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(Table 3)

Table 3. The average weight of hepatopancreas from cultured black tiger shrimp

Parameter . Cultured black tiger shrimp
Size (number of shrimp/kg) 55+1.73
Hepatopancreas (g/kg) 50.8711.62
Hepatopancreas (g/shrimp) 0.94
Hepatopancreas (Yow/w) 0.51

Data : Means = S.D. (n=3)
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'
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AniiSeaas 97.11 venSunmnerleNanaviavun wardiuanndnadudntiuienas

2.89 1891 FNIATAITALAUNINNA (Table 4)
womeulalansie 2 dounndtasisiEuamllsiy wudndauaiaans

arateiSunullsAuliAwwint 10.89 Aadnfuseladamns sz Tunoldsdiuann

druanmnoiadu Anvinnu 13.67 HaanFuRaladdns muatsu (Table 4)
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Table 4. Solution and emulsion of enzyme from hepatopancreas of cultured black

tiger shrimp
Source of Extracted volume Protein Totai protein
enzyme {mb) (%) {mg/ml) {mg)
Solution 168 97.11 10.89 1,829.52
Emulsion 5.0 2.89 13.67 68.35

nantsdiagsisuifanssnasteuladanrlauveaninauaziauled
laeglatiimaanniauledaiais 2 davandudeuianatan (Table 5) wudnawlsd

v L4 =

ﬂﬁ’mv?mmzhumnﬁua‘auqaqmm finanssureqeulnidamlaieanmaludi
annanTazaELAzdIUATPATaduYINGL 3.40x10° uA 1.61x10° ylimsieliannin
TWsiu ansdu douianssnaevevlnilaenglsinaludiuainansasantuazdon
ArABTATUITL 1.14x10° upz 1.21x10° yiareRadnsulusin susdu il
Wisuifeudagourenvnmeseulalaiane 2 dou wudirduaisaiadul
VuantesndsnnuBaufuuiusuasaatsazats fefudadendauaingns
ﬂ:mwmﬁmmﬁqLgﬂqmﬁ'm?qw'ﬁ{mu'lmﬁua:ﬁnmﬂmﬂmﬁmmtﬂu‘lmﬁ\;‘l”mm‘nﬁm

Tdumneuselyl

Tabie 5. Activity of enzymes from hepatopancreas of cultured black tiger shrimp in

solution and emulsion

Activity of Enzyme Crude enzyme

Solution Emulsion

Alkaline phosphatase
(Unit/ml) 0.037 0.022
(Unitymg protein) 3.40x10° 1.61x10°
Hyaluronidase
(Unit/ml) 0.0124 0.0166

(Unit/mg protein) 1.14x10° 1.21x10"°

Data : units/m! and units/mg protein, Mean + S.D. { n=3 )
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wasazangieuladaiaannfinaisdeavinigndeulnilag Fuainnis
1 Y <A - ar 1 -nl bl
Anaznaudasnfauenluiiandamn  ainmsvesadinedes WRanFunueunis
wenTlulondamaliianndnsisasas 20-80 wuinfantsuranaulsidamlaiives

- d .
Wunauazieulodlavglstiivmaiininfgaiiiannnznausulinndudiraunie
wonllantamnludqfatar 40-60 ALAININNIINg Tz A taulsad Al
ynmsanmznaw Iesldindeuenluflondanmdndafanas 40-60 wudaiifanssu
pod [ 5 1 - - - )
Nnnzzaeulniassriinannienadidaariniy 3.88x10° uax 1.34x10° gilm

sataaniuiUsiu mua sy (Table 6 and Table 7)

Table 6. Ammonium sulfate precipitation at various salt saturation for alkaline

phosphatase from hepatopancreas of cultured black tiger shrimp

Fraction Volume Protein Activity Total activity ~ Specific activity
(i) {mg/ml) {units/mil) (Units) (units/mg protein)
Crude extract 85 10.89 0.037 3.145 3.4 x10°

(NH,),SO, precipitate

20-40% sat. 9.0 15.81 0.042 0.378 3.64x10°
40-60% sat. 7.5 12.81 0.050 0.375 " 3.88x10°
60-80% sat. 7.0 9.96 0.019 0.133 1.86x10°

Table 7. Ammonium sulfate precipitation at various salt saturation for hyaluronidase

from hepatopancreas of cultured black tiger shrimp

Fraction Volume Protein Activity Total activity  Specific activity
{(mil) (mg/ml) (units/ml) (Units) {units/mg protein)
Crude extract 50 10.89 0.0124 0.62 1.14x10°

(NH,).S0, precipitate
20-40% sat. 9.0 15.81 0.0160 0.144 1.01x10°
40-60% sat. 75 12.81 0.0172 0.129 1.34x10°
60-80% sat. 7.0 9.96 0.0070 0.049 7.1x107




30

Wannaznauldsfiudiuainaisazaigainfud oufanaianaedssinae
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Wumauazioulnflaonglsfivanudrldwiniy 2.00x10° uar 7.95x10° gyiissie

fadansulusiu (Table 7 and Table 8) ludumeuiinwudnieulasiia 2 adanlAiiagu
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wrlinanssueauewladgnsunauainindagauiiindsegin A nanssunlageau

Woadntay HeAmilunatdn (vield) wudnlaAwviniuienaz 27.57 uar 31.29 sy

L. o - oL -hl ; ¥ L ‘ [
AL UrHANIBANDIANAIY 6.15 uAT 6.97 Y ANARY lawFnudauiuans

ranuaulaiannidusiu (Table 8 and Table 9)

Table 8. Summary of alkaline phosphatase purification from hepatopancreas of

cultured black tiger shrimp

Purification steps  Volume  Protein Protein Total activity  Specific activity  Yield Purity
{ml) {mg/mt) {mg) {Units) {Units/ mg) (%) {fold )

Crude extract 139 10.89  1,513.71 5.143 3.40x10° ) 100 1

40-60% sat. 370 1281 473.97 1.850 3.90x10° 3597 115

(NH ),S0,

Dialysis 46.50 1.46 67.89 1.418 2.09x10° 2757 6.5
.DEAE-Toyopeari  72.50 0.085 8.097 1.037 0.128 20.16  37.65

650M

Sephadex G-100 19.25 0.025 0.48 0.2887 0.60 561 17647
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Tabie 9. Summary of hyaluronidase purification from hepatopancreas of

cultured bilack tiger shrimp

Purification steps  Volume  Protein Protein Total activity  Specific activity  Yield Purity

{mf) {mg/ml) {mg) {Units) {Units/ mg) (%) ( fold )
Crude extract 139 1089  1,513.71 1.723 1.14x10° 100 1
40-60% sat. 37.0 1281 47397 0.636 1.34x10° 36.92  1.18
(NH,),S0,
Dialysis 46.50 146 67.89 0.539 7.95x10" 3129  6.97
DEAE-Toyopearl 57.0 0118 9263 . 0.404 0.0436 23.42 3825
650M
Sephadex G-100 2350  0.043  1.015 0.161 0.1586 9.34  139.12
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Figure 3. Anion exchange column chromatography on DEAE-Toyopearl 650M for
alkaline phosbhatése and hyaluronidase from hepatopancreas of
cultured black tiger shrimp (Penaeus monodon).

The sample appliéd on the column (1.4x20 cm) was washed with 50mM
Tris-HCI, pH 7.0 and collected in 3.0 ml fractions at a flow rate of 3.0
mi/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 4. Gel filtration on Sephadex G-100 for alkaline phosphatase from
hepatopancreas of cultured black tiger shrimp (Penaeus monddon).

The sample applied on the column (1.4x25 cm) was eluted with

50 mM Tris-HC!, pH 7.0 in 3.0 ml fractions at a flow rate of 0.3 ml/min.

34

Activity (mU/ml)
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{Deutscher, 1990)
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Figure 5. Gel filtration on Sephadex G-100 for hyaluronidase from
hepatopancreas of cultured black tiger shrimp (Penaeus monodon).
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 fiow rate of 0.3 mI/min.
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]
|
1
| <= Hyaluronidase

- '] 44— Alkaline phosphatase

Figure 6. Native PAGE of protein fractions obtained during purification of alkaline
phosphatase and  hyaluronidase  from hepatopancreas of cultured
black tiger shrimp {Peneaus monodon).

[Lane 1, crude extract; Lane 2, DEAE-Toyopearl 650M {alkaline phosphatase);
Lane 3, dialysis; Lane 4, DEAE-Toyopearl 650M (hyaluronidase); Lane 6,
Sephadex G-100 (alkaline phosphatase); Lane 7, Sephadex G-100
(hyaluronidase), Lane 8. Sephadex G-100 (hyaluronidase;] Protein

concentration 15-20 Jlg/mi.
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Figure 7. SDS-PAGE of protein fractions obtained during purification of alkaline
phosphatase and hyaluronidase from hepatopancreas of cultured black
tiger shrimp {(Penaeus monodon).

(Lane 1, protein standard; Lane 2, crude extract; Lane 3, DEAE-Toyopear 650M
(hyaluronidase); Lane 4, Sephadex G-100 (hyaluronidase); Lane 5, DEAE-
Toyopear 650M (alkaline phosphatase); Lane 6, Sephadex G-100 (alkaline

phosphatase}]. Protein concentration 15-20 pg/mil.
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Figure 8. Calibration curve for the molecular weight determination of the purified
enzymes on SDS-PAGE.
S1, alkaline phosphatase; S2, hyaluronidase; 1, lysozyme, MW 14,400
dalton; 2, soybean trypsin inhibitor, MW 21,500 dalton: 3; carbonic
anhydrase, MW 31,000 dalton; 4, ovalbumin, MW 45000 dalton; 5,
bovine serum albumin ovalbumin, MW 66,200; 6, phosphorylase b, MW
97,400 dalton.
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nanldAeMet 9 IiuAtatuNansAnmnTaY Chuang uaz Yang (1990) uazilen
IndAnefuiuA et unnsansansiurensulalSamlameanungann
cephalothorax 1837 bighead (Solenocera melantho) Trsfifasfimunzanvasnis
naupeaeulsd APase-l uas Apase-tl WU Hiat 10 WAT 8 ANAIAL (Shaw and
Chen, 1894)
douiierimunzansdaniairuseneulallasnglsiimafofies 4.0
(Figure 10) Li'iﬂﬁhﬁ'm'nqq'mxuﬁqnﬁmmLau‘l'nﬁﬁiﬂﬂqammuazﬁfammmmmu“l-nﬂ
latngTsilmaianduguiimennnndn 9 anuememeassiinudndusnfieaiing
AuafuAfieafiunransenimiauseseuinilasnglsiiaaiiaialdain bul
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mi’m"lsﬁm'mﬁm'n'?imm:ﬂuEiﬂm?ﬁwmmmmu‘lﬁu"lﬂmq?s'ﬁmaﬁ‘ﬂﬁ’mfa']nﬁnﬁaur’jq
Norway lobster{Nephrops norvegicus: scampi) ﬁﬁ’ﬂﬁu?‘ﬂﬂ'ﬁruﬁﬁﬂ Wet 5.4

{Krishnapillai et al., 1999b}
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Figure 9. Effect of pH on the alkaline phosphatase activity from hepatopancreas of

black tiger shrimp (Penaeus monodon).
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Figure 10. Effect of pH on the hyaluronidase activity from hepatopancreas of black

tiger shrimp (Penaeus monodon).
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4.2 ANURAINIAANLET
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(Figure 12) wazipueiaaauiiofileriidfisdu Werfleniinwiniy 8 uasii
MsLNE 60 Wi wudrAnianssnraseulnianasetanysal uansiaulnmig
Lifiponasiluanasiifendude ewlnllaanglilinaiivnidgnildan bul
sperm wudnlinan IvnaesaanadestURamMIanesluasitAe Aansmuraueulnd
azwmdetiaaninfeuas 10 mmﬁfanﬁ‘mﬁuﬁmﬁﬂ‘lﬁﬁﬁmsﬂuLﬂuhﬁ?;ﬁm'nqandq Gy

8 (Yang and Srivastava, 1975)
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Figure 11. pH stability of alkaline phosphatase from hepatopancreas of black tiger

shrimp(Penaeus monodon).
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Figure 12. pH stability of hyaluronidase from hepatopancreas of black tiger shrimp

(Penaeus monodon).
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ANHANIINAABILARAI s udeulialimfasfuainuns srneiuenaay
qmuq:‘iﬁmm:a:um"ama‘ﬁﬁmwmmu‘lmﬁﬁﬁmﬁuq sy dsenaifiaanannuaans
meﬁmﬁumm‘nﬁmmvauhﬁtmLLﬂ:ﬁ%"ﬂs.nmﬁfau%;uq \u Lmﬁwm':"mqﬁuﬁﬁ'\m

anmauled shAresduamTR sruzianR FlunIstn uazied gy



120 A

100

80

40 -

Relative activity< (%)

20

0 T T T T - |
0 20 40 60 80 100

Temperature ( 0C)

Figure 13. Effect of temperature on alkaline phosphatase activity from

hepatopancreas of black tiger shrimp (Penaeus monodon) at pH 9.0.
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Figure 14. Effect of temperature on hyaluronidase activity from hepatopancreas

of black tiger shrimp (Penaeus monodon) at pH 4.0.
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Figure 15. Thermal stability of alkaline phosphatase from hepatopancreas of

blacktiger shrimp (Penaeus monodon).
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Figure 16. Thermal stability of hyaluronidase from hepatopancreas of black tiger

shrimp (Penaeus monodor).
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Table 10. Effect of ions and chemicals on the activities of alkaline phosphatase and
hyaluronidase from hepatopancreas of cultured black tiger shrimp

{Penaeus monodon)

ions and chemicals Concentration Residual activity (%)

Alkaline phosphatase Hyaluronidase

Control - 100 100
KCI 10 mM 10345 125.14
NaCl 10 mM 104.83 127.68
Licl 10 mM 103.45 130.93
CaCl, 10 mM 131.72 105.65

MgCl, 10 mM 136.55 113.98

Zns0, 10 mM 101.38 97.03

Cuso, 10 mM 66.76 97.03
HgCl, 10 UM 47.03 1.90
EDTA 10 mM 16.69 1.95

Ethanol 2% 101.38 74.72

Methanol 2% 103.45 77.54
SDS 0.5% 16.69 1.95
NaN, 10 pM 15.17 176

SDS = Sodium dodecyl sulfate; EDTA = Ethylenediamenetetra acetic acid





