin, from thergtwoth catfish,Clarias gariepinus.
Trypsin displayed optimal activity at pH 8.2 andtamperatures ranging from %D to

40°C.

Purification and characterization of twopsin-like enzymes from the digestive tract

of the anchovyEngraulis encrasicholus, was realized through a combination of affinity
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and ion exchange chromatographic procedures (Martét al., 1988). These enzymes
displayed molecular weights in the range of 27 28d&Da. Their isoelectric points were
between 4.6 and 4.9. The enzyme displayed optauiaity in a pH range of 8 to 9.
They resembled other fish trypsins in their molacuheights, kinetic properties, and

instability at low pH.

Guizani et al. (1991) purified and characterizeyasin from the pyloric caeca of
mullet, Mugil cephalus. The enzyme exhibited optimal activity at a pH80® and at a
temperature of 5&. It was stable within a pH range of 7.5 to 9.0his stability is
similar to that reported for most marine organisgpsins, which are highly unstable
under acidic conditions but very stable at neutalslightly alkaline conditions.
Electrophoretic analysis determined the moleculargint of the enzyme to be 24 kDa.
Trypsin from the pyloric caeca of rainbow troG@rcorhynchus mykiss, was purified and
characterized by Kristjansson (1991). The isol&edyme had an estimated molecular
weight of 25 kDa. The enzyme was stable at tempegatin the range of 40 to D and
at a pH range of 5.4 to 8.0. However, this therstability was shown to be calcium-

dependent. Hydrolisis of substrate was maximapatoximately 68C.

Sabapathy and Teo (1993) conducted a comparatidy sif the rabbitfishSganus
canaliculatus, and sea basd,ates calcarifer, digestive tracts and digestive enzymes
distributions and activities. Proteases includingpsin, were found in both species.

Trypsin activity was higher in the rabbitfish, irhiwh the enzyme was detected in all
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regions of the digestive tract. By contrast, sasskirypsin was confined to the intestine
and pyloric caeca. Later, Sabapathy and Teo (1BE5jtified some properties of the
rabbitfish’s intestinal enzymes. Comparison of sippand chymotrypsin from the viscera
of anchovy,Engraulis japonicus, was undertaken by Heu et al. (1995). The mogcul
weight of the trypsin was estimated to be 25.6 kidaximal activity was found at pH

9.0 and 48C for casein, and at pH 8.0 and®@5or TAME.

Four differently charged trypsins were purified nropyloric caeca of Atlantic
salmon, Salmo salar (Outzen et al. 1996). The four isoforms of trypsivere
differentiated as anionic trypsin I, Il and Ill,cueationic trypsin. Al were found to have
a molecular weight of approximately 25 kDa. Catogalmon trypsin displayed optimal
activity at a pH range of 8.5 to 10.5. By contrabie anionic salmon trypsin was
optimally active at pH 10.5. This study was thstfio identify, isolate, and characterize

a cationic trypsin from marine species.

The proteolytic activities in the gut of three dsamous fish species, the deepwater
redfish, Sebastes mentella, the turbot,Scophthalmus maximus and the gilthead bream,
Sparus aurata, were compared by Munilla-Moran and Saborido-RE96Q). Optimum
stomach trypsin activity for all three was detecttdH 2.0, while such activity in the
intestinal forms of the enzyme showed activity apth range of 9.5 to 10.0. The

temperature range at which both enzymes displayedmal activity was 35 to 4C.
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Diaz (1999) obtained a 50-fold level of purificatifor trypsin from pyloric caeca of
the red hind groupegpinephilis guttatus. This study revealed that the red hind trypsin
displayed optimal activity at a pH range of 6.08t0. Activity was also found to be
temperature-dependent, with highest catalysis ocgurat 46C. The enzyme’s
molecular weight was somewhere within the rangé®to 44 kDa. This trypsin was

inhibited by the SBTI.

Quifiones (2000) obtained a 20-fold level of puafion for trypsin from pyloric
caeca and intestinal tissues of the queen snapahis occulatus (Valenciennes, 1928).
This study showed that the queen snapper trypspladied optimal activity in a pH
range of 8.0 to 9.0. The temperature-dependeivityotvas highest at ST for pyloric
caeca trypsin and 80 for the intestinal tissues. Like the red hindugrer trypsin, that
from the queen snapper had a molecular weightenréimge of 17 to 44 kDa and was

inhibited by SBTI.

Sekizaki et al. (2000) purified an anionic trypsiom the pyloric caeca of chum
salmon,Onchorhynchus keta. The molecular weight was around 24 kDa as deibeun
by SDS-PAGE. The enzyme displayed moderate agtitatvard artificial substrate
TAME and tosyl —L-lysine methyl esther. The maant of the anionic enzyme showed
an isoelectric point (pls) of 5.10. The effecttefnperature on the hydrolysis of TAME

suggested that the enzyme is an efficient catédygieptide synthesis at low temperature.
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Purification and characterization of trypsin-likezgme from the pyloric caeca of
cod (Beirao et al., 2001) was obtained throughnajfi chromatography on CHOM
sepharose 4B. Characterization of the enzyme st@ableshed through both its observed
catalytic activity upon TAME and its inhibition ithe presence of serine protease
inhibitors. The enzyme showed pls of 5.30 an® @Bd was found to have similar

amino acid composition to that of bovine trypsin.

We can glean from the previous studies that trypsia standard protease of fishes
and that it may readily be characterized from digesfish tissues. These trypsins are
optimally active at pH ranges of 7.5 to 9.0. Irdiidn, all of the trypsins displayed

greatest catalytic rate at temperatures of 45 {€ 60

While trypsin is clearly the most significant enzaywith regard to fish digestion of
ingested proteins, it is nonetheless of great ésterto evaluate the proteolytic
contribution of both chymotrypsin and elastaseishds. Indeed, trypsin cannot by itself
supply the enzyme activity to breakdown food prgento individual amino acids. Thus
an assessment of total protease activity, includivay of trypsin, chymotrypsin, and

elastase is essential in the quest to better utasher$ish nutrition.

It has been demonstrated that different sourcediaibry protein can affect gut
protease activity levels in at least some, and g@ghmost, fish species (Garcia-Carrefio

et al., 2002; Bureau and Young, 2000). On thiswpdiobling (1995) and Kapoor et al.
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(1975) have established that in freshwater fishasdn increase in dietary protein levels
results in a concomitant increase in proteolytitvéees. It is reasonable to assume that

this generalization may well apply to certain marapecies as well.

The Queen TriggerfishBalistes vetula

The queen triggerfisiBalistes vetula, is an important predator of Caribbean coral
reef and other tropical marine ecosystems (Gonz26€1). This fish feeds upon a
variety of crustaceans, echinoderms, mollusks,sanall fishes. The queen triggerfish is
therefore an excellent candidate for use in a coatpa study aimed at examining the

total protease activity as well trypsin activitgn intestinal tissue.

Fluorescence

Dyes and stains have long been used to detectiandlize structures and processes
in biological samples. Today the most used dyed stains have a fluorescent
component, because fluorescent molecules can betddtwith extraordinary sensitivity
and selectivity (Sisken, 1989). There are a wideety of fluorescent compounds such
as ethidium bromide, alexa fluor dyes, cy dyes fumarescein; all of them are able to
emit different color of light at different wave Igihs. These molecules are capable of
being excited, via absorption of light energy, tdigher energy state, also called an

excited state. The energy of the excited statechvlwannot be sustained for long
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“decays” or decreases, resulting in the emissiotighit energy; this process is called

fluorescence.

Fluorescence based techniques have proven usefglantifying total proteases
activity from different biological samples suchiatestinal tissue from fish larvae of the
herring, Clupea harengus (Ueberschar, 1988; Ueberschar et al., 1992). fduknique
may also be applied in determining total midgutt@ase/trypsin activity from queen

triggerfish as presented in the previous paragraph.

From the above literature review, the following clusions can be drawn: 1) like
other animal organisms, fishes have a need for reatigally processing ingested
proteins into their constituent amino acids; 2) thajor midgut proteases of fishes are
trypsin, chymotrypsin and elastase; 3) trypsinhis most extensively studied of these
three proteases and this enzyme or its equivaletivityg has been described from
numerous fish species; 4) the contribution of chiygpsin and elastase is essential in
fish protein digestion and the study of these eregys critical in better understanding
fish protein nutrition; 5) a direct correlation hhsen established between levels of
dietary protein and levels of proteolytic activitien fresh water fishes; 6) the queen
triggerfish is an important predator occurring iar@bean tropical marine habitats and
its midgut proteolytic activity may be affected factors such as diet; and 7) a highly
sensitive fluorometric technique can be utilizedewaluating total queen triggerfish

midgut protease activity.
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OBJECTIVES

To develop a strategy to determine the trypsirvagtverses total protease

activity in queen triggerfish intestinal tissue hmgenates

To determine the influence of fish age upon trysid total protease

activities contained within queen triggerfish tisthhomogenates

To purified and characterize kinetically the quégggerfish trypsin regarding

pH, temperature and inhibition using Trypsin Soybbwnibitor.
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METHODS

Queen Triggerfish Collection

Queen triggerfish samples were obtained from corommlerfishermen either as
complete digestive tract, including stomach, pgaaeca, and intestines (Fig. 1) and as a
whole fish. Samples were collected from August®2@0@rough August 2006, from both
the east and wet coasts of Puerto Rico (Fig. 4).sanples were sealed in plastic bags,
transported on ice, and stored at °@0prior to processing. Whole fish were measured
for standard length and their intestines dissectetd A total of 36 digestive tracts
samples (each sample consisting of a pool of digesiacts obtained in a day of fishing)
were analyzed for total protease activity, andtaltof 30 digestive tracts samples were
used for the trypsin activity determination studsile a number of 18 whole fish were

used for the correlation length/trypsin activitycy.

Intestinal Tissue Crude Homogenate Preparation

Each frozen digestive tract sample was stplgrthawed at room temperature,
weighed (wet weight), and homogenized in 100 mHeibnized, distilled water at%
with an Osterizer blender set at medium high speed to 2 minutes. The resulting
homogenate was filtered through gauze to remoye lassue/cellular debris. The
solution was distributed into 50-ML Oak Ridge p@ymonate centrifuge tubes (Nalgene
Corp, Rochester, NY) and subsequently centrifugead J2-21 Beckman centrifuge

equipped with a Ji-20 rotor and set at 15,000 rpn86 min at £C. The resulting
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supernatants were filtered through 0.45 um (MilieGorp.) and then stored af@ until

analysis for protease activities.

Protein Concentration Determination

The protein concentration for each of the crude ¢tgenate samples was separately
determined using a BCA protein assay (Pierce, RwdkflL) as per the manufacturer’s
directions (Smith et al., 1985) in conjunction walpharmacia Ultrospec 4000 computer-

assisted spectrophotometer (Pharmacia, PiscatéNygy,

Fluorometric Assay Standardization

Employing the methodology described by Ueberschateal. (1992), a Turner
BioSystems TD-700 Laboratory Fluorometer was usedonjunction with a Molecular
Probe’s EnzCheR! Protease Assay Kit to provide direct fluorescebased assay for
detecting protease activity from intestinal tisenede homogenate of queen triggerfish.
Prior to the protease activity determination, def@ assays were conducted to test the
effectiveness and sensitivity of the fluorometriechnique. These included 1) a
sensitivity comparison test between the spectraphetric technique described by
Hummel (1959) and the fluorometric technique, 2jemperature stability test of the
fluorogenic substrate (consisting of regularly easing 10C intervals of temperatures
ranging from 0 to 66C); and 3) a pH stability test (consisting of peste activities at all

integer pH values ranging from and including 3 19. IThe standard microassay (Fig. 3)
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was performed at room temperature in a mini bdoz# glass cuvette (Turner
Biosystems) containing 198 pL of digestion buffé®0 uL of fluorogenic substrate
solution, and 2 puL of enzyme solution (crude honmage adjusted tol pg/uL of protein

concentration) read at 485 +/- 12.5 and 530 +/naBometers (nm).

To prepare a 1.0 mg/mL stock solution for greeroriscence assay, 0.2 mL of
phosphate buffer saline (0.1 M, pH 7.2) were diyeatided to a plastic vial containing
lyophilized fluorogenic substrate (BODIPY FL cageirBoth the vial and the BODIPY
FL casein were provided with the kit. The vial wapped, inverted several times, and
allowed to set at room temperature for 10 minutesernisure substrate solubility. In
preparing a 1X digestion buffer solution, 2.5 mL26iX digestion buffer were brought to
50 mL total volume with distilled water. In adadit, a 10 pg/mL working solution of
BODIPY FL casein was prepared by adding 0.2 mLtedls solution (prepared in step #1)

to 19.8 mL of the 1X digestion buffer (preparediap # 2).

Total Intestinal Proteases activity determination n Balistes vetula

Digestion buffer was used to bring 2 pL of inteatiorude homogenate solution to
100 pL total volume in a mini borosilicate cuvet#e100 pL volume of BODIPY casein
working solution was added to the buffer + crudebgenate solution to obtain a 200 pL
assay volume. The assay was immediately homogeaiz@édead in a Turner Biosystems

TBS-380 fluorometer using excitation and emissitiars of 485 +/- 12.5 nm and 530 +/-
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15 nm. The values were recorded and plotted andrihgmatic activity was expressed in

pmol/minute using the following equation (Beer-Lartdaw):

m.Vg.10° umol

€.Vg min.mLgpy,

Where: v = Velocity of enzymatic reaction
m = Slope
¥ = Reaction volume (volume of substrate + volumerafyme)
¢ = Molar extinction coefficient

¥ = Volume of enzyme

The Specific enzymatic activity (SA) was also cébted, using the following equation (a

derivative of the Beer-Lambert equation):

U/mL Enz.

Specific Activity (SA) =
Ve. Ce.10° mg/mL Enz

Where: U = Units of Enzymatic Activity/mL

G = Enzyme Concentration
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Specific Trypsin inhibition assays

To totally and specifically inhibit trypsin acttyicontained in crude homogenate, 10
png of SBTI (Sigma Aldrich) were added to the staddassay. This was accomplished
by producing a 200 pL solution made up of 96 uledtgpn buffer, 100 uL BODIPY
casein working solution, and 2 pL (10 ug) trypsihibitor. Assays were conducted by
adding 2 pL of crude homogenate preparation to gbistion. The resulting protease
activity was determined with the fluorometer as pee manufacturer’'s directions.
Observed values were recorded, plotted, and compaid those values obtained in

absence of the SBTI.

Correlation Between Fish Size and Trypsin Activitylevels

Fish were classified into three different size gr®each group consisting of 3
individuals with similar length and weight) and ithimtestines processed separately for
each group. Total proteases activity was determfoe@dach size group, and thereafter
the trypsin activity from the crude homogenatesenitally and specifically inhibited,
using trypsin soybean inhibitor, as was mentioabdve. The results for each group
were analyzed and compared to each other. Thisrement was performed twice under

identical conditions.
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Partial Purification of Queen Triggerfish Trypsin

Queen triggerfish trypsin was partially purifieding the ammonium sulfate
precipitation procedure as described by Deutsch®©() in conjunction with size
exclusion chromatography. Supernatant produced ugfiro crude homogenate
centrifugation was brought to 25% saturation withnzonium sulfate and subsequently
centrifuged at 20,000 rpm for 30 min at@. The resulting supernatants were pooled and
stored at £C. Each pellet was resuspended in 2 ml of deionizater. Resuspended
pellets were then pooled to form a pellet solutidine 25% ammonium sulfate
supernatant was brought to 50% saturation with anwmno sulfate and centrifuged in a
manner identical to that just described for the 2&Btmonium sulfate precipitation
procedure. A 75% saturated ammonium sulfate solutMas obtained as per the
methodology just described for the 25% and 50% $oriirhe total volume and protein
concentration of each supernatant and pellet &lactwere quantified and recorded.
Trypsin activity was individually determined for adaof the three fractions using the
Hummel (1959) assay, which is specific for this yane. Determinations of trypsin
activity were obtained with a Pharmacia (PiscatgwdyY) Ultrospec 4000
spectrophotometer set at 247 nm maximum absorplitve. 50% fraction displayed

highest trypsin activity was therefore selectedf@imther purification analysis.

Size exclusion chromatographic procedures wereopwadd using a BioRad
Econosystem chromatographic system equipped wiflass column (1.5 cm X 100 cm,

250 ml total volume) loaded with P-60 Polyacrylaeidel prepared as per the
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manufacturer’s instructions (BioRad, Hercules, CRunning solution was Buffer Tris-
HCL, pH 7.0. Flow rate was 0.18 ml/min. Total ruolume was 240 ml. All fractions
were collected using a BioRad Model 2128 fractiotlector (Hercules, CA). A trypsin
activity screening was performed and the positiv@matographic fractions were pooled

and preserved under refrigeration & 4or further analysis.

Kinetic Characterization of the partially purified Queen Triggerfish trypsin

Temperature effect upon the trypsin activity wasreiked by establishing the
temperature of the trypsin assay solution (Hum@59) within each, individual cuvette
at either 10, 20, 30, 40, 50, 60, 70 or’°80 As temperature was the only parameter being
changed in this line of analysis, all other aspaiftshe assay are identical to those
already described for the standard trypsin assayetie reaction temperatures were

obtained through use of either a hot bath or immgrthe cuvette in ice water.

Analysis of pH effect upon hydrolysis of artificialbstrate TAME was determined
at pH values ranging from 3.0 to 11.0. All othepeds of the trypsin assay were as

described for our standard assay conditions.

The effect of soybean trypsin inhibitor (SBTI) upgureen triggerfish trypsin activity
was examined at each of the four different inhibttoncentrations (i.e., 0.1, 0.2, 0.3, 0.4,

0.5, 0.6, 0.7, 0.8, 0.9, 1.0 and 1.1 pgQ) in thewtise standard fluorometric assay buffer
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(Hummel, 1959). All other aspects were identicaldascribed for our standard assay

conditions.

Molecular weight determination of queen triggerfisypsin was performed through
SDS PAGE gel electrophoretic procedures. SDS PAl@Eirephoresis was performed
under non-denaturing conditions (using native santqiffer) in a 12% acrylamide gel.
BioRad Blue Precision Plus protein standards (BihRdercules, CA) were used for
electrophoretic determination of molecular weigdftte SDS gel was run at 200 volts for
one hour. Proteins, including molecular weight dtads, purified porcine pancreatic
trypsin (Sigma, St. Louis, MO), as well as parighlurified queen triggerfish trypsin,
fractions were identified in gel lanes through walzation with coomassie blue staining
procedure (BioRad, Hercules, CA). Molecular wesglaf unknown proteins were

calculated using the protein’s RF values.
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RESULTS

Fluorometric Assay Standardization

The fluorometric technique used in this study, veasd to be at least 10 times more
sensitive than the spectrophotometric techniqug. (# as the former could detect the
proteolytic activity produced by even less thanrip of purified commercial porcine
trypsin (Sigma — Aldrich). By contrast, the speptrotometric technique (i.e., Hummel
assay) required a minimum of 100 ng purified pacinypsin to obtain detectable
readings. However, it must be noted that while flnerometric technique is more
sensitive, its direct application is limited to &xang total protease activities while the

spectrophotometric version is specific for detegtitypsin activity.

The fluorogenic substrate (BODIPY FL casein, caimgisof 100 pL of substrate
solution mixed with 100 pL of digestion buffer) wiasind to be stable at 0 to 40 (Fig.
5). However, temperatures of 50 to ®Dresulted in false positive protease readings. In

assays conducted above%Dthere was no detection of fluorescence emission.

When the fluorogenic substrate was exposed to aapige of 3 to 11 it displayed
stability (Fig. 6), meaning an absence of significBuorescence emission in the absence

of proteases. Above a pH of 11 the substrate ayepl a slightly increase of fluorescence.
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Total Intestinal Protease Activity Determinations n Balistes vetula

A total of 36 intestinal tract samples of queegderfish (32 samples from the west
coast and 4 samples from the east coast of Puant) Were processed and their protease
activity was fluorometrically determined (Table Bverage total protease activity and
specific enzymatic activity for west coast samphese 0.26 pmol/mL/min and 64.79
U/mg (Fig.7), respectively. The average values $amples from east coast were,

respectively, 0.28 pmol/mL/min and 70.02 U/mg.

Figure 8 shows a typical, fluorometrically monitdr@rotease assay read for 2
minutes at intervals of 10 seconds with a fluor@meising filters corresponding to the

wavelengths within the following range: 485 +/-3.2m to 530 +/- 15 nm.

Specific Trysin Inhibition Assays

The optimal concentration of SBTI required to coaetely inhibit the trypsin activity
contained in 2 pL of any intestinal crude homogentdsted was experimentally

determined to be 10 pg (Fig. 9).

A total of 30 samples of queen triggerfish tiss2@ $amples from the west coast and
4 samples from the east coast) were each fluoraraltyr assayed for total protease
activity. Subsequently the trypsin activity of baone was totally and specifically

inhibited using 10 pug of SBTI (Table 2). The averaminhibited (meaning no addition
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of SBTI) protease activity and specific activity thfe samples from west coast were,
respectively, 0.27 pumol/mL/min and 68.79 U/mL (E@); these average values for east
coast samples were, respectively, 0.28 pumol/mL/ama 70.02 U/mL. These same
average values for west coast protease activiiethé presence of inhibitor were,
respectively, 0.069 pmol/mL/min and 17.15 U/mL. Bwe east coast samples, they were,

respectively, 0.059 pmol/mL/min and 14.8 U/mL.

In the presence of SBTI, there was an average d6s&.93% of total protease
activity for west coast samples and a total 10sg&9 % for east coast samples. Thus,
these data indicate that approximately 75 to 80%tatél protease activity was

attributable to trypsin.

Correlation Between Fish size and Trypsin Activitylevels

A number of three fish with similar length were igagd to each of the following
three size groups: 10-15 cm (group 1), 20-25 dgreup 2), and 30-35 cm (group 3).
Their intestines per each group were separatelyogemzed and analyzed for total
protease activity and indirectly for trypsin actyvihrough the trypsin inhibition assay
(table 3). Each experiment was repeated twice.aleeage protease activity for groups 1,
2 , and 3 were respectively, 0.28, 0.28 and 0.28lfomb./min (Fig.11). After the trypsin
inhibition assay, the average protease activitygimups 1, 2, and 3, were respectively
0.066, 0.070 and 0.060 umol/mL/min. The indireaitimated trypsin activity for the

groups 1, 2, and 3 were respectively, 76.43, 7&r@D79.31 % (Fig. 12).
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Partial Purification of Queen Triggerfish Trypsin

Table 4 summarizes the levels of purification aiedi from crude homogenate
subjected to ammonium sulfate precipitation fratibion and subsequent size exclusion
chromatographic procedures. The highest trypsivigctevel was detected in the 50 %
ammonium sulfate fraction (0.79umol/mL/min) andstivas therefore utilized for further
trypsin purification. Figure 13 shows the trypsatiaty determined through the Hummel
(1959) assay for all the three ammonium sulfatetivas: 25, 50, and 75%. The 50%
fraction, which displayed highest activity, was jgabed to size exclusion
chromatographic purification procedure and yieléaghty 3-mL fractions, of the which
seven fractions (18 — 24) displayed trypsin actiyiig. 14). The highest activity (0.42
pmol/mL/min) was observed in the fraction number @s fraction was used for pH,

temperature, and inhibition kinetic assays.

Trypsin Molecular Weight Determination via SDS-PAGE

Figure 15 shows SDS-PAGE analysis results for exdctihe following: purified
pancreactic porcine trypsin (lane 1), size exclusitbromatographic fractions 18 — 24
(lanes 2 -8), and protein size standards (lané&®)es 2 — 8 reveal a band of ~24 kDa,
which presumably is the queen triggerfish tryp3ine molecular weight of this band was
determined as per the mobility factor (Rf) analysisthodology. The molecular weight

of the porcine trypsin band was experimentally aeteed to be ~23.8 kDa.
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Kinetic Analysis Results

All partially purified trypisn activities were detained via the Hummel (1959) assay.
In the determination of pH effect upon trypsin wity, the pH was adjusted to all whole
number values ranging from 3 to 11. Optimal trgpesttivity was obtained at pH 8.0 (fig.
16). The enzyme displayed no activity at pH 3.Gwdver, it retained 60% of its highest

activity at pH 11.

Queen triggerfish trypsin activity was determingadking measurements at 10, 20,
30, 40, 50, 60, 70, 80, 90 and 1WD Highest activity was obtained at %D (Fig. 17).
The enzyme activity remained stable up td8Dabove which activity was lost (probably
as a result of denaturation).

The effect of SBTI on queen triggerfish trypsinigty was examined at inhibitor
concentrations of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, 0.9, 1.0, and 1.1 pg. The partially
purified queen triggerfish trypsin was totally ibhed by the SBTI at a concentration of
1100 ng (Fig. 18). Below this concentration lexeeprogressive increase in activity was

noted for all progressively lower concentrationdisv
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DISCUSSION

The results obtained in this study for examinatbitotal queen triggerfish intestinal
protease activity are in agreement with similarhsfindings from other investigators
(Krogdahl and Sundbay, 1999; German et al., 20@&tillb — Yafiez, 2005, Gawlicka
and Horn, 2006), all of whom concluded that trypsithe more important abundant and
significant intestinal protease of fish. Most (@683 %, statistical mean 75.5%) of the
total queen triggerfish protease activity was latiiable to the enzyme trypsin (Table 2).
In fact, this level of trypsin activity was maintaid regardless of how high or how low

the determined total protease activity for a sample

It was also found that the factors of size andge did not affect the total protease
activity from queen triggerfish intestines (Fig.)11German et al. (2004), Sunde et al.
(2004), and Gawlicka and Horn, (2006) examinedga®s¢s from a number of different
fish species and reached an identical conclusi@akei together, these findings all

indicate that size and ontogeny have no bearing tq@l protease activity.

The approximately 24 kDa partially purified trypssisimilar in molecular weight
with those trypsins purified from other fish speacieFor example, trypsin from spiny
dogfish was found to have a moleculr weight of Z&aKTitani et al., 1975) while those
from greenland codzadus ogac, spiny dog fishSqualus acanthias, and African lungfish,
Protopterus annectens, were 23.5 kDa (Simpson and Haard, 1984), 24 KW®rahl and

Neurath, 1966), and 24 kDa (Reeck et al., 1978peetively.
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The pH optimum of 8.0 obtained for queen triggérfiypsin (Fig. 16) is the same as
that determined for many other fish trypsins. Tmpsfrom spiny dogfish (Prahl and
Neurath, 1966), African lungfish (Reeck et al.,, @p7and three flatfish species,
Pseudopleuronectes yokohamae, Platichtys bicoloratus, and Plactichtys olivaceus
(Yasunaga, 1972), were all determined to displaymgd activity at pH 8.0. As with
other fish species studied, trypsin activity wagddy lost or absent altogether at or near
the pH extremes of 3.0 and 11.0. The loss of @gtat the lowest pH is similar to the

other fish trypsins already mentioned above.

Optimal queen triggerfish trypsin activity was db&ad at a temperature of 5C
(fig.17). This is similar to that of other fishypsins, which were found to be optimally
active at temperatures between 30 and@O0For example, Croston (1965) reported that
optimal trypsin activity for salmon was 4€. In addition, the artic capeliMallotus
villosus, was found to display optimal trypsin activity 42 °C (Hjelmaland and Raa,

1982).

Partially purified queen triggerfish trypsin washiibited in a concentration-
dependent manner by SBTI (Fig. 18). It was fourad thl pg inhibitor/3.2 ml total assay
solution totally inhibited trypsin activity whehe source of trypsin was those proteins
contained in the size exclusion chromatographictiiva tube displaying the highest
activity. Lower concentrations of inhibitor resedtin less inhibition, with concentration

and inhibition level being related in a linear mann These inhibition data indicate that
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the observed trypsin activity from partially puedi queen triggerfish proteins was
obtained from an actual trypsin and not from th#dective activities of several other

proteases. We thus conclude that the observealygds is actual trypsin activity.

This study documents the presence of trypsin initiestinal tract of the queen
triggerfish. Given its high rate of activity compd to that of the other gut proteases,
trypsin clearly accounts for the majority of queaeggerfish gut protease activity. This
finding supports the assertion that trypsin is st abundant of fish gut proteases and
therefore contributes most significantly to cat@nol ingested proteins into their

constituent amino acids.

It would be of interest to examine the factors thavern queen triggerfish trypsin
transcription, translation, and perhaps storageymogen form (i.e., trypsionogen) to
gain a better understanding of how the 3:1 ratithif enzyme to other gut proteases is
maintained. This could lead to a better understandf those mechanisms controlling
gut protease production and excretion. Such armetation may lead to identifying

general protease production/regulation for fislmeganeral.

The specific inhibition of trypsin, SBTI proved toe an effective strategy to
indirectly quantify trypsin activity. The resultb@ined through the inhibition assay were
very reproducible and therefore reliable (Table Rgure 9 shows the effect of the

inhibitor on both purified porcine trypsin (1pug/pahd on trypsin contained in 2 pL of
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crude homogenate (1ug/uL total protein). Some 10fuUgBTI was sufficient to wholly
inhibit total proteolytic activity of the purifiedporcine trypsin in the standard
fluorometric assay. However, when applying this samssay to the queen triggerfish
crude homogenate, approximately 25% of the proteasegity remained. This result
held true even when the amount of inhibitor was biledi (data not shown). The
remaining protease activity is logically the resaflintestinal proteases other than trypsin,
such as chymotrypsin and elastase (Castillo-Ya@685) in the crude homogenate.

Indeed, these enzymes are unaffected by the SBil¢thvis specific for trypsin.

Various techniques have been used to quantify imys different animal tissues.
Ueberschar (1992) used both a radioimmunoassayaafidorescence technique to
quantify trypsin activity in herring larvae. In@iton, Muhlia—Almazan et al. (2003),
German et al. (2004), and Gawlicka and Horn (20062d a hybridization mRNA
technique to quantify mRNA concentration in shrianmd fishes. These techniques are
expensive and time-consuming. By contrast, therfimetric technique used in this
study is a very simple and cost-effective stratégyt proved to be useful in quantifying
intestinal trypsin activity in the queen triggelfis In all likelihood, it would therefore
also be useful as applied towards assaying tryasthother protease activities of fishes

and animal species in general.
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CONCLUSIONS

Trypsin is responsible for most of the proteaseéviégtin the intestinal tract of

gueen triggerfish, yielding an average activityaodund 75%.

According to the results obtained from the trypaimalysis conducted on three
different queen triggerfish age groups, size (amadtansequence age) does not

have a significant influence on trypsin activityé¢s.

The proportion trypsin activity versus total praea activity is relatively constant,
and is independent on whether the total proteasestg levels are either high or

low in a queen triggerfish intestinal tract.

The strategy used in this study consisting in tec#pally inhibit trypsin activity
from the crude homogenate, to determine the pragodf the trypsin verses total
proteases activity, proved to be a very efficiend @ost-effective methodology

compared with those methods of other researchers.

Queen triggerfish trypsin was found to be very Emas regards its kinetic
characteristics and molecular weight to many tnypsrom other fishes species

studied.
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RECOMMENDATIONS

To better understand the role that trypsin playdish digestion, further studies

focused in the following trypsin aspects are recanded:

A complete study of all the possible variables tbatild affect intestinal trypsin
activity levels, including fish intrinsic factorsige, health, physiological state, and sex;
random paternal and maternal effects; and randoritoermental effects: temperature,

season, depth, geographical distribution, diet,fapding regime.

A comparative trypsin study among carnivorous aadbivore fishes, would be very

valuable to better understand fish physiology.

Finally it would be interesting to study the uprigion mechanisms involved in the

trypsin genes expression.
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Table 1: Pooled samples of queen triggerfish intestinaligssanalyzed for total
protease activity (TA) and specific enzymatitiaty (SA). Total protease
activity and specific enzymatic activity aages for samples from west coast
(WC) were respectively 0.26 pmol/mL/min. and®4U/mg. The average
values for samples from east coast (EC), wespactively 0.28 pmol/mL/min
and 70.02 U/mg.

Wet Protein Total Protease Specific
Sample Origin  Weight Concentration Activity Enzymatic
# (an) (mg/mL) (umol/mL/min)  Activity (U/mg)
1 wcC 29 1.70 0.30 75.51
2 wC 39 1.40 0.23 58.38
3 wC 23 1.60 0.17 41.40
4 wcC 17 1.75 0.06 14.71
5 wC 21 1.80 0.05 11.40
6 wC 60.73 2.58 0.04 11.21
7 wcC 126.9 241 0.18 43.79
8 wcC 25 1.86 0.22 54.04
9 wC 24 1.94 0.31 76.51
10 wC 17 1.57 0.29 73.27
11 wcC 45 2.21 0.26 64.89
12 wC 28.3 2.15 0.29 74.04
13 wC 70.2 2.35 0.26 66.03
14 wcC 35.6 1.80 0.29 73.16
15 wcC 26 2.35 0.29 71.58
16 wC 45 2.10 0.28 71.10
17 wcC 60.5 1.80 0.32 80.70
18 WC 53.7 2.20 0.28 70.84
19 WC 61 2.50 0.28 70.37
20 WC 23.4 2.05 0.29 72.32
22 WC 15.4 2.05 0.28 70.99
23 WC 71 2.11 0.28 69.85
24 WC 60 2.54 0.29 72.98
25 WC 62 2.34 0.28 69.12
26 WC 51.2 2.07 0.29 71.51
27 wC 24 1.74 0.30 74.23
28 wcC 43 1.70 0.31 77.57
29 wcC 28 2.01 0.31 77.17
30 wC 31 2.50 0.27 68.31
31 wC 44 1.80 0.35 88.53
32 wcC 23.5 1.45 0.37 92.87
1 EC 23.5 1.40 0.27 67.28
2 EC 28 1.63 0.30 75.66
3 EC 354 1.55 0.22 55.96
4 EC 39.1 1.83 0.32 81.18
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Table 2: Total protease activity in samples from west cQ@44T) and east coast (EC)
before and after the specific trypsin inhibitassay.

Protease Activity

Protease Activity

Wet (umol/mL/min) / (umol/mL/min) /
Sample Weight Specific Enzymatic Specific Enzymatic Percent of
# (gn) Activity(U/mg) Before  Activity (U/mg) after  Loss Activity
Trypsin Inhibition Trypsin Inhibition
wcC
1 60.2 0.25/62.25 0.069/17.32 72.40
2 55 0.21/53.56 0.049/12.17 76.67.
3 48 0.33/83.46 0.079/19.71 76.06
4 45 0.23/58.68 0.049/12.13 78.70
5 28.3 0.29/73.27 0.092/22.94 68.28
6 70.2 0.26 / 64.89 0.089/22.43 65.76
7 35.6 0.29/74.04 0.085/21.32 70.69
8 26 0.26 / 66.03 0.088 / 22.06 66.15
9 45 0.29/73.16 0.079/19.93 72.76
10 195 0.22/ 55.15 0.049/12.32 77.72
11 53.7 0.28/71.10 0.067/16.76 76.07
12 61 0.32/80.70 0.104 / 25.88 67.50
13 23.4 0.28/70.84 0.068/16.91 75.71
14 15.6 0.22/ 55.66 0.050/12.50 77.27
15 71 0.29/72.32 0.066 /16.40 77.24
16 60 0.28/70.99 0.062/15.51 77.86
17 62 0.28/69.85 0.082/20.58 70.71
18 51.2 0.29/71.51 0.082/20.59 71.72
19 24 0.30/74.23 0.049/12.21 83.67
20 43 0.31/77.57 0.052/12.94 83.23
22 28 0.31/77.17 0.075/18.82 75.81
23 31 0.28/70.29 0.068 / 16.95 75.71
25 44 0.24 / 59.67 0.048/11.86 80.00
26 23.5 0.26 / 64.67 0.046/11.43 82.31
EC
1 23.5 0.27/67.28 0.062 / 15.55 78.13
2 28 0.30/75.66 0.067/16.73 77.67
3 35.4 0.22 / 55.96 0.038/9.52 77.04
4 39.1 0.32/81.18 0.07/17.39 82.73
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Table 3:trypsin activity comparison among queen triggerfratividuals of different

sizes
Average Protease
Average Protease  Activity after Trypsin
Activity Inhibition Estimated
Size Group (umol/mL/min) / (umol/mL/min) / Trypsin
(U/mg) (U/mg) Activity
G1 (10-15 cm) 0.28/73.02 0.066 / 16.32 76.43 %
G2 (20-25 cm) 0.28 /68.37 0.070/17.68 75.00 %

G3 (30-35 cm) 0.29/74.01 0.060/ 14.67 79.31 %
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Table 4: summary of the queen triggerfish purification psgasing ammonium sulfate
precipitation and size exclusion chromatography.

Protein Source Protein concentration Trypsin Activity
(mg/mL) (umol/mL/min)
Crude Homogenate (CH) 2.5 0.68
25% Resuspended Pellet 1.58 0.59
50% Resuspended Pellet 1.51 0.79
75% Resuspende Pellet 2.05 0.73

Size Exclusion
Chromathography

Of 50% Resuspended
Pellet

(3 mL Fractions)

0.67 0.3
18

0.7 0.33
19

0.69 0.42
20

0.6 0.38
21

0.51 0.3
22

0.55 0.17
23

0.48 0.1

24
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Figure 1: Digestive tract of queen triggerfidBalistes vetula:
stomach (A), liver (B), and intestlitract extending
from the stomach (C).
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Figure 2: queen triggerfish individuals and/or intestinastie were collected
in both the west coast (A) at Cabo Rojo, Mayagu®z Rincon, and in the
east coast (B) at Naguabo, Playa Ucares.
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Figure 3: Picture showing the fluorometer and the mini bdrcete
cell used in the fluorometric assay.
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Figure 4. The fluorometric assay (A), detects enzymatic
activity in concentration of 10 ng or higher of fhied porcine
trypsin. The spectrophotometric assay (B), usinge th
methodology described by Hummel, detects 100 nbighner
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Figure 5: BODIPY FL substrate, was found stable in a range
of temperature of 0 — 4&. From 40 to 6¢C, fluorescence
emission (background) increase. Abov8@¢here is no background .
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Figure 7: Average protease activity for samples from
west coast (WC) and east coast (EC), were respéctiv
0,26 and 0,28 pmol/mL/min.
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Figure 8. Total protease assay fluorometrically monitadedng
2 minutes.
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Figure 9: 10 pug of soybean trypsin inhibitor totally inhikihe
activity of 1 pg/puL of purified porcine trypsin (Agnd most of the
activity in the crude homogenate (B).
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Figure 10: total protease activity fluorometrically
assessed before (Bl) and after (Al) the specific
trypsin inhibition, in samples from west (A)
and east (B) coasts.
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Figure 11: total protease activity comparison among
gueen triggerfish individuals of different sizes.
Average Trypsin Activity
90 4
80
70 4
S 60 -
g 50
g
% 40 1
§ 30
< 20
10 1
0 . .
(10-15) (20-25) (30-35)
Size (cm)

Figure 12: trypsin activity comparison among queen
triggerfish individuals of different sizes.

54



Trypsin Activity (umol/mL/min)
o
SN

Ammonium Sulfate Precipitation

0.7
0.6 |
0.5 -
0.3 -
0.2
0.1 4
0

25% 50% 75%

Ammonium Sulfate Fractions

Figure 13 queen triggerfish trypsin activity determinedaigh
the Hummel assay for all the three ammonium suffaigtions:

25, 50, and

75% and for the crude homogenate (CH).
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Figure 15: SDS-PAGE analysis results for each of
the following: protein size standls (lane 1), purified
pancreactic porcine trypsin (I&)esize exclusion
chromatographic fractions 18 ([afes 3 -9), and 50%
ammonium sulfate fraction (larg 1



Influence of pH Upon Queen
Triggerfish Trypsin Activity
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Figure 1€: queen triggerfish trypsin showed optimal activityl 8.0,
while at pH 3.0 showed no activity and retained ~60P4ts
activity at pH 11.



Influence of Temperature Upon
Queen Triggerfish Trypsin Activity
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Figure 17: queen triggerfish trypsin displayed the highesivéagt
at 50C, and its activity remained stable up t6@0
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Figure 18& The partially purified queen triggerfish trypsin svatally
inhibited by the soybean trypsin inhibitor at acentration of 110ng
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