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ABSTRACT

Trypsin was purified to homogeneity and characterised from the pyloric
caeca of Japanese threadfin bream (Nemipterus japonicus). Trypsin was
optimally recovered from thetissues by homogenization at 3000 rpm for 10
minutes, followed by centrifugation at 10000 rpm for 30 minutes, precipita-
tion at 45% ammonium sul phate saturation level, and subsequent chroma-
tography using Sephacryl S-200, DEAE-cellulose and Sephadex G-50.
Molecular mass of the enzyme was 25kDa and showed esterase activity on
Ne*-p-tosyl-L -arginine methyl ester hydrochloride (TAME) as a substrate.
Trypsin showed temperature optimum of 60 °C and pH optimum of 8 for
catalytic activity, and it exhibited sharp fall in its activity above 60 °C and
below pH 6. The remaining activity of the trypsin pre-incubated in the
presence of 10mM concentration of CaCl, was stable up to two hours
when at 30 °C for pH 8, but in the presence of 10mM concentration of
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EDTA at 30 °C for pH 8 enzymeactivity reduced sharply to negligiblelevel

within 5 hours.

INTRODUCTION

Export of marine productsfrom Indiahas set an
over timerecord of 10048.53 croresin valueand ex-
port aggregated to 678436 M T in volume during 2009-
20010 with agrowth rate of 12.54% in quantity and
16.74 in rupee earning, according to the Marine Prod-
uct Export Development Authourity, Cochin. Seafood
exportsincreased 23 per cent inthefirst four months of
thecurrent fiscal, and going by the early trends, export
target of $2.5 billion set for 2010-11 seemseminently
within reach, sourcesin seafood export industry said.
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The Export basket of thefisheries sector hasalso di-
versified over timdY. Indianisinthevergeof bluerevo-
lution and isturning to the hub for production of value
added seafood productsfor international market and
morethan 50 items are being exported from India?.
There are morethan 560 approved seaf ood-process-
ing plants in India. Japanese threadfin bream
(Nemipterusjaponicus) isexclusively used for thepro-
duction of minced meet in Indiansurimi productionunits.
Seafood processi ng discard account for approximately
three quarter of total weight of catch. Viscera wastes
generally constitute about 16 % of the fish’s total
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weight®®, Despitethe presence of va uable components
indiscard, wasteisnot been utilised properly“.

Thereisaconsderable demand for enzymeswith
theright combination of propertiesfor specific applica-
tionin Industry. Worldwide sale of industrial enzymes
are projected to exceed $ 2.9 hillion by 20121, Ap-
proximately 90% of dl industrial enzymesare hydro-
lasesused for depolymerization of natural substances.
Someof thereasonsfor theunder utilization of thefish
proteasesarethat relatively few studieshave been car-
ried out on these enzymes. Marine environment con-
tainsalarge pool of diversified species adapted to a
variety of habitat conditions and exploitations of the
unique propertiesof fish proteasesareonly at the be-
ginning Sage. Enzymessuch astrypsinwithuniqueprop-
ertiesforindustrial usage can berecovered asby-prod-
uct from fish processing viscerd wastes.

Trypsin have beenisolated and characterized from
variousfish such asAntarctic fish (Paranotothenia
magellanica foster), trout (Salmo gairdneri)©, At-
lantic bonito (Sarda sarda)!”, mullet (Mugil
cephalus)t®, Pacific cod (Gadus macrocephalus),
saffron cod (Eleginusgracilis)®, Monterery sardine
(Sardinops sagax caerulea)i’, Cod (Gadus
morhua)*¥, and Tongol tuna (Thunnustonggol )i*2.
Majority of thesefish areeither not availablein the
Indian Ocean or not commercialy exploitedin Indian
seaf ood processing units. We have made an attempt
to utiliseone of the common viscerd waste generated
inthesurimi processing unitsin India. Hence efficient
utilization of thefish wastefor the production of com-
mercialy important hydrolytic enzymewill increase
Indian foreign exchangeintermsof value, reduceen-
vironmental burden, generate employment and in-
creases profit margin for the already adisturbed and
insecure seafood industry.

MATERIALSAND METHODS

Enzymepreparation

Japanese threadfin bream (Nemi pterusjaponicus)
caught using trawl netsfromtheArabian Seawere ob-
tained from thefishing boatslanded in ‘Bunder area’,
Manga ore between August and September month. The
time lapsed between catching and landing may not ex-
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ceed over four to five hours. A 10 kg portion of the
freshly caught Japanese threadfin breasm belongstosize
group of 15to 18 cmlong; eachweighing around 100
to 120 gramswas sel ected for the present study. The
material wasbrought in aninsulated container after ad-
equatdly icingthemintheproportion of 1:1fishtoice,
tothelaboratory within two hours. The sampleswere
gutted by split opening thebelly using sharp knifeand
viscerd portionswereseparated. Viscerd portionswere
packed in plastic bags, labeled, frozen at — 40 °C, and
stored at —20 °C inadeep freezer until further use. The
sampleswere thawed at room temperature of 28 °C.
Thepyloric caecawere sel ected, wel ghed and homog-
enized using the potter-el vehjem homogeni zer (Rotek
Instruments, Kerala,) using 10 mM Tris-HCI buffer at
pH 8 containing 1 mM CaCl,, a homogeni zation speed
of 600, 1200, 1800, 2400, or 3000 revolutions per
minutes for 10 minutes at 4 °C. Crude homogenate
obtained were assayed for Total protein content(*s and
trypsin®. The crudehomogenatewith highest protein
content were centrifuged at 2000, 4000, 6000, 8,000,
or 10,000 revolutions per minutefor 30 minutesat 4
°C in acooling centrifuge (REMI Instruments Ltd.
Mumbai). Each supernatant and sediment collected was
assayed for protein content using Lowry’s method and
trypsin activity using N-p-tosyl-L-argininemethyl es-
ter hydrochloride (TAME) asasubstrate. Extract with
highest specificactivity for trypsnwerefractionated with
ammonium sulfateat 25, 35, 45, 55 or 65 % saturation
level sasdescribed by Deutscher™, followed by didy-
sisagainst 10 mM Tris-HCI buffer of pH 8.0 at 4°C
using cellulose dialysistubing of 12,000-14,000 (Hi
MedialL aboratoriesLtd, Mumbai) for up to 24 hours
with the change of buffer on every 2 hours. Further
purification wascarried out in Sephacryl S-200(3.9X63
cm) equilibrated with the approximately two bed vol -
umesof 10mM Tris-HCI buffer of pH 8.0 containing 1
mM CaCl,,. Thecolumnwas|atter e uted usngthesame
buffer at aflow rateof 0.5 mL/min. Fractionsof 5mL is
collected, and the fractionswith TAME activity are
pool ed together. Pooled fractionsweredialyzed using
10 mM Tris-HCI buffer of pH 8.0 containing 1 mM
CaCl, for 12 hours. Further purificationisdoneusing
DEAE-cellulose chromatography (2.2X18 cm) at 28
°C equilibrated with 10 mM Tris-HCI buffer of pH 8.0
containing 1 mM CaCl... Thesampleswereloaded in
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to the column at the rate of 0.5 mL/min and column
waswashed using 10 mM Tris-HCI buffer of pH 8.0
containing 1 mM CaCl, withlinear sodium chloridecon-
centrationsgradient of 0.25- 0.26M at theflow rate of
0.5mL/min. Trypsinfractionscollected in thisprocess
werefurther purified using samecolumns. Fractionswith
TAME activity were pooled and diayzed usng 10 mM
Tris-HCl buffer of pH 8.0 containing 1 mM CaCl, for
12 hours. The resulting samples were loaded onto a
Sephadex G-50 (3.9x64) column at flow rate of 0.5
mL/min. Fractionsof 3mL werecollected and fraction
with TAME activity were used for subsequent study.

Electrophoresis

SDS-PAGE was performed by Laemmli gel
method® utilizing vertical gel dectrophoresis (Bhat-
Biotech, Bangd ore) apparatususing ready tomix SDS-
PAGE gel kit (Bhat-Biotech, Bangalore) as per the
manufacturersingructions. The SDSgd wasrunat 100
voltsfor 1 hour. Purified trypsinwasidentifiedin gel
lanesthrough visudization Coomassebluestaining pro-
cedure (Bhat-Biotech, Bangaore).

Assay of trypsin

Trypsin activity isdetermined using the substrate
TAME asdescribed by Hummel 4, 20 uL of sample
with gppropriatedilutionsweremixed with 3.0mL of 1
mM TAME in 10 mM Tris-HCI buffer at pH 8.0 and
incubated at 30 °C for 20 minutes. Increasein absor-
bance at 247 nm dueto production of p-tosyl-L-argin-
ineisrecorded. Oneunit of trypsin activity isdefined as
the quantity of theenzyme hydrolyzing onemicromole
of TAMEinaminute.

Effect of pH on enzymeactivity

Anaysisof pH effect upon hydrolysisof artificial
substrate by TAM E was determined usng S0mM buffer
solutions of acetic acid sodium acetate buffer (pH 4-
7), Tris-buffer (pH 7-9) and glycerine-NaOH (pH 9-
11) at 30 °C. Measurements of pH were made on a
pH-meter (Systronics, Mumbai). All other aspects of
thetrypsin assay were as described in standard assay
conditions. The specific activity of thetrypsinwasde-
termined at pH 4-11 and 30 °C, and stability of the
trypsin was determined by estimating remaining spe-
cificactivity of trypsin a 30°C and pH 8 of thesamples
pre-incubated at 30 °C for 30 minutesat varying pH of

4,5,6,7,8,9, 100r 11.
Effect of temperatureon enzymeactivity

Temperature effect upon trypsin activity was ex-
amined by establishing thetemperature of theenzyme
assay solution, within each, individua test tubesat 10,
20, 30, 40, 50, 60, or 70 °C at pH 8. The specific
activity of thetrypsinwasdetermined at different tem-
peraturefor pH 8, and thermal stability of thetrypsin
was determined by estimating remaining specific activ-
ity of trypsinat 30 °C for pH 8 of the samplesthat has
been pre-incubated at different temperatureand pH 8
for 30 minutes. Astemperaturewasthe only parameter
being changedinthislineof anaysis, al other aspects
of theassay wereidentical to those already described
for the standard enzyme assay. Reaction temperature
was obtai ned through use of either awater bath or in
cooling BOD incubator (Rotex, Kerad).

Effect of effector son enzymeactivity

Theremaining specific activity of thetrypsin that
has been pre-incubated in the presence of 10mM con-
centration of either CaCl,, or EDTA at pH 8for various
intervalsof thetimeis performed, at pH 8 for various
intervalsof timewas performed. Thisistheonly pa
rameter being changedinthislineof andyss, al other
aspects of the assay were identical to those already
described for the standard enzyme assay

Chemicals

All thechemicasused were of andytical gradeand
were obtained from Merck Limited (Mumbai, India).

Satistical analysis
One- and two-way ANOVA was performed using
Statographics 2.1 (STSC Inc., Rock vile, MD). The

differenceinmeanswas analyzed usngaTurkey HSD
test (p<0.05).

RESULTSAND DISCUSSIONS

Trypsin wasisolated, concentrated, and purified
from thepyloric caecaof the Japanesethreadfin bream
isillustrated inthefigure 1. Pyloric cecawere homog-
enized at the speed of 600, 1200, 1800, 2400, or
3000 rpm at 4 °C for 10 minutes. The homogeniza-
tion speed of 3000 rpm for 10 minutes resulted in
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2556 ml of homogenate releasing 2170mg of protein
and total enzyme activity of 1067 units. We have se-
lected ahomogeni zation speed of 3000 rpm for 10
minutesfor further purification, becauseat thislevel
maximum (p<0.01) quantity of protein wasreleased
compared to other parameters. Usudly during cell dis-
ruption, yieldismeasured intermsof thetotal protein
rel eased, rather than the specific activity of the en-
zyme, At acentrifugal speed of 10,000 rpm for 30
minutes at 4 °C, quantity of insoluble sediment was
more. It isinteresting to note herethat specific activity
of trypsininthe supernatant increased significantly
(p<0.01) withtheincreasein the speed of centrifuga-
tion from 2000 to 10000 rpm, and in the sediment
specific activity decreased proportionately.

14.00 10

—&—Purification fold in % +9
12.00 -

—i- Specific activity U/mg

10.00 1

8.00 |

Specific activity
in units / mg

Purification fold in %

Homogenate
Centrifugation -
Precipitate

Sephacryl $-200
DEAE-cellulose -
Sephadex G-50

Homoginisation period in minutes

Figurel: Purification detailsof trypsin from Japanesethread-
fin bream (Nemipterusjaponicus) at various stages

Centrifugation speed of 10000 rpm for 30 min-
utesat 4°C was optimum in removing the impurities
and proceeded for further purification. Ammonium sul-
phate at 45% saturation level and subsequent dialysis
extracted maximum (p<0.01) enzymesin to precipi-
tate with the specific activity of the precipitate for
trypsin was 0.65 units/mg of protein. During ammo-
nium sulfate precipitation substantial concentration
occurred, asthetotal volumereduced fromtheinitial

value of 2556 mL to thefinal volume of 322mL. Ef-
fective purification at this stage of unit processwas
1.3-foldsandyield at the end of this processwas 74%
compared to the initial tissue homogenate.
Kristjansson*® reported that ammonium sulfate pre-
cipitation at 30-70% saturation level of trypsiniso-
lated from the pyl oric caecaof rainbow trout resulted
in4.9-fold increasein the specific activity. Subsequent
chromatography on Sephacryl S-200, DEAE-cellu-
lose and Sephadex G-50, total volume reducefrom
theinitid volumeof 322mL tothefind volumeof 12mL,
and during this processtotal protein content reduced
from 1210 mg to 11mg and specific activity increased
from 0.65 to 5.82 units/mg. A purification of 11.8-
foldswith theyield of 6% was achieved during chro-
matographic purification. Chromatographic fractions
constituting the sharp peak were pooled to provide
the source of enzyme used in the characterization.
Purified trypsin appeared asasingle band withamo-
lecular weight of 24 kDawas observed. Molecular
weight of Japanese threadfin bream trypsinwassimi-
lar to Japanese anchovies®, yellowfin tunad?, true
sardineand arabesque greenling 9.

14.00

14.0
12.00 | 12.0
10.00 - 10.0
8.00 8.0
6.00 -

6.0

4.00 7

Specific activity in units/mg

200 (5 - 2,0

0.00 T T T T T T 0.0

—8-Remaining specific activity at 30 'C for pH 8 of the
samples preincubated at different pH at 30'C for 30
minutes

Figure 2 : Activity and stability of trypsin from Japanese
threadfin bream (Nemipterusjaponicus) at variouspH levels
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Thespecificactivity of thetrypsin wasdetermined
at pH 4-11 and 30 °C, and stability of thetrypsinwas
determined by estimating remai ning specific activity of
trypsinat 30 °C at pH 8 of the samples pre-incubated
for 30 minutesat pH of 4,5, 6, 7,8,9,100r 11 and at
temperature 30 °C (Figure 2). Trypsin from Japanese
threadfin bream hydrolysed the TAME effectively at
akalinepH, smilar tothat of other trypsin2l, Trypsin
exhibited the maximum specific activity of 11.8 unitsy/
mg for pH 8, and reduced by around threefoldin both
acidicand dkainepH vaues. Deviation of pH vaues
of thebuffer away from the optimum pH va ue changes
the chargeditribution and conformetion of theenzymes,
asmost of theenzymesgetsirreversibly denaturedin
very acidicor akainesolutionresultinginlossof sabil-
ity molecules?®. Trypsin showed high stability inthe
pH range of 7-9, but lost substantia activity below pH
6, same asthose of trypsin isolated from Japanese an-
chovies', yellowfin tund? truesardineand rainbow
trout®” and arabesque greenling!.
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—C—Specific activity at different temperature for pH 8
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preincubated at various temperatures for 15 minutes
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Figure3: Activity and gability of trypsin from Japanesethre-
adfin bream (Nemipterusjaponicus) at varioustemper ature.
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Thespecific activity of thetrypsin wasdetermined
at different temperaturefor pH 8, and thermal stabil-
ity of thetrypsin at was determined by estimating re-
maining specific activity of trypsinat 30°Cfor pH 8
of the samples that has been pre-incubated for 30
minutes at different temperaturefor pH 8 (Figure 3).
Trypsin isolated from Japanese threadfin bream
showed highest trypsin activity at 60 °C for pH 8,
whichishigher thanthetrypsinisolated fromthefrigid
zonefish such asAtlantic code?®!, Elkhorn Scul pin?,
with the optimum temperature ranging from 40-45
°C?8, Differencein the optimum temperature between
trypsin of temperateand tropica fishisduetothetem-
perature adoptability to the surrounding environment.
Trypsinisolated from Japanese threadfin bream that
have been pre-incubated at temperatures below 60
°C for 30 minutesand pH 8 werethermal stability, but
exhibited sharpfall initsactivity above 60 °C under
same conditionsand negligible activity above 60 °C.

Specific activity of thetrypsin that have been pre-
incubated in the presence of 10mM concentration of
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>
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@
g 4.0
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Timein hours

—C—Remaining specific activity of trypsin preincubated
for 0-7 hours in the presence of 10mM calcium
chloride at 30 'C and pH8.

—&—-Remaining specific activity of trypsin preincubated
for 0-7 hours in the presence of 10mM EDTA at 30 °'C
and pH 8

Figure4: Sability of trypsin from Japanesethreadfin bream
(Nemipterusjaponicus) in the presenceof effectors.
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either CaCl,, or EDTA for pH 8for variousintervals
of thetimeisrepresentedinthefigure4. Theremain-
ing activity of thetrypsin pre-incubated in the pres-
ence of 10mM concentration of CaCl, was stable
(p<0.05) for about 3 hours at 30 °C, as binding of
the calciumto asinglebinding site stabilisesthe en-
zymes against denaturation!?”, Stabilisation by cal-
ciumionsagainst therma denaturation isa so reported
intrypsin of fish such asyellowfintund®, true sar-
dine and arabesque®Y. On the other hand remaining
specific activity of thetrypsin been pre-incubated in
the presence of 10mM concentration of EDTA for
pH 8 decreased with increase in theincubation pe-
riod. EDTA chelatesthe meta ionsrequired for the
enzyme activity, lowering thetrypsin activity to a -
most negligibleby 5 hours.

CONCLUSION

Based onthe SDS-PAGE analysisand activity for
specific substrate, TAM E and susceptibility to effec-
tors, EDTA and CaCl, the enzymeisolated from the
pyloric caecaof Japanesethreadfin breamwastrypsin.
Thecharacteristicsof enzymeisolated weresmilar to
trypsinisolated fromtropical regions, but differsfrom
thetemperatezone. Interesting feature of thetrypsinis
itsoptimum activity at pH 8 and at temperature 60 °C,
asitspotentia useinfood processing industry.
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