Chuong 2
Cau truc va chire nang cac
Dai phan tir Sinh hoc

Wall
Cytoplasm

-

Membrane
Flagellum

(a) Proteins

granules

(d) Lipids

(b) Nucleic Acids
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Pai phan tir (Polymer)

** Monomer: Mono = mot; mer = don vi

% Dai phan tir la gi?

Poly = nhiéu; mer = don vi. Mot polymer 1a mot phan ti

16n chra nhi€u don vi (monomer) nho lién két véi nhau.
Polysaccharides—also known as “complex carbohydrates,” composed of long

chains of simple sugars, usually glucose. Their chemical characteristics are determined
by the orientation and location of the band between the monomers.

ooy, Oubnddaiondn onené&ndng

Cellulose
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Starch i < >ﬁ o
SACaey LD
o) Sgedeie] s o
Povo el By OOOOOOQ T o
Glycogen Q{Q

Types of carbohydrates eI




@ Cac dai phan tir sinh hoc quan trong

Protein (55%)

Nucleic acid (23,6%)
DNA 3,1%; RNA 20,5%)

Lipid (9,1%)

Polysaccharide (5%)

(@]

o
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Monosaccharide

@

=
- Dang don phan chita 4 — 7 C la phé bi&n nha't trong t& bao
- Pon phan thudng c6 sudn ciu tric chung, khac nhau ¢ cdc nhém thé va vi tri
khong gian ctia nhém OH- trong mach carbon
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Sugar  Open chain Rin Significance
Hexoses H—C=0 HOC?HE & B N 9
H-"C—0OH 59' o L H-C=0
Glucose . SOLIES Pentoses ' | HOCH OH
HO=G—H s Hy AH O\ OH oslwmis HAC—0H }/ N
H-"C—on HO/C\\OH H /C\H i3k e = 4‘?\H H /‘F of RNA
H —5CI—OH | | 2 Ribose 4l
o & ¢ H=G—OH
CH,0H H OH 'F’CHZOH OH OH
1
Fructose CH,OH
| H
QC*O HOCH/ \ Deoxyribose 1C (6] HOC"/‘/ \OH
ot - HeH & Backbone
H =
HJ(I370H H\l ‘/,CH o fruit sugar H ac‘ OH ’L\C (I:E/ GfDNA,
H—scIJ—OH ?H ? H- <‘: OH 3C|)H |
CH,0H CHL0H
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6
CHZOH

1
H\C —c

OH

0, H

Glucose, mdt monosaccharide, dé dang chuyén ddi giira 3 dang dong phan.
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C 1 o-glucose

Glucose

&
(|:H20H
H 0, OH
) J:/ ! |
I \?H | C 1 B-glucose
OH T3_c
L

Nguyén Hiru Tri el

) Monosaccharide

-

6
CH,OH

| / \“
\gH /T‘ a-glucose
c_c OH

H OH

0,

CH20H \CHQOH
| a-fructose
\ R / OH
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/H

0,

OH

CH ,OH

b \|
'\u .L

OH DH

OH

|
|\OH H (I: B-galactose 4

H

C
| a-ribulose
H | OH

1 O-mannose

| / \cuzou

OH
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) Polysaccharide

=
- Lién k&t giita cAc don phan 1a lién két glycoside
- Céc polysaccharide khac nhau do khac huéng lién két glycoside (a,
B), khiac don phan, khic t8 hgp cic loai don phan
- Cac polysaccharide quan trong cellulose, glycogen, tinh bot, chitin.

B-1,4-Glycosidic bond

««-1,6-Glycosidic bond

24/03/2016 2:55:03 SA 7 Nguyén Hivu Tri el

i) Polysaccharide

z
Lapthé  Tinh bot Tith&  Hat glycogen
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i Polysaccharide
- y Khoang 80
. phan te
Soi c?llultzse‘trong cellulose  lién
N L vach té bao két dé& hinh
= Vach te bao] thanh vi soi,
E = clu tric chinh
\ clia vach té bao
Té bao thyc vat
- CHZOH DH CHQDH = -h-:
\O CH on® on CH,Ol ' ..@ 95
CHZOH 0H CHZOH ol @ @Q’ Phan to
I o 4 Cellulose
Lién két gitra hai phan tu' _ aﬁ"' ﬂ@
cellulose song song la cau n0| CHQDH
hydrogen gitra nguyén 'Q\‘. &® | M6t  phan  to
carbon 3 va 6. 0 CH DH CH,0 cellulose la mét
Gl polymer B-glucose
&on"ocrﬁif / khéng phan nhanh.
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Polysaccharide

-

¢ Chitin, mdt polysaccharide quan trong khac
— Puoc tim thiy & b xuwong ngoai cua dong vat chan dot.
— €6 thé duogc str dung nhu chi khau trong phau thuat

24/03/2016 2:55:03 SA 10 Nguyén Hiru Tri el




@ Chwre nang cua Polysaccharide

¢ Polysaccharide c6 2 chirc nang chinh:

1. Du trit nang lugng: tinh bot 1a chat duy trit ning
lugng chinh ¢ thuc vat trong khi & dong vat Ia
glycogen

2. Céu tric: cellulose, thanh phan chinh cta vach té
bao thuc vat, 1a polymer doi dao nhat trén trai
dat. Chitin, 1a polymer doi dao thir hai trén trai
dat, 1a thanh phan cau tao nén 16p vd ngoai cua
dong vat chan dot, gidp xac, nhén, cling nhu la

7

vach té bao cua mot sO6 loai nam
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i Lipid <& =

Thanh phin quan trong ctia mang Stearlc acid
Lipid don gian: triglyceride m
Lipid phdc tap: ¢6 chia P, N, S, Chét béo bo hoa

cac nhom dudng, ethanol amine, serine, choline
Phospholipid quan trong trong ciu tric mang.
Steroid, S{lp Common fatty acids:

1615 1, 18 4, 1 9 7 5 3,18
2 0 ) 6 2
HaC 14 1 1 4 C—OH
C saturated (palmitic)

CHa\/\\/\F\NWEmH

C4 monounsaturated (palmitoleic)

Simple lipids (triglycerides):
Fatty acids linked to glycerol by ester linkage

Oleic acid Glycerol
g M
e e e OG- H
HsC (@ ‘
—0-C-H
2 HaC @_ i
A A aa 0-C-H
Chét béo chwa bao hoa  Cau noi doi HaC -
Fatty acids Ester

linkage
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@i Acid béo bio hoa vs chua bio hoa

(a)

Oleic acid, C18 one double bond, melts at 13.4°
(b)

24/03/2016 2:55:03 SA

N,

(e)

Linolenic acid, C18 three double bonds, melts at -17°
(d)

Nguyén Hiru Tri

(%)

i Lipid
= p
<@ A /4 L
+¢ Cau trac Phospholipid
<, A A A I4 \ Al . /4
+» Gom mot dau wa nudc va duoi ki nudc
© Ol ﬁ(CHs)a Choline
E N
§ o=c')Pfo— Phosphate
3 o
Q o e 1.
Pz G CH: Glycerol
cl) ? __________________________________
C=0C=0
Acid béo
~Q
g
% Hy?]r;:;l:lilic
© \ = Hydrophobi
a )%T s
2N}
(a) Structural formula (b) Space-filling model (c) Phospholipid symbol
24/03/2016 2:55:03 SA 14 Nguyén Hiru Tri
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@h  Mang doi phospholipid

-

head group
Glycerol — — — . ‘;;A) .........
| Y | OO NI NI NI I

;W;; mmr;f WWY W

Polargroup ~ _
I T
Phosphate Hydrophilic
i

Hydrophobic Ei ) }? } i

fatty acyl
tails H A J J.J J SIS
Phosphollpld bilayer

Glycerophospholipid

24/03/2016 2:55:03 SA 15
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gy Mang té bao

extracellular
medium

sugar residues

hydrophobic I'!yfirophilic
lipid tails lipid
headgroups

integral membrane protein

lipid bilayer

peripheral membrane protein
cytosol
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— Su di chuyén qua mang

0, . €O NO  H,0
Na* K* ca*™ Glucose

Steroid hormones

Nguyén Hiru Tri el
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] Lipid

¢ Steroid, cholesterol

— Puogc tim thiy trén mang té bao H,C

— La tien chat ciia mot vai loai hormones

CH,

% Sap o
— La loai lipid tim thiy trong vé bao bén ngoai & thwe vit
hoic bao boc ¢ dong vat.

24/03/2016 2:55:03 SA
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i Protein

-
- Cdu tao béi chudi cic amino acid ndi véi nhau biing lién két peptide
- Hai muoi amino acid khiac nhau vé tinh chat héa hoc cta ciac nhdnh
bén trong phan ti
- Dic tinh rat da dang cia cic protein do trinh tu amino acid

Ty R
)—C—C—N—C—(!—N—é (!—N J: C=N— J: C=N— J:— ~
| |1 | I |1 [ OH
H R2? H H R4 H RS H Ré
H,N—Ala Thr Cys Tyr Glu Gly -COOH
*HN
Amino gnd
Aminoacid/.;‘-,

subunits

. Bpleated
sheet

24/03/2016 2:55:03 SA 19 Nguyén Hiru Tri el

T
% 7(|2H —CH, 'ftlez—NH;‘
Fch, Pch,
“00C—"CH—NH; ~00C—"CH,
leucine y-amino butyric acid

(a)

'OOC—CH—NH;'
o-amino acid general form
(b}

R H R H R H R

1 |2 ]3 n
NH —CH—C—N—CH—(ﬁ—N—CH—ﬁ ------- N—CH—CO00"~
0 (o]
—J R
peptide peptide
bond bond

generalized peptide
(c)

24/03/2016 2:55:03 SA 20 Nguyén Hiru Tri el
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Amino acid

CH, CH, CHy
S o
CH,
NP T -
il o o o o P Jo Mg o
HyN* — C*C/ H3N* *cfc/ HyN*— C*C”y HN* —C— c/ HyN*—C c/
I T e [ [ e I No
H H H H H
Glycine (Gly) Alanine (Ala) Valine (Val) Leucine (Leu) Isoleucine (lle)
Khéng phan cuwc
N
CH,
S AR
| NH Hzc‘; ?Hz o
i
<|:H2 H,N — |C— C\
CH, ¢ CH, CH. o-
. | | /O | : /O H
HN* —C—C HyN* 7cfc\ HN* —C—C
| o | o [
H H H
Methionine (Met) Phenylalanine (Phe) Tryptophan (Trp) Proline (Pro)
24/03/2016 2:55:03 SA 21 Nguyén Hiru Tri
i Amino acid
OH
N0
s I
Phan cwc %’:' OH /CHa S‘H ?HZ
0 qH e ?H 0 qHe
HN L2 //0 HaN c H3N C/ HN L = C/ HN c
* (]: ? ? No- F \ \of : ? ?
H H
. . Cystelne Tyrosme Asparagine Glutamlne
Serine (Ser)  Threonine (Thr) (Cys) (Tyr) (Asn) (Gln)
Acidic Basic
. - NHz* NH, NH*
A %R CH e | D)
C ] C=NH," N
o cH CH B cH H
Tich dién o
H:N ‘Z_C/’ e cH &H HSN_IZ_C/’
N RN 4‘::0’70 e & = TN
H '|-| No- HN (\f 2 C/O b H
g N o]
b0 HN )2 cf
Woo
Aspartic acid Glutamic acid Lysine (Lys) Arginine (Arg) Histidine (His)
(Asp) (Glu)
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i Protein

-
- Phan tir protein cé bon cap do cau tric:
+ Cau truc bac mét 1a trinh tu cac amino acid

+ CAu triic bac hai do sy hinh thanh cac vong xoin hoic cac phién bén
trong soi polypeptlde do lién ket hydrogen

+ CAu triic bac ba 1a cdu tric udn khiic nhiéu hon do cac lién két khong
cong héa tri hodc cong héa trij (lién Kkét —SH)

+ CAu tric bac bon 1a sy két hop cia nhiéu phén tir polypeptide

S,

1
S

AANNANANNANY

N

Téc thang Xoan tw nhién

24/03/2016 2:55:03 SA 23 Nguyén Hiru Tri e’

i) Chwre nang cua Protein

1. Céu truc (structure): Bao gom keratin (proteln trong toc va mong) va collagen
(protein trong md lién két). Duy tri cac cau tric co quan.

2. Xuc tac (catalysis): Cac enzyme xUc tic cac phan ung hoa hoc chuyén biét véi
toc do nhanh gap nhiéu lan binh thuong.

3. Bao Ve (protectlon) Céc khang thé (antibody) co kha nang phat hi¢n va loai bo
cac yéu té ngoai lai xam nhdp, bao dong hé mién nhiém.

4. Van chuyén (transport): cac protein mang van chuyen cac chit xuyén mang,
protein mau nhu hemoglobin, van chuyén oxygen, sit, va cac chat khac.

5. Van dong (movement): cic sgi actin va myosin tim thay trong co van.

6. Tinh hiéu (signaling): 14 cac hormone nhu insulin didu hoa lugng dudng trong
mau.

7. Diéu hoa (regulation): cac protein tham gia vao viéc didu hoa biéu hién cua
gene thong qua viéc cho phép phlen ma (ON) hay khong phién ma (OFF) céc
gene ciu truc, hodc hoat hoa hay bit hoat cac enzyme.

12



(a) MOLECULAR STRUCTURE

% Primary (sequence)

=
Secondary (local folding)
Tertiary (long-range folding)
Quaternary (multimeric organization)
Supramolecular (large-scale assemblies)
(0) "
( ) Regulation Signaling %
(] ™
Structure FUNCTION Transport
[}
Movement Catalysis %\uﬁ
: A
Fi 4
S o
= e
B
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i@ Cau truc bac 1

-

—
“HoN j_——= Amino acid
Amino f g0
subunits S Sl R
end 7F~CH A H oy o1
o NeyN ! CH-N-y R 4 R
PN N ) SoHl Py
HR ”C#‘H ,}7b N NG
o OFCh=N el
R ﬁﬁ ?Il-i ﬁ /@’N’
SIS “H
S ,Ci—I\N’ i) rf’C\H
HNS. | R b R
R
A
W CH N
H N R |
A Hydrogen bonds

between nearby
amino acids

0
<

o
Carboxyl end
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Tam p

- I'¢
q . ; a i a
Amino acid = ";i%c'{ 'Cg"mi,,i"c"c.;"\%i:,{ -%;”-%C C au tru c b ac

R
7 Ont
0=C EH. . . 9=C
e 4 e
R R
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Twong tac ky,
nwéc va

CH, T van der Waals

HiC™ " cH,

HsC._ CH, Polypeptide
H

Lién két -
\c“) backbone

hydrogen

Ho—C
CH,

CH;S-S—CH,
Cau disulfide
e}

\
CHTNH;-o.& —CH,

Lién két yéu:
Lién két hydrogen giira 2 cuc ciia chudi.
Lién két ionic giira 2 chudi tich di¢n
Lién két ky nwéc va twong tic van der Waals
Lién két manh:
Céu ndi disulfide hinh thanh tir lién két cong héa tri.

24/03/2016 2:55:03 SA
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(a) Collagen

©1999 Addison Wesley Longman. Inc

Két qua ciia su twong tac béi 2 hay nhiéu hon cac chudi polypeptide

24/03/2016 2:55:03 SA

Polypeptide
chain

Cau truc bac 4

B chain

(b) Hemoglobin

29
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- DNA va RNA
- Pugc tao thanh tu ¢

- Mt phan ti nucleotide gdm dudng, phosphate va base nitric
- DNA va RNA khic nhau & thanh phdn dudng trong nucleotide

Nucleoside

Nitrogenous
base

i S
’O—f'—O—CHz o
o B
Phosphate s~ N’
group s CIf"entose
sugar
Nucleotide

24/03/2016 2:55:03 SA

Nucleic acid

ac don phan nucleotide.

CHs H
" rl o M ; o
N SN Ne N
|THmma| | uraci. |
N N |

T PYRIMIDINE
H n
e (‘\‘t—.\m
&G'msm: 1
u
|
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PURINE . ©
H . >
L \r/m
N ot
GUANINE \c —n
W
S —
n!:\'/ \/ s\

H

30
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Nicotine adenine dinucleotide
NAD

/H adenine
_N\ /N\‘C/H
C—¢C ]
N// NeN
H >C_N/
o
I ” /H soolfm i
~ __~C~ /C—N\ o amCanii:
c C H | o |
| I 1] oo
H \CommmmC/ H
Cc C | I
H/ \N/ \H OH o
. . . H (I!—N/H
nicotinamide = | .
S
H N H nicotinamide
’o—-"-—o—cuz
o
tm -
Ill\(lz_é/l‘l ribose
o on
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Nucleic acid

- Lién k&t cong héa tri giita cdc 5’pasmm_H2c‘|;5' . Base — Nitrogen base attached
2 N N . i to 1" position
nhém dudng va phosphate ctia hai ‘
H Deoxyribose
3 2

nucleotide ké nhau tao thanh . x
khung dudng phosphate Foslon™ iy
- Trinh tyf cdc base (A, T, G, C, U) D
trong by khung quyét dinh dic H0 Base
trung cda phan td nucleic acid ! 4
- DNA ¢6 ciu triic mach déi gin véi Lo
nhau biing lién két hydrogen giita e
A - 'I; va G - C. Hai mach c¢6 trinh / C:J
ty bo sung cho nhau. Phosphodiester H,C el
- RNA chi ¢6 mach don e r@l
? H
"0-P=0
[0}
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CAu tric DNA

% DNA 1a chudi xoan kép cau tao gdm
— phan tor dudong
— Nhom phosphat
— Mot base (A,C,G,T)

% DNA luén luon duoc tong hop theo

chiéu 5’ P - 3> OH trong qua trinh sao
chép

5" ATTTAGGCC 3°
3’ TAAATCCGG 5°

24/03/2016 2:55:03 SA
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Chwre nang cua cac Nucleotide

«» Monomer cho cac Nucleic Acid

< Van chuyén ning lwong héa hoc tir mdt phéan tir dén
phéan tir khac (vi du ATP).

NHa
Adenine |
A rey
ey
ow g Me—O LSO SOy
Ribose H H (o] (o] o}
H H Phosphates
OH OH

(a) Adenosine triphosphate (ATP)

17



Nucleoside Vs | Nucleotide

(1) Nucleoside
1 r J @
Nucleoside monophosphate
! . J FNucleotides
Nucleoside diphosphate
Nucleoside triphosphate
24/03/2016 2:55:03 SA Nguyén Hiru Tri 35

DNA cua prokaryote

(a) Supercoiled (b) Relaxed circle

"\“'-9
-0‘71 zil'\, o 2 j
-
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Nhiém Sic Thé: Noi chira phan tir DNA

Cau truc nhiem sac the

Nucleus

Interphase Higher-order [

chromosome chromatin |
foldi y
olding Loops of

30-nm fiber

associated with

chromosome

scaffold

S
"Beads on a string"
\
Mitochondrion \"-\
L] \
\
\\ Simple- XA
G sequence
. ene DNA
Single families
copy gene Mobile
elements
P
DNA -~ Introns Spacer DNA Nucleosome
24/03/2016 2:55:03 SA Nguyén Hiru Tri
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Cau truc nhiem sac the

Metaphase
chromosome

Condensed scaffold-\" L
associated chromatin |,

700 nm

Interphase:

extended

scaffold-

associated

chromatin |

_—Chromosome
scaffold 7

300 nm

30-nm
chromatin
fiber of
packed
nucleosomes

< |
| )
"Beads- — I \J -
unvaslrmg“p’l-/ \ =T == 11 nm
form of /I \ ]
chromatin ‘&/ — v
|\
||
v/

P
L~
Short - S \ v 3
" RS N\ 4
: WA f"’i N\ ;KS\ 2nm
DN double 2/ N m‘” { -
helix

Histone 1a nhing lprotein tich dién tich duong vi chiing chtra nhiéu
luong amino acid arginine va lysine, do do histone lién két chat véi

DNA tich dién am.
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B0 NST nguoi (2n = 46)

IRIRIREEY

KEAR KW GA QA 66 82

5 BA XX KX xx xx
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B0 NST nguoi (2n = 46)

Components of the Eukaryotic Genome

(Numbers of copies given is for the human genome.)

Unique sequences

Protein encoding genes—comprising upstream regulatery region, exons and infrons

Genes encoding non-translated RNA (snRNA, snoRNA, 75L RNA, telomerase RNA, Xist RNA, a
variety of small regulatory RNAs)

Non-repetifive intragenic non-coding DNA

Interspersed Repefitive DI

Puaucdogenes
Short Inferspersed Elements (SINEs)
Alu element (300 bp) ~1,000,000 copies
MIR families (average ~130 bp) ~400,000 copies

(mammalian-wide interspersed repeat)
Long Inferspersed Elements (LINEs)

LINE-1 family (average ~800 bp) ~200,000-500,000 copies
LINE-2 family (average ~250 bp) ~270,000 copies
Retrovirus like elements (500~1300 bp) ~250,000 copies
DNA transposons (variable; average ~200,000 copies
~250 bp)
Tandem Repetitive DNA
Ribosomal RNA genes 5 clusters of obout 50 tandem repeats on 5
different chromosomes
Transfer RNA genes multiple copies plus several pseudogenes
Telomere sequences several kb of a 6 bp tandem repeat
Mini-satellites (= VINTRs) blocks of 0.1 to 20 kbp of short tandem repeats
(5-50 bp), most located close to felomeres
Centromere sequence (a-satellite DNA) 171 bp repeat, binds centromere proteins
Satellite DNA Blocks of 100 kyp or longer of tondam repecs
of 20 to 200 bp, most located close to
centromeres
Mega-satellite DNA blocks of 100 kbp or longer of tandem repeats

of 1 to 5 kbp, various locations

24/03/2016 2:55:03 SA Nguyén Hiru Tri
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@  Tinh chon loc dong phian quang hoc
= trong hé thong song
- Pong phéan quang hoc (ddng phan lap thé, stereoisomer): hién dién &

phan tf ¢6 nguyén ti C chida bon nhém thé khdc nhau; 1a Anh qua
gudng cia nhau

- Pong phan D ctia dudng, dong phan L ciia amino acid chi€m vu th&

trong hé thong séng
fa a H\?//O H\(I://O
H_?_m‘l HD'_(ID_H

) - b P d o T
—‘f‘ _—?; H-GTOH  HO-¢H
HCOH HO—C—H

CH,OH CH,OH

w e
- v ™)
\ o-Glucose L-Glucose
H @ (b)
/ (‘DOOH (IDOO (‘ZOOH CIIOOH
D Isomer e i * In the three-dimensional projection
HN 9 H H,N'-‘C\H H ‘? NH; H;"NH the arrow should be understood as
CH, CH, CHy CHy = coming toward the viewer whereas

the dashed line indicates a plane

ool Planar Three-dimensional away from the viewer.

projection  projection”

(c) L-Alanine o-Alanine
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@ Céc lién két héa hoc trong hé thong sinh hoc

Lién két cong héa tri
Lién két hydrogen
Twong tac ky nudc
Lwe Van der Waals
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i@ Lién két cong hoa tri
-
Puoc tao ra do gop chung dién tir gitra cac nguyén tir
Hydrogen atoms (2 H)

@ @
|

® ©
|

Hydrogen
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@ Lién két hydrogen

Lién két hydrogen c6 xu hudng hinh thanh giita cac
nguyén tor c6 dién am voi1 nguyén tr Hydro gan véi
Oxygen hay Nitrogen

& —

Water
(H;0)

Ammonia
(NH;)

24/03/2016 2:55:03 SA
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r
@ Lién két hydro
i Mo
||\(¢x\ /'—H"'H\\ CHy
hydrogen bond \ //('_C ek
P \\V——»u N/ \\(—u
\
Deoxyribose = S
//
H o Deoxyribose
ADENINE THYMINE
M
NN /0---"—.\' H
G c—cC C—C
\ 7 7
N—C N—H =N c—m
Deaxyribase \Nz‘. S
\ /2NN
(a) N—H=---0 Deoxyribose
W
GUANINE CYTOSINE
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@ Lién két Van der Waals

Xay ra khi cac phan tir gan ké nhau do twong tac giita
cac dam may dién tu.
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@ Twong tac ky nudc

Xay ra gitta cdc nhom cua nhitng phan tor khong phan
cuc. Ching c6 xu huong xép ké nhau va khong tan
trong nudc.

= Bl
LR

=2 1 o ©
(] Q
iy S o o o\o

Glycerol
Phosphate

24/03/2016 2:55:03 SA 49 Nguyén Hivu Tri el

75



