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TONG HOP VA BIEU HIEN PROTEIN CAS9 TAI TO HOP
TRONG TE BAO VI KHUAN ESCHERICHIA COLI

Hoang Xuan Cwong', D6 Nhw Binh?

TOM TAT

Muc tiéu: Téng hop nhan tao gen méa héa Cas9 bang céng nghé Golden gate va biéu hién
protein tai t6 hop trong té bao vi khuan E. coli. Péi twong va phwong phap: Nghién ciru thyc
nghiém, gen ma hoa protein Cas9 dwoc tébng hop bang phwong phap Golden gate, bién nap
vao vector pET52b va biéu hién & té bao E. coli. Tinh sach protein béng séc ky ai lwc Ni-NTA.
Két qua: Tao thanh cong dong t& bao E. coli BL21(DE3) mang vector pET52b-Cas9 cé kha
nang biéu hién protein Cas9 tai t6 hop & pha tan. Thu nhan dwoc protein Cas9 tai t6 hop véi
ndéng d6 4,1 mg/ml va do tinh sach kiém tra bang SDS-PAGE dat = 98%. Két luan: D4 tao duoc
ngudn cung cap protein Cas9 tai td hop phuc vu cho cac nghién ctru trong linh viee chinh stra gen.

* Tr khéa: Protein Cas9 tai t6 hop; Chinh stra gen; Biéu hién.

Synthesis and Expression of Recombinant Cas9 Protein in
Escherichia Coli

Summary

Objectives: To artificially synthesize Cas9-encoding gene by Golden gate technology and to
express a recombinant protein in E. coli bacteria cells. Subjects and methods: An
experimental study, the gene encoding Cas9 protein was synthesized by Golden gate method,
transformed into pET52b vector, and expressed in E. coli cells. Purify proteins by Ni-NTA affinity
chromatography. Results: Successfully constructed E. coli BL21(DE3) cell line carrying
pPET52b-Cas9 vector with a capable of expressing recombinant Cas9 protein insoluble phase.
Recombinant Cas9 protein was obtained at a concentration of 4.1 mg/mL, and the purity was
above 98% that verified by SDS-PAGE. Conclusion: Self-production and provided an abundant
source of recombinant Cas9 protein for research in the field of gene editing.

* Keywords: Recombinant Cas9 protein; Gene editing; Expression.
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DAT VAN BE

Trong subt thap ky qua, cac ky thuat
thao tac DNA bd gen dwa trén hoat dong
cla enzyme endonuclease dwoc s
dung rdng rai nhw Zinc Finger Nucleases
(ZFNs) va Transcription Activator Like
Effector Nuclease (TALEN) [1]. Tuy nhién,
cac phwong phap nay cé quy trinh thiét
ké va viéc st dung trong thuc té rat
phirc tap, do d6 tinh &ng dung khéng
cao, dac biét trong lam sang. Hién nay,
nhiéu nghién clru da st dung thanh céng
ky thuat bién dbi DNA bd gen dya trén hé
théng CRISPR/Cas [2, 3, 4]. Hé théng
nay dua trén co ché “mién dich” clia vi
khuan chéng lai sy xam nhiém phan t&
DNA ngoai lai ttr virus hoac DNA plasmid
[6, 7]. Khac v&i hé thdng “mién dich” dwa
trén enzyme cét gi¢i han, hé théng nay
dwa trén phan t&» RNA dé nhan dién va
pha hiy DNA ngoai lai. D& bdo vé vi
khuan khdi DNA ngoai lai, vi khudn can
dwoc gan chén moét doan ngan DNA
ngoai lai vao DNA bd gen tai vung trinh tw
lap lai (CRISPR - Clustered Regularly
Interspaced Short Palindromic Repeat)
[5]. Vung trinh tw nay dwoc phién ma va
xt ly thanh cac doan RNA ngan (goi la
crRNA-CRISPR-derived RNA), cac
crRNA nay lién két véi endonuclease Cas
dé nhan dién DNA muc tiéu va cét phan
t* DNA muc tiéu théng qua hoat déng
endonuclease cua protein Cas [1, 5].

Gan day, mét cong cu mdi dwa trén
Cas9 (Protein 9 cé hoat tinh nuclease lién
quan dén CRISPR cua vi khuan) co
ngudn gbc tw Streptococcus pyogenes
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SF370 duwoc ng dung nhiéu dé diéu
chinh chirc nang gen, stra chira nhirng
sai sot trong bd gen cua vi sinh vat [5, 7],
nhw lam d&o doan ho&c chuyén vi tri, tac
dong dén vung protein nham diéu hoa
qua trinh phién ma, bién dbi di truyén
ngoai gen va hién thi cac locut gen mong
muén... Trong nghién ctu nay, ching toi
tién hanh téng hop nhan tao gen méa hoa
protein Cas9, biéu hién trong té bao vi
khuan E. coli va tinh sach protein Cas9 tai
t6 hop, dinh hwdng s dung trong thiét
lap hé théng CRISPR/Cas9 (rng dung
trong linh vwe chinh stra gen diéu tri bénh
ly di truyén.

POl TUONG VA PHUONG PHAP
NGHIEN CU'U

1. Péi twong nghién ciu

- Gen ma hoa protein Cas9.

* V4t liéu, héa chét va thiét bi nghién
curu:

- Vat liéu: Chung E. coli Top10 duoc
dung dé tach dong gen ma hoéa cho Cas9;
hé vector pJET1.2, pET52b (hang Thermo
Fisher Scientific, My) dung dé tach dong
gen; cac cap mbi va cac doan oligo dé
tbng hop cac manh gen ma héa cho
Cas9; cap mdi pJET1.2-Forward va
pJET1.2-Reverse dung dé sang loc chon
dong va gidi trinh tw.

- Hoéa chéat: Céc kit tinh sach tryc tiép
san phadm PCR (hdng Thermo Fisher
Scientific, My), kit tinh sach trén gel san
phdm PCR (hang NEB, My); héa chéat
dién di EDTA High Ranger 1kb DNA
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Ladder (hang Norgen Biotek Corp,
Canada), ExceLBand 50bp DNA Ladder;
enzyme T4 DNA ligase; hoéa chat Western
blot; héa chét dién di protein SDS-PAGE.

- Thiét bi nghién ctru: May chu ky nhiét
96 mau (hang Eppendorf, Birc); may soi
chup anh gel (hdng Gensnap, My); bd
dién di DNA Horrizontal mini (hang CBS
Scientific, My); may quang phé NanoDrop
2000 (hang Thermo Fisher Scientific, My);
may l&c 6n nhiét DTU-2C (hang Taitec,
Nhat Ban); ta lanh sau -20°C va -80°C
(hang Sanyo, Nhat Ban)...

- Dia diém nghién ctu: Phong Céng
nghé Gen, Vién Nghién ciru Y Dwoc hoc
Quan sw, Hoc vién Quany.

- Thoi gian nghién ctu: 8/2019 -
9/2020.

2. Phwong phap nghién coru

* Thiét ké nghién ctru: Nghién ctu
thwc nghiém.

* Ky thuat str dung:

- Téng hop gen ma hoa Cas9 bang
cbng nghé Golden gate:

+ T&i wu trinh tw gen: Dwa trén trinh tw
gen Cas9 trén GenBank, sir dung cong
cu tim kiém chubi bat cip (BLAST) va
céng cu phan tich ma bd ba hiém
(GenScript) dé tbi wu bd ba ma héa cho
chudi amino acid.

+ Thiét ké oligonucleotid dé tbng hop
gen nhan tao: Do gen mé hoa Cas9 co
kich thwée kha 1on (4.107 bp) nén sau khi

t6i wu sé chia trinh tw gen can téng hop
thanh 5 ving gen nhé véi cac diém cét
cla enzyme gi6i han Bsal & 2 dau vung
gen. Vector biéu hién dwoc lwa chon Ia
pET52b. Trong do, trinh tw gen ma hda
dwoc chén vao gitra 2 diém cat BamHI va
Notl. Cas9 tai t6 hop la mét protein dung
hop véi dau N mang dudi dung hop Strep
Il va ddu C mang dudi dung hop (His)10.
Cac manh gen thanh phan dwoc duwa
vao phan mém truc tuyén DNAWorks
(https://hpcwebapps.cit.nih.gov/dnaworks/)
dé thiét ké cac oligonucleotid thanh phan.

+ Téng hop va sang loc manh gen
Cas9 bang PCR: Cac manh gen thanh
phan téng hop twr cac oligonucleotid dwoc
thiét ké & trén bang k¥ thuat overlap PCR.
San phdm PCR duoc tach dong bang
cach ndi vao vector pJET1.2 va bién nap
vao E. coli DH10b. Sau khi sang loc bang
ky thuat PCR khuén lac, cac dong khuan
lac dwong tinh dwoc nudi cay tach chiét
plasmid. Viéc giai trinh tw cac plasmid
giup lwa chon dwgc cac dong plasmid
mang trinh tw mong muén.

+ Nbi cac manh gen thanh phan vao
vector biéu hién bang céng nghé Golden
gate. S&n pham ctia phan &ng dwoc bién
nap vao E. coli BL21(DE3). Sau khi sang
loc bang PCR khuan lac, cac dong khuén
lac dwoc nudi cdy, tach chiét plasmid
phuc vu viéc gidi trinh tw nhw trén. Két
qua gidi trinh tw cho phép Iya chon dwoc
dong khuén lac mang cau tric biéu hién
mong muén.
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- Biéu hién va tinh sach protein Cas9 tai t& hop:

BL21

Céu trac pET52 — C9 duoc

bién nap vao té bao E.Coli

Pién di protein kiém tra

!

!

t6 hop

Nubi va t6i wru diéu kién

biéu hién protein Cas9 tai

Tinh sach protein Cas9 tai

t6 hop

|

!

Téi wu nhiét d6 biéu Téi wu
hién
(16°C, 22°C,

30°C va37 °C) dém)

thoi gian biéu hién

(3 gid, 6 gido va qua

Téi uu ndng do
IPTG
(0 mM; 0,05 mM;
0,1 mM; 0,2mM; 0,5
mM va ImM)

Hinh 1:So d6 thiét ké tdi wu diéu kién biéu hién va tinh sach protein Cas9 tai td hop.

* Xtr ly 6 liéu: Bang cac phan mém Bioedit, Rare codon analysis, Codon optimization.

KET QUA NGHIEN CUU VA
BAN LUAN

1. Két qua téng hop gen ma hoéa
Cas9 bang cong nghé Golden gate

* Téi wu va thiét ké oligonucleotid téng
hop gen Cas9:

Do gen ma héa Cas9 cé ngudn gbc tir
Streptococcus pyogenes, khi dwoc biéu
hién trong E. coli co thé xay ra hién twong
cac codon hiém khéng dwoc dich ma tét
trong vat chi méi. Bé kiém tra, trinh tw
gen ma hoéa cho Cas9 dwoc lay tr ngan
hang GenBank (ma hiéu AAK33936.1)
va phan tich, kiém tra bang céng cu
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“Genscript Rare Codon Analysis Tools”.
Két qua phan tich cho thay gia tri CAl cta
gen nay dbi v&i E. colila 0,65. Nhw vay,
c6 thé thay trinh tw gen ma hoa Cas9 tw
nhién khong that sw phu hop dé biéu hién
trong E. coli. Tién hanh téi wu hoa trinh tw
gen ma hoéa Cas9 sao cho thich hop dé
biéu hién trong E. coli tai dia chi
https://eu.idtdna.com/CodonOpt. Sau khi
da téi wu héa codon, trinh twv m&i thu
nhan dwoc phan tich lai bang cong cu
“GenScript Rare Codon Analysis Tool”,
két qua cho thay gia tri CAl tang lén 0,85.
Poéng thoi, ty & st dung cac codon hiém
trong gen ciing gidm dang ké, khéng con
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cac codon cé gia tri CFD < 30. Nhw vay,
trinh tw gen sau khi t&i wu phu hop hon
dé biéu hién trong té bao E. coli. Do gen
ma hdéa Cas9 cé kich thuwdc kha Ién
(4.107 bp) nén chia trinh tw gen can téng
hop thanh 5 vaung gen nhd véi cac diém
cat cla enzyme gi¢i han Bsal & 2 dau
vung gen.

Vector biéu hién dwoc lwa chon Ia
pET52b, trong do6 trinh tw gen ma hdéa

Hpal, Nhel, Bt I, ECORT, Nrul, Sspl, Agel
Eagl
11

wr,
Perul

dwoc chén vao gitra 2 diém cat BamHI va
Notl. Cas9 tai t6 hop sé la mét protein
dung hop v&i dau N mang dudi dung hop
Strep Il va dau C mang dudi dung hop
(His)1o. Diéu nay giup don gidn hoéa qua
trinh tinh sach Cas9 tai t6 hop bang cach
st dung lién tiép 2 loai sac ky ai lwc.
Thém trinh tw &i nhan dan dwong & dau
C gitp protein c6 kha nang dinh hwéng
va hoat déng dwoc trong té bao dong vat.
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Hinh 2: Trinh tw manh gen Cas9 ly thuyét sau khi gén vao vector pET52b.

S& dung phan mém DNAworks thiét ké oligos tdng hop 5 manh gen Cas9, két qua
thu dwoc: Manh Cas9.1 c6 42 oligos, manh Cas9.2 c6 40 oligos, manh Cas9.3 c6 40
oligos, manh Cas9.4 c6 40 oligos, manh Cas9.5 c6 42 oligos. Cac doan oligos dwoc
dat tbng hop tir hang Macrogen (Han Quéc).
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2. Téng hop va sang loc manh gen Cas9 bang PCR

Hinh 3: Hinh anh dién di két qua khuéch dai trng phan doan gen Cas9.
M: HighRanger 1kb DNA Ladder (Norgen);
1: PD1; 2: PD2; 3: PD3; 4: PD4; 5: PD5; 6: Am tinh

Hinh anh dién di xuat hién 5 bang vach kich thuéc 800 - 900 base, twong &ng kich
thwéc cia 5 phan doan Cas9 da thiét ké tdng hop. Gen Cas9 da thiét ké t6i wu dwoc
tach dong vao vector PJET 1.2 blunt. Tién hanh bién nap vao E. coli DH10b va sang
loc béng k¥ thuat PCR khuén lac.
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Hinh 4: Két qua sang loc cac phan doan gen.
A - Két qua sang loc phan doan gen Cas9.1; A1: Maker; A22: Am tinh
B - K&t qua sang loc phan doan gen Cas9.2; B1: Am tinh; B12: Maker
C - Két qua sang loc phan doan gen Cas9.3; C1: Am tinh; C12: Maker
D - Két qua sang loc phan doan gen Cas9.4; D1: Am tinh; D12: Maker
E - Két qua sang loc phan doan gen Cas9.5; E1: Am tinh; E12: Maker
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Pa sang loc dwoc 12 khuan lac mang phan doan gen Cas9-1, 9 khuan lac mang
phan doan gen Cas9-2, 13 khuan lac mang phan doan gen Cas9-3, 13 khuén lac mang
phan doan gen Cas9-4 va 12 khuan lac mang phan doan gen Cas9-5.

Lwa chon 2 dong vector tai t6 hop mang méi phan doan gen Cas9, sau tach chiét
dwoc gidi trinh tw, két qua: Manh 1, 3 va 5 c6 2/2 dong trinh tw ding thiét k&, manh 2,
4 ¢6 1/2 dong trinh tw dang thiét k& (1 dong thiéu 1 nucleotide & cubi trinh tw).

3. Két qua ndi cac manh gen thanh phan vao vector biéu hién pET52b bang
cong nghé Golden gate

Céac dong plasmid mang manh gen thanh phan va pET52b (da dwoc mé vong bang
BamHI va Sacl) s& dwoc trdn véi nhau trong phan (rng cé chira déng thoi Bsal va T4
DNA ligase dé tdng hop béng phwong phap Golden gate. San pham cla phan &ng
sau d6 dwoc bién nap vao E. coli BL21(DES3). Tién hanh sang loc bang PCR khuén lac,
khuéch dai véi méi T7 promotor va mdi ngwoc C9-1R.

AT ecasgT

e |

Hinh 5: Két qua dién di kiém tra gen Cas9 dwoc ndi tir 5 manh.
M: DNA ladder HighRange (Norgen)
Cas9: San phdm PCR khuéch dai gen Cas9 (~4,3kb)

Két qua dién di thu dwoc 1 bang vach duy nhét kich thuwéc ~4,3kb. Chirng té gen
Cas9 da dwoc ndi thanh cdng vao pET52b va bién nap thanh céng vao té bao vi khuan
BL21(DE3).

Lwa chon 5 dong pET52b-Cas9 dé nhan dong va givi giai trinh tw. Két qua giai trinh
tw cho thay ca 5 dong déu cé trinh tw ding thiét ké ban dau. Nhw vay, qua 4 buéc da
tbng hop thanh céng gen méa héa protein Cas9 bang céng nghé Golden gate ma khéng
can thu thap nudi cay vi khuan Streptococcus pyrogen dé phan lap protein Cas9. Day
la phwong phap méi tao dwoc gen quan tdm ma khéng can sy c6 méat cia mam bénh,
gop phan gidm chi phi nghién ctu ciing nhw nguy co lay nhiém mam bénh.

4. Két qua biéu hién va tinh sach protein rCas 9 trong vi khuan E. coli

O diéu kién nudi biéu hién bd sung 0,2 mM IPTG & 30°C, qua dém, vi khuan E. coli
cho hiéu suét sinh téng hop protein Cas9 tai td hop cao nhét. Protein Cas9 tai tb hop
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duwoc xac nhan bang phuong phap Western blot véi khang thé khang 10xHis, tinh sach
bang sac ky ai lwc Ni-NTA va danh gia dé tinh sach bang ky thuat dién di SDS-PAGE.

.‘ 6|

Hinh 6: Két qua tinh sach protein Cas9 SDS-PAGE (A) va Western blot (B).
M: Ladder Gangnam Stain; 1: Dich rira giai sau khi tinh sach;
2: Dich trwée khi tinh sach; 3: Dich sau khi qua c6t; 4, 5: Dich r&ra

Két qua dién di SDS-PAGE va Western blot cho thdy da biéu hién thanh céng ciing
nhw tinh sach protein Cas9 tai t6 hop véi kich thuwéc khoang 163 KDa (do gan thém
dudi Histag). Lwong protein rCas9 thu dwoc c¢6 ndng d6 4,1 mg/ul va do tinh sach = 98%.

KET LUAN

Chung t6i da ciu truc thanh céng
vector tai t6 hop mang gen Cas9
(PET52b-Cas9) ma hoéa cho protein Cas9
c6 ngudn gbc tir Streptococcus pyrogen;
tao thanh céng dong té bao E. coli
BL21(DE3) mang vector pET52b-Cas 9
c6 kha nang biéu hién protein Cas9 tai to
hop & pha tan va thu nhan dwgc Cas9 tai
t6 hop voi dd tinh sach = 98%. D& tao
dwoc ngudn cung cip Cas9 tai td hop
phuc vu cho cé&c nghién ctu tiép theo nhdm
danh gia hoat tinh endonuclease cua
protein Cas9, huwdng téi viéc ng dung
phtrc hop CRISPR/Cas9 trong y sinh hoc.
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