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Pariyada Jarukhom 2010: Effects of PROMUTASE" 200 on Growth, Survival and Non-Specific
Immune Characteristics of Pacific White Shrimp (Litopenaeus vannamei). Master of Science
(Fisheries Science), Major Field: Fisheries Science, Department of Fishery Biology. Thesis

Advisor: Associate Professor Chalor Limsuwan, Ph.D. 80 pages.

A study on the effects of PROMUTASE"" 200 on growth and survival rate in Pacific white shrimp (Litopenaeus
vannamei) was conducted under laboratory conditions. Postlarvae 12 (PL12) were stocked into 12 500-liter
fiberglass tanks at the density of 50 PL/tank. Salinity during the 60-day rearing period was 25 ppt and
temperature was maintained at 28+1°C. Tests were carried out in three treatments (with four
replicates/treatment). Each replicate consisted of 50 shrimp in 500-liter tanks. Shrimp were fed four times
daily at the satiation rate for 60 days with pelleted feed containing graded levels of PROMUTASE™ 200 (0,
100 and 200 mg/kg of the feed). After 60 days of dietary administration, shrimp fed with PROMUTASE™
200 at 200 mg/kg had an average body weight (2.40 + 0.13 g) significantly higher (P<0.05) than the control
group (2.15+0.23 g). No statistical difference was found between the average body weight of shrimp in the
group that fed with PROMUTASE"" 200 at 100 mg/kg (2.29 +0.19 g). Percentage survival rate of shrimp fed
with PROMUTASE"" 200 at 200 mg/kg (92.00 + 2.83 %) was significantly higher (P<0.05) than
PROMUTASE™ 200 at 100 mg/kg and the control groups (81.00 + 2.58 and 76.50 + 5.51%). After
challenged with virulent strain of Vibrio harveyi, shrimp fed with PROMUTASE"" 200 at 200 mg/kg had
percentage survival rate (90.00+10.00 %) significantly higher (P<0.05) than the control group (50.00+10.00).
No statistical difference was found between percentage survival of shrimp in the control group and the group
that fed with PROMUTASE'" 200 at 100 mg/kg (50.00+10.00 and 80.00+10.00 %). A study on the effects of
PROMUTASE " 200 on growth, survival rate and immune response in Pacific white shrimp was conducted under
laboratory conditions. Determination of the growth-promoting and immunostimulant effects of PROMUTASE™ 200
administration in the diet, tests were carried out in three treatments (with seven replicates/treatment). Each replicate consisted of
30 shrimp (8-10 g) in 500-liter tanks. Shrimp were fed four times daily at 3% body weight per day for 50 days with pelleted
feed containing graded levels of PROMUTASE"™ 200 at 0, 100 and 200 mg/kg of the feed. After 50 days of dietary
administration, shrimp fed with PROMUTASE™ 200 at 200 mg/kg had the highest survival rate (92.67+1.15%) and
average body weight (19.67+0.50 g) significantly higher (P<0.05) than the control group (16.67+0.50 g) and 100 mg/kg
group (17.56+0.88 g). The immune characteristics of Pacific white shrimp (with three replicates/treatment) in this study
revealed that shrimp which fed on diets containing PROMUTASE"" 200 at 200 mg/kg had significantly higher (P<0.05)
total hemocyte (THC), percentage phagocytosis, bactericidal activity, superoxide dismutase activity and survival rate after
injection with V. harveyi than PROMUTASE" 200 at 100 mg/kg and control groups. The present study indicated that
oral administration of PROMUTASE"" 200 at 200 mg/kg of feed at least 20 days could increase growth, survival rate

and immune response of L. vannamei.
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9 v Y 1
@19 (Lin and Chen, 2000) to TuttiofnnTuiing 2 guuuy Ao vowTuiils (NH,) Felinaw

Y
Aa 1 o Jdo

G A 1w 2l a A PR v o 1
Hunbaeda i tazuey Tuilsudeosu (NH,) suilunbaodaitiniosuin Tlunmsiam
= o'/ a o as.l’ % 9y 9 ~ L!' o Y o o'g’ 1
o Tudle Tagn ldeuiansae sy seauanududuveoweon Tutsi lddaihaeog
114979 0.4-2.0 Haaniudeans lugives NH, uanen Tuileszndng 0.1-0.4 Haaniuneansvy
) vy 9 o [ v A [ dy 9 9 1 A Aa o T A ~
Mmlineladn divsuszaunilaoafodoms@edninisiosndl 0.1 Jaaniuaoans uow Tuile
d' g = oy d’d = 1 )
awnsalasundn Tdinamuiierveain Tasmmznesgaen Tudsvzeglugi NH, unih
9 I a 1 [ o’gl A ‘3 v o Y A 09} ~ [
Tnnuidunyaedaniunuau Tunanauiu orfiteyveianas wen Tutlsvzedlugilves
~ a o Y I a 1 [ :(gl A =~ g’ A A [
won Tudisudeauii Inanuiluiudedadtianas wouen Tudislurhllsmugeezdana
VY A Y o A Yy o q Ya ~ A A A o
apna Asnwiumonen Tudle lddosasi liinemsazanveseu Tuiisludoauaz tiogori
¥ D] A L A v A, v A A 2 a , o
Timsldeangouluiiewedigeun dawa il rvesdoaiiuyulazinaaon1s U

4 =1 o A ] a 1 Y Y
mu"lqm Lmﬂmum)ﬂﬂmmmmammzmmmmmiumiﬂlumaaﬂcmu ’ﬁ\‘lWﬁGl’ViQQ

DOULDAA 15AIY (NUTY, 2536; ¥a© AL WILAA, 2547)
10. Tulasn (nitrite)

R~ 1 Aan %
Tulasniluansdseaevuszuianaralunszuiums luasindu (nitrification)
q'; 4 { I~ 1 3 [ 1 [ oy 1
Tagia 1 1u lasieglaemiuluasnednsiasine luazaneglunnani ualunisanie
% a 4 a ad 1 a 4 ‘3 a 4
MnoasIMseand laduen Tutasiniinsesnd lad lu lasnnszinamsazavveod lu'lasi
dg’ Y o [ dy o (g} ] = Yy 9 A =Y A
Ju'ld lulasiludeo@esda ihanunuuiugeenniianududuguiesninionsinsay
< o < 1 1 Pd
Tulasnulugdvesermsdiaduiaegy funiiniedlensnaslute uannududuveslulasi
1 dy o c’oy o o 9 1 A A o 1A A A &g 09/} 9
Tuieeadaininezdr (oenin 0.1 NaanTuaeans) ifosvinuey TuHedgailuasaaduy
s o 3 A o A 2 y
gnunasnaounairla14 (Boyd and Tucker, 1998) anuiluiivves lulasiazimuduiion
a ~ g’ ~ dyl I a 4 [ 3
pongouiazateluimazioranas uennnimanuiluivveslulasnzgnivdalae
o 31 [ 3 3’ & 4 I a [ a’oy 2K 9 °
aae lsaluih duinluimziadalinas lsageanudunbvesda ihvsneud i1 (vao 1ay

WILAA, 2547)
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1'%

szuugiaNNUe v Uy

Y

a

9 W v J 3’ 1 I = 1 9 I~ Ay o A 1
szvugiquiu Isavesdani lunguasaadeuay 09 1) Wussvuguauiunuue
o a = 1 dy A Q‘ To
NUUA (Bachere et al., 2000) Iﬂflllﬂ']5@]@Uﬁu@ﬁ?‘l@t%ﬂiﬁﬂﬂif’]ﬁ\illﬂaﬂﬂﬁﬂﬂ\l!,tﬂﬂ"lﬂﬁnw‘ng
191299 (non-specific immune response) Titinalamseasia antibody ¥ia Immunoglobulin (Ig)

I v I a o
Wudainliszvudeaunuila Weadelsznoudle msveu (0), lulasnu (), lalasau

A o w A

1) 4 I ] { Y I g’ a 4
(H), Falos (S) aznewad (Cu) tHuussiang il maﬂﬁummgﬂuﬁumu 11199910)

Q

<A [

I o A o Y ~ 1 .. . A o
‘VIENLL@QL‘]JUEN?]“]J?%T‘I@U uaamziummawmmaamafm:n hemopoietic tissue INAIANNN

Y A = |5 o A Y A A A . a 2 A
i lumsuann)doumaluinaeavesds Ae §1ulwe11u (hemocyanin) Usinauiiadon

a a

Y A A < A Y S A g dy
ﬁumqmﬂmﬂaﬂmgﬂamaam’gm LSJ@L@E]WU?NQQ%&NﬂiNWmﬁﬂﬁQm@Q\i!ﬂﬂﬂﬁ@]mﬂfﬁliiﬂ

z < A 1 9 d? a A ag o Y
i]Wﬂu'LJLiJﬂLﬁ’EJﬂGlfl"i3Ji]3QﬂﬁﬁN“llthﬂﬂlLﬂuﬁluﬂﬁNTﬂl‘ﬂmuwﬁll'i%‘]J‘lJQiJﬂﬂJﬂu"lI@\‘iﬂ

q q

o Y I R = o 1 o 1 ya Y
mmaﬂmuuﬂ”lmﬂu 2 520U F9LIMIMNUTWNIUeN InaFa ulﬂllﬂ

'
v A

a @ J
1.izuuguﬁ'uﬂuﬂmﬂmmaa (cellular immunity)

s v A

= o J 3 A a A = J .
IEAANVUNVINTINYADLTAA LUALADA 3 YUA ND llamaumma (hyaline cell)

[
[

N s X I 7 Jo a A A
¥UNI1YAIT (semi granular) 1391311017 (large granular) LAZLFAAIUNUNDYNUN
] tﬂy d’ 1 oy A 9 dy v [ zﬂ' d! A
(fix phagocyte) N3IZI1YVYATNIUBLYD ABNUUKTADY ﬂaWNLu@ﬁ'JGlfﬂ LAagoYITOU ) FIWIDNIT
axy Y 1 A a A 9y 9 @ dy A A
Wa’lﬂj‘ﬁulﬂllﬂ ﬂ3$U'Juﬂ’liﬂauﬂuaﬂllﬂaﬂﬂaﬂll LUae ﬂ15ﬂ9uﬁ@uﬁ3l%@ﬂﬁﬂﬁ%tﬂﬁﬂﬂﬂ@ﬂ

(nodule formation and encapsulation)
a Jd & A 14
FHAVIBAANAIAIANN

Bauchau (1981), Martin and Graves (1985) 118 Soderhill and Cerenius (1992) 1a

o a J < A Y I a A
muuﬂ%ummwaammaaﬂQdaamﬂu 3 YUA N

1. Hyaline cell

v v

3 A A

1< I3 A A 1 a A 3
Wuaaa@eanvviaanngs EJE‘]J'J”NLHJL! NAN AAUTYY VINATIDIINY

q

1 @ 4 dy a = ' ' J v
g‘ﬂﬁﬁﬂfﬁﬂﬂi%ﬁ’w ﬁ?@Wi%%u‘ﬂﬁLﬁﬂ’J ﬁuﬂlﬂﬁﬁlﬁﬂluWﬂﬁlWiyﬂQﬁﬁﬁﬂﬁ%‘ilcﬁﬂﬁ anyae

'Q o ] [
TaseadanArvouwad Wy microvilli 11501 NS (pseudopodia) MiTLATUA (granules)
p p 10 (g
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= =) 1 4 = 9
molulaTnwardn vinawaatiduriguina 6.4-8.3 luTasmas 3o vuiannuning 2.5-
a R A 1<
3.6 TuTaswasen 6.8-13.9 luTasmas (Rams uazaaz, 2543) Moy s Tnwarduiinsnu
o . a ! va A
dzery Tsaudman lysozymes 5D proteolytic enzyme Y18 €] YUA c’ﬁuﬂuﬂmﬁumwmy
s o lo o o g ' P .
Vo4 raaNINIENNIUNUaziaede 13a Tasnsdesnielusad (Soderhill and Cerenius,

1992)
2. Semi-granular cell

< S ' < A a = 1 A A a g
Whusaaniigiswihglovsenszene Tundeaegasinarvsoniven Hmaunsya
< =< I L A yyyaar A I’ A
vUka ﬂﬂ"lﬂ(luul‘?]ﬂﬂwaT’]ﬁJL‘]Jul‘ﬂfaﬁTlLﬂRWuN’JLLﬂ’JUlﬂﬂ VEIUIUUDAULAR (cell process) 1150
Y A 1 9 a a o a 9 3 9 9 1 4
IMMNYUADUYNUIN ‘]JiL’JmW'JL“BaﬁﬂTi]WUllNIﬂifJﬁvlﬁUNLﬁ N19Y (Bauchau, 1981) "’IJIH@LE‘TUWT@HEJ
o a
ﬂﬁ?ﬁ%@ﬂ!‘ﬂfﬁﬁﬁﬂ??ﬂﬂ%?ﬂ 4.2-6.81%1?’1%%@]5 12813 9.0-14.2 IliJIﬂiLiJG]S (NAMT LazAL, 2543)
SIS A a dy v I 1 3 X £ g
L"]fﬁﬂm@!,ﬁ'f)ﬂ%uWL!ﬂgﬂaﬂﬂﬁi’)ﬂﬁﬁﬂmiullﬂiuﬁ@@ﬂQﬂ"IEJu@ﬂﬂﬂNi'Jﬂﬁ'J Gmmuwmmumﬂu
< a Y ) { o
5211 prophenoloxidase system (Soderhiill and Cerenius, 1992) e oawiatiimins usazi
Aaan VA g [ A Ao 1 1 3 I
Ufnswevauswodwaniaon aluszauTuanauay Fanlvina lanh Taemsilaeeiiabn o
3 A a dy A Y a A qﬂ// a 4
i’]’t’)ﬂiﬂ!,Laglllﬂl,ﬁ’E]Wlﬂlﬂui]%!‘ﬂaﬂuhl‘]_ll,ﬂ"lgﬁl,Lagiﬂ‘ﬂﬁﬂil@”IﬂJN’JEU’ENﬁ\iLL‘]Jﬁﬂ”IJaﬂﬁJHLlL"])’llﬂﬁTHﬁ"ﬁﬂ%
v Y A (Aaaa [ v A~ 9 aag < 9 Jd A Ad
5‘]J§JLLEI$3J‘]J§] NIYIAINDT L?J?J‘JJIﬂi\?ﬁiﬁ‘VINLﬂﬂJ‘VlLﬂuﬂﬂﬂﬂﬁgﬂﬂ‘ﬂﬂl@\‘lﬂuQL"Hﬁﬁﬂauﬂiﬂ 15U "lﬁI‘]J

= 4 a Y k4 9 !
Twaucmm"liﬂ i Tanaauauas L'U@Wﬂi;]Lmulﬂl"ﬁfmTﬂiuiNﬂTﬂ
3. Large granular cell

S s { 1o g 1 ]

Whusaddiadeaniivmalugga jusradugdlilulsTnwadulidannsya

A A Y a J =t Y A A 1 A J a da'd 4

g laniuleisunusingyarsmstavesiuiisurniodusuveusaayiaiimula

@ = Y ] 4 J 9
A1 (Bauchau, 1981) Humardurigudnarsvousaaszanm 8-10 lulasmwas Anwnin

a G A A &g
7.2-7.8 lulaswas naze1 12.2-14.6 luTaswas (Ramsuazanz, 2543) Wadeaytiail 1ty

'
a A

FHANTHIN NN 1UATLUINMNT proPO system (Soderhill and Cerenius,1992)

2 A o a A A o A o o Y A A o
UALRADANN 3 “lfuﬂu%llﬁawﬂullﬂﬂuLaﬂﬂ‘ﬂﬁiNm&J LAZe My UIMNgINUITUU

Ay o & A ~ A o ' A LA A Ao Y A
ﬂ“llﬂiJﬂu lﬂﬂlaﬂﬂﬂgﬂ\lﬂ’lﬁl‘WllFﬂ'lu'J‘LllJ'I'V]ﬂll'i/]u'ﬁ'gu'i/]1’i3J@'ﬂ1EJLLﬁgﬁ'lﬂ]lﬂinﬂlu@wﬂvwnwu']ﬂ

Q Q

< & v ! o T
Tumsasraudiafoaduionin hemopoietic tissue THAIWUNRIHUIATUUUUDINTZINIZ DTN



14

a [~ 1 dy A A [ a Y o T A = g’ A
az lauunau W‘]Ji’)QL‘]JLlﬂQlI"’] meludowaneiutazusnulnanuteuasa selutitaen

@ a o { { ) .
YoaneaznusIningd lulsertduimihnlumsuann)deunas (Ratcliffe ef al., 1985)
a a2
pszuIUMsnaunuaanlaniaon

1< v w1 Y [L A A aa 1
Wumstlesiudmauusnvesduazdailunquou Taedlolidwlandasuyninei
S a o Y ' &y 2 A A A a A Ao
GHMN’J??U\‘]L‘IJT?JﬂuiNﬂTEJ phagocyte “]f\i!ﬂumﬂlﬁ’f)ﬂ‘lflﬁ'lﬂ'ﬁﬂﬂauﬂuﬁﬂl!ﬂﬁﬂﬂﬁﬂu‘ﬂﬂiﬂiﬁ
Y g s A < ¥ < & =~
aduiluaaaniooyninvuiaan 9 14111 1u phagosome n1eluly TnwarFud ez il
proteolytic enzymes agnatestaimrinlumsdesaatsInssasnvesdulandasudna
1 1 A o 4 4 A a A A 1o
ngﬂﬁﬂﬂﬁjuﬂgﬂﬂ1a1ﬂllﬁﬂﬂﬂﬂuE]ﬂ!,c]faﬁﬂi$U3uﬂ1iﬂauﬂuﬁﬂllﬂﬁﬂﬂaﬂﬂ T]hllliﬂl,‘i/ﬂg
s o v A4~ o Y o Ay a o Y 1 7 Y
1123 L“]iﬁﬁ‘i/l‘i/nﬁuﬁ/luﬁ]SﬁNﬂﬁi‘UqﬁijSmjEJ?J‘i/lLsU"I"l,‘]Jﬂu IﬂﬂuWLﬂqu&%ﬁﬂ!Lﬁzi%uTﬂ@ﬂﬂ1811!
7 1 ' o A A Ag 3 < @
waamag“lu lysosome ¢08N101¥ Wsemsoumilu opsonin wua
Y 9 A A A A Py 7= o Y a
nizduli phagocyte tndou lvuse Tsansedwandasy laavu wadndminlumsnu
o dy o < A a a ] = [l A o dy A
uaz‘wmwmaiimﬂummaa%uﬂamauwaammgunauag“luﬂizumaaﬂ FIUMUUDLIYD
] 1 o dy A 9 A o dy a Jd Aa dgl
AIUAN 9 Tﬂﬂmwwz"lum%uaxmamaimﬂaaﬂ ﬂallﬂﬂ"li‘anﬂfll%@ﬂlﬂ\11381aulcﬂﬁmﬂﬂﬂlu
A 9 @ A A A Aa s 9 Y
119 phagocyte vuTiauﬂumgmﬂmmmuﬂaﬂﬂaaw‘ummN’mammxﬂszqumﬂauaau
4 J a 1 a {
I0UDUNIAN Tﬂmﬁaﬁ’mcﬁaamm phagocyte IN® phagosome ARNIITINANI AT superoxide i
FINNTLUIUNG respiratory burst HIONMIUANAIVBIDBNTIU (oxygen burst) YD
£ a d? A 2 A = ) Y v o dy o .
phagocyte °1Ni]%!,ﬂﬂellul,m]mma@ﬂmﬂﬁi‘ngLLﬁZLﬂﬂi]‘]Jﬂ‘lJL"]f’fJIiﬂ Tae01#0 cell adhesion
. . qgj ) a 1 g < a
receptor W?i’) peroxinectin 111ﬂuuﬁmium”re@ﬂmmm%qmaaaamams:1 tazing
a a o
NIZUIUNIT reduction UDIDDNYLIU Lﬂﬂmiﬁ%lﬁ superoxide anion (O,") ﬁ’aﬂmu'lcm NADPH
. $ {8 : . s . .
oxidase FInoNZ AT toxic peroxide Glug LGN H,0, Tagou Tl superoxide dismutases
£ A a dgl o aaa v A a . a g A a 1
(SOD) %4 H,0, % Lﬂﬂﬂlu%%ﬂWﬂj‘]ﬂiEﬂﬂ‘U’E)fJfJUfJﬂ'§$W’Jﬂ halides (A unsaNYUaITNY (¥
1 A
HOCI fimunsaiianeye lsa @ lasase (59R361 1o ANNYY, 2545; Holmblad and Soderhill,

1999)
Y @
nszmumﬂu@awasammmzmmmﬂﬁmw

< Yy ¥ o A& A A A Aax Ao v .
Wumsrendouanys Isarsedautaniaoy F¥aHITMINFUFOULINAN

4 a4 Y q 92 2 g - i
nszvaumsnaunudwlaniasyansariindunandasuintuanguesnsina lsanil
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° o w a 9 Y3 == o sl A A A
S wngnida ll msmaneuTugaudasliimudimsrudiveuadlafon oz
[ ] Y ¥ '
Tovasulandasuuazdalantasuiuie liuldnszae I amenazainnumsasia
a o @ a a [ d o 1
Tuga VFNUHION 1AZAD HAZINWUMIAANAIHY (melanin) MeRAILTINMIUAINGT
I~ Aaan Iz a [ o I~
Tagtluwaunn Ugnsevesen lsiiueasendma daunszuiumsounalgaiiniu
d’ a 42’ d‘ Y 1 a' d'd 1 1 1
nizuaumMsninatu medumuaedwtlanlasuiivunaluauinnai 10 lulaswas wu
dy ] 1 Y Aa £ S <3 A [l = o Yy 9 [
¥931 viuaudlnay luuazdioeuilida susaatiaden iasanauiitaie 16 dsioide
L~ o 1} . . . .
adladoasuIuNInuIdeuseULaz eRue1 13 (Lackie, 1986; Smith and Séderhill, 1986)

Y

2. szuugiiduiuluringea (humoral immunity)

E4
a o Aaaa [} <
FLUVHINANMINNNUVDIHAIY gl ﬂ;]ﬂ'ifﬂ 1Y MSUVIAIVRILDDA
. ) = a ] . £ g A wa [ P4
(coaglulation) wazmMINauved 1UsAUUIsIAITY lectin q;azﬂumwmmaum”lumiim‘lﬂ
1 o @ o 4 I aa A o Y a
pgdwgnuasimInms lulaasa nJuLLaﬂﬂg@uuwmmmwﬂmﬂﬂmmﬂmﬂ’aumm
J A A 14 a’j 3| A o Y A v . y 9 dy =
wadguuanGeld saunimsduasnimrnadie opsonin 1@onae uenvndilusaulu
3¢ prophenol oxidase activating system gnsam IiinanszuIumsa a1ty (melanin
. A ¢ 3 . . £ v o A Y v Y 1A
formation ¥i3® melanization) L8 opzonization «Nmuimumiﬂamm’mwu“lﬂiuamalluu

nszgndunds Iaen llisuny (Foam, 2545)

mzmumsm’?aéfmmgﬁaﬂ

Y
% %

3 o = IS aaan A o v I Y 1% (=)
ﬂﬁLL"ll\W]’J"llﬁlxim’me‘]Ju‘]J;]ﬂﬁfJ'l1/lﬁ1ﬂiU°V]ﬂuﬁG]’nJﬂi$ﬂﬂﬁ'u1/iﬁ\illagllhllﬂigﬂﬂ

g U

[ [ A A ] A A I aaa A
TUN LW@‘VI%Sﬁ@ﬂﬂuﬂTiquﬁﬂmﬂﬂﬂ"Iﬂ”]_I"IﬂLLNﬁ L‘]J“L!‘]J;]ﬂifﬂﬂ"li@ﬂ@]gﬂﬂuwiﬂfﬂi

a Aaaa 1 = A 4 . A @
nalgnseszrnellsauludon Taemmniziou la Transglutaminase 1130 TGase 11
. = a d' a = o Y a aan =

Clottable protein 1130 coagulogen ATdUSNAANALIAUKE Tnai lTinalgRso Tndwes 1s

) I [l a a 4 v A
149U (polymerization) 1d2 Idiflumanse Inseineves1Usau Yavsnuwauna tietlesduds

T 1 J T I 3’
ulantlasuninaeuendigsime waz hildesdlsznevveuden litwziwinion
~ = L~ A Y ~ dyw 1 [~ A dy
Ts@u niemaaadeadesgads 1) uvenvniidanuinszurumsudsdirveudoniiaz
Aa dgl 9 @ 9 2 AaAa dg’ = a .
NavunioununszuaumsaiwlaannauuluszuullsWueaoendiad (Sritunyaluksana
. . A A 1 < w 9 a A d A a =

and Séderhll, 2000) MsNaoa liamnsaudeda1d e1mmaunnmsndaneasialasau

I a a dy
l,"lfﬁahﬂiu1mﬁﬂﬁ\1%1ﬂﬂﬁﬁﬂﬁfﬂ
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transglutaminase; TGase

clotting protein monomer

v

clot polymer

Ca N
vV Y
Gin 5 .
s g O blood clotting
'\s \s
g Lys
® a2+

Gin
CONH—
Ly
gluamyl-lysine bond
S\s S\
Glin i
Lys Lys
Gin

Y <
ﬂ1Wﬁ 1 ﬂigﬂﬂuﬂ']ﬁll"ll\wngllﬂ\ua@ﬂ

AN Sritunyalucksana et al. (1999)

Phenoloxidase activating system

o a . a 9
ou lyivlueasendiaa (phenoloxidase) (NAINMINTEAUTE VU
a 1Y 4
T1lsWupasendiad (prophenoloxidase) vosasanuzelaelalyIndusanlsa
a [ Y & g 1 ] 4 tﬂy aa A
niaTandeuauuas wanguay satludiulszneumiuyadveureuuanGeiluoa
a 1 <3| a
pondad 32 11 oxidize M13nguiluea (phenol) IriluaisilsznouniTuu (quinone) 117
~ I~ a Y ~ Y A a 1 1% z A [
waou lhfluwariu1dlunge wihiveswarivvzselumsivdmTetlosiums
Aa Aa i’ A A 4 A A . . 1<
Li]iiym‘]JTG]GU’ENW’JT‘IL%’GLL‘]J?]‘V]HEJ 1IN ULUANLTY (antibacterial substances) Wues
H Y Ay y ~ A A o o
Usznovdugainen laninnszuaumsves szuuTlsiueasendiad wudernueu
= a QEJ} A U a a S A tﬂy
Hupaeondiaa sunenuantalumsiloaiu msniayau Tnvesninuuaiiizonaziyos

(Smith and Chisholm, 1992; Soderhéll and Cerenius, 1992; Bachere et al., 1995)
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. . . Y o = L~ A o 1
Séderhall and Smith (1983) TamsAnyimsuenaaaiiaoavesdadlungy
[ = a 9 d 3 4 [ ] A a 4
AsaaBauateyia Taglsa1sazaty percoll 60 1o3iFUA WUINEAAIAADAFTANIIYATT
=0 o =1 a = ] [ A1l A A o =1 1
HaneulaiTsiluoavendiaed geia 1,249.51 +313.36 nitgaowfiaeiiaaniyTlsau dau
a =W s a 1 ¢; [ [ 1
Tulsenauaananeu lyi T1/susaoondaanaudiagi 198.95 + 78.75 WignouINae

Haansulysau

Ao & 1 a 4 = a o
nAna (2547) eaunsinaveaeu laid TisHueasendgaaludinaidiony 1-4

'
A A

= =\ a' dg’ \ d? 9 9 o = = 1 ]
PO UNTIWHUYHANBIYNINNVUUDIN Iﬂﬂf}\‘lﬁ]ﬁ1ﬂ1®1ij 1-4 10U W‘U’NiJﬂTE)QElUGIf’N 14.22-

=

36.44 nihwdowfidesiaansulysau drundenaidiey 4 eu Husuanen led 115

=

UPABONHIANTINGA

1 aaa o a o J
Moullac et al. (1998) wulfnserveueulasillsilueasensaaludaingy
crustacean ANAAUNRYIUANIZIATEA FITLHLIIA1VOINITADNATIV (intermoult) HAZTZOY

' = 1A o = a
NOUNITADNAITIY (premoult) llNaﬂ'iz‘W]Jﬁf’Jﬂi]ﬂiillﬂ]ﬂ\imull%uiﬂiwu@aﬂﬂﬂ‘ﬂﬂﬂﬁ

Sy 2 .
a1599NNENUUUANISY (bactericidin)

Q"'gj ==t Y 1 Ao 1 =~ A ~
aseengniaunuaiiise wo ldludiwvesdsuuazdiulaveuvadadoaniuan
4 [l
(Noga et al., 1996) ansngndmirIndlsinageainldle lasuasnszdu Tanudumzae

k2
Woreria nag lunuaennuiou (Fowmy, 2545)

Agglutinin

9
a o [ I 1 a YY)
W‘]JIﬂfJ‘ﬁﬁ31]6151{5]1111,!15@@511'0\1?13@'!@L‘%EJL! uﬂﬂﬂTﬂ%gLﬂuﬁ'ﬁﬂﬂiﬁlﬂﬂﬂ'ﬁﬂﬂﬂﬂmﬂﬂ
2 Y v oA gy aAdg . Y . o
daudaniasuudd delinihiilu opsonin NTzAUNTZUIUNT phagocytosis TuMstloaniu

Fananiasuvouwad@ieg (Vargas-Albores, 1996)
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UUANISEIoMAI (Vibrio harveyi)
AA Ao Y a ' 1 a3 . . 9 .
nuanseni Ivinadulvaiilu Vibrio spp. Usznowudae v. anguillarum,
V.alginolyticus, V. cholerae, V. damsela, V. fluvialis, V. harveyi, V. parahaemolyticus,
V. vulnificus W< Vibrio spp. (Mohney et al., 1994; Prayitno and Latchford, 1995) Tag
L Y a A < AA Ao Y a = ' g . .
V.harveyi ﬂ@i’ﬂlﬂﬂiiﬂliﬂ\ulﬁﬂ Llﬁ$Lﬂuu‘ﬂﬂ'ﬂﬁEJ‘V]T]11WLﬂﬂﬂ'J'I§JLﬁEJW']83ﬂﬂﬂ’)'llf]f@ Vibrio
a A g Aa g " g A v
BiAdY 108 V. harveyi Wunuaiiizounsuavglsrailuunadu indou Tnaaae polar
a 4
flagellum Hanou Tyl Catalase, Cytochrome oxidase, Amylase, Gelatinase, Lipasellaig
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oxidative stress
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