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Executive Summary

“Design and Control of Multicellular Adaptivity with Biotechnology and Materials Technology
-Development of Multicellular Materials Systems-" is a research and development strategy to
promotes a combination of biotechnology and materials technology for controlling multicellular
behaviors. Thereby, novel materials systems, named “multicellular materials systems”, will be
developed, which enable various advanced functions, such as structural formation, transformation
of substances or energy, information processing or learning, and adaptivity to the uses and usage
conditions.

A variety of technologies has been developed by engineering biological (biologically-derived)
materials or controlling them via artificial materials. Such technologies have aimed to realize
novel materials’ properties and functions beyond or compensating existing artificial and biological
materials. Recently, progress of both biotechnology and materials technology has demonstrated
potential for controlling multicellular behaviors such as the complex dynamics and functions
through interactions between (engineered) multiple cells and artificial materials.

The adaptivity of multicellular materials systems will provide various technological solutions
beyond the scopes of biotechnology or materials technology so far. For example, maximizing the
functions under a specific condition and properties of self-repairing or self-growth will lead to
optimal material manufacturing and circular systems in a society. Further applications will be also
expected including artificial biological systems to reconstruct individual physiological responses
for medical treatment and drug development, systems for environmental monitoring and
remediation, healthcare devices and soft robots which response to human physical and mental
conditions, and so on. Development of such technologies contributes to establishing sustainable
social systems, conversing global environment and biodiversity, and realizing individual well-being.
Moreover, related novel markets will be pioneered, bringing economic advantages of Japanese
industry.

Currently, various applied studies which incorporate multiple cells into materials or systems
have been reported. However, its performance and adaptability are not sufficiently controlled,
and social implementation has been limited. This is due to the lack of understanding for the
complex behavior among composited multiple cells and artificial materials, resulted in difficulties
of rational design and construction.

Therefore, aiming to realize advanced functions and adaptivity based on controlled multicellular
behaviors, we propose to promote understanding of the various dynamics (spatiotemporal state
changes) derived from complex multiple cells-materials interactions, and to establish reliable
methodology for designing and constructing multicellular materials systems. Herein, the R&D

subjects are proposed as follows.
[R&D subject 1] Understand complex dynamics of multiple cells and materials

Understandings of complex dynamics derived from interactions between multiple cells and
artificial materials must be enhanced. The followings sub-subjects need to be co-progressed: (A)
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Perturbations (inputs): materials technology to precisely stimulate cells and arrange extracellular
environment, and biological techniques to induce cell-cell interactions, (B) Measurements of
output responses or related parameters: measurement technologies for compositions and
physical properties of multiple cells and extracellular substances, (C) Modeling: developing models
or theories to correlate inputs and outputs quantitatively. Particularly, such perturbation and
measurement techniques must be applicable to various ranges of spatio-temporal scales, and the
models need to connect phenomena on different spatio-temporal scales.

[R&D subject 2] Create multicellular materials systems

Development of multicellular materials systems which enable specific advanced functions and
adaptivity must be progressed. Based on the models or theories demonstrated in R&D subject 1,
desired multicellular materials systems need to be (A) designed and (B) constructed. Firstly, for (A)
designing the systems, components called modules are to be defined with correlations between
the inputs and outputs. Then, the systems will be designed based on the combination of modules.
Standardization of modules and development of system simulation tools are also required.
Furthermore, for (B) constructing the systems, fabrication and assembly techniques must be
advanced to make and integrate modules. Moreover, monitoring and feedback techniques are
required to modulate the systems continually.

To promote these R&D subjects, cooperation among engineering applications, approaches
via biotechnology and materials technology, and fundamental physicochemical interpretation is

required. Therefore, we propose the following actions.

[Action 1] Establish a leading research community and discuss continuously beyond disciplines
and stakeholders

A leading research community involving relevant academic and industrial communities need
to be established. Active discussions in the community should promote the R&D subjects.
Also, the community will function as an organizer for technology governance toward social
implementation.
[Action 2] Launch long-term projects based on team collaboration

Research projects must be conducted involving several teams comprised of researchers from
diverse disciplines. The projects promote R&D subject 1 and 2, coordinating within and across
the subjects. Through a sufficient R&D period (~10 years), research findings and products should
be led to social implementation seamlessly.
[Action 3] Found a research center

A research center needs to be found for promoting interdisciplinary research collaboration,
developing and securing human resources, and constructing research infrastructure such as
databases and platform for research tools.

Through these actions, the R&D subjects will be executed efficiently, and research outcome
will be maximized in the medium- to long-term. Furthermore, these actions will encourage new
entry of researchers, incubate unique research ideas, and develop human resources for the next
generation. Thereby, research environment for this new research field will be established toward
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the long-time sustainable progress.

Materials technology

Biotechnology

Figure EX-1 Development of multicellular materials systems with
biotechnology and materials technology
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70 Adewole, D. O,, et. al., “Development of optically controlled “living electrodes” with long-projecting axon tracts
for a synaptic brain-machine interface,” Science Advances 7(4), eaay5347 (2021).
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oo INOOMBRMERMZESTME - DRT AR, BRECAGEEMUTERINSGLDOTHEINPA
(Z. ELSI/RRIOBRICETDICBRTILENHD, ZZTIRETLTIWSEREYZICHITSELSI/RRI
[CBAY2EMNSEICRD, EUTIE. BRLGVWEMNORBEOCAGZIET 280 5. Scientific
Committee on Health and Environmental Risks (SCHER). Scientific Committee on Emerging
and Newly Identified Health Risks (SCENIHR). Scientific Committee on Consumer Safety (SCCS)
D3N 52014~ 15FITRF LI3DDHEE N HETARINTWNS, KETIE National
Academies of Science Engineering Medicine (NASEM) ', EE4EYNZFDRERE L OB % T -
BRI BODHA RSV ELTOREE?HEARLTNDS,

2.1.5 EINAN ORI T ey =27 b, WZeBaFsils

214 THIRULI= &S Bl Z R/M (CESTMRIC I AT AR, FICRKPHECEWT, MEPIRT LA
([CEFYE (BICHR) =IO AN/ [Biohybrid~1. HHWVIEREDZEME - AT LICKES BT
[Engineered Living Materials/Systems] &W5F—7—RT, EEFRICIHARBENEHBBIN TN,
F2-112, REDOEETZMATAV Vb - iR RP. BRZBOBAZEEDD, TNTNOTOV T
I EPEBRREFICEVWT 22007 R0BVESNE. HREFKEDEIGHER. REDATIYE®
EEYEICIFBRVWERKEZESL. REAFMERCEROYENFIBEVSAENSRFRAELZD
RRITEDZ S & MERFELERDITHN TS,

& 2-1 BAOEEYTHARIAD I - IRURESVERERS

ARIOD LI b - RS HAR
DARPA : Engineered Living Materials (ELM) Program 2016-
DARPA : Persistent Aquatic Living Sensors (PALS) Program 2018-
NSF : Emerging Frontiers in Research and Innovation program “Engineered Living | 2022-
Systems (ELiS)” 2025

KE NSF : Emerging Frontiers in Research and Innovation program “Biocomputing through 2024-

EnGINeering Organoid Intelligence (BEGIN OI)”

The Center for Multi-cellular engineered living systems (M-CELS)
RYFa—tyVIBRKE (V/AKRE PI—IFIRKRZOIRD/NN—rF—2vTFICLD | 2021-
WRBHE IO b

J—=2JLKZ : Engineered Living Materials Institute 2023-

71 SCENIHR, SCCS & SCHER, “Opinion on synthetic biology I: Definition” (2014),
SCENIHR, SCCS & SCHER, “Opinion on synthetic biology I1: Risk assessment methodologies and safety aspects”
(2015),
SCENIHR, SCCS & SCHER, “Final opinion on synthetic biology I11: Risks to the environment and biodiversity
related to synthetic biology and research priorities in the field of synthetic biology” (2015)

72 National Academies of Science Engineering Medicine (NASEM), “Biodefense in the Age of Synthetic Biology”
(2018)

73 BATIE EBETFHREZEYVEOEREORFICEZ2EYDOZKREDHERICET 23RE] (B [HILIANFE]) (2L
EINTHNTWBA, BREYZRIZHF72 ELSI/RRIZEIT 2 BEMRREINTHOHNTVNSHIFTTIEERL,
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Horizon Europe : EIC Pathfider Challenges “Engineered Living Materials” ;8;;
BN
Horizon Europe : Development of technologies/devices for bio-intelligent manufacturing | 2021-
(RIA) 2027
. o wpo s . . . . 2023-
Ry DFG : Priority Program “Engineered Living Materials with Adaptive Functions 2028
HRE FERZE R EN 2R RINEREDRHAR MREREY AR5 — 2017-
EREE 7 e R ER
Multifunctional Materials and Structures : “Discovery of Dynamically Reconfigurable,
. . R 2024.1
NIRRT Hybrid, and Sustainable Materials
J—kv
"R Biointerface Science : “Molecular Engineering, Measurement and Manipulation at the 2024.6
Boundary Between Living Systems and Synthetic Materials” )
2 2023 Spring Meeting “Fundamentals and Applications of Engineered Living Materials” | 2023.4
2023 Fall Meeting “Biohybrid and Soft Functional Interfaces” 2023.11
E,-g Materials
5 Research | 2024 Spring Meeting “Biohybrid Materials and Devices for Sensing, Robotics, Energy 2024.4
% Society and Biomedicine” )
ﬁ% 2024 Fall Meeting
¥ “Electrifying Biomaterials—Frontiers of Biohybrid Devices” 2024.12
) “Smart and Living Materials for Advanced Engineering Systems”
B
& International Conference of Engineered Living Materials (2024.9 (54 Bl&&E% ) 2020-

HHAEICEWTIE, [Engineered Living Materials/Systems | (CE#EEH T HEE(TERLTLEWLAD,
Mz WTENOREZ R SIEMBIR IR T LG EZRET HMRN. BRIFEPEFRTE. N(FTY
IZTIVVITDRBERLITITHNTNS (FR2-2), BIEIBICEREY TERRBI AT LORREIK
LTld. BAERMEEAREE (AMED) 77TV %RRBLTND™ °, MENSEDRBHRE - B
RRIGEAINICHEL. ZOFERTLEYEZERIEZ/\AFTEDID(E, EPROBERIMOEE
ELTERERTOR—YILOABRICHLEDZEDTH S, BEITZ IOV MY FIIRILF— - EERKIN
REREMEE (NEDO)™® X ST OEHK GX KfAIEEE (GteX) P TERINTLD,

74 AMED [BAEEREMZISAUAIEXBEBRRTORAEE (AMED-MPSEH) | (2017-2021 £E)

75 AMED BAER - BGFRROEELCICATEERNARXEE BEERRNZICALLESERAIEIEY —ILERMHR
%) (AMED-MPS%%2) | (2022-2026 £ )

76 NEDO MEMIZE0AYZRAWV-SHREREERTORK (R¥— 70Tz h) | (2016-2020 FE)
77 NEDO [N\AF£DINEMHEEEZE | (2023-2032 F )
78 ST [EHMGXKMAILEE (GteX) [N\1ALDT<N) ] (2023 FE-)
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& 2-2 HREFAOITFMICAICETSERANHAETAS I+

wRIOTI b HAME

JST-ERATO TN FRETAT TV M 2010-2016 FE
JSPS FEMEBAR [BEEN\AFT7EVT ] 2015-2019F &
JSPS FEEMTHEISARE [V 7 bARY MZORIR | B8 - YE - EFBEROBENRE] 2018-2022 F &
JSPS ZEFEBEME (B) (BB VILFLILINAFIVE2—FT (VY] 2021-2023 FE
JSPS ZMEFEBEME (A) [EEVILF LI N\AFEE OB E /1 A BEADHE | 2024-2028 FE

*JSPS 1 BAR%fiTiRES (Japan Society for the Promotion of Science)

BHE. RETIEZEFRVAA, 211056213 ICHETAEREREEH T AER7OR—FILICEHZE
NOMRTOT 7 bOBAZEMFER2IZEFEHTWND, 2000FERUE. NAAT7o/ AT —0F/ (N1F)
TO/AI—ICBEOAMRETAT Y MIERNICEMINTE /=, BETIE, MEEANSHFELNILTD
NENBEX. MECHENAMEOHEEERCHENMRERGEICLLIZEDER., IDITHME - 7/\1 K
iAW HERICEDOHIEN AT LABEICET 2MEIILEL >TED,. WA ETERERKR SOR—Y)ILIC
EOKHRFAAEDHEEICRELGMRERIENDDOH S,

2.1.6 xR

CZET, M. HICZOEEANEHOHEICENS. AHNEOKERSIVUFEE (2.1.1). #H - TN
A ARMOBEMDAIENE (2.1.2), EoICHREFESOYENLER (2.1.3), Z UTERERICHREZME -
VAT LICHAPAALTZNIGA (2.1.4) [2DWTHERTZ, INHZBUTRESNSBERIE. ZhEn
DB OEBEEPRMARDERIIRONDEDD, ZNONBENICOLN >TESTMANBEDICEE >
TWa I, WAICHREREME - TN\ XADOBEE THHESNDIERBEDFA - HIEORR, B0
AIHMB D ZTLELTOREISEDERICETAE>TVWEWIETHD, UT. BEANLHEREZ (8
FRIMKNGEE] & TMRRIER - AEIORE] (223 T2,

(€285 30 D EAN TS| |
(1) HREREAOBRBELSCICHEYRATLAELTOEIGEDERERE : SBNLERET - BEFEDY
i

214 TRUMREZMBIC AT AICERT 2 TEMNIGADZIZEWT, BROMREIE, BAICHS
THRFINZKEITRSRATOLRL, FIZE BRONAANCT Uy RORY MEAEEZEE ST
MEEDEH A EEEARNUSLIER (CTE V. EFEMI AT AIFERNOEREDFEREED K —HLUHBRTE
TULARW, ATHEMHELEREOERLIE - FEOENIFFEBNBELNILTH D, IHI2, AECERREIC
ISCTHMRIRTLE UTOBEECYBERREZHAE L TWCGEIGEZ. SHHBRRERETHD,

COWVWSTEBRROERE LT, ARAENRBRIRHEACERNGETHERICKELTED, M- 7N
A REDHEEREZRA-MIEOEFL - Bfit. BROZIHNLDEEELICEITRERNEMINZLN
ZEWHB, DFED. BEDKEZERIRTAOICIE. EDOXSBME - TNNA RZAWN. £MEOBER
fiiEBAEDEZORV, EVWST-BEBNARRAFERAREL WS, AR, REHEHISR VR T
L%ERIZ1=00D, REWEBRERFE (7777 —2avEMRE) ORELENTWS,

BENLFRE - BERFEOTREIE. MBI RTLAOEREEORIRCEIGEDESZEIE T SOATAER
RRLRY Y ED, ERECTGERAICEITI-RMTOEREL - RIREP. BIONDZMRIRTLDOZ IR,
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ZEVCEF2)T 1 LOBENGRIRIFHICERDERICEVWTERE LD,

COMBYRTLOBERNGRE - BEFROBEINELZGCWERE LT, MREFCME - 7/ N
HABDISEENLRBREADOEBIAIRTELTVWSIE, FIC, M - TRAAREEFRYE (RE%EH)
DEEERICEZNADEREDOERE>, —HIL N)LEMEERL NILOBEOERD 2 THETDLTL
BWIZENEFOND,

(2) HMREREHE - TNA RADBEEANBREREADEBEITE
(2-1) ATMELEGHRYE (HREH) OHEFRICNTIEREEESHNATIO—FHRE

211 BV 212 THRARIZES (12, E@BIFE. MERE, ZnZno 7 70—F CHllaEEADON ALl
DEELTER, L L, TNOEEALEERBONANT 7TO0—FHARELTWS,

ME - TNAREDHEEATELZMIRERISEDEE - BITDZ<H. HMIBOFESHEE (HLiksE
RE). EEREVHEENATFMICEE > TV, MEIHEBAOHE - TRAZANLEDLS RIEHRE
EDESICRAIL, TR, MBERLNLOREDERICORIF VDL, ZOMIENA - MEBAHDZXL
DFMBREBR (IR D THD, BRI, NA1FT7/ OV —%ER=RICUI-MBEAZSOHIE - %5
EifiE. MEROBE (V/LENDRE., BETFEREOABNARLRY) ORVHNET, MENRE
ZDIFE. RIEZHPENLEM —RTILPHSR RURFLY, RUIAF)LYOFYY (PDMS)
BRE) NMEESNTWS, MEAMEOEHY (FIZEHENFE. PR C2HER. ESHEEPRIK)
HINTA = E UTHITECRERET TERT 2 &3P0,

HERICELUEBOME - TN ZBAIDREF. INETIEFEAEHENEATHRL, TR, HRIRED
SVINVERD THBINSZD, BRTREBINSED., ZORETTN\ARGENET DW= EHENLR
BIRIEFINTWS, LHL, HIEAMEOHEN - LZHEEIIHESOFEEAZ (T TREENLT ST
DB D, EHEPTIE, HEATN)YIRD, BREOCZEHCERNIHE. HDWVIETRN)VIRE
EDOERE. NENEFRLEICEST, ZORRPLAZEN - CENFHEZLSE (VETUVY)., 0B
R DE BN OMREI L EA 52 5 ZEAREEINTWS™, #RECET2YIILMRCERBARFARERS
nTns®, LhL. MIEDFEIC&L2MIEAMEDREZ(LOHIFRRBRREC. MEN S5 EEX Mk
LE=MRIERET. H2 WS, SMEAME C/ENTE 2 DR URTREZIFEALThN TV,

(2-2) —HaRahr >HMEREADRRE - ZRRT—ILZ2HBWEERBOEBRIRE
MEOEMNESEDERICEVWTIE, 213 TRUESREOMEICH T 2YUBHARER - Bk,
211 DNA AT/ OY —THlfE - 259 2MIEASTREOEL (EEFREP. ZOMBERAHEDOEL)
EDRICRRIENNEFET %, 20, EROMEROANIBREZL (FIZILHEETFOREDREEL) O
BRELT, MIBRERLNLORBENZEDLZZEIZRONDD, ZORTREI2—MighoMEERE WS
RFZEERT —ILZ D WEBERMEZ AT 52 FH# LWL, £, MREFELNLOEE (FIZILEBRL N
IWDER) HME4 OMIREZEL (MEASROBER. BEDODI IV HILREOEE. ML - BIED
FERE) NEDKSICHET I, EVWSHEABEOBERECOVWTEIHEDBRNINTULA,
RZEERT—ILZBWEEHRBERAEDDOIZE. ERT—ILICHRULBEELFHAEN ZNZ N
H(Imb, BEEICIOWTE, 21N TREESANI AT/ AV —OFERICKL D MIEBEEER O -

79 Winkler, J., et al.,, “Concepts of extracellular matrix remodelling in tumour progression and metastasis,” Nature
communications 11(1), 5120 (2020).

80 Hagiwara, M, et al,, “Weakening of resistance force by cell-ECM interactions regulate cell migration directionality
and pattern formation,” Communications Biology 4(1), 808 (2021).
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RETEMTE. 2.1.20MBIROBERHE - TNARENLUIZHEN - L2H - EXWRIEEER DS
MEZBND, EHANRIZOWTIE, BRYMEDOBEROD&Z%HY, 2.1.3 TRUYEBROEHAEERATH S,
BEELIEDOVWITNIZEWTE, ZRARERRT —ILICHIGTESMBMECNAEIZRR2 T,
o, MRV RTFLOEENRRE - BEFROWEILIORITEICE. EEHOEREEETHD, 15
ABRIZOVWTE, BR, EEEPIRTADBERICEEAEITWSFENEZ L,

B2, HREFRT—ILOYIOKREEA, BYICISVOOBREDVRERISERETZETIVIF
FEERTDTHD, MEANSHIEER - BBOERAT—ILTRIZBERIE. BIZEBRT—ILAAETWN
FERBRT—ILEREZTV, HREFALANILTEIHEENOHBHITTREIIBERAINERICE D, FICKRE
BORKTIE, IXILF—PYEDODHEANDDEENERTEY, ETILEZEDZ2ZLBARDNBE THE, R
(2. —HRELNILDNSAZERE - BERT —ILOBERE LFRRSEI2DENH D, DE+HREH -
BNBES KOYERER - WEOBEREERER - FRHLAELT, KDKRERBEERAT—I)LELRTESZET
ILORFENKRDOND, ZIICIE, BT RHEIRNMDERBEDETH S,

EROESC, HIEEFACEHR - THRA ZDEEICLI2EREREEBEINEDOESZBEETICIE. (1) &1
MR ERET - BEFROWEIL, BOoNICZOEREELRD (2) EENLBEOERIDETHD, K. Ih
DDBREWDZNAFT /AT —PEGRZOME, ME - T/ XA, WIBIR TR O 50BN,
SHICIZMICARE, ZNZNICOVWTHLNE R+ EMEEREZBLTWND, CNODMBPRI;M & B
DBAZI2=T4%2F. RENEBERICEDW-EENAMRIZITLRIEZRRE LW I LD, EIC
FALTODENBRAIDERZBEINETAMEERD,

LA, MREREME - T/1A ROBEENEROEBAOERATL, ZOREBHNERBICEDOWIE
MEANEREFEALVWERICE, MERKORBECHEHOMENHD. FICONEDRRICALTEZ L,

(FRRIRIE - FHIDRRE]

(1) ARBFAZI2=FT1ZBVERR - BROERHITRRE

MIREREME - T\ 2DBEENLRBEDOBRICEDWIARERARKT 21215 £EHRIZOME (6
ZIE, FEEYZO, MEYERE., AH/N\A4FAY—RE) ([CMA. HRRZOEERN (N\14vF
DTILRNAAILYMAZIR), SHICEAHFICES 2EL5BWYBHNRESR (V7YY —YBER/NAF
ANZO R, EYMIBLERY) RRAZAENDETHD, -, N\M1FT0/ 0V —CIENEBE%BE
TEYITER, MEERNEEEAISAT 2N\ ATV =7 vd. £ETI% (Bionics) EWSENBFED
EEERDOND, NOEETIDHFORERDARAERLE—AVOEDDHARENERUERZE L E
T, BIEMNEEICH LU TREZNRBZRPBERAINSZZENEETHZ, LML, BB TEEMNICERIN
ZMREIZ2AZT 1 (ZEPARSLE) FENZTNMIILTED, AIREBEII 2 ZT4ZBVERR - &
ROBRIIREOND, FIC. EHBRZEMBRIZ(E, KERESZEHEONHRERI L. TNENHEILZLT
BE - MRIOTSLTEE - REFLZBRLCED, ARICHITI2ENEHCPSEE. FMEE, BF
MEDNERBDZENKREGERELL TV,

THICHHETIE. RIEERMBERICEWTE, B2 ARIARMEASTE (2001 F) UK., +/77/09—-
MERDE (HEWIXTIVTILDE) ESAMTHA IV RNBEERNLZ(CIKRSOTE, ZDI=H. by TF oY
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TOMERETOT TV b TCEMABN DD T —VREDERITZ LWRAHIHNTWDS, E—fIC,
AMENEICAENLARER T, BFEOZFRCHRNEEICEGEY. MRARPHEEDL TSNS VME
MbEEE LD, ZIIC. by Y VVOMERETOI LY MIRIRSNIZNDSE LD EVWSHREREE
BOBSKEBITKVWRENRERVTELIL(E, HEBARBICELDIAMOBERPLHRSAD/N—RIL
EF IR 2T DLEOFRNEGRRE L0 LTSN H S,

MAT, BT A PEMRETRHSNDT —F PRV IR EZHET2OHD. T—FIR—-2
EBOCT Sy 74— LD BFEINTWEWI LS MEOHERER. BoPITHRSADEE LR ST,

(2) RA7=VFRINT—%BEWERR - BROBEHRRE

MRIZIAZTAHEBVWEHRIERIND(C(E. EENGEEMAIIBRECLRD, FIEICRISZNy T
FOVORRTAD I MEZD1DTH DD, fthA. HRWRZ—XEDBEELEETHD, BFDY—X
BN EDESBUEN=—XIIBA. HEIWEBENRZ—I52EHETH. FERMARZ—XITHLT
RETDEMIAMNEVWSTBEEBZ-OICIE, ARBEEERCHSBEE, TRALE. BKLABAT—
ORIV —EDE TR/ DETH D, FIC. BHOIGHAES (2.1.4) hoRBEINDL5(12, BESINS
FARCEENSHETHDIEHN D, ZNPNOEOICEIL @A EENIZTS 2erkOHNS, LA,
ZOBEENATELTWS,

IHIC, MEAERMEUTRMFARDDENICET I2MBPIRAT L, EWSHFZRIVET ML, BREP
A HBIHRABEEAEZDEEDNH D, EHRBRRAT—VRILY —%2RA B R/ EMFTDOAEREREHLS
T2 &3, BN EOTREYIVOBREELEF Y. HEZAMDOER. L—IL - BEFEROHEEIC
BWIEEETH S,
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2.2 & - BRITIRR

A TOR—PILTEIETOE. A 7o/O0 -l - 71/ bz lAE0E T, HlazEs
£ - T, TNETITRVEIGHE VWS BNEEEZRALHMEI T L (BRMEIZTL) ZE]
HI2IETHD, BNMBIRTLNHSR - BFICOLT-OTRAGATRRIER. BIHONAEMCEHEIFIR
MH BRI RBENCHLEDZENTED, FERTOR—TFILTHERELTETS [EENLEE
ADERE, ZNICEDWEENLRRE - BEFROTE] £2RRI2IEATENE, MEICIERVEK
MOBUMEOERVCEERFNOREDHROY, BENLIUIYADERIZOAN D, 52, BIRH
B 27 LOEEEICN T 2RZHRAZ BRI DETHREDERTERDREICLFTET %,

(1) BT 3] MEHORTLICESH-EYE - EVFIRADORER
RERDYE - MEH2WVIEBFEYMOARICE SRR OM RIS U, BB SR T LI ZREHFL WL
RAIMTBIERR FEPAIREM Z H125T5

81 BEDEFMERBFOERTAT IV bELT XBHEED [F—T7/ A —HERKOHEE] SEICHITZ [F/70/
AY—- MREROLE LB HEDIBRERRR] D556, [NA(FF/ 70/ O —RRWRDFEL] (2175 25RE (F//81F -
AT L-2aviRia, BLUERFFOEGREICEDKAFBEROBZMER Y 7 —2#LR) (2005~ 2009 F
E) 'Hd, z0EFN. XERZEOHBBEEZEERETIE 2002FEENLDF/T7/ A0 —DFNN—FvILZR 108D
SB. FINAFT O/ OY—CET B3EEN UL LD 5T, ZOR(G. BEENICUEREHEREZRS MKREESII->TH
Y. F/TU/AY— - MR HPERRERMIBOERNT —vOHh T, —HI1 7EROFBENMRRSNDRT L
W5,
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WERDYE - MR TIEZ. 121 2ZZNENDERRITHEZEICHEDRAH, EUL EBTD. HBHWIIEL
THBMAZa#2, LHL. BB ATLAIR, BEDERREICINELTEEOREZERS Y. H#EE
DBRERALZAIEICT 2, £fo. BCBEVCECEEDRER. WE - MEFNROBERS AT LIS SRR
THEHHT, oI, HREFICHRTZ2EVWYE - TRXILF-—ZBRYPERDL, BIXILF-TOBHRLE -
BRIDEENLBERFTE D, BRI IATLOIOLS EEE. BFEOYE - RN EHTEiRKE
ZR12L. HRICET2YEERECYERROKEL. IEEROEVIBCREERERZEL. OWT
FRIANGYER SRV RAT LAOFEREERICEBRT %,

BRI AT LR, EROEYFBICEEEZEOT, BIZAISEFREMI T LR, RROBIZEICH
(F2BMREBORBEERELIZEDN D, HLDABDEGHNHBE RRSBILEBIGE AT LOBE
NEFEENEF NG, N EIMEEROERILZ 0T REIT TR KD FELRBRELCRS IR
BICEDZXANZXLPEFREDRBICEET S D, o, SREYZNLHMEATIREOHIE - BREHRI
(CHNZT, MHl - TNAAREEEFRATIRET CORREZEFZZET, FBAERISED &S (CHEEPR
fExigm. ZH. NS5 EMROEFNREZED LIF2ZENTES, COKIITHME - T/ARED
BEERZN LU TEYOBISHEPRREZFA - ST K - BRI BE - BRI, &’
BEHODE=ZYI VI, BRREOHREIRATLRE, SRESHARMANBEFETES, NE. A4DEHE
HNTEELRELLE, HRKRECEYSHRIEDRE - HENEHT %,

BHMB R T LG, BE/EA, SOICEYAN-ZEBEOHEERZTIREICT 5, ALETDHIVY—
7I—RELT, BHFEREH D WERBZRMTHERAKIC. ZNIISCIECDREBERET VNIV
T35, TNUF. BEEDANILATTZT/INA XY 7 RARY hOREBODEELTRZZENTED, BE - =B
REEDHERF - FAEL., BHREBICETHENRSILE/DEN AR, HRBUCE 4 AD Well-being DFEE
(CHF59 %, =0I2 BNMBYRTLARYAN-EBETAINILVERDA VY —T7 1 —AELTEHEEET %o
GAN—ZEHBRITRSEBERICEDINT, REEZEBSETTAIAILEBICBENTD, Foo 742
LB ORAILEREZ. BREDESHECREEMTE>TYAN—EHITRY, Z50LTHA/\—2
BE 714 VNINEBEDBRWELDIRNEMBIS T LA KRR LS5,

DS BB AT LDRIBICL>TERFEOYE - MEKTHLWIRFENDFRBICE T2
HERRL. ZREHEN=—ZP, SO, ZUTSHREINSDHIFBICEDFRISEIST 2N TE D,

(2) TIBOREM. BENEMEELI) IV ADHER

[INAFTO/3—] BEHNTALWE, N AT/ O —%ERLUERERFORREZBEITHST
H%, 211 TRELSIC. TNETONAATI/ A —DEZLNILIZETELRRIZEEE L. #1%
NSRBI T, KEIZ2022F9BIZ [NAAFTI/ AT —ENAAEEICBH B AHES] %KL, 10
ELARICEEEXDIDD I DNNA A UETCBEBEDIEDRAHDE L ETNRRELEES L, hEI
202FE5BKERD [FB14RSHESAENAA LTI/ I—KESE] (CTNAATI/I—DIEK - BIL%E
AL TWS, DAETE [NAABEIBELY (NIATI/ -8B csVWTNIATO/ I—1s
DERRZBELEIDEHDBIFON, 2.1.4 TEIF LIS BBEYABON FREBEROREEHHE LN
AFEDILDICEADIEELH VTS,

L. EMFIBENE5TTEEMIZ. MERODFLANILONAICEHZEDEFTERL, BEICEK

82 OECD,”The Bioeconomy to 2030: Designing a Policy Agenda” (2009)
83 MWERMAT/N—YavEEBIRRE [/ F 8201911/ A8 2020 I [N\A AT EIE 740 —7 v 7]
84 HERHAE/R—YavEREERSE [N\(F T/ I—HR] (2024 F6 A%KE)

CRDS-FY2024-5P-02 CRDS B FRRAAEAR P RMIREEE AMRER LYY —

17

2
ot
5
5!
£
%z
=
il
¥
%
B
&®




BETOR—YIL | 770 —ekbk - 734 2B0iic X 2R 0 SR EIGEOFIE - 3t ~BivkbE 27 L0t~

2
i
%
i
%
%
=
it
]
2
2
%

18

BZHME TR DFLNILDONAAAT o/ AV — (L% LKE— P TF “Biomolecule” & RIF) &A4EFILT,
MEESCHEBLNILOIYYZ7) VS (Y LR— R T “Biosystem” ERIEB) L XEAHIBHRES
d18h. 2030 FEH 5 2040 FITMFTHET1.7 ~ 34K RILOTO—/NILHBICERET 2 ZENRAENTY
%%, ZMOWRELT, RERNRMEE - EE (0.5~1.2JRIL) PEZ . kEZ - B85 (0.8~1.2RIL)
DA, HBEBHPHER - bZ - TXILF— (0.4~1JKRIL) MBEEOEIEEEHTWSREFRICET %,
Ff1Z"Biosystem” ML O A KRZWEAMEEE LT, BIEXE (150~250@ ML), BEEER (50ERIL).
KEYV/INVE (400~1,200fF)L). T x)LRR (400~3,000fRIL). EFE/NA—VFILT T (500
~1,500fE RJL). WEAEY (1,300~2,2008 /L), TRIL¥—4FE - BB (150~300{ERIL)
b, IHLICHENREEE LT, RRETE - BESL - RETZY UV IOEA (250~450& K1)
EE(FONTWS,

REEIOR—YILIZ, INEFTEADBR TIEHRCFEATN LAV, MsEARCAEBLNILOT
VIZTIVIIEREHTHEDTH 5, MIEEFCEBLNIILOIV I ZT7Y VT ICINETROEHRIC
KH->EBRELT, gL, H2WEHEEHREAMEORDOEMCEEEROEENH DN, £
[CHERIZO7 7O—-FHAERTH D EIZBICHRRNIEN TH D, BIRRMLRYIER>TWS [HEEAKW
RENREDIBRL . ZNICEDWBENREE - BEFEOREL] %, RETHARAROHEEICI > T
EHIZHALTRET DN TENL, BENREHEHICEDWHROMELPEREL. BEElLICK
D, BABREERFAEESENTES, IHI. BENREORIRL. AION28MMES 2T LOE
BRIIEE L CREERCEVWTEEBIEEE-5T, REER7OR—YILIE. INHLEREARAENST
BICH LT, DA EEOBNHE VAT LAORCHATHEEMAERBENEMEOREREEZ5T, IHIC,
HE DM EBMIECERDREICEET SSAFI—UADEEICRTEL I I ADHERIZDEN S,

(3) #HELOBNLEBRFEORE

EENBREROERICEDWAENARKRE - BEFROMILIE. BNMELATLAICHIZHEEDARE
FERICEREREE ZRIT, EANICE, BIRBRICEDEYRRICHEA#HEELE T, xS
FRAAENPEBREICESL. YRATLBEDRENL - RRICERDZENTREICND, £, A%
HTTORBEOTEMELHM., SOICARECPARICKELES VA VERICEALTHZNRILEZE S &
NTED, Uo7, BHNMBIRTLOMRNN DREWRERAEICET DI - REFHEMEITED
LNBEELICT, HEDDDRDPEREE V. BULEREHEZRESTDZENTES,

2.3 FEEdh EoRhR

AERIOR—YILTREITIMERAFKREOHEICLD. RENOCEENICEONIWRDALST
FHETLIR0H. BITMRRZEEMRZINTNIIH U CETHNEHREMFTTES,

(1) BHRMBYRAFLOIYS=7Y Y DO

MREEBEHME - TNA RZEASEBNMB I T AR, ZOBBEEPEREICOVWT, RIEZRERS

85 McKinsey Global Institute Analysis, “The Bio Revolution” (2020)
86 “Biomolecule” &”Biosystem” T/\A A FIARKMDOHHBDIEIN L& LHDH D EDRAH
87 “New bioroutes” & "Novel materials" D L&HEIZT
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NTWRWRELIRATEM ZWO TN D, 2.1.5 TERIZES (IS, Mf@ZzRZMICAVCRRKOME - X7
LOR(E., Z<aRBENHEAOCERNGEHTIERICTE>TEN., ARNLEREORAL - RBELIE+72I(C
TETWRWL, UL, BRETHMERARERENOEDBEACL T GENLBREFFEE. TORFZX
RIBBRFIENHEIL - LFIND, TNOHEAVDIET, SETRESNTWEN S-SR E
BENRBFETED, THOLT REFTFE CRTLRY-ILZEY). BEFE ZURIBINIZHRA
BB RTLICEST IVIZTIVTILENDONEEND, S0I2, BMOBLEE. HICKER
VBN ECE AT LRFCHAAT Z L, BIFEOTZNHSVER (BRIECMEIE) Of
EEIRY SR REMEN B S,

(2) TEFEYE (MEEE) EAIYE] 460 (—HizcHEE] OBESNEBERORELFRIE

EFYE (HRKEE) EAITHE

AIENEFET 2L ZDOMBNE. £ERICELUIBOMEIRE. TNZTNOHME - BN OREFEHS
D, FELREMREZNEIEIND, M - TN ROKRLAGREE (DENORE. R, 2R,
BRINEBEPREGE) Z/\A—5E LT £YUHNELDOMBEORIBRENSHBERL NILOFEEET
ED&ESBRIEEERTH. EENRETILTUTHEANTESZ LIRS, =, Ml HliEAMEICES
FTERCOVWT, ACKEZRBFHEICH UL TRERUENAREHIEINS, 5V >ARELAICLT, MfEc
FTEDILEEIBVWEZDOME - TN ADEENRFREHIEHNEOND LS (IH D, £, ME - TN
1 ADFHZLNRERLH S WEBRWICERAM LD, BYIREE - ZRFZHELIZDT 2K Gl EE
DFRETETREICAR D, T50LT BRIEEMNEWNZ T — RNy LN OHBEE UTURT EIRECHEEERIR
EREMNIIERL. FARNICHIET 5N ATREICR S,

- —fHf E MRREE

MEOERNIRDEWVICHT 2YENGERE., BLDMEOAIBIREDETBERN. FEEAT—IL%ED
BWCH SN AERmARCET YV I FENRENLT 5, —MBEORIREDELA ., HMIZREEE R
ZNUGHRERLNILOREECZEHHTEEZ, SREBEEART—ILIZET2DEEPYHEEZRH
WTCEEMICRIBTES LA D, £-. HBREALNLOKXELRZE{H, MIEOWNIBREDEIIZET
FEUAFENZERMEZ, RT—ILEDRVWTHEATES LS (IS, INHDOETILE - EXLDH. %
BAREBRT —ILICRIG CEZBENEPEINAEERET 2, I/O0NDYIO, ¥7ONLI7ODONAH
D714—RN\yIZEEMICEHIRL. PRATLELUTOBEECEICEDIERE., IOICIEIERNRETCORIFS
ZENTED,

(3) M8 - FNARRMOAE L : Yt SCERDRFERNEBEER

RABKZERBAT —ILTHZRFME. PR, (2R, EXNEECRBEEZET(CEBAL - flfL
TME s TNA RDFREE, LLMBRBZETEY ZRBIBRD 1 >TH2, £, YEFREOHHEME -
MHRBRZOHBERETH D, FRIR. MEOREDECHEBEORZENGEIEICOVWT, AV—reTUTILP
ATV MITITILEMSINDEMEHIEWTE, MIDREGRZERERT —ILO#HE(IREN TH
%, COERETIMEMARBICEWT, MIRERICSRGBEZ5Z2-ODME - 7/ ZFEFIZE
DO T, LLYE - MERIZDBICETSNDS LS8, SHRBKZERRT —I)LICHIGUIMEIOE R -
T - FHERITENEDND,

(4) MRREFEESOEHIERERICHTHIHARTTA—F DT

MEOEENZEE(E. FIZIFE. HROREBEL, EBMY - KFOME. HaERLE, ReLEMRR
([CB8H %, RIRDLSIC, HEAMODFHNER (BLFRRELRHRE) OBFICERSLLBRNL, KE
BHREMRT —ILOKHCEEZT R TEMENR7 70— F2lAAND LT BEZDHRWCE
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ROBEREZBEOMNITEIIENTES, FIC. RERRT—)LOREZ(HHBOAIBREOERIZE X

FE(T, YMENG77O—FELUICKD ZEETERL,

Fr=. MENIENHEANSEZASFEIIOVWUL, BROERRZEII 174 TERANRELCELL
A THB%, COERRITIMEMRABECHRESNIZHEAYN - DEBREBZEEHE LM - TN
1 R in vivo B & in vitro WSNDOREBERIZEWTE, MEEAYEIMAREERL NILOEGRRIZSZ

FEOEBORIZEMT 2,

(5) BABZ2 2B CAMOELEPHRIZI 2 =T 1 DLIBFM

MRBIE, £EMRNEOZNZNOREREZR SIS, ZOER - MEEBICEVWIRZNLERZE
FATEDAMDBR - IEFESND, Fo. ERNENLMBEIZNT 7TO0—FORMESHEIEELERT
HH. ZOWMAITEEDRVAMDERIND, ZH5LT BEOHRIZI2 T ORZBITEDHED
BEAMDEREND,

BT, RPMOAREORILC. BRIy T —F VT OBREOMBR, SOICHBHREROERBP
T—IR—ADEELE, WRIAI2ZT A DIODLENHFZITHSIND, TNIZEK>T. FRIAHEE
BICEFRHRT - DI LIFPHRAEBEOMKSAIMESN, MEII21=7 1 L LTOMBENBERRED
HAfFSN %,

88 |SPS FMAFMEEMA (A) [MEMEREREY 2 VILFE—FILECM] (2023-2027 FE)
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3 BIRWIZRWESER
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S

BRE S HMECBICHZRALBNOMB SR TLAZAIET 2213, HBEHR - T/NA XOEEERAT

AUC2EENBRADERZE . ZNICEDWABNLRRE - BRFREBIIINENH D, ZIT.

MIRER MR - TS ZOEENEEICEDND. EERSODOEEEADEREZEELLL (XR3-1)
Mg EERL - BBt T 2T, BLDMIIZIT TR, KDKERRT—ILTELZ2ONZHMEESA.
HDWNIQOK - BAIZHNRENEEL LS, OBSHNBEERCOENEEERL. MEERCME -
TINAREDA VI =TT —ATRHICEEL LD, OEYENBEERL LT, MEETEZ2YME - TXIL
F—OEECEBRIG. H2WIIHEEEES. ZOBRELTELHHIRBEREDEMRELERINE
THD, 212U, O~ODHEEERIFIRIZAEDTIIR, EWIIEELHSEDTH 5,

&®3-1 HRREEEHE - TNARAOEELHEEEA

BEELRHEEER | EROH
- @RIEE| N - WEH. MBREEIE S, MR - MRSV E ORI - T, 5 (RAMISH. .
© | A #(5)
@ | otk - %0 | MEpEt. @REFORMY - BEE. @EAMIED 3 RITHLARES - fhx - 2RI
® | BEW Bl - (VE—FVR A4 VER. BEL. BICETHFOBEH
@ | {2 ENIBE DB Bk Bk, HTEEDR. HE - MIEREOD FEH
© | gy | BERS. (E) STBEEERTRY 70 @RMELER (9 - TRLF-OBRPER,
FERARSES) . AYREEER (R4, Ha. HESS). @R, EREE

NODOMEEEREZZERLIZLT. MiBBEFACHE - TNAZANRITESHWEEEIEREL. BHMEIXR
TLOEEMNEEET - BENFRTZ=0121F. AN (REFPREREOZE(L) (CHLTEDLSBREA (&
2TLDBE) NEIHZHN. EENLGT —J2IRELEREABCIENTFETH D, FI2. LHRTFE/M

AT =& DI WEEENGERBCET L EZBEL TV I LN KROOND, ZLT. BEEBNGERBCET /L.

HLUEE - SHAKMZRAWEY S, BEIEECEDEORRICEITIIRATLDRTZITV. ERICHE
£9 2, AR, EERNGIRATLRIBEOHADINSENEEBAE T — RNy INEIND, T50LT &
REROERILE. YRATLOEECLCEIGED KR Z, EHENITEDTWKREDH D,

INODMRBHADERREICEWT L, TZHICAZERLLREBE. TNZXX2ERRPZEYE - M8
BZOEM. SBICVRATLEHROKRZERERT —ILZ DWW TERT 21-00YE - LZOEBRIM R LR
FRMEDUENBETH D, EANSCIARFEHRREBLE LT (MRAFXKZRET] HREFCHR - T/31
ADEENEBEOER (3.1) & [(HRFEHKRE2] BOMRSITLORISE (3.2) ZZ(F UTICFER
EEE
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3.1 [WHFEhHsEERE 1] MilgtEM & pPKE - 734 X DA HIEIRE D BEF

MREEMEE - TNA ZOBEERATELZEANESEOER ICAIT-HRARIBETH D, AHLE
RERBCMBEARBERAEEZBRBICHET 2K - 71 REMCMREBREEROFIERM (3.1.A).
HALBBIEEZDEDR, IGEICERY 2MEEAS JCHEAYEDYME - WEBRZEHT 2 5%
(3.1.B). ZLTAHEHNHDOEDBEREEE VD IFERETILCERDEE (3.1.C) H"HEMRDEREL S,
—fREA oHREERE WS RZEERT —ILZ2BWERRKRZIRS =02, BENE - sHAEOERRT —)LDOHE
BMHED, BRDIRT—IDBEREODHCETI VI EEBRLTWKDELNH D, 3.1.AND3.1.CHOERIC
—EIICERD A, MREARBFEE2 [BRMRSRTLORIR | ALDRIFRIEHNEETH S,

3.1.A Ml 3 JOHIA BB~ DI 2 B D15

NAFT /O —DFEICE2MIEBEEEERORIEFE (2.1.1) . HENAEHIOKRLRHHEZEE
HEHLTDIME - TNNAR (2.1.2) DHEEINTLSEH, TRIR. ABNICHESEHITERBEHDRFEERT —
ILDEEIZRSND, MEEREME - TR ROBEOBEERTRIZIEZ LD ERICHET 572012
(3. BEHEEOIRCREEEOBERICAITT-RNHAENBETH S,

BAEMIE, R3-1TIZRISOOHEEERODERIZDOWT, BHIZEIT2RBEE D EBEDR X, BISRT —
LYK, SHICITEEEDER - ENBEOHE LEAENRETHD, ALWDFEIE 2.1.1&£2.1.2 THER
FFEREMOEBDOHAEST,. £<HLWREBIZEDCKEDTERL, 61, BEHOEBEFEAHEIED
22T (WILFE-SILEL). BISEZERRYT —ILOILERE T TR, SHRBBEEREZRAOREDIE
BTSN CTES, — AT MEESEN LI-HENADEANDEBEMNSE., DEDABNGRVETIVID
FRIE. —BNAFTAILLIY I Z T IR BRETHEN SN TVDEDD, ZORAIRENTH S,
M EHEEERT2EHAME - 7/ RIH LT, MIEEEICL2BHCEREONT ARKMZHB LT
ZENKRDOHND, ZIITEVWTEEHARBEERT —ILADTH LA ZREIZ1 5,

F7-. ARFEARZFE2 [BNMERTLORIE | TlE, HEEBORANMRTEECHRENICHEZNT
ZLREMEDHEFRBEEVLETHD, RITHRTEVAMN L —2avVIlBESY, ERABEZZRUHERRAR
NEICKDHEN S,

IBIS, ZERREHE, ZNICHTIRELRBHIN DRENCER - AHETICE. NARIL—TFv
BREBRROBEELEATH D, BIZ. YM7ORBT/NNA RREEZBWTEHERMBHER Y Z DRI
B - T 2EBRIATLOAENINTVWS, S, KDEZKRGELEAZERICEFIGLTLCIEXR,
B - SHMEERBROBEN - RENIXMETIF TN IERKROOND, £l RESNEZZEDT—FIC
FLTIE, TR CHENLR 7 TO—FEHEAEHLESZE T, BEICKDNEDRGHFMP. BH
DERE, HDWILRITEEDEHREEZRHTHAEHFIND,

CORZEENEEDOMNES(CRET 2 EMARKTIE. MIEEAEHE - 7/31 ADOEEBISEDFHEY.
[{BE] ZBENICERT -ODBEVLRHEBEORREH T DELRD, NLIEZNZN3I.BELT
3.1.CICEN =0, BEEDEENROSND,

89 Nguyen, P. Q. et al., “Programmable biofilm-based materials from engineered curli nanofibers,” Nature
Communications 5, 4945 (2014).
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3.1.B #ifatENs XA E oMt - BB SR ok 22 YT

MEERMEMR - TNA ZDEEERTEENZINE R, ZHAFEEMRAT —ILICEWTEEMIZEHAT
2FEDAENDETHD, FIC. WELLTOEE (W) CYEBRICET2EHRE. MIEERMA.
EADHE - T/ R, WAIZOWTEHELTWRELRH D, £1-. WECYEBROSHIRMNZ. R
B-TICRIBRABREEERDERANRICEBAIND ZENHFINS, ZD55, QFIK - &, HHWL
TEEDHDBFREFZOHIC, FHAIL2RTT - 3RTWIZITONDED, BIBAX—I VT THBZENHF
SN,

MEEERAIZOWT, Z7AICIE. AV RABIAFEMOERICE > THIRADELGFRIR - KEHVESEE
ERE. SRE®, LAERESEE TN TREICARNDDOH B, —H. AEERIOR—ILTRAITRE(L,
£ - BEL L ER=MELTHRLES E T2 20D TH D, R3-TDS56, FICHFM -
BESHNFEDHEIE. BREICTESIHERRAT—ILIZRONIH D, £-EEUR I RITADEILICHES
BWATWS, INoDEEZZRL. KEEIT —ILOREE LA RONBHEORERICHEIFZEHAIFE
ARNDETH D, 213 THRRAEESBARERIA TV DEMERBDARAEDT SR BTN, BHRODET
FREBEFEDET (VILFE—FILE). BSRT —ILOIERCEREDBRO BRI EADERD
RHBN B,

. MEAMEOFTAIIRIEERBANZ WV, E4 - MBRICRELZBRICHREAMEIZED RS BEL
ABIDHM. ARSYRHEIYT EEE25. MR- TN ROFERARGE T COAETZI2FEHENRET
H5, MEEFAAEACL, /ORI SYI/ORELET. SHRABEB[RT —ILEBEWESHIAK
HEND, £z, SHABEERERCEOIHANKROONDIZEND, VILFE-FILLOEIMBERES
BRTHS,

52, MMECARRE. MRS MREAYEDERBEE CREIZBEKROBRIIMUFIHNSELEENTVEED
D, REICHELRFETHS, MEFEOMIEFESY. MiESHEAYMEDOEDOYERN - LZENRIRELE
MENRBEEWTEH. H5WSHEREEACHERBEHEADEDOEDAAY - 2 FEOHEADENRER D, 2
NET, RTFHEABMECIREAAEZFE>RANZNAT7 IO0—F0, B TO—TE2HAVHEHEINY
BRHOIEAREDHEININTWNS, S EENAFHIBEROFTRE P, FHINROILEREZBE LK
MERNEETH D,

3.1.C ffERIE KL - T AL RDOEENBEDO2AF R —1 - EFY VT

BN ATREDHDWIN G UIMRERANDEE KA. 3.1.B THALIYUECYEBRICET 5EHK%E
Buwahts, MEEFRCHE - TN IO 02 RORERRREZR (L Z DRI 2EHCETILOBEL D
ETHb, FIC. RBDZKREBRT I TREIZEKEOBERUELZESD(I2ILE. EEMZHNERIL
D, HRFARKRE2 [EBMRRTLDRIE] (2DF21-0DEFETH D, R3-1ICRULESKREHEE
TERERZMKLUIZER - ET/ILOBEAKROSN D,

—ifEs oHEREEE - BB VWS RT —ILeBWORANGRETILEEET (2(E, BYRKRE - ZE%
BEDEBRZRFTLANLE, REQKZEBRT—ILORKROLTRICERAL TV BRELNH D, BFEORR
BREFMRAT—ILERNRICULCEBDET VI FEEBAEDEN, WELELD, HBWIFHLLEETIL

90 RE : —E[LBMTEECTFHCIFOES

91 RMERMREKBIARRARERLYY— BR7OUR—Y)L [EEREZEETRRE THNNOER ~REAFSVR
§H81~1 (CRDS-FY2020-SP-07) (2021 £ 3 A)
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ZRBLTWNKZEDN KO OND, FIZ, HIBEFLNILTREIZREBRAT—ILOBERTIE, ITX/ILE—»
MEDODHANDY, EMRHEOIENLAMHELEECREL KSR, INOEIRADFHRETILORED
WETHD, BIZ. HREELNILOBWVEREETILCPERETILEVWSIEFEER-XIZLALSE, —
MBELANILDBRERRITZET IV SENBRSINDDOH2%, £/IITE EBMTEHEIXMADOX
WEHLERATH D,

IO, HENAMEDEERELE. ETVV I ETEBLTIWRELRH D, HIZAIE. VT FHILYED
RIEEBETETIE. NMEIT2HEAMNEOYECYEBREEELT S, 2.1.3 THRARNERIEEAERXDX
B SINZZEADILRBEGAED, BHFNT77O—FELTHD, £ MEAYEORRPC DT
DHREMEADEEIZ, BRNAHE (2.1.2) DEEND. ZOBERBEZEEMNICHBEL TV ZEN KD
PND, =HI2, MHREAMEZOEDL, HREEOBEERZZITTELLES, CNOoMIEAMEDER
HENICEREL. HEEHMBRITNI IO REHRDEENEREER - ET/ILELTRBLTNZE
NERTH 5,

Fl-. ZOESITEMRDIOBBHAEBANRICEWT I, ETUVIICBRER/NSA=9D1NT LEEHET
XDEIEROEWN, 22T AFHEAT —% (BRI 7 OBYEERE) h ot T —7Bsn7 70—
FICE>TNNIA—9HZHELTWKHAEEATH S, HDWE BNME S ZATLDFREICESEWSE
HIZEWTE BT LEL2TDI/7ARBERELELTCEDLEETRV, BYAERESLT I VIRV IR
ELTDIEWEBALTWWK IEEEATH D, CZTlE, BBEELEDT —YRZNT7 7O—FOHREIE
HEEHFIND, £m. ETILEP IR TLARGIIRETDRBEROBEES SVOE (AIERFZERENARER
EXEHH) #@8VICRHTZ&E, FHAICRZBEEN - @FNIZNZIZ, HREROUELICEFEAT
H5,

3.2 [WHFEhHFERRE 2 1 BIIRARES R 7 L DAIE

REDHRECBEIGEDERZEEL. MBREEACHR - TN IO Z2BNH R R T LDORIEZ D
ZRENHD, MAFFKZREET EENESROER| THONZEROETILEBODIFEA S, FIEDE
MR RTLDZREETWV (3.2.A). ZTUTERICENME S ATLDEEEATS (3.2.B); YATLE
SESRATLEEOETIE, EEICKIERERNMRENKROOND, YRATLREREITEWTE, EBRICEER
BERRRAMTEIRS (BRI, FIETTRE R A NN A =y B LTI EERE /T A =T DEBECEE) #1E
LIBT3 28T, RRTHEARHEHEZEC LN TED, £, BELAKHEHIHDZET, ZDE
BIIKHE - RELFEBERMOBREEEDD N TED, TUTHBRABERMIEIRATLREHIES
BBILMNEEZHT, ZDESIC. YRTLDRERMEBERMOMANNENICER LTV IENE
BTHD, IHIT, EENAIZATLRIRORADFI S, BEICETIFHLMENRHIN, HAREAR
EBEEIADTA— RNy EEFTE S,

3.2.A BB 27 L0GT
—DODHEENEY1—I)LOERHID, EHOEY 1—)LEOEBEEZBH: LIF-V AT LOBHRAE ., EBIE

92 HHART [AINA/AROREFREIIaL—23Y] B2E-2 [FUNA/ARDE5T ST ATy R E ] REER R,
EEREF 42(5),124-129 (¥+4t, 2024).
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HICKRSAAEDDZENERTHS, CZTEVa—ILEL. BEDMRE - MIEAYBOBRESEDEE
HROTOEFEENTH-T. ANERDRBOPERERGOEMICH LT, HAOLBBIGEDEEETILT
EHOLNTWBEDEES, VATLDRFD=SH, EIV21—ILPY T VAT LOEMTEE L INZ514T
SUEBFLTWKZER, YATLERY—ILOREIKDSND,

(1) BEMNBREY21-ILOE/K
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