d‘ a a J = vAa a 9 (4]
BOINTUNUD M3 lnauazAnEIauTAved cDNA mmhhmaauclumwvmﬂ

Alve UNANINTN WINNT
a2 = =
MNIN CRIGH
Umsanm 2549
U |
UNAAED

o Y o v A ] @ a I J
Tudadlilinszgndunainnelivendrlumadu (Vitellin, Vo) 1iluesd
S Ao o % a . . I :1’
UsgnevveslisAuTedand Al lamaTadiu (Vitellogenin, V) HuTdsaudedu Tilsau
4 [} [} v 3 1o o @ v
Toaalu'lili1dsgneudae Tsaumniunadalsgneudtoas Iulawmsa ludu ussiauaz
a A & g 1 d' 9 Aa a a v 1 =i z dy
Taiugailunvasemaie ¥ lumanigau Taveoweuuilotazdvou  lumsanuagal
o a a = [ 1 1 (=) 1 Y -4
las 1% lanaduusaninnialivesnidusine Tasnsuonr1unedi DEAE-Sephacel 112
9 Y] 4 Y= 4 a a a = =\
AUAIBADANT Sephadex G-200 l@dAnmeensznounsaeziluves  lanaduuigniuazil
. . . <3| = o 1 dy Y 2 o a Y a A a A
A isoelectric point 111 5.3 Fansdosmriindrenasnuves lunaauluderiaou q Tunaduidl
a @ o = a 4 ad I A 1
waaTuana 398 A Taaaduanmsm 4-10% Indezasan ludwadan Ins IEsauuy bindag
Y A A <Y = a 4 ad A =\
an moeldaanzmanasanwiloinigridle Indezasar luanadan Ins WS sauuul
= a 9 1 1 2 d‘d a [
add (SDS-PAGE) lmaauilseneudie 2 wiledesnaniiuuia 78 uag 87 nlaaiadu
=\ 2 19 o w a ' Y a !
saziunaeuTsauaedals drauvesnsaesllu 9 wiensdulaseziiTuvesniiy
1 F4
do8 78 1Az 87 Ianuilounudiinueni lsAuvesniaesniitegosgnaniarainingn
o 4 =2 o @ a Y a ] 1 A a
duasien nnmIanusaunIaezil lunauilaweziTuvesniitegesniauia 104 nla
o Aa a = Y 1 =} a Y (9 v A
aaduues lanaauusgniuaaslimiunaellsAuves Tunaauluduainegnaad
1 a [ 4 L4 ege o
dunsaezil Tuoysny (RTRR) Taotou o subtilisin
o a (=) [
ldsimsTnau cDNA voslamaTadiiu (Vg cDNA) luduaiiielagerdedo
yanndmunsaezil Tuneanlawezd Tuvesniedoswan 78 naz 87 nlaaaduuazdin
[ 4 A a a @ = A A o w A = s
pusndves lunaTadin/lamaduninasanuou (crustacean) Filadu 9 §1AUNIAGE 1o Inan
o a,
AuY50iUe3 Vg cDNA 1491nmsAny11ae3T walking RT-PCR 1ag RACE (rapid amplification
9}::‘ a o w A = o Qy . 1 d'
of ¢cDNA ends) llm‘wuﬂsmmuazmamuu’maiahlmsuawu open reading frame (F3UN

o o o ¥ A

[ VA [ 4 1 [
dunser 1Usan) nnselunetudusdiduiionglelndues Vg cDNA wunianumilounu
@ o Y o

Audduiiinglo Indves v cDNA 711891013991 walking RT-PCR 1ag RACE 99% 81611 112

= S 4 9 a =\ 4 @ .
ﬂaTallmmﬁwsmmm Vg cDNA Usznoudleiiing le'lnd 7,961 A1 open reading frame

il



1 { [ 4 a @ o w a o oA
Usgnoudaudiunannsndunsigrniaeziilu 2,586 @1 ldAunsaozl TuoysnENaNsD
v WYY 2 e o ' A A a 7 4
gnaalddooulad subtilisin 7 AU R-X-[K/RI-R 130 R-X-X-R) 10305121097

Usznouniaoziluveslumadunldnnnsudassiauianndinuiinale’lng (deduced

4
=

. . 1A Y A Y d’ = [ a a
amino acid sequence) WuNHANUINdRsIRUMINTaRsUAUVE TanaduLT N
a 1 1 [ Ia
malFeuieulaseaiwlgugidvsuenindiutateeysnta InTlsau
. . . . ' Y < o w ) Aa 9
(lipoprotein terminal domain) @gmNmuﬂmmaum'eNmﬂUﬂiﬂazuiu%maimummm
%) £ g a = J 1A o Y A 1 % = ] ..
nyineduiluamFnvesTsaungulvngiminnvudelviunazivmnalug  (arge lipid
. o w A Ay v o o w A A o Y} o
transfer protein) @19UNIADZY TR Idonmsuassianndiduiiong Telna lunuriie
Y = v o v A = 4 aAa [ = A A A
adrenaunniuswuiing lo Inaveslamalaviuluasamdou (crustacean) 91 ) 10 Fiiah

=\ 9 a 4 [ -4 a A 3 1T A 1 1 A [
NﬂWSﬁEJ\ﬂ‘Ll]l’J Namsamswwmmmwu‘ﬁllamaTa%uumQmﬂwmmmmmﬂqmmmuﬂu

v

@ 1 a AAda IS J o o w a A a
mM3danledaliFinoonilungy 9 (taxonomy) Tuilegiiu drunseeziiTuveslunaladiiu
=

Y ¢ [ Y P =~ Yy @
VDINIUUBLIYHNUOUNUUBDIN Penaeus semisulcatus UINNGA (91.4%) !lﬁ&’llﬂ??il?ﬂﬁ!ﬂf}\‘iﬂil

a

=

A Aa Y a ] U d’d U = Y U
TamaTaviulugewinou 9 Tuyn 86.9-503% winnaluyfidmanumiiouiosndn 35%

9 Aa a a o ] = Y <1
msmanzuy Insaas Nafegionnsaosl Tudwni 42 Datlszuar 938 nuamu/areduves

a Y a a

Tunaladiuludeusiie Ine 19 Taseasvvesa In lumaau  (lipovitellin) 9192/a1 lamprey
I~ 1 ] < i . . {
iWuduuuyny Inseasunuoy (N-sheet) tazaIunagd (helical domain) 1 IAFaa51aN

[ d [ =t = [ FAl ] I~4 ] = A (A
BUINHNIUUNUBLLASID (C- and A-sheet) Gb’\?ﬁ?ﬂ?iﬂﬂ\?ﬂ@ﬂ'Zﬂ37!!W1J!61J!!Z75‘5ﬁ37«!!ﬂﬁf/3117jg

'
o [ o

o’ o U =i o =] 2 J’ Y a’l’ [ dyd o 79 YA ]
wiusnaaysenIn Isauny Tsauaniv Inseaseniaesautaveysny 1u Iases

1Ay
YR Y P4 A a 9 o ] A £
ladgnywmasdunsizn lunalaviuluduustine Tagldimaia RT-PCR 4

[ ] LY Y o A d‘d 9 aa 1 [}
WY Vg mRNA “lmﬂmuazmummqqmmﬂ“luizEszJm'iﬁiNll'JmaTaﬂuu !,m"lu‘wu Vg

v 9

Y [ i1 Y [
mRNA luiiogedu q 1dun ndanile lwazd 1dludedndionsoluduvesdedidnnsy

[ 4 o

9y 1A aa A [T ] Y
NWUTD mﬂwamiwﬂamwﬂﬁmmawu"lamaTa%uuummﬁma@ﬂmwwﬂuiﬂmuawmm

E]

Y (=] v A A a 4
INUBUIYAINENLITYNWUT

= A 9y Y A
vinmsAnInslasunlaimsudaiesn Vg mRNA ludausioehil
Wamsveaseluszozae o 1agld3s Tagman real-time PCR WUNIMIHAAI00AUDY Ve
o ~ S Y A A @ @ ] A
mRNA luduiiisuantiesuazudaseonuiniiganszey 3 veamsnannsaly Tuvazinely
[ 1= A A @ @ 1R Y1 o 1 g
§elifimsuaasoonuee Vg mRNA unigafiszoy 2 veamsnanniela Jeasllaigeludlu

Yy Y

1 Y] @ I 1 9 A a Y (9 v A Y
LmawaﬂuammﬂmmaQiaﬂumiﬁﬁn"lamaiaﬁ]uuclumwma MINABBIATINLEAY T

[ 4

3 1 9 Aa A o o o @ 1 =~ =
muﬂﬂﬁﬁiﬂuhmaIﬁﬁ]1!uﬂJﬂ’ﬂMﬁﬂJWNﬁﬂ‘UﬂﬁWGMHﬁ\ﬂﬂJ miuﬁmaaﬂmmau‘hmaim

v



a Y [ 1 = td' 1 % 1 Lﬂy d‘ =) = o 3 a =
tuludvuazselioniimimuauiuanaeiulunaaziloe namsulSoufioudwuiiong
I Y Aa A A [ [} 9 3 a 4
To'lndauats 3' veelunaladtiuimIonanialuvasdy sruiawansinsizianuuan
1 a a =1 g 1 1 dy d‘ 9 ¢V ] =1
Anvednsaozi lutaziing lo Indlauondn Vg cDNA luudazilogovenausiiieuingd
G S A t:' 1 % a = \ Qall
msuaaeenuesou lunalarnuiaenulasTomaanuranaianuiios 1 11 1000 winiv
ladnumalasunrunllsalodn (proteomic map) wosTdsauluseluds
(9 A @ ] R A 1 o 9 a Aad A A
uytienTmMsnanveese ludglia GSI uanannusumatansuenlaswasaning WSsa
an ] a o
HUDADIUA (2-dimensional gel electrophoresis) 1439 pH 3-10 1az A1z llsau 81 yalag
LoMs/MS TaoiuTdsauntiautiadnimsenrunuluanadu (chaperone) dalaun Tu/sau
Aausanuanudou’ld (heat shock protein) calreticulin a1 11/sAuNNEITRINUATTLIUMS
319’19 (oogenesis) 1auA 11581 vasa ME31B mio 18y swallow 11/5auTassaredasimiii
[ 1 4 1 o 4 { 1
lumsshvgilseuraauazvudsluanasumzmelumaa Tusaunaiugumsilaesans
A . £ ~ ' o % v o A ' J A
@01/528M (neurotransmitter) FelnanomsimMu15 lvnges lwunedlunquatsdolszeam
A = . gy a = =
(neurohormone) A0 l15A1 Ras related protein Rab 3 uaﬂmﬂumwuwawammau%maim
a { A [ [ [ ] o 1
i TsAuiineadesiumsarugumsiaunsslyTasees luuldun Ras related protein Rab 3
- ay v " o q YW y R )
1ag calreticulin HaMINAaoIN Mo ldd lenszuiumsiauvessluldasu 1
09/’ = J o [ dy Y ] 9
Han1snaaeInInuao1aziilsy Tewidmsumsmiziaosdeae Il luewne wu nsld

o v o Y a a o Y
803 lvulumssmih vifamsnigiuguen



Thesis Title Molecular Cloning and Characterization of Vitellin cDNA in the Banana

Shrimp, Penaeus (Fenneropenaeus) merguiensis

Author Miss Pharima Phiriyangkul
Major Program Biochemistry
Academic Year 2006

Abstract

In oviparous invertebrates, the major yolk protein is vitellin (Vt), to which
precursor is referred as vitellogenin (Vg). Egg yolk, containing not only protein but also
carbohydrates, lipids, minerals and vitamins, is consumed as a source of nutrients during
embryonic and larval development. In this study, Vt was purified from ovary of mature female
banana shrimps, Penaeus (Fenneropenaeus) merguiensis by DEAE-Sephacel and Superdex G-200
columns, respectively. Amino acid composition of purified Vt was determined and the isoelectric
point is 5.3, both values correspond well with other shrimps. Native Vt had an apparent molecular
weight of 398 kDa as determined by 4-10% nondenaturing polyacrylamide gel electrophoresis
(PAGE). Under denaturing conditions of sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE), Vt is composed of two major subunits of 78 and 87 kDa, although
some faint bands were also detected. The 9 residues of N-terminal amino acid sequences of the 78
and 87 kDa subunits are identical, indicating that they have post-translation modification. The N-
terminus of the 104 kDa subunit of purified Vt was also charecterized and shown that the
conserved cleavage site (RTRR) for subtilisin endoprotease is used in Penaeus merguiensis Vt
processing.

P. merguiensis Vg cDNA was cloned based on the N-terminal amino acid
sequence of the major 78 and 87 kDa subunits of purified Vt and conserved sequences of Vg/Vt
from other crustacean species. The complete nucleotide sequence of Vg cDNA was achieved by
RT-PCR and 5' and 3' rapid amplification of cDNA ends (RACE). In order to confirm Vg cDNA
sequence had been which derived from overlapping regions using a walking RT-PCR and RACE
approach, a large open reading frame of Vg cDNA was amplified and sequenced from ovary and it

showed 99% identity. The full-length Vg cDNA consists of 7,961 nucleotides. The open reading
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frame of this cDNA encodes a precursor peptide, comprised of 2,586 amino acid residues, with
seven possible processing sites, R-X-K/R-R or R-X-X-R, recognized by subtilisin-like
endoproteases. The amino acid sequence was deduced from the Vg ¢cDNA and its amino acid
composition showed a high similarity to that of purified Vt.

The comparison of primary structures reveals that the conserved lipoprotein N-
terminal domain located at the N-terminal region of Vg in banana shrimp is a member of a large
superfamily: large lipid transfer proteins. The entire deduced amino acid sequences of P.
merguiensis Vg was very similar to the Vg sequences reported in other 10 decapod crustacean
species. The results from phylogenetic analysis of full-length Vg reflect the current taxomic
classification of crustaceans. The deduced amino acid sequence of P. merguiensis Vg is highly
similar (91.4%) to the Vg of Penaeus semisulcatus and was more closely related to the Vg
sequences from other shrimps (86.9-50.3%) than to those from crabs (less than 35.0% similarity).
Tertiary structure prediction from amino acid residue 42 to around 938 of the N-terminal region of
P. merguiensis Vg by using lamprey lipovitellin as a template showed that the structure of the so-
called N-sheet and helical domain are more conserved than C- and A-sheets. This suggests that the
N-sheet and the helical domain are important for protein-protein interaction, therefore these
domains are conserved and their folding structure is maintained.

Sites of Vg synthesis in banana shrimp were determined by RT-PCR. Vg mRNA
was present in both ovary and hepatopancreas of the vitellogenic female shrimps while it was not
detected in other tissues including muscle, heart and intestine of females or in hepatopancreas of
the mature males. These results indicate that the Vg gene is expressed only in the ovary and the
hepatopancreas of mature P. merguiensis females.

The dynamics expression of Vg mRNA of P. merguiensis during ovarian
maturation were examined using a Tagman real-time PCR. Vg mRNA expression is negligible in
the hepatopancreas but has the highest expression level at stage 3 of ovarian maturation, whereas
in ovary, the highest relative value of Vg mRNA is found in stage 2. Thus, the ovary is
conclusively a major site and hepatopancreas is a minor site of the vitellogenin synthesis. This
study has shown that Vg synthesis is correlated to ovarian maturation. The expression of Vg gene
in these tissues are suspectedly regulated in a tissue specific manner. The result from comparison

of partial Vg sequences at the 3' end region from the hepatopancreas and ovary, and the results
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from nucleotide-amino acid differences analysis revealed that Vg cDNAs in each tissue of banana
shrimp probably (P < 0.001) are expressed from different Vg gene.

Changes in the proteomic map of the ovarian proteins from P. merguiensis during
the process of ovarian development (different GSI (gonadosomatic index) values) were
investigated by high-resolution, two-dimensional gel electrophoresis (2-DE) in the pH range of 3
to 10. A total of 81 spots were identified by LC/MS/MS. Among these proteins are noted as
proteins with molecular chaperone properties (heat shock proteins and calreticulin), proteins that
involved in oogenesis (vasa, ME31B, mio and swallow protein), and cytoskeleton proteins which
play role in maintaining cell shape and specific intracellular transport. Rab 3, a ras related protein,
which regulates neurotransmitter release was found and has function as controlling ovarian
maturation via neurohormones. Vg gene product was also detected. Proteins involved in regulation
of ovarian maturation by hormones are Rab3 and calreticulin. This result might be facilitated a
better understanding of the mechanism of ovarian development. Over all these results may be

useful for aquaculture in the future such as using hormones to induced maturation of shrimp.
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