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コイヘルペスウイルス感染症を防ぐワクチンの開発の図表

表2．PCR増幅DNAと発現ベクター系の構築

ORFs ORFsがコ ー ドする推定されるタンバク質および機能

ORF 4 腫瘍壊死因子(TNF)受容体に類似するタンバク質をコ ー ド

ORF 12 TNFa受容体として機能することが示唆

ORF 16 Gタンバク質共役受容体(GPCR)に類似するタンバク質をコ ー ド

ORF 56 ORF57Q鴻能に関与する可能性

ORF 57 欠失すると弱毒化する可熊性

ORF 62 OUT cycteine protease domainに類似するタンバク質をコ ー ド

ORF 68 ミオシンに類似するタンバク質をコ ー ド

ORF 81 Multiple transmembrane protein 

ORF112 複製と伝播を促進する寄与因子Za含むタンバク質をコ ー ド

ORF132 Membrane protein 

ORF134 インターロイキン1 0 に類似するタンバク質をコ ー ド

ORF139 ポックスウイルスのB22Rタンバク質に類似するタンバク質をコ ー ド

ORFs 目的サイス‘‘ 増幅DNA pCold pcDNA3.1 

ORF 4 930 bp ゜
ORF 12 394 bp ゜
ORF 16 1,074 bp ゜ ゜ ゜
ORF 56 2,580 bp 

ORF 57 1,470 bp ゜ ゜ ゜
ORF 62 11,958 bp 

ORF 68 6,801 bp 

ORF 81 768 bp ゜
ORF112 840 bp ゜ ゜
ORF132 510 bp ゜ ゜
ORF134 540 bp ゜ ゜
ORF139 7,011 bp 

図1．ORF16（a）およびORF57（b）組換えタンパク質の精製
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図2．ORF16とORF57の組換えタンパク質を注射
したニシキゴイ血清成分
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図3．KHV DNAワクチンの原理
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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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食品加工後に生じる未利用資源を有効活用した冷水性高級魚介類の養殖技術の図表

表1．未利用資源の分析
材料 タンパク質 脂質 ポリフェノール 成長促進活性＊1 抗酸化作用

＊2

サケ頭部 23. 1 mg/g 3.5 mg/g ゜ ゜

イサダ搾カス 14. 2 mg/g 4.8 mg/g ゜

キャベッ 12. 0 mg/g 1. 0 mg/g 0.33 mg/g ゜

レタス葉 11. 0 mg/g 2.0 mg/g 5.34 mg/g △ ゜

トマト 7.0 mg/g 2.0 mg/g 2.48 mg/g ゜ ゜

イチゴ 6. 7 mg/g 3.0 mg/g 27.20 mg/g ゜ ゜

シイタケ 31.0 mg/g 3.0 mg/g ゜ ゜

バカス 48.81 mg/g ゜ ゜

米粉 バインダーとして利用可能

餅米 バインダーとして利用可能

蕎麦粉 バインダーとして利用可能

，．活性あり △ ：活性士 ー：俄析中 *1肝臓のIGF-1の発現を促す成分の存在 ＊2DPPH法・抗酸化物質の存在

ゲルー
フ ゜

イワシ魚粉飼料 サケ／イワシ魚粉配合

表2．イワシおよびサケ/イワシ魚粉飼料のニジマスの生育に及ぼす効果

日数 体長 cm 体重 g 体長 cm 体重 g

゜ 17.50 士0.31 cm 84.00 士3.02 g

30 18.37土0.28 116. 78土 5.36 19. 41土〇．11 121. 08土 4.87

60 19.28土0.21 123.50土 5.21 20.02土0.44 133.34土15.33

90 20.30土0.33 134.56土 6.44 21. 89土0.51 165. 21土11.22

120 20. 73土0.61 153. 10土14.47 22.50土0.44 189. 12土11. 1 2

ゲループ コントロール飼料 〇．5％トマト端材飼料 1.0％トマト端材飼料

表3．トマト端材飼料のニジマスの生育に及ぼす効果

日数 体長cm 体重g 体長cm 体重g 体長cm 体重g
゜ 18. 5土0.09 cm 104. 0土2.78 g 

30 20. 40土0.58 153. 91土12.09 20. 34土0.35 159.04土 9.25 21. 27土0.30 164.95土 6.37 

60 22. 30土0.64 201. 83土10.50 23. 03土〇．50 210. 09土14.63 23. 42土〇．48 225. 65土15.23

90 23. 72土0.28 232. 77土12.77 23. 98土0.47 236. 87土15.26 24.42土0.23 244. 33土11.91 

120 24. 63土0.28 252. 28土 6.28 25. 40土0.42 262. 17土16.03 25.64土0.28 292. 75土12.18 

ゲルーフ ゜ 標準飼料 キャベッ飼料 トマト飼料 サケ飼料

表4．標準、キャベツ、トマトとサケ魚粉のアワビの生育に及ぼす効果

日数 体重 g 体重 g 体重 g 体重 g

゜ 5.48士0.19 
30 7.37士0.20 7. 19土0.22 7.29士0.19 7. 19土0.17
60 8. 71土〇．19 9.02土0.27 8.67土0.19 8.84土0.20
90 9. 95士0.31 9. 91土0.22 9.35士0.31 10.82土0.32

120 10.46士0.47 10.90土0.26 10. 57士0.24 11. 06土0.38
150 11. 28士0.43 11. 59土0.51 11. 56士0.49 12. 15土0.51
180 12.32士0.47 12. 10土0.52 12.94土0.52 13. 81土0.49
210 13.38士0.49 13. 72土0.52 13.64士0.53 14.47土0.46

1.2 ＊＊ 1.2
l

(b)

図1．サケ魚粉(a)とイサダ搾りかす(b)抽出物の肝臓の
IGF-Iの発現に及ぼす効果　*p<0.05　**p<0.01

＊ 
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�
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一 一
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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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図1 胃ムチンの電子顕微鏡像
(イラストで表現）

表1 抗ラット胃ムチンモノクローナル抗体の特徴
（深層粘液細胞＝腺粘液細胞）

図2 胃体部における胃粘液分泌の様子と粘液ゲル層の構造

腺粘液細胞①から分泌した粘液と主細胞から分泌したペプシノゲン顆粒②は混じり合い、
線状の粘液チャンネル③となって胃腺を上昇する。胃小窩上部では粘液チャンネルは表
層粘液に囲まれ、表層粘液細胞に触れることはない。壁細胞④から分泌した胃酸もこの
チャンネルを通過すると考えられる。腺粘液は表層粘液と混じり合うことなく、粘液ゲル
層で、層状構造⑥を形成する。 ⑥の中ではpHの勾配が生じる。（文献(1)より引用）

（壁細胞）

（主細胞）

pH〜2

pH〜７

胃内腔
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	02 森山俊介：食品加工後に生じる・・・
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