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4 Development of an Agri-biomass-based Production System [fcyss

of Useful Protein and Advanced Materials using Silkworm oy
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Agri-biomass Bioreactor Products M

\—’ Wearable sensing device

Azide- mcorporated "Clickable silk"
ScFv-conjugated “Affmlty silk"

O
Dla nostlcs
for AGEs, SARS CoV-2, etc.

Artificial diet

O
f "Super silkworm" Antibody 00,

. . - . Antigen
Other biomass,  With low environmental impact Cyto?(ine
Chemicals, etc. (low CO,, water use,,) etc. Vaccine
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.) 53 SIPTHR4Z 1%
® Detection kit of AGEs (Advanced Glycation End-products) for research and diagnosticuse 2RI A-RT—AD
* \laccine for animals (for swine, etc.) IIF> Rioa nfc‘{"El:\
® Antibody drug for human (Anti-HIV antibody), Antigen/Antibody for detection of SARS-CoV-2 HLA RIIBEHIERI
e ScFv (Single chain antibody)-conjugated "Affinity silk" for detection of bacteria ARSI

e Azide-incorporated "Clickable silk" for chemical modification of silk and wearable device ~ ZUvhTIL2ILT 1



Insect Bioreactor Systems Consortium %34
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* National Agriculture and Food Research Organization (NARO) , representative
(RR) =it EVHEEFIRATAFREIN] . RmiAFEF]

e Kyushu Univ.  HHXFE EFHAFERR

e Kumamoto Univ. FEARXZFE (B MODAINAFERBERFT L)

 Kagoshima Univ. EEIREXE BFH

e Ryukyu Univ.  BilkKF BwEYEHAFRE Y-

e Tokyo City Univ. BRREHAF IRIZFEP

 Immuno-Biological Laboratories Co., Ltd. k&t e E EVTHITFR

e Kyorin Co., Ltd. #xX=ttF3a—-U>

e Nippon Bio-test Laboratories Inc. ~ #kXNEtLBARINA AT A MAFKFR
* Al Silk Co. I-7AINIH%AEH

e Atsumaru Holdings Co., Ltd. HXELHIFBIR-NTAOIA
* Nippon Institute for Biological Science (—84) BARLEMZEIATPR
e Nippon Zenyaku Kogyo Co., Ltd. = BAET kA1t

e KAICO Ltd. KAICOZRTN 4L

And collaborated with >5 companies.



500 eqgs/ 9 / weeks

11-14 days Easy mass-
3-4 days rearing

& . 'Mulberry (20g) ~ =™

x'} : 3-4 days
g £ - : :

AT,

. 10,000 times
6-8 days weight

Cocoon =Silk protein Larva (~5g) in 3 weeks
(0.2~0.59) 20% protein

High potential of protein production




Two expression systems for production of recombinant proteins J¢|p
2 DDAEHAZ AV N EBEER ;

1) Transgenic Silkworm Expression System

B FHRBEANAIEESR
Transposon vector
E 2
99 Genetically modified Cocoons

2) Silkworm-Baculovirus Expression System
NA3-)NF210V/NAEER

Recombinant baculovirus

Transient expression Body fluid Usefu.l
Processes 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.
e Recombinant baculovirus is inoculated and the recombinant protein is highly expressed in the body fluids after 6 days.



1) Transgenic Silkworm Expression System I 1)
BRI IEER ' '

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

Transposon vector

New
silks

- = New
I I materials
Genetically modified Cocoons - Azide-incorporated
"Clickable silk"
- Genetically modified silkworms can stably produce ' f;:f"i';;’“l:i?;fed
pharmaceutical protein (0.1 to 20 mg in a cocoon) and new Yy in SIP

silk material. (Potential: 200 to 500 mg)

Useful

- Protein extraction from cocoon is easy. o %@  proteins
- The difference between lots is less. The scalability is high 1 Antibody
' y gn. \gG / Antigen
IgG-L Cytokine
- Protein with complicated structure and glycoproteincanbe | . Enzyme
produced. Receptor
HaL, etc. 5



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

ess 2ection of silk fiber MOTYS EICFIRE YY) W,
Ny T7—(TRIBII TEHT Do RRAIH RN,

f: fibroin (fiber)
T+ J0OA > (i)
s: sericin (glue)
US> (30)
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1) Transgenic Silkworm Expression System 'SIP

Launched Examples of Biological Pharmaceuticals Produced
by Transgenic (Tg) silkworms (1) ~NETORIFESA] (1)

By NARO and Nittobo Collaborative R&D . i
y A5 (Cyh—R—3F(HI)

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

| b NEARSRAEZ My MBS
(TRACP-5b(BESBEREIEFIEIIEIAZT7I—))

Conventional Reagent has been

derived from bone and blood.
(Ethical Issues)

R, MRFRK
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.)

TRACP-5b5>/\V& (3. AGEVIHFLAAS SIS CIRSEENREET O
HHIRZ DA TIIEE TSN
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1) Transgenic Silkworm Expression System FSIP

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

By collaborative R&D between NARO and IBL (Immuno-Biological Laboratories Co., Ltd)
(patent license from NARO) (HE)‘}E‘,EE#%EH%FEIBL

Ingredient of cosmetics (human collagen al, collagen IlI)

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

In-vitro diagnostic medicine, animal and human medicines
B3I, S2UREE. B - L NER M
Anti Amyloid B, Monoclonal Antibody Laminin(iPS Cell culture substrate)

ST from : o Half price by switching
Mouse ascites fluid = :
s from CHO cell production system

production system G /

IBL has established facilities for GMP pilot production in 2016.
Fibrinogen (hepatitis virus free), Anti HIV Antibody, etc.
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1) Transgenic Silkworm Expression System insip <5l
Development of the detection kit of Advanced Glycation End products (AGEs)

PUEVIERERB{CEYI (AGESs) iR+ MDBIF
MERRIR S HHE NN 4% B (BB L. ERAMESS ) 2 Bt 9 DRIV AGEsZ iR E nI REFy bORFE
« AGEs are involved in the pathogenesis of diabetic complications and age-related diseases.

« 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) EAF A —CHRIRICLD. BEBRRAGEIVNIEDEEEHA AR

TOEAFALICHRIS
1 2 3 a4
. SIPTORFEEHI
T ey Standard curve
g 03
_— 025 RE R
£ o2
7 015
. 2
0.1
SRAGE o V= 0-12810 - 0.524%x V3588’ - 0-9%0x + 05485

R?=0.9986

1: E. coli, 1 days

2: E. coli, 40 days

3: Tg-silkworm, 1 days
4: Tg-silkworm, 40 days

0
0.000 0.500 1.000 1.500 2.000

0OD450

The research kit will be sold by FUJIFILM Wako Pure Chemical Corporation in 2021.
STV AFEHEZR(IR) LD, ZEARGEMInRA (2021)
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1) Transgenic Silkworm Expression System FSIP

Glycosylation affect the efficacy and stability of medicines?
NAJEE NTIEAETHEEN R R DD TRIBENHDDTI(E ?

Human Glycan Glycan Produced in Silk Gland of Tg-silkworm
;——:I:lg”l:l"léi I I\I:I/\ 7
E RN B 545451 NAIDONEINESEG] (FERAR)
@@
% # 42% 24%
¢ Sialic Acid

lizuka et al. FEBS 2009
@® Galactose

Glycan Produced in Body Fluid of silkworm
NAJONERESES] ((AR)

i@

A Fucose

10



1) Transgenic Silkworm Expression System FSIP
NARO and NIHS Collaborative Research on the Production of Anti-CD20 Antibody
Medicine (Rituximab) by Tg-silkworms (1) #1CD20¥u4A (VWS YT) OEEH

Reduction Non-reduction

- [ cas F Middle o ooon  Middle oo
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Extraction from Extraction from 220 > 4\ (/
. . 160 » - —
Middle Silk Gland Cocoon 120 =
— e 100 »
J—— = 80 »
60 ™| - &
somlwwn ® T -
v 0% -
30 =
25 > A -
NARO and NIHS Collaborative Research 20 P |- -
Tada, Tatematsu et al. mAbs, 2015 15 =
(NIHS: National Institute of Health Sciences) 10>

e — CBB Stained
E 7B REDHE aine 11
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1) Transgenic Silkworm Expression System 'SIP

NARO and NIHS Collaborative Research on the Production of Anti-CD20 Antibody
Medicine (Rituximab) by Tg-silkworms (2)  #1CD20¥ui& (UWx3I<7T) DA

Structural Difference of Glycan in Different Production Systems

Structure of Glycan #EfHFEIS
22
' Glycan derived 13

: T )
- from CHO Cell ¥, ' X

cHosmzems & §| b

S, ——
s S350 852200

i:! 32218 i}
: | : § 3 | 3.
- ’ . ._., '
- 4 Glycan derived
’- : : ' from Tg-silkworm
- . 12 _
i:: d o i HRZAA3
.| | d -3 3 BE o
. A a A.l 4 "N A o a
i - - - - mAbs (antibody journal)

Glycan which may cause antigenicity has been scarcely identified from NIHS data.
Tada, Tatematsu et al. mAbs 7(6):1-13, 2015 $F(HURMENHDEIRMETEH (I A NI 5



Pe

)
(vv/

1) Transgenic Silkworm Expression System Sl

NARO and NIHS Collaborative Research on the Production of Anti-CD20 Antibody
Medicine (Rituximab) by Tg-Silkworms (3)  #1CD20¥u4k (UWEIXT) DOAEH

Activity of antibody-dependent cellular cytotoxicity (ADCC)

Daudi cells (1 x 1074 cells) 30-
J + PBMC (2 x 1015 cells) - MabThera

J + Rituximab silkworm (MSG)
silkworm (cocoon)

J 37°C, 4 hours
>uP- . 2 204
J Measure LDH activity [
using Cytotoxicity Detection Kit -
(Roche) °
o
S 104
Rituximab
». Or s . .
FcyRIllS ." Lot Lysi A - T y .
log[mADb] (ng/ml) (NIHS Data)

Tada, Tatematsu et al. mAbs 7(6):1-13, 2015 CHOMIREER ENEZWADCCE M Z U

Rituximab derived from Tg-silkworms has much more higher ADCC activity
than those derived from conventional CHO cells!
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1) Transgenic Silkworm Expression System nsip oIl
Robustness of the expression system  sipcomfzz=Hl
Rearing Temp. 20°C 25°C
MI
M6 |N ’
M5 M5 MS

27°C 30°C

M7 M7 =
q j’
M5

M6™ e
Q’ M3 “Tree M5 :b.. GN1 : Sree
M5
Glycosylation patterns were not affected by the rearing temperature.

GN2 :)» M6 ‘boo M7 ’b.'
MHIVIUARICATINISNA8EEH(. 8B REFOSRMAHCREINEN L

Tomita M, JATAFF J. 7(12), 201924
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1) Transgenic Silkworm Expression System FSIP

Control and Modification of Glycosylation For Functional Improvement
IHELAEABEHZETEE IR DB A F(CLD, ¥ERRIZEEFDI> MO—)LARIEEICRD D DD

Human Glycan Glycan Produced in Silk Gland

. . : : !.
% # 42% 24%

lizuka et al. FEBS 2009

‘Sialic Acid @ Galactose A Fucose

Affect the efficacy and stability of medicines?

*

Undergoing Research Development of Tg-silkworms and Baculovirus system

Glycan Humanization, modification of 2,6
glycosylation for high functionality. :::)—“‘
SERE( b DIz, HEHDE N EREZEESD TS
SV IBN ALl

Invention of Glycosylation: “Addition of Sialic Acid by Tg-silkworms”
(JP Patent Publication 2017-136052 by NARO and Osaka University) 15



2) Silkworm-Baculovirus Expression System 'SIP

HAI-)\10914) A EFEZR By KAICO, Kyushu Univ. (Prof. Kusakabe), etc.
KAICO(#K). JUMIR(H FE3UR) &

Recombinant baculovirus

Body fluid Useful
proteins

Transient expression
- Silkworms infected with recombinant baculovirus can make useful proteins in the
body fluids within a week. 1 VAIBEE 1 ERARICHRTHRRZ Y I\ B4 E D] e

- The expression level is 10 to 100 times higher than insect cell-culture expression
system. EREEHMED10-100F0EFER

Launched Examples of Biological Pharmaceuticals produced by the system

(1) Toray Industries, Inc.: Interferon (Intercat®,Interdog®) 3RL- CNFTORFESYI

(2) Nippon Zenyaku Kogyo Co., Ltd.: Recombinant Derf 2 and pullulan combined
product (Allermmune HDM) BASZE T ¥

(3) Sysmex Corporation: “Revohem PT” reagent for measuring prothrombin time
SAAY DR .




2) Silkworm-Baculovirus Expression System
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2) Silkworm-Baculovirus Expression System  inse  oip
The research kit for the SARS-CoV-2 antibody test service is available.

mEIOF V1M ILANBERE T Y P e BEREL LT

SIPTORIFESE
KAICOE, #xX2# 707y /A GRERIXD, ARDNESE - @8BS, MUT 707y 72R)
ECHEIOF VNN ABRREDHERTE S Y FERBTRREL, HREAREE UTERLVELE, 7
ANARHEZEBRE XUNEREF Y FORRETS 707 v 7 AR, KAICOEMBEL NEREE v b
ZRWEEARGHAREY-EXAZI0BIDMBLET,

KAICOR., BENBY T THOINMNAZREFREO TEHFRTOZTHOLE, RO F217ILAKER
LT, IS VMLARREMBAAV ML AREOHEMEZTV. HEIOQOFVCILADRINAY
VIO (S7O714Y) ZREOARBRICENL., ARONEEDOREEEELELL. COM
RERELELTOFvI/AENEBY Y FERBTHERLELL,

HEMAETIE. KAICOFFREIOF V- ILAOHR - iEORR - R - ME{CKREEZTW. 707y
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2020.10.2
Press release by
KAICO and Protects




¢ | Development of an Agri-biomass-based Production System
_} Jll/

of Useful Protein and Advanced Materials using Silkworm

Various production systems of recombinant proteins

Cell-free| E. coli, | Plant (traplllasnteni Silkworm | Silkworm |Mammalian :\I\::::‘I!s
system | Yeast |(transient) c)g (Baculovirus)| (transgenic) | cells (CHO) Goat )'
Speed ©) ©) P O A A X
JAN
Cost/g A © O ©) © O Antibody © O
Mass
production % © = © A © ~ -
Protein activity
(Quality) JAN A O O O O © O
Post
transcriptional
modification X X = o o - © ©
(Glycosylation)
Higher-order
structure, X X O O © © © ©
Complex
Safety (virus
contamination) o © A o - A A

O
INTNOEERTRHR - MIEHD. N ITEIBAUMENHDEDEH B,

19




Development of an Agri-biomass-based Production System gy
@ J

of Useful Protein and Advanced Materials using Silkworm Edetk

LCA (Life Cycle Assessment) in the Silkworm-Baculovirus Expression System
By Itsubo Lab. Tokyo City Univ. BER&PH K {RIEATEE

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

CO, total emissions

(kgCO, equivalent/lot)
REMRHIAGHGHIL S
Co. & fE/Ov b

1.20.E+05

1.00.E+05

8.00.E+04

6.00.E+04 1 90% reduced

OENHll iR !

(kg-COzeq/H v )

4.00.E+04

2.00.E+04

sz —— I

B

Partial purification

Protein expression

Silkworms . CHO cells

® Inspection (equipment)
w Partial purification

Silkworm transportation
W Artificial diet

® Freeze drying

™ Protein expression (culture)
Silkworm rearing

B R&D

in SIP
SIPT OS]

5
HALCAFE=
2018k

Itsubo N
JATAFF J. 7(12)
20192k

90% of CO, can be reduced by using silkworm expression system.
Suitable for Environment, Social, and Governance (ESG) Investing. ESGI%&(C4FE 20



Development of an Agri-biomass-based Production System
@

of Useful Protein and Advanced Materials using Silkworm
Summary of Advantages of Silkworms for Manufacturing Biological Medicines

(1) Mass production at room temp. (high production and low CO, 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)

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

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



