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"Super silkworm"

Wearable sensing device

Diagnostics

Antibody
Antigen
Cytokine
etc.

Vaccine

Azide-incorporated "Clickable silk"
ScFv-conjugated "Affinity silk"

Artificial diet
for AGEs, SARS-CoV-2, etc.

Prototype production of pharmaceutical proteins and new silk materials in SIP
• Reagents for research use (bFGF, GM-CSF, SCF, TNF-a, Interleukin-3, VEGF, E-cadherin, etc.) 
• Detection kit of AGEs (Advanced Glycation End-products) for research and diagnostic use
• Vaccine for animals (for swine, etc.)
• Antibody drug for human (Anti-HIV antibody), Antigen/Antibody for detection of SARS-CoV-2
• ScFv (Single chain antibody)-conjugated "Affinity silk" for detection of bacteria 
• Azide-incorporated "Clickable silk" for chemical modification of silk and wearable device

.�-�ADEB�CH�D���C�� )"��"DB�**���*����)D�I�H"DC�5L*H�B�
D���*��IA��)DH�"C��C����-�C����3�H�)"�A*�I*"C �5"A#.D)B

Other biomass, 
Chemicals, etc.

With low environmental impact 
(low CO2, water use,,)

ProductsBioreactorAgri-biomass
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• National Agriculture and Food Research Organization (NARO) , representative
4gi5gdM_ATMuoedhabzewdhab

• Kyushu Univ. n`9hghdhs
• Kumamoto Univ. s;9h4¡�¨�©��§�h[Cdh�ª�¬5
• Kagoshima Univ. qmn9hgha
• Ryukyu Univ. x]9hrlATudh�ª�¬
• Tokyo City Univ. ?kpc9h~cha

• Immuno-Biological Laboratories Co., Ltd. ty:>twATdhm
• Kyorin Co., Ltd. ty:>�¥¬¦ª
• Nippon Bio-test Laboratories Inc. ty:>U;������dhm
• AI Silk Co. �¬���§�ty:>
• Atsumaru Holdings Co., Ltd. ty:>{}��£¬§��ª��
• Nippon Institute for Biological Science 4<^5U;ATkhdhm
• Nippon Zenyaku Kogyo Co., Ltd. U;fjr=ty:>
• KAICO Ltd. KAICOty:>

And collaborated with >5 companies.
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1) Transgenic Silkworm Expression System

2) Silkworm-Baculovirus Expression System

Transient expression

Genetically modified

New silks

New 
materials

Recombinant baculovirus

Transposon vector

Egg
Cocoons

Body fluid Useful
proteins

• Transgenic silkworm is obtained by injection of transposon vector.  The foreign gene is integrated into the genome. 
The recombinant protein is easily extracted from the cocoons. Silk modification is possible, too.

• Recombinant baculovirus is inoculated and the recombinant protein is highly expressed in the body fluids after 6 days. 

Processes

Two expression systems for production of recombinant proteins

Áµsz¼ĉĵıĺkj¸

ĵıĺ�ŉķŔŘĲıŗĽkj¸

AęĠz¼ĉŀŚŊĸ kj¸



�

1) Transgenic Silkworm Expression System

Genetically modified

New 
silks

New 
materials

Transposon vector

Egg
Cocoons

Useful 
proteins

- Genetically modified silkworms can stably produce 
pharmaceutical protein (0.1 to 20 mg in a cocoon) and new 
silk material. (Potential: 200 to 500 mg)

- Protein extraction from cocoon is easy.  

- The difference between lots is less. The scalability is high.

- Protein with complicated structure and glycoprotein can be 
produced. 

- Azide-incorporated 
"Clickable silk"

- ScFv-conjugated 
"Affinity silk"

Antibody
Antigen
Cytokine
Enzyme
Receptor
etc.

By NARO, IBL (Immuno-Biological Laboratories Co., Ltd), etc.

in SIP
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Protein extraction is easy from the transgenic cocoon.
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1) Transgenic Silkworm Expression System
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1) Transgenic Silkworm Expression System

By NARO and Nittobo Collaborative R&D

Diagnostic Reagent Kit for Human osteoporosis
(TRACP-5b; present only in Osteoclast)

TRACP-5b protein can not be produced in large amount by conventional cultured cell.
Tg-silkworms would solve the difficulty of protein expression in other conventional 

production systems (E.coli, mammalian cultured cell, animal, etc.�

Conventional Reagent has been
derived from bone and blood.
�Ethical Issues�

Launched Examples of Biological Pharmaceuticals Produced 
by Transgenic (Tg) silkworms (1) ďīĢěĠ]MI¬=@>
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遺伝子組換えカイコ技術を用いたヒト用の骨型酒石酸抵抗性酸性フォスファターゼ測定キット「オ
ステオリンクスTRAP-5b」は、平成２４年度の市販化以降、国内外の検査センターを中心に順調に
普及し、平成２６年度は約130万テスト分を出荷した。骨粗鬆症マーカーとして、臨床現場で広く普
及している。

遺伝子組換えカイコを用いたヒト及び動物の
診断薬の開発

【農林水産大臣賞】

山下 隼 氏 寺田 崇 氏

（ニットーボーメディカル株式会社 研究開発部）

【連絡先】ニットーボーメディカル株式会社
（住所：〒102-0083 東京都千代田区麹町２丁目４番地１ TEL：03-4582-5450）

１ 業績の概要

背景

研究内容・成果

普及状況

２ 評価のポイント

病気の診断や健康状態を把握するため、体外診断用医薬品を用いて血液等に含まれる特定の物質を
測定する際に、対象物質を定量化するために「標準品」が必要となる。この標準品の原料製造におい
て、品質とコストを両立させることが困難な場合があり、これまで商品化にあたって高い障壁となっ
ていた。

国立研究開発法人農業生物資源研究所との共同研究によって作製された遺伝子組換えカイコは、標
準品として、性能の高い組換えタンパク質を大量に精製することができ、安価で安定的な診断薬の商
品化を実現した。

この組換えタンパク質を原料とすることで、臨床現場に対して高品質な製品を安定的に供給するこ
とが可能となった。

先進的かつ独創的なわが国固有技術である遺伝子組換えカイコを利用して、世界で初めてヒト及
び動物用体外診断用医薬品の実用化に成功したことを高く評価した。

【専⽤飼育施設】 【製品（左⼿前が標準品）】【絹⽷腺摘出】

【組換えタンパク質精製】

資料４



	

1) Transgenic Silkworm Expression System

By collaborative R&D between NARO and IBL (Immuno-Biological Laboratories Co., Ltd)
(patent license from NARO)

Ingredient of cosmetics�human collagen αI, collagen III�

In-vitro diagnostic medicine, animal and human medicines

Anti Amyloid β, Monoclonal Antibody

IBL has established facilities for GMP pilot production in 2016.

Launched Examples of Biological Pharmaceuticals Produced 
by Tg-silkworms (2)

Conventional products are derived from cattle and fish
(Issues on BSE and allergy)

Fibrinogen (hepatitis virus free), Anti HIV Antibody, etc.

Switching from
Mouse ascites fluid
production system

Half price by switching
from CHO cell production system

Laminin(iPS Cell culture substrate)

ďīĢěĠ]MI¬=A>
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1) Transgenic Silkworm Expression System
Development of the detection kit of Advanced Glycation End products (AGEs)

• AGEs are involved in the pathogenesis of diabetic complications and age-related diseases.

The research kit will be sold by FUJIFILM Wako Pure Chemical Corporation in 2021.
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• Co-expression of biotin ligase with biotin bait achieves in vivo biotinylation of 
overexpressed stable N-glycosylated receptor of AGEs (sRAGE) in transgenic silkworms. 
(Kumano-Kuramochi et al. Sci. Rep. 2017)
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1) Transgenic Silkworm Expression System

Human Glycan Glycan Produced in Silk Gland of Tg-silkworm

Iizuka et al. FEBS 2009

α-1,6

Asn 42%

Asn

24%
Asn

11%
Asn

Glycosylation affect the efficacy and stability of medicines?

Sialic Acid

Fucose

Galactose

Asn

Glycan Produced in Body Fluid of silkworm

ŋņĠ�°óã¬ ĵıĺĠ�°óã¬=úæĀ>
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1) Transgenic Silkworm Expression System
NARO and NIHS Collaborative Research on the Production of Anti-CD20 Antibody 
Medicine (Rituximab) by Tg-silkworms (1)

GAL4

UAS Rituximab H

Extraction from 
Middle Silk Gland

UAS Rituximab L

Extraction from 
Cocoon
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NARO and NIHS Collaborative Research

Tada, Tatematsu et al. mAbs, 2015
(NIHS: National Institute of Health Sciences�
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1) Transgenic Silkworm Expression System

Structural Difference of Glycan in Different Production Systems

Tada, Tatematsu et al. mAbs 7(6):1-13, 2015

mAbs�antibody journal�
Glycan which may cause antigenicity has been scarcely identified  from NIHS data.

NARO and NIHS Collaborative Research on the Production of Anti-CD20 Antibody 
Medicine (Rituximab) by Tg-silkworms (2)

Structure of Glycan 

Glycan derived 
from CHO Cell

Glycan derived 
from Tg-silkworm
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1) Transgenic Silkworm Expression System

Daudi cells (1 x 10^4 cells)
↓ + PBMC (2 x 10^5 cells)
↓ + Rituximab 
↓ 37˚C, 4 hours
Sup.
↓ Measure LDH activity

using Cytotoxicity Detection Kit 
(Roche)

Rituximab derived from Tg-silkworms has much more higher ADCC activity 
than those derived from conventional CHO cells!

Daudi
CD20

Rituximab

PBMC
(NK Cell)

FcγRIIIa
Cell Lysis

(NIHS Data)

Tada, Tatematsu et al. mAbs 7(6):1-13, 2015

Activity of antibody-dependent cellular cytotoxicity�ADCC�

NARO and NIHS Collaborative Research on the Production of Anti-CD20 Antibody 
Medicine (Rituximab) by Tg-Silkworms (3) Î23
�Î^=ŖŃķļőŎ>Ġkj¬
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1) Transgenic Silkworm Expression System
Robustness of the expression system

in SIP

"7 ěĠ§³I¬
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Rearing Temp.

Glycosylation patterns were not affected by the rearing temperature.
#MKHPC��� ��������� ,�	
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1) Transgenic Silkworm Expression System

Human Glycan Glycan Produced in Silk Gland

Iizuka et al. FEBS 2009

α-1,6

Asn
42%

Asn

24%
Asn

11%
Asn

Affect the efficacy and stability of medicines?

Glycan Humanization, modification of 
glycosylation for high functionality.

α-2,6

Asn

Invention of Glycosylation: “Addition of Sialic Acid by Tg-silkworms”
�JP Patent Publication 2017-136052 by NARO and Osaka University�

Sialic Acid FucoseGalactose

Control and Modification of Glycosylation For Functional Improvement
āçÀóã»àüËĠ�nÉğħĩĄóã»àĠĺŚņŘŜŗČ��ğĞĩęęĆĪ

ļįŗáĥ�ĎĨīĪħĈğĞĘĖ

Undergoing Research Development of Tg-silkworms and Baculovirus system

le�`ĠĖĤĄóãĠŋņ°`ĞĝĬrĤĚćĪ
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2) Silkworm-Baculovirus Expression System

Transient expression

Recombinant baculovirus

Body fluid Useful
proteins

- Silkworms infected with recombinant baculovirus can make useful proteins in the 
body fluids within a week. 

- The expression level is 10 to 100 times higher than insect cell-culture expression 
system. 

(1) Toray Industries, Inc.: Interferon (Intercat®,Interdog®�#:
(2) Nippon Zenyaku Kogyo Co., Ltd.: Recombinant Derf 2 and pullulan combined 

product (Allermmune HDM) � '/,"
(3) Sysmex Corporation: “Revohem PT” reagent for measuring prothrombin time

������

Launched Examples of Biological Pharmaceuticals produced by the system 

By KAICO, Kyushu Univ. (Prof. Kusakabe), etc.

ďīĢěĠ]MI¬
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2) Silkworm-Baculovirus Expression System in SIP
"7 ěĠ]MI¬

1SHMUP,G.



�	

2) Silkworm-Baculovirus Expression System

2020.10.2
Press release by
KAICO and Protects

in SIP
The research kit for the SARS-CoV-2 antibody test  service is available.

"7 ěĠ]MI¬
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Various production systems of recombinant proteins

Cell-free 
system

E. coli, 
Yeast

Plant
(transient)

Plant
(transgeni

c)

Silkworm 
(Baculovirus)

Silkworm
(transgenic)

Mammalian 
cells (CHO)

Animals
(Mouse, 
Goat,,%

Speed D D C A C ( ( A

Cost/g ( D C D D C
(

����-�/#D C

Mass 
production A C ( D ( D ( C

Protein activity
(Quality) ( ( C C C C D C

Post 
transcriptional  

modification
(Glycosylation)

A A ( ( ( C D D

Higher-order 
structure, 
Complex

A A C C D D D D

Safety (virus 
contamination) ( C ( C ( C ( (

ĔīĕīĠkj¸ě�kśd�kĆĩąĵıĺě�Ī�{mČĆĪĥĠĥĆĪą
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LCA (Life Cycle Assessment) in the Silkworm-Baculovirus Expression System

Carbon footprint in a reagent for clinical test �1 lot: for 60,000 samples�

´ºĨ
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90% reduced
�����

CHO cellsSilkworms
Inspection (equipment)
Partial purification                    
Silkworm transportation
Artificial diet

Partial purification 

Protein expression

Freeze drying
Protein expression (culture) 
Silkworm rearing
R & D 

CO2 total emissions
(kgCO2 equivalent/lot)
:74->?�	�;)O
���9/5 B@A

1T�7PO4DM 9CD��#MITM�2HPT�ALHR��KiyvC ¿ê§³·

Suitable for Environment, Social, and Governance (ESG) Investing. 4"5w_ğ¯Â
90% of CO2 can be reduced by using silkworm expression system.

in SIP
"7 ěĠ}�I¬



��

��!����������������2���-�������-���/����/ ������
#�����
������� ������������/��/!����/�
��������� ���2�
���"���

Silkworm is an ultimate single use tool. Each silkworm is a stable protein expression unit.

(1) Mass production at room temp. (high production and low CO2 emissions)
(2) Low infection risk (no human virus, high level of safety)
(3) Possible frozen bank (securing of stable supply of pharmaceutical ingredient�
(4) Easy alteration of production scale, Easy extraction from transgenic cocoons
(5) Substantially no difference in quality of products for different lot 

and breeding environment (high quality stability of products)
(6) Fast protein expression using baculovirus system, Easy VLP formation
(7) No fucose in glycan (increasing ADCC activity)
(8) Possible introduction of human-type glycan (further lowering immunogenicity�
(9) Few Animal ethics issues (improving public image of corporation) 

Please join us and challenge to be a pioneer for the applications of 
silkworms in manufacturing human/animal biological medicines! 

Summary of Advantages of Silkworms for Manufacturing Biological Medicines


