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ABSTRACT

Thiaminase (EC 2.5.1.2) catalyzes the displaceroktiie thiazole moiety of thiamine (vitamin B1) bywide
variety of nucleophiles. The presence of thiamings¢he diet has been associated with the occuereicthiamine
deficiency symptoms among mammals, including hunants fish. Here, we reported the properties ofntiii@se in the
hepatopancreas of fresh water prawiachrobrachium rosenbregii) from Asejire Lake in Southwestern Nigeria.
The enzyme was partially purified with ammoniumpduaite precipitation and affinity chromatography.eT$pecific
activity of the thiaminase was 0.2 pmol/min/mg oftgin. The Michealis-Menton (§ constant was 0.5 mM as compared
to 1 mM of aniline. The optimum pH was 5.0, whike toptimum temperature was’80 Reduced glutathione (GSH),
2 — mercapto ethanol (MCPE), Ethylene diamine tatetic acid (EDTA) and ascorbate significantlyiliited the enzyme
but citrate showed activation of the enzyme agtiait 97%. The amino acids: serine, lysine, valaysteine, proline, and
aspartate also showed significant inhibition. Tlgians: C&", Mg?* Mn?* and Si showed complete inhibition on the
enzyme. H§', showed a slight inhibition on the enzyme. Thartinase activity was significantly enhanced b§" Mihile
Zn* had no activity on the enzyme.
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INTRODUCTION

Thiaminase (EC 2.5.1.2) is an enzyme found in weariaquatic foods, including some fish, molluscs and
crustaceans, many of which form the diets of taréed other exotic pets (Fujita, 1954; Fujita, 19VRirata, 1982).
Fundamentally, Thiaminase breaks down and inaets/gtiamine (Vitamin B1). The presence of thiamgniasthe diet has
been associated with the occurrence of thiamin&idaty symptoms among mammals, including humaned® and
Evans 1940; Evans 1975; Chiekal. 1989; Earl and McCleary 1994; Nishimueeal. 2000), and fish (Saunders and
Henderson 1974; Fisheral. 1996, 1998a, 1998b; Fitzsimons and Brown 1998;dfiald et al., 2005).

Vitamin B1 is essential for normal nervous systerd anmune system function, as well as generatirgggn(in
the form of glucose) from carbohydrates in the.didtis means that animals which are fed a largeuatof thiaminase-
containing foods and develop a Vitamin Bl deficienaften show symptoms of muscle and sensory dissyde

susceptibility to disease and infection, and ledlidack of appetite. The important role of thiam{wéamin B1) in human
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and animal health has been long-recognized, bubadbappreciation of its role in environmental tieddas developed
more slowly (Balket al; 2009). In animal husbandry, instances of mostdiibm thiamine deficiency were first described
in the 1940s in mink and foxes raised for fur prtthn (Green and Evans 1940; Stetiel; 1963), then later in cattle,
sheep and goats (Edwin and Jackman 1970; Thenas1987; Ramost al; 2003).

Japanese scientists pursued extensive studiesgdamih following World War 1l linking thiamine defency in
humans to thiamine decomposing bacteria (Kimur®5)19Thiamine deficiencies in wild populations afgdatory fish
were first recognized in the 1990s as responsimieafwidespread mortality syndrome observed forades in valuable
Baltic Sea and Laurentian Great Lakes fisherieshiiet al; 1995). One common dietary link in thiamine-dedinty
mortality syndromes observed in commercial fister@nimal husbandry and humans has been the cotisnngp food
with high thiaminase activity. Thiaminase actividgcurs among cyanobacteria (Arsan and Malyarevsk8g8), plants,
bacteria (Fujita 1954), invertebrates (Birgeal., 1973; Nishimunet al., 2000), shellfish, and fish (Melnidt al., 1945;
Harris 1951; Fujita 1954; Greigh and Gnaedingerl)9Thiaminase catalyzes the displacement of tlezdke moiety of
thiamine (vitamin B1) by a wide variety of nucledpb: aromatic primary amines, heterocyclic commtsjnand
sulfhydryl compounds (i.e., co-substrates) (Fufi@b4). The physiological significance of thiamindeespecies that
contain the enzyme is not known (Harris 1951; Bu}i954; Evans 1975; Satbal., 1994; Costello et al. 1996; Bos™ and
Kozik 2000; Onozukat al., 2007) and consequently there is a lack of knowdettincerning the possible agents or factors

that cause the wide variation in thiaminase agtihliserved within organisms.

Thiaminase is linked to fish reproductive failunedaanimal mortality, consequently it has been theu$ of
studies investigating syndromes associated wittyraatic thiamine degradation (Shimazono and Katdi@85; Evans,
1975; Honeyfieldet al; 2005). Predatory salmonine fishes suffering friniamine deficiency in North America and
Europe prey upon clupeid fishes with high thiameasactivity (Wistbackeet al; 2002; Brownet al; 2005). Feeding
experiments showed that mink and foxes died froiantme deficiency when fed raw fish that contairtehminase
(Green and Evans 1940; Stosital; 1963). Domestic animals such as horses and a&tjelarly die from thiamine

deficiency after feeding on bracken fern that cimst&igh thiaminase | activity (Evans, 1976).

Freshwater Prawnsdvacrobrachium rosenbergii) is a species of freshwater shrimp native to Itido-Pacific
region, northern Australia and Southeast Asia. Bhiscies (as well as othlacrobrachium) is commercially important
for its value as a food source (Wynne; 200@). rosenbergii have been reported to contain significant amount o
thiaminase, along with other digestive enzymes &Digat al., 1985). The digestive enzymes activities reflaet feeding
habits of the aquatic animals and reflect theilitgttio utilize different feed ingredients. Thisusly reports the properties

of thiaminase in the hepatopancreas of fresh watawn (Machrobrachium rosenbregii).

MATERIALS
Enzyme Source

All reagents and chemicals used were analyticalggemnd were purchased from Sigma Chemical Comziayt
fresh water prawn (Machrobrachium rosenbergii) Wasrested from Asejire lake (07[degrees] 21'N Ogfees] 05'E),

Osun State, Nigeria.

Index Copernicus Value: 3.0 - Articles can be sernb editor@impactjournals.us




| Properties of Thiaminase in Freshwater PrawrMachrobrachium rosenbergii 39|

METHODS

Tissue Extraction and Purification

The enzyme was isolated at room temperature urddsywise stated using extensive modifications haf t
procedure of Wittliff and Airth (1968).All operatis were carried out at temperatures between 0 &t Eentrifugations
were done at 10°C using IEC-DPR Cold Centrifugee Tiepatopancreas dfachrobrachium rosenbergii were quickly
excised and stored in the refrigerator until regghirThe frozen tissue (hepatopancreas) were alldodétaw at room
temperature and weighed. A total of 50.0g (wet Whi@f hepatopancreas was used for this preparaiiba weighed
tissue was minced and homogenized in a Warringd&efor 10 min in four volumes (w/v) of the homogetion buffer
containing 0.2 M Sodium phosphate buffer, pH 6.8e iomogenate obtained was stirred, occasionaityorie hour and
then subjected to centrifugation at 6,000 rpm &Clfdr 30 min. The supernatant was filtered throagtiouble layer of
cheesecloth. The cellular debris was resuspendeshén volume of the homogenization buffer, homogeshim the
Warring Blender and centrifuged under the same itiond The supernatant obtained was combined wittt from the

first centrifugation.
Thiaminase and Protein Assay

Thiaminase activity was determined according tortiwelified method of Nishimunet al. (2000). The enzyme
sample was incubated at 37°C in 0.1 M Tris-HCI éyfpH 8.0, with 10 M thiamine and 4x18M aniline and incubated
for 30 min. The remaining thiamine was oxidized hwithe addition of 1.0 ml of 200 g/l NaOH and asshye
spectrophotometrically. Absorbance was read at @hlimmediately. One unit of enzyme activity is tlahount of

enzyme which catalyses the formation of one miciernd heteropyrithiamine in 30 minutes.

The protein concentration was routinely determitydthe method of Bradford (1976) using bovine serum
albumin (BSA) as standard.

Ammonium Sulphate Precipitation

The homogenate was brought to 70% saturation bpddéion of solid ammonium sulphate and stirredifdir.
This was stored at’@ in a refrigerator 18 hrs before centrifugatio®@00 rpmfor 30 min. The ammonium sulphate was

removed by dialysis in 5mM Tris Hcl elution buffetd 7.5.
Affinity Chromatography

The dialysate was loaded directly into a reactike lagarose dye affinity column (2.5 x 10cm) whitgtdd been
equilibrated in 5mM Tris Hcl elution buffer; pH5Z.The thiaminase was eluted from the column u&imgM solution of
sodium chloride in the elution buffer at a floweatf 0.8 ml/min. 5 ml fractions were collected dhd activity and protein

concentrations of the various fractions were deieenh
Determination of Kinetic Parameters

The kinetic parameters (Kand V.0 of the enzyme were determined according to thelifiedl method of
Nishimuneet al. (2000). The I of thiamine and aniline were determined by varyting concentrations of thiamine and
aniline between 40 mM and 150 mM in 0.1 M Tris-H@ffer pH 8.0 respectively. The kinetic parametersre

determined from the double reciprocal plot of Lim@awver and Burk (1934).
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Effect of Amino Acids on Thiaminase Activity

The effect of amino acids on thiaminase activityswtudied using the following amino acids (0.005pMpline,
cysteine, histidine, valine, and lysine. The enzywas assayed in a typical enzyme assay. A reaatigture of 1 ml

contained 0.4 ml of buffer, 0.2 ml of thiamine, @Rof aniline, 0.1 ml distilled water and 0.1 nflenzyme solution.
Effect of pH on Thiaminase Activity

The effect of pH on thiaminase was studied by asgafe enzyme at different pH values: citrate éufpH 3.0-
5.0), phosphate buffer (pH 6.0-8.0), A reactiorxtomie of 1 ml contained 0.4 ml of buffer, 0.2 mitbfamine, 0.2 ml of

aniline, 0.1 ml distilled water and 0.1 ml of enaysolution.
Effect of Some Inhibitors on Thiaminase Activity

The effects of reduced glutathione (GSH), 2-mematbtanol, ethylene diamine tetra acetic acid (EQTA)
ascorbate, and citrate on the activityMdchrobrachium rosenbergii thiaminase were investigated. 0.5 mM of eacthef t

compounds was used in the typical assay reactions.
Effect of Temperature

The enzyme was assayed at different temperaturegebe 30°C and 100°C to investigate the effect of
temperature on the activity of the enzyme and terd@ne the optimum temperature of the enzyme. d3say mixture
was first incubated at the indicated temperature3fb min before initiating reaction by the additiohan aliquot of the

enzyme which had been equilibrated. The residuajree was then assayed at 30 minutes interval.
Effect of Cations on Thiaminase Activity

The effect of cations on thiaminase activity waslid using the following cations Zn Ni?*, Hg**, Mn*, Srf*,

cd*, and Mdg*. The enzyme was assayed in a typical enzyme ogagsing 0.1 mM metal concentrations.

RESULTS
Enzyme Purification

The purification ofMachrobrachium rosenbergii hepatopancreas tissue thiaminases was carriecsalgsgribed
in the materials and methods. The elution profflthe Reactive blue 2-crosslinked agarose affinfiypomatography is as

shown in Figure 1.
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Figure 1: Reactive Blue 2-Crosslinked Agarose on #ihity Chromatography
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The column was first washed with 100 ml 5 mM Tri€Hbuffer, pH 7.5. The enzyme solution was layeyadhe
packed column and eluted with a 200 ml linear gmadof 0.1 M NaCl in 5m M Tris- HCI buffer, pH 7.Bractions of 1 ml

were collected from the columm-m-m- activity profile; =-m-m- Protein profile.
Kinetic Parameters

The Line weaver-Burk plot of thiaminase using thiagnas substrate is shown in Figure 2 while Figushows
that of aniline. The overall results indicated thliaminase fromMachrobrachium rosenbergii shows more affinity
towards thiamine as substrate with @ Walue of 0.5 mM as compared to 1 mM of aniline.

Effect of pH on the Enzyme Activity

The activity ofMachrobrachium rosenbergii thiaminase was determined in the buffer pH ramgsf3.0 to 10.0

at 37c. The optimum pH was found to be 5.0 (Figure 4).
Effect of Temperature

The activity of thiaminase was assayed at tempersthetween 30°C and 100°C. The optimum temperature
the enzyme was found to be 50°C at pH 8.0 (Figlre 3
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Figure 2

The Lineweaver-Burk plot showing the effect of viagyconcentrations of thiamine on the initial réactvelocity
at pH 8.0. The reaction mixture of 1 ml contained &hM Tris-HCL buffer, pH 8.0, and varying concexttons of

thiamine at fixed concentration of 50 mM aniline.

Impact Factor (JCC): 1.8207 - This article can be dwnloaded fromwww.impactjournals.us




42 Ehigie Leonard Ona, Okonji Raphael EmuebiefFolashade Adeola,
Ehigie Adeoye Akinwunmi Oluwasey and Falode John Adeolu

10

1

I~ (umol/ml/min)y

T Le) T T T

-5 0 5 10 15 20

1/ Aniline mM

Figure 3: The Line weaver-Burk Plot Showing the Eféct of Varying Concentrations of Aniline on the Intial
Reaction Velocity at Ph 8.0. The Reaction Mixture ol M| Contained 0.1 Mm Tris-HCL Buffer,
Ph 8. 0, and Varying Concentrations of Aniline aFixed Concentration of 20 Mm Thiamine
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Figure 4: Effect of Ph onMachrobrachium rosenbergii Thiaminase
1 ml of the reaction mixture contained 0.4 ml of #ippropriate buffer, 0.2 ml thiamine, 0.2 ml amliand 0.01

ml enzyme preparation. The following buffers offeliént pH values were used for the pH determinattomM citrate
buffer (pH 3.0-5.0), 5 mM phosphate buffer (pH 8.0).
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Figure 5: Effect of Temperature on the Activity of Thiaminase
The activity ofMachrobrachium rosenbergii thiaminase was assayed at temperatures betwéeh &t 100°C.
Effects of Cations on Thiaminase Activity

Table 2 shows the effects of Cations on Thiamirfstévity. The enzyme activity was markedly enhangedhe
presence of Nickel. Mercury showed a slight intibjt effect, Manganesse, Calcium, Magnessium, amd sEverely
inhibited thiaminase activity, while the enzyme tmedactivity in the presence of Zinc.

Effects of Amino acids on Thiaminase Activity

The result obtained for the effect of various amacals on thiaminase activity is presented in T&l€he effects
of the amino acids (serine, lysine, valine, cysteiproline, and aspartate) dmacrobrachium rosenbergii thiaminase

showed significance inhibition.
Effect of Inhibitors on Thiaminase Activity

The effects of some inhibitors on Machrobrachiurserbergii thiaminase is presented in Table 4. €itveas
found to greatly enhance the activity of the eneywhile significant inhibition was depicted by ME, GSH, EDTA,
and Ascorbate,

Table 2: Effects of Cations on Thiaminase Activity

Metals Nickel | Mercury | Manganesse| Calcium | Magnessium | Tin Zinc
%

RESIDUAL | 372.52 58.43 24.02 6.26 2.82 1.16 0

ACTIVITY
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Table 3: Effect of Amino Acids on Thiaminase Activity

Acids Serine Lysine Valine Cysteine | Proline | Aspartate
0,
#RESIDUAL | 59 6397 | 217090 | 18.4758 | 18.0139 | 14.3187 13.3949

ACTIVITY
Table 4: Effect of Inhibitors on Thiaminase Activity
Inhibitors MCPE Citrate GSH EDTA Ascorbate
%RESIDUAL
ACTIVITY 21.0162 96.9977 7.8522 0.1547 36.9515
DISCUSSIONS

The presence of thiaminase in the diet has beatiassd with the occurrence of thiamine deficiesgynptoms
among mammals, including humans (Green and Evad®;1®vans 1975; Chickt al. 1989; Earl and McCleary 1994;
Nishimuneet al. 2000), and fish (Saunders and Henderson 197Heiésal. 1996, 1998a, 1998b; Fitzsimons and Brown
1998; Honeyfieldet al. 2005). Machrobrachium rosenbergii have been reported to contain significant amount o
thiaminase, along with other digestive enzymes éDiget al., 1985). The digestive enzymes activities reflaet feeding

habits of the aquatic animals and reflect theilitgtid utilize different feed ingredients.

The results of the Michealis-Menten constant,)Kor the two substrates (thiamine and aniline)shewn in
Figures 2 and 3 indicated thgiachrobrachium rosenbergii thiaminase preferred thiamine as substrate with, @a&ue of
0.5 mM as compared to 1 mM of aniline. Kinetic s&sdof thiaminase in extracts of ruminant faecesnau that the
affinity for one substrate varied with the concation of the other substrate in the manner of a-dtep transfer
mechanism. When the alternate substrate (anilioeyentration was optimal, the apparent Michaelisstant Km) for
thiamine was 17@M and the apparer€m for aniline was 3-19 M (Boyd, 1985). Second substrates which could be
utilized by the thiaminase were pyridoxine, amindda (such as cysteine, histidine, lysine, tyrosama proline),
glutathione, taurine and 4-aminopyridine. Thiampm®sphate esters were inactive as substrates (iNiskiet al., 2000).
Bos and Kozik (2000) also supported the use of mauagenucleophiles such as aniline, pyridine ande2eaptoethanol by

the enzyme as cosubstrates, and also the best amoomqmpunds tested.

The activity of thiaminase was assayed at tempersithetween 30°C and 100°C. The optimum temperature
50° ¢ was obtained foMachrobrachium rosenbergii thiaminase. A much higher temperature of 65°C whisined for
thiaminase enzyme frovarsilea drummondii (McCleary and Chick, 1977)The thiaminase in the buffer extract of
Anaphe pupae was reported to have an optimal temperafuf@°€ (Nishimuneet al., 2000). An optimum temperature of
37°C was also reported for extracellular thiaminafd®asillus thiaminolyticus (Wittliff and Airth, 1968).

Thiaminases from different sources exhibits variedponses to change in pH and to differing actigato
cosubstrates and inhibitors (Edwéhal., 1982). A pH optimum of 5.0 was obtained fdachrobrachium rosenbergii
thiaminase. McCleary and Chick (1977) reported pptinna of 8 to 9 for the thiaminase of fern nardaonfls
(M. drummondii). They also reported the stability Bf. Drummondii thiaminase in the pH range of 3 to 12. It was also
reported that the extracellular thiaminaseBothiaminolyticus showed optimum pH over a broad pH range of 5.8.80 6

(Wittliff and Airth, 1968). The study of the effecof different concentrations of cations on thavigt of the enzymes
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reveals that thiaminase froiachrobrachium rosenbergii was greatly inhibited by calcium, (Bos and Koz#00),
manganese, magnesium and tin. The enzyme actigsymarkedly enhanced in the presence of nickelciigrshowed a

slight inhibitory effect while the enzyme had ndiity in the presence of zinc.

Table 3 showed the results obtained for the efééctarious amino acids (serine, proline, valinesirig and
cysteine, and aspartate) on the activityvtaichrobrachium rosenbergii in thehepatopancreas tissue thiaminase. The effect
of the amino acids on the enzyme activity showgdificant inhibition. The study of the effects affdrent concentrations
of Inhibitors (MCPE, Citrate, GSH, EDTA, and asctd) on the activity of the enzymes also showechifstgnt

inhibition of the enzyme activity except for citeavhich showed an activation of approximately 97%.
CONCLUSIONS

Our investigation shows that the hepatopancreagiastt fresh water prawnMachrobrachium rosembergii) is
endowed with significant quantity of thiaminaseidty. Although the physiological importance of éiminase is still an
enigma, however, the enzyme has been shown toaseceellular thiamine concentration thereby impgiigarbohydrate
metabolism and energy production. The results filosiwork and previous studies (Fujégal., 1954; Abeet al., 1987 ;
Adamolekunet al., 1994; Nishimune, 2000) suggest that in lookfog the so-far-unidentified factor(s) influencing
thiaminase activity in aquatic organisms, we shdatdis more on the state of health of these orgsend that thorough
heat treatment for inactivation of thiaminaseyena is needed in order to make aquatic organisrfes fea human

consumption.
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