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Histone acetylation is associated with activation of genes on chromosomes.

Transgene expression from plasmid DNA might be increased when histone bound to plasmid DNA is acetylated.
We employed the positive feedback system using a fusion protein of the sequence-specific DNA binding
domain of yeast GAL4 and the histone acetyltransferase (HAT) domain of mouse CREB-binding protein
GAL4-HAT), in which GAL4-HAT promotes its own expression as well as that of a reporter gene product
luciferase), to examine the hypothesis. The activator plasmid DNA carrying the gene for GAL4-HAT was
introduced into mouse Hepal-6 cells together with the reporter plasmid DNA by lipofection. Significantly
increased luciferase expression was observed by the co-introduction of the activator plasmid DNA.
Moreover, acetylation of histone bound to the reporter plasmid DNA was enriched by the activator plasmid
DNA. These results indicated that the GAL4-HAT is useful for enhanced transgene expression.

DNA



B X C—19, F—19. Zz—19 (@)

1. WFIEBHAE 4O 5

T 4 VA E RIS AN (FEY o«
VARG B —) X DOREEENLBIBTIRE
RNAFT I a5 B WD CTHIERN
FEOLNTWDED, ET A NVART Z—Z L
LA KB ORBITTHL o —lwETH
5. FWRIUILARORBES TH D DI
T, —@MERBEL, TNE R LARWVIED &
FIIBHEIZH K DNA OF 55252155 2 L2
572, BIETIREOEREO KX 7ekEE
o TS, MPRRBESMONTR 7 V—T
(2 & %413k DNA o fifg N EhEE - BENEhRED B
BROFE R, 59 < — @A 722 R B IR IE DNA &
DORFELIAMI AR DNA 1 43 F 2472 1 DI ELL)
FPNEL o, BEFICE LB LT
LZETHhHHrZEnHLMMZIEINTE, T2,
S SRBEAnF IR OEITI K DNA & ENERYE
EOMEERICH D Z LN RB ST,
BIETIRFEE LT, RS kEE 75
BEOMIZ, 7 & (Getafk) DNA EoZEH
Bog & IEFEANC R T8I FEEERS 5,
ZOHIEILT 7 AREEIFICE EN D, BIE
D7 ) ARERATIL, CRISPR-Cas9 Z5d A\ T.
X7 L7 —RBIZ K DGR DNA OLIRTZIZ,
FEFAR RIS Bl L DR - 7ol ks A ik 1k =
Ryz24E 0 S TENERTIN ) v 7T Y
FENAHZ EWZESLIN, ALXZ LT —F
L& I G IREERR 28 AN 5 & YIRTERAL
I BAREEER AR S v, RERAYIZITEE O
EANCERRT D LN TE B EEIND, MFFE
RFEF T EHEIEO —AREDNA (24 ) TREFER
T =—1 7 &E7 tailed duplex &L
L. ALXZ L7 —PIC X282 LT in
vivo TEEFEENFRERTHL I LERL
TWBN, EROE=DIZIZFORRD |5
MULETHD,

2. WMEOEW

UEDZ b, BNERE L OMAEER
ZHENT 5 Z LK 0 SASREE T O NE
HE Z A L CRh R D S Rt 10 72 4h Sk B s
FRPEERT D L ORBEE, i oBis
EITHOZ kL LT, AL Z A R DNA
2T A P UERBEENEAST D, Ytk DNA
OEE. B AN OET B F AALREEIL R
B BEEH L TWDZENabN TS,
T, 79 AI FDNAICHATHE A R
ERRICT BT MMET D AT AR B
L7, £/, 7EF b 2 ho b odtiE A
EREI LT, EHIT. BEX ML OREEITS
BWaaildsz b, AN LOMEEE
< (X7 VA Y — A& i3 %) Blsl
H7RE—F—HEBICEA L, 6T, 5
BEGR 7T A R THD Cp6—Ffree 77 A
2 FORHALIZEBUW T CpG-free B H AN
Frt LK - CH 5 vlhEME (WFFEREE DS
L7) 2&FHIC, #HixdoEe—F—%HT
57T AI REE- LUK LT,

Flo, B FEENEDO EREZEML T,
HH) T — 2 218 57812 tailed duplex b

DEZDIA~y FORBELHF~NT, £,
tailed duplex 2 & A& FEEDFEAED
BEERAT-, I 5T, FEH) DNA OGS
tailed duplex (Z LA BInTFEEIZG XD
AT,

3. WFgED Ik
(1) TEFVEEBEZLFHLZE X2 R
A i ) A

Activator & LT, BER: GAL4 DOELFIKIFHY
DNA #EE RAAL v~ ZADE A N T EF
NVEEHRB SR (HAT) OfE 8 AE (GAL4A-HAT)
DELETEEL 7T A N DNA Z/ERLILT-,
DT A K DNA @ GALA-HAT A& v
r D b3 E FHRICIZ. GALA OECHIEIZER) DNA
FEA RAAL UDFEAET DR (G5) #EAL
77e T GAL4A-HAT T A3 F& LT 7 = —
PBIBETERBAIEY PO LW E FHIC G5
BlAl e 2 gie 7 AI RELBIT, w7 R
Hepal—6 ffIC Y N7 =27 v a vikic kL viE
ANL7-, £72. GAL4-HAT & vy 7 = —F Dl
FRAIYy hE2ET 7T A3 FDNA ZREEE L,
RIEEIZ Hepal—6 F@ICE A L 7=, 48 BRI
EEEAHHE L, VY7 =T —BiEEARIE
L7z, F7-. ¥i7F bk 2 ~ > H3 HiiR
WS 7 a~TF kR (ChIP) (2L,
TIZAIRDNAICHEETHEA RS HI O
T F AR 2T,
(2) 7EFiLe 2 b odhiE A

) axxF o ALBLL 7=~ 7 X Hepal-6
ALY e X hrafit L, 7' T AuES
tRARNUEEE, TS5 AIRDNA ETEFIL
{bEff e A > % NAP-1 <2 ACF complex %
WHBRMIGIZ LI VEASR (X7 A4 Y —
L) L, N KX A FI 7R EERNT
<7 AZEA LT, 48 R4 ICE B8 2
L. Vo7 =7 —PEMEZHE LT,
(3) B A b ARBIRMERSIIC L DX 7 LA
Y — MR E

Ty, BeH %2 7 e — % — LERBERRIE R & D
M A L7 T A3 RDNA Z#EE L=, £
7.7 aE—H— BRI Ty, A28 A LTz,
<7 A Hepal 6 MifAIC Y AR 7 = 7 ¥ 3 BT
L0EAL, 48 RHZRICEAEEZHM L, v
V7 =7 —BIEEERE LT,
(4) CpG—Tree BAE 7 5 2 I NIT L BB

CpG—free Bt EH T 2577 A K (EFla
Tue—H—%H[TDH) EXI—RAL LT, WV
TR =T N T I TS — %
HI 2577 A3 FDNA 2B L7z, SRER
T & LTIE SEAP Bla T H2 W=, "1 Fr
HAF I AEERANT 7 ATEAL, &
B IMIER DT AT VR AT 7 2 —F
TEMEERIE LT,
(6) BiarEE (BFIZEH) AT LD

FEREBNLD D EEINL T LB D I A=
v F T DA T T A RDNA ZRESE L,
FER)DNA & L7-, fE/) DNA & tailed duplex
Zt b Hela MBI N7 =2 v a vikick
D IEE A U7z, 48 IRF[EF2 2 DNA Z BN L, &



IBFHEEZRZRE LT,

reporter plasmid activator plasmid

— T e HH— i TS

positive
feedback
o-®

GAL4-HAT
ERbAclEBER
IIIIl : 5 X GAL4 $E& &R

4. WFFEEk R

(1) TEFVEEBEZLFHLZE X B
> i )

Activator & LT, BLHI{KAIFRY DNA 56 &
HE (B#R: GALA OFEIFIKTFH) DNA A5 K A
AV) E~TADE A LT v FILEEEERE
F (bR TEFAINT AT 2T —F
(HAT)) OfteEREOEGFZERL, £
7. GAL4 DOECHIRAFR DNA FEG R A A 2 03k
A1 HEH % reporter i & GALA-HAT &
f5+o ke FiicEA L (EK), 20
FEH. activator (GAL4-HAT) & 3LEA L 7=
LA, reporter Hinf (Vo7 =T —Fi&
5F) OFRBPEEIC LR T2 RHL
2o 2. ZOFEITE A N BT BT UL
BEEHER (X hrOT7 BF LI E
genome—wide |Z/EHET D) RV axHZF o A

RV ~R7SInNDZ e aBlsEd Lz, 61T,

Ja<F ok (ChIP) #EiICky, vy
72T —BBRETEDICEE LTS E X
NoOEBHEOT EFUBIREE TR L Z
5. GAL4-HAT BT L B A LB EIZ, &
ARNCEABOT BF LR TTHEL TV D
T B LT, fEo T, AT L ARE]
FROSTHREL, TRREFELS T TAINR
DNA IZfEET 28 A M ORERINT T 1L
THDHAREMEN TR I/, —J7. activator
B{5T & reporter BIATDWE ZHEH L7
77 AI RDNA ZERLL, 57257 L%E
X 7=28, FARICK U CRBL BRI HEH N
TENRBHLMNERR o, ZTORERKIL,
GAL4-HAT IR T ORBINBG W= EHEHI S
i,

(2) TEF e 2 b b pdEA

) axxF o AL 7=~ 7 X Hepal-6
Mgl e XA b2 L THBRETETF L
{bEffie 2 k> & NAP-1 =2 ACF complex %
WABERNISICE D T AT RDNA 2T & F
IABBRIX 7 LAY — L& L, ¥ 7 R|ICE
AL7-E Z A, reporter B+ Vo7 =T
—VPHEEF) OBANLEF L, i, &
Pfbe A R EOILBBANFHRFE LR
LT EERT,

(3) B A bARBIRMERSIC L DX 7 LA
Y — KRR E
ERARLEOFEAEEZES (X7 VLAY — A
TERL 2 P9 %) T, Bl & 7' 1 ' — 4 — it

(TrE—F—LERGE L DOR]) ITEA
L7, ZTORE, PHREFTELRD ., SkEis
TRBAMET L2, 2, YuvE—¥— Lk
(2 Ty BEFNEEA LTS, BT ER T
277,

(4) CpG—free BH 7T 2 I FIZ X % 58

BB T A3 R THD CpG-free 7
7 A ROFFGALIZE W T, CpG-free ‘B B
KB LR - CTh 5 T HetE 2 &8Hic, FE
AT OHA72 T T AI REHBE L, 2
DEFIZ LD & 7 aE— & —IRIFIEF
BIERELNDITT THo7=N, BT LD
DG Z ZFF T DHERDZG O NIRRT,
(6) BAZTEE (BHIEH) > AT LD

MaEREEDHE L -8B TEHET

(tailed duplex) T XD &BETFIEE (B
2o M) JEIZBWTIE, IS Av v F
DEAET D, ZOHFEE, MR ORI
ZHBITIRFE L CBBEEENELD EE
ZONDHTD, MU OEHE DI A~
v FNGFET D EBBETEEDENMET T
D ETREINZ, £ T, BEREALLIAL D
A7y FORBEFT AR, PRI LT
BEZOIAY Yy FIIBEEBEFEEDRICHL
EIEHT 2 L2 AN LT, fkx oflatd
ZHAWTHARESR, tailed duplex (21 15
AR O D560, holgs (1 EERK
X HEERD D H5E) L0 bBIETEE
hEE ERIEAHZEEHLMNZ LT, L
L. F_OIRyTFOMNEBEIZBEAL T, H
TR RIIE NIRRT,

*7-. tailed duplex 1T L DB EFEED
HEFRIZ X, D-loop FEENE ENTWND L H#HEE
SNB7=8, D-loop WG =L ENT HA Y I
X7 LAF K& tailed duplex #3EE A L7~
LA, B HEEDERE LA T HHEMBE
gan,

S 5T, FERY DNA OLIEN tailed duplex
WL D BIETEEICGZAREERT-L
Z A, ERDNA 2 YIWrT 5 L BE TEE R
PRI LM BT 252 L& LM LT,

5. FRRERLE
(WFgefRFE . WFZEsHE K O EERF 22 512
X THR)

(MERERm S0 (B 4 1)

(1) H. Kamiya, N. Nishigaki, A. Ikeda, S.
Yukawa, Y. Morita, Y. Nakatsu, T.
Tsuzuki and H. Harashima: Insertion
and deletion mismatches distant from
the target position improve gene
correction with a tailed duplex
Nucleosides  Nucleotides Nucleic
Acids, in press i A

(2) H. Maruyama, K. Furukawa, H. Kamivya,
N. Minakawa and  A. Matsuda:
Transcription of 4’ —thioDNA



(3)

(4)

(IR

(1)

(2)

(3)

(4)

(5)

(6)

(7

(8)

templates to natural RNA in vitro and
in mammalian cells. Chem. Commun. 51
(#37), 7887-7890 (2015 4= 5 H) doi:
10. 1039/C4CC08862] At

G. N. Kanda, S. Miyamoto, M. Kobayashi,
I. Matsuoka, H. Harashima and H.
Kamiya: Anatomy of plasmid DNAs with
anti-silencing elements. Int. J.
Pharm. 464 (#1-2), 27-33 (2014 4F 4
A) doi: 10.1016/j. i jpharm. 2014. 01.
025 Hmeh

R. Togashi, H. Harashima and H.
Kamiya: Correlation between
transgene expression and plasmid DNA
loss in mouse liver. J. Gene Med. 15
(#6-7), 242-248 (2013 4= 6-7 H) doi:
10. 1002/ jgm. 2716 e A

(3} 12 1)

FERESR, AR, MRIEZ: FFEN
LA R TEFAICEDZEAT T X
3 N DNA OFHL B, 4538 [AlH A% T
WS ES - 8 88 Bl H R4 LS K
SAFKE (2015412 A 3 A, #F)
PEEE AT, SRR, i AlE, AEE
N, FRRIEZ 0 FERERIERALIZE N L 7= 4
FHEIEE I A< F M tailed duplex (T
X DR A~G 2 D, 38 A
Koy AW FRFE - F 88 Ial A A4
FAREEAFIAE (2015412 A 3 B,
Fh)

A W&, EESES, BAEK, B
2 EER R T R T o ) IR
5’ —tailed duplex (2 X 2 HECHIZEHARN =R
Zm EEE5. 38 EIAARSFEMFE
DS - 88 M HARENEAREE
K& (20154E 12 A 1 B, #F)
MRIE 2 WPk © s v 255
- HIREATSE © DNA 512 & 5 28 Bkt
DOfiEY] & B TIRERAEREORE. B
AT o E U E S A B X Sy
MriefiFgesy (201543 H 18 H., HJA
=)
PERSER, METhd, PR, R
Fi, MR IEZ FrRM e 2 b B
L AEANTTAI K DNA OFH EH.
37 [m] H ALY FAEMFAES (20144
11 A 27 A, #w)

PO AR, WL E AL, BlEkth, SFH
7, REERaE, EEA, REHE, K
BiEZ: FERALICBIT S I A~y
FOEYIER EIaTEE) ~Dpik
37 [m] H ALY FAEWFAES (20144
11 A 26 A, #i)

MARIE 2 (FEFF#E) © DNA HER T
T 5 FE AR ORI LB AR T IR IR A
fe DREFE. AARDHLFERE 63 FF2
(2014 49 A 18 B, WL E)
PERSER, METhd, PR, R

Fi, T2 77 A3 K DNA KR EHY
b A BRI K DA G R
H. % 30 M HA DDS FEEFMES
(2014 47 A 30 A, D)

(9) VAR, MHEITA, PR, JHE

FE, Mz AT A3 K DNA
DORFRMIE 2 b ABHHIZ XL 2R L5
%5 55 Bl A ARAA LS HE - DY E S

£ (20144E6 H 7 B, f&l)

(10) VHIEZZHAT, MIHEZSL, B)lIRkt, ~FH

7, FREERaE, EEA, RS, K
iz 77— DNA & W2 tailed
duplex DYEEL & PEHEAR T DECYIZ #
%5 55 [A] H ARAAv R E - DUESSH 5]
2 (2014 4E6 A 7 H., )

(11) FhHEICAL, IR =FF, 2 —B8, JHE

Fi, BB In vivo lZBIT A543k
BIEFRBLOR % 2325 DNA Bl%
DOFRIE. 36 v H AR AW FERFR
(2013412 A 3 A, #))

(12) R. Togashi, H. Akita, H. Kamiya, H.

Harashima: The effect of plasmid DNA
sequence on gene expression and
polycation complex formation. 40th
Annual Meeting & Exposition of the
Controlled Release Society (2013 4E 7
H 22 A, Honolulu, Hawaii, USA)

() (o)
(P 36 U PEAE )

OIREL (G0 1)
ORI (G0 14)

6. HFFTHEAR

(1) WFFERFESE

A TEZ (KAMIYA, Hiroyuki)

N S NENE AV TP ST e i
ez

IEEE S 10204629



