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Table 4 Comparison of an average hepatopancreas weight between seawater and

cultured black tiger shrimp

Parameter Seawater black tiger Cultured black tiger
shrimp shrimp
Size (shrimp/kg) 162£0.47 34%1.25
Hepatopancreas (g/kg) 18.710.22 34.5%8.17
Hepatopancreas (g/shrimp) 117 1.01

Data : Means & S.D. (n=3)
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Table 5 Properties of enzyme from hepatopancreas of seawater and cultured black

tiger shrimp

Source of Extracted volume Protein Total protein

enzyme (ml) (%) (mg/ml) (mg)
Solution
- seawater shrimp 165 94.93 12.83 2,117.0
- cultured shrimp 164 95.29 12.89 2,114.0
Emulsion
- seawater shrimp 8.88 5.11 16.51 146.6
- cultured shrimp 8.10 4.71 13.44 108.9

Watheulidainie 2 douainianananiia 2 aiin desziunliunalilssu
! ! o ¥ ° ¥ o é’ IS a v a o
wuddauainansarataanianaiameauasianataaeeiBunullsmulngipaeiv

1
] o o =

FANVNAL 12.83 uay 12.89 AAANTNAANAAANT ANNATAU InseNUsN Ul sRuangdou
ANPBYaTY NANWINAL 16.51 WAY 13.44 RaAnSUFADNARAMNT AMNATAL (Table 5)
nanNTgIRIziRanssnaeseulaiaiing e aneulaiaiaiy 2 dauainsy
1 v o Z: a 1 dl o a A 6 °
aaufana1a1i 2 aila (Table 6) wudHanINMAzRanssuaadauliauay 9
analenn wulnildsfies, lawa, weani-azduags, uaniaa, danlainagnmag,
wafeandina, wedWuassandng, adwa uazlaeglstiing muatsu wudweulsd

anavsaeddouaniananaie 2 aladnanssuaeseulaiianinageganazilaAinanssy



29Ul InaAssiulnadauaiAa 98 a8 INANAINZIALAZTNNAIA ALY

q

AanssuaauliiuanaawiniL 4,904.71 uaz 4,956.31 gilasdaiadans AMNATAL
(16,185.54 uay 16,256.70 lulpsluasaunisdaninunminidan anatsu) Asdly
AangsNAnzaeaeulalvinAy 382.28 uay 384.49 gllmsaiaaninlushiu muanAy

'
o o v

douaiindaturesianainmzauazianaianiaasiianssuedenladuaniias Wiy

a

6,292.43 uaz 5276.51 ullssaiadans ANa1AL (1,117.53 waz 497.05 Tulnstuasie
mﬁsi@ﬂi?m’imﬁmﬂm) AsdlunanssNawzaaaewlmiAnazvinAy 381,13 wa
392.60 gilmsadaaniullsiy AuaAL feaenndeeiunanITAaeses Gamble WAz
ARLY (1995) FeAnEAansTLTasiayln AN aganFaNaisines (digestive gland)
°11erﬁmfﬁﬁmﬂﬁﬂizqﬂﬁuﬁﬁ\mﬂwﬁm leun Mytilus edulis Pecten maximus Carcinus
maenas Waz Asterias rubens wuInEnanssnaaseulidvingy 5,870 36,100 280 WAz
20,000 lulnstuasieunfideniutinuinden AuaFL wenaniEnNIANEAAANIIY
eulmsluAnniagannian saithe waz mackerel wudnLlanvis 2 TRALIRanITNvasIewlm]
geludauzeasy Taeddwiniu 6,135 waz 9,003 lulastuasieuiireniuuinden
AINANAL (Aksnes and Njaa, 1981) pannsAnseulnuAneaanAaNai et o

199 Perna perna WudndAuAns iUl luudaziien  IuReungHN1ANLATIADY
o a0 a 1 o 1 a o % o
FuAN NANNanTsNWwinAL 28,50012.7 uaz 22,20015.4 lulasiuaseunfiseniuuimin

e uazpauiuIANLaZiUgNew JRanssuwingy 81011.7 way 98012.0 lulasluasia

usetvindan auasu anAtfanssaeseulminiauuans1eiuana e
Yo o/ rdl o 1 d” ! 1

ANKATe9ngNIakaENNs A Fuansa i sresdndasiadeinaianadanasotFunn
rdl a . dl . a dl 1 aa s
ulasingn (Fino et al, 2001) wnusieuladaiadu] wudrdfanssuveseulss
% = a = 1 dl o a a L
waann-arduiaaiuaridsfileadiliunany wsilanianisiatsanianssuaaelss
Tlsdwaaineuladananis 2 dou anfeanainiie 2 ailn wudn fanssuaegianlad
TlsAteaanieuladarinis 2 dduainfanaiaassaziAngandnnanssuaasianlas
Tsfieaanienladaninia 2 douaindenainimeia videnaiiasunanianaianaes b

Fuansanngsannanlisfiuananusildiaaslulsunungendnfenaianziaiaande

v
%

waallsmuana s lusssNanm  setuasdanuisanunanssnaadiawlaillsmiaalu



Funnmgendn  daufanssnaeseuladlanla  damnladweanwma weseandng

IS DU 4

waaruaaaantiag g uazlaanglsfimadirdaanin Aanssuraseulbiuaniiag

2996008 199aNaa e 2 slaanneulsdaiane 2 dou HenAanssuaasianlad

= 1 = [ ] dl = o ! 6 o
ANI Lmﬂuﬂ?mmqqmmmmnu wileFaunaudndouaasdininsaaseulodans

'
o

9 2 49U WUINFUARRRTATURLTNATTas NINNINIL TR LU LA UA T AZNTAZ AN

ansdnatedudauifnainmzailiadiane  AiuavAeNdIuaniad1Tazan e

NA1ALAENNIINIFgNELeulmdanaanas Anw AnsasiRveseulad udunause il

2. mevinaulalliusgnaanauaauninaimn
2.1 nsanaznauldsiumainaawanluilandainaazn1svinlaazlada
wnansazaneauladainaniinaiaaasuinusgnaieulaiuaniiaalaaizs
%’/ v A al 1% I QI
anduneunisanaznaudosinfauenilandamn annimeasdlaares) NENI0
gasinaananluilandanmnlilacndusofasay 20-80 wusnanssuaagtatdlasd
~ = dll - a o 2 ~ o
wanaalupznauluiniigadannnynauauiaocudusreanaatanluiioudams
windu fesay 40 (Table 7) Aatiuasninistingnsazatsiawlaiadialuduininig
pnpznew  taanudndfanssuuazianssuamnzasdaulifuanaaanianainiaes
winAu  11,235.03 glimsialadans uay 1,128.02 glmselaaninllsiu maina1su
(Table 8)
dl %} 1 VN dl al v a o
ANNUANIINARRIN LENUIN LFTU89N1ANAENaUN NNz aNT A InA LA UNE
ANINAABNIBINITANAZNDULAU I LANIAZANNFLUNE TINTIUAINITANAZNAUN NN
ANNITALANNAINBNFRFRtAE 55 (Miyahara et al, 1978) uarn1svinUzgnawewlesl
wANIAAAINAYNGNaa (Triticum aestivum L) ANUANHENNNIANAZNBUAUNIZANT
svALANNNBNFNFREIaY 45 (Garcia et al., 2000) WaNANN Yumoto warAnLe (1990) 14
21894 T9TRINTANAZNaeR T L ANILAZANN Bacillus YN-2000 AANIZANAANY

o nal o Y
TEAUANNBNAITREAS 50



Table 6 Activity of enzymes from hepatopancreas of seawater and cultured black tiger

shrimp in solution and emulsion

Activity of enzyme Crude enzyme

Solution Emulsion

Seawater shrimp  Cultured shrimp Seawater shrimp  Cultured shrimp

Protease

(Units/ml) 10.82+0.92 20.01% 0.54 9.99+3.89 17.87+2.05
(Units/mg protein) 0.84+0.20 1.55+0.13 0.61+0.10 1.33£0.14
Lipase

(Units/ml) 0.04840.01 0.045+0.02 0.047+0.02 0.031£0.01
(Units/mg protein) 0.00440.01 0.003+0.01 0.003+0.01 0.00240.01

o -Amylase

(Units/ml) 29.29+2.70 28.47+5.40 16.13%1.20 16.08+1.46
(Units/mg protein) 2.28+0.13 2.21+£0.19 0.98%+ 0.11 1.2010.56
Catalase

(Units/ml) 4,904.71+181.80  4,951.31+£108.50 6,292.43+148.50 4,661.81+156.40
(Units/mg protein) 382.28+22.50 384.49120.24 381.13+£17.50 346.86132.75
Peroxidase

(Units/ml) 2.790% 0.35 2.535%0.16 3.485%0.25 2.660% 0.10
(Units/mg protein) 0.022+ 0.04 0.197+0.02 0.211%0.01 0.198+0.03
Polyphenol oxidase

(Units/ml) 5.223%+ 0.58 5.063% 0.45 11.108% 1.40 12.242% 0.60
(Units/mg protein) 0.407% 0.04 0.393% 0.01 0.673% 0.08 0.911% 0.11
Alkaline phosphatase

(Units/ml) 0.051% 0.01 0.073%0.01 0.149+0.03 0.083+0.02
(Units/mg protein) 3.98x10°+ 0.00 5.66x10°+0.00 9.02x10°+£0.00  6.18x10°+0.00
Chitinase

(Units/ml) 0.021%0.01 0.022+ 0.01 0.032+0.01 0.026% 0.01
(Units/mg protein) 1.64x10°40.00 1.71x10°40.00 1.94x10°40.00  1.93x10°+0.00
Hyaluronidase

(Units/ml) 0.03450.01 0.0420% 0.01 0.03960.01 0.044%0.01
(Units/mg protein) 2.69x10°+0.00 3.26x10°40.00  2.40x10°£0.00  3.27x10°40.00

Data : units/ml and units/mg protein, Mean & S.D. (n=3)
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Table 7 Ammonium sulfate precipitation at various salt saturation for catalase from
hepatopancreas of cultured black tiger shrimp
Fraction Volume Protein Catalase
(ml) (mg/ml) Activity Specific activity

(units/ml) (units/mg protein)
Crude extract 90 10.67 5,893.91 552.38
0-20% sat. 9.0 8.61 7,307.40 848.71

(NH,),SO, precipitate
20-40% sat. 9.0 9.14 10,098.35 1,104.85

(NH,),SO, precipitate
40-60% sat. 7.0 7.94 1,448.95 182.49

(NH,),SO, precipitate
60-80% sat. 4.5 217 884.32 160.24

(NH,),SO, precipitate




Table 8 Ammonium sulfate precipitation at 40% salt saturation for catalase from

hepatopancreas of cultured black tiger shrimp

Fraction

Crude extract
40% sat.(NH,),SO,
precipitate

40% supernatant

Protein Catalase
(mg/ml) Activity Specific activity
(units/ml) (units/mg protein)
9.27 6,420.66 692.63
9.96 11,235.03 1,128.02
5.06 590.68 116.74

Table 9 Summary of catalase purification steps

Purification steps ~ Volume

(ml)

Total activity ~ Specific activity ~ Yield Purity

Crude extract 146
40% sat. 25.50
(NH,),SO,

Dialysis 38.25

DEAE-Toyopearl  10.00

650M

Sephadex G-100 11.50

(Units) (Units/ mq) (%) (fold)
937,416.36 692.63 100 1
286,493.27 1,128.02 30.56 1.63
177,279.19 1,294.58 18.91 1.87

4,314.00 2,881.76 0.460 4.16
2,832.22 15,392.50 0.302 22.22

2.2 msvlasuninnadgiauanilaaudaau (lon-exchange chromatography)
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AuunNtleeslagandn USums 38.25 Nafdans NAH1WN1g

nisgnstaeldsdunuuuanulasudeeuaiin  DEAE-Toyopearl 650M WANITNAASY
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Figure 5 Anion exchange column chromatography on DEAE-Toyopearl 650M for
catalase from hepatopancreas of cultured black tiger shrimp (Penaeus
monodon) and protein. The sample applied on the column (1.4x20 cm) was
washed with 50mM Tris-HCI, pH 7.0 in 3.0 ml fractions at a flow rate of 0.3
ml/min. The bound protein was eluted with a linear gradient of 0 to 0.35 M

NaCl in 50mM Tris-HCI, pH 7.0
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Figure 6 Gel filtration on Sephadex G-100 for catalase from hepatopancreas of
cultured black tiger shrimp (Penaeus monodon) and protein. The sample
applied on the column (1.4x25 cm) was eluted with 50 mM Tris-HCI, pH 7.0

in 3.0 ml fractions at a flow rate of 0.3 ml/min.
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Figure 7 Calibration curve for the molecular weight determination of the purified
catalase on Sephadex G-100 chromatography. S, the purified catalase, MW
66,600 dalton; 1, ribonuclease A, MW 13,700 dalton; 2, chymotrypsinogen
A, MW 25,000 dalton; 3, ovalbumin, MW 43,000 dalton; 4, albumin, MW

67,000 dalton.
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Table 10 Comparison of molecular weight of catalase derived from this experiment

and those from other sources

Source Molecular weight of subunit Reference
(Dalton)
1. Animals
Goat liver 60,000 Miyahara et al. (1978)
Bovine liver 60,000 Miyahara et al. (1978)
Human placental 60,000 Goncalves et al. (1999)
Human erythrocyte 60,000 Goncalves et al. (1999)
Beef liver 60,000 Goncalves et al. (1999)
Hepatopancreas of cultured 66,600 This experiment by gel filtration
black tiger shrimp 36,000 ( form 1), This experiment by SDS-PAGE
32,700 ( formll ) “
2. Plants
Sweet potato root microbodies 60,000 Fsaka and Asahi (1982)
Loblolly pine (Pinus taeda L.)- 59.000 Mullen and Gifford (1993)
megagametophytes
Leaves (Zantedeschia 54,000 Trindade et al. (1988)
aethiopica)
Cottonseed (Gossypium 57,000 Kunce et al. (1988)
hissutum L.)

3. Microorganisms

Aspergillus niger

97,000 Kikuchi-Torii et al. (1982)

Bacillus YN-2000

achius 73,000 Yumoto et al. (1990)

trept Jilor AT
Streptomyces coeliior ATCC 57,000 Kim et al. (1994)

10147
Halobacterium halobi

alobacterium halobium 62,000 Brown-Peterson and Salin (1995)

Thermoascus aurantiacus
75,000 Wang et al. (1998)
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Catalase

Figure 8 Nondenatured polyacrylamide gel electrophoresis electrophoresis of protein
fractions objected during purification of catalase from hepatopancreas of
cultured black tiger shrimp (Peneaus monodon).

[Lane 1, crude extract; Lane 2, dialysis; Lane 3, DEAE-Toyopearl 650M;
Lane 4, Sephadex G-100.]

Protein concentration 15-20 pg/ml.
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Figure 9 SDS-polyacrylamide gel electrophoresis of protein fractions obtained during
purification of catalase from hepatopancreas of cultured black tiger shrimp
(Penaeus monodon).

[Lane 1, protein standard; Lane 2, crude extract; Lane 3, dialysis; Lane 4,
DEAE-Toyopearl 650M; Lane 5, Sephadex G-100.]

Protein concentration 15-20 pg/ml.
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Calibration curve for the molecular weight determination of the purified
enzyme on SDS-PAGE. S1, catalase Il; S2, catalase I; 1, lysozyme, MW
14,400 dalton; 2, soybean trypsin inhibitor, MW 21,500 dalton; 3, carbonic
anhydrase, MW 31,000 dalton; 4, ovalbumin, MW 45,000 dalton; 5, bovine
serum albumin ovalbumin, MW 66,200; 6, phosphorylase b, MW 97,400

dalton.
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Figure 11 Effect of pH on the catalase activity from hepatopancreas of black tiger
shrimp (Penaeus monodon). Using buffer 0.05 M citrate-phosphate buffer
(pH 4.0-7.0), 0.05 M Tris-HCI buffer (pH 7.0-9.0) and 0.05 M carbonate-

bicarbonate buffer (pH 9.0-11.0).
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Figure 12 pH stability of catalase activity from black tiger shrimp. Enzyme solution
was dissolved at various pH (4.0 (¢), 5.0 (), 6.0 (&), and 7.0 (A) in
0.05M citrate-phosphate buffer; pH 7.0 ([1), 8.0 (@) and 9.0 (O) in 0.05

M Tris-HCI buffer; pH 9.0 (¥), 10.0 (*) and 11.0 (X) in 0.05 M carbonate-

bicarbonate buffer
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Figure 13 Effect of temperature on the activity of catalase of hepatopancreas of black

tiger shrimp at pH 7.0.
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Figure 14 Thermal stability of catalase from hepatopancreas of black tiger shrimp at

various temperature
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Table 11 Effect of ions and chemicals on the catalase activity from cultured black

tiger shrimp (Penaeus monodon)

lons and chemicals Concentration Residual activity (%)
Control - 100
KCI 10 mM 83.31
NaCl 10 mM 85.88
CaCl, 10 mM 55.86
MgCl, 10 mM 41.98
ZnSO, 10 mM 27.00
CuSO, 10 mM 27.68
EDTA 10 mM 19.61
Ethanol 2% 93.15
Methanol 2% 92.09
SDS 0.5% 14.11
NaN, 10 uM 0

SDS = Sodium dodecyl sulfate; EDTA = Ethylenediamenetetra acetic acid
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Figure 14 Lineweaver-Burk plot of catalase acitvity in various hydrogen peroxide

(H,0,) concentrations at pH 7.0, 40°C
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