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Bilg, % o7, - EOEKRS T EMAG DY TELND AN THIIE, AHREET LT Ba—
HipEHBL T, RIMRDEFRS 2 Ea— X ~OICHANTREINTWD, NTHIBEOHRE & 5I2iF 57
OITIE, EMIENT O AN A T I 7 AE ANTHETER T ZENRARTHY, AMOREELFbD
na THCOEREE) X2 0EANKITRO LN WD, B OEREREX, MREREOHEIEICLAMEL Z 1
SUTHIHENTZNDHD 2 SO A FI 7 ANEFE L THEZ D Z LICL > GEREND, LLAans, HEiE
Bt A N THRRIC T 2 2 L 0L &0, RS HDRZEHE L CGEZ T2 L DL I D, ZOFEBUIRE
R TH 5, DNA I, Y TR0 X T 72 & D43 & & 155 DNA F / fiiE 0 B CAES TR I LD, Bl
D& DAY A X (Bt um) OERFEOEHER (&) TH O . A THEE L COFIHBREGF SN TVWSD, DNA
WSRO Y TR E ORISIZE Y, BlG, DR, ISR EORARZ A F I 7 AEMBIEZ T L0 )
Rz FF>, F72 DNA 0 FIXEENR S 72728, DNA I IS HENEREAE & dl A0 A Te = LIS IR S TH D L5
ZBND, & ZTAMSE T, DNA HE~— 2 N THilao 3 CAERMEEEDOEBLZ B L. DNA #&H ORI
MENT-HZHRE . BLORE DT DT MNEL L 72 4 g DRSS IR AT,
WIHIZ, DNA & D3 HOWERIHIIN AT 5 72O D3R E A X 2 7 OREEUCE FBA TS, BAEWICH
ALV 2O Y FARIDNA F / HEER S | W OMERZFFD, 8722 Y FH DNA T/ SR A 24965 5
U > J—DNA F / HEERIC L o OB S LD EE DNA I, U o =2l &ns Z & cehetho Y 5784
2 OREER RO DNA TS HT A Z RN TnW5g, 2 THaxiL, UV h—Z28krd 5 1 A8 DNA 4y
NV T —DERAERERIEE L, U I —OErsE 22 S5 2 & TRLG DNA IR O3 E A X v 7 HiliE
BRBT, N T —DAERHGIET 5720, [ReENERE) 28%E L7, RHENERKIT, (1) a%
KU B — (1 AR5 DNA) & [FHZE RNA (1 A5 RNA) OFEEIZ K D ARTEME R U T — RNA/DNA ~A 7' U R) OFRR, (i)
ViRXZ7 L7 —¥H (RNase H)IZX HFHEE RNA ORI L D RIEW R U H—0B5R ) T—0Lk, © 2o
DOFISIZ L > THER SN 5, AIFFATIEL, BASE RNA JREE IS LU RNase HIBEOFHIZ L > TH) BL UG DK
JEE A B S THENY T—OAEREE 2T 5 2 & T, AR DNA E O ED X A X 2 7 H3 il
TEXDHZEER LI, &6, KEENEEZRA LY v —0UlrolEER 280 B2 5 Z & ¢, DNA iEiE D
LRI TN I T B SR R 2 JER U7z, S TEEHD Y U DNA F /R L . FN O 2 ET S 2 EED
VU= ko> TR S LA REE DNA 2R U CREREENRIE 2R L, 2 FEO Y 2 b — O UIWIES % )
U7z, ZORER, 3FED Y 7R DNA /G ROE TN G2 5 Ble % 3 FiFHD DNA IR~ D2 BERs Sy
ZUZBWT, RBREE (L OB N RN R END 0 ONEE) Z#HiEd 5 2 LITkBh Lz, £/2, 2fED Y
H— DY A B S8 5 T2 DI ENENFIR U725 RNA B2 O KN & o TH BRI U I T B 5558 M
W BEpDAZEEFAL, BERNA & LTHWEARAD A, <=0 —ThHD~A 7 1 RNA OJEE & b a]
R T2 N —F OREIZ B R LTz, £o, JOMEBT R 2 L—3a U&7V, 28O Y U — oYl
INGEIOBNR, T2 NL—F O ThHLNHREN VDD L EDREEICEEL TSI LE
THIL7z, 512, FEFENEIERZFIH L CREE DNAIEIZE £ 5 2 FifEO U v 1 — O8Il &2 Be RIS TV,
W) FBWD Y v —EIWrc X 2 “ASBEGTE O, (1) RD Y v h —HIBHT & D584 5558 & 5 LB S 7 4
FI T AL L, 1 DOIREN “HSEEREEZ N LT 2 SOOI D00 X 9 725558 G52
B U, %S, DNA RO ICNEL & 72 % DNA J / RS IA O HEEHERE ORESLICEL Y #LA 72, F3°. DNA
IR LOS & A A DD Z & M AHEZRHTH DNA T/ SR ORBGT 21TV, 240 525 DNA AR SOG OO 2 iR ¢
DNA & & L ERNCTER T 2 Z L MR LTz, S B, Hi#l DNA F /&R AR T2 DNA 27 0 L— b &
L 7 %510 DNA BEHE RS 24TV, FEAHER O BEIR 35 L OFHASH DNA 12 &% DNA F / #iEROFRRICERZ L, DNA F
J RIS RBIEHAE OGS 2 FBL L -,
ATFSE T, DNA W~ — A N LHIAE O R 70 53 A AR & DNA -/ ISR DO BEIFHRE OREEL 2 I L 7=,
H A RBEEE 2 FF0 DNA i~ — 2 A TR, #IEIAEMICRIT 2 EE ARG OMAC, Hiizle A 4~T U
TIVORRBIIRELS BT LB 5,
%« FSCEBIX, FI3T 2000 - & 53 300 354 13 D235 2, & L <X 800 §5% 1 M L T2 &0y,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
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Bottom-up artificial cells are expected to be applied to living cell models and molecular computers. To
further expand their applications, it is essential to implement the fundamental dynamics of living cells within
artificial cells. Particularly, a self-replication function, which is the essence of life, is desired. Recently, DNA
droplets, which are micro-sized droplets formed by the self-assembly of DNA nanostructures, have attracted
much attention as artificial cells because they easily undergo various dynamics such as fusion, division, and
motion. However, a self-replication of DNA droplets has not been achieved yet. Here, we report (i) a timing-
controlled division function of DNA droplets and (ii) a construction of a DNA nanostructure amplification
system required for growth in DNA droplets to achieve the self-replication of DNA droplets.

First, we designed an enzymatic delayed reaction that produces single-stranded DNA (ssDNA) as a division
trigger, inducing the DNA droplet division with a controllable time delay. By tuning the reaction, we
successfully controlled the timing of droplet division in both experiments and numerical simulations.
Furthermore, regulating expression orders of multiple division triggers resulted in the control over a pathway
of droplet division. Moreover, we applied the pathway-controlled division to the molecular computer, which
compare miRNA concentration. Finally, we achieved a cell-like division of DNA droplets, which is the division
from one droplet into two droplets.

Second, we constructed a DNA nanostructure amplification system for the growth of DNA droplets. First,
we designed new DNA nanostructures compatible with an amplification reaction and confirmed that they
formed stable DNA droplets. Then, an isothermal amplification reaction amplified the complementary strand
of the single-stranded DNA comprising the DNA nanostructures. The amplified strands formed DNA
nanostructures, confirming the successful construction of the DNA nanostructure amplification system.

In conclusion, we constructed the timing-controlled division system of DNA droplets and the DNA
nanostructure amplification system. Artificial cells based on DNA droplets with self-replication functions are
expected to contribute to elucidating critical phenomena in early life and developing new bio-inspired
applications.
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