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Introduction
The growing consumer demand for healthyfish products has led 

toa thriving fish processing industry worldwide. Processing of fish 
includes: scaling, cutting, filleting, cooking, salting and canning. When 
fish fillets or cans are produced, a large fraction (30–80%) of fish (flesh, 
heads, bones, fins, skin, tails and viscera) is left as waste. Fish waste is 
usually disposed off in landfills or in the sea resulting in environmental 
problems which underscore the need for a proper utilization of fish 
wastes for the recovery of valuable products. Fish waste can be utilized 
as ingredient in animal feed and fertilizer [1,2] or used for the recovery 
of valuable biomolecules such as collagen [3,4] ω–3 fatty acid [5] 
trypsin [6,7] chymotrypsin [8] and elastase [9] or the production of 
biodiesel [10].

Pepsin is an important acidic protease that is widely applied in the 
hydrolysis of proteins. It is used in collagen extraction [11-13] in gelatin 
extraction [14] as a rennet substitute [15] and in digestibility therapy 
[16]. Pepsin has been isolated and investigated from various mammals 
including: human [17] Japanese monkey [18] pig [19] bovine [20] goat 
[21] rat [22] and rabbit [23]. Pepsin can also be recovered from fish
wastes, especially fish viscera which constitute 5% of fish weight [24].
Isolation and purification of pepsin from fish and fish wastes is less
developed. Thus, an efficient and economic process for the isolation
and purification of pepsins from fish wastes would bring significant
economic and environmental benefits for both the fish processing and
pepsin industries.

Structures, Sources and Classification of Pepsin
Pepsin (molecular weight of 36 k Da) is an enzyme in the aspartic 

protease family which digests proteins. Peptide bonds can be readily 

cleaved allowing degradation of proteins under acidic conditions [25]. 
Pepsin can be found primarily in the gastric juice of the stomach lumen 
and can be isolated from a variety of species such as human, cattles, 
sheeps, birds and fish [26,27]. The main location of pepsin in mammals 
is the stomach (both the membrane and the gastric juice) but it can also 
be found in limited amounts in the blood, muscle and the urine [27]. 
Fish pepsins are mostly present in the stomach but can also be found 
in theovaries of brook trout or the skin of puffer fish [28,29]. There are 
several types of stomach pepsins, each has a distinct protein structure 
and enzymatic properties [30].

Pepsin is synthesized and secreted in the gastric membrane in an 
inactive state called pepsinogen (PG) (molecular weight of 40kDa). 
Compared with pepsin, pepsinogen contains an additional 44 amino 
acids and is stable in neutral and weak alkaline environments, but 
when exposed to the hydrochloric acid (HCl) present in gastric juice 
(pH of 1.5 – 2.0), the 44 amino acids are proteolytically removed in an 
autocatalytic way to activate it to pepsin [31]. Its main role in protein 
proteolysis is to cleave aromatic amino acids (such as phenylalanine 
and tyrosine) from the N–terminus of proteins [31].
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The three-dimensional structures of pepsin and pepsinogen from 
fish species are shown in Figure 1. While mammal pepsin has been 
completely sequenced, fish pepsin has not been extensively explored. 
The first proposed three-dimensional structure for cod pepsin was 
identical to porcine pepsin in domain location and amino acid 
formation (57.7% sequence identity) [32,33]. Cod pepsin is reported 
as a single chained protein (a monomer) of two similar folded domains 
separated by a deep cleft [32]. The catalytic site of pepsin is formed at 
the junction of the domains and contains two aspartic acid residues, 
Asp 32 and Asp 215 in each domain [33,34]. In the catalysis of pepsin, 
water molecule helps between the active carboxyls and Asp 215 and 
Asp 32 becomes negatively and positively charged individually to break 
peptide bonds in proteins [35,36].

The nomenclasture and classification of pepsin depends primarily 
on the enzyme characteristics including activity, stability and kinetics 
[2,37-39] and properties of enzyme including aspartate residues 
for the catalysis of substrates, protein degradation and the tertiary 
structure [36,40-42]. Mammalian pepsinogens (PGs) are divided into 
two groups: (a) a major group which includes pepsinogen A (PG-A), 
pepsinogen C (PG-C, or progastricsin) and pepsinogen Y (PG-Y or 
prochymosin) and (b) a minor group which includes pepsinogen B 
(PG-B) and pepsinogen F (PG-F) [23,41,43,44]. Classification of fish 

pepsinogen varies among researchers. Some researchers followed the 
mammal pepsin classification system and divided fish pepsinogens to 
PG-A, PG–B and PG–C [45-48] while others divided fish pepsinogens 
to PG-I, PG-II, PG-III and PG-IV [30,49-52]. However, fish PGs have 
distinct characteristics from mammalian PGs [53] including higher pI 
[54] higher pH optimum and Michaelis constant [55] lower optimum 
temperature and thermal stability [56] than mammalian PGs.

Fish PGs (or pepsins) have been purified and characterized in 
various types of fishes including Arctic capelin [48] rainbow trout 
[57] Atlantic cod [58] bolti fish [2] Antarctic rock cod [59] sea bream 
[51] African coelacanth [49] Mandarin fish [60] smooth hound [50] 
orange–spotted grouper [47] albacore tuna [61] and European eel [52]. 
The amounts and types of PGs vary among fish species as different fish 
species have different PG isoforms in the stomachs. Bougatef et al. [50] 
isolated only one type of PGs from the stomach of smooth hound and 
obtained 7.33mg of PGs/100g stomach. Gildberg and Raa [48] isolated 
two pepsins (pepsins I and II) from the Arctic capelin and obtained 
13.9 and 0.5 mg per 100 gastric membranes, respectively. Tanji et al. 
[49] isolated three types of PGs (PGs I, II and III) from the stomach 
of African coelacanth and obtained 12.1, 8.57 and 16.7 mg per 100g 
stomach mucosa, respectively. Wu et al. [52] isolated three types of PGs 
(PGs I, II and III) from the stomach of European eel and obtained 3.63 
mg per 100g stomachs. Zhou et al. [51] found four types of PGs in sea 
bream stomachs with a total amount of 35.5 mg per 100 g stomach. 
Zhou et al. [60] isolated four PGs from the mucosa of mandarin fish 
with a total amount of 36.6 mg/100g stomach. However, among all the 
fish pepsins, pepsins from cod and tuna are the most investigated.

Cod pepsins have been studied and sequenced by many researchers 
[39,46,59,61-63]. Gildberg [53] reported that cod (cold water fish) has 
pepsins which are more active at low temperature than those from 
warm water fishes. He also indicated that a high content of pepsin 
(50–100 mg pepsin per 100 g cod stomach) is found in Atlantic cod. 
Bjelland et al. [64] found two different types of pepsins in cod (Pepsin 
I and Pepsin II) which are similar to mammalian pepsins in structure 
but are more active at low temperatures and weak acid conditions and 
more easily inactivated by moderate heating as cod is more adaptable 
to cold temperature compared to mammals which are usually live in 
warm habitats. Gildberg et al. [46] indicated that pepsin I functions 
under relatively weak acidic condition (pH=4.0) while pepsin II has a 
similar pH optimum to mammalian pepsin and more active in strong 
acidic condition (pH=2.0). Gildberg [56] reported higher content of 
basic amino acids present in fish pepsin I and explained the difference. 
Brier et al. [59] reported similar results with these two types of pepsins 
and noted that they have greater sensitivity to inhibitors such as 
pepstatin, which is probably attributed to changes in the sequence of 
fish pepsin near the active site. 

Albacore tuna have only one type of pepsin [65]. Tongol tuna 
contains two isoforms of pepsin while only one type of pepsin was 
found in skipjack tuna stomach [66]. Nalinanon et al. [65] indicated 
that pepsin in tuna has a molecular weight and an active temperature 
that are different from those of bovine pepsin. Tanji et al. [67] detected 
three PGs (PG-I, PG-II and PG-III) in Pacific blue fin tuna, which 
contain a greater number of basic residues than mammalian PGs and 
are found to be most active at a pH of 2.5.Tuna pepsins I and II can be 
greatly inhibited by the protease inhibitor pepstatin A [65,67]. Tanji et 
al. [44] indicated that pepsins in blue fin tuna have unique properties 
and functions which are diverse than pepsins from other fish species. 
Pepsin from yellow fin tuna has an optimum temperature of 45°C, an 

 

 

(a) Pepsin from Atlantic Cod (Gadusmorhua)

(b) Pepsinogen from golden mandarin fish (Sinipercascherzeri)

Figure 1: Three-dimensional structures of pepsin [32] and  pepsinogen [40].
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optimum pH of 2.5 and crystal structure, specificity, alkaline stability 
and other properties which are different from swine pepsins [68].

Factors Affecting the Activity of Pepsins
The activity of pepsin measured by its ability to hydrolyze proteins 

is influenced by pH, temperature and inhibitors.

pH

Both the optimum pH (the pH value giving the highest enzymatic 
activity) and pH stability (the pH range giving good enzyme stability) 
have significant effects on the activity of fish pepsin. When the pH 

deviates from the optimum value, the activity of pepsin drops. El-
Beltagy et al. [2] reported that pepsins I and II from bolti fish had the 
same optimum pH of 2.5 and deviation from that pH value resulted 
in reduced activity (Figure 2). A summary of optimum pH values for 
pepsin from different fishesis displayed in Table 1. In general, if the fish 
has more than one type of pepsin, their optimum pH will be similar. 
However, this fact does not apply to some fishes such as Arctic capelin 
[48]. Generally, pepsin stability is mentioned at lower pH values. Pepsin 
is a type of acidic protease and depression of its stability is attributed to 
the denaturation of proteins above the pH of 6.0 [61]. Klomklao et al. 
[45] studied the effect of pH on the pectoral rattail pepsins and found 
that pepsin A and pepsin B were stable in the pH range of 2-6 and their 
activities dropped dramatically when the pH exceeded 6. Nalinanon et 
al. [65] found albacore tuna pepsin was stable within the pH range of 
2-5. Similar results were reported with several fish pepsins [48,64,69-
71].

Temperature

Temperature has a great influence on the activity of fish pepsin. 
Like pH, the optimum temperature and thermal stability range are 
very important. A summary of optimum temperature for fish pepsin is 
displayed in Table 2. The optimum temperature of fish pepsin ranges 
from 30 to 55ºC. When the temperature deviates from the optimum 
value, the activity of pepsin drops. The optimum temperature of fish 
pepsin depends greatly on fish species (cold or warm water species) 
[30,64,72,73]. Fishes from cold water habitats have lower optimum 
temperature than those from warm water habitat [61,64,70]. The 
activities of pepsins I and II from warm water sardine had relatively 

high temperature optima of 40°C and 55°C, respectively [70] while 
pepsins I and II from cold water Arctic capelin showed the greatest 
activity at 38 and 43°C, respectively [48]. Every type of pepsin has 
unique thermal properties and enzymes from cold water species have 
relatively low optimum temperatures. Simpson and Haard [74] stated 
that cold water fish enzymes have a low Arrhenius activation energy 
which explains their low optimal temperatures and high heat liability 
compared with warm water counterparts. Haard [54] indicated that 
genes in different fish species account for the diversity of the enzymic 
characteristics. 

The upper temperature limit for pepsin stability depends on the type 
of fish. However, pepsins from cold water species are quite susceptible 
to higher temperatures [49,57-59]. Nalinanon et al. [65] reported that 
pepsin from albacore tuna (a type of warm water fish that can adapte to 
waters with 13.5-25.2°C) retained its stability at temperatures ranging 
from 20 to 50ºC and the stability of pepsin decreased significantly 
when the temperature increased above 50ºC. Bolti fish remained stable 
below 60ºC [2] and Monterey sardine was active below 45ºC [71]. The 
upper temperature limit for pepsins from other warm water species 
such as dogfish, pectoral rattail and smooth hound are 50ºC, 40ºC and 
50ºC, respectively [45,50,75]. The sharp decrease of thermal stability is  
attributed to the denaturation of pepsin and destruction of its structure 
above temperature upper limit [62,65,76].

Inhibitors

Pepstatin A (a typical aspartic proteinase inhibitor) can combine 
with fish pepsin and prevents the binding of the enzyme to substrate, 

Figure 2: Effect of pH on the activity of pepsins I and II from bolti fish Tilapia 
nilotica [2].

Enzyme Identified Species Optimum pH Reference

Pepsin Smooth hound 2.0 Bougatef et al. [50]

Pepsin I Arctic capelin 3.7 Gildberg and Raa [48]

Pepsin II Arctic capelin 2.5 Gildberg and Raa [48]

Pepsin I European eel 3.5 Wu et al. [52]

Pepsin II European eel 2.5 Wu et al. [52]

Pepsin III European eel 2.5 Wu et al. [52]

Pepsin Greenland cod 3.5 Squires et al. [61]

Pepsin Atlantic cod 3.5 Haard [62]

Pepsin Arctic cod 3.0 Haardet al. [72]

Pepsin I Atlantic cod 3.5 Gildberg [58]

Pepsin II Atlantic cod 3.0 Gildberg [58]

Pepsin palometa 3.0–3.5 Pavliskoet al. [73]

Pepsin I Sea bream 3.0 Zhou et al. [51]

Pepsin II Sea bream 3.5 Zhou et al. [51]

Pepsin III Sea bream 3.5 Zhou et al. [51]

Pepsin IV Sea bream 3.5 Zhou et al. [51]

Pepsin Albacore tuna 2.0 Nalinanon et al. [65]

Pepsin I Mandarin fish 3.5 Zhou et al. [60]

Pepsin II Mandarin fish 3.5 Zhou et al. [60]

Pepsin III Mandarin fish 3.5 Zhou et al. [60]

Pepsin IV Mandarin fish 3.5 Zhou et al. [60]

Pepsin I African coelacanth 2.0 Tanji et al. [49]

Pepsin II African coelacanth 2.0 Tanji et al. [49]

Pepsin III African coelacanth 2.5 Tanji et al. [49]

Table 1: The optimum pH of pepsin from different fishes.
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thereby resulting in a complete inhibition of its activity [36,51,52,77]. 
Pepstatin A is a peptide isolated from several species of actinomyces, 
such as Streptomyces spp [78]. Ithas one of the lowest known inhibition 
constant (Ki= 45 pM) for pepsin [77,79]. Zhou et al. [51] studied the 
inhibitory effect of pepstatin on sea bream fish pepsin and found that 
the pepstatin formed a complex with Pepsins I, II, III and IV at different 
pepstatin: pepsin ratios. This molar pepstatin to pepsin ratio played an 
essential role in the inhibition. According to Bougatef et al. [50] a ratio 
of about 1:1 gave an entire inhibition of mandarin fish pepsins III and 
IV while a ratio of 10:1 was necessary to inhibit pepsins I and II. Pepsin 
from smooth hound was found to be completely inhibited with a 
molar pepstatin: pepsin ratio of 16:1. Molar pepstatin: pepsin ratios for 
bluefin tuna, two pepsins from bullfrog and two pepsins from Antarctic 
rock cod were found to be 17:1, 17:1 and 1:1, respectively [59,67,80].

Not every protease inhibitor has an inhibitory effect on pepsin. It 
has been shown that typical inhibitors such as phenyl methyl sulfonyl 
fluoride (PMSF) which is a serine proteinase inhibitor; L-3-carboxy-
trans-2, 3-epoxy-propionyl-L-leucin-4-guanidino-butylamide (E-64) 
which is a cysteine proteinase inhibitor and Ethylene diamine tetra 
acetic acid (EDTA) do not have any inhibitory effect on pepsins [45,50-
52,71]. However, some chemicals have inhibitory effects on the activity 
of fish pepsin. Sodium dodecyl sulfate (SDS) at 0.05-0.10% (w/v) had 
a strong inhibitory effect on the activity of pepsins from albacore, 

skipjack and tongol tunas while cysteine (5-50 mM) showed some 
inhibitory effects on them [66]. Aliphatic alcohols (methanol, ethanol, 
amylalcol) inhibit the activity of pepsin at low concentrations. The 
inhibition of pepsin by iso amyl alcohol occurs at concentration less 
than 0.09 M [81]. Adenosine tri phosphate (ATP), molybdate, NaCl, 
MgCl2, and CaCl2 do not have any impact on the activity of pepsins 
from albacore tuna [65] skipjack tuna and tongol tuna [66] turbot [82] 
and pectoral rattail [45].

Industrial Application of Pepsins
Collagen extraction

Conventionally, collagen is extracted by an acid-solubilization 
process (ASP) in which collagen is solubilized in an acid (such as acetic 
acid) and other non-acid-soluble materials are removed [37]. Since 
pepsin can break down cross-linkages in the telo peptide regions of 
collagen without harming to its secondary structure, the use of pepsin 
in this process can effectively enhance the yield of collagen [11,13,37]. 
Nagai and Suzuki [3] and Nagai et al. [83] used mammalian pepsin 
in collagen extraction and found significance increases in collagen 
yield. Fish pepsins havebeen used in collagen extraction by several 
researchers. Nalinanon et al. [13] reported that with addition of 
the same fish pepsin the yield of collagen from the skin of big eye 
snapper (Priacanthustayenus) increased to 18.7% compared with a 

Enzyme Identified Species Habitat Optimum Temperature (°C) Reference

Pepsin I Sardine Warm water 55 Noda and Murakami [70]

Pepsin II Sardine Warm water 40 Noda and Murakami [70]

Pepsin I Arctic capelin Cold water 38 Gildberg and Raa [48

Pepsin II Arctic capelin Cold water 43 Gildberg and Raa [48]

Pepsin I European eel Warm water 40 Wu et al. [52]

Pepsin II European eel Warm water 40 Wu et al. [52]

Pepsin III European eel Warm water 35 Wu et al.[52]

Pepsin Greenland cod Cold water 30 Squires et al. [61]

Pepsin Arctic cod Cold water 32 Haardet al. [72]

Pepsin Polar cod Cold water 37 Arunchalam and Haard [76]

Pepsin I Atlantic cod Cold water 40 Gildberg [58]

Pepsin II Atlantic cod Cold water 40 Gildberg [58]

Pepsin Palometa Warm water 37 Pavliskoet al. [73]

Pepsin I Sea bream Warm watera 45 Zhou et al. [51]

Pepsin II Sea bream Warm water 50 Zhou et al. [51]

Pepsin III Sea bream Warm water 50 Zhou et al. [51]

Pepsin IV Sea bream Warm water 50 Zhou et al. [51]

Pepsin Albacore tuna Warm water 50 Nalinanonet al. [65]

Pepsin I Mandarin fish Warm water 40 Zhou et al. [60]

Pepsin II Mandarin fish Warm water 45 Zhou et al. [60]

Pepsin III Mandarin fish Warm water 40 Zhou et al. [60]

Pepsin IV Mandarin fish Warm water 45 Zhou et al. [60]

Pepsin I Pectoral rattail Warm water 45 Klomklao et al. [45]

Pepsin II Pectoral rattail Warm water 45 Klomklao et al. [45]

Table 2: The optimum temperature of pepsin from different fishes.
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yield of 5.3% obtained with ASP. Ahmad and Benjakul [84] reported 
that with the addition of albacore tuna and yellow fin tuna pepsins, 
the yields of collagen isolated from the skin of unicorn leather jacket 
(Aluterusmonocerous) were 8.48% and 8.40%, respectively (which 
were higher than the 4.19% obtained with ASP). Nalinanon et al. 
[66] reported that after 12h extraction using pepsins from albacore 
tuna, skipajack tuna and tongol tuna, 74.48%, 63.81% and 71.95% of 
collagen were isolated from the skin of thread fin bream (Nemipterus 
spp.), respectively. These values were greater than the yield of 22.45% 
obtained with ASP.

Medical research

Pepsin is utilized in regulation of digestion, as a dental antiseptic 
and in treatment of ailment including dyspepsia, gastralgia, obstinate 
vomiting, infantile diarrhea, apepsia and some cancer [85]. Combined 
with HCl, pepsin tablets and capsules have been developed to support 
the digestibility in the gastrointestinal tract as well as to enhance the 
appetite of patients [86]. Pepsin from porcine stomach is used for 
treatment of gastric ulcers with bismuth complexes added [87]. Pepsin 
is also added for better digestibility of proteins in animals feed.

Cheese making

Animal (calf, bovine and porcine sources) rennet is composed of 
pepsin and chymosin commonly mixed in a ratio of 1:9 and used in 
commercial cheese making. However, their high costs have forced the 
industry to find new substitutes and fish pepsin has been regarded as 
one such promising substitute [62,74,88]. Brewer et al. [88] found cod 
pepsin to have a higher ability to clot milk than calf chymosin at 15ºC 
and the prepared cheese had good flavour when tested by a sensory 
panel. Haard [62] stated that cod pepsin has a lower temperature 
coefficient (1.4) for milk clotting than that of calf rennet (2.2). Tavares 
et al. [89] indicated that tuna pepsin is effective as a commercial rennet 
in cheese production within the pH range of 5.5~6.5. Despite these 
promising results, cheese production based on fish pepsin has not yet 
been commercialized [15,24]. 

Fish silage

Fish pepsin can be used in the production of fish silage, a liquefied 
product of minced fish and fish visera solubilized by endogenous proteo 
lytic enzymes in the presence ofan acid [90-93]. Pepsin plays a major 
role among all enzymes in preparation of silage [53]. It can degrade 
and liquefy minced raw material squickly into highly nutritious protein 
hydrolysate [53,86,90,94,95]. Gildberg and Almås [91] indicated that 
pepsins I and II in cod viscera were effectively used for the production 
of aqueous phase of cod viscera silage under acidic conditions. Goddard 
and Al-Yahyai [94] reported that good silage was obtained with fresh 
minced sardine (as a source of pepsin) and formic and propionic acids 
mixture.

Fish processing

Fish pepsin can be utilized in gentle processing of some fish 
raw materials. Pepsin from cold-water species such as Atlantic cod 
(Gadusmorhua) and orange roughy (Hoplostecthusatlanticus) have 
been used for caviar production from the roe of the same species in New 
Zealand [69]. Cod pepsin was tested for deskinning of herring [96] and 
used to descale hake and haddock under weak acidic conditions [58]. 
At present, Atlantic cod crude pepsin has been commercialized for the 
descaling of fish [53].

Partitioning of Pepsin
The process of partitioning of fish pepsin involves three steps: 

(a) extraction of pepsinogen which involves preparation of fish 
stomach and crude extract, (b) purification of pepsinogen and (c) 
activation of pepsinogen to pepsin. All these steps are conducted at 
low temperatures (≤ 4ºC) to prevent denaturation of proteins [97]. 
Purification can be achieved by the conventional method or by the 
aqueous two-phase system. Three different steps (Figure 3) can be used 
for purification of pepsinogens (PGs) under the conventional method: 
ammonium sulphate fraction ation, gel filtration or anion exchange 
chromatography [50,98-100]. However, if high homogeneity of pepsin 
is not required and a mixture of several types of pepsins from same 
fish species with a low level of impurities, pepsin can be extracted and 
purified using the aqueous two-phase system (ATPS) as shown in 
Figure 4.

Extraction of pepsinogen

Preparation of fish stomach (or mucosa): The preparation of fish 
stomach involves the separation of the stomach or mucosa (a mucous 
membrane layer of the stomach containing the glands and the gastric 
pits which are the source of pepsinogen) from other organs in the fish 
viscera. The stomachs must be stored at a low temperature (–20°C 
or –80°C) until used in order to minimize the autolysis of proteases 
[45,47,50,64,65,67,101]. El-Beltagy et al. [2] and Castillo-Yáñez et al. 
[71] stored the viscera of bolti fish and Monterey sardine at –20ºC 
before they were used for enzyme extraction. Tanjiet al. [102] stored 
stomachs of North Pacific bluefin tuna at –80˚C before extraction. 

Figure 3: The procedure of conventional method for pepsin recovery [82].
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Gildberg and Raa [48] stored whole Arctic capelin at –20˚C before 
thawing and removal of stomachs. Feng et al. [47] stored whole orange-
spotted groupers at –80˚C before removal of specific organs. 

Preparation of crude extract: A variety of methods have been 
used to isolate the enzymes from stomach mucosa cells, all of which 
involve three steps: (a) dissection and homogenization of samples 
to disrupt the cells to release the PGs, (b) solubilization of PGs in 
an appropriate buffer to control the pH and maintain PGs stable (c) 
centrifugation of the mixture to remove the cell residues from PGs. 
The temperature plays a significant role in crude enzyme recovery and 
the extraction procedure should be conducted at a low temperature 
(0-4°C) to minimize protein denaturation as well as the autolysis of 
enzymes [103].

The use of buffer solutions is important in PG extraction and their 
pH must be controlled at 7.0–7.5 to keep the enzymes stable. Sodium 
phosphate buffer, Tris-HCl buffer and distilled water are the most 
commonly used solvents to extract the crude PG. Twining et al. [57] 
Pavlisko et al. [73] Zhou et al. [51] Tanji et al. [49] and Wu et al. [52] 
used sodium phosphate buffers having a pH in the range of 7.0–7.5 to 
solublize the enzymes. Brewer et al. [88] Squires et al. [61] Chong et 
al. [104] Brier et al. [59] and Bougatef et al. [50] used a Tris-HClbuffer 
with a pH of 7.5 to solubilize the enzymes. Distilled water was, also, 
used by Bjelland et al. [64], Gildberg [58], Castillo–Yáñez et al. [71] and 
Nalinanon et al. [65] as an enzyme solvent. 

Doonan [103] stated that the mixing and homogenization 
operations applied in the preparation of crude extract gave sufficient 
disruption of mucosa cells and ensured that the released proteins were 

evenly dissolved in the buffer. Two types of homogenizations have been 
reported in the literature. Most researchers homogenize the stomachs 
in a buffer and as such directly release PGs into the buffer solution 
[50,57,70,71,82]. Others homogenize the sample in a liquid nitrogen, 
freeze-dry it to yield a fine enzyme powder and then solubilize this 
powder in a buffer [47,65]. Another method for the preparation of PG 
powder involves homogenizing the stomachs in acetone at –20ºC and 
air-drying it at ambient temperature to obtain a fine stomach powder 
[2,45,105]. 

Centrifugation is used to remove the insoluble materials from the 
mixture of enzymes and mucosaresidues and to separate the crude PG. 
The condition of centrifugation is denoted by the centrifugation field 
(g), a term used to describe the centrifugation force. Tanji et al. [49] 
centrifuged a homogenized suspension at 20,000 g for 20 min at 4°C to 
separate the crude albacore tuna enzyme. Wu et al. [52] acquired crude 
PGs of European eels by centrifugation at 18,000g for 90 min. Several 
researchers [45,48,57,71] recommended centrifugation at 15,000g for 
30 min or 20,000g for 20 min.

Conventional purification methods of pepsinogen

Ammonia sulfate fractionation: Ammonium sulfate fractionation 
(ASF) serves as the principal approach to purify enzymes [106]. A 
mixture of proteins in the supernatant is typically obtained in the 
centrifugation step, which can be precipitated and separated in 
(NH4)2SO4 solution. Usually, two saturations of (NH4)2SO4 solution 
are applied to achieve purification. Lower saturation (20-30%) serves 
to precipitate unwanted proteins, which can be discarded through 
centrifugation while higher saturation (60-70%) is applied to the 
supernatant for pooling of desired proteins [97,107]. Wu et al. [52] and 
Bougatef et al. [50] used 20-60% saturation to achieve high purification 
of European eel and smooth hound PGs, respectively. Gildberg and Raa 
[48] and Klomklao et al. [45] used 30–70% saturations to purify PGs 
from Arctic capelin and pectoral rattail, respectively. El-Beltagy et al. 
[2] used 40–60% saturation for the purification of Bolti fish PGs. After 
this step, dialysis or diafiltration is performed to remove the (NH4)2SO4 
from the enzyme precipitates [107].

Ion–exchange chromatography: Ion-exchange chromatography 
(IEC) is used for further protein purification. In this step, proteins 
(including PGs) are absorbed to stationary phase with oppositely charged 
molecules with different absorption abilities. As the concentration 
gradient of eluant is gradually increased, different types of proteins 
can be eluted and separated [97,108]. Selection of the column packing 
material is essential. Diethyl amino ethyl cellulose (DEAE–cellulose) is 
the most commonly used for protease purification [49,50,65,67]. The 
buffer used as a solvent in crude enzyme extraction step is applied to 
equilibrate and wash the column and NaCl (with an increasing linear 
gradient of 0-0.5 M) and the same buffer are used to elute the PGs [65]. 
Tanji et al. [67] and Tanji et al. [49] used a DEAE–cellulose column 
eluted by a gradient of 0-0.5 M NaCl in a sodium phosphate buffer 
at a flow rate of 0.5 ml/min for the purification of different types of 
PGs from African coelacanth and North Pacific bluefin tuna. Bougatef 
et al. [50] used a DEAE–cellulose column equilibrated by a Tris–HCl 
buffer with 0-0.5M NaCl to elute the column at a flow rate of 1.3 ml/
min for the purification of one type of PG from smooth hound. Wu 
et al. [52] and Zhou et al. [51] used a DEAE-Sephacel column and a 
gradient of 0-0.5 M NaCl in a sodium phosphate buffer to separate 
different PGs from European eel and Sea bream. The elution proceeds 
until no further peaks are detected, which means all proteins have been 

Figure 4: The procedure of ATPS method for pepsin recovery [110].
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released [108]. The flow rate must be carefully controlled to encourage 
the elution of one type of protein at a time [48,50].

Gel filtration chromatography: Gel filtration chromatography 
(GFC) is used for further proteins purification based on different sizes 
of molecules [97,100]. Gel type is essential and each type corresponds 
to a distinct molecular size range. Sephadex G-75, Sephadex G-100 and 
Sephacryl S-200 can be used as gel matrices in the separation of different 
PGs (Table 3). As with ion-exchange chromatography, low flow rate 
gives a good resolution in gel filtration [109]. The flow rate is controlled 
within 10 ml/h, 20 ml/h, and 30 ml/h for the gel media Sephacryl S-200 
HR, Sephadex G-50 and Sephadex G-75, respectively. Long column 
length and small bead size will help to achieve good resolution but the 
capital cost is high and the process cannot be commercilized.

GFC has been successfully used for the purification of fish 
pepsinogens. El-Beltagy et al. [2] used a Sephadex G-100 gel filtration 
column with an acetate buffer at a flow rate of 20 ml/h to collect active 
PG fraction from bolti fish. Wu et al. [52] used Sephacryl S-200 HR and 
Sephadex G-75 columns with 25 mM phosphate buffer (at flow rates of 
0.6 and 0.4 ml/min, respectively) to collect pure PGs from European 
eel. Nalinanon et al. [65] used Sephacryl S-200 HR and Sephadex G-50 
columns with a sodium phosphate buffer at a flow rate of 0.5 ml/min to 
collect pure PG from albacore tuna.

Aqueous two phase system (ATPS) purification of pepsinogen

The ATPS method is applied for purification of fish pepsinogen. 
The formation of ATPS is based on two immiscible aqueous solutions, 
with a polymer and a salt dispersed in two phases individually [110-
112]. During the partition process, enzymes will be transferred in 
a large proportion towards the polymer–rich phase in the whole 
system. This occurs because of the strong protein-polymer interaction 
due to the highly hydrophobic groups of the protein surface exposed 
to the solvent [113]. The impurities (including soluble cells, blood, 
polysaccharides and pigments) are more hydrophilic and stay in the 
salt phase [110]. In this way, most of the enzymes can be isolated 
from other non–enzyme materials [111]. ATPS can yield an excellent 
environment which maintains the native structure of enzymes; it also 
allows purification by means of selective partitioning of the enzyme 
in one of the phases [110,113,114]. It is effective and easy to use for 
purification of proteins. The reagents used in this system can also be 
recycled, therefore reducing the cost [111]. ATPS is recognized as a 
promising and versatile technique for downstream processing of 
proteins [115].

Several researchers used ATPS for purification of proteases such 
as trypsin [112,116] á–chymotrypsin [117] and chymosin [111]. 
Klomklao et al. [116] used ATPS to purify trypsin from yellow fin tuna 

and found 15% PEG1000 and 20% MgSO4 as the best conditions for 
trypsin recovery (69% yield). Rawdkuen et al. [118] purified proteases 
from Calotropisprocera latex and found that 18% PEG 1000 and 14% 
MgSO4 gavethe highest yield (75%). However, only a few reports were 
found for pepsin recovery. Nalinanon et al. [110] prepared ATPS using 
several different polymer-salt combinations and found the optimum 
to be 25% PEG 1000–20% MgSO4 for recovering pepsinogen from 
albacore tuna (a yield of 85.7%). According to Nalinanon et al. [110], 
the storage properties of protease may change after the ATPS recovery 
(pepsinogen may not be affected but pepsin is subjected to reduced 
stablility). Therefore, further studies on the separation of protease from 
PEG and the storage stability after this step are needed.

Activation of pepsinogen to pepsin

In this step, purified PGs are suspended in acidic condition to 
completely convert them to pepsins by autolysis. The pH is adjusted to 
2-3 by adding 0.1M HCl at a warm temperature (25–35 ºC) to maintain 
good enzymatic activity [51]. Under such conditions the purified PGs 
are activated to pepsins. The mechanism of activation of pepsinogen 
to pepsin involves a series of complicated reactions. At its N-terminus, 
the zymogen pepsinogen contains a prosegment, an additional 44 
amino acid sequence, which stabilizes the inactive form and prevents 
the combination of substrate and active site [119]. Under acidic pHs 
(below 5), the electrostatic interactions and peptide bonds between the 
prosegment and the active enzyme are disrupted and the prosegment 
conformation is transformed, leading to the ultimate removal of the 
prosegments from the active center and, therefore, forming the active 
form pepsin [65,119,120]. The newly created pepsin can proteolytically 
cleave the prosegment from additional pepsinogen, therefore creating 
more pepsin [120]. Depending on the type ofpepsinogen, the activation 
of pepsinogen proceeds in a direct pathway or a sequential pathway. 
In the direct pathway, pepsinogen is converted to pepsin directly, 
such as with PG III from North Pacific blue fin tuna [67] and PG from 
smooth hound [50]. In the sequential pathway, an intermediate form 
is involved, such as with PG from albacore tuna [65] PG II from North 
Pacific blue fin tuna [67] PG-I from sea bream [51] PG I and PG II from 
African coelacanth [49] PG-I and PG-II from Mandarin fish [60] and 
PG-I and PG-III from European eel [52]. The activation process lasts 
for 30-60 min after which the pure pepsin is obtained [65].

Advantages and disadvantages of conventional and ATPS 
methods

High homogeneity and purity of pepsin can be obtained by the 
conventional method [49,50,52]. Proper selection of chromatography 
can give a purification factor as high as 600 [65]. However, the 
conventional method usually has a low yield as more enzymes are lost 
during purification process. Also, the conventional methods are more 
ccomplicated, time-consuming and expensive.

The ATPS method has several advantages for pepsin recovery: 
(a) ATPS is readily and quick to prepare (b) pepsin can be obtained 
by low speed centrifugation (c) it yields an excellent environment for 
maintaining the native structure and stability of the enzymes, (d) due 
to existence in different aqueous phases, the polymers and salt can 
be readily recycled, (e) the scale-up process based on aqueous two 
phase systems are simple and (f) a continuous steady state is possible 
[65,111,113,114]. These merits as well as continuous operation, low 
capital cost, eco-friendly and good feasibility give ATPS great potential 
for industrial application. This method is recognized as a promising 
and versatile technique for downstream processing of proteins [115]. 

Gel Type Molecular 
Range (KDa) References

Sephadex G–75 3–80 Gildberg and Raa [48]; Wu et al. [52]; Zhou 
et al. [60]

SephadexG–100 4–150 Pavlisko et al. [73]; Noda and Murakami [70]; 
Bougatef et al.  [50]

Sephacryl S–200 5–250
Nalinanon et al. [65]; Klomklao et al. [45]; 
Tanji et al. [49]; Wu et al. [52]; Zhou et al. 
[51]

Table 3: Molecular range for gel filtration matrix in fish PG purification.
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The ATPS method cannot achieve as high purity as the conventional 
method; usually give a purification factor of less than 10. This 
method usually regarded as a primary purification method and other 
purification procedure should follow if higher purification factor is 
required [65].

Assaying of Pepsin
Protease assays include determination of: (a) enzyme activity, (b) 

enzyme concentration, (c) specific activity, (d) purification factor, (e) 
molecular weight, (f) homogeneity and (f) iso electric point (pI).

Enzyme activity

The most widely used method for pepsin activity (both crude and 
purified) was described by Anson and Mirsky (1932) and used by 
several researchers [2,26,33,50,51,58,59,64]. The principle is that pepsin 
proteolyzesacid-denatured hemoglobin (substrate) into the trichloro 
ethanoic acid (TCA) soluble hydrolysis products, mainly tyrosine 
and phenylalanine [121]. A buffer (such as glycine–HCland sodium 
acetate–HCl with a pH of 2.0-3.0) is added to the substrate–enzyme 
mixture and incubated for 10min at 37ºC. TCA is added to terminate 
the enzymatic reaction and precipitate unhydrolyzed hemoglobins 
(incubation time of 5 min at 37ºC). Centrifugation (6000 g–10,000 g 
for 10 min) and filtration are used to separate the supernatant from 
the hydrolysis products. Absorbance of the clear filtrate is measured 
at 280 nm directly or at 578 nm after being complexed with Folin & 
Ciocalteu’s reagent. A blank is conducted in a similar way except that 
pepsin is added after the addition of TCA. Triplicate experiments are 
recommended for each sample determination [33].

Two types of units are used to determine total enzyme activity. 
One unit is defined as the amount of enzyme that produces an increase 
in absorbance (at 280 nm) of 0.001 per minute at a temperature of 
37°C and a pH of 2-3 [33]. Another unit is expressed as the amount of 
enzyme that liberates 1µmol tyrosine at a temperature of 37°C and a pH 
of 2-3, (absorbance at 578 nm) developed by the hydrolysis products 
in complexion with the Folin & Ciocalteu’s reagent [122]. A standard 
curve of tyrosine is employed and tyrosine solutions with different 
concentrations ranging from 0-0.8 µmol are prepared by diluting stock 
tyrosine solution (1 mmol/L) with distilled water. A fitted equation 
of the absorbance against molar concentration of tyrosineis used to 
determine the total enzyme activity.

Enzyme concentration

Protein concentrations, as a proxy of pepsin concentrations, 
can be measured with a variety of methods that determined protein, 
among which Lowry and Bradford methods are most widely used. 
The method described by Lowry et al. [123] is based on folin-phenol-
protein complexion using bovine serum albumin (BSA) as a standard. 
Under alkaline condition, folin-phenol (phosphor-molybdic-
phosphotungstic) binds with proteins, resulting in a color change that 
increases the absorbance at 750 nm. A standard curve is necessary and 
BSA is normally used as the standard. BSA solutions with different 
concentrations ranging from 0-600µg/ml are prepared by diluting a 
stock BSA solution (1 mg/ml) with distilled water. A fitted equation 
of the absorbance against BSA concentration is used to determine 
the total enzyme concentration. A pepsin standard curve should be 
employed [2,48,52,63,69,73,82]. El-Beltagy et al. [2] used Lowry method 
to determine the enzyme concentration and extracted 216 mg pepsin 
from Bolti fish.Wang et al. [82] used Lowry method and extract 26.3 
mg pepsin from turbot. Xuet al. [69] used Lowry method and extracted 

22.2 mg of pepsin I and 10.9 mg of pepsin II from orange roughy. 
Amiza and OwusuApenten [63] used Lowry method and extracted 
0.057 mg purified pepsin from Atlantic cod. Noda and Murakami [70] 
used Lowry method and extracted 7.79 mg of pepsin I and 7.2 mg of 
pepsin II from sardine. 

The method described by Bradford [124] is similar to the Lowry 
method except that it is based on the absorbance increase caused by 
the binding of Coomassie blue G-250dyeto proteins [125]. Standard 
curves are prepared in a similar way as in Lowry method except for 
substituting folin-phenol (dye) with Coomassie blue G-250 and would 
be most appropriately based on pepsin. Bradford method is faster, 
simpler and more sensitive than Lowry method [125]. However, it 
suffers from a higher detection limit. Bougatef et al. [50] used Bradford 
method and extracted 9.16 mg of PG from smooth hound stomach 
after a series of chromatography steps. Castillo-Yáñez et al. [71] used 
Bradford method and extracted 0.1 mg/ml of pepsin from Monterey 
sardine.

Specific activity (SA)

The specific activity (SA) of recovered enzymes indicates the 
amount of enzyme activity per unit mass of protein and is an important 
measurement of enzyme quality and homogeneity [126]. Pure enzyme 
has a constant SA under the specific substrate concentration which is 
defined as follows [110]:

Pr ( )
Pr

otein activitySA units/mg protein
otein concentration

=
                          

(1)

The specific activity is affected by the purification factor, type 
of fish and type of enzyme [66]. As the purity of recovered enzymes 
increases, the specific activity is enhanced. Usually, more purifications 
yield higher specific activities. Bougatef et al. [50] obtained one type 
of PG from smooth hound and found its specific activity increased 
from 0.81U/mg protein (crude enzyme) to 7.68U/mg protein after the 
purifications. Squires et al. [61] reported specific activities of 3.4, 96.4 
and 108.6 U/mg protein for pepsins I, II and III from Greenland cod, 
repectively. Tanji et al. [67] used ASF–GFC–IEC–GFC to purify PG I, 
PG II and PG III from North Pacific bluefin tuna and found that the 
specific activities were 18.2, 41.5 and 7.8 U/mg protein, respectively. 
These were higher than those of 12.6, 12.8 and 1.6 U/mg protein 
reported by Tanji et al. [49] for PGs from African coelacanth. Noda 
and Murakami [70] stated that after IEC purification pepin I from 
sardine had a specific activity of 53.6 U/mg proteins, which was higher 
than that of 40.24 U/mg protein of pepsin II. Wu et al. [52] found the 
potential SA of PG I from European eel to be 16.8 U/mg protein, which 
was lower than those of PG II and PG III (22.5 and 27.8 U/mg protein, 
respectively).

Purification factor (PF)

The purification factor (PF) of enzymes discribes the purity of 
the enzyme obtained after final purification compared with the crude 
extract and is defined as follows [2,110]:

PF p

c

SA
SA

=
                                                                                             

(2)

Where: SAp is the SA of purified protease

SAc is the SA of crude extract or acidified extract

The PF may vary due to various experimental conditions. Zhou et al. 
[51] purified four types of pepsinogens (PG I, PG II, PG III and PG IV) 
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by ASF and two chromatographic steps and found their PFs to be 9.9, 
9.9, 9.9 and 9.6, respectively. Simlar results were reported by Wang et 
al. [82], Bougatef et al. [50] and Castillo–Yáñez et al. [71]. Gildberg and 
Raa [48] used comparable steps and obtained much purer pepsins I and 
II from Arctic capelin with the PFs of 42.6 and 76.9, respectively. Xuet 
al. [69] used ASF and three chromatographic steps to purify pepsins I 
and II from the stomach of orange roughy and obtained PFs of 74.3 and 
76.1, respectively. Usually, increased purifications give higher purity. 
However, as the protease become purer, its yield is usually lowered.

Molecular weight

The molecular weight of the purified enzymes can be evaluated 
by the sodium dodecyl sulphate-polyacrylamide gel electrophoresis 
(SDS–PAGE). SDS-PAGE uses a detergent, sodium dodecyl sulfate 
(SDS), to denature the proteins and provide a negative charge that 
is proportional to the molecular weight, allowing electrophoretic 
separation of different protein molecules. Therefore, molecular weights 
of pepsin and pepsinogen can be estimated by comparisons with a 
series of proteins with known molecular weights. Bougatef et al.[50] 
found the molecular weight of one type of PG and its corresponding 
pepsin from smooth hound to be 40 and 35 kDa, respectively. Tanji et 
al. [49] used SDS-PAGE to determine the molecular weights of three 
PGs from African coelacanth and reported 37.0 kDa for PG I and PG 
II and 39.3 kDa for PG III. Zhou et al. [60] used a similar method for 
molecular weight determination and obtained 36, 35, 38and 35 kDa for 
four purified PGs and 31, 30, 32 and 30 kDa for the four corresponding 
pepsins from mandarin fish, respectively. These results were similar 
to those reported for European eel [52], sea bream [51] and pectoral 
rattail [45].

Homogeneity

Native polyacryl amide gel electrophoresis (native PAGE) is often 
performed for analysis of homogeneity of the enzymes, which is 
different from SDS-PAGE. Native PAGE separates proteins according 
to their mass-charge ratio while in SDS-PAGE, SDS denatures and 
binds to the protein which is separated primarily by mass [127]. Native 
PAGE is not a good measurement of molecular weight as SDS-PAGE 
but can determine the protein charge or subunit composition.Therefore, 
the analyzed enzymes (maintaining their natural conformation 
and homogeneity) can be determined. Klomklao et al. [45] used 
native PAGE and found that pepsins I and II purified from pectoral 
rattailexhibited single band which indicated the purified enzymes were 
homogeneous. El-Beltagy et al. [2] used a similar method and stated 
that the PAGE pattern of the pepsin eluted by column chromatography 
revealed only one band, which proved that the enzyme was quite 
homogenous. Several researchers [49,57,65,67] used this method and 
found the final enzymes were pure and homogenous. 

Isoelectric point (pI)

The isoelectric point (pI) of fish pepsin is the pH at which the enzyme 
molecule or surface carries no net electrical charge. The isoelectric 
point of pepsin is usually evaluated by analytical electro focusing in 
thin layer polyacrylamide flat gel (ampholyne polyacrylamide gel plate) 
containing ampholyne over a pH range of 3.5-9.5, with a calibration kit 
containing many proteins of known isoelectric points as a reference 
[46,71]. After separation, the proteins are stained with coomassie 
brilliant blue and their pI can be evaluated by comparison to reference 
proteins. The isoelectric points of fish pepsins, which have been 
determined by several researchers by the same approach range from 
4.0 to 6.5. Castillo–Yáñez et al. [71] found that the isoelectric points 

for two types of pepsin isolated from Monterey sardine were 4.0 and 
4.5. Gildberg and Raa [48] used an analytical eletrofocusing method to 
analyze the pI of pepsins and reported pIs of 6.6 and 3.5 for pepsins I 
and II from Arctic capelin, respectively. Bjelland et al. [64] found that 
pIs for pepsins I and II from Atlantic cod were 6.9 and 4.2, respectively. 
Xuet al. [69] found the pIs for pepsins I and II (a and b) from orange 
roughy were 5.5, 4.35 and 4.4, respectively. 

Kinetics of Fish Pepsin
Catalytic reaction

When enzymes interact with specific substrates, the catalytic 
reaction can be described as follows [38]:

 1 7

1

E+S
k k
k

ES E P
−

→ → +←                                                            (3)

Where: 

E is the enzyme

S is the substrate

ES is the enzyme–substrate complex

P is the product produced.

k1 is the forward rate constant for substrate binding

k-1 is the reverse rate constant for substrate binding

k2 is the catalytic rate constant (containing terms related to the 
transition state)

This reaction can be expressed by the Michaelis–Menten equation 
as follows:

max
0

[ ]
[ ]m

V SV
K S

=
+                                                                                      

(4)

Where:

V0 is the initial reaction rate

[S] is the substrate concentration at this time

Vmax isthe maximum reaction rate under a specific experimental 
condition

Kmis Michaelis-Menten constant and refers to the substrate 
concentration at 1/2 maximum reaction rate

Km can be determined by the profile of the reaction velocity at 
different substrate concentrations. By modifying the Michaelis–
Menten equation, a linear format called Lineweaver–Burk equation is 
obtained [128].
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mK S
V V S

+
=                                                                                     (5)

or

0 max max

1 1 1
[ ]S

mK
V V V

= + ⋅
                                                                     

(6)

By plotting 1/[S] versus 1/V0, the slope (Km/Vmax) and intercept 
(1/Vmax) can be obtained and Km can be calculated. kcat is the turnover 
number, which refers to the number of substrate molecules converted 
to product molecules by one enzyme molecule per unit time. kcat can be 
obtained by the following equation:
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max
[ ]cat

Vk
E

=
                                                                                          

(7)

Where:

[E] is the enzyme concentration.

Zhou et al. [51] found the Km values for pepsins I, II, III and IV 
from sea bream to be 8.7 × 10–8, 1.0 × 10–7, 8.6 × 10–8 and 7.3 × 10–8 M, 
respectively. Two pepsins from Antarctic fish were found to have lower 
values of Km (0.074 mM and 0.025 mM) and kcat (3.32 S–1 and 0.54 S–1) 
than those (Km= 0.26 mM and kcat = 72.02 S–1) from pig pepsin [38]. 
Klomklao et al. [45] found the Km values of two pepsins from pectoral 
rat tail were 0.098 and 0.152 mM and kcat values were 50 and 32 S–1. 
Pepsin from polar cod exhibited a higher Km than those obtained from 
warm water fishes [30,46,64,74,76]. A summary of Km and kcat values for 
different pepsins is shown in Table 4.

Partition coefficient (KP)

The partition coefficient (Kp) of recovered proteases is used to 
characterize the protein distribution in ATPS and is defined as follows 
[110]: 

T
p

B

Ck
C

=                                                                                                (8)

Where:

 CT is the concentration of protein in top phase

CB is the concentration of protein in bottom phase

Generally, a low partition coefficient indicates transfer of more 
proteins, nucleic acids and other contaminants to the bottom phase 
[116,118]. The phase system composition (salt type and concentration 
and PEG molecular weight and concentration) can influence the 

partition of phase components and therefore have a significant 
influence on Kp [110]. Klomklao et al. [116] investigated partition 
coefficients during spleen proteinase isolation and found that 20% 
PEG1000–20% MgSO4 yielded a low Kp of 0.32 (less impurity) while 
20% PEG 1000-20% (NH4)2SO4 gave a high value (1.73). Rawdkuen et 
al. [118] used a similar method for protease recovery from the latex of 
Calotropisprocera and found the phase combination 18% PEG 1000-
20% MgSO4 had the lowest KP (0.03) while 18%PEG 1000-20% K2HPO4 
had the highest value (4.0). However, Kp only indicates the movement 
of protein mixture (including target enzymes and undesirable proteins) 
instead of a single enzyme. Usually, good partition results from a 
moderate Kp (highest or lowest values cannot give good partitioning).

Volume ratio (VR)

The Volume Ratio (VR) of recovered proteases shows the phase 
volume distribution in ATPS and is defined as follows [110].

T
R

B

VV
V

=                                                                                                (9)

Where:

VT is the volume of solution in the top phase

VB is the volume of solution in the bottom phase

Nalinanon et al. [110], Chaiwut et al. [129] and Rawdkuen et 
al. [118] reported that the VR decreased when salt concentration 
increased. Increasing salt concentration from 11% to 17% gave a higher 
proportion of salt-rich bottom phase, therefore, resulting in decrease 
in VR [129]. Nalinanon et al. [110] investigated the pepsin partition 
from albacore tuna and reported that, with the same polymer (20% 
PEG 1000), VR decreased from 0.91 to 0.59 as K2HPO4 increased from 
15% to 25%. Chaiwut et al. [129] reported that when the concentration 
of (NH4)2SO4 increased from 14% to 17% with the fixed polymer 
(12% PEG 4000), VR was reduced from 1.17 to 0.42 during protease 
extraction from Calotropisprocera latex.

Recovery yield

The recovery yield of protease is a characteristic parameter showing 
recovery efficiency. It is calculated from the ratio of protease activities 
in ATPS and defined as follows [110]:

(%) 100t

i

AYield
A

= ×
                                                                           

(10)

Where:

At is enzyme activity of purified protease

Ai is the enzyme activity of crude extract or acidified extract.

High values of recovery yield indicates that more desired enzymes 
were partitioned from the original material and experimental 
conditions gave an effective recovery. Squires et al. [61] used a 
conventional purification method (ASF, ultrifiltration and a series of 
chromatographic steps) to extract pepsins from Greenland cod and 
found the yields of pepsins I, II and III were 4.4%, 14.3% and 13.0%, 
respectively. These results were similar to those for Arctic capelin 
reported by Gildberg and Raa [48] and for mandarin fish reported 
by Zhou et al. [60]. Noda and Murakami [70] purified pepsins I and 
II from sardine and found lower yields (3.4% and 1.9% for pepsins I 
and II, respectively).Similar results were reported by Wu et al. [52] 
and Twining et al. [57]. As the number of purification steps increased, 
enzyme yield will be greatly reduced.

Enzyme Identified 
Species Km (mM) kcat (S–1) Reference

Pepsin Bolti fish 0.77 El–Beltagy et al.[2]

Pepsin Polar cod 1.33 Arunchalam and Haard [76]

Pepsin I Pectoral rattail 0.098 50 Klomklao et al. [45]

Pepsin II Pectoral rattail 0.152 32 Klomklao et al. [45]

Pepsin I European eel 0.088 23.7 Wu et al. [52]

Pepsin II European eel 0.092 19.4 Wu et al. [52]

Pepsin III European eel 0.07 34.4 Wu et al. [52]

Pepsin I Sea bream 0.087 Zhou et al. [51]

Pepsin II Sea bream 0.1 Zhou et al. [51]

Pepsin III Sea bream 0.086 Zhou et al. [51]

Pepsin IV Sea bream 0.073 Zhou et al. [51]

Pepsin I Atlantic cod 0.156 18 Gildberg et al. [46]

Pepsin II Atlantic cod 0.044 33 Gildberg et al.[46]

Pepsin I Antarctic fish 0.074 3.32 De Luca et al. [38]

Pepsin II Antarctic fish 0.025 0.54 De Luca et al.[38]

Table 4: Km and kcatof pepsins from different fish species.
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Conclusion
Pepsin is an important aspartic proteases existing in the fish 

stomach. Its enzymatic activity can be affected by three factors: pH, 
temperature and inhibitor. Each type of fish pepsin has a distinct 
optimum pH, pH stability, an optimum temperature and temperature 
stability. Warm water fish pepsins have a higher optimum temperature 
and a higher upper temperature limit of 40-50ºC while cold water fish 
pepsins are quite susceptible to higher temperatures. Pepstatin A with 
a specific molar pepstatin topepsin ratio and sodium dodecyl sulfate 
(SDS) at 0.05–0.10% (w/v) have strong inhibitory effects on pepsin 
activity while PMSF, E-64 and EDTA have a negligible impact on 
pepsin activity. Cysteine and aliphatic alcohols, have been identified 
as effective inhibitors while ATP, molybdate, NaCl, MgCl2, and CaCl2 
are not. Pepsin is used in collagen extraction, in medical research, as 
a rennet substitute, in the production of fish silage and in digestibility 
therapy. Pepsins are partition edusing a four step procedure including 
preparation of the fish stomach, extraction of crude PG, purification 
of PG and activation of PG to pepsin at an acidic pH. The purification 
of PG is achieved by the conventional method and aqueous two phase 
system (ATPS). The conventional method is used for highly purified 
pepsin and involves ammonium sulfate fractionation, gel filtration 
or anion exchange chromatography. ATPS is used for partially 
purified pepsin and is based on two immiscible aqueous polymer–
salt solutions. The innovative methods for pepsin partition have been 
proposed but large scale of pepsin recovery is still in demand in the 
industry at present. The characteristics of fish pepsin are assayed by 
enzyme activity and concentration, specific activity (SA), purification 
factor (PF), molecular weight, homogeneity and isoelectric point (pI). 
Pepsin is considered a promising protease with wide applications in 
both conventional and new industries and new efficient, cost effective 
techniques for its recovery and purification should be developed.
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