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AT TERIEE —EBE/IC BT HBE N —R T ) Fa—TF ¥ RAVEROMSE] LEL,
Xz Tes B EINS.

H1E [ i, TBE _EREAKLA L L CEKRIEE “ER/ME (giant unilamellar vesicle:
GUV) DIEFZE L FDOIHIZOWTR~S., ZL TGOV OSHHABRTHSL, ATHIEZLTEINLIR
A4 D GUV R—=ZADT A ZZBWT, GUV-GUV % L < 1T GUV-FIRE D4y F i s R I L /N T
bHZ LERL, TORERMENE UTIRE ~EEV NI E ik 2 e je /2 A — o
F XU L= —AR > F / F 22— (carbon nanotube: CNT) TH 5, 4 CNT IZ DWWt 5.
S LIZHE ONT O 2 E TOMFFEROREIIZOW TR L, GUV ~DOEE CNT @AM ENRE LT
WHZ L AL, ey FEEREAEE O 7D, B ONT DA GUV BEFREIC KT T 52
DOFFEMNTE X OB CNT % GUV (Z3@ ] L 72 BR DO DB O FHIE DB BNV ETH 5 Z & 2k 5.

50 B THAL ONT OfERL] i, GUV IZHEEL ONT F ¥ RAVEFRT A 7= O ORI L LT, B
CNT ZERL U7z, BRMRIEE —EEA~OFAZA[RE L 3572012, BF M L2800k E &bz
HE'E 53T % DOPC 1T K W A5 1Z K DKM Conia FiEE LTEH L. fERLCE
B ONT O SIZxF LTI, FilE 7 IMmeEssisd MMl s, BineBEliEic X200 %217
HZET, CONTA0 ~ 60 nm OFFAICHIKI SN TS Z L 2R L. BB NNT DT~ AR
7 MEGIZE ZA, ONT OB L THRE S FIEA D AT MAPBEI N, 2HETICIEE S+ &
ONT DIFAEZMER CTE 2. EHICT < AT MV EEESL L v #858 ONT OEA2Y 0.9 nm &
1.6 nm THDHZENHEFETE . R&EID, B ONT 2885 L2 5 — EEIC BB L2 En L7k
RECTOEWANC L 0, BB ONT OfFE —FERIZEBIT 5T v FATEMEEINZ OV TRHME L7Z & 2 A,
T ¥ RNV E BT H AT v TIROEBIRBEEDBLEINT. SHICEA N T AIBITFbav ¥
7B ADBERHIS AL VB BEINT Oa L X7 Z AN 0.4n08 THHZ ENHEESNTZ. =
OEITEERDE & A DO A — X — %R L TEY, 8 ONT NBEICHA I Z L RB I 7.
PLEX Y, ABEER L7285 ONT 138~%+ m 2SN THY, B8 EEICEBMICHEAT
ELRMEERIOZ Lo T

%3 3 [ ONT #EAIC X 5 GUV BIEM#NT) TIX, GUV Z VW THEL ONT 2MIEE —BEIRO LRI
FIFTHEBLTAET D L2 HE L. T OO H I CIAMEEIC X D BIZC T ONT (TR L
72 GUV DTSR 221 L7-. fE5 & LT, % ONT 28 GUV OFBIRZERIE D> Hdifs L=/ Ma~ L ETE
SHDLENRENT. SLICEOERRELR, BEROEEZ R LXF - LR ERET VLT
52 LT, GUV OFREAE L thROBMNHE ONT OFFFEAICL D BEL TWDZ LEBRB SN
7o, ZOZEMNBEORRECEA 5 X 23R ONT SI3HE2 Y, B4 ONT Tl AL L - T
NEE 530X T F ROWAEA L R AETE A D= A L FFO EREBEZLND.

B4 (GUV DA A VBB FEOBR) TliE,  GUVIRIZE I D8 ONT IC K 54 A %k
BT A2 AR E Lz, Z20EDICHETa—T7 2N LTz GOV LHaDRBEMEE A vy, GUV
D REB 22 & INEREEIRE DORIE 21T L TITV, GUV BEIZIS 1T 5 Ca®' Fil 2 34l L, 0t BEKSS
EFHWERT o —F ORBELEIT-oT-. ZOMREE LT, BREOFREL TV GUV FEizkwy
TGUV NIC Ca* il SN DT A BAMEE N CRIENAIRETH D Z L AR LTz, SHLICARFIELH
VN GUV ~OERE ONT AR EIZ L D Ca* OF MR DAL 2 5FM L7-. 8 ONT ORE B fEn
Ca” DB EHT D B2 O, RE LA 4 L FERMEDOM ORI OV TR 2 A 72

52 i T, SFETHELNZAMREE L, BEINELE 200 itta R L.
S HICARMFEIZ K> THE LA GUV & W =T A A RIEFTEBIZOW T L, A
IR RAT T LRI DN TR~ Tz,

PLEIZRT X 90, RFmSCUIHEE ONT T v RVERRIZ & D GUV IRETEfENT, Bt n—7
& WS 2 O 72 GUV H O ONT 7~ v 2L D gl MEREATT T 15 D BRA%E %18 L C GUV (2331 2 K CNT
F ¥ XNVFERDOT- DDA ERMET HHEDOTHS.
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Giant unilamellar vesicles (GUVs) are an important tool in artificial cell research to explore
biological processes and the origin of life. Encapsulating biomolecules enables to construction of
bottom—up artificial cells that mimic biological functions. Furthermore, GUVs can be used as chassis
for developing biology—inspired microreactors and biosensing. In GUV-based devices, chemical systems
have been constructed within a single GUV. In recent years, the ability to input the output of
chemical reactions within a GUV to other GUVs or cells has become important due to increasing system
complexity and new approaches to therapy. Typically, GUV-based systems release molecules to the
outside through membrane protein channels as a route of molecular delivery to the target. However
this process causes chemical signal attenuation due to diffusion. Therefore, the formation of
channels between GUVs and between GUVs and cells is necessary for molecular information transfer.
Ultrashort CNTs, which are carbon nanotubes (CNTs) cut to several tens of nanometers, can form
channels that connect lipid membrane vesicles. On the other hand, there are few reports on the
formation of ultrashort CNTs in GUV. In particular, CNTs may disrupt or deform lipid bilayers. In
addition, existing methods for evaluating the ion transport properties of ultrashort CNT channels
formed in vesicles are difficult to apply to GUVs. In this study, I analyzed the effect of the
formation of ultrashort CNT channels in GUVs on the membrane morphology and discussed the deformation
mechanism. I also developed a method to evaluate the ion transport properties of GUV membranes with
ultrashort CNTs. These efforts are aimed at providing insight into the establishment of molecular
transport pathways using ultrashort CNTs between GUVs.
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