B ES 181049 5—2
MERE®REZ

ﬁﬁ%%-(?*;;) o | BEFEREHET2EE5F T/ SARAOR

ot gﬂ”?lz;;) Az Construction of autonomous gene expression control device

g& hont cc | @) 4R 2) Ly WrZEHARE 8 2018 ~ 2019 #

R | EF ce | ZHIR f&1 58 HEFE 2019 #&

? 0-v= cz | TADAKUMA HISASHI WMEMEE | KIRKZ

T oo | KIS EEEFEA - B

BIE ea (600 F~800 FREEICELHTZEY,)

BIEFRBEZRZEMMICEEICHEHTESEL. ERPEZICEEZETHD, B FRIEIE. SEMNGRZEEL
T RRETOVSLARETHAD T, FALGFETHD, LML, (RO RISHEEREA VNV EEFREL.
EIIEBFEMBEEREHR T ALATEY . BERILGVRISAEE TLEIEVWSREWEREENH o1,

BMEFX. £ "REDF"'E ELFFAL, BELERETEHERIRIGEZED TLSEIZEBL. ATH
HRIGSISGEEFRBRHNET /NI R F/FyT)DBEEFBEIRLTE -, T/ A—MLEBE TH FEERTEE%:. DNA
F/HBERATZ AL, T7 RNA R A5—H (RNAP) ERHIERF D73 FEEE D FIHICE - T, B FRIEOFIHE
MEBETHHE . ALHIERD miRNA TOT7/ )L & - EBEL. B AEIT5BEN AR THHEL. HBRENT
KL TET-(Nat.Nano. 2018), AAE TIE. SO F/FyI =N THEESE2FE#HMELZ, MA T, fE5h
= RNA ZERRFEB T 5512 VILANNIBIRZIEBR T HIENSEITLLID T, EDDFHEED—InZ
hepatitis C virus (HCV)® internal ribosome entry site (IRES)E2 3% /E+# [Z1To7=

HMEARNTE, TOF7—E0. XRILT7—EE., 7 /FVTIZEFELT- RNAP LIEMEGFEETRFNSHEE
9§55, ZZT.DNA /1B EDHIKETIRL. FIKEL. BRNERIZ RNAP PEMEEFEEEIETHET. €I
492 DNEPFIZE T, RNA EEZHEELz, £, TDBFET.DNA F/#EEF LY BHICRE-HEETD
EQEIMEFEEIT o=, DNA F/#iE (X, KUY 1 AEH DNA(ssDNA)E B i5(scaffold)&L . £ DEELY staple 8
ZEHCESSEDIETHEEINDN., #E3EIL. scaffold ssSDNA ELTI77—HEDYEFIALTEY . #8085
WARETH>f=. T_T.PCR R—RADF &ML=, — A T.HCV IRES IZELTIE. HEEZONTES
ETILEIEESART. URY—LIZHESL. BEDEGFEDIRIERSIESEHAD—IHIATEINT =,

AT T, DNA F/HBEDEEOBBHENLLY ., F-. MIENTHEET 2FEHR"aSNT=, £Ff-—H.HCV IRES
DA NS, F/FVTHMEEIT D RNA ZEMIHRIFIELADEV N EoNT-. §&. oD EEE
HEhE. T, RBRENTHEEL-tU Y —1HAATE T, BEHEELEGTFREROFIEASEFINS,

F—T—FK Fa

BT FHER

RNA

DNA F/#&:&

(UTFIFEALGWTSESL, )

BhRBA -8 Ta

MEREES an

MREEES Ac

&S

_1_




BRI (COMEZRRLIHE - IEICODVTERALTSEEL, )

Em3C4ZREcB | HOV IRES Captures an Actively Translating 80S Ribosome
’*”E ;Ekcy:ma,TT ,NMf‘chicia, ’: . TIvLashakL, WM,
o | BEB oa | peb e Wil | HEEE oo | Molecular Cell
STy T., *Imataka, H., and *Ito, T.
R—3 or 1206~1214 | $f7&E e |2 |0 |1 |9 |#HB e |74
SR iEREGE
M
. EZEHA cA M54 oc
Eu},\
R— 6F ~ RATHE cE &5 oo
FmX1EREcB
M
. EEH%A cA MEE4H cc
At
R— 6F ~ RITHE G &5 oo
E&4 vA
X
E4 He
=
=
HhRE HB FITHE HO A =Y HE
E&4H vA
X
E4 He
=
==
HER#E 1B FATHE HO A=Y HE
PRXHEE ez

Gene expression control is quite important for medicine and science. Especially, genetic circuits are
useful tools because of their program ability. However, the conventional diffusion-reaction based
genetic circuits have intrinsic drawbacks, as it is difficult to avoid the cross—talk completely

[imiting the versatile power of genetic circuit. In contrast, in the natural system, related factors
are integrated on the scaffold, and the formed “reaction field” efficiently performs the gene expression
even in the crowded environment. Inspired by these facts, we have made artificial reaction field by
using DNA origami technology, where nano—layout of factors are possible. Integrating T7 RNA polymerase
(RNAP) and target gene, we made transcription nano-chip capable of precise gene expression, and
sensing/computing the miRNA profile of artificial cell and producing the output (Nat. Nano. 2018). Here,
in this project, we constructed the nano—chip function in vivo. Besides, to understand the efficient
gene expression of virus, we examine the molecular mechanism of internal ribosome entry site (IRES)
from hepatitis C virus (HCV). There are several factors in the cell (e.g. protease and nuclease) that
make damage to the integrated RNAP and target gene on the nano—chip. To protect from these factors,
we used cage structure, and integrated the RNAP and target gene inside the cage. With this cage, we
succeeded in RNA production in zebrafish embryo. Also, we developed the technique to expand the design
ability of DNA origami. DNA origami is made of long single stranded DNA (ssDNA, termed “scaffold™) and
hundreds of short staple strands. In the conventional way, phage—derived scaffold ssDNAs have mainly
used. But the construction and purification of such scaffold ssDNAs are laborious and time—-consuming.
Instead, we established the PCR-based methods, allowing us the design ability of sequence and reduce
the preparation time. For HCV IRES, we found new pathway of the IRES entry on Ribosome, ensuring the
efficient gene expression of the downstream gene. In this study, we expand the versatile power of DNA
origami technology, and also showed that the nano—chip can function in vivo. Furthermore, we obtained
hint for the efficient gene expression from HCV IRES mechanism. Combining these results, we imagine
the construction of versatile gene expression control device in the near future.




