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HINH THUC THI VA CHAM DPIEM

- Bai tap ca nhan va diém danh tai 1&p: 20%
- B&o cao do an: 40%
- Diém cudi ky: 40%

o
:

A



03 TC ly thuyét: 12 budi; 04 tiét / 01 budi

- Budi 1+2: Gidi thiéu vé protein va khoa hoc tinh toan

- Budi 3: Phuang phap mé phong MD.

- Budi 4: Ky thudt md phéng MD: thuét gidi, trudng luc, cac
phan méem.

- Budi 5: Ky thudt md phéng MD: thuét giai, trudng luc, cac
phan mém (ti€p theo).

- Budi 6+7+8: Gidi thiéu va hudng dan s dung phan mém
VMD, XMGRACE, GROMACS.

- Budi 9+10: Giao dd &n mdn hoc va hudng dan l1am dd an

- Budi 11+12: Bao cdo do an



GROMACS...
FAST. FLEXIBLE. FREE. b

N

Budi 4: Ky thuat mé phéng MD: thuat
giai, trvdng lwe, cac phan mém
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Phwong trinh chuyén déng

dE dzri

—_——=m:
d?"i ' dtz

E(T) — Estretch T Ebend T Edihedral T Eelectrostatic T EvdW

Trwong lwe chira cong thire va cac tham so 1a hang so, cac
tredng lwc khac nhau déi chut vé ham mo ta twong tac va
cach tinh cac thdng so.

Mét sb trworng lwe phd bién 1a GROMOS (Groningen va ETH
Zurich), AMBER (UC Sanfrancisgo), OPLS (Yale), CHARMM
(Havard va Maryland) va cac bién thé tr nhirng trwong luc
nay.



Introduction to Molecui“’

|J| Calculate how a system of particles evolves in time

|Jj Consider a set of atoms with positions /velocities
and the potential energy function of the system

Jj Predict the next positions of particles over some short time
Interval by solving Newtonian mechanics



Basic MD Algorithm

Set initial conditions r;(t,) and Vv;(t)

" Get new forces F, () I

Solve the equations of motion

numerically over a short step At
r.(t) > r. (t+At)
V. (1) > v, (t +Al)

Calculate results and finish I



Simulation Cell I

[ Boundary Condition
[ Constructing neighboring cells

Initial atom velocities I

MD Time step I
Temperature Control I




LI usually using orthogonal cells

Open boundary I

LJj for a molecule or nanocluster in vacuum
Ll not for a continuous medium

Fixed boundary I

L3 fixed boundary atoms
L completely unphysical

Periodic boundary conditions I

L1 obtaining bulk properties




Molecules In Solution

* |n real situations, a molecule is
rarely isolated. In biological
systems, proteins, RNA, and
DNA are immersed in a sea of
water molecules

« To accurately portray the effect
of the solvent molecules on a
system, the solvent molecules
must be free flowing

 How do we establish
computational boundaries
while keeping a realistic
solvent simulation?
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Periodic Boundary Conditions

I
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Periodic boun

.J An atom moving out of boundary
comes back on the other side

L] considered in force calculation
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D
Cutoff Methods

- Ideally, every atom should interact with every other atom

- This creates a force calculation algorithm of quadratic
order

- We may be able to ignore atoms at large distances from
each other without suffering too much loss of accuracy

______________________




Simulation Cell I

.y Boundary Condition
[ Constructing neighboring cells

Initial atom velocities I

MD Time step I
Temperature Control I




Khoi1 tao van té “
Phan bé Maxwell-Boltzmann I

LI X4c suat tim thay hat véi van toc v

1/2
P(v,) :( m Tj exp(—%mvi /kBTj

27K,

[ Khéi tao van toc & nhiét do T
3 1
—k,T ==mv?

2 2



Simulation Cell I

.y Boundary Condition
[ Constructing neighboring cells

Initial atom velocities I

MD Time step I
Temperature Pressure Control I




Simulation Cell I

.y Boundary Condition

[ Constructing neighboring cells

Initial atom velocities I

MD Time step I
Temperature, Pressure Control I
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Can bang nhiét do

Thuat toan Berendsen:

- Hé ban dau duwoc thiét 1ap tai nhiét dé T, sau dé thay doi nhiét
dé cua hé theo ham ma dé on dinh nhiét do tai T,.

- Pé hiéu chinh nhiét do cta hé lubn & gia tri T,, toc do thay doi
nhiét dé cua hé duwoc cho béi phwong trinh:

dT_TO—T
dt T

T, : nhiét do c6 dinh ma ta mong muon,

T:. nhiét do6 twee thoi tai bwde thoi gian,
r: 1a hang so diéu chinh.

Giai thuat Berendsen trong can péng nhiét do cho tap céac cau hinh
cua hé khong tuan theo phan bo chinh tac, do dé giai thuat nay chi
phu hop dé can bang hé trwéc khi mé phong.



Can bang nhiét do

Thuéat toan V-rescale:

» Thém vao phuong trinh hiéu chinh nhiét mot thong s6 ngau
nhién dé dam bao phan bo cua dong niang ludn chinh xac bang
cach tu hiéu chinh chinh no.

o Phuong trinh hi€u chinh theo thuat toan v-rescale:

dt (KK, dw
dK = (K — Ky) — + 2
T \ Nf Tr

K: dong nang, 7;: thoi gian hoi phuc, N¢:bac tu do cua hé va
dW: nhiéu Wiener.

Tao ra cac cau hinh tuan theo tap hop thong ké chinh tic >
duoc stir dung nhiéu trong mo phéng dong hoc phan tir.
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Can bang ap suat

- Giai thuat Berendsen: dwoc s dung mac dinh trong
Gromacs. Thuat toan Berendsen dwa trén y twdng thay doi
toa do va cac vector hop trong moéi bwdc md phéng dé tai tao
lai 4p suat thwe. Cong thire hiéu chinh twong tw nhw can bang
nhiét do:

dP P, —P
dt  Tp

P, : &p suat co dinh ma ta mong muon,

P: ap suat tire thoi tai buwde thei gian,
7o 1a hang so diéu chinh.

Gidi thuat Berendsen trong can bang 4p suat ciing cho tap céc
cau hinh clia hé khong tuan theo phan b chinh tac, do dé giai
thuat nay chi phu hop dé can bang hé trwéc khi mé phong.



Can bang ap suéat

e Giai thuat Parrinello-Rahman:

- Y twéng: thay doi phwong trinh chuyén dong cda céac hat
bang cach thém mot thong s6 dac trweng lam thay doi
kich thwédc hép md phong.

- Cac vector hop mé phdéng ciing thay dbi theo moét
phwong trinh chuyén dong.

- Céc cau hinh sau khi md phéng cla hé théa diéu kién
tap hop thdng ké chinh tac tét hon Berendsen nén giai
thuat nay co thé st dung trong mé phdng déng hoc phan
tep.



Tinh tich phan phwong trinh chuyén dong: Giai thuat
Verlet

Toa do cua hat ¢ thoi diém ¢ + A¢ duge biéu dién theo toa do, vén toc va gia toc tai thoi

diém ¢ ap dung khai trién Taylor nhu sau [195]:
ri(t + At) = r;(t) + 7,(t) At + iﬁ(t)dtz + iﬁ-(t)ﬂﬁ + 0(At*) (3.4)

O day chi sir dung khai trién dén bac 2, 7 1a vi tri s6 hat trong hé va i chay tir | dén tong s6

hat ma hé c6. St dung 7;(¢t) = v;(t) va #(t) = ;— Cong thirc (3.6) c6 thé viét lai:

At2
2m;




Khai trién twong tu cho ri(f — At), ta co:

At?

r;(t — At) = r;(t) — Atv; (t) + — F;(t) (3.6)
Cong hai phuong trinh (2.7) va (2.8), ta dugc:
r(t+ A0 +1,(¢ — A6) = 2r,(6) + 2 F(8) (3.7)

Phuong trinh (3.7) 13 cong thirc chinh ctia giai thuat Verlet. Nhu véy, néu cho toa do ban
dau ctia hé 74(0), . . . ra(0) va van toc ban dau vi(0), . . . va(0), phuong trinh (3.4) c6 thé tao
ra quy dao chuyén dong voi khoang thoi gian bat ki. Van tdc cac hat ctia hé ¢6 thé tinh

dugc qua (3.8):

v.(t) = ﬁ [r:(t + At) — (¢t — A0)] (3.8)



Hé protein trwdc khi mé phéng MD can:
1. Cuec tiéu héa nang lwong

2. Can bang nhiét do

3. Can bang ap suat



Cuc tiéu hoa nang lwong

Muc dich:
- On dinh lai cac phén‘tl’f nqﬁé’c, ,
- Tranh hién twong chdng lan nguyén tr va diet gay cac lién két.

bat dau
E‘

DB o




Cuc tiéu hoa nang lwong

Phuwong phap Steepest descent
- Gradient G, cua thé twong tac twong trng vdi toa do nguyén tir | cé

dang: 3
& =*‘<‘7,U({E,})=5%U ({&})

- Gradient G, chi hwong di chuyén cta nguyén t& | sao cho toc do tang
cua thé twong tac la nhanh nhat.
- Nang lvong cta hé gidm néu di chuyen | theo chiéu nguoc lai voi G, :

cau tric cla protein twong rng cwc tiéu dia phwong gan nhat dwoc tim
bang cach Iap phwong trinh sau:
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MO hinh nwéc trong mo phoéng

Eprncut Water mplicit Solvent

)‘(—. 53 lr: /ixl ;‘J"f‘ i{_,; - '?."“ A\ 'K d IL b ‘ ‘31':__‘}
C 1 P (RS W S S X 7 " Koy et t»f 4 y ;," X
b A LN~ N o P X 2EHTR

H=H .+ H + H

H=H_ _+AG

prot prot—war wat prot solv
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MO hinh nwéc two'ng minh

MO hinh nudc tuong minh sir dung cac phan tir nudc da duoc mod
hinh hoa.

 Niam 1974, Stillinger da tao ra md hinh nuéc dau tién co tén la
ST2 dya trén md hinh 4 diém tich dién .

« MO hinh SPC va TIP3P dugc xay dung boi Berendsen va
Jorgensen cung cac cong su. Hai md hinh nay sir dung ba diém
co dinh dé biéu dién phan tir nudc.

« M0 hinh TIP4P thém mot diém thudc duong phan giac cia goc
H-O-H.

Cac mo hinh nudc duge xdy dung sao cho md hinh cac dién tich
dieém phu hop voi dang cua thé nang tuong tac gitra hai phan tir
nuoc.
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MO hinh nwéc two'ng minh

Thé nang twong tac nay la tdng clia twong tac tinh dién gilra
cac cap nguyén tlr mang dién tich trai dau va thé nang
Lenard-Jones gilra cac nguyén t&r O dwoc xac dinh théng
gua nang lwong dbi cua hai phan tir nwédc m va n:

- ase’ |
€mn = o riz 6
~ = i] oo Too

» Céc gia trj dién tich cda nguyén tir Hydro, hang s6 A va C
dwoc chon sao cho két qua tinh toan phu hgp nhat véi thuce
nghiém.

« Gromacs hd tro cdc md hinh nwédc SPC, SPC/E, TIP3P,
TIPA4P, TIP5P



L
MO hinh nwéc two'ng minh

1.0 0.96

0.9572 09572  0.9572
109.47 10452 1057 10452 10452
6294 5820 5604 6950  600.0
6255 5950  837.0 6000  610.0
_ 082  -0.834 0.0 0.0 0.0
_ 041 0417 0.49 0535 052
_ 0.0 0.0 10.98 107 -1/04
_ 0.0 0.0 0.15 0.15 0.15



L
MO hinh nwéc khong tworng minh

- Gia lap moi trwdng twong tac gilba cac phan tir protein va cac phan
tr nwdc bdi mot trwdng trung binh dwoc mo td bdi mot ham thé
twong tac chi phu thudc vao toa dd ctiia cac nguyén tir protein, Gsov,

- M6 hinh nw&c khdng twérng minh bé qua dd nhét clia chat 1éng nén
cau hinh protein thwéng nhiéu hon vi qué trinh chuyén déi ciu trac
xay ra nhanh hon.

- Cac mo6 hinh dung méi khéng twdng minh dwoc tinh toan dwa trén
hinh thtrc luan Born tdng quéat va duwoc s dung trong phan mém
Gromacs la Still, HCT va OBC.

- Theo mé hinh Born, nang lvong tw do GsOV 13 téng cla cac sb hang
bao gdm G |a nang lwong hoa tan tw do gay ra bdi cac twong tac
khong gay ra b&i dién tich hay moment lwéng cwec va GP [a nang
lwong tw do tao bdi twong tac tinh dién gitra protein va nwdc. Co thé
biéu dién nang lwong tw do Gsolv qua hai s6 hang nay nhw sau:

Gsolv = G™W + Gpol



MO hinh nwéc khong tworng minh

G" 1a ndng lwong can thiét dé di doi cac nguyén t& nwéce
nham tao nén khoéng gian gitra protein cdng v&i twong tac
van der Waals gilra protein va nwdc. Gnp ti 1€ véi dién tich
tiép xUc cua protein va nwdc va dwoc biéu dién bdi:

G = ySA

v: Hang s ban thwe nghiém c6 thr nguyén cla sirc cang
bé mat
SA: Dién tich tiép xdc cua protein va nudc



MO hinh nwéc khong tworng minh

- GPo dwore xac dinh tir phwong trinh Born tng quét:

Gpol — 1__ zz qiq;
€ . 2
% + b;bj exp <4bll;,)

. q, va q;: dién tich cua nguyén tw thtr i va

* rila khoang cach gilra hai nguyén tr i va |

. s |a hang s6 dién moi

* by, by la ban kinh Born cua cac nguyen te i, j, c6 do dai
bang khoang cach tlr tam nguyén tlr dén bé mat tiép xdc
(cac mau nuwdc khac nhau co cach tinh ban kinh Born khac
nhau)




	Slide 1
	Slide 2
	Slide 3: HÌNH THỨC THI VÀ CHẤM ĐIỂM
	Slide 4
	Slide 5
	Slide 6: Phương trình chuyển động 
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Molecules in Solution
	Slide 12: Periodic Boundary Conditions
	Slide 13
	Slide 14: Cutoff Methods
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: Cân bằng nhiệt độ
	Slide 20: Cân bằng nhiệt độ
	Slide 21: Cân bằng áp suất
	Slide 22: Cân bằng áp suất
	Slide 23: Tính tích phân phương trình chuyển động: Giải thuật Verlet 
	Slide 24
	Slide 25
	Slide 26: Cực tiểu hóa năng lượng
	Slide 27: Cực tiểu hóa năng lượng
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32: Mô hình nước không tường minh
	Slide 33: Mô hình nước không tường minh
	Slide 34: Mô hình nước không tường minh

