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Alpha Foll: CONG NGHE CUA TUONG LA
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Méi day, DeepMind - mdt cong ty trwe thudc Alphabet Inc.” da cong bo mot hé thong tri tué nhan tao (Al)
méi véi tén goi Alpha Fold 2, c6 kha nang giai quyét nhirng thach thirc 1o vé tién doan cau tric protein.
Bwérc dot pha nay chirng minh kha ning vé han cua Al trong khoa hoc va [a don bay cho s tién bo

trong linh vwe sinh hoc hé thong.

rotein la nhan t6 thiét

yéu cho su séng dudc

hinh thanh tU cac

amino axit, sau do trai
qua qua trinh gdp xoan dé hinh
thanh cau trac 3D phtic tap. Chtic
nang cula protein phu thudc chd
yéu vao cau trac 3D doc dao cla
protein. Tim hiéu vé cau truc 3D
cla protein chinh la moét thach
thdc 16n trong 50 nam qua cla
cac nha khoa hoc. Trong mét
budc ti€én méi gan day, DeepMind
- cOng ty truc thudc Alphabet Inc.
da céng bé mot hé thong Al mai
véi tén goi Alpha Fold 2, c6 kha
nang vudgt troi trong viéc giai quyét
nhiing thach thic I6n vé tién doan
cau trac protein (hinh 1).

Diém mau chét tronyg chiic nang cia
protein la gi?

Trong co thé ngudi va hau hét
cac sinh vat hién h{u, protein
dudc cau thanh tU mot chudi 20
loai amino axit ¢ ban, la don vi
cdu thanh cla nhiéu cau truc,
enzym va xuc tac cho nhiéu phan
ing héa hoc trong co thé sinh vat.

Sau khi trdi qua qua trinh dich
ma sé& hinh thanh chudi amino
axit la cau trdc can ban nhat trong

‘Cong ty me cla Google, cé dinh hwéng phat
trién sau vé Al.
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Hinh 1. Alpha Fold cé kha nang giai
quyét nhivng thach thirc Ié&n vé tién
doan cau trac protein. Pay ciing dwoc
coi 1a thanh twu I&n nhat cta Al trong
subt hon 20 nam qua.

qué trinh t8ng hgp protein. Sau
do, chubi amino axit nay sé tiép
tuc hoan thién cau trdc bac hai
cla protein bao gébm xoan alpha
va gip beta. Cac xoan alpha va
gép beta két hgp tao thanh cau
tric bac ba cla protein, budc
tiép theo, hai hoac nhiéu chubi
polypeptit (tiéu don vi polypeptit)
sé& hgp lai thanh cau tric bac bén
(hay con goi la cau truc oligo -
oligomeric structure). M6t oligo
c6 thé bao gdm hai tiéu don vi
gidng nhau (homo-oligomer) hay
khac nhau (hetero-oligomer).

Trinh ty protein quy dinh phéan
I6n cdu truc khong gian ba chiéu
clia protein. Tuy nhién cac bién thé
khac nhau trong trinh ty nay van
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c6 thé tao ra cac cau tric khong
gian ba chiéu tudng tu nhau, quy
dinh cac chlic nang gan giéng
nhau. Xac dinh cau trac khong
gian ba chiéu cla protein c6 thé
tiét 16 chiic nang cla protein do,
hon niia con c6 thé dua vao cac
mé hinh tuong déng dé du doan
dang tin cay vé cau tric cia mot
protein mdi.

Tai sao cdu tric 3D cila protein lai
quan trong dén vay?

C4u trac 3D cla protein chinh
la dac diém doéc nhdt vo nhi:
khong co bat ky protein nao giong
vGi protein nao. Diéu dé c6 nghia
la méi trinh tu chubi amino axit sé
c6 cau truc 3D riéng biét, dong
thdi cdu trac 3D cua protein cling
xac dinh chiic nang cua protein.
Khi protein cé cau triuc 3D bat
thudng nghia la chiic nang cla
protein bat thudng, va coé nguy
co gay bénh. Cau tric 3D cla
protein quan trong dén doé trong
bai phat biéu clla nha héa hoc
ngudi My Christian Anfinsen, khi
ong nhan gidi Nobel vao nam
1972 da nhdn manh rang, theo
ly thuyét, trinh ty amino axit cla
protein phai xac dinh day dd cau
tric cla chinh nd. Phat biéu nay
da khoi mao cho mét gia thuyét
kéo dai suét 5 thap ky qua vé viéc
lam sao c6 thé tinh toan cau tric
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3D cla protein chi dua trén trinh 100

tu amino axit 1D cula chinh no. ALPHAFOLD 2
Van dé & day la, theo nghich ly 80

Levinthal (ra d&i vao nam 1969),

mot protein dién hinh cé t6i 103 50 ALPHAFOLD

cdu hinh va hién tai ching ta cé 5

khoang 200 triéu protein, trong s6 40

dé c6 170.000 protein da biét rd

cau truc 3D. .

Pé khdo sat cau truc 3D,
cac nha nghién clu da s dung o
nhiéu phudng phap khac nhau,
trong s6 d6 ndi bat la cong hudng
tt hat nh&n (nuclear magnetic
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Hinh 2. Qua trinh cai thién dé chinh xac trung binh trong tién doan cau trac 3D

resonance) va tinh thé hoc tia X
(X-ray crystallography). Nhing
ky thuat nay, cling nhu mot so
ky thuadt mdéi ngay nay nhu kinh
hién vi dién tl lanh (cryo-electron
microscopy) phu thudc rat nhiéu
vao qua trinh thii - sai, cé thé kéo
dai nhiéu nam va tiéu tén hang
triéu USD. Vi du dién hinh nhu
dé xac dinh cdu tric 1 protein,
phuong phap tinh thé hoc tia
X tiéu ton 120.000 USD va mat
khoang 1 nam.

DeepMind va Alpha Fold 2

Alpha Fold 2 cla DeepMind
da gidi quyét dugc van dé cot
I6i trong c&u truc 3D cla protein
kéo dai sudt gan 5 thap ky qua.
CASP (Critical Assessment of
Techniques for Protein Structure
Prediction) 1a mét cudc thi nham
danh gid do chinh xac cla céac
phudng phap tién doan cau truc
3D cua protein. DO chinh xéac
clia phuong phap dudc tinh bang
gia tri khoang cach téng phan tu
(Global Distance Test - GDT).
N6i mot cach dé hiéu, GDT la ty
& phan tram khoang cach udc
tinh clia cac amino axit so véi vi
tri chinh xac clia né. Cac protein
dugc dung lam tiéu chuén trong
cudc thi déu la nhiing protein mdi

cua Alpha Fold.

dudc xac dinh gan day va chua
hé dugc cong b6 cau trac trén
toan thé gidi. Trong két qua danh
gia CASP lan thi 14, Alpha Fold
da dat s6 diém 92,4 GDT trén
téng s6 cac bai kiém tra, riéng déi
véi bai kiém cho cac protein dang
khd, mang tinh thach thiic nhat,
Alpha Fold da dat dugc diém
trung binh 1a 87 GDT (hinh 2).

Thanh tyu nay cé y nghia sau
séc, bGi day la mot budc tién vi
dai trong sinh hoc céu truc, dong
thai cling la thanh tuu I6n nhat
cha Al trong su6t hon 20 nam
qua. Tham chi nhiéu chuyén gia
con cho rang, Alpha Fold 2 c6 thé
cham téi giai Nobel dau tién cho
chuyén nganh hoc may (machine
learning).

Alpha Fold 2 cé diém gi khac hiet?

DeepMind dé cap mot s6 diém
khac biét can ban cla phién ban
Alpha Fold 2 méi nhéat, vugt troi
hon so v6i phién ban ci, bao
gbm mot hé théng mai co tén goi
attention-based neural network
system (tam dich: hé théng mang
neuron dua trén chi y), qua trinh
thi nghiém tU dau dén cudi nham

c6 gang dua ra gia thiét vé céac
biéu dé tiém &n (hinh 3). Alpha
Fold 2 st dung céac trinh tu co
lién quan vé mat tién hoa, lién két
nhiéu trinh ty (multiple sequence
alignment - MSA) va tai trinh bay
cac cap amino axit nhdm dua ra
mot biéu dé chuén xac nhat.

Alpha Fold truc ti€p tién doan
toa doé 3D cua tat ca cac nguyén
tl nang cho mét protein nhét dinh,
bang cach sl dung trinh ty amino
axit chinh va cac chubi protein
tuong dong lam di liéu dau vao.

Hé théng mang Iudi Alpha
Fold gbm hai phan chinh. Pau
tién, phan truc cta hé théng xu
ly cac tin hiéu dau vao théng qua
Evoformer (l1a mot khoi cau trac
mang ndron maéi gébm cac I6p lap
di 1ap lai), tao thanh mang Nseq
x Nres (Nseq la s6 chudi; Nres
la s6 phan ti du lugng). Biéu
dién MSA dudc khdi tao tU MSA
thé. Evoformer bao gobm mét s6
lugng cac thanh phan dua trén
chl y va khoéng chl y (attention-
based and non-attention based
components), dua ra gia thiét vé
cac cdu trac protein cu thé sém
va lién tuc hoan thién.
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Multiple sequence
alignment (MSA)
L4 qud trinh tim
kiém cac ciu tric
trong tu 43 duoc

phét hién

Trinh hav trinh ty 8ai dién
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Hinh 3. C4u tric cia mé hinh Alpha Fold 2.

N terminus

C terminus
z

AlphaFold Experiment
r.m.s.d.gs = 0.8A; TM-score = 0.93

AlphaFold Experiment
r.m.s.d. = 0.59 A within 8A of Zn

AlphaFold Experiment
rm.s.d.g; =2.2 A; T™M-score = 0.96

Hinh 4. Tién doan vé cu truc cac protein trong CASP14. Mau xanh lam biéu hién
cho chudi protein tién doan b&i Alpha Fold 2, so véi cau truc thye biéu thi bang mau
xanh la. Cac protein lan lwot: B.T1049 (PDB 6Y4F), C.T1056 (PDB 6YJ1), D.T1044

(PDB 6VR4).

Ti€p theo phan truc cla hé
théng 1a phan mé-dun cau truc
dé tao lap cau tric 3D dudi dang
quay vong va tién hanh dich ma
cho tiing phén con lai clia protein.
Nhiing d8i méi chinh trong phan
mang luéi nay cho phép tinh
chinh cuc bd cung luc cac phan
clla cdu tric, phan tich vé cac
phan ti chudi bén khéng dugc thé
hién va dinh huéng cla cac phan
tl du lugng.

Viéc cai tién lap di lap lai toan
bd mang Iusi gép phan dang ké
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vao cai thién do chinh xac du chi

thém mot thoi gian ngén.
Ung dung cia Alpha Fold

Mot s6 Uing dung hiiu ich cla
Alpha Fold trong thdi diém hién
tai c6 thé bao gédm tién doan
mot s6 cau trdc protein cla virut
SARS-CoV-2 (hinh 4), bao gom
protein ORF3a va gan day nhat
la ORF8. Hai c4u truc protein nay
da dugc so sanh véi cau truc xac
dinh b&ng thuc nghiém va cho két
qua tin cay cao.
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Trong tuong lai gan, hidu biét
vé chlic nang cla protein 3D
giup dao sau vao cac chuc nang
chua rd clia gen méa hda protein
dé. Bong thai tim ra nguyén nhan
gay bénh do sai s6t trong c4u tric
g8p xo&n cua protein. Alpha Fold
2 dua ra phudng phap mdi giup
thiét k€ mét protein nhanh chéng
thay thé chilic nang cua protein
16i, tir d6 Gng dung trong y hoc
diéu tri, nong nghiép (protein diét
cOn trung, tao I6p phl béo vé thuc
vat khoi suong gid), tai tao mod
(qua protein tu lap rap), chat bd
sung (cho stic khde va chéng lao
héa) hoac vat liéu sinh hoc.

Trong tudng lai xa hon, Alpha
Fold 2 c6 thé dudc phat trién dé
tién doan mai tuong tac gilia cac
protein va qua trinh hinh thanh
phtic hgp protein, mé phdng vat ly
mot cach chinh xac cac hé théng
sinh hoc (vi du nhu mé phéng té
bao, cd quan), vén man cac bi
4n trong mdi trudng sinh hoc va
nhan tao.

TAI LIEU THAM KHAO

1. https://deepmind.com/blog/
article/alphafold-a-solution-to-a-50-
year-old-grand-challenge-in-biology.

2. https://www.deepmind.com/
blog/article/AlphaFold-Using-Al-for-
scientific-discovery.

3. https://pubmed.ncbi.nim.nih.
gov/20223218/.

4. https://www.nature.com/articles/
s$41586-021-03819-2.





