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SUMMARY

1. Title

Development of an effective vaccine against scuticociliatosis in cultured

olive flounder

II. Importance and Objective

Scuticociliatosis, caused by an protozoan ciliate, is a well-known culprit

of massive death of cultured olive flounder and causes an outbreak of

various biological diseases related to bacterial infection, also. Although
several attempts have been done to treat the disease by various
chemotherapeutics, there 1s at present no effective in  Vivo

chemotherapeutics especially for internal infections. Therefore, the aim of
the present study was to develop effective vaccines, which can offer the

best way to control scuticociliatosis.

IMI. Contents and Range of Research

Year Objective Contents and Range
Mass production - in vitro Mass culture of scuticociliates
p' . - Production of Crude and E/S antigens of
of scuticociliate . o
1st anticens for scuticociliates
& } - Mass production of scuticociliate antigens
vaccine .
for vaccine
- Induction of protective antibody against
Development of . .
an effective scuticociliates
2nd . . - Effective vaccine delivery methods
vaccine against . . .
i o . - Establishment of an effective vaccine
scuticociliatosis . . . )
system agaisnt scuticociliatosis
. ) — Confirmation of the vaccine effectiveness
Confirmation of )
the vaceine at hatcheries
3rd . - Confirmation of the vaccine effectiveness
effectiveness at
(4th) at culture farms

hatcheries and
culture farms

Development of effective vaccine

delivery system at culture farms




IV. Results

- Identification of 3 scuticociliate species responsible for scuticociliatosis in
cultured olive flounder based on the morphological characteristics and
riosomal RNA gene sequences

- Development of rapid diagnosis methods for scuticociliate species
identification using multiplex PCR

- Establishment of in vitro culture methods of scuticociliates

- Vaccine preparation using whole cell & E/S antigens of scuticociliates

— Construction of cDNA libraries of scuticociliates and EST analysis

- Screening of protective antibody-inducing antigens using suppression
subtractive hybridization and RACE

- Site directed mutagenesis of scuticociliate antigen genes and Production
of scuticociliates antigens as recombinant proteins

- Production of Rabbit polyclonal antibody against scuticociliates

— Screening of common antigens across scuticociliate species

— Generation of Ghost Edwardsiella tarda

— Preparation of formalin—killed and homogenized vaccines

- Preparation of recombinant protein vaccines against scuticociliatosis

- Development of dual vector, which can induce ghost bacteria and can
display heterologous antigens on the bacterial ghost surface

— Production of £ tarda ghost expressing scuticociliate antigens on the

surface and Confirmation of the vaccine effectiveness



V. Application plan

Period

Research and Commercialization

2006. 11. = 2007. 03

- Supplementation of the research for enhancement of

the vaccine effectiveness

2007. 04. - 2008. 08

- Transfer of the vaccine technologies to the
participate enterprise
- Confirmation of the vaccine effectiveness at culture

farms

2008. 09. - 2009. 08

- Experiments needed for approval as a fisheries

medicine

2009. 09 -

- Commercialization of the wvaccine and consistent

version—up study




=)
o
M
R
(@)

Chapter

Chapter

Chapter

Chapter

Chapter

Chapter

CONTENTS

1 Introduction

2 Research and development state

3 Research results

10

14

16

4 Accomplishment of the purpose and Contribution

5 Application plan of the research results

6 References

129

134



= 2
A1F ATALHAY AR - 10
A 27 SH NefE @8 - 14
A3 ATAETY e R 2% - 16
A4 EFGHE E FHEORNY JAE ——-——-———- 129
A5 AFNEEAHY] GEAY - 132
A6 FIEY - 134



H 1 & AL T

A 12 d70Ee a4

1. 7702 H8A

o2
>
%

{

% o
T

o

g‘l

fr

[

-y

fu}

Y

. OIN
flo

9

S

o

=

of

@,

>,

2
>,
N
RIS
)
o
fines
ol
k1
X0
i
0%

ok 2
o 2
u
rr
=
o
i)
[
oX,
=
=X
oX,
W,
N
ox

o o
ox,
i)
o

oX,
N
ox
of
ok
ro
[
-
Au
A
ofN
o rlO
|
ol

zjojell A HE Adojol] o]=7]|7tA] FH

o AFEIISE VIES oA A4 %{101] Aad 9

Lo

ol
-

AT
{

I 9
N
2 g

X0 M

=2 1=
ul
o

[>

oft

<
Hoo
X

=< o7 AR, otvle EE HolZHA HFsH7] W el dd 714

719 100% #| At o]2 A Hoh AFEIIFS AEZF T Scuticociliata
TR dForAM e AFFA ARARE s dFFOIA

A BFoME 298] AAFE TA%A S FuEE VTR %

% (facultative parasite)o]Th. Y Ao 7S Sl o]/ xI=

A AFs7] W] 2FEIEsA Z18PE off= A9 100% H AR

rlr

Rl
2
] —
o du o
i
dg

s
ot
o,
s

o

i
rh
i
2,

7t

i L2 2 9
>
T 22l
ﬂ? N o=
=T )
9
o JL
2
N
N
Ir
2
o
Jo
1:9{1
rob
N
9
=
_IN
o

i

g
o
o2
=
2l
Lo
Hel
il
=]
«
i)
[
b

02 ol
i
o
i N
i F-lz >

e

-

off
k
Lo
e
I

)
2

N
o
>
u

il
Y
2

ML & o 32
e
X
rr i
v ]

Lo
12
X,
lo

=

N
re
4 & o

o

>

-

o

)

N

flo Lo

129

1

;:: =

4z

fru

(o]

— O

o

ol

s

A :

g

Y

-

il

b

i

=

N ¥
2 ooX o

Lo

N
=2
N, ox
XN
o
lif
.
=
M
=2
=
e
N
0
[
U
E U
N
ofj
=2
)
rot
-
2
2
ft
>
o
kof
Koy
rr
N



F W10 A ol27) W] 1EY AZE NREAES JREH] ofele

- FRANIRE 2TEAE] WF HIFAE AW Aol AN YoM FF
A BBAG BefopA G Folx YA4S =Y & Yt LES WA A
o] W%

4. B4 - 2gH 57

- 2FEAFE APACE WIS FRT B ol 4T Fo ATH S
DRAOE fEFOZA WA Yo PG HshE 2o
&

- 27T TAIS] f19E avke} oAl
[e=]

Cgeebsl Agon Q8 BAE 2 4uAs TS Helsl AdAL T

2. 2 - 9 BAATY ARH EAH

AAAA AAHRZ  offFel 7S FHE dF FeE HuH
scuticociliate FF+= New Yorke] 3jite] FFHHoA WAt I35 Y3
Uronema marinum ", 53] bluefin tuna® o] FYsta] x|
21 Uronema nigricans P%o] glon, ZFo A3

o
Ar =02 29209 A2 turbotol

ScuticociliatidaZ-ol| <3< A AZY I E Y3 B
O7b At 7M7he dEIME scuticociliate®] 71 o2 Qs % Fxo] AzHe

_11_



e nh gdom @ g9 AMSFAME XHHQ bumper car diseasesS Y

© 7% Anophryoides haemophila ©'7} )T}, o] 9zro] £1=e] Ag-olm AFE|F}
5

Z o
B3 ssiAbe R AFRII} Hof Ve AR T AsNFRA 2A ¢ HE
M Be A7E offold A 9 Ageln, 2TEAZOR A8 F4 WA
Aol 2 AalE Qe YR 2AE HGAA A77} A musel YA e

ol whde] S-eluere] 9 Pxol JASE AFEEE OE vete] F%
= gel ¥ WAl A4E HE Fu Jor, ol hg Bl AFH o] F
Aoker Fol = BT ok H7kA 2TEAF I A= At

U
Au
)
o|\
=2
oy Mg £ L ¢ o

2 A
A Az o WAL AITE HolN 71E BY AFgE 2 o7t Ak
olFe Ay AWE MBezn e RE AWdd HaME 43 9

S olm] wWale] AwE o] AR Yo}, oF NAEF Aol AnFH 2 in
vitrool A4 o] T ko] Wl A7) )

2 pgsel 2wl gtk w2

A AARCR e 2 S Adua & 5 Ao

Mo
=2
[e]
o
N
N
Y
kol
i)
X
-0,
1=
>,
flo
>
=
o)
X
o

_12_



Aojd = e AgAI=E )

o

2. @xE AR ERS} W&

- 2TEAEE

umo
g =
o T
™| R
N i
ERV|3
o W o
R SO I B
mﬁ h ,In._ ﬂ.AlL OW ﬂ
=K ‘._mo mr« =0 ~
" = P o- B
o —
% o % W - W
= Ko T M
N o NN o
W R oo | W xT
oo | T
e 7 | AL F
| | | | |
o <
7° E
!
Z.o = owa
o w oo o
WA B!
N
I I (e Ao
= ~
do my
<o - m
7T (| =
s 4 14
) T
—~ —~
| K X

A 228 dFNEe] F Y U§

oA e AFET}

_13_




H 23 U 7= &8

A 148 9] 71eNE ¥

HAA 7R MAZASZ oFo 7|4t TS Y3 Ao Z B I HE scuticociliate
TH= New York® 3jito] FZHoA At I3|E Y7 Uronema marinum
M 539 bluefin tuna® ¥ Hst XHEHN HIS Uo7 Uronema
nigricans @5 o] Jon, & A3 FHHA &AW ScuticociliatidaZol] &3}
ARFoaA 289 %4 turbote] AsHE 4 Hu7 ok Ak ARA
% scuticociliate®] 7] o= Rl 2 GXo Az HE
a9 MFFoAAAE AWAHQ bumper car diseasesE P L27] Anophryoides
haemophila ©7} Tk, o]e}zro] 9=re] Bfom AFE|TZFo] At B A
TRI7L Hol Ql7le AT o} AR B AFE o]FojA UA e AAo|H,
2T TS o2 Qe 4 13 A Aol F ]3|
ATF7E A9 Hago A 2 Aot dEFHo=E E
= &2FH7bs WAl o H = AA7A Hs A7tE ol vyt itk

* rir
£

SR
iR
flo
e

re i
K3
>
BN
2
k1
A
1o
X
ro

A 24 S 71eE 8%

Feluete] ¥4 WA gold 2TEAFS WA FH A4F IS Fu
slov, olel thgr o] AF3 o FolHory Folw BFH: ofH7hA] 2y
AFl W A= dE AFE A9 oFoA UA ge dFolth AAZAA Ty
AME F4 WA 2TEAZ the) e ATsh AP wh Yo, W

3 ~TElEe] D 5e ol B9 in vio FFAFAT 2P BFo] A
o] AYHYor, ode HFel Ao] YoHE AR NuBAe WA
gl AT AEIUES ol§F 2FEAF A2A Aol FAHT got of
4 JES BAClE 2YsA 23 FHoln, odF AR FeIME AFF His
Qo] M@ Rrhe MUALES B dyme] AFEAFL ELHOE AT &

FE R0l @ 4 dvh ¥ PN FARIA e

T ol AR FUWANE A8 A7HIA Wt glT.

_14_



A 32 & 4771 U8 ZIeid 8FeA AR sk S

woATE F4 9Rd A4S 84S 95T g 2FEAZ hAA AA

_15_



M3 & ALY Ug Y A

A 12 gz 2FE75 4959 B 2 Multiplex

5
PCR= °|§% A& F A<

A detda Aok 2FE 7S A5 W3t F582 2FEHIS WY d
= FHst=d Wf 8357 i & AFdMe WA mlolAN st 2F
715 A5 T/7F 1F0] obd Z47] AEEE 5o t& o Foll oafA
TS 7hs S dotr 7] S8 sl FARAA B 2FEISES TS
TEAS TH8AY. F8HL FETH 5 H vwF 7|4 <Eo] conserveH o]
AT 18s rRNA gene sequencing=S 53l o|Folxom, 7 Azz Ul ¢4 gA

o WA= 2FETIEY LdF=9o]  Uronema marinum o) Pseudocohnilembus
persalinus R 8 F2 turbotel & HSNE FiL A Philasterides dicentrarchiis

% 3%9 2TEsbE]l FW ¥ WA 2TEAFE Yoslt Ao vehg

G B ATNE HEES FuSHoR YY) AT Be Ay =Fo)
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Y. 2FEHIF & € DNA F&
22FE]7}%& Minimum Essencial Medium (MEM)S ©]-8-3]]

/\El

Fate] Hu 442 F Q4 WwHow L =YY DNA FIL
=
T

i
o
ofo
ol
o
£

Accuprep® Genomic DNA Extraction Kit (Bioneer)
WS SEAVE Al el wet A3yt

t}. PCRE ©] &3 ribosomal RNA gened TF E 7A€ £4
(1) primer A7: ribosomal RNA gene®| t g universal primer®} NCBIS & 4
259 d7IMES Faste] ribosoaml RNA gene®| H7|ME &£4)0] 7hesdt==
primer S-S A7 8 A primer 2] A7 Ee UFO
5-AACCTGGTTGATCCTGCCAG-3’ (forward primer), URE2
5-TGATCCATCTGCAGGTTCAC-3 (reverse primer)°] 1Tt
(2) PCR "3 9% ribosomal RNA gene®| F3%: 72t FH X~FE 759 DNA 50
ng< templateZ FHISIAL SEA| AAS primerE ©]-&3t PCREHE-S 33T
(3) PCR products®] Cloning % Transformation: PCR ¥-§ Z3 A% PCR
productsE 1% agarose gelolA 7|53t bandE &Rt & bandE ZEhA
Gel Extraction Kit(Nucleogen)E ©]83}4 elutionstth. PCR products®] Cloning
N2 pGEM-T easy vector® (Promega)E AM&3te] FFA7F AlFgk Wgol uwhet
A3P3tA Tt white colonyE A3t Ampicilline] 3 7}E LB broth #jA]o] H-E
stal 37ColA  overnight ®%gt $ GeneAll Plasmid SV mini Kit(general
biosystem)E ©]-§3}4 plasmid DNAE FZ3}3th.
(4) @7IMEEA: T7# SP6 primer® initial sequencings AAlStH L <F
A

400-500bp Z+A S 2 walking primers AA3FS] initial sequence®] 734 /ge A
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filo
i

=3ttt

7zt FHEE Q7IAES vl 435t T 50| primergs AASIA T primerd]
=
=

Q78 Uronema marinum<] o] primer<! UM 1F :
5-CTTCTGTACAGTCTCATTTC-3, UM 1R
5-AACGCCAATTAAAGATCAAC-3, Pseudocohnilembus persalinus®] 5©| primer<l
PC 1F : 5-TTTCTGCACGTGCCCGGTTG-3, PC 1R
5-AGCAAGTTGTATTGACCTGC-3’, Philasterides dicentrarchi®] 5©] primerql PD
1F : 5-CGGACCGGCITATAAAACTGG-3, PD 1R
5-GTAACGCCAATTGTGCATCGAAC-3 °| 1 t}. PCR HE-g-2 Perfect

Premix(TAKARA)E ©|-&3l 338l 50 ng®] template 1 ul, 7+ primer 1 0
AE 6 w), BdSHFT 3 wE premixel] H7tsted F 20 w7t = AF ¥ thermal
cyclerg AH&-3t PCRE 3383t

3. 445

7} 22E75Y 44 2% 2 ¥H A 57

(1) Pseudocohnilembus persalinus (Fig. 1-1 & 1-2)

The ciliates were elongated, spindle-shaped and measured 29 to 42 um in
length and 15 to 19 pym in width. A large globular macronucleus and a small
micronucleus were located at the level of the buccal entrance. The posterior
cytoplasm was filled with numerous food vacuoles. The somatic ciliatures were
sparsely arranged, consisting of 8 to 11 bi-polar kineties made up of 15 to 18
kinetids. A non-ciliated director-meridian began just posterior to the scutica and
merged with the first kinety at the posterior pole. The cytopyge, a thick
argentophilic patch, was located subcaudally. A contractile vacuole pore (CVP)
opened at the posterior end of the third somatic kinety. The buccal field was 15
to 18 um in length and occupied the anterior half of the body. The buccal
apparatus consisted of 3 membranelles: M1 was a single row and located just

anterior to the paroral membrane (PM); M2 was also a single row and was

_18_



parallel to M1 and PM; M3 was very small and located at the end of the PM.

The paroral membrane was gently curved and positioned at the right side of the

buccal cavity.

(B)

Fig. 1-1. Pseudocohnilembus persalinus. (A) Ventral view of silver impregnated
specimen. CyP: cytopyge; CVP: pore of contractile vacuole; M1-M3: membranelles
1-3; PM: paroral membrane; S: scutico-vestige. Scale bar = 15 pm. (B) Caudal

view of silver impregnated specimen

_19_



Fig. 1-2. Pseudocohnilembus persalinus®] Fe)Z 57

All bars = 10um . (A-C) A silver-impregnated ciliates showing the buccal
apparatus composed of paroral membrane (PM), the 3 oral membranes (M1-3,
membranelles 1-3) and the cytostome (CS), as well as the scutico-vestige(S). CyP,
cytopyge; MA, macronucleus. Wet-silver impregnation in A and B and

silver-carbonate impregnation in C. (D) The posterior end of a silver-impregnated

_20_



ciliate. C, caudal cilium. Wet-silver impregnation. (E)The apical pole of a
silver-impregnated ciliate. OPK, oral polykinetids. Wet-silver impregnation. (F)
Contractile vacuole pore (CVP) at posterior pole. Wet-silver impregnation. (G)
silver-impregnated  ciliate ~with a macro-(MA) and  micronucleus(MI).
silver-carbonate = impregnation. (H) A Giemsa-stained ciliates showing a
macronucleus (MA) and numerous food vacuoles. (I) Live ciliate observed under

differential interference contrast microscope (DIC). CV, contractile vacuole.

(2) Philasterides dicentrarchii (Fig. 1-3)

The ciliate body was ovoid with an oval or irregular shaped macronucleus
and a posteriorly situated contractile vacuole. The posterior half of the body was
filled with numerous food vacuoles. The ciliate body was covered with 13 to 15
somatic kineties and a non-ciliated director meridian began just posterior to the
cytostome and merged with the first kinety at the posterior end. The cytoproct
was situated posteriorly on this meridian. At the posterior end, one caudal
cilium present in the center and all kineties except the last one merged to an
argentophilic line and formed a caudal cilium complex. The buccal apparatus
consisted of 3 membranelles on the left side of the buccal cavity and a bipartite
paroral membrane on the right side. Membranelle 1 (M1) was triangular or
spindle-shaped, positioned near the apical pole and was clearly separated from
other membranelles. M2 was trapezoidal-shaped and located close to M3. M3
was small and parallel to the base line of M2. The paroral membrane had 2
distinct parts. The first part of the paroral membrane (PM1) ran along the side
of the M2 and was slightly straight. It began at the anterior part of M2 and
ended at the posterior terminus of the M3. The second part of paroral
membrane (PM2) was longer than the first one and slightly curved. It started

from the posterior end of M3.
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Fig. 1-3. XA &2]¥ Philasterides dicentrarchi®] FENZ 54

(A) Live cell with contractile vacuole at the posterior end. (B) Giemsa-stained
ciliate containing numerous food vacuoles. (C) The ciliate after silver carbonate
impregnation. M, Macronucleus. (D) The ciliate after wet silver impregnation in
ventral view. The buccal apparatus were composed of bi-partite paroral
membrane (PM1, PM2), the 3 oral membranes (M1, M2 and M3) and the
cytostome (Cy). S, Scutico-vestige. (E, F, G) The posterior end of a silver
impregnated ciliate. The cytoproct (CP) merged with the first kinety and
contractile vacuole pore (CVP) at the end of second kinety were observed. The
somatic kineties except the last one connects each other by circular polar ring.

Scale bars are 20um in Figs. A to C and 10um in Figs. D to H

=

Y. PCRH & ©] &3 small subunit ribosomal RNA gened] 3 % Sequence
Pseudocohnilembus persalinus, Uronema marinum, Philasterides dicentrarchi®] DNA

E FZ3lo] UFO% URE2 primerE ©o]&3}o] PCR wH3-3 A3 A3} oF 1.7kb2)
band”} UEMSTH (Fig. 1-4).

Fig 1-4. Small subunit ribosomal RNA gene®| &%

-
»
ot M : 1kb marker
1.7kb > =
: vYewe 1: Pseudocohnilembus persalinus
ot 2. Uronema marinum

3: Philasterides dicentrarchi
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T A= 5ol primer #AE E43 A
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5995 s s w Rais

BOEE  conm e maimsnent Pl L
656 AGHFCCGTGEC CGACTAGHA
g5 L.A.AT..T.G CT........ HCTnid | R R o e e ..G....Th.
g0 ..-.T....T .Th....... HCTH G e s i e 3 B T G Sy T

716 AGTAGACCTT TTACCTTGAR ARAATTAGAG TGTITCTAGC AGGCAATTGC TTGRATACAT

OB it n RN e g e i i i MR SR B (A B R

-— PCIR

n.C..C
PD1F —

1074 GGTTCTGGH GGAGTATGGT CGCARAGGCTG ARACTTARAG GAATTGACGE ARGGGCACCR
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il HERIEEL G R e R e oS- S S e e R e T R R S e

655
657
659

715
T17
718

775

=

Fig. 1-5. Sequence alignment of SS rRNA genes from three scuticociliate species:

Pseudocohnilembus persalinus (P. pers; GenBank AY551906), Uronema marinum (U.
mari; GenBank AY551905) and Philasterides dicentrarchi (P. dice;
AY642280). The six oligonucleotides primers (PC 1F and PC 1R for P. persalinus;
UM 1F and UM 1R for U. marinum; PD 1F and PD 1R for P. dicentrarchi) used

for multiplex PCR were shown in black boxes.
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t}. Multiplex-PCRE ©]-&3% 2FHIZF F I

Zt Fe PCR +¥ A7 Aol7t U&EF 5o] primer e AlZsto
multiplex PCR ¥H&-8 $33 ZA3} Fig. 1-6914 9} o] Z4zte] & 52 2-3F9
DNAE 7 4o]A template® AHE3F B-Fol% ZF Fol 50]3 <] PCR product
7 A= Ao

M ]SOt RS RO

e —
800bp = . - e
600bp =
400bp -— P s
By o T -
200bp -

Fig 1-6. & 5°| primerE ©]-&3% Multiplex-PCR®] A%}

M : 200bp marker(Takara)

1 : U. marinum DNA template+U 1F/R, PC 1F/R, PD1F/R primer

2 : P. persalinus DNA template+U 1F/R, PC 1F/R, PD1F/R primer

3 : P. dicentrarchi DNA template+U 1F/R, PC 1F/R, PD1F/R primer

4 : U. marinum, P. persalinus DNA template+U 1F/R, PC 1F/R, PD1F/R primer
5 : U. marinum, P. dicentrarchi DNA template+U 1F/R, PC 1F/R, PD1F/R primer
6 : P. persalinus, P. dicentrarchi DNA template+U 1F/R, PC 1F/R, PD1F/R primer
7 : U. marinum, P. persalinus, P. dicentrarchi DNA template+U 1F/R, PC 1F/R,
PD1F/R primer
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24 AFE V= in vitro W1 E
1. 97U &

2FE 7SS ol MY ZEAE B ARAES I F A= facultative
parasite®] 7] @il obligate parasite®} ©&] in vitro culture’} 7}&3gh WA o]t
2 AFolAM e 2FEHIS WA Y AFER 27l ol#d FHE o] §sho
in vitrool X Z2FH7IES @t & olE HAE FAoF AREstaa &
o R B AT 2Tlde Sl 93 &2FEIS 99
ko] HyiEoe] Q7] Wil B Aol e 1xhd = U marinums in vitro©l A]
g & s Bl dig 75 FHsAH 2Hy dFE FHse A4
ol A1dol 71&s vk} 2ol U marinum €| Pseudocohnilembus persalinus 2
d3 2FE5S dode AoE EAFH o,
T3 9ed A 2@ AAAESS 53| P dicentrarchii= U, marinum©|Y P.
persalinusell Hl&l =74 2 AETH S50 wl¢ & ASZ Uyt mabA
B AT 229 % BH= P dicentrarchii®] in vitro W|F 2ol tist AF = H7ts)
o 495 FIsA
Zt 257 $49 in vitro WY 20S A4S A% U marinum®] 75 F-oul
7 +H

Ao Bop Aol 3 wjAoA o] & o]

=0 2 X Uronema marinum

1t

Philasterides dicentrarchii 5°] ¥

= 7 %4’3}}& 2 Ho} histophagous & AA°] 73 AoZ UEWH. o

HE Fo AfAe X 2THAEY FALANE 9T VXA

g in vitro W& HjFo] QAT F& cell lineol Bl YA L-15 8 Ao v
3= A A9l 71A4S nes] 8 w &9 strain®] FAo= A7 §lon,

Aol A&7 9s B deol Fdo] dad Beole A AAAel /o
T

E7}% 9 in vitro O] ZHj ¢S

o

M 2
e
-
N
N
i
H
ofN
%
Jz
i}
o rr
[>
U
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2. A7

7}. Uronema marinum in vitro ¥ %

AL LolH 7] ¢35} aeration

vlwms) Borch weRgrlE whee] Wi Uy

P
b
5
[
-
ul
N
of
o
" oox
o
o
U
o ne
2
=)
lll
rr

=
At FFT BB Wi 717 Fol dFES B Fe Ao HE FE=

AT 1 aeration
AE S 2 aeration + W% 3YA Y media 7}t
A9+ 3 7 4%
AT 4 7 e + wiF 3YA Y media H7t
A9 5 7 e
AT 6 T Me + wF 3YA Y media H7}

]

(2) Glucose®] 93

B Fu) Aol glucose A7t 2FEFIE AAE olwWd AL nAER Lo}
2] 98t glucoseE FEWE H7H3E MEM #jA|o] %< wjdatith. glucose:
20, 10, 5, 2, 1, 0.5, 0.1 g/mle] === FH7}3stal 96 well plate] A 5x10*/ml9] ¥
L2 AFEISS HEe AIIUERE At

(3) Fermentation

Al ey kol AREE= Y A fermentation®. 2 AT E]FF O] M|
&S vwste] g de] Jhede Fdstaal sl &% 529 fermenter©]
2=

F ETdEH Y media 3742 FHUEZ vwme 058 XA AFEIIEE

-
o
-
g
=
i)
o

. Philasterides dicentrarchii in vitro Bj %

(1) =F8759 £
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2FE S T T2 AEE 49X EFERE FaHeR Feldte] HBSS()
2 o228 washingst & 4492 confluentdhAl Hj ¥ CHSE-214 cello] U=
culture flaskol HZEstod F

(2 #AEY A=z

L-glutamine®] F7}¥ L-15 HjA|(Leibovitz)= SigmaollA] Y43t AM&-so.
1L ®%°] L-15 powderE 900 ml®] 32t T/ =< F, 200 mg/mle] TE=
ethanolol =<1 L-a-leicithin stock solutions 1 ml 78t (HFTFEw 200 ug
/mle] #t}) Tween 80 polyoxyethylenesorbitan monooleate, Sigma)E 1 ml 7}
stATh TS #lx] 1 L & 20 mge] Adenosine, cytidine, uridine?} 150 mg<]
guanosine, 5 g9} glucoses FH7}etA ot BF T3 wiA= pHE 722 243 o
+ 97 ZE0.2 m)d ¥ 100 ml] Fetal bovine serum(FBS, Hyclone)d} &4 4|
£91(10X, Hyclone)S H7lated 1L wiAS 48kt

(3) P. decentrarchi®] i<
25 ecm’# 75 cm® o] A FujF &7)o] HZFF wiAE Yo T 27| FEs}
200 cells/mle] TXEE P. decentrarchis FF3te] 20| whFatHch 3 Azt &

223 500 mlz 1 L €7]o Z+zF 200, 400 mle] WA E P11 AFEINES HE
st 20Col vl g3ttt

3. 4235

7}. Uronema marinum in vitro Bl %
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1x10°8

—@— Air
1x106 _ —O— Air+Nut

—w— Close

e —v— Close+Nut

™ 800x103 —&— Open

a + —{— Open+Nut

I

O 600x10°

o

o

o

£ 400x108 -

5

2

200x103
0

Fig. 2-1. Effects of aeration (Air) and supplemented nutrition (Nut) on the

growth of scuticociliates.

(2) Glucose®] 9%F
MEM HjA|o] glucoseE: E=EE 7Pt A2FE7LS Aol mxe IS
4% 23 glucose?] F&7F =% ¥ & A&S UEAH (Fig. 2-2).
glucose®] FE7F 520 g/L Atelolld= 3l FoHd Aolvt gllenm F
[e)

HiFAl 5 g/L AE9] glucoseE H7HAIA F= 2o F5 ALE AT
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200x10°

180x108 4| | —®— 20g
160x10°

140x10°

120x10%

100x10°

80x10°

60x10°

Number of ciliates / ml

40x108

20x10°

0

Fig. 2-2. Effect of glucose on the growth of scuticociliates.

(38) Fermentation

fermentorE ©| &3+ A~FE|7}E vlUE batch culture®} 23 A 7H

PEF S deow A 57 24 x 10° FEEA BAYA] Ba
de Aoz

gl el A A

kv

B -

25

20 A

15 4

10 A

Number of scuticociliates (104/ml)

0 T T T T T T
1d 2d 3d 4d 5d 6d

Fig. 2-3. Growth of scuticociliates by fermentation.
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. Philasterides dicentrarchii in vitro Bj %

2~FE7bE #E® QN2 FE 2 ste] CHSE214 cell linesdl HEFZA
2FE7VS P decentrarchizh FAHE AW wide StoE ZAEH A FEjS
A71E FASHAA AFHJA Fo v ge] o] Fo . Iglesias et al. (2003) =il
Ost™ P. decentrarchigs ¥l W FBSY lipids¢t 22 AEE°] EF e iR
A 7HE dHez wde] Hlve 23E nEoE & dFdMe RE A
o} E38Fsk RS xﬂ}_o}oi a1 &9E Btk 1 A3 complete L-15 B} Ao H]
FHAS W GA HEFE F AF Y H 1.5x10° cells/mle] cell densityo] =&l F
T A el 'ITZ]Q)\}\———Uq 500 mlz 1 L &% AaZss=0)] wieFstdls 4
o= 2x10° cells/ml2] cell densityel =23ttt 22y o] 7}A] o] lipid
Ao g AL E L-aglecithin® %< ZAI}FHY, HS HEZI}RLS w9} S=3d A
dufds & 2% dHdew ozt Wyl AR gy 2FEISS cell
lineol Wi FstAY L-15 v Aol wiFste -5 WA 7HA4S ads] & o &%
= TAZE fley, @ SA0 AEsrIfs g2 ol el
Fole A FAAGo) fle Aoz AdH T

AN

M
o 2
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A3d 2FE 7t WE FA AF

1. 97U &

AA7EA Y] HAAAFH A9 FHol &oldta HZT HWoldA FE EHH=
Philasterides decentrarchiol ™3t tf=Fe] AE A7) ¢33 &7 1 &3ty A~FE] 7}
Zd| 3t polyclonal antibodyES AAetnx}l 8ttt % lysateE adjuvantt 37

1ol FAste] 28 FAE LAom, ELISAES T3 FAZIE AU Al
24t gAY P. dicentrarchiiol ™ gt immobilization ¥ killing activityE 43192
W, 3 AZ3 A7} Philasterides RV olJg}  Uronema marinum @ R
Pseudocohnilembus persalinusoll 3= w2t ¥Eg-o] YE=7FE Western blots
el FdsAT

AP A7 P. dicentrarchii lysates ©]-&al A& gk A= P. dicentrarchiioll 3l A]
+ immobilization % killing activityell oA & A Hls] fF9F<Q1 Aol
7F vkt wbA U marinum3} P. persalinusol]l S| A= 9181 ¥hg-o] YEFA]
ororth. A& A= o]&3 3T AFEF= )3t Western blot Z2F oA E P
dicentrarchii®l] WA= 743t bandE°| detect HUA T T2 2359 UisiA = Y
9] ¢F3l bandE©| detect® AT BESH P. dicentrarchiis TS 702 vjUd3d AL
B3t A9 A E Western blotol]l &3] th4e] A E 2 bandE©] detects

At ol dRE2 o' 54 EHMN HdHe F dydntozs AF
Mt T2zt dow, wgepx FIte] axpvkg-S e

|

H
I
gasts 2

Ll
O

o
=
‘H‘?ﬂ’ﬂ 301'%}\0 o] & conserved genes WAl targeto®E F= Zo

7}. Philasterides decentrarchi®] whole cell lysate®] FH]

CHSE-214 cell lineol| Al X3} P. decentrarchi®] cellS A& st =3t
x4 HBSSZ wasingdt ¥, oF 3x10° cellsE 1.5 mle HBSSo| AE-&3 o
sonicationsS 5 outputoll A 30%7F 23] A & protein ¥+ BCA WHE o] &3}

o 2333
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Y. Immunization

Guld F=7F oF 2 mg/ml FE7F HES SE F, 0|4 FCAS 11 &%
g U+ 1 ml(antigene °F 1 mg)S oy W o] FAEIAY. AS
immunization $F ¥, 25 Fof T proteins IFAS} T3t boostingst ATt 2
T30 3 T boosting ¥ F 2F Fo AY3ATE M5 immunizationd}tZ] el
3 ml A= AP, 7} boostingst7] Z, A

pre-immune serum= 97| 93|

F3le] serumS 3 FACh

t}. ELISA

% WA boosting T F 1FLA ] 2% HJPI T oA BHplE FIHS
o]-&3}od ELISAE AT coatingdt 32 immunizationd W e} sdsk =71
o2 FHEY 1.5 mg/ml# 03mg/mle] % F 71A9 T2 AT 7F F

T antigenS 50 0¥ ELISA-§ 96 well plateo] %11, 60To|A 2A]7F AZx3}S
coatingA| At} ©]& 200 © PBSTZ 33] washingdt 2% BSAZE 200 w® Z+
welloll H7}3ted 37CoAA 1A17F v U35t blockmg*]?i‘:}. tbA] PBSTZ 33
washing3} 31 TF. Rabbit anti Ag serum< 75 % F7}ste] 37Co| A 30 vl &t

b3

At} o] uW antiserum< pre-immune serum, 1st immunization 2F & serum, 2nd
immunization 25 ¥ serum, 2nd boosting 15+ ¥ serum®| 4FF{FE AH&3tH o,
Y7y 1/508 Aw FEE235te] 1/228 @A Mg RS ARSI vl S-S PBST=
33] washingdt ¥ goat anti rabbit Ig AP conjugateE 1:10009] HI&=Z A5 A
75 wbS Zt welldl H7bsle] Aol 302 wj¥stal PBSTE 33] washingd} it
7142 p-NPP solutiong 100 A FH7tsle] A4 308 ®HSAIZITHS ELISA
reader2 &35 A3t A3+ antibody solution©] FH7F=EZA 252 well9
E3% S blankZ 3lo] AT

Z}. Killing and immobilization/agglutination assay
2v7vol A¥E  Uronema marinum, Pseudocohnilembus persalinus, Philasterides
decentrarchi ©l| TH3jA AAISIATE serume 2nd boosting 25 F | final

serum} pre-immune serum< A&} T

(1) Killing assay

_33_



control2 PBSel|] & Y& AL AE3HI, serume control serum$l
pre-immune serum3} final serume 1/8 EX4& AHSF==Z 3l o|& ©A FH
sho AREskAth Z2be] welloll 10078 & F< ¥aL 20TColA wi skt
(2) Immobilization/agglutination assay

killing assay©ll 4] 2} Zo] PBS, pre-immune serum, final serum®| A|1&FS =2 -F

o] AAERYA, ©] AT serum= 56T A 30%7t inactivation 3+ & AF83FTh
serum< 1/4 JAFEE AFEFERE 3t TASA stFoH, T2 2 well B

1000m}2] 8 ol A 20CAA v g3t ATt.
v}, Westerm blot

(1) Western blot A 233 T=9 FIHY 7= AF
Ao AtSH E7]9 dE AL P. decentrarchiol] tisl] A|Z sk Aolm=Z, $-
decentrarchi®l| )3+ Western blotS A A5}, 0|9 AHS 3] 44 v&=&
Stazt sl WA dYU-E Immunization W9 FL3A FHIS=H], o]
L-1581 A| ol A 8] ¥+ P. decentrarchiE /\}%—‘5‘}93\1’4-. PBS(pH 7.4)°l cells& A%
+ 5 output &2 30%%t 23] sonication ¥ ¥ protein FEE BCAHLZ =%
StATE sample®] @ d F%+= 1 mg/ml, 3 mg/ml, 5 mg/ml Al == A§-3}
Ao 2+ F=H¥EE 20 0 A SDS-PAGE 3 t}e PVDF membraneo] 90+&7F
Transferst $1Th. Transfer® membrane= TTBS & 5%%t 33] washing ¥ 4-&olx
TFAIZE, 4TolA overnight® 2 Blockingdl A th. (Blocking buffer : 3% BSA in
TTBS) bloking ¥ ™A A9=2 7ulo] TTBSZ 33 washing 3 & 13 FA|<
anti-Philasterdes-rabbit serum< 1:100, 1:500, 1:10009] H]&=Z 3] 43}e] 2A]3F ¥bG-
AAT. 12 FA S} ¥9he$ oAl TTBSZ 33] washing ¥ 232 Al goat
anti-rabbit IgG AP(SantaCruz)E 1:20002] HI&=Z 3|43t} 2A]7F HHEA|FH T

1

ohrr oo o

W)

[

—_

TTBSZ 33] washing ¥ PBSE 23|t] washing ¥ % 7]Z<l BCIP/NBT
solution(Sigma)& AT 7}ste] @3-S Q15T
(2 3%FY 2FEH 7% & vt Philasterides decentrarchi®l| e+ E7] &8 9
cross-reaction &<l

Uronema marinum, Pseudocohnilembus persalinus, Philasterides decentrarchi ¢ <
lysateE o]F e W} TS WIHoez FHIg & Gl FEE 2 mg/mlE 2
F0] SDS-PAGE 3}9th. P. decentrarchi®] 73-5-ol= L-158]A|A] wjkst Az}
CHSE-214 celld] A wj¥s A F F7Fol st samples £RISHATH $19F T4

o
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WH O 2 Western blots 3l% E7] 8o Af-ode 1.500 352 AF&3sle] 43
ST},

3. d+4
7]-. ELISA

Immunizationg ®o| &4=, serum® =7} =SFE o] A Yy} w3
pre-immune serum®] Hl3] immune serumdlX ¥€F3] =2 FA|7I7F FFEC
ELIZA 435 & 2% 1515 mg/m)e IS A= 2 Hoe A¥:
(0.3 mg/ml)e] FAS AMGste] Fqst= Aol H H&3 WA dAgs de F

AT

M-Sk ELISA 23}

4
3.5 1
3 [
2.5 r \ —e— pre—immune
@) o | —=— 1 st immunization
@) \
i \\ 1st boosting
: 2nd boosting
1 \
0.5 r :
0 — L

C O N O Q O O O O
\ Q/Q S S Q, Q Q)Q Q Q/Q
N ;\\ NN \’\ \(b \\ \ N% \Qio R \(o’\

Serum dilution

Fig. 3-1. A1 %= Ag (0.3 mg/ml) A}
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s ELISA Z1f
3.5
3 -
25 1
\ —e— pre—-immune
o 27 \ —m— 1st immunization
© 15 1st boosting
2nd boosting

1 L

0.5 4
O~‘x\¢‘¢‘=\:\’\l‘§|=®.a

O O O OO DO OO
NN SR SIS ) SIS L
AEENEENGENEENSN SRS \\\Q/ \\Q/(O \\6\

serum dilution

Fig. 3-2. %% Ag(1l5 mg/ml) 23

Table 3-1. ELISA 2%} 3t

(jler:m 1/50 |1/100{1/200|1/400{1/800| 1/1600 | 1/3200 | 1/6400 | 1/12800 |1/25600|1/51200
1lution
pre-immune [0.162]0.092| 0.05 |0.025]0.017| 0.008 | 0.01 | 0.011 | 0.022 | 0.015 | 0.012
A5 = )
t
03mg| o |2.871[1.906|1.318[0.713| 0.41 | 0.268 | 0.129 | 0.101 | 0.07 | 0.033 | 0.044
immunization
/ml
Ist boosting | *++ |2.759| 2.32 [1.792| 1.12 | 1.521 | 0.683 | 0.406 | 0.207 | 0.133 | 0.084
2nd boosting |3.404 |2.923(2.595 |2.167(1.532| 1.118 | 0.836 | 0.601 | 0.386 | 0.216 | 0.122
serum
. 1/50 | 1/100{1/200|1/400{1/800| 1/1600 | 1/3200 | 1/6400 | 1/12800 [1/25600|1/51200
1lution
pre-immune [0.121]0.064 [0.056|0.0470.035| 0.035 | 0.032 | 0.036 | 0.024 | 0.019 | 0.023
TEE ;
t
15me| o |239]1.48 [1.028/0.544] 029 | 0.162 | 0.104 | 0.083 | 0.047 | 0.043 | 0.042
immunization
/ml
1st boosting | *+* |2.955|2.274|1.604|1.043| 0.654 | 0.473 | 0.302 | 0.194 | 0.146 | 0.091
9nd boosting | *++ |3.238(2.911|3.067|1.694| 1.224 | 1.073 | 0.534 | 0.352 | 0.226 | 0.132

. Killing and immobilization/agglutination assay
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(1) Killing

P. decentrarchi®] 73-%-, Killing assayollA] 2A]Zte|= pre-immune serumoi |
1/167}#], Immune serum©lX 1/64 32X F=7tA] ¥hgo] Aoyt ey, U
marinum®™}  P. persalinus®] Zd5-e 1/16 IJAAFZ=7A =39O, pre-immune
serum¥} immune serumol X X}o|7} YERGA] Skt U. marinum3} P. persalinus
o] ZAF, 12417t Al 1/32 A FEFHH cellS countingstAth. 1 Ax, JA|

Apol 7k UEAl = S

(2) Immobilization/agglutination
P. decentrarchi®] 73-9-, agglutination ¥h-§-°] 1/32 3 F=7A] FE~1A7F W
etttk 28y, U marinum®} P. persalinus©l]l W3] A= o}F-H ¥hg-o] YEREA]

&ttt
t}. Western blot Z2 3}

1) E7) 3EAHES A3l Western blotr] A3 2L JHH = 2F

2 d¥oMe Y 55 1 mg/ml, 3 mg/ml, 5 mg/ml¥ 37} T2, 3

Ao FE+ 1:100, 1:500, 1:10008] 37}#] FE= = AF&35t] Western blot I3

FPsact. Addn, Yo FEE 1-3 mg/mle FEE, FIH T

15009 =5 AMESIAS B¢ AR 2HE €& F AT weEbd o] F 9

AS & uf 2FEIFY lysateE THIE 459 Western blotA] E7]9] 383
<}

AT AS o FER AEHI

fr o

o i
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M123 1”2 317273 Q@@

Fig. 3-3. Western blot analysis

M : PIERCE protein size marker

1 : 5mg/ml Philasterides whole cell lysate (1:100 rabbit antiserum)

W om W R e W

© O e

: 3mg/ml Philasterides whole cell lysate (1:100 rabbit antiserum)
: 1mg/ml Philasterides whole cell lysate (1:100 rabbit antiserum)

: bmg/ml Philasterides whole cell lysate (1:500 rabbit antiserum)

: 3mg/ml Philasterides whole cell lysate (1:500 rabbit antiserum)

: Img/ml Philasterides whole cell lysate (1:500 rabbit antiserum)

: bmg/ml Philasterides whole cell lysate (1:1000 rabbit antiserum)

: 3mg/ml Philasterides whole cell lysate (1:1000 rabbit antiserum)

: 1mg/ml Philasterides whole cell lysate (1:1000 rabbit antiserum)

: bmg/ml Philasterides whole cell lysate (1:500 rabbit pre-immune serum)
: 3mg/ml Philasterides whole cell lysate (1:500 rabbit pre-immune serum)

: Img/ml Philasterides whole cell lysate (1:500 rabbit pre-immune serum)
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(2 3%Y &FEIZF FLol| A3t Philasterides decentrarchidl W3+ E7] 3FF A 9
cross-reaction &¢I

P. decentrarchi®] 73-%- L-15 ®jA|ell v Fgt A cell lineol| A wiFg 21 #
o} Zpol7k BTk Hg o] Ay A
. ol AL ATE Ee] WAEAS
S YehlEo =3 U marinumol AetA ¥ band7} YERRAL, P
persalinuso| X1 %= 2F3F band7} H7HA] UYElSTh ol S5 A< &l Al F Atold

o}
A4S Aolgt= A YeF

Iy

2 5
2
>
i)
k
iz
[
Lo
e}
S
ol
=}
lo
_>|'1_‘,
o
N
)
v
o,

DUV

X
H

M1 23 4M1° 2234

L |

Fig. Western blot analysis of whole cell lysate

M. M’ : PIERCE protein siae marker

1 : P. decentrarchi cell lysate cultured in L-15 medium (Pre-immune serum 1:500)

2 © P. decentrarchi cell lysate cultured in CHSE-214 cell line (Pre-immune serum 1:500)
3. : U. marinum cell lysate (Pre-immune serum 1:500)

4. ; P. persalinus cell lysate (Pre-immune serum 1:500)

1’ : P. decentrarchi cell lysate cultured in L-15 medium (Immune serum 1:500)

2" ¢ P. decentrarchi cell lysate cultured in CHSE-214 cell line (Immune serum 1:500)

3’ ¢ U. marinum cell lysate (Immune serum 1:500)

4" : P. persalinus cell lysate (Immune serum 1:500)
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A44d 2FE 7% cDNA library A& 2 EST 24

1. d7H&

%ol ATFATeIA ehd vel 2ol £TEAAZA tlF WAAEES AA T
2T 7FEo 7V A £ Philasterides dicentrarchii & 9152 3P Fojof

shAIRE, o] Fo] in vitro WEFHf gl oA arte] wiA|IZE Bestr] ujiel] A
S o] &3k WAEe Hd8Ado] AoH RAoE AR OoH, T AFEIF F
Aol &g EAARA AAME 2FEHIMS T wATES FE8H7] A<=

=

WoldAlE A= F e &2FEIS ol Ui A4d A7 ZasA HAu
aYy 2FETEsol tie dd fFeAel tig dERe Ao (e A ol7] el
2 AFoAs Il & gxe &2FE IS AAF] Pseudocohnilembus persalinus,
Uronama marinum 2 Philasterides dicentrarchii 35 W34 cDNA librarys A2t
3lal Expressed sequence tags (EST) #4& %3 ~FEHIIE & s AE
= 2 S s 53] 2FEHIMSol Aol 78 dad &
o] AlZW signalell W2 WE7F s AOE st o]y g AE signalol F5
Al 9%& 3= protein kinase C (PKC)E A=3l= phorbol myristate acetate

(PMA)E Foll Hzlsle] Solxoz ¥dsEs FHAES Suppression subtractive

o

—_

0

O

ES S 4o Ao=E JAEH= /A E FQ
Y FARAAES Ao, oj2A HAEHE FAASY g Az Iy
2 HI Ao sk AFS o2 Aol 7|&sATH
2. A

7}. 2F €75 DNA library A2z 2 EST &4

(1) total RNA £¢]

log phaseZ A& ~FE 7S AR E o] &3l TS F, total RNAS ¥
239tk total RNAE Ambion AF8] RNAqueous' -4PCR kitZ Ab&&to] #2]3819)
ok AAE YL o3 2ok 2FET 5 oF 1x10° cellsS YA EE3H pellet

_40_



9 32 %, 500 xe] Lysis/Binding solutions F7}8}od vortexingS 2 lysisAl F
ot 5% 64% EthanolS 3 7}gt ¥, Filter cartridged] &AHil 14,000 rpmo =
187 942 st Filter cartridgeEs T3 92 wWEa, 700 2] Wash
solution #1& THAl FH7bste] 187 AAEY o 22 WHo=Z 500 p9]
Wash solution #2/32.2 F W washingd} %t} vFx]2t washing $ol+= 302 A=
3 O AAEY 3 Fold+= wash solutionS A ASATE viAHo 2 A 1.5 ml
tubedll 70Ce] w2 heatingdl 2 50 0 Elution solutiong Hil, A4
15,000 x g2 303 %= AAEY 3t RNAE elutionsd}t St

(2) cDNA library A&

oA EeEd 2FEFL F9 total RNAE ©] &3] ¢DNA libraryES A 2314
t}. ¢cDNA library ¢ AZtol= Clontech®] SMART™ cDNA library construction
kitE AF&stR 3, AZAFS] User manual®] #go wel 33t A T Clontech o]
SMART™ cDNA library construction kit PCRE 7]%Z cDNAS St WH
o7 Ao %9 total RNAY mRNATC. 2% library #Zto] 743k o] % o] Qth
@ First-strand cDNA &3

1pug/ 9] total RNA 2 ul, SMART IV Oligonucleotide 1 w{, CDS III/3" PCR
primer 1 (5 Eg3t 72T 283 viFatar d5ol 223t coolingdt Th, 5%
First-strand buffer 2 @, DTT (20 mM) 1 g, dANTP Mix (10 mM) 1 i,
PowerScript Reverse Transcriptase 1 & F7}ste] 42To|A 1A < vl &
HEE dFo® AT
@ LD PCROl 9|3t cDNA9| 53

Qo] First-strand cDNA &4 wH&de] 2 wE AZF 0.2 ml PCR tubedl] &7]
a1, 10x Advantage 2 PCR Buffer, 50x dNTP Mix, 5 PCR primer, CDS III/3
PCR primer, 50x Advantage 2 Polymerase Mix, dH,OE &&3gt &+ 95T 20%, 20
cycles( 95C 5%, 68C 6%)9] 1o & LD PCRS A3ttt PCR ¥3 ¥ 5
o] samples 1.1% agarose geldl F7]g53t 0.1-4 kb W9 double stranded
cDNA smear’} YEISE=A] 2215k o)
@ Proteinase K, Sfi I digestion ¥ ¢DNA size fractionation

<3 % double stranded cDNA 50 u0(2-3 ug)ol 2 2] Proteinase K& #7134
45T A 207 8]3s £ Phenol:Chloroform:Isoamlyl alcohol(25:24:1) &3},
3 M sodium acetate®} Glycogen, 95% ethanols 73t IAAIF T pellets
80% ethanolZ washing3dt & 1023 % air-drystal 79 pl dH,OO A} F-3t3oh
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library A ZA] AF8-% = A phage vector®l] Sfi I digestion site’} IS EZ insert’}
5= cDNACIE Sfi I siteE WF50] FoJof 3tk o= 9|8l cDNA 79 e} 10x Sfi
I Buffer, Sfi I Enzyme, 100x BSAE T3t 50T 2417 vl &gk}, o] sample©l]
2 e 1% Xylene cyanol dyeE F7}3ste], CHROMA SPIN-400 Column®] 5 Z}A]
A 16789 tubedl] Z+7Z} 35-40 ! HEY fractionS EUTh ZF tubeol A 3 WA
1.1% agarose gelol 771953} peak fractions ZA7d3taL, sizeZ} 500 bp ©]/<l
41 A fraction7}A] 9] cDNAE 61?3‘]-051 Al 3 M sodium acetate®} Glycogen, 95%
ethanolS #7}sled HAAI AT 1 F pellets 7 w02 dH00 AFf A1H G-

@ ATriplEx2 vector=2¢] ¢DNA 4% ¥ Packaging

cDNA<®} vector (500 ng/pl), 10x ligation buffer, ATP (10 mM), T4 DNA
ligase, Deionized H,OE total volume®] 5 w7} A &§3te] 16T overnight
vl F3slal, Thed A-phage packaging reactionS 433} th. packaging WSS
Promega Packagene® Extract &2 F83tAch. o 05 ugo ligated cDNAZ 50 ul
o] Packagene® Extract®} E33te] 22C(A)oA 317 vk & 445 o]
phage buffere} 25 9] chloroforms #7}sk £ chloroformo] 7}e}ets o 7hA]

AT AEAL AEAAT
® cDNA library®] Titration ¥ 3%

E. coli XL1-blue strain®] single colonyE 15 ml¢] LB/MgSO4/maltose broth?]
overnight ¥ ¥gt th3 5,000 rpm o2 573+ A4 2]t pellets 10 mM MgSO,
S Aol AFEF3ATE 200 ] o] vSFA I packaging reaction 1 wUE 3}k
37ColA 3083t phage’t E. colidl &%= A =T, 45Tl pre-heating 3 &
Top agar 3 ml¥} E3ste] LB/MgSO, agar plate 9]¢l top agar’} =31F HAE

Aure] 23, tFd plaqued] FE Aol library o titers ZAsIAT ©]
libraryS 22 E@s7] M= SFE slokstr SF3 Foll= tA] o9 22
titration 8-S FPsfofsttt. o] HA oA ul=Z A vectord] ¢DNA fragment”} 4t
ol FHA=A &5t HslA Top agar®t E. coli/phage &3NS 4S5 u IPTG
9} X-Gals A Yo LB/MgSO, agar plated] 131, overnight ¥l $Fol&= F&
A (nonrecombinant) &2 - (recombinant)2] plaque’} YEIUY=A] &35} TE.

Y. PMAE A3 2FEI35 9 subtracted cDNA library 7% 2 EST &4

2FE] 7} PKCE direct activator®l PMAE A gldle] o]z Ul a5
dA [FHAAES FASE7] 98l SSH(Suppression subtractive hybridization)®

L

o

e
=
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o] &3} th. SSHE Clontech AF2] PCR-select cDNA Subtraction kitE AF&3le] 4
Bt

(1) PMA A 83 2FE 7} F Uronema marinum 2 5-E total RNA F&
@ log phase® A& 2FEIFIZS A4AEZE o] &3te] B T, cell 5 5x
10°/mlZ @33, PMAS 10 ug/mle] S22 1A7F A2 2 3000 x rpmOE 5
B dAEE S pellets W= $ RNA #8 A71A] RNA latero] E#stH T
PMAS AZslA] il Z& ARF WHAIRl AFE7HE5 control2 @7 43813
o}
@ Total RNAY F=
Total RNAT SigmaAle] Tri ReagentS /\]-Q-T‘S}oq FZ3dth &, 1x107 cells T 1
ml9] Trizol reagent(Invitrogen)E 3 7}8t ¥ pipettingdt] A~FE|7MES lysis
S AL 5EAHE F 13}. Chloroform& Trizol 1 mlE 0.2 ml A7}l & &
A= FAGIE 12,000 x g2 1587 A2 At F5AS
ZAZ2HA A FEA doldl U5 F%9 Isopropanols FH7bste] A2 10&%
b i, Al 12,000 x g2 1023 A4l skl RNA pellete] 7™ F3Hs
W23, 75% EthanolS F7}3le] 7,500 x g & 5837t 9AEHE & FSAL A7
star, 107 Ad Ax2=AZ & A IFFe] DEPC AHEgk 33 S/HF 59 60T
heating blockell 5] RNAE ¢+33] =<l ¥ 508 A st =5 SHsIA

EQL'
o
v ru
oo
>
rlo
=2
[i{n:

(2) 2FE]7}% total RNAZRE poly A" RNA F&
poly A" RNAE <olA £83 control @ PMA #Hz|g 2~FE 7152 Total
RNA 500 g2 ¥ Promegaile] PolyATract mRNA Isolation systems= A}8-3}¢
E 239t RNase-free 1.5 ml FH.o| Total RNA 500 pgS volume©] 500 wl= A
RNase-free water®l ¢l ¥, 65T heating blockel 1025t 2oFAch 3 W
(150pmol)®] Biotinylated-Oligo(dT) probe$} 13 x] 20X SSCE RNA| 3 7}s}od
ZAEHA =gt 2o A Rl A A3 = s
Streptavidin—Paramagnetic Particles(SA-PMPs)E <FHIs=H|, sample™ 3 719 F
£ AU particlesS A5G35, magnetic stand®] Fo} FH $EH OS2 particles
o] Ro|=E 3 ts, ASAS ZAAHA A ASEE, 05X SSC 300 w=Z Al
washinggt ¥, 100 x9 05X SSCol  AFFIIAT %] RNASH
Biotinylated-Oligo(dT) probe W8 HF-E washing 3l& SA-PMPs7} S°l%< F
B H7iste] AoA 1027 sdstd=d, o o, v 2&vtt}h invertingdle] &
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ettt o] RS magnetic standE AHE-3 capturestil, pellete SEH A A &
A AFRE ZA=HA AAR Fol, 01X SSCE 4¥ washing b=, whA|=
washing $oll& 45dS 7H53st wWol AASAY. vt o2 SA-PMPs pellet

o

=]

< 100 x0°] RNase-free water= A|F-f3tal, 2 E¢$THE magnetic stand= i+
)3} Elution® RNAZ Wir¥® RNase-free tubeo] =Zt}. 150 02 RNase-free
water2 SHHT Elutiondt ¥, SpectrophotometerZ RNA F%& A3}, 0.1
volume®] 5 M Ammonium acetate®} 0.02 volume® Linear acrylamide, 2.5
volume®] 100% ethanolS H7}s & -20T A overnightste] RNAE I AA|Zl &
of Y48 3t RNA pellets =t 20 b HE2] RNase-free waterdll %1
th o] %9 SsH #A& F¢387] fdl =5 05 ug/m=E 5o FAH

(3) First-strand cDNA ¥4

doZ2E PMAE A3 AFEIIFZOZHE EE 3 samples Tester, PMAS
AR Ze AFEIITOZHE #83 sampleS Drivergtal 37|38k} 2h7} e
poly A+ RNA®| tall, Poly A+ RNA 4 b2 xg)9t cDNA synthesis primer 1 ulE

&3kl 70T 287 vjoksta, A Lo ¥o] 48 3 5X First-strand buffer

-

2w, ANTP mix 1 0, Sterile H,O 1 @, AMV Reverse Transcriptase 1 (& 37
skl ZFH Al spingt th 42Tl A 1.5A1 st vl Fstal, tubeEs Aol Eo] HbE-
= TEANZHTH

(4) Second-strand ¢cDNA 34

Sterile HO 484 uf, 5X Second-strand buffer 16 pf, dNTP mix 1.6 wl, 20X
Second-strand Enzyme cocktail 4 & $Fe] First-strand cDNAE ¥Ag FHO|
#7138} final volume©] 80 07} E A 3+ th, 16 CAlA 2A17F v &, 2 w09
T4 DNA polymeraseS F7Fsto] 16TolA 30&3F w4 uee] 20X
EGTA/Glycogen mixE 3 7}st] ®bg5 FEA7]3L, phenol %3 ethanol 33

S 3 Fof pellet2 50 w2 HO0 =t

(5) Rsa 1 X &

oA ThH=o]ZF  double stranded cDNAo| Rsa 1 A3t 45 A3t
Blunt-ended ¢cDNA ©#o] RO AA Hnh. & A ¥wE ds cDNA 435 ph
9} 10X Rsa I restriction buffer 5 pl, Rsa 1 enzyme 1.5 (& Eg3te] 37T ol A
15417 v eFst &, 25 ue] 20X EGTA/Glycogen mixgE 718t ¥H-&& FTEA|
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7131, phenol %3 ethanol A& 3 o pellets 55 w9 HO0 =St

(6) Adaptor ligation

PMAE AHg3s 2FE 7} F9 cDNA =, tester cDNAO|TF adaptorg E©|1,
A stA] 2 control cDNA =, driver cDNAY= adaptorE &0]A STt
PMAE A 2FEIF T DNAT F7HA ©E adaptor(Adaptor 1, 2R)<}
Ligations}7] 3] F 79 FE=Z ATt 1 w9 Rsa [ A3 AFEILS
cDNAE 5 u9 HOol 343ste] 2 w#S Z+7} adaptor 13 adaptor 2R 2 ul3}
ligation 3l =Hl, 400 units®] T4 DNA ligaseE AF&3t] 16Tl overnightS =
T3 A T} ligation Fol= 20X EGTA/Glycogen mixE FH7Ist ¥H-3S FTHA|7]
a1, 72°CollA 583 A2t ligaseE: BEIAIZT A 7MA] 20T EH3HA
o}

(7) Subtractive Hybridization - Fist and Second Hybridization

2 W PMAE AEstA g ~FEI ZF9 DNAY 1 w9 4X
Hybridization buffer& 717} ©& adaptor 1 ¥} adaptor 2Rl ligationd+ PMA #
3 2FE 7159 cDNA 2 w7F 2318 FHo] H7}ste], mineral oilS M @
o=y & 98TAA  1.5%%F denaturationA| I THs  68TolA  8AIZF &<t
hybridization AZt}. ©] first hybridization %9, PMA A 2]3}#] &2 AFE I} F
o] ¢cDNA 1 uE 98TColA 152t denaturationgdt §, o] A7} 1xtZ hybridization
gt F samples T3 Fof 68TA overnightii hybridizationA] Z t}. ¥H§-©0]

%o 200 9] dilution buffer2 3248k £ 68Col|A 7%t heatingsle] -20T
of B3t o€ A 3H F71A adaptorsE EF 7FA = PMA A3t ~FET}
ol 5olZ <l cDNA7} BHEARA = At

(8) PCR Amplification and Purification

PCRE F Wol A F33+AaL, total 25 pl volumeo 2 ¥H&3}Th PCRE
Advantage ¢DNA PCR kit(Clontech)©.2 33}t AF&-¥+= Primere= PCR
primer 12 ©] A2 adaptor 13} 2Re] Eo]& Q] H7|XEolH, wEtA adaptor’} &
old= PMA H®E 2=FEILES DNAE FolHoz FZA7A
hybridization® 3]43F ¢cDNA 1 (& tamplate=Z 3}, Y™ =] 10X buffere} dNTP
2 Polymerase mix7} H7FE 24 pl®] Master mixE 3 7}ete PCRe S35t Th
75ColA 587 ¥H&3le adaptor H&Y UH A &S AT dAE T3
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Primer7} binding® 4 ST sequenceE WE0 F T, 94ToA 30%7F
predenaturation ¥, 94C 30%, 66C 30sec, 72C 152 & 27 cycles HH-&-3}th.
o] 12} PCR 4HES 108 3|43l 1 wWE templateZ 23} nested PCRS $33 314
t}. primer= nested PCR primer 1%} nested PCR primer 2RE AM&-3}al, 94T 30
%, 68T 30%, 72T 152 =& 12cycles WH§-3tal, mpA|toll& 72 Co 4 73t final
extensions 333 11} PCRY 23} nested PCR AH=E2] ¥ A 7|9 F3sle] &9l
skt

(9) Cloning and Sequencing

22} PCR AHES PCR purificationgt $-¢l, vt2 pGEM-T easy vector(promega)
o cloningd}®, E. coli strain DH5ao & A7] o5 A3 A colony=E FH
GeneALL Plasmid miniprep kitE AM&3te PlasmidE w8t F7IANES 4

3} th. homology+ NCBI] BLAST X program< Al-&-3te] #2135}t

o

N

3. 425

7}y, 2FEIFtS  Pseudocohnilembus persalinus ¢ c¢DNA library AZF ¥
ESTs(Expressed sequence tags)e] ¥4 A3}

AP AR A ALZ o2 MEMO ksl 9W AFEFL 2 1x10%ellsS harvest
3] Ambion AF9 RNAqueousTM-4PCR kitE AF83}le] user manualel Wz} total
RNAES #2|8t9aL, A Foll 1ug/wle] #E2 3F §F 2uUE cDNA FAo AHE
&9tk ©] total RNAERE TZ%H cDNA library? titeres SFHHolE 2.7x10°
pfu/ml , $Z Fo 1.5x10° pfu/ml oAtk o] ge WAoo g AU¢HE titer

o sjFst= Aot
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Table ESTs
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results

E value

Identities

Transcript Antisense to Ribosomal RNA; Tarlp

152 [Saccharomyces cerevisiael 6.00E-06|  31/73 (42%)
1 similar to RIKEN c¢DNA 1810007P19 [Rattus norvegicus] [|7.00E-37| 77/115 (66%)
153 SEQ B folder(fail)

2 SEQ B folder(fail)

154 beta-galactosidase alpha polypeptide(insert X)

3 inositol 1-phosphate synthase [Pichia pastoris] 4.00E-33| 63/156 (40%)
155 SEQ B folder(fail)

i [ o e iy X et 602 el s e
156 beta-galactosidase alpha polypeptide(insert X)

157 hypothetical protein [Plasmodium falciparum 3D7] 0.002 38/157 (24%)
5 || hypothetical protein MG08163.4 [Magnaporthe grisea 70-15] |8.00E-13| 32/53 (60%),
158 Hypothetical protein CBG24837 [Caenorhabditis briggsael] 0.001 40/158 (25%)
6 60S ribosomal protein L13a 2.00E-56| 109/200 (54%)
159 SEQ B folder(fail)

7 SEQ B folder(fail)

160 Sensory tranSducatic(:tlivk:)irsffsinsetrlfircla;sg] [Methanosarcina 0.043 18/62 (29%)
3 arginine n methylgellélilsjfaerrj;e,ngL;t]atlve [Plasmodium 0.34 20/85 (23%)
161 SEQ B folder(fail)

9 NADPH-dependent manr;(;;i e?i;}ll;)]sphate reductase [Apium 2.00E-35| 84/239 (3506
162 hypothetical protein [Plasmodium falciparum 3D7] 0.005 24/84 (28%)
10 hypothetical protein [Arabidopsis thalianal 4.4 22/89 (24%)
163 SEQ B folder(fail)

11 hypothetical protein [Plasmodium yoelii yoelii] 4.00E-20] 60/121 (49%)
164 hemolysin [Acanthamoeba polyphagal 1.00E-14] 49/89 (55%)
12 hypothetical protein [Plasmodium yoelii yoelii] 4.00E-20] 60/121 (49%)
165 SEQ B folder(fail)

13 glutathione S-transferase [Euphorbia esulal 2.00E-20] 68/205 (33%)
166 beta-galactosidase alpha polypeptide(insert X)

14 SEQ B folder(fail)

167 SEQ B folder(fail)

15 hypothetical protein phiCTXpl2 [Bacteriophage phi CTX] [2.00E-09| 55/181 (30%)
168 CCAAT-box DNA bindyizih?r}(])(t)zilrilﬂ subunit B [Plasmodium 0.005 42/135 (31%)
16 hypothetical protein [Plasmodium yoelii yoelii] 5.00E-05] 39/131 (29%)
169 SEQ B folder(fail)

17 protein C50H11.9 [imported] — Caenorhabditis elegans 0.055 | 31/124 (25%)
170 GLP_291_11778 8566 [Giardia lamblia ATCC 50803] 1.00E-06| 39/129 (30%)
18 hypothetical protein [Plasmodium falciparum 3D7] 0.029 28/138 (20%)
171 SEQ B folder(fail)

19 Tra“Script[iﬁgﬁiﬁj;yt‘gesmbé’sgiﬂiﬁ\m; Tarlp 6.00E-06| 31/73 (429%)
172 405 RIBOSOMAL PROTEINi§12 2.00E-62| 113/140 (80%)
20 | potassium channel PAK11 protein [Paramecium tetraurelia] [5.00E-09| 35/114 (30%)
173 SEQ B folder(fail)

21

variant—specific surface nrotein M165 [Giardia intestinalis]

0 005

27/75 (369)




Y. PMAE A3 &FEIF Uronema marinum® subtracted ¢cDNA library<]
T 2 ESTs9 &4

PMAE A2 U marinumE AF8-3Fe] SSHH S ©]83}le] subtracted cDNA
libraryE A Ztstow, & 243709 89 A7IXES 48R, 23 U2 7]
A9 NCBI®| BLAST X ZEIHE AREste] 7]E9] protein databasedl| A A}
g FRAAES AASAY. I A3 oY 7R AlZAS D BAste FRAAE
I, 2FHIEY JAhel BAT AR AAAE A A FHAEC] Ao
ATk olFA ol FHAHY database=M A9 TR F{HAAES A= 9 °

o ATl Wi 718H A8 2 Aotk
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32.1. E-value < 10° ¢l &&
(D Ribosomal Protein ; 39 clones( &5 : 20 )
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No

BLAST X A3}

E-value

insert

(bp)
PMA-252 turgor-like protein [Sterkiella histriomuscorum 2.00E-26 271
PMA-181 Polyribonucleotigﬁorslgilfro;li:gel‘;ra(lgsl\?;?:ee) (Polynucleotide 0.006 263
rhoptry protein [Plasmodium yoelii yoelii] 0.85
PMA-109 putative serine/threonine ngir:letlonr tilsr}dse, HcSTK [Haemonchus LOOE-15 429
PMA-7 phosphorylase phosphatase [Xenopus laevis] 5.00E-28 540
aldehyde dehydrogenase, putative / antiquitin, putative 2.00E-25
putative protein phosphatase regulatory subunit & 7.2
PMA-22 phosphorylase phosphatase [Xenopus laevis] 3.00E-26 534
PMA-1 cytoplasmic ribosomal protein L18 4.00E-14 276
serine/threonine-rich protein - fluke (Schistosoma mansoni 2.8
MAP/microtubule affinity-regulating kinase 3 [Danio rerio] |9.00E-15
piperideine-6-carboxilic acid dehydrogenase [Streptomyces 5.00E-20
PMA-116 64 2} 25
Protein phosphatase 2A at 29B CG13383-PA [Drosophila 9.00E-25
melanogaster]
PMA-103 cytoplasmic ribosomal protein L18 1.00E-12 277
NPKI1-related protein kinase 1S [Arabidopsis thalianal 1.00E-14
chloroquine resistance marker pfotein, putative [Plasmodium 48
yoelii
PMA-201 64 7 23 355
PMA-21 ribosomal protein L3 [Tetrahymena thermophilal 2.00E-48 732
PMA-226 Unknown (protein for MGC:65385) [Mus musculus 7.00E-15 728
cAMP-dependent protein kinasg catalytic subunit [Ustilago 500E-14
maydis]
Serine/threonine protein phosphatase 2A, 2.00E-23
PMA-184 | similar to internalin proteins (LPXTG motif) [Listeria innocua 0.066 456
PMA-73 acid phosphatase [Giardia intestinalis] 1.1 357
ATPase involved in DNA repair [Nostoc punctiforme 0.27
PMA-24 ribosomal protein L3 [Tetrahymena thermophilal 1.00E-61 427
PMA-125 ke T 540
PMA-127 preprocathepsin C [Schistosoma japonicum], (Cathepsin C) 9.00E-19 604
Serine protease [Streptococcus pneumoniae R6] 8.1
Peroxiredoxin 1.1
RGC2 resistance protein L [Lactuca serriolal 1.3
PMA-53 ribosomal protein L3 2.00E-81 598
PMA-8 protein tyrosine kinase 1 [Tetrahymena thermophilal%s 2.00E-11 718
PMA-137 calcium-dept. protein kinase [Plasmodium yoelii yoeliil 5.00E-57 699
putative AT-hook protein 1 [Oryza sativa 2.8
DEAD box RNA helicase 9.3
huntingtin interacting protein [Homo sapiens 5
PMA-108 ribosomal protein L3 [Tetrahymena thermophilal 3.00E-70 594
NRK-related kinase [Tetrahymena pyriformis] 1.00E-11
calmodulin-domain protein kinase 1 [Toxoplasma gondii] 6.00E-56
PMA-186 cytochrome oxidase subunit II [Chaitophorus populeti] 0.23 356
PMA-77 733} 2
PMA-160 ribosomal protein L3 @1“ efrahymena 2.00E-62 429
probable MAP kinase kinase [Leishmania major] 9.00E-09
PMA-147 probable acyl-CoA dehydrogenase 2.00E-42 386

Parcnvirad~via [T areran]lacrn a
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A5d 2FEAZ WA Fu FA4 24 L A2G P

[-l (

S 93 Site-directed mutagenesis

1. 97U &

ol Al Azt ~FE 7S T DNA library % SSH libarary®] EST #4] 4
B8 wgo R old FRY ATEHAS WA Fu FY FARES QAL 2
THE+< Uronema marinum® Protein phosphatase 2C (PP2C)9} surface antigen,
Pseudocohnilembus  persalinus®]  B-tubulin,  Philasterides  decentrarchi®]  plasma
membrane Ca2+ ATPase ¥ GAPDHG |t A¥EE FHAE disiAe full

=
open reading frame (ORF)S &7] $]3] RACEHS o] &3 full sequencings -3}

= ol glutamines coding
st=d AMgSTE Holw, 3 o8 3§ codono] ] FHAWANE B 7t

EA37] W&ol o]y ZE I UYE EF CAAY CAGE mutation A AHoFqt
w

= al
gidth B dedMe AT ddrdAEs A 2dA717] 9l
3 Stratagene®] QuikChange® Site-Directed Mutagenesis kitS AM8-3l4] mutation

A9g FPsharh

2. A7
7}. ¢cDNA library screeningS F3F B-tubulin gene¢] full-length sequence ¥4

1) &2F 7152 ZHE B-tubulin gene? cloning ¥ FA7IANE &4

GenBankell YElY = AFE7ISH FARRE 23 A PE 2] B-tubulin gene
sequenceZFE  PCR  primerE  A|&ste] 2AFEIIE total  RNAOA
Reverse-transcriptase PCRS 2A13}¢th. WA Ambion A}¢] RNAqueous'™-4PCR
kit o]8§3st] AFEHIFFOZRE total RNAE £33 Fol, Ambion Ale]
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RETROscript First Strand Synthesis kitZ cDNAE I3t o] wHgd 1uE
template2 PCR W35 333ttt PCR primer~= Forward primer
5-TTCTGGGAAGTCATTTCCGA-3, Reverse primer
5-AGGGAGTGGGTGATTTGGAA-3 °|¥, %43 1% agarose gel HA7|F5o=
359bp2] PCR productE FRI3FATE ©] fragmentE Bioneer Gel purification kitE
AE-3te] A $o] Topo Cloning kit(Invitrogen)E AF&-3te] pCR 2.1 T-vector
of AdstAtt. o] vector& TOP 10 competent cell(Invitrogen)ol]l &2 dgksto] Al
21 WA colony & S Ampicilline] #7Fg LB brotho] 8] %3st thS Bioneer
plasmid extraction kitE& ©]&3l plasmidE w23t sequencing3} 3 Th.
sequencing Z2¥}+= BLAST #HM3lo] 7]&9] B-tubulin geneE 9] A-54S Hlws}
At

(2) 25 ¥]7}% B-tubulin gene probe A%}

A7IME A4S T3l B-tubulin geneolt= S &RI% F|, Full sequenceE
7] #13+d cDNA library screening= 3J3}t7] <13l ?;1;9] PCR product® probe
E AZ3tATE probex= Roche Applied Science AF¢] DIG DNA Labeling and
Dectction kitE AR&3t] WAMD FAALE o] &3tA Fe WHOE Azttt
O e o3 2o 10 ng-3 g AAE PCR product DNAE Hd ¥ 23 5
—.?—-’F ZoFo] 15 w7F HA £33+, = &9 1087t denatureA] 7|11 ZuIE

o 213t} ©] denature® DNAe°] 10x Hexanucleotide Mix$}, dNTP Labeling
Mix, Klenow enzyme labeling gradeE &&3%F § 37Tol| A overnight ¥jstal 0.2
M EDTA(pH 8.0)% 7t Hb-g& FEAI AT label® probe= DIG-labeled
control DNAE #313}4] label © DNAS E&3 &4& ZAA3AT

_ﬂ

(3) Plaque Hybridizations &3 B-tubulin genes X33l cloned] 4
positively-charged nylon membrane(Roche Applied Science)s @3 A7|=
Zre}, phage plaque®] 0+ LB agar plateo] 7|37} A71A] A 383 8%,
ol FAZIE ol&ste] B HOZ AXE HAS FATE 10x SSCE A4
Whatman paper ?°] membranes &% UV-crosslinkerg ©]&3t DNAE
fixationgt o] 22 FHFE  rinsingdtHTh.  ©]oJA]  prehybridization %
hybridizationg A A|8l=H], Tm2 AFE-3t= probed] ZA ZAASIATH [Tm = 49.82
+ 041% (G+C)-(600/length of hybrid in base pairs)]. 283 <] DIG Easy Hyb

=

£ hybridization &%= pre-heatings} %t Hybridization bottle®] membrane®}
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pre-heated DIG Easy HybE il ¢FstAl EE50]F WA 3025 %t prehybricization
stal, T1A}o]o| DIG-labeled DNA probeE 5+-7F boilingdte] denaturedt & 4+
of 23t} probed FE= ¢ 25 ng/ml= 3}il, denatured DIG-labeled DNA
probeE %9 pre-heated DIG Easy Hybol H7}ste] 71327 A7|A] A &
40l T3tk prehybridization solutione ™ 2]il, probe/hybrization buffer®] &3t
NS membraned] 73t AEe ZoA 3| WA ZIAA 6A17Ee]4 overnight HY
&stA . Hybridizationo] €4l 05x SSCEZ F W, 01%<¢ SDS7F =3¢
pre-heated 2x SSCZ 5%7F F ¥ stringency washing3l ¥ th. washinge] €14d +
=3 o] Immunological detections 433+ tF. membraneS washing buffer
2 5% &% rinsing$th. washing bufferg ®M2]i 50 ml¢] Blocking solutions 3
7Vake] 308 B¢ vl 5, 20 ml9] Antibody solution®.E THA] 30% HikadTh
washing buffer2 15%%F 2 washing g+ $ 20 ml¢] Detection buffer2 3 &<t
equilibrationdt o5 Al &7] &A 10 ml¥ Color substrate solutions % il
membranes T XA shaking $lo] wlFEAT. Ydh= F=9 spoto]t
band €] intensity’} YEl}S W= W8S TEAIZIZ] A8 50 mle] B 23 S
4 X TE buffer® membranes 5%%F washing$t ¥ TE buffero] X s}t

(4) Positive clone®] phageZ X E plasmidZ 2] excision ¥ plasmid £, €7]4
d &4

$19] hybridization®| A4l ¥ positive plaqueE 350 p9] 1x lambda dilution
buffero] 34§ $o] 37ColA 3-4A3F B ¥ete] phageE elution| Zth. BM25.8
E. coli strain® overnight culture 200 ©0%} 150 ©l9] eluted positive plaques =3
sted 31T Al 307 vl st o 400 w09 LB brothE FH7Fsted 31TCeAl 225
rpm 2 shakingdtHA] 1A17F ©] v Ygk & 1-10 plE LB/ampicillin agar plate®l
1 glass spreader® spredste] 31Tl overnight M 43t t}. single colony”’} &
Z=EH 2 7N colonyol A Z+Z} alkaline lysis W22 plasmid DNAE #2314,
219 plasmide @714 ES #438t3, 1 23+ Blast AA] 2 F9 gene

sl FEAS vwatAt.

Y. RACEY S ©] &St Full-sequencing

SSHE FsiM oz d7IMES o #Fxizke] dF MEe]BE, Full
sequencingsl”] 9314 RACE WS ©|&33th. RACEH S ©|&3te] full-length
cDNA®] A7INEE 43 {FHA= Protein phosphatase 2C (PP2C)¢} Surface
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antigen(Gal), GAPDH%t. RACE PCRE Clontech SMART™ RACE cDNA
Amplification KitZ A3} th 5 RACES} 3 RACE PCRE A stk

(1) P. decentrarchiZ2 €] 2] Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
gene cloning

NCBIol S5Ho] e o2l A PES] GAPDHO| AldXE nigo=
Degenerated primerE A 2t3to] P. decentrarchi2 58 GAPDH genes cloningst 3l
o} Primer2] sequence— For:5-GAAAABTTYGGAATTGYTGAAGG-3,
Re:5-ATGGTDGGRACTCTGAARGMCATACC-3*  ©|t}.  ©] primerg AF&3}H
RT-PCRE 3t 224bp9] productE A o|A], T-vectordl cloningdt & F7IXES &
A3tAT ©] fragment sequenceo|X] RACES] Z 83 primersS TAISHA T

rLI[o

(2) 5 RACEE 9]¢ cDNAY] A

PP2C$¢} Surface antigen®] RACEE fdiX= PMAE A3t &2FEIIZOo=ZH
H total RNAE ®Zstd FEE 1 ug/3 wE %350 o] total RNA 3 09}
5-CDS primer 1 g, SMART 1I A ohgo—EE— E3ete] 5 W WHE TS 70T 2%
ot = =g de 283 A FEE AR AR ds 2w
5X First-strand buffer, 1 pe] DTT, 1 ¢ dNTP mix, PowerScript Reverse
Transcriptases 73 T 42Tl A 1.5A1ZF &b v Fstal v o] ¢ o=
Tricine-EDTA bufferS 100 pl F7}sted s|4s)A] 72°Coll 7837t heating & 10 w0
A 3t 20T R#3tAth. GAPDHS RACEE ¢34+ CHSE-214 cell
lineol A w3t P. decentrarchiZ5-E] total RNAE ®E|3t & o]F 9 AAL 99}
L3 P2 FPsAT

(3) 3 RACEE #3 ¢<DNAY A

PP2C9} Surface antigen®] RACEE 9ldlX = PMAE AHgs AFEIIFOZH
Bl total RNAE #2835l 2|3 total RNA 1 w2} 1 9] 3-CDS primer AS &
Fstar dH,05 85 wl H7bet & 70T A 583 vk & 5ol Bi1, o7 5
MMLV buffer 4 pl, dNTP 4 0, 0.5 ©2] RNase inhibitor, MMLV RT(promega)E
H7Ee & 42ToA 1542 &<t wikstar 94Col A 583t heatingd F 80 wl
Tricine-EDTA buffer2 3Astar A 10 wA EF3Fe] 20T HASIAT
GAPDH<¢] RACEE —?48]]/\1% CHSE-214 cell lineo| A w3t P. decentrarchi= %€
total RNAE g 2 ol RS ok FIE AHoE FHEATH

P
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(4) PCR 5=

(D RACE PCRO| AF&% Primerd 97144

Primer Sequence
Long:5'-CTAATACGACTCACTATAGGGCAAGCAGTGGTA
Universal primer A mix TCAACGCAGAGT-3'
Short @ 5'-CTAATACGACTCACTATAGGGC-3'
Nested universal Primer
A 5'-AAGCAGTGGTATCAACGCAGAGT-3'
PP2C For-1 5'-GCTGGTGATAGTAGATCTGTTTTATGC-3'
PP2C For-2 5'-CAGTGATGCTGGGGGATTCGTAAG-3'
PP2C Re 5'-TCCAACACCATTTGAAGTATCTGAGGC-3'
PP2C Re-1 5'-GTCCCGGTTATCAGTAGGATCACTTG-3'
ScuGAL For-1 5'-GCTATGATGGATGGTATTATAAAGAAGATG-3'
ScuGAL For-2 5'-TGCTAGATGCAAAAGTGAACAAGTAGG-3'
ScuGAL Re-1 5'-ACCTACAGCTTCATTTTCACATTTAG-3'
ScuGAL Re-2 5'-TCCTTCACTGTCGACCAAATAATAACC-3'
GAPDH For-1 5'-CTTCGGAATTGCTGAAGGATTAATG-3'
GAPDH For-2 5'-GGAGAGCTGGAAGAGCTGCTTCTACC-3'
GAPDH Re-1 5'-GGTTGGGACTCTGAAAGACATACCGG-3'
GAPDH Re-2 5'-CCTTTCAATTCGGGTAAGACTAATCCG-3'

@ 5 RACE PCR

ddEe 5 RACE & DNA 15 wE template2 3kar, kit o =2gH
Universal Primer A Mix 25 pul, S$Z3t3Ax 3= cDNAo| Eo]3FQl
Primer(Reverse primer) 0. 5409} PCR buffer @ dNTP, Polymerase mix7} XZ 3

Master mixE 205 wlE T3 § predenaturation® 2 95C 3% WESSH oh, 9
5C 30%, 60C 1%, 72T 3%2 = 30 cycles PCR¥H-S 359t PCR #H &
3 s 1% Agarose geloll M719&std Qg & F35 A& YEUA &3S
%, Nested PCRE A3t A WA PCRe] Ab=& 108) 345t oA 1
e templateZ s}al, kitol] £ 3% Nested universal primer®t ¢ilA} 3f= gene
9] nested primerE 0.5 w2 FH7}gk th5 Master mix 225 pl ¢ E3ste] PCRy
& P8
@ 3 RACE PCR

FdE 3 RACE & cDNA 15 wE templateZ 3}al, kit ol EZFH

Universal Primer A Mix 25 ul, <S$Z3}3x 3= cDNAo Fo]3F<2l



Primer(Forward primer) 0.5 x¢} PCR buffer 2 dNTP, Polymerase mix7} Z 3
Master mixE 205 wlE T3 § predenaturation® 2 95C 3+ HESSH b, 9
5C 30%, 60T 13, 72T 3222 30 cycles PCR¥H3-S 334t} band7} L2 A
S 749, 9A Nested PCR ¥H3-S =383} Th

(5) PCR 2t=2] FA & Cloning, €714 ¥ &4
PCR ®WHg & YEY bandE Gel purificationd}o], T-vectordl cloning 3+ % 4

o Az FF S ¥ Site-directed mutagenesis

~2FENFH 2 HAEFELS AMEsle ZEo] TAAY TAGYE gwrao=zs
TE A= ¥, GlutamineS coding 3t} webA] E. coliol A A=3 @wdS
TE A 7] A, DNA vaccines 3t7] 9lste] Ztztoll AH3E vectorel| Ligations 3}
Hil g, TAAY TAGE CAAY CAGE nHpfo] Fololgitt. o|FA H7|MES
7] 913l Site-directed mutagensisE TSRS, oL  Stratagene®
Qu1kChange Site-Directed Mutagenesis kit(Stratagene)E A3}t

1) FHE FAX 29 L Mutagenic primere] A7

H3t= mutationFES A7FEH A sl YEOSFE 10~15 merI =2 &}
mutagenic primer ¥ %S AASIATE primerd] Zolw 25~45 mer Zo|Z 3}l
Tm 78Ceo]/de] HojoF 3lH primere] GC contentw FHA 40%0]/do] HojoF 3
. primere  fast polynucleotide liquid  chromatography(FPLC) X+
polyacrylamide gel electrophoresis (PAGE) “g Al 3} %t

@O B-tubulin (BTU)

Full ORFE ©]F9 A= WEef A2tz o83t sttt ORFE 533
7] $18l PrimerE A|Zst<d o] o o VeCtOI‘%Oﬂ Ligation‘é‘}ﬂ A3l Algraa
ite2 49Y3tt AFE7IEFOo ZHE total RNAS 3l & RT-PCRS 3}a] ORF}
%%‘6‘}9}3’_ pGEM-T easy vector?] Cloningfb‘}oﬂ oAl g W AVIMES ER
o =2 58-S mutation 3}7] 93 12749] primerE A&} R 3, primere]
A €82 table 5-10] YERH AT
@ Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)

-

)
o

M

32 o

]_

ol

o2
N
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JA] Full ORFE EF ©]&3Homn, ORFE W] cloning® ™, primerol] A3t
B osites FA7MSR oM, BT 4FES mutationd}t”] $13 4%49] primerg A Z}s}
At (Table 5-2).

@ Plasma membranr Ca>* ATPase (PMCA)

P. decentrarchi®] subtracted library®] ESTs ZZ}o|A AL IXFF sequences
ANz vectorel ligationdt”7]|2 3}al ©] sequenced] FE3F A|gtE A sites FH7lsHA
THA] cloning & ¥ @71 EE FUstATH sequenceHol] e EF 7THES
mutation 3}7] 913 549 primerE A2} ATt (Table 5-3).

@ Protein phosphatase 2C

PP2Ce] 7 Full ORFE °]F-9] Ax3 WE e} A=tgel o]&steii ataith.
ORF cloning3t”] 9&l PCRE W & T3d vectorZ9] ligatione 3l Algt &
siteg F7}3td primerg AZ At PMAE AHEd AFEIIZOZHH total
RNAE #83 & RT-PCRS 3l ORFHES 535333, pGEM-T easy vector®]
cloningdte] ThAlEH A7INES FAEIATH F 1453E9 TAAS CAAZ np7y]
213} Site-directed mutagenesisE 3}7] ?l3] Z5F 8%9] PrimerE A28} T} (table
5-4). PP2C ORFE 4+ T-vector& mutagenesis PCRe] templateZ A}H8-3} 3T
(© Surface antigen

full sequencing 23} A genee] =717} 3 kbE Hol AEF @d¥d TS5 A
zZtst 7]l ol & o AREEE7] oY 7] Wi, dF VI ERtS SF 3 cloning
st & A7 ES B8 U Site-directed mutagenesisE AT BT 6%
primerE A|Z}3stH T (Table 5-5).

Table 5-1. BTU X A+¢] site-directed mutagenesisoll AF-&-% primer sequence
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primer

primer sequence

SDM-BTU 1

5'-CGGAGATTCCGATTTACAATTGGAAAGAATCAATG-3'

5'-CATTGATTCTTTCCAATTGTAAATCGGAATCTCCG-3'

SDM-BTU 2

5'-CTTCGTCTTCGGACAAACCGGAGCCGG-3'

5'-CCGGCTCCGGTTTGTCCGAAGACGAAG-3'

SDM-BTU 3

5'-GGATGTGATTGTTTACAAGGATTCTAAATTACC-3'

5'-GGTAATTTAGAATCCTTGTAAACAATCACATCC-3'

SDM-BTU 4

5'-GATTGTTTACAAGGATTCCAAATTACCCACTCTTTAGG-3'

5'-CCTAAAGAGTGGGTAATTTGGAATCCTTGTAAACAATC-3'

SDM-BTU 5

5'-CTTCCAGAGGATCTCAACAATACAGAGCCTTAAC-3'

5'-GTTAAGGCTCTGTATTGTTGAGATCCTCTGGAAG-3'

SDM-BTU 6

5'-CCCGAATTAACTCAACAAATGTTCGATGC-3'

5'-GCATCGAACATTTGTTGAGTTAATTCGGG-3'

SDM-BTU 7

5'-CTAAAGAAGTTGACGAACAAATGTTAAACGTTCAAAAC-3'

5'-GTTTTGAACGTTTAACATTTGTTCGTCAACTTCTTTAG-3'

SDM-BTU 8

5'-GACGAATAAATGTTAAACGTTCAAAACAAAGATTCTTCTTATTTC-3'

5'-GAAATAAGAAGAATCTTTGTTTTGAACGTTTAACATTTATTCGTC-3'

SDM-BTU 9

5'-GAAATTCTACCGCTATCCAAGAAATGTTCAAAAGAG-3'

5'-CTCTTTTGAACATTTCTTGGATAGCGGTAGAATTTC-3'

SDM-BTU 10

5'-CAAAAGAGTTGGAGAACAATTCACCGCTATGTTC-3'

5'-GAACATAGCGGTGAATTGTTCTCCAACTCTTTTG-3'

SDM-BTU 11

5'-GATTTAGTTTCCGAATATCAACAATATCAAGACGCTACTGCC-3'

5'-GGCAGTAGCGTCTTGATATTGTTGATATTCGGAAACTAAATC-3'

SDM-BTU 12

5'-GAATATTAATAATATCAAGACGCTACTGCCGAAG-3'

BB BND|R|DNR| DR B DD RNTD|R| DR DN T DI DT

5'-CTTCGGCAGTAGCGTCTTGATATTATTAATATTC-3'

Table 5-2. GAPDH +%1#}9] site-directed mutagenesis®]l A& primer sequence

primer primer sequence
F: 5'-AAATATACCGCTGACCAACATATCATTTCCAAC-3'
SDM-GAPDH 1
R: 5'-GTTGGAAATGATATGTTGGTCAGCGGTATATTT-3'
SDM-GAPDH 2 F: 5'-CTATCTCTAAAGTCTTACAAGACAACTTCGGAATTGC-3'
R: B'-GCAATTCCGAAGTTGTCTTGTAAGACTTTAGAGATAG-3'
SDM-GAPDH 3 F: 5'-CTTCTGAAACTAGTTTACAAGGAATCTTAGGATACAC-3'
R: 5'-GTGTATCCTAAGATTCCTTGTAAACTAGTTTCAGAAG-3'
F: 5'-GACGCCGTTGTTTCTTAAGACTTCTTACGCGAT-3'
SDM-GAPDH 4
R: B5'-ATCGCGTAAGAAGTCTTGAGAAACAACGGCGTC-3'
Table 5-3. PMCA(Plasma membrane Ca” ATPase) 5379 site-directed

mutagenesis®l] AH-&¥ primer sequence
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primer primer sequence
F: 5'-TTAGAAAATTCCTTCAGTTTCAACTCACAGTCAATG-3'
SDM-PMCA 1 R: 5'-CATTGACTGTGAGTTGAAACTGAAGGAATTTTCTAA-3'
F: 5'-CACCCCACAACAGAAACCAATATATTATTTCAAAAAAG-3'
SDM-PMCA 2 R: 5'-CTTTTTTGAAATAATATATTGGTTTCTGTTGTGGGGTG-3'
F: 5'-CATATCTTTGGGCAGGCCTTATTACAGATTTTTG-3'
SDM-PMCA 3 R: 5'-CAAAAATCTGTAATAAGGCCTGCCCAAAGATATG-3'
B F: 5'-CTGAGTGGGAAAGCAAACAATTCAAAGATAAAATCC-3'
SDM-PMCA 4 R: 5'-GGATTTTATCTTTGAATTGTTTGCTTTCCCACTCAG-3'
B F: 5'-GAATTAATTTCGGATTATCAAGATACCTTAAGTG-3'
SDM-PMCA 5 R: 5'-CACTTAAGGTATCTTGATAATCCGAAATTAATTC-3'

Table 5-4. Protein phosphatase 2C(PP2C) % A}¢] site-directed mutagenesis?]]

&% primer sequence

A

primer

primer sequence

SDM-PP2C 1

5'-CTTATTTACAAGCTTGTGCTAGTGAAATGCAAGGATGG-3'

5'-CCATCCTTGCATTTCACTAGCACAAGCTTGTAAATAAG-3'

5'-GGATGCGCATATTTTACAAATGAATATTAATGGAG-3'

SDM-PP2C 2

5'-CTCCATTAATATTCATTTGTAAAATATGCGCATCC-3'

5'-GAGGTAAAGAAGTTGCCCAATTTGTAGAAAAACAT-3'

SDM-PP2C 3

5'-ATGTTTTTCTACAAATTGGGCAACTTCTTTACCTC-3'

SDM-PP2C 4

5'-CTGAAAGTGGTCAACAAGAATTGAACCAAATTAGAGCAG-3'

5'-CTGCTCTAATTTGGTTCAATTCTTGTTGACCACTTTCAG-3'

SDM-PP2C 5

5'-CCTAATGAAGAACAATCAGGAGGACAATCTTATGCTGG-3'

5'-GGAGCATAAGATTGTCCTCCTGATTGTTCTTCATTAGG-3'

5'-AGATAGACCTAGAGACCAACAATTAATTATATCCAAC-3'

SDM-PP2C 6

5'-GTTTGGATATAATTAATTGTTGGTCTCTAGGTCTATCT-3'

5'-ACTAATGAAGAACTTATCCAATATTGTAAAGAAAG-3'

SDM-PP2C 7

5'-CTTTCTTTACAATATTGGATAAGTTCTTCATTAGT-3'

SDM-PP2C 8

5'-AAGAAAGAATTGAAAAACAACAAGACTTAAATCAAATA-3'

BB\ | R|B|ZD|DNRND|R| DR ||

5'-TATTGATTTTAAGTCTTGTTGTTTTTCAATTCTTTCTT-3'

Table 5-5. Surface antigen(Gal) XA+ site-directed mutagenesisol] A&

primer sequence
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primer primer sequence
F: 5'-GATAAGGTTAATGCTCAATGTCAGCAATGTTTAAATG-3'
SbM-Gal 1 R: 5'-CATTTAAACATTGCTGACATTGAGCATTAACCTTATC-3'
F: 5'-GTAGGTATAACATGCCAAGGACAAAATAGATCTAATG-3'
SbM-Gal 2 R: 5'-CATTAGATCTATTTTGTCCTTGGCATGTTATACCTAC-3'

B F: 5'-GGATATTATGATGATCAACAAAACAATGCTGATTGTC-3'
SDM-Gal 3 R: 5'-GACAATCAGCATTGTTTTGTTGATCATCATAATATCC-3'
SDM-Gal 4 F: 5'-CTGTGCTCAGTGCACAAATAATTCAGATTGCCAAGTTTG-3'

R: 5'-CAAACTTGGCAATCTGAATTATTTGTGCACTGAGCACAG-3'

F: 5'-CAGTGAAGGAATTCAAACTTGTCAAAAATGTCCATTG-3'
SDM-Gal 5 R: 5'-CAATGGACATTTTTGACAAGTTTGAATTCCTTCACTG-3'

F: 5'-GAATGTCAAGGCCAAGGAAGAACTGTAACTCCTCAATG-3'
SDM-Gal 6 R: 5'-CATTGAGGAGTTACAGTTCTTAATTGGCCTTGACATTC-3'

(2) Mutant strand®] ¥4 ¥H&
mutant strand®] 43S Y3 A Table 5-67 2 Wk-S-HS A X33l Table 5-7
ZI 2 U0 FE PCREFE S F33tA T

Table 5-6. Reagents for mutagenesis PCR

Reagent Working concentration
Template plasmid DNA 10 (50ng/ul)
Primer(forward, reverse) Z+ 10 (125ng/1h)

10X reaction buffer 5ul

dNTP mix 1ul

pgg;ﬁ/;fagg‘“ 140 (2.5U/ub)
Sterilized destilled water up to 50l

Table 5-7. Condition of reaction steps and PCR cycles

Step Temperature Reaction Time Cycle
Pre-denaturation 95T 3min 1
Denaturation 95T 30sec
Annealing 55T limn 12
Extension 63T 5min

(3) TZ ¥ PCR 4H=9 Dpn I digestion

PCR 2HE F 105 A tubeo] @S & Dpn 11 ul(10U/uwl)E SZH PCR
2HE 40 weoll HIbetd 2AAHA Eetar WvESHS spin downdstal 37TCoA] 1
hrgQt ¥H&-3d mutation©] A 22 parental supercoiled dsDNA plasmidE

digestiondt 3t} vl2] @olEe Dpn 1S AsA &2 10 w9 PCR A&7 Dpn

ot
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IS Agd PCR 4F= 10 wbE 1% agarose gelell loadingsl™ parental supercoiled
dsDNA plasmid”7} digestion® I=A] 3t

(4) Transformation®} Plasmid ¥ 2]

50 ul¥ #F3F XL1-Blue supercompetent cell2 icedll ¥o] Fil, Dpn 1S A
2]t plasmid DNAE supercompetent cello] 1 ulE F7}stal 42CoA 45% 520
heat shock3 3 iceol] 28 &<t FS 1:} SOC 500 W= #H7}3tar 37ColA 1A 7HE
QF 225-250 rpm o2 wREEH HjFE & LB(80 ug/ml¥ X-gal#} 20 mMe] IPTG7}
78 ampicillin LB agar plates) plated] 250 ul®] v gdS =2st & 37T A
164175t g3t  colony color screeningdt$Th  white colonyE 413}
ampicillin®] *Z%%¥ LB brothollA 16A]7F&<Qt 1 HESHA HH 9Fslal  GeneAll
Plasmid SV mini Kit(general biosystem)& ©]&-3}4 plasmid& StATE ol A
w2 plasmidE template2 3 mutationd Fi9 primers X]-E%]E o] &3}
PCR 3} T}

6) 9714 %—E—i‘l

mutationgt $ T7J/} SP6 primerg °©]-&3td F7|AMEBE AL sequence T
o] TAA EETAG7H 25 CAA EE CAGE mutation® Q=2 891519 ch

3. 445

7}. ¢cDNA library screeningS %3t B-tubulin gene®] full-length sequence &4

1) &2FE 7152 ZHE B-tubulin gene? cloning ¥ FA7IANE &4

GenBank®ll &5 o] Sl datag vlEoZ AFAHAA AZE primerE =T E
7}%¢] cDNAY PCRS A3 A3} 359 bpe PCR productE®: ¥& 4 AUtk o]
£ Gel purification ¥ ¥ pCR 21 T-vector(Invitrogen)el ¥H}IZ cloningd}<
plasmidE &3t @7IMES B4 2y, 719 ¢#X B-tubulin genes
9 ol 2 ASE Yehy AFEIEY B-tubulin gened YH7F SEFHH
AYS FdstAth. weba o] PCR productE labeling 3t probeZ A3} T
°] probeZ AT H7IX LS BLASTN AMZAT}  Tetrahymena thermophila
beta-tubulin (BTU2) gene(GenBank ACCESSION No. L01416)9] €F-9} 86%<] %
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A4S el Ath E-valueE e-1130. 2 UrelytT),

(2) Plaque HybridizationS 53t B-tubulin geneS X 3}3l= cloned] A
Prehybridization %  Hybridization 45TCelA 33t 2™, Stringency

washing& 0.1%2] SDS7} 38 2x SSCZ ALo|x 1587 23, 01% SDS7} ®

gE 0.5x SSCE 68T elA 1541t 23] AAIetth immunological dectection ¥

+ 3709] positive plaques AEE F AATH

Positive clone®] phageZH E] plasmidZ¢] excision ¥ plasmid #2], & 714
4

oA AEE positive plaques Z+7t single excisionste] plasmidE 2
. &8 plasmidE 0.7% agarose gelol Al 7] 53t sequencing 7}s
AstF=H, band7} 371 o] YelA o]ZHE& TOP 10 competent cellol
transformations}t ST, 0.7% agarose gelollX H7]g-53te] &<l Fof Kitoll A3 4
5 sequencing primerZ @7|AME A4S AAlE¥on, 1 Ay= Fig. 513 Aok
TS sequencing ¥ Full ORFE HIR O E primerg AA St & 2F 9 A~FET}
Zol W B-tubulin F3%}e] ¢cDNAE cloning/sequencingstil 1 @A7|A4E %
amino acid A 8-S HIW3H Fig. 52 ¥ Fig. 5-37% #Zo| u]-¢ %2 homologyE U}
B Ao

—
e

]_

ol
(11T o7

Mﬂ

A

£ 4
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1l GATAATARAATARAATTATTCTAAAARAARARATARAAAATTTTTARATAAATAATATAGTTAAC
ATGAGAGAGATCGTTCATATTCAAGGAGGACAAT GTGGTAATCAAATCGGAGCCAAATTCTGGEAR
M R E I Vv HI @ & 6 @ C€C &6 N @ I & A K F W E
GTCATTTCTGACGAACACGGAATTGACCCCACCGGAACCTACCACGGAGATTCCGATTTATAATTG
¥y I 8 b E H ¢ I D P T G T Y H G D 8 D L|Q|L
GAAAGAATCAATGTTTATTATAARCGRAGCCACT GGAGGAAGATACGTCCCCAGAGCCATCTTAATG
E R I N ¥V Y Y N E A T GG G R Y Vv P R A I L M
GATTTAGAACCCGGAACCATGGAT TCCGTTAGAGCT GGACCTTTCGGACAAT TATT CAGACCTGAC
D L E P & T M D 8 V R A G P F G Q L F R P D
AACTTCGTCTTCGGATAAACCGGAGCCGEAAACAAT TGGGCTARAGGACATTATACT GAAGGAGCT
N F V F G| Q|T G A & N N W A K G H Y T E &G A
GAATTAATTGACTCCGTTTTAGATGT TGT TGGAAAAGAAGCT GAAGGATGTGAT TGT T TATANGGA
E L I p 8 VvV L D VvV Vv ¢& K E A E G € D C L |Q |G
TTCf%frTTACCCACTCTTTAGGAGGAGGAACCGGATCCGGTATGGGAACTTTATTGATCTCTAAA

Q

F I T H 8 L ¢& & ¢ T ¢ 8 &6 M ¢& T L L I 8§ K
GTCAGAGAAGAATATCCCGATAGAAT TATGGAAACTTTCTCCGTTGTTCCCTCTCCCARARGTCTCC
vV R E E Y P D R I M E T F 8§ V V P 8 P K V 8§
GACACCGTTGT CGAACCCTATAACGCCACCTTATCCGTCCATCAATTAGT TGARARACGCTGATGAR
D T v v E P Y N A T L & V H Q@ L VvV E N A D E
TGTATGATCATTGATAACGAAGCCTTATACGATATCTGTTTCAGAACCTTAARATTARCCACCCCC
¢c M I I D N E A L Y D I € F R T L KL T T P
ACTTACGGAGATTTGAAT CACCTCGTTTCTGCCTCTATGTCTGGAGTTACTTGT TGTT TAAGATTC
T Y ¢ b L N H L Vv 8 A 8 M 8 ¢ Vv T C€C C L R F
CCCGGACAATTGAACTCTGAT TTARAGARAGTTAGCCGTCAATCTCGTTCCTTTCCCCAGATTACAT
P ¢ @ L N 8 D L R KL A Vv N L Vv P F P R L H
TTCTTCATGATCGGATTCGCCCCTTTGACT TCCAGAGGAT CTITAATAATACAGAGCCTTAACTGTC
F F M I ¢ F A P L T S8 R G 8|Q Q| Y R A L T V¥V
CCCGAATTAACTTAATARATGTTCEGATGCTAAAAACAT GATGTGTGCCGCTGACCCCAGACACGGA
P E L T | Q| @ M F D A K N M M C A A D P R H G
AGATATTTAACCGCTTCTGCCTTATT CAGAGGAAGAAT GTCCACTAAAGAAGT TGACGAATANAT 5
R ¥ L T A 8 A L F R & R M 8 T K E Vv D E|Q | M
TTAAARCGTTTARAACAARAGATTCTTCTTATTTCGT TGAATGGATCCCCAATARCATTAAATCTTCC
L N V|Q N K D 8 8 Y F VvV E W I P N N I K § 8
ATTTGTGATATTCCCCCTARAGGACT TAARATGGCCGTTACTTTCGTTGGAAATTCTACCGCTATC
I1 ¢ p I P P K &G L KM A YV T F Vv &G N 88 T A I
TANGAAATGTTCAAAAGAGTTGGAGAATAATT CACCGCTATGTT CAGAAGAARAGCCTTTTTACAT
Q E M F K R V G E|Q|F T A M F R R K A F L H
TGGTATACT GGAGAAGGTAT GGACGAAAT GGAATTCACT GAAGCCGAATCCAACATGAACGATTTA
W Y T ¢ E & M D E M E F T E A E & N M N D L
GTTTCCGAATATTAATAATATTANGACGCTACT GCCGAAGAAGAAGGAGAAT TTGAT GAAGAAGAR
v 8 E Y|Q Q@|Y|@|/D A T A E E E G E F D E E E
GGAGARATGTGA
G E M *
TTTTGACTTTTTTTAAGAAATAATTTAAAARAARARRARARRAARAARAARAARDAR 1453

Fig. 5-1. Full Sequence of B-tubulin.
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Pse ATGAGAGACGATCGTTCATATTCAAGGAGCACAATCTCCTAATCARATCCCAGCCAAATTCTGCCAACTCATTTCTCACGA 80
Uro 1 ATCAGAGAGATCGT TCATATC TAAGGAGCATAATCTCCTAACTARATCCCTGCCARAATTCTGCCAACTCATTTCCGACGA S0
Phi 1 ATCAGAGAGATCGCTTCATATTCAAGGACCACAATCTCCTAACCARATCCGAGCCARATTCTGOCAACTCATCTCTCGATGA S0

[

Pse &1 ACACGGAATTCACCCCACCCGAACCTACCACGGAGATTCCGATTTATAATTGCARACAATCAATCTTTATTATAACGAAG 160
Uro 81 ACACGLTATTGACCCCACCCCAACCTATCACGGACGATTCTGATTTATAATTACAAACAATCAACCTTTACTATAACGAAG 160
Phi &1 ACACGCAATTGACCCCACCCGAACCTACCACGGAGATTCTGATTTATAATTACAAACAATCAACCTTTACTATAATGAAG 160

Pse 161 CCACTGGAGGAAGATACGTCCCCAGAGCCATCTTAATCCATTTAGAACCCCCAACCATGGATTCCCTTAGAGCTGGACCT 240
Urc 161 CTACTGGAGCAAGATATCTACCCAGAGCTATCTTAATGGATTTAGAACCCGGAACCATGGACTCCCTAAGAGCTCGCACCT 240
Phi 161 CCACTGCAGGAAGATACGTACCCAGAGCCATCCTCATGGATTTCCAACCCCCTACCATGCACTCCGTCACGAGCCGGACCT 240

Pse 241 TTCCGACAATTATTCAGACCTGACAACTTCGTCTICGGATARACCGGAGCCCCARACAATTCCCCTARACGACATTATAC 320
Uro 241 TICGGTTAATTATTCAGACCCGATAACTTCGTATTTGCATARACCCCAGCTGOTAACAATTGCCCTAAAGGTCACTACAC 320
Phi 241 TTCGGACAACTCTTCAGACCCGACAACTTCGTCTTICGGATAAACCGGAGCCCCARACAACTCCCCCARAGCGACACTACAC 320

Pse 321 TGAAGCAGCTGAATTAATTGACTCCGTTTTAGATCTITGTTCCAAAACAAGCTCAAGGATCTCATTGTTTATAAGGATTCT 400
Uro 321 CGAAGGTGCTGAATTAATCGACTCTGTATTAGATCTTCTAACGARAACAAGCCCAACCATGTGATTCTTTATAAGCTTTICT 400
Phi 321 CGAAGGAGCTGAATTAATCGACTCCGTTTTGCACCTTGTCACGAAAAGAAGCTCAAGGATCTCGACTGTTTCTAAGGATTCT 400

Pse 401 AMATTACCCACTCTTTAGGAGGAGGAACCGGATCCGGTATGCCAACTTTATTCATCTCTAAACTCAGAGAAGAATATCCC 480
Uro 401 ARATCACTCACTCTTTAGGACGAGGAACCCCATCTGGTATGCCTACCTTATTAATCTCCAAAGTAACACGAAGAATATCCC 480
Phi 401 ARATCACCCACTCCTTAGGAGGAGGAACCGGATCCGGAATCCCAACCTTATTCATCTCCAAACTCAGAGAAGAATACCCC 480

Pse 481 GATAGAATTATGGARACTTTCTCCGTTGTTCCCTCTCCCAAAGTCTCCGACACCGTTGTCGAACCCTATAACGCCACCTT S60
Uro 481 CGATAGAATCATGGAAACTITCTCCGTTCTACCTTCCCCCAAAGTATCTGATACCCTTGTAGAACCCTATAACGCCACCTT 560
Phi 481 GACAGAATTATGCAAACTTITCTCCGITGTCCCCTCTCCTAAAGTTTCCGACACCCTCGTTCAACCCTATAACGCCACCTT S60

Pse 561 ATCCGTCCATCAATTAGTTGAAAACGCTGATCAATCTATGATCATTGATAACCAAGCCTTATACGATATCTCTTTCAGAR 640
Uro 561 ATCTGTACATTAATTAGTAGAAAACGCTCATGAATCTATGATCATCCATAACGAAGCTTTATATCATATCTGTTTCAGAR 640
Phi 561 ATCCGTCCACCAATTGCTCGAAAACCCCGATCAATCTATCGATCATTGATAACCAAGCCCTCTACGATATTTGCTTCAGAR 640

Pse €41 CCTTAAAATTAACCACCCCCACTTACGGAGATTTGAATCACCTCGTTTCTGCCTCTATGTCTGGAGTTACTIGTTGTITTA 720
Uro 641 CCTTAAAATTAACCACCCCCACTTATGGTGACTTAAATCACTTAGTATCTGCCTCTATGTCCGGTGTAACTTGTTIGTTTA 720
Phi 641 CCCTTAAATTAACCACCCCCACCTACGGAGATTTGAACCACTTAGTTTCTGCCTCCATCTCCGGAGTTACCACCTIGTITIC 720

Pse 721 AGATTCCCCGGACAATTGAACTCTCATTTAACAAACTTAGCCCTCAATCTCCTTICCTTTCCCCAGATTACATTITCTTCAT 2S00
Uro 721 AGATTCCCTGGTTAATTAAACTCTGATTTAAGAAAATTAGCTCTGAACTTAATTCCTTTCCCCAGACTTCACTTCTTCAT 800
Phi 721 AGATTCCCCGGTCAATTGAACTCTGATTTGAGAAAATTAGCCGTCAACTTGATCCCCTTCCCCAGACTCCACTTCTTCAT 800

Pse 801 GATCGGATTCGCCCCTTTGACTTCCAGAGGATCTTAATAATACAGAGCCTTAACTGTCCCCCGAATTAACTTAATARATGT 880
Uro 801 CGATCGGTTTCGCCCCCTTAACCTCCAGAGCATCTTAATAATACAGAGCCTTAACCGTTCCTGAATTAACCTAATARATCT 880
Phi 801 GATCGGATTCGCCCCCTTAACCTCCAGAGGATCTCAATAATACAGAGCCTTAACCGTTCCCGAATTAACCCAATARATCGT 880

Pse 881 TCGATCCTAAAAACATGATGTGTGCCGCTGACCCCAGACACGCAAGATATTTAACCGCTTCTCGCCTTATTCAGAGGAAGA 3560
Uro 881 TTGATGCCAAAARACATCGATGCTIGTIGCTGCTGATCCCAGACACGGAACGATATTTAACCCCCTCCGCCTTATTCAGAGGTAGA 960
Phi 881 TCCATGCCAAAMACATGATGTGCGCCGCCGATCCCAGACACCCAAGATATTTAACCGCTTCTCCCTTATTCAGAGGAACGA 960

Pse 961 ATCTCCACTAAACAACTTGACCAATAAATCTTAAACGT TTAAAACARAGATTCTTCTTATTTCGTTGAATGGATCCCCAA 1040
Uro 561 ATGTCCACCAAAGAAGTTGATGAATAAATGTTAAACGTATAAAACAARRATAGTTCTTACTTCGTTGAATGGATCCCCAA 1040
Phi 961 ATGTCCACCAAAGAACTTGATCAATAAATGTTAAACCTCTAAAACAAGAACTCTTCTTACTTICCTTGAATGGATCCCCAL 1040

Pse 1041 TAACATTAAATCTTCCATTTGTIGATATTCCCCCTAAAGCACTTARAATGGCCGTTACTTTCGTTGGARATTCTACCGCTA 1120
Uro 1041 TAACATAAMATCCTCCATTTGTGATATCCCCCCTAAAGGATTAARRATGGCCGTAACCTTCGTAGGTAACTCCACCGCTG 1120
Phi 1041 CAACATCARATCCTCCATCTCTGATATCCCCCCTAAAGGATTARRRATGGCCGTCACTTTCCTCGGARACTCCACCGCCA 1120

Pse 1121 TCTAAGAAATGTTCAAAAGAGTTCCAGAATAATTCACCCCTATCTTCACGAACAARAGCCTTTTTACATTCCTATACTGGA 1200
Uro 1121 TATAAGAAATCTTCAAAACACTAGCTCAATAATTCACCCCTATCTTCAGAAGARAACCTTTCTTACATTGGTACACCGGA 1200
Phi 1121 TCTAAGAAATGTTCAAARAGAGTCGCTGAACAATTCACCGCTATCTTTACGAAGARRAGCTTTCTTACATTGGTACACCGGA 1200

Pse 1201 GAAGCTATGGACCAAATGGAATTCACTGAAGCCCAATCCAACATGAACGATTTAGTTTCCCAATATTAATAATATTAAGA 1280
Uro 1201 GAAGGTATCCACGAAATCCAATTCACTCAAGCCGAATCTAACATCAACCATTTAGTATCCGAATATTAATAATATTAAGA 1280
Phi 1201 GAAGGAATGGACCAAATGGAATTCACTGAAGCTCAATCCAACATGAACCGATCTCGTTTCCCAATATCAATAATATCAAGA 1280
Pse 1281 COCTACTCCCGAAGAAGAAGGAGAATTTCGATCAAGAAGAAGCGAGARATCTCGA 1332

Uro 1281 TGCCACCGCTGAAGAAGAAGGAGAATTCCATGAAGAACAAGGAGAAATGTGA 1332
Phi 1281 TGCTACCGCTGAACAAGAAGGAGAAATTGATCAAGAAGAACGCAGAAATGTCGA 1332

Fig. 5-2. P. persalinus, U. marinum, P. dicentrarchi®] B-tubulin gene®] A7IANE &
48 4549 W
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Fig. 5-3. P. persalinus, U. marinum, P. dicentrarchi®] B-tubulin o}v|:=4t A E £4
2 gsAde vl

Y. RACEH S ©] &3t Full-sequencing 23

(1) Protein phosphatase 2C (PP2C)<] Full-length cDNA £4 ZA 3}

PP2C9] full length cDNAZ cloning 317] $13 RACE A e Fig. 5-49F 2%k
th. RACEE &3l 413 Protein phosphatase 2C¢] full-length ¢cDNA+ 1 ZAo|7}k
ZF 1137 bpRoeH, 1 F 310709 olr|x=4hS I3+ 933 bpe ORF (Open
reading frame) ¢} 4 bp9] 5-UTR (Untranslated region), 200 bp<] poly A+ tails
Z3g 3-UTRE FA o] AR (Fig. 5-5).
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3"-UTR with polyA,; (200bp)

5-UTR(4bp)
\

ORF(933bp) mﬂml

| SSH fragment(551bp) |

iRe-1 primer = Re primer

5-RACE product(587bp)

3-RACE product(674bp) |

For-1 primer —=>
A

t
Region of averlap(124bp)

Fig. 5-4. The RACE PCR strategy for isolation of full-length cDNA of UmPP2C.

Primers used in RACE PCR were designed from the sequences obtained SSH
procedure. The full-length cDNA of UmPP2C was 1137 bp, containing a 933 bp
of open reading frame encoding 310 amino acids, a 4 bp of 5-UTR, a 200 bp
of 3-UTR including a poly(A)" tail.

1 AGARATGGGACCATATTARICTGTACCT ACT ARARCT AAACATCATTCTOCT ARRGAAGARRACTCCGTTGCT TAT
TGPYSVPTKTKHHSPKEENSVBY
TCTTATTT ATEALCTTCT GCT AGT GARAT {TANGE ATGE AGARAT GG ART GGAGCAT GCGCAT ATTTT ;
SYLACASEMGWRNGMEDAHIL

AAT ATT AATGGAGARGCAATT AGT ATTTTTGGT GTTTTTGATGGACAT GG AGCT ARAGAAGT TGCCTAATTTGT A
HN I N 66 E 6 T §8 I F 66 ¥ F D 6 H G G K E ¥ A|Q|F V¥
GAAARACATTAT AT TGAAGAAATCACTCGTTT AGAATCTTAT ARAAAT ACAGAT TTTGAARARGCATT AGTTGAR

E K H Y I E E I T R L E ¥ K N R D F E K A L ¥ E
TCATTTTACAAARCGGAT GAATT ART GGAATCT GAARAGTGGTTAR' BRTTGBB TAGAGCAGGACCT
8 F ¥ K T D E L M E G |Q Q E L H I R A G P

AATGARGAATARICACGACCHTARN CTTHTGCTGGTTGTBCTGCTBBTGTAGCTTTBTTTTHTBBBGBCBBTCI‘T

NESGGSYRGCTANVBLFYKDNL
TATGTATCT AATECTGETGAT AGT AGATCTET TTT ATGCAG ARATGAARAACCT TACCCT AT GTCAGARGAT CAT
Y ¥ S NAR € DSRSTYTLCEREHNTETEKTEPTYZP?PHMSEDH
ARRCCTGAT ARCACTGATGARRRARAARG ARTCACT GATGCTGEGGE ATT CGT ARGT AARGET AGAGT ARATGGR
K P DNTODETE KT KTETLT STDA AT EGTETFTY¥S KGR RTYHN G
.'FABTTTGBBCTTBBGTBGHGCTBTGGGBGHTTTBGMTBTMTMTMGBTMROCTBGBGHC TA
N L N L SRAMGEGTDTLETYZ XS NTEHTE KT DTERTPRDI Qg 0L
AT'TATATCCARRCCTGATGT ARRACACACT ARATT AAC ARARGATGAT AAATTCTTGTTART GGG ATGT GATGET
I I S K P DV KHTZEKTULTE KT DT DTEKTFTLTLHMGE ETCTD G
ATTTGGGARTCT ARAACT ARTGAAGAACTTAT .EI BTTGTBBBGBBBGBBTTGBCTTBBBB
I WETG CTEKTHTETETL I Y C K ER IETZK|Q 0|D L K
TCRATARACACTGARTT ATT AGRTGAAAT TTT AGCCICAGAT ACTTCARAT GET GTT GG ATGTGAT AAT ATGAGT
$ I N T E L L DETITLGB ATSTUDT SN GTYGEOCTDUNMS
TTAATATTAAT ARACTT CACTGACATTCC! | GA
L I L I NFTODTITER|Q[*
AGTGTTAARTTTGARAG ATATTATTGATTTGT ACT AAT ARGATATTCT TTTTTTGTTTACTT ART TTAT AARTTA
AATGARRAT ATTAT ATARAAATAARGT AT ART ATATTATTAT ATT ATCTT ART ATT ATAT AGT AT ATTCATT ATT
AARTATATACT ARAT AT TTATGT 1137

Fig. 5-5. The full-length cDNA sequence and deduced amino acid sequence of
UmPP2C. The full-length cDNA of UmPP2C has a 933 bp ORF which has both
the start codon (ATG) and the stop codon (TGA). The ATG and TGA codons

are underlined. The TAA codons coding for Q were marked by the squares.
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(2) Surface antigen®] Full-length cDNA @7]X € &4 ZA3

SUTR(368bp) 3-UTR with polyAs, (91bp)
P —
ORF{(2754bp)
SSH fragment (339bp) -
& Re-1 primer
= Re-2 primer
| 5°RACE produc{1193bp) |
(LBt oace roduc@ozone) ||
Ford prmeres = [3RACE product-1(800bp)
. = For-4 primer
_ t = For-3 primer
Region of overlap(208bp)

Fig. 5-6. The RACE PCR strategy for isolation of full-length ¢cDNA of surface
antigen. Primers used in RACE PCR were designed from the sequence obtained
SSH procedure. Primers used to obtain the 3’-RACE product-1 fragment were
designed from the sequence of the 3’-RACE product (2070bp). For-3 and For-4
primer indicate Gal-RACE-For-1 and Gal-RACE-For-2 primer in Table 2. The
full-length ¢cDNA of surface antigen was 3213 bp, containing a 2754 bp of open
reading frame encoding 917 amino acids, a 368 bp of 5-UTR, a 91 bp of 3’-UTR
including a poly(A)” tail.
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1 ACACTAATTACACCTACTTTTCCAARATTTTATTTATATAT GGGGTAATAATTTTATATA
ATACAAGATTARAARATAAAATARAAATATAATGTATAAATAATAATARATACATAGGTATR
ACGATATTACAGATGCAACTGGET TTATGC TAAGCC TTATAGAATTATTAACTAACT TATR
TAAATATAAGACTATACTATAACAAATTAAATTCACTTGAAACATTATATACACTTTTAR
AAGGATRAARRAGAARCTTTAGARACTTTATACTTATATATTCAAGGTAATTCTAGTGATT
ARACATRACAARATGAARTTTTATTACCTATAACTTATTATTAGARATCTTAAATARRGT
AT ATTAGT GCTATACTGAGTAAAARAATATTATTTTATATAATTTTTAAATATTTTT
TTTACTTCTTTATATTAATAAARAGTCCTGTATATAGTACATATTATTCTTAAAGTAATT
TATAAGTTGATGGGTAATATCCAGCTATATCTTAAAATGGAGTTTGTTGGTCTGATTACA
TETAAGCTAAATATTACCACTTAGTAAATGGTAGTARAAACTTGTAGTAATTGTTATACGS
ATARATGCCATAGTTGTTATGAAGGT TAGTAATAATGTGCTARATGCAGGTATTCTATTC
CAGCTAGAGTTATAGAARAAGGATTGTAAATGTCCAGATGGETATTATGAAGSTGARATARD
ATTACGRAATGTTTGAAATGCGTAGTGAT TCT TGTATTACT TGT TAATCAGAACTATAATET G
ATAGTTGTATTAGTTCTGAAAGATTAAARGATAAATCTTGTACTTGTCCTGATGETTATT
ATGATGATARGGTTAATGCTTAATGT TAGCARTGT TTAART GATTGTAARGCTTGLCCAL
GTAAAGTTGAGTGTACAACT TGCTATGATGGATGGTAT TATAAAGCGAACGATCGATAATACTA
TATGTTTAARATGTTTAGAAAARTTTGCTACATGCARRAGTGARCAAGTAGCGTATARCAT
GCTAAGGATAARRTAGATCTAATGAATTGCCATGTAATTGTTTATTAGSGATATTATGATS
ATTAATAAARCAATGCTGATTGTCTTGAATGTAAAGATAACTGTGCTTAGTGCACAAAT
ATTCAGATTGCTAAGTTTCGTAAAGATGETTATTAT TTGEGTC GACAGTGAAGGAATT TARLD
CTTGTTAAARATGTCCATTGATTTTTTCTAARTGTGARAATGARGCTGTAGCGTACAGART
GTTAAGGCTAAGGAAGAACTGTAACTCCTTAATGTTTATGTGATAATACATTTTATAATA
TTTAGGATTAATCAGATTGTGGTTAGTGTTAATAGCCTAGTATAAATTGTTCATCAATAG
ATARATGTAATTCTTGTATATCTGGATATTAT TTAAATAATTAAARTTGTATTAARATGTC
CCTTAARAGTTTGCTACATGC TCTAATGARACTGAAGGAGAATAATGTTAAGCARCTAATR
GAACATAATAAATTCCTGATTGTGAATGTGARAAAGGT TATTATAATGATGATTCTTAGT
AAGATTGTTTATAATGTATTTCTCCT TGTAATGAATGTATAARATATARATTAGTGCTTAL
CATGTATTTAAGGTTATTATATTTAAGARARAAAT TGTATTTAATGCCCTGAGAAATTCG
AAACTTGTTCTGATGAARAATAATGGAATAAAATGTAAAGGATAAAATAGAACCTAATARD
TACCAGATTGTGAATGTGAAAAAGGTTATTATAATGTAGAATCTTAGTAAGATTGTATAR
AATGTATAGRAARCATGTTTAGAATGTAATAGTGAAACAGAATGTACTAAATGTATTGAT G
GATATTTCTTGTCAGGAACTGATTGTATATAATGTGAAAGTAAATTTCGAAACATCTGARD
ATGRAACTACTGGAATTARAATGCGTAAGGGATARARCAGATCARCCCCACCTGATTGCTART
GTTTAGATACTTTTCATGAATAAGARAAATGAATARGATTGTATATCTTGCCCARATAART
GTGCAAATTGTAGCTCTGTTGATGTTTGTACTAGTTGTGAAATTGGTAAATATTTGTAAG
ATGGTTTGTGTATAAATTGTCCTGARAAGTTTAATGATTGTATCAATACTGAAATAGGAT
CTTCTTGCAATGGARATAATAGAARRACTCCTARACTGTGATTGTATTACARLTTATTATG
AAARAAGAAGCGAGAAATAGACTGETTAAATATGTGTAGGTAAT TGTTTCATATEGTGCTGATA
ATACCACTTGTATAGATTGTGARATAGGT TATTATTTAGAAAATARTGAATGCARRRAAGT
GTTCTAAGTAATTTTCTTAATGTATTAATGCTGAAGTAGGATTATAATGTGCTGEARATR
ATAGATAATAAATAGTTCCAGAATGCCCCTGTGAAGAAGGGTTTTATGATAATGGAATTG
ATGAAGATTGCTTTGAATGTTAACTCCCATGTTTATCATGCTAATACTCTAGAATTTCTT
GTTTATCATGTCAAGAAGGATATTATTTAGACTATAATTTATGTATATTATGTAATGARG
AAAATTTATGGAGGGATGAATGT TCTAATTARAAAT TCTGET GATATATAAGSAAGST GATR
AAAGTTAATAATCTTAATAAAATATCTCTAATGATARAGATTCTGAAARTTCTAACTAAT
TAACATTGATAATAATACTAGGTACTAGTATTTTCTTTTTATGGTGGATTTTGCTTTTGA
TTATATACTATGTATATAGGAAGTATGTAAAAARACCTARAGAAAACCAAATAGARGATA
ACGATTAAACTGGCGAATACAGTAATAGAT TTAACTAAAACTAATATTAATACACTTAATA
CCATTAATACAGRARRTAATTTGGATAATTCTGATAATARAAGTGTTTCTATATCTGCAT
CACCAGAAARATTAAACTARAATATAALARATAATAGTATTTAAAAATAAGCGAATCTAARRARD
TACTTAGTTTAAATGAAATGTTTCCTACACCAGAGGAATAACCAAAAATTTAAATARARD
CTARAAAAAGARRATCTGTTATGARRAAATAGTARCARARAAGC TTTTATAAT TARGATT]
TTMACAT TTTATAATTATAGAATTTATTAAAAAT TTCTAATATAAAATTTAGTCCA
TAGARAAAMAADADNDAAADAABAMARADARARARAAARD 3213

Fig. 5-7. Surface antigen full-length cDNA sequence.
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1l TGTACTTGTCCTGATGGTTATTATGAT GATAAGGT TAAT GCT@T GCAAT GTTTA
¢ T ¢ P D & Y Y D D K V N A cleieQ C L
AATGATTGTAAAGCTTGCCCAAGTARAGT TGAGT GTACAACTTGCTATGAT GGATGGTAT
N D C K A C P 8 K VvV E C T T C Y D G W ¥
TATARAGAAGATGATAATACTATATGTTTAARAATGTT TAGARARAATTTGCTACAT GCARR
Y K E D D N T I € L K CL E K F A T C K
AGTGAACAAGTAGGTATAACAT GCTANGGAT TAGATCTAATGAATTGCCATGTAAT
§ E Q@ Vv ¢& I T C|Q|]G|Q@Q| N R 8 N E L P C N
TGTTTATTAGGATATTATGATGATTAATANAACAATGCTGATTGTCT TGAAT GTAAAGAT
¢ L L & Y Y D D | Q|Q|/N N A D C L E C K D
AACTGTGCTITAGTGCACAAATAATTCAGATTGC GTTTGTAAAGATGGTTATTATTTG
N € A|Q|C T N N § D C v ¢ K D &6 Y Y L

¥ D 8 E G I T Q K ¢ P L I F 8 K C E
AATGAAGCT GTAGGTACAGAATGT GGAAGAACTGTARCTCCT TGTTTA
N E A Vv & T E C G|Q|& R T Vv T P cC L

TGTGATAATACATTTTATAATATT GATTAATCAGAT 519
¢cC DN T F Y N I D _gﬂ S D

Fig. 5-8. Surface antigen partial sequence for site-directed mutagenesis.

(3) GAPDHY Full-length ORF¢ #24] A3

3-UTR with polyA,; (162bp)
5.UTR(149bp) 0
| |

ORF(900bp)

For-1 primer =2
For-2 primer=)

3-RACE product(700bp)

5"RACE| product(602bp)

& Re-1 primer
=3 Re-2 primer
—

Region of averlap(@1bp)

Fig. 5-9. The RACE PCR strategy for isolation of full-length cDNA of GAPDH.
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1 ATGATCTACCAACTTAGATACGACTCTGCCCACCTTAAATTCAATGTTCCCATTGAAARA
M I ¥ @ L R Y D 8 A H L K F N Vv P I E K
ATTAACGAAAACACCATCAGTATCAACGGAAARACACAT CAGAGT CT TCAATGAARAGARAC
I N E N T I 8 I N G K H I R V F N E K N
CCTGCTGACAT TAAAT GGGGT GATGT TGGAGCTACTTTCGTTTGT GAAT CTACCGGAGCT
p A D I K W GG D V G A T F ¥V C E 8 T G A
TTCTTATCCCAAGAAAAAGCTCAAGCTCACCT TARAGGAGGAGCCAARARAGTTATCTTA
F L 8 Q@ E K A @ A H L K G G A K K Vv I L
TCTGCTCCTGCTAAAGATAACACTCCCACTTACGTTTACGGAGT CAACCACGARAARTAT
s A p A K D N T P T Y VY G ¥V N H E K Y
ACCGCTGAQTAACATATCATTTCCAACGCTTCTTGTACCACCAACT GTTTGGCCCCTATC
T A D|IQ/lH I I 8 N A 8§ C T T N C€C L A P 1
TCTAAAGTCT TATANGACAACTTCGGAAT TGCTGAAGGAT TAAT GACCACCGTTCACGCT
8 K v L|Q|D N F ¢& I A E & L M T T ¥V H A
TCCACCGCCGCCCAATTAGT TGT CGAT GGACCCGCCARAGGAGGARAGGACT GGAGAGCT
s T A A Q L v VvV D G P A K G G K D W R &
GEAAGAGCTGCTTCTACCAACATCATTCCTTCCACCACCGGAGCT GCCARAGCCGET CGGA
& R A A & T N I I P 8 T T G A A K A V G
TTAGTCTTACCCGAATTGAAAGGARAATTARCCGGAAT GGCCTT CAGAGT CCCCACCATC
L v L. P E L K ¢& K L T ¢ M A F R V P T I
AACGTTTCCGTTGTTGACT TGACCGT CAAAT T AGGAAAGGGAGCTTCTTACGCCAATGTT
N v §8 v v D L T Vv K L ¢ K GG A 8 Y A N V¥V
TETGAAGCTAT GAAACATGCTTCTGAAACTAGTTTATAAGGAAT CT TAGGAT ACACCGAL
Cc E A M K H A 8§ E T 8 Ifiii.G I L & Y T E
GACGCCGTTGTTTCT TAAGACT TCTTACACGATGCCAGATCTTCCATCTTCGACTCTARR
D A VvV VvV 8|/ Q|D F L H D A R 8§ 8 I F D 8 K
GCCGGAATTGGACTAAATGACAACTTCCACAARAATTAT CTCTTGGT ACGACAACGAAT GG
A ¢ I ¢ L N D N F H K I I 8 W Y D N E W
GGATACTCCAACAGAATTTTGGACT TAGCTGAACACGT TAACAAAGTTTCTGGATTATGA 900

G Y 8 N R I L D L A E H V N K Vv 8§ G L *

Fig. 5-10. Full-length ORF sequence of GAPDH

(4) Plasma membrane Ca®* ATPase (PMCA)

EST #4 Ax yepd FE2E oA PMCASF 540 de= d7IHEE 71A
20 @MY FolN ARES Moo oF AxF TR olgauA 33
t}. sequencex Fig. 5-1137 2O, mutationd F&& AHAE 02 FA| 83T




1l ACTTCAGTAGCTAGAGATGCT TCTGATATCATATTGCT GGATGATAACTTTAACTCAATT
T 8§ v o R D A s D I I L L D D N F N 8§ I
GTCARAAGCTGTTATGT GGEGAAGAAACAT CTATGATTCAAT TAGARAAATTCCTTTAGTTT
v K A v M W & R N I Y D 8§ I R K F L |Q|F
TAARCTCACAGTCAATGTCGTCGCAGTAACTATTACTTTGGT TAGTGCAGCCATCACTAAR
Q| L T ¥ N V ¥ A ¥V T I T L Vv 8 &A &A I T K
CAAGRAGTTTTGACTCCTATTCARATGCTATGGGTCAATCTTATTAT GGATACCTTCGCT
Q BE ¥ L T P I ¢ M L W ¥V N L I M D T F &
TCATTGGCTCTAGCCACTGAACCTCCTACTGAAGAATTACT GAAAAGAGCACCCCACAAC
s L. A L A T E P P T E E L L K R & P H N
AGAAACTAATATATTATTTCAAAARAGAT GACCARACATATCTTTGEGETAGGCCTTATTA
R N|IQ|Y I I &8 K K M T K H I F G|Q|&aA L L
TAGATTTTTGTTTTATTGT TACTAACT TTCGGT GGAGRAARAAT TCCTACCTGAGT GGGAR
/I F ¥ L L L L T F G ¢ E K F L P E W E
AGCAAﬂiifTTCAAAGATAAAATCCCTGAATTAATTTCGGATTATf%ﬂGATACCTTAAGT

K| Q Q

s F K D K I P E L I 8 D ¥ D T L 8
GAAAAATCGAGAGCCACTAATGAAT CACT TAGATACATAGT TAGARACCCTTATGCTTAT
E K 8 R A T N E 8 L R Y I VvV R N P Y A ¥
CAATTTTCCGATT CTAGTAAGGATTACGT TGTTTCTGGAAGAT TAAGAT CATATTCT GGA
Q F & D &8 8 K D Y VvV ¥V 8 ¢& R L R 8 ¥ 8 G
TTTGATARAGAATATTACCACATAATGAAAGTATTCTAR 639

F D K E Y Y H I M K Vv F *

Fig. 5-11. Partial sequence of PMCA.

t}. Site-directed mutagenesis

Zyzko] WAl B A=Y Full-length ¢cDNA <+ full ORF sequence®}
Site-directed mutagenesis H 2= TAAY TAGE CAAY CAGE mutation 3fof &
FEES 49 I"Hd EF FAEY 4 fdAEY 97 G wek AlEE
primerS 2 mutationdt Z¥ ZF AFZHOZ mutationH At Z+ FHAE
Site-directed mutagenesis®] ®F&oE Fig. 51201 YEHAT. BTU= 15X,
GAPDH+= 43, PMCAw 7%, PP2Cx= 163, Surface antigene 15 ¢ TAAU
TAGES CAAY CAGE mutations} o}
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(N (2) (3)

U B L8 AL

(4)

Fig. 5-12. Site-directed mutagenesis ¥}-&-<]

M : Bioneer 1kb DNA ladder
1. SDM #

2. SDM %

(1) BTU

(2) GAPDH

(3) PMCA

(4) PP2C

(5) Surface antigen
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A6E 2FEHIS AMEZY Y 2d 2L gA AL
1. d7H&

SAo A 7= ukel o] AEd AFETS WA £
site-directed mutagenesisE 3 YW ;M E7} ALE-3}
A & AT Ay dds Yiete Ads

S FY FHAe] AHZo) wel fullORF &2 partial-ORFE A€ iy

Al o1, His-tag &2 GSTE fusion protein® 2 A}&-stH ). g AJibE 2h7}o)
Azt duido] dis £48 FAES syl s 24z 3 %

< Rabbit®] immunization st EAE AZstATh o8t 2FEHIS FY Ax
& LS 2FETTS kY] iAo wigetAl @A E coli 2 HA HHEA
Aol A g FHAE SEAAA B2 AREE o

2 AFeA HAFHoE AR 2FHIE Fd FRAEC] A A LadlA AE
stE7te EATCEN F5 AFEHIMS AP #HAY FHE ARE AGEd F 3

8% GAolH

4

rr

2. A7

7h A ZH {FAAEY A TE vectord A E Az dHF 2F

(1) B-tubulin®] AZF L& vector A|Z} L AZYF G d &¢g
(7h Ligation

pGEX/4T-1 vector (Amersham)®} mutationdt BTU sequence®] ©¥& 34
frames S50 AldEA site (BTUSal I 5-GGTCGACTCATGAGAGAGA
TCGTTCATATTCAA-3, BTU-Not I : 5-GAGCGGCCGCATTCACATTTCT
CCTTCTTCTTCATCA-3)E #7}3t primers AASATH ©] primers ©] 8314
mutation®] ¢4EH B-tubulin gene®] AYHO] U= plasmidE templateZ PCR3}
of FZ3AT. T easy vector (Promega)el cloningdtal E. coli(DH5a)9
transformationd}™ plasmidE &8 3l pGEX/4T-1 vector® plasmid 2|3 %

e 28 240 = 1hrset 37ColA vt AFaALE A=A
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BTU-plasmid 500 pGEX/4T-1 vector 500
x10 H buffer 10 %10 H buffer 101
Sal I 51 Sal I 51l
Not 1 5l Not I 5ub
DW 30 DW 3046
total 1000 total 1000

1% agarose°l loading3t™] H3l= =719 vector?} BTU bandE Zghjo] Gel
Extraction Kit (Nucleogen)E ©]-8&3t gel elutiondtATh. 1% agarose gelol

loadingste] ¥EE Satm thed 2 2P0 S 1204 16213H5S
Hj Fste] ligation WH8-& G35t Th
pGEX/4T-1 vector 4 ul
BTU insert 4 ul
X10 ligation buffer 1
T4 ligase 1wl
total 10 wl

cloning reactions competent E. coli(BL21) 50 pl®] transformation¥dt T} plasmid
DNAZE F=3}Y insertE &<135}$ith.
(th 23 &l 5 4A

ligation®] 2 ¥ clones 10 ml® ALB brothol] &3t 37Tl A overnighto
2 AujFste o]31& 1 Lo ALBO subculture 33tk OD600 kol 1= HAS
W IPTGE 1 mMeo| A H7tsto] 37TolAM 427 B wjdstidnt. A& st
pellets E-2% 100ml®] 1X Binding buffer(PBS pH7.4)° |-%-7-3to] 7 outputo =
207t 30 ZFASE sonicationstil T2 pellets 8M Ureaol| 1417F A glstal, 1X

binding buffer2 F2]3}] UreaZ #A73 ¥ Amersham® GSTrap'“FF affinity
columns A&t AAsHA T A A S SDS-PAGEst &1ttt

(2) GAPDHS] AZ% oH vector A2 H AZXH 9 d &4y
(7h Ligation

pHCEIIB vector (Takara)®?} mutation$t GAPDH sequence®] ©¥ & 34 frame
< st AgE A site7t H7FE primer & AASAT. ©] primerg o] &3}
mutation®] ¢+5 ¥ GAPDH A7} A= o] U= plasmidE template® PCRE
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sttt pGEM-T easy vector (Promega)ol cloningstil E. coli(DH5a)el
transformations}] plasmidE 23t ™. pGEX/4T-1 vector® plasmidE 2] 3}
o O3 2L 24O 1hrset 37T A vt AFaELE A2 5HAT

GAPDH plasmid 500 pHCEIIB vector 500
<10 B buffer 104 <10 B buffer 1040
BamHI Sul BamHI Sul
HindlIll 5l Hindlll 5l

DW 300 DW 300

total 1000 total 1000

1% agarose®l loadingdte] ¥sk= =719 vector®t GAPDH band& Zgtdlo] Gel
Extraction Kit (Nucleogen)E ©]-8&3t gel elutiondtATh. 1% agarose gelol
loadingslo] =5 st o3 e 2AHCR Zoste] 12TAA 164HE<t

1 =
v 9F3te] ligation WH3-S 43319 Th

pHCE vector 4l
GAPDH insert 410
x10 ligation buffer 10
T4 ligase 1ul
total 1040

cloning reactiong competent E. coli(DH5a) 50 p0°] transformationd}il, plasmid
DNAE FZ319] inserts &<stth
(th =d g2l

ligationo] 2 HAEA &3 ZFES 10 mle ALB brothdl] 204178 = 1l %3}
A AR s wAE AAT o

< 0.5 mle] PBSell A3t 242k SDS-PAGESHA .

(3) Surface antigen(Gal)®] AZF L vector A2 & A=xF @9zl 4F
(7hH Ligation into expression vectors
@ Vector preperation
pGEX4T-1  GST-fusion expression vector®] Enzyme siteE #7}3)al,
mutagenesisE P}3l Gal partial sequencesE ligation 3}t

(2 Plasmid preparation
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E. coli pGEX 4T-1/XL-1 Blue 3%} Gal-1-1/Tvector/DH5a°1 A plasmid&
GeneALL A} kitZ 2|3} T}
@ Enzyme digestion
@-1. BamHI digestion

pGEX 4T-1|Gal-1-1(TGA)
plasmid 70 70
x10 buffer 10 10
Enzyme 2 2
DW 18 18
total 100 100

9o Z=AUNE EFate] 37T W, 2

PCR purification kitE A}8-3}o] purificationgh £
ot 9 & HFE second enzyme digestionS 35t}
@-2. Xhol digestion
pGEX 4T-1|Gal-1-1(TGA)
plasmid 25 25
x10 buffer 3 3
Enzyme 2 2
DW 0 0
total 30 30
5?49} 2ol &g & v 37Tl wikFstar F AxF
3t & Gel extraction kitE A}-&3}4 bandE elution

sto] Ikt

@ Ligation and Transformation into E. coli

vector®} insertE A HIE&Z E%3}al, NEBAFS] T4 DNA ligases

ligation3} Rtk &, vector®} insertE 1:19] HIEZE 4 w# EF3E Fof x10 reaction

25 uf volume® = elution

St
pud

AIZE & 1 A loadingdle] 2213 Fo

13

ol

1 loading ko] &<l
P 3o Al 1 A loading

o] &3}

bufferE 1 w, T4 DNA ligaseE 1 wA FH7}3t total volume 10pL7} =HA 3 +
12°Coll Al overnight® £ ligation ¥h-g-5 F33FATE 24471 ligation g+ $-ol E. coli

DH5a9l| transformationd} It} 370¢] clones 742} A8 3l plasmidE

el sho]

ligationo] & EHIJA=A &AL, ©] plasmidE THA| protein expressions 3}7]

#3t E. coli BL21(DE3)<} Codonplus RIPL E. coli BL21(DE3)®l| transformationd}

AT
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(4}) Expression and purification of GST-Gal protein
D Protein sample preparation

pGEX-Gal/codonplus BL21 cloneg 2 ml ¢ ALB/Chl brothol overnight
culturedt 2ol 50 ©02] vIYALS 10 mle A} viA]9] subculturedted OD 60037k ]
0.64% 2 w7}A 30TCAA vjgFs T IPTGE 1 mM =2 FH71ste] 20T oA
overnight cultured}e] @8l d BHS FE=31AH. T 4,000 rpmoE 1087 €
AEE g Zof pellets 2 mle] PBSel A}F-+3tal, lysozymes 1 mg/mle] FE=
H7he & deol 308 B Fol lysis AlIZIF 5 outpute® 30x% F W
sonicationdto] 73] lysis 3 Fo 14,000 g= 207t AT FTAES
sampleZ A}-&-3} T
(@ GST-Gal protein purification
- @A HAE Takara® Glutathione Excellose™ Spin kitE AMg3ted 438t t),
Collection tubed]] spin columne 7] Fo] vwlolaz FH o & O&
Glutathione Excellose®S 2+ £50] 4 & 05 ml® Ao BF343, 700 gl A
3 AAEESIATE  collection  tubed] EE U2 eluteE WE]3, Washing
buffer(PBS pH 7.4)2 05 ml 713 & AAEEs 1 T2t A4S WA 3, oA
FH)gk @A samples 06 ml 718t ARSI AHS EH3
flow-through fractions ©-& FE| &AT ts Washing bufferg 0.5 ml 7}3tal
Al HAE 88k Washing 38-& 23] AAIth wlA 2o 2 Elution bufferg
02 ml 7keta YA ste] 2L FH @¥F3 elution sttt AHS &
3t7] A< sample®} v}A]9} Elutiondt J A ¥ samples SDS-PAGE 3}%th.
@ Western blot

SDS-PAGE ZA3} GST-Gal protein®] o4 =7]9} FAMgF =7]9 band7} YEFS:
ormz o]AL F2lsy] Y3l Western blote &2 313t th. SDS-PAGES] Alg3F
sample Wl ©A] 3 W SDS-PAGE3}4, membrane®] transferdt <
membrane< Blocking solutionol] ¥ o] A-2eA 2A13F 4Tl A overnight #] 2|3}
blocking 3t¥th t2d TIBSE 1024 33 washingdt & 12 A (rabbit
anti-GST antibody)E 1:2000°.2 3] 3}o] o] antibody solution®] F Az}t ¥k
154 24 33] TTBSE washingstil, 1:2000 3]4] 2z} &A|(mouse anti-rabbit IgG)
solution®] 2A]ZF ®H§ ¥ ThA] TTBSZ 33] washing, PBSE 23] washing 3 %
BCIP/NBT solution 1mlZ 1&3%t ¥H3-A]A color developmentE 2213}t

ok

o

o

(4 PMCA 229 % A(x3 gz 1y
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Z1EA €3 ™ 2F 600bpe PMCA sequences ©]&3dte] A=Fawds ot

E7] 95t A EFe Fd HEH ligationste] DA HHE ASIH O,
el A o] dbdo] o] F oA gt} wFol olm|i=2t A]FEXAE transmembrane
domaing ZolFE TR WS o] &3t XA A¥ o] A7I4E Hele F &

9] transmembrane domain®] XZ3E o] AT+ (Fig. 6-1). ©]#H 3t
transmembrane domain®] XZ3E o] UAS HF E. coli systemolA] @iz IHHS
frEst7le A 7] Wol, ofel ZHolA YED outside F&# F 160 bp

v thA 22dsen.

hydrophobicgt

l-rl

TMHMM posterior probabilities for Sequence

0ar

06—

04
02r
| ||||
. !!!!!!!!!!!!!!!!!I hl!!!...‘..... i

transmembrane

probability

200

inside outside

Fig. 6-1. Analysis of transmembrane domain of PMCA.

OAl S22 160bpe] A71ME2 v 23tk

AAACAAGAAGTTTTGACTCCTATTCAAATGCTATG
GGTCAATCTTATTATGGATACCTTCGCTTCATTGG
CTCTAGCCACTGAACCTCCTACTGAAGAATTACTG
AAAAGAGCACCCCACAACAGAAACCAATATATTAT
TTCAAAAAAGATGACCAAACAT

(7hH Cloning

GST fusion vectorQl pGEX-4T-1 vector ¥ ghost vectorZ2] ligations 93}l
primer®] & HA3g enzyme siteE 718t primerEs Xﬂ;ﬂf?‘b‘}oﬂ, o] primers
S AFE3SEY PCRE &, pGEM-T easy vector(promega)oll 23 & vl =24l
A4S st 471X Es A
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PMCA partial sequence®] 2 93t primers

Primer Sequence
Spel-PMCA-For 5'-ACTAGT AAACAAGAAGTTTTGACTCCTATTC-3'
Sacl-PMCA-Re 5'-GAGCTC TCAATGTTTGGTCATCTTTTTTG-3'
EcoRI-PMCA-For| 5'-GAATTC AAACAAGAAGTTTTGACTCCTATTC-3'
Sall-PMCA-Re 5'-GTCGAC TCAATGTTTGGTCATCTTTTTTG-3'

(W) @il d IdES 9138 vector2 9] ligation

AS 93l pGEX4T-1, pHCE-InaN vectordl ligationd} %t pGEX 4T-1
vector?}9] ligation®l= EcoRI, Sall enzymes Al&3te] digestion 3%,
pHCE-InaN vector®}9] ligationol|= Spel, Sacl enzymeS AF&3IATH  7}7te]
enzymel 2 digestiondt ¥, ligatione 33T Ligationdl= NEBAFS] T4
DNA ligaseE AH&3t92™ 12T A overnight® 2 ligation ¥H&-& F3s &, vt
+d HEE E. coli DH5a%l transformationstth. positive S8 ALB plate©l
platings} ] screeningdt S th. ALBo|A] A&t £&9] colony PCRE S3f ligation?
transformation®] & ¥ &85 AdEste] @id H3 o < g HAE 98 A&

Biitss

(th @2 dde] &l 3 Az duide] GA

oA HAHE F289 FH2vEE d
colonplus BL21(DE3) strain®] TA] transformation 3t 4% 3ol & %
=AE Flst7] fste] 10ml BEvhe st &Qlet it overnighte = il
k3 TS 10 mle] M EZF vl Ao subculturedt & FE3| vjdste] OD 600 Fko]
153 =7 HAF wgsta, IPTGE 1 mMY sE=2 FH7tsted 20T oA overnight
HjFate] ol Hy@S fFrstth IPTGE H7EetA &2 controls 7 79
stk ol2A TAA & wigds tded dAEHE S8 JdEd o,
PBSoll A @&3tA Tt Zoutputell Al 30%7t 23] = sonicationdt ¥ 14,000 rpm .=
20E3F AR ASdH Fedlow FEIAT. oA TEolX samples
SDS-PAGE3}al, Western blottingdle] ©do] 2 g E=x sk
Western blot A]9l+= anti-GST antibody & AH8-3} %t

. MAFR 434 A2 Sude) e FA A

Zvzyo] AA S A Z2E G AS FCASY 1:19 vl &= F33le] Rat =L Rabbit
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d2 Western blottings ©] &3t IFANAY AFE AT GA
¢ @ AS SDS-PAGE 3}l nitrocellulose paperdll blottingat A th. 1
2} A Z A vaccination?t rat =& rabbitd] EAHS 3 A5t ALLIA I, 22 A
2| rabbit IgG anti-rat IgG-AP conjugates 5 Goat IgG anti-rabbit IgG-AP
conjugatesE 1:20009] Hl&= 3 A st} A&t BCIP/NBTE 7]|dA=E ARE-3h
HHARES-S A AT

i)
N
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o
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3. 425

7}, 2FE|FLE B-tubulin AZFE @A @y, P4 2L 24
2FE]7}% B-tubulin®] W3+ GST fusion A F3 ©wizde] vy 9 A= Fig.

6-29F #th. °F 775 kDa®] A|Z3 @ de] @d bandZ FAH AT FASH &

AE ratdl] FAEIY FAE 2 F o] o] &3 Western blottings 3§ 23}

Fig. 6-33% 2o, Ajz3t gl o3 A7 4= AT & AU

rlr _1:
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07.2kDa m= |

66.4kDa =
(W

I

—t < 77 5kDa

| —

—

[
e

M 1 2

Fig. 6-2. Coomassie blue stained SDS-PAGE gel of GST-fused [B-tubulin (BTU) of
Pseudocohnilembus persalinus. M: : proteinmolecular mass marker (kDa). Lane 1:

total lysate of bacteria expressing GST-BTU by addition of IPTG. Lane 2: a
fraction of purified GST-BTU.

L ul

S0kDa »

M 1 &

Fig 6-3. Western blot analysis of GST-BTU immunized rat serum against
Pseudocohnilembus persalinus lysate. M1: prestained protein marker. Lanel: rat

immune serum. Lane 2: rat control serum.
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A 23 B-tubulindl Wt antiserume] ~FE|7}Zo Wit killing activity 2 52

SE9L EA3% A3 B-tubulin®] 3t antisera’} control sera®ll B3| 2] & o
E2 killing activityE YEWHASH, =3 T SHE FHCE A8t A
o= Ve (Fig. 6-4).

BN Control 1 contral || 2°

[ Immune * 7727 Immune
g 30 A =
o ©
5' - 15 S
- ~
© ma
=
S X
g 20 + o
y— 10 Q
5 €
5 =
= (&)
7
2 * I
S 101 T =
= Y

0 0

@) (b)

Fig. 6-4. Parasiticidal (a) and proliferation inhibitory (b) activities of sera of
GST-BTU immunized rats and non-immunized control rats. Values are
meantstandard deviation. Asterisks on the bar indicate statistically significant

differences at P<0.05.

1}. GAPDH A %3¢ @z vy

N

2~FE7}% GAPDH cDNAE constitutive promoterE A|'d pHCE vector?]]

o

4 F E. colioll transformation 3}%] overnight ¥ %gt A& sonication 3t 43
7} pellet® 2 fractiong 70°] SDS-PAGE3}Sl<S W control E. coli DH5al 4|
UElYA| 8= protein band”} pellet fractiono| A YUESt o™ (Fig. 6-5), 7L At
& GAPDHS} dX|stit.

oM 12
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1 2

Fig. 6-5. GAPDH ¢] Z&
M PIERCE protein marker
1. DH5a lysate pellet

2. DHb5a lysate supernatant
3. pHCE-GAPDH/DHb5a lysate pellet
4. pHEC-GAPDH/DHb5a lysate supernatant

t}. Surface antigen(Gal)e] A3 @ d oy

2~FE]7}% surface antigen (Gal)9] partial geneS GSTOl| fusion A%l $ E. coli
oA LHAIZI ZAI tarfet geneo] THHUST fghkrdT 5 UoH, o=
GST-columns ©] &3} fractions 4% 23 Fig. 6-69142F o] of 50 kDA =7
9] fusion protein®] FEHE ] HAHIFS & F AUTH

HHE A2 surface antigenol] tHd Western blot Z

AR Z column FHF GA AbEel M E F s & F AU

il

o
r
e
a
N
9
X
o
i
o
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ITM2 3456 7

Fig. 6-6. Expression and purification of GST-Gal protein
1. 29 53 A &S

M.. PIERCE protein marker

Lane 2-7. sample # 1 - # 6

[ ro

2 B B -

Fig. 6-7. Western blot anaylsisM. PIERCE marker
1. 29 3 A cell lysate
2. ¥ &% ¥ sample

gt PMCA AZ% oild @ 2 24

2~FE]7}% PMCAS®] hydrophilic 3 Fi8HS A& =235t GST-fusion vector?l]
A F (Fig. 6-8 & 6-9) Td 3 £44IS FAFA
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M 1:2 3 4 [M,1 2 3 4 | M Bioncer 1kb ladder
. 1.pHCE-InaN-GAPDH
o : Spel, Sacl digested
— U 2 PMCA/T
- - e : ‘ : Spel, Sacl digested
B : 3 pGEX 4T-1
s : EcoRI, Sall digested
g 4 PMCA/T

Enzyme digestion Gel elution : EcoRlI, Sall digeSted

Fig. 6-8. Restriction enzyme digestion ¥ Gel Elution

IR L L L e
pHCE—-InaN-PMCA M ; p‘GEX—PMCA ]

: -
e e LT

Teesbe.alles

Fig. 6-9. transformation ¥ Z&%5 9] Insert colony PCRZ ¥

(T
2
2
flo
<

o
c

3

®

o
[l
L
1=
i)
2
r {
il
Ho

T A|A SDS-PAGE g ZAi= Fig. 6-10

. PIERCE marker
IPTG Induction X Supernatant
IPTG Induction O Surpernatant
IPTG Induction X pellet
IPTG Induction O pellet

ARON—ZT

3
E B3] g<lslr] 93] GST antibody= Western blottingst 23+ Fig. 6-113%
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2o

. PIERCE marker
IPTG Induction X Supernatant
IPTG Induction O Surpernatant
IPTG Induction X pellet
IPTG Induction O pellet

RON=Z

M1 2 3 4

Fig. 6-11. Western blotting 2}
Western blot2] 23} IPTGEZ X3 sampledl A A5 A7 Ay ZEFo band’l &

ZAEASS € F Ut FEY = soluble fractiono] 2] W& -S o]} o] FQlgh

T WFSRE sampled WHEo] AAE A=stion I A= Fig 6-129F 2t

M1 2 34567 8 9

M. PIERCE protemn marker
1. Column &Ml H sample

2~49 - Fraction number 2~9

Fig. 6-12. GST Affinity columns AH&3H GST-PMCA ©uld ] A4
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i

ATd 2FE7ts F4

bacteria® o] &3 ¥l Al

& Edwardsiella tarda ghost

2FE 750 g WAl s 98] el AT dd FHAFAAES Y
o7 WAl AL #35ATE PX o immunization = WHOEAN AFEE
g Az N EE adjuvante} TR Fodte WS AP A A
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FTEE G GNAL BANPOTH == 2R AE BT 2

o249 75 dE% A7E FAsAT 2THAE F9 ghost bacteria X

e ice nucleation protein (INP)®] N-terminal oligonucleotidesE ™3

signal & Al23t9.o™, o] INPS} fusion® A=FE|7LE 9 A7 23S
3l constitutive promoterE A}-8-3} T}

E. tarda Ghost®] W] ZddH AFE7IS 92 Western blots 53l

stAom, olyst AFE 7S Y EHYE E. tarda ghost WA1S YA #
7

AA 2FE TS e W

do ot

g
=R
-

2
1:011
o
o
X
olN
QL
32
)
o r&

2. 7Y
7}. Vector construction

(1) plasmid vectordl] A YT 779 FAHLAES FR

®EWA T signal sequenceZ A A& sequencex Pseudomonas syringae®] Ice
Nucletion Protein F%%}Q] inaK ©] N-terminal sequence(InaN)Z4], ©]Z
pINPNCGFP plasmid 2% PCRE ©] &3t FZ3le] F293 AL AHEsATh
2T 7 FUS AFESl AdE st A sAl°l, construction® vectorE
A3k Fddhuide] oy 9 3 B FFE A7 A8 reporter genel E
] GFP (Green Fluorescence Protein gene)E A3}t

2FE 7Y FHo=Es X F=29Y3  Surface antigen(Gal)®]  partial
sequence, B-tubulin, Plasma membrane Ca’* ATPase®] partial sequence, GAPDH
S AHE3t¥al, ligations 913 PCR primere] Forward primer®]+= Spel, Reverse
primero] = Sacl siteE 7}sto] PCRa}o] 22383t
Ghost cassettex= 7]&9] ghost plasmid®l 4] 2] ghost cassetteE pBluescript KS
plasmidell &7 37ColA AASES promoter F&-& mutation 3F-2 pBS-ghost
37SDM Wl Sl+= mutation® sequenceE ©]-&3} T

(7h GFP9] cloning
O PCR primer ] Azt
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Primer Sequence
GFP-Spel-For| 5= ACTAGTAGTAAAGGAGAAGAACTTTTCACTG-3’

GFP-Kpnl-Re | 5’ CGGGGTACCTTATTTGTAGAGCTCATCCATGCC -3’

ACTAGTAGTARAGGAGAAGARACTTTTCACTGEAGTTGTCCCAATTC
GFP-Spel-For
TTGTTGAATTAGATGETGATGTTAATGGGCACAAATTTTCTGTCAG
TGGAGAGGGT GAAGGT GATGCARCATACGGARAACTTACCCTT ARR
TTTATTTGCACTACTGGARARCTACCTGTTCCATGGCCARCACTTG
TCACTACTTTCTCTTATGGTGTTCAATGCTTTTCCCGTTATCCGEA
TCATATGAAACGGCATGACTTTTTCAAGAGTGCCATGCCCGARGET
TATGTACAGGARACGCACTATATCTTTCARAGATGACGGGAACTACH
AGACGCGTGCTGRAAGT CAAGTTTGRAAGGTGATACCCTTGTTAATCG
TATCGAGTTARAAGGTATTGATTTTARAAGAAGATGGARACATTCTC
GGACACARACTCGAGTACARACTATARCTCACACAATGTATACATCA
CGECAGACAARCARARGARTGGAATCARAAGCTAACTTCARAATTCG
CCACARCATTGAAGATGGATCCGETTCAACTAGCAGACCATTATCAR
CARARATACTCCAATTGGCGATGGCCCTGTCCTTTTACCAGACRACC
ATTACCTGTCGACACAATCTGCCCTTTCGARAGATCCCARCGARLR
GCETGACCACATGGTCCTTCTTGAGTTTGTAACTGCTGCT GGGATT
ACACATGGCATGGATGAGCTCTACAARATARGGTACCCCG
GFP-KpnI-Re

@ PCR % Gel extraction, Cloning

PCR-2 pINPNCGFP plasmidE DW= 508 A3 & 1 wE template2 3}
?1e] GFP-Spel-For primer®?} GFP-Kpnl-Re primerE 7Z}Z} 10 pmol 4 A}-&-3}
Takara A} premixE AH&dt] Fd3EATH PCR AFE2 Gel extraction 3+ Th

pGEM-T easy vector(Promega)ll cloning3d} % t.

GFP2] PCR %Hg-F gel extraction 2H&, 1 ul loading

M1

— M : Bioneer 1kb ladder,
1. GFP elute (2 700bp)

©® A714<48 &4

=24 3t E. coli DH5a°l transformation 3§+ T, General biosystem <
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Plasmid miniprep kitE AF&3l plasmidE #8§ %, (F7) vt22A A7]1A

TS oF AT V1€ FVIAEH vlaste H7ESE enzyme siteE g1 T

(W) =FE 7% &Y Spel, Sacl cloning
D PCR primer ] A=t

Primer Sequence
Gal-Spel-For 5'-ACTAGTTGTACTTGTCCTGATGG-3'
Gal-Sacl-Re 5'-GAGCTCTCAATCTGATTGATCCTG-3'
BTU-Spel-For 5'-ACTAGTATGAGAGAGATCGTTCATATTC-3'
BTU-Sacl-Re 5'-GAGCTCTCACATTTCTCCTTCTTCTTC-3'

PMCA-Spel-For | 5'-ACTAGTAAACAAGAAGTTTTGACTCCTATTC-3'
PMCA-Sacl-Re 5'-GAGCTCTCAATGTTTGGTCATCTTTTTTG-3'

GAPDH-Spel-For| 5'-ACTAGTATGATCTACCAACTTAGATACGAC-3'
GSPDH-Sacl-Re | 5'-GAGCTCTCATAATCCAGAAACTTTGTTAACG-3'

@ PCR ¥ Gel extraction, Cloning
2FE 7S] 9 d GA] 4] primers AH§8te] 4zt PCRalaL 2

AT

ol
o

Gal(2¥530bp), BTU(%F1.3kb) PCR product®] loading

M 1 23 .4 5
s — —
o & & M : Bioneer 1kb ladder
an 1,2 Gal
4:BTU

PMCA4] PCR product loading

M 1

arra i

M : Bioneer 100bp ladder
1: PMCA(2} 160bp)
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GAPDH®] PCR product loading

= 2

.zli

M : Bioneer 1kb ladder
1,2: GAPDH( 2! 950bp)

@ H7IME &4

=249 3t E. coli DH5a9] transformation S+ T, General biosystem <]
Plasmid miniprep kitE AF&3}o] plasmidE &8¢ &, (F) vtaZ=2A] @7IAE
A4S oAt 71E9 F7IMEH Hlwstd H7FeE enzyme sites 1A

(2) Ligation

IPTGE H7bshA] ot @idel wde] fr7t He IA1H 2TH vector?)
pHCEIIB plasmid vectorE Bioleadersoll Al T 3Fe], ¢3S Nceol, Sacl digestion
3t pInaN-UreA-GhostZH-EH & restriction enzymes A 2|3t U2 insert?!
InaN+Ag sequenceE ligationd}th. o] & Al st ¥hE01x pHCE-InaN-Agoll #+7}
o] ~FE]7}L Y-S Spel, Sacl digestiondle] Ag Aol ligationdt At} 2Hz+e]
plasmidol] HEZ4 OS2 ghost cassetteE Kpnl, Sall digestions}] ligationstAtt. ©]
2A st HFAHSZ 4 plasmide pHCE-InaN-ScuAg-ghost 37¢| .

(7H) pHCE-InaN-GFP-ghost 37 vector®] construction
D pHCE-InaN-GFP9] construction
GFP sequence®l] Spel, KpnlS #7}3te] T vectord] 249 Ho| U+ plasmid

9} pHCE-InaN vectorE Spel® Kpnls ZHZ} A g]3te], gel elutiondt $ 1:1¢] H
&= ligations}l A th.
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ko3

pHCE-InaN vector, GFP/T vector®] Spel, Kpnl enzyme digestion %

M : Bioneer 1kb ladder
1. Vector
2. GFP/T

Gel extraction § loading

— —

e

§ M : Bioncer 1kb ladder
1. pHCE-InaN(vector)
2. GFP

@ pHCE-InaN-GFP-ghost 37¢] construction
pHCE-InaN-GFP plasmid$} ghost 37 cassetteE Kpnl¥} Pstl© 2 digestion &t

< ligationd} 3 .

Kpnl digestion ¥ loading

== = ==
M1 ?

e
1.

M. Bioneer 1kb ladder
1. pHCE-InaN-GFP
2. pHCE-TnaN-BTU-ghost

pannn
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Pstl digestion §, Gel elution

M1 2 1 2 M
-_— =
_— law =~ - e
= s el
=
= - _
' we| Pstl digested : Gel elution
- M. Bioneer 1kb ladder M. Bioneer 1kb ladder
- 1. pHCE-InaN-GFP 1. pHCE-InaN-GFP elute
| 2. pHCE-InaN-BTU-ghost 2. Ghost cassette elute

(\}) pHCE-InaN-ScuAG-ghost 37 vector®] construction

O pHCE-InaN-ScuAG plasmid construction
4742 2~FE7E g @i F FollA Galk BTUE Spel, Sacls #H7bsted T

vectorol| 293 AE AMESte, 7242t Spel#} Sacl enzymes A& & Z2

enzymes # 2] ¢ pHCE-InaN vector®l ligationd} it

Spel, Sacl digestion ¥ gel elution

ML TS S | e M: Bioneer 1kb ladder

== B 1. pHCE-InaN
- = | == = 2. Gal/T

|
]
I

3. Gal-l/T
4. BTU/T

GeiA] T8 7L 9 e de] dsl A%, Spelst Sackg A7kEkel 22Y @ F %

At WP o= pHCE-InaN vectore] ligations} it
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Spel, Sacl digestion ¥ Gel elution

et el 4y Mel 2.3 4

M: Bioneer 1kb ladder
o= - 1. pHCE-InaN-Gal

T 2. PMCA(OIdYT
2 — 3. GAPDH/T

4. BTU/T

pHCE-InaN, PMCA (new, 160bp)/T Spel, Sacl digestion

M 1 : i g M 1 2
:__: s M. Bioneer 1kb ladder
- Z 1. pHCE-InaN
g 2. PMCA/T
Enzyme ; ;
digestion Gel elution

@ pHCE-InaN-ScuAg-ghost 37 vector construction

pHCE-InaN-ScuAg ¢} ghost cassette?] ligationg ¢]3 4, ¥4 pHCE-InaN-Gal,
pHCE-InaN-BTU®} pBS-ghost37 SDM-< Kpnl, Sall digestion 3} pBS-ghost 37
SDM plasmidell Sl ghost 37 cassetteE pHCE-InaN-BTU®| ligation 3}t
Enzymes *2]8}al gel elutiondt A& s THE YRR AT
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pHCE-InaN-Gal, pHCE-InaN-BTU, pBS-ghost37 SDM<] Kpnl, Sall digestion

M1 2 3| M123 M1 23

=T % =97 - = M. Bioneer 1kb ladder
. o - 1. pHCE-InaN-Gal
- ~  =| 2 pHCE-InaN-BTU
Kpnl Sall “Etion | 3. pBS-ghost 37 SDM

o]Z2 A ligationgr A3}, BTUR ligationo] o] ym ] g T dof o3 thA|
ligations 338t ot pHCE-InaN-BTU-ghost 37¢] Ncol, Sacl *]2| 3}
pHCE-InaN-Gal, pHCE-InaN-PMCA(old), pHCE-InaN-GAPDH =ZX%-E InaN-Gal,
InaN-PMCA(old) =+ InaN-GAPDHE ligationd} %t

Ncol, Sacl 18] % gel elution

Ml e M 224304

M. Bioneer 1kb ladder

SRes 1. pHCE-TnaN-BTU-ghost 37
; R R 2 pHCE-IHaN-Gal
Enzyme ; * | 3. pHCE-InaN-PMCA(old)
“digestion Gel elution | 4. pHCE-InaN-GAPDH

T3 oA F293 PMCA(new, 160bp)= pHCE-InaN-Gal-ghost 37 plasmid&
Ncol, Sacl enzyme® 2 digestiondt §, &2 enzymes #Z|5te] gel elutiondh

InaN-PMCA £ ligations} 31T
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Ncol, Sacl digestion, gel elution

A A —a-a —aB>a

Mmi1 2 M12
= %e| =w
T e = M. Bioneer 1kb ladder
2 : — . m. Bioneer 100bp ladder

1. pHCE-InaN-Gal-ghost 37
R 2. pHCE-TnaN-PMCA
digestion Gel elution | < P

. Transformation ¥ positive clone®] A3

(1) E. coli®l transformation ¥ positive cloned] A3

Ligationgt ¥H3-4S ™A E. coli DH5al transformationd} %13, transformation
] Z o] plasmidE E A3 E. colis W OE ghost 45 F2A3IATE ghoste
/32 37TCelA overnight culturedt AlirS 20 mle] A} HlA]ell subculturedts] A
& 37°CoA ksl OD600 Fhel 027F HNe W 42C2 x5 &2 OD7}F 5
7Fetth7E #H4sk= AS monitoringshe] g1 T

o

(2) E. tarda®) transformation ¥ E. farda ghost9] A=

(7} pHCE-InaN-ScuAg-ghost37 plasmid®] E. tarda=2] transformation

E. coliolAl ghost BA71A] EdE FESZHE plasmidE #23Fd 9]
plasmidE E. tarda®l transformationd} ™. E. tardaoll ] transformation 7]&]
E. colil X *1¥8 Chemical methodE A}F&-3}A] %31, Electroporationti-S A}-8-31%
t}. 7193 E. tarda®] ZZUE 2 mle] STB wjA| o] overnighto.Z Hwjdsg F,
Fs THAl 20 mle] STBO) subcultureste] OD6009] kol 0314 048=7F 2 o
7HA] st o] drjgd S 5000 rpmol A 10E37F YRS viXE AlA

B>
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Sk %, jce-cold 10% glycerol &M O 2 33]H % washingdld HFZHO=Z 200 WF
%9 10% glycerololl AF-F3tAth ol 40 p Y= A& em, AR o] F
Al THEAR electro-competent cellS plasmidE 9 A 22 e olA pulseE F0
cell Az HEoAH=A skl o]do]  gle  celle  ARSSHATH
transformation- electrocompetent cell 40 ,w@oﬂ pHCE-InaN-ScuAg-ghost37 plasmid

2 WE T3t EEolA 1827 viSs $ 2 mm electroporatlon cuvetteo] 211,
electroporator(d 71 & 7])oll Ho] 25 kVe pulseE & s 1 mle] SOC HJ A4
HAeste] 90w+ wigsled ALB agar platedl spreadfb‘}ﬁiﬂ-. OlERE WY

=
3
colony7} A7 ©] colonyZF-¥ plasmid &2} ghost €<l OD monitoringS

st

(W) =FE7F 39 2FE E tarda ghost A=

o

OD monitoring 23 A H FE9= vaccinationd] U2 &5 UEF &
oz FAg AFsATt <F 10 mle] ALB brothell colonyE &3+ overnighto
2 A S AL 32 500 mle] ALB brotholl subculturedt i OD600 Zto] 0.27}F
w7k wj kst OD 600%ke] 0.27F S 42TC2 wFL=E 28 ghost A
st o 20~24*17P HH bk & ODgkol %iﬁ}ﬂrﬂ FA = AFlA o

ZHaol 3-43 washingdt & A&7F9] 3aF &

e wo e

th. E. coli @ E. tardad A 9] @¥jd T8 82l

Zyzyol ~FE]7} ol tisted E. tardadll ¥ H S E transformation™ ©] ghost
o] o] Folz F8E ol&ste HAARE AT EHolA o] TAHE=AY o
2= SDS-PAGE®} Western blot 5 435t ZAFSFS T
G
WA ghost cassetteE ligation 3tA] 2 F822 YW constructiondt vector®]
™, fluorescenceE = éfﬂ FE doeug o]Z reporter protein® 2 AE-3}t).

% [e)

GFPol = $AZHOE E colidX AES FsH Y. GFP7F M) W
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A=AL o] HeXE syl #8) Hlwg tE vector£% construction &
AT}, construction §+ plasmid vector= pHCE IIB vectoroll ¥ & signalS
A g2 pHCE-GFP, 7]&9¢] pINPNCGFPo|A InaK¢ N, C terminals =7
3t sequenceE pHCE vectore] ligationdt pHCE-InaKNCGFPE H|1ld}al, o}
plasmidE  transformation 3}A] $&2 E. coli DH5a%= H]Iﬂé‘}‘}iﬁ}.

7t 8 3 S 37Col overnighto 2 v gst & 5000 rpmoZ 577 YAE
st FEe wiAE A A3taL, PBSE 33 washingstAth. ©]& OD 600 gtol 27}
E F4E wEAT GFPY fluorescenced] &AH & EAFA 9 Polarionl & =
AT 96-Blackwell plateol] #lolA 3Agt dAES 71 =2 FEZ 5t 2814
A 3] A3} total volumeS 200 w7} = A ¥ 31, Fluorescence %k

O
-

o

(oo

40w

o
Ay
ol
ol
b4t/
ui

(2) &=FH7I% o dudo Iy gl
2T Y7 S @4 ‘?_}‘31] Aol HHE ghost cassetteE ligationd} =

|
ghost bacteriaE =3 Aol thal 25 &2l

ot

cassette= ligationd!

(3) 27X ghost bacteria A2 § 2~FE|7S & @] @y 3l

1=
vaccinations 3}7] 913l ghost bacteriag A X3 §F FZAAXI AL tHA] PBS

o
2]
o)
NG
=
>
Q
sl
ol
Rl

of MG ¥ 23] X sonicationd}H T} sonicationgt sample

Western blottings} %1 th.

2}. Vaccination

(1) E. tarda ghost 32 A2

E. tarda®] 73-%- 37°CellA <HGstAl AebA] Xshr] wjZoll, de 27T &%
overnight©. 2 w3t & Al AJZ-F Al subcultureste] OD600 #te] 0.27
T HIS W 2T2 255 28 ghostE AZ3ATH OD600 Fhol AsA #A
= AAANA 1 s 58S ZASH7]198HY] platingstal YA fdstd. o
T ol&sted Jud v MAE AASL, 2A7HE 32 FHTFE AHESEA 3
3

b Z5el ARkl 80T ®astdohr), 524
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(2 B9 Fo
oA A ZH ghost bacteriav TAAE $ TA] 3% &

ste] 1 WEALB plateol] platingdle] &&& 213 & AREsITh ZH7he] ~FE
7} &9 @ o] gk ghost bacteriag PBSe| @Esty w28 9E & A9S A
AletRth. AdF+= O PBS control, @ E. tarda ghost control, @ Gal, @ BTU, ®
GAPDH, ® Mix(Gal+BTU+GAPDH) ¢] 4 7§98 a2Fe= vral, Z2F 259 oF
10g | 20vke] 85 250 ¢ 2o ¥, 100 ug/fishe] =2 HEZFALSIAH. 2
T Foll %S boostingdh St

Tl &% AdY

W

(3) Challenge test

Challenge testE AA38}7] oF 2530l AP AFEZF HAE o] &8t oH ¥
ANES F3Y3} k. CHSE-214 cell linedl] v 3} Philasterides strainS v}&] S
1X10* cells ¥} 1X10° cells®] FE2 27 FAlsle] HALES BZETh 1X10° cells
< ?/\}6‘}%{% w25 oJuiell A<} 100% A= s #AAsta sEE Gtk

Boosting 3+ ¥ 2FAHE & 7 FANTS A8

fd

T2

7}. Vector construction

®H LS 913 signal seqeunce® AHE3F InaN sequencet The 1@ I 2T}

InaK N terminal seqeunce (InaN)

CCATGGCTCTCGACAAGGCGTTGETGCTGCGTACCTGTGC ARATAA
NeoT
CATGGCCGATCACTGCGGCCTTATATGGCCCGLGTCCGECACGETG
GAATCCAGATACTGECAGTCAACCAGEC GGCATGAGATGETCTGET
CGETTTACTGTGGGELGCTGEGAACCAGCGCTTTTCTAAGC GTECAT
GCCGATGCTCGATGGATTGTCTGTGAAGTTGCCGTTGCAGACATCA
TCAGTCTGGAAGAGCCGGEAATGETCAGTTTCCGCEGEGECCGAGETG
GTTCATGTCGGCGACAGGATCAGCGCGT CACACTTCATTTCGECAC
GTCAGGCCGACCCTGCGTCAACGTCAACGTCAACGTCAACGTCAAC
GTTAACGCCAATGCCACGGCCATACCCACGCCCATGCCTGCGGETAG
CAAGTGTCACGTTACCGETGGCCGAACAGGCCCGTCATGAAGTETT
CGATGTCGCGTCGGTCAGC GLGGUTGCCGCCCCAGTARACACCCTG
CCEEEACGACGCCGCAGAATTTGCAGACCACTAGT
Spel
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EAFoNMs obdfl 2" 22 FWH I3 cassette®} ghost cassetteZ} FA]
3lbe] plasmid vectoro] X 3EE=E3JF= vectors 53T

APR promoter

Ghost cassetlte

HCE promoter ERLEINESEIE Scu Ag

(1) pHCE-InaN-GFP-ghost 37 vector®] construction

(7} pHCE-InaN-GFP¥] construction

WA pHCE-InaN vector=2 9] GFP ligation transformationgt % A4 ¥ colony
E Hj OOkO]-Oi plasmid miniprepstil, insertol] ™3l PCReF 23} ligation®] & o] F
o] & AU

transformation ¥ ligation ¥ &&°] miniprep ¥ Insert &l PCR 23}

M : Bioneer 1kb ladder
1~4. pHCE-InaN-GFP clone

(44) pHCE-InaN-GFP-ghost 379] construction
pHCE-InaN-GFP plasmid$} ghost 37 cassettex= Kpnl¥} Pstl© = digestion &t

< ligations} % o
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ligation® plasmid”7} transformation ¥ Z&¢] miniprep % ghost cassetteo] g
insert PCR 4%}

~

P-iasmld
mInIDrE:D

(2) pHCE-InaN-ScuAg-ghost 37 vector®] construction

b pHCE-InaN-ScuAg plasmid construction
4742 2~F g7} 3 @A Surface antigen(Gal)e] partial sequence, B-tubulin,
Plasma membrane Ca>* ATPase®| partial sequence, GAPDH %% ligationo] % o]

=05t

[Gal,BTU] Figure ligation ¥ plasmid miniprep ¥ Insert &<l PCR

T s meesEasEs =t
Plasmid miniprep Insert PCR
i | | - Gal
gugszzzs
J s -
Gal BIU =
-
HCE Forward
+ Gal or BTU reverse
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[PMCA] colony PCR & <1, 2,4 clone plasmid miniprep

[GAPDH] plasmid prep % Insert &<l PCR

Plasmid miniprep

lilll\.-n.u_----

[ - - - -

"GAPDH BTU

(4}) pHCE-InaN-ScuAG-ghost 37 vector construction

7 pHCE-InaN-Gal, pHCE-InaN-BTU$} pBS-ghost37 SDM-<  Kpnl, Sall
digestion 3} pBS-ghost 37 SDM plasmide] Sl ghost 37 cassette®
pHCE-InaN-BTU¢| ligation 3}$1.©.1}, BTUR} ligationo] 2 = it}

[BTU] pHCE-InaN-BTU-ghost 37 plasmid miniprep ¥ Insert PCR

=

=

- e W -“-“w
-
-

F I

M. Bioneer 1kb ladder
1~4 clone
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Gal, PMCA(old), GAPDH+ pHCE-InaN-BTU-ghost 37| Ncol, Sacl *# 2|3}
pHCE-InaN-Gal, pHCE-InaN-PMCA(old), pHCE-InaN-GAPDH =Z%¥ InaN-Gal,
InaN-PMCA (old) ¥+ InaN-GAPDHZ ligationd} %1t}

Ligation ¥F§-& overnight 10 0 reaction volumel 2 33} 2™, o] reaction
% 01 wE templateZ 3} PCR 3}o] ligationo] & EHA=A A5,

transformation $+¥ plasmidE 8 3tal, insertE PCR3}e] &21313 .

[Gal, PMCA(old), GAPDH] Ligation <] PCR

28 o

M. Bioneer 1kb ladder

- - | 2 SHCE-InaN-Gal

3 pHCE-InaN-PMCA(old)
4 pHCE-InaN-GAPDH

Gal, PMCA(old), GAPDH] Plasmid miniprep % Insert PCR
[ prep

Insert PCR . Plasmid miniprep
o ~ GAPDH |
—Twwewew- wwww
NN YewwEYww Gal  PMCA(old)  GAPDH

PMCA(old)

=293 PMCA(new, 160bp) 3t pHCE-InaN-Gal-ghost 37 plasmidE Ncol,
Sacl enzyme® = digestiondt §, B enzymes A gel elutiondt

InaN-PMCA £ ligations} %1t
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[PMCA(new, 160bp)] pHCE-InaN-PMCA (new, 160bp)-ghost379] insert colony PCR

2 plasmid miniprep

g
-
3
=W
0
0
i
i
g
0

——— — oy - -

|
!
l

[
'.--uﬂ---l-ml---

L]

<

HCE Forward HCE Forward pHCE-Inai
+ PMCA Reverse + Ghost cassette Reverse | -PMCA-ghost 37 (#1~4]

Y. Transformation ¥ positive clone®] A&

(1) E. colidl transformation ¥ positive clone®] A3

Ligationgt ¥H-8-H4-8 WA E. coli DH5a9l transformationd}$1il, transformation
o] Z o] plasmidE R 43 E. colis WES=E ghost A4S &3kt ghost?]
/32 37TCelA overnight culturedt Al 20 mle] Af HjA]ol| subculturedts] 7]
& 37ColA wiFsted OD600 kel 0.27F =S o 42TE =& &7 OD7} +
Fatth7t #H43k= AS monitoringste] g1t T

N

pHCE-InaN-ScuAg-ghost37/DH5a &&+5 % OD monitoring

pHCE-InaN-ScuAG/ghost37/Dh5a

035

03 —o—BTU#1
’ —m—Gal#1
025 Gal#2

%\%\ Gal#3

02—t = —K—Gal#4

-/A\ o\l\ . e PMCA#1

015 % —+—PMCA#2
B = =,

oD

~
—=—PMCA#3
01

PMCA#4

005 f GAPDH#1
GAPDH#2

0 . . . . . GAPDH#3

0 30 90 150 210 GAPDH#4

Al 2t
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(2) E. tarda®] transformation 2 E. tarda ghost®] A=

(7H pHCE-InaN-ScuAg-ghost37 plasmid®] E. tarda=°] transformation

Plasmid construction 23} - Gal, BTU, PMCA (old), GAPDH

Gal BTU PMCA GAPDH
o g 0 ¢

1. Gal, 2. BTU,
3. PMCA. 4. GAPDH
E coli DH5a

E. tarda

- AT FES AHESHY B9 OD monitorings 43 31 T

PMCA (new, 160bp), GFP/ghost 37 E. tarda transformation ¢+ Z colony PCR

Insert PCR Insert PCR
PMCA Forward - GFP Forward
+ Ghost cassette reverse + Ghost cassette reverse
-
-

o ’ - Toowess o
=

L II__I'III i

.
»
.
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E. tarda miniprep PMCA(new,160), GFP

s ; iy M
\ .

- 0 W e f 5 =

i &=

4 =

4 @i L

\' : o
pHCE=-InaN-PMCA DH(_:E—lnaN—GFP
—ghost37/E.tarda —ghost37/E. tarda

E. tarda®l transformation ¢+ S&59] ghost 4 &<l OD monitoring

pHCE-InaN-ScuAg/ghost37/E. tarda
0.7

——Gal-5

0.6 —=—BTU-1

0.5 /Q— —_—— E%:g

e —*—BTU-4

0.4 ——~— | |—e—BTU-5
3 —— PMCA-1
0.3 ——PMCA-2
PMCA-3
0.2 PMCA-4
| PMCA-5
0.1 GAPDH-1
o ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ GAPDH-2
GAPDH-4
0 11 12 13 14 A:SP 16 17 18 19 20 GAPDH-5

Tk E. coli € E. tardad| A 9] @iz 9y 39l

(1) SDS-PAGE ¥ Western blot

Zyzyol ~FE)7) ol st E. tardadll 33 ZH S 2 transformation® o] ghost
Aol o] Fojzl FES o] &3l HAZ Mo HHA Fo] HHH =AY o
= GDS-PAGE®} Western blot 5 4335t ZAFSFS T

(7} GFP2] =& &9l
GFPdl = FHHCZE E colidlM A4S F33stA. pHCE 1B vectorol]
#£9H 29 signals ¥A 22 pHCE-GFP, 7]&2] pINPNCGFPYA InaK9 N, C

terminals  EF  EX¥3S= sequenceE®  pHCE  vectorol  ligation¥t
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pHCE-InaKNCGFPE ¥l 1 3}1l, oFF§ plasmidE transformation 34| 942 E. coli

DH5a% B3} T}

Figure : polarion® 2 GFP fluorescence 7%

GFP Fluorescence

50000
45000 | !\
40000
@ 35000 | \ —e—DH5a
g 90000 —8— pHCE-GFP
$ 25000
o 20000 pHCE-InaN-GFP
S —¥— pHCE-InaKNCGFP
2 15000 P
10000
5000 |
0

1 2 3 4 5 6 7 8 9 10 11 12
dilution

=43 Ax 2+ pHCE-GFP7} 714 E9kth. 13y GFP7F %4
of WAHIJ=A FAri= ofdth wekx, dP4Hel = GFP monoclonal
antibodyE ©]-8-3}4] bacteria®] GFP antibody®l ™3} agglutination titers =7
Ay Fu|FAXE, fluorescence ZAA 7 E=JW  pHCE-GFPE A3
agglutination®] doJu}x] k31, pHCE-InaN-GFP2} pHCE-InaKNCGFPol| A 7k 1}
B}t agglutinations + 1F©| HIs=S Y, fluorescence= pHCE-InaN-GFP7}
o7t © =ShTh ESE ghost cassetteE  ligationdt FELE Bl =H, F,
pHCEIIB/DH5a, pHCE-InaN-GFP/DHb5a, pHCE-InaN-GFP-ghost37/DH5a& ¥l 1l
sttt 1 23} controlol Bl GFPO] T&o] zpol7h FE FAsth

ot

Fluorescence &

35000
30000 —e— pHCEIIB/DH5a
8 25000 f
& 20000 F —B— pHCE-InaN-GFP /DH5a
@ 15000 F
S 10000 F pHCE-InaN-
= 5000 GFP/Ghost37/DH5a
0

dilution
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fluorescence =4 FA]o]l western Dblotting®= < AAlSAT. 1 A}

- =
pHCE-InaN-GFP 2204 GFP2] @& o] pelletd] & o] Fo]xS <1319t}

InaKNCGFP '
nlﬁaN—GFP = BE— =i __@_ , |::|

arp-oxtis | B b= 1Y =

M. Marker

DHb5a lysate

pHCE-GFP-C-His Supernatant
pHCE-GFP-C-His Pellet
pHCE-InaN-GFP Supernatant
pHCE-InaN-GFP pellet
pHCE-InaKNCGFP Supernatant
pHCE-InaKNCGEFP Pellet

¥ 0 N o X D=

(h &=FE7t% 3 duide] iy gl

2FE 7l FY @ de] WHT ghost cassetteE ligationstA] &8> A
ghost cassetteE ligationgt ¥ ghost bacteriaE F=3 Ao dis] =5 gtk
pHCE-InaN-ScuAg plasmidE E. coli ¥ E. tarda®) transformationdt & Tz o]
HES FRAstATE. o] wdl= ghost cassette’} §le= Ao|BZ, 37TAA A7
ovenight culturedt 7S sampleZ A}8-3}TF Western blottingA] &3] 2+ Rabbit

anti-Philasterides serum< A3} th
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E. colio|A9] 2&d &<l

M 1 2 3 4 5 6 7 8 M 1 2 3 4 5 6 7 8

1~4 : pellet, 5~8 : supernatant
1. Gal, 2. BTU, 3. PMCA, 4. GAPDH
M. PIERCE protein marker

ol gl A™E, E. coliol A &3 A3}, GAPDHE SDS-PAGEO| A %= iyt
o] AT, Y] FAdd Ao thsjd= F3 bande FAFH A &Sk
=

E. tardao) A o] L& 22l
M1 2 3 456 789 1 2 3 456 78 9 M

1. Gal -27, 2. BTU-27, 3. PMCA-27, 4. GAPDH-27
5. Gal -37, 6. BTU-37, 7. PMCA-37, 8. GAPDH-37, 9. E. tarda

E. tardal A= $19] THoA RZo] GAPDHOAWE A3tA band7b &<l Sl
o EgE EAFo A ARE$ pHCE vector® HCE promoter= 37CoA F=7F &
o]FolA=Hl, E. tarda= 37TolX= d&e] EdAstez Hd gl o] 27T
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37CellA wlastAIgE 37Tl Mgt THo] & ojFojynt. zt dujde] ths Fo]
FAE EHfsta Ue

anti-Philasterides &A1& A8 23 GAPDHYF &<lo
olYe} E. tardall A sonicationd}] Y4EE] 3 pelletol] A 23
oA o] 3elo] Httal A outer membraned] WHE= AL ofYXut, 7}
AL FAstATE 3 ghost cassettes ligationst™] E. tarda®ll transformation$t
T, ghost production ¥ washing3dt T sonicationdt Thol = @il o] W&

skl 519},

pHCE-InaN-ScuAg/ghost37/E. tarda

M 1 2 3 4 5 WEB-with anti-FPhilasterides serum

—

F

1. Gal, 2.. BTU, 3. PMCA, 4. PMCA-2, 5. GAPDH

Rabbit anti-Philasterides serum® 2 213}3S W= pre-immune serum® 2
o} HW3HRS W GAPDHYF band’} #Z&HAth Gal#t BTUE rabbite] GST
fusion protein®] W3t antiserume] Yo =Z, WZ o] FAHE o]8&3 Western

blotS AAsHAH
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pHCE-InaN-Gal/ghost37/E. tarda ghost®] Tl -y &2l

GST-Gal protein sample
1,1°,1” : Before purification
2,2°.2” : After purification

M1 23 17203 172737

ko ' 3,37,3”: Sonicated ghost bacteria
" M : PIERCE protein marker

e . - -

w e - "Q .

% — y Western blot Antiserum

s 1~3 - Anti-GST Ab
1°~3” : Pre-immune serum
17~3: Rabbit Anti-GST-Gal serum

9 2" YeEbRo] Gal¥ 7, pre-immune serumo| A= band”7} A fle
A, GST7} fusion® o] JA| 22 ghost sample©] GST antibodyZ band”’} YE}LEA]
kA wk GST-Gal antiserum®] W3lA+= band7}F UEld HoZ Hol E. tarda
ghostel]l Gal protein®] FdE Y& & F AU GST-Gal# naN-Gal2 size
7F frARSHAl WrERS T

pHCE-InaN-BTU/ ghost37/E. tarda ghost®] @iz w3 &<l

M123 1°23 172737 GST-BTU protein sample
1,1°,17 : Anti-GST Ab
2.2°.2” : Pre-immune serum
el | el L) 3,3°,37 : Rabbit Anti-GST-BTU serum
M : PIERCE protem marker

- Western blot antiserum
i 1-3 : Ant1-GST Ab
1’~3 : Pre-immune serum

17~3”: Rabbit Anti-GST-BTU serum

BTUS| Z-%-ol%x, Gal®] Z3s} vi7FA & E. tarda ghostell Al BTUZ} Ed &

& 5 ATk
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(thy 2% % ghost bacteria A2t § A2FEHIIS o DA 2y <l

vaccinations 3}7] 93l ghost bacteria® AX$ & FZHAAXS A
of AMAET & 23]HE sonicationd} A TF. sonication$t samples SDS-PAGE3S}IL
Western blottingd} 3 th. 3+ ScuAgo]l B E E. tarda ghost bacteria®] Al 7 o]
antigen proteins©] InaN signal® 7] MEXHOE YHAE=A 9 ARE g}
7] $13t outermembrane proteing 2|5t ThA] Western blotting© 2 218}
t}. outermembrane protein®] &= journal [ Functional Display of Foreign
Protein on Surface of Escherichia coli Using N-Terminal Domain of Ice

Nucleation Protein |& #Zx3to] 3 3tA .
7 Az 0 el tehpsich

E. E. tarda ghost (without protein expression)

1. total lysate

ofj
2

2. 1st centrifuge ¥ 4

3. 2nd centrifuge & 5

4. final pellet (maybe outer membrane protein fraction)

M E 1 26a3I 4 |1 E2))Tl§l 4 Gal BTU
MEIT 2341 23
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PMCA GAPDH PMCA GAPDH
EM 1 2 3 4[1 2 3 4 EM 1 2 3 4[1 2 3 4

Yo A Z} 49 lane©] outermembrane fraction® 2 AZ &, 1A HEO]
oA A== sized °F&lAl band”’} YERY outermembraned] = wujE o] W o] o] F
AL & F JdAY. PMCAT ©]F 9] transmembrane F-& o] U= Zol=
, Hdo] HA FRS ThsAel AEE Eo]lFQ] band WENYA ko), v
A= control Eghost sampleoll= @l bandE©] total lysate$} final pelleto]]
detectiono] = 3t}

fu 2
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2}. Vaccination

CHSE-214 cell lineol ¥ <3} Philasterides straing vF2lg 1X10° cells®] &%
2 B FAbste HALE @@t 2= FHAANEE YEHAL 2FHIME
o] AR E Yelie. &2FHIISo AR e AR, obrtvl, B, HollAM 4
EFEILS FES TARSE] Aol FejolA o] FR1E AHF-E positiveE
g3ttt

WAAE A3 HAME2 O PBS control group®]l 100%, @ E. tarda ghost
control group< 73%, @ Gal group< 75%, @ BTU group< 78%, & GAPDH
group< 60%, ® Mix(Gal+BTU+GAPDH) group< 30%=% UEFSETE

—e— PBS
100 I O ........ ETG
o ———v—— ETG-Gal
< —-—v-—=- ETG-BTU
> 804 — ® — ETG-GAPDH — .
= — —O0—— ETG-Mix e /<rg
g 60 "/g‘/"ﬁﬁa |
_ .5
2 o A
S Z /
()
= 4 _
E // _m—— 0
5 2049 AT oA -’
S
-
O 4l

1d 2d 3d 4d 5d 6d 7d

Days post challenge
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Agole A, ol7bv], B4, Ho F #9E A 23 O PBS control group
©] 100%, @ E. tarda ghost control group= 87%, 3 Gal group< 75%, @ BTU
group< 67%, ® GAPDH group< 53%, © Mix(Gal+BTU+GAPDH) group-<
10% = YElg T

120
—e— PBS
/\a 100 ) o ........ ETG
S ——-%—— ETG-Gal
@ ———-- ETG-BTU
O sodl — — — ETG-GAPDH
c — —0O—— ETG-Mix
S N
@® NN
> 60 ~ 0
e BT
ol L0 s
g 40 // o
= _
© -
S 20 A -
e | gl y g Pe-
8 0 4 @ (g — —J K — —. D_ ..... .D_ ..... .D'/
T T T T T T T
1d 2d 3d 4d 5d 6d 7d

ool A¥ZHHY E. tarda ghostoll 2FE7IS s AL E A Y2 &
)
jm

2715 el el 2L o] BRE e
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H 4 & SEEHE

Al 1d SxLGIE

1. 938 dFNE 5%

= SEEOR2] 7|0ix

o =35
ST A7 47
B
oY A2FEIS 41Ty TRE JHTH 54 H
Hl A] Q-
Hal8 ribosomal RNA gene sequence #41S E3] 3% A
2TFE I o= Fo|
L g = multiplex PCRH& o] &3 A~FE| 75 UelZd Wt
= A2 7] A&EEY
Ak 2FE 7S in vitro Wl 2 &
1
whole cell &9 2 FH|EYE o] &3 WAalA|z}
2FE]7}E cDNA library A% 2 EST #24
Suppression subtractive hybridization % RACEE ©]
1 FE T &3 ~FE 7t WA 28 FLFHA Screening
= [e) - -
) Site directed mutagenesisE ©]&3% A=FE|IIE T
aEE WAl o e - -
2\ 2} N TR Az dd AA =
= ~FE bR OE 7 g8 A% 2 24
2FE7S T sEdd A4
Ghost Edwardsiella tarda %+
3%F9 ~FE 7= sk formalin—killed vaccine %
homogenized vaccine A2}
e ~FEAE G FAA e Az v w4
H ol A 9 2}
3 x o )
(4Lﬂi}}) Agd 2 2FE IS ST A S Mo EHAIZ] WAl A #}
b av AE 2T IS FLAFAAE E tarda Ghoste] EWHo| ¥

DR E I E B B

Zl 4= 9= Dual vector 7|
~FE 7S UG WL £ tarda GhostE ©o]&
ol ™

A
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Al 23 F-AEof9] 7=

1 71¢% =%
b ax Fel Qod dAHor FeR 2THAZL ARHOE AT 5 I
£ A sY gy

b Ad 2wEslE Argon AHSHE F2UUS vEI g 374 d04 8
sEdel g3t Al av

b olF Faol oiA et AES FolWA AL FoluA s A
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b 2TESNE WA HE SHE Sl BE 9T AR B 21 7%
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