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Trends in Protein Engineering for Gene Targeting:
Homing Endonucleases and Zinc Finger Nucleases

Dea-Eun Cheong and Geun-Joong Kim*

Department of Biological Sciences, College of Natural Sciences, Chonnam National University, Gwangju 500—757, Korea

Abstract Monogenic diseases are resulted from modifications in a single gene of human cells. Because their treatment
with pharmacological medicine have a temporary effect, continuous nursing care and retreatment are required.
Gene therapy, gene targeting and induced pluripotent stem cell (iPSC) are considered permanent treatment
methods of them. In gene therapy, however, retroviral vectors that have potential toxicity caused by random
insertion of harmful virus are used as vehicles for transferring genetic materials. On the other hand, gene targeting
could replace and remove the modified gene though homologous recombination (HR) induced by site-specific
endonucleases. This short review provides a brief overview on the recently tailored endonucleses with high

selectivity for HR.
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fraazte] Aol s Wshk= oy 7HA] AW F,
shte] 34 Wi e g Yehte Z3HS monogenic disease
2} 3t} Online Mendelian Inheritance in Man (OMIM)
database (http://www.ncbi.nlm.nih.gov/omim)°f 20103 1<
7HA] F2E Apge) b, 54 ket A2 drEo)
25007} o]/do] A8, cystic fibrosis, duchenne muscular
dystrophy, fabry disease, huntington’s disease % X-linked
severe combined immunodeficiency (X-SCID)53} -2 AW
o] o]ol] &3t} [1]. FAZE shie] MyH fxkel B
H %] FH7110,000F0] Hethar geiA] Stk oy
A 2t 54 848 deselal = 7
%, 843 X]F (enzyme replacement therapy)2] %]-8-0]
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gurAol} thFato] ShAAQl X EH o= JAY FRF v
2] FoAE sfof sk= A-97F Bk Ad 201 B2 o]H S
monogenic disease®] X|F WHOZ EAS AE L ZHo
A5 G Ad FHQIA] A4S 913 gene therapy [2],
Hol7} kel frdxte] g FraxtEe] 94 X3 figh
homologous recombination (HR) 7]5+2] gene targeting [3],
J8]31 T o)} F= iPSC (induced pluripotent stem cell)
Zlgdl B2 J77E JdHI .

kA AF3l ]2 monogenic diseaseS 5 SCIDS] 3%,
B = T Hx79 A3l osf ¢ gt 53] X-SCID
(VEFZ 48419 subunitS &3} k= ILR2GS] 54
1Ho])2} ADA-SCID (adenosine deaminase gene2] =<11HO))
73-%-, gene therapy 71 282 913+ ©]’322] monogenic
disease model 24] retroviral vectorS ©]-&3F AFZ2l X5
Al 7} A0} [4,5]. 28, retroviral vector®] random
L= semi-random integration®l] 2]3} target -FHA FH
A7) W37t 9= gene silencing, endogenous
gene2] 33 2 up-/downstream 32 WH3lZ {74}
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transcriptional activation 5= =3l =,
T ok AAR BEPESE Yoz sl -3t X858 W
A7 AP AL =g EAS [6]. o] g FAI
55 3123517] #1584 non-viral vectort: non-integrative
vectord] 7f@te] A% 3 glth

Monogenic disease X|F5 93t T2 gito =z, F Lo
+ gene targetingS &-8-317] 98 Al=r} FIdP= AL ot
Gene targeting 71&-2 19901 dtlel] A7 ©] =2, mouse &
2] &2 model animal®] A&}l 8% Mario Capecchi®}
Oliver Smithies”} physiology and medicine %#°}F2] Novel’d=-
T4 (20073l 1 7RIS FRERUTE [7,8]. Gene targeting
712 retroviral = lentiviral vector & 283} gene
therapy ¢} €], #3A} copy number?] ¥3} glo] /2]
promoter®]] 23] W&o] A= B ole} viral vector?]
random integration®l] 9|3t A HS AT F U=
S Ade), a8y @20 F 2199321l homologous
recombination (HR)®l| 2]+ A 23 H|S-0] v e oy
o] EAgtt [9].

FH 14 7312 B 9714<L9] double strand break
(DSB)9l| 2J3)] F-=5%= HR=S ©]-&3}= gene targeting &
& SUE 3} tailored T artificial nucleases®] 7)eta}
-8o] RuE o} o3 §4-9] backbone 2 E homing
endonucleases$} zinc finger nuclease”} &% )0, &
BAo 2= AAZR] AlFFE A} 7ol )12/ < (recognition
domain)¥} A3 (cleavage domain)2 Ad G405
7Nt} B Fofl A= monogenic disease X|5Z 9|3} gene
targeting 7|0l 283171 S18l, dA| AFEAL U= artificial
endonucleases®l] tall 7+eks] AofstaA}; sicl,

g2 £

ookt )72 BAeEE DNAY 729 AR7F 4
AHA, o5 aHH o7 Aofd 4 e Tt G450
A AESE Ao AR IAEE AR-FAL Tk 9]
Het A5 T, Y FHAEZY 4E A= o
2 BHE Agases dFHQ0 ALHESE A (DNase) 2}
ge] 54 AES QAlsk] dusitt. ofn] oy FFe Al
3 G4} ookt AJEoA whEEo] 81 glon, B
Tkt AE (dE 9 ARJAEQ AdELaT) QA2 4
NE MY A = e G40 "eAo] A7) o,
NEE HEE QAT = e G40 daEoy AE 5o
ge] HislE QIfF o fEstde =go] MaHaL
olygt aAo] thEo] 1A% AhsS FAld Ay
AL, Aol et e olE sEHY #HEE 54 919
e Aok} tE FH97e] gol 7hssl B 1F Alg
BAY FFF 247} Hal ok

A} A= A7 TRkt 7ol =2 &85 Type 1T
AFF 4 (Type 11s] Fokl, Bfil 2 Bmrl 53} 70| <12

Gz} At g o] BelH 259 dlE A|9))2] -9, gene
targeting = 915t B8 HEFstrlol FA st 2
AL, 2124 P97} DNA kel #A1E 499G <do] v
A3l ] F 71se] WA deAe-S sk 7] Wi
olt}. WA 7I/de] HRE AR Eelslr 7 HA] ok
AFAGEAY Q47 o]8sh= Allle BA] 8t AE&
AE BolidS Ad Q1F Algkaio] Azt HaEo] Ay
2131 Agkaie] Fejot AgHo] ol A5, Al 2t
oPd MutH (Mismatch repair protein)S ©]-83FA4} [10], S
40 DNA-EH &3 E8/J3)3l SNase (Staphylococcal
Nuclease) [11,12] T Bmrl 4999} g5t WHS
53l A7} T2 neoschizomerS A 2sk o7} Q)
t}[13]. ]2} 2] HZ type 1IB AFF &2<1 Alol, Ppil L
TstI€] putative recognition domain®] swappingS F35Fe] Af
22 A MES ke AFEAE AR A= T [14].

HIZFAA]] Q1 Algkaie] Azto] ok Wt 27
¢l o= AN E Zolof . ARk R S8EI =
Type 11 A4S IS 4 E= 67174219 54 47]
AEE Q2ete 1 /oFE Adsich E8 Xeml] 75
o} o], 912144 (CCANNNNNNNNNTGG)®] 71 H9-=
RO} IAHE MEE 1] 670 Holth 6 bpY So] AE
< Q3he AIgE B A B9 4° (= 4096)F o
o] SEE Yepd 7tk o] e FEk|E e B
2o R 1-2 kbp] 7|5 2te AAYES] FHA4 250
U AP 229 Yo aFoE &8E F ASS
ough) Ty Ao R & §3 AMES A A
Wie] 34 fa e GUIMEe 54 ARE dds
7] YA = 7 AIAMES A, = rare cutting®] 7
endonuclease”} R7Et)E ©]E YsiAl= AFZHQ] n|BE
Y AgEA} T2 backbone= 7} nuclease”} 2. 83}T},
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Fig. 1. Artificial cutter for site-selective hydrolysis of double-
stranded DNA by chemistry-based ARCUT.



KSBB Journal 217

191421 DSBS fr=st7] 8 dag AF oA
S 7}A artificial endonuclease®] #|Z}oll= 2 homing
endonuclease®} zinc finger?] A& 501437} Fokl &4 9
S §8AI1Z] Zinc Finger Nuclease (ZFN)7} o] &3
ok o9l 21 MES <18t Add = Qe WHeRE
£ Fig. 19] djollXe} 220], CelV-EDTA complex$} PNA
(peptide nucleic acids)E AH&-sh= 813} 7|RE9] artificial
restriction DNA cutters (ARCUT)7} E31%|$ S} in vivool|
Aol &-go] AgtAolnt [15]. webA, A&st F 714 4
o] Ad 54 #ell F ©l AAls] assHlH

Homologous and non—homologous recombination

AL 8 F FAEE Uehue oY 84 £4 e
RANAM FHEE g8t 24, Aeld Tl 9l o2 F
o] DNA €£4bo] Uelhdtlk 1 = double strand breaks
(DSBs)<2 endonuclease, DNA excision repair, 33 &%}
#HEH V(D)J recombination, meiotic recombination 2
transposition g 5ol &Ja wi-¢- WIss}A DAshy | 42
HR] ¢F= 79l tumorigenesist genomic rearrangement2]
FH YRlo] "ot mEbA] ABAoll= o] FrElshe thiEAQl
7122 2 homologous recombination®} Non-homologous end
joining (K== illegitimate recombination) /\V\EJO] EA)H)

Z#}2] homologous recombination] 73-%- double strand
break repair (DSBR)2} synthesis-dependent strand annealing
(SDSA)©| E3sHHt} (Fig. 2). DSBR¥} SDSA 8] #49]
A &A=, homologous sequence?} 3 2-8-0] 715
3} 3 single-stranded DNA overhangS YH=7] 93 end
resection®] FPHT}E 1 F DSBRE 73-F- end resection®]]
o3l Yeht = 7§9] 3° overhang ©] homologous sequence
9} holiday junctions ¥/d3H & DNA I B &2
2 RS2t} SDSAS] A ]Q]—t t}=7) annealing 2
%%+ 7142 53} homologous sequence®} 233 3 gap-
filling ¥ &S T3l FAHT 471 F 7=l A,
AA= crossover®}t non-crossover’} AR Vel )= db
W, Z21= 3M44 non-crossover FEJE DSB7} A E =)
2 Zpo]7t Aek DSBs FE]E 91gF E & 712421 non-
homologous end joining (NHEJ)2] 7d-%-¢ll=, Ku70, Ku80
¢} DNA-PKes 59 T dso] DSBs 2tk 7919} 2%}
3}o], homologous recombination®] 7|14 E7F AR A1
A% A $th = NHEJS] 79 DNA 71e] AFs2kgo)
obd T Azte] JsA-g0 2 DSBs 2 §-915 HA3
o} (Fig 3). WehA] DSBso] 20 wet o8] £7-2] 7|4}
o] X3te} 53] Agtaie o3 dus= A 22

T3 T2 obd A, B FojollA ke |77t
AA= = SAZE =7 = gt olagh 7|17k AE A
o] fHL =8, 3 X o9 DSBYF WAt ¢
chromosome translocation 52 3l F-2A2] oFAA
% wz /\ o]];]_ 16]
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Fig. 2. Comparison of double strand break repair (DSBR) and
synthesis-dependent strand annealing (SDSA) in
homologous recombination for repairing double-strand
breaks (DSB).
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Fig. 3. Repair of DSBs by mammalian NHEJ. (a) DSBs result
from breakage of the phophodiester bonds of DNA by
ionizing radiation and some chemicals etc. (b) Ku70
and Ku80 bound to free ends of DBS. (c) Thereafter,
DNA protein kinase (PKcs) and Artemis were recruited.
Subsequently, the phosphorylated Artemis was produced
by PKcs. In this procedure, as homologous sequences
in homologous recombination were annealed to
complementary sequences, these complexes bridged
between free ends of DSBs. (d) PKcs complexes
recruited DNA ligase IV and XRCC4, and then,
polynucleotide kinases (PNK) bound to resulting
complexes. (e) DSBs were repaired by Gap-filling by X
family DNA polymerase and sealing the nick by ligase
IV. (f) Double-stranded breaks were restored.
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Homing endonucleases

A AFTH A7 o] HR-S DSB B T2 72| DNA
A& FEE 93 vl BEZQ DNA B+ Aj=glo]t),
Endogenous A 89| X8k} #dE HRLS 72402 4 i
Mol dE d7PEE a7k, W AH-EE DNACY
o3l &/do] f=Ht} o|gk HRS] 542 1980 Ao $
HHEEE gROAEE ERIFAT O TFY AEE oy
S A|ZELS YA, FASo] Jod AlazollA] wAyst
+ HR 9] H]&o] =2 R} g, b A5idxe 1
HIE0] 1~0.1%E vl e Zlo] AUt o]Hd £AIE
=83}7] 15}k triplex forming oligonucleotides (TFOs),
RNA-DNA oligonucleotides (RDOs) % short fragment
homologous replacement (SFHR) 53} 72 oligonucleotide
= g-8-5h= W, site specific recombination [17]S- ©]-8-3F
gene correction W3} site specific endonucleaseS 2-8-3F
gene targeting 7|= o] JNEE T} o] F site specific
endonucleaseE Z-83= A-toll= 2AY 25T & ¢
23} gene insertion¥} inactivation®] 7}s3F o] Qo]
Thggh Fopoll A A|&A o AFEA ok

v

Fig. 4. Crystallographic structure of a typical homing endonuclease
in each family. (a) LAGLIDADG family: monomeric I-Dmol
and I-Anil, homodimeric I-Msol and I-Crel (b) homodimeric
I-Ppol in His-Cys box family (c) I-Tevl in GIY-YIG family
(d) I-Hmul in HNH family (e) Tetrameric I-Sspl in PD-D/
E-XK family.

Gene targeting= 9|3} site-specific endonuclease= 4]
A 6 bpe UAShs HF A Al &40 2 12 bp
~40 bpe] 71 A7) MES U2/AE3S= meganuclease
(10°~10" Zole] F2k9] ol 3ht o]ale] Qla-9)7}
Uehg 458 A= 48 A Atk thEZ S Z homing
endonuclease (HE)9} tholl A% e zinc finger nuclease
7} It} HES] 735, 19701t intron-encoded “homing
endonuclease (HE)’Z A7) FHA o™ eukaryote= &5
archaea®} bacteria®| A= H7AE 31 Ity HEw= SEAE
2 ¥33} g2 279 M ENAE double stranded DNA
£ A 314 homologous recombination (HR) F=+ Non-
homologous recombination (NHE))S #5& 4 U= 54
S AYa ot [18].

HR-S ©]-83} gene targeting ©] 223 DSB 757} 7Fs
3+ HE conserved peptide motifel] we} th2 &4 712ke-
ZU™ [19], A LAGLIDAG, HNH, GIY-YIG, His-Cys
boxS} PD-(D/E)XKS] 57 family 2 T-H¥C} (Fig. 4). ©5
o NHEJ 7|2l o8l yeld = e AlZ254 glo] HR
< =¥ 4 U= single stranded nicking®] 7Fs-$+ HNH
HEE GIY-YIG family &247} F2-& da gt} [20-21].
SEA|RE, o] 59 W NGB0l AEEAS T
A= ©dFo] Ut} ol9kE= e PD-(D/E)XK family=
F2 AE5oEE A o] oy A4 431 %
(tetrameric structure)7} BR3) 7S gk Ho|a Ao
Alzfo] ojHok

LAGLIDADG family= 953 HEs & 5 7F & &
H4 3lom, DNASH Z2¥shk= 4] ol th& HEZ} 24
%= - BEHQ TZ (apfappa)S H STt o] family
o= she] gude] 5 7j°] LAGLIDADG ©}v]=4t
A motifE Zt= BI e monomer®} subunit &
shte] LAGLIDADG motifE AY™ palindromic =&
psedopalindromic A]E-S ¢12]3}= homodimer T+Z& Z¢
= 3AELR Jtt olEidk A2 A3k #H o)A monomeric
HE®)| th2 domains ©]4) (grafting) 3= ZFJoZ HEo|
7V HAF) His-Cys box family2] 730l thegh
=& o]y} A5 Ago] 7153, octahedral geometry =
T F Uve 75 olES dEske §4o] du[22].
o5 YRkl Algtaio} 9] DNA ZHi-9]e] ov
22 2] BETL ARl Fedsiar 9IA] ot A7]et
9] B AE-S HsA7I=T freldith A oR Y
familyol] &3l= &9 a450] Ad AESo|d
Aoz desk 2% EAJ0F Q13 gene targeting
< 93t =FEA 1HH ok AR, 32k F2E 7N
© & [-Popl [23]3} I-Crel [24]9] AE Eo]AS W3lAR]
o7} ER) gt

o]4¥ Z} HE family®] 5445 7|¥ho2 Ao Ag
EolAdel =4 s, gene targetingol]l Z 23k DSB
3 AEo] w9 FH] (Agkeoy ARl wE HAh3sH|
uitell, w9 83 84 ok A B T ok
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¥ HEZ7} A= glo, 99 2318 isprlde &
F5 A= dHA Utk wEbA] AgHE] AE 5ol
Ad oK@ HES E-83lof e -9l tido] He
genome®l| 1A ES A}lsle F7H] GAZE a7tdth
olelst He HAZE ¥nt ople}, X8 & HZ o= sh=
HE®] &&of & A|¢fo] Hr}. H&est FA-S] sidgo=z
opiE HES] Xg Solid WistE 28l ©d 33} 7o)
= YA A& ok oleig AAellE, 34 72 Ee <l
2] Mo XEH 3xF FEE viRoE FHE opr|ieitke]
W3S FEshs ‘zonal? HHS Sol Hstke w0l
€ Addske e ool F2 &85 ok Ty
glolHelg|e] Z7] B 2T 7ol s 2289 W9
7F gk W=tk dlE B0l 97] MBS Qe obnlAt
9] 47} LAGLIDADG family (DNA<®} 3% 288} core
motif] appappa] A WA helixe] 12} A LEo] family2]
Bk o] Ha AR 7T W), AEHoR 12x 10"
78] mutant7} o8ttt Axfe] 7lsE= o]24<] coverage
o 233 gfolBelg] 9 A&l ks, Aol
clonal independency?] TAIZ AHHQl Hvlo] &85
o @A in silico 41 A 7o R SAHClE s
S}= semi-rational mutagenesis Ho| T2 -8} o]t
245 Esle] AHH variants7} AH EA37 opr)iedt AE
o] FHAE EAE T 253 (tuning) O 5
ke Agel Bt At HolAlE AEstar ot [25,26].
wekA] HE Wol| fideo] o st 322 A (rationale
design)ZHgell DNA <12] 2 Aet 7]z {5 B ast 2}
Al AEE)/Ee2 FR7Y a7t o]2gh o/ E <lal,
t}2-o] A58 zine finger nuclease$} Bl g wj o}2]&

Z7] 71 dAll e Aok

N

o j

Zinc Finger Nucleases (ZFN)

AFAARI 715 (BEA SR YRGS o8 F U=
HEeh= th2 |, 1R lgAldase] A= dgxew
T 70¢] functional domain®] 27Ft}. 3= DNA binding
domain®]™, t}2 992 DNA cleavage domain ©|t}. o]
sk AARN FRAZ 7PF gl Eeizl Aol zine finger
£ binding (or recognition) domain .2 ©]-&3}al cleavage
domain©Z Typells A3+ G4 (HEHSZ Fokl)e] &4
FH-& o]83h= ZFN (zinc finger nuclease) ©|t}. ZFN<]
MY Eolide 5P Al 14)s0] J= zine fingerol] o)
ZAE]7] W2, 52 ALl E0]4<2] motife] design©]
w9~ FQ3Jt}. Zine finger motif= BE% Cys2His2 771
S A o 20~307R¢] okt 2 FAE pPa TES B
o], FZ 9] o-helix”} DNA 1217155 F3jgith. we}
A helixE T8 ofn|=Ake] WislkE sk 739, 370
o] 47|12 7% DNA 12 AEs 24 (A guske) 2ol
o Wglx 7}5)d s ¥R ofye}, tandemsHAl S
alo] 97 22 1 o] V12 4% DNAE QIAeles

AAIZ = Stk AAR zine finger®] T gk FE Flo]
AE Eolde WAl o7t EAg [27].

olgigt 7EA o] Al HA3) ZFPs (Zinc finger proteins)
o] A WPEE0] AT 27100 ZFPs<] AlRtell= 371
9] 47 MES JAskE 4] zine fingerg 3~47 =%
3k, 9~12 bpE UASHES AAISH= modular assembly
WiHo] 8EATE 2y ojdk o R AXE zine
finger motif®] 7-¢, HZsh= AEE AAeHA] EstAY
Eolido] w2 A97t TF HASHATE ©l= tandemstA|
BE ZF motif Ale]9] 4 Zhgo] A7INE 12]ol| FEF
< P37 W R eI olHg FAIE HEsH]
st == 2 motifell diFsh= A7] A ES bait=,
phage displayE WH3-Z o2 $3)3)] H& 3= A7|HE
S QI2A]F]= selection guided assembly®o] 7R =]
o} [28]. #HFolli= Sangamo Biosciencesol| A 7iEs] A
3}¥ source [29,30] 5= Zinc Finger Consortium [31-33]
o oJ&fl 7¢E “OPEN (oligomerized pool Engineering)
source”S EUZ AAEAY A= Atk OPENS 37)
o] 97|15 <148 4= QU= motif poolE TAIE O] Ao,
GNN< Q123k= 1657 TNNS Q148 1652 motif
poole] A=t [32].

(a) Heterodimer

Right ZFP
/ )
Fokl _:ff;e; T8 T
ﬁ/ﬁé : P03
\_~ \_/
Left ZFP Cleavage
domain
(b) Homoodimer
N ™

.
rry

Fig. 5. Schematic representation of homo- and hetero dimeric
zinc finger nucleases in-vitro.

I 9= zine fingerdl] =T AHZQ oA =ZH,
Flavobacterium okeanokoitesol| 4] -2+ Fokl & N-Z&
o] EAI3k= DNA {12997} C-dehe] AkedHo] linker
o olaf A ] non-palindromic AE<! 5’-GGATG-3"S
QlAIE= AR type IIs AgE G40t} [34]. A|gka 4]
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N-3} C-Het Joo] 5P &l EX 0= 215}, zine finger
motife} §33) artificial nuclease2] A&l o351} Fokl
g4 ool s} catalytic center’} E2)3}7] wjF-ol,
AukZ 2] Type 11 A|etE A9} o] dimer FERS o5 uj
©]% DNA 7}=he] A g &0 St} uehx gk
F21e] st das fEliM e T oA QAL Ad
slodof gkt [35,36]. ol2ig SHOE Q5] the dVIMES
A2 4 A= 74249 zine finger®t §HE 25| ZFN
o2 g 7 LS A2 o8 4 = FHe] Utk
SFAE Fig. 5049} 720] hetero-dimer”} ©F'd homo-dimer
FEHZ 2gshs 45, H4A] 2 A7IMES AAlsH
AAE § v &S Ay o

olgfgt MXE A4S F0]7] 918 WA AF

5 ZIshH
(directed evolution) ©.Z hetero-dimerization H]-&-2 0]
A Fokl d99] &S =21 o7t EAght} [37,38]. Bt
SR Al Ao 2 single peptide ol F 7He] FokI
GG Adel HAAZ] s B Eln [39]. oFF
A ST B2 A (AERe] =9 -, 5ol
of W2 side effecte} QU3 AgHa A A 9] HIREHE
o] o} 9l o1}, embryo stem cell, induced pluripotent
stem cell [30]52] human cell 2% o}Uz} plant [40]9}+
Drosophila [41-43], C. elegans [44]2} Zebra fish [45,46]5
o A8t o7} ok ZFNS] 79, A3 NFHQ FA)
£ xgsh HS AT 5 Fund (53] 2% F4)ol

28] Aol Aok

2 o

Monogenic disease2] X|5E $13F shfe] O Z viral
vectorE ©]-83F gene therapy©l BI&| SAlo] &S gene
targeting 7|&-S ©|-8317] 913t A7F HE A itk o]
sk Aol = 2 AAHQ HRe| w2 588 7)1
3l7] 943 DSB = WHoE, AaAE =Y = Je 7
71l 212)o] 753t artificial endonuclease®] 713
olt}. B Fol| A= ©]#]3} artificial endonuclease =, 7174
wo] A4 T3l )= homing endonuclease®} zinc finger
nucleaseZ 71EF5| A703IAE AR} T2} 25 912 ME
o] thalk U 4=2] tolerance (V2] ME LH7} B0l
o|R] grol T} GV|ZE FAE A7t EAISE, LA
HE2 OE targetS AT 4 A& 7FsAdol SRS
o]t 2, meganucleasesE X & FZOoZ o8& uj
HE 245 Ye= 2EYQ F shuelth & £ BF
olygt 54& 7HelE Estar, kg HIxtAZQ1 &2
o= Azke] 797F B aapFojn v x5S

= Ao=E RuEy Qo) B8 A% oy HEH=
MNE FF/, AZQ DA U Jxof| wet A =4
7 e Ao xfol7} yehdo] gRlxa it} o]t
AMAE AT W, gene targetingS +=3}17] 18t artificial

H
N

endonucleased] A€ Eo]AS FthA|7]= A o]
Sh, 1 9] oY QARFEel tigh B A 9] Bed
S HAF SAA7IA] AA| X 8AZ 2291 o=
oA Hol= Ao} md JfAo A o]F o] X A3
Az, FEE dE X gA50] Ad A4S v o
w2 7S AYA IS Fw3] g1 4 ok

Al

2 A7 13 A9 st AFAT AR (M108
66020003-08N6602-00311)3} 2TA4] BK21 A< A¥e
2 FYPEHAFUTL

A4 120109 4€ 219, AlAEL 1201049 62 199
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