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HE:

=% A Cyprinus carpio koi IXEND A7 6950 # [ELLEOFESMNENZ W Tkl E fa & L TRZERT B,
ELFHE SN TN D, SHB L ORFRCO TRFZR =X O34 2 BT D 7-0ITIE, BT 2 EYE 2 fi ) o)
BT 20EN S D, AL, FFERBIIRESN TS A~ 2 T A 2L (KHV) ~OFEGa 5 <
U F BB TLZEEHIE Lz, KHV % 7 A DNA [H# SREMEICRE 592 LHEE Sid 12 FEO
A=V —F 477 L—2 (ORF) Z#EEL, KHV JE O L BHFRE L 7= cDNA 35 JUVDNA % ##75 &
L C BamHI 35 L O* HindIIl O fillFREESE 2 785% 9~ 2 B2 &de ORF Z#iE 5 77 A ~—% /= PCR IZ & 0 1
g L7z, YRUTC. PCR #IE DNA % T-Vector (Zi8fE L C 7 m— Ak LIzt LAY Z /R L7=, ORF16 B L
ORF57 %, KB 2—/V K¥ g v 7 B 7 vt —X —%&T pCold FEBLA IS U, BSR4 B L
7ot Mz 2 LR B RERLLUT-, #Hiz ORF16 353 L ONORFS7 X L /08T Vaxy FERA LIz
VarkE=vX AT HEICES LERER, gz 2 o R B e RET D S, Thb

DOFERIL, RFEIC L VIR Uiz # o BB L OBy ¥ —Z%I1%X KHV BYABi< o sF o LTH

B TH DM ZRRRT DB D TH D,

F—U—F:

ORF, 7"/ A DNA, Mz 2 o /\VE, aA~NV_ATA VA = F a4

1. FX

Bl TE L= F 34 Cyprinus carpio koi
X TEE3FEA] HOAWVE HEKSEA] EHabh
TWHERBIEAD—DTH D, IHE, =2 F a4
FENIZ & EF B TECRCTEZR L 50 4 [ELLED
AAMNEICBW T E Bl S Au, ApEEITIEI Lkt
T35, A% bElEkiE, ERETRENOEAES
W= I BAET DO, REFNE
SN S OEBIBIFE TN Z T, RIRIR HREGLZ15 <
PEERI R & & D72l iU 5720,

=X AL ZII LD ET L aAFHIBIT KD
R & LCid, oAt m, A LA, K
I ERNIRIEESE, 22 TH Y | FOr ClIbiE
PEEIR S TIIRL T E 72T A L ASEIFHEAE L
GAeBRENETTHDY, B ThH, A~
AT A VA (KHV) J5 I 3RHEZ A PEMEIRE I R
T DRFERBICIEE S, BIE LTSS, TRTo
ARG LTS 5200 2o k9 7fkin
T, MPERECERRE 72 EOREN R A VAR
KL THEN T 7 F U E2IX LD LT HHFEDOENR
B EIRAE 2 FIIFH U 7o ARARI D022 2 72 s BT O Tl
SERRD SN TND @,

BhaE 1202549 A 30 B, /%HH : 2025411 H 25 H

TNETKERY 7 F 03, AN E %2 &
N~ U VETRELSE, Zadiie LTHRE L
TWBY, FHETE, BT THROTEC X 0 4%
STz & Ry BROBIB T HRBIAN Y X — %%
5952 L2k 0, RIEOERELERSE 2 TR
SEDRMENED LN TNEO, = F 210D
KHV OU 7 F 034 AT T )UIZB W TR HED
LTV EHEEH D08, IR TH D,

ZO—J5 T, KHV 4 7 2 DNA HMifse S 4, 156
oA —72V—F 4771 —24 (ORF) Na—
R &1, ORF OMSREIZRET 25 51 B b 4R S s T
W5 O Z 2 TARIE TR TE LV = F
A OEENEILT 572010, FFERBICEE S
TS KHV ~DEG <Y 7 F 0% H
f)& LT, KHV D%/ 2 DNA 1) SR B
595 LHEE &5 ORF %37 E L, ORF % PCR I
I ra—AbT5 L L HICHRB L7z & X
I7EDOU I F ol LTCORMEERR LT,

2. BRHR LU
L Zp s
KAV B L= T4 Ok Ui, BEA LR



BEHE v X — By 5 SN b O AN, =
% = MBS DIEA L=,

WIFMEICBI 532 L #HEE ST D ORF DOFRE

KHV ®7%" /) s DNA 2> LHEE S 415 156 {E D ORF
D95 RFEMEICB S35 EHEE S35 ORF ZI%iE
L7e (1),

ORFDNA D7 0 —=7
KHV [Z&Y L7z 14 Dk LvbH 4 RNA (T,

RNeasy Mini Kit (QIAGEN) [Z X VWi L7=, —&K
#4 cDNA 1%, Prime Script 1st strand cDNA Synthesis Kit

(TAKARA) |12 X 0 &% L7z, 7=, DNA L, DNeasy
Blood & Tissue Kit (QIAGEN) (2L Y FR#L L7,

ORFZIEIET H /T4 ~—1X, 74TV —RFI734~
— (SP) ®O5lZBamHIFEFRALS & B2 K%, &
7ee UNR—=2AT7J 4 ~— (ASP) OFMNTHEIE= R
EHindIEEHAESN 2 ML= b D2 W=, 7J7A4~
—DERITHARER FIFEANRE L=, B L Dlst
cDNAE L UDNAZ A & L, NI OORF % Hiig
T 5SPE L TASPT T A ~—% IV \/=PCRIC & V) HiF
L 72, 7235, PCRIZ, HotStarTaq Plus PCR Kit (QIAGEN)
% W=, PCRIFIEDNADEH K (X1.5% 7 T r—AS (=
VIR —) FIVERKKENIA LTI, BEYY
A XOPCREAEDNAIL, NuSieve GTG 7 4 12— A 7)1

(Lonza) »2>54)Y i L. NucleoSpin Gel and PCR
Clean-up Kit (TAKARA) (2 X 0 F5HL L 7=, K58 L 72PCR
HIIEDNA %, T-Vector pMD20IZAHIRIA AT, 70d5, T
A 7—< 3 X, DNA Ligation Kit <Mighty Mix>

(TAKARA) IZXVW4To72, ORF/pMD207' 7 A K
N Z—%. E.coli IM109 Compitent Cells Kit% F\ T
R L7z, % v MIEDSOC Medium% Il 2 T
37 C IR OIRZIERE 21T o Ttk TWEEEHLRH
% Fast-Media Amp Agar X-Gal#£ K~ /L (Invitrogen)
WZEBEE L, 37CCI6HEAIEG R LT, FEIfiSha R
Y v 7 an =—% TUGH CEREL L 72%., 5 mLoD
LBE#% (Bact Tryptone, Bacto Yeast Extract, NaCl
BIOT v ) IHEE L, 37C TR H OIRY:
g% (100 tpm) %4772 -57-, 77 A3 RO
QIAprep Spin Miniprep Kit (QIAGEN) Z W T{T o7,
HJH A XOPCREIIEDNAIL, 77 A 3 R & HI[RE%H
?OBamHI} X OHindII 2 IV CHLER L7214, 1.5%7 4
12— AST VEKKENI AT L TR LTz, BRYYA X
DOPCRIGIEDNADIFERFEAHNDFFENTIX, 7 7 A~ v 71
KHE L TiT72 o 7=,

ORFRELR Y X —ROEELAAH 2 7 L R B DR
-0}

7 ) LDNA DI FELY & —£ L 72 ORF Z pMD20 7’
TAI RRY Z =D HflREERAER A L, 7 a—

AT NVERIKENEAT IR - 7% ARV A XODNA% K
L, pCold Vector (TAKARA) (2% L 7=, ORF/pCold
TR KXY Z—% E.coli IM109 Compitent Cells
KitZ W TR L7, &~ MEDSOC Medium
Z N Z37°CTIR R DIRG SR 21T/~ 121, KIGH
% E e UG % Fast-Media Amp Agar X-Gal# K 7 /L2
B L7z, 7 L— MI3TCTIOHRGE L=, UG
TEHER L EEER SN ERGEY v v ae =—
Z. 100 mLOLBE:FRIK (7B s a2ETe) 1T
L. 37°C T4 DiiREEE#% (100 rpm) Z4T72 > 72,
FERIR DOD600A30.5(2 72 » 721, 15CITHmAI L., 30
%Féﬁfz&% L7z, 2 ORFEKIZ0.5 mMOIPTGZ UL

T, 15°CC4ms RGN & Lf:o Z D%, FEREELD
578 (3,000 tpm, 10471#) (ZX VAR L7z, Mz~
> 737 4%, TALON Metal afﬁmty Resin Kit (TAKARA)

WCE DR U, B Uz & v R BOs &
%:SDST/VT 7 UNT I R LVERVKE) (SDS-PAGE)
WL VFER LT,

KE¥i %2 ORF #H¥AZ & L /7 BOMES & MR D
/\ﬁ

HLHA 2 ORF16 3 X Y ORFS7 # v N/ & %
0.9%NaCl [ Z¥Af# L C 100 ug/1,000 pL (Z#HR L 7=, =
DOWRIZZHRED 7oA v T Vanxr b (BEE7 4
JL 2 - Wako) &, —HiEtREHOWTRE LGl
ORF #Z o\ Fx~< Ay a v EER LT, ok, =
v hr—E 09%NaCl EEEDO7a A TV
Ny N ERA LT 1,000 uL @ 0.9%NaCl =< /L =
CEERLT,

=% a4 (KEFHS0 g, n=30) % 0.01%D 2-7
= ) ¥ B ) — )L TlE L. 100 pL DR
ZORFZ o\~ g &GN T B RS
3 RIS Lz, 7o, STRREEICIE 100 uL @ 0.9%NaCl
TV g U EEE L,

3EIHDOESRS 7 BHAIZ, ML o= F a4
26 1 mL OIMEEEER LT, iK% 4°C®‘/ME&2J$T~‘
ZH#F'?%%EU‘J& 03 EE (10,000 tpm, 4°C, 5 53
M) (X miEZ2R L, miFcE T oMMz
ORF16 koto ORF57 57//\&”’? W23 % g
BOSH A7 2 a =—RIZ XD~ 7ol
mexnszyayéﬁﬁbk:ybm—w@
WD T b [ARIZIR T2,

3. RER
ORF DFE, 7 u— b L U%A# X ORF # > /%
7B DORER
KHV D%/ 2 DNA 7> BIRJFYEIC B G- 5 & HEE
S5 12 FfHD ORF Z388E L, KHV s fao e
SARELL 7= 1st cDNA B X OV DNA ##E L,
BamHI 35 . O* HindIll %% #e ORF ZIE 32577 A



~—% 72 PCR Z1T7e o oS SHE DS H A A
R L —Er§ % 8 FEHD PCR HEIE DNA 237 4 11— A
TFILERKENC L Vs his (E2),

ZH 5 PCR HEIE DNA % 7 /L SRR 724
pMD20 X7 Z —(ZifE LT m— Ak L HEES)
T ARG R, 5 FEEHO ORF OEAIA SRS T
HEFNE —E LT, 25D ORF 2DV THillRRE%SE
JLPRZJif L C pMD20 7°7 A X R Z—7n i p5il
Li-#, RKIBEDOa—/V R a v 7 RBEBLRTH D
pCold 7 & — T LTz,

ZDH2H, G FrNEIEREE (GPCR) (2
BT 54 XV E%a— K3 % ORFI6 B8LUK
KT HEFHHLTHAERBENRRBINTND
ORF57 IZ2W T, ORF/pCold 7T A I R X —%
OB NG A AR Lotk Mz &y
'8 % TALON Metal affinity Resin Kit |2 J 0 ¥ L 7=,
IO OMEAZ Z N EOINEIT, FENK 2
mg/100 mL 58K Ch -7 (K1) , 7ed, FERL
7oKz ORF % v /37 B D4y 1-#% SDS-PAGE T
TR FER, Mz ORF16 # > /37 E 1% 43 kDa,
F7-. H#LZ ORF57 & > /37 H 1% 59 kDa DH—
v RERLE,

#H#L % ORF16 3 X TNORF57 & » {7 BDEHB X
O MBS DR

5 nug/100 pLiEEDFHIR X ORF1635 L "ORF57 % >
IR, ENEN=F A A ONFEENIZT B E23(8]
HEH L CTBTH BICERE L7 Mk hs & i8R U 7= g
BT DMz & ISR D mE RS I,

FHHE Z ORF16 7 > /N 7 B FIZ DWW T L0242

F£7-. #AHLZ ORFS7# /87 BEIEEAIZ W TIEI0E
hsE bR SN (K2), —J. 0.9%NaCliEH
MO L2 MiEn b1, ## 2 ORF16%7 /37 E s
K O %2 ORFS57 & L /X 7 G \Z %t 2 6095 SOS Bt
AT IR S e o 7z,

455
EExDFEA] HDHWIE WRkSEL] b
TWHERBIERAD DO TH D= F T4 FEAND
F72 BPRCASLHE R EOFNEIZBN T HE < GE
i S, AEFEREITHMN UEHT T b, 5% bal &k
x| R TR OEMECH = T T A B AFET
BT-0OIIE, RPN B D OFTEIBIFIIN 2
T, FEEASORGZ SRR E & S0 ud7e 6
RV, IAITBITDTANAIZ L DRYGYEE L,
KHV e a4 H#7 A VAME, £72. WAL APED
A FZNERER T A LV AMEFLEAEE 72 E 3 51TV 5,
ZDOHE KHV JEIEA AT /e SEA S i 7wy
FANRREDTH D & ST FIERUT 2003 4E5 1 2022
FEORNZ 1,577 23855 ST 5, KHV JE1E, 2005

IR AT FERE IR E I Z 38 1T D R ER BICHE

S, AR DN EESGIC BV L, Ak
RN TEME DA TH > THETHELSY LgThE
72BN, IR TIL, KHV IR OFIEG] TR )
(2024 4E20 1) 1ZHD LD, KR THET
IZIEE ST, ZOXIRIRIT, =% a4
% KHV 572 EDORGHYEN SRS FRO—> & LT,
SRR L CHEDRY 7 F oA i+ = L%
2 HiLD,

INFETOKERY 7 F & LTE, REMEY
RN~ Y IR ETRE LIS OB FERTH Y |
INTTF wHA L BT A T2l EORERE S
ATHAHY, F, =oF AL EHIFLDETHaA
BHZOWTIE, RNEHEALD 7 F A3 mMEL L &
T FAIENTH LN, V7T ABHNRX v U
TR D AREENS D EERESRTWEY, 20
— 5T, T, FEMAEMD S 2 DNA IHHBE
FEEN, B HERICHEESWZ DNA U7 Foip s
DBRFERED LIV TW D, MIHICBWT H REHZEHE
KIGFITHOWT DNA U 7 F B3 D HFZE0 B A
ENTW5D, Aokieral ®i%, KHV %/ 2 DNA % f#
#tL. 7/ I DNA EIZ 156 {80 ORF NMFEAET 5 &
HET DL LB, WEMEICEET 2 LHEESND
ORF ##ELCW5, L2rL, 27 ORF U
Fr L LCORMECET 2HEITZ LVHOTH
b, & ZTAMIFEIL. KHV D%/ 2 DNA I
DNT, JRFEICBI G35 EHEE STV D ORF
DI F & LTOREIMEZ DN TN,

KHV @ 156 fHld ORF @ 5 &, JRIEMECE 545
EHEEESND 12 {50 ORF ZEE L, PCRICLD,
ORF % #igE L, HIAEY| 2 8 L7=, PCR OfEH.
12> 5 & 8 {E D PCR HilE DNA OEEERIHN Y 7
7 LUAE L, ED DL 5ED ORF O HELS]
LT = R— R GR S VTN DR E —B LT,
ZiH D ORF % T-Vector pMD20 725 BamHI &
HindIII PREEZAEE 2t L ORI L 7=, G Z 37
BEHZRFR (GPCR) (BT A2 Ry Bk o
— R9°% ORF16 L OKRKT 2D L55m8bd 5 AlhE
PEDRIE X4 TV D ORF57 12OV TC, pCold X7 #
—ICEAE L, IEERRIGE 25548 Lo, Mz
Ry BRRERL U, 2 b 2 MO Z ORF
X DSy 1Bk, SDS-PAGE OfER, PAEX
N5 43 kDa, £7-. 59 kDa DH— > FZ&R LT,
IR BHOFERIL, Mz ORF ¥ 30 B % KIGH
Da—)L R g v 738% pCold 7 & —(T#fh
THZEIZRY, FETLHZENTEDLEVZ D,
LD L ZAEFENRIZONT, MOFBT ¥ —%
EHR L TS TR RIS B OB 2R & &
B0 Z & THA 2. ORF & L /87 B ORPEIL ATRE
ThdEBE2OLND, B, HR L EHFLIRET 2



FHENT Zo 2 E&ie X /7 B % a— N9 5 ORF112,
Membrane protein Z =1— 9% ORF132, A ¥ —u
AX2 10 ICEEPTDIX R0 a— KT 5
ORF134 DOFBIRT X —ROREE LA x & v /8
BOHHREED TN D,

ZNETKHV JFEAHR & L TRYAE 30CLLET
BT 5 LEIET D 2 LD ARENREE L LT
ERbdEINTND, LaL, &I KHV 2K
IMCHEHR SN DI ARTHY, Fx VT —ERD
AREME I E W EHEE STV D, —J7 . KHV 12X
BUTFATOWTIE, b L7y, Ev T
PDENTHDHEINTWVDEDR, Fx T —C20%
B LEIRENTWS, 2 TAFZETIE, mEMEIC
BIH-3 % LHEE S5 2 A ORI 2 ORF16 35 LY
ORF57 # XU B = F A MRIZEET 52
LI X DAIECOWTRE LTz, ZAVE TOMSE
WCBWTHEMMEFANT P anv N Z Ry Bk
BEBAL ML oLy g v alciET 5 0
BEIREED ZERRESNTND, £ T, fHl
Z ORF16 B L ONORF57 # L /X0 % T ¥ a3 bk
LIRELTER LI~ vy g v E . FRFR=Y
X4 OIFFENICZ 7 B 3 [EVER Lz, D,
FHEL L 7= i I, PUR T DM 2 ORF16 3 LY
ORF57 % /R0 B & GGV RS & R By DA
WA A7 Zo=—{ETHN, TORE, Mz
ORF16 LN ORF57 # v/ B aTES LD
40%LL I3 THRIEGIER Ay D3 STz,
—J7, % ORF % L /87 G %8 F 720> 0.9%NaCl/
7Y 2Ny MERBOMIERIZITHEELZ ORF16 35
LY ORFS7 % v X7 B & ST ARSI &4
Dol #ifiz ORF Z L /R 7 B 2 S L= Ao
HEHICHBLT B0, A ERICEB W CTHELL 72
MLz ORF & L /X7 BIZxtd 2t Hb b %
IRIBT B, ZNHDZ E LD, BHRL -2
ORF X > R GafMEAANT V2N b LR
HlizmeAya v EREERTHIZEICED, U
IF L LTHNERT D Z ENFRETHD EE X
HDd,

S fEw

AWFRIZEBNT, ZADTANVATFO—DTHDH
KHV/ b DG a5 <0 7 F U Biso—B & LT, IR
JT A NAD ) ADNAREHRIZFE ST, JRFMECR
YU FHET D E THINDORFEEE L, LM
MXORFH VX%, aflc&EGT5Z 81280,
MEFICHUR CTdH D X ORF X > /37 & & PEK

JSZTRT R BLIT 5 2 LR BN L I oTz, BIE,

FHHL 2 ORF163 L OORF57 % » /X 7 ' D14t 2 th ik
L. PR & 79 B MGG OfH S 415 Wiz D
TORGEZED TN D, FT2, pCold Y & —|TidfE

L7-ORF112, 1328 L340z 2 v R0 B %
L, ZNHORFOY 7 F o b L TOAEBECET
LW EED TS, & HIZF D, ORFZpcDNA3.1
Ry B —|TERE L, DNAY 7 F 2 & LTI
THMELRME L T D, TN DOIFEEZEED, 7 —
X EBERET A LIk, RIS ERBIE S D —D
ERESNTVAEEECHTE L=V X I DO
TPHEFES LD Z IR DDNAY 7 F o DFIFE M
HrEshs (K3),

6.5 HE

AHFFE % BT B T2 0 EREAT - 1B HE &
B & HARRIRH 2 B L 5, ARFSEO—EBIZ,
— A LR AR RN EFFERT O B A 5% F C 3k L
T2 ZOEAE{EY THEILE L BT ET,
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IANNRRATA NVRABRIEZBH ST 7 F L OBRFEDOHE

& 1. KHVOWREMICHEG E N5 L #EE S B ORF

# 2. PCRIEMEDNA & FEFINT X — R DM

ORFs ORFsh'1— RIBMESNZ I > ) OBES L UHEE ORFs | E#4{z" | #1EDNA | pCold [pcDNA3.1|
ORF 4 ESRERAF(TNF)RBBICRBIT I >/ o8EI—R ORF 4 930 bp (@)
ORF 12 | TNFaRBk&UTHART ST EHRM ORF 12 394 bp O
ORF 16 | GH>/(HEEREH (GPCR) [CHEMT 34>/ (UHEI—R ORF 16 | 1,074bp| O O ®)
ORF 56 | ORF57(DiHiEICEISS SAeE ORF 56 | 2,580 bp
ORF 57 | ®R%93EHBIETaARE ORF 57 | 1,470bp| O o o
ORF 62 OUT cycteine protease domainlcBl9 349 >/\UBEI—R s (8 ||l
ORF 68 | SASSICEMTZH>)OREI—K ORF 68 | 6,801bp
= = ORF 81 768 bp o)
ORF 81 Multiple transmembrane protein
ORF112 840 bp [®) o)
ORF112 BULCEERET IHTSEFZaESOI>/)\VEEZI—R
ORF132 510 bp (@) (@)
ORF132 Membrane protein
ORF134 540 bp @) (o)
ORF134 A29—0O014F>1 0(CH|BRIB39>)\UFEZI—R
ORF139 | 7,011 bp
ORF139 RY O RIA JVADB22RY VN VBERICEBTEI>)OBZI—R
0.3— rw 0.3
£ £
[ [
o o
Q 0.2 2 0.2
® ®
8 8
£ £ Bz y> IR
£ 014 |z 9>/ on £ 014
é’ Wash Elute 2 Wash Elute
<
Load ¢ ¢ Load ¢
0 T T 1 0 T T ]
(] 10 20 30 0 10 20 30
(a) Fraction (2 mL/tube) (b) Fraction (2 mL/tube)
1. ORF16 (a) BXUORF57 (b) fH#faz 2 >/ B DKEHE
DNA
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(Original Article)
Development of a Vaccine to Prevent Koi Herpesvirus Infection

Shunsuke Moriyama
School of Marine Biosciences, Kitasato University
Minamiku, Kitasato 1-15-1, Sagamihara, Kanagawa 252-0373, Japan

Abstract :

Nishikigoi Cyprinus carpio koi are regarded as high-end ornamental fish not only Japan but also in over 50 countries
worldwide. To continue breeding vibrant and healthy Nishikigoi, it is essential to defend against prevalent infectious diseases
in a simple and efficient manner. This study aimed to develop a vaccine to prevent infection with Koi Herpesvirus (KHV), a
disease designated as a specified disease. Twelve ORFs presumed to be involved in pathogenicity were selected from the
KHV genomic DNA. Using DNA prepared from the fins of KHV-infected fish as a template, PCR was performed with
primers designed to amplify ORFs containing sequences recognized by the restriction enzymes BamHI and HindIII. The
PCR-amplified DNA was then cloned into a T-Vector and the nucleotide sequence was confirmed. ORF16 and ORF57 were
cloned into the pCold expression system containing the Escherichia coli (E. coli) cold shock gene promoter. Transformed E.
coli was cultured, and, then, the recombinant proteins were purified. An emulsion containing the recombinant ORF16 and
ORF57 proteins mixed with an adjuvant was injected into Nishikigoi three times at 7-day intervals. As a result, components
cross-reacting with the antigen were detected in the prepared serum. These results suggest that the recombinant proteins and
expression vector system prepared by this method have potential for use as a vaccine to prevent koi herpesvirus.

Keyword :
Genomic DNA, Koi herpesvirus, Nishikigoi, ORF, Recombinant protein
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(Original Article)

Aquaculture Technology for Cold-Water Premium Fish and Shellfish Utilizing Underutilized Resources Generated
After Food Processing

Shunsuke Moriyama
School of Marine Biosciences, Kitasato University
Minami-ku, Kitasato 1-15-1, Sagamihara, Kanagawa 252-0373, Japan

Abstract :

Amidst drastic changes in the marine environment, aquaculture operations that feed and cultivate commercially important
fish and shellfish play a crucial role in enhancing the productivity of cold-water premium seafood. To achieve this, it is
necessary to develop new aquaculture ventures that reduce production costs, particularly feed expenses, which account for
over 60% of total costs. This research focuses on underutilized resources: aquatic products rich in nutritional value and
functional components that remain unused, and byproducts generated from processing agricultural and livestock products. Its
objective is to develop aquaculture technology that effectively utilizes feed incorporating these underutilized resources,
thereby enabling the cultivation of healthy, large-sized fish and shellfish. I primarily surveyed the production volumes of
aquatic products, agricultural crops, and livestock products in the Tohoku region. I investigated the nutritional value and
functional properties promoting the growth and quality of fish and shellfish in over 50 types of unused resources generated
after processing. I then prototyped functional feed incorporating selected unused resources and examined the effects of this
feed on the growth and quality of cold-water premium fish and shellfish. The functional feed was found to activate
mechanisms related to growth and environmental adaptation in fish such as salmon, trout, sturgeon, and koi carp, as well as in
cold-water premium seafood like Ezo abalone and northern purple sea urchin. This activation resulted in enhanced growth
and quality. These results suggest that developing aquaculture techniques to cultivate healthy, large cold-water premium fish
and shellfish is possible by effectively utilizing functional feed formulated with readily available, underutilized resources.

Keyword :
Cold-water premium seafood, Functional feed, Growth and quality, Untapped resources
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