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Development of engineered 3D tissue constructs having photosynthetic capacity
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Algal strains that can survive and retain photosynthetic ability in the
culture medium for animal cells were selected. The conditions for co-culture tissue engineering and
culturing were examined in detail using animal muscle cells and the selected algae. As a result, we
confirmed that algae/animal cell co-cultured tissues without cell damage can be prepared when the
thickness is less than 0.3 mm. Based on the obtained results, we succeeded in engineering
algae-containing myocardial tissue that beats spontaneously by using human iPS cell-derived
cardiomyocytes. These results can be regarded as the first step toward the development of
three-dimensional muscle tissue with both photosynthetic and contractile capabilities.



¥ X C—19,. F—19—1, 2—19 (58

1. BRSO 5

AR & A RFERE 2 TP I K 0 L3 T, 35 KOV O WF28 55 B9 13 TR T2 & v
E 5, Mk LFOREREMO—21%, Mz AW CTRKRETRIFET 2 THAER O OB
AR ZERS 5 2 & Th D, M LFOBRICBIT 2 REZRHEE LT, @F OBEFIEICE
WTEAN 100 um 282 DM Z ST 5 & MBENETICB W TS - KBRS L EFEYOE
FERAT, MRS L TLEY LW RMENRET NS, TNEMRRTHT-OF 21X, BBE -
S s LEBEM 2 B0 Br< 72O O B 2 kO IS T 28 2 D T X 7= (Shimizu
T, et al. FASEB J. 2006;20:708, Sakaguchi K, et al. Sci Rep. 2013;3:1316, Sekine H, et
al. Nat Commun. 2013;4:1399), Z D & 5 IZFEERO LM & U7/ ZE % B f5 9090
77 —FI R L R b O TH Y | RO TESADIM LWFIEER L 2o Tnd, 20
kO R EBIEOWZEE T S a—FIh 2, R 2 13RI bR CTHAIN 72 7 7 a —F T
BT A EfET << WA D TX 7~ (Haraguchi Y, et al. Sci Rep. 2017;7:41594), Fih
AWFFERRE DA BE 2 A T 2 SRR AR E AT OB ) T 5, EhWAm R O H 2 e
RAIATe Z EIZ K 0 AR TAERT L X — 245 TE D AR OER 2 B 159 AMFEIL.
INE TORMICER 2 b 72 b A L O CTRAIM TR 22 b D TH D, 7220
AR HESL S iuid, BAEERO R L TIARR I oIS AR SN AlEEE A LT
0. BRERAIMFSE S L T TRERBEEREEZR-TWH LB XD,

2. WHEOHB
ABFFED BT, BEEEZ N T ELOH ik tERss 2 Thsd (M 1), M
RN AL A0A E N O EEE S B IR O HE 92 i LRFE & T =T D AR E
RICEVBRBL 7N a—REEAETDHZ EICXRY, BRI W CIEABEESETICAT L
BT DZ LM TEDELDDDHMEMBEOEEZ BIFT, 2LV, BEOAKRETE -2
BB AN =ZALT, BRIV F—ZRERITEVIED T L3 T B RKO AR IR D
VEBIZAIRE L 75, Mk LRI B T D E o <H LWHIBREIN 2% 5, Z oo i &
UL, MM B R OREEE & T 2 L &3 AR AR AR PN L BRI & FL A A TN N B
KEBETHZLICED . JBEHROH DR E EEIC/ER T 5 Z LR REL 70D, EIAMEKT
RFE COEMARN R BIEZ, JEAD 1 mm DL EOEBEE AR EERT 2 2 LICRET D, £D
PR X, AFIEDO—2 DR E 72Kk BEEN, HIELREERET D720 OB Al fe2Ei R~
PERT 22 LI D000 Th D, BEDMIRIEER % /17 HINHiBI T 2 72 DI2iE, K& 72 UUHE )
EAEAMTZENTE DMHMAMAREE L 2072
IR, ZDT-DITIIERD & 5 ki &2 #5895
BEYENIFIET D, £72 2 OHMMESL S, Kk
DHEF -FTEARCK KOO Ry NIBITFDET 7T =
T AR ENEHER D Z b AREE D, T
DHARMTRIZ K - TR T 28 HNIL, BAEEEREEZ I
U6 &ET DI DBFICBW T EFR 2L, =
NETOEWOFmMEEZ RKE S EEL TRKA~ LHI
HSELWEZAL TV D,

3. WDk

(1) AHFFE B B9 56 U7 S o2

B B R P CHARRE L 7 =T WIRBE R R FF 95 2 LN T &, B & 3kis
= L-BRICE IS E A 5 2 e WA RER - BET D,

(2) el 7 ¢ — FX o 7§ X D IEAF IR R IR EH RS2 o AT A DBR%E

REEONAREER R U, B8 & S 2t 55383 2 558 D OIS TEIR 35 8 B 2 IR I
FoTT7 4= KRR ZHIT HEER AT 2 ERBT 5, 2k 1ERT 2 iRt o £ 77
(23 L 7 R TR BRI ~ DO 2 AR & T 5,

(3) BESE & A Wh AR AR M ERLE O BRI

HEE L2 & A OO £ 7B D) 2. EIEE A AR 2 (R 5, MR VERLE
E LT, BATZEIC K pfia s — FREEVEIOIN 2, mOAEFIH Li=gi- 2 ik b iatd 5, 2
R TREIZE A 0. 3 mm LA EOBEAS A k2 E T2 Z L2 BIE L T 5,

(4) @B S A TR O U Fa ks e AT

VESRL U 7= eS8 & A kLR O WU ESRE 2 519 5, JeATHFE CRAZE L7 IUHE D IIE & A 7 A
(Sasaki D, et al. PLoS One. 2018;13:e0198026) ZAHBFZHIZELE L CEHAA M4 5,
(5) 7'V 1 — A ULEEFE D B FE

TBAG T HEH 2 HT Ol ORI & 0 B SN 7 v o — R B G35 FiEA BT
Do ZIUT X MMM CEEZ O/ T I a— AR5 2 ERR[EEE 72 B, T HLIC
FOER L mm L EOBEEAHHGEENT L L2 EEET D,



4. WFFEARR
(1) AHFFE H B9 38 U7 a2 SR

i OB RIR P CRENCAALF - B LGB 2R FF 95 Z L3 lRE/R ik 2 4 &
a7,

(2) JEWRE 7 ¢ — RN ZHIENC X 2RI R IR ERIEEE VAT LA DOR%

BRI ORISR RIS U TR R EFIRL T 5 72O O BRE 4 ON/OFF HlH4 25 > A7 A
ZRIR LIz, RO ERIESEZRE L, R 560 nm L EOXEFEHTHZ EI2LY
WEREFHE LoD NRBENIC L2 ~D X 2 — D 2R e/ = L 2B 52T LT,

(3) MEME B A AR VR B D BR 3

SEAKRRR D VERUZ 135 0 ) AR U7 R ERE 2RI Uz, #hfiiia & L Cid~ v 253
HEER (C2C12), ~ 7 ABRMEEAMIE (NIH3T3) Z VS, F/-@dE e LT, SR T—
EHMBEENRETHD Z 2R LT 4 FOBEKE Wz, S & masa R 24k & 724
HEDLELOEEIZBWTHWS Z LIk LSS EER L (K 2), SHICHEHRE
FHT DO LR E A2 T2 L S TR IR L. MBI B L OSBRI R
SYBEATIC X D MRS O - Al A B Z 22 o 72, JEHA 0.3 mm ARl THAVUTHRE D720
BAF7a et - Bt i M ERI CE AR ER SN2, L LR BEA 0.3 mm %
B2 HMEMRICHE VT, BEE2NO S5 2 21 L D MaEEOIE 2 iR T X 5 RSk
VERL « B R+ 2 LN TE o T,

= [E#H240 ym
2. ZRSFHEROFER

(4) BEHA A AL O WL P& RE AT

bk iPS S R RO AR 2 P Tl & O IR AR E RS R 2 R LT, 7RI
MEAPE S AT DT ARERIIRE 2D X9 747V e th e LTHERLE (K
3o TOfER, BB 5B - DA MR A (ERT 25 2 LT Lc, ARERITEE R
E & IUHERE 2 &> D EFFOSLIRF AR OB S I BT 25— L Ao D, —FH THENIMII CTH
Y IHE ) & R TR RO NI REN 2 15 5 IIXE LT, AR OME L L TKR- T,

3

3. BEAAHHOGESOER

(5) ZIL i — AT ULAERER D BR%E

h A & & D ILER SRRV T, EEIEE SRS Th DL T — B R REEIRICE
M2 L2 X 0 BEED ST~ L o — 2 AT X AR R S -, —F. &
F 1 mm DL EOBEE AR AT 2 L2 HE L LTy, BURICBW ik o= 4
Z 0.3 mm BLEIZHINES 2 Z L1C e b7 ) MG OREZ BT HIZELRhoT-, FDJR
K& LT, MEENEICRIT D RBZDOKRZ ., BLONAKIZ LV IRET HEENSIZE MY
ICL O TORMEA P L AL RDFREMENE Z b, SH%OMEE L Ko7,



(SASAKI Daisuke)

(70439842) (32653)
(HARAGUCHI Yuji)
(80272251) (32653)




