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The thiaminase enzymes were partially purified and characterized from Tilapia zillii fillet (flesh) and liver
using ammonium sulphate precipitation. The enzyme showed specific activities of 5.20 and 1.17
umol/min/mg of protein respectively for T. zillii fillet and liver. The enzymes exhibited a maximal activity
at pH 5.0 and 7.0 for the liver and fillet, respectively. The Michealis constant for thiamine as substrate
for both tissues was of 0.4 mM but 0.5 mM and 22 mM were obtained for aniline as substrate in the liver
and fillet respectively. The optimum temperature of T. zillii thiaminases were 50 and 85°C for fillet and
liver, respectively. Amino acids of fillet did not show significant effect on the enzyme activity but in the
liver, the amino acids showed great inhibition with lysine showing complete inhibition of the enzyme.
The thiaminase activities of fillet and liver were inhibited by divalent metal ions (Zn**, Sn*, Mg** and
Hg®*) but the enzyme from the liver was completely inhibited by Mg®. The inhibitors (2-
Mercaptoethanol, ethylenediaminetetraacetic acid (EDTA), reduced glutathione (GSH), citrate and
ascorbic acid) also showed different inhibitory effects on the enzymes from both tissues. EDTA and

ascorbic acid did not inhibit the fillet thiaminase enzyme.
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INTRODUCTION

Although the existence of thiaminase enzymes has been
known for decades, the physiological role of these
enzymes remains unknown. Thiaminase is produced by
several species of bacteria (Fujita, 1954; Boyd and
Walton, 1977; Abe et al. 1987) and is also found in the
tissues of a number of marine and freshwater fish and
shellfish (Hilker and Peter, 1966; Greig and Gnaedinger,
1971; Hirn and Pekkanen, 1975; Tillitt et al., 2005),
zooplankton (Zajicek et al., 2005), insects (Nishimune et
al., 2000) and plants (e.g., brackens Pteris aquiline:
Parker and McCreg 1965).

Thiaminases have been reported to degrade thiamine

by replacing the thiazole moiety with a variety of
nucleophiles. Thiamine deficiency complex causes mor-
tality and sublethal effects in Great Lakes salmonines
and results from low concentrations of egg thiamine that
are thought to be caused by thiaminolytic enzymes (that
is, thiaminase) present in the diet (Riley and Evans,
2008). Thiamine deficiency causes disease in fish (Fisher
et al., 1996; Riley and Evans, 2008), foxes Vulpes spp.
(Green and Evans, 1940), minks Mustela vison (Petrova
et al., 2003), cats, Felis silvestris catus (Anderson and
Morrow, 1987), dogs Canis lupus familiaris(Houston and
Hulland, 1988); chickens,Gallus gallus (Ishihara et al.,
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1974); gulls (Bartoli et al., 1997), ruminants (Roberts and
Boyd, 1974), american alligators Alligator mississippiensis
(Sepulveda et al. 2004), and humans (disease termed
beriberi: Fujita, 1954; Luxemburger et al., 2003). In many
cases, thiamine deficiency is associated with a diet of raw
fish (Ishiharaetal., 1974; Vimokesant etal., 1982; Rouvinen
et al., 1997), some species of which may contain thiami-
nase.

Fishes are highly important in the development of
Nigeria both economically and healthwise as source of
protein with low cholesterol level in the diets of many
populace as well as an intermediate host to some para-
sites. In sub-Saharan Africa, fish accounts for 10% of the
animal protein consumed, and 98% of this is finfish
(Delgado and McKenna, 1997). The average per capita
consumption of fish in Africa in 1992 was about 8 Kg
having increased from an average of 7 Kg per annum
from 1969 to 1974 (Ahmed, 1997). Approximately 40% of
fish consumed in Africa, south of the Sahara is fresh-
water fish as compared to the global average of 25%
(Bonga, 1999).

Tilapia zilli considered a potential competitor with
native fish for food and spawning areas (Molnar, 2008), is
a voracious herbivore which constitutes a serious threat
to native aquatic plants, and the organisms that depend
on these. Osinmo reservoir is located in the South-Wes-
tern region of Nigeria. The reservoir is home to diverse
species of fishes with Tilapia species ranking tops. The
reservoir serves to provide part of the region with inland
water and fishing activities is the major occupation of the
locals. Proteins, essentially the amino acids are required
for foetal development and growth. In dietary protein, the
amino acids are needed principally for growth, meta-
bolism and maintenance, especially in the young ones.
The high demand for fish and fish products call for
studies into the nutritional status of the fish. Thiaminases
are enzymes found in a few plants and the raw flesh and
viscera of certain fish and shellfish (Fujita, 1954). Also,
thiamine deficiency causes disease in fish and in human
(Adamolekun et al., 1994; Fisher et al., 1996) and this
implies that there is a substantial amount of thiaminase in
fish. The present work, therefore, describes the compara-
tive properties of thiaminases from two tissues of T. Zillii
(fillet and liver).

MATERIALS AND METHODS

Trizma-acids, Trizma-base, thiamine and EDTA, were purchased
from Sigma Chemical Company, St. Louis, Mo, USA. Ascorbic acid,
citrate, 2-mercaptoethanol and glutathione were purchased from
Sigma Chemical Company, St. Louis, Mo, USA. The chlorides of
magnesium, tin, mercury and zinc were used and purchased from
Sigma Chemicals, USA. L-lysine, L-cysteine, L-serine, L-proline,
and albumin (from bovine pancreas) were purchased from Sigma
Chemical Company, St. Louis, Mo. USA. Dialysis tubing was also
bought from Sigma Chemical Company. Ammonium sulphate
(enzyme grade), aniline and hydrochloric acid were purchased from
BDH Chemical Limited, Poole England. All other reagents were of
analytical grade and were obtained from either Sigma or BDH. Ap-

paratus used included, top load weighing balance (Mettler PN1210),
pH meter (Mettler MP200), Cintra 101 double beam (UV/VIS ) spec-
trophotometer.

Collection and extraction of samples

Osinmo reservoir lies between latitude 07° 52.8' N to 07° 53.2' N
and Longitude 04°21.2' E to 04°21.7' E, Osun state, Southwestern,
Nigeria. The catchment area is about 102 Km®. The surface area of
the reservoir is about 0.78 Km? with a mean maximum depth of 3.2
m. Cast-net was used to collect fish samples. T. Zillii fishes were
stored in an ice-chest covered with ice before transporting to the
laboratory where they were stored at temperature below 0°C until
ready for use. They were identified and dissected at the
Department of Zoology, Obafemi Awolowo University, lle Ife. The
fillet and liver of T. Zillii were excised with the aid of sharpened knife
wrapped with aluminum foil and kept in the refrigerator until it was
required. A total of 60 g of the T. Zillii liver and 121 g of fillet were
extracted. The weighed sample were then minced and homoge-
nized with the use of blender in five volumes (v/w) of the homogeni-
zation buffer containing 0.2 M sodium phosphate buffer, pH 6.5.
The homogenized samples were filtered using double layered
cheese cloth and the filtrates were stirred and centrifuged at 4000
rpm for 30 min. and the supernatants collected were used as the
crude enzyme solution.

Thiaminase assay

Thiaminase | enzyme was measured according to the modification
of Nishimune et al. (2000). Enzyme sample was incubated at 37°C
in 0.1 M Tris-HCI buffer, pH 8.0 with 1.0 p M thiamine and 0.4 mM
aniline and incubated for 30 min. The remaining thiamine was
oxidized with the addition of 1.0 ml of 20 % NaOH and assayed
spectrophotometrically. Absorbance was taken at 411 nm. One unit
of enzyme activity is that amount that catalyses the formation of
one micromole of heteropyrithiamine in 30 min. The protein
concentration was determined by the method of Bradford (1976).
Absorbance was read at 595 nm. Protein concentration was
extrapolated from a standard curve using bovine serum albumin
(BSA) as standard.

Ammonium sulphate precipitation

The supernatant obtained from centrifugation was then precipitated
with 70% (w/v) ammonium sulphate. This involved the dissolving of
27.132 g of ammonium sulphate in 60 ml of enzyme solution and
stirred over a period of 1 h. This was allowed to stand for 18 h in
the refrigerator. The resulting precipitate was collected by centrifu-
gation at 4000 rpm at 25C for 30 min. The precipitated protein
sample was subjected to dialysis in 5 mM Tris buffer, pH 7.5 for 8 h
with hourly change of buffer. The dialysate was then centrifuged at
4000 rpm for 30 min. The precipitate was collected and recon-
stituted with small volume of buffer.

Determination of kinetic parameters

The kinetic parameters (Vmax and Ky) of the enzyme were deter-
mined according to the modified method of Nishimune et al. (2000).
The K, of thiamine and aniline was determined by varying the
concentrations of thiamine between 0.1 and 3 mM and that of
aniline between 0.04 and 1.2 mM in 0.1 M Tris-HCI buffer, pH 8.0,
respectively. The kinetic parameters were determined from the
double reciprocal plot of Lineweaver and Burk (1934).
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Table 1. Partial Purification profile of thiaminase activity in T. zillii Fillet and liver.

Fraction Total Total Specific Purification % Yield
protein (mg) activity (n) activity (Wmg) fold
Crude fillet 2725.3 1199.0 0.44 1.00 100.00
Live 926.00 776.1 0.84 1.00 100.00
70% ASP fillet 1701.8 5371.9 3.16 7.80 62.40
liver 354.8 416.0 1.172 1.40 38.00
ASP, Ammonium phosphate; U= unit of thiaminase enzyme in umol/ml/min.
Table 2. Kinetic properties of Tilapia zillii fillet and liver Thiaminases.

Michealis Thiamine (mM) Aniline (mM)

constant Fillet Liver Fillet Liver

Km (mM) 0.40 0.40 0.02 0.50

Vinax (U) 0.50 0.45 0.29 0.15

U, umol/ml/min.

Effect of temperature on thiaminase activity

The enzyme was assayed at different temperatures between 30
and 100°C to investigate the effect of temperature on the activity of
the enzyme and to determine the optimum temperature of the
enzyme. The assayed mixture was first incubated at the indicated
temperature for 30 min before initiating reaction by the addition of
an aliquot of the enzyme which had been equilibrated. The residual
enzyme was then assayed routinely at 30 min interval.

Effect of pH on thiaminase activity

The effect of pH on thiaminase activity was studied by assaying the
enzyme at different pH values: citrate buffer pH (3.0 to 6.0), Tris
buffer pH (7.0 to 8.0), borate buffer pH (9.0 to 10.0). A reaction
mixture of 1 ml contained 0.4 ml of Tris buffer, 0.2 ml of thiamine,
0.2 ml of aniline, 0.1 ml of distilled water and 0.1 ml of enzyme
solution. It was incubated for thirty minutes at 37°C and then 1 ml of
20% NaOH was added. Absorbance was read at 411nm

Effect of metal ions on thiaminase activity

The effects of metal ions on the activity of thiaminase from fillet and
liver of T. zilli were investigated using the following metal ions:
Mg®, Sn®, Hg®* and Zn®** at a concentration of 10 UM. In a typical
assay, 0.05 ml of the metal ion was contained in the reaction
mixture.

Effect of amino acids on thiaminase activity

The effects of amino acids on the activity of thiaminase were deter-
mined. The amino acids used were of L-proline, L-cysteine, L-serine
and L-lysine. In a typical assay, 0.05 ml of the amino acid was
contained in the reaction mixture.

Effect of inhibitors on thiaminase activity

The effects of inhibitors on thiaminase activity were determined.
0.01 mM of the inhibitors (ascorbate, citrate and glutathione (GSH),
mercaptoethanol and ethyleneditetraacetic acid (EDTA)) were used

in a typical enzyme assay. 0.05 ml of these inhibitors was contained
in the reaction mixture.

RESULTS

Purification of thiaminase

Purification of thiaminase was carried out as described in
the materials and methods. The results of the purification
of thiaminase using ammonium sulphate precipitation and
dialysis from the fillet and liver of T. zillii are summarized
in the purification table (Table 1).

Kinetic parameters studies

The K., and Vmax values of arginine are presented in
Table 2 while Figure 1A to D show the Lineweaver-Burk
plot of the two substrates.

Effect of temperature on thiaminase activity

The activity of thiaminase was assayed at temperatures
between 30 and 100°C and the optimum temperature of
the enzyme was found to be 85°C as shown in Figure 2A
and B.

Effect of pH on thiaminase activity
The assay mixture contained buffers with different pH
values (Figure 3A and B).

Effects of Inhibitors

Tables 3 to 5 shows the different effects of metal ions,
amino acids and inhibitors on fillet and liver thiaminase
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Figure 1. The Lineweaver-Burk plot showing the effect of varying concentrations of thiamine and aniline on the initial
reaction velocity at pH 8.0. (A) Varying thiamine concentration for fillet thiaminase. (B) Varying thiamine concentration
for liver thiaminase. (C) Varying aniline concentration for fillet thiaminase. (D) Varying aniline concentration for liver

thiaminase.

activity expressed in percentage residual activities.

DISCUSSION

Fish and fish products provide as much as 17 to 63%
protein intake of the large Nigerian populace (Abdullahi,
2001). The use of protein concentrates and fish oil in diets
have been reported to reduce heart diseases, arthritis,
arteriosclerosis, asthma, auto-immune disease, cancer,
chronic infection, diabetes and multiple sclerosis (Cobiac
et al., 1991; Gerhard et al., 1991; Adefemi, 2011).

The thiaminase activities of T. zillii fillet and liver tissues
were partially purified using ammonium sulphate precipi-
tation and dialysis. The specific activities of the prepara-
tions were found to be 1.172 and 5.2 U/mg of protein res-

pectively. McCleary and Chick (1977) reported the thiami-
nase activity in Fronds of the fern nardoo (Marsilea
drummondii) with a specific activity of 2.07 U/mg of
protein.

The optimum temperature obtained for thiaminase in T.
zillii fillet was 50°C while that for the liver thiaminase was
85°C. The difference in the optimum temperature could
be due to the difference in the internal environment/com-
partmentalization of the tissues. It also possible that the
temperature regulating nature of the fish could account
for the difference in the optimum temperatures of the
enzymes since fishes are poiklothermics (Hildebrand and
Goslow, 2001). A much lower optimum temperature of
37°C was reported for extracellular thiaminase of Bacillus
thiaminolyticus (Wittliff and Airth, 1968).
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Figure 2. Effect of temperature on thiaminase activity of T. Zillii
Fillet (A) and Liver (B).

Evans (1975) reported a range of temperature optimum
between 37 to 40°C for B. thiaminolyticus enzyme; shell
fish and fern enzymes, 55 to 66°C. An optimum
temperature of 65°C was obtained for thiaminase enzyme
from Marsilea drummondii, while the thiaminase in the
buffer extract of Anaphe pupae was reported to have an
optimal temperature of 70°C (Nishimune et al., 2000).

The K., values for T. Zillii fillet in Table 2 compares very
well with previous reports from other sources. Kinetic
studies of thiaminase | in extracts of ruminant faeces
showed that the affinity for one substrate varied with the
concentration of the other substrate in the manner of a
two-step transfer mechanism (Ramos et al., 2006). Other
compounds have been reported to act as substrates for
thiaminase; such as pyridoxine, amino acids, glutathione,
taurine and 4-aminopyridine (Bos and Kozik, 2000;
Nishimune et al., 2000). Thiaminase has been reported to
have a wide tolerance to the nature of the nucleophile
(Leinhard, 1970). Thiamine functions as a precursor of
thiamine diphosphate which serves as a coenzyme in a
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Figure 3. Effect of pH on thiaminase activity of T. Zillii Fillet (A)
and Liver (B).

number of the major metabolic pathways (Friedrich,
1987). The ability of a wide range of aromatic amines,
heterocyclic bases and sulphydryl compounds to partici-
pate in the hydrolysis of thiamine by thiaminase has been
recognised for many years. Fujita (1954) showed that
some bases were better co-substrates than others. Thia-
mine phosphate esters were inactive as substrates
(Nishimune et al., 2000). Bos and Kozik (2000) also sup-
ported the use of numerous nucleophiles such as aniline,
pyridine, and 2-mercaptoethanol by the enzyme as
cosubstrates. Hanes et al. (2007) in their work on thiami-
nase assay in complex samples used 4-nitrothiopheno-
late as an alternative substrate. A wide range of hetero-
cyclic bases, sulphydryl compounds and amines, inclu-
ding the non-aromatic amines 6-aminohexanoic acid and
ethanolamine, act as co-substrates in the thiaminase |
reaction; however, their effectiveness is dependent on
both their degrees of basicity and to some extent, their
stereochemistry (McCleary and Chick, 1977).

The optimum pH values of 5.0 and 7.0 reported for liver
and fillet tissues, respectively compares very well with pH
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Table 3. Effect of amino acids on thiaminase activity
of T. Zillii flesh and liver.

Residual activity (%)

Amino Acids (0.1 mM)

Fillet Liver
Lysine 92.73 0
Serine 97.63 48.05
Cysteine 83.38 9.87
Proline 99.11 6.75

The enzyme was assayed in a typical enzyme assay
such that the assay mixtures contain 0.1 ml of the
amino acids of 0.05 M concentration in 1.0 ml.

Table 4. Effect of metals on thiaminase activity of T. Zillii fillet
and liver.

R = I . o
Metals (0.01 mM) esidual activity (%)

Fillet Liver
Zinc chloride 73.15 35.84
Tin chloride 42.43 19.48
Magnesium chloride 74.18 0
Mercury chloride 100 19.74

The enzyme was assayed in a typical enzyme assay such that the
assay mixtures contain 0.1 mM of the cation concentration in 1.0
ml.

Table 5. Effects of inhibitors on T. Zillii Fillet and
Liver thiaminases.

Chelating compound Residual activity (%)

(0.01 mM) Fillet Liver
2-Mecaptoethanol 19.59 59.13
EDTA 100 48.47
Glutathione 68.04 55.32
Citrate 0 64.56
Ascorbic acid 100 47.24

The enzyme was assayed in a typical enzyme assay
such that the assay mixtures contain 1.0 mM of 2-
mercaptoethanol, 1.0mM of Glutathione, 0.1 M
ascorbic acid, 0.1M Citrate and 1.0 mM EDTA were
used in the typical reactions.

values reported for other thiaminases. An optimum pH of
6.8 was reported for B. thiaminolyticus enzyme (Wittliff
and Airth, 1968). An optimum pH of 7.0 to 8.0 was repor-
ted for bracken enzyme (Evans, 1975). Similarly pH values
were reported for the enzymes in Clostridium sporogenes
and B. thiaminolyticus at 5.2 and 5.6 respectively (Boyd
and Walton, 1977) using citrate-phosphate buffer. Thia-
minase activity was also found to have an optimum pH
close to 8.5 in Anaphe vernata (Nishimune et al., 2000).
Thiaminases from different sources exhibits varied res-
ponses to change in pH and to differing activators, cosub-
strates and inhibitors (Edwin et al., 1982).

Table 3 shows the results obtained for the effect of
various amino acids (lysine, serine, cysteine and proline)
on the activity of T. zillii fillet and liver thiaminases. There
was very little significant effect on the enzyme activity
form fillet tissue by the presence of the amino acid
compared to the effect seen on the liver enzyme, where
the enzyme activity was greatly inhibit with lysine and
proline completely inhibiting the enzyme. The effects of
amino acids may not be uncommon as reports have
shown that histidine residues and carboxyl groups may
be essential for thiamine binding to the active site (Bos
and Kozi, 2000).

The effect of metals on the fillet thiaminase activity
showed slight inhibition as compared to the inhibition of
the metals on the liver enzyme (Table 4). Magnesium ion
completely inhibited the liver enzyme. The different effect
of the metal on the tissue enzymes could be due to the
compartmentization of the enzymes in the different
tissues. It is possibly to attribute the effects of metal ions
on the thiaminase of the fish to the anthropogenic acti-
vities around the reservoir (Atobatele, 2008; Komolafe
and Arawomo, 2008). Some of these metals have also
been reported to be abundant both on land and water
environment (Eisler, 1991). Studies on the assessment of
heavy metals and other pollutants in the Bompai-Jakara
catchment basin of which Wasai reservoir is located has
shown high amount of heavy metals contamination
(Mustapha, 2008; Imam, 2010). The inhibition of bacterial
thiaminase enzymes by various metal ions and by
primary substrates such heteropyrithiamine has been
reported (McCleary and Chick, 1977).

The inhibitory compounds (2-mercaptoethanol, ethy-
lenediamine tetraacetic acid (EDTA), glutathione, citrate
and ascorbate) showed varying degree of inhibition on
the T. Zillii fillet and liver thiaminase activities. EDTA and
ascorbate activated the enzyme from fillet tissue, while
glutathione showed slight inhibition on both tissue enzy-
mes. 2-mercaptoethanol and citrate showed extensive to
complete inhibition on the fillet enzyme but mildly inhi-
bited the enzyme from liver tissue.

In conclusion, this study shows that the fillet and liver of
Tilapia zilli contains thiaminases that are heat-resistant.
Their physicochemical properties compares very well with
reported thiaminases. Literatures have revealed that thia-
minases are involved in disruption of energy production
pathways and effective use of acetyl CoA in the body
through the inactivation of the active form of thiamine and
causing reduction of cellular thiamine concentration lea-
ding to impairment of energy production. These activities,
therefore makes thiaminase an anti-nutritional enzyme
especially as its present in fish (a major source of ess-
ential nutrient).
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