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HINH THUC THI VA CHAM DPIEM

- Bai tap ca nhan va diém danh tai 16p: 20%
- B4o cao do an: 40%
- Diém cudi ky: 40%

0l
:

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: Phucng phap md phong MD.

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

- Budi 5: Ky thudt md phéng MD: thuat 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 lam d6 an

- Budi 11+12: Béo cdo do an



Buoi 4: Ky thuat md phéng MD: thuét
giai, trvdng lwe, cac phan mém
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M6 phdng dong hoc phan tlr cd dién

N particles

Particles have mass m,

La md phong may tinh cac chuyén ddng vat ly cia nguyén tlr
va phan tu (trong hé nhiéu hat) ,
Giai s cac phuang trinh hai Newton: ca hoc cb dién - khong cé

vat ly mai!



Conformations — Frames — Snapshots
(R I I N [ R

NANANINANS 2 NS ININININN

SRR S I S S N

&’ﬁ ARNZNANANANS ANS ANS

G

0

Simulation of water
turning to ice

Molecular and Materials Modelling Group




Molecular Modeling

For each atom in every molecule, we need:

- Position (r)

- Momentum (m + v)

- Charge (¢)

- Bond information (which atoms, bond angles, etc.)



From Potential to Movement

To run the simulation, F; = m;aq;
we need the force on
each particle.

We use the gradient of F, =-V;,V
the potential energy
function.

N find th WV _ LT
ow we can find the ——=m;
acceleration. dr; dt?
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What Is the Potential?

A single atom will be affected by the
potential energy functions of every atom
In the system:

- Bonded Neighbors

- Non-Bonded Atoms (either other atoms
In the same molecule, or atoms from
different molecules)

V(R) = Epondea + Enon-bonded



Ty’ong quan gilra o
Co hoc thong ké va Co’ hoc co dien
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Tai sao phai str dung co’ hoc thong ké?

Cac dai lvong vi mdé quan Cac trang thai v! mo (toa
sat duoc (thé tich, nhiét ﬁ d6, van téc cua cac
dd, ndbng de, ...) nguyén tor)

big, thick wall

microscopic macroscopic

Bond angles prses
Bond lengths temperature
density
Dipole moments Specific heat
pressure
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Trang thai vi mo — Trang thai vi mo
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- Clng mét trang thai vi mo, hé vat liéu co thé dwoc biéu dién
b&i rat nhiéu cau hinh C; vi mé khac nhau.
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Trang thai vi m0 — Trang thai vi mo

- Co hoc thdng ké: Mai trang thai vi md cua hé dwoc
moé t& bang mét diém trong khdng gian pha, la tap
hop tat ca cac gia tri kha di cha toa do {g} va xung
lwong {p}, (i=1,2...N va N la tdbng so nguyén tcr).

- Theo co hoc thong k&, mot dai lwong quan séat dwoc
trong trang thai vi mé cla hé c6 thé dwoc viét dudi
dang gia tri trung binh trén toan khdong gian pha.

> Lam sao dé tinh gia tri trung binh trén toan khoéng

gian pha ???



Trang thai vi mo:
Mo ta co’ hoc hé nhieu hat
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Tl chuyén déong Newton dén chuyén
dong Lagrange

- Newton: chuyén ddng khéng rang budc

mr = F
mr = F,
&4 my = F,
mz = F.

T nhirng luc duoc cung cap, ching ta cé thé tinh
dugc 3N bién dua trén 3N phuong trinh nhu trén.

Pinh ludt Newton thuong dugc dung dé phan tich
chuyén dong cdia hé vat. Tuy cac dinh luat cdia Newton
rat dé nhd, trién khai chiing trong thuc té [a mét diéu
vo cung khé khan vi s6 bac tv do qua I16n va cac dai
lugng tinh toan la c6 hudng.
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Co hoc Lagrange

 Co hoc Lagrange hudng tdi nhirng dai lwgng vo hudng nhu
nang lwong dé moé ta chuyén déng cia mot hé, do dé khién
bai todn trd nén don gian hon rat nhiéu.

e Cac chat diém trong hé thudong sé cé nhitng lién hé goi
la rang budc.

e Chung ta xem xét dinh ludt 2 Newton vé&i hai thanh phan luc

tdc dong vao hé: thanh phan lyc rang budc F, va thanh phan
lwe gy ra chuyén dong tw do F.

mr=F +F,
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Co hoc Lagrange

* Do lyc rang budc khéng tao cong tai moét thoi diém nhat
dinh nao, chung ta sé nhan thém do6 doi ao (vi phan cua toa
dd khong phu thudc thoi gian) dé triét tiéu lwc rang budc.
Chung ta co:

N N
Nomr, = Y (F; + FY)
i=1 i=1

N N
Z m;r; — F;) = z F*

=
N

< S (myr; — Fi)or, = ZF;'JTF-
=1 =1
N

< SN (mr; — Fi)or, = 0

——
[y

Phuong trinh trén goi la nguyén ly D’Alembert
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Co hoc Lagrange - Cac toa do tong quat

 Chuyén hé toa d6 Decartes thong thudng thanh mot hé toa dé
tobng quat q, trong do6 cac thanh phan qq, q,, ... g; ddc trung
cho f bac ty do cua hé.

- Hé c6 2 bac tv do g c6 hai thanh phan, hé c6 6 bac tv do, q cé
6 thanh phan.

-> Viét lai hé toa do thong thuong r dwdi dang mot ham cua cac
bién mai q:

S PP
r; = ri(q;, 1)

f: bac tw do cua hé.



Co hoc Lagrange - CAc toa do téng quéat

- T day, chung ta c6 thé suy ra do doi do va dao ham

cua r;:
f o ar.
or; = > —dg;
=1 0q;
f 31"1; . !5"1"1;

q; -
i=1 BQ"J ! !EH'
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Co hoc Lagrange - Cac toa dd téong quéat

- VAn téc cia mdt phuong theo toa dd tong quat Ia doc lap
voi phuvong khac (do cac phuong dac treng cho bac tyw do
riéng cua chung), néu chung ta ldy dao ham tirng phan

?:'3' theo fjl'_;,' .
(9'?"3' B (9'?"3'
dq; g,
* Thay phuwong trinh dé doi ao vao phuwong trinh nguyén ly
D’Alembert: N
i=1
N . f 8’."3'
i=1 j=104;
N (9?”:,; N 8?"3)
;1 (il Jg; ; dg;) P
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Co hoc Lagrange - Cac toa do tong quat

- S&r dung quy tac nhan trong dao ham, ching ta cé:
( @rg) LOrg Oy

—T; - T;
dt \ " 0q; dgj 0g;

Ap dung vao phuwong trinh trén:

f N (97‘3 N 8’:‘ N 87'3' *
Z(Zmzdt( (9 ) Zmz"'za ZFz_)é% = 0 ()

q4; =1 8%’



Co hoc Lagrange - Cac dai lwong vo hwong
- Lagrange nght rang céac dai lvong vo hudng co6 thé dac trung cho
chuyén dong cdia toan hé, vi du nhu’ dong nang. béng nang cua
hé dugc dinh nghia nht _
T = Z —m;r,
;l—l
Pao ham tirng phan clia dé6ng ndng theo cac toa do tong quat la:
or X o7,
- = mzrg **
dq; azzl dq; )
or X or, X or;
— mzrz — mzrz (**%)
8@3 1:21 dq; Z d

qj

Q1 luc tong quat

or;
F;
E 8(];

Thay Q, (**) va (***) vao (%), ta duo’c

frdor oOT
22 0 )sa =0
jzl (dt dg;  Jg; QJ) b




Co hoc Lagrange - Lwec bao toan va Thé nang

- Phuong trinh chuyén dong téng quat la:
dJdl  JT 0
dt t‘}EL. (‘-}ELi !
Chuang ta cé thé dua thé nang vao phuong trinh nay dé giam bét di sé luc

can khao sat. bau tién chidng ta phan tich thanh phan luc thanh cac luc
bao toan (luc thé) va cac luc khac.

dJl 0T 0T
iy ¢ — Z F.ii: § Qu'l
dtdq; Jq; = g

Ma céac luc thé lai chinh la trir gradient cua thé nang:

FP = _VV

Do do:

,OT; oV
F? _
Z E 3(]3 ‘9 d;
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Co hoc Lagrange - Luc bao toan va Thé nang

- Va chung ta co thé viét lai phuong trinh chuyén dong tong
quat nhuv sau:
dor _or v _
dt D]EL. ﬁiLi Ht}'u,i

Q;

Pay 13 phuong trinh md ta chuyén déng clia mot hé véi thé
nang. Dang nay dwoc st dung rong rai nhat trong phan tich
chuyén ddng cla hé vat do né tuy téng quat nhung van tinh
dén nhi*rng dai lwgng vo hudng cé thé dé dang tinh duoc
nhu ddng nang va thé nang.



Pa thirc Lagrange va Phuong trinh Euler-Lagrange

- B&i vi thé nang chi phu thudc vao vj tri cta vat, do dé dao ham theo van
t&c cia né bang 0:

aov _
dt Og;

Thém biéu thirc trén vao PT chuyén ddng tong quat, ta co:

0

d@(T—V) 8(T—V) _Q
dt 8(]3 8qj /
Chung ta dinh nghia da thirc Lagrange nhu sau:
L=T-V
Néu hé |a bao toan (co nang khéng bj that thoat hay duwgc bom thém,
tirc cac thanh phan luc téng quat bang 0) thi ching ta cé phuong trinh

v d oL 0L




" - r. - 1
Mo ta co’ hoc he nhieu hat
« Xé&t mot hé co f bac tw do, néu hé cd dién N hat thi
f=3N.
« Theo hinh thire luan Lagrange, trang thai co hoc
(trang thai vi md) cia hé duwoc xac dinh boi f toa dd
suy rong q,, d,,-. g; va f van toc suy réng g, q3,

gy, trong do:
= (i=1,2 ...f)
« Cac phuwong trinh t:huyran dong la cac phwong trinh
Lagrange:
d DL _ (1.1}
drog; ﬁtn =0 (=12, ...1)

« Doi v&i hé bao toan:
Lay=T=V. (12)
T- ddng nang, V: thé nang



M6 ta co’ hoc hé nhiéu hat

« Vat ly théng ké: Hinh thirc luan Hamilton, trong d6 trang thai
cua hé dwoc cho boi f toa do suy rong q1,92, ..gf va f xung
lwong suy rong p1, p2,...pf, hay boi tap cac gia tri:

Theo dinh nghia:

(1.4)
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M6 ta co’ hoc hé nhiéu hat

« Cac phwong trinh chuyén dong la cac
phwong trinh Hamilton:

Trong d6 ham Hamilton dwoc xac dinh bang:
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M6 ta co hoc hé nhiéu hat

Giai (1.5) v&i cac diéu kién ban dau cho treéc

(1.6)

Vé nguyén tac co thé biét dwoc trang thai vi mo cla hé
& tirng thdi diém. Nhwng trén thwe té bai toan nay
khong thé giai dwoc vi s6 hat qua Ién hodc ngay ca khi
biét dwoc toa dd va xung lwong clia tirng hat tai thoi
diém ban dau ciing khong da théi gian dé thé chung
vao nghiém téng quat ciia phwong trinh chuyén déng



R - :
Khong gian pha

» Trang thai vi md cla hé nhiéu hat f bac tw do c6 thé xac
dinh bang f toa dd g va f xung lwong p; nén cé thé
dwoc biéu dién bang khéng gian 2f chiéu, khdéng gian
nay dwgc goi la khong gian pha (khong gian I'- la mot
khai niém toan hoc).

« Khéng gian pha: 6N bién, '= (r,p) hoac (q.,p)

» Diém biéu dién trang thai vi md cta hé dwoc goi la diém
pha.

» Theo thoi gian, trang thai vi mé cta hé thay déi dan dén
diém pha chuyén déng vach mét dwdng trong khéng
gian pha, goi la quy dao pha.



Quy dao pha

010 +
0,05 +

-
UFDD @
-ﬂ.ﬂﬁ - v
2010 4

05 05 07 08 09

Khoéng gian pha ctia mdt hé ddng Iwc véi tdm khéng 6n dinh, biéu dién mot
quy dao pha.

https://vi.wikipedia.org/wiki/Kn%C3%B4ng_gian_pha



B .
Nguyén ly thong ké

- Do sb hat qua lén va chuyén déng khéng ngirng, ching
twong tac v&i nhau va véi moi trwedng xung quanh mat
cach phirc tap, ngau nhién. Khi dé hé vi mdé luén
chuyén tr trang thai vi mO nay sang trang thai vi mo
khéc. Noi cach khac, hé vi mé khong thé nam lau trong
bat ky trang thai vi md kha di nao.

» Céc dai lwong & trang thai vi md chi cé thé tinh dwoc
dwa trén gia tri trung binh cla cac cac dai lwong vat ly
theo trang thai vi mo.

~ r - A
mo& mang tinh xac suat.

» C&c két luan va tién doan vé trang thai cia mét hé vi
' » Vatly thdng ké 1a ly thuyét théng ké vé hé nhiéu hat.



L
Nguyén ly tién t&i trang thai

can bang
» Cé&c gia tri do dworc trong céc thi nghiém cla céc thong sbé vi
- mod duwoc cho la gia tri trung binh cta chung.

+ O trang thai vi mé nao ma mdc dé hdén loan trong phan bd
va chuyén dong cta cac hat cu thanh hé cang cao thi sé
trang théi vi mé cang nhiéu, xac suéat ton tai trang thai vi mé
do cang lén.

» Trang théi vi mdé c6 mirc dd hdn loan cao nhat goi la trang
thai can bang théng ké (hodc can bang nhiét ddéng, hodc can
bang nhiét).

» Trong tw nhién, moi hé kin déu lién tuc chuyén tir trang thai
vi md c6 xac suat nhé sang trang thai vi mé co6 xac suat I6n
hon, cho dén khi dat trang thai can bang. DPay 1a nguyén ly
tién t&i trang thai can bang cla vat ly thdng ké.



Tap hop (ensembles)

- Mét s6 lwong I&n cac ban sao cia hé trong cing mot
diéu kién vi mo.

- M6i ban sao thé hién mét trang thai vi md kha di cla
hé vi mo trong cung mot diéu kién nhiét déng (T, p, V,
N )

Gibbs, 1878



Tap hop

Result of thermodynamical constraints, e.g. temperature,
pressure...

Microcanonical NVE

Canonical NVT

Isobaric-isothermal NpT

Grand canonical IV u

M chemical potential (e.g.
concentration)
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Tap haop vi chinh tac

« Xét mot hé co lap, do khéng trao dbi nang lwrong voi
bén ngoal nén E = const,

« N V.E = constants
« Nang Irong nam trong khoang:

« Ham sb6 phan bd p(g,p) dwoc biéu dién:

« Phwong phap dong lwc hoc phan tr (MD): tao ra tap
vi chinh tac (E=constant), déng thé&i bao toan xung
lrong tong céng.
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Tap hop chinh tac

Heat bath (constant temperature)
.\ Coupled to large system, allow energy exchange

xNVT

“small” system embedded in “large” heat bath

Constant number of particles = N
Constant volume = 77
Constant temperature = T



e —__—_—_—_—_,—,——
Nguyén ly ERGODIC

Y twdng: Thay vi khao sat mot hé ¢ nhiéu thdi diém,
tién hanh khao sat mét tap hop nhiéu hé twong ty tai
cung mot thdi diém

T

r\f\
8 o8l | || |41

T
00000 AT
P

090000 NN
0000 ee i

o Mc:)t dai lwong nhiét dong ma ta do dac dqﬁcyc trong
thé gidi vi mé la gia tri trung binh trén tat ca cac
trang thai vin

<A>_ =< A>

Ens Time

http: pscr432069f1 online.jpq (355%142) (iop.org)



http://ej.iop.org/images/1402-4896/86/5/058510/Full/pscr432069f1_online.jpg

Moi twong quan gitra co’ hoc thong ké va cac
tinh chat nhiét déng

Statistical

Microscopic mechanics Macroscopic

(atoms) (thermodynamics)

- Hé vi m6 dwoec xac dinh bé&i nhivng tinh chat: Vi du (N,V,E) = NVE
ensemble

- Piéu kién trong trang thai vi mé (Khdng dbi vé thé tich, nhiét do, sb
hat trong hé) dwo'c chuyén déi sang trang thai vi mé.

“Behavior” trong trang thai vi mé cé quan hé rang budc voi
dieu kién vi md, hay néi cach khac, phan bo cua cac trang thai
vi mé anh hwdng déen tinh chat cua hé vi mo

bé tinh mét tinh chat trong trang thai vi mo, can biét
phan bo (distribution) caa hé trong trang thai vi mao.
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Trang thai vi mo - trang thai vi mo

*a .
* s .
L C' —a ]
Canonical ensemble : 1 1- P
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Cy s Py

Cung mot trang thai vi md, hé vat liéu co thé dwoc biéu dién
b&i rat nhiéu cau hinh C; vi m6é khac nhau va cé mét s6 cau
hinh C. cO xu hwdng qiong nhau



Trung binh trén tap hop

« Rather than taking single measurement, need to
average over “all” microscopic states that represent the
corresponding macroscopic condition

* This averaging needs to be done in a suitable fashion,
that is, we need to consider the specific distribution
of microscopic states (e.g. some microscopic states
may be more likely than others)

Property A;  Property A, Property A,

*e e G 1
:..I ¢ . ... y % ¢ ‘4111301'0 %—(A1+A2+A3)
e o ® .. ¢ ... E 3

Cl Cz C3 Generally, NO!
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Trung binh trén tap hop

Pé tinh mét tinh chat trong trang thai vi mo,
can biét phan bd (distribution) s6 trang thai
vi mo dé tim ra mat dé xac suat.

Do vay:

Khéng thé chi dung di liéu trén moét ciu hinh vi
moé don 1& dé tinh todn tinh chat trong trang
thai vi mé ma can tinh trung binh trén toan tap
hop.



!rung ElInH tre"n tal_lp qu

Property A,  Property A, Property A,

®e , ®o o ® 1
:- % ° E .'- : : % ¢ Amzcm#g(Al'l'Az'l'A?:)
e o o o o E

Cl Cg C3

° th“mg thé tinh trung bjnh theo cach théng thwong, ma
can nhan cac trong s6 twong wng voi tirng trang thai

Ao = P14+ Pr Ay + P34 =
o1, p) A (7, p) + o (15, pr ) A, (1, py) + (7, p3 ) As (7, ps)

Mat dé xac suat co trang thai C,



10000

4000 1

number of occurrences

qi6-15-14-l3-12-ll-10 9 876543-2-10123465¢6178910101213141516 17
measured value
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Quan hé gilra trang thai vi mo va trang
thai vi mo

A <A4>
Microscopic Macrnsmpi;_;
(atomic configurations) "W (thermodynamical
a Ih Ica ensemble)
mechanics

}

microscopic A4 (single point measurement)

<4>= [ [ 4(p.r)p(p.r)rdp

defines...



Tri trung binh trén toan khong gian pha

Pai lwong quan sat dwoc trong mdét trang thai vi mé cua
hé A co thé duwoc viét dwdi dang gia tri trung binh trén
toan khong gian pha

< A>= IIA(p, r)p(p,r)drdp

pr
- (A) 1a trung binh thong ké cua dai lwong can quan sat
trong trang thai vi mé va dwoc biéu dién nhw 1a ham
cla toa do r va xung lwong p.
- p(p,r) & ham mat dé xac suat clia cac trang thai vi mé.
- 4P = drdr . dT
- dp = dp;dp; .. dDy
N la tdong s6 hat cua hé.



Tri trung binh trén toan khéng gian pha
<4>=[[ 4(p.r)p(p.r)drdp

Trong diéu kién hé khong thay dbi s6 hat, thé tich va nhiét
do (diéu kién NVT), tat ca cac trang thai vi mé kha di cla
hé tuan theo phan b cla tap hop thdng ké chinh tac, ham
mat dd xac suat cia cac trang thai vi mé co dang:

H({r}, {Pl})]

exp | —

Pnyr =
ZNyT

Trong dé k; la hang s6 Boltzmann, T Ia nhiét do, H Ia
Hamiltonian c6 dién cla hé va Z la tong thong ké:

Zyyr = | exp [_ ,:;7] dpdr



How to relate microscopic states to
macroscopic variables?

A(r,p)  Property due to specific microstate

To measure an observable quantity from MD simulation we
must express this observable as a function of the positions

and linear momenta of the particles in the system, thatis, r, p

Recall, microscopic states characterized by r, p



T NG BINR tren toan KNONG glan pha,

trung binh trén tap hop
< A>= IIA(p, r)p(p,r)drdp

pr .

Theo co hoc thong k&, dé tinh géc dai lwong vi

» mo tlr cAc dai lwong vi md, ta can phai tinh tich
phan trén toan bd khdng gian pha.

DPieu nay rat phirc tap va trén thwe té la khéng thé
thwc hién dworc.

Do dé, ta chi c6 thé wéc lwong dai lwong nhiét
ddong A mét cach gan dang bang I&i gidi so va
phwong phap mé phong déng lwc hoc phan tw la
mot trong nhirng phwong phap hiéu qua nhat.




Roi rac quy dao pha de tinh gia tri

bang I&i giai s6

* Lagrange (variational formulation of classical mechanics):

— Consider a system that is at a point r, at time 0 and at point r; at
time t, then the system follows a trajectory r(t) such that:

te
5=j dt 1K -]
t

1$ an extremum.

Quy dao thuwc
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R&i rac quy dao pha dé tinh gia tri trung binh
bang |&i giai s
Trung binh thdng ké trén tap hop dwoc tinh b&i phwong

trinh:

<4>=[[A(p.r)p(p.r)drdp

pr

dwoc wdce lwong gan dung khi réi rac héa quy dao pha
trong trang thai vi mé cua hé:

N
_ 1
(A); A= Nz A({r(i86))
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Tich phan PT chuyén ddng: Verlet, leapfrog

L (t+At)

r(t)

[r (1), w(b), (t)] == [[ (t+AD), ¥(i+AlL), I(T+AL)]
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Vai trd clia tong théng ké

* P& do dudc cac dai ludng vi md clia mét hé, ta chi can xac dinh duoc tong
thong ké Z clia hé do (dudi goc nhin cla vat ly théng ké!)

Z=Er_e_’ﬁ'

1 -EE,
(0)=32. O

Expectation Value

Y
3 cln(Z)
Ey="1(Z)=U =kT A=-
(E)=75n(Z) p=FI(—3—) || A=-kTIn(2)
Internal Energy FPressure Helmoliz free energy

0. Michielin, SIBLICR
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X&c dinh téng théng ké?

* Viéc tinh toan ham téng théng ké thuding rat phic tap, va trong hau hét cac
trudng hdp, chiing ta sif dung céc gan dung

HEpe"
2)

= 1) Tinh nang luvong clia hé cho méi trang thai vi mé i (trong mé phéng MD,
thudng s dung cac ham thé - truong luc cho trudc: CHARMM, Amber,
GROMQOS, ...

= 2) Can phudng phap dé “tim dugc” tat ca cac trang thai vi mo cla hé
(sampling method) (ng vdi mot phan bé cho trude cha hé vi mo:

* Phan b&/tap hop vi chinh tac (N,V,E = const)
* Phan bé /tap hop chinh tac (N,V,T = const)
* Phan bé /tap hop dang nhiét - dang ap (N,P,T = const)

L



!O’I Irac quy !ao pHa

bang phwong phap mé phéng MD

- Y twéng: gidi s6 phuong trinh chuyén déng clia hat dé tao
ra mot loat cac cau hinh cua hé tai cac thoi diém roi rac
{ri (6O} {r; 260)}, ..., {1y (nét)}.

= Gid tri trung binh thdng ké c6 thé tinh mot cach gan dung khi
lay trung binh trén tap hop cac cau hinh thu dwoc tr méd
phong MD

M6 phong MD 1a mét phwong phap tao mau (sampling)

va ta co thé wéc lwong gan dung cac dai lwong nhiét

dong ma khdng can phai tinh tich phan trén toan bd

khdng gian pha.

S6 cau hinh clia hé cang nhiéu thi dd chinh xac cang
cao. Tang mau, tang do chinh xac.

»




. ‘ RO rac quy aao pHa _
bang phwong phap moé phéng MD

= During integration of equations of motion — must impose
thermodynamical constraints

* For example, Verlet central difference method leads to a
microcanonical ensemble (NVE)

= QOther integration methods exist to generate NVT, NpT
ensembles etc.

r(ty + At) = —r(t, — At) + gr({g)arj q, (rﬂg(&rf’ ...

Positions Positions Accelerations

a = f./m



. Ro rac quyI aao pHa -

bang phwong phap ;d phéng MD

N particles

Particles have mass m,

Follow trajectories of atoms
(classical mechanics,
Newton’s laws)

“Verlet central difference method”

7 (t, + At) = —r(t, — At) + 2r(1,) At + w(ar)z +...

Positions Positions Accelerations

a,=f,/m



. ‘ Roi rac quy dao pha .
bang phwong phap moé phéng MD

N particles

Particles have mass m,

Follow trajectories of atoms
(classical mechanics,
Newton’s laws)

“Verlet central difference method”

) L
1y (g + A0 = =1ty = A + 21, (1) A +a, (1) (AL ) +... @, = [/ m

Y Y
Positions Positions Accelerations
at t,-At att, atl,
o _ 1 |
It’s sufficient to simply < A> = — A(Z)
Time
average over all MD steps... N ¢ i=1.N
=1..N,




Protein: Tl ndng lwong dén cau hinh



Toa do nguyén tur

V&i hé co N nguyeén tir, vi tri cla cac
nguyén tir duwgc biéu dién bdi vector
x chira cac toa déd x,y, and z clia moi
nguyén tur.

NOONVINUVICONOYN

205
.159
.306
.016
.436
.973
.907
.836
.808
.882

w wuouitu =N U100

.064
.683
. 762
.468
.978
.408
. 338
.866
.176
.194

NN NN WN R

.484
.910
.461
.693
.149
.343
s 3L
21
« 311
.949



Nang lvong

Energy (U)

- Ham thé U(x) biéu dién thé niang téng cho hé cac
nguyén tlr theo toa dd chuyén dong (x) clia nguyén tlr
- Hé bao gom protein va dung moi.

Energy (U)

v

Position

-

Position

Position



.- i
Lién hé gilra nang luvgng va lyc

« Luc tac dung lén mdi nguyén tir la dao ham cua
thé€ nang tai toa d6 nguyén tu do:

F(x)=-VU(x)

» Tai cuc tiéu dia phudng, luc bang khéng.
» Thé nang U dudc goi la trudng luc (force field)

[}

kowcal mvini mum

global mimmum

-
Conformational Change



L
Phan bo nang lugng cua protein

- Nang lugng cho trudc tuong ung vaGi hé toa
do cu thé cua cac nguyén tu (vi tri xac dinh
cua nguyeén tu),

Vay toa dd cua nguyén tU cé theo mot quy luat
phan b6 nao hay khong???

Vai:

- Hé c6 nhiét do cd dinh (nguyén tu’ dao dong
Xxung quanh mot vi tri co dinhg

- Hé da dat trang thai can bang.



L
Phan bo Boltzman

' Xac suat ton tai nang lugng cua hé theo phan bd

- Boltzman

T: nhiét do, Kg: hang s6 Boltzman

L
=

The lower the energy is, the
higher the probability is

Energy, U(x)
Probability, p(x)

=
Position (x) Position (x)




Phan bo Boltzman

- Tinh chat cc ban cua phan bd Boltzman:
- Nang lugng 16n cho xac suat thap

- Biéu dién dudi dang ham mi

- O nhiét dd cao, ndng lugng sé rat cao.

p(x) < exp[_y (%T)

&

-

Energy, U(x)
Probability, p(x)

— > L
Position (x) Position (x)




Phan bo Boltzman

Tuwo minima

—uz) —
— PG —

* Probability of system being at position x is
P (x) =exp( UG)AT) /7 Q.
U(x) is Potential Energy at position x.

*Find @, the "Partition Function”, so totel probability is 1.
Q=Y exp{ -UG)AT)



AR :
Cau trdc protein

« Diéu gi can quan tam?

- Xac sudt cua cac nguyén tir protein sé sap xép nhu
thé nao trong dung moi.

- Xac suat tudng dong trong toa do cua cac hé
nguyén tU dé tao nén cac cau hinh protein giéng
nhau.



A i Zm-
Cau truac protein

e Diéu chung ta mudn la so sanh xac suat tao nén
cac tap hdp clra cac cdu hinh pho bién cla protein
« Goi cac tap hdp vi mo nay la (A, C). Mdi tap hdp
vi m6 gom nhiéu trang thai vi mo.

— Trang thai vi m6 dai dién cho cdu hinh phd bién
cua protein va cé bé mat nang lugng tu' do xac
dinh.

'Y

=
= g

Energy, U{x)

g ETeeEE b

Probability, p(x)
I»

L 4
¥

Position (x) Position (x)



R - :
Phan bo cda hé vi mo

» C : giéng thé sau, nguyén t co xu
hudng “arrangement” giong nhau

» A: giéng thé rong hon, nguyén tur
“arrangement” khac nhau.

Energy, U(x)

=
Probability, p(x)
p-2

Position (x) Position (x)



L
Phan bd cla hé vi mo
» A hay C cé xic sudt cao hon?!

» Xdc sudt phin bd cla hé vi mé

P(A)= [ Px)= | Exp(_u (% T]‘f*"

xed xeA
+ O nhiét do thap, P(C) > P(A)
+ O nhiét do cao, P(A) > P(C)

" 4] The yellow region is the probability
of the macrostate and it depends -::Ir-]
— x | |the tlemperature
= a G
-
= &= i
B — ]
z A B M /
L .,
= C E \ .- ..
Fon o PP—— '..\_|||-.‘

Position (x) Pasition (x)



Nang IUgng tu do cua hé vi moé
» Nang lugng ty do G, cua hé vi mo A dugc
dinh nghia:

P(A)= exp(_GA kBT)

« Tuong tu phan bd Boltzmann:

p(x) o exv(—u(%f)



e E
Nang IUgng ty do cua hé vi mo

Nang lugng tu do G, cua hé vi mo A dudc
dinh nghia:
P(A)= exp( kBT)

G, =—k,T log,(P(A))

—GA

Nang lvgng ty do theo thé nang va H va
entropy S)

G,=H,-TS,



L
So sanh c3u truc protein

RMSD (root mean squared distance/deviation):

v: toa db ctia cau tric ban dau
w: toa do cau tric thay doi theo thoi gian



Thach thirc cho moé phong hé sinh hoc

- Biophysical processes involve hundreds of thousands of
atoms often in intricate interactions that are difficult to
simply.

- They span a wide range of time scales: enzymatic and
regulatory process take ms, and structural reorganizations
may exceed seconds.

- The small driving forces that cause molecular changes

result from large, opposing energetic effect. This required
careful fine-tuning of the force fields that describe interatomic

interactions.



Application ranges for molecular
modeling at different resolutions

- All-atom model remains
inaccessible for many
protein systems.

- Lowering the level of

)¢ protein  representation

Length
m
: she ’129
mm

LOCAL MOTIONS

coarse-grained

-

um

all-atom .\ o extends the modeling
K| #C "/g(,_.gg opportunities to much
nm l o Igrger simulation
@ % ;gf timescales and system
* , sizes.
pm PROTEINFOLDING  GLOBAL MOTIONS Time

year

Approximate ranges of time scales and system
sizes in different resolutions



MO hinh tho coarse-grained

-  The model uses a 4:1
mapping.

- Four main types of bead:
polar, intermediate, apolar,
and charged.

Each particle type has a
number of subtypes, which
allow for an accurate
representation of the chemical
nature of the underlying
atomistic structure.
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