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Fanzor: CANH CUA MOI TRONG CONG NGHE CHINH SUA GEN
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Fanzor (Fz) dwoe cong bd 1an dau vao nam 2013. Day 1a mét protein twong tw TnpB-1S200/1S605. M&i day,
trong mot cong bo trén Tap chi Nature, nhém nghién ctvu thudc Vién Cong nghé Massachusetts (MIT), M
cho biét, ho da thanh cong trong viéc chirng minh dwoe Fz chinh 1a thanh vién dau tién thudc hé théng
chinh stra trinh tw gen Omega cua té bao nhan thwe. Fz ¢ dic diém sinh hoa nhw mét endonuclease
v6i gRNA, kém theo d6 13 viing 16i véi cu tric twong tw Cas12 va TnpB. Kham phé cho thay, Fz an
chiva tiém nang 1én cho cong nghé chinh siva gen ciing nhw cac cong nghé khac trong twong lai.

Sa luoc ve Fanzor

Hé théng chinh slra trinh tw
gen v&i phan t& RNA dan duwong
(guided RNA, gRNA) la dé& tai
duwgc trao gidi Nobel Hoa hoc
ndm 2020. Tl d6 dén nay, hé
théng nay nédm gilv vai trd quan
trong bac nhat trong nhing
nghién ctu di truyén, dién hinh
la hé chinh sira gen CRISPR-
Cas. M&c du da co6 nhiéu nghién
clru trén sinh vat nhan thwe, bao
gdm RNA can thiép hay diéu hoa
RNA ribosom, nhwng van chuwa
rd liéu té bao nhan thuc cé ton
tai men cét va gRNA hay khéng.
Gan day, mét hé thdng chinh
stra trinh tw gen m&i & sinh vat
nhan so véi tén goi Omega da
dwoc phat hién. Men cat cia hé
Omega la TnpB - tién than gia
dinh ctia Cas12 va cé kha nang
cat nucleotit dwdi dinh huwéng
ctia gRNA. Tnp ciing c6 thé la
tién than cha protein Fz ma hoa
transposon & t& bao nhan thuc,
c6 chirc ndng endonuclease (cat
lién két phosphodiester trong
chudi polynucleotit). Trong moét
cong bd trén Tap chi Nature,
nhém nghién ciu thudéc MIT
da thanh cbéng khi chirng minh
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Hinh 1. C4u tric va co’ ché hoat déng cta Fz khi so sanh véi Cas12 va TnpB.

dwoc Fz chinh 1a thanh vién dau
tién thudc hé thdng chinh stra
trinh tw gen Omega cla té bao
nhan thwc. Fz cé dic diém sinh
hoa nhw moét endonuclease v&i
gRNA, kém theo do 1a ving I5i
v&i clu truc twong tw Cas12 va
TnpB (hinh 1).

Fz dwoc cong bd 1an dau vao
nam 2013, la mét protein twong
tw TnpB-1S200/I1S605. Ban dau,
Fz va TnpB dwoc cho la c6 chire

nang diéu hoa hoat déng clia mot
s6 yéu t6 théng qua qua trinh
methyltransferase. Tuy nhién, gan
day cac nha khoa hoc phat hién ra
chrc nang ctdia TnpB thudc nhém
Omega. H& Omega bao gébm moét
protein endonuclease v&i gRNA
(TnpB, IscB hoac IsrB) va mot
RNA khéng méa hoéa (non coding
RNA ncRNA) phién ma tw vung
cudi Tranposon (viing DNA c6 thé
di chuyén trong bd gen lam tang
tinh da dang di truyén) con dwoc
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goi 1a wRNA. Omega la tién than
cua hé CRISPR-Cas va TnpB co6
mdi lién hé véi men Cas12. Do d6
cac nha khoa hoc dwa ra gia thiét,
Fz cling thuéc hé chinh stra gen
Omega cua t& bao nhan thuc.

Chiic nang endonuclease ciia Fanzor

DA4u tién, nhém nghién clru tai
MIT thwc hién phan tich phat sinh
chiding loai (Phylogenomic analy-
sis), ttrc 1a nghién ctru hé gen vé
qua trinh tién hoa, phat trién sinh
vat, méi lien quan giira cac loai,
tir d6 phat hién ra Fz cling ton tai
& nhiéu loai sinh vat nhan thuc
da dang khac. Mac du trinh ty va
kich thwéc cod sy khac biét lon,
nhéom nghién cu tim ra dwoc
gitra cac hé thdng chinh stra gen
¢6 nhirng cau tric vang (domain)
gidng nhau bao gém vung WEB
va RuvC, la vung mé& hoa chuc
nang endonuclease v&i RNA dan
duwong. Sw khac biét ciu truc
gitba TnpB va Fz chi ra qua trinh
chon loc tw nhién co6 lién quan
dén co ché va/hodc hoat dong
cua nhirng hé chinh stra gen nay,
nhwng nhitng vung chinh yéu va
nhirng vi tri xuc tac hoat déng
dwoc bdo tén qua cac hé chinh
stra gen khac nhau cho thdy, Fz
c6 thé cé chirc nang chinh stra
gen qua gRNA.

D& kiém tra hoat dong
endonuclease qua gRNA cua
Fz, nhom nghién ciru da chon
SpuFz1, 14 Fz ctia mét loai nAm
cw ngu trong dat Spizellomyces
punctatus do dac diém cé vung
REC (REC domain) I&én hon so
voi cac Fz tir cac sinh vat khac,
véi tbng locus ma hoa khoang
2.1 kbp. Phéan tich vang méa hoa
cung gidi ma RNA cla SpuFz1,
nhom tim ra mot wRNA 88-90 nt
(nucleotit) chira doan ma bao ton
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75 nt dwgc ma hoa tir ving canh
phai cua gen Fz va mét doan
ma da dang 14-15 nt tai dau 3,
tao nén hoat déng toan ven cua
wWRNA. M6t vai loai wRNA ttr cac
loai khac ciing cho két qua twong
tw nhw trén. Dwa trén can ban
vé cAu truc twong tw nhau gilra
TnpB va Cas12, nhém nghién
ctu dwa ra gia thiét Fz cling thuc
hién chirc nang cat DNA, v&i dau
3’ cia wRNA c6 nhiém vu nhw
mot doan ma hoa dan duwong dé
gan Fz t&¢i DNA muc tiéu.

Dé kiém tra gia thiét nay, nhém
thwec hién phwong phap cat trong
phong thi nghiém, s&r dung lai
phuwong phap doan ma hoa muc
tiéu (Target-adjacent motif - TAM)
nhw da sir dung cho hé chinh
stra gen Omega. Pau ma 3’ cla
wRNA dwoc thay thé bang trinh
tw 30 nt twong ng v&i mot vang
muc tiéu gan véi viing 8 bp ngau
nhién chon tr thw vién plasmid.
San pham cét sau do dwoc giai
trinh tw, két qua cho thay c6 tang
sb lwong trinh tw 5’ ctia ving 8bp
(doan TAM) trong trinh tw muc
tiéu. Phuong phap gidi trinh tw
Sanger sdn pham cat cho thay,
san pham cét chi chira mot kiéu
hinh cat ddc nhat, tiec 1a Fz cat
tai vi tri dac trwung ciua mach
doi. Khong chi thé, khi nhém st
dung doan TAM bj do6t bién thi
két qua cho thay khong cé hoat
déng cat, chi ra rang chirc nang
endonuclease cé mdi lién hé chat
ché véi doan TAM hay ndi cach
khac 1a gRNA. Hoat déng cét cla
SpuFz1 can c6 magie, canxi va
mangan cung v&i khoang giao
déng nhiét rong (4 dén 70°C)
twong &ng v&i dac tinh cla sinh
vatchad S. punctatus. Khong gibng
nhw TnpB va Cas12, Fz khéng
xay ra hién twong cat khéng dac

hiéu dsDNA, dsRNA, ssDNA hay
ssRNA ctia méi truéng ma chigén
véoi dsDNA muc tiéu. Bén canh
SpuFz1, c6 thém 3 loai Fz nira
dwoc dwa vao thi nghiém twong
tw nhw trén, trong sb dé cé 3 loai
cho hiéu qué chinh stra gen téng
thé twong tw nhw v&i loai protein
da dwoc nghién ctru trwede day la
AsCas12f1. Trong thoi gian sép
t&i, néu nhédm nghién ctru co thé
t6i wu hoa hoat déng ctia SpuFz1
cung v&i WRNA sé mang lai mét
giai phap méi trong phwong phap
chinh stra gen & ngudi. Mot diéu
thu vi khac la khi gidi trinh ty
cac locus cula cac Fz khac nhau,
nhom nghién ctru phat hién ra
tirng loai Fz c6 kiéu hinh chén/
cat khac nhau, vi du nhuw SpuFz1
va NlovFz2 cé kiéu cét Ion hon,
twong tw v&oi AsCas12a, MmeFz2
lai c6 kiéu cat doc dao 1 bp, twong
tw voi AsCas12f1.

C4u tric cua Fanzor dugi kinh hién vi
dién ti lanh (Cryo-EM)

Tiép theo, nhém nghién ctu
xem céu tric cia SpuFz1 trong
phtrc hgp véi wRNA va dsDNA
muc tiéu dwdi kinh hién vi dién to
lanh (cryo-EM). SpuFz1 cé céu
trac hai thuy gdm REC va NUC,
mot dac diém thuong thdy &
Cas12 va TnpB. Thuy REC chwra
vung REC va vung WEB, thuy
NUC chtra vung RuvC va NUC.
Doan TAM dwoc nhan dién qua
vung REC va WEB, trong khi do
doan chira RNA dan dwoc nam tai
vung REC va RuvC. Vung stem1
va mét phan ving stem2 cla
khung wRNA tang cudng twong
tac voi vung WED, RuvC va
NUC, ma khéng tao thanh twong
tac gilra vung nhan-vung xa cla
stem2 va SpuFz1. Dwa trén thong
tin ciu trdc nay, nhém nghién ctru



thtr nghiém v&i moét doan wRNA
tdi gian hon, cat di doan stem2
va kiém tra khd nang chinh stra
hé gen ngwoi, vang don RuvC.
Trong thi nghiém nay, mot phéan
t&r nwée gia dinh ngay lap tirc gén
voi chudi bén cua doan xuc tac
chinh trong vung hoat déng cua
RuvC va nhém phosphate trong
stem-loop1 clia wWRNA, cho thay
wRNA cé thé 6n dinh vung hoat
ddng va dong gop vao qua trinh
cat DNA.

So sanh cau triac gitra
AsCas12a, ISDra2 TnpB va
SpuFz1 cho thdy cac dic diém
riéng biét trong tirng nhém bao
gdm cAu tric bac ba clta khung
RNA, cAu tric vung va thanh phan
cua protein, nhwng lai cé chung
mot co ché cat muc tieu DNA dwa
trén gRNA. Cac nhém nay cé thuy
REC dé phat hién doan PAM/TAM
va thuy NUC dé cit DNA. Pac
biét hon, AsCass12a cha vung
REC I6n gébm REC1 va REC2,
cung voi vung Pl trong vung
WED. ISDra2 TnpB va SpuFz1 cé
trong lwgng phan t&r nhd hon va
chtra vang REC va WED v&i kich
thwéc nhé hon. Ngwoc lai, khi so
sanh vo&i vung lap crRNA, wRNA
cua ISDra2 TnpB va SpuFz1 co6
céu truc Ién va phire tap, thay thé
chirc ndng ctia mét sd ving trén
Cas12a, day c6 thé 1a dau hiéu
cla sw tién hoa gitra hai vung ké
trén (hinh 2).

Ping trén quan diém cla
coéng nghé sinh hoc, Fz c6 nguén
gbc tr t& bao nhan thuc Vvoi
kich thwéc twong dbi nhé so voi
Cas9/12 phan anh qua trinh tién
hoa tw nhién, khién Fz tr& thanh
dé tai 16n can duwoc kham pha.
Bén canh do, Fz con cé chirc
nang chuyén vi DNA (transposon)
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Hinh 2. Tédng quan vé c4u tric va phan tich so sanh cac protein Fz dai dién.
So sanh cAu tric gitra TnpB, Fz1, Fz2 va Cas12a. Fz1 va Fz2 dwoc céu trdc tw
AlphaFold. Cac vung mé& réng trong nhém SpuFz1 va GtFz1 c¢6 lién quan t&i vang
REC va RuvC, tao thanh mét kénh twong ty nhw & Cas12a.

do d6 Fz co thé da tién hoa dé
c6 hoat tinh thAp hon khi so v&i
CRISPR-Cas hoac dwoc diéu hoa
b&i chat ché trong co thé sinh vat
nham ngan ngra khd nang gay
hai t&i vat cha.

Nhw vay, nhém nghién ciu
tai MIT da xac dinh va mo ta dac
diém cta Fz nhw mét loai enzym
cat DNA v&i RNA dan duong, qua
do thé hién mirc do phd bién cla
co ché nham t&i DNA muc tiéu
qua RNA dan duong xuyén subt
gitta t&¢ bao nhan so va té bao
nhan thwc. Bén canh dé, nhom
nghién ctru cling dwa ra phuong
phap t6i wu trong chinh stra hé
gen bang Fz, hién nhém van
dang tiép tuc dwa ra nhirng bao
cdo méi nhat vé do da dang, dac
diém sinh hoa va hoat dong cta
Fz trén chinh stra hé gen nguoi.
Bén canh d4, van con nhirng van
dé chwa dwoc lam ré nhw co
ché di chuyén clia Fz va co ché
cat cla Fz v&i nhitng doan DNA
ngoai muc tiéu, va vai tro cta Fz
trong chuyén vi tri DNA. Nhirng
nghién clru sau hon vé ciu trac,

chirc nang cla Fz an chira mot
tiém nang vé cung I&n cho céng
nghé chinh stra gen cling nhw cac
cébng nghé khac trong twong lai
bén canh chén/cat doan DNA &
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