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Biochemie

* chemicka disciplina, ktera studuje chemicke
sloZeni Zive hmoty a chemicke procesy, kter¢ v ni
probihaji

®* je hraniCni védni disciplinou, na pomezi mezi
chemii a biologii, zkouma biologicke objekty
chemickymi metodami



Historicky uvod

fyziologie a lékafstvi
biochemie

organicka cheme

Synonvma :  Biological Chemuistry

Physiologishe Chemie

Hoppe Seyler 1903



2005 —+ - . -
Ubiquitin-mediated protein breakdown
{Hershko, Rose, Ciechanover)
Olfactory receptors {Axel. Buck)
2004 —+
Aquaporins and membrane channels
2003 - (Mackinnon, Agre)
2002 - NMR., MS-structure of proteins
{(Wiithrich, Fenn, Tanaka)
2001 —+ Cyelins, regulators of the cell cycele Draft of human genome sequence
(Hunt, Nurse, Hartwell)
Apoptosis, biochemistry of programmed
2000 —- X-ray structure of ribosomes eclludgnith (Horvitz)
DMNA sequence of C. elegans
Development of biocinformatics
DNA in the courtroom
1990 —— Gene therapy '
Polymerase chain reaction (Mullis)
1980 —— Catalytic RNA (Cech, Altman)
Recombinant DNA
(Berg. Boyer. Cohen)
1970 4+ Restriction enzymes ( Smith)
Genetic code (Nirenberg)
1960 —— E— X-ray of protein crystals (Perutz)
1950 —— DMNA function DNA double helix (Watson, Crick)
(Hershey, Chase, Avery)
1940 —— Protein
]n»:ention of electron sn;ucl‘urcs Description of citric acid cycle (Krebs)
1930 —- microscope (Ruska) (Pauling)
Description of glycolysis {Emden, Meyerhoff)
1820 - - - - Crystallization gf urease, an enzyme (Sumper)
Genetics of Drosophila
1900 — (Morgan) Description of fermentation ( Biichner)
Discovery of DMNA (Miescher) i .
1875 - Laws of genetics (Mendel) Enzyme action (Fischer)
1860 —— Carbohydrate chemistry (Pasteur)
Cell theory (Schwann)
1830 - . Lab synthesis of urea (Wihler)
Cell nuclei { Brown)

Biological sciences Physical sciences
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Dvé obdobi - A. obdobi siaticke biochemie

B. obdobi dvnamické biochemie

staticka - bioorganicka. bioanorganicka, hofyzikalni

chemie a chemue prirodnich latek

dynamicka - enzymologie, bioenergetika,
metabolismus
BIOCHEMIE

organizacni - regulace

funkéni - fyziologicka biochemie



obecna - zakladni vvzkum

BIOCHEMIE

aplikovana - lékafstvi - klinicka biochemie
- pathobiochemie
- xenobiochenue
- biotechnologe

Molekularni biologie - W.T. ASTBURY - 60.1éta
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structures
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Description of glycolysis {Emden, Meyerhoff)
Crystallization of urease, an enzyme (Sumner)

Genetics of Drosophila
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Discovery of DMNA (Miescher)
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Biochemické metody :

in vivo - fyziologie
experimenty
in vitro - biochemie - organy
- tkané
- organely

- molekularni uroven

Biochemické metody - metody anorganicke, orgamcké, fyzikalni a
analytickeé chemie

- biologické metody



Problémy se vzorkem - price s komplexnimi vzorky
- prace 5 labilnim hologickym matenialem

- prace s malvm mnoZstvim latek

P. Anzenbacher, J. Kovar - Metody chemického v¥zkumu pro
biochemiky - Docasna vysokoskolska
ucebnice 1986
M. Ferencik, B. Skirka - Biochemickeé laboratorné metody, SNTL
1981



[Latkoveé slozeni

Group Group Group Group Group Group Group Group
1A 1A ne VB VB VviB VvIIB 0
2
Period 1
4 10
Period 2
11 12 17 18
Period 3 TRANSITION METALS
Na| Mg , Cl
sodium | magnesium| | 1 chlorine
19 20 21 22 25 26 27 28 29 30 36
Period 4 H
K [Ca Mn|Fe |Co| Ni |Cu|Zn
potassium| calcium manganese| iron cobalt nickel | copper zinc
Period 5
iodine
Period 6
Period 7
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Prvkové slozeni vesmiru, zemske
kury a Cloveka
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LATKOVE SLOZENi ORGANISMU

Latka clovék rostliny bakterie
voda ]l 73 10
bilkoviny 18 4 13
nukleové k. 1.5 1 ]
sacharidy 0.5 16 3
lipidy 16 1 2
org. latky 1 1 2
anorg. latky 3 2 1




Anorganicke latky

Organicke latky

- voda

-Na, K. CI', SO, HCO;, HPO,",

Ca, Mg, Fe, Zn, Va, Cu, Mo, N1, Mn, Se

- plyny - 0,. N, CO,. NO

- vvsokomolekulirni - biopolymery

- bilkoviny
- nukleové kyseliny
- sachanidy

- lipady



Obecny princip vvstavby biopolvmeri :

1. Jzou tvofeny monomery
2. Monomery vvtvare)i linearni fetézce
3. Monomery jsou spojovany jedinym tyvpem vazby

mono, di-, tr1- | tetra-,.._.

oligo < 10
poly = 10
bilkoviny nukleove polysacharidy
kvseliny
monomery | aminokvseliny nukleotidy monosacharidy
20 4 5
vazha peptidicka 3.5-diesterova elvkosidicka




Amino acid residues
A

A protein e+ +— Alanine [— Tyrosine — Leucine — Serine — Proline — ¢ -

Nucleotides

r & ™

Sugar residues
A

A polysaccharide « « *




Fa

Armino mcid

[m) Amvimo acid

S

=
o

M

[k

Z
R

.m,



- nizkomolekularni - produkty meziprodukty
metabolismu
- sekundarni metabolity

- regulaéni latky



Fylogeneticky strom

Eukarya
Animals

Archaea
Fungi
i Slime molds Plants
Ciliates
Halophiles Flagellates

Gram-positives

Purple bacteria

Methanococcus Microsporidiae

; Thermoproteus
Cyanobacteria

Flavobacteria



Fylogeneticky strom
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Margolis — endosymbioticka teorie

Ancestral host cell Modern cell

After many
generations
of evalution

Aerobic bacterium Cyanobacterium Mitochondrion Chiloroplast



Prokaryontni bakterialni bunka

Ribosomes

Cell wall

Flagella

Mesosome



W ® W 14

Eukaryontni zivo¢iSna bunka

Nuclear membrane

Centrioles

————Nucleus Golgi

apparatus
——— Nucleolus PP

—Chromatin

Free
ribosomes

Vacuole
Endoplasmic
reticulum

Lysosome Cell membrane

Rough endoplasmic
reticulum

Smooth endoplasmic reticulum




Eukaryontni rostlinna bunka

—Plasmodesma

e =

Courtesy of Hﬁﬁ;ﬁi‘loﬁenhauen usDA

MNucleus

MNucleolus
N

Chloroplast

Cell wall Plasma membrane




Organizace biologickych struktur

fa) Organism: human being
I

1m i

fic) Tissue: epidermis

}200 pmj

i} Cell: basal cell

(&) Macromolecule:
cytochrome o

fe) Organelle: mitochondrion

=

g

7 Supramolecular assembly:
inner mitochondrial membrane



Viry

Glycoprotein

Phospholipid RNA

envelope
Capsid

Capsomere
(b) Adenovirus (polyhedral)

© Figure 1-7b Concepts in Biochemistry, 3/e
(a) Influenza virus (globular)

Figure 1-7a Concepts in Biochemistry, 3/e

RNA—9

Capsomere

Head

Tail filament

¢) Tobacco mosaic virus (cylindrical
&l ey ) (d) Bacteriophage (complex shape)

Figure 1-7¢ G ts in Biochemistry, 3
o1 ¢ Comongits e Blociniiy, s Figure 1-7d Concepts in Biochemistry, 3e






Evoluce zivota na zemi

Sunlight

Heat

. Chemical evolution, in which
biopolymers were formed
from small molecules.

2. Self organization, in which
biopolymers developed the
capacity for selfreplication.

3. Biclogical evolution, in which
primitive living cells generated
sophisticated metabolic systems
and eventually the ability to
form multicellular organisms.



Evoluce zivota na zemi

Tungsten electrodes

Electric
sparks

mixture

Stopcocks for
. — withdrawing
samples during run

Boiling *
water




Evoluce zivota na zemi

Compound Yield (%)
Glycine” 2:1
Glycolic acid 1.9
Sarcosine 0.25
Alanine” 1.7
Lactic acid 1.6
N-Methylalanine 0.07
o-Amino-s-butyric acid 0.34
o-Aminoisobutyric acid 0.007
o-Hydroxybutyric acid 0.34
B-Alanine 0.76
Succinic acid 0.27
Aspartic acid” 0.024
Glutamic acid” 0.051
Iminodiacetic acid 0.37
Iminoaceticpropionic acid 0.13
Formic acid 4.0
Acetic acid 0.51
Propionic acid 0.66
Urea 0.034
N-Methylurea 0.051

 Amino acid constituent ol proteins.

Source: Miller, S.J. and Orgel, LL.E., The Ovrigins of Life on Farth, p. 85,
Prentice-Hall (1974).



BILKOVINY - PROTEINY

Protein - MULDER. BERZELIUS (1838)

TPOTEVE - . zawjimajici prvni misto™

Funkce -  katalyza
transport
pohyb
podpora
Hnita
regulace

vznik a prenos nervového vzmchu



AMINOKYSELINY ( 20 AME) MW 50-200

2az50 AMK PEPTIDY— POLYPEPTIDY MW < 10 000

|

>50AMK  BILKOVINY - PROTEINY MW =10 000



Aminokyseliny :

chemcky - substirucni dervty karboxylovych kyselmn

R

} .
HP'—C“—CDD










I. Kodovane aminokvselinv

Rozdéleni :

A Nepolami aminokyseliny - Gly, Ala, Val. Leu, Ile, Phe, Pro

B. Polamni aminokvselinv
OH skupinu - Ser, Thr. Tvr
SH skupinu - Cys, Met

indelovou skupinu - Try

CONH- skupinu - AspINH:. GlulNH-

C. Nabité - kyselé COOH skupinu - Asp. Glu
- basické  NH,skupinu - Lys
guanidinovou skupinu - Arg

imidazolovou skupinu - His



Mame, Residue Average

Three-letter Symbol, Structural Mass Occurrence Pk Pk PKg
and One-letter Symbol Formula® (ID>)” in Proteins (%) - COOH" co-NH L Side Chain”
Aminoe acids with nonpolar side chains
Gilyeine COO 57.0 6.8 2.35 Q.78
Gly - e
G H (lj H
MNHg
Alanine ?OO* 71.1 7.6 2.35 9.87
Ala
. IS L (l?; CH
MNH3
Waline COO "y, 99,1 6.6 2.29 9.74
Yol H—C—CH
v |y, CH
NHg R
Leucine COOoO— CH. 113.2 9.5 2.33 Q.74
Leu | T
L H*(ijCHszH
Isoleucine LI"JOO_ tISHd 113.2 5.8 232 9.76
Il E
s H—Cl}———--(i?—-CHQ — CHy
MNHz
NMethionine CcCOO— 131.2 2.4 2.13 9.28
% |
e H—CQ—CH,—CH,—S—CH;
NH4
Proline Ho a7.1 5.0 1.95 10.64
Pro CQP o, (3 ‘nd(_]l_lg
P -~z
HJ N CH,
Ho
Phenvlalanine (F;OO —— 147.2 4.1 2.20 9.31
Phe W T T e
- H (|3 CHs \\__/.
™NHS
Trvptophan (IJOO 186.2 1.2 2.46 9.41
Trp
W }1__(F_“(3}12“Ij?“‘*
2
NHZ L

H (corntinued)

“The ionic forms shown are those predominating at pH 7.0 (except for that of histidine®). although residue mass is given for the neutral compound.
The € atoms, as well as those atoms marked with an asterisk, are chiral centers with configurations as indicated according to Fischer projection for-
mulas. The standard organic numbering system is provided for heterocycles.

"The residue masses are given for the neutral residues. For molecular masses of the parent amino acids, add 15.0 I, the molecular mass of H.0O, to
the residue masses. For side chain masses, subtract 56.0 I, the formula mass of a peptide group, from the residue masses.

“The average amino acid composition in the complete SWISS5-PROT database (http/fwww.expasy.ch/sprot). Release 40.7.

“From Dawson, R.M.C., Elliott, D.C., Elliott, W.H., and Jones, K. M., Dara for Biochemical Research (3rd ed.), pp. 1-31, Oxford Science Publications
(1986).

“Both the neutral and protonated forms of histidine are present at pH 7.0 because its pKy; is close to 7.0, The imidazole ring of histidine is numbered
here according to the biochemistry convention. In the ILUPAC convention, N3 of the biochemistry convention is designated N1 and the numbering in-
creases clockwise around the ring.

"I'he three- and one-letter symbols for asparagine or aspartic acid are Asx and B, whereas for glutamine or glutamic acid they are Glx and Z. The
one-letter symbol for an undetermined or “nonstandard™ amino acid is X,



Name Residue Average
Three-letter Symbol, Structural Mass Occurrence pK, P PKRr
and One-letter Symbol Formula® (D))" in Proteins (%)° -COOH SNH G Side Chain®
Amino acids with uncharged polar side chains
Serine CcOoO— 87.1 7.1 2.19 9.21
ger l—I—(l':—(}}-Ig—OI-I
MNHg
Threonine (|:OO_ Il—I 101.1 5.6 2.09 9.10
Th s
= H—C— O CHy
NH% OH
Asparagine’ CcCOO O 114.1 4.3 2.14 8.72
Asn | b
H—C—CH;—C
NHE NHg
Glutamine” (IJOO_ /j}o 128.1 3.9 217 9.13
Gln
H—C—CH,;—CH.,—C
Q " .
NHE NHy
Tyrosine (l_‘}OO* 163.2 3.2 2.20 9.21 10.46 (phenol)
Tyr g
v H Cl CH- )ﬁ OH
NHE
Cysteine (Ijoo_ 103.1 1.6 1.92 10.70 8.37 (sulfhydryl)
g_’«"'*” H—C—CH,—SH
NHE
Aminoe acids with charged polar side chains
Lysine CIOO_ 128.2 6.0 2.16 9.06 10.54 { -NH3)
IP?’S H— (Ij —CHs—CHs—CH,— CHs—NHE
NHE
Arginine (|::00+ NH;156.2 52 1.82 8.99 12.48 (guanidino)
Arg R T I T T T O
= H (|: CH;—CHo— CHo—NH (;\\\
MNH; NHS5
Histidine® CcCOO— 137.1 22 1.80 9.33 6.04 (imidazole)
His | A NHT
E H—C—CIH, 5 2||
s e
NHj; i |
Aspartic acid” (ljoo— /0 115.1 5.2 1.99 9.90 3.90 ( -COOH)
Asp ‘4
H—C—CH;—C
B I 2 i
NHE 5 il
ilutamic acid” COO— O 129.1 6.5 2.10 .47 4.07 ( -COOH)
Gila

H—C—CH CH (‘/f/
E | E 2 o 2 f,\

NHE o-




COO
+
H;N —C—H
COO CH,
+
2H;N —C—H + A < = S + AH,
CH, S —
disulfide
SH CH, bond
Cysteine +
H;N —C—H
COO
Cystine

Figure 3-6 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



— QO NH
H CH, — SH + HS CH, C —H
NH — QO
[O]
Cysteine j\ ~ H,0 Cysteine
residue residue
Y
C—0 NH
H—C CH, S S CH.—C—H




Selenocystein

COO™

ILﬁ—é—H
CH,
Se

|
H

Selenocysteine



Pouzivané zkratlky

tripismenkové

\ jednopismenkove

AME Symboly AMEK Svmboly

elvein Gly G |methionin et I
alanmin Ala A clutamova k. Glu E
valin Wal W asparagin Asn N
leucin Leu L glutamin Gln Q
1zolencin Ile I lvsin Lys K
Serin Ser S Arginin Arg R
threonin Thr T tvrosin Tvr Y
cystein Cwvs C fenvlalanin Phe F

histicdin His H trvptofan Trp W
prolin Pro P asparagova k. Asp D




Esencialni AMK

* Rostliny + mikroorganismy 0
» Clovék — biosyntéza -12
esencialni - 8 Lys, Try, Phe, Met,
Thr, Ile, Leu, Val, Arg?



Esencialni AMK

* Rostliny + mikroorganismy 0
» Clovék — biosyntéza -12
esencialni - 8 Lys, Try, Phe, Met,
Thr, Ile, Leu, Val, Arg?



[I. Nekodovane aminokyseliny

A. v bilkovinach posttranslacni modifikaci AMK
OH-Lys
OH-Pro

fosfo-Ser



COO™

.
e 7

4-Hydroxyproline

0— P02~

CH.

— NI —CH —CO —

O-Phosphoserine

O

CH;—C—NH—CH—CO—

N-Acetvlserine

N(CHj);
CHy
CH,

CH,

‘]’ 1 -

CH.

B 2

—NH—CH—CO—

e-N,N,N-Trimethyllysine

“00C__ _CO0"
CH
|
B(|31-1,3
—NH—CH—CO—

éﬂz
— NH—éH — 20—
3-Methylhistidine
O
NH —(|3| — CHj4

£ TH«}
E.,{|:112
._,{i:Hg
[;{':1-12

—NH—CH—CO—

y-Carboxyglutamate e-N-Acetyllysine
CH,—OH CH;
; (CH,);N— CH—CO— HC

N.N.N-Trimethvlalanine

NH}
Ei(sz
CH—OH

5

CH.
£

CH,
3 |

—=NH~—5 CH— 00—

5-Hydroxylysine

—NH—CH—C0—
w-N-Methylarginine
S—CHj3

CH.

&

CH,

NH—CH—CO—

N-Formvilmethionine



B. volné s biologickou funkei

[ alanin

ormnitin a citrulin

Y aminomaselna

antibiotika - azaserm, cyklosermn, chloramfentkol
nervove mediatory - DOPA, dopamin, adrenalin

hormony - thyroxin, trijodthyronin



CH,

o Qopehon ool

“00C—=C ‘
_+_
H3N CHZ H3N CHQ Hf.}N — CHQ H3N il CH_ COO-
J-Aminobutyric acid (GABA) ~ Histamine Dopamine Thyroxine
0 NH,
| CH,—C=N CH,—CH,—SH
HN—C—NH,  NHj , . N7 N\
‘ H,N—CH—C00™  H,N—CH—C00~ ‘ >
CH. CH F N
? 2 , _ CH,
B-Cyanoalanine Homocysteine o
CH, CH, "S—CH, ¢
i -
HN—CH—C00"  HN—CH—C00" CH,—0—C—CH=N*=N" CH, OH OH
Y 2 -
0 H,N—CH—C00"

Citrulline Ornithine Azaserine S-Adenosylmethionine



NH,
vgjnnﬂ ! (00K
k. aminocyklopropyl.- H

karboxylova k. Mﬁhharbaxyhﬂ;

H~CH-CoOH Q<u o
?\"‘: ﬁ.-ﬂ,m'lfn f 00 k. ptquuhnnu;:

UGN UOUN WL,
N, NN, Hlufilﬂl N, Wi,

ormihin b atrubn auaseni



Viastnosii aminokyselin

ACIDOBAZICKE VLASTNOSTI

R

+ -
HN— C— COO
+ -
N\
R R

"HN— C— COOH HN— C— COO0

H H



H
+ |
H3N—c|:—c00H
pKz =0.7 CH3 pKl =23

*

0.0 2.3 6.0 9.9 14
(pH))
H H H
+ | + | B | _
H3N—(|j —COOH H3N—|C—COO H2N—(|3 —COO0
CH; CH; CH;4

Figure 3-4b Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



[zoelektricky bod

_ pRcooH + pKym

Tabulka pK
Skupina pk Skupina pk Skupina pk
¢ COOH| 18-25 | BCOOH 39 YCOOH 4.1
o NH, 9-10 e NH, 10.8 guanidin 12.3
imidazol 6.0 SH 8.3 OH 10.1
Pufracni kapacita

Titraéni kivvky




(00 (00

\ \
Hg—(‘: CH,—C—H — H(|2—(‘? CH,—C—H + H
PAg = 0.
.|.
HN\C /NH NHJ;E N§C /NH NHJ3’
H H

Histidine (Hs)

Figure 3-7 Concepts in Biochemistry, 3/e
02006 John Wiley & Sons



TitraCni kitvka glycinu

12

10

P,

pd

1.5 2.0
H™ ions dissociated/molecule



OPTICKA AKTIVITA

C]E[3 tC.’Hj
o 1
Hjh—{:— H H—(C—NH;
CO0 (00
L -alanmn D-alanin
L R

enantiomery



Analyzer e
(can be rotated)

Polarimeter
tube

Plane of polarization
of the emerging light
is not the same as
that of the entering

Optically active polarized light
substance in solution

in the tube causes

the plane of the polarized

light to rotate

Fixed
polarizer



Thalidomid

w«’:ﬁ- e

%e

Thymin

—IZ



Thalidomi







OPTICKA AKTIVITA

C]E[3 tC.’Hj
o 1
Hjh—{:— H H—(C—NH;
CO0 (00
L -alanmn D-alanin
L R

enantiomery



L AMK - CO-R-N




Diastomery threoninu

COO
—o-m
—(‘Z—OH
cH,

L-Threonine

Mirror

plane
coo~
g
IQN—?—H
HO—(‘Z—H
CH,

L-allo-Threonine

COO™
H—C—NH,
HO—C—H
CH,

p-Threonine

COO™
H—CNH,
H G OH

CH,

p-allo-Threonine



CHEMICKE VLASTNOSTI

B reakee dané pritomnosti COOH a NH, skupm
ninhydrmova reakee - NH,

B reakee vedlejsich skupm

reakce Sakaguchiho - guamdinova skupima
xantoprotemova reakce - aromatické ammokyseliny
Paulyho reakee - tyrosin

Adamkiewiczova reakee - mdol



Ninhydrinova reakce

T I
C OH cOO HO C
N - | \ /
AN | / \
(ﬁ OH R HO ”
O O
Ninhydrin Amino acid Ninhydrin

H

CcCO, + R— C/
2
|| o

ﬁ,

Purple plgment

Figure 3-9a Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Reakce AMK s dansylchloridem

H;C CH; H;C CH;
\N/ \N/
H R
ol _
+ H ITI (|3 EEy —
H H
SO,Cl O0=S=0
Dansyl chloride | ]f
HN—(E—COO_
H

Fluorescent dansyl derivative

Figure 3-9d Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Analyza aminokyselin

B papirovi a tenkovrstva chromatografie
B 1onexova chromatografie

B reverzné fazova chromatografie



Papirova chromatografic AMK

Solhvent
Tank

Solvent Solvent
Time Zero After Ten Minutes



RP HPLC AMK
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y - Chramatogram
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Sample Manager 25| < z
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Waste o )
= a
=
o
2
B
©
o
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PEPTIDY

(E.FISHER 1902)
Rl 0 I|{: 0
/ #+ o
Htf_.[ld_[;’f o+ H;‘_C_CH _ —
] No | 0
H H
R o K 4,
+ Iz
HN—C—C—N—C—C_ + H0
| tl | Mo i
H H H

Peptidicka vazba - amidova vazba



di, tri, tetra ........... oligopeptidy..................polypeptidy

Nizvoslovi peptidu
—_—
H,N"-Gly-Arg-His-COO elveyl-arginyl-histidin

Biosyntéza peptidu - meziprodukty odbouravini bilkovin

- jednoducha biosyntéza bez proteosyntézy



Prirodni peptidy:

Di - kamosin

A115ET111

Trn - glutathion GSH

Peptidové hormény - oxytosin

Vasopresin
mzulin

rlukagon



Peptidové neuromodulatory

Peptidova antibiotika

Peptidove fyto a zootoxiny

Polvpetidy -

protanuny

- enkefaliny
endorfiny

penicilin
eramucidin
valinomicin

aktinomycin

- neurotoxiny hadn &tin a viel
mikrocystiny
falloidin

amanitin



v-Glu Cys Gly
r - -
0 ] ]
- 0O0C—CH—CH,—CH,—C ll\T (|3H C ITT CH,—COO
H C|1H2 H
SH
Glutathione (GSH)
(reduced)

Figure 3-11a Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

v-Glu—Cys—Gly
S
S

v-Glu—Cys—Gly
Glutathione (GSSQG)
(oxidized)



+
H3N—Cys—Tyr

®

| Gln
S |
(‘Zys Asn (“)
Pro’—Gly—C—NHz
Vasopressin

+
H3N—(|"Jys—Tyr,
S

| Gln

S |
Cys Asn O

| [
Pro‘ Gly—C—NH,

Oxytocin




Tyr—Gly—Gly—Phe—Leu

Leucine enkephalin

Tyr—Gly —Gly—Phe —Met

Methionine enkephalin

Figure 3-11e Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

COO

|
CH, (ﬁ CH, c”)

| |
H;N—CH—C—N—CH—C—OCH;

H

L-Aspartyl-L-phenylalanine methyl ester
(aspartame)

igure 3-11f Conceptsin
© 2006 John Wiley & Sons



Proinzulin 84 AMK




Inzulin — 51 AMK




Amanitin Faloidin




Amanita phalloides




mirka hilsovita obsatuje nekolik jedovatich liter. Roku 1937 podatlle
s¢ Lynenovi ¢ Wielandosi fzolovat o ni v keyetalované pedobt fedo
vafou Latke, zanow phallofdin Oba bedatelé iistili & "y mili-
prariu této latky usmetl myé ve 12 hodinich. V moce 1941 fzolosal
Wielind a Hallermayer hlaval jod muchomirky Hlizovité, fzv. ama
nitin, klery je fak prodee jedovaty, 2 jelna dvousetng miliramo




Microcystiny




Microcystiny

LED) 6 .
e, Mdha
3 CHa
1 af
Hat ,
B D-Ala
M‘ =, - o
OO *
i =L R Leu Arg
MC-RR ATy Arz | _ .
MO-YR  Tyr  Arg | D-p-Me-Asp
)

rldhb

Fig. 1. General chemyical soucture of (3) mucrocystins and (b)) oodhalarins.



BILKOVINY :

Struktura bilkovin

1. primarni - sekvence aminokyselin

2. sekundarni - uspofadani polypeptidického fetézce

3. terctalni - uspofadani polypeptidického fetézee s vedlejsich fetézen
4. kvartetni struktura - podjednotkové slozeni

sekundarni, tercialni, kvarterni struktura = konformace



(@) —Lys—Ala-His— Gly - Lys— Lys—Val —Leu - Gly - Ala —
Primary structure (amino acid sequence in a polypeptide chain)

l

Tertiary structure: Quaternary structure:
one complete protein chain the four separate chains
(B chain of hemoglobin) of hemoglobin assembled
Secondary into an oligomeric protein
structure
(helix)

Illustration, Irving Geis/Geis Archives Trust. Copyright Howard Hughes Medical Institute . Reproduced with permission.



1. Iz0

). Up

Aminokyselinova analyza

ace homogenni

ni hydrolyza -

ilkoviny

kyseld - 6 MHCL, 100-120°C, 10- 100 hod.

~bazicka- 2 -4 MNaOH. 100°C.4 - 8 hod.

- enzymova - Pronasa

3. Amnokyselinova analyza -RP, [EX



| 6 M HClI in H,O
R"—CH 110°C, 12 hr

C—=—=0 Peptide
HN
R7—CH
@86

Figure 3-15 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

R'—CH a-Amino
| acids

COOH
_|_

+1TH3
R"—CH

|
COOH

n
*NH;
R"—CH
éOOH



AMK analyzator




AMK analyzator




Primarni struktura

1953 - Sanger - inzulin (51 AMK), 100 g materalu, 10 let
= aminokyselinovy sekvenator

1978 - p- galaktosidasa (1028 AMEK), Jlg matenalu, doy

Stanoveni sekvence - Edmanovo odbouravani

na zakladé sekvence nukleovych kyselin
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1y [Z]cinorGlu
Len

W] Asn [@]Gn
[1]1e

. TrimethylLys

L

[R] Are
& aly
W] rep
[F] Phe

Cys

Pro

[8] ser [E] Thr
[A] Ala

. Asn or Asp

6122125112643271745225411311111111111315122169217222222264454

Hydrophilic, acidic: [B Asp [E] Glu
Hydrophilic, basic: [H] His [K] Lys

Polar, uncharged:
Hydrophaobic:

f o f 84 > > o L L X L L 4 B L L B

M]Met [P]Pro [V]val



B Hemoglobin family

o Hemoglobin family

Myoglobins

Primordial
globin




Srpkovita anémie




Srpkovita anémie versus malarie

- Malaria
[ ] sicklecell gene
- Overlap area




URCOVANI PRIMARNI
STRUKTURY

A. Purifikace bilkoviny — ziskani homogenn

B. Aminokyselinove slozeni — uréeni poctu jednotlivych AMK
zbytkd (kysela hydrolyza 6N HCI, 100 —110 °C, 24 h)

C. Poradi aminokyselin:

1. Oddélit a isolovat jednotlivé fetézce(redukce nebo
oxidace disulfidickych mustku)
Urcit N-konec a C-konec
Urcit poradi aminokyselin Edmanovym
odbouravanim(kam az to jde)
2 nezavisla specificka stépeni — isolovat $tépy (peptidy)
Opakovat bod 3.
Sestavit primarni strukturu retézce
Urcit zpusob propojeni puvodnich fetézcu

W

NOo Ok



Zistovani N-koncovych AMK

N(CH3),

+

Cl

1-Dimethylaminonaphthalene-
5-sulfonyl chloride (dansyl chloride)

[ A S A
HyN—CH—C—NH—CH—C—NH—CH—C— -+-

Polypeptide

HCl

0 Ry, O
Il | ll

NH—CH—C—NH—CH—C—NH—CH—C— «-.
Dansyl polypeptide

Hzoﬂi -

N(CH,),
SO, R, O

NH—CH—C—OH +

Dansylamino acid
(fluorescent)

2 1
H4N —CH—COOH +

R2 RS
+
H;N—CH—COOH +

Free amino acids



Moznosti Stépeni

Trypsin
cleavage
+ site

e
KR

+
H3N — Start of polypeptide [—N—C—C—N-—C—C—{ End of polypeptide —COO~

. |
H H H H

Arginine (Arg) or lysine (Lys)

Figure 3-17a Concepts in Biochemistry, 3/e

© 2006 John Wiley & Sons
Chymotrypsin
cleavage
site

+
H3N— Start of polypeptide N—C—C—N—C—C— End of polypeptide —COO™

Phenylalanine (Phe), tyrosine (Tyr), or tryptophan (Trp)

Figure 3-17b Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons

CH;

|
S

| CNB
CH '

2 cleavage
| site
CH,
NS
+
H;N —| Start of polypeptide ‘—]\|I —le—CITT—C|—C—| End of polypeptide }— COO™

H H H H
Methionine (Met)

Figure 3-17¢ Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Edmanovo sekvenovani
A T

( )-N=C=8 + HN—CH—C—NH—CH—C—NH—CH—C— +++~—
b of \)
Phenylisothiocyanate Polypeptide

(PITC)
l or-

R, 0 R. (0] R. 0
.53 I S

. 1 N )
[\'||—(l'l‘.w()—NH—CH—C—NH—CH—c_

o PTC polypeptide

anhydrous
F,CCOOH
R P
HC {'I\ . Fliz I(I} flia {“)
/ + H;N—CH—C—NH—CH—C— +++ —
N S S
s (\/ Original polypeptide less

| its N-terminal residue
H

Thiazolinone derivative

R,

N\

HC :

II\{ \ \‘/E'

: N—7\
=

PTH-amino acid



Metoda prekryvajicich se Stépu

Onigral Polrpaplda
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MS

(a) Electrospray ionization (ESI)

5+
N2 6+
4+
+ Mass analyzer |
Capillary — 4 + — ———————
Sample ; / + ++ + 4 m/lz
. R + >
solution [ ‘, >3 \ L : I Detector ESI mass spectrum
l ] —
4000V
Atmospheric Low High vacuum
pressure vacuum
(b) Matrix-assisted laser desorption/ionization (MALDI)
Sample
in Laser
—— matrix /pulse
/
/ Mass analyzer e
— p  —
+ i 5 _/ miz
+ Detector MALDI mass spectrum
 ——
—
= High vacuum

30,000 V



Relative abundance
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MS-MS

(a) Electrospray ionization tandem mass spectrometer
Electrospray MS-1 Collision Cell MS-2 Detector
ionization
source
(b)

MS-1

MS-2
P57 —
Collision
cell FiFyF3Fys Fs
lon i
source

Detector




MS-MS

A% Y5 P A "-_ £% :"'. _'r| F A

NH,— CHR;— CO—= NH + CHR;—~ CO= NH = CHR ;== CO=+ NH + CHR;— COOH

a h C| i b Cr i1y b1 el



Relative abundance

MS-MS
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Synteza pepridi

1953 - oxytostn (9 AMK) DE VIGNEAND
1962 - syntéza na pevné fizi - MERRIFIELD



SYNTEZA PEPTIDU
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|
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'lil) (L|?H2}4
(CH,),C —O0— C—NH— CH— COOH

Boc, N t-benzyloxycarbonyl-Lys

S (_3112©
|

? {_‘[{2
I |
(CH3);C—O0O—C—NH—CH—CO0OH

Bog, S-benzyl-Cys

0
C—O0—CH, @
Q (CH,),

(CH,)3C—O—C—NH— CH— COOH

Boc-Glu, 7-Benzyl ester

0— CH2©
|

0 CH,
|
(CH3);C—O— C—NH— CH— COOH

Boc, O-benzyl-Ser
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(@) —Lys—Ala-His—Gly-Lys —Lys—Val —Leu—Gly - Ala —
Primary structure (amino acid sequence in a polypeptide chain)

'

Tertiary structure: Quaternary structure:
one complete protein chain the four separate chains
(B chain of hemoglobin) of hemoglobin assembled
Secondary into an oligomeric protein
structure
(helix)

Illustration, Irving Geis/Geis Archives Trust. Copyright Howard Hughes Medical Institute . Reproduced with permission.



Sekundarni struktura

peptidicka vazba - PAULING a COREY 30 az 40 1éta

A Peptichcka vazba lezi v roviné

0 o ?'

| -
- L

f["‘\ﬁ T f("llwgf = /W

R A

H



B. Peptidicke vazby jsou v trans konfiguract

2358
Peptide bond

\
Peptide
bond



C.Peptidické vazby lezici v roviné mohou svirat urcité torzni uhly

Amide plane

Side group

o

Amide plane

Irving Geis/Geis Archives Trust. Copyright Howard Hughes Medical Institute.
Reproduced with perimssion.

Irving Geis/Geis Archives Trust. Copyright Howard Hughes Medical Institute. Reproduced with permission.



Ramachandriv diagram stability sekundarnich struktur bilkevin

180 : S 180
90 4 90 _
- . i
— (4]
1] E .
\'%JJ 0 > 0
> .
-90 4 -90 i
-180 ' L1 -180 L
-180 -90 0 90 18(  -180 -90 0 20 180
¢ (deg) ¢ (deg)

D. Retézec musi umoiovat maximalni pofet vodikovych vazeb mezi
peptidickymi vazbanu






Typy sekundarmich struktur

A, Pravidelné - helikaln struktury - 0 helux (-56, -47)

- B struktury - skladany list - paralelni (-139, +135)

antiparalelni (-119, #113)
B. Ohyhové - [} oliyb

C. Nepravidelné
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o - helix




(a) Antiparallel

Irving Geis/Geis Archives Trust. Copyright Howard Hughes Medical Institute. Reproduced with permission.

(b) Parallel

S 8 e o e

o Y e U o ¢

;. C-<+——N

Irving Geis/Geis Archives Trust. Copyright Howard Hughes Medical Institute. Reproduced with permission



- sheet




B - turn

(@) Type | [3 bend (b) Type Il § bend

Irving Geis/Geis Archives Trust. Copyright Howard Hughes Medical Institute. Reproduced with permission.






Tercialni struktura

1. Tontove interakee

2. Dipolove interakee
3. Vodikové mustky

4. Hydrofobni mferakee

3. Busulfidicke mostky

Strukturni motivy - domeény




Hydrogen

ngﬁézﬁ Hydrophobic
eptide Interactions
l;.»gups among nonpolar Ionic linkages

i side chains
Metal ion

coordination

CEVale

=\ (5 )Y e
— ) NG &\ ~C

o-Helical [3-Sheet Disulfide Side chain
structure structure bond hydrogen bonding

\e=

(e

Figure 4-3 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Strukturni motlvv

(d) N C Greek key



Strukturni motivy




eny

4

1 dom

Strukturn







Kvarterni struktura

Podjednotkové sloZeni - nekovalentai spojeni - vodikové mmstky

- kovalentni spojeni - bisulfidicke mustky

Stanoveni podjednotkového slozeni - SDS PAGE



Hemoglobin




Studinm konformace bilkovin

RTG difrakce - studmm krystala - BRAGG 1913

NMR - dvoy- a trejrozmémné - studium roztoku - poslednich 15 let

Stabilita konformace

Denaturace - fyzikalni faktory - T, zafeni. tlak,
chemické faktorv - pH. orgamicka rozpoustédla.

detergenty. tézké kovy. mofovina,

reverzibilni - renaturace
Denaturace

ireverzibilni



Rtg difrakce

Single protein

crystal

X-ray source _ Detector

Beam of \ —

X rays

Diffracted
X rays

Figure 4-15 Concepts in Biochemistry, 3/e
©2006 John Wiley & Sons



NMR podstata
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schema NMR spektrometru

zlkumavka se
vzorkem

civka
piijimace
civka pridavné
magnetizace
magnet | \\ s
|’|r|'f";|'llﬁl
iy
*\'ﬂﬁui
| I|||I i
i xfj

vysilaé¢

civka pridavné
magnetizace

== —-—-

?%

/ magnet

— —{ osaz B

-+

T

L

zesilovad
pocitac

Zaznamove zairizeni




pocitac
elektronika

supra-
vodivy
magnet




NMR spektrum

Po zpracovani Founerovou transformaci dostaneme:

| = f{v)

| _L.l‘., l | L._Ll,l.l_ AN d_



NMR spektrum

[NOESY. . & o . .o

&

N C After Wuthrich, K. Science 243, 45 (1983)



NMR

Courtesy Stuart Schreiber, Harvard University



Denaturace - renaturace

Heat
Native protein :
(active)

Denaturation Partially denatured
(may retain some activity)

C S

Denatured

(inactive) Cooling under precisely

controlled conditions
+

cooling 4 '?@aa chaperones
Uy
%

Uncontrolled

Native protein

Kinetically trapped ol

(inactive)

Figure 4-14 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Vznik prostorove struktury - skladani, svinufi - .,FOLDING"

primarni strukfura

|

sekundarni struktura

|

supersekundarni struktury

|

strukturni domény

|

bilkovina



Skladani — folding bilkovin

* Neprobiha nahodnym zpusobem

* Probiha postupng:
— a. male doCasn¢ periodicke struktury
— b. supersekundarni struktury
— c¢. strukturni domény a "roztavena" glubule

— d. zavérecné Upravy za ucasti enzymu

» Potifebuji bilkoviny ke svinovani pomocniky?



POSTUP SKLADANI BILKOVIN

primérni struktore. —E—O—@—H—O—0—

1
l i_l




[Levinthal Paradox

We assume that there are three conformations for each amino acid(ex. a-
helix, B-sheet and random coil). If a protein 1s made up of 100 amino acid
residues, a total number of conformations i1s :

3100=1515377520732011331036461129765621272702107522001
= 5 x10%.

If 100 psec(10-1%sec) were required to convert from a conformation to
another one, a random search of all conformations would require

5x 1047x 10-19 sec =1.6 x 10°° years.

However, folding of proteins takes place in msec to sec order. Therefore,
proteins fold not via a random search but a more sophisticated search
process.



[4) An adjusment in the
canfanmsstion of the domains

{5) Final procein monomer

\
) J'\,__ —




g

> >

/" Unfolded
(inactive) J
Inactive O
Inactive

Inactive

Increase in energy (joules) —

Biologically active
(native)

Folding pathway

Figure 4-13 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons



Courtesy of Ken Dill, University of California at San Francisco N




Representative starting structures

Transition state

Frow cnorgy

Mumbor of native
interactions

Mumber of residus contacts



Chaperony

Chaperonin
sysiem: Dissociation of
y GMeES and AP el
ADE GroES and ATF
GroEL 1d ATP

GmES

Pepiide enters Folding cycle
14 ADP repeated until folding
is completed
(Fodate 1807

ATF hydrodysis
4

Properly folded protein
15 released into tha oytasal.

@59

Mathve protein
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10 — Isoelectric
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Izolace bilkovin

vizkum - studimm struktury, studium biologicke aktivity

1. Utel

/
\

prumyslové pouZiti - farmakologie, Eistici prostiedky,

2. Volba vstupntho materialu

i Extrakce




4. Purifikace

Srazeci metody - stazeni nenfralnimi solemi (NH,),S0,

- srazeni organickym rozpoustédly
- pH srazen
Chromatografie - 1onexova

- hydrofobni

- gelova permeacni

- afinitni

Elektromigracni metody - elektroforéza nativai nebo SDS

- 1zoelektricka fokusace






[iteratura

Scopes : Protein Purification

Harris : Protein Purification Methods —
Practical Approach

Deutcher : Guide to Protein Purification
Janson : Protein Purification
Kastner : Protein Ligiud Chromatography



Metody separace proteinu

* Vychazi z klasickych metod chemické
analyzy

» Uplatnuji se zde 1 specialni metody



Problemy se vzorkem

» Komplexnost

e Mala mnozstvi

e Labilita



Planovani separace bilkovin



Cil 1zolace

» Ziskani homogenni bilkoviny
» Zachovani biologickée aktivity
» C(istota

Zaver . zishmt vzorek o patficne

Cistot¢ s vynalozenim

patiicného usili



Volba vstupniho materialu

* Preparat z daného organismu

* Preparat s nejveétsim obsahem dane
bilkoviny

* Preparat s nejmensim obsahem necistot



Sledovani prub¢&hu separace

Metoda Celkova Celkova Specificka | Precisténi Vytézek

bilkovina aktivita aktivita
extrakt 100 100 | - 100 %
HIC 50 99 1.99 1.99 99 %

IEX 25 75 3 1.5 75 %




Stanoveni koncentrace bilkoviny

__Miohziaes
__atiasdau | qadiins | ddvatsiddna




Kjeldahlova metoda — stanoveni N,

* Mineralizace vzorku — pfevedeni

organického dusiku
na NH,"

» Stanoveni NH," - titrace, fotometrie,

selektivni elektrody



UV spektrofotometrie

e 280 nm — aromatickée AMK

interference nukleotidu
* 180 - 230 nm — peptidicka vazba

Vyhody - nedestruktivni metoda
- neni treba kalibrace



VIS spektrofotometrie

Pridavek Cinidla — barevny derivat
* Destruktivni metoda

 Nutna kalibra¢ni zavislost



Biuretova metoda

Princip : Cu?" vytvari v alkalickém prostiedi
P Yy P

komplex se 4 N peptidicke vazby

\Cuz/

Meéreni : 540 — 560 nm
310 nm



Folinova metoda

Princip : hydroxyfenolova skupina tyrosinu
redukuje fosfomolybdenany na
molybdenovou modr

Meéreni : 725 nm



Lowryho metoda

Princip : kombinace Folinovy a Biuretove
metody

Meéreni : 600 nm



Metoda dle Bradfordoveé

Princip : pf1 vazbé Coomassie Brilliant Blue G
250 na bilkovinu dochazi k posunu
absorpéniho maxima z 465 na 595 nm.

Mereni : 595 nm



Nejcastéj1 pouzivane metody

Metoda Rozsah (ng) Poznamka
Biuretova 0.5-5 okamzity vyvoj
Lowryho 0.05-0.5 pomaly vyvoj
UV - 280 nm 0.05-2 interference
UV - 205 nm 0.01 -0.05 interference
Bradfordové 0.01 - 0.05 sorpce barviva




Stanoveni biologicke aktivity

Enzymatickeé,imunologicke, toxicke,
hormonalni receptorové atdf.



Vlastni separace



Obecné schéma

Ziskani vstupniho materialu

|

Rozruseni bunék

|

Separace




Vstupni material



Mikroorganismy

Bakterie, kvasinky, plisné, rasy

Vyhody - 1ze jej snadno ziskat v dostateCné mnozstvi
- selekce mutantu o pozadovanych vlastnostech
- geneticke inZenyrstvi

- termofilni organismy



Bezobratli

Hmyz, plz1, mlz1

Nevyhody - malo se pouziva, nesnadno se

ziskava



Z1vocisne tkané
« Laboratorni zvifata — mysSi, krysy, kralici
 JateCni zvirata — organy

» Clovék — télni tekutiny



Rostlinné tkané

gpenét, fepa, hrach

Nevyhoda — problematicky rust za
definovanych podminek



Rozbiti a extrakce



Bakterie

e Zalezi na lokalizaci

cytoplasma

periplasma



Balotina

Princip — jemne sklenéné kulicky piidany do
bakterialni suspenze a rychle tfepany
nebo michdmy — nutno chladit



French (X) press

Princip — zmrazena bakterialni suspenze
protlaCovana malym otvorem, pricemz
dochazi k rekrystalizaci a rozruSeni

bunéck




Ultrazvuk

Princip — ultrazvuk (> 20 kHz) v roztoku
vyvolava stfizni sily — nutno chladit

i




Lysozym + osmoticky Sok
(mirny osmoticky Sok)

Princip — lysozym rozrusi buné¢nou sténu,
nasledné je bakterialni suspenze ziedéna
destilovanou H,O — bakterie popraskaji




Z1vocCisné tkané

Treci miska s piskem

Rucni homogenizatory — Potter —
Elvehjemuv

Mixery

Osmoticka lyse - erytrocyty




Rostlinné tkané

RozruSeni bunécne stény pomoci celulas,

Obsahuji hodné€ fenolickych latek, které
mohou byt oxidovany na chinony —
melaniny, které mohou modifikovat
bilkoviny



Srazeci metody



Srazeni

Nezaménovat s denaturaci — bilkoviny
zustavaji v nativnim stavu

Prvni metody pouzivane pro separaci bilkovin
— EtOH, (NH,),SO,

Filtrace nahrazena centrifugaci



Rozpustnost bilkoviny

» Vlastnostmi bilkoviny — distribuce
hydrofobnich a hydrofilnich skupin na povrchu
bilkoviny




Rozpustnost bilkoviny

* Vlastnostmi roztoku — pH, 1ontova sila, org.
rozpoustédla, org. polymery, teplota



Izoelektricka precipitace

PR

rozpustnost

@ " O3




Srazeni neutralnimi solemi

| vsolovani vysolovani

rozpustnost




Vsolovani




Vysolovani




(NH,),50,

* Rozpustnost se malo méni s teplotou

« Saturovany roztok 4 M - hustota 1,235g/cm?
umoznuje centrifugaci agregovanych bilkovin
(hustota 1,29 g/cm?)

* Levny
 Stabilizuje bilkoviny
« Relativné Cisty



Srazeni - dvojstupnove

100

80

60

%

40

20

0

—_

N

— Bilkovina
Aktivita

% saturace




Srazeni org.rozpousteédly
misitelnymi s vodou

* Rozpoustédla rusi solvataCni obal bilkoviny




Srazeni org.rozpousteédly
misitelnymi s vodou

COHN - separace plazmatickych bilkovin
EtOH

Nutno provadét pii T < 0 °C, pi1 vEtsi teploté
dochazi k denaturaci

Dvojstupnove

Ptridavky z tabulky nebo podle vzorce



Srazeni selektivni denaturaci

Pr1 této metode denaturujeme balastni bilkoviny,
cilova bilkovina musi zustat z 85 - 90 % v nativnim
stavu.

Denaturacni vlivy — T, pH, org. rozpoustédla

Bilkovina musi nejen denaturovat 1 precipitovat



Tepelna denaturace

100

80

60

%

40

20

0

— Bilkovina 1
\ Bilkovina 2

teplota




Chromatograficke metody



Chromatografie

» Cvet — separace chlorotylu na CaCO; 1903



Chromatografie




Zarizeni pro LPC




Ionexova chromatografie

elektrostaticka interakce

Vazba | @8 + B - a3

Eluce HE<B +<° e, B




lonexy

« Katexy - = vazba kationtu
silné - sulfo(S), sulfopropyl(SP) OSOj;
slabé - karboxy(C), karboxymetyl(CM) COOr

* Anexy - + vazba aniont
siln¢ - dietylaminoetyl(DEAE)
slab¢ — trietylaminoetyl(TEAE)



Ionexova chromatografie

 Nanaseni vzorku — nizka 1ontova sila

* Eluce — gradientova
e ZvySovanim iontov¢ sily
e Zménou pH
 Afinitni eluce

Pouziti — purifikace, zakoncentrovani, vymeéna
pufru



Hydrofobni chromatografie

 Stacionarni faze — - Cq, -fenyl

* Mobilni faze — vodné roztoky
1.7 M (NH,),SO,

* Eluce — snizovanim iontove sily

Pouziti : purifikace bilkovin



Afinitni chromatografie

li ﬂnﬂ T *
e ] spacer matrix



Afinitni pary

Ligand Bilkovina Ky (M)
antigen polyklonalni protilatka 0*— 10
antigen monoklonalni protilatka 107 =107
biotin avidin 17
sacharid lektin 107 - 107
hormon, toxin vazebny protein 10— 1072
substrat enZyI 107 - 107
inhibitor enzym o™~ 10

Kp=10"-10"M




Afinitni chromatografie
naneseni vzorku




Afinitni chromatografie
vznik interakce




Afinitni chromatografie
vymyti balastu




Afinitni chromatografie
eluce

@i~
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e

@il
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Provedeni

* Naneseni vzorku — nizka 1ontova sila
* Eluce — selektivni - volnym ligandem
— neselektivni - zména pH, 1ontove

sily, polarity

Pouziti : analytické (stanoveni K), purifikace



Gelova permeacni chromatografie




Gelova permeacni chromatografie

Princip - stericka exkluse

- omezena difuse

Poradi eluce :
MrA>MrB>MrC



Gelova permeacni chromatografie

Log{hW)

+

- — —_ —_TE - -

Deatl wol ume

Exaclugion wol umey!
o f .y

» < Totalni permeace
|
|

Totalni exkluse

Selektivni permeace

a

5 10
E Iution volume [mi]



Gelova permeacni chromatografie

* NanaSeni vzorku — objem vzorku < 2%
objemu kolony
* Eluce — 1zokraticka

Pouziti : stanoveni Mr, odsolovani, purifikace



Elektromigra¢ni metody



Podstata

., Pohyb elektricky nabitych castic

v elektrickem poli*



Z0nova elektroforéza

+ I
| |

A+B+C

| =—=——
| == >

Ha~ KB ~Hc



Upotadani

Horizontalni




Upotadani

Vertikalni
+

—




Polyakrylamid

Slozeni — kopolymer akrylamidu a

N,N,- methylenbisakrylamidu

+ plné spliuje pozadavky

Pouziti : analyza bilkovin




Polyakrylamid

- =



SDS PAGE

OO NI

1 g bilkoviny vaze 1.4 g SDS =
uniformni naboj na jednotku MW



SDS PAGE




Stanoveni Mr pomoci SDS PAGE

Logﬂ o _
N \ Rn_"




Stanoveni Mr pomoci SDS PAGE -
standardy

1 2 34 568 78 910

.'._"_-__-—.—-'_'-I



Izoelektricka fokusace

Elektroforéza v gradientu pH, cdstice
jsou separovany podle svych pl*



Izoelektricka fokusace

H,O" OH- H,O*




Izoelektricka fokusace

OH-




Izoelektricka fokusace

analyticka
* Provedeni - v gelech — PAGE, agarosa

e Pouziti - sledovani komplexnich smési

- 1zoenzymove sloZeni

- stanoveni pl — rozrezani a eluce
— upH elektrody
— pl standardy



Izoelektricka fokusace
analyticka



Dvojrozmérna elektroforeza

________________________________________

s

100 v i

[.rozmeér IEF II.rozmér SDS-PAGE



Dvojrozmeérna elektroforéza




5. Charakterizace - stanoveni pl, MW, UV VIS spekira, €D spelir,

tluorescencn spektra, AMK analyz a sekvenace, krystalizace -

RTG analyza, NMR spekira



Rozdéleni bilkovin

Podle celkoveho tvarn moleknly

A Vlakmité - fibrilarni bilkoviny - SKLEROPROTEINY

kolagen. o + [ keratin, elastin
B. Kulovité - globularni bilkoviny - SFEROPROTEINY

globularni - katalyza, transport, pohyb, imunita,

Bilkoviny < vzruch
fibnlami - podpora




Podle chemickeho slozeni

A Jednoduche

B. Slozené =  prostheticka skupina + apoprotein

Fosfoprotemy - H;PO,

Glvkoprotemny - cukry

Metaloprotemny - kovy

Lipoproteiny - lipidy

Nukleoproteiny - nukleové kyseliny




Collagen a-chain primary structure

T os%en g0 0%

G - glycine
X = proline or otheramino acid
Y - hydroxyproline or other amino acid

-Gly-X-Y - triplet repeats




Rough endoplasmic
reticulum
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Formation of collagen: intracellular processing

ﬁﬁﬁmcﬁ@g

(1) synthesis

(2) post-transiational
modifications

(3) triple helix formatiorn

procollagen
secretion



Formation of collagen: extracellular processing

procollagen
{soluble)

(1) N- and C-terminal
peptide cleavage
(2) lysyl oxidase

i “

A tropocollagen JLUl’
(insoluble) (Va2



Lys

Lys
il_w'.yl oxidase llysyl oxidase
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Formation of collagen: extracellular processing

N A BASNS B SENA C

tropocollagen length: 300 hm

fibrif assemply
and cross-linking

covalant
cross-link

section of collagen fibril I




Formation of collagen: extracellular processing

fibril assembly

] ) land cross-linking
section of collagen fibril 7

—» %— 6467 hm
L1 “guarter-stagigered array”

collagen fibril

-




Formation of collagen: extracellular processing

;"l%'
.. . |

collagen fibril
aggregation

collagen fiber
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Collagen molecule ZXASERNERNEN

Packing of molecules
[ |

IR, OO 2T

2 O 20T 2RO

TE ZIEREEE 2ITETEEE 200

Hole zone
0.6D

Overlap zone

Courtesy of Karl A. Piez, Cgllagen Cprporation



Kolagen v kuzi




N-terminal
heads

Coiled
coil rod

C-terminal
tails

(b) Protofilament

o - keratin

(c) Microfibril

I

11441403104 d -

(Four o-keratins twisted into a lefi-handed superhelix
each o-keratin is coiled into a right-handed o-helix)
T

Protofibril

Microfibril

Spindle-shaped
cells of cortex

Medulla

Cuticle

Hair
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o — keratin - vlas




B - keratin




B - keratin
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