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Abstract: Problem statement: Solid fish waste is generated from the unwanted parfisiofincluding
heads, tails, fins, frames, offal (guts, kidney bwet) and skin. It accounts for up to 80% of nnialefrom
production of surimi, 66% from production of fillanhd 27% from production of headed and gutted fish.
Currently, fish wastes are disposed off in lancetdasaste disposal systems or at sea generatirgtigxi
products during the decomposition process. Howefign, processing waste can be used to produce
commercially valuable by-products, such as chymsiny Approach: A comperehensive review of the
literature on the extraction, purification and ewaterization of fish chymotrypsin was perfornieesults:
Chymotrypsin is an endopeptidase secreted by thergetic tissues of vertebrates and invertebrttess 3
different structures (chymotrypsin A, B and C) wagyslightly in solubility, electrophoretic mobilit
isoelectric point and cleavage specificity. Onlyrdotrypsin A and B are found in fish. Compared with
mammal chymotrypsin, fish chymotrypsins have simaiaino acid composition and molecular weights.
Fish chymotrypsins have higher specific activitypexially those from cold-water fish, and low pHian
temperature tolerance. The factors affecting time@atration and activity of chymotrypsin in fiske avater
temperature, fish species, fish age, fish weiglat starvation. Chymotrypsin has application in vasio
industries including the food industry, leatherdurction industry chemical industry and medical stdu
Conclusion: Extraction techniques for chymotrypsin includetrasfiltration, ammonium sulphate
fractionation precipitation or water-in-oil microefsions. Purification can be carried out using re-
crystallization and gel-filtration, ion-exchangeddmnydrophobic interaction chromatography. Furthedies
should focus on the optimization of purifiying chytrypsin from fish processing wastes.

Key words: Chymotrypsin, trypsin, fish waste, extraction, figdtion, enzyme activity,
ultrafiltration, fractionation, water-in-oil microeulsions, Docosahexaenoic Acid (DHA),
Bovine Serum Albumin (BSA), Fish chymotrypsins

INTRODUCTION the frame and producing fillets. Fish waste is getes
from the unwanted parts of the fish which can galher
Canada has 25% (244,000 km) of the worldbe divided into two streams: (a) solid waste inirigd
coastline and 16% of the world’s fresh water (768,0 heads, tails, fins, frames, offal (guts, kidney &irdr)
Km?). In Canada, 80% of total fish landings come fromand skin and (b) wastewater from cleaning the distl
the Atlantic fishery (mostly lobster, crab and stpi  equipment. Fish processing waste can account foo up
and scallops) while the Pacific fishery accountsdp  80% of material from production of surimi, 66% from
to 16% (mostly salmon, clams, groundfish and hgrrin production of fillet and 27% from production of lueal
roe). The total seafood and fish income in Canada iand gutted fish (IFC, 2011; Bechtel, 2003). In tinea
2007 was more than $5 billion and the exports wereanning production, 24-30% of solid waste is geiggra
around $3.9 bhillion (AAC, 2010). from bones, viscera, head and skin, while anoti@er 3
A large portion of the fish landed in Canada is35% of fish waste is generated in a liquid formniro
processed. The most common fish processing operaticcondensate and blood. Currently, fish wastes are
includes three steps: (a) removing the viscera, (bdlisposed off at sea or in land-based waste disposal
removing the head, tail, fins and skin and (c) reimgp  system (PNPPRC, 2010; AMEC, 2011). Dumping large
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volumes of wastes in water lower the level of digsd  that the hydrolyzing power increases accordinght t
oxygen and may generate toxic by-products durimy thtype of substrate in the following sequence: prates
waste decomposition process (Bechtel, 2003peptides < amides < esters < N-tyrosine esters.
Gumisirizaet al., 2009). Chymotrypsin has 245 amino acid residues and 5
Since fish processing waste components (the headsairs of disulfide linkages with a molecular mass
viscera, skin and frames) are removed in separataround 24000. Generally, the single polypeptide
processes, each waste stream can be collect sdparatmolecular weight is 25-28 kDa (Haasil al., 2000).
and used for the production of value added product€Chymotrypsin exists in three inactive forms
Potentially, fish processing wastes contain highuea (chymotrypsinogens A, B and C) in the zymogen
protein which can be reused to produce valuable bygranules (dense, membrane-bound bodies that are
products such as fertilizers, fishmeal and sildg€( derived from the Golgi body of cells) of the parage
2011). Fish wastes are also known to contain highlySmith et al., 1951; Geiger, 1985; Raae, 1995; Leth-
valued fatty acids including omega-3 fatty acidstsas ~ Larsenet al., 1996). The three types of chymotrypsin
Docosahexaenoic Acid (DHA) and EicosapentaenoidA, B, C) have been found in mammals but only two
Acid (EPA), enzymes (pepsin, trypsin, chymotrypsin) types of chymotrypsin (A and B) have been found in
collagen and oil (Swatschekt al., 2002; Byunet al.,  fish (Yanget al., 2009). As a one of the main digestion
2003; Kim and Mendis, 2006). These valuableProteases, chymotrypsin has been widely reportéein
compounds can be used in the medical and foo@ut of a variety of fish including: discuSyfmphysodon
industries while the oil can be converted into blasnd ~ SP-),  carp  Qyprinus  carpto), rainbow  trout
used in the transporttion industry. Therefore, prop (Oncorhyncus mykiss), coho salmon Q. Kistuch),
utilization of fish wastes can result in a trememslo CNiNook salmon Q. tshawytscha), gilthead seabream
commercial value (Chong al., 2002). (Sparus awrata) a}nd dentex@entes dentex) (Dimeset
Industrially, chymotrypsin is always produced al., 1994; A_Iarconet al., _1998; Chonget _al., 2(.)02)'
from fresh cattle or swine pancreas and is commonl{FNyYmotrypsin concentration is 16mes higher in the
made in either tablet forms for oral consumptiomsm 9t than in non-gut tissue but the activity and
liquid for injection. The price of chymotrypsin is con.centranon. vary accordmg tp fish species aral th
related to the purity of the products. Using fishste environment in which the fish live (Eleet al., 2004;
rather than fresh cattle or swine pancreas cafamraetal, 2007). _
dramatically lower the cost of production. Thereséa Fish chymotrypsin usually has two different forms:
been many studies on chymotrypsin from highercationic (chymotrypsin B) and anionic (chymotrypsin
vertebrates such as cattle and swine but therittlis | A) (Yang et al., 2009). The isoelectric points of fish
information available on fish chymotrypsin (Einamss chymotrypsinogens A and B are at the pHs of 9.1 and
et al., 1996). This review will focus on the recovery 5.2, respectively. The amino acid sequences of
(extraction, purification and assay) of chymotrypsi chymotrypsins A and B are very similar with only
from fish waste as a bioactive molecule and itsigtidl ~ minor differences and the activated enzymes contain

and clinical uses. three polypeptide chains. The two isoforms of
chymotrypsin (A and B) have been found in and
FUNCTION AND STRYCTURE OF extracted from rainbow trout (Kristjansson and i,
CHYMOTRYPSIN 1992), grass carp (Fong al., 1998), Altantic cod

(Asgeirssonet al., 1993), anchovy (Heet al., 1995),
Chymotrypsin, an endopeptidase, is a digestivéMonterey sardine (Castillo-Yarieet al 2006) and
enzyme existing in pancreatic tissues of vertebratel ~ crucian carp (Yangtal., 2009).
inverbrates which is secreted into the duodenum The inactive  form  of  chymotrypsin
(Geiger, 1985). Chymotrypsin hydrolyzes amidesgrest (chymotrypsinogen) can be activated by trypsin Wwhic

and peptide ponds in protein with carboxyl side a§art|ally cleavs it into two parts while St.'" maaming
. . . . . g .. an S-S bond. In the enzymnogen activation process,
amino acid residue at; position (the first amino acid

. . : o chymotrypsinogen goes through different forms of
residue in the N-terminal direction from the clehce ;iarmediate products  a{chymotrypsin, -

bond). Other peptide amide bonds like tryptophanyl-cpymotrypsin,3-chymotrypsin-chymotrypsin) before
tyrosyl- and phenylalanyl- bonds are also attackgd forming chymotrypsin  A. However, the type of
chymotrypsin. It is also reported that leucyl andintermediate products generated depend on trypsin
glutamyl bonds could be cleaved by chymotrypsinconcentration and reaction velocities as shownign F
(Geiger, 1985; Appel, 1986). Appel (1986) indicated(Geigeret al., 1985).
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Chymirypsinogen/Tiypsin Chymtrypsinogen’Trypsin They pointed out that ChT1 can hydrolyze 8 peptide

Chymotrypsinogen

10000:1 30:1

bonds [Leu(6)-Cys(7), Leu(15)-Tyr(16), Tyr(16)-
Leu(17), Arg(22)-Gly(23), Phe(25)-Tyr(26),Phe(1)-
Val(2), Leu(17)-Val(18) and Tyr(26)-Thr(27)] while
ChT2 has only 4 major cleavage sites [Tyr(16)-L&)(1
Arg(22)-Gly(23), Phe(25)-Tyr(26) and Tyr(26)-

Chymotrypsin

a-chymotrypsin =~ e 1-chymotrypsin

Mo Fast Thr(27)] and 2 minor cleavage sites which are jplepti
V_Chvmmi . ) l _ bonds between [(Phe(l)-Val(2) and the Phe(24)-
S Slow O-ehymotypsin Phe(25)].The difference in the hydrolysis spediicif

] o . ) chymotrypsin can be used to determine the enzyme
Fig. 1. Activation of chymotrypsinogen. Different activity utilizing specific substrates (Geiger, 598
chymotrypsins result as reaction products,grinjvaset al., 2009). However, most substrates used as
depending on relative concentrations andchymotrypsin substrates can also be hydrolyzed by
reaction velocities (Appel, 1986) other proteases like trypsin. Because of this,ute of
highly sensitive substrates such as Suc-gARap-Phe-
, 4-NA and Suc-phe-4-NA has been recommended
Product2 A SR (Geiger, 1985).

Mechanism of catalyzed hydrolysis: The process of
_ : chymotrypsin-catalyzed hydrolysis (Fig. 2) can be

", Chymotrypsin i .. 4 . .
srdcal (free enzyme) et divided into two steps in which acyl-enzyme plays a
o role as intermediates (Parker and Wang, 1968; é¢lli
et al., 1996). In the first step, the substrate bindd wi
the pocket structure of chymotrypsin. The side rhai
Ser-195 and His-57 attacks the substrate (hydrelitze
to form an intermediate. In the second step, solven
- water cleaves the acyl-enzyme (ester intermediate)

L o form carboxylic acid and reforms the enzyme (Kallie
ShortAr et mtermed:ate Short-dived intermediate et al., 1996). The overall reaction is described by the
(deacylation) ARG following equation (Bender and Ferbnj, 1964).

AT

Enzyme-product 2 complex Enzyme-substrate complex
- 2

o E+S- 90, EX0f- ESIB- B P
LW + (1)

- R
Acyl-enzyme intermediate Acyl-enzyme intermediate
Where:
Fig. 2: The catalytic mechanism of chymotrypsing = The enzyme
(Nelsonet al., 2008) ES = The enzyme-substrate complex
ES’ = The intermediate (acyl-enzyme) which is
CHYMOTRYPSIN SPECIFICITY AND found in every case
MECHANISM OF HYDROLYSIS Ki, K, = The first order rate constants for the acylation
and deacylation steps
Specificity: Chymotrypsin hydrolyzes peptide bonds K, = The Michaelis constant

with variousa-amino acid carbonyl groups and attacksp, P, = Products (proteins)

larger nonpolar aromatic groups such as

tyrosine,phenylalanine and tryotophan (Fak al., The reaction is a pH dependent and the optimal
1970; Appelet al., Galvaoet al., 2001). It also attacks pH is approximately 7. Parker and Wang (1968)
nonpolar groups like leucine but the reaction isvelr.  reported that K dramatically increased with an
Hudakyet al. (1999) reported that chymotrypsins A andincrease in pH when the pH was lower than 7 but
B have similar specificities in hydrolyzing peptide once the pH is greater than 7 no significant
with Phe, Trp, Leu and Tyr residues. Rahal. (1995) differences were observed. Similar observationsewer
found specificity differences between two types ofreported by other researchers (Fersht &sdjuena,
chymotrypsins (ChT1 and ChT2) isolated from cod.1971; Lucaset al., 1973; Leslie and Wang, 1968).
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Table 1: Effect of various proteinase inhibitorsl anetal ions on chymotrypsins (Castillo-Yaieal., 2009; Yanget al., 2009)

Residual enzyme activity (%)

Chemical Concentration
(mM) Chy A Chy B Chy | Chy Il Bovine chy
None 100.0 100.0 100 100 100
TPCK 0.05 35.6 17.5 56 60 53
Chymostatin 0.01 0.0 0.0 - - -
Benzamidine 5.00 60.3 62.5 103 71 117
Pefabloc SC 1.00 1.2 1.1 - - -
PMSF 1.00 0.4 0.3 1 2 4
SBTI 0.50 - - 0.5 0 17
Pepstatin 0.03 95.9 92.3 - - -
EDTA 1.00 99.0 97.0 98 65 96
10.00 98.0 100.0 - - -

CaClb 1.00 107.0 101.0

5.00 115.0 103.0
MgCl, 1.00 102.0 105.0

5.00 111.0 110.0
MnCl, 1.00 98.5 51.1 -

5.00 85.3 48.9 -
CdChb 1.00 86.8 59.1 -

5.00 76.8 49.7 -
FesSQ 1.00 26.4 27.8 -

5.00 14.6 21.4 -
CuCbhb 1.00 19.8 211 - - -

5.00 0.0 25 - -

Chy | and II: 2 types of chymotrypsin isolated fréhonterey sardine. TPCK: tosyl-phenylalanine chinethyl-ketone. PMSF: phenyl-methyl-
sulphonyl-fluoride. SBTI: soybean trypsiin inhihite: not tested

Inhibitors: Synthetic and natural inhibitors can Cd*, C#*, F&" can inhibit chymotrypsin but their
decrease the ability of chymotrypsin to hydrolyzeinhibition abilities are different (Castillo-Yafez al.,
proteins or peptides by forming enzyme-inhibitor 2006; Yanget al., 2009).

structures (Guha and Sinha, 1984; Malkdtal ., 2007).

Natural chymotrypsin inhibitors are found in plants CHYMOTRYPSIN ACTIVITY AND STABILITY
such as phaseolus lunatus, black gram, macrotyloma
axillare, solanum tuberosum, pigeon pea, chick pea, |N€ PH, temperature, source and storage are the
erythrina caffra and patato (Makkat al., 2007) or mos_t_S|gn|f|cant factqrs influencing the activitypca
animal sources such as egg whites (Guha and Sinhg{ability of chymotrypsin.

1984). Natural inhibitors have a wide tolerancegeanf
pH but are heat sensitive (Guha and Sinha, 198
Makkaret al., 2007). Synthetic chymotrypsin inhibitors

zPH: The pH range of chymotrypsin activity is 7.5-9.0
(Kristjansson et al., 1992). Castillo-Yafiez (2009)
studied the effect of pH on activity of sardine and

such as N-Toluenesulfonyle-Phenylalanine > . S
Chloromethyl Ketone (TPCK), N-carbobenzoxy- bovine chymotrypsw_\s _a_nd fou_nd _tr_\at the activity of
(Gly)2-Phenylalanine Chloromethyl Ketone Chymotrypsin was significantly inhibited when thel p
(ZGGPCK), N-carbobenzoxy -L-phenylalanine Was <6 and the enzyme was denatured at a pH of 4 bu

Chloromethyl Ketone (ZPCK) and chymostatin areWas stable at a pH of 8 (Fig. 3). Similar resulisrev
chymotrypsin specific and can dramatically inhitie ~ Obtained by Tsai (1986) for chymotrypsin isolatssht
catalyzing power of chymotrypsin (Heet al., 1995; P. monodon hepatopancreas. Sabapathy and Teo (1999)
Sabapathy and Teo., 1995; Tokumatb al., 1999; found the optimal activity of rabbitfish chymotrypso
Santigosaet al., 2008).The effects of inhibitors on the be within the pH range of 7.5-8.5. Laen al. (1999)
chymotrypsin activity are shown in Table 1. Serinereported that the optimal activities for 2 typesTEl
proteinase inhibitors such as Phenylmethanesulfonydand CTR2) of chymotrypsin extracted frobocusta
Fluoride (PMSF) and 4-(2-Aminoethyl)-benzenesulfony migratoria were in the pH ranges of 8-10 and 8-11,
fluoreide (Pefabloc SC) effectively inhibit the iaity of respectively. Similar results were reported for
chymotrypsin (Eleret al., 2004; Yangt al., 2009) while  European sea bass (Alliot et al., 1973), Dover sole
asparatic proteinase inhibitors such as pepstatinttee  (Clark et al., 1985), skipjack (Joakimsson and
metalloproteinase inhibitor EDTA have slight infloes  Nagayama, 1990)Sganus canaliculatus (Sabapathy
on chymotrypsin (Yangt al., 2009; Heuet al., 1995; and Teo, 1995), anchovy (Hetial., 1995) and Bluefin
Castillo-Yafiezet al., 2006). Metal ions such as fn tuna (Parrat al., 2007).
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I (Oncorhynchus mykiss), anchovy (Engraulis japonica)
120 - Chymotrypsin It and spiny dogfish (Squalus acanthias) contain highe
4~ Bovine chymotrypsin enzyme activity but are less heat stable than
mammalian chymotrypsins (Kristjansson and Nielson,
1992). Carp (warmwater fish) chymotrypsin has samil
physical and kinetic properties as mammal
chymotrypsins (Coheret al., 1981a; Cohenret al.,
1981b). Ka/Kn a ratio considered as a measure of
enzyme efficiency (K constant for rate-limiting step;
Km: The Michaelis constant). The 4K, of carp is 15
" while bovine, anchovy, rainbow trout and monterey
sardine chymotrypsins | and Il are 21, 165, 623l 2
and 100 (Hewet al., 1995; Castillo-Yafiezt al., 2006;
Castillo-Yafiezt al., 2009).

100

80

60

40

Relative aclivity (%)

Fig. 3: Effect of pH on Chymotrypsin activity at €5
(Castillo-Yafnezt al., 2009)

Storage: Folk (1970) stated that dry, purified
chymotrypsin powder can maintain its activity up4to
years under frozen conditions without significant
losses. He also claimed that chymotrypsin in water
Tris buffer (pH = 6-8.5) solution can be stored top
several weeks in a sterile environment. Howevedeun
acidic pH conditions, the enzyme activity is rapittist.
Tsaiet al. (1986) and Castillo-Yafiez al. (2009) reported
a 12% loss in chymotrypsin activity in 20 min gt of 3.
Castillo-Yafiez et al. (2006) evaluated chymotrypsin
storage in different buffers under various pH ctods
0 10 o <o o and found that the activity is most stable undeaf 8.0
Temperature (°C) and in the pH range of 5.0-9.5 no significant défees

. . ) ... were observed. No information on the effect of tligh
Fig. 4: Thermostability of chymotrypsin activities during storage was found in the literature.

from the hepatopancreases (Tetal., 1986)

12

e—e E. superb
o—o P. mondon

Relative activity (unit)

i DIFFERENCES BETWEEN FISH AND ANIMAL
Temperature: Temperature has a significant effect on CHYMOTRYPSINS

the stability of chymotrypsin. Tsat al. (1986) studied

the thermal stability of one type of chymotrypsinlated Chymotrypsins isolated from fish and animals such
from P. monodon and E. superb and found denataratioas bovine and swine have four major differences: pH
of the enzymes when the temperature was above 56°§ability, temperature stability, enzyme activitypda
and 45°C, respectively (Fig. 4). Similar resultsrave molecular weight However, their amino acid
reported by Heuet al. (1995) for a chymotrypsin compositions are still similar (Hewt al., 1995;
extracted from anchovy. Sabapathy and Teo (1995 astillo-Yafiezt al., 2009).
reported an optimal temperature range of 4%5for . ) ] ]
chymotrypsin extracted from rabbitfish and observed®H Stability: The optimum pH for fish chymotrypsin
denaturation of the enzyme at a temperature of 60°c@nd ~mammal chymotrypsin are quite similar
Similar changes were detected for chymotrypsind@Pproximately — 8.0).  Castillo-Yafiez et al.
extracted from Siganus canaliculatus (Sabapathy an009)claimed that two types of chymotrypsin isetat
Teo, 1995), anchovy (Heet al., 1995), bluefin tuna from Montgrey sardines hqd an optimum pH similar to
(Parraet al., 2007) and Monterey sardine (Castillo- that of bovine chymotrypsin (8.0). Sabapathy and Te
Yafiezet al., 2006; Castillo-Yariegt al., 2009). (1995) found that the optimum pH for rabbitfish
chymotrypsin was 8.0. Castillo-Yafiet al. (2009)
Source: The enzyme activities differ depending on thereported that fish chymotrypsin was stable onlyard
source from which the enzymes were isolatedalkaline pH condition but animal chymotrypsin was
Chymotrypsins extracted from marine fish such a&s thstable at both alkaline and acidic pH. For instance
Altantic cod (Gadus morhua), herring (Clupeasbovine chymotrypsin was found to be stable at aopH
harengus), capelin (Mallotus villosus), rainbowutro 3.0 (Wilcox, 1970; Bender and Killheffer, 1973) arad
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chymotrypsin was found to be stable in the pH rasfge

Activity: It is well known that the catalytic activities of

2.0-4.0 (Kumar and Pattabirman, 1996). However, ndish chymotrypsins are higher than warmblooded

activity was found for two chymotrypsins isolatedrf
Monterey sardine at a pH <4.0 (Castillo-Yafetzl.,
2009) and cod chymotrypsin was unstable at a pl@ <5
(Heuet al., 1995). Castillo-Yafiegt al. (2006) reported

animal chymotrypsin under optimal condition
(Kristjansson and Nielson, 1992; Castillo-Yafeeal.,

.2009; Cohenet al., 198la; Coheret al., 1981b).

Asgeirsson and Bjarnason (1993) found that the rate

that sardine chymotrypsin was more stable in basi€onstant (K./Ky) of cod chymotrypsin was 3-4 fold

environments than acidic ones. Chymotrypsin from

tuna was stable within the pH range of 7-10 ands onl
20% residual activity was found within the pH rargje
3-5 (Parreet al., 2007).

Temperature stability: The chymotrypsins isolated
from marine fish living in cold environments (carp,
rainbow trout, menhaden, anchovy, sardine and Adan
cod) have higher catalytic activity at low temparat

conditions and are more cold stable (but less hegt

stable) than mammal chymotrypsins (Kristjansson an
Nielson, 1992; Asgeirsson and Bjarnason, 1993; éeu
al., 1995; Castillo-Yafiezt al., 2006; Cohenret al.,
198l1a; Martinezet al., 1988; Raaeet al., 1989).
Castillo-Yafiezet al. (2009) stated that the optimum

temperature for sardine chymotrypsin was 45°C, teri
degrees lower than bovine chymotrypsin. Castillo-

Yafiez et al (2006) reported that when sardine

chymotrypsin was incubated at 55°C for 15 min no

residual activity was observed but bovine chymatiyp
was inactivated when the temperature was >60°
Asgeirssoret al. (1995) reported that calf chymotrypsin
was stable at 50°C while cod chymotrypsin denatated
a temperature of 40°C. Kumar and Pattabiraman (199
reported that rat chymotrypsin was stable at 5@1CLth
but 92% of activity was lost at 60°C in 5 min.

Table 2: Amino acid composition of Atlantic cod amagchovy
chymotrypsin compared with chymotrypsin from
mammal species
Atlantic cod

Amimo
Acid
Ala
Arg
Asn
Asp
Cys
Gin
Glu
Gly
His
lle
Leu
Lys
Met
Phe
Pro
Ser
The
Trp
Tyr
Val 24 24 19 23 25 23 24 27
Total 245 247 234 245 245 245 245 245

Dod Humarf Raf
B

B
23
5

7
13
10
10

8
23

2

9
19
11

4

7
13
22
23

8
3

Anchovy
12
9

21
4
9
12
10
13
5
24
4
11
20
13
3
9
13
21
21
8
1

22
6
9
15
10
9
6
23
3
12
19
15
2
7
13
23
17
8
2

19
3
8
14
10
12
9
23
2
11
6
14
4
8
14
21
20
8
2

25
5
21
17
10
10
14
6
2
4
15
21
21
6
3

11

18

18
8
5

14
24
15
9
4

2 Gudmundsdéttiet al. (1994)°: Heuet al. (1995)" Bell et al. (1984)
d Pinskyet al. (1983)% Smillie et al. (1968)": Tomitaet al. (1989)
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higher than bovine chymotrypsin. Fish chymotrypsin
not only maintains higher activity than mammal
chymotrypsin but also has higher specific actithgn
mammal chymotrypsin (Hewt al., 1995; Castillo-
Yafez,et al., 2006; Raae and Walther, 1989). Castillo-
Yafiezet al. (2009) reported that &/K,, was 21 for
bovine chymotrypsin compared to 15, 165, 62.8, 251
and 100 for chymotrypsins from crap, anchovy,
rainbow trout and Monterey sardine, respectively.

olecular weight: The molecular weight of
hymotrypsin isolated from various fish ranges from
22,000-30,000 Da and the amino acid composition is
slightly different among chymotrypsins. The amino
acid compositions of fish and animal chymotrypsans
hown in Table 2. There are 245 amino acid residues
hymotrypsin of all mammals (bovine, dog, human and
rat) and the sequences are very similar. Numbers of
amino acid residues in fish chymotrypsins varyttlig

For instance, the numbers of residues in anchovy

Cchymotrypsin and cod chymotrypsin B are 234 and 247

fespectively. The sequence of Atlantic cod
chymotrypsins A and B are very close but the
ifferences are significant between the two species
wo Amino acids Asn and GIn which exit in Atlantic
cod chymotrypsin are absent in anchovy chymotrypsin

FACTORSINFLUENCING THE
CONCENTRATION AND ACTIVITY OF FISH
CHYMOTRYPSIN

Trypsin is an important protease which can activate
chymotrypsin during the digestive process. Thegefor
the factors that influence the activity of trypsinll
affect the activity of chymotrypsin. Both internal
factors (trypsin phenotypes and fish life stagell an
external factors (water temperature and fish stemma
feeding and nutrient condition) affect the activity
chymotrypsin.

Water temperature: Haard (1995) reported that water
temperature affects the chymotrypsin activity ishfi
intestine. Rungruangsak-Torrissenal. (2006) studied
the relationship between water temperature and
chymotrypsin activity and found the chymotrypsin
activity of Atlantic salmon to be significantly Higr at
6°C than at 10°C (Kofujét al., 2005). It is reported that
approximately 95% of the volume of the Atlantic @oe

is colder than 5°C (Hultin, 1980). Therefore, using
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Atlantic fish wastes for production of chymotrypsin Food industry: Chymotrypsin can be used to improve
will offer higher chymotrypsin concentrations besau the food nutritional value of proteins and to lovike
the high latitude and low water temperature. protein denaturation temperature and cleavage
specificity (Yamashitat al., 1976; Haard, 1992). It is
Fish species: Fish species has a significant influence onysed in meat tenderization, fermentation, protein
the concentration and activity of chymotrypsin. &s hydrolysate production and bone protein removal
on their food habit, fish are separated into cames, (Haard, 1998). In the dairy industry, chymotrypssn
omnivores and herbivores. Fish food habit woule@ff ysed together with trypsin to hydrolyze casein,rttan
their gut weight to body weight ratio and the patyic ~ protein content in milk. Hydrolyzed by chymotrypsin
activity (Chakrabartet al., 1995; Hidalgeet al., 1999).  casein functional properties (such as antioxidant
Hofer and Schiemer (1981) reported that proteolyticactivity, angiotensin converting enzyme inhibitiand
activity relates to different feeding habits. Altlgh  antibacterial ability) are improved (Srinivas and
carnivorous species have smaller guts compared tParksh, 2009). Chymotrypsin is used as an additive
herbivore species, they have higher activity.with trypsin to control hydrolysis of cheese whey
Chakrabartiet al. (1995) and Hidalgeet al. (1999) proteins ang-lactoglobulin in the cheese production
reported similar findings. industry (Galvécet al., 2001).

Fish age and mass: Fish age will influence the [eather production: In the leather industry,
chymotrypsin concentration and activity in fish.€Th chymotrypsin has been used in production processes
chymotrypsin activity is very low (0.085Umg/protgin including dehairing, bating and soaking. In theirizpt
when the fish hatches, increases very slowly infilse  process, the specific catalystic ability of chynypsin
2-3 weeks, then dramatically increases in the tte®e  has been used in hydrolyzing nonleather-forming

days and finally increases at a constant ratgyoteins such as mucoids, globulin and albumingm
(Chakrabartiet al., 1995; Cuvier-Peres and Kestemont, naterials. It can also help tanning materials atiro

2001; Chakrabart al., 2006). The total chymotrypsin chemicals to penetrate into fibers in order to ivbtae
activity is positively related to fish mass whichalso  yagired texture (Kaminét al., 1999; Nathalieet al.,
correlated to fish age (Dabrowski and Glogowskif@;9 2004; Sandhyat al., 2005; Cera, 2008).

Rungruangsak-Torrisseat al., 2006). Practically, in ' ' ' '
chymotrypsin manufacturing, fish weight can be achemical

> h > industry: In the detergent industry,
parameter in selecting raw material. y g y

chymotrypsin is added into laundry detergent ot dis
detergents to enhance the decontamination abiflitiieo
toletergent. The enzyme remains stable in both iantt
non-ionic surfactants and maintains around 80%tsof i
catalyzing ability after 1 h of incubation with chieal
detergent (Espésitet al., 2009). Due to the specificity of
dchymotrypsin on proteins and peptides, it can leel ug

Starvation: Chymotrypsin will accumulate in the
pancreas tissue when there is no food in the gu
Einarssonet al. (1996) reported that chymotrypsin
activity of Atlantic salmon (in pyloriccaeca/panas
increased in the first few days but was reduceth@n

following days. This was explained by the reduce ) :
secretion of chymotrypsin from the pancreatic st break down proteinaceous contaminatnts (blood and

the intestinal digestion system and the accumulatio 00ds) on cloth efficiently. Another advantage sing
the pancreatic tissue. During starvation the leskl chymotrypsin is its ability to work under mild catidns
chymotrypsin in intestinal keeps decreasing. Dalstow SUch as low water temperature or natural pH
and Glogowski (1976) reported that the Starvingenwronmen_ts_ which may lower the damage to cloth an
rainbow trout showed higher chymotrypsin activity i ody (Kaminiet al., 1999). A US patent for detergent
intestine than the fed fish. Therefore, the effett (Patent Number: 5, 269, 959) lists chymotrypsinaas
starvation effect on chymotrypsin activity will demd ~ Liquid  Deep Cleaning Detergent ~Composition
on the type of fish (Chakrabasi al., 1995; Dabrowski (Schreibmanet al., 1993). Another US patent (Patent

and Glogowski, 1976). Number: 20090281010) uses chymotrypsin in an eco-
friendly laundry detergent composition comprising
INDUSTRIAL APPLICATIONSOF natural essence (Carteral., 2009). Guptat al. (2002)
CHYMOTRYPSIN reported that at least 25% of extracted proteasesed

as additives in laundry detergents every year. &&po

Chymotrypsin has been used extensively in thg2009) isolat_ed chymotrypsin from fish processiraste _

food processing, leather production, chemical andnd added it to laundry detergent to demonstragl hi

medical industries. temperature tolerance and high enzyme stabilityy(on
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15% enzyme activity was lost after 30 min incubratio Infertility: a-chymotrypsin can play a significant role in
less than 60°C). the process of semen liquefaction. It can shorten t
semen liquefaction time and make it less viscous
Medical application: Chymotrypsin has been used in without influencing sperm motility. Combined with
the treatment of dyspepsia and anorexia, cataradhtrauterine inseminationg-chymotrypsin has been
extraction, infertility and snakebite and as ani-ant used in infertility treatment experiments on 38itife
inflammation drug. It has been applied in severaysv patients and 23% of them became pregnant. Zhang
including: oral, local injection and atomized indw&bn. (2005) claimed that twice-weekly injection of 5mg
chymotrypsin in 61 cases of infertile patients teda
Dyspepsia and anorexia: Dyspepsia and anorexia are cure rate of 83.6%. The advantages of using
defined as disturbed, difficult or painful digestiorThe chymotrypsin are shorter and more effective treatme
incomplete protein digestion is dangerous becdusay  of infertility at a lower cost.
result in allergies or even production of toxic ematls
by bacterial breakdown of the incompletely digestedShakebite: Chymotrypsin has been used to treat
protein. Chymotrypsin can contribute to proper sigm  Patients with snakebite with good results (Omog#ai
of proteins (SimS, 2001) Norma”y, pe0p|e do neédh al., 2003) Zhan@t al. (2005) studied the effect of local
to supplement with additional proteolytic enzymesChymotrypsin injection on patients with bites from
because the body can produce them but pancrea&hinese cobra and the results showed that it hssl le
insufﬁciency does occur because of Chemotherapy?rimeval effect than local injeCtion of antivenomtb
physical injuries, chronic stress, cystic fibrosisl acute Detter effects than other snakebite drugs. Thensogf

pancreatitis so extra chymotrypsin supplication rhay ~Shakes usually contain neurotoxin and cytotoxincivhi
required (Sims, 2001). can change the permeability of cell membranes hed t

concentration of ions like NaK* or C&* causing cell
Anti-Inflammation and prevention of wound death. The low amount of proteases kuronidaseakesn

infection: Chymotrypsin has been reported to havetoXin can accelerate this process (Zhanhgl., 2005).
significant inhibition against the early stage of Local chymotrypsin injection can slow down or stop
inflammation. It is widely used both orally and by this process because chymotrypsin can cleave tieesn
injection as a non-steroidal anti-inflammatory drugtoxin protein. The hydrolyzed protein loses its itox
(NSAID) in the treatment of athletic injuries, walin Properties and becomes harmless to human (Zkeng
infections, sciatica and hand trauma (Seppa, 1980%., 2005). Omogbai (2003) reported that the use of
Chymotrypsin dissolves soft fibrin and cleans theChymotrypsin to treat snakebite patients was shown
proteinecious debris at inflammation sites (Swamg a effect especially for those patients with tissue
Patil, 2008). Lathaet al. (1997) used a trpsin- inflammation and edema.

chymotrypsin combination in the ratio of 6:1 asaauti-

inflammation agent to treat burn patients and found EXTRACTION AND PURIFICATION OF
superior results compared to the use of trypsinealo CHYMOTRYPSIN

Generally, the initial recovery steps of
Cataract extraction: Alpha chymotrypsin is widely chymotrypsinogen (the inactivated zymogen precusor
used to separate cataractous lens from the ZOW'@hymotrypsin) are: (a) extraction which includes
attachment sites (Hill, 1960; Rheeal., 1999; Richet  preparation of crude material, homogenization using
al., 1974). Chymotrypsin decreases the manipulatingyffer to extract crude chymotrypsin (chymotrypsing
force required during the surgery to make it easy t from the prepared material and centrifugation foasate
remove the cataract which guarantee a higher ssicceghe crude chymotrypsin and (b) precipitation or
rates in surgery (O’'Malley and Straatsma, 1961halis  fractionation to collect chymotrypsingen. The pisszs

been shown thata-chymotrypsin specially attacks that can be used extract chymotrypsin from fishtevas
certain components of the zonules and does notecaugre shown in Fig. 5-7.

any damage to other tissues in the eye (Hill, 1960;
Yorston and Kiku, 2000) claimed that chymotrypsinExtraction: The fish stomach and intestines are
was the fastest and cheapest way to treat theacatar removed from fish and separated as soon as the fish
Using a-chymotrypsin during the cataract surgery canhas been killed and washed with cold water or
help avoid significant intraocular pressure (IOP).isotonical saline solution to get rid of blood ihet
Rapidly raised IOP may cause pain and comeal oedentissue. The inhibitors in blood can reduce chynuziy
to patients (Riclet al., 1974; Passet al., 1985). activity (Chonget al., 2001; Boerist al., 2009).
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The blood is washed away and the fish gut is cut it
50 g internal organs is weighted

[ ]
7

Homogenization with 150 m L Tris-HCI buffer (0.05M Tris-
HCI, 0.01 M CaCl;, pH 7.5) and incubation for § hrs at 4°C

[ Centrifugation at 10000 rpm for 15 min ]

1
Centrifugation at 10000 rpm for 15 min at 4°C ]

Centrifugation at 10000 rpm for 15 min at 4°C J
_4 Pellets H

lDEtmnin: the enzyme activity and Ennrzntratinn]

[ ]

Adding ammonium sulphate to 35% saturation
and stirring the mixture fnrm min

Discarded pellet

Adding ammonium sulphate to 70% saturation
and stirring the mixture for 30 min

[
(
[
|

Discarded
supsrnatant

)

Dialysis with Tris HCI buffer (0.05M TrisHCI
pHT3)

Fig. 5: Extraction of chymotrypsin from fish waste
using ammonium sulphate method

[

Dissolve chymotrypsin in Tris-HCl buffer

Equal volumes (Sm L) of the protein solution is mixed with
AOT organic solution and shacked at 300 rpm in a test tube for

5 min to reach equilibrium ]

Centrifugation for 15 min at 4000 rpm to separate into two
phases after incubatingfor 1 h
|
2

Organic solution is mixed with equal volume of aqueous

‘Water phase

l
[
(
[
[

[ discarded J solution (0.1 M CaCl2 and 10% v/v isobutyl alcohol)
Centrifugation for 15 min at 4000 rpm to separate into two
phases after incubation
|
2
Orzanlc phase Determine the enzyme activity and concentration
discarded g i

Fig. 6: The extraction of chymotrypsin from fish ste
using reverse micelles method

The intestine is then chopped into small pieces an
mixed with 50 mM Tris-HCI buffer having a pH of

7 (3): 104-123, 2011

(

[ 50 ginternal organs is weighted J

[ )

[Cenlrlfugallm at 10000 rpm for 15 mmJ

The blood is washed away and the fish
gqutiscutinto lem’® pieces

Homogenization with 250m L Tris- HCI
buffer (0.05 MTris-HCL, 0.01 M CaCl
PH 7.5) and incubation for § hrs at 4C

Dilute protein with Tris-HCl bufferto
0.5gLand adjustthEpHaerqmrEd

][
J

Fig. 7: The extraction of chymotrypsin from fish sta
using chromatography

Pelletdiscarded

Ammonium sulphate extraction
with 35-70% saturation

J<—

]
)

Gel- ﬁllral]on affinity
chromatography

Hydrophobic interaction/Ton-
exchange chmmamgxapm

Gel-filtration affinity
chromatography

Purification: The chymotrypsinogen purification
processes account for up to 80% of the total cést o
chymotrypsin production. Precipitation is the teqle
most widely used in the chymotrypsin production
industry because it can effectively purify and
concentrate chymotrypsin at a very low cost (Matsud
et al., 2003; Boeris e al., 2009).Generally,
chymotrypsin precipitation is used to obtain crude
chymotrypsinogen and can be combined with
chymotography techniques for further purification.
Purification can be accomplished either by preatjmn
(using Tris-HCI) and ammonium sulfate fractionation
or formation of reverse micelles (Mockel and Badhar
1969; Simpson, 2000; Wilk, 2001;. Castillo- Yafetz
al., 2009; Yangt al., 2009).

Ammonium sulfate method: Ammonium sulfate is the
most reported polyelectrolyte in chymotrypsinogen
production (Chatterjeet al., 2004). Folk (1970) used
ammonium sulfate fractionation as second step
inchymotrypsin purification process after extracted
crude chymotrypsin with acetone powder. Same
method had been used by Castillo-Ya@eal. (2006),
Lam et al. (1999) and Mdckel and Barnard (1969a). |
the precipitation process, poly-charged molecules
thich contain opposite electrical charges to the
chymotrypsinogen are added into protein solutians t

7.5. The homogenized mixture is centrifuged atform a chymotrypsinoge n-polyelectrolyte complexian

10000 rpm and 4°C for 15 minutes. Crude

generate insoluble aggregates. The materials nstbe i

chymotrypsin (chymotrypsinogen) is extracted as grocess are salts, non-ionicpolymers, organic swéve

supernatant and stored at -80°C till further pratfon
(Heu et al., 1995; Chongt al., 2001; Liet al., 2005;
Castillo-Yafiezt al., 2009; Yangt al., 2009).
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and polyelectrolytes which are easy to biosepairate
the downstream process (Boerist al., 2009;
Chatterjeet al., 2004). Yang (2009) used ammonium
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sulfate saturation 30-60% in chymotrypsin extragtio usually very slow and Cagls added into the aqueous
Kristjansson and Nielson (1992), Castillo-Yafezl. phase to assist the process (Hu and Gulari, 199%®.
(2006, 2009) and Heu (1995) used ammomium sulfatémitations of using reverse micelles in the back-
saturation 30-70% and the recovery yield were & th extraction are due to: (a) the difficulty in separg
rang from 55-60%. Boeris (2009) used Polyvinylproteins from the AOT reverse micellar phase and (b
Sulfonate (PVS) as polyelectrolytes during thefmation  the excessive time involved in the process (Hu and
process to produce a chymotrypsinogen-PVS pretapita Gulari, 1996; Gotet al., 1998).
complex in acid pH which decreased the recoves ot Co-surfactants have been used to improve the
chymotrypsin. Also, increasing the PVS concentratio extraction properties of AOT and the most common is
lead to a lower recovery rate but produced a highsty. Dioleyl Phosphoric Acid (DOPLA). This can be added
AOT to form AOT-DOLPA for use in chymotrypsin

Reverse micelles method: Reverse micelles are extract. Gotcet al. (1998) reported that the effectiveness
thermodynamically stable molecules that can extracbf mixed reverse micelles increased with increasing
large biomolecules like proteins through electrista amount of DOLPA added. He also found that 4:1 ratio
interaction that attracts soluble proteins into iveer  AOT: DOLPA was the best for chymotrypsin extraction
layer of the reverse micelles (Jolivatal., 1990; Hu and that 10 mM of mixed reverse micelles had higher
and Gulari, 1996). Reverse micelles are useful ma extraction ability than 200 mM of AOT. At low
they can form amphiphilic structures in polar origan concentrations, the mixed reverse micells are very
media which can be used to extract large amounts ddffective in separating and enriching chymotrypsini.
proteins in the aqueous phase without denaturation. and Gulari (1996) and Gotet al. (1998) reported that
the purification process, selection of surfactgitsg/s a mixed reverse micelles not only make chymotrypsin
significant role in protein stabilization. Sodiuni-2d extraction more complete but it, also, shortentiaek-
ethylhexyl sulfosuccinate (AOT) is the most commonextraction time from 24-2 h.
surfactant used in chymotrypsin purification. Ihdarm
reverse micelles without adding co-surfactant yadtliet Chromatography method: Chromatography is always
al., 1990; Hu and Gulari, 1996; Hentsattal., 1992). the last step in the chymotrypsin purification mEes.

pH influences ionic molecular interactions in Chromatography columns are used to concentrate and
solution and, therefore, influences the efficienafy ultrafilter the fluid passing though them. The flsican
extraction by reverse micelles (Jolivat al., 1990). then be dialyzed against buffer (Folk, 1970). Thene
The vyield of chymotrypsin will increase with an four types of chromatography that have been used in
increase in pH and the maximum extraction yield carthe chymotrypsin purification process: (a) ionic
be reached at an isoelectric point around a pH.®f 8 chromatography, (b) gel chromatography, (c) af§init
(Hu and Gulari, 1996). However, the pH of proteinchromatography and (d) hydrophobic interaction
aqueous solutions should be held near a pH of 8hromatography. lonic chromatography is particylarl
because at that pH the autohydrolysis rate is nimgich  useful because it can be used to both separatnizati
and chymotrypsin is most stable (Hu and Gulari,6)99 and anionic forms of chymotrypsin A and B and to
Jolivalt et al. (1990) and Hentsc#t al. (1992) reported separate chymotrypsin from trypsin.
that increasing chloride ion concentration will desse Heuet al. (1995) used gelfiltration chromatography
chymotrypsin yield by competing with chymotrypsin i with a Sephadex G-75 column (2.6x75 cm) to first
the extraction process and the effect is partibular isolate ~ chymotrypsin by molecular size. The erud
significant at low ionic strength. chymotrypsin  solution was further purified sing

The whole extraction process with reverse micelleson chromatograph with a column packed hwit
can be divided into two steps: forward-extractiom a Diethylaminoethyl (DEAE) cellulose, designed
back-extraction. During the forward-extraction st interact with negatively charged proteins. Ryan68)9
aqueous and organic phases are separately pregraded used a similar column to purify chymotrypsin from
homogenized with an orbital stirrer at 250 rpm 9@  chicken. Raae and Walther (1989) used both ion
min. After extraction (protein transfer from aguedo  chromatograph with a DEAE-Sepharose column and
organic phase) the phases are separated Igelfiltration with a Phenyl-Butyl-Amine-Sepharose
centrifugation at 1500-2000 rpm for 10 min (Joltvell  (PBAS) column to purify chymotrypsin and elutedtwit
al., 1990; Hu and Gulari, 1996). The concentration 0f35-40% ethleneglycolin. lonic chromatography with
protein can be measured with UV spectroscopy at 28CM-cellulose was used in the double purification of
nm. Back-extraction transfers proteins from reversehymotrypsin and chymotrypsinogen from turtle and
micelles to aqueous solutions. Back-extraction idfish equilibrated with 0.01M sodium succinate and
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0.001M EDTA and eluted by salt gradients (Mockel
and Bamard, 1969a; Mdckel and Bamard, 1969b). Yang
et al. (2009) used ionic chromatography with DEAE- % SNy _
Sephacel to purify chymotrypsin from crucian. % 5 &
The two detected peaks were: the unretained J .‘\\:_ AV RN .
portion was cationic chymotrypsin (B) and the neésr 0 30 60 50 120 13 10 210 240 270
portion was anionic chymotrypsin (A) which was ehiit Fraction No. (5.0 m L/tube)
by NaCl at concentration of 0.2M. After gel-filtiai @
on Sephacryl S-200, the two active portions were
respectively subjected to hydrophobic interaction
chromatography using Phenyl-Sepharose and SP-
Sepharose for further purification. Most of the
contaminated proteins were removed by washing with
ammonium sulfate with concentrations ranging from 0
to 1M. The unretained ionic chymotrypsin B was
further purified with a SP-Sepharose cationic excjea .
column. The results of purification are shown ig.F. PR n a msﬁ_mb;fo 120 10
The affinity chromatography has been used by ) '(b;
Fujiwara et al. (1974), Branchini and Ziolkowski
(1979), Nishikata (1983) and Ahn and Chung (1985).
affinity chromatography, a column containing cross-
linked insoluble polymer or gel attached with a
competitive chymotrypsin inhibitor or ligand is dse
(Ahn and Chung, 1985; Cuatrecasas, 1970). Duriag th
chromatography all other unwanted protein will pass
through the column but chymotrypsin will be absdrbe . : .
and bonded through extended hydrocarbon chainshwhic ! e st 2
make the ligand at varying distances from the gatrim (c)
backbone. The whole process is pH depended because
the affecst the ionization of functional group. Fig. 8: Chromatographic purification of crucian gar

NaCl Conc. (M)

Absorbence (280 nm)

Enzyme glycol (v/v)
S

Activity (units/m L)

02 30
0.15 ¢ T

0.1

NaCl Conc. (M)

0.05

Absorbence (280 nm)
Activity (units/im L)

Chymotrypsin can be recovered by elution with 0.1 M chymotrypsins. (@) DEAE-Sepharose
acetic acid. Fujiwarat al. (1974) used carbobrnzoxyl-L- chromatography. (b) Phenyl-Sepharose
phenylalanyl-triethylenetetraminyl-Sepharose  (Z-L- chromatography. (©) SP-Sepharose

Phe-T-Sepharose),  Cuatrecasas ~ (1970)  used hromatography.«): Suc-Leu-Leu-Val-Tyr-AMC
Sepharose-bound D-tryptophan methyl ester Nishikata hydrolyzing activity. @&): Boc-Phe-Ser-Arg

(1983) used sepharose with chymostatin analogue MAC hydrolyzing activity (Yangt al., 2009)
(Gly-Gly-L-Leu-L-phenylalaninal). Ahn and Chung

(1985) used 4-phenylbutylamine as a ligand in

chymotrypsin purification. The optimum pH for trypsin is 7.5, the optimal pH o

Aspergillus oryzae is 3.0-5.0 and the optimal pH of
ACTIVATION OF CHYMOTRYPSINOGEN Kaufman and Erlanger ranges from 3.2-34
(Prokuryakov, 1970). Since chymotrypsinogen is a
Chvmotrvpsinogen is an inactive form of s[ngle polypeptide chain madg up of 245 amino acids
chymot)ﬁypsir?/ P exis%ing in the pancreas and t dlfferen_t forms of c_hymotryps_ln can b_e activated by
extraction and purification processes result inepur controlling the reaction cond|t|.on (Boewsal., 2009).
chymotrypsinogen. Although chymotrypsinogen hagn the whole process, trypsin only hydrolyzes one
enzymatic activity, the low level of activity makés ~Peptide bond between Arg 15 and Lie lle 16 and form
hard to detect in normal conditions. In order taleate ~ 7-Chymotrypsin (Appel, 1986). The remainder of the N
the properties of chymotrypsin, chymotrypsinogentérminal peptide plays an important role in prategt
activation is a necessary process (Blow, 1976)pdiry  chymotrypsinogen from other non-specific activators
and other bacterial proteases excreted by BacilluBy using disulfide bonds, which are connected ® th
subtilis or Penicillium can be applied as a naturaleft molecule (Spilliaert and Gudmundsdottir, 2000)
activator of chymotrypsin (Sakota, 1955; Dreyer andThen, n-chymotrypsin autocatalyzes itself form
Neurrat, 1955; Prokuryakov, 1970). However, thechymotrypsin and three new disulphide bonds to link
optimal pHs of activators are different. the polypeptide chain as shown in Fig. 9. A further
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reaction will produce 2 types of chymotrypsid- ( Trypsin concentration: Trypsin is an activator of
chymotrypsin andy- chymotrypsin). Additionally, in chymotrypsinogen which can dramatically accelerate
the production ofd-chymotrypsin, it will lose the the speed of zymogen activation even at a very low
dipeptide Serl4-Argl5 bonds. Several factorsconcentration (0.01 mg/g of homogenate). The redati
contribute to chymotrypsinogen activation ratesactivity of chymotrypsin during the zymogen activat
including concentration of trypsin, incubation time process in the presence or absence of trypsinoarsh

temperature and pH. in Fig. 10 (Berget al., 2007. Glazer and Steer (1976)
found that an increase in trypsin concentationfoat
= concentations (0.5-1.0%) did significantly incredke
[ 245 rate of activation but trypsin concentrations abb08&6
— showed little increse in activation (Fig. 11). Thus
mhymatrypn properly controlled concentration of trypsin in irstry

(active)

has commercial benefits.

Trypsin not only plays a significant role in
chymotrypsinogen activation but also contributes to
different types of final products. With a large

| FEE I B 245

n-Chymotrypsin

o-Chymotrypsin k‘ 2 dipeptides

(active) presence of trypsin,z-chymotrypsin is rapidly
[16 146 ] [129 233 formed and becomes the predominate product in the
A chain B chain C chain process and it further loses its dipeptide Ser 1g-A

] o ) ) 15 bonds. These bonds are autocatalytically

Fig. 9: Ac_t|vat|on of chymotrypsmogen. Peptlde_,- den produced bys-chymotrypsin, which is known as
split by trypsin and chymotrypsin in an an5iq activation of chymotrypsinogen (Bettelheim
autocatalytic process leading to defined chainsyng Neurath, 1954; Appel, 1986). Slow activation

and peptides (Berg al., 2007) occurs in the presence of low concentrations of
o ) trypsin. The production of-chymotrypsin is the
- —o— Nome . . .
: —e—Trip major pathway and-chymotrypsin will be formed
100 oK only slowly (Appel, 1986).

80
Incubation time: The incubation time required for
chymotrypsinogen activation process depends on the
activation method applied. There are two types of
activation: classical activation (pH 7.5, 5°C, tsyp
0 ) free, 48 incubation time) and rapid activation
o (activated by trypsin with incubation time varying
T from 1-48 h) (Bettelheim and Neurath, 1954; Milér
. ) . . al., 1971). With the addition of trypsin, the
Fig. 10: hChTRP activity ;r_om be\clll'ne pancreas enzymogen activation significantly increases in 1 h
H%ngerz&l\‘/fea;naimif 'gr; &j;él;m gggg'ﬂ's'with the decrease of thehomogenate solution viggosi
' " Sakota (1955) reported that the activity of
chymotrypsin increases at a constant rate in tret fi

60

40

Relative activity (%)

20

0.05 2 ; i 10 h followed by an observed decrease in catalytic
ooi | e activity after 24 h. The possible reason for desega
£ chymotrypsin activity could be that the non-active

S 003 [ form of trypsin being self-generating in the sabati

§ I and destroying the structure of chymotrypsinogen

< 0.02 (Sakota, 1955; Boeriset al., 2009). Engel and
- . Alexander (1966) reported that activation of
' /""—‘*—" 2 chymotrypsinogen was completed within 30 min.

T 2 3 1 5 & Dreyer and Neurath (1955), Millest al. (1971),
Time (h) Glazer and Steer (1976) reported that the actiefty
chymotrypsin was stable at 4°C and observed
Fig. 11: Trypsin Requirement for Chymotrypsinogendecreasing activity —under  high  incubation
Activation (Glazer and Steer, 1976) temperature (Fig. 12).
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0.05 For protein mixture with possible nucleic acid
0.04 contamination:

Concentraibn = 1.55x AAU280-0.76x AAU L, (3)

In the Bradford method, Coomassie Blue reagent is
mixed with the enzyme solution and the absorbasoead
at 595 nm after incubation for 15 min. Concentraiare
determined relative to standard curve based onnBovi

1 2 3 4 5 6

Time (h) Serum Albumin (BSA). The method had been used by
. ) Tsai (1986).
Fig. 12: The temperature dependence of " The method developed by Lowesyal (1951) is a

chymotrypsinogen (Glazer and Steer, 1976)  rg|atively sensitive method but more complicated an

time consuming compared to the Bradford Method. The
enzyme solution is treated with Folin-ciocalteagesas

80 to create a blue compound and allowed to inculate f
10 min. Absorbance is read at 660 nm and standard
using BSA is required. There are many substratats th

100

60

Relative activity (Vo)

404 have been reported to affect the results obtaineah f

this method including Tris, EDTA, Sulfhydryl

50 a PH7S . . .
20 < PHES compounds, potassium  compounds, disdulfide
; S pHas compounds,  carbohydrates, glycerol,  Tricine,
o 5 10 15 20 25 30 detergents, most phenols, wuric acid, guanine,

Activation time (h)

magnesium and calcium (Olson and Markwell, 2007).
This method had been widely used by Yagtgal.

Fig.13:pH  effect on the activation — of ;009) Castillo-Yafiezt al. (2006, 2009), Lanet al.
chymotrypsinogen (Guyonnetal., 1999) (1999), Liet al. (2003).

pH: Guyonnetet al. (1999) reported that the optimal pH .

for chymotrypsinogen activation is 7.5 (Fig. 13jiahat ~Enzyme activity: A number of substrates are used to
the catalyze activity of chymotrypsin decreaseshwait aSS&y chymotrypsin activity including N-acetyl-L-
decrease in pH. Similar results were reported byeEn Tyrosine Ethyl Ester (ATEE), Benzoyl-Tyrosine Ethyl
and Alexander (1966), Bettelheim and Neurath (1954)ESter  (BTEE) and  N-Suc-Ala-Ala-Pro-Ppe-

Glazer and Steer (1976) and Guyorete. (1999). Nitroanilide (SAAPPNA) (Hummel, 1959; Erlanger
al., 1961; Ramakrishn&t al., 1987; Sabapathy and
ASSAYING OF CHYMOTRYPSIN Teo, 1994; Heuet al., 1995; Chonget al., 2002;

_ ) Chakrabartiet al., 2005; Liet al., 2005; Sveinsdéttiet
Enzyme concentration: Three main methods are g, 2006). The activity of chymotrypsin is determine
commonly  used to evaluate  chymotrypsinas change in absorbance of chymotrypsin used in the
concentration: (a) absorbance at 280 nm (b) Brddforassay per mg protein per min (Chakrabetrél ., 2005).
method and (c) Lowery method. Protein in solutias h When ATEE is used as substrate, one unit of
a maximum absorbance of ultraviolet light at 280nm.enzyme activity is defined as the decrease in nredsu
When measuring enzyme concentration, the wavelengthy,sorpance of 0.0075 minat 237 nm and 25°C. The
must be adjusted to 280 nm and the system calbtate gnzyme is mixed with ATEE solution in potassiium
zero with buffer solution. The absorbance of protei phosphate buffer and the absorbance is measureg eve

solution is then measured and the concentratiopaif min for 5 min. The activity is calculated ugithe
(mg/mL) is calculated by the following equations following Eq. 4.

(Layne, 1957;et al.; 2009; Stoscheck, 1990). This
method had been used by Yang, Castillo-Yaéeal.

(2006, 2009) and Mocket ai. (1969a). Activity = AAU g5,/min x dilution _ )
For protein mixture: 0.0075x 0.2x mgenzyme/mobriginalsolution

AAU 4, 2 When BTEE is used as substrate, one unit of
pathlength(cm) enzyme activity is defined as one unit of enzyme
116
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hydrolyzing one micromole of BTEE per min at a pH Effect of inhibitors: To study the effect of inhibitors on
of 7.5 and 25°C. The enzyme is added to BTEEchymotrypsin activity, purified enzyme is incubateith
solution dissolved in 50mM Tris-HCI buffer (10 mM several specific protease inhibitors such as
CaCh with a pH of 7.5) at room temperature and theEthylenediaminetetraacetic Acid (EDTA), chymotrypsi
absorbance is measured at 256 nm every half min fapecific inhibitors such as tosyl-phenylalanine
5 min. The activity is calculated using the follomgi  Chloromethyl-Ketone (TPCK), serine protease inbitgit
Eqg. 5 (Hummel, 1959; Sabapathy and Teo, 1994; Lsuch as Soybean, Trypsin Inhibitor (SBTI) and Pheny
et al., 2005; Parraet al., 2007; Tubioet al., 2009;  Methyl-Sulphonyl-Fluoride (PMSF), benzamidine, 4-(2

Boeriset al., 2009). Aminoethyl)-Benzenesulfonyl  Fluoreide  (AEBSF),
leupeptin, benzamidine, ela-statinal or Tosyl-Libgs
Activity = AAU ,/minx1000 (5) Chloromethyl Ketone (TLCK) (Lamet al., 1999;
964x mgenzyme/min thereactionmixture Castillo-Yafezet al., 2006; Castillo-Yanert al., 2009;

Yang et al., 2009). After incubation, substrate solutions
When SAAPNA is used as a Substrate, the enzymére added and the residual aCtiVity is measure@& Th
activity is defined as one unit of enzyme activity Percentage activity was calculated using the aytiof
hydrolyzing SAAPNA and releasing one micromole of the blank as 100% (Lamt al., 1999; Castillo-Yariert
p-nitroaniline at pH 7.5 and 25°C. The p-nitroarali &+ 2006; Castillo-Yafieat al., 2009; Yangt al., 2009).
molar extinction coefficient is 8800 ™m™. The _ _ _ _
enzyme is mixed with SAAPNA dissolve in 50 mM | soelectric point: The lIsoelectric Point (IP) Qf
Tris-HCI buffer (10 mM CaGlwith a pH of 7.5) and chymotrypsm IS a'YVayS measured by analytical
. - electrofocusing in thin-layer polyacrylamide flattg
absorbance is measured at 410 nm every half miB for L .
min at room temperature. The activity is calculatedt(l‘KB ampholyne PAG plate) cqntalnlrlg ampholyne.r n
. . ] he pH range of 3.5-9.5 (Castillo-Yafierz al., 2006;
using the f9||OV\{Ing Eq. 6 (Hummel, 1_959’ 9“0“9”-' Castillo-Yafiezet al., 2009). Purified protein is stained
2002; Sveinsdottiet al., 2006; Castillo-Yafieet al.,  y coomassie Brilliant Blue. The result is compared
2006; Castillo-Yafieet al., 2009): with isoelectric focusing calibration kit with 11P|
known proteins (Gildbergt al., 1990; Castillo-Yafiez

AAU ,,/minx1000x volumeof reactionmixture  (6) et al., 2006; Castillo-Yariegt al., 2009).
8800x mgproteinin theassay

Activity =

CONCLUSION
Molecular weight: Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis (SDS-PAGE) has  Chymotrypsin is an important digestive enzyme
been widely used to determine molecular weight owhich widely exists in mammal pancreatic tissued an
chymotrypsin after extraction using zymograms adish guts (intestine). It is a endopeptide compouwitth
substrate (Garcia-Carrembal., 1993; Hetet al., 1995; 245 amino acid and molecular weights ranging for
Chonget al., 2002). The SDS-PAGE consisted of 129%22.000-30,000  Da. ~ Chymotrypsin  specifically
separating gel and 5% stacking gel. The extracteBydrolyzes peptide bounds withamino acid carbonyl
chymotrypsin is mixed with Tris-HCI buffer (pH 6.8)  97OUPS, nonpolar aromatic group and nonpolar groups

make a proteinase sample (Chatgl., 2002). A five- it is inhibited by synthetic chymotrypsin inhibitosuch
microliter mixture of the chymotrypsin sample is as TPCK, ZGGPCK, ZPCK, chymostatin and PMSF as

loaded into the SDS-PAGE gel and the gel is difiped well as natural inhibitors from egg white, lima hea

. . otatoes and pigeonpea.
a Tris-HCI buffer and 3% casein (pH 7.5) for 30 ratn P .
5°C in order to allow the casein to enter the gdter Three types of chymotrypsin (A, B and C) have

; . A . ._been found in mammal pancreatic tissue but only two
incubating the gel at 25°C for 60 min, the gel IS, mnotrypsing (A and B) are found in fish. The ot
washed, stained with Coomassie Brilliant Blue fon 2 pH range for fish chymotrypsin is between 7.5-11
and destained. Clear bands on the gel indicatinghich s slightly higher than mammalian chymotrypsi
enzyme activity are compared with molecule weightgish chymotrypsin is more stable in basic environme
markers to indicate the molecule weight ofthan the acidic one. The optimal temperature foh fi
chymotrypsin (Chonget al., 2002; Chakrabartét al.,  chymotrypsin is lower than mammal chymotrypsin.
2006). Additionally, Sephacryl S-100 column (0.9%55Most cold-water fish chymotrypsins have been regubrt
cm) gel filtration can also used to determine theto have 3-5 fold higher catalytic activity than
molecule weight of chymotrypsin (Hetial., 1995). mammalian chymotrypsin. The factors affecting
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activity and the amount of chymotrypsin in fish are Asgeirsson, B. J.B. Bjarnason, 1993. Properties of

water temperature, fish species, fish age, fishghtei elastase from atlantic cod, a cold-adapted

fish weight, starvation and nutrition. proteinase. Biochim. Biophy. Acta., 1164: 91-100.
Buffer extraction, ammonium sulphate DOI: 10.1016/0167-4838(93)90116-9

precipitation and chromatography are usually used tAsgeirsson, B., R. Gartemink, J.F. Chlebowski, 1995

produce chymotrypsin from fish. Each method has its = 5|kaline phosphatase  from  Atlantc  cod

own merit and demerllt._ Buffer extraction and (Gadusmorhua). Kinetic and structural properties
ammonium sulphate precipitation can be used inelarg . .
which indicate adaptation to low temperatures.

scale applications but the enzyme purity and agtisi ) . . .
very low which can only be used in the leather or ~ €Omp. Biochem. Physiol. B Biochem. Mol. Biol.,
chemical industry. For the food and clinical indyst 110: 315-329. DOI: 10.1016/0305-0491(94)00171-

they require the use of higher purity and activity P

chymotrypsin, thus chromatography is neededBechtel, P.J., 2003. Properties of different fish
However, chromatography is very costly and it can  processing by-products from pollock, cod and
only be applied on a small scale. Reverse micélbss salmon. J. Food Processing Preservation., 27: 161-1
been used for commercial chymotrypsin purification DOI: 10.1111/j.1745-4549.2003.th00505.x

which can give a higher purity on a larger scalerau Bell, G., C. Quinto, M. Quiroga, P. Valenzuela, C.

reports about purifying the chymotrypsin from raw Craik and W. Rutter, 1984. Isolation and sequence
materials have been found. Further study shouldsoc : S : . .
of a rat chymotrypsin B gene. J. Biol. Chem., 259:

on the optimization of purifying chymotrypsin from
P purifying chy yp 14265-14270. PMID:6209274

fish processing waste. -
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