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Search for useful microbial enzymes and applied research
for bioprocess development

Kuniki Kino*
Department of Applied Chemistry,

School of Advanced Science and Engineering, Waseda University

*kkino@waseda.jp

The material conversion process using various functions of microorganisms is energy saving,
excellent in environmental harmony, and enables reaction and precise synthesis which are
difficult with chemical catalysts. Therefore, there are strong expectations for the development of
innovative bio-processes for the realization of sustainable society. Recently, the progress of
biotechnology has been remarkable, with the utilization of genome information and the
development of high-speed and high-accurate analysis equipment, and the development of
methods for searching useful functions of microorganisms and their application technologies
has been actively promoted. Based on this background, we have conducted research on useful
enzymes and their functional modification, as well as research on the development of efficient

bio-processes for the production of useful substances.

1. IZC®HIZ

ATFERIE I IS T b o 7oA O R A OFSREIL, TN A AR TERY b
L2 EDRWVEESHESEETHY, TNETICHBEINEZAAS AT rRv AL, 2D IK
—EBOBERERC T AT LAEFIH LTV AHICT 220, BINOABREME 243 2 AEYOB%
FNL, B BREIR AR L CHRANOBGT 200 & bMI TR LB TE 503,
SRIeFNERME X MR D. —05, 7 LENTEAN b IR e R 2T, &
DFFFTIERIC IS < HBER B T OBR L AR 0, 7 ARESER L HIR
WL TS DICRMITHEEZ M LS 2 TEDH LI TE T

Z T, MAIIERIEIINA T 7 2EREFHT 2 FELEME L2036, il
HEER OWR L T O AR L2 B R EEE 7 vt A ORI 41T > TE 7.
2. MEYMSBMRORHIZESTHREROBRR L ARAYMELEE 0 X DR

TERICAH H72fRLBER Th 5 PASO BRLIERIT S ) DENTIR )N DI E ORRFIEHIC
KEOSNWCTEDITERNARETH Y, 7477V —bTHZ LN TE D, BERLAFEE
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REMELZHETHLD, —BERTFPINEINLIOETHD Z LIZER LT, @EEE
BoPres e O TSR O RVE R R 2 IRE T 5 HIEEBHIE LT, P450 I D RELZE
RO R IEARAF IR AL IR 2 R L 78T A B R SR IS L o 3= U AR PEIT b Ak
LT, 72 Bz LB SRR T 8T8 2-4 % Y 7 2 VBRIRATRL O A 3%
T =B OBRORISKEL T AR AEME L TEEAH L TEBY, cs4-£ R
FroL-7 U CAPEIREERISRIC KL D3RR AR L LTI b aER L., £,
ILLHEDT I VDD ATP (RIFHINC YT F REGRT 57 2 VB H—E 2 5%<
R LT, TR OWERSE Z VT, BRI IC K 5 i R TR M 705
REATLIVRTF REFRRT oM, FUETIREAT o4 IF Y =V IRTF ROHE
REOGRIZE D ATP JERINR TOMNFEMAFEELZBRIE L. 518, MAEMDREET
HRTTF NESUAEWE Z FEAET HDMEDD LA THIO T R RTF RRT T
FRIQEDF Y AXRTF FERBEREZR AL LT, 72, VR Y — LT F NGl
REMRT DT T =L RAA VEFIA LIAEBRORTF FERIEE B L. Zihug,
T X RREETERSOG Z i3 2 T 2L 2R B RIE TH Y, 286727 X MEa®m o
BRI LIz, £ OM, D-, L-7 X VBRBMERICHSE LIV~ TF FOGH AL L
D, NEWIEo 7 Mg, 7 =)V T Wea RHA L T 528727 X MEEWER b ATREL e o7z,
3. £&®

RO WTRENMEZ A 2 /3 AT Ko THI L 2 RE R80T, £ D FEBUTANT 72 MAIRY
IRFEAR L T B IR R K o T, T B RE 2 T DR O PR BUL S AT LD
JE, SHIIFENONERZA T 2 RIERBEEMEM ORFIZER D LEZ TN D.
RNRIYR A AT 0 ADGEERP R AA A=) I—HRCHKT 5 TH A 9.
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Biochemical engineering in mammalian cell technology

Takeshi Omasa'*
'Department of Biotechnology, Graduate School of Engineering, Osaka University,

*omasa@bio.eng.osaka-u.ac.jp

Biochemical Engineering is concerned with conducting biological processes on an industrial
scale, providing the link between biology and chemical engineering. Biochemical engineering
was developing with the microbial production process, however, recently with mammalian cell
culture process and technology for a growing market of the therapeutic protein. Mammalian cell
lines are important host cells for the industrial production of biologics owing to their capacity
for correct folding, assembly, and post-translational modification. Chinese hamster ovary
(CHO) cells are the most dependable host cells for the industrial production of therapeutic
antibodies. Growing demand for therapeutic proteins promotes the development of technologies
for high quality and productivity in CHO production systems including cell engineering and cell
culture engineering. Nowadays, among the therapeutic antibodies launched in the commercial
markets, CHO cells produce about more than 50% of these. However, the rational design for
cell and cell culture engineering has not been established well. I focused on CHO cell
engineering, including cell cycle-engineering, control of post-translational modification, product
aggregation during the cell culture process, and stability of CHO cell chromosome for the recent
30 years. In this presentation, I will introduce and discuss the recent developments of the
mammalian cell process for the production of biologics.
1. XC®IZ

ATIEHEVENCTHAW STV 2 EYMIaEE &= H i ToH 525, Mk 2 ORI
BWTIEL, ARSMIBWTHIIN A E T2 &9 2 & AR, FeilZedffr & LTl #
LTz, At L3 AP LroE ez A7 m e 2R L, EECHTS
Te O DFR EALEAHT S50, Bz xR & LIcAEY 7 vt 2 04AY by L)
WFFEIE LR AT L < 1980 AR DT B AKEHIITHIIE D BilAR S v T,
2. AEMEFETESEFICRIT 28k TE

A L BRI 0T 2 B iiie T, Ml & AEE OB T & L TR 2 FB& L,
FMED S OREFEY E L THIHT 2 FEICKBITE 5, 2 2 Tlik, AiEOFEZ
T FERES (A FAnYy 7 R) ZAEET L7 a2 2FE L LTRY LT 5, A
AEESDORAEIE, COMKREE L EDOERS LS LRNR0, TOEEDHL I
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bREDR D D, N AEEGOME T v 2A0% ATAEY (WEY. BiaE) &5
MTHFERNHNLNTEY  AWFD L DODORFENES., EEMNEFHORER 2R
— 7 E & fER L, Rational 727 A L EFEBL TV ZENREIROD LTINS, &
SEEREAEML, BT T B EERTRE T H D03, EREICH WD TERAMMBHEME THI
EXHHIFE, ZOEMA G E ATEICERY . SHICINERIET 2 TR RbEE R D
DARO BID, FEHE DD CHIFUEF R A I it 7z 01X, 30 FLL BRNZ 72 523,
BRFOHEAM L, FEBWAZENRLOTHY . TEMITERIES NI CIERn o7,
AR, AEM T bV T 1Y) OB X HGREANSI, MEMOTERIRE
M TOUEE (HHEE) & LTORY O rsEiilai R il s U Sh, 5%
k&332 LT, BEOEEICHANEIA SN TE WD EE 25,

FRIOEFEE LWPURESRSE T, 2 OEMER RGO & OFRBEM DD, F v
A == ANLAZ—PIE (CHO) MR SN 2EWHIET RV H TN D,
CHO flifiaix, A FEIELAEFEIZBNT, KBEICIRWTHWOLNEETH D08,
ZIVE TAESINICBWTIL, CHO MildE &L (77 v 7 Ry 7 2y & LTHRY #
PITE, 22T, lETIIFICED LT LR RN G CHO Mila s & DFEHIR
MR ALY R 2 2B 5E 21T > T& Tz, BARMIZIZ. CHO fiflaz W7 vt 2%
KFRIZ L, mEEMEE O ZhRE) e s ik, MilETF =y 7R, v b =71
VI K DA PEMIAAESTE, BRI EOMEEHEME L THRR Ve RIZER Ltk
NT =T Y T SO AT o CE -, 7, ARE S AFEY O SV I
& U COREBHIAE-CREEMERIAE, MIRRNIC BT DHURAEFE T B AR ML xR v 7 fifiE %
B L7 M NBUARREYT, & 5121 CHO Mifid B & oY R ofigtr 28 L <, AP
57 HEE CHO Mt kYL aik BAC 74 77V — DO, TOIEHE L TORELE
PE DALY B RS DR DM R E T B ORET. CHO Mz Db O DR-> A
— M SRR & 2z i@ LT PEEISIZ DWW T BRI E 2 D T, &
7=, WFE LB AT T, B ALY T2E 23T 5 B in oo PE 3608 45 BF OFESE & 1%
PEALIZ DWW CORFZEE IR E), BIEAFZE ) B 2 & o - FEE B FoBEfF 78 & LT AMED
MR 7 n Y =7 NMEEZTEL TV,

3. ¥i®: ZEHERIIOEZST

BUER SAUTW 2 58 IR A EIR EARGHENZ I ) T b B BN B o0 8 i 0B i 1
MCHMAEZROLOD, TNDLEMAGDE, A LIV AT AL L TTYA L T5h
DA TR FOBBELEN YN TORNE BIEH SN TV D, FFRICT T TH
Tl 2 Al L, IR OPEZEZAE L TV 720121E, el BRSO RS
T AT LR R S RGN EREDLETH Y | 5% ARSI 5
JERRFEC, AMBERZE L T, #HRA~RE LTV EB XL TN D, AE T, 49
(L% T 2SI B T 28 T3, BE L =T ) U7 ETE, BEOWF
FEMRD IR e FRIAA FEIELAEFECBIT 50 BFIC OV TRIE L 720,
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Development of robust and rapid monoclonal antibody screening
technology using cell-free protein synthesis

Teruyo Ojima-Kato'*, Hideo Nakano?, Takaaki Kojima?, Satomi Nagai'**.
'iBody Inc., “Nagoya University

*teruyo.ojima@gmail.com

Abstract. Monoclonal antibodies (mAbs) are essential tools for therapeutics, diagnostics, and
researches. It’s still difficult to rapidly find out appropriate mAbs from appropriate animal
sources. Here we introduce a unique technology which allows rapid discovery and evaluation of
mAbs by combining DNA amplification from single B cells from various animals in a tube
using cell-free protein synthesis system. In this platform named Ecobody technology, B cell
isolation from blood or spleen to mAb synthesis and evaluation can be seamlessly performed in
vitro because neither time-consuming transformation nor cultivation of living cells are necessary.
It can also be applied to rabbits and humans known to have high affinity mAbs. We expect that
this platform will accelerate acquisition of high affinity rabbit mAbs and large-scale analysis of

mADbs from human individuals.

1. IXIC®IZ

T/ 7 a—F PR (mAb) 1, B EDOTE h—TE2BELEAT D HE—OHLK
7a—rThO, EEG - REZWIK - AR - 2o —% L LTOFARILRL
TWb, TOz®, BRFUFEICKH L TERWETIMEL L ORREZ 95 mAb 2 L VK
A A RORGHICEE L, &5IE57 mAb 2K A M TREAET D 20O H
BRIX, 74 7P A = AEEORBICHATH D, 1ERAVLR TS mAb R
i~ ZA g 7Y R—<ERTRTH D, MIEEAIC X5 R L3 TR KA
Th, Bk~ B RE~OBE AN EEECTH - 72,
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2. KIBEEMIRS 7 BERRERA LI HiaRR

Tz, B ORMIMCHEIENSEOND > 7V B EMELE LT, 1R
BRGSO & PCR, B X ONKIGHE BEHIIL &2 o X7 E AR L D RBRE N mAb Ak & fH
AT BT A R mAb BRE T T v b7 o+ — L& BFE LTZ[1], Ecobody
Bt & AT T AR B IC B O T, B MO HEED & mAb 3l £ T34 T in vitro TfT
biv, EMEOBEIRBE-CEENAE TH S 720, 512 Bl E W 5 HUE S CTHIRGEM
EITRDZENBRROFETH L, £, @EAMEZR mAb ZH L TWNWHZ DL
HUYERL b MIbLEHATE S [2],

mAb (X2 KD H#{ & 2 KD LEHNDHAKD, K 150 kDa DEMENSE R & v 7 'E
FFTHY, 70—l Lo TUIEEO 3 FRB IO TRV ALY 4 RiEEEZART D
7o, EHIRLIAMZ KD EENHE L WEHE SN D, ZOMEL RIRT 272012, E
Folx, BENT mAb # KEICEKRTHZ L2 AL 95 [N K SKIK <7 F R
2T BEIOA Ty N—T@E LTcBUAE R Td 5 [ Zipbody | % BHZE L 72[3, 4],
ZD2ODHEMAEFMHT L Z LICL D e 2HUAS AR BRE N TIER LIMET 5
ZEMAREE oz,

3. £&%

2020 4FlE, COVID-19 DFATIZE D, R b ELS b HUARER SNDEL o7z, K
B, cNE T ANLEETEad o, K0 LA T T Ricxd 58
FPED N T FHAROIGR, & MEAOF T 2IREMEITRT 5 P RiuEe, B %
PR - DAFICEET 2HURZ 285G - jiT T2 Z ENES TR D LR SN D,
Lotk EREBIORRME & O X | REMSTZW - TS - IBRIERHIE ST
DIENTENIIALETH D,
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Applied microbiological basic research for the development of
functional bio-chemicals and -materials

Tomotake Morita*

Research Institute for Innovation in Sustainable Chemistry, National Institute of Advanced I

ndustrial Science and Technology
*morita-tomotake@aist.go.jp

Biosurfactants (BSs) produced by various microorganisms show unique properties compared to
their chemically synthesized surfactants. Among them, glycolipid types are the most promising
as functional bio-based materials because of high productivity from renewable resources and
versatile biochemical properties. Mannosylerythritol lipids (MELs) are the glycolipid BSs
abundantly produced by various basidiomycetous yeast strains such as Pseudozyma, and show
not only excellent interfacial properties but also versatile biochemical actions. We have
considerably expanded the structural and functional variety of MELs by advanced microbial
screening methods, identified the genes responsible for MEL biosynthesis, and analyzed their

genetic characteristics.

1. IIC®IC
NAFH—=T 57752~ (BS) &, TREMD A A~ ADDAEET S BRI SA
DODREEERTH D Z LT b B A, SRR A FERE 2 3T DHEREE 1 A 4
LT, WWIEWEETORANYESN TE R, fida X havE <, ik - BEAE
DIALT v THROEN TN Z & bIGHEMN OB LR T, ZRAITEAT
WiRinoTo, 2T, ol BS fiEHirl ORI HE RO EELAE BEE L T, BS
HFEHDA Y ) —= 7B X OBE BRI L2 EHE - B2t TE 7, R,
WP RN EEST D~ v ) A h—L U By R (MEL) (X, #iic/ebnE
B D% R L B AEPEROA) | & R8I X AREERIEIC T L2 2 & T, RFRAR
YIPE - BERERAT S FIBEIC 72 0 | ALBESE~DIS A ER Sz, BUE LR DNAA
S TWA,

2. BSAEREDRY J—= 7 LN
BS AEPER DIE & AV ETERETH D | fEMIZ2 R 95 Z & TAEERIT 100g/L LA
FizET D, —F, BEMAOEZDIC, AEDROI LM BT LB AA, HiE -
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MEREDILFDGRE & 72> T, TR, BSAERO A YV —=71%, JFEHHIOFL
fbZfREE & L2 HER WO TV GO D EEROENR STV, £
T, BRI ORERNIAER L, BERIEEZBKZ 1V A IR T 27200 7T, K
HOREINS BS ApEREZHIWT L, FRFE CRELH S FTRER FIEZHEE LT,
ZOFEIZ L > TAZ V== b3 TR BRI B L, B TEED BS AP
WERGT 2 2 LR AMREIC A o 72, Z DGR, MEL A PER DIE & A )Y Pseudozyma
BICPBESN DB FERBENTH Y . ERICET L THAET D2 LRHLMNIR-
Too S DHICHAIT, HFERHE MEL [FIRIEDERENSRZ —AZBERH D T & 2%
T IEDHZ[1],

. BSAEBEROFE - R

Pseudozyma J& X7 v AREFHIJET 2 IFRITHEOH A EEERETH 5205, B 1
ZHEMNIEL PONTORETH 72720, Foxid, BIa 8 Lo - B
BT HIF SR A BAA L, BR 7T RBOMIEIC X D HRefT, ity —7 v —Ic
KD7 ) BT, T AT U T S — MRIT S SRR A R L T & 72[2], & DORER.
MEL A& ER D7 T AZ —%[FE L, £ Pseudozyma EDWEN & L TOXF
O JED AR & MEL £/ OBLENH 50272 2o 5 5[3], & HITHKITIE,
T —7—AA K MEL OfEICAT CH7EZ D TR, MEL AFEREDOERLE
- WRPHIFRE STV D,

L

W, AT BS AEFEDOIZENETRIL LT Y . BU TlX, SL & HLITRGEH]
Mz B LRGN TE b, 4%, "M F=a/ I—X SDGs 121X
KINDEIIC, BEICHTI2EROEE 0, Fierlietha O EBLZ M 72 B
DAAITH B C X DTN T 5 & PRI, REEERILT 7 2AF v 712k
CHEREFRTH Y . AWFFEOREN, A FFEH - MELOBIIC X 2Rkl 6e
HACHET BB —2 L LTHEBMTENIEENTH D,

. 3CHR

Morita, T., Konishi, M., Fukuoka, T., Imura, T. and Kitamoto, D.: Production of
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implication of central metabolic pathways in mannosylerythritol lipids biosynthesis in

Pseudozyma antarctica T-34. PLoS One, 15, 0227295 (2020)
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Study on functional expression and evaluation of
cultured skeletal muscle cells using microfabricated devices

Kazunori Shimizu*
Department of Biomolecular Engineering, Nagoya University

*shimizu@chembio.nagoya-u.ac.jp

This paper presents the technologies using microfabricated devices for inducing functional
expression of cultured skeletal muscle cells and for evaluating the expressed functions. The
technologies were developed by controlling microenvironment of skeletal muscle cells and by

establishing cell culture processes on the microfabricated devices.

1. IXC®IT

BRAIIEN ) - 3 - DWERE & L TRERERZRZLTWDH oD, BREAREITS
HITHEL, BEICL > THICED, TOERIE, EEMEMHEEMNE - RE)7Z2 L1 &
LR, BERIA . I 7R 2RI 5, Bkttt TIiEZ 5 LIcRBOBEHIEK
DA TH Y | BREE R 22 WET HT-ODEERLPRO ENTND, —fRICESK
an PSS 7 1 A CIE, BRI 2 O T IR R AR SOl i b B 4 D K REAT 23 T oL 2 23
PER DGR %2 - 72 P &RE Cld e N OABINE % EfEIC B - 532 2 & 35
LWz s, EIEGBAFRE ORIFENIEF IR, FROE M, MiagasL, 727 F
2T —H—L LU THIEETAI LV 2=—7 RRHE b oM TH H 720 (Figl), 6k
DR E TIIA FTRE AR AT ORI A3 2 < | e B A EE & ST b,
P T FROR T, SR E A0 B PHERE 2 < 7 = (2614 L, fReihn T
FNRAAETOREE 0k R

EEFT H LT, BEEHT

HEfL D THEREFEBL A FK 8+ 5 1

firy. T BLEERE 2 33 5 4%

fir) DOWFIFEBRFE 21T > 72,
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2. WRERBLFET HEAM

AR O E IR LT X TR U R > TWb, —J7, @5 OFmhiaE i
BRx ek SOfENILN Z 2 Ll dimzmE, #igGoTwD (Figl), FAx. oF
EHCIER Lo~ A 7 mH A XD T A RN A b D3R i TRl 2RM % b aka
T2 EMEMBOBMARIETE S5 Z LA R LY, Fiz, B OREE CILMialRE
TN ERDIOICRETH 7=, HEMIRD S v TNV & BB 5 72D DR -
BN Z B Lz, 74 Y VY 7T 7 4 HINFTIER LI AT o~ A7 2 L T
g 50 wm F2 EE I HIAE U 72 fEisk TR IR &2 (k358 95 2 & COmE MiaE —AR721T 5
EFETEDL L2 A LA, & 5ITHIBa~DORIS AR 2 22 MHIH C & D87 ek
BIEE LTHIRF SN TWD VA 7 iR T /3 A AE 2 B A% Ak Rk 28 1S L | I

PERE 2 FEHL9 D IEAS 50 pm FEE Ok E ~ A 7 n FiPICHSEE 5 Z LIS LT-
3)

o

3. TR T FHE 9 D Bl

ERBREREANEOZL IIF KR T 251 & 29, 207 DREMHEIT-CrAib &4 03K
BEHE T, B EHRIMEOR N Z2FEL T LREETHLH LB LNDID, I
KD EF L TR R B MO 2 MES 5 2 L3 TE 2w, AT L7
oA AR T 2 BAAE U B MG - ARk 0D U ) & A9 % Hl iy 2 AEAKBA
L7=@9, BASE LBl VT, fft, # A v 27 N7 m 7 I I IR CRAE L
b MR YRR U e RO i a2 AT 2 2 L 2 R LY,

4. FLHLEBORE

BHFE L C & 725, B O R BRI e AT S IC A e Rk & 2 %, I HIT
BT TlE, BIFSH 2 B e I & O i~ L BB L TV 5O, RN EFR T
PR CRE R BRI OBSRE R BL A FHE T 5 2 L CLAROFERZ S b2 T2 &
NTEDHZ &, HHHEIMTIER L 2o il A AIREIC 72 D Z LA ERMIR S LD,

5. PEE
R GE 2 AT T HICHTZ0 . < OFITHBWEEHEICRY £ Lz, ZHEW =720V 0e4d
J7 AEFERFZEE D)7 2 AR O TR TORMROELEICO X 0 IEEER L B ET,

S

6. SCHR
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Genetic analysis of high malate-producing sake yeasts and its app
lications
Hiroaki Negoro*
Gekkeikan Sake Co. Ltd., Research Institute

*negoro@gekkeikan.co.jp

Abstract. Malate in sake is an important component for taste that produced by yeast during
alcoholic fermentation. Various methods for breeding high-malate-producing strains have been
developed. Here, two high-malate-producing strains were isolated, and the mutated genes
responsible for the high-malate-producing phenotype were determined in each strains by
comparative genome analysis. One was a missense mutation in V/D24 gene, which caused the
accumulation of cytosolic malate dehydrogenase. The other was a nonsense mutation in
PEX22 gene, which led to the mislocalization of peroxisomal malate dehydrogenase to
cytoplasm. Furthermore, novel method was developed for selecting homozygous VID24
mutation from heterozygous genotype in diploid sake yeast without genetic modification. The

method allows us to control malate levels in sake.

1. [ZC®IZ

U ARITTEBEICE SN TERAEERDO —>ThH 5. U TERITICC IR 4 FF
DI, Bkx IREAERROBREENRE SN TE 2. @AEELRD A=A LR
DIPHRE SN TVDED, R K &R ERBIRFICOWTIIRFFES N TR oT2. £ 2
T, BE L2V v AR EEERE RN OWT, BREGTFDORIE & T 2 7.
2. BERTARIERELTOER

T X OMVEERE K901 ZBIkRE LT, Vv afgEARERR K90IH 25 L. 7/
D= AN X D ERMENT DS, K-901H 1% VID24 & in I ERAFHoZ LTt oo
Fem/ErEL 725 2 LA R L= Y. Vid24 13 GID A KON +-ThHY, /Lra—=A
(DI UM EBE R A R DB 2o, U o TBREERE L 72 D A = X b & fRAT
L7ofE R, Vid24 BERERIBDO - DMInE Y o kT b Ru /' —EnERmT 52 & T
v AREAE L 7o Tz (Fig. 1). %2, GID #EREZER T HMoY 7 2=y h®
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VID28, GIDS, FYVI0 %/KIB L7856 TH VID24 OKAB L RERICY > TBEAEFERD
HLU, ZOEHE L TIERB X% ) — VARICEG T 5 2 U XV ERENENE N
JUEE, Il STV e Y. BLEX Y, GID HARITEERESE O U o A AERICEE L
THEY, MEAOH LRI HEELHEZ TWD Z ERHLMNIRST.
3. VID24 ERDOERE~DISHA

TERTH D K90IH D VID24 ZEFRIIA~T u#EERITH 0, BisFHEEE AW T2 REE
2L ) AREEFEORE IR ERENETH D LA Lz, £ 2T, EAKZESY
VARREFERRR EORBMEFH L TAZ V—= 0 VT REMHEE LTHEE, K901H O
VID24 R EE B Z IEBE B ZIC I VIS TE 72, O KIZK90IH LV &
U afgAgERE R L, HOED U TIRAEREY S DICHERT A2 N TEL Y.
4. )V FF TV — rHBRFOER

E L) DWVEERE K701 28Kk E LT, U v afREEERREF-701H ZBUS L. 7/
L=l v AN X DB BIENT AT o TofE R, F-701H Tl PEX22 BIE FICEREZ RS Z
ETY U aBEEAREL D Z EERE L2, Pex22 1T-ULAF v Y — A DOIEF MEHERFIC
BG4 NIBEO—DThDH. il atED iR, PEX22 ERMETIT~VAFT Y
— LY AT e e — R Y — Ak SN R0 HiaE
NRTENEALTHZ ETY IBEAE L o722 L3 hr- 72 (Fig. 1) 4.
5. BbYiZ (

U ¥ IEREAEFE ORI — T3 <, HRIC
Lo TERRDBEBIERE AN =R LNEHELT
WD EW ) BIBRIEWFER Er o7z, b ORI
Z U RO A SRR AR R A AL E Y FIE 5 2 &

T, IHBEO AR EREHRBICHIL T &2, : : :
Fig. I The mechanisms for enhancing malate-production
6 im in VID24 or PEX22 mutants.

viD24 mutant .~

Cytoplasm
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Construction of the Nanopore with De Novo Designed Peptides
Ryuji Kawano

Department of Biotechnology and Life Science,
Tokyo University of Agriculture and Technology (TUAT)
*Email: rjkawano@cc.tuat.ac.jp
Abstract. Artificial cell membranes have emerged as a biomimetic tool in such areas as
membrane protein study, synthetic biology, and drug discovery. Planar lipid bilayers are used
for functional studies of ion channels and nanopore sensing. The stability of lipid bilayers and
the reproducibility of bilayer formation are important, and it remains challenging. To address
these issues, we have used microfabrication and microfluidic technologies that have a major
advantage: easy to handle lipid molecules or solution at the micron scale using microfluidics.
Applying these advantages, we propose a stable and reproducible preparation procedure for the
planar lipid bilayers using the “droplet contact method”, and they are applying to measure
pore-forming peptides with de novo design and nanopore sensing.
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Engineering Synthetic Riboswitches in Cell-Free Systems

Yohei Yokobayashi'*
Nucleic Acid Chemistry and Engineering Unit,
Okinawa Institute of Science and Technology Graduate University

*yohei.yokobayashi@oist.jp

Cell-free translation systems (CFTS) allow protein expression from DNA templates without
the numerous restrictions inherent in live biological cells. CFTS is increasingly being used to
construct complex “cell-free systems” in which multiple genes and purified proteins are added
to implement genetic circuits and metabolic pathways, sometimes encapsulated in
microcompartments (e.g. liposomes) to form artificial cells. For such cell-free systems to sense
and respond to dynamic chemical environments inside and outside the system, gene switches
that can detect specific chemical signals and respond by regulating protein expression are
necessary. We developed a novel riboswitch that respond to histamine by activating protein
expression by >30-fold in PURE system. The riboswitch was used to control gene expression in
liposomes to construct histamine-responsive artificial cells. These results demonstrate the utility

of riboswitches for interfacing cell-free systems with the chemical environment.

1. 1XC®»IZ

ITHE IR ENER & (cell-free translation system, CFTS) Z A%k L L7z, R AT v 71
B F O FRPE NI > TE TS, CFTS ZHeo X VX  BREEFEDIZD
IS OTIER L, HEOBETORBMY VRV EEMAG DY, BERKREL R TE
A REECHRE 2 FEE L2, o2 VAR Y — AR EORUNIEIZNE L7z AT
MIETAMPMELN TS, 20X H7 BT Y =227 A 1L, fEROEMINE
W B RAE T L LT, EOMBRERPKEICUETH 0, MR ORECREE
DOREERMEL AR THD. LD ->T, o FLb-vind HildEZRI2) Z &2 BT
EWRII LA, XM AoV —, T v 77U NY — SR L7 & ok
MAEEM LRSI 74 —LELTHRELOSDDOHD.

AT U=V AT LOEERERE L EBLT 2720103, ARz Wiz G e T &
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FRRIZ, #Rx 7 TEREL) (=) MUELeD. 11 ChH, KK, ALZEMHLT, Ei
DitemEmt L, (EEOBETFORBLHIETL B A yF1 %, Br7 ) —
AT LISNEREB KON O L FREIZISE T H TR R TH L. LrL, ZhE
TEANT Y=V AT ACBITLHEEBETAA T & LTE, KBE THEDLIL TV HEEE A
TEEUDRAFERZEA LI OMEE A LT, FIHOILEWIINET DEETAA
v F e, BAT V=V AT LATRAT D72 OITHBE L2 BlTIE s A L.

2. ERZIVIEBVRAAL v F AT Y=V RT MIBITDIHH

AlalF 2 1%, RIE~— 0 — MR BEWE D2 ThD, EAX I NINETDHAT
URAAL v FERERL, ATV =3 AT AIBWNTHNT - nH LY. £9, v &%
I UTEIRICHRE AT 5 RNA 7 7% ~—% SELEX {EIC K VUG L=, iz T 7
X ~<—% T, PURE system? Tt A% X ZIGE L, BIERZ7EMALT D5 ATV R A A
v FaiXit Lc. BRICKIRRFOR 7 Vv —70Z DV R AA »F % PURE system &

FIZU R Y —AIZHNAL, BRI Z ?‘n.
A LTIEED Y v B BT 5 I
N THIEE 7 V% PRk L7 (Fig. 1). AT o
AR 3T, BRET FBE RIS/ A% Histamine M:Wn = 'ﬁ.v'
THRIGET D a-~F U v 2B, \L‘:L / X,
EAZ I VEERICU R Y —LANOK %%Lw e

B TACEIE T Lm0, Ak U S ?WLV"\\\\. .
5 BN - @
CEREBSECHOMEEBET D ™ o

kﬁ§T%fc :O)J: 5&:’ j\IU Z]fX/]’ Small molecule g .
Phospholipase C o)

v FICEY, BHOIFEY T F TN . ;

THELTY— AT A 7!&1‘%%% T A Fig. 1. Artificial cells encapsulating PURE system and

histamine riboswitch controlled genes. Histamine triggers

L HAFEIFLT. expression of a-hemolysin resulting in selective release of
small molecular cargo (top), or phospholipase C which digests
3. ¥¢& the phospholipid bilayer resulting in self-destruction (bottom).

ANLHifaZ E DN T V=2 AT AT, %P S L ITEEMICEROH D v
AT DOWREIBITL TN EBZBRD. TOREDITITEMIR LT, 2Lk
VT FNERNT Y =V AT LEBA I =T 2 ANETETEHEL D, 5T
Wi T & LTREOFEBN O DT 752 ~—ICHES AN LY RAL v FITIE, BV
TV =V AT L TR CREIREIZ MR TE .
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Programmable Artificial Cells Using Histamine-Responsive Synthetic Riboswitch. J. Am.
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Controlling cell signaling using light-responsive chemicals
Tatsuyuki Yoshiit? *, Shinya Tsukijit

Department of Life Science and Applied Chemistry, Nagoya I nstitute of Technology

’PRESTO, JST
*tyoshii@nitech.ac.jp
Abstract Methods for controlling protein activities in living cells with high spatiotemporal
resolution are crucial for molecular cell biology. Here we report a new system for light-induced
protein translocation using a synthetic small molecule and an engineered protein tag. We
designed and synthesized a molecule named m°cTM PO which contains a photo-caged protein
ligand (TMPY0C) and a plasma membrane (PM)-targeting myristoyl-°Cys (mPc) motif.
Escherichia coli dihydrofolate reductase (DHFR) which specifically binds to trimethoprim
(TMP) was used as a protein-tag. Hela cells expressing DHFR were used for model experiments.
In the presence of m°PcTMPNVOC, trandocation of the DHFR to the plasma membrane was
observed upon illumination of 405 nm light. The protein translocation system named
caged-SLIPT was applied to light-induced activation of molecular processes in living cells by
tagging DHFR to various signaling proteins. The spatialy confined trandocation of Tiaml
induced lamellipodial formation in NIH3T3 cells. Activation of MAPK signaling by
PM-trandocation of Rafl promoted the neurite outgrowth in PC12 cells. Furthermore, the
caged-SLIPT system was also applicable to multi-color imaging of phosphatidylinositol
3,4,5-triphosphate (PIP;) formation and activation of endogenous Akt by PM-translocation of
PI3K. The small molecule used in the caged-SLIPT system can be tuned by modular assembly
of each component. Thus, the system has a great potential to control many proteins in living
cells as desired.

1 IC®»Ic

SEIERGFPMFET 2NN T, REDFZ RV B ORAERIEMZ 2 b
2 —/L 3 ST, S D5 F OB E IR D RFEMB R ERE G LT OICAEHTH
Do Flo, MO SLFHEEHAIM R E~OICH b IR S D, IEREZE R 2 B BRI
b7, CRY2RPhYB L Wo e BE VI BN A T N = xT 4 7 A
—IADBEAITBHFE SN T WD, — T, or— M & RIDRE L TEE£ L
il 2T A LA 1R LV TORF D FHETH V) | A OMERE 2 & B H
BCTEDEVHIARERS D, 120D LT AT M= RxT 7 AL RD I
WY 7 FIAREOFIENZ AWV B D Z & i3, Zhud, Sk > TR Z 2 H#bsE
W) D FOGOREIE A 2 MRN8 7 B DTEME D2~ & BT 5 72 O DB - BEAi 3[R
BNTNAEDTH D, Fexld, MEANZ XV EDORIEICER L, 2NEIck-T
BAET D AT AOBRRICIY A TND, AREETIL, FOFEMIZOWNTRMAT 5,
2. HISBMERTEST AT LDRER

FalxonETIC, MIEANDZ R0 G E /N TALEMOTINC L > TEIET 58
i (SLIPT system) #BAFE L T\ 5 22, ZD SLIPT ¥ AT AZBWTIE, KIBEHED
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vb FuiEfgiE o (DHFR) 24 7L LTHW, DU N RTHDH R AT
A (TMP) & MIfRRRELETF— 7 Th D myristoyl-°Cys (mPc) &% U —%Ir L
TORWELEMERTENEY T FELTHWD, 2zl L, ez k- Tl o
B URTEDREERET S Z 2B Lz, BRI, et of#ELch s
NVOCKETTMPDO T X/ HARFE L ST L - TIEM LS LB/ N1V F o RTMPYee
EERIL, 2 EMREBELLET—7THD mPe &% U U —%5 L TENWL
A (MPCTMPWO) % &k Uiz, HE¥ v /37 Z@hé L7 DHFR %R H 3 25 ffui
mPCTMPWOC - fEH &4, 405 nm DY % fiit3 % & | Ml 2 JH7E L TV 7= DHFR 23
faffi~ & RTERATT 5 2 E NS L — VP —EETMSLIC L 2B THL N E o Tz,
— 5T, BEIED TMP BN FEET 250 F CRBEOBIEETT > 1256, 2 OREBRITIX
BB hoTz, LMo T, JHIZE > TNVOCHEAREE L., TMP & DHFR O A AE
MR S, MIEEA~ORELNR I o7t E 265, Tex X2 ONFHE O F/TE
HIE > A7 % caged-SLIPT &4 FFi) 7=,

WIZF # 1%, caged-SLIPT K H L CHIIEN & 7 T AR DO #BIEE R 7=, BARMIZ
I, Rac 72 & D GTPase %M b4 % Tiaml % DHFR ICAA LT A T X VR0 B %
NIH3T3 M2 B &1, mPcTMPWOC 2 EH &d7-, Z OHMIEIZ 405 nm Dyt % BT
% & Tiamd [ THIfafE~ & BTE Lz, TSR, BRRUE ORA B b7, [FEEIC
PC12 #HfdlZ 35N T cRef M~ & REBATS 5 & MREEDOMENA LI,
oI, SR E 2w A= T EMAAGDE D Z LT, PIK OJLRIERITH
WL ZCHRBET D PIPsEA, Akt DTG L E WO EE D17 a2 & B—Hifla T
RFFCE=X Y 79252 L L AEETH -T2, 2D X H 1T, caged-SLIPT (2 L » T, DHFR
B TELTCMEAE LTEISEIERY AT EORIE LMK ETOY 7 REE
ECEDZ B mERoT,

3. £&®

LD XSz, My e 2 o R0 X 7R AWTET 7 a—F I k- TEWH
JAWN D & 2237 G O JRTE % SERREHIC K > THET % 2 &L O TX % caged-SLIPT Z# %5 L
72, caged-SLIPT TiL, AMEGRICE > TR NLAT v AT aMA LT D720, VA
VR ISEMES T LT T — 7 2 2 — B FE T H LN TE 5, TET
i, BEECRET 27—V MMeAe7+ h7u v 7 3 FnRBBSL Wb, Zh
5 OALEW & AT AN D Z &2k 0, L0 R B2 B EC AT ) 7o B E A P BE
Wb I END, £, BARSEIERRELET—T7ERHLTEY, b
WD Z & TRRaBELS OMBEN/ NEE ~D X — 7T 4 I H D A TN S,
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Molecular Functional Engineering of Light-driven Protein Rhodopsins

Keiichi Inoue'*
'The Institute for Solid State Physics, The University of Tokyo

*inoue@issp.u-tokyo.ac.jp

Abstract. Microbial rthodopsins are the heptahelical transmembrane photoreceptive proteins
having retinal chromophore and widely present in diverse microorganisms. They show various
biological functions such as light-driven ion pumps, light-gated cation and anion channels,
light-regulated enzymes. Recently, we discovered a new type of rhodopsin which functions as
light-driven outward Na® pump from marine bacteria. Furthermore, based on the insights
obtained by structural and spectroscopic studies, we artificially constructed light-driven K™ and
Cs" pumps. We also developed a method to red-shift systematically the absorption of the retinal

chromophore which would be useful for optogenetic applications.

1. IXC®IT

WA e K72 TR O1E )y, HEESCEEEER E, BRI E MM
WHET D, LI — A a2RaHET 5 7TRIREERN O FEEY RV EThH.
ITRIZE R AN R I MAEw e K72 O ER R S 4L, BRI Tl
TIEFIZHANON TS Z ENRELMNE RS TWD., — 0, EMe 7Y 3% ok
BRICBWTY, BIAWSZEREZRESZ ENHALNA TS, 1971 FIZHD THE Sz
WAEMO RS ThDHARZT U A a K72 (BR) AR T Y BREN R oAb ] &
H'R 7 E LTI B &, ATP AR O 7= 07 1 ~ L EBRE) 7] (Proton Motive Force, PMF)
EITIED I REZEF S Z MO TWD . TD%EEL AT 52 < OIAEY
0 R7 RIS, S E HAR 7 LSS, WM& CUAR 7, ShA & Na'ak o 7,
SEBHPARKEG A A F v Fb, fBA FrF v, HHEe 2FO XS —8, 7T =
=TT T =8, RAKRVITAT Z7 =B, D TEERREREIMEN e R 1T
FoTERENTVWDZERHLMNE RS> TE TS, Z L CUHETIHAEKRD EER
MTHLAT =T 47 A2 OtIsT) 28T 5, Fbies+Y—1 e LTHER
SN TWD. GEHE CTIIEIHk 4 2MT > 7c RO e e 2 FroMUEY v K77y o
e, TNELEICLETHY THE= =T U U IHFRICOWVWTRN T 5.
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2. AFVERERD RSV UDRA - R

2013 48, Pox | IHRUEICHER 3 e
#MEE D Krokinobacter eikastus 7/ 2LV,
WERIELLO b O, FHidr e filsl & F
>u K7L (Krokinobacter rhodopsin 2,
KR2) DB FRHLHZ AR L. £  Fig. 1. Examples of ion-transporting
LD R T & = 2, SeEREH O rhodopsins discovered and identified in our
HE Na R T ThHDHZERMABNERSTZ[1]. SMAE Na R 7 LTI 6 m
R7L %, 20O KR2 BMID T Th o723, 3 eahillds X O s fTic X - <,
A BRI 5 EAE RIS Na" BN REAE O L FF— W ZHEE L, O F FHfast~i
RENDAN=RABH SN RST2[2]. ZORRE b L0 A VBGARIHC, ik
TEXDA A A XZWRE LTS Selective Filter & L TIE7Z6< EEZXLNET X/
BROEREAToTL 2 A, HRROr R7 VU TIERE R K Cs e Vo oA A 288
DR EVGA A2 OEGENARER R > 7 ORI Lz (Fig. 1) [2,3].
3. WEHT KTV v ORI I

EAE, WA BTV NET N 2R T 4 7 AFBTIRIES N6 TWD R, £
O TR 72 S Ko THEE IS D ATEDE 2N BEL S, (R OB E R INEEIZ 70 5
EWVIORTEMER STV D, TREMRT DI, v RV ofo L FF—L ok
R EZREEIET 2 ZENRROENDD, RiEBRA I VF T —AHLOT I ) ek
i?é:kﬁm&k8%<®ﬁi%ﬂF7V7®&W%%anmEH§MT%5:
ERRH U4 EBHEEHENS, ZOWBNEERIEIICIZ L FF—LE

2/ @@Mﬁﬂﬁéﬁ@@é@?ﬁﬂﬁﬂﬁﬁgf‘%E) NP SN oy g0l
4. £L®

B R7 03 7 R ER RIS ) & AR RE 2 EBLT 5, D3+ RITIT R VR
RO TWDA, “%%m&%ﬁ:xbéﬁﬁlﬁN Z OMAERAET D& T,
HARFUTIZ 2RV - SRR D 2 F OISR FIRE L 70 D AR S DIZEERT, 7 b
1%7471ﬁ50m%:§¢5HF7VV®%ﬁﬂ%<%ﬁéhé.
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Mathematical Modelling for Re-construction System Optimization

Sachiyo Aburatani
Computational Bio-Big Data Open Innovation Lab., AIST

*s.aburatani(@aist.go.jp

In the bioproduction and biotechnology fields, expanding the ability of organisms is a
fascinating theme, and numerous empirical approaches have been developed. Recently,
systematic and synthetic approaches have been applied to this important theme for
controlling the cell systems. Although the metabolic reactions for generating the target
chemical compounds have been extensively studied, the regulation mechanism of this
specific system has remained unexplained, and we are far from complete control of the
system. Inference of regulatory network model is one of the useful approaches to
understand the control systems in living cells. To obtain the better insights into the
regulatory system models, 1 developed statistical approach, based on Structural
Equation Modelling (SEM) in combination with graph optimization algorithms by
Modification Index Scores. In my approach, I assumed the initial model as a star like
model with the regulations between each explanatory variable and an objective variable.
By my optimization algorithm, the reconstructed regulatory model could be the most
suitable structure with the measured data. From the inferred regulatory model, we can
obtain the information about important factors to regulate the cell system. Now, I apply
and improve this method to optimize the re-construction systems. I’ll show you the
details about my methods and issues to be developed.

1. IXC®»IZ

VAT BAANAF T —OABEDO—DIZ, VAT ATHENRE X HEWIC B L,
boOEMBGE— DDV AT LE LTHMEL, T2 BT oND[1], AT
LANA F a0 —D—43 B Th 2R LTl AR 2 WAk T DB O RS EE
TR EICEESWTIRMN T 7 a —FI2 K D2 AT A OKEL R A LI TE 2],
LN 6 % < DAERGF OB EHECZHKE L IR RS 2 S8 2UITHIE T 2 729
(2, VAT L L TV D ETOMEREFOEBZWA SN TLBERHY ., Zh
DIBLIR TS 2 HlE 5 2 & AREERIRKN DO —>Th 5,
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Z OfRk & LT RETBOSRR IR ITIRAE L 72V 2T AHIEHE 7V 2 W5 D A%
Foid, BEZZ —7 > MEOERMHIE & WV O RICR L LTe S 6 ALFPRIS & 5%
& UBEAFa CHEEE S LT RPN IS H) 2 BT 720, AEASHIAN TEERZ Y — 7 > b
WEDOAEERICHFG T LRI L, i SR 78 TR S L2 > 2T il
EFTNVEMET D L TORBRICY —7 Y MEEOHIENC LB R R T30 600272 %
EHIFSND, TOVAT LHIEHET VOMEETFIEL LT, 2k TR F-IBLHIEx
Y N = R EEBET LI L TCEBHET ) I FIENEHATRETH 5,
2. AfFHRABIEOZDOEEETY VT

VAT LT TV EBEST L HIEO—2 L LT, MiEFREAET Y 7 (SEM:
Structural Equation Modelling) 238 5. SEM IX 1970 FEICHENT. SNT-HimTH Y |
ARITRANHEE SN BT MEEDFHII SN T — 2 L ENETEAG L TV D0 %
AT 2 8 T o 72 [3], ZHERAEMTFT — 2 ITHEMT D 2 OICHIIE T ARSI
DBRFE[4] LFHT — X i b AT 2 F T VA HEET 2 72 O i b Bl DB % [5]
AT o T& Tz, BT LIc BN O GET D720, BERFE DR 2 72 7 1R8N
THIEx >y hT—2 %?/l/%%% LTC&7[4,5], 7o, IETIIFERICE ZMaIck
T2 W B EPERRE 2 AT 5 72l AN A L. EBRIC K DMEEIC Lo TZ O
WA ERR L 72 [5], ZIK‘//TR‘/?AT* IF., TNETIHEBLTCEET Y VI FIED
B EBR DT — Z ~Om &2 /R T 5,

3. £&®

K AT DML, AT DEWT DT RIRENTH D ¥ AT LT T U
FKETRORERWETH D 1227 LERA T OIEMER MM FRETHDH, L
L7236, FHR Y AT L CIIEEORE DR T 2 FFHCHIE T 2 =B H 0 . £OT
— 2 iéﬁd T NOERNT — 2 ETHEEIND, AR S X T L OHERE & i
bT 27201, ZNO R ST RO T —Z & — I D 72O ORI R LETH
% E%KT% D, 5% IO DORELRIT D720 DOMEEZED TNV TETH D,
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Genome editing technology for the plant smart cell industry

Keishi Osakabe
Graduate School of Technology, Industrial and Social Sciences, Tokushima University
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Abstract

Genome editing tools, such as ZFNs, TALENs, and CRISPR/Cas systems, have been currently
well-established as efficient biotechnological tools as rapid and reliable target-specific
mutagenesis systems for a wide range of species. However, most of the basic patents for
genome editing have been developed and intellectualized in Europe and the United States.
Therefore, it has been strongly desired to develop novel genome editing tools that contribute to
the activation of the Japanese biotechnological industry.

We developed a novel genome editing system from metagenome data. There are diverse
systems composed of CRISPR RNAs (crRNAs) and CRISPR-associated (Cas) protein modules,
and few of them have been established for genome editing technologies. Here, we analyzed
essential features of Cas effector proteins from one of uncharacterized CRISPR type-I systems
and developed a genome editing tool by using this system, named as TiD. According to the in
silico, in vitro and in vivo analyses, we found that the TiD system utilized 35-36 base-length
guide RNA (gRNA) for target recognition sequence and 37 base-length crRNA scaffold
sequence; the protospacer adjacent motif for TiD was determined 3-base sequences located
upstream of the target sequence; TiD required 5 Cas protein modules for the function of genome
editing activity. In addition, the engineered gRNA with TiD crRNA scaffold and Cas genes
were able to generate mutations at the target gene of the tomato genome. The TiD-generated
tomato mutant plants exhibited apparent gene knockout phenotypes. TiD was also able to
generate site-specific mutations at the target gene of the human genome. Our findings indicate
that the TID is the novel effector module pathway in CRISPR, and can be repurposed for

genome engineering for eukaryotes.
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Elucidation of strigolactone biosynthesis and its application to crop
production

Takatoshi Wakabayashi'*, Masaharu Mizutani', Yukihiro Sugimoto'~
'Graduate School of Agricultural Science, Kobe University, 2JST/JICA SATREPS

*wakabayashi@people.kobe-u.ac.jp

Abstract. Strigolactones (SLs) are carotenoid-derived plant specialized metabolites. SLs, first
identified as germination stimulants for root parasitic weeds, act as root-derived rhizosphere
signaling molecules for arbuscular mycorrhizal fungi, and as endogenous phytohormones
regulating shoot branching. We recently found that cytochrome P450 CYP722C is a key enzyme
that catalyzes the reaction of BC-ring closure leading to canonical SLs. VuCYP722C in cowpea
(Vigna unguiculata) and SICYP722C in tomato (Solanum Ilycopersicum) catalyze the direct
conversion of carlactonoic acid (CLA) to orobanchol. GaCYP722C in cotton (Gossypium
arboreum) catalyzes the conversion of CLA to 5DS. By knocking out the SICYP722C gene in
tomato, orobanchol was undetectable in the root exudates. The root exudates of
SICYP722C-knockout tomato plants reduced the induction of germination of seeds of root
parasitic weeds, whereas the knockout plants did not show the prominent phenotypes of the
SL-deficient mutant, such as increased shoot branching. These findings enhance our
understanding of the diverse functions of SLs in plants and suggest the potential to generate
crops with greater resistance to infection by noxious root parasitic weeds.

1. IZLHIC
ARNU AT by (SL) 1E, A RTAFIREIND N~ 7Y REMR AR O R
R E & L ClRE S — B OREFR A ORI Th 5. SL IFARFFAME R O F 2
WE L LTI, 2L O Y EHETET — " Ax 2 7 —HIREOE A
I 23584 H A 7L L LT, D WIEHEY OB 5y i & ]9~ 5 N A O 7R L
FULELTHIET S22 RO TWD. T4, SL AAROEBEELFRESLENLL O
AB BRI S, SL AARA~ORfIIAHICHER L T\ D, RERTIE, #H
7272 SL AARGEL & LTRRA L CYP722C IZOWTHRIT L, S BIZAEARRBIZED
DR T E IR AR 2 P BREIS O ATREMEIC DWW TR 5.
2. BURIE SL AARRICES 5§ BB CYPT22C DFER & REAHEERLBRA~DG A
SL E AR ATH 5 carlactone (CL) X3 b7 1 4 P450 T 5 CYPT11A/MAXI (2
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£ U carlactonoic acid (CLA) IZZH#AI 5. ABC BRZAT HHMAN SL (BT 5
orobanchol %A RIZH VT, CYPTIIA FER 7 OFHEIZLY CL 7»5 CLA,
4-deoxyorobanchol (4DO) Z#ETHAEGHKIND T ENHNHILTND., —F, W D00
PA-ZEREY) Tl CLA 78 4DO % 8 17 [E.#2 orobanchol ~ZH#i I3 5 R K RIE ST
W7z, 2@ CLA Z[E#2 orobanchol ~& BH T 5BEHR & LTH V5 (Vigna unguiculata)
@ VuCYP722C & ~~ K (Solanum lycopersicum) @ SICYP722C Z3& . L7=[1]. CYP722C
P77 7 IV =T A DL RAES LTI Y, orobanchol & (3 C ERD AR Wi A)
X O strigol-type SL #APET HHEM DT ) DI HAFET H. £ 2T strigol-type D
5-deoxystrigol (5DS) Z4AET 5T % (Gossypium arboreum) 7 GaCYP722C DOREREMFAT
ZiTo7-L 2 A, GaCYP722C IX CLA /5 5DS ~DE# A il U7-[2]. L7235,
CYP722C %7 7 7 X U —I%, W HERMICI51T 2 B SL A G OHRE ThH L &5
Zbivd.
R~ MZIBWT SICYP722C % CRISPR/Cas9 ¥ A7 L& MW7 ) LRET ) v 77T
U hTDHE, T T MEORIRHHEH TIE orobanchol 23E HRFLL T & 720, o
5T SICYP722C DIETH %S CLA BWEML[1]. 2D SL 7’17 7 A IV OEACITIR %
AHERERE 16 D REFRIBTE RIS b I SN TR Y, IR SL A RBLTNWD /v
7T MEARIZE IR O FRIBIETE X B AR L g U CRIRICIR T L7, — 5T, b
MBSO g, v 7 T U MEEBARIOM CEEZEWVITRD Lo T
[1]. RAFAEMEEOIIFMENINED OEGER B SR 03 % Z &b, CYP722C 77
7 XU — O X o THRIE) SL 8B SN DM T, ZOBIRTFA2RIBEIED
LT, EAREMER Lc £ SIREFAEMRISS T 5 BPIME2 T 5 TE 2 ety &
- TR, EMITHUNA SL ZELERWE WS T T e — T, B AR AR
0)[95[&%3%%& 725 AIREME A DV TN D.
3. E¢®
CYP722C (THIMH) SL G RO 72O DEIER TH Y, ZORREEFZRIASEDLZ
& T, MEFAMEEORFZMEILKRD Z & 2R L. BEFMHINC X DM EFAMEREIT T
LGN G- & S AT 2 IS ARETH 2 LB b, 51k, EERIZHHT
PES ERE EM G- SND D, fEE L TOREICRER R0 L, BT O
T2 PIBRERNE & L COAIMEE FREL TWHE 720,
4. SCHR
1. Wakabayashi, T., Hamana, M., Mori, A., Akiyama, R., Ueno, K., Osakabe, K., Osakabe, Y.,
Suzuki, H., Takikawa, H., Mizutani, M., Sugimoto, Y.: Direct conversion of carlactonoic
acid to orobanchol by cytochrome P450 CYP722C in strigolactone biosynthesis. Science
Advances, 5, eaax9067 (2019)
2. Wakabayashi, T., Shida, K., Kitano, Y., Takikawa, H., Mizutani, M., Sugimoto, Y.:
CYP722C from Gossypium arboreum catalyzes the conversion of carlactonoic acid to

5-deoxystrigol, Planta, 251, 97 (2020)
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Delivering safe and inexpensive medical-use proteins to patients fast:
development and manufacture of regenerative medicine materials
through the tobacco transient protein expression system

Masayuki Yuki'*, Kyoji Yoshinaka'!, Toshimi Hasegawa!, Okuto Yamada',
Shoichiro Ookawa!, Hidehito Takayama®, Hiroyuki Tanaka’, Risa Watanabe?,
Miho Miyauchi?, Satoru Misawa?, Yutaka Takemoto?, Hiroshi Kawabata?
'UniBio Corporation, Mitsubishi Chemical Corporation

*HF& LD E-mail 7 K L A : masayuki@unibio-jp.com

Recent advances in molecular biology has allowed mankind to manufacture
biopharmaceuticals from plant protein expression systems. In particular, plant transient
protein expression system allows one to inoculate normal plant and express target proteins
within one to two weeks. Compared to other protein expression systems, plant expression
system (1) is able to express complex proteins due to its posttranslational modification
mechanisms such as chaperone, glycosylation, and protease activities, (2) is very safe due to
low risk of animal pathogens, (3) costs less to produce proteins due to use of conventional
agricultural processes, and (4) takes less time to develop and market proteins, which several
North American companies such as Medicago, iBio, and KBP are exploiting to develop
SARS-CoV-2 vaccine candidates.

We developed human epidermal growth factor (EGF), and we are currently marketing it as a
cosmetic ingredient. We constructed a tobacco mosaic virus (TMV)-based EGF expression
vector based on GENEWARE® technology, transcribed the vector to mRNA in vitro, inoculated
the mRNA to Nicotiana benthamiana plant, harvested the plant and isolated the target protein.
The target protein was identified as EGF through MALDI TOF/MS and cell proliferation assay.
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We are planning to reposition our plant-made EGF as a regenerative medicine material.

We developed human activin A as a regenerative medicine material. We constructed an
expression vector for the precursor pro-activin A based on magnIlCON vector. Then we
agro-infiltrated the vector onto Nicotiana benthamiana plant, harvested the plant and isolated
the target protein. Finally, we cleaved off the pro-region with a protease to obtain active

activin A.

1. IZC®IT

By a—F A, U0 T, MR T, YA b A e B R ey R R
DA FEFES 72 E O I EHITE R 2> & KIGEE, PFLMife, BERE, K OE B
fa ol ST E T, E%E T T A SR T HE D — R & L TREH ST E 7225,
UAED G T F OB LD | WX D31 AEIRGLOAFENREH SN TWD, il
WNZ X Do k% R TE EFK VAR 2 A K D R R ORE ~ D — B8P T BLR A
ICHOWOENTWD, ZREDARS Ry EHBL AEFES AT MM OFHFR & LT,
OEEAEME LTOv vy~ JEHEM, <7 F FOIWEORREZEMEREIC L E
He7p 2 L R BOFRBNARETH H, @ N & OIBEIFIFIRORAD Y A 7 3 g TR
WERIRFEBHRTH D, L COEITEIEDIERR o AERED ATRE 22 O CRERAYE 3K 5
T35 /10 F2E £ TOBRMEHREMHI XM OE G IRA T —NLT v FRARETH L, MA T,
@ &V i —w R TR TIEBFREN S BT E CoMM A BB T 5,

T S A A2 L DB BIREME OB E LCO 7 F U BRR D 5, BINC L DA 7
YU F 194;1/;«%51: ZRPT B RIER RS R EE R Z LB STV D, BITE
I3I0 Medicago #H1C THEM) —BMERBLRICKL VA TV PO 7 F U INTE
D, BRRBRTTHD, ZARTET I v I BAEOERICIE, iR T v A L AFUED
REREYE FLRC A A3 4B LT & 2K KBP #EI2 T 1 4ELLNIZ ZMapp® % BE%E L C 60 = ~LL

DREMIEZEH L, KERLEKTF (FDA) 75 AR~ B AN K 7] % 15
% Z L DKz, COVID-19 FEHE DJFJFA SARS-CoV-2 (ZXtT 2% 7 7 F L BIFEIZ D0
TH, TE - REIZBT D 2019 4 12 H DFEAEDND 3~4 72 H TICKOED A A4
3 #1 (N Medicago 'in ¥ iBio ff. K KBP #f) 2NU 7 F iRk 4 iE-> TE .
Medicago fHIFERRABREH T CTH 5,

Wit L AR e F SR D R FE L 20> D DIRFIARTE Y D PEBRITFE — 1 XFf0HKE C BITR=E
HLROEFORETH o=, I — ¥ = [Tk D EEEMIREIEH OEIRM & LTl
Mars 7 a7 X —EaRB S TRIE L TV TR T A /L ATHYR D
RENTITHHABEICEVAENTEZ ERH D, £ 2 TA AT /LD Protalix fEd =2
YRR S v att LT a v A — B R S, NS HEEFEROIEYED Y A T O
=KL OB RIZ AP LT,

2. BAEERERLEEOTRHKE
PAEEREDEEDENTI ST 2030 FREICK—IKM, T OPEH - Ml » 3%
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OIHFESL TR 2000 (&1 & RIAEN TV D, EHELERERBAHME (PMDA) 1%

A8 B RSB | IZEE DWW TR ERICE T 2 B 8k Th 256
RIFEEM £ TORER FL—YE DT ¢ ZERL TS, X, AIRE T & - THE
S AL D FRAR E S B O RS TR ART O£ B OV LRI TR IR AR O 75 i akliih 2
ITHOMERDH Y | AEHMITE T ETES LML b T RERL Sy &0 D, Foxl
BAERFRGFEERED LT, 20 X 5 IZZ8MITB W TR E B2 R ofEl) &
o7 BB A VT AR ER SRR & U COMREER T 2 PR LTz,
3. ERMRRREIRF (epidermal growth factor=EGF) DBi%%

ez 1T —EmER B R L VT, BRI R KT (epidermal growth factor = EGF)
ZALPESEREE LTS - B L TV D, ANRNTEYF A 7 T A LA (TMV) HART X
— [GENEWARE®] |2 EGF RBURIE - &I AT, in vitro CTHRG: L 72 Y mRNA
BEPERY I T X33 (Nicotiana benthamiana) RKIMFRIZHEEFE L, 2 W% ICH B
AU L, B X7 B - R L (1], 29 LTk Z v\ HITE &
37T EGF & L TOMIEZ RS Z & AVER TE T Y . WHO FRYESL &R 72 W AR BRTR
PEaFfo TWD, Aihz F/EERBRERGEE L L TORRICHIT < HEFET TH 5,
4. T7FE A (activinA) DFRAFE

o T AEEEREE LT activin A 23/ ERLE L 72, AIBRA TH 5 pro-activin A D
815 - % magnICON vecter [ZFLA AR, 77 a7 T U 7 AEEIT LTI T4
NI FRRRICEEARE L, 1 RIS B2 IE L, BigY 7 Bahhh L, fid
12 pro PRI A BESE UM L, SEICKEEY U CIEMAY activin A 21572, ifilkdh & a2
HYEMEZ MR LTV D (2],
5. ¥&8

29 LTHAICIT LA RRER G 2 2 EM#A TE 2 EHIBRN>2OH D,
FEAE A R ARE A 2 REOE 2 DI GL M E E A E AR TR ERIZ 72 DT OB L T H 2 Ik
DIFRTLET, 20 L TTHEMIET 27O TEREBEA ML JRE T 55RE %
FEZTNETZ,
6. THR
1. & b LRI O RIE 1L AARKRFAH 55 6302415 5
2. MODIFIED ACTIVIN A, World Intellectual Property Organization (WIPO),
W0/2020/100993
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Applications and perspectives of genome editing in Japanese cultivated
gentians

Masahiro Nishihara'*, Shigekazu Takahashi!, Aiko Watanabe!, Chiharu Yoshida',
Fumina Goto!, Keiichiro Nemoto!, Akira Abe', Masashi Odashima?, Shinobu Sasaki?,
Suguru Ozawa?, Zenbi Naito?
Twate Biotechnology Research Center, “Iwate Agricultural Research Center

*mnishiha@jibrc.or.jp

Abstract

Japanese cultivated gentian is one of the most important horticultural plants in Iwate
Prefecture in Japan. For more than 40 years, conventional breeding is being exclusively
performed to produce novel elite cultivars, but it takes great effort because gentians are
perennial plants with strong inbreeding depression. Moreover, limitation of genetic resources in
nature hampers the effective breeding. Therefore, we have been attempted to produce elite
gentian cultivars via biotechnological approaches such as ion beam irradiation and genome
editing. We have confirmed that both methods are workable in gentian, but the latter is a more
direct approach to produce desirable mutants targeted for specific genes. Here, we summarized
recent results of CRISPR/Cas9-mediated genome editing in Japanese cultivated gentians.

Perspectives of genome editing in gentian will be also presented.

1. IXC®HIZ

HAROEZEY » Foid, kD= ) o Rv (Gentiana triflora) & V%1 K
7 (6. scabra) ZFIH LT, BREINEZ LD TH D, iy <ITBx 22 LER Y OEED B
MBI L MEG R M TR TE N FETIIHROBEEEE LBER®RTH
D, RS, FRARIEEEZE T HEREREELHER L, FIAT2008REEL 72> T 5,
Z T EAITY v RUOBEREROILEEZ BIE L CNA 7 7 FEATER Lo iist 4t
HTEY ., BUIE, BA AU E—LERT ) AREFINC L 2 BRERKOBERKZ1T> T
W5, BIEIE, 1EH LEEERAFEOEZAABITREZR I ch v | b, BRSO E R

Web 2020



ERELNTEY, —ILMEERICAT TOREFMZED T\ D, £z, BHEDS
J AFREFIFICOWTIE, T, SIEM~OBEANEATEY , Fix bBERBIA< H
WHTUVS CRISPR/Cas9 & 2T MMZHOWTY o R TORFZ2Ed T 7,

2. U ¥ Ko ~® CRISPR/Cas9 4D

INEFTRIZ—ar X 77 FOfE B - BETFIEOEREGFIZEID, 77
DﬂavjAﬁ%%wf3muL@Lh%_owTﬁ%¢@ﬁ%%ﬁﬁto%h%mm
e, B4, BAfE, MRSk ~Y RBEFREENTEY . EEIC, ¥RTHT YL
IZHREED A S T BRI G D, REVRPHERTEDHZ kz’nréﬂfbé 7=, A—
7y b LTEBEFICEDROBENDRBD S, E<L<HERIELNRNED, FT
UNVDIRESND LD ERix ThoT-, B, W ORENML %@#k%wk%
X ONDEET(FI, COP1 72 8) %4 —7 >y he LTcha, BERMPAVICS L, WED
TR TRDMEMPBFED BV, BUE, BMOKFES D EMOKPENIE %L$% £ b, TEFf
LR B D DB T IS DWW TIRERM OB R EED THY | MCEIE T AGANOUS
BT ORERLERL TS, 5k, REBIOMHREZITV., ERHLRR . B HHEEE
I L7 v RUBEBMOENEIT O TETH D,

F7o. BoNTICOMRENR (DFR, FSHE) (B AROIER Rl Lz L 25, sk
15¥- (Cas9, CaMV35Spro) NEH ENRNWX Lt 7Y o b OERICKD L-, BET
PCRICEDBHDHDFERTH L3, 4%, NS it E4EN+T22Licky, 7/ A
MR — L (T-DNA) AT ) A BRESIN TV D0 OMREED . 7 MMEER
& KT 2 7 DI B ERIEREZEE L T PETH 5,

3. ¥&®

Lk, SORDHHMFRNEEZBRLEZEFIEORERILETH DN, BIKFAT
CRISPR/Cas9Z & 2%/ AREHMILY > R IR 58I 1 OFREMITIC A 20 72 Tik
THDHIENRINTWD, 72, B D Cas, Base Editing (——HiXfwEE) . Gene
Targeting ZEDH LWEIMTOFIAME B FT L TW BERH D, S 52, FEFERKO L%
BETIZLDWETIL, 7/ AREHEMOFMIC LV G oN T EMOTHRNFEPRR S
N5, BRG] TN LR WAV Z ~T RIS 2 5
GhbleBiz, ERLLENEBZ LN, th&)ﬁkawm%ﬁaiﬁ BeR

T Y — VD APIAEN L WFIEOHNLEZED TS FETH D,

4. SCHR

1. Tasaki, K., Higuchi, A., Watanabe, A., Sasaki, N., and Nishihara, M. Effects of knocking out
three anthocyanin modification genes on the blue pigmentation of gentian flowers. Scientific
Reports 9, 15831 (2019).

2. Tasaki, K., Yoshida, M., Nakajima, M., Higuchi, A., Watanabe, A., and Nishihara, M.
Molecular characterization of an anthocyanin-related glutathione S-transferase gene in Japanese

gentian with the CRISPR/Cas9 system. BMC Plant Biology (2020, in press)
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Phytochemical production by plant cell culture technology from the
viewpoint of industrial application

Homare Tabata*

Life Science Center, Hokkaido Mitsui Chemicals, Inc.

*homare.tabata@mitsuichemicals.com

Plant-based phytochemicals have been successfully used in the food, cosmetic, and
pharmaceutical industries. The content of phytochemicals in plants is often very low, so it is
desirable to develop highly efficient methods for producing phytochemicals. Plant cell culture
technology is one way to solve this problem. Plant cell culture technology is not only efficient
in producing phytochemicals, but also better than cultivation in terms of ecology, traceability,
and sustainability. To use phytochemicals as active pharmaceutical ingredients or
intermediates, the plant chemicals must be isolated as a single component. On the other hand,
when used as a functional ingredient in cosmetics and foods, it is used as a mixture of plant
chemicals. An example of application to functional cosmetics is the production of
trans-resveratrol by using Wild Grape cell suspension cultures. In addition, for application to
pharmaceutical intermediates, high production methods for taxane compound that combine
plant cell culture technology and gene control technology are being investigated.

1. IXT®IT

FWNIZREIR T 7 A Nr I INEAFET D ENMLNTEY . B—baMITRHR
L CEEFRECHEEE LTOFML, BEMOT TSSO/ 7R Ekk 2 72558 T
FIHESN TS, UL, FRALSNTWD 7 7 A M I W idi—EicE &
T BAEMIYE UTCRE SIUERERET N 72 Su7z & L THRENRIE R AR & 72 5
IRFAUTEERHITITE B e, BIZ, EMEIROZ S Zish b O AL > T
DELVENG D0, EMEZRESR~DORSIZINZ, COVID-19 ORIz L v T
RFIEENMER T2 FEERRT DL, VYT IAF=—ORELLEE LTI
oT, ENERAZEOLIICHH LR I EERBETH D,
2. EXEICASBFEOREN

77 A NI INDEFEFAZB T, EEFELH R ~OFH TIEAH Dbk
ENVIEE 72D, MR IC LV EMET D7 74 NI AAREAEINTDH,
FEAEOEGITERNE TS 1 ROGOHBDBEESND D TIH2L, EHk Lot
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EMBIATT D, Mo T, BRIZBWTHMI Y OEAEEZX 5 & T EmVRLE ¢4
PEC X AUERF R IChE < IR TR OBRBICEN Y | EXICHOBRTHRITH S,
— 07, AL R B~ ORI T, R OIS U 7B R OBl &
REL WO BUEDERBITIZLATH Y . LMD R Tl FTRE 72 HI R S 4
HZEMBT A NI AINOBEHEZED L Z EIXES TR IREVMOE T
Rtk etz BT HZ L LD,

3. YRS RERC L7 74 M I UNVARE

PEREISHOBIANG . Y~7 KOS 2 AV 72 Baet LhE R FURIBR R & 1 4
B A Wz &2 3 o REEP R OBIF IOV TR T 5,

Y~ 7 N (Vitis coignetiae) DZER L O RIANEN R NE L IBA CEREFE FTEER
VeTl ¥k % 5 U | trans-resveratrol(RSV) D = A2 PEVE A ffENE U T, Wl & &H 72V D RSV
EREITT RUXEIHART 3000 fFcb720, £-BEE25ET 5 RSV EEKROA kA
Pl L CEAL L, FIZv 7T XA MY AKX DE8ETRSV OLZEEK D L3RI
KEatEz M B E, et BEsa e TResverAQUA A BAJE L7z (1],

Flo. A F A (Taxus cuspidata) MIRLEF (2 X 5 EIHP K 10-deacetylbaccatin 111
(10-DAB)DAPEVERFE 22, NEDO i+ 5 A~ — AT m oy =7 MIBWTHED
TW5D, FxlE 1990 FFARICA FA B X 2500 Al paclitaxel DAL % B
L7 2], RIEIZE D2 %5 R0 CAlOBHG T 2GR D 20% R E I E 7, &
28R EMNHEANTO 10 IS M SEEFIC L Ve S Cng, FE R X0 Rt v
ATV b 10-DAB ZHRIIAE LTERSNDD, A FABART DX X4 AEW
EAMREITEL 100ppm FRETH O, SR Y XV LA WE 10-DAB I[CEHT 52 &
TINEZEMSED TRPBRENTWD, ATrY =7 FTE A FA MR 50N

& BT HIEEIN 2 A G DI LY 10-DAB O EhZAFERM BRI I BT & 412

FIIE IR BE D3R 6D THERNA FA M DEEFE A 7 — VAR RIITR R IE = A b 2SR
£ 720 | single-use bag &AW EICOW T HMF2ED T D,
4. £

TR B AL T 7 A4 N I DNVOENRAEELEE LTAHTHY . Bin 1%
BLHE AN & OMMAEDEIZ LY | TR 5 @R EAEE~O RN I SN D, —
5T EEFEISH I L0 FEAMIZ AT 7o IR ER 3 5722 5720, AR E Lo
ETRZEL T OMEND D, 5%, EAEWEROMIEIIE <« mE D . RAHAD
EIWHRD T 74 b I ANVAEFEIZ DN T bAEYMIEZE OISR S D,
5. SUHR
1. Tabata, H. and Usuniwa, Y.: Characteristics of the cosmetic raw material containing
trans-resveratrol produced by Vitis coignetiae cell suspension cultures., Fragrance Journal,
43(3), 74-77 (2015).
2. Tabata, H.: Paclitaxel production by plant-cell-culture technology, p.1-23. In: Zhong JJ (ed),
Adv. Biochem. Eng. Biotechnol, vol.87. Springer (2004).
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Bioanalysis for Synthetic Biology
Taizo HANAI*

Graduate School of Bioresource and Bioenvironmental Sciences, Kyushu University

*taizo@brs.kyushu-u.ac.jp

Abstract It has become possible to select biomolecular parts with known functions, design
DNA as if writing a program, and then artificially reconstitute these parts in a model organism
to perform a specific purpose. This system of gene expression control, designed and
reconfigured from a combination of biomolecular parts with known function, is caled an
"artificial genetic circuit” and was born in the field of synthetic biology research. Artificial gene
circuits are expected to be applied to various engineering fields, such as metabolic control for
bioproduction. In this presentation, we will explain the applications of synthetic biology, such as
artificial genetic circuits and synthetic metabolic pathways, to bioproduction and discuss the
bioanaytical techniques required in such synthetic biology fields.

1. XC®IZ
BERERE RN D E RSy 13— A A DY CakEE - F R S o\ n TR B > 2 7
L, TANLEEFRE] EMEZn 5, AN L& FREE. (EREOBKICHE > T2 R/E
DODHMEFITSEDLZENARETHDL Z D WEAEELZ B E LIZREHIEZ: &0
éiéi@l//%7/)/7\%A®E%#%ﬁémémklﬁﬁ%ﬁ%k@ﬁ@%
BRF A MG D TRERL S 72 N LAY REHREE (B R UEHRRER) D92 &Hoh»
I DL, ARRAEYT EMHIN DS TH D, KR UART T ATIE, ZILE TOMSE
Z UL, BRSO TS RIS SO W TR 21TV AR EY 5 B T
& I DA AT HEHAFICOWTEERR L7V,

2. R EYITNARAL v FITX DAY T —)VAEENLE

— 72 TR0 B Tk, WA LA T ARKICET 2B T2 A B
ik (/v 77U ) $5Z2&8C, BEWEOAENEDM EEZX5, LrL, BEOY
B h—HNVAEEEIT-MladZ 0 OAFEEX I TH L0 EROBIRT /) v
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70 MIES A LF T, £ OMEENE LW EIREIEOR T 24 < BinF IRk 2t
G BHEBRT D L, Z O, WEAFE L FHREIEO 86 512 EE MR RS
FHRFEFO N — RATERZET D Z & TE e, Fxld, NLEETEE (R R
TNAA v F) &R BIGFRBEE 21TV TR L7z AEhREE Gl
JHE— R) ) & TWVEAEICHE L2 AEHRE (MEAEET— ) 2 ABRICTID &2 5
& (RENREEIE) CZofMBEEMRT L2 L aRA[L, R ITAVAL v TFO
FEEOFIACIE, Fex i, AEACHTRE 2 KIBHEICEAT 5 2 &I L0 AT
LTWAA Y TR —VOAEFERZRRE LT,

3. BEEBREY Y —IT X5 HEAHHT R

REE N TNV AL T H RO TR ARSI CIE, £ 08 R Z R RRICS & 370l
REPERHNE O XA L VT RIEFICEHE L 2D, DD, EiEoA YT ax)—u
AEPEFERRTIL, BREBE IR S L TR AR O 72 DIZFIH L2 IPTG IR D % A
VT EEEL LT, L L, EEOAFERERICEBW T I OHFIEEIT O 2oII2id, WK
B AWt E =42 U 7 L, B8RRI L2 hEe b 720, Z Ok A&7
FHEEAEA 72 < L, KIBEIC &2 B AR 2RI 2 BT 572012, Fex TR
FIZBWT I AT Lt VRO AEEE L BRI A TZ[3],

4., BR#EIT

TEED B WER ORI, 7V X DERBEANT LZIERHVONLN, DAY
U—= 70, MROBEE, [EHEORIER Y. 2 OFRBNHNY 2L 0T
ALBRT 5 Z LI L VY, £ 2T, ATEB TR AAEE L, 86 X0 BERIEE 2T
i CE DA AN—T v NIREERTEIERE VA T D BT D098 6 eilifT - T 5,
AN LEBETREERIE, RN S EIERWEREZ R V7 L, BIETHEBLO
ON-OFF fil#fi7e IZHWA Z & T, KV AT, HHEREELITHOE 5 Z L2V AHE L 72
Bo B%IL, SESERMEEE LU T T HNA A oNTEE . N B RIS LA
AT Z LR TENUL, BRREMTFSTIZEBNT, i RBRANEDLZ L&D,

5. 3CER

1. Yuki Soma, Keigo Tsuruno, Atsushi Y okota, Taizo Hanai: Metabolic flux redirection from a
central metabolic pathway toward a synthetic pathway using a metabolic toggle switch,
Metabolic Engineering, 23, 175 (2014).

2. Taizo Hanai, Shota Atsumi, James C. Liao: Engineered synthetic pathway for isopropanol
production in Escherichia coli, Applied and Environmental Microbiology, 73, 7814 (2007).

3. Yuki Soma, Taizo Hanai: Self-induced metabolic state switching by a tunable cell density
sensor for microbial isopropanol production., Metabolic Engineering, 30, 7 (2015).
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Bioanalysis using functionalized nanoparticles

Tamotsu Zako'*
'Ehime University

*zako.tamotsu.us@ehime-u.ac.jp

Sensitive detection of biomolecules such as proteins and DNA is important in medical
diagnosis and bioscience research. Here we present our approach utilizing dark field microscopy
(DFM) for the detection of nanoparticle aggregation induced by target biomolecules. Since
DFM can detect scattered light from individual single metal nanostructures to examine AuNP
aggregation, it is expected that a small amount of AuNP aggregates can be detected with DFM,
which is difficult with the previous ensemble measurements. This approached has been
successfully applied to detect DNA molecules at sub-pM level (1).

DFM was then employed to detect amyloid beta (AP) protein aggregates, including fibrils
and oligomers. Since AP aggregates are neurotoxic and are considered to cause Alzheimer’s
disease, detection of AP aggregates is important for early recognition of diseases. However,
conventional method using fluorescent probe, Thioflavine T, requires 1~5 uM samples for their
detection. Here the AP aggregates-induced AuNPs assembly was analyzed with DFM, and the
LOD of AP oligomer and fibrils using this method reached as low as pM level (2). It is expected
that this AuNP-based immune sensing method could be developed with higher sensitivity than
traditional detection methods such as fluorescent probe detection. These insights should also

open opportunities for the use of DFM in various analytical methods using NP assembly (3,4).
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In-line pretreatment for water-in-oil microdroplet and its applications
to protein analysis

Akihide Hibara*, Mao Fukuyama
Institute of Multidisciplinary Research for Advanced Materials, Tohoku University

* hibara@tohoku.ac.jp

Aqueous microdroplets in microfluidic devices have been utilized for various bioanalysis
applications. We have proposed a selective enrichment method for the microdroplet operations
by utilizing transport phenomena of solvent and solutes from the aqueous microdroplet to
hydrophilic space in surrounding micelles in continuous organic phases. In this presentation, we

will show some applications containing protein analysis.
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Fig. 1 Conception of microdroplet selective enrichment. Reprinted with permission from
Ref. [1]. Copyright (2015) American Chemical Society.
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Fig. 2 Protein crystallization utilizing microfluidic selective enrichment. Reprinted with
permission from Ref. [3]. Copyright (2015) Royal Society of Chemistry.
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Development of héﬂh-th_r oughput screening method for high producer
cells using gel-microdroplets (GMDs)

Soichiro Tsuda'*, Masayuki Machida?, Hirotsugu Fujitani®
1On-chip Biotechnologies Co. Ltd., 2K anazawa Institute of Technology, Chuo University
* stsuda@on-chip.co.jp

Abstract: Isolation of high-producer cells is a common yet labor-intensive issue with cell line
development. We here propose a high-throughput screening method using ge microdroplets
(GMDs) and microfluidic cell sorter to obtain such cellsin semi-automated fashion.
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A Challengeto digital immunoassay based on protocells
Hiroshi Ueda*, Jiulong Su

Lab. for Chem. and Life Sci., Inst. of Innov. Res.,, Tokyo Tech.

* yeda@res.titech.ac.ip

It is known that digital counting of fluorescent signals generated in many small compartments
can significantly improve the detection sensitivity of the enzyme-linked immunosorbent assay
(ELISA). However, the reported digital ELISA systems need extensive washing steps to remove
background signal, which hampers their performance. To tackle this problem, we developed a
vesicle (Protocell) array wherein binding of an external protein analyte is coupled to signal

amplification and intra-vesicular fluorescence readout.
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Figure 1. Scheme of protocell-based antibody sensor
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Complexity and multifunctionality of bacterial vesicles:
what is different from liposome?

Yosuke Tashiro'*
'College of Engineering, Academic Institute, Shizuoka University, 2JST PRESTO

*E-mail: tashiro.yosuke@shizuoka.ac.jp

Abstract. Bacterial extracellular vesicles are mainly composed of proteins and phospholipids
and called as “membrane vesicles”. Such liposome-like membrane vesicles are applied for
vaccines because they are incorporated into cells. As those components are heterogeneous and
variable, it is difficult to comprehensively understand those functions and properties. Here, |
talk about characteristics of bacterial membrane vesicles and discuss the difference from

synthesized liposome.
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Characterization of Phase Separation Behaviors in Liposome Membranes
at Microscale and Mesoscale
Keishi Suga*
Department of Chemical Engineering, Graduate School of Engineering, Tohoku University

*keishi.suga.b7@tohoku.ac.jp

Biologically occurring vesicles, such as exosome, are considered as submicrometer-
size lipid self-assembly. Herein, the phase separation behaviors of liposome membranes
were studied focusing on nano-sized domain formation. The correlation between
membrane fluidity and membrane polarity were investigated using fluorescent probes
such as 1,6-diphenyl-1,3,5-hexatriene (DPH) and 6-lauroyl-2-dimethylamino
naphthalene (Laurdan). Unsaturated lipids (DOPC) formed disordered phase (/4), while
the coexistence of saturated lipids and cholesterol (Chol) resulted in the formation of
ordered phase, which was probed by decreased membrane fluidity and by membrane
dehydration. The size of nanosized ordered domains was estimated using the TEMPO
quenching method. Because TEMPO can quench DPH distributed in the disordered
phases, the remaining fluorescence from DPH is proportional to the size of the ordered
domain. The domain sizes calculated for DOPC/DPPC (50/50), DOPC/DPPC (25/75),
DOPC/Chol (70/30), and DOPC/DPPC/Chol (40/40/20) were 13.9, 36.2, 13.2, and 35.5
A, respectively. We estimated the ordered domains in milk exosome membranes, which

were enriched with Chol and sphingomyelin.
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Liposome based artificial cell assembly and its application

Tomoaki Matsuura*

Department of Biotechnology, Graduate School of Engineering, Osaka University

*matsuura_tomoaki@bio.eng.osaka-u.ac.jp

It has now become possible to reconstitute various biological systems in vitro, which exhibit
features of the living cells, by assembling defined molecules. Using cell-sized liposomes and a
reconstituted cell-free protein synthesis system, we have constructed an artificia cell from
approximately 100 different defined molecules, which can synthesize protein of interest inside
the cell-sized liposome. By using this in liposome protein synthesis system, we have been
synthesizing various membrane proteins that enable the characterization of membrane proteins.
In addition, in liposome protein synthesis system can be used for the directed evolution of
membrane proteins entirely. Here, | will present the construction of in liposome membrane

protein synthesis system and its application.

1. Liztwiz]

ETOMIE, IRE DR S MIEIZ LY . ZONEWMEXELL TWb, £
Dz, NTIRE_HEKETH DL VA Y —2i%, MlaEET L E LT, TOWMHITIA L iF
FEENT&E T, IHE, URY —LONERICZ 87 BARRSOG& & T8 A2 ROG
EEALHIET VAR L, TOMWEEHRDFEDEANATON TS, A RA
Ty T A a = TN D T OWFFRREE T, AT B AR R D AT
faZtE+ 22 L2 LTS, T72bb, WAERNSLEMEAIY BT 0%,
AW - AEmEAID T ot e &b 3ODEM AT HNERSH DL, —DlF,
BIRT -7 ) AR UCa— RSN TWAZ AT HIZLVERTHZ L 65—l
MREAERIS 5 2 L, Z L TREIC, SROARYILCEITTSZ & Th D, HILE,
CDXIRDFVAT LER LT v FIAID TR BEANTHIZERNM T TN 5,

2. AT Y 77 2 —ofEgE LG ]
T ld, BIANTHERS 5 NTMIROEE L2 BT SRR, A THE 230 e BOs
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VB FASFHNE LCH LRI BEEERT D, @RITEER R EOFENS R ETE

TT@<%&/A7 A SREDN B DIRETHERTE 2 ¥, Zo N THfaIX, FEpk
AT L THLTD VR =DV A X, JREMA R &2 BIEICHERETH L, 20X
DIHEEEFIR U, IS X ERERED U IR Y — L A AR, FRE R R AFIEZ A 5
#_Lf%t7%ymzi t FHKODNL YT AT AKR—F —Letml X, %O
REZFELT 5720 HE'E 5 ¥ cardiolipin 2N E BB A Rilo T Z L2 LN L 7,
WZT\_ﬂiTi.%T%oﬁﬁ5/ﬂ7 T OFREMEL Z FIRE L Lz, BAEFlo—>
& L TCIL, Staphylococcus aureus FIRDR T HIES LRI ETHD o ~EY DA

THRENEA~DO R T AR EK 30 f5H X5 2 Lo Lz ¥, L Tid, AHi
TIEFERETE TOMREZFHHT 5 Z EBRHEETH - 72 N TS X7 B ORRERI

EICHHRII LTS Y,

PR S AT DORHEEFRIE LT, Bz 2B IRG 72 A T A OREEE B LT
HHED TS O BRI > TV D IS DR EME 278k L. 2 a Mo
AL ROSIZ ST DA 2 N TSR 7282 2 L Icpksh L2 190 BRI
AL I ANJEETDH RNABANTHD UV ARAAL v FHBAFE, TOFRICa~TY R
RARY /R—¥ C % =a— R L/ZEIE % PURE system & L2 U R Y —ANIZEA LT,
ZONTHfIEE A2 I ARE L NET H2WEEZ BN T 2012 FF> X 21227z,
AFERIL, VARAA v F2ERT 5 & T ALEOMEICKH L TEALDINEEZRT AL
A ORIAENAIRETH DL Z L EZRL TS, £/o, N7 T U T OMNREZHBMT 5 Z
& TN THIBIZ EAC R T 2R E B -85 2 LI bk L 1, BRmIc i Bk~
PRE IR R e S B RN T ) T RO 200 nm b B DERMER 7 L7 B %
URY—LAREZEEL L, WEHIIIBEEZNEDTH 2 LT, TR TF v IR0 T AR
HEWo B WEDORZRDFREITHEEDH 5 N THMZEESED Z LITRIIL
A 2O NTHIEZ Wz ERE - BREE L BB 1T D IR A ] L T D,
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Production promoting mechanism of outer membrane vesicles
in Escherichia coli
Yoshihiro OJIMA*, Masayuki AZUMA
Department of Applied Chemistry & Bioengineering,
Graduate School of Engineering, Osaka City University
*E-mail: ojima@osaka-cu.ac.jp

Escherichia coli produces extracellular vesicles, called outer membrane vesicles (OMVs), by
raising a part of its outer membrane. Several gene-deficient mutants relating to envelope stress
(nlpl and degP) and phospholipid accumulation in the outer leaflet of the outer membrane (mla4
and mlaF) increase OMYV production. The combinatorial deletion of these genes resulted that the
double-gene-knockout mutant AmlaEAnipl showed the highest OMV production. Furthermore,
observation of AmlaEAnipl cells using quick-freeze, deep-etch electron microscopy revealed that
plasmolysis occurred at the tip of long axis in cells and OMVs were bubbled from the tip of long
axis. Plasmolysis was also observed in cells of each single-gene-knockout mutant (Anlpl, AmlaA,
AmlaE, AdegP), suggesting that plasmolysis is a common phenotype in hyper-vesiculation strains

of E. coli.

1 iXC®»IZ

WA, KIBWE 25T 7 7 AR 2 A PE T 5 SME /M E (outer membrane vesicles;
OMVs) & MEEN 2 Aash/ NEICTE R 2ME £ - TV 5. OMVs 13, AMEDFE Uil L <
TETCER20~250 nm OF 2R FTh 0, HESCRY TT7 XALZ NI HIZE - THE
FREND. ZHET OMVs 1E, Milar o AR Ey a2 2 Cchr B2 T
7oy, TS 72 o THIBEAMCHEE S 72 OMVs 23k % 728 OEKICE b > T =
EMHBENE /S TE. — T, OMVs 231 4T 7 7 av—0n T 21213,
HEREREDND IR, DRI R AN E NI ENREE oo TN D, £ 2 TANZET
%, KIBHEOBEFHZICLY OMVs @EAEFEKRZER L, OMVs OAEREZ (T 28
HEHLMNCTHZEH2AME LT,
2. OMVs EAEERDOEE

KIGE T, ZTHAE T D0OEIEFRED OMVs AFERZEINIE 5 L @A S
NTW5E., XTF KTV D EOEEMERFZEE S92 nipl GO KBITIME L L5
TLXTF RT U B o a et L[], SMEOIE L NED D VIRE T v A & HEFr
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T % mlad <° mlaE A5+ O RBIIIMNESNE~D Y VFEOERZHEL[2], <V T 7
ALTaT T —¥ha— RT 5D degP Bl DRBIIRY 7T ALK X EOER%
FlEfE 292 & T3], N OMVs AFEBRAZ NI TS, Fxid, Zhb0BGT
REFZEHNREG DY OMVs AFERIZH 2 DB LM L7 & 25, nlpl & mlakE @ 2 R
FER(AmIaEAnIpD) S B AR ORI 305 L e b mVWVEFERZ T Z L 2B 6T LT2[4, 5].
3. OMVs A EE{REEHE DT
BbHEW OMVs A FE R 2R L7 KIBE AmlaEAnIpl #RICB L C, A0EEREL 7V D
RulTolc b TA, ETHRORE 2B LICEEgE S 2 FHAREK CTIEREO Jebmihn
5 OMVs HERE L TV DR AR STz, & BICHIT K OBLE2 7~ b K i o S
Y 7T ZLZERIBIRD D 2 & TIHRBPEDBENEE TWORFI R Sz, Bk
DBERR LY, AmlaEAnipl ¥R CIRIFTZE /7 BEC K0 RN & bRk L 7 e il o4t
JEDS S O T/ MRZ TR LT < 72 0, OMVs AFENMEE SN TV DO TR W E T
iz, F70, FUEESDBERCEE L TE, TRENEIMOBE - KEE Anlpl, AmlaA,
AmlaE, AdegP ¥RIZFE W T HEIE SN, KIGE O OMVs mAFERICIGET 2 RB ThH
HEZEZBND., BT AmlaEAnlpl ¥R TIE, IR -7 75 X AZERNIZ/ M & R
DINDOHEERBTZ L TV DR ABIR ST, M/ INMEIE Anlpl #RTHHER S vz
Zenb, XTF KT YD UEOSRIZEAE S D8I T nipl ZRIETHZ LT, XU
7 XLZEFNTO/NMAERRMEE SIS EEZ DILD.
4. k¢
SMEUIIBOMV)IE, ETFTMYEN TH D KIBEZ XL 7 7 AR IC 3585 %
TmRBIR THD. RV 7T ZLWNIAFAES DMy DMy —/L & LT b BURER
<, OMVsAEERDFE 72 5[0 ELAERIEOMAIZ LY, L1 AT 7 /ny—
fire LTOISHRHIRFTE 5.
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Characterization of glycine-induced bacterial membrane vesicles

Satoru Hirayama"**, Ryoma Nakao'
'Department of Bacteriology I, National Institute of Infectious Diseases
*Niigata University Graduate School of Medical and Dental Sciences

*shirayama@dent.niigata-u.ac.jp

Abstract. Bacterial membrane vesicles (MVs) have been of great interest in recent years
as a new nanoparticle delivery platform. Glycine, known to act on and weaken bacterial
peptidoglycan, was found to dramatically enhance bacterial MV production. We focused on
the flagella-deficient mutant of the non-pathogenic probiotic Escherichia coli strain Nissle
1917 (EcN) and analyzed the characteristics of glycine-induced MVs. Supplementation of
1.0% glycine to culture medium not only induced cell deformation and sublysis but also
increased MV production. The maximum MV yield was approximately 70-fold as the amount
of protein. Compared to noninduced MVs, glycine-induced MVs had a larger mean particle
size and increased inner membrane and cytoplasmic protein content in their protein profile.
Notably, glycine supplementation induced MV s whose endotoxin activity was approximately 8
or 6 times lower than that of noninduced MVs when compared at the same protein or lipid
concentrations, respectively. Nevertheless, glycine-induced MVs dlicited an immune response
in a mouse macrophage-like cell line and showed adjuvant activity in an intranasal vaccine
mouse model comparable to noninduced MVs. We propose that the present method of
inducing MV production with glycine can be used for emerging biotechnological applications
of MVs that have immunomodulatory activities, while dramatically reducing the presence of

endotoxins.

1. XTIz
MENRHT DA T Lo _yU 70 (MV) X RMNEEE T2 800, U
JFUPRRT Va Ny b, RT v TTUNY =R T N 8 20 AR
FFSNTVD, MV EEARITHBEICE > THENRH DN, 7 itk TT7aA
AFT 47 ARGED MV FEAZBHFITIRTELZ L2 M LI, Z0D5F
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2. 7V URHETIRBE MV EAE L ZORME

S%OIHERZ RIg 2 KIBEIZ T a A AT 4 7 AL L THERAEEN S W L4
PEDE Nissle 1917 £ (EcN) & V7o, (X U2, HEN MV B ~NRBEAT S 2
EZ2Bi<Te®lZ, EeN OHIBXBREEH LTz, 1.0%0D 27 U 2> 2 i L7t
TZOMERRTL LR, U VBRI HE LT MV &N
WZHRL, o7 EHEEELTBEZT0MG, IBFEEELTBEZ0GERoT,
7V S MV ITRBRPARICKRELS D L L bIT, XU TEOMRICEL
ISERED B AL NI A o R 7 BEROMIE X v 7 B DES DR L TVAD D L ARE
Nz, S, ZUV T U#FE MV TlE, Uo7 BEEHZDV DT KX U9
PRI 181D Lz, —H T, Z VL Ui BEOREICED ST, EcNMV [350)%E
BEEEEZA L TR, v~ U A7 a7y — UM 1774.1 2260 1L-6, 1L-12 K&
O TNF-a. DY A A VEAZRNMERAICHEE L., £, TRT AT IV
EPURICHWT, vV ARBGEERICEI Y 7V a0 MNEEZFHT 25 &,
Poly(LC)®=a LT ¥ BY 7= &SN T IR AT 2 =
N MEWHER LT,

3. £&H
7V AW IFECED . e FT 0 7 ARGEND D MV EAE
BEHE LIMWREIEDLENTE R, 7V UFE MV 134 X0H o3y B
FRICEEBAET D HDOD, MV OFT 5 B8RO T~ 2N MEHEI,
FEFE MV EREICH LTV, MEO MV IZERZIZIUD & Dk % 22008~
DISHEB D72 OIZHFZEN 72 S TE D \ MV ILEDH KITSH D MV i HIZKE
SHBRTE 2N E 720 Z LIRSS,

4. STHR
1. Hirayama, S. and Nakao, R.: Glycine significantly enhances bacteria membrane vesicle

production: a powerful approach for isolation of LPS-reduced membrane vesicles of prabiotic

Escherichia coli. Microb. Biotechnol., 13, 1162-1178 (2020).

Web

2020



TS - WS5-A06
TaNA FT 4 7 ADE/INEEI LT BRI O FTEeME

iy L5
BT RS AbZeddn T8 Edn - B TR

Possibility of regulation of the host intestinal environment via
membrane vesicles released from probiotics
Shino Yamasaki-Yashiki*
Faculty of Chemistry, Materials and Bioengineering,
Kansai University

*E-mail: shino.ya@kansai-u.ac.jp

Lactic acid bacteria (LAB) are known as probiotics that contribute to the maintenance of a
healthy intestinal microbiota composition. Notably, certain strains of LAB exhibit
immunomodulatory effects on host gut immunity. We have elucidated that Lactobacillus sakei
subsp. sakei NBRC 15893 promotes immunoglobulin (Ig) A production in Peyer’s patch cells,
and that membrane vesicles (MVs) released from the strain also exhibit the effects. We also
demonstrated that the MVs are taken up from the intestinal lumen into the Peyer’s patches,
indicating that MV's might also regulate the gut immune system in vivo. Here, we will introduce
these functions of MVs released from probiotics and discuss possibilities of regulating the host

intestinal environment via MVs.

1. IXC®IZ

b N OGEIIIS L2 I 2 G 8 2 2Rk L CIAE L T b, IBNAEE
HEILIE EOABEBRRICEBICHE L 20T ADOMFEITIGEBLISNT bRk % 727505
Dl &L, Leho T, EEOBFICIIMMNMERE D/ T o ZADHERF - dEER
BETHY, ABEHSE 7 4 RARAFEREOTa A 4T 4 7 ADOERNILL FEH & T
Wb, FTH, BEICITERTRROGERTH D IHERER] BDRELTNDHI L
D, TaNA FT 4 7 ADORIEFFIERABHF SN TV D, ZOREREERIX. &
KA ATCRHIC LD b1 SNDZERHMBNTNWAED, Fxlx, T F T 47
ARBHT DAL T Z XU 70 (MV) EFFEN DN S ZDERRH D Z & %
R L7, 22Tl 7o, 7 4 7 AREFET D MV OGEREERIC OV TR T
L& EBIT, MV 29 LI IBNEREEHIE O ATREMEIZ DUV Cakam L 720,
2. UWBEIKEHTAAVYT IRV I

G G R CHEEZR DMK LIC W END IgA FURTH Y | HEEDIKRN~DR
ANZLIET 215, BN # O ZEREOHERHIC BB E-3 5 2, Fx T~ v A/NG/ <A
TV D TgA PEAEZHE5R$ HFLMAE & L C Lactobacillus sakei subsp. sakei NBRC
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15893 Z 45 T od, fiRiT & sd 2 | BRAR IR~ b B DB 0 [EIN S 2 BEvkRE
PERRATIC B RBROIER N 3 5 Z & & R Uiz, 5 E A B o BEc L o s 2 &
T, FOSVEL30~400nm DMV THDHZ EEHLNT L,

3. AT TR I M X BEERERDIEMREL

HIE O MV BFZEIX 7 7 AEMEE CTRITL TR Y . BWlilaiEz © 27 7 ABGIER., FF
ZIRRIEMERI B TN TV D, 2 2T, IBEI T2 MV OREZ g 5729
(2. L. sakei NBRC 15893 HI2KD MV 23 /3A Z/URRAIR D & TgA PEEZIERTH A 1 =
R LEFRNT LTc & 2 A, MV X Toll BREZFK 2 240 L TR 25 b L, 1gA PEA
WD D RIEMEY A NI A VIR EOFEAZMET L5 Z LR broTz, iz, MV IZHT
2B O JRE X, BERICKT T 2I0E L FEIL T Y . MV OREIRIEE R IXEER D
FMEZ BT 2 2 ENRIR S LTz, EHIT, v U ADOBEEECE S L MV 2351 =
JURPNIZEV IAEN D Z L 2B 6T L, AERNT MV DS % RICESEEH T2
AREMEZ R LT,

4. £&

Tzt 2L OHUBERE 7 4 AAEMN MV ZAEFETHZ L BEALTICH MV EE
OFREEDDIFET D LR ERMR L TWD, £, MV O 2SI EE 288 1) 72 Bl g
72 HIE, IHE TGP E 23 L7238 V272 LW D MV MFEE L, 18 EICE Kig
BERIELTWDLAEEERDH D, b o7 VY —AFTHIER, ffEH a2 =r—
a VR E LTOKREEZ LD ENRHOMNIR Y OOH DN, 7 u M FT 47 A %G
DIGNME ST 5 MV OBEEITWE ARS8 20, IGNEREOHIEZ B9
W2V, BRI E B 2O THEH O AR 59, MV 3672 6T ERIZ O
THHET LIMERHDHTEA D,
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Maneuvering the cellular function with smart polymers

Koichiro Uto*, Mitsuhiro Ebara
Research Center for Functional Materials, National Institute for Materials Science
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1. IIT®HIT
MBS RE 2 W] 2 BER & LT Ay, MBI, MEE RS ST A i ERF BT
B, O PREMNCEMEICED Y H O 2 & TEMI AT AR Lo TS, H
TH, BRSPS MRT T 7 0 —7p EMIE S OREIE /1 rEn S8k, Mo BAE, WK
DFEIER EDOAEMBIG L BHACERT 5 Z LA LN ENDOH D, LnLRns,
PERIRF STV D EM (RSP OREIE /) 2RI R T —E, 7720 b THE
VAT AR INTIRY | EERRNIZI T M - kB E P o T8 BREE & 13872 D,
Z A7 TR TR B BR BT & BN H T RE 2 TRl R A AR & L O IRRR R & 0 T
MERZNER S Tun ol Fx
X ZAE TR AR S+ C
& % poly(e-caprolactone) (PCL) %
N—2R & LT AR CTHREL 9
LIARFLIEM B 2P L. Y
WSR2 A3 28 LV il 28 A
AEEAN & LT ORI DWW THR
HLTERE, REXTIEH, &
BORER LUV 7 RE
% ih B A B e Al iR R A 1T
VTR 5 (Fig. 1),

Fig. 1 Schematic illustration of adhered cell responses to

changes of (a) surface topography and (b) dimension.

2. WRLBE

TEARFLIE N A & et/ i O R GTRICE A+ 5 Z & T, Mk L TRED FAR Y
77 4 — LA RE AR M AAE R L MRRAC A OB (BEARIRRE-T o & AR ER
70 8 SCBERE DB BN L7z (Fig. 1(@)) B, B2, 20 NKRT T 7 ¢ —r[EHES
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FIMD, 1R L~V TOMBSHERIEO 272 3, L 0 MEMEE 20O 2RI
B TTRECTH D = L 2B DM LW, —F, /S0 7 ORI DA RN 2 it
THIDIT, 7 7 ARG MIL(NIH 3T3) % V7o HE R EBR A 4T > 72 (Fig. 1(b). 7 o A
vioa CEEETOMBEEMIX, BEMGRE) ST OTAEICHR KL, AROT A5
WCTarv s NAA X AL DMRERNSHRE SN, —FH, ARk T s A
3 VR EFE ISR ORI AR Z T << EE L TVD Z EREIES
N EOT BB TIET ¢ A v g ARSI A S EICRmT 52 2B bnE L
T2 ZHUTTRRZLERE RIS OF 4 A v a L BRIZ X 0 M o shil AR 284k & 7
TELZ 2R TRVIOBI TH DB, THFETIE, T/ 774 3= ORISR
R EMAIER L,/ 7 7 A NN—BRZICERMEEZ 71 77 AFRETH D &\ ) FF
MG L, Mlaoilmz FCHIET L VOB EMEET 5 2 L ITaksh L7z,

3. ¥£&®

A== MR ~—=0F T 5RBUSEMEEZTE M L, BIRREEM B 2RI 5 2 & T, #
et aE e A O ERIHIECERBTALIZ A © MlRZEE) O in vitro TOBIEENAHRE L 72 5,
THUS &0 | E P O RE ) F ) d K OAAL SR RN &2 BERE HIE-SCE A RE (2 FS
FHBEN DRI ST AEENICB T 2 BRSNS METRBEMPATE L LN
AEND, Lo T BRI SE2 S S Ul ES @il # B oMgais, S8 £ £9H
LR AT A F e D= ED F e D RRESORTINS A5 IR E A TV RN
Wi X ONEFRRBE ORI HER T & 2 rlRetE 2 o T %,

4. CER
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Defining Physical Properties of Extracellular Matrix and Cell
Membrane Toward Self-Organizing Organ Bud
Takahisa Matsuzaki'*, Takanori Takebe?S, Hiroshi Y. Yoshikawa'

!Graduate School of Science and Engineering, Saitama University, “Institute of Research, Tokyo
Medical and Dental University (TMDU), *Division of Gastroenterology, Cincinnati Children’s
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Abstract

Since our progress in artificially inducing liver bud from induced pluripotent stem cells, a
number of researches have been tried to elucidate fundamental mechanism of organ formation
and apply to actual transplant. We have been tried to quantitatively evaluate the impact of
mechanical properties of "extracellular matrix and cell membrane” on self-organization of liver
bud toward unveiling role of mechanical factors in organ development. First, we developed
stiffness-tunable polymer substrate for liver bud formation. For the control of stiffness of
polymer (Young's modulus, £ kPa), the crosslinker concentration was finely tuned with
mimicking mechanical environment of brain to cartridge surface (£ = 0.1 to 100 kPa). We found
that a moderate mechanical interaction between cells and substrate at £ = 10 kPa maximized
formation of liver bud. It should be noted that the methodology can be applied not only to the
formation of various organ bud (e.g., kidney, cartilage, intestine, lung, heart, liver and brain etc.).
These results clearly indicated that the substrate with tunable elasticity can be a general
platform for organ bud culturing. Second, we focused on the mechanical properties of cell
membrane (i.e., membrane fluidity) which contribute to fundamental cellular functions (i.e.,
collective movement and adhesion). We found that the un-differentiated cell membrane had a
mechanical characters of membrane fluidity (i.e., fingerprint of physical properties). By using
the difference in the membrane physical fingerprints between differentiated and undifferentiated
cells, bulk purification of cell source could be achieved which can contribute to the purification
of liver bud toward future clinical application. In this presentation, I will introduce quantitative
evaluation system of human liver buds that responds to the mechanical properties of
extracellular stiffness. Then, as the latest research trends, I will introduce the role of cell

membrane fluidity in the cell differentiation and its application.
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2007 =Dt N NTZHEMEERMING (iPSC) D3 LI, /MbikEkz Kb+ %
T L ThE & IR AR O Al A PR SENE RIS ED B TE TV 5.
ZDHTYH Takebe HIE, RN THFIEELEL (Easo2F) NHEFETHEEICEDD
MlEfEICEH L, B MiPSCOHZENLEZMEFEETHZ LT, HBENTAL
BT AR5 Z SIS LTz . 2 TR, EERICBIT 5 7%
K+ (BEE) DIEesFE AR T RE OB I mT, M SINET 28 E FE
OB B Z EEFMEL CE 2. 91X, MRESERT X & LTIEEs
BHOWS (Y73 FkPa) ICFH L THFEZBIMA L=, K55 L LTI,
ZERERI O T (£ = 0.1 kPa) 7bi#ERm (£ = 100kPa) EFTHI%ZH
FEIZHIECX @m0 FRY ~—Z23EMA L1z % EERICAR L4 22 S OEsy
FEAFIRR OB S & L CHWA &, E = 10k Pa OHEREE S OB TG
RoOEREIFZR LT 2R LIS 20X 5 R0 & DR S0 TF
ELTWeDIX, B Min—SM E/ERNT 2 5 PR S 050 F Tt
OEBIEHAL L, KRERFRFEREOESENCSORB S TmORER LB 2T
Wb, WRICEANER LI=0iE, MRS E D H 9 —>EELRM S Th 5 M
HEOWES Tholz. MlaEEOM X & U TRICHE B L7ZBmErEE, Mo
PR & D o T BRI BERE A HIAE L TV D7, igEs Lo B R RRML
D77 —ARNAT v T THOIEREBZEMT H L CHEHER 7 7 7 ¥ —Thbb
L ZCHERRE LT, oM SIZG UTERAE D D Laurdan & F TR ED
PEZFET 5 &, RO A OBEREIE DR (PR BN D &
V) BLBREROCEL G A B L7 L SERRIC o Biie & R BHIE O BE M FR AL D 75
EHWD &, S bHIE & R TR EMALICAE L= 7, BRRISHICmT 72
AR ANE S L COFIAREH IS TWS . K#EEICBWTIE, RGO
I SITINE T 5 8 MFIBEEOE &G > A7 DMZOW TR T 5. WITEH
OWFFEERIM & LT, & b iPS MlaOMEFEERNI T 2 M OE S 23 K77
BRI DOFEH] & Z OIS HIZ DWW TR T 5.

2% TR

1. T. Takebe,..., S. Aoyama, Vascularized and functional human liver from an iPSC-derived
organ bud transplant. Nature, 499(7459), 481-484 (2013).

2. T. Matsuzaki,..., M. Tanaka,..., H. Y. Yoshikawa, High Contrast Visualization of
Cell-Hydrogel Contact by Advanced Interferometric Optical Microscopy J. Phys. Chem.
Lett. 5(1) 253 - 257 (2014).

3. T. Takebe,..., T. Matsuzaki,..., H. Y. Yoshikawa, H. Taniguchi, Vascularized and
Complex Organ Buds from Diverse Tissues via Mesenchymal Cell-Driven Condensation.
Cell Stem Cell 16(5) 556 - 565 (2015)

4. T. Matsuzaki,..., H. Y. Yoshikawa,..., T. Takebe, Defining Lineage-Specific Membrane
Fluidity Signatures that Regulate Adhesion Kinetics, Stem Cell Reports 11(4) 852 - 860
(2018)

5. T. Matsuzaki,..., H. Y. Yoshikawa, M. Tanaka Adsorption of galloyl catechin aggregates
significantly modulates membrane mechanics in. the absence of biochemical cues. Phys
Chem. Chem. Phys. 19(30) 19937 - 19947 (2017).
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Development of cell self-aggregation induction technique
and its application to tissue engineering

Ryosuke Iwai*
Frontier Science and Technology, Okayama University of Science

*iwai@ifst.ous.ac.jp

Abstract. We have developed cell self-aggregation technique (CAT) -based novel tissue
engineering technology for use in regenerative medicine and drug screening culture models. In
this presentation, we would like to introduce the basic mechanism of CAT and its application
development such as mass production and shape control of cell aggregates and tissues by

combining it with bio-inkjet device and silicone culture molds.

1. IZTHIZ

Fox i, wEMEE S FE AW TR IR EOMEFELHIET L5 &2k 0, Mo
PEAEMEICEAL N AE T, DRI B R HAE L7212 B A HIEE L CREEM A T
5] ZEERRELEN], Zo8SE, BEEMEOB CEEGFEEN (Cell self-
Aggregation induction Technique: CAT) & L CTHGE TLopIZ e A L, i S5y T O BAT IR,
P A AR EXRFTT 5 2 & T, 2D IRt DIBIRITTE » THREEAL LTEE OTRIR &
YA X2 HT 2 3 IRoTOMISHAIA 2 5522 ML 2 5 fE 3 27210 TH 2 Z L ITHk)
L72[2]e AWFZETIE, 2D X 9578 CAT Z W RER O BRI 64 v 7V
MEESV Y a— CROERSGN L OMAEDEIZL D 3 WITHMAD EECT RS
#1732 & DT O R £ TZAEI Lz,

2. FBE (X 1A)

EROWTT OER 2 AT DM A A NEOWE S & MR OMIEHEAE R ML O F*
ENZBAT L=, W@tz o 7oy N EOEBECHRET S &, kil
P AP 132 MO R E IR O 2 WEBEE Il B8 2T T 5, S BIT 10 RFFATFRE
a5 & e IS 0 T OIE L B OB M ENE LU B EmICES L
TEFEDORETH L0, EEMESABMEL D L 0D LEERN OB O FIEET
5L RIFFICESENZAE LT, LK 1 B TH—OMREEEIRZTEKT S (K 1A),
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3. IRAfI: MERES/NEKR (R7=rA ) O&E (K 1B-1)

A7V y NEBEE RO CHRER S T2 @RI Ry NHIR (K> NS 50 # 2L
Fem?, By M 1Tmm PAT) L7oMREHE R R IC b M IERESMln 2 82 &
BT O Ry NEIRIEIC O A3 EEE L CHEOMEEE 2Bk L-, MIREET 1
H OREROMNICHIEE E BELZET, Ry MDA T a4 RBARL THERIRTIC
FilE L7, Zhud, filROA 7 = v A FMERFOEEY = L7 L— &2 iz 10 5L
FOEFENRTHY . @NRICA T oA REERLES 2 & B3O b,

4. oRB2: FREIE S oo ER (B 1B-2)

VU a— U BRIOREEFHFNEHWD 2 & CHIBIEESESE O IGHE I L 2 IR 2L % il <
5 LEZT, B, WEOMBAZIFRT 570 OEFEFHNE LT, fEmy %
WA LT M E ISR ICO D W2 U a— & BT L CHB O REEEZ E-
7o t%  MIREEEEIZ K D UUE ORI & L CHBIEO R RERIZ > ) o — U PR Z RT3 5
Z LT, WP OREELEY H Ui, BESFUNICIE 2 RS D & P ORE
BN BRIE O 72 W IR B 22 TR U T2 8% . — ISR L 23 AR U CHIlER o J& PRI B %
OB MR OEES SR LT, 2 ORRESLIT 10 B OB T, ik OFMRIZH -
THEITZIREIE S - B E i im~ L b S 2 2 &N T&E T,

5. ¥&®

CAT # AW MMERYEICRB VTR, Mlas —EREE I OLE OIS ST
D5 Z LT, IBIREIE S 7z 3 ot OMMIARR A A BIET D 2 LS ATRE L A2 B, KRR
WEEZ VI LT BRI — A THIRZ 87 < 720 O 24l CRE R AR, FAEERS
AIEEGRBRE T L~ DOJS A FREMEN @ &5 2, AR 2 M E D TV 5,

6. CHR

1. Iwai, R., Nemoto, Y., and Nakayama, Y.: The effect of electrically charged polyion
complex nanoparticle-coated surfaces on adipose-derived stromal progenitor cell behavior,
Biomaterials, 34, 9096-9102 (2013).

2. Iwai, R., Nemoto, Y., and Nakayama, Y.: Preparation and characterization of directed, one-
day-self-assembled millimeter-size spheroids of adipose-derived mesenchymal stem cells, J

Biomed Mater Res A, 104, 305-312 (2016).
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Activation of mesenchymal stem cellsthrough
nuclear-stress-enhancement

Satoru Kidoaki*
Biomedica and Biophysical Chemistry, IMCE, Kyushu University

*kidoaki @ms.ifoc.kyushu-u.ac.jp

Therapeutic properties of mesenchymal stem cells (MSCs) have close relations with the
stemness, while which tend to deteriorate depending on the memory of mechanical dose from
the culture matrix. To assure the maintenance of stemness of MSCs during usual expansion
culture, it is essential to design the micromechanical environment to inhibit the lineage bias. For
this issue, we have developed the microelastically-patterned hydrogels with triangular stiff
domains on soft base, which drives both forward and reverse durotaxis of MSCs resulting in the
nomadic migrations among different region of elasticity. This culture system was found to make
MSCs undifferentiated and activated in terms of up-regulation in the genes relating to cell
viability, proliferation and motility. In this talk, mechanisms of such activation effects for MSCs

are discussed in relation to modulation of mechanical-stimuli to the cell nucleus.

1 LI

H5E R 7l Ie (mesenchymal stem cell; MSC) X VT O FAEER FEFIZIB VT, BERIGH
~OPERD BRE LWEEO—2Th 573, BEUFIECMEEAZORE, B I OEEH
OARAEZALZEIZEN LMl e v RO G DE N KRE L ZDONE ZRGET D el i
U L REREAN OMENL SR KO BTN D, BT D MSC OaEZE LD —K & LT,
BB IR O ) PR OB IE OB O 5- 23 S 1], MSC OB RFrEE# 1
BT DERBNFIGOERPREL 70> Tnb, ZOMBEIZK LI 4 1L, MiassE s vic
xf U TR IE— R HME R A0 2 A - Z A+, MSC 3% D % HREWICHEET Dl
O GERE 2 iICHET 5 W) 77 —FIC L D MSC IZRLIRIE 2 LR FF
SHELERNTFIHORGN T TE e, Thbb, —MAEOMELZ £ 8 HaIEF—1k
WS CHERMMI 2R 2 & B OERIEEFER) OEERE T, 6 - iReEk
WRAF LT bm m 23 i S R b fEFF S G2 (b7 9 XA b b—3 9 V8L
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%) [2], SBIT, ZOREERRZ MSC TlX, —FRBMESC@E DT 7 A7 4 v 7 LT
DG TIT R S e WAL IES) B AR L OVETT, 5 B ERSRE (2 B 3~ 2 i n - RE
DAFPHICHHL EH- L, 2 H1E MSC OIRFENFEHRIC LG T2 b0 Th o7 2 &
MH[3]. ZOXIREEEE— NE AN JIEMHEEERE L4002, 728, 2D L5 e
FEFSRE DTEMEALDNE U2 D 2 ARFEFE T MSC O A B 7 IEHALD A 1 = X LIZB LT,
AR PRI ) OIRE & MREE O J1F B RE DBLE D D FRNTAE R AR 5,

2. KA - IEEEEEIE S Ma R b ¥ DOHEIE

Wi XK — = 7L (LLF, PAL) ECHEEIT 5 MSC ICEW\ T, JAFH ol T
FHFRE R R ONDJRA & LT, IFE—RI55 EOEENTAE S Mt~ T #afil o
g, BLOINO b bT 7 a~vF U mkiEEORENE 2 b, £ 2 CREGEY
HIREZ I % 5 D) PRI S B R S AG 00 & ) &gl 572, P 7L L CiEd)
3% MSC OMIEE DERE T A 70 A A= 0 7 %47 o 1=, Mk OfwEl 2 L,
BHERUZ 1T 2 Kl & Bl O s b RAERZRIE Uz, Ml O R FEEORE# D 5 &
WXL CHCHBRBRKAFE L. 2 he— AR THL T T AT 4 v 7 I TORBIEK
DEFAELBLEEZA

(Fig.1a) . EAER D H E DI

L& d BB

BRI P 7L BREERIC

BWTHEICEMHLTEBY,

TC (2T P # v ETidi

JAZ T D & XN S I

HWE S TWD Z &R Figure 1 a) Typical autocorrelation functions of temporal changes in

. . deformation of cell nucleus on patterned gel and TCPS. b) Halftime of
SNz (Flg. 1b), the autocorrelation functions of patterned gels and TCPS.

3. fEE

P 7L ECORFRIZ I Y . MSC OREREMHIEENZ BE 4 2 JRHi PR 72 B s 1 FE BLHIEN B 54
HERE LT, MIEEOEF S S & OEIENEEMICHRE SN2, 105 & OBE
BRIX, 7 n~T U mikiEEO NN A B E L, IR O A TR (L2 E & 15
%, MRS G OEHE, MR OEE R & MRS U 72 MR EZIS T O IR BRI E % TR
L. B BB i o —— 2525 b0 LS5,

1. Yang, Anseth et al. Nature Materials 13, 645-652 (2014).

2. S. Kidoaki, Biophys. Rev. 11, 377-382 (2019)
3. S. Kidoaki, K.Moriyama, H.Ebata, PCT/JP2019/009747
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CellSaic, A Cell Aggregate-Like Technology Using Recombinant
Peptide Pieces for MSC Transplantation

Kentaro Nakamura'*
'FUJIFILM Corporation Bio Science & Engineering Laboratory
*kentaro.a.nakamura@fujifilm.com

Abstract

We, FUJIFILM, have entered the field of regenerative medicine with research and development
of animal-free collagen-like scaffolding material, recombinant peptide (RCP) as the entry point,
and have expanded to product development of products such as cells, culture media and
regenerative medicine. In particular, we will introduce a cell therapy platform called CellSaic,
which is a cell aggregate form obtained by combining cells and scaffolds. This CellSaic is a cell
transplant form in which cells and petaloid RCP micro pieces (u pieces) are arranged in a
mosaic pattern, whereby central necrosis, which is a drawback of cell aggregates, can be
avoided. The fact that central necrosis can be avoided is an advantage over other
three-dimensional culture systems, and in this report we will introduce its basic performance,
safety test results, and examples of utilization research in MSC transplantation. As an example
of application in MSC transplantation, it is known that the efficacy is higher than administration
of MSC cells alone in applications such as IBD, cerebral infarction, bone/cartilage region, islet

transplantation, and lysosomal disease.

1. IZL®HIT ~FUJIFILM OB & CellSaic~

ERAIATRIRE ORI T, & DL HRE D X ICHIEREMIAE (MSC) ([ZB7 B %80
BANATONTE 1, T, MIRBMEOERE E L CdEM A MIamik 0B 505
MY — h T, 3RTTIE~EMEDNER L TR, XM A~T VT e LTORER
e A%y R—L ROLEMERGH T O TS, FEEE, FAERICBWLTUIE LS b,
AR, MR T, RGO EAERO 3 HE EMHINEERERER B O TE T,
ZD XY EOP T, Fex  FUIIFILM 137 =~V 7 U —0D 2T —/7 UKD L 5FHEM -
Jaretd vy b_X7F R (RCP) OHIZERIEZ ANRICHAER~S AL, M, i,
FAERFR OGRS R L TE T,

AENFFFICZOFR TH Ml E A v R—/L FEMAE DY D Z & TEHELILD MiakE:
HEIRFERE CellSaic (BAYA 7)) EMHINDMIEE T T > 7 4 — 22O T TR
T 5, ZO CellSaic &L, Mifm EAEFIK RCP i (u B —R) ZEVA 7 IRICEE

Web 2020



~Material Science

T 52 L TOMREBEEENAETOIRATHLES MTI AR 0 —V R & EREHRD &
IHMIBIBAEIERED Z & Th D, B b TR I m— U A& EHETE D LV 18, o
BRILEEH Y AT MR TORR TH Y AWE TR DOHAMERE, LMl A,
KON MSC BABIZ 31T 5 1E BT ZE6 2 $8 9 %,

2. MSC CellSaic T & 5 FHER BIGEIFE

AL D I CEHERZTER T 5 & KRB SE O, ZREMPEI A k72 < 72 5 %1,
HOESNHEA TS By I AR a— ARBEINS, Fhicst LT, MSC
CellSaic &35 Z LI2X D, HOLEHSITKR LT HREmRE MG L OEFEDPE 7]
HEL 720 MIEOAEFRNM ET 52 ERE Tz, MA T, in vivo IZEBIT DR E
LT, NOD/SCID ~ U A DIFEEZ FIZHHET 5 & hMSC ZHifasl & L TR L 7=356 & btk
L C, BAYA 7 TIHROAGEAKIBIZH EL, 2228k O graft NER~OILE
EANELEL 2D E W) DR GRS iz, MSCIZidkkx R B CIEEDREHT S
EVOMENZHAFAET 203, 2 2 CIIEROERTT VBB 1T 5 A 0 MR
TOMFEIZ LY | MSC B TOIRHK L Y &, MSCCellSaic & L THE L7 3 IAER N H
EEDOLNDZ Enghots (Fig. 1), il LT HERIFET LV~ U RZBIT R
B ONRMER | (54 V) — L FET A~ 7 A CTOIREDNE] . [KIEMERERET L
~ U A TOIEENE] EEET VT v N CTOEIEEIGER ) 4R Y VEA
M~ EEE L T OMF OFERER LTz, T MNSC CellSaic MZEa ik &
LT, —EEtRB, SIEEERBR O TICB TS, FEORME TSRV LR
mol-,

3. £ ~HIFZRE~

BEIL, MBEHIM CTOVDW D Cell Therapy AMENEDEL B JE4T LTV HHLIR
ThHD, BEEREO—EORE, ERIZBWTEXZDO LS M4 ~T7 U T vE O
ANERLEIND ZEBVETHD EEZLND, Hix REAERMGNFERL, &
LTWHARROEBR Z ML TN D,
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Protein/lipid/phosphate metabolism and autophagy

Tomoko Kawamata'*, Yoko Kagohashi?, and Yoshinori Ohsumi’
'Institute of Innovative Research, Tokyo Institute of Technology, “School of Life Science

and Technology, Tokyo Institute of Technology

Autophagy is a cellular degradation pathway highly conserved in all eukaryotes. In this
process, a portion of cytoplasmic proteins and even organelles are sequestered into
autophagosomes and delivered to the lysosome/vacuole to be degraded. We now know that
autophagy can degrade proteins, nucleic acids, and lipids. As an example, we recently
demonstrated autophagy-dependent RNA degradation using a combination of metabolomics and
molecular biological analyses in yeast [3]. In this symposium, we will discuss the late stage of
autophagy: the metabolic flow of protein/RNA/lipid/phosphate and the final products in the

vacuole.

1. IXIC®IT

F— N7 7 U ITEEEMR G S NN L AT A Th D, A N T 7 U—
DFEIND &, ZHE) LR DREEES M E RS 2 B A, A — 7 7TV — A
DR END, TOH%A— N7 7 T —NHEI ) VY — b~ Lkt S, SMEITIR
e VY Y —AhEBEL, NWEEA— 7 7 Y —AICEENLINEWITIR -V Y Y
— LNOFE % OIS EEEREEIC X 0 @Y i - R S v, — BRI ~ & s S
WHAHIh %, LS ZFERIT, INETH— N7 7 =3 XV B
VAT AL LTELSBAENTEY FRELTELD T I VBRIIREF L LTHAA
ENDZENRENTWS (1], £/, Z UV BITHAE L TWAERA AU 8L
BiCERESNERH SRS [2, —F. 287 BT ON T, BT ) g,
B, () RE R - REHTH - RAEED OFIEDBARIZ OV TIIINETIEE
N ERBI S TI o7,
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2. F—FT77V—LBRRADY VEBRH RV Y UBRIZOWT
ITFERE TR AW, A= N7 7 V=K X N B R L LT D &
RNA X7 LAF FoX 7 LAY RoX 7 LAR—RCETHMEN5IBREZ P50
252 ST L[3]. A — F 7 7 ¥—73 RNA 5z L CRERAHHC G 2 5 I
OWNT hifam L CE 72, IE~#E 7= RNA 1%, @I D RNase, Ryl (2X 0D X7 L
FF RABFIREN, ZOHTHRLMIRX I LAFZ—E Pho8 1LY X7 LAY K~%y
fpsdv, U UM RIANICEET 5, U CBRIZHOW TR, ok, il iEA—F7 7
D—THETINIZ Y SRS T HE D IR O REe ) CIEBE OGRS S Ko
THETDHAREMELHY A= 7 7 O—IC X D2WEORGBE TAE L DV U EEOERE
WZOWTHBRZ R o7z, A= F 77 V=& U UG EZI 6T o720, AT~
e ARY U VBN BRI D D DD E I MO THRET L TE T2, ZDOFERITONT
¥EKT D,
3. A= b7 7 V—ICXDEESMR, A— 7 7 U— BB OB K
BOEFNEIX 1) A— N7 7 F Y — AREOIFEMRC. 2)MRIEPN O E 5 B (2 & 45
HLUTHITEZIT> T 5, 1) 1220 TIE, IRICRTET S U N—EBThD Atgls DX
BEHREHW, A= 7 7 O—ONER S THLIA— T 7 Py IR T 4 (A= T 7 A
Y= NI L OREITHEVBEIBNICERES 24— 7 7 Y — L OWEVNME) Z iR
W37 AR HBES 2 Z IO TREI LT CRER), 2k, A— L7
7 A= NIEHEENDZ R IEDT 0T A — LREHT N ATREIC IR o T2 7210 T < L R
BERLA— N7 7 ¥y VAR T 4 EDOREEALRL DT & AT FIREIZ 2 o 72, 2) 12DV TR,
AtglS \TIRTF LT IR E i fRiEtE % & = X — T & DAL TIEOBRICHR I L T 5,
4. FL®
3UTONTIE, BIEEITH O ey 2/ b THLNR, IhETHLNIA— T 7 U—
SR Y A, A — b 7 7 O — BEE ORI IR N C DRI MR BT S A
FATDWTHREIT L7z, ARAFFRIERERE CORRENIZE Th 525, ISR Alim S & A —
N7 7 =R ORBNC G 2 DB EEm LT,
5. TR
1. Onodera J, Ohsumi Y.: Autophagy is required for maintenance of amino acid levels and
protein synthesis under nitrogen starvation. J. Biol. Chem., 280, 31582-6 (2005).
2. Kawamata T, Horie T, Matsunami M, Sasaki M, Ohsumi Y.: Zinc starvation induces
autophagy in yeast. J. Biol. Chem., 292, 8520-8530 (2017).
3. Huang H, Kawamata T, Horie T, Tsugawa H, Nakayama Y, Ohsumi Y, Fukusaki E.: Bulk
RNA degradation by nitrogen starvation-induced autophagy in yeast. EMBO J., 34, 154-68
(2015).
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The molecular machinery for amino acid transport across the vacuolar
membrane

Takayuki Sekito'?*, Miyuki Kawano-Kawada'??
'Department of Bioscience, Graduate School of Agriculture, Ehime University
?Proteo-Science Center, Ehime University
*Advanced Research Support Center, Ehime University

*sekito@agr.echime-u.ac.jp

Abstract. The vacuole in eukaryotic cell serves as a sink organelle for amino acids, as well as
a digestive compartment of proteins to generate amino acids. Analysis using the mutant of
vacuolar amino acid transporter(s) enables to elucidate the vacuolar function in amino acid
metabolism. We have identified several vacuolar amino acid transporters and analyzed their
regulation and physiological role. We detected the transport activity of amino acids into isolated
vacuolar membrane vesicles by a candidate of vacuolar basic amino acid transporter, Vbtl.
About the regulation, AVT4 and AVT6, both of which encode vacuolar amino acid exporter,
were shown to be directly regulated by GATA transcription factors, which play an important
role in cellular amino acid homeostasis. Avt4 also seems to be post-translationally regulated and
Ypq proteins, which have been suggested to be involved in basic amino acid transport across the
vacuolar membrane, were found to be regulated in a various manner. We also present the
emerging physiological role of vacuolar amino acid pool. The significance of vacuoles in amino
acid metabolism will be discussed

1. FC®IZ

ERAMBOWNIT 2 R0 e LT 2 BREEAT D HEEELRETIET
L BOITEA N TR T & L TCHHRET D, NS A~T IV Ba ik T 5 T AR
— X —OXREKEIT, T BRI DO EEE A RFTT 5 5 2 TRy —v
LD, M, ZO RN UAR—F—ORIENER L, o7 I 7 BGEHTBIT 5 1%
REZ BRI D BRENENOOH D, AREETIIHMT X /BN T VAR —H —
DRIEFHTIZ L > TR O NIZH AL Z BN L2,
2. FHBERET I/ BRI UAR—F —DFRE

HEFRERE TN T X VBB 70-90% & RIANICER T 5, Zhe —FH LT, HIFFE

Web 2020



R~ & B S AU 72 A/ I L ATP (RAFRICHIEME T X/ Ie 2/ MERNICE D ATy, £
DFEBEIIEOCBEAHTH 27208, BLIZPQL—T X LRI ETHD Ypq2 DN
BMEDT VR = e AT D S BERETEE ORI TH 2 L RIRFC, 70 S RS
BUCEAF LTI AT = 2 M0 IALTEE A T2 2 L 262 LZ[1], LrL. YPQ
BAR THERICB WD CHIRINICHERENE T X VBAERT 22800 RO N7 A
R— = DIFAEDRR STV, AR 2 1T 5 LRI O T I BRE 8D KiE
(ZIA3 2 VBT B2 R L7, € OMIER OB R 2 WE T 5,
3. ¥R I B OFRE - A

Bex T e 7 2 BEHE T2 NV AR—F —% a— KT AVT4 & AVT6
GATA G R T2 & 0 HUSRMF CEBEEREEFESND Z 2L Lz, £72 Avt4
2 7B D N KA 300 7 X  FRFRIE O RVWVEUK MRS ANMFEE L, 2 OFES
WIS DT X 7 BRPFHICAIENT 5 2 L 2 /M L TV D, iz b fx oo 71
— 7 Ypq X U RTEDFEBLL ANV REMERRKEBRITIC L > TET D 2 & 28
LTWD, ZHHIE IR A T L7eT X 7 Rl 23 SR SRR L TR % 72 B Tl
i S AT XV BRA A A Z AT ET 52 LR LTS, BUE KT
ST AR —DOREPEZRIERM COEFRICKETTRELT D L
WLV A= T 7 V=l LT IR VA 7 VOERRERZ FRAICHRE L TV
Do
4. &

BT X R b7 AR F =T E R RN LS D R T U AR —Z — ]
THBELTERT D2 BN E o TE (2], BEREE M2 NEIZ Le—K
ThHoH0, FENEALTES . ZEMETIITAETR - AHFEORBNG ., Ko
FERORBEA TN AIREIZR D D0 5, FEFE, 8 Y Y —2WEOT X/ Bn
TORC1 {EMEDOFEI > 7T N ThD Z LHRE S, HRNT X VBT — AR T
2 BOMIEIR T <L TR RS ORFLRY B 245 O "Rt b H T & T2, e
H~DT I BRI ZE ORE A 9 LE X b, HIERFEEIERE & T ARE
BOHREA~ANT TOT 7T a—F D TVE T,
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1. Kawano-Kawada, M., Manabe, K., Ichimura, H., Kimura, T., Harada, Y., Ikeda, K., Tanaka,
S., Kakinuma, Y. and Sekito, T.: A PQ-loop protein Ypq2 is involved in the exchange of
arginine and histidine across the vacuolar membrane of Saccharomyces cerevisiae. Sci. Rep.,
9(1), 15018 (2019).

2. Kawano-Kawada, M., Kakinuma, Y. and Sekito, T.: Transport of amino acids across the
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Importance of vacuolar ATPase on environmental stresses in yeast
Jun Shima*
Faculty of Agriculture, Ryukoku University

*shima@agr.ryukoku.ac.jp

Abstract: During the fermentation of dough, cells of Saccharomyces cerevisiae are exposed to
numerous environmental stresses (baking-associated stresses) including freeze—thaw, high sugar
concentrations, air-drying and oxidative stresses. To determine which genes are required for
stress tolerance, a comprehensive phenomics analysis was performed under stress conditions
that simulated those occurring during the commercial baking process. The data suggested that
many genes are involved in stress tolerance in yeast. In particular, it was indicated that vacuolar

H'-ATPase plays important roles in yeast cells under baking-associated stresses.

1. XC®IT

B RE Saccharomyces cerevisiae 13, FEEANEE O H ORI 72 HN 2 R TEM TH 5, I
RIS IZ VN B D S, cerevisiae BRIT. PERERERED L ITEMMER RSN D, —T7,
ERERFOET NV EYME L TIRIAWEEHRICHN OGN TEY . ZALICHW LS
S. cerevisiae TRIZFEREFERE & WIS, PEERERE & FEEREFERITIR, BR2 72AEPEAY -
BARFHIRHEDIBEOVBIET 5, L, 7/ MEBRITE DS S ERMTY —d, BEXE
FERHIZ BT DRI PR BROBHICHIE M AIRETH D & FE 2 b D, AWFFETIX
FFRUENT 2 AT, BB CAELUAERERA ML RIZXT B S, cerevisiae @ﬁ'ﬁ‘é
MRS BT o A REFEZ BV & LTz,
2. BANVEREARMLR

AFICHE S 72WVERERIZBW T, AT A N VR L LSS Z i 23, BREA b

ZNNE LT, A3 d R EREST 28 N2 AL TW5DH, Ll #ICEE/EE 4
7oA R VAR TIE, ZOAEFOMRITE LIEEIND, %%MLQEDOD‘E&L7 =i
A%, S cerevisiae \Z& o> TMEER A MLV ARE TH DL EEX DILD, FH DD
N—=T T AR T o A TARMESNDIEREA L AICHEH L THIZEZ EHi L T& 7,
FRC, miEHICI VT, REICIRINEN S Y a fCERT2REEEA LR (EY
afEA DL RA) WREEERE (RTA A4 —A ) RETRIZBIT OMEA ML A, N4
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FHEL TS S5 & KT D, WAL SRR, HEE R OAEESICE
SDAYV > EBRBLD, WA NV RMEZ AT D S. cerevisiae FRDER B MLETH S,
Y oa B RLEE, EROBREEA N L A2 bW TR BE X N LR (Baking-associated
stresses) EFRL TUW 5,
3. RUAUEANT
S. cerevisiae DFEFRERIZEB N TIL, B FHEMEOMIE S 2 e LT, FMAHEER
T O RIBEOMEFER I AEH DM T oIz, A b LV RABREE TIZE T 86 KBk O KRB
RIS H 2 LT KV (BREEA b U AMMEICHEL & 72 B FREOHIE NS AIRRIC /R D &
BRI FEHEDIZ KI5, 000 B 5 72 5 FFMFELF O AR FREKRE v M &
MAWT, &2 b L AMEICEE 2B RFORIEIC AT T, AN ERER b L2 2R L
BRORB T — Z 2L Lo, BARFRUER Y v MTRSUVEER b L X 2 A L72BR
DAEFREFZRBMOIERE L Lz, THUOMITORMR, £ 2 F L ABREIZEB T T IC
BWTHKIS0~ 200 fHDOBIST234 A b LU AMPECEE L TW D fREMERS B 2 b Tz,
FRIZ, W H'-ATPase D3 R—R v o a— T 258EFAEEL TR, 8
YEEA b LA H-ATPase 78 EE &l 24 LT 2 AIREMEN TR TE 7,
#la H'-ATPase (&, MR E D7 0 b > Z2E8ICi@mE+ 2 10 BV 7 2=y b1 b2
LR TIETH D, MIBICEREEA MLV AZANT 5 &, MlErmiibansd 2 &R
SN TWD Z &b, RS H-ATPase (T2 72 > 7 fiflE D7 =2 k> &k
(CEOAT Z &I2 & D A B URMPEREREICERR L TV D & F 2 bz,
4. F£&¥
KRR H -ATPase 1%, MfRE D7 v b 2T 22 L1280, S cerevisiae DER
BEA N VAMPRICERS FEHELTWD Z LRI NI, 2D O AZTEM U 7 e 2ERE
ROy FEREICIRYHATND, 72, MlRENLDO T 1k UBREIZOWT, Mlakic
FFAE$ % ATPase BéRE L b D PMRI % & OBIEM: % 50 THRET Al TV 2,
5. OCHR
1. Takagi, H., Shima, J.: “Stress tolerance of baker’s yeast during bread-baking processes” in
Stress biology of yeast and fungi. Tokyo: Springer, pp. 23-42 (2015).
2. kR M RIS, PAMECE: BEREOBREE X b L AMIME ; EEEMMICR T S EEM
o7 FHERE. AR R TREE, 57 ¢ 225-231 (2010).
3. KRN, PAMECE, B M R N U RBREETIZRT D MEEARBUVENT & X R LA
MHPERERED 4y 1 . B AR E L5256, 57 : 367-371 (2010).

Web 2020



S 0 WST-C04
TEEEE R ORI 31T S EE Rtk 0 & B M E & BE Gt & DA%
& RRE', KB B2

VIRSEATBUE BB A ITZERT, 2 IR B RERFBE S e EmB a7 Rt

Relationship between the mechanism of high functional component
accumulation of vacuole and brewing characteristics in sake yeast

Muneyoshi Kanai'*, Masaki Mizunuma?

'Brewing Microbiology Division, National Research Institute of Brewing

*Graduate School of Integrated Sciences for Life, Hiroshima University
*kanai(@nrib.go.jp

Abstract: S-adenosylmethionine (SAM) is a key regulatory compound in various biological
reactions and functions as a major donor of methyl groups. SAM is highly accumulated in
vacuoles in sake yeast compared to other yeast strains, bacteria, molds, or other microorganisms.
To isolate a SAM-accumulating yeast strain, we screened methionine resistant strains using the
yeast deletion library of budding yeast and identified ADO! encoding adenosine kinase as one
of the factors participating in high SAM accumulation. Next, to elucidate the mechanism
underlying SAM accumulation in sake yeast strains compared with that in laboratory yeast
strains, we performed quantitative trait locus (QTL) analysis and identified ERCI gene,
encoding a member of the multi-drug and toxin extrusion family having antiporter activity.
Expression of the sake yeast FRCI haplotype (K7ERC1) resulted in intracellular SAM
accumulation. Site-directed mutagenesis revealed that the N5451 frameshift mutation was
responsible for the K7ERC1 phenotype. Moreover, we presented evidence that stimulating
SAM synthesis by this mutation turned on a metabolic switch that led to enhanced stress

resistance and longevity.

1. Lo HZN-E-COOH "H2
AP TR R M 2 AT B BB AT H T (Sr, 00

T BIMIE. —HENE TRBEHEMEAVES | H 5 g CHy NN

MR O Z 7= L I TE =08, BT,

fANTOMEEM - BRERS, 7 /8, 1 Hou o

T - AHEER - B - N A LN - T T Fig. 1 S-adenosylmethionine (SAM)

T —BEORERE L L TRA REBRESRE SN TWD, £ 2T, e RAEmOT TS

BERE FRITHEEE R OIRIBIC @ E A L T DR T D S-T7 / VNV ATFF =
(SAM) (Fig. 1) 12 H L. 1&EEEERHCI T 2 SAM S &R O L O N %
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2. SAM & iX

SAM (ZAF A= & ATP bR S, R A FAVEMEARE L THET D70 L
ARWNITIET 2507 X BRI O key WEH TH L7207 /03— LTS RERE
2 ONE. BIHIR R SRR A RBIRIC TR - IBEAIRDERD STV D BEREMERL S Th D,
£72. SAM 3k x RBAEM O T OERRE, RSB RHCEE A L TV D720, BA

DGR RS TH LM bEEZA L TV D,

3. EER (BIEEER) (CRIT 5 SAM mE MM ORFT

F9. BN TO SAM &SRS OB Z H I SAM EEREICHF ST 588

BB FZRET 2720, ERERERO—5RIC X 2 IFMEBEFERE >~ 2T,

AT A= M ZARIRICHT SAM RERRORE 2l A T, R 77 /v FF—

Y& a— R4 % ADOI BIn T8 SAM S I T 592 LW ) Fll 2 mm Az " L7 [1],

WIT, THERERED SAM SERREICHF G T 28T ZRET D720, THEEFRE L F25R

ERROLZKRIZ LD QTL (B EESTFE) BT 21T o7z, fiR. THEEFRFO

SAM H&EMREIL, ZA - B AW E e DHE N A A > 2 F9 % ERCI BI5TFO

HRREDN RS BAG- LTV Z Lz I L7z [2], 7=, THEBRY ERCIICHET 527 L—

LT 7 MER (N545D 13, MNO A FFH =% ATP ORI HEIC LD SAM &

BHAFEL, LK OB 3 v 7 2 ERc I X P LRI Z R L, FmPERT S

ZEERHLEBL &I, EREELEICRB VLT, EEEER Ercl OEREN T L a—)L

FERE A EICHIE LT D Z & EIHlEEERED 7 L 3 — L@ JERENE & ifa N SAM D

EORICIRWERMERH D Z L2 BMNE LT,

4. L ¥

BERE ORI & 5 SAM OAEFRIERE O 2R 2 R4 5 2 & T, mnEOWE

ZAREL T OWEN A 24— b & LT REERE O BB OB M O X 5 el

RIPER) O E A IMIEAL « SBEREL G HRB T 5 Z L N AlRE & 72 D,

5. CHR
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kinase-deficient mutant of Saccharomyces cerevisiae accumulates S-adenosylmethionine
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contributes to high S-adenosylmethionine accumulation in sake yeast strains. J. Biosci.
Bioeng., 123, 8-14 (2017).
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Breeding of high fermentative activity mutants focusing on the
function of vacuolar ATPase

Mai Nakase, Takafumi Kubodera, Shuji Hirohata
Research & Development Department, Hakutsuru Sake Brewing Co. Ltd.

*mai-nakase@hakutsuru.co.jp

We previously reported that clotrimazole (CTZ)-resistant strains become highly fermentable
by decreasing the amount of ATP in the cell due to the high expression of the ATP binding
cassette (ABC) transporter. However, it is speculated that the high expression of the ABC
transporter causes the organic acid to be discharged and the acidity in sake to increase.
Therefore, we focused on Vacuolar-type H'-ATPase (V-ATPase) localized in the vacuolar
membrane to decrease the intracellular ATP level without excreting organic acid outside the
cell. To acquire strains that highly activate V-ATPase, a mutant strain resistant to bafilomycin
Al (Baf), which is a V-ATPase activity inhibitor, was selected from sake yeast. In a
fermentation test the Baf-resistant strains exhibited high fermentability and the associated total
amount of acidity and amino acidity in the sake were equal to or lower than those of the parent
strain. The vacuolar pH, which indirectly reflects the activity of V-ATPase, was lower in the
Baf-resistant strains than in the parent strain, suggesting that the V-ATPase was more activated.
These results suggest that vacuolar acidification and/or activation of V-ATPase are involved in

the high fermentability of Baf-resistant strains.

1. IC®IC

AL NE TITIHEREERE (S. cerevisiae) D7 v N~ —)b (CTZ) MHYEREND .
AR T L a— VEEEER A G CE 5 2 L2 A L[], LaL, CTZ Mtk
CEE U721, BES EFTA2HEANRS D, T, BREICRE LR\ B R EEERE
OB FEEZFHRIRT LTZ, CTZ MHEEO 7 v 2 — V3 EEMEO M BT, ffefE ATP
binding cassette (ABC) k 7 & AR —F — D@ FEBUZ X DML D ATP DK T 25, ks
REJLELZZEDFRETH S EHEHIL TS, 72, ABC T v AR—F —[FHka
N % FERERAOICHE 32 0 ©, HIIRNOFIEER L EEH I 5 alietknd v | BREA |k
AU EHERT 5, 22T, MilnE D ATP Z i lufE/m7E D V-ATPase [Z1HE S ¥ 5 2 &
T BEZ LA S5 2 &2 B2 10 | C& 5 & ARG % 32 T 7=, Bafilomycin Al(Baf)
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IX V-ATPase DK RAYILEFEH TdH %, Baf MitEk Tld V-ATPase O miE (LI LV B %
FRIEDZ L7 REEED M BT 5 EE X bl ARG TR THEFR GBS L
7= Baf MR OGBS RE 2 fEsd U, S22 7R L 7o R BRI DU CREMIIRAT & 52
i U7o b R A FEIT T %,
2. Baf TittER D BRI L OBEE RO RERE

HALTENEERE GBIER) 12 UV 25 L72#%, Baf & A E5HCAEH nIRE7R Baf MHMERRZ
uf5 U7z, Baf MHERR O FEEEME 2 F02K 50 g D/MIIALGRER THER L 72/ R, 65%LL Lo
=R T JEEENE ST 5 S T2, Baf MM T OARHER 7 5 FE B 2 7R L 72k % Baf-1,
b FEEEMED A B U 7ok % Baf-2 & LT, #05K 400 g O/MEIAZ 3R ClEIE Rk 2 el
U 7o R, Baf-1 138 L 0 & REEMED & < | Baf-2 1L Baf-1 £V & @Eh-o72, £72, Baf-l
DR ITHR L FEFETH Y | Baf-2 TITER L 72, LLEORER S | [HEEERO Baf
~OMHEARIZ E YD BEL FHSEL 2L 2<, GRTEEBELIETE2 N
BT 7,
3. Baf MR D FEAIART

AREMEIL, V-ATPase D@l ML EFEIEIEIZ D728 D Ly O IR ICEE SV Tz
DT, V-ATPase D&M A KA pH THHERICEFHE L 7=, £ OREER. Baf MR O
N pH IZBIE L 0 IR, 20 Z &5 Baf MK Tk V-ATPase 2mEIEMHIL L7 Z &
DURIE SN, & 512, Baf-l £V b Baf-2 O 0NEIEN pH 1ZEA > 7=, £7-. V-ATPase
PSS ATP OMIKENE L IR OEE TH 5 7V 2 —ADIY IABRELHIE L7z
fiti . Baf MR OMIAPN O ATP #ITEE L Y R L, 73— ZDHY IARTEMIT
BRIV bILE LT,
4. Fr®

Baf MMHPERE ClX, V-ATPase O @idtE Iz X 0 Ml ATP &23E 75 Z & Cfifhi R
NILEL, S HITEROEE THL 7NV a— A0 IAHRIEEOEINHFE £ - T, I
BEPEAN ) | L7e 2 & AVRIR STz, THBBIC B W TRERHIF 1T 2 72 A B LRI &S
TS, ITFEIROBHEEAERE A NV AMMEICERETH L & OWENH 5, Baf it
PERRIZIR I 2 K 0 BetEIC kD> 2 & TLBBRET O X h L A~ ZER L TnDH DT
TRV EZTND,
5. Uk
1. Hirohata, S., Watanabe, M., Nishimura, A., and Kondo, K.: Brewing properties of

clotrimazole-resistant mutants isolated from sake yeast. Seibutsu-kogaku, 72,

283-289 (1994).
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Skeletal muscles and a society of health and longlevity

Naohiko Kanemura'*, Keisuke Kubota!, Kaichi Ozone!, Kaori Ootsuka?,
Kenji Murata!, Takanori Kokubun!
!Saitama Prefectural University, 2 Kawagoe Rehabilitation Hospital

*kanemura-naohiko@spu.ac.jp

Abstract

The elderly have impaired motor, neurological, immune, and cardiorespiratory functions. Various
changes in physical function, such as muscle weakness and decreased range of motion, are observed
in the elderly, and there is a qualitative change in muscle activity during movement. We conducted
muscle synergy analysis by measuring muscle activity during continuous walking for one minute in
the healthy young and elderly subjects. Compared with the young, the aged showed a simultaneous
contraction of multiple muscles, suggesting that the pattern of muscle activity during movement
changes with age. These suggest that the pattern of muscle activity during movement changes with
age. Eight-week-old ICR mice were subjected to a downhill running exercise. The level running
group showed no change compared to the control group, and the downhill running group produced
muscle hypertrophy independent of speed. It was also observed to cause structural changes in the
muscle tendon attachments. Aged rats were subjected to treadmill running and compared for
myokine mRNA levels in the hindlimb muscles for the 1-week and 4-week exercise groups. Each
factor was significantly increased in old rats compared to adult rats. BDNF was significantly
increased in short-term running, and IL-6 and GDNF were significantly increased in long-term
running. The present study suggested that myokine mRNA expression may be due to weekly age and
running period. Further knowledge is needed to understand the changes in physical function in the

elderly, what kind of exercise is effective, and what is the appropriate exercise load.
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Functional implications of muscle co-contraction during gait in advanced age, Gait Posture,
53,110-114 (2017).
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Industrial Implementation of New Technology for Drug Safety
Evaluation Using iPS Cell-Derived Cells and Organ-on-a-chip

Seiichi Ishida
Sojo University, Department of Applied Life Science

ishida-s@]life.sojo-u.ac.jp

Abstract

New technologies created in the field of life sciences have been used in the development of
new drugs. However, considering the application of chemical substances to human beings
for the first time, the safety evaluation methods of drug candidates need to be carefully
evaluated. In this session, we will discuss the position of iPS cell-derived organ cells and
organ-on-a-chip as safety assessment technologies in the test method evolution and

translation process defined by OECD, and how they are expected to develop in the future.

1. IIC®IT
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IO Z MR ~OICH b SN TS, S FETOY vy — L& HWIEERE
fr & TR0 F v FRBMERIZEDTHET 5 5T el HEMT ~D IS I
OWTIE, Fe R DB L EZ 5
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Exploring the novel effects of exercise by utilizing
contractile skeletal muscle cell models

Taku Nedachi*
Graduate School of Life Sciences, Toyo University

*nedachi@toyo.jp

Abstract

Adequate exercise exerts a variety of beneficial effects on body; however precise mechanisms
how “exercise signal”, which are generated in skeletal muscle, could be transmitted to the
whole body have not completely understood. About a decade ago, we succeeded to establish an
advanced in vitro muscle contraction model using C2C12 myotubes, which allowed us to
explore novel effects of exercise. One important contribution of this model should be on the
field of skeletal muscle secreted peptides and proteins, defined as myokines. Because this
model composes of only skeletal muscle cells, the identification of exercise-dependent
myokines and understandings of their secretory mechanisms were dramatically proceeded. We
recently investigated skeletal muscle-derived extracellular vesicles (EVs) and found that EVs
secreted from contractile myotubes displayed an inhibitory effect on skeletal muscle cell
differentiation, which was associated with the modification of miRNA content in EVs. In this
session, I would like to introduce potential of in vitro muscle contraction models and

overviewing these exercise-dependent secreted factors from skeletal muscles.
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Current trends on development of in vitro skeletal muscle models
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This presentation will include the overview of the evaluation methods for cultured skeletal
muscle cells and our recent achievements using the microsystem for contractile force

measurement of tissue-engineered skeletal muscle tissues.
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Since establishment in 1981, Japan Collection of Microorganisms (JCM), presently
operating as a division of RIKEN BioResource Research Center (RIKEN-BRC), has been
collecting, preserving and distributing microbial strains including a variety of extremophiles
(e.g., thermophiles, acidophiles, halophiles, and piezophiles) and archaea (e.g., methanogens
and ammonia-oxidizers). For instance, we maintain more than 650 strains of thermophilic
bacteria and archaea growing optimally at 50°C or higher. The collected strains in JCM are
distributed to many laboratories worldwide, and used in various fields of basic and applied
science. Besides, we have also explored novel extremophiles and archaea in a variety of natural
environments, mainly terrestrial hot springs!-. In this presentation, I would like to introduce the

recent activity of JCM including isolation and characterization of novel extremophiles/archaea.
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Introduction of VICC

Vietnam Type Culture Collection (VTCC) was established in 1995 as part of the
Institute of Microbiology and Biotechnology, Vietnam National University Hanoi. VTCC is the
largest general culture collection in Vietnam. By 2019, VTCC is preserving 9719
microorganisms, including 2750 fungi, 1520 yeasts, 2199 bacteria, and 3250 actinomycetes. The
online catalogue of VTCC has been updated with a total of 3839 strains, including 1075 fungi
(204 species, 49 genera), 1077 yeasts (193 species, 67 genera), 940 bacteria (176 species, 52
genera) and 767 actinomycetes (419 species, 40 genera) for public users. In 2018, VTCC has
provided 162 microbial cultures to 58 national institutions, universities, and manufacturers and
received 31 strains as general and patent deposition.

VTCC is funded annually by the government for the conservation of microbial
resources. Moreover, in this academic year, VTCC receives funding to carry out seven other
projects focusing on the discovery of bioactive compounds from microorganisms, the
development of biocontrol products and probiotics, genetic engineering of Streptomyces species
and characterization of novel species. In 2018, three new anamorphs of Ceramothyrium from
fallen leaves in Vietnam were published on the Journal Advances in Microbiology. Two master
students are doing their thesis at VTCC and two staffs were sent for short courses at KTCC and
BIOTEC Thailand this year. VTCC has also started implementing the Decree No. 59/2017/ND-
CP on the management of access to genetic resources and the sharing of benefits arising from
their utilization.

Implementation effort on the CBD and Nagoya Protocol

Vietnamese ratified NP by Oct.2014. Since then, the management and conservation of
all resources belong to Biodiversity Conservation Agency (BCA); Ministry of resources and
environment (MONRE), previously ministry of Science and Technology (MOST). In 2010, the
Vietnamese national act. No 65/2010/ND-CP for biodiversity management and conservation
does seem to fit NP. The new act that is more practical is needed likely to be adopted by the
Vietnam government in two coming years. Based on practical experiences of NITE and VTCC
collaboration in the tropical biodiversity of microbes, the collaboration is a good case study
providing BCA, MONRE with valuable facts and experiences for making the new Act on ABS

and Biodiversity.
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Surveillance and Genotyping of Extended-spectrum f-lactamases (ESBL)

among members of the family Enterobacteriaceae from different hospitals
and environmental samples in the Philippines

Joel C. Cornista ", Anna Margarita D. Cufia?, Helen Juvy A. Sanchez?, and
Marilen P. Balolong'

Department of Biology, College of Arts and Sciences, University of the Philippines Manila, Ermita
Manila, 1000 Philippines1Department of Science and Biology, College of Arts and Sciences,
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The production of extended-spectrum p-lactamases (ESBL) among Enterobacteriaceae is
becoming to be a major health problem in the Philippines. Infections caused by ESBL-producing
pathogens often result to limited therapeutic options causing treatment failure in patients. Today,
incidents of ESBLs are continuously increasing due to the discovery of numerous types of these
enzymes'. However, reliable identification of ESBL-producing organisms has been challenging and
time consuming causing its prevalence to be mostly underestimated. In our study that determined the
prevalence of ESBL-producing Klebsiella pneumoniae from four different provincial hospitals in
Luzon, Philippines revealed that 18% out of the total 100 isolates were ESBL-producers based on
phenotypic confirmatory disk diffusion test (PCDDT). Genotyping and sequencing of the different
bla genes possessed by the ESBL-positive isolates showed that blacrx-m and blarem were detected in
10 out of 18 ESBL-positive isolates (56%), while blasuv was found in 15 out of 18 isolates (83.3%).
Interestingly, the blaoxa-1 gene was detected in all phenotypically confirmed ESBL isolates suggesting
that it was the most predominant B-lactamase gene among the samples._ Eight of the isolates harbored
at least three genes; four of these isolates have blacrxm, blaoxa-1, and blasnv; three of the isolates
have blatem, blaoxa-1, and blasyv; and one with blactx.m, blaoxa-1, and blatem. Lastly, five isolates
harbored all the four genes tested — suggesting that these isolates pose a more serious threat in the
healthcare industry because of its resistance to a wider range of antibiotics.

In another study at the Ospital ng Maynila, Philippines, the presence of extended-spectrum
B-lactamase (ESBL)-producing bacteria from sputum, endotracheal aspartate, urine, corneal
specimen, wound discharge, breastmilk, and abscess from infected patients were determined. About
55 out of 100 clinical isolates were considered to be ESBL-producers and identified as Enterobacter
aerogenes, Enterobacter hafnia, Enterobacter spp., Enterobacter cloacae, Klebsiella spp., Klebsiella
pneumoniae, Klebsiella rhinoscleromatis, Klebsiella cloacae, Klebsiella ozaenae, and Escherichia
coli. PCR amplification of the B-lactamase genes carried by these ESBL-producers showed that

blactx-m gene was the most predominant bla gene as it was present in all of the ESBL-positive strains
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followed by the blaoxa gene which was detected in 53/55 (96.4%) of the isolates. On the other hand,
44/55 (80%) of the isolates possessed the blasuv gene while 38/55 (69.1%) carried the blatem gene.
The presence of multiple b/a genes within the same strain was also observed with 35 out of 55 (63.6%)
isolates possessing all the four genes tested. Ten (18.2%) of the strains possessed three of the B-
lactamase genes and another 10 harbored at least two genes. Interestingly, bla genes were also
detected even for isolates that were negative for the PCDDT indicating that these genes might be
present but the B-lactamase enzyme might not have been actively expressed by the bacteria.
Moreover, while ESBL-producing bacteria were found in clinical settings, it has recently
been found to increasingly spread among various environments in the Philippines?. We even detected
ESBL-producing bacteria among Enterobacteriaceae isolated from bat guano of Cabalyorisa Cave,
Mabini, Pangasinan. Results showed that 14 (93%) of the strains contained blaampc, 13 (86.6%)
harbored the blasuv gene and 12 (80%) possessed the blaoxaand blatem genes. Meanwhile, the blacrx-
m gene was detected in all of the strains tested making it the most predominant b/a gene present among
the environmental samples similar to some clinical samples. Alarmingly, nine (60%) of the strains
harbored all the bla genes tested and 3 (20%) strains harbored four gene while another three strains
contained three bla genes. Because of the large occurrence of ESBL-producing bacteria with multiple
B-lactamase genes both in hospital and environmental settings, there is therefore an urgent need to
develop a more rapid and accurate method of ESBL detection and genotyping particularly within the

Philippine setting.
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International trends in microbiome research and the role of Biological

Resource Center (NBRC) -Development of microbial cocktail-
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Microbiome research has revealed interactions between microbiota such as intestinal
bacteria and soil bacteria, and the host and environment. As a result, it is increasing for
expectations for the development as a new target for drug discovery, therapy, functional foods
and cosmetics, as well as to improve agricultural production and for solving environmental
problem fields. In order to understand the microbiome, various omics analyzes are being
actively performed. One of the most popular omics analyses is microbiome community
measurement using next-generation DNA sequencing (i.e. metagenomics). This analysis
consists of many processes including sampling, storage, transportation, DNA extraction, library
preparation, sequencing, and data analysis. It is reported that there are variations in the method
used in each process of each laboratory and differences in research skills, which are
accumulated as biases and have a great effect on the analysis results'>?. This means that the
interpretation of data obtained by different methods is biased, and the compatibility of the data
becomes low, so that it may not be possible to compare accurately with other results and/or lead

to incorrect conclusions.

Fig. 1  Analysis process of microbiome measurement

To address this challenge, we have developed the mock community called microbial
cocktail to aid in the development and assessment of microbiome community measurement
methods. The “NBRC microbial cocktail” are cell cocktail and DNA cocktail in which the cells
of well-identified 15 strains and those genomic DNA are mixed in equal amounts, respectively.
The microbial strains are selected to contain gram-negative and gram-positive bacteria, a wide

range of GC contents, and different genome sizes. These cocktails have been provided from
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NBRC culture collections (https://www.nite.go.jp/nbrc/industry/microbiome/cocktail.html). In
this presentation, we will introduce the development of NBRC microbial cocktails, their

accuracy, and the examples of their use.

Fig. 2 Relative abundance of 15 strains in NBRC microbial cocktail
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Systematically investigate the binding behavior of CRISPR-Cas9
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Chong Zhang'**, Tianmin Wang'?, Jiahui Guo'?, Huibao Feng'*
'MOE Key Laboratory for Industrial Biocatalysis, Institute of Biochemical Engineering,
Department of Chemical Engineering, Tsinghua University, Beijing 100084, China
2Center for Synthetic and Systems Biology, Tsinghua University, Beijing 100084, China

*E-mail: chongzhang@tsinghua.edu.cn

Introduction

CRISPR/Cas9 is a promising tool in prokaryotic genome engineering, but its success
is limited by the widely varying on-target activity of single guide RNAs (sgRNAs). Based on
the association of CRISPR/Cas9-induced DNA cleavage with cellular lethality, we
systematically profiled sgRNA activity by co-expressing a genome-scale library (~70,000
sgRNAs) with Cas9 or its specificity-improved mutant in £. co/i. Based on this large-scale
dataset, we constructed a comprehensive and high-density sgRNA activity map, which enables
selecting highly active sgRNAs for any locus across the genome in this model organism. We
also identified ‘resistant’ genomic loci with respect to CRISPR/Cas9 activity, notwithstanding
the highly accessible DNA in bacterial cells. Moreover, we found that previous sgRNA activity
prediction models that were trained on mammalian cell datasets were inadequate when coping
with our results, highlighting the key limitations and biases of previous models. We hence
developed an integrated algorithm to accurately predict highly effective sgRNAs, aiming to
facilitate CRISPR/Cas9-based genome engineering, screenings and antimicrobials design in
bacteria. We also isolated the important sgRNA features that contribute to DNA cleavage and
characterized their key differences among wild type Cas9 and its mutant, shedding light on the

biophysical mechanisms of the CRISPR/Cas9 system.

Fig. 1 Schematic illustration of the workflow for the sgRNA activity screening experiments'.

On the other hand, the off-target effects have greatly restricted its capabilities as it
can tolerate imperfect base-pairs between single guide RNA (sgRNA) and target DNA. To
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comprehensively understand this, we generated two sgRNA libraries carrying saturated single-
and double-nucleotide mutations towards relevant DNA targets. Based on a massively parallel
approach, we profiled the in vivo binding affinity of dCas9 towards the DNA target guided by
each individual sgRNA with particular mismatch mutations in these libraries. From the raw
datasets and via mathematic modeling, we observed that in the seed region, combinatorial
double mutations exhibit a synergistic effect in contrast to the two corresponding single
mutations. Furthermore, we also established a biophysical model to fit the dataset and found
that the binding activity is dominated by the thermodynamic properties of nucleic acids, a

convolutional neural network was built to deal with insufficient parameters based on this model.

Fig. 1 Schematic illustration of the workflow for the guide-target mismatch effects on dCas9-

sgRNA binding activity screening experiments.

Conclusion
The high-throughput profiling method presented here is potent to systematically
investigate the binding behavior of CRISPR-Cas9 system, serving as a new tool for its

biophysics study and engineering applications.
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The generation of a huge amount of wastewater known as palm oil mill effluent
(POME) by the palm oil industry' has become a critical issue to satisfy the increasingly
stringent environmental regulations of the final discharge®. To determine the impact of POME
to the receiving river, the use of bioindicator is proposed as one of the promising approaches to
be applied in complement with the current physicochemical assessment.

The effect of POME final discharge towards the bacterial community in the receiving
river was previously assessed by using flow cytometry and high-throughput MiSeq. The
bacterial community dynamics in POME final discharge was compared with the bacterial
community in the unpolluted and polluted river due to final discharge. The shift of low nucleic
acid (LNA) to high nucleic acid (HNA) bacterial cells in the affected river suggests the
transformation of dormant to active cells due to POME final discharge’.

Besides, the Chromatiaceae and Alcaligenaceae which were not detected in the
upstream but were detected in the downstream part of the river were proposed as the
bioindicators to indicate the river water contamination caused by the POME final discharge®.
These bioindicators were also shown to be present in the different final discharges produced
from different biotreatment processes’, but not present in the other polluted river water®.

In addition, the reliability of bioindicators was proven as both of them were remained
detected in the POME final discharge (>0.5%) despite the changes of environmental factors;
temperature (25-40°C), pH (7-9), total suspended solids (low- and high-crop seasons) and UV
irradiation time (30-120 min) with a positive correlation with biological oxygen demand
(BOD:s) concentration.

The Alcaligenaceae or Chromatiaceae or both could be regarded as reliable and
specific bacterial indicators to indicate the river water pollution caused by POME final
discharge, due to its consistent present in POME final discharge and the affected rivers, and

their survivability despite the changes of environmental factors.
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Non-linear characteristics of biosystems
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Until the last century, science has continued to evolve by subdividing phenomena into more
basic elements through analysis. This approach is based on “reductionism” which is the theory

that all complex phenomena could be explained by applying the simplest and most basic

physical mechanism (linear and mechanical approach). Indeed, biology as an academic field has

also developed by elucidating life phenomena from individual organism level to molecular

level. Reductionism contributed greatly to the development of science and technology, but many

contradictions became apparent in the 21st century. Natural phenomena, especially biological
phenomena, will not be fully understood in linear and mechanical models, because biological
systems are basically open, dissipative and nonlinear. Fundamental questions about birth and
evolution of life cannot be answered by existing scientific methods based on reductionism. The
philosophical paradigm opposite to reductionism is “holism”, in which the universe and life
phenomena are more than mere sums of elementary particles and can only be correctly
understood in terms of the whole interaction.

In this symposium, I would like to discuss nonlinearity in biological phenomena and
moreover the importance of holistic and non-linear way of thinking in understanding life

phenomena from psychological aspect as well as physiological aspect.
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Systems Chemistry in Natural and Artificial Photosynthesis

1,24

Syuji Nakanishi
! Research Center for Solar Energy Chemistry, *Graduate School of Engineering Science, O
saka University

*E-mail: nakanishi@chem.es.osaka-u.ac.jp

Based on concerns about the increased emission of anthropogenic CO2 into the environment,
there has been a growing interest in effective CO2 fixation by using natural and artificial
photosynthesis systems. Unlike natural systems, dynamic adaptation abilities against the
fluctuating environments have not been obtained for artificial photosynthesis systems. In this
talk, recent our efforts to understand the dynamic adaptation ability in natural (biological)

photosynthesis and to emulate in artificial (chemical) systems will be discussed.
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Protein encapsulation in a synthetic space for their function control

Makoto Fujita'>*
!Graduate School of Engineering, The University of Tokyo, *Institute for Molecular Science

*E-mail: mfujita@appchem.t.u-tokyo.ac.jp

Protein encapsulation has long attracted many chemists and biologists because of its
potential to control the structure and functions of proteins, but has been a daunting
challenge because of their incommensurably larger size compared with common synthetic
hosts. Here we report the encapsulation of small proteins within giant coordination cages.
The proteins are attached to one bidentate ligand and, upon addition of Pd(II) ions (M)
and additional ligands (L), M12L24 coordination nanocages self-assemble around the
protein. Because of the well-defined host framework, the protein-encapsulated structure
can be analyzed by NMR spectroscopy, ultracentrifugation and X-ray crystallography[1].
We demonstrated that the encapsulation of a protein in the molecular cage stabilizes the
tertiary structure of the protein and improves its enzymatic activity. Particularly, when the
encapsulated enzyme was exposed
to an organic solvent, its half-life
was prolonged 1000-fold. Kinetic
and spectroscopic analysis of the
enzymatic reaction revealed that
the key to this stability is the
i1solated space; this is reminiscent
of chaperonins, which use their
large internal cavities to assist the
folding of client proteins [2]. The

single-molecule  protein-caging

affords a new type of protein-based
nanobiotechnology that accelerates Figure 1. Protein encapsulation in a self-assembled
molecular biology research as well M12L24 giant cage. Ubiquitin-encaqpsulated

as industrial applications. structure has been confirmed by NMR spectroscopy,

ultracentrifugation and X-ray crystallography.
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Figure 2. HSQC spectra of CLE-encapsulated cage (CLE: cutinase-like enzyme).

a: Tertiary structure ismaintained upon short exposure to organic media (up to ~80%
acetonitrile). b: Longer-period exposure of CLE to organic media once resulted in the
denature of the tertiary structure with the loss of the enzyme activity. However, the
immediate regeneration of the enzymatic activity was observed when the degraded CLE
in the cage was retreated under standard aqueous conditions. This striking result is

reminiscent of protein refolding by pot-like chaperonin.
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Heterogeneity and diversity in biofilms

Nobuhiko Nomura'>** Nozomu Obana*’ and Masanori Toyofuku'
Faculty of Life and Environmental Sciences, University of Tsukuba, *Faculty of Medicine,
University of Tsukuba, *Microbiology Research Center for Sustainability, University of Tsukuba

*E-mail: nomura.nobuhiko.ge@u.tsukuba.ac.jp

Biofilms are constructed by bacterial cells and matrix including, EPS, proteins, DNA,
and membrane vesicles (MV). MVsinclude DNA, RNA, proteins, and bacterial signals,
indicating that MVs are like communication balls in a biofilm. Recently, we reported
that the Holin endolysin (HL) system is a universal mechanism for MV induction among
bacteria. Interestingly the expression pattern of the HL system is heterogenous. As
the HL (induced cell lysis) is genetically programmed, we consider that this is a bacterial
programmed cell death. In biofilms, there are interactions such as cell-cell

communication and heterogeneity.
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Future of post-corona researches led by young scientists

Takaaki Horinouchi*
Center for Biosystems Dynamics Research, RIKEN

*takaaki horinouchi@riken.jp

Abstract

This symposium is organized with the aim of creating a new trend in yeast research led by
young researchers by taking advantage of the annual conference, a place where all generations
of researchers can come together. The recent epidemic of the COVID-19 has disrupted not only
research activities but is also expected to significantly change the manner of future research
activities. This web symposium, which is being held in response to the cancellation of annual
conference, is considered a good opportunity to discuss from the perspective of young
researchers who are thought to be greatly affected by the COVID-19 crisis. This presentation
will provide an opportunity to discuss new research activities by describing the experiences of
the speakers before, during and after the declaration of a state of emergency due to the
COVID-19 pandemic. We hope to have a general discussion at the symposium and at a mixer

for young researchers to be held after the session.
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Adaptation at the communication level in yeast: voluntary triage

Arisa H. Oda'*, Tetsuhiro S. Hatakemaya'
the University of Tokyo

*odar@bio.c.u-tokyo.ac.jp

Abstract

In recent decades, chemical signaling networks for intercellular communication in
microorganisms have been attracted attention from the perspective of microbial ecology.
Although beneficial communications within the same species were well known, competitive
communication within clonal cells is rare because it generally decreases the fitness. Here, we
show that the fission yeast releases some toxins to kill even clonal cells and cause the delay in
early growth phase during glucose starvation; it looks a suicide at first glance. However, cells
growing in the starvation condition adapted to those toxins at the same time, and they continued
to grow in the presence of toxins. Such a strategy with toxins and adaptation is beneficial to
purify the cellular lineage selfishly in nutrient poor conditions. We named this phenomenon the
voluntary triage. Besides, we identified the toxic compounds, and surprisingly we detected the
same molecules from media conditioned by budding yeasts, phylogenetically distant species
from the fission yeast. Such conditioned media also cause the delay phase in the growth of
fission yeast, and vice versa. It suggests that the strategy we found is universally effective from
close to distant species. We also discuss the importance of our finding to understand the major

transition from unicellular to multicellular organisms.
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Pheromone diversification and speciation in wild fission yeast

Taisuke Seike*
Center for Biosystems Dynamics Research, RIKEN

*taisuke.seike@riken.jp

Abstract. Many species, from mammals to microorganisms, release sex pheromones to
attract a potential partner of the opposite sex. The combination of a pheromone and its
corresponding receptor determines the species-specific ability of males and females to recognize
each other, and therefore causes reproductive isolation. This barrier might facilitate reproductive
isolation leading to incipient speciation, but how do new combinations of pheromone and
receptor evolve? We explored conservation of the mating pheromone communication system
among 150 wild fission yeast Schizosaccharomyces pombe strains of different geographical
origins and the closely related species S. octosporus. Our recent study clearly showed an
“asymmetric” pheromone recognition system in S. pombe: among the two pheromone/receptor
pairs in this yeast, recognition between one pair is stringent, whereas that between the other pair
is rather relaxed. We speculate that the “asymmetric” system in fission yeast might allow
flexible adaptation to mutational changes of pheromones while maintaining stringent
recognition of mating partners. Indeed, our previous study in S. pombe demonstrated
experimentally that several mutations in a pheromone and its corresponding receptor can lead to
reproductive isolation, which in turn may give rise to a new species. These findings contribute
new insights into the evolutionary mechanisms underlying the diversification of pheromones.
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HE) WEETHY , FOREDO—DICT = 1 E N0 & D BYEORRBIEERE DA 2T &
o, 7x=wEATERR - WMAKED X O 2B OEERED X 5 Z2AEm £ T, BIEZH
Sl 20T, 7oaEr L ZTNEZRTHZHFERMOFA X, I &I
BIRTENTWDED, 720 OBENEDLD & ZRIEL T E<HEATETIC
BMEG O ENTERLRD, 2F0, 7T N8 LERT, A
HEloEh, Frieefil LT L TS AR H D, LovL, TRETTZ = 1E T
SHREMERNE EN DOV TIE, KL< o T ehoiz,
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2. EMRECHENTHR T ot U REEEOR A

FI=BHIxET, HRKHICER T 2B ED 3R WERE Schizosaccharomyces pombe (150
fll) IZONWT, 7 x=vEL EZOZEEROEE RSN Z T LTz, S. pombe (21, 2D
OYE (Plus B & Minus )23 0 | 2N G RMEM T = E 200 &) LTARRT %,
%ﬁ@%%\ﬁaw:& M BUHRRS3 U069 5 ML = v B v & 2 O B ORI
B ORTHERIZFE CTH LD L, PRS2 T 2 PR T7 2 nE®r & ZOZR
(INES Hif'ﬁ’ﬂ@&bf%%ﬁfb LTWHZENRH-7 [1], FICHETH Y v, HARFIZ
PR zmE T 6, T L TEOZEMIISFEHLOLHBHFEL T\, 20
29007 =T NIRBNDZEEMEOEWIL, kRO Schizosaccharomyces octosporus
IZBWTHAOLND TR RBE ThoTz, DFED, /\Z;'J@%!:“CiM9T"J7:|:D:E//hA
RO T NIRRT N TVDE N P RIT = 0 V[ FRO T X it
ATED, ZORFEBEBIKIZZ> TS LI Tho,

WICELT=BIE, D 4dEERE (S, pombe) LE#%FE (S. octosporus) D T7 =& &%
@%@m%%ﬂm%zfﬁko#5&@%%m:&m\P@7Iu%yﬁm@@%®&
AL THEIET DN TEN, M BT s 3O L O LT 5 2 LI
T&Ehemolz [1]. ZREEBELF bR, PRI ARIIANEZ N ATRRIEN, M ISR
%i&bfﬁ@?%ﬁﬂok[ﬂ):ﬂ%ﬁkﬂﬂ7:m%mﬁﬁmi@%iﬁﬂﬁﬁ

—HPRT7 2 E U ZRRTEEZBL TEHLYI D2 EZEKRLTWD

3. &9

Oy RE X BAMER TR 7 = 0 B VRS AT LB RO Z LN o2, 7z n®
YORIIE TRECTH D) ERIFRC TS blib-o TRy, ZBNEMOELDR
NI/ TnDEEZOND, BB, AEbIEBEIIM BT 20t L ZOZRFE
BERFEZWMAICEZ D 2 & T, AFREES - N THRBERFOERIZ B T LT D
B]o BR L7270 E U BRRICEI TE DL LS HENERNICHET S &
LD DFFRITIE A OEMDBIREES L, FiTc2fli e L TEE L TS Dnd LiL7ZRuy,
ZOHOLEMERZEL T, HRATOD 7 2 a0 O LISV TER L2V,

4. CHER

1. Seike, T., Shimoda, C., and Niki, H.: Asymmetric diversification of mating pheromones in
fission yeast. PLoS Biol., 17, 3000101 (2019).

2. Seike, T., Sakata, N., Shimoda, C., Niki, H., and Furusawa, C.: Distinct specificity of two
pheromone G-protein coupled receptors, Map3 and Mam?2, in fission yeast species. bioRyiv,
doi.org/10.1101/2020.07.22.215566 (2020).

3. Seike, T., Nakamura, T., and Shimoda, C.: Molecular coevolution of a sex pheromone and its
receptor triggers reproductive isolation in Schizosaccharomyces pombe. Proc. Natl. Acad. Sci.
USA, 112, 4405-4410 (2015).
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Sensing mechanism of lipid asymmetry highlights a novel role of the
plasma membrane
Keisuke Obara
Graduate School of Science, Nagoya University

*obara.keisuke@g.mbox.nagoya-u.ac.jp

In the lipid bilayer of the plasma membrane, lipid molecules are distributed unevenly between
the two leaflets, forming an asymmetric membrane. Maintenance and adequate regulation of
this “lipid asymmetry” is essential for cell viability. We previously identified the sensor protein,
Rim21, that senses alterations in lipid asymmetry in budding yeast. As to the sensing
mechanism of lipid asymmetry by Rim21, we have proposed “antenna hypothesis” in which
Rim21 utilizes its flexible cytosolic C-terminal tail (Rim21C) like an insect antenna to monitor
the state of lipid asymmetry through interaction with the inner leaflet. We herein introduce
recent advance in the sensing mechanism of lipid asymmetry based on this hypothesis.

Interestingly, Rim21 was originally reported as the sensor protein for extracellular alkalization.
We have studied how Rim21 can sense distinct stresses, ie. altered lipid asymmetry and
external alkalization, and found that these stresses are both sensed by Rim21C moiety. Our
following research suggested that external alkalization disturbs the state of lipid asymmetry,
which in turn is sensed by Rim21C. Salt stress was also suggested to be sensed, at least partly,
by Rim21 through alterations in lipid asymmetry. Together with other preliminary results, we
propose that some of physicochemical stresses are at least partly sensed primarily by the plasma
membrane and presented to plasma membrane proteins as alterations in physicochemical

property of the membrane e.g. fluidity, lipid asymmetry, microdomain formation, and so on.

1. IXZC®IC

AR O fEE — H g Cld, WANE CTHREMRCEEIN KR E S B 5, EORRZRAEEIEXT
Frid % < OEBRGUCEBICE DY | MIROEFICKNATH D, FAEIL, T O IEE I
KRR OARREEA & BN U Cl i S & 5| & i Z TR E R v — 2 v I H
Rim21 #[FE L7=[1], F£7-. Rim21 zSisﬁKéOD%u\cﬂzﬁ%ﬁéﬂiH@ THEE (Rim21C) % fih
A ORI W THIIEIENE & O AEAER A0 IR L7220 G IR FER PR OAR B 2 i+
%L D il AR E 2 HENE L72[2], BRIV Z LT, RIm2L 1340 T LA VARIT IR
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4% Rim101 #REE D EICAIE LTV 5, H—0 Rim21 NI EH TR E RO TV h
Uik & WS B2 A5 2 & ORRIC L TR TEX 20MIARHTSD 5,

2. Rim21iZ & 2 fEEFEx PRk an B ~ il A (B D B BT~

Rim21C fH#a x & o /"7 'E & ZFENE 571 & OFEH % lipid overlay assay TAl-<72 & Z A,
Rim21C (FAEEMEHTDHEONDOIFE EHEE Lz, #EE LIZIEEIL. invivo TIXIE E
A EDRSNBINCAFAET D720, Rim21C LFASEM AIRERBIRICH D, F7o, AEMIE
AL TWRWAIEE A ERAEL ﬁfﬁéfx77%/wmg J =T R vk
fESHE D L& FRUIRE & OFfEA IDHER LT, MAEARE ORI B 2 22 BAK %
TN in vivo AT & & CUIRE & OF BAER ORI ?Dﬁﬂiﬁ]fﬁnﬁﬁ@ﬂi%ﬁ%fnﬂ T2,

3. Rim21 BRI ENF DT N7 VDT & BRAn$ 4 2
Rim21C #531%, BEEFERFRICELIE U 5 & HIRENE ) T 2, BBRENZ &
HAROT AT VLA R L AIZE 5 TH Rim21C (AR & f7EE L 7=, fasto
pH 03?5?&75*@3}1@1%%%%[\ LB b7 BE 2 bbb, £ 2T, IBEIESHDOIE
% - MERFDJREN ) T DNRE /0 " EEMBIEBE 2 E LT A, TAHY A b
VAT TIIRE LA LTnWie, IRE Sy 0 —FERE MK ENL, MIa o 5k A7
THIEDRMONTWADTZD, Mlafz oS- & 2 5, Rim2l K7 Rim101
PR DEPEAL LT, SN O T V7 VARITHRREDO SRz 5| £ 20T, Tzl L
THREIEFAOELN 2753 L, Rim21 12 X » TR S5 aJREMED R & iz, 2 DRI
AR OARIEZA LA L2 T VA U A N L ADZFIZET DGR AR T 5,

4. L

Rim21 [EZFHRMED @y C AR e B s 2 il OARIZ T MRl g o e iE &
& OFEAEM Z U CIREIEFROIRIEZ AT 5 L B X biLd, Rim2l 1XZ DR %
AWT, 7 U A b REREIEAHROZL &V D TE 2 L T 2 fREtED & 5,
Flo, TABY AR VRIZRS T SAROMBEYLTF A b L 2D TEHERNTITHI
EZDHDIZZ TSI, ZORERLE L TllaEy v RV BIiRrsns 2 &, 7
b EEE E R~ T oY —E U TRAETE 2 FIZO0Cim L7,

5. 3CER

1. Obara, K., Yamamoto, H., and Kihara, A.: Membrane protein Rim21 plays a central role in
sensing ambient pH in Saccharomyces cerevisiae. J. Biol. Chem., 287, 38473-38481 (2012).

2. Nishino, K., Obara, K., and Kihara, A.: The C-terminal cytosolic region of Rim21 senses
alterations in plasma membrane lipid composition: Insights into sensing mechanisms for

plasma membrane lipid asymmetry. J. Biol. Chem., 290, 30797-30805 (2015).
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Metabolic regulation through spatial reorganization of enzymes

Natsuko Miura’
:Graduate School of Life and Environmental Sciences, Osaka Prefecture University

* miura.natsuko@biochem.osakafu-u.ac.jp

Abstract

The budding yeast, Saccharomyces cerevisiae, has been used as a tool for investigating novel
biologica phenomena, as well as for screening relevant genes and useful chemicals. S
cerevisiae has also been used in the production of various chemicals. This species is thus useful
for discovering, investigating, and utilizing novel phenomena. Here, we focus on a relatively
new phenomenon, “liquid-liquid phase separation” by metabolic enzymes, and show how S
cerevisiae can be useful for eucidating and utilizing the phenomena for future bioproduction.
While various metabolic enzymes have been known to coalesce within the cell, their spatial
reorganization is triggered by different factors. We especially focus on the spatial reorganization
of glycolytic enzymes to form a “Glycolytic body” or “G body” in response to hypoxia, which
we previously saw in S cerevisiae cells. It has been demonstrated that a G body formation
possibly accelerates glucose metabolism within the cell. We discuss the possibility of using the
mechanisms of G body formation for the bioproduction of chemicals in reference to examples
utilizing phase-separating proteins and metabolic alteration, by forming an assembly of model
metabolic enzymesin S cerevisiae cells.

1. XC®IZ

Hi2EE% ) Saccharomyces cerevisiae (A7 ) —=2 7 DY — Lt LTILL AWH T
X721ED, e EMBIGORR LM b EEREEI A R LT, ITFERAH SN
T & T AR O JRTERIE & ZAUIT i o MREFHENE, 1ERER S C & 75 2
L 7= AR A 0 52 Ml O b Do el & U T A PEBR B I C B3 5
xR CIHEH 2D 5055, KV VRV T ATIIHIRN CHERMT 54 X7 ED
BEREIZ DWW T 2 & & bl BERDOERRIC L - THRE SN HHRE & = ORI B %
b &, Tl MBS A b OS5 ~FIHT DBEOBEEFE IOV T h Egm L7720,
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2. MBENIZBIT D REEER OEMREIL

fRFERIEHZ 21T U0 & T HRBEERITZ DL NI BE AT D EZ LN TE
7o —H U, HIERRC— I ON AN T, SRR 2P0 ET 25 20 8L ED
RNFERDERBERME T CEEEBELERT L2 LN ENZ[12, ZOEAKT
“Glycolytic Body” % L <% “Gbody” &4 fHiF HaL, KRS TICBIT 2D
HHEICEBNT 2 Z E VRIS TE72[L2). G body DJEAMEMEIZIZ RS80350
23, T2 1ZLLRIIZ G body Z k95 # v /37 I21% G body DIERIC EE R T X/ Rl
FINFETDHZ L[] REERBLTE,

3. ZURIBEOMBANEREBEEZFIALZbD 3V ~DREH

G body Z 1% Ush & L7 Ml CTHR-IRAR T BIEC K 0 TR S 4L 2 BEREE AT, AR
B A H O AL OFER B 2 RN ZE B O —EPTICE S5 2 LN TE 5, X VXV EHD
BRI CE L 72 D X VX BEHE L 1T R0 A LRI EDORM T
TIEZDOEBEL IR T 2 DA 67T | KR MBRENE < 725 2 & TRIEY O LR Z
Z. RENCEE NS HEWEEET D2 ENARETH H[3], = 2 TIEEERIRIR
FROYBEZ L 29 & L X AR LT TN 7 K5EE R % & 0 H1F. G body ¥ ki
PR ERE I O D ATEEMEIC DWW Tl L 720

4. CHR

1. Miura, N., Shinohara, M., Tatsukami, Y., Sato, Y., Morisaka, H., Kuroda, K., Ueda, M.:
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5. BEE

KRR TIZ R DRI RIS OEAIRIERRIL, R RS RFP R AZeR ML
BROWRETHNO TRHLE Liz, TOBROWFREICOWCTIHEE - ZBhhBY £ L
7= REHFE LI 22 b N KIIFSL R RpeAEmBs a2t oot Fr i 2 8d% &
FEEOEFIE HILR L BT E9, RBFFCIELLT OWFEBIAL - T3 L 5 | A5y
INCZ T THITWE LTe, 20520 THILR L BT E9,
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Yeast symbiosis in sake making

Daisuke Watanabe*

Division of Food Science and Biotechnology,

Graduate School of Agriculture, Kyoto University

*watanabe.daisuke.2w@kyoto-u.ac.jp

Abstract. Microbiology has developed on the basis of isolation and pure-culture techniques.
Since the discovery of yeasts as microorganisms responsible for alcoholic fermentation, a
variety of yeast species have been isolated away from their original habitats. Meanwhile, yeasts
interact with other organisms in natural and artificial ecosystems. How yeasts cope with other
organisms has not been fully elucidated at the molecular and genome levels. In this presentation,
we introduce novel findings on yeast symbiotic relationship with human and lactic acid bacteria,
especially in sake-making environments. Whole genome analysis revealed that sake yeast
strains of Saccharomyces cerevisiae possess loss-of-function mutations in both negative and
positive regulator genes for alcoholic fermentation. These mutations may be introduced through
breeding by human for high fermentation performance and subsequent yeast stress adaptation.
Lactic acid bacteria in kimoto-type sake making inhibited alcoholic fermentation through
formation of a putative yeast prion. Such interaction may benefit both lactic acid bacteria and
sake yeast by preventing rapid glucose consumption and ethanol accumulation in their habitats.
These results will deepen our understanding of yeast ecological behaviors and contribute to new
fermentation technology based on yeast symbiosis.

1. IZC®HIZ

TV — VREBENEERE L WO AEM OB X IZL 5L D TH D Z LRI TLEE,
FRx IR BREE ) DEERES B S, MR 2R TIFRICHW b CE 2, —F, ARE%R
DO TEEREPML DALY & ED I 5 IR EBHRZ N TN D DT DN TITRA R RS
ZFERENTND, AFERTIT, IEEBEREIZI T DB & o4y (N, FLERE)
L OMAAERNZET 25O EZFEIT L, BERAFIEDO— 2D FmtEZ xR Lz, &
HFIROERIZE > TBROAEZIENRT ) ALY 51 LU TR0 S B S,
FERED AT IS < BT L WIREERAIN OB IC o723 % Z E DS iIf S B,

Web 2020



2. BEEERS ) MCHAENET A a—AREEAN EO-DOBREORESE
REMIDIEERHE R EREE S LTI OND & & ) DWEERHT, EREFRO/ SR &
[FIERIZ Saccharomyces cerevisiae \ZJ&3 % 73, 1GIH & A TR W THIO HARIZIZ RV G
T a—VERE) ) T, EORIKE LT, ZAHADE X 9 D WEERHZ LA LAY
A TTABT (rim15°055050ms4) 12 17 PPRABP AR (BEEARET L2 Yo%) O
TEMALZ B SN Uiz, T OERIIREE IO EF & A B U REOIR T % RIS &
ZL, BRHCE o TEARKRLEE L RWELTHD B ZOND, EDD, ¥ & 5 AR
WEEREDS AR CAE TR D Z L ITEBZE 6 AL TIER WS, BRI 2 2 NJEIC
THEFF SN T&E e, —J5. PPR2APY AR ORERLIN 1% 22— R4 % CDC55 ] {E%@ﬁa
B fghT LT fE SR, B2 & 1 9 MhWEEREZ L ICEA OMRER R EREZHF L Tz, =
NoEFANT A TAERTH Y REANNITZE L 20D, FROBE IR 23 Tl
ST PP2AP G AR D ARTEMEAL SRS BTG T H 5 g s hd, LED XK iz,
) e mD TN E ENEDE T WEEREO R OBBLR, 7 7 AEESID D A S duiz,

3. AEuEV IR SUEBE LR T Y A U REF O AEAIER

IEHEATHIEEEGETE & LTI DAL D Bl ) ClE, THTHEERE & AERrALEE R (Leuconostoc
mesenteroides., Lactobacillus sakei 7% &) D3 IAFT 2 HIMNHFIET 5, FERERE FCIE
TEBERE & AR LR 2 548 Lo & 2 A THEBERE O 7V 2 — 2 DM RER S 5 Bl
R U, ZHUCED JEEEERE O T L o — LR ME T T 5 2 b BT LT,
THBEEER O @SBRI TV a—ADHEE L =& ) — VDL E S T b9, ERcEL
PR L IETERE RIS & T TR ZIR T ESE5 2SI KV AFTREOEAEZ &
HRZINnN5, ZOBIGICEEGT 5K & LT, S cerevisiae \ZBTHHEE LDV 4
[GARTIINZET BN D, [GARIE. Ml & OIEFRIC L » TR HE S N7 L a— 2
HOfEREZSIE R Z T2 ERHME SN TWDEN, ZO0 FHERITBIED & Z ARMT
b5, [GAR DB & 755 U 7= FEEE % HV 72 RNAseq bl s 5L, BGRB8\ CTIA
<A O D HBEE-FE R BAEH OS2 18 2 > 7 F WRERR R O DN FE S 47z,

4. 3TER

1. Watanabe, D. and Takagi, H.: Yeast prion-based metabolic reprogramming induced by
bacteria in fermented foods. FEMS Yeast Res., 19, foz061 (2019).

2. Watanabe, D., Kajihara, T., Sugimoto, Y., Takagi, K., Mizuno, M., Zhou, Y., Chen, J., Takeda,
K., Tatebe, H., Shiozaki, K., Nakazawa, N., Izawa, S., Akao, T., Shimoi, H., Maeda, T. and
Takagi, H.: Nutrient signaling via the TORC1-Greatwall-PP2AB>® pathway is responsible for
the high initial rates of alcoholic fermentation in sake yeast strains of Saccharomyces cerevisiae.
Appl. Environ. Microbiol., 85, €02083-18 (2019).

3. Watanabe, D., Kumano, M., Sugimoto, Y., Ito, M., Ohashi, M., Sunada, K., Takahashi, T.
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Applications of yeast genome analysis for sake brewing
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Gekkeikan Sake Co. Ltd., Research Institute
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Abstract. During sake fermentation, Saccharomyces cerevisiae produces aroma and flavor
compounds contributing to the pleasant taste for sake. To control the content of these
compounds in sake, various methods for breeding yeast have been developed. For example, we
previously isolated high ethyl caproate-producing strains using cerulenin resistance, or high
malate-producing strains using dimethyl succinate sensitivity. Recently, novel breeding methods
based on genome analysis were developed to further enhance their productivity without genetic

modification. These strains were useful for improving the quality of sake.

1. IIT®HIT

TEEEEIEICH WD N DEERE (Saccharomyces cerevisiae) (2135 < OEBFIEL, £ D
FHEIC L > TSN DEBEOFERPKRE LSBT D, H<nb, KVMEREW, &5
WIEERIZRHE O & 21HE % BE L T, BREIEOFEIEMAICI Th T Xz, Mt
BNTH 1980 AN LBUEIZHE S T, ZORMROEMZEA S RN oikx e X A~
DEERFZFER N L TE T, AFBKRTIE, 20N O0EDLVATIHINTT 2,
2. WTu BT FNVREEL FAS2 EROBAR

AT A BT VTTHFEEORWED (MEEE) ORENRESTHY | [ZORH
ZEIFEFFAS CERHMENE LN ) EWIHOIRR L H o 7IT ETH D, BEREDREETIC
Z DOHTEA & U ClEBEE iR 2 A+ 5 Z L ICER LB o/ Tchr L =
YO EBSS LIk R, 17 a VBT Ve mAEET RS b [1], B,
AL =2 E AW EREEISEE Y OB L 72> TERETHA STV 5D, G
HE2ERTHY, B L= UIER DL <X FAS2 BinFI2~T v #5H E L TER
BRI D, Hald, BA LU REATIETH L TR EREREEAEL, B
Ta W F L OAEFERERIC B S5 BERIEZ B LIZ[2], 507z FAS2 225k
EEAMKIL, TR ETLL EICHEEEZAET 28R L TERL TV 5,
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3. VU OmEARE L EHARRHEARFOLR

TEEIZITERO AN G £, 2055 Y ARIIRCHREBKR L FOT- 0, %<
DEAEEMHNNERINTE L, ZTNETICEAIIT ATV any B EEfREE L
T v AEE A PER 2 1S TV D, RKERRICOWTH ) Al s L O v 7 4 — LMif
Br e Seftn L 7=t R, B ERER OREIK 7 TH 5 VID24 O~T nESRIERIZ XY |
MREY v IT e Fa s —ERERL T v IBAeEREZREL TWAZ EHL
MmEIpoTz[3], £z, VID24 BRI RZEEEETH -T2, BB B ZICLD
VID24 LS A REHAEME LR BUST o & U FMAEEEN S HIZ EF LT
[4]e L EX D 7 DT OMAEZ TSR EZ BT 52 L T BlETO Y T e
HIEIC EF b D K oicote,
4. Vv IERRARE & Yutath o Bt

Peil & TS BRI DD IRV HFIR A BRIE T D10 DFERE LT A A RAEET D
FERFORG A ATo, B OHEN D, 16 ROYLAKRD 5 LFFE D2 BEL S
5T LT A b VRSERHEFMMEZR EORBIUNENT 5 LBMbNTND Y, 2
B B VTG IC BT 2 KRBT~ D & 2 BYAENEE LIZHEI
Uy AAEPEMENMET L TWe, 2k v BEE2Z (b2 FMELZHNWT, U
AFREFEMEDMET U7z RE 2 S T & D ATREMED R STz,
5. BbYic

WAER OFRTEART OFRIZFE, BFBERED T ) L L~V TOfTe, Bin % % —
Ty e LTEBERER ENEACED OGN TEY  BEROBEMEITET T2 L T
A B E EFRICETHIT . ZENENOMERE 5 E<ONATETEEY 2179 2 L T,
HEFEOBERRICER LWBEAZEITOND X OIZ8Du,
6. 3CHR
1. Ichikawa, E., Hosokawa, N., Hata, Y., Abe, Y., Suginami, K., and Imayasu, S.: Breeding of
sake yeast with improved ethyl caproate productivity, Agric. Biol. Chem., 55, 2153-2154
(1991).
2. Kotaka, A., Sahara, H., and Hata, Y.: The construction and application of diploid sake yeast
with a homozygous mutation in the FAS2 gene, J. Biosci. Bioeng., 110 675-678 (2010)
3. Negoro, H., Matsumura, K., Matsuda, F., Shimizu, H., Hata, Y., and Ishida, H.: Effects of
mutations of GID protein-coding genes on malate production and enzyme expression profiles in
Saccharomyces cerevisiae, Appl. Microbiol. Biotechnol., 104, 4971-4983 (2020).
4. Negoro, H., Kotaka, A., Matsumura, K., Tsutsumi, H., Sahara, H., and Hata, Y.: Breeding of
high malate-producing diploid sake yeast with a homozygous mutation in the VID24 gene, J.
Inst., Brew., 122, 605-611 (2016)
5. Natesuntorn, W., Iwami, K., Matsubara, Y., Sasano, Y., Sugiyama, M, Kaneko, Y., and
Harashima, S.: Genome-wide construction of a series of designed segmental aneuploids in

Saccharomyces cerevisiae, Sci. Rep.,30, 12510 (2015)
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Industrial applications of Gut Microbial Fatty Acid Metabolite;

from the viewpoint of academia
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Division of Applied Life Sciences, Graduate School of Agriculture, Kyoto University
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1. 1IC®IC

R ERLZBFHRDIT, BERHOROESRE (717 -7 ur 77—, Y
N—=ERE) ITL VRS AL TRINS D, 5 EDORESRE TIHES L2V O
R, WRAEIRR SIC LV RIS N2> e BFHDIIRIGBTKROBRESNTZOL, #
e LTSNS, T —BARiE LRI TH 203, IEFEOE T, BENIC
ART DIBWNMED . 85 EORB IR - WISzl aFH L, ZoREW
N FOREICED > TWAHZ N T&E T, BlziE, B 7 4 A AREICLDE
BEFRSIBEEY) C b D SRR X, & NV 7 IRERRE - IR EEE - Bl
T M TE ML RE 2 E DA RE 2 AT 0 2 W SN TV D, Fixld, = RE
BEOIBIFEICER L, BAMENEDO X ) ITRE L, ToRENE M LT
ED XD RAEREE AT D0 E AT,

2. FLEREICRIT D AREFAEIIERH

2. 1 farbARH

INBICIFTE D ER SV CW B IR Lactobacillus plantarum DS, RFHIEE O F 70k
RAENIEE CTH 2 Y / — VRO B 2 G R TRk 5 Z A R L2 Y,
ARHHZIT 4 SO R EIFIRE B2 HalESE  [RATKEE SR (CLA-HY) | BB ki oi%ss (CLA-
DH) . HMAbIESR (CLA-DC) . =/ & el (CLA-ER) ] 28B85- L. KER(LIENIERCA 3%
Y NEWGEE ., ILENENIIE 72 & LR R T A2 A PES 2, S 612, AREHT. U
= NBEOHT BT R A IS E EN DMK A AT 3ENI#BETH D
a-U LU, ARFEHICEEND y-U J LUBRICKH L THIER L, T2kt
i UToAKRBRACIERIRE oA 3 v B RE . A AEIEE . —EAE G —ofafifbk S vy
fAFIENIE e & fRx IRERRNENIE DN EPES L D,

2. 2 KF bAH

INBACAFAE D HEZR S L CW B IR Lactobacillus acidophilus X, V /J —/VEEZE 18
B OKEBACIGIIEE~ L A2 2, ARHHTIZ. U ) —ABBRO A2 NLD cis T EiE
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B itk LT CI3 NI /KIR I 2 A 2 /K FIlE SR FA-HYL & A9 LD cis BRI HfE &
Z itk L C C10 AZIC/KERIL 2 BN % KT FA-HY2 28B85- L. U/ — /LRI 45 KN
232 O/ERIZ L Y HYA (10-hydroxy—cis—12-octadecenoic acid). 13-hydroxy—cis—9-
octadecenoic acid, 10, 13-dihydroxy—octadecanoic acid ~& I b, X HITK
FOm%ESE FA-HYL 13, BRSEEL 18 O ARBIFIENIIR D 2270 537, FRFEEK 20 %0 22 O gl
ERIZ B IER L. 7 7% Ru @ 51 15-hydroxy AE/ilg% . DHA 7> 51 14-hydroxy
RS & C I ERKFIBOGIC KR AT 5 2 L2 RN LT D 2,

3. FLERE BRI ERRER Y D A L RE

FLEEIZ 31T 2 NEF MR 0 B 15 D N D8k 2 2 REIIIZ >\ T AREERB LW
EEEALIEZMESL L, B3O N7 2 O T N U 7 RSRERIE, A& Ak - A5
BRI, I, SAERH, PR bR & OBLE D O A BB RE L 2 i AT & 2
A, e RBURROEERE L N2 Uiz, B Y 2 — AV BOREY TH 2 KEELIE
B HYA IS0 N ENIC 31T 2 ERGRRR DN U 7 ORIEREEE > V0 X % ) L e
(Y anyg—onreany Z2—7e ) xR RNZ2PEER Y. £z,

HYA OfEHY) Td A 4 VY IgIHEE KetoA (10—-oxo—cis—12—-octadecenoic acid) |2 PPAR
y 2 LT IRE R O FTRENME © &2 RN E LTV D, T b OfERIT. LBEOR
BIFNAR RN AR A L CIBE NICAE R S VD IENIIR /3 TR, [ EThHE hofk
RS DA 5 2 TO D REMEZ IR L TV 5D,

4. BbYIT

IHE TRFHROIFEIZH R DIRAER & B T, AWZEICL Y, BFH
RARIIEE S AR ISk A7 U Chk 2 2 e s e OKER(LRENINE . A= Y IEhEE, =/ v
WAV falife. EEMENRE. o tafn sk &) ~ LB, 2 ORHMEYN D HE
FOREICHEL 52X D5 RbroTE L, ZNbOAIX, LETE Y HRE, Hit
AR R N ST X AMEICE LT, ZOMRERBLOEREL LAY L~V T
HLY22b0THY, 51T, ILEEIC L AEFE SN D BRI, fiF Ol ek
FICBWTHERERAROZ EEZRET 2D TH D, 5k, ZiLOOBRENENRR
BRaERAMSAET 4 7 AL LTERbSND Z EBRHFEEN D,

BE I
1) 1. Kimura et al. (2010) Proc. Natl. Acad. Sci. USA., 108:8030-8035.
2) A. Hirata et al. (2015) J. Lipid Res., 56:1340-1350.
3) J. Miyamoto et al. (2015) J. Biol. Chem., 290:2902-2918.
4) M. Yamada et al. (2018) Sci. Rep., DOI:1038/s414598-018-27408-y.
5) H. Matsui et al. (2017) Helicobacter, 22:¢12430.
6) T. Goto et al. (2015) Biochem Biophys Res Commun., 459:597-603.
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Industrial applications of Gut Microbial Fatty Acid Metabolite; from
the viewpoint of production

Yasunori Yonejima
R & D Division, Noster inc.

y.yonejima(@noster.inc

It has been determined that gut microbes metabolically convert unsaturated fatty acids derived
from dietary lipids to a variety of fatty acid derivatives. The physiological functions of these fatty
acid metabolites have been gathering attentions along with an increasing interest in the relevance
to the health of the host. Gut microbes catalyze the hydration, oxidation, reduction, and
dehydration reactions targeting double bonds of polyunsaturated fatty acids; a broad range of fatty
acids can serve as substrates, including linoleic acid, oleic acid, a-linolenic acid, eicosapentaenoic
acid, and docosahexaenoic acid. 10-Hydroxy-cis-12-octadecenoic acid (HYA) is a gut microbial
metabolite derived from linoleic acid, which is the most abundant fatty acid of vegetable oils. It
has been reported that long-term administration of HYA has an effect of improving glucose
metabolism via the fatty acid receptors GPR40 and GPR120 in high-fat diet load obese model
mice. We now advance application studies of HYA toward industrialization and have
accomplished HYA production with 50 % purity at our pilot plant. We also conducted a clinical
study regarding the effect on postprandial blood glucose after the ingestion of food with HYA and
confirmed the suppressive effect on the postprandial elevation of blood glucose levels. It has also
been reported that various fatty acids derived from HYA have physiological activity, and gut
microbial fatty acid metabolites such as HYA are expected to have pharmaceutical and functional
food applications. In this presentation, we would introduce our approach to industrial applications

using gut microbial fatty acid metabolites.

1. IIU®IC

RHFEHROREIIBNME O Z T fkx 2RISR E R AR s 2 &
WY TETHY ., BNHEEZEREMICHONT, 15 DR L ORENRS, F 04
BERE~ DB LN E £ o TV D, BN XM A faFnfEIEE D 2 B G &2 2 —57 v T
KFD. b, BT, BUKSSZ M5 2 Eonn 1 WE LR BNENERITY  — LR,
FL AU, a—VU LBk, EPA. DHA 22 ELl 2 b= 5,

2. BB Y HYA &SN & ERImRE

Fox BB 2R E L EENLEMEMR Y / —VEETHY | U — VR
AN E OB K- THEA I D HAH YA HYA (10-hydroxy-cis-12-
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octadecenoic acid) T 5, @RI EARINGET /L~ U A2 HYA 28575 & | B
DIER L A AV ARPUERSET 5 Z LR RWE Sz 2, x ik HYA = &L
TOHMMERML, U / — L BEREOE VSN A T IC, HYA ZHIEHO SV ILEE
EEMA TGS EDZ & T, HYA 238 50 % & A 3 D im LR M O 3 v v
F A=V TCOERIZEI LT, BT, AdbE AW TEIKRBR ATV, B% O b E
FaMA DR EMER LT 3,

3. £¢&®

HYA 71 588 S 5 B FENEIIRR IS & ABIEENHRE SN TR Y HYA i &%
NEPIAREENE I AT, R A-CHERENE R & L COTERR IR S D, AREKT
1%, BBNAIBERENIRR G 215 L 72 EF LA~ DI M DOW TR T 5,

4. ST

1. Kishino, S., Takeuchi, M., Park, SB., Hirata, A., Kitamura, N., Kunisawa, J., Kiyono, H.,
Iwamoto, R., Isobe, Y., Arita, M., Arai, H., Ueda, K., Shima, J., Takahashi, S., Yokozeki, K.,
Shimizu, S., and Ogawa, J.: Polyunsaturated fatty acid saturation by gut lactic acid bacteria
affecting host lipid composition, Proc. Natl. Acad. Sci. USA., 110, 17808-17813 (2013).

2. Miyamoto, J., Igarashi, M., Watanabe, K., Karaki, S., Mukouyama, H., Kishino, S., Li, X.,
Ichimura, A., Irie, J., Sugimoto, Y., Mizutani, T., Sugawara, T., Miki, T., Ogawa, J., Drucker, DJ.,
Arita, M., Itoh, H., and Kimura, I.: Gut microbiota confers host resistance to obesity by
metabolizing dietary polyunsaturated fatty acids, Nat. Commun., 10, 1-15 (2019).

3. Yonejima, Y., Urushihara, M., Kitao, K., and Furihata, K.: Effects of HYA-containing food
intake in those with high postprandial blood glucose level: a randomized, placebo-controlled,
double-blind crossover trial, Progress in Medicine, 39, 1147-1154 (2019).
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Control of skin microbiota with fatty acid: basic research at public
research and development institute, and technical support for the
company.

Toshihiro Nagao*, Shigemitsu Tanaka
Osaka Research Institute of Industrial Science and Technology, Morinomiya Center

*nagao@omtri.or.jp

Humans live with many microorganisms. As these include beneficial microorganisms that
contribute to health as well as harmful microorganisms associated with diseases, the killing or
suppression of all microorganisms with antibacterial agents is not ideal. We briefly review a
new approach for the control of the skin microbiota while promoting human health using fatty

acids with selective antibacterial activity against harmful microorganisms.

1. IXC®IZ

t hOlifas (5. K&, DRERE) OFREITERE BITZZHomey (i, SRk
WROEERE, A NVR) BELEL, ZENUOITREICTE ST 5MAY GEERE) . HEWICE
3204 CEERRE) . FRMNRSED R EICHETE 5, Eo T, 2 TOMEMD
EBEZIHT 20 TIE < FRICEET DMEWTE T OAEE ZiEREC i i,
b N EERICEH G 2MED O BAT 7R LA BRI T D, ARBFSE Tl KIS OMEYD
(FZ & # . skin microbiota & 7213 skin flora) 2R A4~ 72,

2. FREMBEE 2 IS 5 I8N
7 e —PERfEY (Atopic dermatitis, AD) (%, BRx ZRENMES L CHIE « HEE(L T
LD, ENHDHIHO 1 O, RIEEE RZE AN THEEICE ST 567 N Y ERE
(Staphylococcus aureus) DM T D, —F ., @EFEHE TILS. aureus DAEFINHINEHE
PAREFT DR E T R UERE (Staphylococcus epidermidis) 73 S. aureus £V %\, & D
FHEPICFET A B R (6-cis-C16:1, SA) 1., J9BEMESME FIZBW T, S, aureus
WZxF LCHR< S, epidermidis \Z%F L CHIWEIRMPLETEME 2R, @ E DL+ D
SA E&IFK 2 ug/em® TH D, ZDOEE TS aureus HDMNFEIEMH] S v, fd47e K e
WAMERFS NS LHEES LD, LvL, AD B#E TIL. RIEHTO SA HEOBIC L
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Y S. aureus DIHIN 0372 < 720 | RIEVIEEALT 2 LHEE S LD, SA & FITik4a
FTAUTRWD, ZOWEITRARMIED S DA RHHEIRICZ L, £ 2 TR IE, RE
A 2B T CAFAE S D70 X B LA VR (9-cis-C16:1, POA) 73, SA L [A] UERAHT
EiEtEE R 2 2 R LT,

=%t (FFHEIE) 1T, HE. YT 0EE - BRICAON D RIENEEEBETHY |
NEEAR RS . AILILH . Cutibacterium acnes (777 X &, |HFF : Propionibacterium acnes)
e ENEAWNCEE LTRIEY %, T, 727 REOKR L~V TOSHEMMTOH, =%
EEERC ST 2 ik [EEHTEC ST 7 R B L TR St e 5
T XERICO SN, £, =F EBEHICZVEKIL, =F EORIEDOHEE T
BGT25Z ENREINTWD, £ 2T, PRRIEREE & OILFEFEICL Y, =F EBH
HEIC 2 WEIR T OAF 2 SRl 2 lENEE 2 R L7z,

3. EBEFEN LA L okREBZE, 7 L TR b~

U = % W7o RE IR O fYE  ERUC BT DI AT o Ttk Bl /et T —
Y AR T DT, IEE 2 AT BB 5 O HAENC B3 2RI A F Lz, BHFEDT
7> A-STEP WF7E, RNk 47 & A/ A . PR RNAH 2 X 512 o7203, T4
AEMNTATERE ] SV OENR G > 72720, LRFEAENT ITRONE R
Mhote, L, BEODITS> CEIMMRIIADEISIOETHDH, EWIHIEEDDL &,
HSECHFZE 2 ke LT D & SIS 2 IR ORI B H) E 232 & L, RS
ME#E LR IND L2120 | BRRIEREE & LRSS 5 2 LN TE 7o, bz
ST 2 EE T, BEREMETMAR O B  KERIORFTE AT o RIS & BIF CE I HT & A
ARZTEHT 2 2 &R TE | POA G TeHEM A RLE Lo LHES 2% 2019 AR IZIIE S iz
(FEett - b kiih) . ZoREibE & o e LT, 5%, AD ORIEMH 72 &
ZHBE LEMRICERIETHE T,

4. F&®

AR, PLESOBRE 7 v AR ZHHEIY | A OFIE LR WRETEDL T 2 & B3 s
THDHNO LS BN/ >TWD, LL, TIUIIELWEA S by, 2 TOMEM%E
P9 B BN S D5 5 2 03, VAW 72T Z IR EIS ] L7 S B WG b
b5, LR, e MIMERICHEETHMED L IATRE] LI BZXIT, H
BHIITTDITZIT AN TWARY, ZOEZZERTH LN, MAEMOTEE D
B EEZ TS,

5. STHR

W T FNSCGEE 2020 42 10 A S ICRERRF A2 &R L TWETOT, 22T 5
BELRE ZBRL TSN,
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Control of Skin Microbiota with Fatty Acid: Development of
Innovative Cosmetics
Teizo Sugino*, Ayaka Uyama
Momotani Juntenkan LTD. Next Research & Innovation Labo

*t-sugino@e-cosmetics.co.jp

We are the first company in Japan to create a lotion in 1885. The lotion was developed at the
time when there was no lotion, and it is still supported by many customers who suffer from acne.
In this lecture, I am going to talk about the challenges of new things for our company that have
continued for over 130 years. We are also going to talk about new projects we are currently

working on.

1. IXT®IT

A5 130 LA ERTOBIE DI, — AD BN =F BT ED 72012 1 ROk
K(=FEMY EZHAR)ZAID £ Lz, £72, bbAK, EETZILD S OPEIE LRV
12, Bk 25O FICBRE S, 4 H TH=F BTN Z < OBRERICE S DK
Lo TEY 9,

LIRE, BEANDORRAZ IR L THIT T T O BIZEOR M 2= TN T, [ZZ2A¥%5
ENAID 2@ U T AL OFEFIZEBRL £77) 2 0EHRIZ, Z< OLMEITESNREL
SLEHEZBRBITLTEBY £,

2. BRBRE STLATFRT

BIZEDD 100 UL Bfe< . #r 78 7 —{khitkTH D “=F EIY EHK", L
L. 4B TEZL DA RTHICH S, TET 4 7 LR TTATEY £9, ki
WA SCHFZERTIE ALHES O B I H D b e W e BIBCHAN B8 1 /) _— 3
VERAERHT OO T 2 FEEDTEY £9,

TnYx s EED D, B RFREICSONY | RITEER AV K LR S, 2019
FEIZ “EARNTRTB =7 LNWSFH LT T ROMLS BFIZWe £ L,
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3. BbhiC
AT TIE, “130 FA2B 2 2 EHERICBID2H L2 E~OHkK”, 27—~
HFEERBICET 282 oy B AZBFE LI TV EET, £, 221 HF
EHERED TVEEH LW T a7 MIOWTHARERBY BiFSE W= £,
BEICBWTRBROBEFZ STV A ORI 5, %L odkFE Pl Zi
LT T ITOEREST OIS MeEBHELLTEY £7,
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F—F oA ) R— g L OEELIEM
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YN =) m=nT )N =y v iR RS

WHoEHEERT  AE 7 L —7

BETICBITAS—T A ) _XR—2 g VIFHERTERS I 2= —32 9 OFEN
59 FL WIDRWT—ARH D,
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INETIOEULE, =T ) R_R—va VR~ T 7S llE» DX
BLTEINGE LT M AFEEICBT AT oA ) R—=2 a VOBUR EAHBROE
ZIZHONWT, BRI 0 2 & 2 TR T %,
EFELERLZIZILDE LT HA Y —RERICL DA ) X—2 3 VRIIZIR S AT T
TN, PERFAHO=—XZOFEEY TULE L — XDOEE, S DIFFFHADOIY
BN AA L Thole, —H, BUEIR. XV RHO—XZchFFicLTind &n
IO MANLEBITLTND LB TND,

ZOND BV EDY OF T, /= N — U T OERETENT T2 DI LB 21T

ONTHBIEAT D,
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Application and industrialization of genome editing technology to
marine fish aquaculture
Keitaro Kato'*, Youhei Washio', Kenta Kishimoto?, Tadanori Umekawa’,
Masato Kinoshita®®
' Aquaculture Research Institute, Kindai University, “Regional Fish Institute, Ltd.,
3Graduate School of Agriculture, Kyoto University
*kei-kato@kindai.ac.jp

We are working on the breeding of red sea bream by genome editing technology to shorten
the breeding period. In order to increase the edible part, which is less than 40% of the body weight,
we attempted the functional loss of the myostatin gene by the CRISPR/Cas 9 system. We
successfully produced the homozygous mutant in the second generation of genome editing, and
the muscle mass increased 1.2 times in the mutant. As a result of the feeding trial, the mutant
grew larger even when fed at the same rate as the wild type. Therefore, it was suggested that the
mutant is excellent as an aquaculture strain. Currently, genome-edited fish need to be cultivated
on land. In order to carry out aquaculture production using genome-edited fish, it is necessary to
develop aquaculture technology that is profitable even in high-cost land aquaculture, and we are
currently conducting the research.

1. XL

~ Z A TR EFER O TEERN T VIR T 2 FRICEZVWEELREHATETH D,
UL TIE 1960 AEARHTHD B R O RNV IEH ~ & A OREBEMIC & 5 S fES RIS
EFL, B EDICEMR SR, RORMZE L, 22 CTHhald, IvE
IR CERERNGOND Z L2 WRH L TH A DT 7 AREIC 2013 L VB A
TWb, ZITHEHAZMEHZ L TY ) AREICE > TAIRESOEIE 2N S w7
TWE~ XA OfFHE ZORE, S OICEMEE~DICHDREIZOWNTIRRD,
2. wFADHT ) LiRE

VA ANTHRREICEO D A REEEE 4 BILLTF L7, 6 BILLEBFEEIND LWV
IRMNDD, 2T, HROWEREMMALBEE L OIFAZTF L (msm) BT
IZEH LTz, ZOBBTEEIEXESE L Z LN TEIUE, ATREEIG OISR T
x5, v HA mstn BAG T DOEF % FHX, CRISPR/Cas9 v A7 LT T 5 sgRNA % &%
FLARK LT, BINCERK L7 Cas9 RNA & sgRNA ZiRE LT~ ¥ A N LEREINC~ A
raAf vy varl, 500 ERLL EOHEMERT,
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3. 7 LRE~F A OMRET L £ DR

F AT, WA EERMO Y =7y MR &
KNTEY A 7RIS o 7o E AR O L %E H ORD
IBAET %, £ ZTDNA ZHhiH L TR~ L 25 2%
DFEETEBEICERPEASNTEY, ZAbAER
HARDIEHIZ AW,

F— DRI L CIE B S BMB T1E, 22— il Mot onorygous muant top)and wid
DAEFERL B 70 D12, F MR oFIzix
28 DO TOMIL TERIMER T %2 H DM
MBI D, B AR EIN L TR 7= 3 AR
D DNA Zgi~~7offg, BAM, ~7 i
B X OREERNE N, RERE, I
bd s H TH L NITH N EOHE KB AIR
TOHEDITIND L DI/ (Fig. 1), HAE
1K 1.2 28 LT[,

~ZAUE 1 B 1 EROMEASBOTRIEL B
Y& EETe 72 O B = AR B HI D R D &
PEALDNATRE & 72 %, 5 AR BAFTZHH & K5
TE2 NLER L CHE =R EEN Lz, Bl
O Y AT T AR 1.2 f5ITHN L7223, AR ESHEMN LT bR 8N
HEITEERIEAR NIEDLRN, £ 2 CTHAR L AREM & & g3 2 i F ikl 2 5
B L7z, & OFER, RERIL, BAEM L TR U L DB 523, 860 L-fkta
IRESFIH LU THAERIY S RESERT LI END EEEOGWERIEATHD &
Ez 5= (Tablel) [2],
4. £ ¥

Uk Loz, 77 sfEENERNT 2L T b=ttt csr—r >y ML
AR R LTe~ F A OBPEICHE Lo, T OEIR & #IHPEFE I RINTTEN T 572
DI, b ERIEDRFI L | HRL OB ORI T TR A 22800 #7221 T
WHEZATHD,
5. 3CHR
1. Kishimoto, K., Washio, Y., Yoshiura, Y., Toyoda, A., Ueno, T., Fukuyama, H., Kato, K.,
Kinoshita, M.: Production of a breed of red sea bream Pagrus major with an increase of skeletal
muscle mass and reduced body length by genome editing with CRISPR/Cas9. Aquaculture 495,
415427 (2018).
2. Ohama, M., Washio, Y., Kishimoto, K., Kinoshita, M., Kato, K.: Growth performance of
myostatin knockout red sea bream Pagrus major juveniles produced by genome editing with

CRISPR/Cas9. Aquaculture (in press).
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Single-cell genomics accelerates marine microbiology research
Masahito Hosokawa**

hitBiome, Inc., *Research Organization for Nano & Life Innovation, Waseda University
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Abstract

A wide variety of microorganisms exist in various natural environments, including the oceans.
However, most of them are uncultured microorganisms that have not been isolated and cultured,
and there are many challenges to understanding their characteristics. We have developed a
single-cell genome sequencing technology as a powerful tool to study these uncultured
microorganisms. Single-cell genome analysis enables us to obtain genomic information from
diverse microbial populations individualy, which is difficult to conduct with conventional
metagenome analysis. It can be used for various studies, such as metabolic analysis, screening
for functional genes, and identification of useful chemica synthesis pathways. In addition, by
comparing the acquired genomes within the same species, it is possible to perform detailed
comparative analysis at the strain level and even functional gene pathways. By taking advantage
of these features, it is possible to describe the functions of microorganisms one by one. We are
now attempting to create a genomic catalog of each microorganism using this technology in the
study of the intestinal and environmental microbiome.

1. XC®IZ

WBPE % B Tokk & 72 B ARBRBRICII SRR AN HIE L TV DR, TOIFEAENRINET
HEHSE SN TORWDRIEEMAEN TH Y . FENTRBRINTWRNE LG, ZORMEA H
iR DITI1T % < OFEENH 5, FHEICIBOTIE, Rl EER 7 & OJFIRE 2 7R & L7
YuEFs A= 70 & & EUNCHIE T 2 MEER & 0 | FERCHUEME R G- 2 EICH) 5 12X, Ak -
AU« RGEMOE 72 Sl ET HDMAEY OBIRMEZ IE L HiET 5 FNEETH D,
T, TNOORERMAEVENIET H0OF Ny — e LT, TREE 1 i s
J Bl AN ZBF LTS L TRV ) AT T, BRI AV S
NWTWD AT ) MENTCIIRETH D [ ZERMEWREN S T MMEREENEST 2
L WHEETH Y REHFTORERIE T IRR & N — R & LT EERS B A O PER AT
R B G AR DERIR 72 Lk % 72 S RIRIT ~ DR B R FRE CTH D, Fo. BfF LT
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T, MR AIRE L I D, TALD OFFBATENT 2 & T, TNE TEDOIEET LI
BT A OEEE 1 >l L T\ Z ENFATREL 72 5, BUE, BN - BR5E
YA 7 0N, F— DFFRICARBEAMZIER LAY 1 21 SO ERL Ly ) L H
B ufEAD L LTS, REETIL, KB 1M ) b —0 o 28l D —bi & ##
L. R CITHMGEM & ESAED 2 o & LS AR OW TR T 5,

2. KREBL LMY ) b —7r o AT OBERE~

Fex DRI LTI v 7T ) SENTEAN [SAG-gel] TlE, ~A 7 it BN TRl
2 13D/ NS 72 VRO T 7 A ERRICE A S HL, M — D — D0 NS A OB
BRCBE SN D, DEEEME S OMETH 7 AN ER S, e T~ b
DY TINENVE AT T EIVRMELIND, ZOMEDTF NI TE2VE, 1 OOREREIC
FLOTHER SN, FREEANNERIZIES D Z & T, B 7BV NOME O, DN
ADFER - HEIRDSEERCA TN D, Z OWIES /) A2 WHIRIZHAERY | B & fEtr
T5HZ LT, BMEDT ) MMEFRP—ZHIEF/GESND, RIEORA » MIFT VT 'L
FROGERE L L TR L2 & T8 PR UEs 0 b O RSB TE Y 2 W4 513 5>,
SRR 2 AT B Ve i & IHE D PR BB E D SRR &L L TRAL D, ZRVETA
AIRE T o7z 1Mk 7 A DN A DK - [ 78 & O 2 B O UL 2 FEBL L 72,
SAG-gel 1, MERWAEFRICHEISFTEE T, —MXFEBRE THLFETTELHZT TR, &
BEBZDEMRERMES ) MEHE —EIED 2 LN TE D,

3. £&®

KRIEEIERTUE, e 1 I AR+ 2 BEME LR AW ORI 72 &
OWEW T 7 ME#RE A E CIETE S, ZoFRIZ. V77 LU AT ) A
LT, SEIERMEDNTETCOT —HX—2L LTEATE, b MOAESOREL
B0 2 Al R 5 OB REFRME D 7= 0> D FEMETFH & U CLEEISHFTRE CTh D, F 70 HAF 1L,
AL E AR FEET 72912, ThitBiome XS] % 2018 FFIZAIZE L, SAG-gel Z1EH
L7 v 7ty ) AMgHr—e 2 [bit-MAP®| Z B L T\ 5,

4. SCER

1. Nishikawa Y, e a. Massvely paralel single-cell genome sequencing enables
high-resolution analysis of soil and marine microbiome. bioRxiv. 2020

2. Chijilwa R, et a. Single-cell genomics of uncultured bacteria reveas dietary fiber
responders in the mouse gut microbiota. Microbiome. 2020 Jan 23;8(1):5.
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Hosokawa M, et a. Massively parallel whole genome amplification for single-cell
sequencing using droplet microfluidics. Sci Rep. 2017 Jul 12;7(1):5199.
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Establishment of skin probiotics of fish
Katsutoshi Hori
Department of Biomolecular Engineering, Nagoya University

khori@chembio.nagoya-u.ac.jp

Application of probiotics to fish is attracting our attention in aquaculture as an alternative
strategy to antibiotic administration. In this study, we focus on skin probiotics of fish because
fish is exposed to many active microorganisms in the aquatic environment. First, we have
established a percutaneous infection model using zebrafish and Yersinia ruckeri, which causes
Red-mouth disease mainly in salmon and trout. The NGS-analysis revealed that the epidermal
microflora of dead fish was occupied by the pathogen. The disruption of the epidermal
microflora also resulted in the occupation of the fish skin by the pathogen although fish did not
die without a wound, suggesting that the epidermal microflora on the fish skin usually prevents
pathogens from attaching to the epidermis, but stress-induced changes in the epidermal flora
lead to pathogen dominance. We successfully isolated a new bacterial strain that inhibits the

growth of several fish pathogens and demonstrated its effectiveness as skin probiotics of fish.
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Fig. 1. The percutaneous infection model using zebrafish and Yersinia ruckeri.
A. Infection scheme. B. The results of infection experiments shown by the number of survival

of the individual fish after pathogen challenge.
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Present state and prospects of the salmon and trout farming in Japan

* Akihiko Kohori
!Japan trout farmers association

* kobori@tansui.net

In recent years, the efforts for the salmon trout sea culture in western Japan and the Sea of
Japan have been reported, and the land-based closed recirculating aquaculture of salmon is also
drawing attention. In addition, with the aim of upgrading the status and differentiation of
domestic rainbow trout, the 'special trout' that the inland-trout farming trade has been promoting
since the end of the Showa period gained an appreciation and established a certain position, and
many "local Salmon " brands are born. The background of these trends is considered to be the
limit of domestic demand for yellowtail and red sea bream, which are the main fish species for
offshore fish farming, the increase in domestic demand for salmon and trout, and the soaring
prices of imported salmon and trout. At present, domestic trout fish that are cultivated in
seawater are diversifying; in addition to the industrialized sea culture of silver salmon, the sea
culture of rainbow trout, cherry salmon, and Satsukimasu are increasing. In order to establish
the merchantability of these domestic large-size salmon trout, it is necessary to increase the
production in the sea culture, but various problems should be considered for that purpose.
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Catfish farming efforts towards increasing food production in
future society
Yutaka Tamaru'*, Fumiyoshi Okazaki’
!Graduate School of Bioresources, “Section of Bioinformatics, Advanced Research Science
Center, and *Research Center for Cell Innovation, Mie University
*E-mail: ytamaru@pbio.mie-u.ac.jp

Global food demand is expected to increase significantly due to the explosive increase in the
global population and the increase in living standards in developing countries, and there are
concerns about tight supply and demand, coupled with the increase in use of biofuels and other
food. In particular, since fish and meat, which are the main source of animal proteins, are
consumed more economically, the increase in demand for meat is expected to increase by about
1.8 times, surpassing the overall global agricultural products by 2050. Catfishes have a long
history of being used as edible fish in various parts of the world and more than 2,800 species
were described in the catfish, making it the third largest group in the order of the fishes, after
the Perciformes (about 10,000 species) and Carp (about 3,200 species). In this symposium, |
would like to talk about the potential of catfish on the onshore farming in Japan and the world
and to discuss with the biotechnologies of fish farming and effective use of waste heat from

biomass plant power.
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Fig. 1. Transition of global fisheries and aquaculture production.

FAO: Fishstat (Capture Production, Aquaculture Production) modified by Ministry of
Agriculture, Forestry and Fisheries.
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