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Developmental Changes in Digestive Enzymes Activity of Black
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Black rockfish larvae and juveniles were reared for 95 days after parturition (DAP) in order to determine
four enzyme activities (trypsin, pepsine-like enzyme, lipase, amylase) during ontogeny. Larvae were fed roti-
fers Brachionus plicatilis from 1 to 25 DAP, Artemia nauplii from 10 to 78 DAP and then gradually changed
to pelleted feed from 30 DAP. Temperature was kept between 13.5~14.9°C. Trypsin and lipase activities were
found in 2 DAP larvae (7.0+1.5 unit and 4.5+1.4 unit, mean+SD, respectively). The evolution of both
enzymes activities showed a profile marked by drastic increases between postflexion and juvenile stage.
There is an increment on specific trypsin activity at 10 DAP, corresponding with the beginning of Artemia
feeding. Pepsin-like enzyme activity was found at 11 DAP and increased drastically from 56 DAP, cor-
responding with the initiation of juvenile stage. Amylase activity was also found at 11 DAP and maintained
at a low level up to 38 DAP followed by a drastic increase from 39 DAP to 50 DAP. Considering our results
of both trypsin and pepsin-like enzyme activities, it might be concluded that higher somatic growth of
Sebastes inermis could be possible with the initiation juvenile of stage and the early juvenile stage is a suit-

able period for feeding an artificial diet for fish.
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B2} Sebastes inermis= JAE SEZH &
el Al (ovoviviparous) O F-2, $-lulete] s 2 dE o
o] sjzrt g3k Asf ehilsiell ”}O] I3 (Chyung, 1977),
At o doge] Fash °1§]EH 2 W ot fof Wit
o 2% v Fa% oFelt}. B e R M
A 10 m Zo] HED/F Yo g o5l A% 20 mmE A
Fale] Ay A AqPEE hﬂr(Ochlal and Tanaka,
1986). 22 ¥ 707 60 mmel €3 }ﬁ A AO 7 o) F5le
x{x{oﬂ}q Agsl= A3 A0
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b 1982) zrdst Beho] A
EXz an|EA (Shmomlya and Ezaki, 1991), 423}
AW =2}o] #e(Lee and Kim, 1992), & 224 7 F-3}xlo]
He|(Kim and Han, 1993), AH&2px]019] o Hej) 2 T2 @
2(Kim et al., 1993), AA#H 2] 24 (Huh and Kwak, 1998),
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2 37l el &3laA & trypsin, pepsin-like enzyme, amylase
28}3 lipase?] activityS ZAFSIATH
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Ao ¥ A=sE2
AEIE A7) Y3t A 59 AN GlA A A 54
Al o) & 240m1¢] oo s NAE A
o Az aF A FE st
A Mz © EE Aloje 508 39 FADE 9Y 2
67l B 258 Az ZaFE 2 Yl 500000A/E dER
S A 2 IR 712 Fe] A2 13.5~14.9°C
2 {4 Htk AT 14RE 25971 dEEdes A
B F2 YollA 100~1209 cells/mle] B=7}F SRS S H7)
st sicrE2dEls Wik # rotifer, Branchionus plicatilis
= e~1WHA/mrt HEE 5 F ¥ Fo] 3. A= 10
UAFE rotiferst 7 Artemiag 0.5~2.470A /miZ Fol 8k
I A4 wel 21 ZE SHT AT 2645 EE rotifer
o1& FA S Artemiaits G5O 2 FHIINT, AEF 304
YEE Artemiast 7 wi@ALE(F7], 200~1000 um; T &
55.0%, 91 23%)8 SE3IARL A= 3FF Y] Wl 7] sl
A5 79UdAEEE g E T dEo g Fo] s th(Fig. 1).
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Fig. 1. Standard length (A), body weight (A), and protein content
(B) of S. inermis during larval and juvenile development. Lines
show the live prey sequence.
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8% ZRE A AR ARG S HEEE 357
Bl 2 F= 3 7HE o= 300A & S FEEE &
e ANEE AR F 557 L 8 12| R E71E
AAZ F AR & (Mettler Toledo, AB 204-5)Z 0.001 mg7}h
A Z2HATh 2 F Qg 9 AEE 10% T2 RES
A AL =F3l7] Y8l WeF%97](Nikon V-12B)9t Y
o)Z2] ¥ 2~ (Mitutoyo CD-6"CS)E ©]-8-35t 0.01 mm7HA]
AaAn). Ax|ole] Fejgg BA= Kendall (1991)0] A8
o] flexion, postflexion, juvenile stage® T3l T

AstEAEY B4 & AE ARYT 7342 HolM d5E
Py A8 AR ARH et AYE AT 2 A
Y & 1571401 EAoE 10747} o] & HATH BA4E 4]
59| AR HolE FF3] A $19 o) &d) nlo3l= dE
oA HABIATE A& A F F772 A1 ¥ 1.5 m/ Eppendorf
FHo & AAR Ho] 2AHYFIL(-90°C)ellM 4 & o 7}
2] HAsAT.

T4 BE Hol%le B8 A - Ao & AAE 100 pig)
homogenization buffer (20 mM tris-HCl, 1 mM EDTA, 10 mM
CaCl,, pH 7.5)7} ©°] )+= Duall disposable homogenizer (1.5 ml
microcentrifuge tubes} 138 tissue grinder; Knotes Glass Co.,
San Francisco, California)& &5 & &4 287 130 pmlE
31t Tissue grinder®] € F-2-& 300 pl®] homogenization
bufferZ -2 T, 400 ple] homogenateE 0114 3087F 1,700xg
2 A4EE sk 94 BE F AEHE FHEH trypsin,
pepsin-like enzyme, lipase 2231 amylase activity =7 3}
protein g &l ©]-&-3}5itt.

Trypsin &4 & N-a-carbobenzoxy-L-arginine 7-amino-4-
methylcoumarin hydrochloride (CBZ-L-Arg-MCA) 7]13-& 9]
23t =23 3tg Tt CBZ-L-Arg-MCAE dimethyl-sulfoxide
(DMSO)Z =91 & -80°Cell HZE3ITt. 45 50 g 250
ple] 7187} e £ 37°CelA 10827 ’EAIZT Blank=
o} e oz e & YFE-34% A (Shimadzu, RF-5300)
2 excitation 380 nm¥} emission 440 nmelA THEE 4
B3R Trypsin B3 (unit)yS 123 FFALY /M-S YE
HE unitmin/individual2 eI 3 H]EEL @9 &
WA trypsin /402 BAE

Pepsin-like enzyme &43-2 A4E2]3 45 100 ple] 1M
CH;COONa-1N HCl (pH 2.0)Z 2% AMAA siegzql 3%
A-g 400 pl H7Fgk F- 37°CoA 30%7F §F&A]7]5L TCA 500 pl
E Egste] 9he-g AR Al o] AL 4000xgoll M 68 7F
YAEE S T J5A8 Hsle] 33 EA (Shimadzy, BioSpec-
mini)ZE 280 nmolX FHEE S48t Tyrosine EFE

=
S ol &3le] HFEALS 2GS Pepsin-like enzyme /3
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(unitye pg tyrosine liberated/30min/individuate “eERAT} =
3 u1EA & ] DAY pepsin-like enzyme 8L 2 HA
skt

Lipase activity= 6 mM Sodium Taurocholate®} 0.1 M NaCl
213 0.5 M Tris-HCl (pH 7.4)2 £ F 30°C] HFE31
o} o] £ | mio)| 7]& (4-Nitrophenyl Caproate)? 45
50 ulg E%3le] Microplate reader (Bio-Rad Model 2550)%
ol &35t 400 nmolM FFEE ZAEAT) Blank= 9} 2
WHo 2 vHE F £33t 4-NPC BAEZAIT 16300 M
em’ (&A: pH 7.4, 400 nm)yZ ©]&-319 Total activityS 73T}
Lipase activity (unity= pmol 4-NPC hydrolyzed min'2 %2
ST}, B3k v 842 vhy] AT lipase S22 FAEH

Amylase activitys= 498 kit (HBIHRZE > ) —X VX7
v 7 AMY EPS)& ©]&3te] 273t kite] 712 EfE &
o= 105 mM HEPES buffer (pH 7.1), 52 mM NaCl, 10 mM
MgCl, 3 mM 4, 6-ethylidene-G; para-nitrophenol 712, 24 U ml"
a-glucosidase (enzyme code 3.2.1.20, 25°C, yeast)?} auxiliary
enzymeS 2 EFFEOQITE AEH 12 plek 4 300 ul 2
3L 714 60 WE T3t ¥ AIX1 & Microplate reader
(Bio-Rad, 2550)2 o]&5}ed 405 nmolA 2431t} Amylase
activity (unitp= 18 B¢l 714 1 umolg A #3H= amylase
o] &0 2 o] st gk v B2 T AT amylase
oz AT

iz Aekoll= Bio-Rad protein kit (Bio-Rad, Tokyo, Japan)
& o] &3 Tt Ao vl B @ A 7 3wRez A
AlBt HFREo 2 Vel

2 o

e} 2pxole] Mg £5% Hake Fig 1A0] YRS
A2 AFZ Fojo] AFL 5014022 mmolRH Ao] A& F
100¥ 9= 36.01£1.22 mm 7HA] 43t A97i7F % 031
mm day'¢] AFAES YEMIT 444 ¥=0.324X+0.386
(P=0.924)5 et Ao} FFRE AE F 70Y AFE
F43] F7vshaA T 7R AAdA S Ve A F
19 A FF%0] 0.02+0.01 g o|YF Aol A& £ 70Yell=
0.25+0.08 g= 7VsHA F7FFAoL 447342 ¥=0.003X-0.002
(*=0.896y% YEFITE 2 ¥ 10045 £5HFS 1.22+0.10 g
2 F43%] Z78ld A% F 709004 1002 Aol A3l
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Fig. 2. Total enzyme (A) and specific enzyme (B) activity of trypsin
in whole body homogenate, during larval and juvenile development
of black rockfish.

¥=0.033X-1.996 (*=0.948)2.F UElGTE TiadE 4E% 2
AR 1.14+0.12 g& 715310 6UA T 6248290 g2 F7}
HAT 2 & 619871 80.30+24.75 g & MAI3] F7l8lth
7} 23S 959 450+18 g7kA F43] F7FetAtHFig. 1B). &
Aol Behe AT 60U-S HAR AololA] o2 o]
e Aog I ATH(Table 1).

Trypsin EAnit)S A4&F 244 HFo=z A=
7.00+1.48 unitS VFERN T 3595 40+12 unitZhx] W3k} ¢k
7} FA3) FTrel] A2 66Ul 14254230 units: YERY
A AHEZ 95UA 1680+123 unitS VERNT Bl ZH 93]
27} 819 tH(Fig. 2A). Trypsin®] specific activity= AH&F 14
o 35.8+5.5% peakE VIER ¥ 38U 1110704 A &

Table 1. Developmental phase composition (number of fish) of black rockfish, showing in terms of age

Days after parturition

Developmental phase

45 50 60 65 70 75
Flexion 3
Postflexion 27 30 2
Juvenile 28 30 30 30
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Fig. 3. Total enzyme (A) and specific enzyme (B) activity of pepsin-
like enzyme in whole body homogenate, during larval and juvenile
development of black rockfish.

4447 Al S F A FE7A A ¥R gk JER
tH(Fig. 2B).

Pepsin-like enzyme 42 A & 114 222 6.0+£3.2
unit’h ERIEAL 479A74A] 2 A7} fletrt 5044) 194275
unitZ 3 peak® WEITH I % 6697 902+160 unit7kA) F
A3 2713k £ 95A = 1200+130 unitS VFERNT HwA <
ghel 27} 238 eR) T (Fig. 3A). Pepsin-like enzyme2)
specific activity:= &% YA FE 4197HA] 0.83£0.12~
0.58+0.21H 9ol A #-2)gt Wzt gl 2% 50934 61
A Abo] 3.91x0.617 6.53+0.522 717t peakE Vebd F 744
3l th(Fig. 3B).

Lipase 273 (unity> 23 29%) 4.5+1.4 unite 2 9] H
F 23940 1.8+0.4 unit2 HAEE JEPHATE 2 o] F Fho
F43] Z7tsld 2% 47959 38.3+0.4 unitS LFER 3
95UA 38.149.5 units FA3 & W7t glAck(Fig. 4A).
Lipase®] specific activity= A=% 245 3.952041Z peaks
VERE & 4195 039:0.11704] 333 744d & 4495
12840452 5 WA peaks VrERA T A9 tHFig. 4B).

Amylase 73 (unity> AFHEF 114 0.18+0.11 unit®-Z *]
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Fig. 4. Total enzyme (A) and specific enzyme (B) activity of lipase

in whole body homogenate, during larval and juvenile development
of black rockfish.

S ZelEd 7 359A7A 0.11£0.07 wnit®E HAsH7t A ¢
ek 2 AFES 5095 23.48+5.11 unit7bA] FA3] 7}
SR 95UA 25.91:4.30 unitS YERNH W3} glo] e
zo] A= ATHFig. 5A). Amylase®] specific activity's 24&
F 1Y A 01340052 R WA peakE UEP F Zasitiz)
4797 0.55:0.112 % WAl peakE VFERA 2 FA3] 7hasts
tH(Fig. 5B).

Ne ARD $FF 22 Fa) 22 Ax0le) 4
A Yolny FEE YA tabgataiz glold W

22 zjoj9] AHEAF AgL 525+0.51 mmE Kim et al.
(1993)°] AFEF Apoje] M-S 5.95~6.25 mm=E B§ A3}
FARBIAIRE, 22 Feeho) &35l 2388 (Sebastes schlegeli)
9] 6.5~72 mm (&4, 1977) 2 FHEZ(Sebastes oblongus)
9] 7.25~7.50 mm (Fujita, 1958)2.c} 22 Ao 2 Yehgdt}, o
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Fig. 5. Total enzyme (A) and specific enzyme (B) activity of amy-

lase in whole body homogenate, during larval and juvenile devel-
opment of black rockfish.
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|7 AE 77 3 AM 8] Zrksle 43S YERIT of
A FFFE AESF 5087 Z dEEt gt AEF 50
A3 709 AlelE AAZ §43] Frisle o] Al7le 2%
Ao}z Ao 2 ofF sk Al719F LRSI B AFelM = H
7 A% 17 mm olx o] Xoje] BHg 2. o]
23 E2(Kim and Han, 1991)¢] 2% 1520 mm, &3
(Fujita, 1958)2] A2 14.0 mm 52| ¥ 7o} v wE uj
< & 5 A} DHEEe =S 0dRE F43] Sl
3L 71RA o2 F5F Wslel fAleE A4S YERRITE Tanaka
(1973y= &(Plecoglossus altivelis)2| 73-%- #po]7]¢)] Ao}s)
< ST £ Ade +F AURY 5L st Aol
A FHES FoL dFIHAE sl Aoyt HE o] &

o] &57|Hog | UA £Ee U
WA FAle] JEHFHE
7 A 94 £33
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o] 2gko] oh e FP5IThL Si%iT) A BT Harada

(1962)2F Huh and Kwak (1998)2] Rl 213ha a3 10~30
mmell FElE wx| 2 o7t @ F A@a7te] Aupgoz ¥
g3k FAlo| Yol AEIL copepodAl 7HZHF<l amphipods,
isopods 78] mysidsZ ¥ BT o2 BT X
o7& HFE g JPHFH ] o] dojupe A o2 A7kt
2|0]7] o)Hol= fAlo] WEHA] LU & o 7o) nf
§ F8eY FAT &Lstdas FRjRE-E sk FolEE AR
of ME AF e HE ke AL vl F83ith
(O’Connell, 1981; Miwa et al., 1992; Douglas et al., 1999;
Murray et al., 2003). #ZeA E0]=e 4L8kg 4 9 Ul
trypsin 2po] ©A|9] Aglel] glojx 71t o5 il F3
Havolal #Y] Be g A3 Holo It A7)0 #H9- g
o2 A7 e AT Y EE typsin E4E SA A
7)o} B A2 43 5 Abelo] 17 g shetehad] ol &
S}7] = dtth(Pedersen et al., 1987; Ueberschir and Clemmesen,
1992). Ztoje] H| Zoll= FANA] Alel] oln] EJ=A #go]
M= o] 9loiA] o (Cyprinus carpio) W 35 (Acanthopagrus
schlegeli) AFo1E o] A7l trypsin®] S35 27 9l
H(Kawai, 1972). B8% &2 55 trypsine] FI=H A o0}
FA% Z7he BolA| asdth Behe] trypsin A& 0] A& &
SRE 2Joj7] HMuke)] AX w2 ks AL, 53 s
1027 ztole] 73§ Zhe &l Sohs =vEee] 1/280 28
3 A B2 Sebastes vulpes)S] 1/80 A=2 Aol WA
veht Zlog B uj xlo] 7] proteaseZA 9] trypsin & Eo]
AR oz ot Ao g FZETHIA, 1995). 201 (P altivelis)
£ 25~30 mm Aol trypsin A& 2] peakrt &<l S o)
Fol= F7F ol 238 ZA& A4, 1975). Tanaka
(1973y= A1E Apoi7} x| 2 st HdE Al A
A4 E3tE $4oA FAgsHAl EH] == pepsin-like enzyme
o &J8] trypsin®] o] Ao E Asd Hog A
o}, AT BEo] A9 AEF 40 o trypsin &0 F
73] Zrtshs Aeg B o X]o]7]e pepsin-like enzymeZAd
o] ozl Woll = trypsin®] protease®=A] QTS A HHO R 3}
3 e Aoz AztEn), B8 trypsin®] specific activity7} AF
5 119A =4 et o] A71e Artemias w1311
A2k Al 719F AR|BATE, o] ok AR A7} =80 (Carassius
auratus) (Abi-Ayad and Kestemont, 1994)2} ‘g X| (Paralichthys
olivaceus) (Bolasina et al., 2006)|A RILE T, Artemia 5
o] ¥ trypsin®] specific activity”} =7 WERE o)== A7t
& WA ] Artemia nauplirg A3t trypsin ®HFZo] 71
S 7FeA BB Artemia® ¢ W AHYE Aofof HHE S
o 7119-S 7Fsd& A7te 4 Ak E-= Alof 7] trypsin
9] specific activity”’} peakE WERd & THadh= Aat FARSH
7A%ko| Dicentrarchus labrax (Cahu and Zamboni Infate, 1994),
Solea senegalensis (Ribeiro et al., 1999) ZLE13L Pseudosciaena
crocea (Ma et al., 20051 M= 821 HE T o7& Az ut



Pepsin-like enzyme2 9|9 Fol] EA3h= slid F 71
7487 Ao A pH 2~40]3 Ho| Fof vl 43S
Z2 gshe Aastassty & QohEs, 1991). 2 =}
©]7]9] pepsin-like enzyme HE/d3} specific activity= ko]
o-¢- A2 9k X0} 7] o|Fof] FAtE3HAl Ert. o] A& 2ojs}
A& (Kawai, 1972) 59 olFA= F1E A 2Z pepsin-like
enzymeg wH|ShE $l4de] X|oj7] o|Hel| &slste] HASH
WG] dEl Aoz AR, agEg Bgke] Xof7]
o] & A A8lof= pepsin-like enzymeo] L 71 E & A
o2 Mzbech

Lipasew th5-22] zpolo] 739 H27HA] Al 2Al Fa
Sk &4 79191 Aol El=A Aol T 8915 2 2 (Tanaka,
1969), A4 27156 AA23 582 b 590} Bolasina
et al. (2006)y= gX|9] A9 73} & 24R Aoo)A neutral
lipase activityZ &91515 A 270A] A H)M RJo)= A EE &
st ¢ e BAaE 2 S-S B B2 Aojx 4
% 29ARE lipase®] A&Ao) BAAHIL B3|, specific
activity7} 7] et A0 2 Hol 2o} 27|18 AA-g 43}
g de Tl Ag AoE AztHE.

Amylase A&7 specific activitys FAFF W3} A4S U
B A8 ST 1A A E2 HAYL trypsin HE
4 Hstel fAFE A3 UEo] AES 40dS AR 4
| S7FI A A2F 5095 El= 989 e skt o
< o1EHAIE Fdshe FHAIES] Tl YA FELR
AES7] W] Zloz Ak 23 Ego] AEE 10Y

Egrr} oF 408 H2 AEPS vehl= A3 vastA
Z2Q A & 5 QATHIA, 1995). )14 (1995 A
AN AR B3R sUR) 2o B, - RAI 8=, 25 (Pagrus
major) 12|32l ZdE Aoje| A amylase”} B4l H AL By
st 2t AAo] ARSA] F2 Folste A FEEEA
E2 rotifere] 22 o] & W] fJEl AEEHFAEEL o|8-3HA
2R ele A& o) taF7t T QI3 Aejrt
o] AL HHN= amylaseD A8} AL Brlse 2L AA
& e o]ZelA Ao A7RE FRFE amylase & To]
ek o2& AABEAT. ol sl H (1975 EEF
AEL @rgE Figo] A2FTHOE AT 1~3% AUA
W e AL FoE o] YULREA Y] FaTE WA
g zpoj 2] AA7IAIZ10] amylase’t 8= AL ol EY
FA AH Wt di-gete] ®Brh ikt Holg o] F 3l
© 7FsE B & Aom AWt

drH o g2 sjitole o g dojld 7k 23S v o

T 3 Holg ol XY e 7FY
a8y Holg 4318 ¢ Sl 75s @ Aspls 2] B
sith7t F-31 & o] A o] & FEE ziFol it

ol

8 FE o

P

2 x50 X~ o
ol& 3+ ]

i

o
]
=

130 2949, vl

OkF, 1966). et Betah 7o el olf B £
Aol i ollA] Rysle] Ratd zolz} ejfielA] o 27-30
A BE £ U] Agl F5 HUS v e e 42
A52E 9)RelA Holg HAY # gle FHS
Ao 2 AZtETH(Kim and Han, 1993). £t} 7+
& %o Sk 2HBSL AE Ao 2shie] Ratd Y=
L OJFE 2dtaLd BAE Ao}7] o w)e &

A= %% 3] YH(personal communication), £-2He- wj gt
ALERF @Eo 2 Fo] & A NIEA] ST 60Y o] 5] 3
o gk AslEEo) o5t FHARE A = vk stAvhEL
2004). o1 £ AFelM Ao Aot F dA ek Ao
ok 2 &of Sl 29 EE, $HES B} Aor|7t A
Ao A3, X7} HEA Aslgte] SH3E 758} HAL
(Harada, 1962), ©|2 <ls] A3ldol] Hol7} vjRE= A7k}
Aol 2stairt AsAAA EFE F U= ATkl 59
U 2E&3Q Asrt dojuAl Hol A0 E x]ofr] o]F-¢]
BE el 7lodske Aoz Aztdth
BT A#E Y3 BH B2t Aslad S5 AT
< HS AHAAE 2 IS ¢ T Uk 53] AT 57
7} @Al YeR7] AlFske Al7Tel 2EA Zh Gae] HE
dol FA3] e AL A e FA okl & 4 itk
Ak o7 o] A7l f4lol 7sH R 9T ke Al71%
dAetER hilE AdheE el vkl Tt AlF St
A BAFIHE-E VERATE o]e} Al 2ATH AHE
B3 Eoo 9 S disk o] Hasitiay Az
o} &3 Al Fol FAsH STk Al7IQL ¥ 66U E 7
AR AF S7H0] 2,682 FFE = ©] Al71= lipaseE A
2]t trypsin, pepsin-like enzyme 28] amylase Z57} |5
Z Zh Zae Aol 7HE A YEhd Al7]o)7|= dth(data
not shown). ZHEZ E Agor &l A AFo] FH3] F
7¥et7] AFsle Al7le 28 Flell dolA Al A3 &,
RAEALRAA WFAER A8 Agsitial & 4= Yl

kO

Q_Ih
d FTRE HIHoE g Aikele ol H
29l Rx|oy7]9] At 481842 trypsin, pepsin-like enzyme,
amylase I8 lipase?] activityS =43l &gl elo] dish
71% A8 E AlFstaa st
4% AT 2poi 9 AL 5.0120.22 mmo|HE R o)
(]

flo
e

v age 2
&

704 AFE F23] F7HIA trypsin 84 AHEF 2UA
g0 2 gelxo] 7.00+1.48 unite YERHZ 4&F 66U
1425£230 unit®-2 peakE WEPNATE. pepsin-like enzyme &



£ o) mE Lslas 24 wHs} 131

e AE F 1NYA AL FAHUL ASF 664
902+160 unit7bA] F243] Z71313 . Lipase 8442 AH&% 2
AU 4.5+1.4 unit® 2 SRIEJI AE3- 475 ol = 38.3+0.4
unit® peakE YUEMIA T Amylase FA2 AHEF 114
0.18+0.11 unit® 2 A5 AL 225 50UH] 23.48+5.11
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