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Detection of Kuchijirosho Associated Proteins by
Western Blot with Sera of Tiger Puffer

which Survived Kuchijirosho
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ABSTRACT—Kuchijirosho (snout ulcer disease) is an infectious disease of tiger puffer Takifugu
rubripes in Japan and Korea. Little is known about detailed characteristics on the causative agent
of kuchijirosho, except it is a filterable agent. In the present study, kuchijirosho associated proteins
(KAPs) with molecular weight of 100—120 kDa were detected in brain tissues of tiger puffer by
western blot analysis with sera of tiger puffer which survived kuchijirosho, but not in the kidney or
spleen tissues. Interestingly, KAPs existed in brain tissues of tiger puffer with no history of
kuchijirosho, however, the KAPs were not recognized by those healthy fish sera. KAPs were fraction-
ated in supernatant of brain tissue homogenate containing the kuchijirosho agent by ultra-centrifuga-
tion, while pathogenicity of the kuchijirosho agent was observed in the precipitated fraction rather
than the supernatant. These results suggest that KAPs are not structural proteins of the kuchijirosho
agent, and could be brain tissue proteins antigenically altered by infection of the kuchijirosho
agent. Itis also considered that the causative agent could be low in antigenicity to host fish because
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structural proteins of the causative agent was never recognized by host fish sera.
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Wl O 3Gl N 5 7 7 Takifugu rubripes T54: 1L, 1986
FEHFE TIZZOFSREMIBUT P E - PUEHLT S S I12I3E 8
WHICETIEKRL, b7 7 7EHEFEICERRHEL L2
TWho AEI, ARi15°CTIFFEAE L %A%, 20°CLL
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T. pardalis, & 521X~ % 14 Pagrus major, * NV
Sebastes inermis, 7'') Seriola quinqueradiata T % 3&4E
THIEDPANGEREABRICIDMHERINRTNS
(Miyadai et al., 2001 ; & . 5, 2007a), Inouye et al.
(1992) 1, b7 7 7AGEARMAREMR (PFG)
R, SHANB X OB IRB R S RE RO 5 EERE
FIIRIL, SOIAREMRIIRESS0nmUTT, A
BEHIB L OBRIOEZEZ A L, 37°CTREETH 5"
50°CTRIET AL ZMELTVE, SHITHAD
(2007b) 1%, AFEARDSF V<Y Ik L HEATHEE T
HHILEREL TS, 72, Miyadai et al. (2004)
&, ATHEAROTFEE AT 1.096 g/lcm® T, H4MH, 5
YR ESREEB LT O E S b VIR TS
HIEEWELTWD, L, RHEEMRICHT S EN
VLIRS, BAELFEIZHL 223 TuZz vy,
L7255 C, AIEDBME L OBhBRA R b L7207 S
NTVZWIRIZH 5,

AW TIX, DEHEIC ARG S, AFRL72 b
77 7 oliiE e v, HRFSER ORI T 24
JERSE ¥ >~ 2% 7 B (kuchijirosho associated proteins,
KAPs) ZMHi L, & 5124 KAPs OITHIEZKiE~D
BRIV THE L7z,
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el AR A AR R O LT E A 2 IR b 5 7 &7
(Nag-S) B L UMAENET o HRBIEMRB NS 727
(Kan-S), RIFRTFOORERE T 72 (Nag-M), &
M X OCHIHILE T o/ b5 72 (Koh-H, Wak-
H), 7 5 NSRS X OEE T O LT EEFSAEE A
~Z 7727 (Nag-U, Sag-U) #t23)8 (1 7%f, k& 100~
250 g) DM, BrhE, WMUEGHRRES L OV & SEERIC A L
7oo B, DTEERRGE WA L, FERER 3 ~ 4812
PRI L 720 FEBRICHE L 720 5 L OSSRk fli
35 FT—80°CTHAEL. T/, BB X OHZE)I
B0 Mg 7 73 ELN— M1 ORERAIZE L~
y—) X, AR TFO 57 73 ahrldit G
WRFABERIE) X 0 55 % 2072,
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Edwardsiella tarda TIEAIEL 7=~ 7 7 7 Ol % 20
mm Tris-HCI (pH 8.0) T#&AMT L7-#, DEAE-Sepharose
717 LAZEML, NaCl AR (0-300 mm) T L
7oo BEEPURMEORED Sz % 77—V L, 80%HHl
WiEE7 ~ €= A Tl L7z 10 mm PBS (=) TEWMN
L 723kt % Sephacryl S-300 % 7 A Z#M L, 10 mm
PBS (-) Tiitk, BEDUAMORD SN0 Mm%
T—V L, 60%BAIHEET ~ =7 LTk L7z, 20

mm Na,HPO4-600 mm (NH,),SO, (pH 7.0) TEHNT L 72
¥ % Phenyl-Sepharose 7 5 A 2L, (NH,) SO,
IREAE (600-0 mm) TiEILE, S HICZEMAKTHEL
L7z BEEPURMEOFED SN0l % 7— )V L, 60%fy
AR T v E=T ACHRM LD DOEHBHE T 7 7 IgM
L7z Y5727 1IgM#10mmPBS () TAB#E

EE7aA4 Y h7 Va8 b (Sigma) LIALEE, v
X O TR L7, WAL ) 2 R Ak
OFNATHALS /- IgM Z ML, S 5122 BE#ZA
BUIgM % BERENIERE L 720 SRS 525 H #1243
L, SEEL7-MiEEPL LT 7 7 IgM I & L7z,

SDS-KU7 VL7 = RS VESXKEN (PAGE) B&
UoIZxyr7Ov bk (WB)

b7 7 7O, BB X OMEE 9 ff®D HBSS T
JERE L 7214, @0 EE (20,000Xg, 547 12X DRk
2555 0 SDS—Z % (0.17 m Tris-HCI pH 6.8,
5.3%SDS, 13% B-mercaptoethanol) %Iz 3 45+ [&h
L, 1/10 @Bou—5 41 ~ 7 (0.05% bromophenol
blue, 70% glycerol) %Mz, SDS-PAGE k& L7z
SDS-PAGE 137.5%% 87V % Hv>, Laemmli (1970)
DHECHEL T T 572 VT AZ 7y + (WB) I3,
Towbin et al. (1979) DFHBEIZHEL, G HMHEME WL (50
mwm Tris-HCI, 200 mwm glycine) % >, 10 V/cm T204r
MOMEBIZLYD T 7NV T I FFVHIZER LS V%
s E=baotpra—2x (NC) & (Advantec) IR
L72o NC % 5 %A % & IV -TS #% i (50 mm
Tris-HCI, 150 mm NaCl, pH 7.4) T304 7w v &7
L72t%, Y, &% H 25 VIREAH NS 7 7
1R, PLbh T 727 IgM FRRILEE % 2 R, X
LIZTNVA) T+ A7 75— (AP) B4 ¥ Ig
7 & fifk (Dako) % 3 RIiE & L, HEREEZIT> .
F8t12i, NBT-X-YU YE&# (0.34 mg/mL nitroblue-tetra-
zolium, 0.17 mg/mL 5-bromo-4-chloro-3-indolyl-phos-
phate-toluidinium, 100 mm Tris-HCI, 100 mm NaCl, 50 mm
MgCl,, pH 9.5) % Hlv: 7z,

Rl AR A KRR THE L TW/2SPF 7 7 7
CP¥IRE 20 g) 2 KiBRIX 2472 D 20)2 3> 100 L &K
ML, &4 BB &2 L7z BB 1121, A
FyBGFHE FL O MAIRIE PR %2, RBRIX 2 (I3 R
OE L EE (100,000 g, 60%) _bigH %, RERIX
3K s L o B R 43 1 AR & 45 4 0.1 mL RS
O ANIERE L 720 F 2B RIX GRERIX 4)
21, Hanks’ balanced salt solution (HBSS) % #ffi L
7o RRERAUE, MERRETC 2B KT L (5 Mk H,
23.6~26.3°C), MEILLHRZHM L7,
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SDS-PAGE (7.5%%7 V) %% Fig. 1-A 12, F 7z J&Tit
#hF 72 (Nag-S) X UMFM (Koh-H) IMific &
5o Rtlg% Fig. 1-B BX U -CIlCK 2R L7z,
i ¥ £ L% CUE, 100~120 kDa @ % ¥ 78 7 AT 4
AR 2> S M S 7228, BERETENR S O5FEIC
HTOERDRO SNz (Fig.1-B, Lane 1-9). F 7z, [
ML % 72 S et TREFE DN & VX7 B h D b
100~120 kDa ® ¥ > /3 7 E A3kl & 7z (Fig. 1-B,
Lane 10, 11)o LLRE, ABFZETIE, EYLT 8 A R
Wanhichsos v 87 E % kuchijirosho associated
proteins (KAPs) L #id A2 e 45, LLad 5,
e f8 LT 2 H W 72 S gef Tk, 100~120 kDa @

A B

KAPs (3T D3 i 5 & O f D itk 2> & & Bt
Eheho7z (Fig. 1-C)o

OBERAE bS5 7 J Ok, Blifd LU, SD KAPs
Edan
HEAERRES X R ~ 5 77 (Nag-M, Wak-H)

%% 2 RO, kB L OME%E SDS-PAGE 2t L,
&Y A (Nag-S) i1 & 2 faEdetaif % Fig. 2 12
RL7ze FITR LMK, FIEfB & OREE f o itk
5 v 87 H 5 100~120 kDa @ KAPs A3 2 7223,
kAT N OB S X OWUEALR D > b KAPs (3 &
Nihoiz,

OB bS5 7 JRhEBERROBR 0D B LB S KU
Eh 50D KAPs #&H

HIHAESEE b9 727 (Nag-M) OB BERE O M8 3055
B BB & OB %2 SDS-PAGE Mt L, ST

C
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Fig. 1. Detection of kuchijirosho associated proteins (KAPs) in brain tissues of tiger puffer by SDS-PAGE and western blot
analyses. A) SDS- polyacrylamide gel (7.5%) electrophoresis (SDS-PAGE) of tiger puffer brain tissue proteins stained with
Coomassie brilliant blue, B) western blot analysis for immunostaining with serum of survived fish from kuchijirosho (Nag-S),
C) immunostaining with serum from an apparentaly healthy fish (Koh-H), M: molecular markers, Lanes from 1 to 9 : brain tissue
proteins of moribund fish with kuchijirosho, Lanes from 10 to 11: brain tissue proteins of apparently healthy fish.
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Fig. 2. Detection of kuchijirosho associated proteins (KAPs) from brain, kidney and spleen tissues by SDS-PAGE and western blot
analyses. A) SDS-PAGE (7.5%) of proteins of brain, kidney and spleen and staining with Coomassie brilliant blue, B) western
blot analysis for immunostaining with serum of survived fish from kuchijirosho (Nag-S), M: molecular markers, Lanes 1 and 2:
moribund fish with kuchijirosho, Lanes 3 and 4: apparently healthy fish.
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Fig. 3. Buoyant density of kuchijirosho associated proteins
(KAPs) in brain tissues. A) SDS-PAGE (7.5%) of brain
proteins of moribund fish with kuchijirosho, B) western
blot analysis for immunostaining with serum of survived
fish from kuchijirosho (Nag-S), M: molecular markers,
Lanes 1 and 2: supernatant fractions of brain tissue
homogenates by ultra-centrifugation (100,000 x g, 60
min), Lanes 3 and 4: precipitated fractions by the ultra-
centrifugation.  Arrow: KAPs in supernatante fractions.

fi (Nag-S) Ifji Coafedets L72f5 8% Fig. 3 ISR L7z,
100~120kDa ® KAPs 1%, _EiE4 W Tt S v7z4%, it
B SIS o 72,

OBERE, BEME, BESIUEETHNSTIOD
RO 5D KAPs #&iH

BT OORESRE T 72 (Nag-M) 72, %
NIRRT o j&gelit#ifh (Kan-S) 3 8, RIFET OFSiEE
AW (Nag-U) 6 BB L UHBRINE T ofH i (Wak-
H) 3ROMMEES » 7 HxBXkEI L, RRFE K
2t (Nag-S) i (2 v v b), EHIESE X ORIk
IR T s (Koh-H, Wak-H) Ifiii (4 av b)), £
B X OMEB LT OFEBEAHM (Nag-U, Sag-U) il

F LA - B IMRRD - VHEREE - HOK

e

oF

H @Buy b)) ZHOARERGZIT, KAPs O
kAT (Table 1) G B A MGG CREgt L 723
&, FEERLEA 2 TORMMA 5 100~120 kDa @ 2 &
@ KAPs 2B 27248, MR TRD & 7z KAPs @
STRICETOERNED SN T2, WA T
gt L7285 A, KAPs I358EA B X ORI
DO T MNORHRRIRAED S IRIB I N o720 —H,
FESEREA B ST 2 W T KAPs DR % 3o 72 4 28
EIFLFo b5 7 7 2 @ v +Tld 100~120 kDa
2 RO KAPs P FAEM B L O L OB kk 2> & e &
N, REETO T 7 7iE Tt KAPs I3 o
BRH 5 b SN d o7z,

KAPs DfRR 4R

FEAEFSAE b 5 7 27 O L Wit 0 8 3t Lo 55 B 3%
S (KAPs 77) B X ONLE: S (KAPs 7~v8) &+
T7UEHAREBEREL, FoWREEICOWTHRELZ
(Fig. 4)o 73, Bt XA 13 £ R AR I i 2
PPkt B IX121E HBSS % 45 4 546 L 72, Betkxt X T
&, BEHHRSHH»STEII LT Y, HRB14HHIC

—&— PosiCont
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Fig. 4. Pathogenicity of ultra-centrifuged fraction of brain-tis-
sue homogenate of affected tiger puffer with kuchijirosho. B :
brain-tissue homogenate (positive control), ® : precipitated frac-
tion containing non KAPs, O : supernatant fraction containing
KAPs, (1 HBSS (negative control).

Table 1. Detection of KAPs from brain tissues by western blot analysis with tiger puffer sera with or without disease history
of kuchijirosho (snout ulcer disease)
Detection of KAPs by western blot with fish sera (positive / sample number)
Antigen with kuchijirosho history with unknown history without kuchijirosho history
brain n Nag-S-1  Nag-S-2 Nag-U-1 Nag-U-2 | Sag-U Koh-H  Wak-H-1 Wak-H-2 Wak-H-3
Nag-M 7 717 717 717 717 0/7 0/7 0/7 0/7 0/7
Kan-S 3 3/83 3/3 3/3 3/83 0/3 0/3 0/3 0/3 0/3
Nag-U 6 6/6 6/6 6/6 6/6 0/6 0/6 0/6 0/6 0/6
Wak-H 3 3/3 3/3 3/3 3/3 0/3 0/3 0/3 0/3 0/3

Nag, Kan, Sag, Koh and Wak denoted Nagasaki, Kanagawa, Saga, Kohchi and Wakayama Prefectures, respectively.
M, S, U and H denoted moribund fish with kuchijirosho, survivor from kuchijirosho history, unknown kuchijirosho history and

without kuchijirosho history, respectively.
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FEMIRDTEREIC T L7ze F72, KAPs A Dby
WEFEFEXICBWTDH, H8 HH2 OIS S NG
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FEIETEF100%) o — 5, KAPs & Uhar Bk b i 40 2 32
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O RENDRD NI BB, FEREXTRTEL
NI 7 7R3N THEZ BE L TR o7z,
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T (TR P JFAR LS & 2 &4eiiE Td 5 7% (Inouye
et al, 1992, Miyadai et al., 2001), J5EMKD FEMIE K72
HEMPIZENRTWRV, 22 TRIFZETIE, HEEDZ
Wik RN, % HIIZ, AREFSEE b 7 7 7Rk X 0 T EGEE
WEEARD B\ IO HFERE & 282 8 (kuchijirosho as-
sociated proteins, KAPs) DR & il 7zo LT IE &4
i8N 5 7 Z MOz w72z 0E R mic B nd,
BB THTRICETORIZEDLNDL L DD, 100~
120 kDa @ ¥ ¥ /X 7 D& C OB S s 7z
(Fig. 1-B, Table 1) L2*L %255, W& ¥ 237 B, fi
FAUNE 7 O 72 RS T OB D 5 b #eh &
Nih o7z (Fig. 1-C, Table 1)o L7245 T, J&Hmiti
A5 IS X D R 72 100~120kDa D 7 ¥ 737 E 13,
LTERERIE & » 8 7 [ CTH A REMAVRIR S v lze R
DX, TEER AR O &Gl 2 I NS E L, THEHE
WEEARDIIN D A 72 & T g b B IS D B & R AR
FIETHILEMREL TS (KK, LarL, 100~
120 kDa @ KAPs I3k 2> & O AMch S, Bl
TEALRR 2 S 13RI SN e o 72 (Fig.2). ZHi3, KAPs
POBEERES Y7 B ThHDH I L e T HRTH
LlEZBN5,

CIEAEFSIE b T 7 &7 O IR AR WA o 88 33 U 43 1k 43 T
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Mt ¥ 7z (Fig. 3)e S 512, £ 05 OFs Iz D
WTHGES L7z & 25, TR & 5w P AR
N7 (Fig. 4)o REBTHW 250 M5 (100,000
Xg, 6047) &, HEINFHEREEORNT 7T Fy 4L A
(p:1.17-1.20) HFTH HHICHLERINTE 25 Th 5
(Nishizawa etal., 1991). L722%->C, EHESMICEF
N5 KAPs OIFHEFR L, 7 A v ZRF- 12 A~ AR
WEEz bz, 72, KAPs ®4T# (100~120kDa)
WM T A NVADREESY VX7 HE LTIERET
X5z k, SDS-PAGE Ik A jetatkr b E N B
KAPs O #l#k AR 1T 1-10 mg/g MALLT T, F84E
£ IR ATAE T 2 BYR DR & L Tl TL
WZ k, EHITHRIKRHT KAPs O T BIZAED D 5
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EHELTWD, REBICB VT DL % H W 7295
JEPERRBR IS 3\ R BB 40 T L 5 R R ASRR O B 7z
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BLRIRN C &12, KAPs (RGeS AR i i & v 725
P CREE A2 S b S, SHICEME
FEAE B DAL 12 B 1T 2 KAPsEICK & 22 =130
SN 72 (Fig. 1, Lanes 10-11, Fig. 2 Lanes 3-4).
i, KAPs 2SR CHizIcE Sz v 87 8
TlE% L, WEDMREN & » /3 7 E OB ED T
FEREIC L WAL L, KAPs & LCHiZZICHE R S iz
DTIE BV NREEZTVD, RS (2007a) 1, TH
SEFSE b T 7 7 OMHBREVSRZ 7 ) [T 528 T
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%, RIFETFO T 7 71l 2 1 v +2s KAPs UGkt
ThHY, HIHEEETO T 7 70iid KAPs ROG
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SHTRAMBI R L 9

X 73

b # o A - kY - mRALHE (1986) D EHE N T
7 7 O EHE QR EAR S HE & BCHER. fUmiige, 21, 129-
130.

Inouye, K., K. Yoshikoshi and I. Takami (1992): Isolation of
causative virus from cultured tiger puffer ( Takifugu
rubripes) affected by kuchijirosho (snout ulcer disease).
Fish Pathol., 27, 97-102.

Laemmli, U. K. (1970): Cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature,
227, 680-685.



34 A - IR -

Miyadai, T., S. Kitamura, H. Uwaoku and D. Tahara (2001):
Experimental infection of several fish species with the caus-
ative agent of kuchijirosho (snout ulcer disease) derived
from the tiger puffer Takifugu rubripes. Dis. Aquat. Org.,
47,193-199.

Miyadai, T., E. Hashimoto, K. Hashimoto, T. Watari, M. Ohtani
and D. Tahara (2004): Partial purification of Kuchijirosho
causative agent by sodium iotalamate density gradient
centrifugation.  Fish Pathol., 39, 213-214.

R - E IR IR - dRETESR (1985) 1 M T 7 S OESED
FREALER S ROIEZE. SURIESE, 20, 475-479.

Nishizawa, T., M. Yoshimizu and T. Kimura (1991): Buoyant
density of hirame rhabdovirus (HRV) in cesium chloride
and sucrose. Fish Pathol., 26, 47—-48.

LA ME - B IERL - THEREE - K SF (2007a) ¢ TEME B

PR - K 5F

7 7 7 RSN 2 T 7o NIy RGABRIC & % 7)) T %
iE. fEmEgE, 42, 35-39.

EAHE - TSRS - K S (2007b) ¢ N7 7 ZIOEHEIC T
T 5 BRI HFEORA. I, 42, 67-69.

Towbin, H., T. Staehelin and J. Gordon (1979): Electrophoretic
transfer of protein from polyacrylamide gels to nitrocellulose
sheets: procedure and some applications. Proc. Natl.
Acad. Sci. USA, 76, 4350—4354.

BT - s mid e - MIFEr M - EH=0 - BEHBE
(1985) : #hli 5 7 70 “LIFUE" FRFSA: 61 055 BT
FHIFTRL. SURHEZE, 20, 495-500.

AU - M= w M - =0 - Ik - RS
(1986) : #hi b 7 7 7 O ERE O BARR A O L. 0%
WF7g, 21, 101-104.



