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Developmental Changes in Digestive Organ and Digestive Enzyme Activity of Filefish Thamnaconus
modestus by Woo-Seok Gwak* and So-Gwang Lee! (Marine Bio-Education & Research Center, The Institute of Marine
Industry, Gyeongsang National University, Tongyeong 650-160, Korea; *Gyeongsangnam-do Fisheries Resources and
Research Institute, Tongyeong 650-947, Korea)

ABSTRACT Larvae and juveniles of the filefish Thamnaconus modestus were reared for 64 days
after hatching (DAH) in order to determine the activity of four enzymes (trypsin, pepsin-like enzyme,
lipase, amylase) during ontogeny. Larvae were fed on rotifer Brachionus plicatilis from 2 to 26 DAH,
Artemia nauplii from 10 to 64 DAH, and then gradually changed to pelleted feed from 40 DAH. Tem-
perature was kept between 21.5~ 24.2°C Activity of trypsin and lipase was found in larvae 4 DAH (6.0
+1.4 unit) and 6 DAH (4.5+1.4 unit), respectively. The evolution of activity in both enzymes showed a
profile marked by drastic increases between late larval and early juvenile stages. Pepsin-like enzyme
activity was found at 10 DAH and drastically increased from 28 DAH, corresponding with the early
juvenile stage of T. modestus. Interestingly, developmental changes in the pepsin-like enzyme activity
coincided well with increases in the number of gastric glands. Amylase activity was found at 10 DAH
and was maintained at a low level up to 28 DAH, followed by a drastic increase from 28 DAH to 40
DAH. It might be concluded that a drastic increase in trypsin and pepsin-like enzyme activities, and a
corresponding increase in the number of gastric glands reflects a higher somatic growth of T. modes-
tus during the early juvenile period.
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Fig. 1. Developmenta changes in standard length (@) and wet weight (m) of T. modestus during larval and juvenile period. Lines show the live

prey sequence.

NE §E53 AR AT Hek oS sshr|de] o
) arraha) ok 2} Hejo] gleiMe A AFe] 2
g e ¢ S8 FAlgta & 4 gloh(Dabroski, 1984,
Blaxter, 1988). } - 2]e{7]9] A3}7| 3t whdel] f3F )9
A= 2252 32 HA}o] Ditrematemminckii (Lee and
Chin, 1995), A 3-°] Lateolabrax maculata (Lee et al., 1998),
%3] 22 Sebastes schlegeli (Chin et al., 1998) 5-¢] 23,
slas FAHEl] B3 Q7= pooled samples EA
} =(2003)2] #7}Am] Micromus achneol] o3t 1+
A3 A Aol & AMAE EAFH =) uH2006)9] 2ot
Sebastes inermisel] Hgh AF7E lek FojelM= 223
9 F (Tanaka, 1969, 1973; O'Connell, 1981)¢} A3}as &
A3 (Hjelmeland et al., 1984; Holt and Sun, 1991; Oozeki and
Bailey, 1995; Buchet et al., 2000; Maet al., 2005)1] #*3t
& A7l saAEAd. 22y FeldlA AFAA S
Astas Ao A3 A7 = A3 EA7|E] nddE
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ARE42-2 229+414°C, o £EAAE 594104 ppm=
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d871x FFstedeh(Fig. 1). ZF% rotifer 7)== 150~
230umz AR ) W=r) 15~ 2000 A/mLE FA]F ==
3ttt oJek7kE © Artemiaz= 23 £ 104 %E FF31H7)
Alztstgd o, 13l 5 36U RNE]E= 1~270A/mL FH =S 3
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and Fat Co. Ltd)S ¥-3} % 404 ¥E] FF3lsiot
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ol 24A17F 114 3 80% alcoholel] ¥.Esl9ict. shebwl AW
Hell 28l 4 8um FA2 A4£4HE "HEe] Harry's
Hematoxylin} 0.5% Eosine.z A slgict. xpx]e] A3}7)
o] zA)shA whke & n)A (Olympus DP20, Japan) S o]
a3lo] Faaloe.

23ta 4] BAE Als AL A2 $lelA dF
g ety S48 Als AR st A3 A
24 AL D 1574A o] EAMell= 107047} o] 4= %]
o BAE ARl YA HelE FHI] A 9o Aol
18] H]"Hlb Zefell A AAERe Alg A F SR/
42 A3 & 1.5mL microcentrifuge F-H.el| 3 AAH
o] A2 Y53 (-80°C)ellM AT wj7tA] RHIsleic)

%‘ 5
Sas EAE 98 F2 2E FHolddxe 2FA - A
gk 7| A= 100uL 2] homogenization buffer (20 mM tris-
HCI, 1mM EDTA, 10mM CaCl,, pH 7.5)7} S 3]+ Duall
disposable homogenizer (1.5 mL microcentrifuge tubes} 13]
£ tissue grinder; Knotes Glass Co., San Francisco, California)
2 g B oA 287 130rpmez 2 sl9it}. Tissue

2 b

LR R G20 M2 237|2 Q A35A 2 HEE 151
grindere] & ¥32-2 300uL2] homogenization buffer= 4
2 &, 400uLe] homogenateE 0°CollA] 3087t 1,700G=
aEestds. il F Asde Fsted trypsin,
pepsin-like enzyme, lipase 28] 12 amylase activity =*] 3}
protein % kel o] 83}t

Trypsin activity:= N-o-carbobenzoxy-L-arginine 7-amino-
4-methylcoumarin hydrochloride (CBZ-L-Arg-MCA) 712 &
o] &3l =A5}gdt}. CBZ-L-Arg-MCA%:= dimethyl-sulfoxi-
de (DMSO)& ¢l % —80°Cel] BE3}%t} A<l 50uL
= 250uLe] 713} A& & 37°CollA 108-7F vk-eA|H T
Blank= #]¢} 7+-2 wh oz whE ¥, 3 343=7 (Shi-
madzu, RF-5300) 2 excitation 380 nmz} emission 440 nmel|
A F=E A5k d trypsin 24 (unit)2 189 337}
x9] Z7}ekg Yehlle unimin/individual = Ve g}

Pepsin-like enzyme activity= 141 22]3F Ak 100uL
o] 1M CH,COONa1N HCl(pH 2.0)3} 2% b4 &=Z
2l &S 400Ul A7t & 37°Cel| A 3027 vE-g-A]
7)3 TCA 500uLE &§3}e] ¥l-3-& AAAZT. o] AL
4000Gel A 637+ A4lE23 £ o%ﬂ < F3te] A
XA (Shimadzu, BioSpec-mini)& 280n

3}9do}. Pepsin-like enzyme A3 (unit)-2 g tyrosine liberat-
ed/30 min/individual & v}ehit}.

Lipase activity:= 6 mM Sodium Taurocholate2} 0.1M NaCl
a2]3 0.5M TrissHCI (pH 7.4)2 &3 % 30°Ce] w3}
Q) o] &3kl 1mLel] 7] (4-Nitrophenyl Caproate)z} A}
S 50uLg =33 & Microplate reader (Bio-Rad Model
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Fig. 2. Developmental changesin dry weight of T. modestus during larval and juvenile period.



2550)2 o]-g-3le] 400nmel|A FF =S A5} Blank
= 919} 2o oz wE F 24 4NPCS| A
&334~ 16,300M tem L (27 pH 7.4, 400 nm) S o]-8-3}
o] Total activityS F3}¢it}. Lipase activity (unit)= pmol
4-NPC hydrolyzed min™t= #] 2]} c}.

Amylase activity+= 44 kit (BERIEREKZE ) 7-X ) F
7 v ZAMY - EPS)E o] 83l =A3l9it} kite] 712 &
& Zol= 105mM HEPES buffer (pH 7.1), 52mM NaCl,
10mM MgCl,, 3mM 4, 6-ethylidene-G7 para-nitrophenol 7]
A, 24U mL™! o-glucosidase (enzyme code 3.2.1.20, 25°C,
yeast)7} auxiliary enzymeo 2 3= o gloh A5 12ulL
9} Ao 300uL 28w 714 60uLE E3sle] HES- A
7] & Microplate reader (Bio-Rad, 2550) & ©]4-}] 405nm
oA &A 3kl ol Amylase activity (unit)= 132 Sghe] 713
1mol& 33l amylaseo] & oz A 23ict.

il " A =kel|= Bio-Rad protein kit (Bio-Rad, Tokyo,
Japan)& o] 4-3Fith. Aol whild B 3 JiA o 3
WhEo e Ao FEghos vehygin.
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Fig. 3. Developmental changesin protein content of T. modestus dur-

ing larval and juvenile period.

mm, n=40)o|gic}. H-3} & 17~18UA FA =2jn|e} %]
2u| o] A717F FAHT] A, 52 A e]
23 =) 7] A Fbelelom, TL 2.79~4.13mm (I + 3.37+0.26
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oladct K3t & 30~32YA mE Arn|d Jze ¢4A
3] B3tEa Aoleh vlg AT AP 2 AR
wdE]o] 9lg]om, TL 11.85~20.56 mm (+F 14.94+3.15
mm, n=40), SL 9.01~15.84 mm (I 12.46+2.37 mm,
n=40)c| it WF=7] Al F3} F 649A o= TL
35.77~56.33 mm (I & 47.28+4.96mm, n=20), SL 29.56
~47.43mm (33 39.35+4.36 mm, n=20)= Jehf gt
TF | Apz|ejo] A R} F 2598 HFdte] F4
3| ket S5 AFHS oF 13Y Hdl R3 &
38de AA= F43] F7Isld=(Figs. 1 and 2). o]} 2
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Fig. 4. Gastric gland of T. modestus on 16 (A) and 26 (B) days after
hatching. Arrow heads indicate gastric glands.
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e AAE F74s] Asske] 33} 5 389 o F A
Z7behe AeE ehisidt (Fig. 3).
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I gEe]l Al —ri} 10dA) F3te] 3] F5
o UL, Apele] Azt flol wlefdt F5Eo] WEFG o,
sAASRA 27 A 31 16dA4E A FellA
A2 Ao AE=E g or 26UM = v Aol w3
HAdet (Fig. 4). 734 50dA= 22455 Bt 723
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Fig. 8. Total enzyme activity of amylase in whole body homogenate
during larval and juvenile developmental period of T. modestus.

& F9T 4 gl

Trypsin A (unit)2 23t & 49# Felzlo] 6.0+14
unite el 1345 57.44+19.2unite.z A8 Z=r}s}
97F 2 o] F 343 F7HE BH F3 F 229l 350
+11unitE® Jegd 3z 4094 1,200+ 220 unit 22] 32 50
A 1,620+ 220units vehlm F4¢] F7skedw (Fig. 5).

Pepsin-like enzyme 42 23} & 1044 3.5+1.3unit
7} #lEglx 1694 8.1+3.2unitz2 A3 Z7}stal o
1}, 2844 90+45unitz w2 A Z71slgdoh 2 o] & 32
A 210+ 35unite Jel ¢ 504 4= 653+90unite 1}
ehim 723 Z7bekedc(Fig. 6).

Lipase:x ¥3} & 694 1.21+0.32unit7} gl= gl
3} ¥ 199& AA= F43] U1 & Bs 4



B 443 & fAsH (Fig. 7).

Amylase 4] (unit)-& 33} = 1095 0.18+0.11unite
2 Ae FFgT 289A7HA] 1.5+0.8unitez W3}
A9 glelck (Fig. 8). 73} B3}= 32905 11.9+3.1unit
o2 Z7lslg 4094 21.9+2.1units JeRe 343
248 ¥ 94T % dehisieh
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dubH oz sjAte] 7o) 79 K3} Aol 57| Fhe]
3} Foiglaz, Ahe] 7] 5E] E3h7) 2 E o] 7]EA <l
7} By Eh 2t} 3ol <k Heo| o} <FA|Y
3tstar 2elz AgkE= A7]el Ao E3he)t 7)%3
frEee] Estell o3| Apelo] LAl Aot 2 =
4 71%%E ZFA "o (Hh, 1975). #32 (2007) = 2+7]
"] Inimicusjaponicuse] 73-¢- B3} & 1094 A& 5.48mm
oA fAle] XE ¥ Aej7t ® 3 F 20UA
A7 748 mmef| A thpe] B3t $lAde] #EH Zlom
B ystgde} =3 FE Pagrus major, 7H4JE Acanthopagrus
schlegeli, 224§ o] Sebastiscus marmoratus, =] Plecoglossus
altivelis= x}o]37]9] 2/35+= A4 (HH, 1975), 18] 1 |}
o] Seriola quinqueradiata ({4 - &4, 1973)2} M rag
Sllago japonicae Al &7] Fulh X9} 72 oA F=
Hel 7)ol 9]A o] A= (%K, 1972; Boulhic and Gabau-
dan, 1992; Senger et al., 1994). 18] 12 Fr}=te] Thunnus thyn-
nust: FiRell Wbt AlEEE 3 & 1094 (Miyasitaet
al., 1998), Ak=] Scomberomorus niphonius:e A 217§ A] 3o
Aol AL (AT 5, 1992). A, LF 2] e] 75, 914
o] He BlF A w3} F 1644 FF AR 295mm
|3, ¥3 F 26U HHAF 8mmz $Ale] v 3
ZH T PR oz 2o HeE ZE AL HAF
aladet 7k F (1966) = 23} & 25~26U# wF =] AAbo)
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10mmef| gale SA=ejn] 7|25 ¥R BE A x2u|
o] 7|z} Aol Ftar FLzrE B Aol Bxahy
Aeolo] e ZE A7t Fvka Rydle] B AAd
o} AR A3z Jeplsich A oz IR A S 23
52 sfake]Fo] A A ei7] o] fAle] 33w

Aol2 AREE A7l S]] 753 HE Ao Als
ok

Hr (1975)= 25380 304 3l Ak o]F9
735, 1A o] ®3}sly] AlRtele] 917} 7153t =H77HA] 1
g3 7} Azwn] 7|27} 23817] A|Rbste] A7) =7
7 Q= Azke] A9 dX|shw B3} F oF 30U A
= A9 oz Myslgeh w3t 33 (2007)% 7]

m] Inimicusjaponicus®] 73-$¢- R-§-7])7ko] 16~28% HZo]
I S 7ze] B3l B3 10Y A3l AR 548
mmel] A]ztsle] $]2] 7)%53} 2 7)2e] A543 AAF 7.48
mmgl ¥-3} 5 20 AFo) whpe] He] F px] BE of
10%e] AaFE A3 919 7153 2 7x29] A5t 5
Aloll Z3YEE Byl & A LAFHA= fAlo]
A Egel"l A Aru] E3ph AR A B3 &
1694 ol 1 K31 F 26dA= $Ade] v IAFHG o
71Z27F Aol Zated Heqor Ao Feg e A
S FAg 4 ek wEA FHA = A EHH A=
u] 37t FAlel A EY 4eEHE A7k oF 1092 4
71n) e} AR ek vehd ol

2]6]7] o]Ho= 9A o] 7153} Ho] glA| ety B u
Apele] A3tel] QlelA A Aol wig- Fedty U3 43}
B RS Sk RelEE A whE FAe] we
I S 2AREE AL wl$- 23815 (O Connell, 1981,
Miwa et al., 1992; Douglas et al., 1999; Murray et al., 2003).
AN BuEe 2FEs Fo shtel typsing o]
DA el el TP FLT DA Pal miolw
] e ke AAT Holo| o =7l H¢ Hme
A4 me ATl s typsn B4E S48
Pob m A A3 5 Aele] 27 AelE shebshed
o] 4-3l7]= 3}t (Pedersen et al., 1987; Ueberschér and
Clemmesen, 1992). z}eje] F A Zol|= HANA] Aol o]
u] ]z 3}3]eo] Fu|F o] gle]A] ¢)o] Cyprinuscarpiort
7= Acanthopagrus schlegeli xfo]= ¢] A]7]¢]] trypsine]
Asdohs 1At sl (Kawal, 1972). 232 = H3}
4R RE] trypsine] EelE gl ot FAT F7H= Kol
okokeh w29 trypsin A2 H3} F 19UA7HA]
W e A, 53] F3 F 10U trypsin A 24
[}

d

2L o ol

A1+17unite 2 AbEF 1044 B2 zfeje} fARSE
5 Jeldh ol 3B 1/280 183 FFAE
2} Sebastes wulpes®] 1/80 A =2 A& o] Al viepd 7
o7 BF A Ao Z7] proteasez A 2] trypsin A ge] A
o= okt 7low F=%o 2] Plecoglossus altivelis=
25~30mm A}ejol| A trypsin &4 2] peak”} &4l =31 o]
Foll= F7F glol £3]= Zasta(JIlA, 1975). Tanaka
(1973)= 1S Apei7t Aoz AAsiHA shdsl Ash
I A 3 Al Al B == pepsin-like
enzymeol| 23 trypsin®] H&o] Aoz A3ty Ho
2 A7l 2y DF e A 23t F 26 o] F
trypsin A& o] F43] F7lske Aoz B w X|e]7]e
pepsin-like enzyme A& Al o] o}zl wjel = trypsino]
proteasez 4| Q& A&Hoz w9l Aoz Y7t
Ak T BAX7} Aoz A H3} F 260 A
o] 43 F7she W £ N3h F 369 o) Folut



Z718l= Aoz B o A& 27t 23 AlAbe] £A1F=
Aoz ez gde). =3 B2 Sebastes inermis(Z3}t 1},
2006), &-o] Carassius auratus (Abi-Ayad and Kestemont,
1994) 72]3 ] Paralichthys olivaceus (Bolasina et al.,
2006)2] 7%, Artemia g-¢] A2t A trypsin activity 7}
7 vpehdd =} uH(2006)E Aolst 2 A Arte
mia naupliiZ AA)3le] trypsin Br]|gko] Z715S 7154
st Artemiag & W AR Aelel 4 7 7]
A& 7FsAE AAEEH. 3 HFAE 53 F 109
ARE Artemias Folg ot trypsin Fu]e] F Wbt
Aet7h 2FH A § LBl Artemiazt X5 AR R-3)
F 2195 A 53t trypsin @A o] FA38] F7l8k= 7
¢S vetdige 28 ez EHA FEAAE FA A
Artemia go] A& & A7l ZAste] 24T AQ
7} & Aoz W,

Pepsin-like enzyme2- 9| o Za)3l= 423 &AL F
4 AR Ao M pH2~4olx Hol Fo| wuld
43t Hze P9shs astasely & 4 AT
1991). 3 %] zte]7]el|= pepsin-like enzyme ZgA] o] o}
< e fABEAEE Ae7) 2 gk 3 & 2698 A

= 43 Al ®ok ol2e Bt (s}, 2006),
o)o} A= (Kawai, 1972) 52| o] RollA= olg Ho=
pepsin-like enzyme Ewsh $]4le] Ho}7] o] Aol ¥-3}
Sl QA wdsis] 92 Adow BgAY. 23

B2 FH7e] Helr] o|F wwd 3ol pepsindike
enzyme°1 B 714E T Zloz AsHH.

o] Aole] A9 AAAA A lipases] Fog )

n9lel AgelM ElmAl H3je] whek el (Tanaka,
1969), 414 271%E] AAys) $HES Fom F2Ec
Bolasina(2006)= 4%|¢] 7#<$ R3} F 29 AojolA
neutral lipase activity2 2913l AANA] A& A] =}o]
B AAE 23 4 e 24T 2 olSeS st
3} 1} (2006) = B zpe]o] A4, AbEF 2dA 5H
lipase2] A &4 o] Bel=glar E3), specific activity7} =7
vebd Aol 27t 2] 271RE AAL 23 & >
U 5ol e Aoz nwshn BAXe) Ay ¥
3} & 6dA lipase act|V|ty7} Fgolgl Aoz Alo] 27]|RE
AA 423 5HE 253 S Aoz Alsdd.

Amylase %12 é% FF 2|7} Ao = H3kEl o] F FA 3
F7Vke 743& viehdle] pepsin-like enzyme &4 W 5}
o} FAREE S Jehisde 23 F 409 RE= 9AE

=

-

= o

T 4

HJ

ol mE s H aste s

Lok

1A B3l 155

=
]
>

=2 AL YeE 73 vmspd dxz2ql Adetn
& 5 AD}(JII ,1995). JI| 4 (1995)= AA/HA] A3ql 2
3}

¥ 594 x| 8e}, A8 F5E Pagrus major 12
AT Apolol| A amylaser} el ® A& B aslc)
o} ApH] o] AFEA] T2 Fol }% Ae zEZamEe
rotifero] 1 o] 2 wieks}lr] 9] A=
25 Yol AR o9 i }
o] AL AF = amylasez 43}sl= AL
Ak W o] oA Ate] A7|RE FHlE = amylase
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