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(57) Abstract: The present invention relates to a protein complex in which estrogen
receptor 2 (ERT?2) is fused to CRISPR associated protein 9 (Cas9) and a recombinant
vector carrying a gene coding therefor, wherein the ERT2 is bonded to the N-ter-
minus and C-terminus of nuclear localization sequence (NLS)-removed Cas9. The
protein complex of the present invention has the advantage of translocating from the
cytosol into the nucleus at a certain time point upon treatment with tamoxifen. As
such, the protein complex that has translocated into the nucleus can modify a spe-
citic DNA with the aid of guide RNA (gRNA), ultimately enabling a more elaborate
DNA modification operation in a desired part at a desired time point. Therefore, the
present invention is expected to be used for developing new and convenient DNA
modification technology.
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FAAE X Az2Y A
7] &= & ok
B kg2 DNA W8 f5 ghld 53 2 o] 2 g3 dlehE fAAE
Foehz A= e o e Aot
w787

5248 Al 7], f3hi= ol Al 93l= DNAE W3 (modification) Al 7] 7]
A 3ste] A Al Cre-Lox A %%} (Cre-Lox recombination), TETA] 2= & (TET system)
Toll &2 Hol4 ZEREHE o]gsle= Wigo] &A| gt
o] 5 TETA| 2= ¥ (TET system)-> ] & ¢ 7 o] Q12| (transposon) Tn10°l S+
HE Aol 27 (To) A M2 A & A1S 3 3570 A T
SEA AN o] FAALAF LA S Wap, 2 9] 242 T 0] 3
A A & (TA (tetracyclin-controled transactivator) $1 €], o] = Tc ™ #l| 1 ZH(tetR) ]|
e 3 23 A vlo] 2] A& VP169Q) AAL e A 3 o & Asksl gl Ao a1, B4 =
tetRe} A< = Q= A&7 A (operator) (tetO)2 AFRHA| 32 7] T ufo] 2] 2
(CMV) Z21 A4 9] ahyell 354 7325 v 2] g Aol v, 7] TeE A el A=
719} A EHTAT etO9 A3 #| X384 R, TeE A 781 (TA7F etO 2
Agrsle] A FAAL dl S 250 FTHTET-OFFA| 228, 9 2 & (etO<}
Agsto] A {7 ALY £ &)= 1tTA (reverse tetracyclin- controlled
ransactivator) & AF-83F TET-ONA| 2281 9] F-5-8 918 o -5 7| & ¥ a1 9t
Cre-Lox A Z3}(Cre-Lox recombination)< Al 3 DNA 2| 57 9o 4 A4,
A9, AR R 01 S S aae o] o] g5 9] Hol 4 ALF A
N, A8 AR A8 E A 2H6] A 25 Y5 =6, DNA ¥ Hol
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1541 A7)l k= 57 246 A DNA ¥ % (modification) & §-5 8 5 9132
el whato] of o 1 A 7, Cas9-ERT2 WA 5 g+ ol
E} A #Hl (Tamoxifen) & * 2] g0 24 S A H ol A7) Cas9-ERT2E
A EANA & HE o] FAIZ 4= 9o, o)A 7 &) W E o] FF Cas9-ERT2
A 2314 7} guide RNAE E-3l 57 DNAE ¥ (modification) Al Z =
QtHz A2 Be15ta1, o] 7] Z3te] 2 g2 g shglch

[8] ol o], ¥ ¥rd -2 Cas9 (CRISPR associated protein 9)¢ll ERT2 (Estrogen receptor
27k g3 Sl kAol wak oA, Bk A A 02, Y] ERT2E
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A7l ek 2 o o] 548 dAd ] 9k, & E & Cas9 (CRISPR
associated protein 9)°l] ERT2 (Estrogen receptor 2)7} 8§ & Wl H3hA| 2 4],
%}7] ERT25= NLS (nuclear localization sequence)”} Al A ¥ Cas92] N-Zdet 2
C-Zato] Agxo] = AL 507 3= @ d EFA & A Fgh,

2ok o] At of| 2 A7) whilal H31A| = EF Al 9l (tamoxifen) =
et o B2 Al Ao M 3 Y= o]gstE AS SHOE = A A
Ao}, ool A gHE| A gF=1t.

S S AT Gl BRA S hT gtk 9T 129 fIVIAER
ol Fo X FHAAE E3eh= A& S 0= st A£G HE & AT E
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O
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= 0
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E g o] v E S22 V] T2 EEH = CMV (cytomegalovirus) X 2 5 H A
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A7 WE A ok g stel, 9B 8 YA S
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37 e ez B g mk 470 ol slahy] 9Aste] AT E = A B, 5]
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= el B3t e Al x

Bl 2= DNA W8 f-5 9l d 283 2 A4 %817 918te], = 19 Yerd
Hle} gro], wkd Aol & Y& o] & 3= Cas9-& H.u} st A| 248z},
Cas92] nuclear localization signal (NLS)= A A &}l M| 324 (Cytoplasm) o
ZABE == 8L, 471 NLSe| Al 71 € Cas9] N-2h 2 C-debo] ERT2E

S 3HAIA A 23 Cas9-ERT2 32 2345 of] EFE-A] 4 (tamoxifen; TMX)S
Ae)ate] S4A Aol & (nucleus) HE ] A Z 4= 913= Cas9-ERT2 A
3} 7)) (ERT2-Cas9-ERT2) Y] T2 & 7489 th(% 2a # %),

53], At Al Aol 54 FAAE HIA A 5 I =5, 54 1419
gRNA (guide RNA), U6 ZZ 2 E,CMV Z 2 2§, ‘;'; AF7] Cas9-ERT2 w82
E3AE Ads 25 2SS Sl 2b Fx), ©] W, CMV promoter2]
AL-8-© = ubiquitous expression®| 7|53} T}

AR 2. A= HH A=

Bl o AAG, B we] uld wgal s a sk f A
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pCAG-ERT2CreERT2 (#13777)%} pX330-U6-Chimeric_ BB-CBh-hSpCas9 (#42230)
S| = E G191 AL, Santa Cruz 2 -E] mouse TIF1y CRISPR/Cas9 knockout
(KO) Z2}21] = (sc-430111)E -1l 81 S T} mouse LRAT (Lecithin retinol
acyltransferase) 3= = ¥.E| A| ¥ 2= (promoter sequence)T promoter prediction
(http://gpminer.mbc.nctu.edu.tw/index.php) & AF-83] - Ao o FH = A A~
(-5,500 to + 72 bps)E A E15} 9] 31, H.%5-2] mouse DNA (C57BL/6N)E AF-&-3} <]
8t7] 3 19 & 5ol 4 Zefon o} 37| PCRE 3 8l LRAT Z2 5 HE

g= a9,

[3E1]

Primer 'sequence {5'-3%)
Forward GACATTGATTATTGACTAGTCCTTAAAGAGAGGCATCCGGGGTC
Reverse GTTCTTCTCCTTTGCTAGCCATGACGCTCACGCTAAAGAGCTTGAAG

7] LRAT =2 5e]o] el &dol A, b A e = 7k 453k o4l §24)
(TIF1y) W8 220] §3 1= F o] =8 A4517] 918, CAG =25 9]
pCAG-ERT2CreERT22] Crei= LRAT 3 2 2 ¥ 9} SpCas9(Streptococcus pyogenes
Cas9) 2= 242} o 4] 3} 3l .

o, U6 ZEEEE 2E= 317] 3 29 TIFly gRNA 371 & 7371

Eel v ol 1919k,

[3£2]
gRNA sequence (5'-37)
gRNA 2 CTACATTCTTGACGACATAC

ol & 7| | 2% pLrat-ERT2Cas9ERT2-TIF1y gRNA Z&}21] == o] 7)Mo
-4 (Sanger Sequencing)°ll 2]} &1 At}

Ao 3 HAAFS Ao AL

B Algl o ® YA Aol 54 732 Eel o] A ¥ = 94 % 8t (transgenic;
TG) A A& Aatst7] fste], 5 W+ 858 2] C57BL/6N 7 A ol Antd H A
A2 A2} = T 2 - (pregnant mare serum gonadotrophin; PMSG) (7.51U) 2
AN A A AR = & 2 - (human chorionic gonadotropin; hCG) (51U) < 7t
48 A 3t 2HA 0. 2 &7 (Intraperitoneal; IP) TA}SFo] Zhnl eh-& f- A 71 0.,
hCGE FAMSE 3, 7] &7 A 5 CS7BL/ON 21§ 571 A F oF all| Al 7 o},
virginal plugE 53l &2 AF o] Al FE Fletar, A AFARNE 4
o} =2ak it

FA A A Azl A A2, 7] wjotel, & 50 WreRd vlef o],
EHEA 3l B ek (A3t A #- 1 AH (TIFLy) 23 o] 24 & #43h= DNA
(pLrat-ERT2Cas9ERT2-TIF1y gRNA) 37] & Avrll/Pvul &. 2 ©|ZF At (double
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cutydre] A& 3} 8] v A=) (microinjection)-& © & =8]8} aL, 1-4]| 7] vl o}
(one cell staged embryo)oll 7] DNA 371 & -2 552 v A =Y 313} o] ¢}
A& A A Y Aabel 2 v AF A AAP7F AR E AT E AL A=
o gkl =),
471 3719 DNA £3& & dng/ul-S 3 4} (zygote)2] A & (pronucleus)©l]
Z2}7] (micromanipulator) & AF-g38}o] 23] 4 02 5916} a1, o] X & DNA
TS AT g ol E 37°Cell A 1241 F F&F w Fst sl Tt A o) 5
4 1

= . 1
g ol DNA H ] 75 vhild 584 o 3 k2 &lstr] Hsho
HAAMH S =35} 50 ), o] & 9135Fe], LX2 Cell (Human hepatic stellate cell
lines)®l transfection ¥, EF5-A| #l(Tamoxifen; TMX) 1nM-& > ] g+ t} &, 44| {F &
271 TMX 9] A 2] f-5-oll uhE Target §-%1 A} (TIF1 gamma; TIF1y)2] 749}
Hhoh 2] -7 A} (alpha SMA; a-SMA)2] F-7F & &<l

1AW, & 6a 2 5 6bell YEF vEel o], TMXE A 2] 8hA] 9ok ],
A E A (cytosol)ol] L& ¥ Cas9-ERT2 WH 2 E313 o] &) | & o] 59|
A A ) 3L, a-SMAE ko, TIFIyE & Woll A 2 ¥ A th(%x 6a F32).
HEA, TMX A 2] Al Al - ol) & ¥ Cas9-ERT2 WA 53147} &) U] o] F3-&
el 5= AN e, a-SMAT= = k3L, TIF1y+= 3 o 23 o] ZHAE AT 6b
%—1)‘

LeH A~ X E Qo] & 0]-8-3}9] Intensity©l] whet A1 g Ay} %= 7
el vFe} 24o], ROI 1 (up cell) @} ¥ €] 2] transfection®] ©] 0] %] 2] ¢
A 3221 ROI 2 (down cell)S H] 13} -& w (& 7 F=2), Al 322 ol Ha
Cas9-ERT2 ¥h¥ 2 =53H4 7F TMX A 2] 2 3} f o] 53H& &l 5= 91 %laL, ROI
10] ROI2K.T} 8 1} 9] Cas9o] 5ok om, M EA A a-SMAC] %L
W o] THAastATH(E 8 ).

HuR Hugo qIdEE g A~E= dhy] 39 gt
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AEE= 1 Forward Primer
Ades ) Reverse Primer
MEEE 3 transcriptional intermediary factor 1 gamma gRNA 1
AMEEE 4 transcriptional intermediary factor 1 gamma gRNA 2
AEE= 5 transcriptional intermediary factor 1 gamma gRNA 3
MEER § Cas9-ERT2 Forward Primer
MEges 7 Cag9-ERTZ Reverse Primer
MNEBE 8 transcriptional intermediary factor 1 gamma gRNA UG-F

[66]

[67]

[68]
[69]

MEEE 9 transcriptional intermediary factor 1 gamma gRNA gRNAL-R

1

1
AERE 10 transcriptional intermediary factor 1 gamma gRNA gRNAZ-R
ARz 11 transcriptional intermediary factor 1 gamma gRNA gRNA3-R

MESS 12 | ERT2-Cas9-ERTZ

AEEE 13 RNA polymerase Ill promoter for human U8 snRNA

NERE 14 human cytomegalovirus ({CMV) immediate early promoter

Cas® (Csnl) endonuclease from the Streptococcus pyogenes Type I

CRISPR/Cas system

gk 2 g o] A2 oA E 918 Aol
Aol A& 7h A= o ] V]
A THE A AR FEl R A A
ojth. 1| BLE o) el M vk A
gt 2l o] o} Ao = o]l ofrk g},
1_?3’% o] &7l
g o] vkl A =34 i= guide RNA (gRNA)E 53 574 DNAS © A Z

‘Rlﬂ L 8= 22 = A X 5] 4 vd S dhi= £-4AH2] promoterE
|83t o2m Yol Al ol Yol Fitol A o= A nl g DNA ¥18 2F] o]
7hsstoh whebA], & 82 Al F AL H e 3 DNA 1 7S v sk

]
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T84
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