LA—>33v NEWKERRERSS/ MRME &

BARAEBAIFEHSHEERKETD TOSTIRIER—Sr— (PM) : Si5 (B

N T-- ,;.\.‘.5 :': A ] i = 3]

YR B BRI HAA TEE 22 DA EZRFEARREAT  #Hi® (R HERR)
TAZZHART : 2020FE ~2024F=E

MRE=REEMKBR
JOSI O hOBRELEN
ACENN, RISHIR, SR (CH 2R (THEIT I SHIBKIRIR (CH LT, ABIMEDE & H
FURDSHEHENICESEVDZHICE,. BEIERERDOBEZMZN(CEH U, Bﬂbn
EBREARZ CNU LEBRESERVWC ENROBNFT, CDOERKEF. [TS5RYU—
NIV o FROE ANBOER SRR 2T 2 EE (C5FD C &2 B9 BRI AR
—HUTWET. ATOZT UMM TSRIU—ANILADEZ(CEDE, RELH
RERDREIF/I S AZIBRTDEDTT .
KiRFEBE
2030 FTIC. BBEVBAMED/ S>> ANMPORE(CSZDHEZHFIAL. MF
REWD(07 =/ BE. AERHERTE &) Z A/ (CAEIT I S AT NutritionikifizlFELFE . =5
(C. CORGiZAVWTREERR [TSRIU—NILX - T— R(EBRHEE IR AEY)
ZHETDIRRERBTHD. RAIARVPERFELZDEOEERE UCEBRZHAS
DETZHRL)] OERANDORHEZTMITDELEEC, EF/ILMIKICH LT, ETDEERT
ZRIRUE T,

EANHIEIES
© FERFFORISIER COEEBIERCEEY MBS /BIOT7ILEZREL. Eb

RERZMT — S TEREGZHEIELE L. =5(1C. BIEMRICIDIFREZIHETDIFE
ZHRFEL. BRNOTOT 7 AMINAWMEDRETH DI EZRIELFE U,

@ BALIRET LY DR (SRR AF/RO— LA - EREERZEEL. [EBEARZE
TEDREENERDDCHDEBEEHIILUFTUIZ, =SICEEDOIIRICEIET DELT
ZIRET/ YOI RUETIDERICHRTHOH THRINL., BB LB E,
EZLDFHNRCERN S & ZZ2RUFE L.

Q) REHEEME Thomasclavelia ramosa (R 9 310D\ OF U AT 7 —% BTz
(FH. COMHERICERITDII7—EDEL. ENSOREESVIR(C K> THEREIDHIR
ZIHITEDRCEHERUELR. 510, YNIXREBEFEET)ILHE JIUCEARN TENHEOR
E=MERL. EEADOEENS 150U LD T. ramosa Z=EEET B EICHRIIULELE,

[E{REI R ER ]

B> SEMEDREAEE 7 =/ #2007 7 1 IIVDMZE C &> T 9 S H5iliERRE
FP=)BTOIT7AILOERE(C KD THRAIRET | wwrymmiess

BERORAMNMEBEBEINDINE SRR LR UL, T e

TORR. BEBRERELESY NCHoTE. -

BB = MR EZ L =T D & TR AP /MTOIT 4N lﬂi?:é:?.‘nr-m _mmys).:;?u;-rm
MPLDLOL XFO—/LOENEIE TE3 T &% O

BESMCUEUT R —

KRfEsEd 37 ) BS DIV EMREN o
|;Y )\ OBREBS Y NTOVERE D OFEMHETEREL. AILZF> (77 :J@aa)

—D) NEDIITFIVDFTHDICEZRRBUELUR, 5(C. AI)ILZF>AVLDLE2)

DiH8 L. RRRbA P EREIAEZRE 9 5 2SN LE U,
X1 EHTAE S (S, RN THELSNONEN 5T ROEEEHR - fHARTSBE.
%2 VLDL(B{ELLE VRS >/ OB BFFER TSN, R UL ROOLRFO—IV8 EORREEAREEHNES,

AR .

ERAKET 55—~ AT | e 4194 OkYO

=18 {A—BB  Mail: atkshin@mail.ecc.u-tokyo.ac.jp




h—>3>3 v NUEHKEREEREL/MERR &

[(EA8IEER]
Z{EEE Y D DS
HATHH T, BIEIRETILEYD (2
CTIEREELTDOTFZE YT EIFFR
LEY) ZHFEIDCEICHRIILELR. £
DOFRIRBZ M UTTAER. 718 (CAES
mrsc L. 40 BisCRIIRE#EE/RDZEN
PMDFERUE. Fe. KBIROAGIRIETEE
B ZER L. CTCEENICFHMT 23FED
FELELUE. &5(C. mAU> - CPP ($3)
EEDIFEEHREN. BLEE EDORBEN
rEENFELU
%3 CPP (Calciprotein paritcle) : MBS >/ \UBEES
2V BRIV D A0001 RELF.
ENHROEGBHEESET ILBNOERS LUV D 7 —SC & S IEHHMEOIRER i % R
RO ICEEREZI%S L. FAEB CTHEANDEEZ#ERALE LU, =BCT7—>
KREICKDENEDHZRFREL. BRREEAEZEZSI W EZRUELUR,

SRARI BIVHSINPT = ) B SHRECHET 5 FEZHE
BERROBEFRZIASNCTDEHICE. MAAYRO-—LZYTILYIA LTERTE
DM A RTY . MEROEBEDITEIEHEETHD—7. BIEIRX MKENRE LS
RO TWVWXUTZ, RARTE DHFNFETHDISNVARD MLzRW,. P77 =)
BREZSRE - BOX b DRUR(CHTE 3 SRz mFE L E LT,

SEDOMFRDEFRTIM

ATOZTURTE. ZRICEDMEMAEDODRRZHRESIDLT, BACELE [B
WSRER] ETSRIU—ANILAOEIIZERRIT DI EZBEREELTVET, 2025FFE
BFE TTSRIU—ANILX - T— R (BREECORREZRE T IRREERTHD.
RAHEPEREFELLBDIEDEEMEUCBRZEAFENEZRL) ORF - SHlid X
UZNSZAVWEREES ] ZHROCERBUET.

HDENE
2050FF TIC. MEKRIRDERE EBRIDEE - BDME EZ Mz S B72H UVWVERHMIGESS

ZIBRL. SOICCOEEBSZXRTI D [BRER (HEKEL) £HRHR] @XRHERDA
MDIEHICBE - EATEHT.

0210 bNORFTRFET — 18K

SiE - Ep PM MR  ox

I | |
1 iﬂ‘%&‘ﬁ%@ 2 H%W:%Hi% 3 ﬁ%ﬁ*ﬁ*ﬁﬁﬁ

FEEHIE DI (2,3) D
(1121314,5,6,7) rtr~rt
<HAFTIEHHLEG >

()ERAZF / )EBERIKE /| ()RFXF / (4)FKAFE/ (5)REKRFE/ (6)RFRE

RAZ/ (7EZNAFRFRES -/ (BMRREH-TIRT—4
&/BRAIN



Moonshot Agriculture, Forestry and Fisheries R&D Project / Research Results } &

Project Manager (PM): Shinichiro Takahashi

| ; Professor, The University of Tokyo (currently
- food supply industry for a | Project Professor)

Project Year: FY2020~FY2024

_________________________________________________________________________________________________

Background and Goals

Project Background and Rationale
As the world confronts rapid population growth, environmental degradation, and climate change, it has
become critical to scientifically quantify human nutritional needs and minimize the depletion of our finite
natural capital. These efforts are essential to fostering sustainable coexistence with other life forms. This
project is founded on the principles of Planetary Health—an international concept that emphasizes the
interdependence of human health and the health of Earth’s ecosystems. By integrating this perspective,
the project aims to identify an optimal balance between human nutrition and natural capital.

Technology Development Goals
By 2030, we aim to elucidate how dietary patterns and gut microbiota affect blood nutrient profiles,
and to develop an Al-powered platform for comprehensive nutritional analysis of blood metabolites,
including amino acids and fatty acids. Using this AI Nutrition technology, we will evaluate the
physiological impacts of Planetary Health Foods—future-oriented meals designed to beneficially
modulate the gut microbiome and blood metabolome, made from underutilized fish species and food
residues. We will also initiate pilot sales in selected model regions to evaluate real-world effectiveness.

Key Research Achievements

(1)We identified blood amino acid profiles associated with lifestyle-related diseases such as fatty liver
and hyperlipidemia, and validated these associations using data from human health checkups.
Furthermore, we developed a dietary intervention to prevent disease onset triggered by a high-fat
diet, and demonstrated its capacity to shift blood profiles toward a more favorable metabolic state.

(2)In a mouse model of accelerated aging, we discovered distinct blood metabolomic and gut
microbiota signatures, establishing a basis for designing nutritional compositions aimed at restoring
these profiles to a healthy baseline. Notably, we successfully generated, for the first time globally,
pigs with homozygous knockouts of aging-related genes. These pigs exhibited early-onset aging
phenotypes, including atherosclerosis and bone loss.

(3)Additionally, we isolated ten bacteriophages capable of infecting Thomasclavelia ramosa, an
obesity-associated gut bacterium, as well as phages targeting its resistant strains. We
demonstrated that phage cocktails effectively suppress the emergence of resistant bacteria.
Targeted bacterial elimination was validated in both mouse fecal cultures and live animal models.
To further support therapeutic development, we also successfully isolated over 150 strains of T.
ramosa from healthy human fecal samples.

[Detailed Achievements]
Development of a technique to suppress the onset of fatty liver and hyperlipidemia by
modifving amino acid profiles Feeding on low protein diet, ED:I Feeding on qiet to.norma.lize
We examined whether modifying amino acid profiles could o high-fat diet efc. g plasma amino acid profile
improve phenotypes associated with various lifestyle-

) N Changes in plasma amino acid profile Improvement of
related diseases. The results demonstrated that even in
rats fed a high-fat diet, altering the dietary amino acid 'r J

comp_05|t|0n eﬁ:eCtlvely _Squressed the deve|0pment of Induction of ectopic fat accumulation Improvement of
fatty liver and the elevation of blood LDL cholesterol levels. il ita C L CRuTEH CEr D) lipid metabolism
. . . . . . . or dyslipidemia abnormalities
Elucidation of metabolic amino acid signaling

We discovered that gluconeogenesis is suppressed in rats fed a protein-free diet and identified

ornithine, a specific amino acid, as a key signaling molecule involved in this process. Furthermore, we

demonstrated that ornithine induces the secretion of very low-density lipoprotein (VLDL), thereby

regulating the development of fatty liver and hyperlipidemia.

Note 1: Gluconeogenesis is the metabolic process by which glucose is synthesized from non-carbohydrate sources in the body.

Note 2: VLDL (very low-density lipoprotein) is produced in the liver and transports lipids such as triglycerides and cholesterol
to various tissues.

Contact:
Research Institute for Planetary Health, The University of Tokyo l l' I lol O
Shinichiro Takahashi Mail: atkshin@mail.ecc.u-tokyo.ac.jp C’ : ’
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[Detailed Achievements]
Development of an accelerated-aging pig model
We successfully developed the world’s first
accelerated-aging pig model (referred to here as

a “pig” to distinguish it as a laboratory animal).
Phenotypic analysis revealed reduced weight gain
after 7 weeks of age and difficulty standing by 4
months. Additionally, we confirmed aortic
calcification and bone loss and established a

method for their quantitative assessment using 2 = 3

CT imaging. Elevated levels of serum phosphorus

and calciprotein  particles  (CPPs)—colloidal - =3 A,Cc,e!s’rat
complexes of calcium phosphate bound to serum = dy “ ng

proteins—were also observed, suggesting a
potential link to aging phenotypes.

Establishment of an animal model for obesity-associated bacteria and development of
phage-based elimination technology

We established a colonization model by administering obesity-associated bacteria to mice and
confirming stable intestinal colonization through milk feeding. Furthermore, we demonstrated that
targeted phage therapy successfully eliminated only the specific bacteria without disrupting the
overall gut microbiota composition.

Development of a high-precision method for estimating blood amino acid levels using
Raman spectroscopy

Real-time analysis of blood metabolomes is essential for understanding the relationship between
diet and health. While conventional mass spectrometry offers high accuracy, it presents challenges
in terms of cost and measurement time. In this study, we developed a novel spectroscopic
technique that uses Raman spectra to estimate blood amino acid concentrations with high precision,
low cost, and rapid turnaround.

Future Directions

This project seeks to integrate a diverse array of research and development outcomes to simultaneously
advance personalized health through nutrition and the broader objectives of Planetary Health. Beginning
in FY2025, the focus will shift toward the development and assessment of Planetary Health Foods—
innovative meals formulated from underutilized fish and food residues to beneficially modulate the gut
microbiome and blood metabolite profiles. In parallel, we will actively promote associated economic
activities to support the societal implementation of these sustainable dietary solutions.

What We Aspire To

By 2050, we aim to establish a new food supply industry that balances environmental conservation
with increased food production and improved quality. Furthermore, we will build and promote a
"natural capital-based society"—a planet-first social and economic system—to support this industry
and ensure its sustainability for future generations.

Research Themes and Structure

Shin-Ichiro Takahashi Representative institution:
The University of Tokyo
PM
| : ! '
1. Precise control 2. Preasg conﬁrol of gut 3. Spectroscopic
of target diseases microbiota analysis technology
(1,2,3,4,56,7) (2,3) (3,4,6,7,8)

<Research Institutes>
(1) The University of Tokyo / (2) Jichi Medical University / (3) Toyo University / (4) University of Tsukuba
/ (5) Kyoto University / (6) Tokyo University of Science / (7) National Cancer Center / (8) Esfida Co., Ltd.



