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CHAPTER |
INTROD

7 7CT|ON
1.1 General introducti N\ ///

The world cultured s y-product mMed for 56 % of Penaeus

monodon, 17 % of P. W‘ _of s Va f the others (Rosenberry,

more than two decades.

] | {01
Approximately 60 % of the : fharves \ ation. Shrimp farms and

hatcheries are scatt 'thelcoasta a .‘ ”"», provinces (Nakorn Sri
‘ / wh 0S ""u' the East (Chanthaburi)
and Central regions 1S a g hre n) comprise the minority in terms of
number. The intensive {ai N onodon farming activity
resulting in the consistent as ' s ', odu fion (Source: Department of
Fisheries). However, the out | " infee 'T dis a; ,  t impact on the decreasing
of shrimp production in seve yuntrics 1 ncludin and, Ecuador, Vietnam, Taiwan, etc.
Since 2005, the great loss of shri yrod on i s and has caused a change of the major
farmed species from P. monodon 1l - shrity penaeus vannamei. The black tiger
shrimp production of T : ns in 2004 to 19,000 tons in 2005

1g. 1.1). In 08, th ons, while that of white
(Fig. 1.1). In 20 " ‘, hile th f whi

shrimp is 550,000 to‘m |
ﬂum ‘VlEl"ﬂ'ﬁWEl']ﬂ‘ﬁ
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The United States An}qfiéa is ‘ﬂiﬂr‘major shrimp importers (Fig. 1.2).

Approximately 33 % of shrimp wiaslt_xported fmﬁ{;@iland in 2006 and 2007 which was
i — i i

worth about US$ 854 million. — = il
= i ""‘ - “: o .:-.JIF" "":Lll u'.=
IE shrimp'i”rrlpn:nrts. Jamuary Sepernber % shrmp imparts, Ja‘l:.ﬂar].r-ﬁeptember
L Z00F in tonne s — 2007 irrtonnas —
e { Thakag | | HHEE \d
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Vet a Vet
Eotacn | |
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I15%

Figure 1.2 US'shrimp‘impaorts by ‘country, January-September2006-2007

(Seurce: National Marine Fisheries Service)
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P. monodon is markedly euryhaline and tolerates wide variations in salinity. They are
considered as candidate species for culture in low saline areas preferably under extensive

systems. Since culture of P. monodon in extremely high salinities to over 30 ppt may cause

decreases disease probleins..and lu environment.the eulture of P. monodon in

freshwater has become & y 11 I ina ayana, 2 : a et al. 1999). Despite a

ﬂumwﬂmwmm
QW’mﬁﬂimﬂJW}’mﬁl’]ﬁB



1.2 Taxonomy of Penaeus monodon

Penaeus monodon, is a shrimp species that was classified into the largest phylum in

.

enddopetasis vl ,

"ﬁﬂ ;::" P&

o o
& d

]

Scientific name: ':f_, 7
. | ‘ru
Common name: J o tiger prawn, Giant tiger prawn, Blue L):,l prawn, Leader prawn,

Panda prawn (Australiak 1J&Pazun (Burma), B@(ear (Cambodia), Ghost prawn (Hong

INOH 97 S5 (0 (W ) 30 14
ndogo (Kenya), 1 istan), ‘ hilipines), Gra imp (Taiwan), Kung kula-dum

(Thailand), sa (Vietnam). g
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1.3 Morphology

From the external view, shrimp is basically divided into thorax and abdomen (Fig.

1.3). The thorax (or head) is covered by 1' obile carapace which protects internal
organs and supports muscle origins. Tk . ey s, the sensory antennules and the
antennae arise rostrally. The ercior E:‘ o the thoracic appendages. Gills

are formed from sac-like OTQ v-m-; the base @ legs and sit in branchial
: a rally to cover the gills

chambers on ether si

completely.

The abdomen : s. A swimming legs or
pleopods are the abdomi ises from each of the G
abdominal segments. e anus, and two uropods
attach to the last (6" edication groove without
dorso-lateral spines. | he tail fan produces the
quick backward dart char.

adostral carina
hepati
epeiashuiel

compound eye
rostrum
antennule 4

antennal scale

third maxilliped =

tail fan)

U _ = )
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The cuticle, secreted from an epidermal cell layer, consists of chitin and protein in
which calcium carbonate and calcium phosphate have been deposited. While the old cuticle
is moulted, the inner cuticle layer is detached from the epidermis and the epidermis begins to
secrete a new cuticle. After moulting, the new cuticle is soft and stretched to accommodate

the increased sized of the shrimp.

The black tiger shrimp has the following cCharaeteristic colorations: carapace and
abdomen are transversely banded with red and white, the antennae are grayish brown, and the
pereopods and pleopods are brown.with cuimson fringing setae. In shallow brackish waters
or cultured ponds, the'color patterns arc mostly changed to dark and blackish brown (Moton,

1981: cited in Solis, 1988).
1.4 Life cycle

The matured female spawns between ‘ 50,000 to 1,000,000 eggs per spawning
(Rosenberry, 1997). The fertilized egg of P. monbdon 1s spherical yellowish green in color
and somewhat translucent; ranging from 0:27 to 031 mm in diameter. The development of 2-
celled, 4-celled, morula and embryonie nauplius sta_gés are observed within 0.5, 1, 1.8 and 11
hours after spawning, respectively. Before hatching, thé embryonic nauplius is observed to

move intermittently inside the egg. "
1.4.1 Larvae

After fertilization, eggs hateh into the first larval stage, nauplius (6 stages in 2 days).
Nauplii are about 0.3 mm long at hatching, exist entirely on their own egg yolk and are
characterized as planktonic‘and positively phototoxi€. The second stage, protozoeae (3 stages
in 5 days), they begin to feed algae and metamorphose mto myses (3 stages in 4 to 5 days).
The myses have many characteristics of adult shrimp, feeding on algae and zooplankton. The
final stage is the post larvae (6 to 35 days) (Solis, 1988), while a full complement of

finctioning appendages is present.

Occurring offshore, they are planktonic in behavior. The body of the post-larvae is

transparent with a dark brown streak from the tip of the antennular flagellum to the tip of the



telson. The 6th abdominal segment is relatively longer than the carapace length. The
carapace length of the post-larvae varies between 1.2 and 2.2 mm. P. monodon enters nursery

grounds during the last sub-stage of the post-larvae.
1.4.2 Juvenile

During the earlier juvenile stage, the body is*partly transparent with a dark brown

— o ,
streak on the ventral side similar to the post larvac. They differ from the post larvae as
follows: relatively shorter 6" abdeminal segment to the carapace length is still greater than in

the adolescent, greater.body and‘complete gillisystem.
\
In the early stage reaghing about 2.7 mm in carapace length (CL), the body becomes

blackish in color and the gostrum has 6 dorsal and 2 ventral spines. When it reaches about 3.7
mm CL, the body bécomes more blackish anEl‘ bulky and the rostrum has 7 dorsal and 3
ventral spines as found in adult. The carapace Iéngfh varies from 2.2 to 11.0 mm. They use
pereiopods for clawing and pleopods for swimm.i_;ig, the former become the main locomotive
organ and the latter may be regarded "as supgl_?mentary and used for rapid movement.

o4 i

Juveniles inhabit blackish water areas as nursery gr(’)un;(?i.lI

In natural, if shrimp have stability of bo?jfl_, pr'oportion and development of outer
genitalia is called adolescent. The édolescent, thé bodf i)rbpoﬂion issalmost the same as in
the adult or slightly ercater with the ratio of the Iength of about 0.58¢ Fhe sexes can now be
identified beginning<at 1l mm CL. The carapace length of the adoleseent varies between 11
to 34 mm. The minimum size of males possessing a jointcd petasma is about 30 mm CL and

the minimum size of females possessing adult-like thelycum is about 37 mm CL.
1.4.8 Subadult

This ‘stage begins at the onsets of sexual maturity i.e., minimum sized males
possessing sspenmatozoa Jiy terminaly ampouless end*minimum sized| femalesy possessing

spermatozoa inside theithelycum through copulation.

A sex-size disparity occurs at almost 30 mm CL, and here after the size of females

becomes greater than males. They migrate from nursery to spawning ground. During this



stage, first copulation takes place between males with minimum CL of 37 mm and females of

47 mm in the estuarine or inner littoral areas before migrating to the deeper water.

1.4.4 Adult \'[
This stage is characteri \\ ”/‘ f sexual maturity males possess
spermatozoa in the paired t ules and e no sexual differences from

ths of about 160 m.

subadult males apart from s lent an 1fferWles start to spawn mostly
offshore whereas some n | water. A sec nd other copulation may occur in
. . . . e ‘- . i } Veas

N Tl b Eddt oy o ihloh b ool

(Source: http://oceanworld.tamu.edu/resources/oceanography-book/invertebrates.htm)



1.5 Osmoregulation of crustaceans

Organisms living in estuaries and migrating to marine habitat as penaeid shrimp must
be able to osmoregulate efficiently (Gilles, 1970; Gilles, 1979). Osmoregulation is one of the
most important adaptive physiological processes permitting the successful establishment of a
species in a given habitat (Charmantier, 1998).

o
Osmoregulation means the wvarious strategies developed by the animal species to

control their body water in theswidewariety of possible environments which they have been
aggressively inhabited: It implies detailed study of all the processes at work in the control of
the thermodynamic actiyity of.water in biologFical fluids, either intracellular or extracellular,
of the animal species considered. This includes analyses of any kind of transport processes
and metabolic correlates inyolved in the adju*:;tment and the control of the level of both
inorganic and organic constitugnts (Charmantief:l. and Charmantier-Daures, 2001; Martinez et

al., 2005). -

For many years the composition-of thefblaemolymph has been studied in various
groups of crustacean as a funetion-of the salinity enyiréﬁlgnent. Several generalizations for the
most representative patterns discovered in animals living in a range of media from

concentrated sea water to fresh water have been ex‘pi'o"red.‘ .

Classificatiolef-erganisms-accordmng-to-their-osmoreguiatior. cdpabilities divides the
organisms into three groups: osmoconformers, hyper-osmoregulators and hypo-
osmoregulators. The osmoconformers regulate their ionic concentration in haemolymph such
that it is always equal to. the surrounding seawater. These animals keep their body fluids
isotonic to=they extennal ,environments. #The  hyper-osmoregulatorss have higher ionic
concentration in haemolymph than in surrounding'medium while hypo-asmoregulators show
lower ionic ¢oncentration in haemolymph than in external medium (Campbell and Jones,
1989, Castille and Lawrence,.1981; Charmanticr, and Charmantier-Daures, 2001;, Gilles,
1970; Mantel and Farmer, 1983; Pequeuxs, [1995; Potts and Parry, 1964). Generally, P.
monodon is a hypo-hyper osmoregulator. It exhibits hyperosmotic regulation to sea water at

salinities below isosmotic concentrations and hypoosmotic regulation to those above
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(Wuthisuthimethavee et al., 2005). There are some other crustaceans that show ability as
hypo-hyper osmoregulation such as Palemonetes varians, and Artemia salina (Castille and
Lawrence, 1981; Cheng and Liao, 1986; Ferrari et al., 1987; Knut, 1983). These organisms

are extremely powerful osmoregulato ‘\. 1 ¢ope with any fluctuation of salinity of the
1g | g

external medium that normally

al., 1987; Gilles, 1979;

- 1e teleost

diffusion thr =k . h.in rough
: gttt ive lnts ‘ active secretion

Seawater

dilute urine

121 996 Encyclopaedia Britannica, Inc. ‘L

,~|=-',-l',.*'"l /i "'_.ni' ﬂ"

Figure 1.5 Eimotlc regulatlonfn fnésﬁw ter and m e t?‘eost fish.
el

actors affec@ growth, survival and

(Source: Encyclop ‘

Salinity 1is onlgof the main

development of the black tlger shrlmp The black tlger shrimp is naturally distributed over a

wide range ase during the
first stages o ntvg\ a brackis arin %]eﬁﬂ e and juvenile

stages, aftelqillhlch they migrate towar s marine water at preadult or adult stages. The

AR PR Fai ﬁnmﬁﬂw Aok

Shqulp larva returns to the nutrition-rich in-shore sea or mangrove swamp for growing. Since

ritannica, ll’lC.)

the salinity of brackish water fluctuates more than that of marine sea water, it is likely that

the degree of euryhalinity, possibility of supporting rapid salinity changes, varies with the
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age of the shrimps. P. monodon is an euryhaline crustacean which is able to regulate their
body fluid composition with regard to the ambient medium by modifying surface
permeability, urine production, and ionic transport (Ferraris et al., 1987; Spaning-Pierrot et

al., 2000).

1.6 Osmoregulatory ergans

o
Among the few comprehensive histological studies of osmoregulatory structures in

decapod crustaceans, most have concerned the gills of erabs (Drach, 1930; Chen, 1933;
Smyth, 1942) and shritps sueh as Palaemonetes varians (Allen; 1892) Crangon vulgaris
(Debaisieux, 1970) and*Penaeusaztecus (Pjoster and Howse, 1978). Numerous studies
hypothesize that the branchiostggite such as epipodite has an osmoregulatory function in P.
japonicus. Moreover, previgus studies found that the function of the antennal gland in
penaeid shrimp has been associated with ion tr%nsﬁért and osmoregulation. Therefore, these

three organs are studied to elucidate gencs involved in osmoregulation mechanism.

The antennal glands consist of the coel&&r{ogac, labyrinth, tubule and bladder, and
their main function is urine production. By ﬁlteringrthg-}laemolymph, urine is produced and
flows to the branchial chamber via thesnephropore.In marine decapods, the antennal glands
are involved in the control of haemetymph volume,'fhynpéregulation of magnesium and sulfate
in haemolymph, excretion of organic compounds and reabsorption offluid, sugars and amino
acids from the primar;/ urine filtration (Riegel and Cook, 1975; Mantel and Farmer, 1983).
The function of the antennal glands in penaeid shrimp have bB€en associated with the
differences of soditm and chloride concentrations between ‘haemolymph and urine.
Previously reports showedsthat antennal glandstof P. monodon functioned to stabilize
potassium [gencentrations by reabsorbing potassitim from the primary urinie and excreting

sodium in exchange (Mantel and Farmet, 1983; Lin et al., 2000).

The epipodites,or .mastigobranchs,.are elongated, thin, birameus structures, attached
to the coxopodites of 'some thoraciciappendages. Previous study showed that the epipodites
are| probably involved in osmoregulatory mechanisms. The epithelial cells of epipodite

contain numerous elongated mitochondrias which reveal the presence of the Na'/K'-ATPase.
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This is further supported by the high level of the Na'/K-ATPase activity measured in
epipodites of adult P. japonicus (Bouaricha et al., 1991) that the epipodite of P. japonicus

could be involved in osmoregulatory mechanism. Moreover, previous study found that the

excretion of salts in Cladocera species was associ with epipodite cell.

including gas exchange,

osmoregulation, acid-base b d nitroge vious study reported that the
gills are among the most permeableexternal surface custaceans, and they are considered

the primary site for ionic a ol 1960; Lockwood, 1962;
Lockwood, 1968; Gilles, 19 g ;'"-' ¥ 'R chner, 1979, queux and Gilles, 1981;
Pequeux and Gilles, 1988; To 1982 Nume | " ed that the gill of crab
species consists of two kig ,- and oS oills ¢ - h1stologlca11y different. In
Eriocheir sinensis, the'antes E: Ay haverat ttle crentiated epithelium, probably
involved in respiration, #while" th, po 7 5 ay \ le in osmotic and ionic
regulation (Luquet et 0248 Pe jilles Pequeux and Gilles, 1988;
Schoffeniels and Gilles, ‘.'0 T

of the gill contains mitocho

3 in

y
IS that are transferred to low or high

ean species, the epithelium

1a that .
e

by the increase in the size of epithelitim in Pena

oregulation. This is supported

salinities. Similar epithelia have IS0 be r@p ,J posterior gills of E. sinensis (Barra
etal., 1983). :

ﬂﬁﬂ’?ﬂﬂ'ﬂ‘ﬁﬂﬂqﬂ‘ﬁ
’QW'WMF]?WNMWWEHQEI



13

1.7 Significance of osmoregulation mechanism in the black tiger

shrimp

As describe above, the black tiger shrimp is able to survive and grow in a wide range
of salinity from 2 to 45 ppt. However, extremely high er low salinity always causes more
problems than the suitable salinities, which range ftem 15 to 25 ppt. Culture in extremely
high salinities over 30 ppt'may cause disease problems, particularly white spot or yellow
head virus and lumineseent bacteria._in low salinity at 3 to 8 ppt, in fact that the shrimp can
grow for a period of 4"months or a little 'bit more but no more growth appears to be
significant transfer (Chanratchakool, 2003). Inl addition, the current domesticated broodstock
after growing out of the broodstock-sized shrimp for gonad and sperm development still
depends upon the stimulation'of high salinity l;:yel before mating. Structural and functional
characterization of salinity Stress responsive gehles has contributed to a better understanding
of how shrimp responsg'and adapt to salinity. stries_s. An understanding of the osmoregulatory
mechanism would be useful for the production of broodstock and shrimp farming. Moreover,
genes controlling osmoregulatory system in P. n;gﬁgdon can be applied for the selection of

low-salinity tolerant shrimp strain. . e-sd

1.8 Characterizations of 14-3-3 proteihi- :

Members of«ie=i4=3=3=proteins=family=form=asgroupzofsighly conserved 30 kDa
acidic proteins expressed in a wide range of organisms and tissucs. The proteins exist
primarily as homo- and heterodimers in all cukaryotic cells. The name 14-3-3 was given to
an abundant mammalian.brain protein family due to its particular elution and migration
pattern on two-diméngional'DEAE=cellulose chrematogtaphy and starch gel-electrophoresis.
The 14-3-3 proteins elute inithe 14" fraction of Bovine brain homogenate from the authors
“homemade”DEAE cellulose column and fractions 3.3 in the latter step (Aitken, 2006). In
humansgpthere aresseven distinet«14-3-3 genesydenotedf, yse, ms 6, 7(0),.and G(as well as a
number of potenfial pseudogenes), while yeast and plants contain between 2 and 15 genes. It
was subsequently shown that while many 14-3-3 interacting proteins contain RSXpSXP

(mode I) and RXY/FXpSXP (modell) binding motifs (Table 1), many others do not,
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indicating that additional sequences and modes of interaction/contacts also allow 14-3-3
binding. Well over half of the 14-3-3 binding proteins identified to date use phosphorylated

sequences which are reasonably close matches to the optimal 14-3-3 consensus motifs. The

motifs are clearly not absolute, ho‘ cve Is e he presence of a non-phosphorylated S
immediately following R within the i motif, two positions C-terminal to the
phosphorylated S or T in both e }'" > " e , is not required for peptide and
‘ ,2002). The interior of the

L-structure is composed.of f -- '- - ain many charged and polar

50. H O
C

/ | h
/ inté; a
currently known full )y ro;v’ | ] groove 1s over 70 %

' telns (Aitken, 2006)

amino acids, and H7 andH¢ -~ 0 2 acids. These four helices

form the concave amphlp .. eptides. An alignment of all

conserve (Figs. 1.6 and L

Tablel. Observed and P.

J  — o ‘ Accession
Proteim f X Bk sita(s No.
X :

R/KXXp |
Nitrate feducia e AAA32830

Vacuolar ATF' 023654
catalytic S-I..If b
ATP synthase [ P19366

-v*;:

‘..7 116796
Posess
P51567

]‘i 71169
REQSIP

agneelum-chelatase subunit RFDSNP P16127

AUESREN IR di

R/KXOCHpSXP (mode-2)
13-I|poxygenase Lmﬁ KPSDSKE L37358 u
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Figure 1.7 The crystal structure of 14-3-3s. The model shown is derived from the
human 14-3=3 {uisoform (PDB 1QIB) and is shown from i(a) the, topsand“(b) one side as
visualized by the-8Dmol software found in the Mector NIL 7.0 Suite. Hélix numbers are
denoted from Hl near the amino terminus to H9 near the carboxyl terminus. Red and blue
areas“cgrrespondﬁ t‘o residues of+100, % identity and=highs conservation, respf:cTtively, and
cotrespond to celors ‘on the alignment (Hig, 1.6). Yellow areas correspond o, regions of

reduced similarity and green areas indicate the nuclear export signal (Ferl, et al.,2002).
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1.9 Cellular contexts of 14-3-3 activities

A wide array of biological functions involving kinase-mediated signal transduction,
growth and developmental regulation, and response to environmental stress has been
attributed to members of the 14-3-3 family. Themotable recurrent themes in these diverse
systems are the involvement of protein—protein intcraetions, divalent cations, kinases, and
phosphatases, and the role"of*14=3=3s continues to center on direct participation in signal
transduction events (Morrison, 1994; Morrison, 1995). Although not exhaustively complete,

this survey highlights these thcmes androles. |
\
1.9.1 Kinasgsmediated signal transduction

=

Signal transduetion yia protein phospl?t)rylation is @ common pathway for many
organisms. Perhaps the best studied of these';,. is the GTP-dependent Ras pathway. The
stimulation of cell division' by extracéllular growth factors involves the receptor-based
production of active Ras, which then turm on a serles of protein kinases, including Raf-1,
which activate enzymes in the nucleus that are cﬂtrcal for message transduction, including
the transcription factors. In 1994, several mvest—lgatdr's independently identified 14-3-3s
within the Ras pathway as actlvators of-Raf-1 (Faqtl et al 1994), and 14-3-3 proteins were
found to associate with Raf-1 in vivo while compIetlng 1ts activationgand recruitment to the
membrane (Freed et al.,.1994. liic ct.al., . 1994). Since thesc initial ieports, other kinases have
been shown to eithier'bind to or be activated by 14-3-3s (Maru and Witté, 1991; Reuther et al.,
1994; Liu et al., 1997), including the notable calcium dependent protein kinase (CDPK)
(Camoni ct al., 1998). |

1.9.2 Growth and developmental signaling

In several organisms, it has become apparent that 14-3-3s play a pivotal role in the
growth @nd development«of, the cell A [clcar fexampleiofrthis comes) ffonrithe"study of the
yeast Saccharomyces cerevisiae 14-3-3s, known as BMH1{and BMH2 (van Hgusden et al.,
1995). Strains with disrupted BMH genes grow more slowly on minimal medium, and double

mutants are lethal. Normal growth rate, however, can be rescued by heterologous expression
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of one of several 14-3-3s, including four different Arabidopsis isoforms (van Heusden et al.,
1996). Examples of the involvement of 14-3-3s in higher order growth and development are
available, especially for Drosophila melanogaster, in which the leonardo mutation
demonstrates that 14-3-3s play a role in synaptic growth and learning (Skoulakis and Davis,
1996, 1998; Broadie et al., 1997; Li et al., 1997)s "Lhe presence of an inherited variant of a

human 14-3-3 has been associated with early-onset'schizophrenia (Toyooka et al., 1999).
o

1.9.3 Structure.and movement

There are examples of 14-33/ proteins interacting with proteins that would not
normally be considered enzymes or be subjchted to signal-induced transitions in activity.
Keratin intermediate filaments are expresscd iﬁ,_sffnple-type epithelia and are responsible for
cell structural integrity, and 14:3-3§ associate with keratins where they act as solubility
factors (Liao and Omary, 1996). Other stmcti;raf"roles for 14-3-3s are indicated by the
localization of 14-3-38 to the mitotic spindle aﬁparat.us, by associations with centrosomes
(Pietromonaco et al., 1996), and By -interactid;nié.' v;/'ith other eell scaffold—type proteins
(Dellambra et al., 1995; Du et al.,=1996). In ce'fta‘in contexts, 14-3-3s serve to alter the
subcellular localization of their clients. The 14-3- 3stgonjta1n a nuclear export signal, such that

interaction between 14-3-3s and chents within the nucleus serves to assist in the nuclear

export of the client (Rittinger et al 1999; McKmsey et al , 2000).
1.9.4 Responhse to stress

The study of steess induction in different organisms has led to-the identification of 14-
3-3s as integral components.of response pathways: Environmental conditions affect 14-3-3s
directly, beeause external’ stimuli such as/coldwand increased salt have led to altered
regulation ‘of 'plant” 14=3-3s "(Kidou et=al.,"1993;“Chen ‘et*al., 1994; Jarilio et al., 1994).
Biological interactions between organisms also engage 14-3-3s, as in the Pseudomonas
aenuginesa‘cxotoxin S, which requites a cellular 14233 for activity (Fu etaly, 1993).A direct
relationship exists! between 14-3-3sand' the receptor for the 'wilt-inducing "phytetoxin

fusicoccin (FC) (Oecking et al., 1994; Aducci et al., 1995; de Boer and Korthout, 1996).
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Interactions with 14-3-3s regulate the H'-ATPase under normal physiological conditions via
blue light excitation in guard cells (Emi et al., 2001), and the complex between 14-3-3s and

the H'-ATPase forms a binding site for FC. And marine observations from fish euryhaline

increase of 14-3-3a in gill epithelium
of fish transferred from SW to FW, yest 't . could be a major factor for the
i ' ase, and inhibition of the Cl-
channel in gill epithellwa SW to FW and, therefore,
represent a molecular : N0 nd the configuration of
flexible ion transport mecha 1 7‘ cal schematic of one aspect of

\ chmated to freshwater
DS ( oss gill epithelial cells
of FW-acclimated fishd§ engrgi an._apical R TR omologous H'-ATPase is
activated by 14-3-3 In pladits add it is'possible'th “ induction of 14-3-3 in gills of FW-
f the H'-ATPase. In SW-
acclimated fish 14-3-3 is gul e 14-3-3 inh 'ts.Cl—channels such down
regulation could be necessary Lviey 3 , ich de pends on the activity of an

1y more phospho-proteins than just

transporters and channels and are likety to be | -- regul tors of other aspects of adaptive cell

differentiation in orlde and pﬁ“gﬁaﬁfcn  (Kiltz,C arty et al., 2001) 14-3-3 in
Xenopus laevis oegcyte w as attributed to its

inhibition of an end

ﬂﬂﬂ’)‘ﬂﬂ'ﬂ‘ﬁﬂﬂ?ﬂ‘ﬁ
Q‘W%Nﬂifu UN1INYAY
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1.10 Reverse transcription-polymerase: reaction (RT-PCR)

RT-PCR is a rapid and-qﬁrt&f;ﬁ{r :i_ in analyzing the level of expression of

gene. Itis a hlghl Asmve and specific method ion of rare transcripts or
‘1992; Marone et al.,
2001). The RNA caxm: serve ¢ transcription was combined
with PCR to make A into ar complementary DNA (cDNAmuitable for PCR. The
combination of both ta‘h iques is colloquially.lejerred to as RT-PCR (Fig. 1.9). The

NN N T
PCR is gi th n ependent polymerase.

Reverse transcription of mRNA requiresihoosing a reversﬂanscrlptase a mearw priming

’Qmﬁ‘ﬁiﬂ’ﬁ ALY LI

pre ommantly to catalyze first strand synthesis (synthesis of a complementary DNA-cDNA),

seawater (SW, right pane

but are also capable of synthesizing a DNA strand complementary to a primed single
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stranded DNA. The RT-PCR can be used for semi-quantitative also known as relative or

quantitative analysis.

The semi-quantitative RT-PCR method is based on the use of an internal control,
which is included in the polymerase chain reaction with the gene specific primers. In the
majority of cases, the internal control 1s a housekeeping gene expressed at a very high level,
which is assumed to be expressed at a constaglt level theeughout all samples analyzed. Also,
it is assumed that the expression levels of the comtiol RNA are not altered by the
experimental conditions, thus.acting as an experimental control. Common internal controls
are P-actin and GAPDH mRNA sand also 18s tRNA. The PCR products (including the
internal control) are them separated with agar«l)'se gel electhophoresis, stained with ethidium
bromide and analyzed to gbserye relative expréssibn of the target transcript. However, Semi-
quantitative RT-PCR 8 only able to tell 'you tlrrat one transcript 1s expressed at a higher or
lower level than the other. The senﬁi-quantitg;tivé' RT-PCR method is one of generally
methods that use for confirmation of dlfferentlal expressmn from genes analysis. Since, this
method is highly sensitive and spec1ﬁc method for the detection of rare transcript or for

analysis of samples available in limitihg amount. i .
1.11 ATPase assay o

H+—ATPas¢s -are enzymes that couple the hydrolysis or synphesis of ATP to a
transmembrane moyfeinent of protons. H-ATPases are found in rnere}rly all cells and are
divided into three distifict classes: the plasma membrane type, the vacuolar or lysosomal type,
and the FoFI type, which is present in mitochondria and chloroplasts: ATPase activity can be
monitored spectrophotometrically by use of enzymessystems that couple ATP hydrolysis to
the oxidation of NADH. The coupled enzyme ATPase assay is based on the conversion of
phosphoenolpyruvate (PEP) to pyruvate by pyruvate kinase (PK) coupled to the conversion
of pyruvate to lactate by lactate dehydrogenase (LDH). The.latter step requires NADH which
is oxidized to NAD", WADH absotbs' strongly at 340 nni but WAD' does not,.chabling the
utilization of NADH to be followed by monitoring absorbance at 340°nm. ‘'The decrease in

OD3y49 can be converted into ATPase activity where 1 molecule of NADH oxidized to NAD"
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corresponds to the production of 1 molecule of ADP by the motor ATPase. The reaction of

ATPase activity is shown in Fig. 1.10.
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(Soutce: http://cem.ucdavis.edu/cpl/Tech%20updates/RT-PCR%20folder/RTPCRweb.jpg)
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P motor ATPase
W + Aza0 A260
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\
Figure 1.10 Reactionsof ATPase activity .

=

(Source: http://www.poweb,0rg/Kingsin/Methods/ATPase_assay.html)
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1.12 RNAi interference techniquei_

The RNA interference (RNAI) pgthway Whﬁ_c_)lriginally recognized in Caenorhabditis
elegans as a response to double-siranded RNA (dsRN'IJAJ) leading to sequence-specific gene
silencing. It soon turns out that RNA#+1s not restrﬁfed_ to nematode and can be induced in
Drosophila, Trypanosoma, and-vettebrates. Similér’ pﬁanomena had been observed in plants
and fungi. These phénomena were called co-suppression (also ternied post-transcriptional
gene silencing, PTG§) and quelling, respectively. Co-suppressiori wés shown later to be
mediated by dsRNA as a quide molecule. Establishing pathwaysrincluding RNAI, co-
suppression (PIGS), and quelling is now collectively called RNA silencing and appears to be
present in most, if not allj eukaryotic organisms. The eommon key player in RNA silencing is
small RNA of 21 to 28 nucleotides (nt) in length. Fwo classes of small'RNAs are involved in
RNA silencing: small‘interfering RNAs(siRNA) and microRNAs (miRNAs). Because of the
exquisite specificity and efficiency, RNAi has drawn much attention as a powerful gene

knockdown' techtique!

RNAI1 is mediated by small interfering RNAs (siRNAs) that are generated from long
dsRNAs of exogenous or endogenous origin. Long dsRNAs are cleaved by a ribonuclease III

(RNase III) type protein Dicer. Dicer homologues can be found in C.elegans, Drosophila,
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plants, and mammals, suggesting that small RNA-mediated regulation is evolutionarily
ancient and may have critical biological roles. The siRNA generated by Dicer is a short (~22-

nt) RNA duplex with 2-nt overhang at each 3" end (Fig. 1.11). Each strand contains a 5'

phosphate group and a 3' hydroxyl group. siRNA is incorporated into a nuclease
complex called RISC (RNA indu 2NN 1Ci t targets and cleaves mRNA that
is complementary to the siRN ' ';- intit 1 i a siRNA duplex is still inactive
‘ loss of one strand of the
duplex by an RNA helica icase is currently unknown.
Dicer has a conserved he cen whether Dicer actually
catalyzes this reactio. ’ |

¥ o ]‘: ;

J ] Ill‘"" THREN RO 6L "ENL S NIREND

owerhang
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into four st es: (1) dsRNA cleavage‘by Dicer and neratlon of siRNA lex 2)
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1.13 Rapid amplification of cDNA ends (RACE)

Rapid amplification of cDNA ends (RACE) is a procedure for amplification of nucleic

acid sequences from a messenger mplate between a defined internal site and

unknown sequences at either the A. RACE procedures have been
scape, or prove challenging for,

used for amplification and cloning of ¢ | s’
conventional cDNA cloni gies.-‘dditi@may be applied to existing
cDNA libraries. Randw ‘Wdapted to 5' RACE for

amplification and cloning.e t strand synthesis reaction.

Products generated by the 3" and ' adu .-.‘ ‘may be combined to generate full-

length ¢cDNAs. Las ' : ay | ‘. il e onjunction with exon
trapping methods to enabie | | bsequent charact ation of unknown coding
sequences. ' ‘

1.14 Previous st

gill-epipodite cDNAEbrary shov ari t@4-3-3 like protein of

Tetrahymena thermophila B210 (71 % identity). In addition, specific expression in

TN
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1.15 Objectives of the thesis

The aims of the thesis were to characterize the two isoforms of P. monodon 14-3-3

protein, and examine the expresswn 0 i.‘ monadon 14-3-3 in response to change in salinity.
Furthermore, the cumulative mo , g and not express the 14-3-3B gene
N‘I IH! f / P 5
when transfers from high sali 1ty ed. In addition, the function of
14-3-3B was further investigated by gene siléncin ayed for the ATPase activity of
the 14-3-3B silenced shii ;;.. | with he C a, 0l S his will lead to a better

understanding in osmoreg
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CHAPTER 1I
MATERIALS AND METHODS

=

2.1 Materials

2.1.1 Equipments=—
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Minicentrifuge (Costar, USA)
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Medical X-ray film (Kodax, USA)

Nipro disposable syringes (Nissho)

Pipette tips 10 ,‘* ‘n
Power supply, Power P/ / )00 ( o-RAD Labc ' es, JSA)
Refrigerated mict , (RO 2 ich Zentrifugen, Germany)

Sterile disposable plastic € [,.5.an | t¢rilin)

Sterring hot pla

[
'OQdC

: 4 . L
Vertical electrop ore51s system (Hoefer™ m1n1VE)

ﬂﬂlﬂ“ﬂﬂﬂ"ﬂ‘ﬁﬂﬂ’m‘i

trans111um1nator UVP ImageStore 7500 (Mitsubishi Electric

Touch mixer

Corporatlon Japa
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2.1.2 Chemicals and reagents

Absolute ethanol, C;HsOH (BDH)

Ammonium per:

Bacto agar (D' '
Bacto tryptone (8
Bacto yeast xtr :
Boric acid, BH;0; (Mer
Bromophenol blue (M
Chloroform, CHCl;
Diethyl pyr ,_-',-‘ te (DE] -

]-"h Ir ‘ ‘

Dihydronicotina N0 14P2Na, (Sigma)

II -
|
.Ml'

Dimethyl sulfox 1de (DMSO) CgHecSO (Amresco)

AU INENINGING

100 niM dATP, dCTP, dGTP, and dTTP (Fermentas)

AMTAATOIIMT AN TR

Ethidium bromide (Sigma)

Ficoll™ 400 (Amersham)



Formaldehyde (BDH)

Formamide (Gibco BRL, technologies, Co., USA)

Isopropanol (Mexek
Kodak Tri-Xpand 0t
Magnesium hl i ‘, h'._-
N, N‘-methylee-bi cry] ‘

3-(N-morpholino)pro '- es ._.--: ‘ \ H2)3(C4H8NO) (USB)
Phenol:chloroform:isoamy ﬁ ?‘

Phospho( 10l)py ' K OGP (Fluka)

[ ~% |
PolyCG(, i ‘
H | — iri

I
Potassium chlor de KCI1 (BDH)

HUAIN HY INYIN3
ATAYTTUNA TN

Sodium citrate, Na;CsHsO7 (Carlo Erba)

Sodium dodecyl sulfate (Sigma Chemical Co., USA)

30
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Sodium hydroxide, NaOH (Eka Nobel)

Sucrose (Merck)

QIAprep spin miniprep ki Jﬁ')‘!, ENY A
SMART™: A CE cDNA Amplification Kit (Clontoth

T&Aﬂmmae.

T7 RiboMAX )Express RNAI System (Promega)

Adﬁ%&lﬂ%‘lﬂ%“ﬁ‘w g9

Bam (Biolabs)

Q‘Wﬁrﬁﬂﬂ‘imﬂﬁﬂﬂmﬁﬂ

HindIII (Biolabs)

NotI (Biolabs)
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Pyruvate Kinase/Lactic Dehydrogenase enzymes from rabbit muscle (Promega)

RNase A (Sigma)

w2
o3l
O
S
=
o
=
~
w2
o
—
o
+5
L2l &l

i. GENOMIC=1)

%)
<
>
=
3
=
e=t
§ '

P.monodon juveniles (z about 15 to 20 g of body weight)

were used for most Stuc 10 o survival of shrimp

under low salinity s old, about 3to 5 g

of body weight) were- located in Chuntaburi
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2.3 Tissue collection and total RNA preparation

Gill, epipodite, antennal gland, heart, hemocytes, hepatopancreas, intestine, lymphoid
gland and eyestalk were isolated separately from an individual shrimp and immediately
frozen in liquid nitrogen (-176 °C) in order to preserve the intact tissues. The samples were
briefly homogenized by a pestle in 1 ml of ice-eold drizol reagent (Gibco BRL). The
homogenate was stored at room temperature for 5 to 10 min to permit complete dissociation
of nucleoprotein complexessAfter that, 200 ul of chloroform. were added and vigorously
shaken for 15 sec and imeubated at room temperature for 3 min. The samples were
centrifuged at 12,000xg fog'lS minat 4 °C. The colorless upper aqueous phase containing
total RNA was transferredsto a new 1.5 .r_nl smicrocentrifuged tube. Total RNA was
precipitated by the additon of 500 ul bf isopf'o;;anol. Then, the mixture was incubated at
room temperature for 10 min and gentrifug;,;i at 12,000xg for 10 min at 4 °C. The
supernatant was removed. The RNA pellet was \-’f;fasl.led with 1 ml of 75 % ethanol. The RNA
pellet was kept under 75 % ethanol-until used. Wiicn tequired, the sample was centrifuged at
12,000xg for 15 min at 4 °C. The supernatant W'as. removed. The RNA pellet was air dried
about 30 min. The total RNA was- dissolved w1th an appropriate amount of diethyl

.n’

pyrocarbonate (DEPC) — treated watet. —

,!I-,
o b

The total RNA concentration was determined B'y uv spectrophotometer at 260 nm

and estimated in [¥g/mlusing the following equation,
[RNA] = ODyg x dilution factor x 40*

* An OD unit at 260 nm_corresponds to approximately 40 ug/ml of RNA (Sambrook et al.,
1989)

Protein had a maximum absorption at 280 nm. Determining the ratio of Aze0/Azs0, the
relative purity of the sample could be estimated. RNA samiple should not have @n/Ass0/Azso
ratio below 1.6. Fhen RNA was'dissolved in RNase — free water and. stored at+70 °C until

used.
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2.4 Formaldehyde-agarose gel electrophoresis

The quality of the extracted RNA was analyzed by formaldehyde-agarose gel
electrophoresis as following described. A 1.2 % (w/v) formaldehyde agarose gel was
prepared in 1x MOPS buffer (final concentration of 0.2 mM MOPS, 50 mM NaOAc, 10 mM
EDTA, pH 7.0). The gel slurry was heated until'cempletely dissolving and placed to cool
down at room temp before formaldchyde (0.66 M final concentration) was added. Then, the
melted formaldehyde-agaiese gel was poured into a chamber set and applied the comb. The
RNA marker and RNA samples.were prepared under the dematuring condition. The RNA
sample in DECP-treated water, 7.4 M of formamide, 1.64 M of formaldehyde, 1x MOPS and
DECP-treated water 02 final velumg of 12 ul were heated at 70 °C for 10 min and the
mixtures were immediately chilledon ic‘e‘. After"tﬁat, three microliters of the 5x RNA loading
dye buffer containing 50 %i(v/v) glycerol, 1 ml\_/I EDTA, pH 8.0, 0.25 % (w/v) bromophenol
blue, 0.25 % (w/v) xylene cyanol EF and 0.025 %_ (v;//v) ethidium bromide was added to each
sample and loaded to formaldehyde-agarose gel.-ii%pctyophoresis was run in 1x MOPS buffer
at 100 volts 45 to 50 min. Sizes of RNA were visualized under a UV transiluminator by

. -li o il
comparing with a standard RNA maiker (Promega).
o & ; dd

2.5 DNase treatment of total RNA sa?n_p‘les_

The obtainedstotal RNA was further treated with RO1 RNase-frcé DNase(Promega, 1
units/5 pg of the total RNA) at 37 °C for 30 min to remove the contaminating chromosomal
DNA. Then, the RNA pellets were purified by phenol/chloroform extraction following by
ethanol precipitation. Brieﬂy, the reaction volume was adjusted to 40 ul with DEPC-treated
water, 250 ul of Trizol reagent'were added and vortex for 10 sec. Two hundred microliters of
chloroform was then added and vigorously shaken for'15 Sec. The resulting mixture was
stored at room temperature for 2 to 5 min and centrifuged at 12,000xg for 15 min at 4 °C.
The RNA in upper phase was precipitated by isopropanol @nd washed by 70 % (v/¥) ethanol.
After that, RNA pellet was briefly air-dried and/dissolved ‘'with an appropriaté amoeunt of
DEPC- treated water. The concentration of DNA-free total RNA was determined as
described in 2.4
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2.6 First-stranded cDNA synthesis

The first stranded cDNA was synthesized from 1 pg of total RNA using an ImProm-

1™ Reverse Transcription system kit (Promega). Total RNA was combined with 0.5 pg of

oligo (dT;s) primer and appropriate DECP-treated water in final volume of 0.5 pl. The
reaction was incubated at 70 °C for 5 min and immecdiately placed on ice for 5 min. After
that, 4 ul of 5x reaction buffer, 2:6 1l of 25 MM MgClh, 1T ul'of dNTP Mix (10 mM each), 20
units of Ribonuclease inhibitor and Ll of ImProm-II reverse transcriptase were added and
gently mixed. The reagtion mixture was incubated at 25 °C for 5 min and at 42 °C for 60 min.
Then, the reaction wasgincubated at 70 °€ }or 15 min to terminate reverse transcriptase

activity. All cDNA samplesiwere stored at -20 °Cuntil ready for use.

=

2.7 Primer designation n ’}

PCR primers were designed based on.-xdlllcleotide sequences of the selected EST
clones using the SECentral program i(Scientifi cj,& Educational Software). Each pair of
upstream and downstream primers had closely similar Tm values, and they were checked for
minimal self-priming and upper/lowesdimer fonﬁajoti A housekeeping gene, B-actin was
used as an internal control (Table 2.1): ;;’ o
Table 2.1 Primer Segueinces—aniealing-lemperatuies—and=cycte ‘Numbers for semi-
guantitative RT-PER ‘

Annealing Cycle
Clone Temperature Product
name Primer sequence® (GO) I — size (bp)
14-3-3A F=5/CCACAAGGGCGGGATITA 3 57 25 267
R =5'CTGGGTGCTCTGCCTATT 3'
14-3-3B F= 5'"CGAAGAACTGCCTGGAGAGCCCTCAGC 3' 62 27, 33° 402
R=5GCAACTCCGGGGICCTCATTGACT 3' 35°
p-actin’ | F=5"GCTTGCTGATCCACATCTGCT 3 Y 25 317
R=5"ACTACCATCGGCAACGAGA 3'

*F = Forward primer, R = Reverse primer
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Table 2.1 (continued)

A= Cycle of amplification for response to salinity stress study of shrimp group II
B= Cycle of amplification for response to salinity stress study of shrimp group I
C= Cycle of amplification for tissue specific expression and checking the presence of 14-3-

3B mRNA

2.8 Semi-quantification.of 14-3-3 mRNA expression by RT-PCR

Semi-quantitative RFPCRwas used to examine tissue specific expression and
expression pattern in résponse to salinity stressF of two isoforms of 14-3-3 mRNA. Total RNA
from shrimp tissues was extiacted and then Subjected to ¢cDNA synthesis as described as
above. The cDNA was thien géady 0 Use-in 'R’JI"'-PCR assay using B-actin as the internal
control. The primer séquenges, anngaling temp?ératu_res and cycle numbers for RT-PCR are
shown in Table 2.1. Ampliﬁcation‘reactions'-' Wére performed in a 25 pl total volume
containing 1 ul cDNA"sample, 1X PCR bufier, 0 2 }LM each dNTP, 0.8 uM each primer and
0.025 units Tag DNA pelymerase (Fermentus).: (;ycle profile was a denaturation step of
95 °C for 2 min, followed by 25 or 35 eyeles (depeni{mg on experiment) of 95 °C for 30 sec,
optimum annealing temperature for 30-8ec, 712-°C in 4]5 sec with a final extension phase of
72 °C for 5 min. The PCR amplificafion was carr?e_:d_éut_in a Mastercycler® PCR thermal

cycler (Eppendorf, Germany). The reactions were performed in triplicated.

PCR produets were determined by electrophoresis on 1.2 % agarose gels. Two per-
cent (w/v) of agarose gel was prepared using 1x TBE buffer (89 mM Tris-HCI, 8.9 mM boric
acid and 2.5 mM EDTA, pH 8.0). The slurry of agarose in TBE buffer was melted in
microwave oven until completely dissolved. The solution was allowed to cool at 55 to 60 °C
before pouring into a casting tray with'a well comb. After hardening, the gel was submerged
in a chamber containing an enough amount of 1xTBE buffer covering the gel for

approximately 0.5 centimeters.

The PCR*products were mixed with2 pul of the 10x loading'dye«(0.25 % bromephenol
blue and 25 % Ficoll in water) before loading into the well. A DNA ladder (100 bp marker)

was used as standard DNA markers. Electrophoresis was carried out in 1 x TBE buffer at 100
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volts until the bromophenol blue dye marker migrated about % of the gel length. After
electrophoresis, the gel was stained in a 2.5 pg/ml ethidium bromide (EtBr) solution for 1
min and destained to remove unbound EtBr by submerged in distilled water for 15 min.

Fractionated PCR product was visualized under a UV transilluminator and photographed.

The intensity of bands was measured and normalized relative to that of f-actin using
the commercial image analysis software package (GeneSnap and GeneTools, SynGene). The

data were then subjected to statistieal analysis for comparison between groups.

2.9 ldentificaticarand.characterization of the full-length cDNA of
14-3-3B |

Rapid Amplifigation of cDNA ENDs (R*ACE) is used widely for the preparation of
full-length cDNA. Howegver using RACE tec}miﬁue was not successful to identify the
complete 14-3-3B cDNA sequenges. Thus we modify to identify the complete cDNA of 14-
3-3B by amplification of P monodon 14-3-3 with spemﬁc primers as described below.

;

Rapid amplification of cDNA ends (RACE)
2.9.1 First-stranded RACE-cDNA synthesis

The first-Stranded-RACE-cDNAwas-syiathesized-accoiding to the manufacturer’s
instructions (Fig. 2:1). Briefly, mRNA (2 ng) obtained from shrimp-gill were mixed with
SMART II™ A oilgonucleotide and 5" -RACE CDS primer (for 5' RACE cDNA library).
The mixtures were pre-heated for 10 min at 80 °C and immediately cooled on iced water for
10 min. The-first,strand cDNA was.synthesized using PowerScript.reverse transcriptase at 42
°C for 2 h in a hot,lid thermalcycle. The reaction gontaing 2 pliof 5x First-Strand buffer (250
mM Tris-HCL, pH 8.3, 375 mM KCI and 30 mM MgCl,), 1 ul of 20 mM DTT, 1 ul of 10
mM dNTP Mix and L ul of BD PowerScript™ Reverse’ Transcriptase, Finally, the RACE
¢DNA were diluted with 250 pl of Tricine-EDTA buffer (10.mM Tricine-KOHS.pH 8.5 and 1
mM EDTA and heated at 72 °C for 10 min. The obtained 5' - RACE ¢cDNA were kept at -20

°C until used.
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2.9.2 Primer designation

For 14-3-3B, the 5' gene-specific primer (5' RACE) was designed from EST sequence
14-3-3B the gill-epipodite ; cDNA of P.
‘ ientific & Educational Software).

of a from library monodon

Figure 2.1 E‘uciple of SMART™ RACE-cDNA synmses (Clontech). First-
stranded cDNA was synﬁeﬂd using a modiﬁe@go(dT) primer. The BD PowerScript™

reverse tr iqﬁ _ 1@ tﬂﬁ?ﬂﬁ aﬂﬂq ﬁhﬁthe end of the
mRNA te te, add several I es to the 3' en. e first-strand*cDNA. The BD
SMART II A Oligonucleotide contains ajterminal stretch (& residues that annev the dC-

ARSI T TIE TR Y

(Source: SMART™ RACE ¢cDNA Amplification kit User Manual)
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Region to be amplified |
by 5-RACE

-
-

5
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Generalize

Figure 2.2 Th

(Source: SMART™ R A
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Region of overlap

Region to be amplified
by 3'-RACE

T s — 5'

Table 2.2 Primer sequences for .- cD IA : and RACE-PCR

Primer name

5' gspl4-3-3BRACE.

NestedS' gsp14-3-3 ’E
5' gsp14-3-3BRACE

=y ;,.; £ ,.-*'.r - ‘ m

icE | WS

SGAGTTCTTCG 3 74
AACC 3' 66

Kits

5'-RACE
RACE- P
10x Umversal Primer A (UPM)

)S

RACE-cDNA s nthemgﬁ
SMART ( \ e

GGGGTCCT%TGACT 3 70

GTACGCGGG 3'

Long : 5' CTAATA(ECTCACTATAGG@QAAGCAGTG

AASN S BhaERGAY
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2.9.3 Rapid amplification of cDNA ends (RACE)-PCR

The 5' gsp14-3-3BRACE-1, 5' gsp14-3-3BRACE-2 and UPM primers were used for
5" RACE-PCR. The amplification reaction for GC-rich amplicon was performed using
Advantage® 2 Polymerase Mix n ‘ ‘ ce of 2.5 % DMSO. 5' RACE-PCR
of 14-3-3B was performed in : e ol ming 1x PCR buffer (10mM Tris-
HCI pH 8.3, 50 mM KCl, 0.001 % uM of each ANTP (dATP,

dCTP, dGTP, and dTTP

sene specific primer (gsp),
2.0 unit of Advantage®
UPM and 2.5 pl of
cycles consisting of 080 séc 72 2 min A % cles. 0 sting of 94 °C for 30 sec,
65 °C for 30 sec and 72°°C for 2 s ng of94°Cfor3O sec, 60

_ ‘ \' or 30 sec and 72 °C for 2
min. The nested PCR st f ;é- : pe u using NUP and nested

"""-n polymerase 5 ul of 10x

ittons were as follows: five

(Advantage® 2 Polyme:

ond round of 5' gspl4-3-

3BRACEI-2, respectively) as de: b 612)2. Fi ¢ microliters of the 50 fold diluted
PCR product was used as the m‘p I‘-" e for nes d er the conditions were as follows:
30 cycles consisting of 94 °C for 30-see, 50 °C for and 72 °C for 1 min (Fig. 2.3). The
PCR products of the first and nested- -_ R sse | by electrophoresis using 1x TBE

buffer.

ﬂﬁﬂ’?ﬂﬂ'ﬂ‘ﬁﬂﬂqﬂ‘ﬁ
’QW'WMF]?WNMWWEHQEI
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SMART™ first-strand synthesis

mmﬂiﬁ.
RNA/DNA hybrid 605,

z

RT template switching

5'-RACE-Ready cONA

5'-RACE PCR

rst round of PCR

~ Incorporation of suppression
PCR inverted repea

~ olements: =

by Long Universal Primer

Second round of PCR
Gene-specific synthesis

N # aining rounds PCR

Amplification of 5' fragment
I
¥
i e—
-5

uﬁwﬂwﬁ’wmm
A A B

e mechanism of the 5 eactions

e_°)

3P

reqesents t

_EJ

0

(Source: SMART™ RACE ¢cDNA Amplification kit User Manual)
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2.9.4 ldentification of the completed cDNA of 14-3-3B by using

specific primers
2.9.4.1 First-stranded 14-3-3B specific cDNA synthesis

The first stranded eDNA was synthesized from 1 pg of total RNA using an
ImProm-IT"™ Reverse Transcription sy_letem kit (Promega). Total RNA was combined
with 0.5 pg of specific 14-3=3B primer (3' 14-3-3B-A) and appropriate DECP-treated
water in final volume«of 0.5 1l The reaction was incubated at 70 °C for 5 min and
immediately placed gn'icefor'S min. After that, 4 pl of 5x reaction buffer, 2.6 ul of
25 mM MgCLgT ul of dNTE Mix (10 mM each), 20 units of Ribonuclease inhibitor
and 1 pl of ImBrom-II reverse transcrlptase were added and gently mixed. The
reaction mixture was incubated at 25 °C:_f0r 5 min and at 42 °C for 90 min. Then, the
reaction was incubated at 70 °C for 15 mlm té terminate reverse transcriptase activity.
All cDNA samples were stored-ati-20-°C ui;jt-il ready for use.

2.9.4.2 Primen designation dda

aud 4

For this method, thé 5™ specific p‘rf?né{ of 14-3-3B was A;; with adapter
sequences and the 3' speCific primer was dés'iénéd from EST sequence of a 14-3-3B
from the gillepipodite cDNA library of P. monodon (http://pmonodon.biotec.or.th)
using SECentr;d program (Scientific & Educational Software). P. monodon 14-3-3B
deduced amino acid sequences showed the highest similarity to Tetrahymena
thermophila B210 14-3-3 protein. Due to abundant A/T tracts at 5' UTR of
Tetrahymena thermophila B210, A,; was used to amplify the P. monodon 14-3-3B at

5'UTR. Primer.sequences for completed cDNA/synthesis were listed'in Table 2.3.
2.9.4.3 Amplification of 14-3-3B specific cONA by PCR

The 5" UTR+Adaptor and 3'14-3-3B-1 primers were used for PCR reaction.
Amplification reactions were performed in a 50 pl total volume containing 4 pl
cDNA sample, 1x PCR buffer, 0.2 uM each dNTP, 0.8 uM each primer and 0.025

units Taq DNA polymerase (Fermentus). Cycle conditions were as follows: 30 cycles


http://pmonodon.biotec.or.th/
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consisting of 94 °C for 45 sec, 50 °C for 45 sec and 72 °C for 1.5 min. The final
extension was carried out at 72 °C for 10 min. The nested PCR strategy was
employed to increase specificity using 5' Adaptor and 3' 14-3-3B-2 primers as
described in Table 2.3. Five microliters of the 50 fold diluted PCR product was used
as the template for nested PCR under the condition similar to the first PCR. The PCR

products of the first and nested PCR were asscssed by electrophoresis using 1x TBE

buffer.

o

Table 2.3 Primer sequences for completed cDNA synthesis

Tm
Primer name Sequence ®)
5'specific primer -
5'UTR+Adaptor S'GCCAGCEATECAATAGTCAAAAAAAAAAAAAAAAAS | 67
5'Adaptor 5UGCCAGCCATCCAATAGTCA 3' 52
3'specific 14-3-3B primer ¢
3'14-3-3B-1 5' GAGGTCAGCATTAG 3! 46
3'14-3-3B-2 5'IGGCATCGAGCATGTCCT 3! 55
‘ Or
o

2.9.4.4 Purification,0f PCR productfrom agarose gel

The expected bands-wet€ purified from: _-a'lga_rose gel by NucleoSpin® Extract
II Kits MACHEREY-NAGEL) as describe‘ below: The expected product was excised
from the gel-using a clean shaip scalpel, and then the weighti‘of the gel slice was
determined. The gel slice was completely dissolved in thrce volumes of NT buffer
containing chaotropic salt at 60 °C. The sample was then loaded into the column and
centrifuged at 12;000x g for 1 min to remove the supernatant. The column was
waghed with 500 pl'of NT2 buffer and centrifuged @s described; above. Six hundred
microliters“of N'T3 buffer were added into the column.and centrifuged. The additional
centrifugation was used for completely removal of the NT3 buffer containing ethanol.
Thercolumn was jplaced=intosa [clean) 1¢5 ymlrmicrocentsifuge tubey The, DNA was
eluted 'with 40%ul of elutionINE buffer (5 mM Trig-Cl, pH 8.5) and stood at room
temperature for 1 min before centrifugation. The eluted DNA was then stored at -

20 °C until used.
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2.9.4.5 Cloning of DNA fragment into T&A Cloning

The DNA fragment was ligated into T&A Cloning vector (Fig. 2.4). The T&A

Cloning vector was 2,728 bp in length and had unique restriction sites in the multiple

]
cloning region flanked by T7 i‘l. HMa er, therefore M13 forward and reverse
]

primers can be used to L__:' e ’ ‘_ angclone: The reaction was composed of

5yl of 1x Rapid A a L 3 Jigation buffer, 2 éoming Vector (50 ng), proper

amount of PCR product, d-ul ] ' -‘-E‘_L s units/pul), and deionized
. : -

and incubated overnigk WPl ;'._ te amo of insert in the ligation

water to a final volume by pipetting, briefly spun

reaction was ca

ng of insert = [ng sert:vector molar ratio

ﬂumwmwmm
QW]NF]TG’NNW]’JV]EJ']&EI
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(A)

Multiple Cloning region = 434 to 490

lacZa gene 511 to 149 : Kpn i43 4
AP gene 2582 to eac ‘ }e Smali436)
T7 promoter 402 ft?' Rl .
M 13 universal primer 2sato 3750 | :
M 13 reverse primer =8 o 507 } : [Hind NIga48)1

Eco RIf441)

& 1
ey Insert DNA
-y

b [Bgl Ny452)]

= ;i" - Barn HI{£58)

Xba 466}
Sal 1472}

Pst 1{482)

CEAAAG GEGEATGIG CT G CAAGGC GATTAA GTTGGG TAACGC CAGG
TOGACE GCTT TC COCCTA CACGAC GTTOOG CTAATT CAACCC ATTGCOG GTCC

M13 wmivers ol primer 7 prow oter
GTTTTOCOC AGTEA CGAL GT TETAAAA CEATEE CCAGTG AATTGI

CAAAAGGG TCAGTG CTGCAA CATTTT GOFGOC GGTCAC TTAACA TTATGE TGAGTG ATATCC

il sanel Ecoltl - TEGGINT [Bgill] BamHT Xbal Sal
AL GGG CEAATEOCAAGETT - A GATLCT GGATCC CCTCTA GAGTCG
CECTOG AGCCAT GG GEOOC GUTITAR GGTICGAA- A CCTAGG GGAGAT CTCAGC

MR A
Pstl Hindll it

ACCTGC AGGCAT GCAAGC TTGGOG, TAATCA TGGTCA TITCOCT GTGTGA AATTGT TATCCG
TGGACGE TOOGTA CETFOS AAC0GC AFrTAGT ACCAGT ATCC AAAGGA CACACT TTAACAATAGGC

CTEACAATTCCA CACAAC ATACGA GCOGGA AGCATA AAGTGT AAAGC
GAGEGT THATET S

Flgurg 2.4 T&A ’CIomng vector map (A) and multlple clonlng snte ‘sequences (B)

) || gl i [l ‘ 7

(RBC) 1 |0 - 4V
1 P9 L -
(Source: T&:A]Cloning vector kit User Manaul )

= a

Qe 7\ 2 }2116 ompetént @elli ;Pre;?arahon- A\ YN INA) P
9 The starter of E. COII strain XL 1 blue was prepared from a smgle colony

cultured in 10 ml of LB broth (1 % (w/v) bacto tryptone, 0.5 % (w/v) bacto yeast
extract, and 1 % (w/v) NaCl) and cultured at 37 °C with shaking at 250 rpm overnight.
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One percent of starter was inoculated into 1 L of LB broth and incubated at 37 °C
with vigorous shaking for 3 to 5 hr until ODgg of the cells reached 0.5 to 0.7 Cells
were then chilled on ice for 15 to 30 min and harvested by centrifugation at 5,000xg
for 10 min at 4 °C. The supernatant was remoyed as much as possible. The cell pellet
was washed twice time with cold sterilized water and followed by cold sterilized
10 % (v/v) glycerol with gently mixing and.eentafigation. The pellet was suspended
in cold sterilized 10. % (v/v) glycerol to a final velume of 2 to 3 ml. This cell

suspension was divided 1nto.40 ul aliquots and stored at =80 °C until used.

2.9.4.7Electrotransformation
|

The ligationgeacgion was transformed to Escherichia coli XL-1 Blue. The
competent cells were gently thaWed on lccle, mixed with 1 pl of ligation mixture and
then placed on icefor I min. Thelmixture was transformed by electroporation in a
cold 0.2 cm cuvette with setting the appiratus as follows: 25 uF of the Gene pulser,
200 Q of the pulse controller unit, and 2"‘.'50 kV of the Gene pulser apparatus (Bio-
RAD). After electroporation, SOC medilinly".(_lZ % (wlv) bacto tryptone, 0.5 % (w/v)
bacto yeast extract, 10 mM NaCl, 2.5 mM K_Cl.v, 'JLO mM MgCl12, 10 mM MgSO4, and
20 mM glucose) was immédiately added toftﬁéﬂc;lvette and quickly resuspended cells.
The cell suspension was transferied. to é:'fl’ié'\lﬂ'; fube.and incubated at 37 °C with
shaking at 250 rpm for an hour. One hundred microliters of “trransformant was then
spread ontQ é LB agar plate containing 100 pg/ml of ampliéillin, 20 pg/ml of X-gal
and 30 pg/ml of IPTG and then incubated at 37 °C for overnight. After incubation, the
recombinant ¢lone was identified by colony PCR using uniVersal M13 forward and

reverse primers.
2.94.8/Screening of transformantby colony PCR

White colonies were picked and screened foiithe inserts by colony.PCR. The
amplification“was carried out in'a 20 pl reaction volume containing 1x"PCR-buffer,
200 uM of dANTP mix, 0.25 uM of M13 forward and reverses primers, and 2.5 units
of Tag DNA polymerase (Fermentus). The single colony was diluted in 10 pl

sterilized water. One microliter of colony suspension was employed as the template in
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the PCR reaction. The PCR profile was performed at 94 °C for 3 min, 30 cycles at
94 °C for 30 seconds, 56 °C for 30 seconds, 72 °C for 1 min and a final extension at

72 °C for 5 min. The PCR products were analyzed by agarose gel electrophoresis.

2.9.4.9 Plasmid DI ‘IAprep® miniprep kit

The plasmid.was 150 ed from th : es by a QIAprep” Miniprep
kits described in Wboo 'Jl'he wprep procedure is based on
alkaline lysis o ( b lon 0 A onto silica membrane

under high sa d by centrifugation and

The recomblnant plasmid contained interested gene was examined with

A %*ﬂ m%w I

with ndard DNA ladder (100 bp and 1kb ladder rnarker) The recomblnant plasmid
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2.9.4.11 DNA sequence analysis

DNA sequences were edited and translated using the GENETYX software

program (Software Development . sequences were further compared with

data in the GenBank (http://ww inlm.nih.gov) using the BlastX program
(Altschul et al., 1997

E-values < 10 a

identity were considered from

0 acid residues for BlastX

(Supungul et al., 2004 ive " s and domains were nvestlgated using SMART
program. Related se rc "h d aligned using Clustal X

program (Th ' Al -t‘:‘%\
F 4 [ )

based on the two-parame .‘ si g l, ; ura 1980). Boostrapped

vere bootstrapped 1000 times
using Segboot. 4-: 3 genes was calculated
neighbour-joinifig trdes Mvefe comstrucfed using ) _ bour and Consense. All
phylogenetic réc‘ rug 0 Jr‘f U "a n F (Felsensteln 1993).
Trees were appropria strafBAio T '\
(http://taxonomy.zg _ 0g lﬁﬁ html

| ..M.c’l'. ’

2.10 RNA interference "_-g_.:w.

Oligonucleotide primers-o& P monodon oene were incorporated with T7

promoter sequences

performed by T7 r@‘} : ,f; .5).

!D [l
ﬂ‘L!H’JVIEI'V]‘ﬁWEI’]ﬂ‘i

ammnmumqwmaa

/itro transcription was
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In Vitro Transcription.

U minute spin in i srocentrifuge.

Wﬂ ﬁ“ﬂﬂ\ﬂ“‘?w%ﬂ‘i
AR B SAUNAIN B L

usﬂg the T7 RiboMAX Express RNAI System.

(Source: T7 RiboMAX™) Express RNA1 System (Promega))
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2.10.1. Producing PCR product templates

The approximate size of dSRNA recommended for RNAi analysis is 400 bp.
In this experiment, dsSRNA production requires a T7 RNA polymerase promoter at the
5’-ends of both DNA target sequence strandss The minimal T7 RNA polymerase
promoter sequence requirement is: 5 -TAATACGACTCACTATAGGN (17 to 22)-3".
Oligonucleotide primers of P. monodon 14-3-3B gene were incorporated with T7
promoter sequences.(italic) at the 5’ ends. Generating the necessary two DNA
templates requires feur PCR primers were components  5'-T7 promoter sequence -
CGAAGAACTGCCTGGAGAG-3' wi";h 5S'-AACTCCGGGGTCCTCATTGACT-3' ;
5'-T7 prometer seéquence AACfCQ_GGGGTCCTCATTGACT-Z»’ with  5'-
CGAAGAACTGECTEGAGAG-3' anzl‘ . two PCR amplifications (Fig. 2.6).
Amplification reactions swere- performed in a 25 ul total volume containing 1 pl
cDNA sample, Ix PCR buffer, 0.2 preﬂach dNTP, 0.8 uM each primer and 0.025
units Taq DNA polymerase-(Fermentus):'ﬁyqle profile was a denaturation step of
95 °C for 2 min, followed by 35 eycles 0f_.|95_. °C for 30 sec, 62 °C for 30 sec, 72 °C
for 45 sec with a final extension phase of .'7;2'1'C:.C for 5 min. PCR products were
examined by agarose gel electrophoresis before transcription to verify that a single
PCR product of the expected size is generété'd;‘lAi single PCR product was purified by
using NuclecoSpin® Extract II Kits (MACHEREY-NAGEL) ésr‘describe below: The
expected proraljlct was excised from the gel using a clean sh'arpﬁ scalpel, and then the
weight of the gel slice was determined. The gel slice was completely dissolved in
three volumes'of NT buffer containing chaotropic salt at 60-°C. The sample was then
loaded into the €olumn and centrifugedaty12,000x g for 1 min to remove the
supematant. The column*was washed with500/ul of NT2 buffer and centrifuged as
described above: Six hundred microliters of NT3 'buffer were added into the column
and centrifuged. The additional céntrifugation was used for completely remowal of the
NT3 bufict contaming=ethanol. The ‘column was placed intd6 a Ctican’1.5 ml
microcentrifuge tube: The DNA*was eluted with 40°ul 'of ‘elution NE buffer«5 mM
Tris-Cl, pH 8.5) and stood at room temperature for 1 min before centrifugation. The

concentration of eluted DNA was determined by measuring absorption at 260nm.
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Two separate PCR reactlons with a single T7
promoter ate separate single

2102 S ‘* 1eS1Z11 rOlo 1| - r

'I
The % derived fro .10.1 was used as temp !' for synthesis of large
quantites of ssRN . The reaction contained 10 pl at the components of RiboMAX

B TESR EIL Tk 1 e ae

reactml was stood at room temperature for 1 h.

QW'WNﬂiﬂJﬂMTJﬂEﬂﬂEI
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2.10.3. Annealing dsRNA

To anneal the RNA strands, equal volumes of complementary RNA reactions

were mixed together and incubated : °C for 10 minutes, and then the reaction was

ere mixed, and incubated for

"-étranded RNA and the

‘volume of 3M Sodium

0
Acetate (pH 5.2 % nes of 95 % ethanol. The

reaction was mixe plag e 5 1\ Sun at top speed in a
microcentrifuge | min. A hi -‘,,r 4 vashed with 0.5 ml of cold 70 %

ethanol, air-dried and er. The dsRNA was stored at

20 °Cor 70 °C.

2.10.5. 'e erm

ectropho 9.

The ds@‘\ concen atio ated by ultrav@t light absorbance at a

wavelength of 260 anometers The DNase- treated dsRNA transcript was examined by

R W

sRNMvas visualized by stammg the gel in 0.5 mg/ml ethidium bromlde

awwaxﬂn‘sm 1N1INYAY



53

2.11 Shrimp injection

Small intermolt shrimps (3 to 5 g of body weight) were used for in vivo RNAi
experiments. The experimental shrimps were injected with 10 pg of 14-3-3 dsRNA whilst the
control shrimp received dsRNA Poly CG (Sigma)ior 450 mM NaCl. Poly CG was double-
stranded homopolymer used for In vivo internal €ontrole@Gills of experimental and control
shrimps were excised and collected 1 to 7 days after dSRNA injection for determination of
gene silencing efficiency andtotal A Pase activity. The 14-3-3 gene silencing efficiency was
determined by RT-PCR wath thesSame condition for semi-quantification of 14-3-3 mRNA

except that the amplification'€ycle was repeaté’gl 40 times.

2.12 Enzymatic activity determination of ATPase

Gills tissue was homogenized th 5 Volur;'}es of buffer (20 mmol L™ ' imidazole buffer,
pH 6.8, containing 250 mmol L ' sucrese; 6 mmol L ' EDTA and the protease inhibitor
cocktail). The homogenates were céntrifuged at lO,OOOXg for 35 min at 4 °C and keep on the
supernatant. Protein content was estimated by Biadford’s procedure (BioRad, catalog no.

500-0002), using BSA as a reference: 2224

"

ATPase activity was assayed-at 25 °C usiﬁg’ the PK/LDH linked system in which the
hydrolysis of ATP_is coupled to the oxidation of NADH. The oxidation of NADH was
monitored at 340 hrﬁ.jstandard conditions were: 50 mM Hepes bufrfer,:pH 7.5, containing 2
mM ATP, 3 mM Mg€H, 10 mM KCI, 100 mM NaCl, 0.14 mM NADH, 2.0 mM PEP, 82 ug
PK (49 U) and 110 ugLDH (94 U) in a final volume of 1 ml. Contreis without added enzyme
were included in each experiment to quantify the mon-enzymatic hydrolysis of substrate. The
specific activity+A (international units' [U per mg, of protein) was cal¢ulated according to
A=AA340/62mpr01, Where AA3zy is the ‘change in NADH absotbance at 340"hm per min and
Mot 1S the weight of protein in mg in thelassay volume. The.values of A was the mean values
from “trplicate ‘experiments. “Fhe' data were “then” subjected |to statiStical .analysis for

comparison between groups.
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2.13 Survival of salinity stressed shrimp

The overall objective of this test was to compare the mortality rate of shrimps that

‘when they were stressed by low salinity
weeks in the laboratory and then

transferred abruptly to low s lini 3 ppt. Th rate was observed for 4 days

=

The significanc idifi ¢ between the .; an ple,groups was determined
! he difference between 3 or

ed by a post hoc test

(Duncan’s new multipie range fatistic | pa ge \- \ (SPSS Inc) was used for
statistical analyzes h statistically significant.
Values were expressed as 1 s P e - \

ﬂumwﬂmwmm
QW’mﬁﬂimﬂJW}’mﬁl’]ﬁB



CHAPTER IlII
RESULTS

3.1 Tissues and total RNA preparation

Gill, epipodite, antennal-gland, heart, hemocyies;~hepatopancreas, intestine,
lymphoid gland and eyesstalk of shrimp were collected for total RNA isolation. The
Aol Azgo ratio of total RINA samples were 1.5 to 1.8 which indicated acceptable quality
of total RNA. The averagequantity 0f total RNA obtained from different tissues ranged
from 24 to 90 pg perindividual shrimp (depending on tissue). The quality of total RNA
was also monitored by running on a denaturii]‘gl formaldehyde/agarose/EtBr gel. Each

tissue revealed a predominant band of 18S rRNA (1.9 kb) as shown in'Fig. 3.1.

3.2 Identification and characterization of the full-length cDNA
of 14-3-3 )

o4 i

Two isoforms of 14-3-3, nameiy 14-3-3A égd;i‘ii-:%-BB, were identified from the
Penaeus monodon EST database,(http://pmonodonror_-.—t"h)-.-The full length sequence of 14-
3-3A was already obtained from the database whereas that of 14-8-3B was a partial
cDNA sequence. Thejnucleotide and deduced amino acid sequences of 14-3-3A and 14-
3-3B are shown in F'igs. 3.2 and 3.4 respectively. Sequence analysis-of 14-3-3A and 14-3-
3B using BLAST X grogram is shown in Figs. 3.3 and 3.5 respectively. The full length
cDNA of 14-3-3A is 2,866 _bp. Eighty-one of which are 5 UTR, while the coding
sequence (CDS), including’stap'caodon,'is 741 nucleotides long, and the 3*UTR is 2,044
bp with a poly (A)tail(Fig. 3.2).'The CDS encodes a protein-of 246 amino acid residues.
Sequence comparison showed that the deduced amino acids of P. monodon 14-3-3A had
100 % identity to R. monedons14-3<3 protein praviously submitted te'thesGenBank [(acc.
no. AAY56092.1)(Fig.'3.3).


http://pmonodon.or.th/
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bp

2604-
1908-

995-

281-

J s

Figure 3.1 Total RNA isolated.from various tissues of P. monodon

F . ¥ A
P TN
Approximately 15 pg of total. RNA from fplfferent shrimp tissues were

electrophoresed on a 1.2% formaldehyde agarose glr“
Lane M - RNA marker ~ 4 "E" T— i
- y
Lane 1 :TotalRNAFom-gill j

Lane 2 :r_:r'cf)ial RNA from epipodite
Lane 3 : Total RNA from antennal gland i
Lane 4 : Total RNAfrom heart

Lane 5 : Total RNA from hemocytes

Lane 6 : Total RNA from hepatopancreas

lrane 7 Total RNA from intestine

Lane 8" Total RNA from lymphoid-gland

Lane 9 : Total RNA from eye stalk
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121
181
241
301
361
421
481
541
601
661
721
781

841

901

961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2801

GTTGGTCGAGTGAGGGTCGCTCTGCCCTGGGATATACCTTTATATTTGTGTAAATAGCAC
CTATTTTATAAAACAGACACAATGTCGGACAAGGAAGAACAAGTACAGCGGGCCAAGCTT
M S D KEEQV QR A K L
GCTGAGCAGGCAGAGAGGTACGATGATATGGCAGCAGCCATGAAACAGGTCACAGAAACT
A E QA ERYUDDMMAAAMEK®OQVTET
GGCGTCGAGCTGTCAAATGAGGAACGTAATCTTTTGTCAGTAGCCTACAAGAATGTCGTG
G VEL SNETEURNILIL:SV AY KNVYV
GGAGCTCGGAGAAGTTCCTGGCGAGTAAT TTCATCCATAGAACAGAAGACAGAAGGTTCA
G AR R S S WRRWWINSF g Bl Q K T E G S
GAGCGAAAACAACAAATGGCAAAGGAATACAGAGAGAAEE% AAACAGAACTTAGGGAA
E R K Q Q. M A K E Y RIE K E 7 E L R E
ATCTGCCAGGATGTATTGGGTCTCCTCGACAAG ITCETTATIEECAAAGCCTCCAACCCT
I C Q Db C ™l D K F a8 D S N P
GAATCTAAGGTCTTCTACCTCAAGATGAAGBGAGATTATTACAGGTACCTTGCTGAAGTC
E S K VFESY ™K M K6 DY Y RY L ATEV
GCCACCGGTGATGCGEBAGCCCGCCTAGTEGACGACTCTCAGAAGTCATACCAGGAGGCT
A T el g g, v ID DWMS™ME. K SEmON E A
TTCGACATCGCCAAGBCAGAGATGCAGCCCACCCACCCCATCAGGCTGGGTCTGGCGCTC
F D |chf~éﬁs FMFONIP T WS P ™R, CHG s A L
CTACGAGATCCTCE:CTCGCCTGATAAGGCTTGTCAGCTAGCG

N F S V F i | SHBRADNK MeCE O L A
AAACAGGC GACGACGETATTGCGGAGTTGGATACGCTAAATGAAGACTCGTACAAG

K FTFR 8 BN O K
GATTCTACGCTGATAAJECAGCTICTTGEGAGATAACTTCACACT TTGBACGAGTBACACG
D S T g O L 2 DN T BNy %S D T
CAGGGCG AAGCTAACGAGGGCGACCAAAACTGATGAACGCAACCCCTTTTA

Q EJA N cwe—psb N
GCAGBETCCACTIEGAC TCpACﬁCTCCTACZESCC GTCATGATGCCTGAAGGGTCGAC
CATTCCTCACAGCTCACTCITCACACCGCCAGBGTGECTACAGTAGTCGAGGCTACGGCT
‘ TACGCTCACEACCTCGATACTCECGGECGCETEACCACCGE
ATCAACG@TCGTCEETCGBCCTCTCIECTGCCTCAAATGAACATCACCTCGABGAAGTCA
AAGCTCGAGTAGACATCAATTCT T TCCCAGTGCAT T TGTGACTCACCAT TGAGGAGCAGT
CCCGGCTGTTAGET TAACAATCGTGEACAGGCTACECGEECAGTGTGATTGTCGCAGCTC
TTTGCCACCATCTCG GAGACTGIGAAGTGA?IATGACAGTGGGATCTTCTCTCTGGA
ACAACATTGAGAGAGAATTTTGATAGTG TGAAATCAACGCTTGEBTCGEETGGTCGTTTC
TGTTGGGGCGGCCABECAGACTGOAT TACTTATTAGTEC TAAATGAACCACTTAGCATTT
TGTACTTCCCATGEEETCGGGCTCCCTCGGTCCCQCQ}CT TGTATGTAACGTTGCGTAC
CGACAGTCAAGAGEACAAACCAACAAGT ATGAAGAGATTGITACTGTATTAACCGGTGGA
TCATGTGGTTGTAGCAAGEAAGAT TTGTCTCCTTGAT TTEGATAAAATTTGACCCCCAGA
GCTAAATCGATAAGAAATTGTTHT GAAGTTGGTAAATAAGATATTCGCCTTTAATGTTA
CAGCCCATGAACACACTGTACQTITAAGATTAATAQI?;@;TACTTATTGGTTTATTAGA
TGTGACCCCTTCAAAATTAAGCTGAT TTTCTGT TATGTCGTGGECAGTTGGTGTCTACAA
GATGAATAATAATGCGGTAGATATTGACTTTGTTGGATGTAAGCATGGAGT AATGATGGA
AAATGATTACTTTATTTTCATTTTTTTCACGTCGCTTTTGAGAATGATCGGCGGTCAGGT
GAGTGAGAACAGGCATGGGAAGCAATATTGATTAGAATAACTTTCACCACAAGGGCGGGA
TTTAATCGGCTACTCATTTTACCATCTTCAAATAGACCCCATTGGCCAAAAGAGATCCGA
AATTGBACTACCATCACCAACAGGGGAGAGCGAGATCAAAGGTACTAAGCGGAACACTCA
CGCCAGTCCTCCCACCTCTCCTGACGCCGAGAGTTCTCATTTGCTTTATT TGAAGACCAG
TGAACTGAGGAGCTTTGTTTTCTCTGGGTTTGTACT TATAATCACGATGATTTGTAATAG
GCAGAGCACCCAGCGAGGGAGGGAGAAGTACTATCAGTGCGTCTCTCTATTGECTAGCCA
ACGGTATTCAGTAAAATAAAATACAAAAAAAACAATGAATGGTATTAGATATITCTCATT
CATTTTGTCATCAGCATTAATGGTAACCAAACACCTCCCCCGTAACAATTAATATTGGTC
AAATCTAAAACAATAATAGTCACAACCATCTGTGGT TGAAATTGACTGCCAAATGTGAAA
TGTATTAAGAAAGCETAAAAATGTTTTGGTGGTAGTTTAGATCGTCAAAATTTAACTTTA
EAAAAARACT CTEBCCCETTTGTCAAAAT TEC TITCC TAAATEAREGTAATAAACCTTTC
ATATATATGTTGTTGTT TCCACAAACCTTTTTGTCTGTAGTGTTTCAAATAAAACTTCAA
GATAGTGCAGCATAACACTACTTTTACATCGECTGAGAAATCGTEACACT TGCAGACECC
ACACACAGTAAGTGAAGGAAAATATATAGTATTAGTGTCAAGGTATAAAAAAGAGCACAA
GTTTATAATTTGTGCTAATTAAGAGGCTTAAAAAATACTGTACAAACTACTTTGGAAGTA
AACACCTTGTTTTCATAATACAAATGTTATATCTGATTGTAGCCGATCCCATGAAGGCAA
TAGAAAATAATAAATTTAAACTGATAAATAAGAAAAAAAAAAAAAA
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Figure 3.2 The full length nucleotide (above) and deduced amino acid (below)

sequences P. monodon 14-3-3A. The stop codon, putative polyadenylation signal
(AATAAA) are in bold and underlined.
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>r- gb]JAAY56092.1] 14-3-3-like protein [Penaeus monodon]

Length=246

Score = 507 bits (1305), Expect = 3e-142, Method: Compositional matrix
adjust. .
Identities = 246/246 (100 %), Positive

246/246 (100 %), Gaps = 0/246 (O %)

Query 1 MSDKEEQVQRAKLAEQAE( Q AAMRQVT EERNLLSVAYKNVVGARRSSW 60
MSDKEEQVQRAKLAEQ GYDDM/ \AMR RNLLSVAYKNVVGARRSSW
Sbjct 1 MSDKEEQVQRAKLAEQAEGYD ’ : LSVAYKNVVGARRSSW 60

Query 61 KOQMAKEYR FLIPKASNPESKVFYL 120
RVISSIEQKTEG VAKEY PKASNPESKVFYL

Sbjct 61  RVISSIEQKTEGSERKQOMAKEYRE [ IPKASNPESKVFYL 120
Query 121 V 4 ‘ : 180
Sbjct 121 180
Query 181 240
Sbjct 181 240
Query 241 NEGDQN
NEGDQN

Sbjct 241 NEGDQN 246

Figure 3.3 Seque monodon. The BLAST
X resulted showed the hi 7 monodon 14-3-3A protein
with the 14-3-3-like pr -tr— -7.‘; on ‘ sly reported (acc. no.
AAY56092.1). e T

= J.-‘,.e.a' i

A partial qlﬂﬁp\ sequence of P. monodm‘] bp including stop
codon but missing tart cod he N-terminus. The 14-3-3 3 part ' ‘DNA encodes a
novel 14-3-3B prote| hich We - ro°' fom Tetrahymena
thermophila SB210 ( | s. 3.4 and 3.5). In order to obtin the full-ﬂgth cDNA of 14-3-

3B a Rapid Amplification ﬁCDNA ENDs (RA@ technique and amplification of P.

YL ETE‘VT‘?W 1N
AR AINIUNRIINYIAY


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Protein&list_uids=66774602&dopt=GenPept&RID=BTS0117001N&log$=protalign&blast_rank=1

Length

Score

Identities = 1637229 (71 %), PQstt:nes =

Frame
Query
Shjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

=250

1 GGCACGAGGGACGACTTCATCTACATGGCCAAGATCACTGAGCAGACTGAGAGGTTTGAG
G TR DDUZFI1 YMAIKTI1T TEZ QTER F E

61  GACATGCTCGATGCCATGAACAAGGTTGTCAACGCTAATGCTGACCTCAGCGTTGAAGAA
b ML DA AMNIKVVNANADILSV EE

121 AGAAACTTATTGTCGGTGGCCTATAAAAACACTATTGGCTCCCGAAGAACTGCCTGGAGA
R N L L SV AYKNTI1I GSRRTAWR

181 GCCCTCAGCTCCATTGAGAAGAAGGA GGGATCCAAGAACCTCCCTCTCCTC
A LS S I E K S K N L P L L

241 AAGGGATACAAGAGCAAG ACTGCAACGAGATCCTCAAT
ER Y I L N
301 1 “GGAAAAGCCT! GCCAAGGTCTTCTATCAC

361
421

Il A, E E K
TCTATTAC

481
541 "CaBCCACTTC \AC ; TCGATGATGCC
601 ‘ ATA
661

721

‘ ¥ A
cein [Tsf.[ Tefafyre

= 301 bits (772),
229 (84 %), Gaps = 0/229 (O

-a?,f‘,,}-‘ '

+1 *jtiiif:§J L

IN

184
K : )+ L1 K++++EAKVF+ K
65 1SS1EQKEESKGSKH I SLLKDYKKKTEGE! NDILELLDNHLIS NEAKVFFLK

364 MKGDYYRYISE TSGEARKKAGEDAHGAYKAATAIAEEKLKTTHPIRLGLALNYSVFYYE
MKGDYYRYI+ +A A AYK A ++L TTHPIRLGLALN+SVFYYE

Y
E ! AK+ DD‘ I D E!DQEKD TI 1Q

K
185 NDPTKACNLAKQAFDDAIAD EEDQYKDATTIMQLIRDNLTLWT 233

%)

183
64

363
124
543

184
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o ‘Wﬂ T %ﬁ Bk
shqved the highest sequence Entlly %M mon@i 14-3 rotein wﬂt&!e

sequence of 14-3-3 protein from Tetrahymena thermophila SB210 (acc.
XP_001009807.2).


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=search&term=146146345%5bPUID%5d&RID=BTS5603501N&log$=genealign&blast_rank=1�
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Protein&list_uids=146146345&dopt=GenPept&RID=BTS5603501N&log$=protalign&blast_rank=1
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3.2.1 Rapid Amplification of cDNA ENDs (RACE)

A partial sequence of 14-3-3B cDNA from EST library already contains

3BRACE-2 and UMP prime d to " end cDNA. We modified

condition of RACE-PCR by synthesis RACE-cDNAs and used
them as templates fo gene PCR before used in 5'
RACE-PCR. The r product was detected from
the new first- \CE-PCR conditions were
then adjusted €as , ‘ A fra g to 100 ng and
decreasing the annealing temperature-from 5 RCA A single band was

achieved in the amplifi ‘ on’ 2 14-3 .‘ \ested 5' gsp14-3-

i i ':».‘ approximately 200 bp
equenced. Although a
V5 RACE, the obtained

(Fig. 3.7). The'am;
partial cDNA sequ

identified from the P. mono 7' abase ( -3.7). Thus, the complete cDNA
sequence of 14-3-3B "E.f-’{ ; g ' y amplification of the first-

DNA W

] (
AUEINENINYINS
QRIANTUNRINEIAY

stranded ¢

3
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Figure 3.6 Detection ¢ ',;g Fror st-stranded RACE-cDNA.

The amplification product wa % agarose gel. Lane M; 100 bp

ﬂ‘LJEJ’WlEJ‘V]‘iWEJ’]ﬂ‘ﬁ
ama\mmum’mmaﬂ
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-1 : 0 hp—‘a

‘

F o "ﬁ

Figure 3.7 The ACE-PCR* -P‘j nonodon 1 3-3B. PCR products were
electrophoresed on a 1.2 % ag rosp gézta : -~-¢~L-a- PC oroduct from amplification
of primary PCR product template‘«qgm'g‘_blesie 5" gsp14-3- BBRACE and NUP primers,

lane M; 100 bp DNA marker = oo 0 L
- ,.a-..--'_ i.-’
.,q

3.2.2 Amplll ication GLE_ILM ecific primers

Deduced amino sac &sequence of P. m don 14-3-3B showed the highest
sequence la tr 0 abundant
- ﬂ e mumwm 1] 17 o
monodon 14- -3B at 5' UTR. The flrstampllflcatlon of 14 3-3B using Az Wltwaptor

AN RSO TR

ter#plate for the second amplification using the nested primers of 3' 14-3-3B-2. Two PCR

* 4 -r:-u. # j':'

bands with the size of about 130 and 200 bp were observed from the second amplification.
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These expected bands were purified and transformed to T&A cloning vector Kit
(RBC)(Fig 3.8). Comparison of PCR sequences obtained from the second amplification
showed that the sequences of PCR bands with size 130 and 200 bp were unmatched with
any sequence in the GenBank database using the §IastX program (data not shown). Thus
a full length sequence of P. monodon 14-3-3!5_/(5[}&! was unsuccessfully isolated,
although, several conditions were tried. Nevertheleés, bassed on the sequence of 14-3-3
protein of the closest species. (Tetrahymena thermophila.SB210), probably only a few
amino acid residues weremissing (see Fig. 3.F)

Figure 3.8 Amplification of 14-3-3B cDNA using specific primers designed
from the 'sequence of 14-3-8 of Tetrahymena thermophila and P. monodon. PCR
product from the second amplification was electrophoresed on a 1.2 % agarose gel (lane
1). The second amplification yielded 2 products with sizes-=130 and ~200 bp. Lane M;
100 bp marker
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3.2.3 Sequence comparison of 14-3-3A

Homology search of the deduced amino acid sequence of 14-3-3A against
the GenBank database using the BLASTX search program showed high identity
to 14-3-3 like protein of Penaeus monodon (100 %), 14-3-3zeta of Apis mellifera
(90 %), 14-3-3 protein.sigma, gamma, zeta, beta/alpha of Aedes aegypti (90 %),
14-3-3zeta of Bombyx mori (86 %); 14-3-3zeta of Drosophila melanogaster
(87 %), putative 14-3-3-protein of Maconellicoecus hirsutus (87 %), 14-3-3
protein of Caenorhabditisebrenneri (86 %), 14-3-3b protein of Meloidogyne
incognita (86 %), 14<3-3 family of CFaenorhabditis elegans (86 %) and 14-3-3

protein of sheepbrain (81 %). The BLAS

4
1

4

i
#

TX results are shown in Table 3.1.

Table 3.1 The BLAST X results and percenta"geslof identity of 14-3-3A sequence to

homologue sequences in the GenBank database . &

r

#
% Identity

Sequence Closest species Expect Score Accession
homology to 14-3-3A values (bits) no.

246/246

14-3-3 like protein  Penaeus monodon (100%) 3e-115 484 AAY56092.1

- 2211244~

14-3-3 isoform ¢ Apis mellifera (90%) 5e-121 437 XP_623183.1
220/244 ’

14-3-3 zeta BGmbyx. mori (90%) 2e-120 434 BAG38533.1

= 212/244

14-3-3 protein Aedes aegypti (86%) 7e-117 423 AAEL006885
213/244

14-3-3zeta Drosophila melanogaster (87%) 2e-116 421 CAAT73153.1
213/244

14-3-3 protein Maconellicoccus hirsutus (87%) 3e-115 417 ABMb55627.1
210/243

14-3-3 protein Caenarhabditis brenneri (86%) 9e-112 406 ACE74683.1
206/237

14-3-3b protein Meloidogyne incognita (86%) 9e-112 406 AAR85527.1
210/243

14-3-3 family Cagenorhabditis elegans (86%) 9e-112 406 NP [509939.1
199/244

14-3-3 protein sheep brain (81%), 8e-111 403 AAB22282.1
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3.2.4 Sequence comparison of 14-3-3B

Homology search of the deduced amino acid sequence of 14-3-3B against
the GenBank database using the BLASTX search program showed high identity
to 14-3-3 protein of Tetrahymena thermophila SB210 (71 %), 14-3-3 protein of
Tetrahymena pyriformis (66 %), 14-3-3 protein of Arabidopsis thaliana (57%),
14-3-3 protein homolog of Maackia amurensis (56 %), similar to putative 14-3-3
protein epsilon of Acykihesiphon pisum (57 %), 14-3-3 protein of Schizophyllum
commune (56 %), 14=8-3 protein GFl4epsilon of Arabidopsis thaliana (57 %),
14-3-3 of Lentinula_edodes (56 %), 1?-3-3-|ike protein of Pneumocystis carinii
(56 %) and 14-3=3 protein of Nicotiana 'tabacum (58 %). The BLASTX results are

shown in Table 3.2.

Table 3.2 The BLASTX rgsults and percentéﬁqs of identity of 14-3-3B sequence to

homologue sequences in the GenBank database {J

-li o il
Sequence Clegest:species % iéiéntity Expect Score Accession
homology 10 14-3-3B  values  (bits) no.
=i . f163/220
14-3-3 protein Tetrahymena hermophila " (71%) 3e-80 301 XP_001009807.2
153/229
14-3-3 protein - Tetrahymena pyriformis (66%) 3e-78l " 285 XP_001020471.1
131/229
14-3-3 protein Arabidopsis thaliana (57%) 3e-67 258  AAF98570.1
1307229
14-3-3 protein homolog Maackia amurensis (56%) 3e-67 258  AAC15418.1
4 131/229
14-3-3 protein epsilon Acyrthosiphon pisum (57%) Te-67 257 XP_001952295.1
129/230
14-3-3 protein Schizophyllum'comrmune (56%) 7€-67 257  AAK33011l.1
132/229
14-3-3 protein GF14epsilon™  Arabidopsis thaliana (57%) 7e-67 257 AAG50088.1
130/230
14-3-3 protein Lentinula edodes (56%) Te-67 257 BAAB9421.1
133/230
14-3-3 like protein Pneumocystis carinii (57%) 1e-66 256 % AAK53389.1
136/233
14-3-3 protein Nicotiana tabacum (58%) 1e-66 256  AAC49895.1
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3.3 Analysis of 14-3-3 cDNAs

The deduced amino acid sequence of P. monodon 14-3-3A and 14-3-3B were

aligned with the other 14-3-3 proteins ¢ Own structure, human 14-3-3 isotypes and

fish 14-3-3a. Of possible impor nce for the ‘ its activity, P. monodon 14-3-
3A contains five important @ )mains of pr , phosphorylation site, protein
kinase C phosphorylayio 0 site, casein kinase Mn site, tyrosine kinase

phosphorylation site and Asn-glycosylati |te \ 1onodon 14-3-3B contains

only three domains of ' ;f‘ n\:.\ NS te tyrosine Kinase
phosphorylation site an' Asi'glygosylation sit \ ices 3, 5, 7 and 9 which
form the amphipathic.stbstrat ' bifdi ( 0 ? ‘ n the binding cleft,

L h conserve regions, P.

of human and fish than

14-3-3A. Based on thesé results, [ that f racts with the same
substrates as the other 14-3-3 ‘protei S, 14-3-3B ay have some function

ﬂuﬂfawﬂmwmm
ammnimwnwmaa
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i Figure 3.9 Amino acid sequence alignments of P. monodon 14-3-3 (14-3-3A
and 14-3-3B) with other 14-3-3 proteins. The other 14-3-3 proteins include human of
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Figure 3.9 (continued)

Eta isotype (acc. no. NP_003396.1), Gamma isotype (acc. no. XP_519163.2), Theta
isotype (acc. no. XP_525684.2), Sigma isotype (acc. no. NP_006133.1), Beta isotype
(acc. no. NP_003395.1), Zeta isotype (ace. no. XP#001098275.1), Epsilon isotype (acc.
no. AAP36544.1) and fish 14-3-3a (acc. no. AAG22081.1)..The locations of helices are
indicated by black bars above the corresponging residues:"Residues within the binding
cleft that interact with peptide ligands or Withithe serotonin N-acetyl transferase molecule
are indicated by filled circleseslmpertant domains are indicated by colored letter: blue,
protein kinase C phosphorylaion site; purple, casein kinase Il phosphorylation site; green,
protein kinase A phosphorylation site; orangez tyrosine kinase phosphorylation site; and

yellow, Asn glycosylationsite. High light indicatés complete conservation.

3.4 Phylogenetic apalysis

A phylogenetic analysis of the P. monodd{n- 14-3-3 (14-3-3A and 14-3-3B) with
14-3-3 of arthropods, humans:and fishes was pé[formed at the amino acid level using
PHYLIP by neighbour-joining (NJ)-method (Fig. Q.EO)J-__Based on NJ analysis, the other
14-3-3 proteins can be classified inte-three major groups: A, B and C. Group A can be
classified into three subgroups;  one subgroup coﬁt‘a'ining the humans 14-3-3 (Sigma,
Theta, Zeta and Beta) and fish 14-3-3 (Oncorhynchus mykiss); the..second subgroup
consisting of the humans 14-3-3 (Gamma and Eta), the third subgroup containing fishes
14-3-3 (Fundulus heteroclitus and Danio rerio). Group B can be classified into two
subgroups; one and*second subgroups containing the arthropods 14-3-3 (14-3-3A,
Drosophila melanogaster, Zeta Artemia mellifera, /Zeta Manduca sexta, Litopenaeus
setiferus, Marsupenaus japonicus, Zeta Rhagoletisisuavis and Trichoplusia™i). Group C
can be classified into two subgroups; one subgroup containing the ‘Epsilon 14-3-3 of the
human and Drosophila melanogaster; the second subgroup-containing the arthropods 14-
3-3 (14-3-3B, Callinettes sapidus ‘and Wasmannia auropunctata). This result classified
the' P."monodon+14-3-3A into 14-3-3 Zeta isotype while P. monoden 14-3-3B"can~be
classified into 14-3-3 Epsilon isotype.
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@ Figure 3.10 A bootstrapped neighbour-joining tree illustrating relationships
between different families of 14-3-3 proteins in humans, arthropods and fishes The
14-3-3 proteins include human Theta (acc. no. XP_525684.2), human Sigma -
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Figure 3.10 (continued)

(acc. no. NP_006133.1), human Zeta (acc. no. XP_001098275.1), human Beta (acc. no.
NP_003395.1), human Eta (acc. no. NP 003396.1), human Gamma (acc. no.
XP_519163.2), human Epsilon (ace. no. AAP36544.1), Drosophila melanogaster (acc.
no. Al542081.1), Zeta Artemia mellifera (acc. nos E€860610.1), Zeta Manduca sexta (acc.
no. Al187543.1), Litopenaeus setiierus (acc. no. BES46610:1), Marsupenaeus japonicus
(acc. no. AU176065.1), Zeta Rhageletis suavis (ace. no. EX453993.1), Trichoplusia ni
(acc. no. CF258245.1), Epsilen Drosophila melanogaster (acc. no. XM_002133540),
Wasmannia auropunctata (aec. .nos EH413075.1), Callinectes sapidus  (acc. no.
CV162094.1), Oncorhyncus mykiss (NM_OOi124475), Fundulus heteroclitus (acc. no.
AAG22081.1) and Daniogreriof(agc. ne. AAI5_2270.1). Values at the node indicate the
percentage of times that the particular node occurred in 1000 trees generated by

bootstrapping the originalideduced protein sequencéé.

3.5 Two isoforms Of 14-3:3 and their expression in various

shrimp tissues —%
s ud A

Using RT-PCR, it was found that not all grbups of shrimps expressed 14-3-3B
mRNA which was.in contrast t0 14-3-3A mRIn\l"Ar,u"tTﬂét was found-in all individual
shrimps tested. Therefore, 10 individual shrimps from each group-were.acclimatized at 3
ppt for 1 day and then investigated for the presence or absence of 14-3-3B mRNA by RT-
PCR prior to conducting the experiments. Shrimp expressing 14-3-3B mRNA showed a
band of PCR product with size about 402 bp (Fig. 3.11A) where as those not expressing
14-3-3B mRNA showed a primer-dimer band (Fig.“3.11B). Tissue-specific expression of
the two 14-3-3 isoforms was then examined in various shrimp tissues by RT-PCR
analysis, of Which total RNA was pooled from 5 individual shrimps. The PCR primers
(Table 2.1) were designed from cDNA sequences obtaiiled previously fromthe P.
monodon EST project, Distribution of 14-3-3A mRNA were found in all analyzed tissues
including gill, epipodite, antennal gland, heart, hemocytes, hepatopancreas, intestine,
lymphoid gland, eye stalk whilst another isoform, 14-3-3B mRNA was observed only in
gill and epipodite (Fig. 3.12).



71

(A)
3000 bp =
1000 bp =

500 bp -

__ﬁ—‘ﬂitit.<<" - O — ‘4n2bp

4 Primer-dimer

Lane M : 100bp marker

i =4

r ua

La : i Negative control

Lane 140 10 10 individual shrimps for eacﬁ-group



72

[-actin

14-3-3B

[F-actin

4 \ &
.".h J L . r
__.-"! & |
s :Il i

Figure 3.12 Expression of the two ISOfOFIﬂS of 14 3-3 in various shrimp tissues.

RT-PCR was performed using prlmer pairs; spec't'ﬁc to 14-3-3A and 14-3-3B. The
amplification was performed on a cDNA pool abia.meﬂ from 5 individual shrimps. B-

actin serves as an internal controk - .~.". ‘, _J =

3.6 Expressron-analyas-ef—m-s-s—mRNAs—ut Tesponse to

salinity stress

i .
. i

Salinity stress response of 14-3-3A and 14-3-3B mRNAs was determined by semi-
quantitative*RT+PCR in gillssofshrimp usingyiseferny specific primer-pairs«(Table 2.1).
The shrimp samples were firgt checked for the presence of 14-3-3B mRNAin gill before
used in the experiments. Then, they were transferred from 3 ppt salinity to either 25 or 40
ppt salinity-for asperiad .of 3.weeks. The,temporal expressionpatterns~of the, 14-3-3
MRNASs"after. transfer. of shrimp are.shown in Figs. 3.13 and 3.14. Of linterest, the
expression levels of 14-3-3B were markly decreased when shrimp were transferred from

3 to 25 and 40 ppt salinity levels. In contrast, the expression levels of 14-3-3A mMRNA
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remained unchanged or slightly differ after transfer of shrimp to higher salinity (25 and
40 ppt), A reduction of 14-3-3B mRNA, to 7.5-fold in shrimp group | and 2.3-fold in
shrimp group Il were observed after transfer of shrimp from 3 to 40 ppt salinity.

of 14-3-3B was observed as
early as dayl of transfer.. B mRNA in the lower-
salinity waters, shrimp Frearcd-at 4 wo weeks and then transferred

abruptly to 3 ppt salinity..As can‘be seen in| g - pression level of 14-3-3B

MRNA was increased for_uf 48.6¢ in shrimp g up . ‘ a period of 1 week after
transfer of shrimp fr ' \; Xp e sion levels of 14-3-3A
mRNA remained unchan ightly differ after trans er of shrimp to lower salinity (3

LY
ppt).

|
[

Y]

AU ININTNYINS
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Figure 3.13 Relative expression levels of 14-3-3 mRNAs in shrimp gills after-
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Figure 3.13 (continued)

transfer of shrimp from 3 to 40 ppt. The relative expression was determined by semi-

quantitative RT-PCR. Two different groups of shrimp were used for analysis of each

isoform of 14-3-3 mMRNA. mRNA lev j : nrmalized using B-actin as the
reference gene. Data represen " e of

letters are not significantly di
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Figure 3.14 Relative expression level of 14-3-3 mRNAs in shrimp gills after-
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Figure 3.14 (continued)

transfer of shrimp from 3 to 25 ppt. The relative expression was determined by semi-

quantitative RT-PCR Two different groups of shrimp were used for analysis of each

ere normalized using B-actin as the

| Mg shrimps +S.D. The same
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3.7 Survival of salinity stressed shrimp

The induction of 14-3-3B isoform in gill of shrimp stressed by low salinity water
made it attractive candidate for investigation the .influence of 14-3-3B isoform on
adaptation of shrimp in low salinity stress. In this experiment, two shrimp farms from
Chuntaburi province each composed of two groeups ofsshrimps, expressing 14-3-3B
mRNA group from farm_| (Tamal district).and not expressing 14-3-3B mRNA group
from fram 1l (Lamsing district) were used for determining survival at salinity stress.
Shrimps group | were small*juveniles (approximately 1 to 1.5 months old, 3 to 5 g of
body weight) and shrimp greup Liswere juveniips (approximately 3 months old, 15t0 20 g
of body weight). Forsthe shgimps expressing '_14-3-38 mRNA, it was found that all 10
individuals of shrimp greup lfrom frah1 | (Tan;'ai district) showed a band of 14-3-3B
transcript whereas 8 from those in the shrimﬁ‘ group Il from fram | (Tamai district)
expressed 14-3-3B mRNA. For shrimps not exﬂreséing 14-3-3B of group | from farm 11
(Lamsing district), a band of 14-3-3B.mRNA C-C)Tl:l]d not detect in all shrimps except the
one from shrimp group Il from farm Il (Lamsing. dlstrlct)(Flgs 3.16 A and 3.17 A). After
abrupt transfer from 40 to 3 ppt sallnlty, the cumulatlve mortality in shrimp expressing
14-3-3B mRNA of group | from farm-1-(Tamai dlstm;t) Was about 23 % and that of group
Il from farm | (Tamai district).was-about 57 % m day4 after low salinity stress while
those of shrimp notlexpressing 14-3-3B mRNA in the two groups from farm 1l were
100 % (Figs. 3.16 B and 3.17 B).
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Figure 3.16 Cumulative ‘fﬁ.’;{;:.u om Farm | under low salinity

stressed (40 to 3 ppt).

(A) RT-PCR analysis of 14-3-3B mRNA in the shrimp groups j__,o essing and not

expressing 14-3-3 ‘ er W ﬂ ‘electrophoresed

on 1.2 % agarose gel. 'II T i
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des’gnate significantly different at P<0.05 (Appendix D).
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3.8 Suppression of 14-3-3B by RNA interference (RNAI) and
ATPase activity in gill of 14-3-3B knocked-down shrimp

Previously, 14-3-3 proteins were shown ta late some transporters such as H*-
ATPase. Therefore, knock dow, of 14 3B ma f Lhe ATPase activity. In this study,
shrimps stressed with low salinity @ith dsRNA for 14-3-3B,
Poly CG (an unrelated d mM NacCl. Sk collected at days 1 to 7
after dsRNA injectio i 3B on total ATPase
activity. The expression \\ “shrin ps maintained at a

relatively low level from.day1 i0 day3 2 i with the .x. (Fig. 3.18 A). The
14-3-3B mRNA was almosicornf ' 1 on .' . The expression of 14-3-3B
' o 1M NaCl. The 14-3-3B

silenced shrimps were theh assa ed ) n y in gill. The result
knockdown shrimps

ignifi acrease V|ty I \
from dayl to day3 after dsRNA'I rols (Poly CG and NaCl),
. F -.. r'l
(Fig. 3.18 B). On the contrary. jectM o ;b" o Na | solution did not affect total
ATPase activity. These data s umn 3- - some way either directly or

mRNA remained unchange

indirectly affects the ATPase actlv — -
T,

m |
ﬂuﬂqwﬁﬂswanﬂi
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Figure 3.18 (continued)

(B) Analysis of total ATPase activity of protein in shrimp gill using the PK/LDH

linked system. Data represent the average of three individual shrimps +S.D. The same
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CHAPTER IV

DISCUSSION

Osmotic regulation is ene of the most impeortant adaptive physiological processes
permitting the successful establishment of ayspecies in"a given habitat (Haond et al.,
1998). 14-3-3 proteins representa novel type of adapter/seaffold protein that works as a
molecular switch and modulates dnteractions between components involved in many
signal transduction pathways'to induce a rapilcl change from one type of metabolism to
another in response tora chamge in environment (Aitken, 1995; Baldin, 2000; Van der
Hoevenet al., 2000). TheysSequester other prote'ian. that are phosphorylated on serine (and
sometimes threoning). In' addition, they Tf)ron_lote subcellular translocation of
phosphoproteins (e.g. ftom nucleus into cytosli'ol)"and thereby affect the function of
phosphoproteins (Fiol"and Kultz, 2007). 14-3;§'Jprqt_eins have been reported to be a

critical element for cellulat hypertonic stress respor?lfe ;m)athways (Fiol and Kiiltz, 2007).
3 jd“ -4

Although 14-3-3 prot€ins arc present in all eukaryotes and represent a large and
highly evolutionarily conserved protein family, the aumber of genes contained in a
genome differs greatly depending on species. For é’iéﬁfﬁlé, yeast, Caenorhabditis elegans
and Drosophila melanogaster have only two 14-3-3-isoforms, Wﬁile‘ mammals have
seven, and the plant,;ArabidopSiS thaliana has ten isoforms of 14-3-3.(Wang and Shakes,
1996; Fu et al., 2000). For P. monodon, two isoforms of 14-3-3 cDNAs, namely 14-3-3A
and 14-3-3B, were identified. The 14-3-3A sequence was a full-length cDNA containing
a complete coding sequence (CDS) whereas the*14-3-3B sequence was partial cDNA
with incomplete| CDS= In this study,~isolation of a full-length 14-3-3B cDNA was
performed. However, the complete cDNA sequence of 14-3-3B was not successfully
obtained although several conditions or techniques weretapplied. The 14-3-3B.¢DNA
sequence probably lacking only 3 amino acids at the 5' end of the open reading frame as
compared with the sequence from Tetrahymena thermophila SB210 which showed the
highest identity. This trouble was perhaps due to the structure of 14-3-3B mRNA. The 5'

end of the mRNA may form strong secondary structure due to, for example, a GC-rich
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region, complementary of long nucleotides, etc. Most cellular RNA molecules are single

stranded and they may form secondary structures such as stem-loop and hairpin.

The CDS of 14-3-3A isoform encedes a protein consisting of 246 amino acid
residues. Partial cDNA sequence of P. monodon 14-3-3B had a total length of 766 bp
including TGA (stop codon) but missing ATG (start cedon). Duduced amino acids of P.
monodon 14-3-3A and B showed the highest)similarity scores to those of 14-3-3 Zeta of
Apis mellifera and Tetrahymena.thermophila 14-3-3 with identities of 90 % and 71 %,

respectively.

Phylogenetic analysis dicates separél_tion of P. monodon 14-3-3 (14-3-3A and
14-3-3B) from other 14-3-3 proteins in arthropods, humans and fishes. Based on the
phylogenetic analysis, the P. monadon 1‘4—3—3A}yz:15 more closely related to arthropod 14-
3-3 Zeta isotype whereas the P. monodon 14-3-3B was more closely related to 14-3-3
Epsilon isotype. Moreoyer, the 14-3-3A showedfi_n the same branch pattern indicated that
14-3-3A was the closest to Zeta Manduca sexia (-""9,-1 % identity) and the 14-3-3B was the
closest to Epsilon human'(' 55 % identity). [t shoﬂlﬂ.l_)le noted that the sequence similarity
of 14-3-3 proteins depends o the isotype more than _th;a . Closest species.

In addition, primary structur¢.analysis of dqzu_c_éd 14-3-3 proteins of P. monodon
was determined by ¢omparing therémino acid sequén.ces with the othef 14-3-3 proteins of
known structure. The-very-high-degree-of structural-conservation-of the "s‘ubstrate-binding
groove of P. monodon.i4-3-3A and 14-3-3 of human and fish providés strong evidence
that this 14-3-3A protein probaly binds the same substrates as eukaryote 14-3-3 isoforms,
i.e. proteins phosphorylated on Ser and Thr in a_sequence-specific manner (Fu et al.,
2000). In this conserved tegion, P. /monodon; 14-323B mRN Aywas lessisimilarto the other
14-3-3 isoforms. dIn addition; 14-3-3A _and| 14-3-3 of human and fish have 5-12 motif
binding sites 'whereas P. monodon 14-3-3B protein has 3 motif binding sites. The 14-3-
3B, may~have, other meotif-binding site differentsfromsthosesreportedsing human~and gfish.
Motif binding sites of '14-3-3 proteins in invertebrates havesbeen poorly characferized. In
multicellular eukaryotes, including higher animals and plants, many protein kinases and

phosphatases are regulated during osmolality changes. Protein kinases whose activity is
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regulated during osmolality changes include various protein kinase C isoforms, protein
kinase A, various protein tyrosine kinases, Ca”"/calmodulin-dependent kinase, myosin
light chain kinase, and MAPKs (Shrode et al., 1998; Kultz and Burg, 1998). Many of the
osmoregulated kinases, phosphatases, transeription factors, and some of the DNA repair
proteins mentioned above are targets as secn JnFig: 3.10. Amino acid sequence
alignments of 14-3-3 human, shrimp and fish showed a putative binding motif of protein
kinases. A feature of 14-3-3 proteins in their ability to-bind.a multitude of functionally
diverse signaling proteinssprovides a-¢lue for the role of shrimp 14-3-3 proteins in salinity

adaptation.

14-3-3 proteinsgare found in associatiFon with key control enzymes of primary
metabolism, regulation of which could rapidly 'alfér metabolic flux in response to signals
such as water, osmoti¢, or salt stress. The 14-3=3 protems are known to be osmotically
regulated and they are expected to play a 51gn1ﬁcant role for cellular osmoregulation
(Finnie et al., 1999). Tissue-specific expression §tudy Qf the present study suggested that
the 14-3-3B may be impoxtant for sélinity adaptaiigh z)'f P. monodon since distribution of
14-3-3B mRNA was observed in gills and eplpodﬁes‘ only whereas 14-3-3A mRNA was
found in all analyzed tissues. Surprisingly, it was found'J that not all of the shrimp samples
collected from different shrlmp farms showed the gxpressmn of 14-3-3B isoform and it
appeared to dependwen the group of shrimp samples not on individuals. On the contrary,
the other isoform,14:3-3 A-was-fouiid-to-be-expiessed-ii-all-shiiimps. Actually, 14-3-3B
gene may exist in all shrimps but in some shrimps, the 14-3-3B gene is not expressed.
This might occur from the mutation in 14-3-3B gene, such as a promoter region leading

to loss of gene expression, This speculation awaits for further investigation.

Expiession analysis of P. monadon 14-3-3'mRNAs"in response to salinity stress
revealed thatsthe levels of 14-3-3B were markly decreased when shrimp were transferred
from low (3 ppt) to higher (25 and 40 ppt) salinity levels andiincreased when shrimp were
transferred from high, (40 ppt) tolow (3ppt) salinity. In contrast, the'expressionsievels of
14-3-3A mRNA temained unchanged or slightly differ after transfer of shrimps. Thus, the

14-3-3B gene may be important for low salinity adaptation in P. monodon.
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In the previously study, euryhaline fish surrounded by freshwater need to actively
absorb salt from the environment to account for passive losses that occur as a result of
diffusion along a concentration gradient. According to the prevalent model of branchial
Na" absorption in freshwater fish, Na' enters gill .epithelial cells via an apical Na"
channel that is electrically coupled to a plasma mémbrane H'-ATPase (Avella and
Bornancin, 1989). Freshwater adaptation of euryhaline.fish 1s mainly energized by the
H'-ATPase, while the Na /i -ATPase mainly energizes NaCl.absorption across the gills
of fish in seawater. Na /i «ATPase-activity is downregulated-and H -ATPase activity is
upregulated in gill epithelium offish transferred from SW to FW (Kiiltz and Somero,
1995). Activation of H -AffPase, inhibition of Na /K -ATPase, and regulation of ion

channels are all important fuaCtions of 14-3-3 proteins.

In plant cells anincrease in esmolatity-activates the H'-ATPase fivefold and the
14-3-3 protein abundancgiin the plasma membraune two to three fold, suggesting that 14-
3-3 proteins are involved in the osmotic regulatlon of H -ATPase (Babakov et al., 2000).
Indeed, virtually any 14-3-3 protein bmds fo phosphorylated Thr in the last 98 C-terminal
amino acid residues (motif ¥TV) of plasma meﬁibrane H -ATPase and stimulates its
activity in the presence of fusicoc¢in (Fuglsang et al f999 Baunsgaard et al., 1998). In
addition, several 14-3-3 isoforms bind {o and actlv_a};qPrqt_eln kinase C (PKC) (Isobe et al.,
1992; Van der Hoeven etal., 2070()5,7 which inturn, inhiB—i'ts Na+ﬂ(+-ATPase activity in gill
epithelium of teleosts,-e.g-Atlaitic-cod-(Civinbie-et-aks1996)-14-3"3proteins not only

affect the activity of"ATPases, but are also very potent modulators of many ion channels.

The induction of 14-3-3B isoform in gills of shrimp stressed by low salinity water
suggests a possible role of 14=3-3B isoform on adaptation of shrimp in low salinity stress.
The cumulative mortality of shrimp expressing 14-3-3B mRNA was about 23 % (group I
from farm I)sand 57 % (group II from farm I) in day 4 after low salinity stress while that
of shrimp not expressing 14-3-3B mRNA was 100 % in both.groups from farm Iz Higher
survival rate aftes abrupt transfer tolow salinity was observed in both groups eil shrimp
expressing 14-3-3B. However, the cumulative mortality of shrimp ‘€Xpressing 14-3-3B
mRNA from group II was higher than that from group 1. This observation may be
resulted from the differential expression of 14-3-3B mRNA between the groups of
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shrimps expressing 14-3-3B from both groups. Higher survival rate after abrupt transfer
to low salinity of the group of shrimp expressing 14-3-3B mRNA from group I may be
due to higher expression level of 14-3-3B mRNA than the shrimp from group II. Another
reason for higher survival rate of shrimp group [ may be resulted from the stage of shrimp.
Shrimp from group II was juvenile stage but shrimp fzom group I was younger than those
from group II. In general, younger juvenile shrimp scem to be more tolerance to low
salinity than those with oldei age. Juveniles at laie stage have a natural tendency to
migrate to deeper water.offshore where water salinity is high."When the juvenile shrimps
grow up, they prefer to live'in high salinity environment (Rosenberry, 1997). The results
from salinity stress test revyealed that the group of shrimp that expressed 14-3-3B mRNA
appears more tolerant'to low salinity stress that}_those that did not expressed 14-3-3B
mRNA. This study emphasized the impdrtant of :die 14-3-3B in low salinity adaptation of

P. monodon.

14-3-3 proteins are known to regulate actlwtles of plasma membrane H'-ATPase
and Na'/K'-ATPase as discussed above (Borch et al 2002). In addition, a- subunit
Na'/K'-ATPase N termini containing’a putative b1ﬁdmg site for 14-3-3 are found in many
other species, including the honcybee Apis mellifé’fé 2(4 "E:c no. XP_623072), sea urchin
Strongylocentrotus purpuratus (acc no«, XP 795226) zebraﬁsh Danio rerio and shore
crab Pachygrapsus marmoratus (acc no. AF375957) (Jayasundara et al., 2007). In the
case of mammalian O-subuiitNa/Ke=ATPasestd-3-3-was-showir-t0'be essential for the
dopamine-induced endocytosis of subunit protein in opossum kidney, apparently by
binding directly to the N terminus of the protein (Efendicv et al., 2005). Therefore, knock
down of 14-3-3B gener may affect the ATPase activity. In this study, shrimps with reduce
expression ofa 14-3-3B,gene by RNAIi technology exhibited;deerease, in«total ATPase
activity suggestinggthat the shtimp 14-3-3B protein'might be involved in thesegulation of

ATPase activity. However, 14-3-3 also participates in several pathway of stress.

In conclusion high-leveliof expression of 14-3-3B gene and higher sumival rate
of shrimp expressing 14-3-3B under low salinity condition and, taken together with tissue
specific expression in osmoregulatory tissues such as gills and epipodites suggest that

shrimp 14-3-3B is important for hypo-osmotic regulation of P. monodon. In addition, the
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14-3-3B gene appears to regulate ATPase function since knockdown of 14-3-3B gene by
dsRNA resulted in a significant decrease in total ATPase activity. Further study of 14-3-
3B isoform and identification of its binding partners during salinity acclimation will also

provide useful information on under salinity adaptation in shrimp and also

other marine species.
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CHAPTER V
CONCLUSIONS

Two isoforms of P. monodon 14-3-3 proteins, namely 14-3-3A and 14-3-3B were
found. A full length cDNA ef P. monodon 14-3-3A"encodes a 246 amino acids protein
which showed 100 % identity to P. monodoﬁ 14-3-3 protein previously reported in the
GenBank. Whilst a nearly complete coding sequence of P. monodon 14-3-3B was
obtained and exhibited*the highest.seguence identity to Tetrahymena thermophila SB210
14-3-3 protein. A phylogeneticianalysis of P. r"nonodon, human, fish and arthropod 14-3-
3s revealed that 14-3-3A gouldibe/classified into a Zeta isotype whereas 14-3-3B was
classifiled as Epsilon isotype: 4

The primary structure of deduced 141(_3-3A and 14-3-3B proteins from P.
monodon contains important motif binding sifes similar to other 14-3-3 proteins.
However, the 14-3-3A protein shows: higher dégfe_ie of structural conservation of the
substrate binding groove than 14-3-3B, which m}ay,ifmply different substrate binding

between the two isoforms of P. monedon 14-3-3 protein:

Expression analysis showerdr that 14-3-3A mRN,—A'\ was found inall shrimp tissues
examined while 14-2-3B-mRiNA-was-found-onty-in-git-and-epipodite.“Interestingly, not
all groups of shrimps expressed 14-3-3B isoform. Moreover, It was shown that salinity
stress affects the mRNA level of 14-3-3B but not that of 14-3-3A. Transfer of shrimps
from 3 ppt to 25 or 40 ppt.resulted in a reduction of 14-3-3B mMRNA level whereas that of
14-3-3A remained unchanged.orslightly changeds=in addition, shrimps-that-expressed 14-
3-3B showed higher survivalrate than those that did not suggested an impertant role of
14-3-3B in hypo-osmotic adaptation. Gene silencing of 14-3-3B also suggested that 14-3-

3B protein might.be involved in.the regulation,of AT Pase activity in shrimp.
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I. Anova test of 14-3-3B expression in shrimp group | transferred from 3ppt to

40ppt.

VVAR00002

Sig.
.000

Between
Groups
Within
Groups
Total

I1. Dancan test 4- 3B xpre ni ' | transferred from 3ppt to

40ppt.

L1523 22

/ ‘ "A'A'A'l _ _ N O UDDSCL UL A

V.o

2.00=
1.00 I
3.00

00 g
Sig. . L

L ' h: 7.-. ilr.l "Iwa [ = 1 vi‘ 'i:‘ F 5 ‘i‘ i
Me for'groups in hamogeneous subsets are displa

Harmonic Mean Sample Size = 3 000.

QW'm\‘]‘ﬂiflJﬂJﬁﬂﬂEﬂaEl




105

I11. Anova test of 14-3-3A expression in shrimp group | transferred from 3ppt to

40ppt.

VAR00002

Sig.

Between 008

Groups

Within Groups

Total

IV. Dancan té of #4-38A expression in ‘ n erred from 3ppt to
40ppt. | | |

fE!Eff?:ri

Duncan

r'" SpELAe ‘-q

G 7

K
% O 000 ) F
I' ' : 4 .

2.0000 . i
0000 1.0165
1.000

fls umm&mﬁﬂ@m
ARIAINTAIMIINGIAY




106

V. Anova test of 14-3-3B expression in shrimp group Il transferred from 3ppt to

40ppt.
VAR00002
Sig.
Between 000
Groups
Within Group
Total

40ppt.

Duncan
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1.002
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VII. Anova test of 14-3-3A expression in shrimp group Il transferred from 3ppt to

40ppt.

VVAR00002

Sig.
.015

Between
Groups

Within Groups
Total

VIII. Dancan test of 14-3- ex :g rimp 1 ‘ transferred from 3ppt

to 40ppt.
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IX. Anova test of 14-3-3B expression in shrimp group | transferred from 3ppt to

25ppt.
VAR00002
Sig.
Between 000
Groups
Within Groups
Total
X. Dancan test of 14-3:3F eXpres p group I transferred from 3ppt to

25ppt.
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XI. Anova test of 14-3-3A expression in shrimp group | transferred from 3ppt to

25ppt.
VAR00002
Sig.
Between 001
Groups
Within Group
Total
XII. Dancan te 'df 4- transferred from 3ppt to
25ppt.

6l 1) B pletin a8l 1) 5

qllMeans for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000s,
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XII. Anova test of 14-3-3B expression in shrimp group 1l transferred from 3ppt

to 25ppt.

VVAR00002

Sig.
.000

Between
Groups

Within Groups
Total

transferred from 3ppt

XIV. Dancan te
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to 25ppt. |

Means for groups in homogeneous subsets a are displayed.
a Uses Harmonic Mean Sample élze 3.000.
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XV. Anova test of 14-3-3A expression in shrimp group Il transferred from 3ppt to

25ppt.

VVAR00002

Sig.
732

Between
Groups

Within Groups
Total
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XVII. Anova test of 14-3-3B expression in shrimp group 11 transferred from 40ppt

to 3ppt.
VVAR00002
Sig.
Between 000
Groups
Within Groups j&
Total -

144836 & jroup 11 transferred from

XVIII. Dancan test
40ppt to 3ppt
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XIX. Anova test of 14-3-3A expression in shrimp group Il transferred from 40ppt

to 3ppt.

VVAR00002

Sig.
.001

Between
Groups

Within Groups _
Total

XX. Dancan test of 14-38A expression i mp group I transferred from 40ppt

to 3ppt

Means for groups in homogeneous subsets are displayed.
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I. ATPase activity of 0.625ug 14-3-3B protein

ATPase activity of 0.625ug 14-3-3B protein
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I11. ATPase activity of 2.5ug 14-3-3B protein
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V. ATPase activity of 10ug 14-3-3B protein

ATPase activity of 10ug 14-3-3B protein
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VII. ATPase activity of 40ug 14-3-3B protein

ATPase activity of 40ug 14-3-3B protein
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I. Anova test of ATPase activity 1 day in shrimp injected dsSRNA 14-3-3B

VAR00002

Sig.
Between 002
Groups
Within Groups | ' (
Total Ir, o -
I1. Dancan test of A Pas g vity 1 day ' | Jjected dsRNA 14-3-38

15 ig.

Means foi‘]@s in homogeneous subsets are displayed.
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I11. Anova test of ATPase activity 2 days in shrimp injected dsSRNA 14-3-3B

VVAR00002

Sig.
Between 002
Groups '
Within Groups
Total

IV. Dancan test of ATRase jected dsSRNA 14-3-3B
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V. Anova test of ATPase activity 3 days in shrimp injected dsRNA 14-3-3B

\VVAR00002

Sig.
Between 000
Groups
Within Groups
Total
VI. Dancan test of ATRase activi ‘ njected dsRNA 14-3-3B
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VII. Anova test of ATPase activity 4 days in shrimp injected dsRNA 14-3-3B

VARO00002

Sig.
.296
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Groups

Within Groups
Total
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IX. Anova test of ATPase activity 5 days in shrimp injected dsRNA 14-3-3B

VVAR00002
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Groups 943
Within Groups
Total

X. Dancan test of4
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XI. Anova test of ATPase activity 6 days in shrimp injected dsRNA 14-3-3B

VVAR00002
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XI11. Anova test of ATPase activity 7 days in shrimp injected dsRNA 14-3-3B

VVAR00002

Sig.
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Within Groups
Total
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I. T-Test of mortality rates of farm I (dayl) between the presence and absences

the expressed 14-3-3B gene in salt stressed at low salinity water.

Levene's
Test for
Equa_llity of - 95% Confidence
Variances _ ea ig. . Viean____ | StduError Interval of the
F ig. I (2-tailed)- ifference Difference Difference
VARO00002 Lower Upper
Equal
variances
assumed 16 24.078516 43
Equal
variances not
assumed 18.991158 48

[1. T-Test of mortality rates of g‘ day ) etwe 1\ e presence and absences

the expressed 14-3-3B gene in'salt st essed at lo

v
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F | Sig. ‘_ df ¢ : : Diﬁere@ Difference
VAR00002 — | Lower | Upper
Equal ‘,
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assumed 0 1. 4 63.08829
il W )| S EV”TTT‘E'
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assumed 10 4 0000447 4.714045 | 36.91171 | 63.08829

ARIAINTE umqwmﬁ' 1



129

I11. T-Test of mortality rates of farm I (day3) between the presence and absences

the expressed 14-3-3B gene in salt stressed at low salinity water.

VAR00002
Equal
variances
assumed
Equal
variances not
assumed

Levene's
Test for
Equality of
Variances |

F Sig.

IV. T-Test of mortality,

the expressed 14-3-3B gene if salf stressed at lov
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V. T-Test of mortality rates of farm 11 (dayl) between the presence and absences

the expressed 14-3-3B gene in salt stressed at low salinity water.

VARO00002
Equal
variances
assumed
Equal
variances not
assumed

Levene's
Test for
Equality of

Variances

F Sig.
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Equal
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.006

0.4333 0.3333
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T-Test of mortality rates of farm Il (day3) between the presence and absences

the expressed 14-3-3B gene in salt stressed at low salinity water.

Levene's
Test for
Equality of 95% Confidence
Variances | Interval of the
F Sig. Difference
VAR00002 Lower Upper
Equal
variances
assumed 16 0.34079 | 0.52588
Equal
variances not
assumed 0.28991 | 0.57676
VIII. T-Test of

absences the expressed 14

orfz \ presence and

water
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