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Chwong trinh hoc (dw kién)

2 TC ly thuyét: 10 bubi; 03 tiét / 01 budi

- Budi 1: Gi¢i thiéu vé protein va khoa hoc tinh toan

- Budi 2: Phwong phap md phéng MD.

- Budi 3: Ky thuat mé phéng MD: thuat giai, trwdng lwe, cac phan mém.

- Budi 4: Ky thuat mé phéng MD: thuat giai, trwdng luwc, cac phan mem
(tiép theo).

- Bubi 5+6: Gigi thieu va hwdng dan s dung phan mém VMD,
XMGRACE, GROMACS.

- Bubi 7+8+9: Giao d6 &n mdn hoc va hwdng dan 1am dé an

- Budi 10: B4o céo do an



Hinh thire thi va cham diém
- Bai tap ca nhan: 10%

- B&o cao do an: 40%

- Diém cudi ky: 50%
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e Sisise Simulation, D. Frenkel and B.
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TRONG VAT LY » M6 phong trong Vat ly, V6 Van
Hoang, Huynh Kim Lam,
/ . Nguyén Trung Hai, NHH
Ay Chuong (NXB DHQG
. TPHCM, 2016),

PROTEIN




Budi 1: Gigi thiéu vé protein va
khoa hoc tinh toan




Protein

» Khai niém cau truc cla protein

 Tam quan trong cta cau trac

« S tro giup cua may tinh

« Hién thj cAu truc protein

* Ngan hang dir liéu protein

« CAu truc 2 chiéu cua protein

» C4u truc 3 chiéu cla protein: Cac twong tac vat ly trong
phan t& sinh hoc

« Cau truc protein: Tinh chat cac acid amin, cau trdc bac
hai va cac cau truc bac cao khac.



- Cai dat VMD
- https://www.ks.uiuc.edu/Research/vmd/



Proteins Myosin:

(molecular muscle)

100 million X



Lu6i ndi Té bao chat

chat tron

Ty thé Mang té bao

Protein cau tao tlr nhirng amino acid lap ghép lai st dung,thc“)ng tin dwgc ma
hoa trong gene. Moi protein ¢ trinh tw amino acid duy nhat xac dinh b&i trinh tw
cac nucleotide trong gene ma hda cho protein nay.



https://vi.wikipedia.org/wiki/Gen
https://vi.wikipedia.org/wiki/Nucleotide
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Quaé trinh tong hop protein




Track Bike—DL 175

REF. IBM e
NO. NO. DESCRIPTION

B 156011 Track Frame 21", 22", 23", 24", Team Red

2 157040 Fork for 21" Frame

2 157039 Fork for 22" Frame

2 157038 Fork for 23" Frame

2 157037 Fork for 24" Frame

3 191202 Handlebar TTT Competition Track Alloy 15/16"

4 Handlebar Stem, TTT» Specify extension

5 191278 Expander Bolt

[ 191272 Clamp Bolt

T 145841 Headset Complete 1 x 24 BSC

8 145842 Ball Bearings

9 190420 175 Raleigh Pistard Seta Tubular Prestavalve 27"
10 190233 Rims 27" AVA Competition (36H) Alloy Prestavalve
11 145973 Hubs Large Flange Campagnolo Pista Track Alloy (pairs)
i1z 190014 Spokess 11 5/8"

13 145837 Sleeve

14 145636 Ball Bearings

15 145170 Bottom Bracket Axle

16 145838 Cone for Sleeve

7 146473 L.H. Adiustable Cup

i8 145833 Lockring
19 145239 Straps for Toe Clips
20 145834 Fixing Bolt
21 145835 Fixing Washer
22 145822 Dustcap
23 145823 R.H. and L.H. Crankset with Chainwheel
24 146472 Fixed Cup
25 145235 Toe Clipsy Christorhes Chrome (Medium)
26 145684 Pedalss Extra Light. Pairs

27 123021 Chain

28 145980 Seat Post

29 Seat Post Bolt and Nut

30 167002 Saddles» Brooks

31 145933 Track Serockets Seecify 12, 13, 14, 15y or 16 T.

= But a parts list is not
enough to
understand how a
bicycle works



brake hoods

b

seat (saddie) - Y stem housing stop
brake pad (shoe) seat rails headset . > cable housing
P ssdlpait seatpost clamp top tube V' J b
brake \ / A"
nm
seatstays handiebars fork

adjusting
barrel

valve stem

fork blade

chain
chainring

chainstays
pedal

rear

chainring bolt release
derailleur

derailleur pulley

You need way more than the parts list to understand how these complex
systems function



Cau truc co quan trong khong?

- Trong cudc sdéng hang ngay, ching ta st dung may moc vOi
chirc nang va cac phan roi rac.

- Té bao va cac phan tl& sinh hoc (protein) cling 1a nhirng may
mdoc ma chire nang cta ching phu thudc vao cau tric va cac
phan riéng lé.

Cau truc xac dinh chirc ndng cua protein.



Thao luan:
- Néu vi du vé cac chirc nang khac nhau cla protein



Chirc nang cua protein

« Cau truc, nang do: protein cau truc (vi du collagen)
e dwgc tim thay trong cac mé xo nhw day chang, gan vada ...
* collagen chiém 1-2% cua cac mo co, va chiém 6% trong lwgng cua
co bap, co gan, .
;]su’I thoai hoa collagen thwong xay ra & giai doan tir 30 tudi tré di: ldo
oF|

(nguodn: wikipedia)

’

’ 5




Chirc nang cua protein

« Xuc tac sinh hoc: tang nhanh, chon loc cac phan rng sinh hoa
(vi du enzyme amylase - men tiéu hoa)
e 0 tuyén nwdc bot, dich tuy
* phén giai cac phan t tinh bét Ién khdng hoa tan thanh
tinh b6t hoa tan, cudi cung la maltose (dwdng mach
nha).

(nguén: wikipedia)



Chirc nang cua protein

- Diéu hoa cac hoat dong sinh ly: protein ho6c mén (vi du insulin)
» do té bao thudc tuyén tuy tiét ra

* 6 tac dung dleu hoa ham lwgng dwong glucose trong
mau, ngan nglra lwgng duong trong mau tang qua muc
cho phep

« Néu tuyén tuy cung cap qua it insulin: bénh tiéu dwong

(nguén: wikipedia)



Chirc nang cua protein

« Van chuyén cac chat: Protein van chuyén
(vi du hemoglobin)
* trong hong cau dong vat co xwong song
* cO vai tro van chuyén Oxy t&r phdi theo mau di nudi cac
té bao
* M6i phan tl hemoglobln co 4 nguyen tr sat, moéi nguyén
tlr sat lai co kha nang gan voi 1 nguyén tlr oxy.

(nguén: wikipedia)



Chirc nang cua protein

 Tham gia v?o chirc nang van
dong cua te bao va co the:
protein van dong, vi du myosin

« vai trd van déng co

« cac phan tlr myosin gan két voi
nhau tao nén cac sgi myosin
trong co cua dong vat.
(ngudn: wikipedia)




Chilrc nang cua protein

« Cam nhan, dap rng cac
kich thich cua moi
trwwong: protein thu quan

(vi du rhodopsin)

« vai tro trong thi giac

« |4 protein xuyén mang té
bao

« kich thich b&i anh sang
(photon) théng qua phan t
retinal

(nguén énh: wikipedia)



Dua trén cau truc protein dé thiét ké thudc

* Thu6c duoc gan két vao protein va quan sat sy khac biét cia dai phan
tor.
e S&r dung kién thirc vé cau tric protein dé thiét ké thudc.

http://www.nih.gov/researchma"ers/
october2012/images/structure_l.jpg




Thiét ké cac cau tric mai

* Thiét ké protein
* Thiét ké té bao




L
Protein la gi?

e 13 mot chudbi dai gdm nhiéu acid amin
e bao xung quanh ba&i dung mai, ion, ...
e trong hé protein cd rat nhiéu nguyén t

Ngan hang di¥ lidu PDBEE: o B
protein | Dy T - * L T ¢y oo T
The Protein Data Shich Kot of e i
Bank (PDB) s o
https://www.rcsb.org/




Cau tric 2D — CAu tric 3D

 C3u tric hai chiéu thé hién lién két cong hoa trj gilra cac nguyén tir
* C3u truc 3 chiéu thé hién vj tri (toa dd) cla nguyén tir trong khong

gian.
2D structure 3D structure
Ethanol
H
| I
H-g-¢-d
H H

images from https:/fen wikipedia orgSwiki/Ethanol



Acid amin (amino acid)

» |a don vi cau tric co ban cua protein
* la mét phan tlr chira nhém amin (-NH2) va nhom axit cacboxylic (-COOH)
« c4u tao tir cacbon (C), hydro (H), Oxy (O), Nito' (N)




Acid amin (amino acid)

« cac amino acid khac nhau & mach nhanh (géc R)

« ¢6 20 amino acid chuan (la cac amino acid trong tu nhién ciu tao nén
protein trong co' thé ngudi)

« amino acid thiét yéu (co thé ngudi khéng tu tdng hop duoc)




F-!'. £ C ..H Fl":' Hﬁ{_m
Protein duoc 'y e ff ’*“‘wf wL
cau tao tlr cac e

[ RE 1] 1 i (L] [L¥" e | =" Ela]

acid amin

F " rm-. } G |
20 amino acid “chuan” w T e I ! e "h-:*k'l“l’m"
¥ ] i !
Bugc ky higu boi 3 ky ty "
hodc 1 ki tur. — e b oy T
. . _ T ) - Ty .-'\-\._u.". [:J
(vi du., Threonine = Thr=T; NNy e M‘}( ;{ f\;]i,m
Tryptophan = Trp = W) aa - l’m : f"
[RE -] L-Lysrs L- kg 1Py = 1P
s | e ke " ] [ L] e 1P
The “side chain® is
different in each aming —————___ Hy ™ ey .
. =T H R _]::J
o,
acid. it ooy O -.,.-r- ~ “ﬂ{[ . M’Q[I!I,,cn
All amino acids have _________:.m — — — s
this part In common. iSer {0 T iTre 1Y My P ¥4

ttps./fenwikipedia orgwiki/Proteinogenic_amino_acid



Protein dwoc ciu tao tir cac acid amin

* Amino acid lién két vdi nhau théng qua lién két hoa hoc

H1. .fH I‘;l {I:E H-. :H Iﬁ ?
H"n. .r"c"l. .-'DH. + ] H'l-\. C'lu. .-'N'\u. .rlE'l\. .ﬂ'H
e T g So = T Te e
H © R H H O R H
___ﬂ_‘__
+ H  H

http:/fenwikipedia.org/wiki/Condensation_reaction

* M@i acid amin la thanh t8 cla chudi, con duwgc goi la “residues”
» Lién két gilra cac residue la “lién két peptide.” Chudi con dugc goi la "polypeptide”



Lién két peptide




Lién két peptide

« M&t chudi peptide (polypeptide/protein):
« ¢6 nhém a-amine (a-NH2) tw do dwoc goi la dau N-tan cung
« ¢6 nhém a-carboxyl (a-COOH) tw do dwoc goi la dau C-tan cung.

OH

CH; CH,

/

|

el | el [ [

+

H;N—C =—=N—C—C—N—C—C—N—C —N—C—C00~

el sl i

H (o] H O H O H O H
Amino- Carboxyl-
terminal end terminal end

Figure 3-14
L Priecipies of Sachervaery, Fifth £nse

O 2000 W M Faearan and Company




Protein c6 backbone glbng nhau, céc chudi bén khac nhau

™\ 7 c A
n . \1/ \"/'f\<
i

R group http://bcachemistry. wordpress.comy2014/05/28/chemical-
e acneRons bonds-in-spider-silk-and-venom/

From Protein Structure and Function by Gregory A Petsko and Dagmar Ringe




Chdlrc nang cua protein

PROTEIN

@



- YEu td nao xac dinh cau truc 3D cua a protein?
“Physics underlying biomolecular structure”



- Protein cd cau truc xac dinh
* Th& tw cac amino acid trong cau tric bac 1 cldia protein xac
dinh cau trdc khong gian cla protein.
* Protein sé cudn theo mot cau truc trong tw nhién.
e Tai sao?
- CAu trdc mach nhanh cda cac acid amin
- D& hiéu rd, can hiéu luc twong tac gitra cac side chain.



Cac twong tac chinh trong ciu tric protein



Hinh dang cta nguyén tu

- Hinh cau
- Cé toa dd (x, y, z) trong khéng gian tai mot diém thoi gian



Hinh dang cua phan tu

+ Phan tlr gom nhiéu nguyén te
« Toa dod (x, y, z) cia moi nguyén tir tao thanh hinh dang cua
phan tu.



Hinh dang cla phan tu

-

.._4 atoms define a torsion
« : (ordihedral) angle

2 atoms define
_abond length
\

3 atoms déﬁne a bond angle

Ref: Hinh tir Slide cua Ron Dror



Luc gilta cac nguyén tu

* Hai loai lwc Two types of forces:
- Lyc dua trén lién két cong hoa tri
- Luc dya trén lien két khong cong hoa tri

U(T) — Ustrerch + Ubend + Udihedra{ + Ueiectrﬂsmric + UvdW:

Output
Input




’wo’ng tal C cgung Hoa iri !Bonaea

atoms)

C6 3 loai twong tac lién két
gilba cac nguyén tu:

* Twong tac gitra hai nguyéen
tr co lién két cdng hoa tri
vOi nhau

* Twong tac goc gitra hal
lien két hoa hoc xuat phat
tr mot nguyén tw

« Chuyén ddng xoay cla bdn
nguyén tir xung quanh mét
lien két hda hoc.

Ebonded — Ebond—stretch + Eangle—bend + Erotate—along—bond



L
Twong tac gitra hai nguyén tw

Distance, r

— 2
Ebond—stretch — 2 Kb (7‘ _ rO)
1,2pairs

K,: hdng so lwc mo ta dé cirng 10 xo
ro. PO dai lién két trong trang thai can bang
r=|ri-r.|: Do dai lien két cdng hoa tri gitka nguyén tlr i va nguyén tl



L
Xac dinh tham so tir thwe nghiém

Xac dinh ry,: Dwa
vao di¥ liéu d6 dai
lien két trong cau
trdc tinh thé cula
protein.

—
120.3 pm

Xac dinh K,: tir pho |
dao dC)ng Vi Ky Iiér) C,oH, C,H, C,H,
guan dén tan sob

dao déng cua lién

két hoa hoc



Xac dinh tham so tir tinh toan lwong tor

Tinh toan lwong t& cho cac phan ti trong moé hinh (tteng aa

rieng |é trong chan khoéng):

= 1, la do dai lién két hoa hoc khi cau tric can bang. Cau
tric can bang dwoc tim bang cach cuc tiéu hoa thé twong
tac lwong tr.

= K, dwoec tinh dwa trén thé twong tac lwgng tlr twong (ng
v&i nhiéu dd dai khac nhau cla lién két hoa hoc xung

quanh gia tri can bang.



L
Nang lwong goc

La thé twong tac khi goc
cua céac lién két trong
phan tt 1éch khai vi tri
can bang.

)

J
Epond-bend = Z Ko(6 — 90)2

angles



L
Nang lvong goc

Epond-bend = 2 Ko (0 - 00)2

i 4 k angles

0 Goc gilra hai lién két héa hoc I-J va J-K

HQ: GOc gitra hai lien két hda hoc 1-J va J-K tai vi tri can
bang

Ry Rix

Ry ||Rik|

6 = arccos

ry
n

ko Hang sO d6 clirng cuia goc lién két




L
Nang lwong gitra hai mat phang

Chuyén déng xoay clia bdn nguyén t& xung quanh mét lién két héa hoc.
Chuyén déng xoay dwoc mo ta béi goc nhi phan.

Méi géc nhi phan duoc hinh thanh béi 3 lién két héa hoc ké tiep nhau.
Khi tinh tién lién két a-O’ doc theo lién két O’-O” sao cho O’ tring O” thi
goc nhi phan la goc gitra a-O’ va O”-c.



L
Nang lvong tao bdi 4 nguyén tir

4 nguyén tlr sé tré vé
trang thai ban dau néu ta
xoay métgoc o =2«

> Thé twong tac phai 1a
ham tuan hoan doi voi
phép quay 2

1
Erotate—along—bond = Z EVn[l + cos(ny — é)]

« n chay trong khoang tir 1 dén s6 Iugng cac cuc tiéu nam
trong khoang y € [0,27t] (A,,) €Ua Ugpegran

« I/: DO cao rao thé tucng tac

O pha clia ham tuidn hoan cos dé dich chuyén vij tri cac
cuc tiéu trong khoang y € [0,27] cua U g



Nang lvong tao bdi 4 nguyén i

A
eclipsed
H

E (kcal/mol)
Ix
ﬁa - &
T
x
I
I:I:
II
:
T

3 0 kcala'mnl

| l ] ‘_ ¢
60° 120° 1an- 300
H
HQ:H |-| H H H
H H |-| H |-| H
H
SFEQQE-"Ed siﬂggered

Thé twong tac dihedral ctia phan tir C,H, v&i ba cwce tieu cé
cung thé twong tac



Tuong tac Coulomb

@@

Uelectrostatic —

0, G- Dién tich cua nguyén tir I va nguyén ti |
r;: khoang cach gitra cac nguyén t i,
¢: hang s6 dién moi, trong chan khdng e=1, trong nudc =80,

trong plastic hoac protein e=2-4



Tuong tac Coulomb

Uelectrostatic —

« Mbi aa dwoc dac trwng bdi tap hop {Q,} bao gom gié tri dién
tich cla tat ca cac nguyén to.

« {Q;} dwoc tinh bang phwong phap binh phwong toi thiéu
dwa vao thé tinh dién thu dwoc bang cac phwong phap
lwong tu.

« {Q} thu dwgc cho tirng aa trong chan khong va duoc gia sw

khong thay ddi gia tri khi cac aa lién két véi nhau.



Twong tac van der Waals

» Cac nguyén tl¥ khéng co twong tac tinh
dién (Ar — khi tro) c6 xu hwong hit
hodc day nhau trong khodng cach ngan

* Once the atoms are close enough to
have overlapping electron clouds, they

will repel each other with astounding
force



’ Nano-structures

Hinh 1: (A) Con than Ian Tokay (gekko gecko); (B) nhifng Ia mong vat
ngang ban chan nhin ti dudi Ién; (C) la mong la nhithg cum I6ng co thir tu
hinh ban chai danh rang; (D) sgi 16ng chinh tua ra nhirng sgi I6ng con c6
hinh dang nhu cdy choi quét nha; (E) nhirng sgi 16ng con va (F) cdu tric soi
nano nhan tao [1].



Tuong tac Van der Waals

Twong tac tam xa gitra cac nguyén tr & khoadng céch ti 4
lien két hoa hoc tré 1én hoac gilra cac nguyén tr thudc hai

phan t& khac nhau

20 P r -
20 0 min 0 Distance
2
0
R, 1a hang sb, sao cho, U, ;=0 khi r-r,
E, la gia tri cyc tiéu cua U
O ER——



L
Tuong tac Van der Waals

Energy U
4 B

147 (or Exponential)

Repulsion

. i r: .
= between atoms)

= S6 hang dau tién mé ta twong tac day gilra hai nguyén tlr &
khoang céach rat gan.

= Céc dién t& ludn chuyén déng khéng ngirng quanh hat nhan, do
do tai mét thoi diém ndo dé phan bd cda dién ti trén nguyén ti 1a
khong dong déu va tao ra mét lwdng cuwc dién tic thoi trén
nguyén t, khi n6 dwoc dwa dén gan mét nguyén tlr khac no sé
kich thich hinh thanh lwé&ng cwc dién tlrc thdi trén nguyén t kia
nhwng theo chiéu nguwoc lai, tao nén twong tac hut.



L
Tuong tac Van der Waals

Cac tham s6 trong thé tuwong tac van der Waals

Interaction  Eg (kcalmol™') 79 (A) rmpip (A) Minimum van der Waals
radius of atom (A)

H---H 0.12 2.4 2.0 H: 1.0

H---C 0.11 2.9 24

C.--C 0.12 3.4 3.0 C: 1.5

0---0 0.23 3.0 2.7 O: 1.35

N---N 0.20 3.1 2.7 N: 1.35

CH, ---CH, =~0.5 ~4.0 ~3.0 CH,: ~I1.5




Cac twong tac khac



Lién két Hydro

-~ Lién két hidro la lién két hoa hoc khi cé Iwc hat
_ tinh dién gitra:
P 10z « H mang dién dwong: 1a nguyén tir hydro lién két
\__i 3 v@i nguyén té co dé am dién manh nhw N, Cl, O,
\ @) o F . - L
e * Nguyén to co6 do am dién manh, mang dién am
I [ 4
U rl.'r-rn:'mr-g.v:n'.*.nr_-:
I % W1 VIl
?‘ 3.:1 .-: 4-.IJI
== & P|E Zl
= 16| 21|25 30 —1.8A= ~19A- 214
2 e | 13 ( a O—H:::0 N—H:::0 N—H:::N
L MEIEE —~28A = —29A - «31A -
1820 21) 47
Separation () 3|20 -




Nudc tao nén lién két Hydro

« Nwéc tao lién két Hydro
véi nhau va v&i cac TR — .,o,,d{
nguyén tlr cua protein.

« CaAu trac protein phu thudc
nhiéu vao dung méi nwéc -
Xung quanh y

http://like-img.com/show/hydrogen-bond-water-molecule.html




Ki nudc va va nudc
Hydrophilic vs. hydrophobic
« Phan t&r wva nwéc phan cuc va tao lieén két hydro véi nwéc
Phan cuwc = chira nguyén tr mang dién. Cac phan tr chira oxy va nito

thuwdng phan cuec. ’
* Phan t& ki nwéc khéng phan cuwe va khéng tao lién két hydro véi nwéc

Hydrophilic (polar) Hydrophobic (apolar)
A i
|
H-C-0-H H—C—H
H H

Methanol Methane



Hiéu ng ki nudc (Hydrophobic effect)




R - :
EXPLAINING HYDROPHOBICITY

oW ater molecules next to solute

*They are ordered and have less

*Tle ch so that
Mﬁvwblb.‘p areinthe
swf«:el-a:r.

Number of unhappy water molecules

*The hydrophobic solutes
oggyeqate.

Slide from Michael Levitt



L
Cé&c bac cau tric cua protein

e Cau truc bac 1: Trinh tw sap xép nhirng axit amin & chudi
axit amin.

e Cau truc bac 2: Chudi axit amin duwoc tao thanh vong xoan
10 xo déu dan.

e Cau truc bic 3: Cau tric bac 2 xép cudn lai thanh kiéu dac
trwng, tao nén hinh dang khéng gian 3 chiéu.

e Cau truc bac 4: Cau truc ciia mot vai loai protein gobm 2 hay
nhiéu chudi axit amin khac loai hodc cung loai lién két vdi
nhau.

Cau truc bac 1 thé hién tinh chat dac thu cla protein, con cau
trdc bac 3 va 4 thi thé hién chirc ndng sinh hoc



Cac acid amin co side

chain khac nhau

L-Alarine L-Agnre L-ASDAraGre L-ASDAItC aod
NaiA) (Arg /R (Aan ! N} Asp /DY
M’\[""
H, M,
Hy
L-Ghtamic acid LGhuamine Glyora vHasdne
Guie) (Gn /' Q) |Gy 1 G) s M)
4
(.
LS
> A
My - \x "
L-Leudne Lilysine L-Methionire uPhoratanine
(lou s Lym /K) [Miet 7 M) Pha ! F)
\‘ !
H om

L-Threcnne L-Trymiophan -Tyrosine

. > : - //”’ -Serine
Cac acid amin co back {8 18 M 1Ty (Trp £ Ty i)

bone gidng nhau

https://en.wikipedia.org/wiki/Proteinogenic_amino_acid

L-Proine
o)

L-Vafine
VeV



Tinh chat clia acid amin

* Cac side chain cuia acid amin tao nén sy khac biét trong cau
tric 3D cua protein.

e Vidu

— Céac side chain I&n can nhiéu khéng gian hon cac side chain
nho.

— Cac side chain ki nwdc cd xu hudng gan nhau.

— Céac side chain wa nudc tao kién két hydrovdi cac phan t
nudc va phan tu khac.

— Cac side chain tich dién dwong hut cac side chain tich dién
am.



Cau truc bac hai
e Hai thanh phan quan trong ctia ciu truc bac hai:

— alpha helix
— beta sheet

Myoglobin Green Fluorescent Protein

alpha helix /' beta sheet

hetps://upload wikimedia org/wikipedia/commans,
httpy//www.biotek.com/assets/tech_resources/11596/figure2.jpg
hetp://upload wikimedia.ong/wikipedia/commons/e/e6/Spombe_PopZp_protein_structure_rainbow.png



Cau tric xoan alpha

()

Image from “Protein Structure and Function™
by Gregory A Petsko and Dagmar Ringe



Cau truc phién beta

All
.(::rwdkl
e
'},'.'u__':>
porallel



Cau truc bac hai

* Mt so cau truc bac hai khong phé bién: loop, turn, coil




BAGBONE DEGREES OF FREEDOM

* The torsion angle
rotating about the
N—CA bond is called ¢

b * The torsion angle
& rotating dbout the
CA-Cbond is called

From Michael Levitt (¢ "Ib “‘9‘5

« The remaining backbone bond (N-C, the “peptide bond”) is rigid



Gian do Ramachandran

- D6 thi thé hién su phan bd gbc (®, W) trong mat phang goi 1a gian d6 Ramachandran

» MOt s6 acid amin c6 gian d6 Ramachandran khac nhau.

0 % 0

Alpha helices va beta sheet tao nén dac tinh gian dd Ramachandran

@ =
- PRO
(. .
2 |
180 180

Ala is typical
Pro: hiém thay

Image from Michael Levitt



Cau truc bac 3
* La ciu truc khong gian (3D) cla protein.

Myoglobin Green Fluorescent Protein




Cau truc bac 4

* La suw két hop cua nhiéu chain.

Molecular Structure of Hemogilobin

[, gobin chasn u, globin chain
Composed of 4 amino acid chains

http://iytimg.com/vi/MKGhoC1Bf-1/maxresdefault_jpg »



Tai sao chung ta can mo phong?

MO hinh thuc t€ va mo hinh trén may tinh

MO phong may tinh can thi€t cho nhirng linh vuc
nao?

Lién hé gilra ly thuyét, thuc nghiém va mo phong
Cac budc cua qua trinh tinh toan mo phong

Uu diém va nhugc diém

MO phong dong luc hoc phan tu: Phucng phap va
U'ng dung trong mo phong protein



L
S d6 nghién ci'u moét hé thong

Hé thong
Nghién cim bing Thi nghiém véi Thi nghiém véi
phiremg phap 1y thuyet hé thong thire mo hinh eiia hé thong
Mo hinh vat Iy Mo hinh todn hoc

Giai phép gidi tich Mo phong



MO phong may tinh la gi?



Mo phong may tinh la gi?

la qua trinh st dung chuang trinh may tinh dé mo ta (“bat
chudc”) mot hién tuogng dua trén mot mo hinh cho trude.

MO hinh: [a mo ta toan hoc cua mot hé

Cac chuong trinh may tinh c6 thé md phong cac hién tugng vat
ly, thoi tiét, giao thong, cac phan Uing hoa hoc, cac qua trinh
sinh hoc...

500

fcc

A—7.215 8.064 1.484
A 6.159 5.683 2.910
A 7.306 2.762 3.461
A 8.016 1.468 4.693
A 5.436 5.978 2.149
A 7.973 5.408 7.343
A 5.907 3.338 .731
A 2.836 .866 L7121
A 6.808 4.176 7.:311
A 7.882 3.194 .949




MO hinh thuc té€ va mo hinh trén may tinh

NH1 ARG A 145 31.814 -31.597 16.995
NH2 ARG A 149 32.203 ~32,9 18.816
N ASN A 150 29.346 -24.35% 18,912
CA ASN A 150 28.480 ~23.19%0 18.93)
€ ASN A 150 28.606 -22.168 17.808
O ASN A 150 27.803 -21.276 17.678
CB  ASN A 150 28.732 -22,524 20.202
CG ASN A 150 28.284 -23.309 21407
0Dl ASN A 150 27.208 -23.981 21.43%
ND2 ASN A 150 29.110 ~23.463 22 466
N LEU A 151 29.629 -22.313 16.996
CA LEU A 151 29.868 ~21.415 15.894
C LEU A 152 29,953 -22.205 14.597
0 1LEU A 3181 30.149 ~23.422 14.5)4
C8 LEU A 151 31,208 -20.735 16.100
CG LEU A 151 31.436 -15.884 17.307
col Llih 151 32.846 -19.333 17.256
Type

:
¢




M6 phdng may tinh can thiét cho nhirng linh vuc nao?

M& hinh cac
dong khi bao
quanh tén Ira
khi dang bay

M6 hinh phan t&r C60




Tai sao can md phong?



Tai sao can mo phong?

- Gilp tién doan va hiéu dudc co ché hoat déng cua
cac hé phirc tap: ching ta cé thé hiéu rd tirng nguyén
tr nhung rat kho tién doan tinh chat cua hé nhiéu nguyén
tlr (hé nhiéu hat)

- Kiém chirng cac ly thuyé&t, mé hinh: thi nghiém trén
may tinh — computer experiment

- Ho trg va giup dinh hudng cho cac thi nghiém:
trong mot so truong hgp, thi nghiém gap kho khan:
-khong thé thuc hién: trong 13i trai dat, mat trdi ...
-nguy hiém: chay, nd, chat doc ...

-ton kém: ap suat cao, nhiét do thap, ...
-khéng quan sat dugc: hat nhan, quark...



Cac linh vire can mo phdng may tinh




Lién hé giira ly thuyét, thu'c nghiém va mo phong

C Real system >—-> Make a model —b( Model system )

Perform Perform Const_ruct
experiments simulations approximate
theories

v

Experimental
results

Simulation Theoretical
results predictions

Compare
and improve
model

Compare
and improve
theory

Ngudn: https://en.wikipedia.org/wiki/Computer_simulation



Kich thudc nano

100 slices

\/\ H—»ﬂ'll'l’

Take 1

=\

4 -‘
1nm

Take 1slice 1000 slices um




L
Kich thudc nano

Cell
Cells

Cytoskeleton o >tum >H7

Full length
Filaments filamants

Unit-length
filaments

Tetramers
Protein molecule Dimer

Coiled-coil W " 00m  H3
protein domain / .

Alpha-helix
domain

Alpha-helical turn
(H-bond clusters)

Chemical bonding

H-bond



Thang kich thudc va thang thai gian

o
= macroscale
@
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o
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W v
c
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o
Q v
c —
= =
e 3
< )
o > 2
o =
it ﬂnmlxtl(
E
Q
N o m
U A
w
o
g & l
>
L
Q.

I I | I| 0.

Length Scale



L
Phuong phap mo phong

Time o(10%)
atoms

~100,000..1E10

divo+f=0
Image by MIT OpenCourseWare.

“continuum scale”
Matter is indefinitely
Divisible

Length

A nm pm m
Molecular model (fundamental) - Parameters (Young's

modulus) - Use in model with PDE that involves
Young’s modulus as parameter




Thang kich thuGc va thang thdi gian

Kich thudc ~ A (dén 100 nguyén tir), thdi gian dién ra
qua trinh vat ly ~ps: dung cd hoc lugng t&r (QM), cac
phudng phap lugng t&r nhu DFT ..

Kich thudc tir ~A dén ~nm (tir 100 dén 5.000 nguyén
tlr), thai gian ~ns: dung reactive force field (ReaxFF).
Kich thuGc tur nm dén micrometer (~5.000 — 10.000
nguyén tr), thdi gian micro gidy: dung pp cd dién nhu
MD, MC.

Kich thuéc ¢ mic micrometer (10.000 — 100.000
nguyén tr), thdi gian micro gidy: pp mo phdng co dién,
thuc nghiém vai cac pp quang hoc.

Kich thudc I6n han micrometer, thai gian ~ giay: cac
phugng phap thuc nghiém truyén thong, dung kinh
hién vi dién tr. Tinh todn: phucng phap phan tr hiu
nan.




Uu diém cla tinh toan
mo phong




Uu diém cua tinh toan-mo phoéng

Cé thé thuc hién trong mot loat cac diéu kién
khac nhau trong cac boi canh khac nhau.

Co thé thuc hién mo phong trong nhifng diéu kién
rat kho thuc hién trén thuc te. ,
Co thé giai quyét nhirng bai toan ma khong thé
gidi quyét bang cac phuong phap truyén thong.
Tiét kiém thoi gian va tién bac khi c6 thé chon ra
moO hinh toi uu trudc khi san xuat thu.

Cho ra nhirng thong tin 8 mdc do vi mo tung
nguyén tu-phan tu. ,

Co tac dung du doan, kiém ching ly thuyét ...



Han ché cua tinh
toan-mo phong




Han ché cua tinh toan-mo phong

Pau vao va dau ra cua mo phong chi la
nhiing con sG. M6 phéng khdng thé thay thé
hoan toan hé thong thuc.

Do tin cay cua dir liéu phu thudc rat nhiéu
vao phuadng phap mo phong. Thudc do do
chinh xac: so sanh vdi thuc nghiém nhirng dai
luong co ban.

Trong vat ly: mo hinh con kha nho so véi hé
thutc.



Siéu may tinh

Toc dbc cha siéu may tinh do bang

gi?

- FLOPS (floating-point operatlons per second
- 56 phép tinh diém phu ddng moi gidy) (thay
vi MIPS - million instructions per second -
trieu Iénh trén giay)

Vi du: petaflop tuong duong vaGi 10°15 (10
trieu ty) phép tinh/giay



Tai nguyén may tinh

Levels of computing power for Three Stages of the Intelligent Society

Computing power level at each stages [GFLOPS per capita]

g ™
Assume quantum
corhputing made a
bremithrough and has
acHieved large-scale
-;m::merr.!lir application

Assume guanium
computing has ped fo

be used on a large
scale

2018 2035 2045

(" Ealystage ) ( DevelopingStage ) ( MatureStage )

FLOP (FLoating-point Operations Per Second)




Theoretical milestones:

Newton (1643-1727): Classical equations of motion: F(1)=m a(t)
Schrédinger (1887-1961): Quantum mechanical equations of motion:

-th &t y(t)=H(t) y1t)
Boltzmann( 1 844-1906): Foundations of statistical mechanics

Molecular dynamics milestones:

Metropolis (1953): First Monte Carlo (MC) simulation of a liquid
(hard spheres)
Wood (1957): First MC simulation with Lennard-Jones potential =
Alder (1957): First Molecular Dynamics (MD) simulation of E
a liquid (hard spheres) &
Rahman (1964): First MD simulation with Lennard-Jones potential
Karplus (1977) & First MD simulation of proteins
McCammon (1977) R
Karplus (1983): The CHARMM general purpose FF & MD program g
Kollman(1984): The AMBER general purpose FF & MD program 5
Car-Parrinello(1985): First full QM simulations
Kollmann(1986): First QM-MM simulations



PONG LU'C HOC PHAN TU’ cO DIEN

- [1 MD dwoc phat trién b&i Alder va Wainwright vao cudi

- 1950, Rahman vao 1960.
- B.J. Alder, T. E. Wainwright, J. Chem. Phys. 31, 459 (1959)

A. Rahman, Phys. Rev. 136, A405 (1964)

- [1 PP dwoc dung réng rai nhat hién nay trong md phdng
- cac doi twong Vat ly, Héa hoc, Sinh hoc, Vat liéu ....

- [1 Md phéng cac tinh chat lién quan dén can bang nhiét
- déng, dong hoc ...

- [1 DUNg trwdng lwe cb dién clia Newton

- [1 PP gan dung tot nhat dung mé phdng vat liéu

- [1 Gbm céac bwdc twong tw cac thi nghiém thwe



Bal tap 1.

- St dung phan mém VMD dé thé hién cau tric sau:
- Nudce: Point

- lons: VPW

- Protein:

Chain 1. New cartoon, mau green
Chain 2: Ribbon, mau do.
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