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Linh vre k§ thuat dwoce dé cap

Sang ché dé cap dén ving nucleaza mdi va enzym phan cit axit nucleic
nhan tao chra vung nucleaza nay.
Tinh trang ky thuét cia sang ché

Trong nhitng nim gin day, dé lam cong cu chinh stta hé gen, cac
nucleaza ma nhan biét dic hiéu trinh ty dich va c¢6 thé phan cét trong vang lan
cin ctia chung di trd nén sian c6, nhu nucleaza ngén tay kém (zinc-finger
nucleaza, ZFN), nucleaza thuc hién gibng chidt hoat hoéa phién ma
(transcription activator-like effector nucleaza, TALEN), va h¢ théng cum lip
gip d6i ngin cach déu/lién quan dén CRISPR (clustered regularly interspaced
short palindromic repeat/CRISPR-associated, CRISPR/Cas). Cac nucleaza nay
bao gdm vung lién két axit nucleic va ving phan cit axit nucleic, va c6 thé
dan dén su dat soi kép (double-strand break, DSB) cia ADN ¢ trinh ty bazo
ddc hiéu ctia ADN hé gen. Do viéc stta chta DSB gdy ra bdi cac nucleaza nay,
su nbi diu khong twong ddng (non-homologous end joining, NHEJ) va su tai
td hop tuong ddng (homologous recombination, HR), ma d& bi céac 1di stra chita,
la da biét. Khi stra chita DSB, céc té bao chu yéu st dung con dudng NHEJ dé
stra chita, nén céac 16i stra chita c6 kha ning xdy ra, su dich khung xay ra, va
két qua 1a, chirc ning gen bi mAt. Theo cach nay, cong nghé stra chita bd gen

ma c¢6 thé thuc hién viéc lam dut gdy gen va tuong tu bang cach st dung co
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ché cua cac té bao dang duoc st dung rong rii trong khoa hoc doi séng nhu
nghién ctru bénh va tng dung vao cac san phidm nong nghiép.

Trong ZFN va TALEN, vung nucleaza FokI (sau day con duoc goi la
"FokI-ND") thudng dwgc st dung lam ving phéan cit axit nucleic. FokI-ND da
duoc ching minh 1a ¢6 kha ning lién két véi cac axit nucleic, nhung khong
nhan biét trinh tu bazo va phén cit axit nucleic dich bi‘ing cach tao ra dime.
Do d6, ZFN va TALEN cén hai trinh tu dich cta vung lién két axit nucleic, va
FokI-ND tac dung trong trinh tw dém nam gitra hai trinh tu dich nay dé gy ra
DSB. Trong ZFN, hai trinh tu dich nay dugc goi la vi tri nra dich L va vi tri
nua dich R.

ZFN bao gdm FokI-ND, ving lién két axit nucleic dugc tao boi protein
ngén tay kém (zinc-finger protein, ZFP), va trinh tu ndi gitra cac phan tir dé
ndi ching. Trong ZFN, éé nhiing han ché ro rét do do dai cua trinh tw dém va
cac dac tinh cua trinh tu ndi, va cén nghi ra thiét ké. Do do, dé lam k¥ thuat
lién quan dén cac ZFN, viéc thay d6i dd dai cua trinh ty dém va trinh tu nbi
da dugc thong bédo (tai liu phi sdng ché 1).

Ngoai ra, protein dung hgp cda vung lién két axit nucleic nhu TALE va
vung nucleaza c6 ngudn gbe tir ching Clostridium spec. 7 _2 43 FAA da duoc
bdo cdo (tai liéu sang ché 1).

Danh muc tai liéu vién dan:
Tai liéu sang ché:
[Tai liéu sang ché 1] Patent My s6 9410134

Tai liéu phi sang ché:
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[Tai lidu phi sang ché 1] Handel, E. M., Alwin, S. and Cathomen, T. (2009)
Expanding or restricting the target site repertoire of zinc-finger nucleases: the
inter-domain linker as a major determinant of target site selectivity. Mol Ther,
17, 104-111
Ban chit k§ thuit cia sang ché
Vén dé ky thuat:

Muc dich cua sang ché l1a d& xudt vung nucleaza méi c6 hoat tinh phén
cit va hiéu qua phan cit cao ciing nhu ¢6 it han ché hon do trinh tu dich, trinh
tu dém, trinh tu ndi, va tuong tu, va enzym phéan cét axit nucleic nhan tao chia
vung nucleaza nay.

Giai phap cho véan dé:

Cac tac gia sang ché da tim kiém ving nucleaza khac véi FokI-ND, ma
hién nay dugc sit dung lam vung phan cét axit nucleic chuan cho cidc enzym
chinh stta hé gen, va két qua la da phat hién dugc viung nucleaza mdi vuot troi
hon FokI-ND hién ¢6 vé chirc nang nhu hoat tinh phan cit, tinh dic hiéu, tinh
ddc té bao, va tinh chon loc trinh tu dich. D‘o do, sang ché da duoc hoan thanh.

Tt 13, sang ché dé xuit cac khia canh sau.

(1) Enzym phén cét axit nucleic nhin tao bao gdm:

vung nucleaza la polypeptit chtra trinh ty axit amin duoc néu & cac vi
tri 391 dén 585 ciia SEQ ID NO: 1 hodc céc vi tri 389 dén 579 cia SEQ ID
NO: 3, hodc polypeptit dot bién cua no; va

vung lién két axit nucleic.

(2) Enzym phén cét axit nucleic nhan tao theo muc (1) néu trén, trong d6 enzym
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nay con bao gdm: trinh tu néi ndm gitta ving nucleaza va ving lién két axit
nucleic.

(3) Enzym phan cit axit nucleic nhéan tao theo muc (1) hodc (2) néu trén, trong
d6 vung lién két axit nucleic chira ngén tay kém, TALE, CRISPR/Cas, hoic
PPR.

(4) Axit nucleic dugc phan lap bao gém: trinh ty axit nucleic mi héa enzym
phan cét axit nucleic nhan tao theo muc bét ky trong s cac muc tir (1) dén (3)
néu trén.

(5) Vecto bao gdm: axit nucleic theo muc (4) néu trén, hoic san phém phién
m3 hodc san pham dich ma caa no.

(6) Phuong phéap cai bién axit nucleic dich bao gdm: dua vao té bao enzym
phan cit axit nucleic nhan tao theo muc bét ky trong sé cac muc tir (1) dén (3)
néu trén, axit nucleic theo muc (4) néu trén, hodc vecto theo muc (5) néu trén.
(7) Phuong phap theo muc (6) néu trén, trong d6 enzym phan cit axit nucleic
nhan tao, axit nucleic, hodc vecto 1a hai hodc nhiéu loai trong s céc enzym
phén cit axit nucleic nhén tao, axit nucleic ma héa hai hoic nhiéu loai trong
sd cac enzym phan céit axit nucleic nhéan tao, hodc vecto chira axit nucleic, san
phém phién ma cua nd, hodc san phém dich m3a cta nd.

(8) Kit cai bién axit nucleic dich bao gdm: enzym phén cét axit nucleic nhan
tao theo muc bét ky trong sb cac muc tir (1) dén (3) néu trén, axit nucleic theo
muc (4) néu trén, hodc vecto theo muc (5) néu trén.

(9) Kit theo muc (8) néu trén, trong d6 enzym phén cit axit nucleic nhén tao,
axit nucleic, hodc vecto la hai hodc nhiéu loai trong sd cac enzym phéan cit
axit nucleic nhan tao, axit nucleic md hoéa hai hodc nhiéu loai trong sb cac

4
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enzym phan cit axit nucleic nhén tao, hodc vecto chira axit nucleic, san phim
phién ma cta n6, hodc san phidm dich mi ctia né.

(10) Polypeptit chtra trinh ty axit amin dugc néu & cac vi tri 391 dén 585 cua
SEQ ID NO: 1 hoac cac vi tri 389 dén 579 cua SEQ ID NO: 3, hoic polypeptit
dot bién cua né.

(11) Axit nucleic dugc phén lip bao gdbm: trinh tu axit nucleic ma hoéa
polypeptit hodc polypeptit dot bién ctia n6 theo muc (10) néu trén. |
(12) Vecto bao gdm: axit nucleic theo muc (11) néu trén, hodc san phdm phién
mi ciia n6, hodc san pham dich mi cia no.

Cac hiéu qua c6 lgi cua sdng ché:

Vung nucleaza theo sang ché tao ra tic dung phan cat axit nucleic t6t
hon FokI-ND thong thuong vé chuc ndng nhu hoat tinh phan cét, tinh dic hiéu,
va tinh chon loc trinh tu dich. Bing cach lién két viing nucleaza theo sang ché
véi vang lién két axit nucleic, enzym phan cit axit nucleic c6 hoat tinh va tinh
linh hoat cao trong trinh tu dich dugc tao ra ma phéan cit dic hiéu trinh tu dich.
Enzym phén cit axit nucleic nay la rit hitu ich dé lam cong cu chinh sira hé
gen.

M6 ta van tit cac hinh vé

Fig.1A la hinh v& so lugc cia ZFA36-ND. Phin bén trén thé hi¢n ring
hai vi tri dich ZFN dugc ngén cach bdi trinh tu dém. Phan bén dudi thé hién
rang mdi ZFN ch@a ba phan tir ngén tay kém, trinh tu ndi ngin gdm 7 axit
amin TGAAARA, va vung nucleaza FokI. Khi mét cdp ZFN lién két vai vi tri
ntta dich duoc ngdn cach bdi trinh ty dém co d¢ dai cho trudc, vung nucleaza

duoc dime hoa va axit nucleic c6 thé duge phén cat.
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Fig.1B thé hién viéc dong thing hang trinh ty axit amin cia trinh tu
twong ddng viung nucleaza FokI. Céc trinh tu axit amin dugc dong thing hang
bang cich st dung MAFFT. Cac axit amin ma tao thanh ving nucleaza
heterodime va cac dot bién diém tuong tng duoc chi ra bang cac mii tén, ddu
hoa thi, va ddu hai chdm. Trén hinh v& nay, "Fok1" c6 nghia la FokI-ND.

Fig.1C thé hién cac két qua hoat tinh té bao bang thir nghiém SSA trén
co s& té bao HEK293T dugc thuc hién trong vi du 2. Cac dir lidu dugce thé hién
duédi dang gid tri trung binh £ SEM (n = 3), trong d6 + va - dé chi su c6 mat
hodc khong c6 mat ctia plasmit gen thong bao trinh ty dich ngoén tay kém.

Fig.2A thé hién hoat tinh phédn cét cta ving nucleaza d6i voi hé gen
dich. Cac té bao CHO-K1 dugc chuyén nhiém ZFA36-ND duoc G & nhiét do
37°C va thu hoach sau 72 gid dé thu duoc khuén ADN hé gen. San pham PCR
chita vi tri dich ZFA36 dugc phan cit boi kit phat hién phan cit hé gen GeneArt.
Céac doan dugc phan cit duoc phén tich bing cach dién di (hé théng MultiNA).
Hiéu qua phén cit duoc tinh tir cdc ndng d6 mol cia biang khong dugc cit va
cac doan dugc phéan cit 16n hon. Trén hinh v&, "FokI" ¢ nghia la FokI-ND.

Fig.2B thé hién céac két qua cta th nghiém hoat tinh phéan cit di voi
hé gen dich cua vung nucleaza dugc thuc hién trong vi du 3 vé hiéu qua phan
cit.

Fig.3 thé hién cac két qua ctia phéan tich thAm Western cho thdy murc
bidu hién cia ZFA36-ND. Pudi AcV5-ZFA36-ND dugc biéu hién béi cac té
bao HEK293T. Cac té bao duoc chuyén nhiém dugc thu hoach sau 72 gio, va
dich phan giai té bao dwgc thim do bing cac khang thé khang ca dudi AcV5

va a-tubulin. Trén hinh v& nay, "FokI" c6 nghia la FokI-ND.
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Fig.4 thé hién cdc anh LSM cua ZFA36-ND-EGFP trong cac té bao
HEK293T, va anh chup hién vi ciia cac té bao biéu hién qua mtrc ZFA36-ND-
EGFP. ADN dugc quan sat bang cdch nhuém DAPI. Thanh ty 1&: 40um. Trén
hinh v€& nay, "FokI" c6 nghia 1a FokI-ND.

Fig.5 thé hién profin hoat tinh gen théng bao cia cac thé dot bién trinh
tu nbi ZEA36-ND & cac d6 dai trinh tw dém khéac nhau, va thé hién cac két qua
cua thr nghiém gen thong bao SSA duogc thuc hién trong vi du 5. Céc thé dot
bién trinh tu ndi ZEN va cac dd dai cta trinh tu dém dugc thé hién 1a 6 bp (A),
5 bp (B), va 7 bp (C). Dit liéu duogc chuin hoa theo hoat tinh luxiferaza cta
trinh tu ndi TGAAARA cta FokI c¢6 dd dai trinh tu dém la 6bp. Céac dir liéu
dugc thé hién dudi dang gia tri trung binh = SEM (n = 3). Trén hinh v& nay,
"FokI" ¢6 nghia 1a FokI-ND.

Fig.6 thé hién profin hoat tinh gen thong bao clia thé dot bién ZFA36-
ND-Sharkey. Trén hinh v& nay, "FokI" c¢6 nghia 1a FokI-ND. (A) Hinh vé dang
luge dd cua ZFN. Céc trinh ty cia cdc thé dot bién ND1, ND2, va Sharkey
twong rng voi trinh ty axit amin & céc vi tri 414 dén 445 cta FokI-ND dugc
thé hién. Trén hinh v& nay, s6 cna axit amin 12 dua trén axit amin c6 do dai
ddy du cia mdi ving nucleaza. (B) Cac két qua cua thi nghiém gen thong bdo
SSA duogc thuc hién trong vi du 6 dugc thé hién, trong do - dé chi réng plasmit
ZFN la khong c6 miat. Cac dit liéu duogc thé hién dudi dang gia tri trung binh
+ SEM (n = 3).

Fig.7 thé hién hoat tinh nucleaza trong mot 14n su dung cua cédc ZFN
c6 céc dot bién kibu heterodime duoc x4c dinh biang tht nghiém SSA trén co

so té bao. Céac té bao HEK293T dugc ddng chuyén nhiém bang mdi plasmit
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biéu hién ZFN, plasmit gen thong bdo, va plasmit tham chiéu dé thyuc hién thu
nghiém luxiferaza kép. Sau khi chuyén nhiém, céc té bao dugc 0 trong 24 gio,
phén giai, va phéan tich hoat tinh luxiferaza. (A) Gen thong bao hPGRN_ZFL1-
6bp-hPGRN_ZFL1. (B) Gen thong bdo ZFA36-6bp-ZFA36. Trén hinh vé& nay,
"FokI" c¢6 nghia la FokI-ND.

Fig.8A thé hién viéc phan tich cac phan ung phan cit homodime va
heterodime bang thtt nghiém gen thong bao SSA. Céc té bao HEK293T dugc
ddng chuyén nhidm bang mdi cip plasmit biéu hién ZFN, cac plasmit gen thong
b4o, va cic plasmit tham chiéu dé thyc hién thu nghiém luxiferaza kép. Sau
khi chuyén nhidm, céac té bao dugc 0 trong 24 gid, phan giai, va phan tich hoat
tinh luxiferaza. Céac dit liu dugce thé hién dudi dang gid tri trung binh + SEM
(n = 3). Trén hinh v€& nay, "FokI" c6 nghia 1a FokI-ND.

Fig.8B thé hién viéc phén tich cidc phan tng phén cit homodime va
heterodime bing thir nghiém Cel;I. Cac té bao CHO-K1 dugc chuyén nhiém
bang mdi plasmit ZFN duoc @ ¢ nhiét dd 37°C trong 72 gid. Sau d6, ADN hé
gen dugc tao ra tu cac té bao dugc chuyén nhiém dé khuéch dai cac doan chtra
vi tri dich ZFA36-ZFL1. San phdm PCR duoc phan cit bang kit phat hién phan
cét hé gen GeneArt. Cac doan dugc phan cit duoc phén tich béng cach dién di
trén gel agaroza. Trén hinh v& nay, "FokI" c6 nghia la FokI-ND.

Fig.9 thé hién hoat tinh nucleaza ctia cac ZFN lai nhu dugc xac dinh
bing thtt nghiém SSA trén co s& té bao. Thir nghiém SSA trén co sé té bao
HEK293T. Céc té bao HEK293T duoc ddng chuyén nhidm bing mdi cip
plasmit biéu hién ZFN, plasmit gen thong bdo, va plasmit tham chiéu dé thuc

hién thr nghiém luxiferaza kép. Sau khi chuyén nhiém, cac té bao dugc u trong
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24 gid, phan giai, va phan tich hoat tinh luxiferaza. Céac cot tring va xam lan
luot dé chi su khéng c6 mat ciia ZFA36-Fokl va ZFN. (A) ZFL1-FokI-DDD va
vung nucleaza thich hop. (B) ZFL1-ND1-DDD va vung nucleaza thich hop.
(C) ZFL1-ND2-DDD va vung nucleaza thich hop. Cac dit liéu dugc thé hién
dudi dang gia tri trung binh £ SEM (n = 3). Trén hinh vé&, "FokI" c¢6 nghia la
FokI-ND.

Fig.10 thé hién cac két qua ciia phan tich trinh tu cta vi tri dich duoc
thuc hién trong vi du 9. Trén hinh v& nay, "FokI" ¢6 nghia l1a FokI-ND.

Fig.11A thé hién cac két qua cua thir nghiém phan cit clia enzym phén
cit axit nucleic nhan tao chira vung nucleaza ma&i theo sang ché va TALE, dugc
thuc hién trong vi du 10. Trén hinh v& nay, "FokI" c6 nghia 1a FokI-ND.

Fig.11B thé hién c4c két qua cua th nghiém phan cét cia enzym phan
cit axit nucleic nhan tao chta vung nucleaza mdi theo sang ché va TALE, duogc
thuc hién trong vi du 10. Trén hinh vg&, "FokI" c¢6 nghia la FokI-ND.

Fig.12A thé hién cac két qua ciia viée phat hién, bang thtt nghiém gen
thong bao SSA, hoat tinh nucleaza cia ZF-ND1 va ZF-FokI dugc dua vao cac
té bao thuc vat bang phuong phap tao 15 bang dién.

Fig.12B la dd thi cua cac két qua cta Fig.12A.

Fig.13 thé hién céc két qua cua viéc phat hién, bang thir nghiém gen
thong bdo SSA, hoat tinh nucleaza ciia ZF-ND1 va ZF-FokI duoc dua vao cac
té bao thuc vt bang phuong phép tai nap protein.

Mo ta chi tét sang ché

1. Cac vung nucleaza moi
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Pé phat trién ving nucleaza mdi ¢6 tinh ning cao hon so v&i FokI-ND,
céc tac gia sang ché da tim kiém céac vat liéu tw nhién tuong dong béng cong
cu BLAST protein-protein dya trén trinh tu axit amin cia FokI-ND. Céc tac
gia sang ché da chon mot sé loai tir cac trinh ty tuong déng c¢6 muc dd twong
ddng vai FokI-ND nam trong khoang tir 35% dén 70% dé thuc hién tiép phén
tich nay, va da phat hién dugc vung nucleaza 1 (sau day con dugc goila "ND1")
va viing nucleaza 2 (sau day con duoc goi 1a "ND2") ¢6 hoat tinh nucleaza tdt
hon so véi hoat tinh cua FokI-ND.

Trinh tu axit amin cua protein c6 do dai diy du chira NDI (c6 ngudn
gbc tir Bacillus SGD-V-76) duoc néu trong SEQ ID NO: 1, va trinh tu bazo
cia n6 dugce néu trong SEQ ID NO: 2. Trinh ty axit amin ctia protein c6 d¢ dai
ddy du chua ND2 (c6 ngudn gdc tir Clostridium botulinum) dugc néu trong
SEQ ID NO: 3, va trinh tu bazo cua né dugc néu trong SEQ ID NO: 4. ND1
thuong 1a mot phdn peptit twong tng véi cac vi tri 391 dén 585 ciua SEQ ID
NO: 1, va ND2 thudng 1a mot phan peptit tuong Gng véi céc vi tri 389 dén 579
cua SEQ ID NO: 3.

NDI1 ¢6 muc do gidng trinh tu axit amin 70% véi FokI-ND, va ND2 cé
muc do gidng trinh tu axit amin 57% véi FokI-ND, ca hai viung nay Ia céc
polypeptit mgi dugc phan lap lan d4u tién theo sang ché.

Do d6, sang ché dé xuét viing nucleaza la polypeptit chira trinh ty axit
amin dugc néu § cac vi tri 391 dén 585 ctia SEQ ID NO: 1 hodc cac vi tri 389
dén 579 cua SEQ ID NO: 3, hoic polypeptit dot bién ctia nd (sau day con dugc
goi la "viung nucleaza theo sing ché"). Vung nucleaza theo sang ché bao gdm

vung nucleaza 1a polypeptit bao gdm trinh tu axit amin dwgc néu & céc vi tri

10
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391 dén 585 cia SEQ ID NO: 1 hoac cac vi tri 389 dén 579 ctia SEQ ID NO:
3, hodc polypeptit dot bién cua no. Noi cach khac, sang ché dé xuit viéc su
dung polypeptit chtra trinh ty axit amin dugc néu & céac vi tri 391 dén 585 cua
SEQ ID NO: 1 hodc cac vi tri 389 dén 579 ctia SEQ ID NO: 3, hoic polypeptit
d6t bién cta no6, vi du polypeptit bao gdm trinh tw axit amin dugc néu & cac vi
tri 391 dén 585 ctia SEQ ID NO: 1 hogc cac vi tri 389 dén 579 cua SEQ ID
NO: 3, hoic polypeptit dot bién ciia n6, lam vung nucleaza.

Theo sang ché, polypeptit dot bién ciia polypeptit chira trinh tu axit
amin dugc néu & cac vi tri 391 dén 585 cta SEQ ID NO: 1 hodc cac vi tri 389
dén 579 ctia SEQ ID NO: 3 1a polypeptit c6 trinh tu axit amin gibng vai trinh
tw axit amin dugc néu & céc vi tri 391 dén 585 cua SEQ ID NO: 1 hoidc céc vi
tri 389 dén 579 cta SEQ ID NO: 3 va c6 hoat tinh nucleaza. Céc vi du vé
polypeptit dot bién bao gdm polypeptit chita trinh tuy axit amin trong d6 mot
dén mot sb géc axit amin duoc thé, xéa, chén, hodc bd sung vao trinh tyu axit
amin duoc néu & cac vi tri 391 dén 585 cua SEQ ID NO: 1 hodc cac vi tri 389
dén 579 cia SEQ ID NO: 3 va c¢6 hoat tinh nucleaza, va polypeptit bao gdm
trinh ty axit amin trong d6 mot dén mot sb axit amin dugc thé, xoa, chén, hoic
bd sung vao trinh tu axit amin dugc néu & cac vi tri 391 dén 585 cua SEQ ID
NO: 1 hoac cac vi tri 389 dén 579 cua SEQ ID NO: 3 va ¢6 hoat tinh nucleaza.
O day, "mot dén mot 6" 1a, vi du, 1 dén 10, tét hon 12 1 dén 6, va 14, vi duy, 1,
2,3, 4, hodc 5.

Ngoai ra, theo mot vi du khéc, polypeptit dot bién c6 thé 1a polypeptit
chira trinh tu axit amin c¢6 muc do gidng trinh tu it nhat 70%, it nhat 75%, it

nhéit 80%, it nhat 85%, it nhat 90%, it nhit 95%, va it nhit 98% véi trinh tu
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axit amin dwgc néu & cac vi tri 391 dén 585 cua SEQ ID NO: 1 hoidc céc vi tri
389 dén 579 cua SEQ ID NO: 3 va c¢6 hoat tinh nucleaza, vi du co thé 1a
polypeptit bao gdm trinh ty axit amin c6 muc do gidng trinh tu it nhéit 70%, it
nhit 75%, it nhat 80%, it nhat 85%, it nhat 90%, it nhat 95%, va it nhat 98%
vGi trinh tu axit amin dugc néu & cac vi tri 391 dén 585 ctia SEQ ID NO: 1
hodc cac vi tri 389 dén 579 cia SEQ ID NO: 3 va ¢6 hoat tinh nucleaza. Ngoai
ra, cdc vi du khac vé polypeptit dot bién bao gdm polypeptit chira trinh tu axit
amin dugc ma hoa bdi trinh tu bazo ¢6 mirc dd giéng trinh tu it nhéat 50%, it
nhét 55%, it nhat 60%, it nhat 65%, it nhat 70%, it nhat 75%, it nhat 80%, t
nhit 85%, it nhit 90%, it nhat 95%, va it nhat 98% véi trinh tu bazo dugc néu
& cac vi tri 1171 dén 1755 ctia SEQ ID NO: 2 hodc cac vi tri 1165 dén 1737
cia SEQ ID NO: 4 va ¢6 hoat tinh nucleaza, va polypeptit bao gdm trinh tu
axit amin dugc méa hoéa boi trinh ty bazo ¢6 muc do giéng trinh tu {t nhat 50%,
it nhit 55%, it nhit 60%, it nhit 65%, it nhat 70%, it nhat 75%, it nhat 80%,
it nhit 85%, it nhat 90%, it nhat 95%, va it nhat 98% véi trinh tu bazo dugc
néu & cac vi tri 1171 dén 1755 ctia SEQ ID NO: 2 hodc céc vi tri 1165 dén
1737 cia SEQ ID NO: 4 va ¢6 hoat tinh nucleaza.

Theo sang ché, "muc do giéng trinh tu" cua trinh tu axit amin dugc xac
dinh bing cach so sanh hai trinh tu dugc dong thang hang dé téi da héa mic
dd so khép trinh ty. Cac phuong phap xac dinh gia tri bang sé (%) ciia muc do
gidng trinh tu 12 da biét déi véi ngudi c6 hiéu biét trong linh ‘Vuc nay. Dé lam
thuit toan dé thu duoc su dong théng hang tdi wu va muc do giéng trinh tu,
thuét toan bat ky ma ngudi c6 hiéu biét trong 1inh vuc nay da biét (nhu thuat

toan BLAST va thuit todn FASTA) ¢6 thé duoc st dung. Mic d6 gibng trinh
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tu cda trinh tu axit amin dugc xac dinh béng cach st dung, vi du, chuong trinh
phan mém phan tich trinh tw nhu BLASTP hoic FASTA.

Ngoai ra, polypeptit dot bién néu trén c6 thé tét hon la chta trinh tu
axit amin c6 axit aspartic & vi tri tuong ung véi vi tri 483 trong trinh ty axit
amin cda FokI (sau day con dugc goi la "D483") va/hodc arginin & vi tri tuong
ung vé&i vi tri 487 trong trinh ty axit amin cia FoklI (sau ddy con duogc goi la
"R487"). Ngoai ra, polypeptit dot bién néu trén c6 thé tét hon 1a chta trinh tu
axit amin co axit aspartic, axit aspartic, va lysin & cac vi tri tuong ing v4i céc
vi tri 450, 467 va 469 trong trinh ty axit amin cua FokI (sau ddy con dugc goi
1an luot 1a "D450," "D467," va "K469"). Tét hon nita néu, polypeptit dot bién
chtra trinh tu axit amin c6 D483 va/hodc R487 va c6 D450, D467, va K469.
D483 va R487 1a cac gbe axit amin dugce cho 1a cin thiét dbi véi FokI-ND dé
tao thanh dime c6 hoat tinh phan cét, va duoc gitr lai trong céc trinh tu axit
amin cia ND1 va ND2. Ngoai ra, li€n quan dén vi tri xtc tac cua FokI-ND,
viéc phan tich bing cach st dung céac sy thay thé axit amin da cho thdy ring
D450 va D467 c6 lién quan dén su phan cit ciia cac axit nucleic. Ngoai ra,
trinh tu bao gém K469 & vung lan cén cua cac axit amin nay 1a motif dugc tim
thdy trong EcoRI va EcoRV, va di dugc lam rd la cac axit amin nay c6 lién
quan dén hoat tinh phan cit lién két phosphat dieste. D450, D467, va K469
dugc gitt lai trong céc trinh ty axit amin cua ND1 va ND2.

Ngoai ra, polypeptit dot bién néu trén c6 thé ch(ra axit aspartic & cac vi
tri twong rng v&i cac vi tri 483, 487, va 496 trong trinh ty axit amin cua FokI
(sau day con duoc goi la "D483, D487, va D496") (sau day con dugc goi la

"thé dot bién kiéu DDD"), hodc c6 thé chira arginin & céc vi tri twong ung véi
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cac vi tri 483, 487, va 537 trong trinh ty axit amin ctia FoklI (sau ddy con duogc
goi 1a "R483, R487, va R537") (sau ddy, con dugc goi 1a "thé dot bién kiéu
RRR"), @é cho viing nucleaza theo sang ché tao thanh heterodime khi phan cit
axit nucleic.

Do dai mach cua polypeptit chira trinh ty axit amin dugc néu & céac vi
tri 391 dén 585 cua SEQ ID NO: 1 hoac cac vi tri 389 dén 579 cua SEQ ID
NO: 3 hoidc polypeptit dot bién theo sang ché thuong 1a 500 axit amin hodc it
hon, vi du, 400 axit amin hodc it hon, 300 axit amin hodc it hon, hodc 200 axit
amin hodc it hon.

Hon nfta, theo sang ché, cac polypeptit dot bién néu trén con bao gém
céc polypeptit chira axit amin dugc cai bién va/hodc axit amin khong tu nhién.
Axit amin dugc cai bién bao gém, nhung khoéng chi gidi han &, metyl hoa, este
hoa, amit hoa, axetyl hoa, alkyl héa, halogen hoa, va tuong tu. Axit amin dugc
cai bién va axit amin khong ty nhién c6 thé duge dua viao biang phuong phap
da biét.

Ving nucleaza theo sang ché c6 hoat tinh nucleaza bang hodc cao hon
so v&i hoat tinh ctia FokI-ND. Vi du, ving nucleaza theo sang ché c6 hoat tinh
nucleaza it nhéat 0,8 14n, it nhat 0,9 1an, it nhat 1 1an, it nhéit 1,3 14n, it nhat 1,5
lan, it nhat 1,8 1dn, it nh4t 2 1an, it nhit 2,3 1in, it nhat 2,5 lan, {t nhat 2,8 1an,
it nhat 3 14n, it nhat 3,3 1an, it nhit 3,5 1n, it nhit 3,8 1an, hodc it nhat 4 1an
so v&i FokI-ND. Hoat tinh nucleaza c6 thé dugc khing dinh bang cac phuong
phap da biét trong linh vuc nay. Vi du, ving nucleaza c6 thé dugc dua vao hé
théng ZFN, va duoc khéng dinh bﬁng cach xdc dinh hoat tinh phéan cit axit

nucleic, nhu hoat tinh phan cit ADN, bang phuong phap gan soi don (single-
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strand annealing, SSA) va phuong phap Cel-I.

Nhu dugc mo td sau ddy, vung nucleaza theo sang ché ¢o cac dic tinh
khac véi cac dic tinh ctia FokI-ND vé tinh linh hoat trong viéc chon trinh tu
ndi trong enzym phén cit axit nucleic nhan tao va tinh linh hoat trong viéc
chon trinh tw dém l1am vi tri phan cit dich (vi du 5). Ngoai ra, ngay ca khi dot
bién Sharkey dugc biét 1a gy ra sy ting hoat tinh trong FokI-ND dugc dua
vao vung nucleaza theo sang ché, khong c6 su ting hoat tinh nao duoc quan
sat (vi du 6). Ngoai ra, khac vi FokI-ND, ND1 theo sang ché khong 1am giam
hoat tinh nucleaza ngay ca khi heterodime dugc tao ra (vi du 7). Do d6, vung
nucleaza theo sang ché 1a vung nucleaza c6 cac ddc tinh tét hon va/hodc céac

ddc tinh khéac so v6i FokI-ND thong thuong.

Vung nucleaza theo sang ché c6 thé l1a ving nucleaza dugc phéan lap.
Sang ché con dé xuit axit nucleic dugc phan 1ap ma héa vung nucleaza theo
sang ché. Nhu duoc st dung ¢ day, thuat ngt "dugc phéan lap" dé chi trang thai
dugc tach ra tir thé giéi tu nhién hoic co thé song.
2. Enzym phan cit axit nucleic nhéan tao

Enzym phan cit axit nucleic nhin tao theo sang ché bao gébm ving
nucleaza va vung lién két axit nucleic theo sing ché. Enzym phan cit axit
nucleic nhén tao 1ién két v4i trinh ty dich trén axit nucleic thong qua vung lién
két axit nucleic, va phdn cét axit nucleic & vi tri phan cit dich bang ving
nucleaza. Do d6, enzym phan cét axit nucleic nhin tao 1a enzym phén cat axit
nucleic dic hiéu trinh tu c6 kha ndang phéan cit dac hiéu vi tri dich trong axit

nucleic.

Theo séng ché, "axit nucleic" bao gém cd ADN va ARN. Céc vi du vé
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axit nucleic duwoc phan cit béi enzym phén cit axit nucleic nhan tao theo sang
ché bao gém ADN soi kép, ADN so¢i don, va ARN so¢i don. Cac vi du vé ADN
bao gdm, nhung khong chi gidi han &, ADN hé gen ctia nhan cta té bao chua
c6 nhan dién hinh, ADN ty thé, ADN lap thé, ADN hé gen cua té bao chua c6
nhan dién hinh, ADN thé thuc khuin, ADN plasmit, va tuong tu. T6t hon néu
enzym phén cit axit nucleic nhan tao theo sang ché phan cit ADN soi kép trén
hé gen. Cac vi du vé ARN bao gém, nhung khong chi gidi han &, ARN so¢i don,
ARN s¢i kép, hodc ADN-ARN sgi kép lai bao gém ADN so¢i don va ARN soi
don.

Viung lién két axit nucleic c¢6 thé 14 ving protein ma lién két dic hiéu
v6i trinh tu axit nucleic tuy y (trinh tu dich), va cac vi du vé chung bao gom,
nhung khong chi gidi han &, cac ngodn tay kém, TALE, CRISPR/Cas (phitrc chat
cia protein Cas va ARN din duong), doan 13p pentatricopeptit
(pentatricopeptide repeat, PPR), va tuong ty, va cac vung lién két ADN chura
cdc t6 hop cua chung. Cac vi du vé CRISPR/Cas bao gdm CRISPR-Cas9,
CRISPR-Cpfl (Casl12a), CRISPR-Cas12b, CRISPR-CasX (Casl2e), CRISPR-
Cas14, CRISPR-Cas3, va twong tu. Vung lién két axit nucleic chitra cdc ngoén
tay k&m c6 thé t&t hon 1a chtra hai hodc nhiéu ngén tay kém, va céc vi du vé
chung c6 thé bao gdbm, nhung khong chi gii han &, mang ngoén tay kém bao
gdm 3 dén 9 ngdn tay kém (sau diy con dugce goi la "ZFA"). ba biét ring mot
ngon tay k&m nhén biét trinh tu c6 ba bazo, vi du, ngén tay kém nhan biét
GNN, ANN, CNN, hoac tuong tu. Tét hon néu CRISPR/Cas bao gém Cas ¢o
hoat tinh nucleaza bi bét hoat, nhu dCas (Cas c¢6 hoat tinh nucleaza bi bat hoat,

nhu dCas9). Cac vung lién két axit nucleic dugc thiét ké thich hop béi ngudi
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¢6 hiéu biét thong thudong trong linh vuc nay dé lién két véi trinh tu dich mong
mudn. Luu y ring theo sang ché, "CRISPR/Cas" c6 nghia 1a phic chit cia
ARN dan duong va protein Cas, va ARN din duong nay nhan biét va lién két
v6i trinh tu dich.

Trong enzym phén cét axit nucleic nhan tao theo sang ché, ving
nucleaza va vung lién két axit nucleic ¢6 thé duoc lién két truc tiép hodc ¢o
thé duogc lién két qua trinh ty néi. Trinh tu ndi nay bao gém, vi du, hai hoac
nhidu gbc axit amin, va dd dai cia né 1a khong bi gidi han cu thé, nhung c6
thé 1a, vi du, do dai tir 2 dén 20 axit amin, vi du 2, 4, 6, 8,9, 9, 12, 16, hoic
20 axit amin. Loai trinh tu nbi cling la khong bi gi¢i han cu thé, va cac vi du
vé chung bao gdm TGAAARA, GS, RPGEKP, TGPGAAARA, va tuong tu. Sy
c6 mit hodc khong cé mat cda trinh ty ndi va do dai va loai trinh tu ndi duoc
chon thich hop béi ngudi ¢6 hiéu biét thong thudng trong linh vuc nay khi cén
nhéc loai va yéu tb tuong tu cua ving lién két axit nucleic. D3 biét ring hoat
tinh nucleaza ciia cdc ZFN thong thudng bao gdbm FokI-ND bi anh huéng nhiéu
béi trinh tu ndi dé ndi ZF va FokI-ND, nhung trong trudng hop enzym phan
cét axit nucleic nhén tao theo sang ché, su phu thudc cda hoat tinh nucleaza
clia n6 vao trinh tu néi 1a thip hon so véi cia cac ZFN thong thuong. Cu thé,
trong ND1, hau nhu khong c6 su giam hoat tinh nucleaza dugc quan sét bang
cach thay ddi trinh tu ndi (vi du 5). Do d6, enzym phan cit axit nucleic nhan
tao theo sang ché c6 tinh linh hoat cao trong trinh tu ndi.

Trinh tw dich ciia enzym phan cét axit nucleic nhan tao theo sang ché
13 trinh tu tuy y trén axit nucleic. Trinh tu dich tt hon 14 hai trinh tu dugce kep

gitta trinh ty dém. Do dai cta trinh ty dém, do dai ctia c4c trinh tu dich, va cac
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trinh tu bazo 12 khong bi gidi han cu thé. Nguoi c6 hiéu biét thong thuong
trong 1inh vuc nay c6 thé thiét 14p thich hop céc trinh tu dich c6 do dai mong
mudn va bao gdm céc trinh tu bao. Hai trinh tu dich c6 thé 1a cac trinh tu gap
ddi hoac cac trinh ty khong gdp ddi vai nhau. Khi hai trinh tu dich la cdc trinh
ty khong gip doi, hai loai enzym phan cit axit nucleic nhan tao huéng dich
trinh ty twvong tng dugc tao ra. Ngoai ra, trong truong hop st dung vung lién
két axit nucleic chaa CRISPR/Cas, cé4c trinh ty nim & vung lan cin cua trinh
tu motif tién trinh tu nbi (protospacer adjacent motif, PAM) duoc ch'(_)n lam
cac trinh tu dich. Ttc 1a, cac trinh tu dich duoc thiét lap sao cho PAM c6 mit
bén ngoai ctia ca hai trinh ty dich hodc trong trinh ty dém. Céc trinh ty dich
c6 thé 1a hodc trinh tu sgi kép hodc trinh tu s¢i don. Ngoai ra, trong bdn mo ta
ndy, "ving l4n cin" bao gdm ca céac vi tri 1ién k& hodc cac vi tri gan.

Trong enzym phan cét axit nucleic nhan tao theo sang ché, khi ving
lién két axit nucleic lién két véi trinh tu dich trén axit nucleic, ving nucleaza
phan cit axit nucleic & vi tri phan cit dich. Vi tri phan cit dich nim trong hoic
4] gén trinh ty dém lién k& v6i cac trinh tu dich. D6 dai cia mang trinh tw dém
la khong bi giéi han cu thé, va cac vi du vé ching bao gém 1 dén 20 bp, tbt
hon 14 3 dén 8 bp, va tét hon nita 1a 5 dén 7 bp. Trong trudng hop cac ZFN
thong thudng bao gdbm FokI-ND, d3 biét ring d dai cla trinh ty dém téi wu 1a
6 bp, va hoat tinh nucleaza ctia n6 bi anh hudéng nhiéu bdi dd dai cua trinh tu
dém, nhung trong truong hop enzym phéan cét axit nucleic nhéan tao theo sdng
ché, do dai cua trinh tu dém 13 linh hoat hon d6 dai cua cac ZFN thong thudng.
Enzym phéan cit axit nucleic nhan tao theo séng ché ¢6 hoat tinh phéan cit cao

ngay ca dbi v6i cdc trinh ty dém ngan va céc trinh ty dém dai bang cich thay
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dbi do dai cua trinh ty ndi (vi du 5). Mat khéc, trong cac ZFN thong thudng
bao gE‘)m FokI-ND, ngay ca khi d¢ dai cua trinh tu nbdi duoc thay ddi, hoat tinh
phan cit 1a thdp dang ké ddi véi cac trinh ty dém ngin hon hoic dai hon do
dai t6i wu cta trinh tu dém. Do dd dai cua trinh ty dém x4c dinh khoang cach
gifta cac trinh tu nhan biét, enzym phén cat axit nucleic nhan tao theo séng ché
¢6 nhiéu sy lua chon cta cac vi tri phén cét dich va cac trinh tu nhan biét do
tinh linh hoat cao cua do dai trinh tu dém.

Enzym phan cét axit nucleic nhan tao theo sang ché c6 thé dugc tao ra
in vitro hodc in vivo bang phuong phap da biét trong linh vuc nay. Céc vi du
vé chang bao gdm phuong phap téng hop nhén tao dya trén thong tin trinh tu
axit amin, va phuong phép trong d6 axit nucleic ma héa enzym phén cat axit
nucleic nhan tao theo sang ché hodc mdi axit nucleic ma héa ving nucleaza va
vung lién két axit nucleic theo sang ché dugc tong hop nhan tao, dugc chén
vao vecto biéu hién thich hop, va sau d6 dugce dua vao té bao chu thich hop dé
biéu hién enzym phén cat axit nucleic nhan tao trong té bao. Theo cach khac,
phuong phap c6 thé duoc ké dén trong d6 axit nucleic ma héa enzym phéan cat
axit nucleic nhan tao theo sang ché duoc téng hop bing cach dich mi in-vitro
hodc in-vivo dé tdng hop protein ma dugc duwa vao té bao thich hop dé cho
phép enzym phén cét axit nucleic nhan tao tdc dung trong té bao, hoic ARN
ma hoa enzym phédn cit axit nucleic nhan tao theo sang ché dugc tdng hop
bang cach phién ma in-vitro, dugc dua vao té bao chu thich hop dé cho phép
enzym phén cit axit nucleic nhin tao tic dung trong té bao. Vecto biéu hién 1a
khong bi gidi han cu thé, va c6 thé dugce chon tir cac vecto dugce st dung trong

linh vuc nay. Céac vi du vé chling bao gom céac vecto plasmit, cadc vecto virut,
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cac vecto thé thuc khudn, céc vecto phagemit, cac vecto BAC, cac vecto YAC,
cac vecto MAC, cac vecto HAC, va tuong tu.

Té bao chu 1a khong bi giéi han cu thé, va cac vi du vé chung bao gdm
té bao chua c6 nhan dién hinh nhu Escherichia coli, xa khudn, va cb khuin, té
bao ¢6 nhan dién hinh nhu ndm men, nhim bién, con tim, cé ngua vin, chudt
nhit, chudt, éch, cdy thubc 14, cdy cai xoong (Arabidopsis thaliana), va cdy
lua, va céac té bao nudi cdy.

Mot khia canh nita ctia sang ché con dé xuat axit nucleic dugc phan lap
chtra trinh tyu axit nucleic mi héa enzym phén cit axit nucleic nhan tao theo
sang ché, cling nhu san phdm phién ma va san pham dich ma cta axit nucleic
nay. Axit nucleic néu trén c¢6 thé 1a axit nucleic dugc phéan 1ap bao gdm trinh
ty axit nucleic ma hoa enzym phan cat axit nucleic nhan tao theo sang ché.
Ngoai ra, viéc téi uu hoa codon c6 thé dugc thuc hién. Theo sang ché, "axit
nucleic" bao gdm ca ADN va ARN.

3. Phuong phép cai bién axit nucleic dich

Khi enzym phan cit axit nucleic nhén tao theo sang ché dugc dua vao
té bao, enzym nay phén cit vi tri dich trén axit nucleic trong té bao, va sau do,
su phan cit nay dugc stra chita bang su ndi ddu khong twong ddong (NHEJ), su
tai td hop twong dong (HR), hodc twong tu. Lic ndy, trong qué trinh sta chita
bang NHEJ 14 con dudng stra chita chinh, mot hoidc nhiéu dot bién duoc chén
vao vi tri phan cat dé cai bién axit nucleic. Do d6, mdt khia canh nita cua sang
ché d& xuét phuong phap cai bién axit nucleic dich, bao gdm viéc dua vao té
bao enzym phdan cét axit nucleic nhéan tao theo sang ché hodc axit nucleic ma

héa enzym phén cat axit nucleic nhén tao nay. Enzym hodc axit nucleic dugc
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md ta & trén c6 thé 12 san phdm phién mi cua axit nucleic hodc san phdm dich
ma cta n6. Axit nucleic ciing c6 thé duoc tdi wu hoa codon dé biéu hién & muc
cao trong t& bao. Ngoai ra, theo sang ché, "cai bién" bao gdbm viéc x6a, chén,
hodc thay thé it nhdt mot nucleotit, hodc td hop cta ching. Ngoai ra, theo sang
ché, thuat nglt "dot bién" duoc st dung ddi véi céc axit nucleic co nghia la
x0a, chén, hodc thay thé nucleotit.

Viéc dua enzym hodc axit nucleic néu trén vao té bao co thé 1a viéc dua
vao bang phuong phéap vat 1y, dua vao thong qua sw nhiém virut hodc sinh vat,
hodc tuong tu, va cac phuong phap khac nhau di biét trong linh vuc nay c6
thé duoc st dung. Céac vi du vé phuong phap dwa vao vat 1y bao gdm, nhung
khong chi gi¢i han &, phwong phap tao 15 bang dién, phuong phap ding sung
bén hat, phuong phap vi tiém, phuong phéap chuyén gen qua liposom, phuong
phép tai nap protein, va tuong tu. Cac vi du vé phuong phap dua vao thong
qua su nhiém virut hodc sinh vat bao g@)m, nhung khong chi gidi han &, tai nap
virut, phuong phéap chuyén gen théng qua Agrobacterium, gay nhiém thé thuc
khuan, tiép hop, va twong tu. Cac phuong phdp dua vao néu trén lién quan dén
viéc st dung thich hgp cac vecto. Céac vecto ¢co thé dugc chon thich hop theo
loai té bao dé dwa vao, va cac vi du vé chiung bao gdm, nhung khong chi giéi
han &, cac vecto plasmit, cdc vecto virut, cac vecto thé thuc khudn, céc vecto
phagemit, cac vecto BAC, cac vecto YAC, cic vecto MAC, cac vecto HAC, va
twong tu. Céc vi du vé chung con bao gdbm céc vecto nhu liposom va lentivirut
c6 kha ning mang cdc san pham dich ma (protein) va san phdm phién ma
(mARN), va cac vecto peptit nhu cac peptit c6 kha nang thim té bao c6 kha

nang dua cac phan ta dugc dung hgp hodc lién két vao té bao.
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Do d6, mot khia canh nita ctia sang ché dé xuit vecto chira axit nucleic
ma hoa enzym phan cit axit nucleic nhén tao theo sang ché, hoic vecto chua
san phAm phién ma cia axit nucleic hodc san phdm dich ma ctia n6. Vecto chira
san pham phién mi cla axit nucleic hodc san pham dich ma cta né bao gém
cdc san phdm dugc phién mia bdi axit nucleic trong vecto chira axit nucleic, va
cdc san pham trong d6 san phidm dich ma duoc tao ra.

Cac té bao néu trén c6 thé 13 hodc té bao chua c6 nhan dién hinh hoic
t& bao ¢6 nhan dién hinh, va la khong bi gidi han cu thé. Cac vi du vé ching
bao gém vi khudn, ¢d khuin, nim men, té bao thuc vat, té bao con trung, va

cac té bao dong vat (nhu t€ bao ctia nguoi, t€ bao khong phai cia nguoi, té bao

7
A

cia dong vit ¢6 xuong séng khong phai dong vat c6 va, va té bao cua dong vat
khong c6 xuwong séng). Cac té bao ciing c¢o6 thé 1a té bao in-vivo, té bao dugc
phéan lap, té bao so cép, hodc cac té bao nudi céy. Céc té bao cling c6 thé 1a
cac té bao sinh dudng, céac té bao mam, hodc cac té bao géc.

Cu thé, cac vi du v& sinh vat chwa c6 nhan dién hinh ma tir d6 thu duoc
cac té bao néu trén bao gém Escherichia coli, xa khudn, ¢b khuén, va tuong tu.
Ngoai ra, cac vi du vé sinh vat c6 nhan dién hinh ma tir d6 thu dugc céc té bao
néu trén bao gém nidm nhu nAdm men, nim, va nam mébc, dong vat nganh da gai
nhu nhim bién, sao bién, va hai sdm, con trung nhu con tim va con rudi, ca
nhu cé ngt, cd trap, c4 xem sao, va ca ngua van, dong vat gdm nhdm nhu chudt
nhét, chudt, chudt lang, chuot tai mé, va soéc, dong vat mong guéc chin nhu
bo, lon rung, lon, clru, va dé, dong vat mong guéc 1¢ nhu ngua, dong vat bo
st nhu con than lan, dong vat ludng cu nhu éch, bo tho nhu tho, bd an thit

nhu chd, méo, va chdn suong, chim nhu ga, da dicu, va chim cun cut, va cac
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thue vat nhu cay thudc 14, cdy Arabidopsis thaliana, cdy lua, cAy ngd, ciy chubi,
cdy lac, cdy huéng duong, cdy ca chua, cdy cai ddu, cdy laa mi, cAy lia mach,
cay khoai tdy, cdy ddu nanh, cdy bdng, va cdy cdm chuéng. Céac vi du vé "té
bao dong vat" bao gém té bao phoi cua phdi ¢ cac giai doan khac nhau (nhu
phéi & giai doan 1 té bao, phdi ¢ giai doan 2 té bao, phoi & giai doan 4 té bao,
phdi & giai doan 8 té bao, phdi & giai doan 16 té bao, va phdi & giai doan phoi
dau); cac té bao gbc nhu té bao gbc van nang cam ung (induced pluripotent
stem, iPS), t& bao gbc phdi (embryonic stem, ES), cac té bao gbc tao mau; té
bao sinh dudng nhu nguyén bao s¢i, cac té bao tao mau, té bao than kinh, té
bao co, té bao xuong, té bao gan, té bao tuy, t& bao ndo, va té bao thin; tring
thu tinh, va tuong tu.

Axit nucleic dich ¢6 thé 1a gen bét ky trong ADN hé gen trong té bao
hoic ADN trong ving ngoai gen. Pé phan cat trinh ty dich trong axit nucleic
dich, enzym phan c4t axit nucleic nhan tao theo sang ché dugc thiét ké sao cho
ving lién két axit nucleic ch@a trong enzym phan cit axit nucleic nhén tao
theo sang ché lién két v4i trinh tu & vung lan cén cua trinh ty dich (dugc chon
lam trinh tuy dich ctda vung lién két axit nucleic). K ét qua la, trinh ty mong
mubn trong axit nucleic dich dugc phéan cét, vi du, su biéu hién cua gen dugc
giam di hoac dugc loai bo, hodc chirc nang cua gen dugc giam di hodc khong
chirc nang nao dugc thé hién.

Theo phuong phép cai bién axit nucleic dich theo sang ché,
polynucleotit cho c6 thé duge dua vao té bao ngoai enzym phan cit axit nucleic
nhén tao néu trén. Polynucleotit cho nay chua it nhit mot trinh tu cho chta cai

bién cdn dugc dua vao & vi tri phan cit dich. Polynucleotit cho ¢ thé dugc
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thiét ké thich hop boi ngudi ¢6 hiéu biét thong thudng trong linh vuc nay dua
trén cac k¥ thuat da biét trong 1inh vuc nay. Khi polynucleotit cho ¢6 mat trong
phuong phép cai bién axit nucleic dich theo sang ché, su tai td hop twong dong
X4y ra ¢ vi tri phan cét dich, va polynucleotit cho dwgc chén vao vi tri nay
hodc vi tri nay duogc thay bang trinh ty cho. Két qua 13, cai bién mong mubn
dugc dua vao & vi tri phan cét dich.

Khi khong c6 mit polynucleotit cho trong phwong phap cai bién axit
nucleic dich theo sang ché, vi tri phan cét dich duoc stra chita chu yéu bing
cdch ndi ddu khéng twong ddng (NHEJ). Do NHEJ d& mic 13i, viéc x6a, chen,
hoidc thay thé it nhit mot nucleotit, hodc td hop cua ching, c6 thé xay ra trong
qué trinh sira chira vi tri phan cit nay. Theo cach nay, axit nucleic dugc cai
bién & vi tri phan cat dich.

Theo phuong phap cai bién axit nucleic dich theo sang ché, hai hoic
nhiéu loai enzym phén cit axit nucleic nhan tao néu trén c6 thé duge dua vao
t& bao. Céc vi du v& hai hodc nhidu loai trong sb cac enzym phan cit axit
nucleic nhan tao bao gdm hai hodc nhiéu loai enzym phén cat axit nucleic nhan
tao ¢6 cac vang lién két axit nucleic khac nhau, hai hodc nhiéu loai enzym
phén cit axit nucleic nhén tao c6 céc vung nucleaza khac nhau, hai hodc nhiéu
loai enzym phan cit axit nucleic nhin tao c6 cdc ving nucleaza va céc vung
lien két cac axit nucleic khac nhau, hai hodc nhiéu loai enzym phan cét axit
nucleic nhén tao c¢6 cac trinh tu ndi khac nhau, va tuong tu. Hai hoac nhiéu
loai trong s& céc enzym phéan cit axit nucleic nhan tao c¢6 cac vung lién két
axit nucleic khac nhau bao gdm hai hodc nhiéu loai enzym phéan cit axit nucleic

nhén tao c6 céc trinh ty dich khac nhau dugc lién két véi cac vung lién két axit
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nucleic, va hai hoac nhiéu loai enzym phéin cit axit nucleic nhan tao c6 cac
loai khac nhau cda vung lién két axit nucleic, va dé 1am vi dy, c6 thé néu ra
hai hodc nhiéu loai enzym phan cit axit nucleic nhan tao c6 cac vung nucleaza
khac nhau va céc trinh tu dich khac nhau duoc lién két véi céc vung lién két
axit nucleic. Vi du, khi khong c6 trinh ty gdp doi nao c6 mdt trong vung can
cai bién trén axit nucleic, hai loai enzym phéan cét axit nucleic nhan tao huéng
dich céc trinh tuy khac nhau c6 thé duoc s dung. Trong trudng hop nay, dot
bién ma thuc déy su tao thanh heterodime cia cdc vung nucleaza co thé duoc
dua thém vao cic ving nucleaza cia hai loai enzym phan cit axit nucleic nhan
tao. Pidu nay lam cho c6 thé lam tang cac trinh tu nhan biét ciia cdc enzym
phan cit axit nucleic nhan tao va lam giam kha nang chéch dich. Céc dot bién
nay la, vi du, cac thay thé vao D483, D487, va D496 (sau day con duogc goi 1a
“cac dot bién kidu DDD") va thay thé vao R483, R487, va R537 (sau day con
duoc goi 1a “cac dot bién kidu RRR"), trong d6 dot bién kiéu DDD dugc dua
vao vung nucleaza cia mgt enzym phén cét axit nucleic nhén tao, va dot bién
kidu RRR duogc dwa vao ving nucleaza ctia enzym phén cit axit nucleic nhan
tao con lai. Luu y ring néu trinh tu ving nucleaza trudc khi dua dot bién vao
da co géc axit amin cta hoic dot bién kiéu DDD hoac dot bién kiéu RRR dugc
thé hién & trén, thi chi cac su thay thé axit amin con lai cdn dugc thuc hién.
Hai loai ving nucleaza duoc dua vao voi hai dot bién (nhu dot bién kiéu DDD
va dot bién kiéu RRR) ma thac diy su tao ra heterodime nay c6 thé 1a cdc ving
nucleaza giéng nhau ngoai trir d6t bién néu trén, hodc c6 thé 1a c6 cac ving
nucleaza khac nhau ban diu trude khi cac dot bién néu trén duge dua vao. Vi

du, enzym phén cit axit nucleic nhan tao chtra thé dot bién kiéu DDD cua ND1
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va enzym phan cit axit nucleic nhan tao chra thé dot bién kiéu RRR ctia ND1
c6 thé duogc sir dung trong phuong phap theo sang ché. Ngoai ra, vi du, enzym
phan cét axit nucleic nhén tao chtra thé dot bién kiéu DDD cia ND2 va enzym
phan cat axit nucleic nhdn tao chira thé dot bién kiéu RRR cta ND1 c6 thé
duoc st dung trong phuong phap theo sang ché. Theo sang ché, td hop cua thé
d6t bién kiéu DDD ctia ND1 va thé dot bién kiéu RRR ctia ND1, hodc t6 hop
ctia thé dot bién kiéu DDD ctia ND2 va thé dot bién kiéu RRR cua ND1 ¢6 tinh
dac hi€u va hoat tinh nucleaza dic biét cao (vi du 8).

4. Kit

Mot khia canh nita cia sang ché d& xuét kit cai bién axit nucleic dich,
bao gdm enzym phén cit axit nucleic nhan tao theo sing ché, axit nucleic ma
hdéa enzym phéan cét axit nucleic nhéan tao nay, hodc vecto chira axit nucleic
nay, san phdm phién m cta axit nucleic, hodc san pham dich ma ctia n6. Ngoai
ra, kit nay c6 thé bao gdm hai hodc nhiéu loai enzym phéin cét axit nucleic
nhan tao nhu dugc md ta & trén. Ngoai ra, kit nay c6 thé bao gdm axit nucleic
ma hoéa hai hoac nhiéu loai trong sd céc enzym phéan cét axit nucleic nhan tao,
hodc vecto chira axit nucleic nay, san pham phién ma cua axit nucleic nay,
hoac san phém dich mé cua no. Tét hon néu kit theo sang ché bao gém mot
hodc hai loai enzym phéan cét axit nucleic nhan tao, axit nucleic ma héa mot
hodac hai loai enzym phan cat axit nucleic nhan tao, hodc vecto chira axit
nucleic nay, san phidm phién mi cua axit nucleic nay, hodc san pham dich ma
cta nd. Hai hodc nhiéu loai trong sd cac enzym phéan cit axit nucleic nhén tao
c¢6 thé 13, vi du, enzym phan cét axit nucleic nhén tao chura thé dot bién kiéu

DDD ctia ND1 va enzym phan cat axit nucleic nhan tao chtra thé dot bién kiéu
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RRR ctia ND1. Hon nita, hai hodc nhiéu loai trong s6 cic enzym phan cit axit
nucleic nhan tao c6 thé 1a, vi du, enzym phan cit axit nucleic nhan tao chira
thé dot bién kiéu DDD ctia ND2 va enzym phén cit axit nucleic nhan tao chira
thé dot bién kiéu RRR cua NDI. Kit nay coé thé con bao g(‘A)m mot hodc nhiéu
chit phan ang bd sung, va cac vi du vé chat phan ung bd sung bao gdm, nhung
khong chi gidi han &, dung dich dém pha lodng, dung dich tai cdu tric, dung
dich dém rira, chit phan ung chuyén axit nucleic, chat phan ting chuyén protein,
va chit phan ing kiém soat. Kit nay thuong di kém vé6i sach huéng dan.

Néu khong dugc néi 16 theo cach khac, nghia clia cac thuat ngit theo
sang ché duoc hiéu 1a cac nghia thuong dugc cong nhén trong cac linh vuc
sinh hoc, sinh hoc phéan ti, sinh héa hoc, di truyén, va tuong tu.

Vi du thwe hién sang ché

Sau day, sang ché dugc mo ta cu thé dua vao cac vi du, nhung sang ché
khong bi gidi han & cac vi du nay.

Luu ¥ rdng céc té bao dugce st dung trong cac vi du dugc nudi cdy nhu
sau.

Nudi cdy té bao

Céc té bao HEK293T duoc duy tri trong moi truong D-MEM (Wako
Pure Chemical Industries, Ltd.) chta 10% FBS (Difco), 1% streptomycin-
penicillin (Wako Pure Chemical Industries, Ltd.), va 1% NEAA (Difco). Cac
t¢ bao CHO-K1 dugc duy tri bang Ham-F12 (Difco) chita 10% FBS, 1%
streptomycin-penicillin, va 5% kanamycin (Wako Pure Chemical Industries,
Ltd.). Sau day, néu khong dugc chi rd theo cach khac, céc té bao nudi cdy dugc

duy tri 6 37°C va néng dd cacbon dioxit 5%, va néu nhiét 46 duogc chi ra, nhiét
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d6 nay duoc st dung. Ngoai ra, déi voi dung dich nudi cdy, mdi mdi trudng
nudi ciy néu trén dugc st dung néu khong duogc chi rd theo cach khac.
Vi du 1: tim kiém céc ving nucleaza méi

Duya trén trinh tu axit amin ¢ phia dau C cua Fokl, viéc tim kiém céac
vat liéu ty nhién twong dong duoc thuc hién bang cébng cu protein-protein
BLAST. Trong céac két qué tim kiém thu duoc, bdn loai ung vién dugce chon
tiy ¥ tr cdc trinh ty ¢ muc do tuong ddng v6i FokI-ND nam trong khoang tir
35% dén 70%. Theo thtr tu giam din cda trinh tu ¢6 muc dé twong dong cao,
ching duogc goi l1a ND1 (muc do giéng trinh ty axit amin 70%; trinh tu axit
amin c6 d6 dai diy da: SEQ ID NO: 1; trinh tu bazo twong tng: SEQ ID NO:
2), ND2 (mtc d6 giéng trinh ty axit amin 57%; trinh tu axit amin c6 d¢ dai
didy da: SEQ ID NO: 3; trinh tu bazo twong tng: SEQ ID NO: 4), ND3 (mtc
d6 gidng trinh tu axit amin 49%; trinh tu axit amin c¢6 d¢ dai day du: SEQ ID
NO: 5; trinh tu bazo tuong tng: SEQ ID NO: 6), va ND4 (mUc do gidng trinh
tu axit amin 45%; trinh ty axit amin c6 d§ dai déy du: SEQ ID NO: 7; trinh tu
bazo tuong ung: SEQ ID NO: 8).

Khi cac trinh ty axit amin cia ND1 dén ND4 dugc so sanh véi trinh tu
axit amin cda FokI-ND, da nhén théy réng cac do dai cia FokI-ND va vung
nucleaza gén nhu giéng nhau, mic du c6 cac su xda va thay thé axit amin.
Ngoai ra, ND1 dén ND4 mang cac axit amin (D483, R487) dugc cho la cin
thiét ddi v6i FokI-ND dé tao thanh dime c6 hoat tinh phan cét, va cac axit amin
(D450, D467, va K469) dugc cho la c6 lién quan dén sy phan cit gy boi su
thiy phan cua cac lién két phosphodieste trong ADN (Fig.1B). Do d6, ND1

dén ND4 duogc cho 1a ¢6 hoat tinh nucleaza.
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Vi du 2: Hoat tinh phdn cit cta cac ving nucleaza mdi (phuong phap SSA)

Pé danh gia hoat tinh nucleaza ctia ND1 dén ND4, plasmit ZFN (pSTL-
ZFA36-ND) chita mdi ving trong s6 ND1 dén ND4 duoc tao ra, va hoat tinh
phan cét ciia mdi viung nucleaza méi duge x4c dinh bang thtr nghiém gen thong
bdo SSA.
(1) Thiét ké plasmit ZFN

Céc trinh tu bazo ctia ving ND1 dén ND4 dugc téi wu héa codon va
duoc tong hop nhan tao béi IDT. Plasmit ZFN dugce st dung (pSTL-ZFA36) 1a
cdu truc dugc tao ra boi Ochiai va cac ddng tdc gia (Ochiai et al. (2010)
Targeted mutagenesis in the sea urchin embryo using zinc-finger nucleases.
Genes to Cells 15: 875-885). D& thay thé FokI-ND cua pSTL-ZFA36 biang ND1
dén ND4 méi xac dinh duoc, PCR dugc thuc hién béng PrimeSTAR Max
(Takara) véi mdi cip mdi thay thé viang nucleaza. PCR dugc thyc hién & 98°C
trong 2 phut, sau d6 1a 40 chu trinh 98°C trong 10 gidy, 60°C trong 5 gidy, va
68°C trong 40 gidy. San phém PCR thu dugc va ND1 dén ND4 duoc tong hop
nhén tao dugc cho phan Ung béng cach su dung In-Fusion (Clontech) va dugc
bién nap vao Escherichia coli. Plasmit dugc tach chiét tir thé bién nap thu dugc
va trinh tu bazo dwgc khing dinh dé thu duwgc mdi plasmit pSTL-ZFA36-ND
mong mudn. Fig.1A thé hién hinh v& dang lugc dd cta ZFA (mang ngén tay
kém) 36-ND thu dugc. ZFA36-ND nay c6 trinh tu ndi TGAAARA.
(2) Tht nghiém gen thong bdo SSA

7,2ul dung dich plasmit dugc tao ra chtra 120ng plasmit gen thong bdo
SSA, 240ng mdi plasmit pSTL-ZFA36-ND néu trén, va 24ng plasmit tham

chiéu pRL-CMV (Promega) (plasmit dé chuin héa hiéu qua tai nap). Plasmit
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gen thong bao SSA duoc tao ra theo phwong phap da biét dé trinh tu dich cua
mang ZF (ZFA36) chtra trinh tu dém 6bp duoc chén vao sao cho nam gitta céc
vung chdng nhau cia trinh ty Luc (Ochiai et al. (2010) Targeted mutagenesis
in the sea urchin embryo using zinc-finger nucleases. Genes to Cells 15: 875-
885). Dia nhiéu 18 ¢6 96 156 (Iwaki) da xir 1y bang cach phu polylysin duogc bd
sung 25ul dung dich nudi cdy D-MEM khéng chtra huyét thanh, va 6ul dung
dich plasmit dugc tron vao. 25,7ul dung dich chtra 0,7pl Lipofectamine LTX
(Life Technologies) cho 25ul dung dich nudi cdy D-MEM khong chtra huyét
thanh duoc bd sung vao dia nay, va hén hop nay dugc dé yén ¢ nhiét do trong
phong trong 30 phut. Trong thoi gian nay, cac té bao HEK293T dugc tach ra
khoi dia nudi cdy mé 100mm (Iwaki) bang cach xir 1y bang trypsin, ly tim &
tbc @6 1000 vong/phut trong 3 phit, dich ndi bé mat dugc loai bo, va céac té
bao dugc tao hdn dich lai trong 5ml dung dich nudi cdy. 10pl hdn dich té bao
duoc 14y, va sb lugng té bao duoc dém. T sb lugng té bao thu dugc, dung
dich nudi cdy dugc bd sung vao va duge didu chinh dé sb lugng té bao trong
hdn dich té bao 1a 6 x 10° té bao/ml. Dia 96 18 néu trén dugc dé yén & nhiét
do trong phong trong 30 phut, 100pl hdn dich té bao duwoc bd sung vao. Sau
d6, dia c6 96 18 dugc chuyén sang 37°C va néng dd cacbon dioxit 5%, va dugc
nudi cdy dé thuc hién qua trinh tai nap.

DPbi v6i dung dich nudi cdy cia cac té bao HEK293T duge nudi cdy
trong 24 gi¢ sau khi tai nap, 75pl cia né dugce loai bo, 75ul co chéf Dual Glo
luciferaza dugc gin voi hé théng phan tich Dual Glo Luciferaza (Promega)
duoc bd sung vao mbi 138, va cac té bao duge xu ly trong chd téi & nhiét do

trong phong trong 10 phat. Sau d6, hoat tinh luxiferaza dugc xac dinh bang
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TriStar LB941 ctia may doc dia nhiéu 18. Sau khi do, 75ul dung dich dém kép
Dual Glo Stop & Glo chtta co chét kép Glo Stop & Glo dugce pha lodng 100
lan dugc bd sung vao mdi miu, va hdn hop duge xt 1y trong chd téi & nhiét
d6 trong phong trong 10 phut, va hoat tinh luxiferaza cia plasmit tham chiéu
duoc do bang may doc dia theo cach gidng nhu trén. Bé 1am dbi chung, ZFA36-
FokI chtra FokI-ND duoc sit dung cho phép do nay. Dbi véi cac két qua do, su
thay do6i ctia gia tri thu dugc bang cach chia hoat tinh luxiferaza ctia gen thong
b4do SSA cho hoat tinh luxiferaza cia plasmit tham chiéu dugc tinh, va gia tri
trong ddi trong mdi mau khi gia tri cia ZFA36-Fokl dugc didu chinh bing 1
da thu duoc.

(3) Céc két qua

Fig.1C thé hién cac két qua nay. Nhu da r6 tir Fig.1C, ND1 va ND2 ¢6
hoat tinh phén cédt cao hon khoang 20% hoic trén 20% so v6i FokI-ND dugc
st dung thong thuong. Miat khac, da nhan thiy ring ND3 va ND4 c6 hoat tinh
phan cit thip va chi ¢6 khoang 20% hoat tinh ctia FokI-ND.

Ngoai ra, da khing dinh dugc, khi ving nucleaza khong dugc biéu hién
trong té bao, nucleaza c6 mit ban d4u trong té bao c6 hudng dich gen thong
bdo luciferaza hay khong. Két qua 13, da phat hién dugc rang gen thong bao
luxiferaza khong thé 1a dich ciia cac nucleaza khdc nhau c6 mit trong cac té
bao HEK293T do hoat tinh twong déi ddi véi FokI-ND la vé cing thap. Phan
tich nay da cho thdy rang ND1 va ND2 la cdc vung nucleaza méi ¢ ngudn gbc
tir cdc vat liéu tu nhién vugt trdi so voi hoat tinh phén cat cua FokI-ND duoc
st dung thong thuong trong cdc ZFN.

Vi du 3: Hoat tinh phan cit clia cdc vung nucleaza méi doi v6i hé gen dich
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(phuong phép Cel-I)

Dé khing dinh m@rc do ma cac ving nucleaza mdi ND1 va ND2 dugc
khéng dinh 12 c¢6 hoat tinh nucleaza trong vi du 2 gy ra sy dot bién trong ADN
hé gen in vivo, thir nghiém Cel-I dugc str dung dé phén tich ty 1& dot bién vao
ADN hé gen trong cac té bao nudi cdy cua cdc vung nucleaza méi. D& lam ddi
chiung, FokI-ND, ND3, va ND4 dugc phan tich theo cach giéng hét.

(1) Tht nghiém Cel-I

Trong cac té bao duoc tai nap bing cbéng cu chinh sira hé gen nhu
TALEN va ZFN, ADN dich dugc phén cit béi viing nucleaza cia chiing va vi
tri phan cit duoc stra chita bang co ché stra chita c6 trong té bao, nhung 13i
stra chita xay ra trong qua trinh nay. Khi ving chta trinh tu dich cia ADN h¢
gen nay dugc khuéch dai béng PCR, san phém hdn hop cua doén PCR cua alen
kiéu dai va doan PCR chura dot bién da thu dwoc. Su tai lién két clia cac san
phdm nay sau khi phéan ly tao ra ADN soi kép bt cap sai bao gdm doan PCR
cia alen kiéu dai va alen chua dot bién, ching duogc phén cit béng
endonucleaza dic hiéu bat cdp sai (nucleaza Cel-I). Su géy dot bién co thé
duogc danh gia bang cach phat hién kiéu phén cit.

Céac té bao CHO-K1 duoc phan ly bing cach xir 1y bang trypsin, ly tdim
‘& tbe d6 1000 vong/phut trong 3 phut, dich nbi bé mit duoc loai bd, va céc té
bao duogc tao hdn dich trong 10ml dung dich nudi cdy. S6 lugng té bao dugc
xac dinh bang cach st dung 10pl hdn dich té bao, dung dich nudi cdy dwgc bd
sung vao dé sé lwong té bao 1a 1 x 10° té bao/ml, va céc té bao dugc nudi cy
qua dém ¢ 37°C va ndng d6 cacbon dioxit 5%.

Méi plasmit ZFN duoc tao ra trong vi du 2 dugc b6 sung vao 500pl
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Opti-MEM (Difco) dé c¢6 khéi luong 1a 800ng, va hdn hop dugc dé yén & nhiét
d6 trong phong trong 5 phat. 500pul Opti-MEM dugc bd sung 32ul
Lipofectamine LTX, va toan by lugng nay duogc tron véi moi truong Opti-
MEM chira plasmit néu trén, va duoc dé yén ¢ nhiét do trong phong trong 30
phut. Trong thdi gian nay, dung dich nudi cdy cta cac té bao CHO-K1 dugc
phat trién qua dém dugc thay bing 4ml Opti-MEM. Dung dich nubi cdy té bao
duge bd sung toan bd lugng nay cia dung dich plasmit da dugce dé yén & nhiét
dd trong phong trong 30 phut, va cac té bao duoc nudi cdy qua dém & 37°C va
ndng dé cacbon dioxit 5%. Budi sang ngay tiép theo, dung dich nudi cay duogc
thay tir Opti-MEM thanh 10ml dung dich nudi cdy, va qué trinh nudi cdy duoc
tiép tuc thém & 37°C va ndng dd cacbon dioxit 5%. Ngoai ra, puromycin (Wako
Pure Chemical Industries, Ltd.) dugc bd sung vao dé cho ndng do cudi 1a 500
pg/ml sau 24 gid. Sau d6, qua trinh nudi cdy dugc thuc hién hang ngay trong
3 ngay trong khi thay dung dich nudi cdy va bd sung puromycin.

Céc té bao CHO-K1 duogc tai nap béng plasmit ZFN nhu dugc mo ta &
trén dugc thu hoach tir dia nudi cdy bang cach xir 1y bang trypsin. Cac té bao
thu hoach duogc dugc rira mot lan béng PBS (-). Céc té bao thu duge dugc xu
1y bang dung dich dém phén giai té bao va chét phan huy protein chita trong
hodc kit tinh ché ADN (Qiagen) hodc kit phat hién phan cit h¢ gen GeneArt
(Life Technologies) d¢é thu dugc ADN hé gen. Véi ADN hé gen thu duoc lam
khuoén, PCR duogc thuc hién béng cach st dung KOD Fx Neo (ToYoBo) hodac
AmpliTaq Gold (Life Technologies). Trong truong hgp KOD Fx Neo, PCR
duogc thuc hién & 95°C trong 2 phut, sau d6 1a 40 chu trinh 95°C trong 30 giay,

60°C trong 30 gidy, va 68°C trong 30 gidy dé khuéch dai gen dich. Trong
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truong hop AmpliTaq Gold, viéc xt ly duge thuc hién ¢ 95°C trong 10 phut,
sau d6 1a 40 chu trinh 95°C trong 10 gidy, 60°C trong 30 gidy, va 72°C trong
40 gidy, va cudi cung xur Iy & 72°C trong 7 phut duoc thuc hién dé khuéch dai
gen dich. Lugng twong dwong cia mdi san phdm PCR thu dugc dugc phan tng
phan cit bang enzym phat hién bing cach st dung kit phat hién phén cét hé
gen GeneArt theo sach huéng dan. Trong dung dich sau khi phan tng, cac doan
duoc phan cit dugc phat hién bing cach dién di trén gel agaroza hoic MultiNA
(Shimadzu Corporation). Hiéu quéa phan cit dugc tinh tir cac ndong do mol cla
cic bang khong dugce phan cit va cac doan dugc phan cét 1én hon.
(2) Cac két qua

Fig.2 thé hién cic két qua cua phuong phap dién di bing MultiNA.
Bang 1 thé hién cac trinh ty Gng vién cia dich hé gen ZFN (ZFA36-ZFA36)
trong cac té bao CHO-K1 dugc st dung trong phan tich nay. Bang 1 con thé
hién cac trinh tu tng vién cua dich hé gen ZFN (ZFL1-ZFA36) duoc st dung

trong vi du 7 dugc md ta sau day.

Bang 1
Trinh tu cia cac vi tri dich
Vi tri dich Trinh tu cua vi tri dich

7ZF¥A36-ZFA36 ACCATCTTCnnnnnnGAAGATGGT
vi tri thr nhét ACCATCTTCcactctGAAGATGGA
vi tri thtr hai ACCATCTTCaagagaGAAGATGGC
vi tri thir ba ACCATCTTCcttgatGAAGATGCC

ZFL1-ZFA36 GTCACCTTCnnnnnnGAAGATGGT
vi tri th@ nhét GTCACCTTCaagtctGAAGATGGT
vi tri thir hai TTCACCTTCttaagtGAAGATGGT

Trong tit ca cac trinh tu dich dwgc phén tich, vi tri nra dich (L) hoan
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toan phu hgp véi trinh tu dich ctia mang ZF. Mdt khéc, vi tri nta dich (R)
khong phu hop hoan toan véi trinh tu dich ciia mang ZF, va c¢6 su bat cip sai
& phia ddu 3°. Su phén cit cua cac trinh tw ung vién dich nay bing Cel-I cho
thdy ring hiéu qua phan cit cua cac ving nucleaza méi ND1 va ND2 cao hon
khoang 1,5 1an so v&i hidu qua cua FokI-ND, giéng véi cac két qua caa phan
tich gen thong bao luciferaza (Fig.2A va Fig.2B). Cu thé, hoat tinh gdy dot
bién cta ND1 c¢6 hoat tinh phén cat thich hop hon va cao hon so v&i caa ND2
trong tit ca cdc trinh ty ung vién dich dugc phén tich. Cac két qua nay da cho
thdy rang ND1 va ND2 1a c4c ving nucleaza méi c6 ngudn gbc tir cac vat lidu
ty nhién hoat tinh hon so v&i FokI-ND thong thudng ciing déi véi cac trinh tu
hé gen dich in vivo, giéng véi cac két qua ciia viéc phéan tich gen thong bao
bang cach st dung su phat quang ciia luciferaza trong vi du 2.

Mit khac, trong ND3, mdc du hoat tinh gdy dot bién thay doi phu thudc
vao trinh tu wng vién dich, hoat tinh nay biang khoang 25 dén 45% hoat tinh
cua FokI-ND. Ngoai ra, trong ND4, khong c6 dot bién nao trong céc trinh tu
tng vién dich c6 thé phat hién duoc quan sat trong tit ca cdc trinh ty ing vién
dich dugc phan tich.

Vi du 4: Phan tich luong tich liiy trong té bao clia cdc ving nucleaza méi

DPé lam ro viéc c6 hay khong nguyén nhan ma ty 1& gay dot bién cua
ving nucleaza méi 1a cao hon so voi ciia FokI-ND la ty 1¢ gdy dot bién biéu
kién 1a cao hon do lugng tich liiy trong té bao 1a 16n hon so v6i ctia FokI-ND,
luong cua mdi ving nucleaza dugc tich liiy dugc phan tich bang cach bd sung
dudi vao ZFN va st dung khang thé nhan biét n6. D& thuc hién phén tich nay,

cdu truc trong d6 dudi AcVS dugc bd sung mdi vao dau N cua ZFN dugce tao
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ra va dugc st dung cho phén tich nay.
(1) Phan tich lugng tich lily trong té bao (phan tich thAm Western)

Pé phan tich lugng ZFN dugc tich lily trong té bao, PCR dugc thuc
hién béng cach st dung mbi pSTL-ZFA36-ND dugc tao ra trong vi du 2 lam
khubn, va sau phan tng In-Fusion, sy bién nap vao Escherichia coli dugc thuc
hién dé thu dugc mdi plasmit ZFN ¢6 dudi AcV5 duge bd sung vao phia diu
N cua mang ZF. Dung dich plasmit véi lwong 7,2ul chira 240ng plasmit ZFN
duogc tao ra. Dung dich plasmit nay dugc tai nap vao cac té bao HEK293T theo
cach gidng nhu trong thr nghiém SSA dugc md ta trong vi du 2, va duge nudi
cdy & 37°C va ndng d6 cacbon dioxit 5% trong 3 ngay. Dung dich nudi ciy
duogc thay ddi mdi ngay.

Cac té bao HEK293T dugc nudi cdy dugce xir Iy bang trypsin va ly tim,
va dich ndi bé mit dugc loai bo. Chat két tia thu dugc duge tao hdn dich trong
PBS, va bd sung dung dich xt Iy miu bao gdm 2% SDS, 10% glyxerol, 10mM
DTT, 0,005% BPB, va 62,5mM Tris-HCI (pH=6,8), va hdn hop dugc dun soi
& 95°C trong 5 phuat. Sau dd, cac axit nucleic va tuong tu dugc cit bang cach
xtr Iy bang siéu am. Cac mau protein thu duge dugc dinh lugng bang cach st
dung kit thir nghiém protein (Bio-Rad) bing cich sir dung BSA lam chét chuan
ngoai. Mdi miu dugc didu ché 10pg dwge tach bing SDS-PAGE va chuyén
sang mang PVDF bang céch chuyén ban kho. Cac mang PVDF sau phién ma
dugc khéa bang PBS chira 5% sita giy va u voi khang thé a-tubulin dugc pha
lodng 2000 14n (Abcam) va khang thé dudi AcV5 (Sigma). Sau khi rtra bang
PBST, chung dugc t véi HRP lién hgp v6i khang thé IgG cta dé khang chudt

nhit dugc pha lodng 2000 l1dn (Bio-Rad). Sau khi rira bang PBST, chung dwoc
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lam cho phat sang biang cach st dung co chdt co thoi gian tin hiéu dai
Supersignal West Dura (Thermo Fisher) va tiép xuc v6i phim X quang.
(2) Céc két qua

Fig.3 thé hién cac két qua. Khi lugng protein trong dung dich pha vo
té bao dugc so sanh bing cach st dung khang thé don dong khang a-tubulin
lam chét chudn ndi, lugng tubulin dugc tich lity 1a 1én trong céc t& bao dbi
chirng khong dugc tai nap bang ZFN. Khi ZFN chira mdi ving nucleaza dugc
biéu hién, FokI-ND va NDI duong nhu it hon m{t chat, nhung c6 lugng tich
ty tubulin gdn bing nhau , va luong tach protein gin bang nhau biang SDS-
PAGE va phién ma sang mang PVDF.

Mit khac, nhu c6 thé théy tr lugng dugc tich lily cta tubulin, trong
mau déi chtrtng, méc du viéc phan tich dugc thyc hién vdi luong 16n hon cua
protein so véi dung dich phéa v té bao biéu hién mdi viing nucleaza, khong c6
tin hiéu khong dac hiéu nao c6 ngudn gdc tir khang thé dudi AcV5 dugc quan
sat, va da phat hién dugc réng khang thé AcV5 nhan biét dac hi¢u duoi nay.
Khi luvong protein dugc tich lﬁy‘ dugc phan tich bing cach st dung khang thé
AcV5 nay, trong dung dich phé v té bao dugc tai nap bang mdi viing nucleaza,
tin hiéu c6 ngudn gdc tir dudi AcV5 da thu dugce trong FokI-ND va ND1 dén
ND3 & khoang 35 kDa 1a kich thudc dugc mong dgi. Ngoai ra, cac tin hiéu cua
FokI-ND, ND1, va ND2 gan nhu gidng nhau. Khi dugc xem xét két hop véi
lugng tubulin dugc st dung lam chit chudn néi, lugng tich liy trong té bao
cia mdi ving nucleaza FokI-ND, ND1, va ND2 goi y rang FokI-ND dugec tich
lay nhiéu nhét trong té bao, sau d6 12 ND1 va ND2 theo thir tu nay. Mt khéc,

ddi véi ND3, do tin hiéu cé nguén géc tt dudi AcV5 di thu dugc manh hon
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dang ké so v&i cua FokI-ND va tuong tu, da nhan théy rﬁng lugng ND3 duoc
tich liiy trong té bao 1a 16n hon so véi cia FokI-ND va tuong tu.

(3) Phan tich luong tich lily trong té bao va dinh vi (phan tich sy biéu hién
ZFN-EGFP)

Ngoai ra, mdc du hoat tinh phén cit bi méat, cAu trac trong d6 EGFP
dugc dung hop vai dau C dugc tao ra dé 1am o lugng tich Iy trong té bao va
dinh vi m&i ZFN. Cu truc thu duoc nay dwoc st dung dé thuc hién viéc tai
nap vao céc t& bao HEK293T, va su phat huynh quang c6 ngudn goc tir GFP
duogc quan sat bang kinh hién vi quét laze dong tiéu dé phan tich mic biéu hién
cua ZFN va déng tho1, nhudom nhéan béng DAPI dé lam ro dinh vi trong té bao.

PCR dugc thuc hién béng cach s dung mdi pSTL-ZFA36-ND thu dugc
trong vi du 2 lam khuon, va sau khi phan Ung in-Fusion, su bién nap vao
Escherichia coli dugc thuc hién dé thu dugc mdi plasmit ZFN c¢6 EGFP duoc
bd sung vao phia ddu C caa mang ZF. Dung dich plasmit v&i lugng 7,2ul chira
240ng plasmit ZFN duogc tao ra. Dung dich plasmit nay dugc tdi nap vao céc
té bao HEK293T theo cach gidng nhu trong thir nghiém SSA dugc md ta trong
vi du 2, va dugc nudi cdy ¢ 37°C va ndng do cacbon dioxit 5% trong 3 ngay.
Cac té bao HEK293T duogc gin vao dia cé day thuy tinh c¢6 24 16 dugce xt 1y
bang colagen.

Cac té bao HEK293T dugc nudi cdy nay dwgc cd dinh bing
paraformaldehyt. Sau khi rira bang PBS (-), axit nucleic dugc nhudm bang
DAPI. Sau khi rtra lai béng PBS (-), viéc quan sat dugc thuc hién bﬁng kinh
hién vi quét laze dong tiéu (FD-1000D, Olympus). Cac anh huynh quang da

thu dugc & Ex: 473 nm/Em: 510 nm dbi véi EGFP va ¢ Ex: 405 nm/Em: 473
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nm d6i véi DAPI.
(4) Céc két qua

Fig.4 thé hién cic két qua. Trong déi ching am trong d6 ZFN khong
duoc biéu hién, sy phat huynh quang c¢6 ngudn gdc tir GFP khéng duoc quan
sat, va chi su phat huynh quang c6 ngudn gdc tr axit nucleic bdi DAPI duoc
quan séat. Trong céc té bao dugc dua vao véi ZFN c6 EGFP dugc dung hop
trong mdi ving nucleaza, sy phat huynh quang c6 ngudn géc GFP dugc quan
sat trong chét té bao va nhan, mic di ¢6 su khac nhau vé cudng do phat quang
c6 ngudn gbc GFP,

Khi FokI-ND-EGFP duoc biéu hién, su phat huynh quang ctia GFP dugc
quan sat trong chat té bao dbi véi mot sé té bao va ca trong nhan d6i véi mot
sb té bao khac. Khi ND1-EGFP dugc biéu hién, sy phat huynh quang c¢6 ngudn
gbc GFP duoc quan sat trong nhiéu té bao hon so véi trong FokI-ND, nhung
cudng d6 cia mdi sy phat huynh quang la yéu hon so v§i trong FokI-ND. Khi
ND2-EGFP duogc biéu hién, da phat hién duoc réng trong cac té bao dugc quan
sat, s6 luong té bao c6 su phat huynh quang c6 ngudn gbc GFP 1a nhé hon so
v61i trong FokI-ND, nhung né nam trong chét té bao va nhan. Khi ND3-EGFP
dugc biéu hién, sy phat huynh quang c6 ngudn gbc GFP dugc quan sat trong
nhan va chat té bao, giéng nhu trong FokI-ND va tuong ty. Ngoai ra, do su
phat huynh quang co6 ngudn géc GFP trong ND3 dugc quan sdt manh hon so
vGi trong cac vung nucleaza khéc, dad cho réhg muc biéu hién 1a cao hon trong
cdc té bao. Phan tich ND3 bang phan tich thAm Western ciing cho thdy ring
luong tich lity trong té bao 1a cao hon so véi ciia FokI-ND, nhung mic du né

¢6 thé nam trong nhan, ty 1¢ giy dot bién bidu kién 1a thip, va di cho rang céc
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dac tinh sinh héa cia enzym ciing 1a khac nhau, nhu nhiét do t61 wu khac véi
ctia FokI-ND.
(5) Tém lai

Tir cac két qua cua phan tich khang thé va phan tich sy phat huynh
quang GFP, d4 nhan thay rang FokI-ND, ND1, va ND2 dugc tich lily trong céc
t& bao & mtrc dod giéng nhau. Piéu nay di cho thiy rang hoat tinh phén cit cao
cua cac vung nucleaza mdi ND1 va ND2 khong phai do lugng tich Iy trong
té bao 16n, ma 1a do hoat tinh phén cit cao hon so v&i cia FokI-ND, ¢6 nghia
la ND1 va ND2 la cac vung nucleaza c6 nguén géc tr cac vat li€u tu nhién cé
hoat tinh phan cit vuot troi hon FokI-ND ma duoc st dung thong thuong trong
cac ZFN va tuong tu.
Vi du 5: Phan tich tinh chon loc trinh tuy dich cia cac vung nucleaza maéi

Pé xac nhan thém tinh hitu ich cia ND1 va ND2, da thir cdi bién trinh
ty ndi gitta mang ZF va ving nucleaza. Trong cdc ZFN thong thudng, da dugce
thong bao rang khi trinh tu ndi duogc cai bién, do dai cua trinh ty dém c6 hoat
tinh phan cit va tinh ddc dwgc tao ra cho té bao 1a khac nhau. Do d6, ngoai
trinh tw ndi TGAAARA, 14 trinh tu ndi thong thudng dugc st dung trong phan
tich nay cho dén nay, cac vecto ZFN dugc cai bién vao trinh ty ndi GS, trinh
tu ndi RPGEKP, va trinh tu ndi TGPGAAARA dugc thiét ké va dugc st dung
cho phéan tich nay.
(1) Phuong phap tht nghiém

Pé lam vecto ZFN ¢6 trinh tu ndi TGAAARA, mbi pSTL-ZFA36-ND
thu dugc trong vi du 2 dugc st dung. Viéc chon trinh tu ndi GS, trinh tu nbi

RPGEKP, va trinh tu ndi TGPGAAARA la dua trén cac thong bdo trong tai
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liéu: Handel et al. (2009) (NPL 1), Wilson et al. (2013) (Wilson et al. (2013)
Expanding the Repertoire of Target Sites for Zinc Nuclease-mediated Genome
modification. Mol. Ther-Nucleic Acids Ther-Céc axit nucleic 2: e88), va
Nomura et al. (2012) (Nomura et al. (2012) Effects of DNA Binding of the
Zinc Finger and Linkers for Domain Fusion on the Catalytic Activity of
Sequence-Specific Chimeric Recombinase Determined by a Facile Fluorescent
System. Biochemistry. 51: 1510-1517). Vecto ZEN v4i mbi trinh tw néi duge
cai bién dugc PCR bing PrimeSTAR Max (Takara) vi mdi cip doan moi cai
bién trinh tu ndi bang cach st dung pSTL-ZFA36-ND lam khuén. San pham
PCR thu dugc dugce cho phan Gng bang cich st dung In-Fusion (Clontech) va
dugc bién nap vao Escherichia coli. Plasmid dugc tach chiét tir thé bién nap
thu duoc, va trinh tu bazo dugc khing dinh dé thu dugc plasmit mong mudn.
Ngoai ra, cac plasmit gen thong bao SSA c6 céc dd dai cua trinh tu dém dugc
cai bién thanh 5 bp hodc 7 bp dugc sit dung dé thyc hién thur nghiém gen thong
bdo SSA nhu dugc md ta trong vi du 2 dé xac dinh hoat tinh nucleaza cua mdi
ZFN.
(2) Céc két qua

Fig.5 thé hién cac két qua. Luu y rang hoat tinh phan cét bao gdm trinh
ty nbi thong thudng va dugc thé hién bing hoat tinh tuong ddi khi hoat tinh
phan cét cia ZFA-FokI-ND cua trinh ty dém 6bp la 100%.

Khi do dai cua trinh tw dém 12 6 bp, trong FokI-ND, hoat tinh nay duoc
giam tdi 20% hodc it hon khi dugc cai bién thanh trinh tu ndi GS hoic trinh
tu n6i RPGEKP, so vé6i hoat tinh phan cét khi mang ZF va vung nucleaza duoc

ndi bing trinh tu ndi thong thuong (TGAAARA). Mit khac, khi duge cai bién
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thanh trinh tu néi TGPGAAARA, hoat tinh phan cdt ctia FokI-ND 1a khoang
90% ctia hoat tinh trude khi cai bién trinh ty ndi (Fig.5A).

Trong ND1, khi trinh ty dém la 6 bp, hoat tinh phan cét khdng bi anh
hudng ngay ca khi trinh ty ndi dugc cai bién, va hoat tinh phan cit 1a khoang
90% hoat tinh ctia FokI-ND trudc khi cai bién trinh tu ndi. Trong ND2, khi
trinh tu dém 1a 6 bp, hoat tinh phan cit dugc giam téi khoang 60% khi duoc
cai bién thanh trinh tu ndi GS va ti khoang 35% khi dugc cai bién thanh trinh
ty ndi RPGEKP, so v4i hoat tinh phén cit ctia FokI-ND truéc khi cai bién trinh
ty ndi. Tir cac két qua nay, da thdy ro rang, nhu dugc thong bao trude day,
ngay cd khi céc trinh ty dém co6 do dai giéng nhau, trinh tu ndi dugc st dung
trong phan tich nay anh hudng dén hoat tinh phan cit clia ving nucleaza.

Khi do dai cua trinh tu dém duogc diéu chinh béng 5 bp, hoat tinh phan
cit cua FokI-ND dugce giam t6i khoang 40% trong trinh tu ndi thong thudng
(trinh tu néi TGAAARA) so véi truong hop 6 bp, nhung khi duge cai bién
thanh trinh tu néi GS, khoang 50% hoat tinh phan cit van gitt dwgc. Tuy nhién,
khi dugc cai bién thanh trinh ty n6i RPGEKP hodc trinh tu n6i TGPGAAARA,
hoat tinh phén ct cua FokI-ND la khoang 20% hoat tinh cua trinh tu ndi thong
thuong, va hdu nhu khoéng c6 sy phan cét nao c6 thé thuc hién. Pa nhén théy
réng trong ND1, khi trinh ty dém 1a 5 bp, hoat tinh phén cit van con cao khi
dugc cai bién thanh trinh ty ndi GS, nhung trinh tu néi thong thudng giam
hoat tinh phan cét t¢i khoang 30%, va khi dugc bién ddi thanh céc trinh tw nbi
khéc, hau nhu khong c6 su phén cit nao c6 thé thuc hién.

Trong ND2, khi d6 dai ctia trinh ty dém dugc diéu chinh bang 5 bp, hau

nhu khong c¢é hoat tinh phéan cit nao duoc thé hién ngay ca khi trinh tu nbi
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dugce cai bién. Khi dd dai cua trinh tw dém 1a ngén, su anh hudng cua trinh tu
ndi 1a 16n, va da cho ring trinh tu ndi cang ngin, cang dé dﬁy tri hoat tinh
phan cit.

Khi dd dai cda trinh ty dém dugc ddt 1a 7 bp, trong FokI-ND, hoat tinh
phan cit duoc quan sat chi khi dugc cai bién thanh trinh tu n6i TGPGAAARA,
va hoat tinh nay 1a khoang 50% hoat tinh phan cét cta trinh tu ndi thong thuong
c6 do dai trinh tu dém 6 bp. Hau nhu khong co6 hoat tinh phan cit nao duoc thé
hién khi dugce bién ddi thanh cac trinh tu ndi khac.

Trong ND1, d4 phat hién duoc rang khi dd dai cia trinh tu dém dugc
dit 1a 7 bp, hoat tinh phan cit khong dugc thé hién khi dugc cai bién thanh
trinh tu néi GS, nhung khi dugc cai bién thanh cac trinh tu ndi khac, hoat tinh
phén cit béng hodc cao hon khoang 50% duogc thé hién. Cu thé, trinh tu ndi
TGPGAAATA dugc cho 1a ¢6 hoat tinh phén cédt cao hon hoat tinh phan cit
ctia FokI-ND dich. Mt khéc, ddi véi ND2, trinh tu ndi thong thudng c6 khoang
40% hoat tinh phan cit, nhung khi dugc cai bién thanh cac trinh ty ndi khac,
hau nhu khong c6 hoat tinh phan cit nao dwgc thé hién. Khi do dai cia trinh
tu dém la dai, trinh tu ndi cang dai thi hoat tinh phan cét c6 xu hudéng cang
cao.

Tu céac két qua néu trén, dd dugc lam rd la ND1 c¢6 it kha ndng bi cai
bién trinh tu ndi hon FokI-ND, c6 it han ché hon d6i v6i trinh tu dém, va co
hoat tinh phédn cit cao hon so v&i FokI-ND. Diéu nay cho thiy ring NDI1 la
viung nucleaza linh hoat hon so v6i FokI-ND ca v& tinh chon loc trinh tu dich
va tuong tu.

Cho dén nay, di c6 cac thong bdo vé viéc cai bién FokI-ND do6i véi
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ZFN. Ciing d4 c6 thong bao rang chinh ving nucleaza duoc cai bién tir Fokl-
ND thanh endonucleaza nhu Pvull va I-Tevl. Mic du ZFN duoc cai bién bang
cach sir dung I-TevI nay c6 hoat tinh phan cit cao hon so véi FokI-ND, trinh
ty dém c6 do dai khodng 30 bp ma dai hon so véi cia FoklI do trinh tu n6i noi
phan tr va motif lién két ADN trong I-Tevl, ngoai mang ZF. Twong tu, khi
duoc cai bién thanh Pvull, trinh tu dém 1a dai. Két qua 14, da cho ring trinh tu
ADN tac dung 1én ZFN ciing dai va dé dang duogc cit bang trinh tu bazo. Mat
khéac, khi duoc st dung trong ZFN, ving nucleaza theo sang ché c6 cau tric
protein gidng nhu FokI-ND thong thudng nhung cé ty 1& dot bién cao, va trinh
ty ADN dich tac dung 1én ZFN duoc rat ngén toi 24 bp toan bo. Tir diéu nay,
ving nucleaza theo sang ché it bi cit boi trinh tu bazo hon I-Tevl va twong tu,
va dé dang xtr 1y nhu mot cong cu chinh sira hé gen don gian hon.
Vi du 6: Hoat tinh phan cit ctia ving nucleaza méi duoc dwa vao bang dot bién
Sharkey

Su thay thé axit amin (4ot bién Sharkey) dugc biét 12 1am ting hoat tinh
phén cdt khi duge dua vao FokI-ND (Guo, J., Gaj, T. and Barbas, C. F., 3rd.
(2010) Directed evolution of an enhanced and highly efficient FoklI cleavage
domain for zinc finger nucleases. J Mol Biol, 400, 96-107). Do d6, da thu dua
cac su thay thé axit amin gidng nhu dot bién Sharkey vao cac ving nucleaza
ND1 va ND2 méi nhim muc dich lam ting hon nita hoat tinh phén cat.
(1) Phuong phap tht nghiém

Céac vecto ZFN chtra viung nucleaza dugc dua vao béng cac dot bién
Sharkey (cac su thay thé axit amin S418P va K441E trong FokI-ND, va cac su

thay thé axit amin twong rng trong céc vung nucleaza khic) dugc thuc hién
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PCR bang PrimeSTAR Max (Takara) v6i cip doan mdi dot bién Sharkey bing
cach str dung mdi pSTL-ZFA36-ND lam khuén dwa vao thong bao cia Guo va
cdc ddng tac gia. San phdm PCR thu dugc duoc cho phan tng bang cach st
dung In-Fusion (Clontech) va duogc bién nap vao Escherichia coli. Plasmit
dugce tach chiét tir thé bién nap thu dugc, va trinh ty bazo dugce khéng dinh dé
thu dugc plasmit mong mudn. Thir nghiém gen thong bao SSA duogc thuc hién
nhu dugc mo ta trong vi du 2 dé xac dinh hoat tinh nucleaza cua mdi ZFN, Dé
lam d6i chtng khong c6 dot bién Sharkey, mdi pSTL-ZFA36-ND thu duoc
trong vi du 2 dugc st dung.

(2) Céc két qua

Béng cach so sdnh céc trinh tu axit amin cta FokI-ND, dot bién Sharkey,
va ND1 va ND2, vi tri thay thé axit amin dugc tao ra boi dot bién Sharkey
duoc xéc dinh (Fig.6). Fig.6 thé hién cac két qua. Luu ¥ rang mdi hoat tinh
phén cét dugc thé hién dudi dang hoat tinh twong dbi khi hoat tinh phan cit
ctia ZFA-FokI-ND khong c6 dot bién Sharkey bing 1.

Trong NDI1, cac axit amin twong ung véi cac vi tri S418 va K441 cua
FokI-ND, ma 1a cac vi tri axit amin cin thiét dé dwa d6t bién Sharkey vao, la
gibng nhu caa FokI-ND va lan lugt 1a S424 va K447. Mit khac, trong ND2,
axit amin tuong tng véi vi tri S418 ctua FokI-ND la gidng nhu cta dot bién
Sharkey (P422), nhung axit amin tuwong Gng v6i vi tri K441 cta FokI-ND la
S445. Do d6, ND1 va ND2, trong d6 cac su thay thé axit amin giéng nhu dot
bién Sharkey dugc dua vao céac vi tri axit amin néu trén, 1an luot dugc thiét ké
1a ND1-Sharkey va ND2-Sharkey. Khi hoat tinh phéan cit duoc xac dinh bang

cach st dung gen thong béo luciferaza bang cach st dung cac vung nay, hoat
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tinh phén cit dugc ting khoang 1,5 lan trong d6t bién Sharkey ctia FokI-ND
(Fig.6B). Nhu da thong bao, dot bién Sharkey da dugce chiing minh 1a lam ting
hoat tinh phéan cét cia FokI-ND. Tuy nhién, trong ca ND1-Sharkey va ND2-
Sharkey, hoat tinh phan cit 1a thdp hon so vdi trude khi dua céc axit amin thay
thé vao, va hoat tinh phan cit cao ky vong da khong thu dugc. Két qua nay c6
nghia 14 co ché phén cit cta cac nucleaza ND1 va ND2 1a khac véi-ciia Fokl-
ND. Do d6, cac vung nucleaza ND1 va ND2 mdi 1a cac vung nucleaza khac
v6i FokI-ND.
Vi dy 7: Hoat tinh phan cit bing cich st dung cidc vung nucleaza kiéu
heterodime

Khi trinh tu dich dugc phéan cdt bdi ZFN, FokI-ND tao thanh dime.
Ngoai ra, dd biét ring, bang cach thay thé axit amin cu thé, FokI-ND c¢6 thé
dugc bién ddi chire nang thanh thé dot bién nhu kiéu DDD/kiéu RRR va twong
tu ma chi c¢6 hoat tinh phan cit & th(‘yiv diém tao heterodime. Do d6, viéc phan
tich thém duge thuc hién dé 1am rd xem cac cai bién chirc ning dé duy tri hoat
tinh phén cit s& co thé ¢6 trong céc Vﬁng nucleaza méi ND1 va ND2 hay khong.

Bing cach déng thing hang véi FokI-ND, da kiém tra xem cac axit
amin lién quan dén sy tao heterodime cling dwgc bao toan trong ND1 va ND2
hay khong (Fig.1B). Két qua 14, axit amin khéac v&i gbc histidin ¢6 mit phan
16n & phia dau C trong vi tri thay thé axit amin cta nucleaza dang heterodime
dugc bdc 10 boi FokI-ND ciing dugc bdo toan trong ND1 va ND2. Tu diéu nay,
¢6 thé suy ra ring NDI1 va ND2 c6 thé duoc bién dbi chuc ning thanh dang
heterodime theo cach gidng nhu FokI-ND. Do do, trong ND1 va ND2, hoat

tinh phén cit trong qué trinh tao heterodime dugc xac dinh.

46



45949 471156

(1) Phuong phéap thtt nghiém

Cac thay thé dugc dua vao ¢ cac vi tri axit amin thich hgp nhu dugc
thé hién trong Bang 2 dé thyc hién viéc bién dbi chic ning thanh dang
heterodime cho ND1 va ND2. Luu ¥ riang trong bang nay, "FokI" ¢6 nghia la
FokI-ND. Trong bang nay, cac s ciia axit amin 1a dya trén axit amin c6 do dai

day du cia modi vung nucleaza.

Bang 2
Cac trinh ty axit amin ctia cdc vung nucleaza FoklI va céc trinh tu tuong
ddng
Nucleaza Trinh ty axit amin cia vung nucleaza
FokI - GQADEMQRYVE.. TRNKH ..RLNHITN

FokI-DDD R487D/N496D GQADEMQDYVE.. TRDKH ..RLNHITN
FokI-RRR D483R/H537R  GQAREMQRYVE.. TRNKH ..RLNRITN
ND1 - SQADEMQRYVD.. NRNAI ..RVSNLTK
ND1-DDD R493D/N502D SQADEMQDYVD.. NRDAI ..RVSNLTK
ND1-RRR D489R/N543R  SQAREMQRYVD.. NRNAI ..RVSRLTK
ND2 - SQADEMERYRE.. DENEH ..RISIDTG
ND2-DDD R487D/N496D SQADEMEDYRE.. DEDEH ..RISIDTG
ND2-RRR  D483R/I537R  SQAREMERYRE.. DENEH ..RISRDTG

bé phan tich sy tao heterodime, vi tri ntra dich L va vi tri nta dich R,
1a cé4c trinh tu dich cua mang ZF, phai 1a cac trinh tu khac nhau. Céu trac dugc
thiét ké bang cach st dung mang ZF ma trinh ty dich cua n6 la trinh tu khéac
véi mang ZF dugc st dung trong cé vi du trén day. Pé lam mang ZF,
hPGRN ZFL1 duogc tdng hop nhan tao béi IDT (sau day con dugc goi la
"ZFL1"). D& thay thé mang ZF ctia mdi pSTL-ZFA36-ND thu dugc trong vi du
2 bing hPGRN_ZFL1, mdi pSTL-ZFA36-ND dugc si dung lam khudn véi cap
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mdi thay thé mang ZF, va PCR dugc thuc hién béng PrimeSTAR Max. San
phidm PCR thu dugc va hPGRN_ZFL1 duogc cho phan Gng bing céch s dung
In-Fusion va dugc bién nap vao Escherichia coli. Plasmit dugc tach chiét tur
thé bién nap thu duogc, va trinh tu bazo dwgc khing dinh dé thu dugc mdi
plasmit pSTL-hPGRN_ZFL1-ND mong mudn.

Ngoai ra, dé bién dbi chtc ning cac axit amin cla cic ving nucleaza
méi trong ng v6i cac axit amin (D483, R487, va N496) lién quan dén su
heterodime héa FokI-ND thanh kiéu DDD, mdi pSTL-hPGRN_ZFL1-ND dugc
st dung lam khudén va cdp doan moi duge st dung dé thyuc hién PCR bﬁng
PrimeSTAR Max. Hon nita, dé bién ddi chtc nang thanh kiéu RRR, mdi pSTL-
ZFA36-ND dugc st dung lam khudn dé thuc hién PCR theo cich giéng hét.
Mdi san phém PCR thu dugc dugc bién nap vao Escherichia coli sau khi phéan
ung In-Fusion. Cac plasmit dugc tach chiét tur thé bién nap thu duogc, va sau
khi khéng dinh trinh tu, cac cAu trac dich (sau day con duogc goi la "thé dot
bién kiéu DDD ZFL1-ND" va "thé dot bién kiéu RRR ZFA36-ND") dugc tao
ra. ZFL1-ND kiéu DDD va ZFA36-ND kiéu RRR thu dugc duge st dung dé
thuc hién thtt nghiém gen thong bao SSA nhu dugc mo ta trong vi du 2 dé xac
dinh hoat tinh nucleaza cia m&i ZFN. Luu y rang lugng mdi plasmit ZFN trong
7,2ul dung dich plasmit dugc st dung trong tht nghiém gen thong bao SSA
dwoc thay ddi thanh 120ng dbi v6i vi tri nira dich L va 120ng ddi v6i vi tri nira
dich R. Ngoai ra, hoat tinh nucleaza dugc xdc dinh béng tht nghiém Cel-I theo
cach gidng nhu dwoc md ta trong vi du 3.

(2) Cac két qua

Fig.7 va Fig.8A thé hién cac két qua ctia thtt nghiém gen thong bao SSA.
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Hoat tinh phan cit dugc tinh bing cach sir dung trinh ty dém 6bp gibng nhu
trong phan tich gen théng bdo cho dén nay, va & dang hoat tinh twong déi so
v6i hoat tinh phan cit ciia ZFA36-FokI ma nhan biét hai trinh tu dich bén trai
va bén phai. Fig.8B thé hién cac két qua cua thtr nghiém Cel-I.

Hoat tinh phédn cit cia trinh ty dich (ZFL1-ZFL1) d6i v6i gen thong
bdo duoc xac dinh véi clu truc trong do mdi vung nucleaza dugc ndi véi ZFL1
dé trd thanh homodime, va hoat tinh ciia ND1 va ND2 1a cao hon so v§i hoat
tinh ctia FokI-ND, gidng nhu céc két qua dugc thé hién trén Fig.1C (Fig.7A).
Tu két qua nay, dd dugc lam rd la hoat tinh phan cit cao clia cac vung nucleaza
m&i ND1 va ND2 1a phd bién ngay ca khi cac mang ZF khéc nhau dugc sur
dung.

Khi homodime dugc tao ra bfing cach st dung chu trac dé ndi ZFL1 va
cac vung nucleaza dé xac dinh hoat tinh phéan cdt cla trinh tu dich (ZFL1-
ZFA36) d6i véi gen thong bao, ND1 c¢6 khoang 40% hoat tinh phéan cat, nhung
trong FokI-ND va ND2, hau nhu khong c6 hoat tinh phan cit nao dugc quan
sat (Fig.8A). Mat khac, khi homodime duoc tao ra boi ciu tric ndi mang ZF
(ZFA36) dugc st dung trong cac vi du 2 dén 6 va cac viung nucleaza dé thuc
hién viéc phan tich theo cach gidng hét, hoat tinh phéan cdt cling dugc quan sat
trong FokI-ND va ND2 ma lan luot 1a khodng 35% va khoang 50%. Hon nita,
trong ND1, hoat tinh phan cit 1a cao hon, bang khoang 90% (Fig.8A).

Khi heterodime dugc tao ra biang cach st dung cdu trac ZFN, trong d6
cac mang ZF cua cdc vung nucleaza kidu homodime 12 ZFA36 va ZFL1, dé
phéan tich hoat tinh phén cét, hoat tinh cia ND1 va ND2 1a cao hon so vé§i cia

FokI-ND nhu trong trudng hop phan tich véi mot minh ZFA36 (Fig.8A). Tu
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didu nay, cling da phat hién duoc ring ND1 va ND2 c¢6 hoat tinh phin cit cao
va la phd bién bat ké mang ZF.

Tiép theo, dé kiém tra xem dime c6 dugc tao ra va c6 hoat tinh phéan
cat khi chi mdi viung nucleaza kiéu heterodime duoc biéu hién khong, hoat tinh
phén cét cia trinh ty dich (ZFL1-ZFL1 hodc ZFA36-ZFA36) d6i v6i gen thong
bao dugc xac dinh. Dot bién kiéu DDD duge dua vao mdi vung nucleaza nbi
v6i ZFL1, va dot bién kiéu RRR duoc dua vao mdi vung nucleaza ndi voi
ZFA36, va theo két qué cua phan tich gen thong bao, hau nhu khéng co6 hoat
tinh phén cit nao dugc quan sat & mot trong moi thé dot bién kiéu DDD ZFL1-
ND va thé dot bién kidu RRR ZFA36-ND (Fig.7A va Fig.7B). Tu diéu nay, da
dugc lam rd la ngay ca trong cac vung nucleaza ND1 va ND2 méi, céc
homodime khong thé dugc tao ra béng cach dua céc su thay thé axit amin vao

kiéu DDD/kiéu RRR, nhu trong trudng hgp FokI-ND.

Mdi ving nucleaza dwoc tai nap dé tao thanh kiéu heterodime dé xéc
dinh hoat tinh phan cit cua trinh tu dich (ZFL1-ZFA36) d6i véi gen thong bo.
Fig.8A thé hién cac két qua nay. Hoat tinh phan cit trong FokI-ND duoc giam
t&i khoang 60% so vdi cia dich. Tuy nhién, trong ND1, ngay ca trong kiéu
heterodime, khéng c6 sy giam hoat tinh phén cit nao duoc quan sat, va hoat
tinh nay 1a cao bang khoang 1,6 lan hoat tinh c@ia dich. Mt khéc, trong ND2,
hoat tinh phan cit hau nhu bién mét khi dang heterodime dugc st dung. Tu
cac két qua nay, da dugc lam 1o la ND1 c6 kha niang bién ddi chtrc ning thanh
kiu heterodime c6 hoat tinh phan cit cao hon so véi FokI-ND.

Ngoai ra, dé lam rd hiéu qua giy dot bién ctia mdi nucleaza kiéu

heterodime vao trinh tuy dich cia hé gen, viéc phan tich béng Cel-I duogc thuc
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hién (Fig.8B). Nhu duoc thé hién trong Bang 1, cac trinh ty bazo dich trén hé
gen 13 hoan toan gidng nhau & vi tri th@ nhéat. Cac hé gen thu duoc tr cac té
bao CHO-K1 biéu hién céc nucleaza kiéu homodime va kiéu heterodime, va
cac manh PCR chtra céc trinh ty dich nay dugc xir 1y bang Cel-I. Sau dé, trong
kiéu homodime, mdi ving nucleaza phan cit ADN hé gen dich, giéng vdi cac
két qua thu dugc ¢ trén. Mt khéc, trong kiéu heterodime, su gay dot bién duoc
quan st trong FokI-ND ciing nhu cac két qua cua phédn tich gen thong béao
SSA, nhung ty 18 giy dot bién 1a cao hon trong ND1. Trong ND2, khong dot
bién c6 thé phat hién dugc nao quan sat dugc ngay ca trong trinh tu hé gen
dich, va da cho réng hoat tinh phéan cat bi mat.

Céac két qua nay goi ¥ ring, khac véi FokI-ND, ND1 ¢6 kha niang bién
dbi chirc niang thanh kiéu heterodime ma duy tri hoat tinh cao, va ngoai ra su
bién déi thanh dang heterodime c6 thé din dén cac thay ddi cdu tric dang ké
trong ND2, diéu nay c6 nghia 1a mbi dic tinh céu tric 1a khac véi FokI-ND.
Vi du 8: sy 4nh hudng d6i vé6i hoat tinh phan cit khi st dung td hop cac vung
nucleaza kiéu heterodime

Viéc phan tich thém dugc thuc hién dé x4c dinh xem ¢6 thé c6 hoat tinh
phan cit cao hon so v&i FokI-ND thong thuong bang céach thay ddi t6 hop ciia
cdc vung nucleaza trong qua trinh tao heterodime hay khong.

Thé dot bién kiéu DDD ZFL1-ND va thé dot bién kiéu RRR ZFA36-ND
thu duogc trong vi du 7 dugc st dung trong cac to hop khac nhau, va hoat tinh
nucleaza dugc xdc dinh bang th nghiém gen thong bédo SSA theo cach gidng
nhu dugc mo ta trong vi du 2. Fig.9 thé hién cac két qua nay.

Khi viéc phan tich dugc thuc hién voi dot bién kiéu DDD FokI-ND va
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mdi ving nucleaza dugc dua vao véi dot bién kiéu RRR, khong c6 su ting nao
ctia hoat tinh phéan cit cta gen thong bao dugc quan sat ngay ca khi duoc két
hop v6i ND1 ¢6 hoat tinh phén cét cao cho dén nay, va hoat tinh nay 1a khoang
60% hoat tinh phan cit ciia FokI-ND kiéu homodime. Ngoai ra, hdu nhu khéong
c¢6 hoat tinh phan cit nao duoc quan sat khi két hop vai ND2 (Fig.9A).

Thé @6t bién kiéu DDD ND1 ¢6 hoat tinh phan cit khoang 80% khi két
hop v&i thé dot bién kidu RRR FokI-ND, va trong khi d6, khi két hop véi thé
dot bién kiéu RRR ND2, hoat tinh phén cit hdu nhu bi mét giéng nhu trong
truong hop thé dot bién kiéu DDD FokI-ND (Fig.9B).

Khéc v6i cac két qua cua thé dot bién kiéu DDD FokI-ND va thé dot
bién kidu DDD NDI, thé dot bién kiéu DDD ND2 c¢6 hoat tinh phin cét cao
chi khi két hop v6i thé dot bién kidu RRR ND1, va hau nhu mét hoat tinh phan
cit cta n6 khi két hop véi thé dot bién kiéu RRR FokI-ND hoic thé dot bién
kidu RRR ND2 (Fig.9C). Két qua 1a, da dugc lam 16 1a trong truong hop dang
heterodime cua thé dot bién kiéu RRR ND2, hoat tinh phéan cét bi mat bat ké
to hgp cta cac vung nucleaza.

ba phat hién duogc réng to hgp cia cac vung nucleaza kiéu heterodime
6 hoat tinh phan cét 1a c6 thé c6, va trong thay thé axit amin dwgc phén tich
luc nay, c6 thé lam ting hoat tinh phéin cit chi trong t6 hop cua thé dot bién
kiéu DDD NDI1 va thé dot bién kiéu RRR ND1. Ngoai ra, da cho thdy rang to
hop cta thd dot bién kiéu DDD ND2 va thé dot bién kiéu RRR ND1 ciing ¢
hoat tinh phédn cét giéng nhur homodime ctia FokI-ND. Tu céc két qua néu trén,
da phat hién duoc ring khi ND1 va ND2 tao thanh dime, cic déc tinh cau truc

khac vdi cac dac tinh ctia FokI-ND xay ra.
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Vi du 9: phan tich ¢ cdp d6 trinh tu bazo dbi véi viéc gay dot bién bang ZEN

Viéc nghién ctru dugc thuc hién vé su thay ddi nao s& xay ra trong trinh
ty bazo do sy gdy dot bién vao trinh ty dich boi ZFN.
(1) Phan tich trinh tu

Pé lam 1o su thay doi nao s& duoc gy ra cho trinh tuy bazo bing cach
gdy d6t bién boi ZFN vao cac trinh ty dich (vi tri thir nhat va vi tri thu hai)
cia ZFA36 c6 trén trinh ty h¢ gen cta cac té bao CHO-K1, viéc phén tich trinh
tu cia vung hé gen chtta cac trinh tu dich dugc thuc hién nhu sau. Theo cach
gibng nhu trong thr nghiém Cel-1 dugc mé ta trong vi du 3, PCR dugc thuc
hién bang cach st dung KOD Fx Neo vdi ADN hé gen cia CHO-K1 dugc tai
nap bﬁng mdi ZFN lam khuon. San phém PCR thu duoc dugc tao dong TA sau
khi thém A vao san phdm PCR bang TArget clone plus (Toyobo). San phim
PCR duogc tao dong trong Escherichia coli, it nhét 16 thé bién nap Escherichia
coli ddc 1ap dugce chon ngau nhién, va mdi plasmit cia n6 dugc tach chiét. Cac
doan mdi M13-f dugc bd sung dé plasmit thu dugc c6 ndong do cudi 6,4 pmol
& 400ng, va Fasmac 1a cin thiét dé thuc hién PCR va phan tich trinh tw. Tu
trinh tu thu dugc, trinh tu thé dot bién cuaa trinh tu dich trong mdi ZFN va ty
1é cia n6 duogc tinh.
(2) Céc két qua

Fig.10 thé hién cac két qua nay. O vi tri th@ nhit cia ZFA36-ZFA36,
FokI-ND thu dugc 1 dong ¢6 doan chén 1 bazo va 3 dong c6 doan chén 4 bazo
trong s& 17 dong dugc phan tich. Trong s 14 dong c6 thé dugc phan tich trong
NDI1, c6 1 dong d6i véi mdi doan chén 1 bazo, doan x6a 2 bazo, va doan x6a

8 bazo. Ngoaira, 2 dong c6 dot bién da thu duoc vdi doan chén 2 bazo va doan
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x6a 1 bazo, va 6 dong c6 dot bién da thu dugc v6i doan chén 4 bazo ma 1a dot
bién c¢6 sé luong 1on nhat trong phén tich nay. Trong s6 13 dong c6 thé dugc
phan tich trong ND2, ¢6 1 dong thu duoc dbi véi mdi doan chén 1 bazo, doan
chen 2 bazo, doan x6a 2 bazo, va doan x6a 4 bazo. Trong 15 dong ciia ND3 va
16 dong cia ND4 co thé dugc phan tich, khong cé su cheén hodc x6a bazo nao
duoc quan sat trong phén tich vi tri th nhit ZFA36-ZFA36 lic nay. Ngoai ra,
su gdy dot bién ciua mdi vung nucleaza & vi tri tha hai cda trinh tu dich ZFA36
dugc phan tich. Sau d6, trong Fokl, trong sé 20 dong dugc phan tich, c¢6 1
dong thu dugc dbi voi mdi doan chén 2 bazo, doan chén 5 bazo, va doan x0a
2 bazo, va 1 dong d3 thu dugc voi doan chén vuot qui 230 bazo. Ngoai ra,
giéng nhu v&i vi tri thit nhit ZFA36, phﬁn 16n dot bién 1a doan chén 4 bazo,
va 3 dong da thu dugc. Trong ND1, trong s6 17 dong dugce phan tich, ¢c6 2 dong
thu duogc ddi v&i mbi trong s& doan x06a 2 bazo va doan x6a 4 bazo. Ngoai ra,
3 dong da thu dugc vdi doan chén 4 bazo, va 6 dong da thu dugce véi doan chén
2 bazo ma la d6t bién thuong xuyén nhét trong phan tich nay. Trong s6 16 dong
duoc phén tich trong ND2, 1 dong da thu dugc véi doan chén 1 bazo, 2 dong
da thu dugc voi doan chén 2 bazo, va 5 dong da thu dugc voi doan chen 4 bazo
ma 12 dot bién thudong xuyén nhét trong phan tich nay. Ngoai ra, 1 dong di thu
dugc véi doan chén 16n téi 71 bazo. Trong ND3, khéac véi vi tri tht nhét, dot
bién c6 mat trong trinh tu dich ¢ vi tri tht hai, va trong 16 dong dugc phan
tich, c6 1 dong thu duogc dbi voi moi doan chén 2 bazo, doan xéa 2 bazo, va
doan x0a 8 bazo. Trong ND4, trong tit ca 14 dong c6 thé duoc phan tich, khong
dot bién nao duoc quan sat trong trinh ty dich ¢ vi tri tht hai cling nhu ¢ vi tri

thtr nhat.
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Theo két qua ctia phan tich trinh tu, déi vdi viéc gay dot bién vao trinh
tu dich béng ND1 va ND2, nhiéu dong dugc quan sat c6 doan chén 4 bazo
gibng vdi FokI-ND, nhung céac kiéu khac nhau khong duoc th?iyr trong FokI-
ND da duogc tha“iy 1a dot bién ctia hé gen. Phan nhé ra cia bazo tao bdi céac vung
nucleaza mé&i c6 thé khac vai vung nucleaza Fokl. Bang 3 thé hién ty 1€ dot
bién ctia ZFA36 thu dugc bang cach phan tich trinh ty & mdi vi tri dich. Trong
cac diéu kién phan tich nay, da thdy rd ring, ciing trong phan tich trinh tu, ty
1é dot bién cia mdi ving nucleaza trong trinh tu hé gen dich 1a gibng véi ty 1¢

trong tht nghiém Cel-I.

Bang 3
Ty 1€ dot bién chinh sta hé gen trong phan tich trinh tu

ZFA36-ND ZFA36-ZFA36 ZFA36-ZFA36

vi tri th@ nhéat vi tri th{r hai
FokI-ND 4/17 (23,5%) 7/20 (35,0%)
ND1 11/14 (78,6%) 13/17 (76,5%)
ND2 4/13 (30,8%) 9/16 (56,3%)
ND3 0/15 (0,0%) 3/16 (18,8%)
ND4 0/16 (0,0%) 0/14 (0,0%)

Vi du 10: Hoat tinh phan cit ciia cdc ving nucleaza mdi dugc két hop voi ving
lién két axit nucleic khac véi ZFA

Pé lam rd xem cac vung nucleaza méi theo sang ché ¢6 hoat tinh phan
cit cao hon so v&i FokI-ND ngay ca khi st dung vung lién két axit nucleic
khac voi ZFA hay khong, enzym phén cit axit nucleic nhan tao chta ND1 va
TALE duogc tao ra, va hoat tinh phan cét cia né dugc xac dinh. Cu thé, TALE-

FokI-ND va TALE-NDI1 thu dugc bang cach st dung cong nghé¢ platin TALEN
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(doi: 10,1038/srep03379) dugc phat trién trong phong thi nghiém cia cac tac
gia sang ché, va hoat tinh phan cit cua chung duoc danh gia bang phuong phap
thr nghiém gen thong bao SSA.

(1) Thiét ké vecto dich cua TALE-ND1

Vecto dich cua platin TALEN ptCMV-153/47-VR-NG
(https://www.addgene.org/50704/) khong duoc chén modun lién két éxit
nucleic duoc st dung lam khuén, va cip mdi thay thé vung ptTALE-nucleaza
(dé khuéch dai vecto) dugc st dung dé khuéch dai biang PrimeStar Max, dé
bang cich d6 thu duoc cdc manh vecto. Ngoai ra, cip modi thay thé ving
ptTALE-nucleaza (dé khuéch dai doan chén) duoc s dung dé thu dugc cac
doan chén cua ND1. Ciac manh vecto va cac doan chén dugc tron 1an dé thuc
hién phan Gng In-Fusion. Sau khi bién nap Escherichia coli, plasmit dugc tach
chiét tir thé bién nap thu dugc dé thu dugce vecto dich mong mubn TALE-NDl
(vecto trong d6 FokI-ND trong ptCMV-153/47-VR-NG dugc thay bang ND1).
(2) Dua modun lién két axit nucleic vao va thiét ké plasmit gen thong bdo SSA

Mbdun lién két axit nucleic dé nhan biét céc trinh tu cua locut ROSA26
va locut HPRT1 cua cac té bao CHO-K1 duogc dua vao vecto mong mudn thu
duoc trong muc (1) néu trén bing phuong phap cong Golden (dya trén phuong
phép dugc mo ta trong doi: 10,1038/srep03379). Phuong phéap nay dugc su
dung dé bién nap Escherichia coli, va céc plasmit mong mudn (TALE-
ROSA26-ND1 va TALE-HPRT1-ND1) da thu dugc tir thé bién nap thu duoc.
Ngoai ra, d& TALEN (TALE-Fokl) gitt dwgc FokI-ND thong thudng, cac cdu
tric (TALE-ROSA26-Fokl va TALE-HPRT1-FokI) dé dwa modun lién két axit

nucleic vao da thu dugc theo cach giéng hét. Pbi véi cac plasmit gen thong
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bdo SSA, cac plasmit chtta cac trinh tu dich tuong Gng (gen thong bdo SSA-
CHO-ROSA26 va gen thong bao SSA-CHO-HPRT1) duoc tao ra bing phuong
phap thong thuong. Bang 4 dudi ddy thé hién céac trinh ty dich cua locut

ROSA26 va locut HPRTI.

Bang 4

Céc trinh tu dich ¢ locut ROSA26 va locut HPRT1 cua cac té bao CHO-K1

ROSA26:
5""TGCCCAGAAGACTCCCGccecatetcecagaaaGCCTCGACTTGCAGATCA-3!
3'-ACGGGTCTTCTGAGGGCgggtagagggtcttt CGGAGCTGAACGTCTAGT-5'

HPRT1:
5'-TGAACCAGGCTATGACCTagatttattttgtatTCCTAATCACTATGTCGA-3'
3"-ACTTGGTCCGATACTGGAtctaaataaaacataAGGATTAGTGATACAGCT-5'

Cac phén dugc gach chan c6 nghia la cac trinh ty nhén biét ADN cua
TALEN (bén trai va bén phai) & mdi locut, va cac chit cai thudng c6 nghia
1a trinh tu dém gitra c4c trinh ty nhan biét ADN.

(3) Pua vao té bao va thi nghiém gen thong bdo

Bing cach st dung céc plasmit TALEN (TALE-FokI-ND va TALE-
ND1) dé dwa modun lién két axit nucleic vao dé nhan biét trinh tu dich, va cac
plasmit gen thong bao SSA dé dua trinh tu dich thu dugc trong muc (2) néu
trén vao, viéc tai nap dugc thuc hién dbi v6i cac té bao HEK293T bang céch
st dung Lipofectamine LTX, va bang cach st dung céac té bao nay 24 gid sau
khi tai nap, thir nghiém gen théng bdo SSA dugc thuc hién theo cach giéng
nhu trong vi du 2. Pé lam ddi chtng, plasmit ZFN chuaa FokI-ND (pSTL-

ZFA36) va plasmit pSTL chi biéu hién FokI-ND dugc st dung dé thuc hién
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viéc xac dinh theo cach tuong tu. Hoat tinh phén cit cia mdi TALE-ND dugc
tinh 12 hoat tinh tuong déi khi gia tri ctia hoat tinh phan cit cia ZFA36-Fokl
dbi vai gen thong bao chitra trinh tu dich cia ZFA36 duoc dat bing 1.

(4) Céc két qua

Fig.11A va Fig.11B thé hién cac két qua nay. Fig.11A thé hién céc két
qua khi trinh tu c¢6 ngudn gdc tir locut ROSA26 1a dich, va Fig.11B thé hién
cac két qua khi trinh tu ¢6 ngudn gbe tir locut HPRT1 1a dich.

Nhu da ro6 to Fig.11A, trong TALE-ROSA26-Fokl trong d6 vung
nucleaza cua platin TALEN 14 FokI-ND théong thuong, di cho thiy ring hoat
tinh phan cédt ctia gen théng bao huéng dich trinh tu co ngudn gbe tir locut
ROSA26 ¢6 hoat tinh gin v&i hoat tinh phan cit cia ZFA36-Fokl hudng dich
gen thong bao ZFA36. Mat khéc, trong TALE-ROSA26-ND1 trong d6 vung
nucleaza cua platin TALEN dugc thay bang NDI1, da cho thiy ring hoat tinh
phan cit cﬁa gen thong bdo hudng dich trinh tu co ngudn gde tir locut ROSA26
bang khoang hai 14n hoat tinh cia TALE-ROSA26-Fokl. Dua vao diéu trén,
khi huéng dich trinh tu ¢6 ngudn gdc locut ROSA26 cua hé gen ndi sinh cua
cac té bao CHO-K1, da thiy rang TALE-ND1 c6 hoat tinh phan cit trong ving
nucleaza cao hon so v6i FokI-ND thong thuong la TALE-FoklI.

Ngoai ra, trinh tu ¢6 ngudn gbc tir locut HPRT1, 1a locut khac véi locut
ROSA26, dugc huéng dich va duoc phan tich theo cach gidng hét. Két qua 1a,
nhu da rd tr Fig.11B, trong TALE-HPRT1-FokI trong d6 vung nucleaza cta
platin TALEN 1a FokI-ND thong thuong, da cho thdy ring hoat tinh phéan cit
ciia gen thong bdo hudng dich trinh ty co ngudn gbc locut HPRT1 bang khoang

mot nira hoat tinh phén cét cia ZFA36-Fokl hudng dich gen thong bao ZFA36.
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Mit khéc, trong TALE-HPRT1-ND1 trong d6 vung nucleaza cta platin TALEN
dugc thay bang ND1, hoat tinh phén cét cia gen thong bao huéng dich trinh
tw ¢6 ngudn gbe locut HPRT 14 bang khoang hai 1dn hoat tinh cia TALE-Fokl,
va két qua gidng nhu cua trinh tu c¢6 ngudn gbc locut ROSA26 di thu duge.

Tir cac két qua nay, da dugc lam ro 1a TALE-ND1 ¢6 NDI lam viang
nucleaza cua platin TALEN c¢6 hoat tinh phéan cit cao hon so véi TALE-FokI
c6 FokI-ND thong thudong. T diéu trén, da goi ¥ rang cac ving nucleaza mai
theo sang ché 1a cac ving nucleaza c6 hoat tinh phén cit tét hon so v6i Fokl-
ND ngay ca trong truong hgp st dung khong chi ZFN ma con cac vung lién
két axit nucleic khac.

T diéu trén, da chirg toé ring cac ving nucleaza méi theo sang ché ¢
cac ddc trung chinh sau day.

(i) ND1 va ND2 theo sang ché, dic biét 1a ND1, c6 hoat tinh phan cét
cao hon dang k& so v6i FokI-ND. Ngoai ra, do ND1 c6 hoat tinh phan cat cao
hon FokI-ND ngay ca trong mang ZF nhan biét cac trinh tu khéc va trong
TALE, tac dung lam tang hoat tinh phan cét bsi ND1 1a phd bién.

(ii) Bing cach cai bién trinh tu ndi gitta mang ZF va ND, ND1 c6 hoat
tinh phin cit gin gidng nhu trinh ty dém 6bp ngay ca voi trinh ty dém Sbp
hodc 7bp, va do d6 ND1 ¢6 tinh linh hoat cao hon FokI-ND trong qua trinh
dime héa va c6 thé lam giam han ché cua trinh tu dich.

(iii) Bing cach dua dot bién kidu DDD va dot bién kiéu RRR vao ND1
va ND2, su homodime héa c¢6 thé dugc ngén chin gidng nhu trong FokI-ND.
Ngoai ra, bing cach két hop ZFL1-DDD va ZFA36-RRR, viéc phén cét bang

heterodime 13 ¢6 thé thuc hién trong ND1. Hon nita, do hoat tinh phan cit &
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thoi diém d6 1a gan gidng nhu ctia ND1 kiéu dai, c6 thé thu dugce ving nucleaza
c6 ca tinh dic hiéu cao va hoat tinh phan cit cao bang cich sir dung ND1-
DDD/RRR.

(iv) Khi hoat tinh nay duoc kiém tra bang cach két hgp FokI-ND kiéu
DDD/RRR, ND1, va ND2 vé6i nhau, di nhan thdy rang cip ND1-DDD va ND1-
RRR c6 hoat tinh cao nhét trong tAt ca cac tb hop, ching té tinh vuot trdi cia
hé thdng heterodime ND1-DDD/ND1-RRR.

Vi du 11: diéu ché protein trong Escherichia Coli
(1) Thiét ké cac vecto biéu hién cua ZF-ND1 va ZF-Fokl

Vi tri Xhol va vi tri Sall cta plasmit pET-MCS chira dudi His & dau N
dugc phan cét, va doan ZF-ND1 duoc chén vao. Doan ZF-ND1 chtra tin hiéu
dinh vi nhan NLS, ngon tay kém (Zinc-Finger, sau day dugc viét tat 1a 7F), va
vung nucleaza ND1. Pé lam ZF, vung nhan biét hai loai trinh tu dugc st dung.
Vung tht nhdt 12 ZFA36 ma nhin biét trinh tw ADN c¢6 12 cidp bazo
GAAGATGGT. Vung con lai 1a ZFL1 ma nhé4n biét trinh tw ADN ¢6 12 cip
bazo GAAGGTGAC. Do d6, dé lam cac plasmit biéu hién ZF (ZFA36A)-ND1
va ZF (ZFL1)-ND1, pET-ZF (ZFA36A) ND1 va pET-ZF (ZFL1) ND1 lan luot
duoc tao ra.

Dua trén cac plasmit néu trén, cac plasmit trong dé ving nucleaza cua
enzym gidi han FoklI (sau ddy dugc viét tat 1a FokI) dugc chén vao thay cho
ND1, pET-ZF (ZFA36A)-Fokl, va pET-ZF (ZFL1)-FoklI dugc tao ra. Cac trinh
tu axit amin cua ZF (ZFA36A)-ND1, ZF (ZFL1)-ND1, ZF (ZFA36A)-FoklI, va
ZF (ZFL1)-FokI dugc néu trong SEQ ID NO: 119 dén 122.

(2) Bidu hién va tinh ché protein ZF-NDI1 trong Escherichia Coli
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Plasmit pET biéu hién ZF-ND1 hoic ZF-Fokl, va pRARE2 (Stratagene)
dugc bién nap vao chung Escherichia coli BL21 (DE3) va dugc nudi cdy trong
moi truong LB chta kanamycin va chloramphenicol. Escherichia coli dugc
bién nap dugc nudi cdy & 37°C cho dén khi OD (ning suét hip thu & 600 nm)
tr& thanh 0,6, va sau d6 dugc nudi cdy o 18°C trong 1 gio. Isopropyl p-D-1-
thiogalactopyranosit (IPTG) duoc bd sung vao t6i ndng d6 cudi 0,1mM dé cam
tng su biéu hién protein. Sau khi lic thém va nudi cdy & 18°C trong 17 gio,
Escherichia coli dwgc phan giai bang cach st dung dung dich dém phan giai
(20mM Tris-HCI, 500mM NaCl, 10% glyxerol, 10mM imidazol, ImM benzyl
sulfonyl florua, ImM dithiothreitol, pH=8,0). Sau d6, protein dugc hip thu
trén cOt niken NTA, va dung dich dém rita (20mM Tris-HCI, 500mM NaCl,
10% glyxerol, 20mM imidazol, pH=8,0) duoc st dung dé loai bé cac tap chat.
Quaé trinh rra giai protein dugc thuc hién béng cach st dung dung dich dém
rira giai (20mM Tris-HCI, 500mM NaCl, 10% glyxerol, 500mM imidazol,
pH=8,0). Mot phén cua protein dugc rira giai nay dugc hoa tan trong dung dich
dém ctia mau SDS dé phén tich hiéu suét protein. Protein dugc rura gidi duoc
tinh ché bang cach st dung sic ky loc gel HiPrep 16/60 Sephacryl S-200 HR
(GE healthcare, United States, Illinois) va dung dich dém A (20mM HEPES,
150mM NaCl, 10% glyxerol, pH =7,4), lam dong lanh ngay bang nito 16ng, va
sau d6 duoc bao quan & -80°C. PEé phan tich hiéu suét protein, phan doan
imidazol-protein dugc rira giai va protein tinh ché 1an cudi dugc hoa tan trong
dung dich dém ctia mau SDS va dién di bang SDS-PAGE. Trong qua tinh dién
di, néng do da biét cua protein BSA dugc dién di trong mot lan khéc, gel sau

khi PAGE duoc nhudm béng Coomassie, bang cia trong luong phan tu cua
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protein dich dugc dinh lugng béng ChemiDoc XRS+, va hiéu suét protein duogc
phén tich tr trong luong phén t protein.
(3) Cac két qua

Khi biéu hién va tinh ché cac protein ZFN trong Escherichia coli, ¢6
vén dé 1a hiéu suat protein 1a thap. Pa cho riang cac dic tinh co ban cia céc
protein ZFN 1a chung c6 @b tan thap din dén su két tap. Pa kiém tra protein

ctia ND1 méi tan nhu thé nao so vdi Fokl theo linh vuc thong thudng.

Bang 5
Hiéu suét protein cho  Mirc tang (ldn) cia
11 dich nudi cdy hiéu suét protein cua
Escherichia Coli ND1 khi duoc so
(nmol/11 dich nuoi sanh vo1 Fokl
ciy)
Protein ZF(ZFA36A)-ND1 104,8 11
Protein ZF(ZFA36A)-Fokl 9,3 (1)
Protein ZF(ZFL1)-ND1 67,6 13
Protein ZF(ZFL1)-Fokl 5,0 (1)

Nhu dugc thé hién trong Bang 5, khi ZF-ND1 duoc biéu hién trong
Escherichia coli, n6 thuong dé tan hon ZF-FoklI, va hiéu suét cho 11 dich nubi
céy Escherichia coli dugc cai thién. D9 tan cang cao, néng dd protein c6 thé
dugc dua vao cang cao, do do6 1a ddc biét thudn lgi cho viéc chinh sira h¢é gen
bang cach st dung protein.

Vi du 12: Hoat tinh cua ZF-ND1 va ZF-Fokl trong té bao thuc vat
(1) Thiét ké cac té bao gen thong bao

D& danh gia hoat tinh ciia ZF-ND1 hodc ZF-Fokl, céc té bao gen thong
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bao dugc thiét ké dé biéu hién gen GUS (B-glucuronidaza) c6 do dai diy du
2,1 kb khi gén soi don (single-strand annealing, SSA) sau khi su phan cit ADN
duoc gy ra. Cu thé, 1,8 kb tir phia nguoc dong cua gen GUS, va 0,8 kb tir phia
xudi dong cua gen GUS, trinh tu nhan biét ZFA36 (GAAGCTGGT) dugc dua
vio pCAMBIA 1305.2 (Marker Gene). P6i vdi 1,8 kb tir phia nguoc dong cua
gen GUS va 0,8 kb tir phia xudi dong cia gen GUS, ching c6 500 bp la trinh
ty chung (ving chdng nhau). Vecto nay dugc bién nap thong qua
Agrobacterium vao dong té bao dwoc nudi cdy Arabidopsis thaliana T87
(RIKEN), va dong té bao duoc thiét lap nay duoc ky hiéu la T87-GUUS
(ZFA36). Do su biéu hién ctia GUS c6 thé dugc quan sat va phat hién dé dang
bang cach st dung chit phan tng nhudém xanh da troi X-Gluc, viéc phat hién
protein GUS cho phép danh gia viéc dua ZF-ND1 hodc ZF-FokI vao nhén va
hoat tinh cam ing SSA.
(2) Pua vao bing phuong phéap tao 16 bang dién

Protein thu dugc trong vi du 11 duoc dua vao bang phwong phap tao 16
bing dién. Té bao T87-GUUS (ZFA36) da dugc thiét lap dwge st dung dé thi
dwa ZF-ND1 va ZF-FokI bang cach tao 15 bing dién vao céac té bao T87 c6
thanh té bao. NEPA21 Typ II 1a san pham ctia Neppa Gene dugc st dung aé
tao 18 béng dién. Viéc tao 18 béng dién duoc thuc hién béng cach st dung dung
dich dém Opti-MEMI, va hoat tinh GUS dugc danh gia hai ngay sau. K ét qua
la, nhu dugc thé hién trén Fig.12, khi qué trinh tao 16 béng dién duogc thuc
hién béng cach st dung Opti-MEMI, mot lugng rat 16n té bao biu hién GUS.
Trong thr nghiém bﬁng cach sir dung protein ZF-ND1, da phat hién duoc réng

hoat tinh cam tng SSA la cao bang khoang hai 1an hoat tinh trong trudng hop
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st dung protein ZF-FokI. Trong thi nghiém nay, dd phat hién dugc ring, khi
duogc dua vao khong chi dudi dang vecto biéu hién gen ma ca dudi dang protein,
ZF-ND1 c6 hoat tinh cao hon so véi cua ZF-FokI, va réng ZF-ND1 c6 hoat
tinh cao hon so v&i ZF-FokI khong chi trong cac té bao dong vat ma ca trong
té bao thuc vat.
(3) Pua vao bang phuong phéap tai nap protein

Protein thu dugc trong vi du 11 dugc st dung dé tha dua vao bang
phuong phép tai nap protein. Ttc la, T87-GUUS (ZFA36) c6 thanh té bao duoc
bd sung protein ZF (ZFA36A)-ND1 hoic protein ZF (ZFA36A)-FokI cé ndng
4o cubi 0,1 dén 2 uM, va sau do, sau 1 gio, hén hgp duogc rida béng moi trudng
nudi cdy va dugc nudi cdy trong 3 ngay. Khi protein nay duge bd sung vao,
khong qué trinh x@ 1y sinh héa nao nhu xt ly bang proteaza hodc xit 1y 1y hoéa
nhu tao 18 béng dién duogc thuc hién. Do d6, luong hép thu protein tu phéat
dugc mong doi. K ét qua 1a, nhu dugc thé hién trén Fig.13, mac du day la ty 1¢
nho so v6i phuwong phap tao 16 bang dién, da cho thdy ring protein ZF
(ZFA36A)-ND1 va protein ZF (ZFA36A)-Fokl duoc dua vao biang phuong
phép tai nap protein, cho phép chinh stta hé¢ gen. Khi phuong phdp tai nap
protein dugc st dung, hoat tinh ciia ZF (ZFA36A)-ND1 la bang hodc cao hon

so vOi hoat tinh cua ZF (ZFA36A)-Fokl.
Kha ndng &4p dung cong nghiép

Cac vung nucleaza md&i theo sang ché c6 cac dic tinh tuyét voi khac
voi viung nucleaza cia Fokl, va enzym phén cit axit nucleic nhéan tao chira cac

ving nucleaza theo sang ché 1a rat hiru ich dé lam cong cu chinh stra hé gen.

Vin ban khong chtta danh muc trinh tu
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SEQ ID NO:

F

45949

9; doan mdi xudi thay thé ND1

10; doan moi nguoc thay thé ND1

11; doan mdi xudi thay thé ND2

12; doan mbi ngugc thay thé ND2

13; doan mdi xudi thay thé ND3

14; doan mdi nguoc thay thé ND3

15; doan mdi xubi thay thé ND4

16; doan moi nguoc thay thé ND4

17; doan moi xudi dé bién dbi trinh tu ndi, ZFN-FokI-GS-F

18; doan mdi nguoc dé bién dbi trinh tu nbi, ZFN-GS-ngugc-R
19; doan mdi xudi d¢é bién ddi trinh tu ndi, ZFN-ND1-GS-F
20; doan mdi nguoc dé bién ddi trinh tu ndi, ZFN-GS-ngugc-R
21; doan mdi xudi dé bién doi trinh ty ndi, ZFN-ND2-GS-F
22: doan mbi ngugc dé bién dbi trinh tu nbi, ZFN-GS-ngugc-R

23: doan mdi xudi dé bién ddi trinh tu ndi, ZFN-FokI-RPGEKP-

24; doan mdi nguoc dé bién dbi trinh ty ndi, ZFN-RPGEKP-R

25; doan mdi xudi dé bién dbi trinh tw ndi, ZFN-ND1-RPGEKP-

26; doan mdi nguoc dé bién ddi trinh tu ndi, ZFN-RPGEKP-R

27: doan mdi xudi dé bién d6i trinh tw ndi, ZFN-ND2-RPGEKP-

65

65/156



45949 66/156

SEQ ID NO: 28; doan mdi nguge dé bién déi trinh ty ndi, ZEN-RPGEKP-R
SEQ ID NO: 29; doan mdi xudi dé bién dbi trinh tuy ndi, ZFN-Fokl-
TGPGAAARA-F

SEQ ID NO: 30; doan mdi nguwoc dé bién dbi trinh tu ndi, ZFN-Fokl-
TGPGAAARA-R

SEQ ID NO: 31; doan mdi xudi dé bién déi trinh ty ndi, ZFN-NDI-
TGPGAAARA-F

SEQ ID NO: 32; doan mdi nguoc dé bién ddi trinh tu ndi, ZFN-FoklI-
TGPGAAARA-R

SEQ ID NO: 33; doan moi xudi dé bién ddi trinh tu ndi, ZFN-ND2-
TGPGAAARA-F

SEQ ID NO: 34; doan mdi nguoc dé bién dbi trinh tw ndi, ZFN-Fokl-
TGPGAAARA-R

SEQ ID NO: 35; doan mdi xudi dé dua dot bién Sharkey vao FokI-ND

SEQ ID NO: 36; doan mdi ngugc dé dua d6t bién Sharkey vao FokI-ND

SEQ ID NO: 37; doan mdi xudi dé dua dot bién Sharkey vao ND1

SEQ ID NO: 38; doan mdi ngugc dé dua dot bién Sharkey vao NDI

SEQ ID NO: 39; doan mdi xudi dé dua dot bién Sharkey vao ND2

SEQ ID NO: 40; doan mdi ngugc dé dua dot bién Sharkey vao ND2

SEQ ID NO: 41; doan mdi xudi thay thé ZFA

SEQ ID NO: 42; doan mdi nguoc thay thé ZFA

SEQ ID NO: 43; doan mdi xudi dé dua dot bién FokI-DDD vao

SEQ ID NO: 44; doan mdi nguoc dé dua dot bién FokI-DDD vao
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SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

SEQ ID NO:

45949
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45; doan mdi xudi dé dwa dot bién ND1-DDD vao

46; doan moi nguoc dé dua dot bién ND1-DDD vao

47; doan mdi xudi dé dua dot bién ND2-DDD vao

48; doan mdi ngugc dé dua dot bién ND2-DDD vao

49: doan mdi xudi dé dua vecto dot bién FokI-RRR vao

50; doan moi ngugc dé dua dot bién vecto FokI-RRR vao

51; doan moi xubi dé dua dot bién chén doan FokI-RRR vao
52: doan moi nguoc dé dua dot bién chén doan FokI-RRR vao
53; doan moi xudi dé dua dot bién vecto ND1-RRR vao

54; doan moi nguoc dé dua dot bién vecto ND1-RRR vao

55; doan mdi xudi dé dua dot bién chén doan ND1-RRR vao
56; doan mdi nguoc dé dua dot bién chén doan ND1-RRR vao
57: doan mdi xudi dé dua dot bién vecto ND2-RRR vao

58; doan moi nguoc dé dua dot bién vecto ND2-RRR vao

59: doan moi xubi dé dua dot bién chén doan ND2-RRR vao
60: doan mdi ngugc dé dwa dot bién chén doan ND2-RRR vao
61; doan mdi M13-F

62; vi tri tht nhét cia dich CHO-K1 ZFA36-ZFA36

63; vi tri thir hai ctia dich CHO-K1 ZFA36-ZFA36

64; vi tri thir ba cua dich CHO-K1 ZFA36-ZFA36

65; vi tri th nhét ciia dich CHO-K1 ZFL1-ZFA36

66; vi tri thi hai cta dich CHO-K1 ZFL1-ZFA36
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SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

cit b&i Fokl

SEQ ID NO:

cit boi Fokl

SEQ ID NO:

cat boi Fokl

SEQ ID NO:

cét bdi NDI

SEQ ID NO:

cit béi ND1

SEQ ID NO:

cit bdi ND1

SEQ ID NO:

cit béi NDI1

45949
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67; trinh tu axit amin cua FokI-DDD

68; trinh tu axit amin cia FokI-RRR

69; trinh tu axit amin cia ND1-DDD

70; trinh tu axit amin cia ND1-RRR

71; trinh ty axit amin cua ND2-DDD

72; trinh tu axit amin cda ND2-RRR

73; trinh tu axit amin cua FokI-S418P/K441E

74; trinh ty axit amin cua ND1-S418P/K441E

75; trinh ty axit amin cia ND2-S441E

76; vi
77; vi
78; vi
79; vi
80; vi
81;

vi

82; vi

tri tht nhat

tri tht nhét

tri thit nhat

tri thir nhat

tri tha nhat

tri thr nhét

tri thi nhéat

cua dich CHO-K1 ZFA36-ZFA36 duoc phan

ciia dich CHO-K1 ZFA36-ZFA36 duoc phéan

cua dich CHO-K1 ZFA36-ZFA36 dugc phan

cua dich CHO-K1 ZFA36-ZFA36 duoc phan

cua dich CHO-K1 ZFA36-ZFA36 dugc phén

cia dich CHO-K1 ZFA36-ZFA36 duoc phén

ctia dich CHO-K1 ZFA36-ZFA36 duoc phéan
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SEQ ID NO:

cit béi ND1

SEQ ID NO:

cét béi ND1

SEQ ID NO:

cit boi ND2

SEQ ID NO:

cit bdi ND2

SEQ ID NO:

cat boi ND2

SEQ ID NO:

cit boi ND2

SEQ ID NO:

cat bdi ND2

SEQ ID NO:

cat boi ND3

SEQ ID NO:

cit boi ND4

83;

84;

85;

86;

87,

88;

89;

90;

91;

vi

vi

vi

vi

vi

vi

vi

Vi

vi

tri

tri

tri

tri

tri

tri

tri

tri

tri

45949 69/156

thr nhat

thr nhat

thr nhat

thr nhat

tht nhat

thir nhat

tht nhat

th nhat

th nhét

cua dich CHO-K1 ZFA36-ZFA36 dugc phan

cua dich CHO-K1 ZFA36-ZFA36 dugc phan

cua dich CHO-K1 ZFA36-ZFA36 dugc phan

cua dich CHO-K1 ZFA36-ZFA36 duoc phén

cua dich CHO-K1 ZFA36-ZFA36 dugc phan

cua dich CHO-K1 ZFA36-ZFA36 dugc phin

cua dich CHO-K1 ZFA36-ZFA36 duoc phén

cua dich CHO-K1 ZFA36-ZFA36 dugc phéan

cua dich CHO-K1 ZFA36-ZFA36 duogc phin

SEQ ID NO: 92; vi tri thit hai caa dich CHO-K1 ZFA36-ZFA36 dugc phan cit

bo1 Fokl

SEQ ID NO: 93; vi tri tht hai cta dich CHO-K1 ZFA36-ZFA36 duogc phan cat

béi Fokl

SEQ ID NO: 94; vi tri tha hai cta dich CHO-K1 ZFA36-ZFA36 dugc phéan cét
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bdi Fokl
SEQ ID NO:
boi Fokl

SEQ ID NO:
boi Fokl
SEQ ID NO:
boi Fokl
SEQ ID NO:
boi ND1
SEQ ID NO:

boi ND1

SEQ ID NO:

cit boi ND1

SEQ ID NO:

cit bsi ND1

SEQ ID NO:

cat béi ND1

SEQ ID NO:

cit bsi ND2

SEQ ID NO:

cit bodi ND2

SEQ ID NO:

cit bdi ND2

45949 | 70/156

95; vi tri tht hai cta dich CHO-K1 ZFA36-ZFA36 dugc phan cét

96; vi tri th hai cua dich CHO-K1 ZFA36-ZFA36 dugc phén cét

97; vi tri thr hai ctia dich CHO-K1 ZFA36-ZFA36 dugc phén cit

98; vi tri tht hai cta dich CHO-K1 ZFA36-ZFA36 dugc phéan cit

99; vi tri tht hai ctia dich CHO-K1 ZFA36-ZFA36 dugc phéin cit

100; vi tri

101; vi tri

102; vi tri

103; vi tri

104; vi tri

105; vi tri

tht hai

th hai

th hai

tha hai

tha hai

tha hai

cua dich CHO-K1 ZFA36-ZFA36 duoc phéin

cua dich CHO-K1 ZFA36-ZFA36 dugc phén

cua dich CHO-K1 ZFA36-ZFA36 dugc phéin

ctia dich CHO-K1 ZFA36-ZFA36 dugc phéin

cua dich CHO-K1 ZFA36-ZFA36 dugc phéin

ctia dich CHO-K1 ZFA36-ZFA36 dugc phin
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SEQ ID NO:

cit béi ND2

SEQ ID NO:

cit bdi ND2

SEQ ID NO:

cit béi ND3

SEQ ID NO:

cit boéi ND3

SEQ ID NO:

cit bodi ND3

SEQ ID NO:

cit boi ND3

SEQ ID NO:

cit bdi ND4

106;

107;

108;

109;

110;

111;

112;

vi tri

vi tri

vi tri

Vi tri

V1 tri

vi tri

vi tri

45949 71/156

tht hai

thr hai

tht hai

th hai

tht hai

th hai

thtr hai

cua dich CHO-K1 ZFA36-ZFA36 dugc phan

cua dich CHO-K1 ZFA36-ZFA36 dugc phan

cua dich CHO-K1 ZFA36-ZFA36 duoc phéan

cua dich CHO-K1 ZFA36-ZFA36 dugc phéan

cua dich CHO-K1 ZFA36-ZFA36 dugc phan

cua dich CHO-K1 ZFA36-ZFA36 dugc phén

cua dich CHO-K1 ZFA36-ZFA36 dugc phéin

SEQ ID NO: 113; doan mdi xubi dé khuéch dai vecto dé thay thé ptTALE-ND,

ptTALEN-ngugc-F

SEQ ID NO: 114; doan mdi ngugc dé khuéch dai vecto dé thay thé ptTALE-

ND, NC-ngugc-R 2

SEQ ID NO: 115; doan mdi xudi dé khuéch dai doan chén dé thay thé ptTALE-

ND, ND1-NC-F_v2

SEQ ID NO: 116; doan mdi nguoc dé khuéch dai doan chén dé thay thé

ptTALE-ND, ND1-ptTALEN-R

SEQ ID NO: 117; trinh tyu dich trén locut ROSA26 trong té bao CHO-K1
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SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

SEQ ID NO:

45949 72/156

118; trinh tu dich trén locut HPRT1 trong té bao CHO-K 1
119; trinh tu axit amin cia ZF(ZFA36A)-ND1

120; trinh ty axit amin cia ZF(ZFL1)-ND1

121; trinh ty axit amin cua ZF(ZFA36A)-FokI

122; trinh ty axit amin cia ZF(ZFL1)-Fokl

T2
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YEU CAU BAO HO

1. Enzym phén cét axit nucleic nhan tao bao gdm:

vung nucleaza la polypeptit chtra trinh ty axit amin dugc néu & cac vi
tr{ 391 dén 585 cua SEQ ID NO: 1 hodc céc vi tri 389 dén 579 cua SEQ ID
NO: 3, hoic polypeptit dot bién cia no; va

vung lién két axit nucleic,

trong d6 polypeptit dot bién 1a polypeptit chira trinh tu axit amin c6 it
nhit 90% trinh tu tuong df”)ng vO1 trinh ty axit min néu & cac vi tri 391 dén
585 cua SEQ ID NO: 1 hoac céac vi tri 389 dén 579 cta SEQ ID NO:3 va ¢6
hoat tinh nucleaza, va

trong d6 vung lién két axit nucleic chira ngén tay kém, TALE,
CRISPR/Cas, hodac PPR.
2. Enzym phén cét axit nucleic nhan tao theo diém 1, trong d¢ enzyfn nay con
bao gdm: trinh ty nbi ndm gifra ving nucleaza va ving lién két axit nucleic.
3. Axit nucleic dugc phéan lap bao gém: trinh tu axit nucleic ma hoa enzym
phan cét axit nucleic nhan tao theo diém 1 hoic 2.
4. Vecto bao gém: axit nucleic theo diém 3, hodc san phém phién mi hodc sdn
pham dich ma cda né.
5. Phuong phép cai bién axit nucleic dich, bao gdm: dua vao té bao (ngoai trir
té bao co trong co thé nguoi, té bao mam ngudi va té bao phdi ngudi), enzym
phéan cét axit nucleic nhan tao theo diém 1 hodc 2, axit nucleic theo diém 3,
hodc vecto theo diém 4.

6. Phuong phap theo diém 5, trong d6 enzym phan cit axit nucleic nhan tao,
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axit nucleic, hodc vecto 1a hai hodc nhidu loai trong sd cac enzym phéan cét
axit nucleic nhan tao, axit nucleic ma hda hai hoac nhiéu loai trong sb céac
enzym phédn cét axit nucleic nhan tao, hodc vecto chira axit nucleic nay, sin
phdm phién ma caa no, hoic san pham dich ma cta no.

7. Kit cai bién axit nucleic dich bao gdm: enzym phén cit axit nucleic nhan
tao theo diém 1 hodc 2, axit nucleic theo diém 3, hodc vecto theo diém 4.

8. Kit theo diém 7, trong d6 enzym phan cét axit nucleic nhan tao, axit nucleic,
hodc vecto 1a hai hodc nhidu loai trong sb cdc enzym phan cit axit nucleic
nhéan tao, axit nucleic ma hoa hai hoic nhiéu loai trong s6 cac enzym phéan céat
axit nucleic nhan tao, hoac vecto chira axit nucleic nay, san phém phién ma

cia nd, hodc san pham dich ma cua né.
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Ser

Gln

Asp

35

Lys

Asn

Phe

Val

Phe

115

Thr

Glu

Ile

Asn

20

Asn

Leu

Ala

Thr

Lys

100

Val

Asp

Asp

Ile

Pro

Thr

Val

Asn

Pro

85

Gly

Arg

Thr

Asp

Asp

Ser

Ser

Asp

Pro

790

Arg

Gln

Trp

Phe

Ser
150

Val

Asn

Lys

Glu
55

Leu

Ser

Arg

Ala

Glu

135

Asn

Asn

Phe

Thr

40

Arg

Lys

Ser

Lys

His

120

Ile

Glu

Asn

Glu

25

Tyr

Asp

Ile

Ala

Glu

105

Ala

Thr

Glu

Lys

10

Ser

Asn

Gly

Lys

Arg

90

Phe

Leu

Asp

Ser

11

Thr

Leu

Glu

Gln

Tyr

75

Cys

Ile

Gly

Val

Thr
155

Ile

Lys

Leu

Lys
60

Cys

Asn

Asp

Phe

Gly

140

Ile

Arg

Lys

Lys

45

Glu

Asn

Gly

Asp

Ile

125

Arg

Leu

Thr

Val

30

Asp

Leu

Leu

Ile

Trp

110

Lys

Lys

Glu

Phe

15

Val

Lys

Leu

Val

Val

95

Ser

Tyr

Tyr

Glu

Gly

Ala

Lys

Asn

Gly

80

Gln

Ser

Asn

Val

Ala
160

99/156



Met

Gly

Gly

Leu

Trp

225

Val

Phe

Thr

Val

Gly

305

Ile

Lys

Leu

Glu

Glu

Ala

210

Asp

Lys

Gly

Asp

Ala

290

Ile

Leu

Leu

Ser

His

Ala

195

Thr

Gly

Leu

Gly

Arg

275

Arg

Asp

Ile

Lys

Tyr

Leu

180

Gly

Thr

Ser

Gly

Glu

260

Gly

Val

Lys

Glu

Leu

340

Pro

165

Thr

Phe

Asp

Ser

Leu

245

Leu

Leu

Ser

Asn

Ser

325

Ala

Pro

Lys

Thr

Glu

Asp

230

Leu

Tyr

Lys

Lys

Tyr

310

Asn

Ser

Val

Tyr

Ser

Pro

215

Lys

Val

Ser

Ala

Asn

295

Ile

Lys

Ile

Ala

Glu

Leu

200

Lys

Tyr

Gln

Glu

Val

280

Val

Arg

Val

Asn

45949

Arg

Ile

185

Pro

Glu

Ala

Arg

Thr

265

Arg

Phe

Thr

Leu

Glu
345

Val
170
Gly
Leu
Lys
Arg
Pro
250
Ile
Arg
Trp
Arg
Thr

330

Ser

12

Leu

Lys

Asn

Asn

Met

235

Lys

Gly

Leu

Glu

Arg

315

Leu

Ile

Thr

Lys

Val

Lys

220

Ile

Leu

His

Leu

Met

300

Ala

Glu

Asn

Leu

Leu

Leu

205

Ile

Ser

Val

Ala

Gly

285

Leu

Tyr

Asp

Thr

Leu

Gly

190

Ile

Lys

Gly

Thr

Tyr

270

Ile

Ala

Ile

Ile

Ile
350

Ser

175

Phe

Met

Thr

Trp

Val

255

Met

Asn

Thr

Leu

Lys

335

Lys

Asn

Val

Thr

Asp

Leu

240

Asp

Ile

Lys

Lys

Lys

320

Gly

Asp

100/156



Asp

Thr

Thr

385

Glu

Ile

Val

Gly

Asp

465

Ser

Asn

Phe

Phe

Gly
545

Ile

Gly

370

Gly

Leu

Asp

Leu

Gly

450

Asn

Leu

Ser

Ser

Lys

530

Val

Asn

355

Tyr

Asp

Arg

Leu

Glu

435

Ser

Phe

Pro

Asn

Glu

515

Gly

Asn

Gly

Lys

Thr

Gly

Ala

420

Leu

Arg

Gly

Ile

Arg

500

Glu

Lys

Gly

Leu

Ile

Glu

Gln

405

Phe

Leu

Lys

Ile

Ser

485

Asp

Val

Phe

Ser

Ile

Tyr

Gly

390

Ile

Asp

Val

Pro

Ile

470

Gln

Glu

Lys

Glu

Ala
550

Asn

Asp

375

Ile

Ser

Ser

Asn

Asp

455

Val

Ala

Glu

Lys

Glu

535

Val

Thr

360

Ser

Lys

His

Lys

Glu

440

Gly

Asp

Asp

Val

Tyr

520

Gln

Asn

45949

Gly Ile Asn

Ile

Ser

Ile

Gln

425

Tyr

Ile

Thr

Glu

Asn

505

Tyr

Leu

Val

Asn

Asn

Ser

410

Asn

Gly

Val

Lys

Met

490

Pro

Phe

Arg

Val

13

Asp

Ile

395

His

Arg

Phe

Tyr

Ala

475

Glu

Asn

Val

Arg

Asn

555

Ile

Phe

380

Ser

Glu

Leu

Lys

Ser

460

Tyr

Arg

Lys

Phe

Leu

540

Leu

Lys

365

Ile

Leu

Tyr

Phe

Gly

445

Thr

Ser

Tyr

Trp

Ile

525

Ser

Leu

Ser

Ile

Leu

Leu

Glu

430

Arg

Thr

Glu

Val

Trp

510

Ser

Met

Leu

Glu

Pro

Lys

Ser

415

Met

His

Leu

Gly

Arg

495

Glu

Gly

Thr

Gly

Thr

Lys

Asp

400

Leu

Lys

Leu

Glu

Tyr

480

Glu

Asn

Ser

Thr

Ala
560

101/156



45949

Glu Lys Ile Arg Ser Gly Glu Met Thr Ile Glu Glu Leu Glu Arg Ala

565

570

Met Phe Asn Asn Ser Glu Phe Ile Leu Lys Tyr

<210> 6
<211>

<212> ADN

<213>

<400> 6
atgattaaca

ccaagtaatt

tataatgaat

gaactattaa

acatctttta

ggacaaagaa

gctttaggct

agaaagtatg

atgttatcat

acaaaatatg

ccattgaatg

attaaaacag

gtaaaattag

580

1764

Clostridium sp.

taattgacgt

ttgaaagctt

taaaagataa

atgctttaaa

ctccacgaag

aagagttcat

ttattaaata

tacagagtga

atccaccagt

aaataggtaa

tattaattat

actgggatgsg

gattattggt

7_2_43FAA

aaataataaa
aaaaaaagtt
gaaaataaaa
tgctaatcct
ttctgcaaga
agatgattgg
taattatgat
agatgatagc
agcaagggtt
gaaattagga
gacattagct
gtcttctgat

acaaagacct

585

actattagaa

gtagcaatat

aagttagtag

ttaaagataa

tgtaatggaa

tcatctgata

acagatacat

aatgaggaaa

ttgacattgc

tttgtagggsg

actacagatg

aaatatgcaa

aaattggtta

14

cttttggatg

ttgataatac

acgaaagaga

agtattgtaa

tagtacaagc

actttgtaag

ttgagataac

gtacaatttt

tttccaatgg

aagctggttt

agccgaagga

gaatgatttc

ctgtagattt

575

ggttcagaat

atcaaagaca

tgggcaaaaa

tttagtagge

cacagtaaaa

atgggcacat

cgatgtagga

agaagaagca

agaacattta

tactagtttg

aaaaaataaa

tggttggtta

tggtggtgaa

102/156

60

120

180

240

300

360

420

480

540

600

660

720

780



ttatatagcg

agaagattat

cttgcaacaa

atattaattg

gcgagtatta

ggtataaata

attataccta

gaattaagag

tttgatagta

tatggattta

acaactttag

agcttaccta

gatgaggaag

tattttgtat

agcatgacta

gaaaaaataa

tcggaattta

<210> 7

589
PRT

<211>
<212>
<213>

aaacaatagg

taggaataaa

aaggaataga

aatctaataa

atgaatctat

ttaagagtga

aaacaggaga

ggcaaataag

agcaaaatag

aaggaaggca

aagataattt

taagtcaagc

taaaccctaa

tcatatcagg

ctggggttaa

ggtctggaga

tattgaagta

acatgcttat

taaagttgceg

taaaaattat

ggtattaact

taatactatt

aacaactggg

tacagaggga

tcatatttca

gttatttgaa

tctaggtgga

tggaataata

tgatgaaatg

taagtggtes

ttcctttaag

cggttcagct

aatgactatt

ttaa

45949

atgattacgg
agggtttcaa
ataagaactc
ttagaggata
aaagacgata
tataaaatat
ataaagagta
catgagtatt
atgaaagttt
agtagaaaac
gtagatacta
gagagatatg
gaaaactttt
ggcaaatttg
gttaatgtag

gaagaattag

Clostridiales bacterium KA@@134

15

ataggggatt

aaaatgtttt

gaagagcata

taaaaggaaa

ttaatggatt

atgattcaat

atattagctt

tatcattaat

tagagttgtt

ctgatggtat

aagcttattc

ttagagaaaa

cagaagaagt

aagaacaatt

taaatttatt

agagagctat

aaaagctgtt

ttgggaaatg

tattttaaaa

gttgaaatta

aattaataca

taatgatttt

attaaaagat

agatttagca

agttaatgag

agtttattca

agaagggtat

ctctaataga

caaaaagtat

aagaagattg

actaggagct

gtttaataac

103/156

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1764



45949 104/156

<400> 7

Met Ala Glu Arg Thr Leu Gly Trp Ile Gln Asn Pro Ser Ser Phe Glu
1 5 10 15

Asn Leu Lys Asn Val Val Ser Val Phe Asp Lys Asn Thr Asp Ile Tyr
20 25 30

Lys Glu Ile Leu Asn Thr Lys Leu Pro Lys Leu Val Lys Asp Leu Asp
35 40 45

Leu Gln Asn Lys Leu Ile Ser Glu Met Lys Lys Asp Pro Leu Glu Met
50 55 60

Asp Tyr Val Leu Leu Lys Gly His Gly Ile Lys Ser Gly Gln Lys Arg
65 70 75 80

Ser Asp Ala Ala Cys Ser Gly Ile Val Gln Ala Ala Ile Thr Thr Gln
85 90 95

Gly Gly Arg Ala Tyr Thr Asp Asp Trp Thr Ala Asp Gly Phe Leu Arg
100 105 110

Trp Gly Ile Ser Ile Gly Leu Leu Asp Tyr Asp Thr Glu Asn Asp Thr
115 120 125

val Ser Ile Thr Lys Leu Gly Glu Lys Phe Val Lys Ser Asn Ser Glu
130 135 140

Asp Ser Asp Lys Glu Ile Leu Ile Ser Ala Phe Leu Ser Tyr Pro Pro
145 150 155 160

Ala Val Arg Ile Leu Thr Leu Leu Glu Ser Gly Asp His Leu Thr Lys
165 170 175

Phe Glu Leu Gly Lys Gln Leu Gly Gly Leu Gly Glu Ala Gly Phe Thr
180 185 190

16



Ser

Thr

Tyr

225

Arg

Val

Leu

Val

Arg

305

Asn

Ser

Leu

Ile

Ile

Asp

210

Ala

Val

Asn

Lys

Tyr

290

Asn

Leu

Ile

Ser

Lys
370

Pro

195

Lys

Arg

Glu

Ile

Arg

275

Trp

Arg

Glu

Thr

Leu

355

Leu

Gln

Ala

Met

Lys

Gly

260

Ala

Gln

Arg

Gly

Thr

340

Lys

Glu

Asp

Ser

Ile

Glu

245

His

Arg

Met

Gly

Ile

325

Ile

His

Ile

Leu

Ile

Ser

230

Val

Ser

Gly

Leu

Tyr

310

Lys

Glu

Ser

Pro

Tyr

Arg

215

Gly

Ser

Phe

Leu

Ala

295

Ile

Ala

Asp

Arg

Arg
375

Ile

200

Ser

Trp

Thr

Arg

Ser

280

Thr

Ile

Tyr

Glu

Asn

360

Thr

45949

Gln

Asn

Leu

Lys

Ile

265

Ser

Lys

Lys

Leu

Leu

345

Gly

Lys

Ala

Thr

Ser

Ile

250

Thr

Tyr

Gly

Ala

Met

330

Lys

Tyr

Ile

17

Ile

Glu

Lys

235

Gly

Leu

Pro

Lys

Ile

315

Glu

Val

Val

Ser

Glu

Gly

220

Val

Asn

Asn

Lys

Asp

300

Asn

Asn

Leu

Ile

Lys
380

Leu

205

Ser

Gly

Val

Gly

Thr

285

Arg

Asn

Asn

Lys

Asp

365

Thr

Ala

Ala

Leu

Glu

Ile

270

Asp

Asp

Arg

Ile

Ala

350

Asp

Asn

Ser

Asp

Val

Tyr

255

Lys

Lys

Tyr

Glu

Asp

335

Met

Asn

Ile

Glu

Lys

Gln

240

Met

Glu

Ile

Ile

Arg

320

Glu

Gly

Ile

Leu

105/156



Glu

385

Tyr

Phe

Gly

Asn

Asn

465

Asn

Phe

Phe

Gly

Glu

545

Tyr

Val

Leu

Leu

Glu

Val

Ile

450

Leu

Gln

Asp

Lys

Val

530

Glu

Asn

Lys

Lys

Ala

Ile

Arg

435

Asn

Pro

Thr

Glu

Gly

515

Asn

Leu

Asn

Phe

Asp

Leu

Gln

420

Leu

Gly

Ile

Arg

Lys

500

Asn

Gly

Lys

Asp

Ala
580

Lys

Ile

405

Thr

Gly

Val

Asn

Asp

485

Val

Phe

Gly

Ala

Glu

565

Ala

Val

390

Asp

Ile

Glu

Ile

Gln

470

Glu

Lys

Lys

Ala

Gly

550

Ile

Glu

Arg

Leu

Asp

Ser

Ile

455

Ala

Lys

Asp

Asn

Ile

535

Arg

Tyr

Glu

Asp

Ala

Leu

Arg

440

Asp

Asp

Ile

Phe

Asn

520

Asn

Ile

Leu

Glu

45949

Lys Leu Lys

Tyr

Leu

425

Lys

Asn

Glu

Asn

Asn

505

Leu

Val

Ser

Gly

Gly
585

Asp

410

Ile

Pro

Lys

Met

Ser

490

Tyr

Lys

Glu

Tyr

Asp

570

Glu

18

395

Gly

Asn

Asp

Ala

Ile

475

Asn

Leu

His

Asn

Leu

555

Ile

Tyr

Tyr

Thr

Glu

Gly

Tyr

460

Arg

Lys

Phe

Ile

Leu

540

Asp

Ser

Leu

Val

Ala

Leu

Ile

445

Ser

Tyr

Trp

Val

Ala

525

Leu

Ser

Asp

Thr

Asp

Asn

Lys

430

Ile

Thr

Ile

Trp

Ser

510

Asn

Tyr

Phe

Tyr

His

Arg

415

Phe

Ser

Gly

Glu

Glu

495

Ser

Arg

Phe

Lys

Ser

575

Arg

400

Asp

Lys

Tyr

Tyr

Glu

480

Ser

Phe

Thr

Ala

Met

560

Tyr

106/156



<210> 8
1770
ADN

<211>
<212>
<213>

<400> 8
atggcagaaa

gtagtttctg

cctaaattag

ccacttgaaa

tccgatgcag

tatacagacg

gattatgata

tctaattctg

gccgtaagaa

aagcaattag

caagcaatag

tcagctgata

agagttgaaa

cattccttta

tcatatccaa

agagattata

gaacattggg

tttttgataa

taaaagattt

tggactatgt

cgtgtagtgg

attggactgc

cagaaaatga

aagattcaga

ttttaacttt

gtggacttgg

aacttgcttc

aatatgccag

aagaagtttc

gaattacttt

agactgataa

ttagaaacag

ttggatacaa

aaatactgat

agatttacaa

tttattaaaa

tattgttcaa

tgatggattt

tacagtttct

taaagaaata

attggaaagt

agaagctggt

tgaaacagat

aatgatttca

aacaaaaatt

gaatggtata

aattgtttat

acgtggatat

45949

Clostridiales bacterium KAGQ134

aatccatcaa

atatataagg

aataaactca

ggtcatggta

gctgccatta

ttaagatggg

ataacaaaac

ctaatttcag

ggagaccatt

tttacatcaa

aaagcaagta

ggatggttat

ggaaatgttg

aaagaactta

tggcaaatgc

ataatcaaag

19

gttttgaaaa

aaatattaaa

tttcagaaat

taaaatcagg

caacacaagg

gaatatccat

taggagaaaa

cctttttgtc

taacaaaatt

ttcctcaaga

ttcgatcaaa

ctaaggttgg

aatacatggt

aaagagcaag

tagcaaccaa

ctatcaacaa

tttaaaaaat

tactaaactt

gaaaaaagat

tcagaaaaga

cggtagggct

aggactttta

gtttgtaaaa

atacccacca

tgagcttggt

tttatatatt

cacagaggga

tttagttcaa

aaatataggt

gggattatct

gggtaaagat

cagagaaaga

107/156

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



aatttagaag

atagaagacg

ggctatgtaa

acaaatatac

tatcttgcgc

acaatagacc

aaaccagatg

tctacgggtt

aatcaaacta

gttaaggatt

ttgaaacata

ttatattttg

tataacaatg

gcagaagaag

<210> 9
<211> 38
<212> ADN

<213>

<220>
<223>

<400> 9

gcattaaggc

aactaaaagt

ttgatgataa

tagaattaaa

taattgattt

ttttaattaa

gaattatatc

ataatctacc

gagatgaaaa

tcaactattt

tagccaatag

cagaagaatt

atgaaatata

aaggcgaata

Nhan tao

ttatttaatg

tcttaaagca

cattataaaa

ggataaagta

agcttatgac

tgaacttaag

ttataatatt

aattaatcaa

aataaattca

atttgtatca

aactggtgta

aaaagctgga

tttaggagat

tttaacataa

45949

gaaaataata
atgggtcttt
ttagaaatac
agagataaat
ggaactgcca
tttaaagggg
aatggcgtaa
gcagatgaaa
aataaatggt
tctttcttta
aatggtggag
agaatatctt

attagtgact

Poan moi xudi thay thé ND1

gatgagatca tcttctaagg gcccttcgaa ggtaagcc

20

ttgatgaaag

cacttaaaca

ctagaactaa

taaaatatgt

atagagattt

ttcgtctagg

ttatagataa

tgattagata

gggaaagctt

agggaaactt

ctattaatgt

atcttgactc

atagttatgt

tattacaact

tagtaggaat

gatttctaag

tgaccacaga

tgagattcaa

agaaagcaga

caaggcttat

tatcgaagaa

tgatgaaaaa

taagaataat

agaaaattta

atttaaaatg

taaatttgct

108/156

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1770

38



<210>
<211>
<212>
<213>

<220>
223>

<400>

45949

10
34
ADN
Nhan tao

Poan méi ngugc thay thé ND1

10

ctctcccttt actaaagctc ttgccgcage accc

<210>
<211>
<212>
<213>

220>
<223>

<400>

aaggagattc agttctaagg gcccttcgaa ggtaagcc

<210>
<211>
<212>
<213>

220>
223>

<400>

11
38
ADN

Nhan tao

Poan mdi xudi thay thé ND2

11

12
34
ADN

Nhan tao

Poan mdi ngugc thay thé ND2

12

actactttta acaatagctc ttgccgcagc accc

21

109/156

34

38

34



45949

<210> 13
<211> 38
<212> ADN
<213> Nhan tao

<220>
<223> Doan mdi xudi thay thé ND3

<400> 13
aacagcgagt tcatataagg gcccttcgaa ggtaagcec

<210> 14
<211> 34
<212> ADN
<213> Nhan tao

<220>
<223> Doan mdi ngugc thay thé& ND3

<400> 14
gttactcttg attccagctc ttgccgcagc accc

<210> 15

<211> 38

<212> ADN
<213> Nhan tao

<220>
<223> Doan mdi xudi thay thé ND4

<400> 15
gatgaaatct acctgtaagg gcccttcgaa ggtaagcc

<210> 16
<211> 34
<212> ADN
<213> Nhan tao

22

110/156

38

34

38



220>
<223>

<400>

45949

Poan mdi ngugc thay thé ND4

16

gtttgtcttg gagatagctc ttgccgcage accc

210>
<211>
212>
<213>

220>
223>

<400>

17
49
ADN

Nhan tao

doan moi xudi dé bién d6i trinh ty ndi, ZFN-FokI-GS-F

17

agaacacacg gatccctagt caaaagtgaa ctggaggaga agaaatctg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

18
34
ADN
Nhan tao

doan mdi ngugc dé bién ddi trinh ty nbi, ZFN-GS-ngugc-R

18

ggatccgtgt gttctctggt gtctcacgag attg

<210>
<211>
212>
<213>

220>
223>

<400>

19
48
ADN

Nhan tao

doan moi xuéi dé bién déi trinh ty ndi, ZFN-ND1-GS5-F

19

agaacacacg gatccttagt aaagggagag atggagaaga aaaagagc

23

111/156

34

49

34

48



<210>
<211>
<212>
<213>

220>
<223>

<400>

45949 112/156

20
34
ADN
Nhan tao

doan mdi ngugc dé bién déi trinh ty ndéi, ZFN-GS-ngugc-R

20

ggatccgtgt gttctctggt gtctcacgag attg 34

<210>
<211>
<212>
<213>

220>
<223>

<400>

21
47
ADN

Nhan tao

doan mdoi xudi dé bi&n déi trinh ty néi, ZFN-ND2-GS-F

21

agaacacacg gatccattgt taaaagtagt attgagatgt ccaaggc 47

<210>
<211>
<212>
<213>

<220>
<223>

<400>

22
34
ADN

Nhan tao

doan mdi nguogc dé bién d6i trinh tu ndi, ZFN-GS-ngugc-R

22

ggatccgtgt gttctctggt gtctcacgag attg 34

<210>
<211>
<212>
<213>

23
51
ADN

Nhan tao
24



220>

<223> doan mdi xudi dé bién d6i trinh tu néi, ZFN-FokI-RPGEKP-F

<400>

gacccgggga gaagccccta gtcaaaagtg aactggagga gaagaaatct g

<210>
<211>
<212>
<213>

<220>
<223>

<400>

gcttctccce gggtetgtgt gttctctggt gtctcacgag attg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

gacccgggga gaagccctta gtaaagggag agatggagaa gaaaaagagc

<210>
<211>
<212>
<213>

220>
<223>

<400>

23

24
44
ADN

Nhan tao

doan mdi ngugc dé bién déi trinh ty ndi, ZFN-RPGEKP-R

24

25
50
ADN

Nhan tao

doan mdi xubdi dé bién do6i trinh ty ndi, ZFN-ND1-RPGEKP-F

25

26
44
ADN

Nhan tao

doan mdi ngugc dé bién déi trinh ty ndi, ZFN-RPGEKP-R

26

45949

25

113/156
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45949 114/156

gcttctccce gggtctgtgt gttctctggt gtctcacgag attg 44

<210> 27
<211> 49
<212> ADN
<213> Nhan tao

<220>
<223> doan mdi xudi dé bién déi trinh tu néi, ZFN-ND2-RPGEKP-F

<400> 27
gacccgggga gaagcccatt gttaaaagta gtattgagat gtccaaggc 49

<210> 28

<211> 44

<212> ADN
<213> Nhan tao

<220>
<223> doan mdi ngugc dé bién d6i trinh ty ndéi, ZFN-RPGEKP-R

<400> 28
gcttctccce gggtetgtgt gttctetggt gtctcacgag attg 44

<210> 29

<211> 55

<212> ADN
<213> Nhan tao

<220>
<223> doan mdi xudi dé bién d6i trinh ty ndi, ZFN-FokI-TGPGAAARA-F

<400> 29
cccggggetg cggcaagage tctagtcaaa agtgaactgg aggagaagaa atctg 55

<210> 30
<211> 49

<212> ADN
26



45949 115/156

<213> Nhan tao

<220>
<223> doan mdi ngugc dé bién d8i trinh ty néi, ZFN-FokI-TGPGAAARA-R

<400> 30
tgccgcagec ccgggacccg tgtgtgttct ctggtgtctc acgagattg 49

<210> 31
<211> 54
<212> ADN
<213> Nhan tao

<220>
<223> doan moi xudi dé bién déi trinh ty nbi, ZFN-ND1-TGPGAAARA-F

<400> 31
cccggggetg cggcaagage tttagtaaag ggagagatgg agaagaaaaa gagc 54

<210> 32

<211> 49

<212> ADN
<213> Nhan tao

<220>
<223> doan mdi ngugc dé bi&n déi trinh ty nbi, ZFN-FokI-TGPGAAARA-R

<400> 32
tgccgcagcc ccgggacccg tgtgtgttct ctggtgtctc acgagattg 49

<210> 33

<211> 53

<212> ADN
<213> Nhan tao

<220>
<223> doan moi xudi dé bién déi trinh tu néi, ZFN-ND2-TGPGAAARA-F

27



45949 116/156

<400> 33

cccggggetg cggcaagage tattgttaaa agtagtattg agatgtccaa ggc 53

<210> 34
<211> 49
<212> ADN
<213> Nhan tao

<220>
<223> doan mdi ngugc dé bién d6i trinh ty ndi, ZFN-FokI-TGPGAAARA-R

<400> 34
tgccgcagec ccgggacccg tgtgtgttct ctggtgtctc acgagattg 49

<210> 35

<211> 59

<212> ADN
<213> Nhan tao

220>
<223> doan moi xudi dé dua dot bién Sharkey vao FokI-ND

<400> 35
aaggtaatgg aattttttat gaaagtttat ggatatagag gtgaacattt gggtggatc 59

<210> 36

<211> 57

<212> ADN
<213> Nhan tao

<220>

<223> doan mdi ngugc dé dua dot bién Sharkey vao FokI-ND

<400> 36

aaattccatt accttcattt caagaattct atcctgagta ggatttctgg caatttc 57

<210> 37
<211> 59

<212> ADN
28



<213>

220>
223>

<400>

45949

Nhan tao

doan mdoi xudi dé dua dot bién Sharkey vao ND1

37

ttaaggtagt ggaatttctg aaagaagtgt acgattacaa tggtgagcat ctgggcgsc

<210>
<211>
<212>
<213>

220>
223>

<400>

38
56
ADN
Nhan tao

doan mbi ngugc dé dua dot bién Sharkey vao ND1

38

attccactac cttaaactcg aagagtctgt tctgcttggg gtcctgagca atttcg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

39
30
ADN

Nhan tao

doan mdi xudi dé dwa dot bién Sharkey vao ND2

39

tccggggage atctggggeg tagccggaag

<210>
<211>
<212>
<213>

220>
<223>

40
34
ADN

Nhan tao

doan moi ngugc dé dua dot bién Sharkey vao ND2

29

117/156

59

56

30



45949

<400> 40
cagatgctcc ccggagaagc catactcgtt gatg

<210> 41
<211> 19
<212> ADN
<213> Nhan tao

<220>
<223> Doan mdi xudi thay thé ZFA

<400> 41
acgggtgctg cggcaagag

<210> 42

<211> 43

<212> ADN
<213> Nhan tao

220>
<223> Doan moi ngugc thay thé ZFA

<400> 42
aggtctctcg tggggtctag atttatcgtc gtcatccttg tag

<210> 43

<211> 54

<212> ADN
<213> Nhan tao

<220>
<223> doan mdi xudi dé dwa dot bién FokI-DDD vao
<400> 43

gaagaaaatc aaacacgaga caaacatatc aaccctaatg aatggtggaa agtc

<210> 44
<211> 50

<212> ADN
30
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45949

<213> Nhan tao

<220>

<223> doan mdi ngugc dé dua dot bién FokI-DDD vao

<400> 44
tgtttgattt tcttcgacat agtcttgcat ttcatctgct tggccaattg

<210> 45
<211> 49
<212> ADN
<213> Nhan tao

220>

<223> doan mdi xudi dé duwa dot bién ND1-DDD vao

<400> 45
cgacgaaaat aacaataggg acgcaatcat caaccctaat gagtggtgg

<210> 46

<211> 49

<212> ADN
<213> Nhan tao

<220>
<223> doan mbéi ngugc dé dwa dot bién ND1-DDD vao

<400> 46
ttgttatttt cgtcgacata gtcttgeatc tcatcggcct gagaaattg

<210> 47

<211> 49

<212> ADN
<213> Nhan tao

220>
<223> doan mdi xuéi dé dua dot bié&n ND2-DDD vao

31
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49

49



45949 120/156

<400> 47
tcagggagaa cattgacaga gacgagcacg tcaattctaa ccgctggtg 49

<210> 48
<211> 44
<212> ADN
<213> Nhan tao

<220>
<223> doan mdi ngugc dé dua dot bién ND2-DDD vao

<400> 48
caatgttctc cctgacgtag tcttccattt catcggecctg gctg 44

<210> 49

<211> 43

<212> ADN
<213> Nhan tao

<220>

<223> doan mdi xudi dé dwa dot bién vecto FokI-RRR vao

<400> 49
ttaaatcgga tcactaattg taatggagct gttcttagtg tag 43

<210> 50

<211> 34

<212> ADN
<213> Nhan tao

<220>

<223> doan mdi ngugc dé dua dot bién vecto FoKI-RRR vao

<400> 50

atttcccggg cttggccaat tggcagatta taac 34

<210> 51
<211> 38

<212> ADN
32



45949 121/156

<213> Nhan tao

<220>

<223> doan mdi xudi dé dua dot bién chen doan FokI-RRR vao

<400> 51
ccaagcccgg gaaatgcaac gatatgtcga agaaaatc 38

<210> 52
<211> 42
<212> ADN
<213> Nhan tao

<220>

<223> doan mdi ngugc dé dua dot bién chen doan FokI-RRR vao

<400> 52
agtgatccga tttaatcgtg taagctgagc tttgtagttt cc 42

<210> 53

<211> 28

<212> ADN
<213> Nhan tao

220>

<223> doan mdi xudi dé dua dot bién vectd NDI-RRR vao

<400> 53
gtgtccagac tgaccaagcg Ccaaggsgcg ' 28

<210> 54
<211> 34
<212> ADN
<213> Nhan tao

<220>
<223> doan mdi ngugc dé dua dot bi&n vecto NDI-RRR vao

33



<400>

45949 122/156

54

catctcccgg gcctgagaaa ttgggagget gtag 34

<210>
<211>
<212>
<213>

<220>
<223>

<400>

55
45
ADN
Nhan tao

doan mdi xudi dé dwa dot bién chén doan ND1-RRR vao

55

caggcccggg agatgcaaag atatgttgac gaaaataaca atagg 45

<210>
<211>
<212>
<213>

<220>
223>

<400>

56
34
ADN
Nhan tao

doan moi ngugc dé dua dot bié&n chén doan ND1-RRR vao

56

ggtcagtctg gacacccttg ccagctgttt cttg 34

<210>
<211>
<212>
<213>

<220>
223>
<400>

57
28
ADN

Nhan tao

doan moi xudi dé dwa dot bién vecto ND2-RRR vao

57

atctcaaggg ataccggggt gcagggcg 28

<210>
211>
212>

58
31

ADN
34



45949 123/156

<213> Nhan tao

<220>
<223> doan mdi ngugc dé dua dot bién vecto ND2-RRR vao

<400> 58
catttcccgg gcctggetga tggggagatt g 31

<210> 59
<211> 40
<212> ADN
<213> Nhan tao

<220>

<223> doan mdoi xubi dé duwa dot bién chén doan ND2-RRR vao

<400> 59
caggcccggg aaatggaaag gtacgtcagg gagaacattg 40

<210> 60

<211> 42

<212> ADN
<213> Nhan tao

220>
<223> doan moi ngugc dé dua dot bién chén doan ND2-RRR vao

<400> 60
ggtatccctt gagattcttt ccaactgttt ctcaaagttt cc 42

<210> 61

<211> 17

<212> ADN
<213> Nhan tao

<220>
<223> doan méi M13-F

35



<400> 61
gtaaaacgac ggccagt

<210> 62
<211> 24
<212> ADN

<213> Cricetulus griseus

<400> 62

accatcttcc actctgaaga tgga

<210> 63
<211> 24
<212> ADN

<213> Cricetulus griseus

<400> 63
accatcttca agagagaaga tggc

<210> 64
<211> 24
<212> ADN

<213> Cricetulus griseus

<400> 64

accatcttcc ttgatgaaga tgcc

<210> 65
<211> 24
<212> ADN

<213> Cricetulus griseus

<400> 65
gtcaccttca agtctgaaga tggt

<210> 66
<211> 24
<212> ADN

45949

36
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<213>

<400>

Cricetulus griseus

66

ttcaccttct taagtgaaga tggt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Leu Val

Leu Lys

Asn Ser

Met Lys

50

Pro Asp

65

Ile Val

Gln Ala

Lys His

67
195
PRT
Nhan

Trinh tv

67

Lys

Tyr

Thr

35

Val

Gly

Asp

Asp

Ile
115

tao

Ser

Val

20

Gln

Tyr

Ala

Thr

Glu

100

Asn

45949

axit amin cla FokI-DDD

Glu

Pro

Asp

Gly

Ile

Lys

85

Met

Pro

Leu

His

Arg

Tyr

Tyr

70

Ala

Gln

Asn

Glu

Glu

Ile

Arg

55

Thr

Tyr

Asp

Glu

Glu

Tyr

Leu

40

Gly

Val

Ser

Tyr

Trp
120

Lys

Ile

25

Glu

Lys

Gly

Gly

Val

105

Trp

Lys

10

Glu

Met

His

Ser

Gly

90

Glu

Lys

37

Ser

Leu

Lys

Leu

Pro

75

Tyr

Glu

Val

Glu

Ile

Val

Gly

60

Ile

Asn

Asn

Tyr

Leu

Glu

Met

45

Gly

Asp

Leu

Gln

Pro

125

Arg

Ile

30

Glu

Ser

Tyr

Pro

Thr

110

Ser

His

15

Ala

Phe

Arg

Gly

Ile

95

Arg

Ser

Lys

Arg

Phe

Lys

Val

80

Gly

Asp

Val

125/156
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45949

Thr Glu Phe Lys Phe Leu Phe Val Ser Gly His Phe Lys Gly Asn Tyr
130 135 140

Lys Ala Gln Leu Thr Arg Leu Asn His Ile Thr Asn Cys Asn Gly Ala
145 150 155 160

Val Leu Ser Val Glu Glu Leu Leu Ile Gly Gly Glu Met Ile Lys Ala
165 170 175

Gly Thr Leu Thr Leu Glu Glu Val Arg Arg Lys Phe Asn Asn Gly Glu
180 185 190

Ile Asn Phe
195

<210> 68
<211> 195
<212> PRT
<213> Nhan tao

<220>

<223> Trinh tu axit amin clGa FokI-RRR
<400> 68

Leu Val Lys Ser Glu Leu Glu Glu Lys Lys Ser Glu Leu Arg His Lys
1 5 10 15

Leu Lys Tyr Val Pro His Glu Tyr Ile Glu Leu Ile Glu Ile Ala Arg
20 25 30

Asn Ser Thr Gln Asp Arg Ile Leu Glu Met Lys Val Met Glu Phe Phe
35 40 45

Met Lys Val Tyr Gly Tyr Arg Gly Lys His Leu Gly Gly Ser Arg Lys

50 55 60
38

126/156



Pro

65

Ile

Gln

Lys

Thr

Lys

145

Val

Gly

Ile

Asp

Val

Ala

His

Glu

130

Ala

Leu

Thr

Asn

<210>
<211>

212>
<213>
<220>
223>

<400>

Gly Ala

Asp Thr

Arg Glu

100

Ile Asn
115

Phe Lys

Gln Leu

Ser Val

Leu Thr

180

Phe
195

69
195
PRT

Nhan tao

Ile

Lys

85

Met

Pro

Phe

Thr

Glu

165

Leu

Tyr

70

Ala

Gln

Asn

Leu

Arg

150

Glu

Glu

Thr

Tyr

Arg

Glu

Phe

135

Leu

Leu

Glu

Val

Ser

Tyr

Trp

120

Val

Asn

Leu

Val

45949

Gly

Gly

Val

105

Trp

Ser

Arg

Ile

Arg
185

Ser

Gly

90

Glu

Lys

Gly

Ile

Gly

170

Arg

Trinh tu axit amin cla ND1-DDD

69

Pro

75

Tyr

Glu

Val

His

Thr

155

Gly

Lys

Ile

Asn

Asn

Tyr

Phe

140

Asn

Glu

Phe

Asp

Leu

Gln

Pro

125

Lys

Cys

Met

Asn

Tyr

Pro

Thr

110

Ser

Gly

Asn

Ile

Asn

190

Gly

Ile

95

Arg

Ser

Asn

Gly

Lys

175

Gly

Val

80

Gly

Asn

Val

Tyr

Ala

160

Ala

Glu

Leu Val Lys Gly Glu Met Glu Lys Lys Lys Ser Asp Leu Arg His Lys

1

5

10

39

15
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Leu

Asp

Lys

Pro

65

Ile

Gln

Ala

Leu

Lys

145

Val

Gly

Ile

Lys

Ser

Glu

50

Asp

Leu

Ala

Ile

Asp

130

Lys

Leu

Ser

Ile

210>

His

Lys

35

Val

Gly

Asp

Asp

Ile

115

Phe

Gln

Ser

Leu

Phe
195

70

Val

20

Gln

Tyr

Ala

Thr

Glu

100

Asn

Lys

Leu

Val

Thr
180

Pro

Asn

Asp

Leu

Lys

85

Met

Pro

Phe

Ala

Glu

165

Leu

His

Arg

Tyr

Tyr

70

Ala

Gln

Asn

Leu

Arg

150

Gln

Glu

Glu

Leu

Asn

55

Thr

Tyr

Asp

Glu

Phe

135

Val

Leu

Asp

Tyr

Phe

40

Gly

Asn

Lys

Tyr

Trp

120

Val

Ser

Leu

val

45949

Ile

25

Glu

Lys

Gly

Asp

Val

105

Trp

Ser

Asn

Leu

Gly
185

Glu

Phe

His

Leu

Gly

90

Asp

Lys

Gly

Leu

Gly

170

Asp

40

Leu

Lys

Leu

Lys

75

Tyr

Glu

Val

Phe

Thr

155

Gly

Lys

Ile

Val

Gly

60

Thr

Ser

Asn

Tyr

Phe

140

Lys

Glu

Phe

Glu

Val

45

Gly

Asp

Leu

Asn

Pro

125

Lys

Arg

Lys

Asn

Ile

30

Glu

Ser

Tyr

Pro

Asn

110

Asn

Gly

Lys

Ile

Asn

190

Ala

Phe

Arg

Gly

Ile

95

Arg

Ser

Asp

Gly

Lys

175

Asp

Gln

Leu

Lys

Ile

80

Ser

Asp

Ile

Tyr

Ala

160

Asp

Glu
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<211>

212>

<213>

<220>

<223>

<400>

195
PRT
Nhan

tao

45949

Trinh ty axit amin cGa ND1-RRR

70

Leu Val Lys

1

Leu

Asp

Lys

Pro

65

Ile

Gln

Ala

Leu

Lys
145

Lys

Ser

Glu

50

Asp

Leu

Ala

Ile

Asp

130

Lys

His

Lys

35

Val

Gly

Asp

Arg

Ile

115

Phe

Gln

Gly

Val

20

Gln

Tyr

Ala

Thr

Glu

100

Asn

Lys

Leu

Glu

Pro

Asn

Asp

Leu

Lys

85

Met

Pro

Phe

Ala

Met

His

Arg

Tyr

Tyr

70

Ala

Gln

Asn

Leu

Arg
150

Glu

Glu

Leu

Asn

55

Thr

Tyr

Arg

Glu

Phe

135

Val

Lys

Tyr

Phe

40

Gly

Asn

Lys

Tyr

Trp

120

Val

Ser

Lys

Ile

25

Glu

Lys

Gly

Asp

Val

105

Trp

Ser

Arg

Lys

10

Glu

Phe

His

Leu

Gly

90

Asp

Lys

Gly

Leu

41

Ser

Leu

Lys

Leu

Lys

75

Tyr

Glu

Val

Phe

Thr
155

Asp

Ile

Val

Gly

60

Thr

Ser

Asn

Tyr

Phe

140

Lys

Leu

Glu

Val

45

Gly

Asp

Leu

Asn

Pro

125

Lys

Arg

Arg

Ile

30

Glu

Ser

Tyr

Pro

Asn

110

Asn

Gly

Lys

His

15

Ala

Phe

Arg

Gly

Ile

95

Arg

Ser

Asp

Gly

Lys

Gln

Leu

Lys

Ile

80

Ser

Asn

Ile

Tyr

Ala
160
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Val Leu

Gly Ser

Ile Ile

<210>
<211>
<212>
<213>

220>
<223>

<400>

Ile val

Leu Gln

Asp Pro

Ile Asn
50

Pro Asp
65

Lys Ala

Ser

Leu

Phe
195

71
191
PRT
Nhan

45949

val Glu Gln Leu Leu Leu Gly Gly Glu Lys Ile Lys Asp

165

170

175

Thr Leu Glu Asp Val Gly Asp Lys Phe Asn Asn Asp Glu

180

tao

Trinh tv

71

Lys

Met

Tyr
35

Glu

Gly

Tyr

Ser

Leu

20

Gln

Tyr

Ala

Lys

185

axit amin clda ND2-DDD

Ser

Pro

Asn

Gly

Met

Asp
85

Ile

His

Arg

Phe

Tyr
70

Gly

Glu

Asp

Ile

Ser
55

Ala

Tyr

Met

Tyr

Phe
40

Gly

His

Asn

Ser

Ile

25

Glu

Ser

Gly

Leu

Lys

10

Glu

Met

His

Phe

Pro

90
42

Ala

Leu

Lys

Leu

Gly
75

Ile

Asn

Ile

Val

Gly
60

Val

Ser

Met

Glu

Met
45

Gly

Ile

Gln

190

Arg

Ile

30

Asp

Ser

Val

Ala

Asp

15

Ser

Leu

Arg

Asp

Asp
95

Asn

Gln

Phe

Lys

Thr
80

Glu
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Met Glu

Ser Asn

Phe Leu

130

Glu Arg
145

Glu His

Leu Tyr

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Asp

Arg

115

Phe

Ile

Leu

Asp

72
191
PRT
Nhan

Tyr

100

Trp

Val

Ser

Leu

Phe

180

tao

Trinh tu

72

Ile Val Lys Ser

1

Leu Gln Met Leu

20

Asp Pro Tyr Gln

35

Val

Trp

Ser

Ile

Leu

165

Lys

Arg

Asn

Gly

Asp

150

Gly

Asn

Glu

Ile

Phe

135

Thr

Ala

Ser

Asn

Phe

120

Phe

Gly

Glu

Phe

45949

Ile

105

Pro

Lys

Val

Tyr

Leu

185

Asp

Glu

Gly

Gln

Ile

170

Asn

axit amin cla ND2-RRR

Arg

Asp

Asn

Gly

155

Lys

Lys

Asp

Thr

Phe

140

Gly

Arg

Glu

Glu

Asn

125

Glu

Ala

Gly

Ile

His

110

Glu

Lys

Leu

Ile

Gln
1990

Val

Tyr

Gln

Ser

Leu

175

Phe

Asn

Lys

Leu

Val

160

Thr

Ser Ile Glu Met Ser Lys Ala Asn Met Arg Asp Asn

5

10

15

Pro His Asp Tyr Ile Glu Leu Ile Glu Ile Ser Gln

25

30

Asn Arg Ile Phe Glu Met Lys Val Met Asp Leu Phe

40

43

45
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Ile

Pro

65

Lys

Met

Ser

Phe

Glu

145

Glu

Leu

Asn

50

Asp

Ala

Glu

Asn

Leu

130

Arg

His

Tyr

<210>
<211>

<212>

<213>

220>

223>

<400>

Glu

Gly

Tyr

Arg

Arg

115

Phe

Ile

Leu

Asp

73
195
PRT
Nhan

73

Tyr

Ala

Lys

Tyr

100

Trp

Val

Ser

Leu

Phe

180

tao

Gly

Met

Asp

85

Val

Trp

Ser

Arg

Leu

165

Lys

Phe

Tyr

70

Gly

Arg

Asn

Gly

Asp

150

Gly

Asn

Ser

55

Ala

Tyr

Glu

Ile

Phe

135

Thr

Ala

Ser

Gly

His

Asn

Asn

Phe

120

Phe

Gly

Glu

Phe

45949

Ser His Leu

Gly

Leu

Ile

105

Pro

Lys

Val

Tyr

Leu

185

Phe

Pro

90

Asp

Glu

Gly

Gln

Ile

170

Asn

Gly

75

Ile

Arg

Asp

Asn

Gly

155

Lys

Lys

Gly

60

Val

Ser

Asn

Thr

Phe

140

Gly

Arg

Glu

Trinh ty axit amin cla FokI-S418P/KA441E

Gly

Ile

Gln

Glu

Asn

125

Glu

Ala

Gly

Ile

Ser

Val

Ala

His

110

Glu

Lys

Leu

Ile

Gln
190

Arg

Asp

Arg

95

Val

Tyr

Gln

Ser

Leu

175

Phe

Lys

Thr

80

Glu

Asn

Lys

Leu

Val

160

Thr

Leu Val Lys Ser Glu Leu Glu Glu Lys Lys Ser Glu Leu Arg His Lys

1

5

10

44

15
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Leu

Asn

Met

Pro

65

Ile

Gln

Lys

Thr

Lys

145

Val

Gly

Ile

Lys

Pro

Lys

50

Asp

Val

Ala

His

Glu

130

Ala

Leu

Thr

Asn

<210>

Tyr

Thr

35

Val

Gly

Asp

Asp

Ile

115

Phe

Gln

Ser

Leu

Phe
195

74

Val

20

Gln

Tyr

Ala

Thr

Glu

100

Asn

Lys

Leu

Val

Thr
180

Pro

Asp

Gly

Ile

Lys

85

Met

Pro

Phe

Thr

Glu

165

Leu

His

Arg

Tyr

Tyr

70

Ala

Gln

Asn

Leu

Arg

150

Glu

Glu

Glu

Ile

Arg

55

Thr

Tyr

Arg

Glu

Phe

135

Leu

Leu

Glu

Tyr

Leu

40

Gly

Val

Ser

Tyr

Trp

120

Val

Asn

Leu

Val

45949

Ile

25

Glu

Glu

Gly

Gly

Val

105

Trp

Ser

His

Ile

Arg
185

Glu

Met

His

Ser

Gly

90

Glu

Lys

Gly

Ile

Gly

170

Arg

45

Leu

Lys

Leu

Pro

75

Tyr

Glu

Val

His

Thr

155

Gly

Lys

Ile

Val

Gly

60

Ile

Asn

Asn

Tyr

Phe

140

Asn

Glu

Phe

Glu

Met

45

Gly

Asp

Leu

Gln

Pro

125

Lys

Cys

Met

Asn

Ile

30

Glu

Ser

Tyr

Pro

Thr

110

Ser

Gly

Asn

Ile

Asn
190

Ala

Phe

Arg

Gly

Ile

95

Arg

Ser

Asn

Gly

Lys

175

Gly

Arg

Phe

Lys

Val

80

Gly

Asn

Val

Tyr

Ala

160

Ala

Glu
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<211>

<212>

<213>

220>

<223>

<400>

195
PRT
Nhan

tao

45949

Trinh ty axit amin cla ND1-S418P/K441E

74

Leu Val Lys

1

Leu

Asp

Lys

Pro

65

Ile

Gln

Ala

Leu

Lys
145

Lys

Pro

Glu

50

Asp

Leu

Ala

Ile

Asp

130

Lys

His

Lys

35

Val

Gly

Asp

Asp

Ile

115

Phe

Gln

Gly

Val

20

Gln

Tyr

Ala

Thr

Glu

100

Asn

Lys

Leu

Glu

Pro

Asn

Asp

Leu

Lys

85

Met

Pro

Phe

Ala

Met

His

Arg

Tyr

Tyr

70

Ala

Gln

Asn

Leu

Arg
150

Glu

Glu

Leu

Asn

55

Thr

Tyr

Arg

Glu

Phe

135

Val

Lys

Tyr

Phe

40

Gly

Asn

Lys

Tyr

Trp

120

Val

Ser

Lys

Ile

25

Glu

Glu

Gly

Asp

Val

105

Trp

Ser

Asn

Lys

10

Glu

Phe

His

Leu

Gly

90

Asp

Lys

Gly

Leu

46

Ser

Leu

Lys

Leu

Lys

75

Tyr

Glu

Val

Phe

Thr
155

Asp

Ile

Val

Gly

60

Thr

Ser

Asn

Tyr

Phe

140

Lys

Leu

Glu

Val

45

Gly

Asp

Leu

Asn

Pro

125

Lys

Arg

Arg

Ile

30

Glu

Ser

Tyr

Pro

Asn

110

Asn

Gly

Lys

His

15

Ala

Phe

Arg

Gly

Ile

95

Arg

Ser

Asp

Gly

Lys

Gln

Leu

Lys

Ile

80

Ser

Asn

Ile

Tyr

Ala
160
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Val Leu

Ser

Gly Ser Leu

Ile Ile

<210>
<211>
<212>
<213>

220>
<223>

<400>

Ile Val

Leu Gln

Asp Pro

Ile Asn
50

Pro Asp
65

Lys Ala

Phe
195

75
191
PRT
Nhan

Trinh ty

75

Lys

Met

Tyr

35

Glu

Gly

Tyr

45949

val Glu Gln Leu Leu Leu Gly Gly Glu Lys Ile Lys Asp

165

170

175

Thr Leu Glu Asp Val Gly Asp Lys Phe Asn Asn Asp Glu

180

tao

Ser

Leu

20

Gln

Tyr

Ala

Lys

185

axit amin cla ND2-S441E

Ser

Pro

Asn

Gly

Met

Asp
85

Ile

His

Arg

Phe

Tyr

70

Gly

Glu

Asp

Ile

Ser

55

Ala

Tyr

Met

Tyr

Phe

40

Gly

His

Asn

Ser

Ile

25

Glu

Glu

Gly

Leu

Lys

10

Glu

Met

His

Phe

Pro

90

47

Ala

Leu

Lys

Leu

Gly

75

Ile

Asn

Ile

Val

Gly

60

Val

Ser

Met

Glu

Met

45

Gly

Ile

Gln

190

Arg

Ile

30

Asp

Ser

Val

Ala

Asp

15

Ser

Leu

Arg

Asp

Asp
95

Asn

Gln

Phe

Lys

Thr

80

Glu
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Met Glu Arg

Ser Asn Arg

115

Phe Leu Phe
130

Glu Arg Ile

145

Glu His

Leu

Leu Tyr Asp

<210>
<211>
<212>
<213>

<220>
<223>

<400>

76
34
ADN
Nhan

Tyr

100

Trp

Val

Ser

Leu

Phe

180

tao

Val

Trp

Ser

Ile

Leu

165

Lys

Arg

Asn

Gly

Asp

150

Gly

Asn

Glu

Ile

Phe

135

Thr

Ala

Ser

Asn

Phe

120

Phe

Gly

Glu

Phe

45949

Ile Asp Arg

105

Pro

Lys

Val

Tyr

Leu

185

Glu

Gly

Gln

Ile

170

Asn

Asp

Asn

Gly

155

Lys

Lys

Asn

Thr

Phe

140

Gly

Arg

Glu

Glu

Asn

125

Glu

Ala

Gly

Ile

His

110

Glu

Lys

Leu

Ile

Gln
190

Val

Tyr

Gln

Ser

Leu

175

Phe

Asn

Lys

Leu

Val

160

Thr

136/156

vi tri tht nhdt clta dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang FokI

76

cagccaccat cttccactct gaagatggac aggt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

77
35
ADN

Nhan tao

34

vi tri thi nhdt cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang FokI

77

48



45949 137/156

cagccaccat cttccactct tgaagatgga caggt 35

<210> 78
<211> 38
<212> ADN
<213> Nhan tao

<220>
<223> vi tri thd nhdt cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang FokI

<400> 78
cagccaccat cttccactca ctctgaagat ggacaggt 38

<210> 79
<211> 34
<212> ADN
<213> Nhan tao

<220>
<223> vi tri thi nhit cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND1

<400> 79
cagccaccat cttccactct gaagatggac aggt 34

<210> 80

<211> 35

<212> ADN
<213> Nhan tao

<220>
<223> vi tri tht nhdt cta dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND1

<400> 80
cagccaccat cttccaactc tgaagatgga caggt 35

<210> 81
<211> 36

<212> ADN
49



45949 138/156

<213> Nhan tao

220>
<223> vi tri tht nhat cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND1

<400> 81
cagccaccat cttccactct ctgaagatgg acaggt 36

<210> 82
<211> 38
<212> ADN
<213> Nhan tao

<220>
<223> vi tri tht nhdt cua dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND1

<400> 82
cagccaccat cttccactca ctctgaagat ggacaggt 38

<210> 83

<211> 32

<212> ADN
<213> Nhan tao

<220>
<223> vi tri tht nhdt cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND1

<400> 83
cagccaccat cttcctctga agatggacag gt 32

<210> 84

<211> 25

<212> ADN
<213> Nhan tao

<220>
<223> vi tri thd nhdt cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND1

50



45949 139/156

<400> 84
cagcccactc tgaagatgga caggt 25

<210> 85
<211> 34
<212> ADN
<213> Nhan tao

<220>
<223> Vi tri thi nhdt cua dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND2

<400> 85
cagccaccat cttccactct gaagatggac aggt 34

<210> 86
<211> 35
<212> ADN
<213> Nhan tao

<220>
<223> Vi tri thi nhat clia dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND2

<400> 86

cagccaccat cttccactct tgaagatgga caggt 35
<210> 87

<211> 36

<212> ADN

<213> Nhan tao

<220>
<223> Vi tri thi nhat cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND2

<400> 87
cagccaccat cttccactct ctgaagatgg acaggt 36

<210> 88
<211> 32

<212> ADN
51



45949 140/156

<213> Nhan tao

<220>
<223> Vi tri thi nhat cta dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND2

<400> 88
cagccaccat cttcctctga agatggacag gt 32

<210> 89
<211> 30
<212> ADN
<213> Nhan tao

<220>
<223> Vi tri thir nhdt cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND2

<400> 89

cagccaccat ctttctgaag atggacaggt ' 30

<210> 90
<211> 34
<212> ADN
<213> Nhan tao

<220>
<223> Vi tri thi nhat cta dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND3

<400> 90
cagccaccat cttccactct gaagatggac aggt 34

<210> 91

<211> 34

<212> ADN
<213> Nhan tao

<220>
<223> Vi tri thi nhat cia dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND4

52



45949 141/156

<400> 91
cagccaccat cttccactct gaagatggac aggt 34

<210> 92
<211> 34
<212> ADN
<213> Nhan tao

<220>
<223> Vi tri thd hai cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang FokI

<400> 92
accttaccat cttcaagaga gaagatggct taaa 34

<210> 93
<211> 36
<212> ADN
<213> Nhan tao

<220>
<223> Vi tri tht hai cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang FokI

<400> 93
accttaccat cttcaagaga gagaagatgg cttaaa 36

<210> 94

<211> 38

<212> ADN
<213> Nhan tao

<220>
<223> Vi tri thi hai cua dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang FokI

<400> 94
accttaccat cttcaagaga gagagaagat ggcttaaa 38

<210> 95

<211> 39
53



45949 142/156

<212> ADN
<213> Nhan tao

<220>
<223> Vi tri thd hai cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang FokI

<400> 95
accttaccat cttcaagagg agagagaaga tggcttaaa 39

<210> 96
<211> 32
<212> ADN
<213> Nhan tao

<220>
¢223> Vi tri tht hai cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang FokI

<400> 96
accttaccat cttcaagaga agatggctta aa 32

<210> 97

<211> 268
<212> ADN
<213> Nhan tao

<220>
<223> Vi tri tht hai cua dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang FokI

<400> 97

accttaccat cttcaagagc atgaacacat caccattcat taccaaaaat aaaaaatctt 60
actatgaaga gctcttggga atgggagtgt tagcctaatg agagaacaga cacttagcat 120
attctaggcc ttaggatcag tcaccaccac caaaaaacaa acaaacaaaa aacttaacac 180
atgttcatcc ccagttagtt taagtcaggg accaagtaag attcccattt tgcagtagaa 240
tggtatcact taggtaagat ggcttaaa 268

54



45949 143/156

<210> 98
<211> 34
<212> ADN
<213> Nhan tao

220>
<223> Vi tri tht hai cua dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND1

<400> 98
accttaccat cttcaagaga gaagatggct taaa 34

<210> 99

<211> 36

<212> ADN
<213> Nhan tao

<220>
<223> Vi tri th¢ hai cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND1

<400> 99
accttaccat cttcaagaga gagaagatgg cttaaa 36

<210> 100
<211> 38

<212> ADN
<213> Nhan tao

<220>
<223> Vi tri tht hai cta dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND1

<400> 100
accttaccat cttcaagaga gagagaagat ggcttaaa 38

<210> 1ol
<211> 32
<212> ADN

<213> Nhan tao
55
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<220>
<223> Vi tri th& hai cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND1

<400> 101

accttaccat cttcaataga agatggctta aa 32

<210> 102
<211> 30
<212> ADN
<213> Nhan tao

<220>
<223> Vi tri th& hai cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND1

<400> 102
accttaccat cttcaagagg atggcttaaa 30

<210> 103
<211> 34
<212> ADN
<213> Nhan tao

<220>
<223> Vi tri thit hai cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND2

<400> 103
accttaccat cttcaagaga gaagatggct taaa 34

<210> 104
<211> 35

<212> ADN
<213> Nhan tao

<220>
<223> Vi tri tht hai cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND2

<400> 104
56



45949 | 145/156

accttaccat cttcaaagag agaagatggc ttaaa ; 35

<210> 165
<211> 36
<212> ADN
<213> Nhan tao

<220>
<223> Vi tri tht hai cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND2

<400> 105
accttaccat cttcaagaga gagaagatgg cttaaa 36

<210> 106
<211> 38
<212> ADN
<213> Nhan tao

220>
<223> Vi tri tht hai clGa dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND2

<400> 106
accttaccat cttcaagaga gagagaagat ggcttaaa 38

<210> 107
<211> 105
<212> ADN
<213> Nhan tao

<220>
<223> Vi tri thd hai cua dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND2

<400> 107
accttaccat cttcaggtct tcctggtgta gaatccctag tctttggtgg tgtcatataa 60
gtcttttgtt gttgaatgca ttcttaagag agaagatggc ttaaa 105
<210> 108

57



<211>
212>
<213>

<220>
<223>

<400>

45949 146/156

34
ADN
Nhan tao

Vi tri thi hai cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND3

108

accttaccat cttcaagaga gaagatggct taaa 34

<210>
<211>
<212>
<213>

<220>
<223>

<400>

109
36
ADN

Nhan tao

Vi tri thd hai cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND3

109

accttaccat cttcaagaga gagaagatgg cttaaa 36

<210>
<211>
<212>
<213>

220>
<223>

<400>

110
32
ADN

Nhan tao

Vi tri thit hai clia dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND3

110

accttaccat cttcaagaga agatggctta aa 32

<210>
<211>
<212>
<213>

<220>

111
26
ADN

Nhan tao

58
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<223> Vi tri thi hai cla dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND3

<400> 111
accttaccat cttcagttgg cttaaa 26

<210> 112
<211> 34
<212> ADN
<213> Nhan tao

<220>
<223> Vi tri tht hai cta dich CHO-K1 ZFA36-ZFA36 dugc phan cat bang ND4

<400> 112

cagccaccat cttcaagaga gaagatggct taaa 34

<210> 113
<211> 30
<212> ADN
<213> Nhan tao

<220>
<223> doan mdi xudi dé khuéch dai vecto dé thay thé ptTALE-ND,
ptTALEN-ngugc-F

<400> 113
taaaaaatca gcctcgactg tgccttctag 30

<210> 114
<211> 22

<212> ADN
<213> Nhan tao

<220>
<223> doan moi ngugc dé khuéch dai vecto dé thay thé ptTALE-ND,
NC-ngugc-R_2

<400> 114
59
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ctgggatctg atcaattccg gc 22

<210> 115
<211> 48
<212> ADN
<213> Nhan tao

<220>
<223> doan mdi xubdi dé khuéch dai doan chén dé thay thé ptTALE-ND,
ND1-NC-F_v2

<400> 115
ttgatcagat cccagttagt aaagggagag atggagaaga aaaagagc 48

<210> 116
<211> 46
<212> ADN
<213> Nhan tao

<220>
<223> doan mdoi ngugc dé khuéch dai doan chen dé thay thé ptTALE-ND,
ND1-ptTALEN-R

<400> 116
gaggctgatt ttttagaaga tgatctcatc gttgttgaac ttatcc 46

<210> 117
<211> 50
<212> ADN

<213> Cricetulus griseus

<400> 117

tgcccagaag actcccgecc atctcccaga aagcctcgac ttgcagatca , 50

<210> 118
<211> 51
<212> ADN

<213> Cricetulus griseus
60
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<400> 118
tgaaccaggc tatgacctag atttattttg tattcctaat cactatgtcg a 51

<210> 119
<211> 318
<212> PRT

<213> Trinh ty nhan tao

<220>
<223> Trinh tu axit amin clGa ZF(ZFA36A)-ND1

<400> 119

Met Gly His His His His His His Met Arg Leu Glu Pro Lys Lys Lys

Arg Lys Val Ala Ala Ala Asp Tyr Lys Asp Asp Asp Asp Lys Ser Arg
20 25 30

Pro Gly Glu Lys Pro Tyr Lys Cys Pro Glu Cys Gly Lys Ser Phe Ser
35 40 45

Thr Ser Gly His Leu Val Arg His Gln Arg Thr His Thr Gly Glu Lys
50 55 60

Pro Tyr Lys Cys Pro Glu Cys Gly Lys Ser Phe Ser Thr Ser Gly Asn
65 70 75 80

Leu Val Arg His Gln Arg Thr His Thr Gly Glu Lys Pro Tyr Lys Cys
85 90 95

Pro Glu Cys Gly Lys Ser Phe Ser Gln Ser Ser Asn Leu Val Arg His
100 105 110

Gln Arg Thr His Thr Gly Ala Ala Ala Arg Ala Leu Val Lys Gly Glu
115 120 125

61



Met

His

145

Arg

Tyr

Tyr

Ala

Gln

225

Asn

Leu

Arg

Gln

Glu
305

Glu

130

Glu

Leu

Asn

Thr

Tyr

210

Arg

Glu

Phe

Val

Leu

290

Asp

<210>
<211>

Lys

Tyr

Phe

Gly

Asn

195

Lys

Tyr

Trp

Val

Ser

275

Leu

Val

120
318

Lys

Ile

Glu

Lys

180

Gly

Asp

Val

Trp

Ser

260

Asn

Leu

Gly

Lys

Glu

Phe

165

His

Leu

Gly

Asp

Lys

245

Gly

Leu

Gly

Asp

Ser

Leu

150

Lys

Leu

Lys

Tyr

Glu

230

Val

Phe

Thr

Gly

Lys
310

Asp

135

Ile

Val

Gly

Thr

Ser

215

Asn

Tyr

Phe

Lys

Glu

295

Phe

Leu

Glu

Val

Gly

Asp

200

Leu

Asn

Pro

Lys

Arg

280

Lys

Asn

45949

Arg His Lys

Ile

Glu

Ser

185

Tyr

Pro

Asn

Asn

Gly

265

Lys

Ile

Asn

Ala

Phe

170

Arg

Gly

Ile

Arg

Ser

250

Asp

Gly

Lys

Asp

62

Gln

155

Leu

Lys

Ile

Ser

Asn

235

Ile

Tyr

Ala

Asp

Glu
315

Leu

140

Asp

Lys

Pro

Ile

Gln

220

Ala

Leu

Lys

Val

Gly

300

Ile

Lys

Ser

Glu

Asp

Leu

205

Ala

Ile

Asp

Lys

Leu

285

Ser

Ile

His

Lys

Val

Gly

190

Asp

Asp

Ile

Phe

Gln

270

Ser

Leu

Phe

Val

Gln

Tyr

175

Ala

Thr

Glu

Asn

Lys

255

Leu

Val

Thr

Pro

Asn

160

Asp

Leu

Lys

Met

Pro

240

Phe

Ala

Glu

Leu

150/156



45949 151/156

<212> PRT
<213> Trinh ty nhan tao

<220>
<223> Trinh ty axit amin cla ZF(ZFL1)-ND1

<400> 120

Met Gly His His His His His His Met Arg Leu Glu Pro Lys Lys Lys
1 5 10 15

Arg Lys Val Ala Ala Ala Asp Tyr Lys Asp Asp Asp Asp Lys Ser Arg
20 25 30

Pro His Glu Arg Pro Phe Gln Cys Arg Ile Cys Met Arg Asn Phe Ser
35 40 45

Asp Arg Ser Asn Leu Thr Arg His Thr Arg Thr His Thr Gly Glu Lys
50 55 60

Pro Phe Gln Cys Arg Ile Cys Met Arg Asn Phe Ser Leu Arg His His
65 70 75 80

Leu Thr Arg His Leu Arg Thr His Thr Gly Glu Lys Pro Phe Gln Cys
85 90 95

Arg Ile Cys Met Arg Asn Phe Ser Gln Lys Ala Asn Leu Thr Arg His
100 105 110

Leu Arg Thr His Thr Gly Ala Ala Ala Arg Ala Leu Val Lys Gly Glu
115 120 125

Met Glu Lys Lys Lys Ser Asp Leu Arg His Lys Leu Lys His Val Pro
130 135 140

His Glu Tyr Ile Glu Leu Ile Glu Ile Ala Gln Asp Ser Lys Gln Asn
145 150 155 160

63



Arg Leu

Tyr Asn

Tyr Thr

Ala Tyr

210

Gln Arg
225

Asn Glu

Leu Phe

Arg Val

Gln Leu

290

Glu Asp
305

<210>
<211>
<212>
<213>

<220>
<223>

Phe Glu Phe Lys
165

Gly Lys His Leu
180

Asn Gly Leu Lys
195

Lys Asp Gly Tyr

Tyr Val Asp Glu

230

Trp Trp Lys Val
245

Val Ser Gly Phe
260

Ser Asn Leu Thr

275

Leu Leu Gly Gly

Val Gly Asp Lys
310

121
318
PRT

Trinh tu nhan tao

Val

Gly

Thr

Ser

215

Asn

Tyr

Phe

Lys

Glu

295

Phe

Val

Gly

Asp

200

Leu

Asn

Pro

Lys

Arg

280

Lys

Asn

45949

Glu

Ser

185

Tyr

Pro

Asn

Asn

Gly

265

Lys

Ile

Asn

Phe

170

Arg

Gly

Ile

Arg

Ser

250

Asp

Gly

Lys

Asp

Leu

Lys

Ile

Ser

Asnh

235

Ile

Tyr

Ala

Asp

Glu
315

Lys

Pro

Ile

Gln

220

Ala

Leu

Lys

Val

Gly

300

Ile

Trinh ty axit amin cla ZF(ZFA36A)-FokI

64

Glu

Asp

Leu

205

Ala

Ile

Asp

Lys

Leu

285

Ser

Ile

Val

Gly

190

Asp

Asp

Ile

Phe

Gln

270

Ser

Leu

Phe

Tyr

175

Ala

Thr

Glu

Asn

Lys

255

Leu

Val

Thr

Asp

Leu

Lys

Met

Pro

240

Phe

Ala

Glu

Leu
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<400> 121

Met Gly His His His His His His Met Arg Leu Glu Pro Lys Lys Lys
1 5 10 15

Arg Lys Val Ala Ala Ala Asp Tyr Lys Asp Asp Asp Asp Lys Ser Arg
20 25 30

Pro Gly Glu Lys Pro Tyr Lys Cys Pro Glu Cys Gly Lys Ser Phe Ser
35 40 45

Thr Ser Gly His Leu Val Arg His Gln Arg Thr His Thr Gly Glu Lys
50 55 60

Pro Tyr Lys Cys Pro Glu Cys Gly Lys Ser Phe Ser Thr Ser Gly Asn
65 70 75 80

Leu Val Arg His Gln Arg Thr His Thr Gly Glu Lys Pro Tyr Lys Cys
85 90 95

Pro Glu Cys Gly Lys Ser Phe Ser Gln Ser Ser Asn Leu Val Arg His
100 105 110

Gln Arg Thr His Thr Gly Ala Ala Ala Arg Ala Leu Val Lys Ser Glu
115 120 125

Leu Glu Glu Lys Lys Ser Glu Leu Arg His Lys Leu Lys Tyr Val Pro
130 135 140

His Glu Tyr Ile Glu Leu Ile Glu Ile Ala Arg Asn Ser Thr Gln Asp
145 150 155 160

Arg Ile Leu Glu Met Lys Val Met Glu Phe Phe Met Lys Val Tyr Gly
165 170 175

Tyr Arg Gly Lys His Leu Gly Gly Ser Arg Lys Pro Asp Gly Ala Ile
180 185 190

65



Tyr Thr

Ala Tyr
210

Val
195

Ser

Gln Arg Tyr

225

Asn Glu

Leu Phe

Arg Leu

Glu Leu

290

Glu Glu
305

210>
<211>
212>
<213>

<220>
223>

<400>

Trp

Val

Asn

275

Leu

Val

122
318
PRT

Gly

Gly

Val

Trp

Ser

260

His

Ile

Arg

Trinh tv

Trinh tu

122

Met Gly His His

1

Arg Lys Val Ala

20

Ser

Gly

Glu

Lys

245

Gly

Ile

Gly

Arg

nhan tao

Pro

Tyr

Glu

230

Val

His

Thr

Gly

Lys
310

Ile

Asn

215

Asn

Tyr

Phe

Asn

Glu

295

Phe

Asp

200

Leu

Gln

Pro

Lys

Cys

280

Met

Asn

45949

Tyr Gly Val

Pro

Thr

Ser

Gly

265

Asn

Ile

Asn

Ile

Arg

Ser

250

Asn

Gly

Lys

Gly

Gly

Asn

235

Val

Tyr

Ala

Ala

Glu
315

axit amin cGa ZF(ZFL1)-FokI

Ile

Gln

220

Lys

Thr

Lys

Val

Gly

300

Ile

Val

205

Ala

His

Glu

Ala

Leu

285

Thr

Asn

Asp

Asp

Ile

Phe

Gln

270

Ser

Leu

Phe

Thr

Glu

Asn

Lys

255

Leu

Val

Thr

Lys

Met

Pro

240

Phe

Thr

Glu

Leu

His His His His Met Arg Leu Glu Pro Lys Lys Lys

5

Ala Ala Asp Tyr Lys Asp Asp Asp Asp Lys Ser Arg

25

10

66

30

15

154/156



Pro

Asp

Pro

65

Leu

Arg

Leu

Leu

His

145

Arg

Tyr

Tyr

Ala

His

Arg

50

Phe

Thr

Ile

Arg

Glu

130

Glu

Ile

Arg

Thr

Tyr
210

Glu

35

Ser

Gln

Arg

Cys

Thr

115

Glu

Tyr

Leu

Gly

Val

195

Ser

Arg

Asn

Cys

His

Met

100

His

Lys

Ile

Glu

Lys

180

Gly

Gly

Pro

Leu

Arg

Leu

85

Arg

Thr

Lys

Glu

Met

165

His

Ser

Gly

Phe

Thr

Ile

70

Arg

Asn

Gly

Ser

Leu

150

Lys

Leu

Pro

Tyr

Gln

Arg

55

Cys

Thr

Phe

Ala

Glu

135

Ile

Val

Gly

Ile

Asn

215

Cys

40

His

Met

His

Ser

Ala

120

Leu

Glu

Met

Gly

Asp

200

Leu

45949

Arg

Thr

Arg

Thr

Gln

105

Ala

Arg

Ile

Glu

Ser

185

Tyr

Pro

Ile

Arg

Asn

Gly

90

Lys

Arg

His

Ala

Phe

170

Arg

Gly

Ile

67

Cys

Thr

Phe

75

Glu

Ala

Ala

Lys

Arg

155

Phe

Lys

Val

Gly

Met

His

60

Ser

Lys

Asn

Leu

Leu

140

Asn

Met

Pro

Ile

Gln
220

Arg

45

Thr

Leu

Pro

Leu

val

125

Lys

Ser

Lys

Asp

Val

205

Ala

Asn

Gly

Arg

Phe

Thr

110

Lys

Tyr

Thr

Val

Gly

190

Asp

Asp

Phe

Glu

His

Gln

95

Arg

Ser

Val

Gln

Tyr

175

Ala

Thr

Glu

Ser

Lys

His

80

Cys

His

Glu

Pro

Asp

160

Gly

Ile

Lys

Met

155/156



Gln

225

Asn

Leu

Arg

Glu

Glu
305

Arg

Glu

Phe

Leu

Leu

290

Glu

Tyr

Trp

Val

Asn

275

Leu

Val

Val

Trp

Ser

260

His

Ile

Arg

Glu

Lys

245

Gly

Ile

Gly

Arg

Glu

230

Val

His

Thr

Gly

Lys
310

Asn

Tyr

Phe

Asn

Glu

295

Phe

Gln

Pro

Lys

Cys

280

Met

Asn

45949

Thr Arg Asn

Ser

Gly

265

Asn

Ile

Asn

Ser

250

Asn

Gly

Lys

Gly

68

235

Val

Tyr

Ala

Ala

Glu
315

Lys

Thr

Lys

Val

Gly

300

Ile

His

Glu

Ala

Leu

285

Thr

Asn

Ile

Phe

Gln

270

Ser

Leu

Phe

Asn

Lys

255

Leu

Val

Thr

Pro

240

Phe

Thr

Glu

Leu
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