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Characterization of a-amylase, Total Alkaline Protease, Trypsin and
Triacylglycerol-lipase Activity of the Euryhaline Rotifer,
Brachionus rotundiformis

0O-Nam Kwon* and Heum-Gi Park
Faculty of Marine Bioscience and Technology, Kangnung National University, Gangneung 210-702, Korea

This study was investigated the condition of their maximum activity to assay the enzymes of rotifer, Brachionus
rotundiformis. o-amylase, total alkaline protease, trypsin and TG-lipase activities of rotifer were higher and more
sensitive in phosphate-NaOH buffer than Tris-HCI buffer. a-amylase, trypsin and TG-lipase activities were
appeared the maximum at pH 8.0, and total alkaline protease activity showed the maximum activity at pH 7.0.
o-amylase activity showed the highest activity at 40°C, and total alkaline protease and trypsin activities were
assayed the highest at 55~60°C. However, TG-lipase activity was appeared the highest at 25~30°C. The optimum
substrate concentration of enzyme activity of a-amylase, total alkaline protease, trypsin and TG-lipase were 3.5%
starch, 0.6% azo-casein, 87.5 uM BApNA and 81.2 mM olive oil, respectively. The optimum reaction time of
enzyme activity of a-amylase, total alkaline protease, trypsin and TG-lipase were increased up to 40, 60, 30 and
25 min., respectively. The data obtained in this study could be used for the digestive enzyme research of rotifer,

B. rotundiformis.
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(Gawlicka et al., 2000; Harboe and Mangor-Jensen, 1998).
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& 2t oluje} A1o1 2] endogenous digestive enzymes
S BE5] & 4 AU exogenous digestive enzymes®] ZH0]
A& w9 £ 35 o982 sith(Dabrowski and Glogowski, 1977;
Munilla-Moran et al., 1990; Cahu and Zambonino Infante, 1995).
Ak 200 WAZE S o Fo] Ao A AAdAM 4st ga
o thek A7) Ho] YARE Aojo] AstES aAH o F7l

AlA Z F Q= o] Hol AE (rotifer, Artemia H WSl
ek 23t a 4 A7 vusk A% o] tH(Warner and Matherson,

1998; Munilla-Moran et al., 1990; Garcia-Ortega et al., 2000; Han
et al,, 2002; Elert et al., 2004). MR A G744 o]&2] A7+ 4
A7, =, | ol Ao AR Z7te] SastE
& B AL WD U gt BA8T ek et
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o ©el F NelN = gl weh 24 W Ehe] Felsh HH B

I
259



246 Hout
A 7o) WslEg 7} o)) i3t Aslad 43S SHskW
Zyzte] ol Tl A 844 278 S et

wehr] B Apelr= ik o} F ZofollA exogenous digestive
enzymesS ZFH E £ Y HolAEQ 44 rotifer,
Brachionus rotundiformiss 2% a-amylase, total alkaline
protease, trypsin 2 triacylglycerol-lipase 84 542 sjets}
& rotifer 23V & A AT 7125 wpRsk=d L HA0] AUk
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Rotifer HI2F

Aol A& rotifers SR HolEATHANA B
# 291 Brachionus rotundiformis 27 strain®] 3T} Rotifers
20 L €710 15 L) o188k 472 28°C, A% 15 ppic)
A golg 42t 53 Chlorella (FA3A}, tIPHE 379

HTE o
1,000 rotifers B ZAZ%5F 4 mgs FH3HHA vl

ZEANL Wik F9 rotiferE 32 FFTEANE F ml B
20x10° A= =83)od 1327 28kt homogenizer, SHM-
7211 YHaNa®). ©|¥ 4°C, 6,000 rpmO-2 3087+ 4 £t
o A8 AsHS 2g4hNo g ARSI FE2T 284N
2 7} Agas B 84 9iE £48 998 15 ml corning
tube®} 1.8 ml eppendorf tubeol) Z¥Zh LAl B2 A7ER] -80°C
o BaAstTt.

2351 gao| AF Y =A

Aol AL buffere] 57+ 0.1 M phosphate-NaOH buffer
9} 0.1 M Tris-HCI buffer©] 9337, pH B¥+= pH meter (Orion,
920A) o83t pH 5, 6, 7, 8, 9 2 1022 FAIIATHH,
trypsin pH 7.0, 7.5, 8.0 2 8.5% 3t} vhg 2= W&
EE dAh9 84 &3 20°CoA 60°C7HA] 5°C LA L2 3
Hoh HF wks 227 A" F Aol w2 a-amylase
(EC 3.2.1.1) @443} total alkaline protease B2 1024 80
714 108 2HAL82 ESA A2, trypsin (EC 3.4.4.4)%
triacylglycerol-lipase (TG-lipase, EC 3.1.1.3) 84 5¥-olA]
4087H) s HHeRm ZAgsiit. ol¢ o] A4 E buffer,
pH, vk 21 W AIZHS: 7122 sl 714 Fol] WgE &)
24L& 2430 a-amylase 8742 0.59014 4.0%744] 0.5%
7tA2 =2 3 soluble starchS AME-3F% 2.9, total alkaline
protease 42 0.2, 0.4, 0.6, 0.8, 1.0, 1.5, 2.0 = 4.0%2} azo-
caseinS AR, Trypsin 42 12.5, 25.0, 37.5, 50, 62.5,
75.0, 87.5, 100, 125, 150, 174, 200, 250 2 200 pMe] BApNA
& AREsit). TS triacylglycerol-lipase 842 11.6, 34.8,
58.0, 81.2, 104.4, 127.6, 150.8 & 174.0 mM2] olive oil& A}

g3jeit.
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a-amylase 24 2732 Somogyi-Nelson ¥ (Somogyi,
1952)2 o] 831tk Rotifer 84 50 plell 125 pl] buffer
9} soluble starch solution 125 plE 715+ 5 dH-AIF T}, v
28 ¥ g-amylase B44 ¢71EA 5448 1 ml ¥ Hrlska
Z2] 100°C e Bl 10827 B3l ¥ AR ©]
3 1087 Aeo)) WA)3 3 1 mle) arsenomolybate A9k HiL
mini shakerS ©]-€-3}] 1,800 rpmo-Z 7Z3A 3Hkl At 2
231 15878 LA AR F 10 mt HES 1E4S 3
2181 500 nmollA c-amylase 8445 S8

Total alkaline proteinase &4 &73-& Kunitz (1947)¢] ¥
2 3% Dabrowski and Glogowski (1977)] casein hydrolysis "
WS o] 8315t} Rotifer 2249 100 plol] 250 plo] bufferet
250 ple] Azo-casein® T3} Wikttt ¥ ¥ 0.6 ml
9] 2}7}& 20% (w/v) trichloroacetic acidE Z7}ste} W8-S
BRAANHLH A7 Bt YHRA(4°C) ST ©F 3,000
rpmO g 1087 94 E&te] AFHE 280 nmol A total
alkaline proteinase 49 74 3tAT

Trypsin 84 24 Erlanger (1961)) BApNAE 7|22 38t
= L o) 8-5tETh Rotifer 2849 50 ploll vl E8ka
(buffer 100 mI®]l BApNAZ =<?] DMSO 1 ml 37H& 800 pl
o Wy ke A7IT) Hkgo] 28% I 30% acetic acid 500 pl
Yol whg-g FAA AT Ao 10%7F WA F 410 nm
A trypsin®] EA3%FS SR

TG-lipase ¥4 &AL Schmidt et al. (1974)] HHE o]&
31T}, Rotifer 254 100 plE 1 mie] ¥-3 EFW(olive
oil, 520 pl; 10 mM deoxychorate, 50 ul; buffer, 430 plyel ¥
AL BERAZITE, o] F 70~90°CollA] 18:7F Fof HHg-E AR
Zith 2 & chloroform 5 mi®} EA] 2F(Triethanoamine-HCl 18.6
g2 Z8% 70 mio] %9 AL NaOHE pHE 7.5% 953
REE 200 mls 25 2)E 2.5 ml FUISlAL 2087 E@9
32,000 rpmellA] 2087 A4 221313 vul=ke] chloroform
> 11 mM diethyldithicarbanate 0.25 mle 3
718k B AR2o| A 440 nmolX TG-lipase?] 442 43T

T3 2pze] RE 20 Astas B 42 43 v
B A8 A

Rotifer, Brachionus rotundiformis®) buffer, pH, B %25, ]
FAZE & 7E FRe) wE &4 4 diE 38 Ade
One-way ANOVA-testS 4 A]3}¢d Duncan’s multiple range test
(Duncan, 1955)& &g § H7he] #-2/d(P<0.05y2 SPSS
(SPSS Inc., 2000) program (Ver. 10.0.7)22 A3t}
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a5=AF rotifer, B. rotundiformis®l 1014 pH, ¥Hg-2% F
A7F 283 714 o] WE g-amylase €499 ¥Wsh= Fig.
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Fig. 1. Variations of o-amylase activity in rotifer, Brachionus rotundiformis on the different buffers and pHs, reaction temperatures and
times, and substrate concentrations. The different superscript are significantly difference (P<005) by ANOVA and Duncan’s multiple com-
parison. “Il” and “C” was indicated phosphate- NaOH buffer and Tris-HCI buffer, respectively.

1o JeRl ek  £5-¢] phosphate-NaOH buffer?} Tris-HCI
buffero] 2442 25 pH 8.02 FAHSE fo
Ao g Zadhs AEE ERNATHP<0.05). 531, pH 84
Tris-HC1 bufferol}A]€] &4e] phosphate-NaOH buffere] B3|
61.4%Z $oA| UEPHTHP<0.05). W&o mhE 842 20°C
AA] 35°C7HA] =7t Aol whel F7hE R, 35°CelA
50°C7HA] Frel ARl Aol wolA|
2xollX folH o2 o] ke AR WEPRTHP<0.05).
I3} soluble starch &5l wWE 42 3.5% starch7FA] F7F
sigon 1 o oAl fofA)l Frbe HolA] AUTHP>0.05).

£ o-amylase

O LHP>0.05) L o1 4Fe]

=21 rotifer, B. rotundiformis®l 9114 pH, #t-&-2-5%
A7y a8 718 H5el W total alkaline protease 2439
3l Fig. 20 YERNRITE. Phosphate-NaOH buffers AH8-3
S pH 7914 7FE me 2238 VR oM (P<0.05) pH 10
oA A ek Aes Bvh e Tris-HCl bufferol
e pH 714 F3E Aee %lem pH 1094 At
phosphate-NaOH buffers} 2-> A&-g Rk ¥kl w
B gy 257t ZUMESRE BoE ATS Bilen 55°C
A 7H = BAS YERNATHP<0.05). BHEAIZH whE

o=
7ol AAGFE F7hehe 23S BA5L(P<0.03), 60

gl =
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Fig. 2. Variations of total alkaline protease activity in rotifer, Brachionus rotundiformis on the different buffers and pHs, reaction temper-

atures and times, and substrate concentrations. The different superscript

are significantly difference (P<005) by ANOVA and Duncan’s mul-

tiple comparison. “W” and “>” was indicated phosphate- NaOH buffer and Tris-HCI buffer, respectively.
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Fig. 3. Variations of trypsin activity in rotifer, Brachionus rotundiformis on the different buffers and pHs, reaction temperatures and times,
and substrate concentrations. The different superscript are significantly difference (P<005) by ANOVA and Duncan’s multiple comparison.
“H” and “” was indicated phosphate- NaOH buffer and Tris-HC] buffer, respectively.
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Fig. 4. Variations of TG-lipase activity in rotifer, Brachionus rotundiformis on the different buffers and pHs, reaction temperatures and times,
and substrate concentrations. The different superscript are significantly difference (P<005) by ANOVA and Duncan’s multiple comparison.
“H” and “<>” was indicated phosphate- NaOH buffer and Tris-HCI buffer, respectively.

ool M Z7F8RA] THP>0.05). Azo-casein F12of w}
A E 0.4~1.0%7H] ol zlo] glo] e S Ho}o
H(P<0.05), 1.5% oldelr F43] ol A¢e Bd
(P<0.05).

|52t rotifer, B. rotundiformisdl] A4 pH, B &
AZF 223 713 skol mE trypsin 8499] ¥Wsh= Fig 33
Zt}. Phosphate-NaOH buffere] pH 8.054 8.5¢14 fojzo=
=2 trypsin /92 R3S (P<0.05), Tris-HCI buffersii A&
phosphate-NaOH buffert .t} W2 &8 B}, v

T ul
- R

Mg 4L 60°C7HA] FHOE Frkshke AEE BN
(P<0.05). T3t wh-g-A| kel w2 Wsh= 308714 €23t 9k
< Ho|tjz} 30 7P 32 &4 VERA 121 (P<0.05),
o] F FolH el s TH(P<0.05). =3 BApNA Tl whe
4L 875 uM F=oA 7Y T2 &84S BAXTHP<0.05),
25.0~175.0 uM7HA] €] BApNA E=¢ W& &4 zjo]E EO]
A SFATHP>0.05). 2 B} 52 $E9] 7|HoA =
3] Zashz A0FE VERHTHP<0.05).
s|l2Ab rotifer, B. rotundiformisl $)014 pH, ¥he-2% 2

)



At rotiferd]
Al 23 71— s s WE TG-lipase /89 ¥8he= Fig. 4
9} Zrt}. TG-lipase &/d©] phosphate-NaOH buffers A}-8-3)-&
o pH 7~8 Heoll A Tr«]xq—i =7 VEFES.H (P<0.05) ©]
Z pH 8ollA 7B =A Vel e} Tris-HCI buffers A}
G5t W pH 5, pH 7 % pH 9fM 27t =& EAE Ve
‘H‘“ZW} T A E 5 o 2 wE 34
20°CoAlM M3 Z7tsted 30°Cold A2 BAes yelyt
O‘I] I o) F hasbe ZAE0RE YERITHP<0.05). S 1k
AZbel w2 EAde HhS 25E7A] AEA SR FUEHE A
£ BaowH, 258 ojde] 2xo e F9A2 Aol e
HUATHP<0.05). 714 R A3 olive oil F=ol Uk
11.6~174.0 mMS]l =& AFTA Fe]F Aol
ol-oh;]_(P>0 05)
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AE9 Aslash AL ol5 F87 (Alarcon et al,
1998), 7R A1 &< Lovett and Felder, 1990; Biesiot and McDowell
Capuzzo, 1990; Dang and Lee, 1992; Lemos et al., 1999), A4 4~

=%, UF7](Hernandez-Cortes et al, 1999), ©3(Fernadez
Gimenez et al., 2001, 2002) B! 2o]2] 79 Z(Benitez and Tiro,
1982; Alarcon et al., 1998)°]] 9]3] B JS W=t}

AG7A G288 B58tE 4231842 a-amylase 4
& SA37T $18IA Tris-HCL butfers AH-ER= Somogyi-Nelson
H(Somogyi, 1952)& ©]-&3k3L AT} Somogyi (1952)7F ARE-
8t Tris-HCI buffer 3o+ 712 = soluble starch® A&-56151-S
uf S|4t} F2l seabream, turbot B redfishell A ) Ao 3
F pH 7~8 M 9JollA] A Velstor Hi & %= 35-45°C
2 B I3 tHMunilla-Moran and Saborido-Rey, 1996b).

B AHNN rotifer, B. rotundiformis®] a-amylase 8432
E oFolM F2 AME-SH= Tris-HCI buffer 2.t} phosphate-
NaOH buffer (pH 8)°14 =& &2 By} mEbA rotiferdl]
Eﬂ?ﬂ' a-amylase 4 5742 $18)4= phosphate-NaOH buffer
0] 8-3l= A Ao gitAe] o g AYE Tl vheewy A
2 35~50°Col =& A4S Btk B APoM a4 o
Z 50 plE AREESEY o] 2849 W g-amylased] FEo
2 WdEE plateawt 3= Hud 2525 SR1E
AT 40~45°CoIM e Zloz dAvtE:. 4
TR0 40°Col A 9] WESAIZRE 403 A T ol B4 Tk
Ho|x] gkgfor 71A & ARE-3 soluble starch 3.0% ©)d<] &
TN B4 F7he HolA it

T = Holo oF g Ao uje} Wistshs WA
2384 AL AZolRoN FEF Al EAlc=
trypsinogen3} chymotrypsinogen®] trypsin?} chymotrypsin® 2
Holee HAA wh2 Aol ozl WHalAl Erk(Fish, 1960;
Kitamikado and Tachino, 1960; Overnell, 1973). 94 1%
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ol milkfishol Al pH 73+ 994 & EAdo) YebA ¥ (Benitez
and Tiro, 1982), gilthead seabream, S. aurata, common dentex,
Dentex dentex, discus, Symphysodon aequifasciata s\ 15 pH
8 o]Atell A trypsin} chymotrypsin®. 2 et &= 7 7He] #&
g4 xS 717 th(Alarcon et al., 1998; Chong et al., 2002a;
Chong et al., 2002b; Munilla-Morén and Saborido-Rey, 1996a). W
Aol 4317132 87} o Fel Bl vmg ik AAEE
Artemia franciscana’= pH 4~10014 o3& 719 &2 BAAE
Kol (Garcia-Ortega et al., 1998), Daphnia magma®I*+ pH
7914 10744 plateaus FA3 3 THElert et al., 2004). L2
Munilla-Moran and Stark (1989)2 rotifer, B. plicatilis?|*] <F
AL a) ot A] 2k ko] S-S Relom, B A
Al AHEE rotifer, B. rotundiformis®) 74ole & dZEAd &
wiZ 481 F 47} phosphate-NaOH buffer pH 73} 100141 7=
sl= Aoz eyttt o] AL rotifere] -9~ Chong et al.
(2002b)0] R E & pHollA e /90| chymotrypsin® 7
o7 getEl 283 trypsine phosphate-NaOH buffer (pH
8~8.50014 A vehded & e @iid astasc
pH W7 o2 22 pH 7914 cathepsini} 2] F79
peptidase2] Ed¢] 9}7] el Aoz wokEd Eg F o
WA B 9 trypsinelAd S A =Tt 55°CE 7\*}51
Rom HeA e F A Aslg A9} trypsinol A ZH 6
B3} 30243 5 84 Sk BolA] &gt 1eja 71A %7‘

of| W g =71 242} azo-casein 0.6%2F BApNA 37.5 uM
ol F Z7kelA &gtk 88 FEVF SIS blank W 7]
Aol A= qlsl o] wiEA Aalld Aoz At
¢] TG-lipase®] AL AACFE o]g-gF 274
ol T ypx] upo g RS 6‘}v— o milkfish
3 glive 0ile 71HE o] &39S pH 6.4~8.4
WYolA 45~50°C] 2= A i‘}l 2e BT
(Borlongan, 1990). L2} E424] WH O & naphthyl compound
E 71" = o)&3k shuttlefish, Cephaloleia presignist 40°C ©]
&te] &, pH 7.0 2A =& BAS et

gy B Aol olive oild 71HE o83 TG-lipase
£ phosphate-NaOH buffer pH 8.0014 &=& F8dE& 7Hlo

W T2 g2 LT BT} BRe 25-30°CoA] =L e
Ho| 7 o]& FAF| 7Hasks Ao VEhdth FEE WhgA|7h

258 o)F O oite] HEE-E UohfA] gkgkow sha ke
29 olive oilolA] 7HE & BE7A] 412 99l 2o
= Tt o)Ae 284N W TG-lipased] FEoli} rotifer A
A G4 GAo] w7) wie|Nd o= Ak

B A7E Egtsle] £ ), rotifer, B. rotundiformis®] a-amylase,

! TG-lipasew phosphate-NaOH

OH

ONH:
2

.}

total alkaline protease, trypsin
bufferol] 4] ¢ Al &4 TAE BT} a-amylase, trypsin 2
TG-lipase= pH 8.0°141, total alkaline protease== pH 7.0l
B gA8AL VeRISIth 28] a-amylase B4 40°CO]
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Al 7P =2 84S B9 21 total alkaline protease®} trypsin
2 55~60°Ce] =AM ¥ A4S VeIt ¥ TG-
lipase /42 25~30°Ce] W& 2o EXdo] &t}
et 2] o A8 M)Al wE Holxpaoen
A HEAWitre] e S48 2AE 2] W' 7 Fo
ek 23t 4 Bdol Uigh A7E B QMg 2o) R
agA z70] ¥EZl o] & FEisojAof gith E A7
2} rotifer W FEA I Ho] Ho A WE rotifer, B.
rotundiformis®] 23184 B A7) 7127 8 Aoz wadn)

A
=

2 o

B ATE rotifer, B. rotundiformiss WA LR 43854 A
g s7] 9l olEe] A Y= 2stEahe] I B4 %
2L g3 gl YA

Rotifer, B. rotundiformis®] o-amylase, total alkaline protease,
trypsin ¥ TG-lipase== Tris-HCI buffer 2.t} phosphate-NaOH
bufferelA] g2 A4S BT a-amylase, trypsin B
TG-lipase= pH 8.0014, total alkaline proteasex= pH 7.01A]

=22 4 248 HERATE a-amylase 849 40°CollA] 7}
=2 248 voH, total alkaline protease®}t trypsin

1

55~60°C] &0l 2 BAE Vel ¥ TG-lipase
A& 25~30°CY) B2 =0l Bdo) =T a-amylase,
total alkaline protease, trypsin % TG-lipase?} 43¢} AR 7)
Hd FET 3.5% starch, 0.6% azo-casein, 87.5 pM BApNA and
812 mM olive o0il°] 1t} o-amylase, total alkaline protease,
trypsin 2 TG-lipase®] &42] A7 wkg-A|7HE 40, 60, 30 and
25 min. S & Ve

¥ AT Ao doH AFE rotifer, B rotundiformis®)
23180 AFE 93 71x AEZ o1gd Aol

HdAtel 2

B e 20059 AGAEE A& AA(RTIOS-
01-02) AR oz FPFHAFTE o)) ZA=HU
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