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Biochemie

.UVOD

. BILKOVINY - Struktura, vlastnosti a funkce

. NUKLEOVE KYSELINY - Struktura, vlastnosti a funkce
. SACHARIDY - Struktura, vlastnosti a funkce

. LIPIDY - Struktura, vlastnosti a funkce

. ENZYMOLOGIE

. METABOLISMUS A BIOENERGETIKA

. METABOLISMUS SACHARIDU
.FOTOSYNTEZA

10.METABOLISMUS LIPIDU
11.METABOLISMUS BILKOVIN
12.REGULACE BIOCHEMICKYCH PROCESU
13. MOLEKULARNI FYZIOLOGIE

14. XENOBIOCHEMIE
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Zkouska z biochemie
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1. Metody purifikace bilkovin
2. Kinetika jednosubstriatové enzymové reakee
3. Biosyntéza mastnych Kkyselin




Otazky ke zkousce z biochemie

Staticka biochemie

1. Chemicke slozeni zivych organismu.

Prvkoveé slozeni, anorganicke latky — voda, organicke latky, biopolymery.

2. Aminokyseliny = prehled a rozdéleni.

Kddovaneé — rozdeleni (nepolarni, polarni, nabité) a nekodovane.

3. Aminokyseliny - chemicke a fyzikalni vlastnosti.

Acidobazicke, opticka aktivita, chemicke reakce, analyza.

4. Peptidy — nejdulezitejsi biologicky aktivni.
Nazvoslovi, biosyntéza, GSH, oxytocin vasopresin, inzulin.




Otazky ke zkousce z biochemie

Staticka biochemie

Chemicke slozeni zivych organismd.
Aminokyseliny — prehled a rozdéleni.
Aminokyseliny - chemicke a fyzikalni vlastnosti.
Peptidy — nejdulezitejsi biologicky aktivni.
Peptidicka vazba a jeji vlastnosti.

Bilkoviny — rozdelni podle tvaru (struktury) a funkce atd.

L G0 M0 g W ha =

Bilkoviny a jejich struktura, metody studia struktury.




Biochemie

* chemicka disciplina, ktera studuje chemickeé
sloZzeni zivé hmoty a chemicke procesy, ktere¢ v ni
probihaji

®* je hrani¢ni védni disciplinou, na pomezi mezi
chemii a biologii, zkouma biologicke objekty
chemickymi metodami
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Dvé obdobi : A obdobi staticke biochemie

B. obdobi dvnamické biochemie

staticki - bioorganicka, bioanorganicka, hofvzikalni

chemie a chemie prirodnich latek

dynamicka - enzymologie, bioenergetika,
metabolismus
BIOCHEMIE

organizacni - regulace

funkéni - fyziologicka biochemme




obecna - zakladni vyzkum

BIOCHEMIE

aplikovana - lékafstvi - klinicka biochemie

- pathobiochemie
- xenobiochemue

- biotechnologie
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obecna - zakladni vyzkum

BIOCHEMIE

aplikovana - lékafstvi - klinicka biochemie

- pathobiochemie
- xenobiochemue

- biotechnologie

Molekularni biologie - W.I. ASTBURY - 60.1eta

 Interpretace genetiky na zaklad¢ struktury NK
* Trojrozmérna struktura biomolekul




Biochemické metody :

fvziologie
E"\.]]E't‘llIlE'I'.'lh
\‘ biochemie - organy
- thané
- organely

- molekularni urover

O. von Warburg (NC 1931) Vysledky pokusu in vitro nesmi byt v rozporu se situaci in vivo




Problémy se vzorkem - prace s komplexnimi vzorky
- prace s labilnim biologickym materialem

- prace s malvm mnoZstvim latek

P. Anzenbacher, J. Kovar - Metody chemického vyzkumu pro
biochemiky - Docasna vysokoskolska
ucebnice 1986
M. Ferencik, B. Skarka - Biochemické laboratorné metody, SNTL
1981
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Figure 1-3 Concepts in Biochemistry, 3/e
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o 777 mikroprvky (stopové)




Prvkoveé slozeni vesmiru, zemske
kury a Clovcka
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Porovnani zastoupeni zakladnich biogennich prvki
v Z1v¢€ a neZive hmoté

Chemicky prvek Prumérné zastoupeni Prumérné zastoupeni
v zivé hmoté (v %) v nezivé hmoté (v %)
Uhlik 19,37 % 0,18 % (Si)
Kyslik 62,80 % 49,40 %
Vodik 9,31 % 0,95 %
Dusik 5,14 % 0,63 %




LATKOVE SLOZENi ORGANISMU

Latka clovék rostliny bakterie
voda al 73 70
bilkoviny 18 4 13
nukleové k. 1.5 1 ]
sacharidy 0.5 16 3
lipidy 16 1 2
org. latky ] 1 2
anorg. latky 3 2 1




Anoreanicke latky

Organicke latky

-voda

-Na. K. CI, 05, HCO;, HPO,",

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

- plyny - 0,. N,, C0O,, NO

- vysokomolekularni - biopolymery

- bilkoviny
- nukleové kyseliny
- sachandy

-lipdy 22




8_

O
8+H/’/1 \\‘H8+

Figure 2-1b Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons.

(a)

Figure 2-5 Concepts in Biochemistry, 3/e
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Voda

van der Waals van der Waals
envelope radius of O
=1.4A
% O—H covalent
bond distance
van der Waals =0.958 A

radius of H
=124
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Table 2.3

A comparison of some physical properties of water with hydrides of other nonmetallic elements:
N, C,and S

Property H,O NHj; CH,4 H>S
Molecular weight 18 17 16 34
Boiling point (°C) 100 —33 —161 —60.7
Freezing point (°C) 0 —73 —183 —85.5
Viscosity” 1.01 0.25 0.10 0.15

“Units are centipoise.

Table 2-3 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Voda

Na vodu vazan vznik zivota
Je rozpoustédlo

Ma transportni funkci
Uc¢astni se chemickych reakef

Udrzuje stalost vnitiniho prostredi —I, pH, T




Anoreanicke latky

Organicke latky

-Na. K. CI, 05, HCO;, HPO,",

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

- plyny - 0,. N,, C0O,, NO

- vysokomolekularni - biopolymery

- bilkoviny
- nukleové kyseliny
- sachandy

- lipidy
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Obecny princip vystavby biopolvmeri :

1. Jsou tvofeny monomery

2. Monomery vytvare)i linearni fetézce

3. Monomery jsou spojovany jedmym typem vazby

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

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




Amino acid residues

A

A protein ««+— Alanine [— Tyrosine Leucine Serine

Proline

Nucleotides
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Amino acid residues

A

A protein # @ &=

Alanine

Tyrosine Leucine

Serine

Proline

Nucleotides

s = \

A polysaccharide « »

Sugar residues
A
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Sledovani rozdilu mezi1 biopolymery -
Vyvo] Z1vota
Fylogeneticky strom (rRNA)

Eukarya
Animals
600 mil. let Archaea
Fungi
Bacteria Slime molds Bisnte
_ Ciliates
Halophiles Flagellates

Gram-positives

Purple bacteria

Methanococcus Microsporidiae

! Thermoproteus
Cyanobacteria

Flavobacteria

A 4

soucasnost

Biochemicka taxonomie Carl Woese
Srovnani molekul rRNA
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- nizkomolekularni - produkty meziprodukty
metabolismu
- sekundarni metabolity

- regulaéni latky




Prokaryontni bakterialni bunka

Ribosomes

Flagella

Mesosome




Prokaryontni bakterialni bunka

Table 1.1

Molecular composition and biological function of prokaryotic cell components

Structural Feature

Molecular Composition

Biological Function

Cell wall, pili, and flagella

Cell membrane, mesosome

Nucleoid region

Ribosomes

Vacuoles

Cytoplasm

Polysaccharide chains cross-linked

by proteins; coated with
lipopolysaccharide; pili and flagella

are extensions of the cell wall

Bilayer of 40% lipid, 60% protein,
perhaps some carbohydrate; mesosome
is infolded membrane

Contains chromatin, a complex of
chromosomal DNA and histone proteins

Complexes of RNA (65%) and protein (35%)
Nutrients stored as small molecules or
polymers

Small molecules, soluble proteins, enzymes,
nutrients, inorganic salts; dissolved in
aqueous solution

Protection against mechanical and
hypertonic stress; flagella assist in
movement; pili assist in sexual conjugation

Permeable boundary that allows for entry
and exit of nutrients, waste; mesosome
may play role in DNA replication

The genome; storage of genetic
information; site of DNA replication
Sites of protein synthesis

Storage of fuel molecules for energy
metabolism

Region where many metabolic reactions
occur

Table 1-1 Concepts in Biochemistry, 3/e

© 2006 John Wiley & Sons




Eukaryontni zivo¢iSna bunka

———— Nuclear membrane

————Nucleus

apparatus
—— Nucleolus P

——Chromatin

CNRI/Photo Researchers
Free
ribosomes

Vacuole
Endoplasmic
reticulum

Biophetie Associates/ Photo Hesearahers

Mitochondrion

Lysosome  Cell membrane

Rough endoplasmic
reticulum

Smooth endoplasmic reticulum




Eukaryontni rostlinna bunka
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Eukaryontni bunka

Table 1.2

Eukaryotic organelles, their constituent biomolecules, and hiological function

Structural Feature

Molecular Composition

Biological Function

Cell membrane

Nucleus

Endoplasmic reticulum
with ribosomes

Golgi apparatus

Mitochondria

Lysosomes (animal)
Peroxisomes (animal)

or glyoxysomes (plant)
Chloroplasts (plant)

Cytoplasm

Bilayer of proteins (50%) and lipids (50%)
and some carbohydrate

Contains genomic DNA, and histone
proteins as chromatin; RNA

Flat, single-membraned vesicles of lipid
and protein; ribosomes consist of RNA
and proteins

Flattened vesicles of lipid, protein, and
polysaccharide

Double-membraned with protein and lipids;
interior (matrix) contains soluble and
insoluble enzymes, RNA, and DNA

Single-membraned vesicles containing
enzymes for hydrolysis

Single-membraned vesicles containing
catalase and other oxidative enzymes

Double-membraned organelles containing
protein, lipid, chlorophyll, RNA, DNA,
and ribosomes

Cytoskeleton made of proteins; small

molecules, soluble proteins, enzymes,
nutrients, and salts in aqueous solution

Selectively permeable boundary for entry and
exit of nutrients and waste; some important
enzyme activities; location of receptors for signaling

Storage of genetic information; site of DNA
replication and transcription to RNA

Surfaces on which ribosomes bind for protein
synthesis

Secretion of cell waste products; site of protein
processing

Site of energy metabolism and synthesis of
high-energy ATP

Metabolism of materials ingested by endocytosis

Orxidative metabolism of nutrients using O, to
generate H,O,

Sites of photosynthesis; convert light energy into
chemical energy (ATP)

Provides shape to cell; region where many
metabolic reactions occur

Table 1-2 Concepts in Biochemistry, 3/e

© 2006 John Wiley & Sons




Vznik eukaryotnich bunek
Lynn Margulis — 1960,1981
endosymbioticka teorie

Modern cell




Organizace biologickych struktur
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Glycoprotein

Phospholipid RNA

envelope

(a) Influenza virus (globular)

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

Ri—

Capsomere

(c) Tobacco mosaic virus (cylindrical)

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

Capsomere
(b) Adenovirus (polyhedral)

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

Head

Tail filament

(d) Bacteriophage (complex shape)

Figure 1-7d Concepts in Biochemistry, 3/e
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Evoluce zivota na zemi

Chemicka evoluce — jednoduché anorganické molekuly davaji

vznik organickym polymertiim

Vznik usporadanych struktur biopolymert - ty jsou
schopna autoreplikace- RNA

BlOlOgleé evoluce — evoluce od jednobunéénych k mnohobunéénym

7zivo¢ichim




Evoluce zivota na zemi

Sunlight |

Chemicka evoluce

1. Chemical evolution, in which

biopolymers were formed ﬂ
from small molecules. 4

/ m . Self organization, in which
! for salt

\ ~—
\ -

3. Biological evolution, in which
primitive living cells generated

¥ S
and eventually the ability to
form multicellular organisms.




uce zivota na zemi
Miller Orgel




Evoluce zivota na zemi

Compound Yield (%)
Glycine” 2.1
Glycolic acid 1.9
Sarcosine 0.25
Alanine” 1.7

L actic acid 1.6
N-Methvlalanine 0.07
o-Amino-n-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 0.606
Urea 0.034
N-Methylurea 0.051

“ Amino acid constituent of proteins.

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




Evoluce zivota na zemi

Sunlight | -

Chemicka evoluce

b A
1. Chemical evolution, in which \ \ }
biopolymers were formed ‘\ % o
from small molecules. 4 ~

Vznik usporadanvych

| sy T
struktur biopolymeru / ( “m " Sopayiners devioped e

3. Biological evolution, in which
primitive living cells generated

kS
and eventually the ability to
form multicellular organisms.




Vedci spocitali, jak vznikal
zivot naZemi | ¢

31. ledna 2015 redakce




Evoluce zivota na zemi

Chemicka evoluce

1. Chemical evolution, in which g \v |
o e e a s €.
. A\ 4 I4 \\’\;
Vznik uspotadanych ;, e
B o / 2. Sen orgmi:auon. lr:M\ncur;

struktur biopolymera Gl ST
—_
& e

RNA

3. Biological evolution, in which
primitive living cells generated

kS
and eventually the ability to
form multicellular organisms.

Biologické evoluce




BILKOVINY - PROTEINY

Protein - MULDER. BERZELIUS (1838)

TPOTEW® - _zZawimajici prvni misto™




Bilkoviny

Jsou to biomakromolekuly s nejlépe poznanymi
a definovanymi vlastnostmu

* Fyzikalnimi — MW, spektra, pl,
* Chemickymi - slozeni a struktura

* Biologickymi - funkce




Bilkoviny

Proc:
« Zretelna biologicka funkce

* Je jednodussi je 1zolovat 1 charakterizovat nez
NK, polysacharidy ¢1 lipidy




Protein -

TPOTELE -

Funkce -

BILKOVINY - PROTEINY

MULDER, BERZELIUS (1838)

Zaujimayici prvni misto™

katalyza
transport
pohyb

podpora >— Vykonna moc
1munita

regulace

vznik a pfenos nervového vzuchu |

Pifenosgenetické-informace NK }_ 7 4konnd moc




AMINOKYSELINY ( 20 AME)

|

2az 50 AMK PEPTIDY— POLYPEPTIDY

> 50 AMK

|

BILKOVINY - PROTEINY

MW 50-200

MW < 10 000

MW = 10000




Aminokyseliny :

chemeky - substituci denrvity karboxylovich kyselin

iR
N

R

(200
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I. Kodované aminokvselinv

20,21,22

Rozdéleni :

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

B. Polarni aminokvselinv
OH skupinu - Ser, Thr, Tvr
SH skupinu - Cvs, |Met

indolovon skupinu - Trv

CONH: skupinu - AspNH-. GlulNH-

C. Nabaté - kyselé COOH skupinn - Asp. Glu
- basické  NH, skupinu - Lys
guanidimovou skupinu - Arg

imidazolovou skupinu - His




MName, Residue Average

Three-letter Symbol, Structural M ass Occurrence Pk, Pk Pk
and One-letter Symbol Formula® ()" in Proteins (9% )" - COOHY a-NH LY Side Chain®
Aminoe acids with nonpolar side clicains
Glycine (FOD_ S57.0 6.8 2.35 9.78
Crly _ -
G H (lj H

MNHg
Alanine COO~ 71.1 7.6 2.35 9.87
Aldla 1
A H (lj CHg

MNH4
Valine COO 1y, 99,1 6.6 2.29 9. 74
b H—C— i1
v .

NH, CHg
Leucine COO CH 113.2 Q.5 2.33 Q.74
—_— | = ol
L Hf(lijHngH

NHy m—
Isoleucine (ISOO* (TTH;j 113.2 5.8 2.32 9.76
i H—(IS-—— ﬁz’i--cﬁg —CHg3

NH4 H
Methionine COO— 131.2 2.4 213 9.28
P
M H—(|3—CH2 FHCHa—S—CHs

NH4
Proline Ho 97.1 5.0 1.95 10,64

T T 00 ‘:‘“ﬁ(‘;]2

FI =

« \INt,:{‘.I-I2

Hs

Phenvlalanine (ljoo = 147.2 4.1 2.20 9.31
Phic " AT TR
- H (l‘* CHy <\_J'>

NHZ
Trvptophan COoO 156.2 1.2 2.46 941
Ir
W EE=={p=—t ||3 j

NH+ /ﬁ\_\_j

(centinued)

“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 18.0 2. the molecular mass of H.O, 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 SWISS-PROT database (http://swww.expasy.chisprot), 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 pi& is close 1o 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.

The three- and one-letter svrnbola for dspar&gu}e o asparttc a::ld are. Asx and B, whereas for glutamine or glutamic acid they are Gilx and Z. The

foar an




Name Residue Average
Three-letter Symbol, Structural Mass Occurrence pPK, pPK- PKi
and One-letter Symbol Formula® (D)”? in Proteins (% )¢ -COOH? -NH3“ Side Chain
Amino acids with uncharged polar side chains
Serine CIJOO* 37.1 7.1 2.19 9.21
2‘” H—(|3—CI I,—OH
NHg
Threonine (IZOO_ II‘I 101.1 5.6 2.09 9.10
P 7
H—C——C—CHs
w | |
NHE OH
Asparagine’ (|3007 /() 114.1 4.3 2.14 8.72
F 3 /
H—C—CH,—C
N I 2 \
NHE NHy
Glutamine’ COO~ O 128.1 3.9 217 9.13
£ikn H—C— CHy— CHy—
Q | - = \
NHE NHo
Tyrosine (?OO" 163.2 3.2 2.20 9.21 10.46 (phenol)
= H—C—CH: . } OH
X I ZQ
Cxsicine (I_JOO— 103.1 1.6 1.92 10.70 8.37 (sulfhydryl)
E;—"S H—C—CH,—SH
NHE
Amino acids with charged polar side chains
Lysine CIOO— 1280 6.0 2.16 9.06 10.54 ( -NH3)
;Zyb H— (i“,—CHz—CHZ—CHZ—CHQ—NHg
NH3
Arginine COOT NH,156.2 52 1.82 8.99 12.48 (guanidino)
Arg
H—C—CH>—CHs—CHs—NH—C
R 2 2 2 N |
NH3 NHS
H:slidine" (IT;OO* %/?";NH"' 1371 2.2 1.80 9.33 6.04 (imidazole)
H H—(IIfCHz 51{1/{'
NHE H
Aspartic acidd COO™ O 1151 S0 1.99 9.90 3.90 ( -COOH)
£AA0 H—C—CHy—
D e I *
NHE O~
Glutamic acid’ (Ijoo— O 129.1 6.5 2.10 9.47 4.07 ( -COOH)
Glu

V4
H—C—CHy—CHx— G

E [
NHZ O




COO
+
H;N —C—H
COO CH,
+
2H;N —C—H + A < = S + AH,
CH, 3 -
disulfide
SH CH2 bond
Cysteine +
Hs;N —C—H
COO
Cystine

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




— 0O

H—C_CH2

NH

Cysteine
residue

NH

NH
SH + HS—CH,—C—H
— QO
(O] —
> H,O Cysteine
residue
Y
O NH
] i I S s—CH.—C—H
C—




Selenocystein (UGA) skcis (60 Nuk1,)

COO
o
HN— (‘: —H
* Prokaryota —za UGA CH2
* Eukaryota — netranslacni oblast mRNA ‘
?e
H

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee




Pyrrolysin (UAG) pyLis

Desulfitobacterium hafniense




Nazvoslovi

e Trivialni — vlastnost, misto + 1n

— Glycin
— Tyrosin

— Asparagova kyselina

* Systématicke

— 2-aminoethanova kyselina




Pouzivané zkratky

P
\

tripismenkové

jednopismenkoveé

AME Symboly AME Svmbaoly
glyvein Gly G ||methionin Met IvI
alanin Ala A || glutamova k. Glu E
valin Val Vo | |asparagin Asn N
leucin Leu L glutamin Gln Q
1zoleucin Ile I lvsin

SErin Ser S Arginin

threonin Thr T IVrosin

cystein Cvs C fenvlalanin Phe E
histidin His H trvptofan

prolin Pro P asparagova k. Asp D




* Rostliny

Esencialni AMK

mikroorganismy 0

» Clovék — biosyntéza -12

esencialni - 8 Lys, Try, Phe, Met,
Thr, Ile, Leu, Val,
Arg, His?

Semiesencialni - mlad’ata




[I. Nekodovane aminokyseliny

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

fosfo-Ser




\
, COO™

4-Hydroxyproline

N(CHy)s

CH,

8(/}.'12

_CH,

CH,
P

—NH—CH—CO—

e-N,N,N-Trimethyllysine

0O— P03~

CH.

&

—NH—CH—CO—

O-Phosphoserine

”OOC\ /(,()()_

,CH

[5f112
—NH—CH—CO—

v-Carboxyglutamate

0
I

CH;—C—NH—CH—CO—

N-Acetvlserine

CH,—OH

FA

(CH,),N—CH—CO—

N.N.N-Trimethvlalanine

—NH—CH—CO—
3-Methylhistidine
O
|
NH—C—CHj,
ECHZ

sCH,

_CH,
1;(|:112
—NH—CH—CO—

e-N-Acetyllysine

l\llll:';

CH,

6

CH—OH

5

CH,

4

CH,
Z§|
—NH—CH—,CO—

5-Hydroxylysine

H.JN\(‘%NH——CH3

NH

CH,

|

CH,
(]:112

—NH—CH—CO—

o-N-Methylarginine

CH, ﬁ?

|

BC—NH—CH—CO0—
N-F il

CH.

F4

CH.




B. volné s biologickou funkei

b alanin

ornitin a citrulin
Y aminomaselna
antibiotika - azaserin, cvklosenn, chloramfenkol
nervove mediatory - DOPA, dopamin, adrenalin

hormony - thyroxin, tryjodthyronin




HO

B
~00C _(;CHZ_ﬂCHZ ( LCHQ HO CH_) CH 9
+ ‘ ﬁ - | + |
H3N—YCH2 HyN—CH, H,N—CH, H3N CH C00~
\-Aminobutyric acid (GABAI)- Histamine Dopamine Thyroxine
0 NH,
HN—C—NH,  NH} . . | N7 N\
HN—CH—C00™ | HN—CH—C00™ | >
B-Cyanoalanine Homocysteine ¥l
CH2 CHQ +S-—-CH2 O
CH, CH, 0 NH H
: : | CH%KJH
HN—CH—C00" H,N—CH—C00" (y)Hg 0—C—CH=N*=N" CH, OH OH
t 2 .
il H,N—CH—C00"
Citrulline Ornithine Azaserine S-Adenosylmethionine




Aminocyclopropan-1-karboxylova
kyselina

O

HN: JL
. OH




- P, + HCOO"
o ! °,
HO—P—=) =
W PN
ATP OH OH -5 g a 00"
H,C
5'-Methylthio- ' ¥ "H.N ; 5
0 ribose-1-phosphate a-Keto- O ’ amma_:t neid
y-methylthio- coo
CH butyric acid p R
| !
5
OH O\sl/ 0 coOo
V R 2-oxo-acid
METHIONINE e i
YANG :
e ¢ ) L-Methionine "
5'-Methylthioribose CYCLE
(5] oL
‘A 0 PP+ P,
o]
N
Adeni _ HM CH
enine Hzo HN F';I\ CH \> |
){\ | > : HNTT SN N A ol
HoN M ] E 2 o\r \/\l/
' I/O\JJ/ V NH.
— OH OH
OH OH ’ i
S5-Adenosyl-L-methionine
5'-Methylthioadenosine
O
HJ-I\/coo- (4] O
C 4]
" ™ o H.C=CH,
: aelok ) H.C7 1 ~coo
N-Malonyl-ACC 1-Amino- Ethylene
Malonyi- cyclopropane-
CoenzymelA carboxylate

Coenzyme A-SH

CO, + HCN + H,0

Ethylene Biosynthesis in Plants

Enzymes

SAM synthetase

ACC synthase

ACC oxidase

ACC N-malonyl-transferase
MTA nucleosidase

MTR kinase

Transaminase

00000000

Spontaneous reaction

Abbreviations

ATP  Adeninnucleotidtriphosphate
ADP Adeninnucleotiddiphosphate

ACC 1-Aminocyclopropane-carboxylate
HCN Hydrocyanide acid

MTA 5'-Methylthioadenosin

MTR 5'-Methylthioribose

PP. Diphosphate (Pyrophaosphate)

P, Phosphate
SAM  S5-Adenosyl-L-methionine

Sources

Buchanan BB, Gruissem W, Jones RL (2000).
Biochemistry and Molecular Biology of Plants.
Am Soc Plant Phys (Rockville),

Wang K C-L, Li H, Ecker JR (2002). Ethylene
Biosynthesis and Signalling Networks.

Plant Cell (Supplement) $S131-S151.




Azetidine-2-karboxylova kyselina




Flasinositi aminokyselin

ACIDOBAZICKE VLASTNOSTI

Amfoterni charakter - zwitterionty

R

+ -
HN— C— C00
+ -
Hsﬂ/ H \\:]H
R R

"H,N— C— COOH H.N— C— CO0'

H H




H
+ |
H3N—(|2—COOH
pKz =0.7 CH3 pKl =23

*

0.0 2.3 6.0 9.9 14
(pH))
H H H
| + | B | _
H3N—(|f —COOH H3N—(|3—COO HZN—’C—COO
CH; CH;,4 CH;

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




[zoelektricky bod

_ pKcooH + pRym

Tabulka pK
Skupina pk Skupina 1)59 Skupina pk
o COOH| 1.8-25 | BCOOH 39 YCOOH 4.1
o NH, 9-10 £ NH, 10.8 | guanidin 12.5
imidazol 6.0 SH 8.3 OH 10.1
Pufracni kapacita

Titracni kivky




(00

HC=C—CH,—C—H

.|.
HN\C NE N
H

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

(‘300'
—— H(=(—CH,—C—H + H’
phg=060 | ‘
N\\\:C /NH NH;’
H
Histidine (His)




PufracCni kapacita

+ -
HN— C— C00




Titracni kiivka glycinu

H* ions dissociated/molecule




Henderson-Hasselbachova rovnice

HA —— H™+ A-

[(H'] [A]
[HA]

K, =




Opticke vlastnosti
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OPTICKA AKTIVITA

EHJi CH .
o o
Hjh_{‘:_ H H—C—NH;
C00 ‘Eﬂﬂ
L -alanin D-alanim
L R

enantiomery




Analyzer
(can be rotated)

Degree scale
(fixed)

Polarimeter
tube

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

Fixed

polarizer

Heht ' that of the entering
source . :
Optically active polarized light
* A A substance in solution
N e in the tube causes
- - :
V% g Y the plane of the polarized

light to rotate




Thalidomid




Thalidomi







Thalidomid

%
%
9 %*
& .' - /




Thalidomid

m@- e

%@

Thy'min




OPTICKA AKTIVITA

EHJi CH .
o o
Hjh_{‘:_ H H—C—NH;
C00 ‘Eﬂﬂ
L -alanin D-alanim
L R

enantiomery




Cahn-Ingold-Prelogova pravidla pro urCovani R/S;

S 1nister




L AMK - CO-R-N




OPTICKA AKTIVITA

iTHJi CH :
o o
Hjh_{‘:_ H H—(C—NH;
CO0 ‘Eﬂﬂ
L -alanin D-alanin
L R
enantiomery

n®"




Diastomery threoninu (Ile) — 2C*

coo~ COO™
+ i +
HN—C—H H—C—NH;
H-C OH = HO C H
CH, CH,
L-Threonine p-Threonine
Mirror
plane
coo~ CO0~
i +
H,N—C—H H—C—NH;
HO—C—H H—C—OH
CH, CH,

L-allo-Threonine p-allo-Threonine




CHEMICKE VLASTNOSTL

B reakee dané pritomnosti COOH a NH, skupin
minhydrinova reakee - NH,

B reakee vedledich skupin

reakee Sakaguchtho - guamdinova skupina
xantoprotemnova reakee - aromaticke amnokyseliny
Paulyho reakee - tyrosin

Adamkiewiczova reakee - mndol




Ninhydrinova reakce

O O
@: 2 S AN :O
(ﬁ OH R HO (”3
O O
Ninhydrin Amino acid Ninhydrin

urple pigmen

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




Reakce AMK s dansylchloridem

H;C CH;4 H;C CH;4
™~ N b N N ~
H R
o _ o~
+ H—l—L—00 —
| 7
H H
SO,Cl O=S=0
Dansyl chloride ]F

HN—*(|3—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 ionexova chromatografie

B reverzné fazova chromatografie




Papirova chromatogratiec AMK

Martin Synge Nobelova cena za chemii 1952

Solvent
Tank =

Solvent Solvent
Time Zero After Ten Minutes




Papirova chromatogratiec AMK

Martin Synge Nobelova cena za chemii 1952




Kolonova chromatografie




Mikhail Semyonovich Tsvet
Chromatographia 1906

{} {!r Xanthophylle [3

Flant extract —=
wamss <— Chlorophylle [3
Glazs tube Cwe & !
— ¥~ Chlorophylle «
Dve B
ium carbonate

oy G T \ Xanthophylle o

Xanthophylle o




RP HPLC AMK

HPLC Colummn
et Chromatogram
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&
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AautoSampler e O 5 © 2
Sample Manages ; 257 2 =
—9  Emaaa | |]
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PEPTIDY

(EFISHER 1902)
Rl 0 ]it: 0
/ + v
AN~ - HN-c—C &=
~ | NO | 0
H H
Rro R o
+ 11z
HN—C—C—N—C—C_ + H0
| | Mo :
H H H

Peptidicka vazba - amidova vazba




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

Nizvoslovi peptidu

——
H,N™-Gly-Arg-His-COO elyeyl-arginyl-histidin

Biosyntéza peptidu - meziprodukty odbourdvani bilkovin

- jednoducha biosyntéza bez proteosyntézy




Prirodni peptidy:

Di - kamosin

Ve svalech
A15E1111

Tn - glutathion GSH Ve v8ech buiikdch




(v Glu Cys Gly

2
e i I
~00C—CH—CH,—CH,—C—N—CH—C—N—CH,—CO0O0"

| |
H CH, H

|
SH

Glutathione (GSH)
(reduced) 2 GSH — GSSG +2 H* +2 ¢

v-Glu—Cys—Gly

g GSH + «OH (ROs, ROO*) — GS* + H,0
(ROH, ROOH)

S
2 GS* — GSSG

v-Glu—Cys—Gly
Glutathione (GSSG) GST
(oxidized)

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




Peptidové hormony

OXyloSil Zadni lalok hypofyzy

VasOpIeslll




+
H3N—Cys—Tyr

|

? Gln

S
\Cys Asn

bo—{ag)-

Vasopressin

i
+
H3N—C|ys—Tyr
? Gln
S\
Cys Asn

bo—{onk

Oxytocin

I
Gly—C—NH,




Peptidové hormony

OXYtosin
Vasoprestn

inzulin
pankreas

elukagon




Proinzulin 84 AMK




Inzulin — 51 AMK




Geneticke inzenyrstvi

Transfer of the Insulin gene Recombinant
plasmad
Restriction
CILEYTE ?Q human -:DHPL ]ml{er
AT
ﬂasmd@ U @
Cloning the Insulin Gene Transfection

bacteria chromosome




Peptidové neuromodulatory

enkefaliny
endorfiny

5 AMK

15-32 AMK




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, (”) CH, (Il)

] |
H;N—CH—C—N—CH—C—OCH;

|
H

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




Peptidové neuromodulatory - enkefaliny

endorfiny

Peptidova antibiotika - penicilin
eranucidin
valinomicin

aktinomycin

Peptidove fyvto a zootoxiny - neurotoximy hady itiri a viel

mikrocystiny
fallowdin
amanitin

Polypetidy - protaminy




Falotoxiny

Amanitin Faloidin

HO™




Amanita phalloides




..f-x_ PILAT
USAK

m.

9

/\*\

AT LAS
HUB




mirka hllaovits obsihje nékelik jedovatich Litex. Roku 1907 podatilo
se Limenovi & Wielandow! Imolovat ¢ ai v sryrtalovant pr.dwh'- |niu;~
vatou latke, zraney phallofdin Oby bedatelé ziistili, 3 * mill-
prammu (eto Jarky wsmetl myd ve L2 hodindch, Y omee 194 foloval




Microcystiny

a8




Microcystiny

MCOC-LE Leu ATE
MC-YR  Tyr Arg | B-Me-Asp
(b}

AR A

EA Al
B OCH. H

Arg B-Me-Asp

Fig. 1. Feneral chenmical smacture of (3) mdcrocystins and (b)) mpodularins,




BILKOVINY :

Funkce




’__————————————————————————————————-.~

\

(a¢) —Lys—Ala-His— Gly—Lys— Lys—Val —Leu—Gly - Ala —

Primary structure (amino acid sequence in a polypeptide chain) Konformace
”—— } --~\
7 ~
U4 \\
\
\
\
\
1
[
[
[
[
[
[
[
[
[
[
[
[
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:
Tertiary structure: Quaternary structure: :
one complete protein chain the four separate chains :
(B chain of hemoglobin) of hemoglobin assembled I
Secondary into an oligomeric protein :
structure 'l
(helix) ,I
lllustration, Irving Geis/Geis Archives Trust. Copyright Howard Hughes Medical Institute . Reproduced with permission. ,l
\ ,
~~-_ __________________________________________________________________ _ﬂ”




Aminokyselinova analyza

1. Tzolace homogenni bilkoviny

). Uplna hydrolza - kysela - 6MHCL, 100-120°C, 10- 100 hod
~bazicka-2-4 MNaOH, 100°C. 4 - 8 hod
- nzymova - Pronasa

3. Ammokyselinova analyza -RP, [EX




| |
C=0 COOH
|
HN ¥
TNH;4
R'—CH |
R'—CH a-Amino
C=0 | acids
COOH
HN 6 M HClin H,0 n
"__ 110°C, 12hr
R CH r +1TH3
C=0 Peptide R/— ClH
HN COOH
RH’F_CH +
COO~ +TH3
Rm_clH
COOH

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




AMK analyzator

rl

|
I|
i
|
. I
m




AMK analyzator




(a) —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)

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




Primarni struktura
Sekvence AMK
1953 - Sanger - mzulin (51 AMEK), 100 g matenalu, 10 let
= aminokyselinovy sekvenator

1978 - B- galaktosidasa (1028 AMK), |lg matertalu, dny

Stanoveni sekvence - Edmanovo odbouravani

na zakladé sekvence nukleovych kvselin

MS — hmotnostni spektrometrie




Proc je nutné znat primarni
strukturu

* Pro objasnéni vysSich struktur
* Pro porozuméni jejich funkce

« Taxonomickeé evolucni studie




Taxonomicke evolucni studie

Cytochrom ¢
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[E] Glu

Hydrophilic, acidic: [B] Asp

[R] Arg [X] TrimethylLys

basic: .I—hs .Lys

lic

Hydrophi

Polar, uncharged:

[Elcy []asn [@cin

. Asn or Asp

W e [T [E]GInorGlu
[F]ehe [1]ue [L]reu
[V] val

C | Cys

7] Thr
[P] Pro

Ala

. Sar
m Met

Hydrophabic:




Hemoglobin a myoglobin

P Hemoglobin family

o Hemoglobin family

Myoglobins

Primordial
Elobin
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Proc je nutné znat primarni
strukturu

Pro objasnéni vySSich struktur
Pro porozuméni jejich funkce
Taxonomickée evolucni studie

Klinicky vyznam




HbA HbS

Srpkovita anemie




Hemoglobin




HbA HbS

Srpkovita anemie




Srpkovita anemie
Krvinky sprkovité, Spatné prochazeji kapilarami
KitehCi — snizené zivotnost z 7 na 3 mésice

Homozygot 100 % srpkovitost
Heterozygot 40% srpkovitost

Jedinci se nedozivaji dospélosti




Srpkovita anemie versus malarie

D Malaria
Sickle-cell gene
- Overlap area




Srpkovita anemie versus malarie

40% srpkovitosti v kapilarach 2 % (nizka koncentrace O,)

Plasmodium snizuje pH v erytrocytu o 0.4 — zvySeni ptrilnavosti ke
sténam cev — neprochazi slezinou

Snizeni pH vyvolava zvySeni srpkovitosti na 40 %
Normalni erytrocyt — vysoka koncentrace K™ nezbytna pro prvoka
Srpkovity erytrocyt propousti K™

Prvok umira




Primarni struktura

1953 - Sanger - mzulin (51 AMEK), 100 g matenalu, 10 let
= aminokyselinovy sekvenator

1978 - B- galaktosidasa (1028 AMK), |lg matertalu, dny

Stanoveni sekvence - Edmanovo odbouravani

na zakladé sekvence nukleovych kvselin

MS — hmotnostni spektrometrie




UrCovani primarni struktury

AMK sekvenatorem

A. Purifikace bilkoviny — ziskani homogenni bilkoviny

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

C. Poradi aminokyselin:

1.

W

NOo Ok

Oddélit a isolovat jednotlivé Ffetézce(redukce nebo
oxidace disulfidickych mustku)

Urcit N-konec a C-konec — pocet fetézcu

Urcit poradi aminokyselin Edmanovym odbouravanim
(kam az to jde) — 60-70 AMK

2 nezavisla specificka stépeni — isolovat stépy (peptidy)
Opakovat bod 3.

Sestavit primarni strukturu retézce

Urcit zpusob propojeni puvodnich fetézcl




Z1istovani N-koncovych AMK

e DE




Z1istovani N-koncovych AMK
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Z1istovani N-koncovych AMK

R, |(|) R, |(|) Ry
| | |
+ H,N—CH—C—NH—CH—C—NH—CH—
Cl
1-Dimethylaminonaphthalene- Polypeptide
5-sulfonyl chloride (dansyl chloride)
OH™
HCl
N(CHj3)s
O Ry O Rs; O

[ | [ 1l
NH—CH—C—NH—CH—C—NH—CH—C— ---

Dansyl polypeptide

Hgoﬂ' -

N(CHg)s

0 R, I|{5
+ +
NH—CH—C—OH + H,N—CH—COOH + H,;N—CH—COOH

Dansylamino acid Free amino acids
(fluorescent)

(0]
Il
=i

+




Zjstovani C-koncovych AMK

karboxypeptidaza
A-B-C —
+ X




Edmanovo sekvenovani

Pehr Victor Edman
O <+ A-B-C..= ‘
k. ,‘,,‘ W ‘ \ |




Edmanovo sekvenovani

-\ R, © R, O Ry, O
A\ v \ | 2 2o
{ )-N=cC=s

4 H,N—CH—C—NH—CH—C—NH—CH—C— +++ <—

Phenylisothiocyanate Polypeptide
(PITC)
| OH~
R, © R, O R, O
FN oy o
NH—C—NH—CH—C—NH—CH—C—NH—CH—C— ---
I
B PTC polypeptide
anhydrous
F,CCOOH
R, 0
N v ’ .
HO—({ R S |
/ \ + H,N—CH—C—NH—CH—C— +++ —
No_ S
S . i Original polypeptide less

| : its N-terminal residue
N

Thiazolinone derivative

|
R, 0
N\ 4
HC—C
HN N
5 //.\ - ‘/‘/ \‘ '~..
\(</ W\ /.‘4,',
S

PTH-amino acid




Moznosti Stépeni

Trypsin
cleavage
o N| + site
L0 %8
. +
Trypsin H3N—] Start of polypeptide —1\|1—(|j—c—1T1—(|:—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
ol %9
1 +
ChymOtryp SIn H3N— Start of polypeptide —1\|T—C|—C—N—C—C— End of polypeptide — COO
H H H H

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

Figure 3-17b Concepts in i
© 2006 John Wiley & Sons

CH;

|
S

| CNBr
CHZ cleavage
site

‘0 0
CNBr ‘ | l |

+ |
H3N — Start of polypeptide —IT—C—C#N—(E—C— End of polypeptide —COO™

Ll
Methionine (Met)

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

Stanoveni na zakladé sekvenace NK

Neni snadné¢ identifikovat gen kddujici dany protein (introny a
exony)

Nelze takto zjistit posttranslacni modifikace
V genetickém kddu mohou byt chyby

Geneticky kod neni universalni




Primarni struktura

Pomoci hmotnostni spektrometrie - MS

Hmotnostni spektrometr

Hmotnostni spektrometr je 1ontové-opticke
zafizeni, které separuje 1onty podle pomeéru
jejich m/z.




Blokove schéma MS

GC, SFC, LC, CE|{

e ...

Hmotnostni
analyzator

Detektor

lontovy zdroj

Prostor vysokéeho vakua

Cerpaci
systém

-




MS — NC 2002 (Tanaka, Fen)

(a) Electrospray ionization (ESI)

5+
ESI N2 6+
: 4+
fihe l 4, Mass analyzer l |
Capillary : —F 4ot — ]
Sample__ﬁ E}ﬂ; /... 4, U+ o . _// m/z
solution : + 0 i 2 8 Detector ESI mass spectrum
A —> [ ]
4000V l’
Atmospheric Low High vacuum

pressure vacuum




Electrospray (ESI) Tanaka

- redukee

oxidace @ .
@@ @@@ © |

0@ ®
090 9@%%9@5?’% @ . . g@

t 0
30
B @
eektrony]
(? elektrony

Zdroj vysokeho napeti

[M+H]*
[M+NH,]*
[M-H]
[M £ zH]?+

ty, ~ 50 — 400 °C (pridatné)
Napeti: 2 - 8 kV
Pritok m. f. 0,001 - 1 ml/min

Ionizace za
atmosfeérického tlaku
Tékave prisady: octan amonny,
mravenci k.
Netékave prisady: fosfatove
pufry
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Matrix Assisted Laser Desorption
Ionisation (MALDI) Fen

Laser
Eeam

Analyte

«?%’
Sox

Matrix
lon

To Mass
Analy:er

“:///U

oW

.
Analyte/Matrix

(_B Mixture @




Analyzator doby letu (TOF)

pulzni .

jontovy 0 detektor
2droj | @




Analyzator doby letu (TOF)

Letova trubice

15-25 kV I
1 \




Relative abundance
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Matrix Assisted Laser Desorption
Ionisation (MALDI)




Analyzator doby letu (TOF)




Tandemova MS-MS

(@) Electrospray ionization tandem mass spectrometer

Electrospray MS-1 Collision Cell MS-2 Detector
ionization
source




Kvadrupol

Hexapole, 9.§_mrﬁauadrupoles and 19 mm Quadrupoles




Tandemova MS-MS

; ' ¥
NH>—CHR— CO—NH+CHR:— CO-+NH=TCHR ;- CO= NH+T CHE;— COUH




(b)

Tandemova MS-MS

286_, 400 887__944_ 1092_ 1239_ 1326_ 1397

Gl\el\v%u\m%ﬂm\mkﬂ\pﬂ Ph\se\m\ing

100

80

60

40

Relative abundance

20

1442 1385 1286 1172 1057 684 627
784.8
6842 8130
1054.5
045.7 332.9 479.1
11712 1286.0
‘ 942.7 ‘
‘ ‘ 642.6
627.8 ‘
173.7 ' |
; | |} hh 1 | | | 13?2?2-} 6.8
Al Sl il LU L L) LA |
200 400 600 800 1000 1200 1400

m/z




Synteza pepfidi

1953 - oxytosin (9 AMK) DE VIGNEAND




ProC synteza peptidu

* Proteinove¢ inzenyrstvi
 Pfiprava modifikovanych peptidi

 Priiprava peptidovych lIeCiv a vakcin




Pravidla syntezy
Poradi AMK je dano genetickym kodem

COOH malo reaktivni, musi se aktivovat

Je nutne¢ blokovat dalsi skupiny aby se zabranilo
vedlejSim reakcim, blokace musi byt reverzibilni

Nesmi byt narusena L-konfigurace

Co nejvetsi vytézek (90 % u dekapeptidu = celkovy
39%)




X-A-

X — chranici skupina

V ROZTOKU

+ B-X = X-A-B-X + X-A-Y +BX
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Bruce Merrifield
1962

Q.

H

E O

] [ [
+ HN—C—C—OH —> HN ('.-L'—D—l
|

R O N

[

o

wmmin acid

S ®

dj l.l 5
Disyclobrxyl Activated
enrbadiimidn

iﬁx CHy

-aﬁv:—-[G
rosin particle

By
| | |
1,—(11—1:-1': - ﬁ]
CHy

e

s Ichatylene + (BEED

Lok 1
“1"’3"11’{“*3*13”““%7 i
0

Imobilizovana AMK

Volna aktivovana AMK
s blokovanou aminoskupinou

Aktivace

Reakce - dipeptid

Odstranéni blokovani

Atd.

Atd.

Tripeptid




Syntetizator peptidu
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Synteza pepfidi

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

1971 Merrifield syntetizoval RNAsu - 128 AMK z 80 % aktivni
(vytézek 3 % na puvodni mnozstvi valinu)




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

Tertiary structure:
one complete protein chain
(B chain of hemoglobin)

Quaternary structure:
the four separate chains
of hemoglobin assembled
into an oligomeric protein

Secondary
structure
(helix)

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




Sekundarni struktura
Polypeptidovy skelet

peptidicka vazha - PAULING a COREY

% DT

30 az 40 1éta

L.P. NC chemie 1954

NC mir 1962




Sekundarni struktura

peptidicka vazha - PAULING a COREY 30 az 40 léta

A Peptidicka vazba lezi v roviné




B. Peptidické vazby jsou v trans konfiguract

23,5°
Peptide bond .

123°\ 121°

Peptide
bond




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

Amide plane

Side group

Amide plane

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

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




Ramachandruv diagram stability sekundarnich struktur bilkovin

180 , — 180

90

Y] =
— &
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g0 >
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—90 L 4 =90 |- . v -
1so IR o — L

-180 -90 0 90 18( -180 -20 0 90 180







D. Retézec musi umoziovat maximalni pocet vodikovvch vazeb mezi

peptidickymi vazbam




Typy sekumdarnich stenktur

A, Pravidelné - helikalni strukiory - 0 helix (-36, -47)

- B struktury - skladany list - paraleln (-139, <135) 2

antipaalelni (-119, +113)
B. Ohvhové - [} olyb

C. Nepravidelne




* Torzni uhly
e Pocet AMK na zavit

. , 3,6 AMK na zavit
e Vyska zavitu

H mistek mezi C=0 n-té peptidické
vazby a N-H n+4 peptidické vazby

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

Optimalni vzdalenost 0,28 nm




helix

a_




(a) Antiparallel

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

(b) Parallel

@ © . O e ©

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




- sheet




B - turn

(a) Typel 3 bend (b) Type Il B bend

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




Washington Univ

School of Medicine




(a) —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)

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




Tercialni struktura

Polypeptidovy skelet + vedlejsi retézce AMK

1. Tontove interakee

2. Dipolové nterakee
3. Vodikové mustky
4. Hydrofobni inferakee

5. Bisulfidicke mustky




Hydrogen
bonding

between Hydrophobic
peptide interactions
Among nonpokar Ionic linkages

roups : ;
group side chains

Metal ion
coordination

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

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




Strukturni motwv

N C

]

|||

Greek key




Strukturni motivy




Strukturni domény — NAD”







Strukturni domeny IgG




(a) —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)

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




Kvarterni struktura

Podjednotkové sloZeni — vice polypetidickych retézcu

Usnadnéni proteosyntézy

Moznost regulaci — allosterie, izoenzymy

Multienzymové komplexy — enzymové tovarny




Hemoglobin




100
95.8

50

Percent saturation (sO,, %)

Hemoglobin

allosterie

AK;

32K,

2/3K; 1/4K;

Lok Bl il _EHE EE

e

‘mET OO0 00 B0 El

e Qe fe e
00 _ @ Q . . X BN X
galelale " JORN X )

4Ky, 32K, 213K 1/4Kx,

26.8 40 80 120 "

Oxygen partial pressure (pO,, mmHg)







Mb + O, == MbO,

Hb versus Mb

Hb + 0, = HNO:)
HB(0;) + 0; == ENO-k
Hb(O,); + O: == Ok
Hb(0y); + O3 == E0-lk




Laktatdehydrogenaza

NARH NaD*
CIZOO' (I:oo-
0=(i: .;L. HO—?H
IZ'-‘8 ;s De | LDs | E a

dona

d—







Corriho cyklus

Liver
.... - —— " --'
[ Glucase | e Muscle
e |, Blucpse ) o
Ee ‘ .___ _._. - -_.-. ..-
Glucornecgenesis a . e
~ E JI-I-FI & .'.f = JI:EGI:'..-' bt
2 Fyruwate ’ M
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H LDH | Blaod | |2 gTp -] Olycolysis|
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Pyruvatdehydrogenaza

Pyruvate @

Pyruvate
Dehydrogenase

Acyl-lipoate

Dihydrolipoyl

ACV I-TPP Transacetylase @
FADH Lip:s#
Dihydrolipoyl SH
Dehydrogenasg,
e 3 enzymy ‘ Acetyl-CoA
* 5 kofaktora NADH + H*

copyright 1938 MW King




Svnthasa mastnvch kvselin




Svnthasa mastnveh kvselin
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Kvarterni struktura

Podjednotkové slozeni - nekovalentni spojen - vodikové mustky

- kovalentai spojeni - bisulfidické mustky

Stanoveni podjednotkového slozeni - SDS PAGE




Studinm konformace bilkovin

RTG difrakce - studium krystali - BRAGG 1913

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




Rtg difrakce

Single protein

crystal

X-ray source _ Detector

Beam of
X rays

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




Rtg difrakce
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NMR podstata — 'H,°C,!°F,>*Na,’'P

jaderné spiny —
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schema NMR spektrometru zkumavka se
vzorkem
civka '
S \ civka pridavné
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magnetizace
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Blokove schéma

=
g




elektronika

vodivy

— — =
Magnet




NMR spektrum

.

FPo zpracovani Founerovou transformaci dostaneme:




A

NMR spektrum

btz JE ]

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




Courtesy Stuart Schrelber, Harvard University

NMR




Stabilita konformace

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

detergenty, tézké kovv. mocovina,

reverzibilni - renaturace
Denaturace

ireverzihlni




Denaturace - renaturace

~

Heat
Native protein g
(active)

Denaturation Partially denatured
(may retain some activity)

Cor

Denatured

(inactive) Cooling under precisely

controlled conditions
Uncontrolled +

cooling 4 4)6’78; chaperones
l @, ,
&/

Native protein

Kinetically trapped Cashine)

(inactive)

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




Vznik prostorove struktury - skladani, svinuti - . FOLDING"

primarni strukfura

|

sekundarni struktura

|

supersekundarni struktury

|

strukturni domény

|

bilkovina




Skladéani — folding bilkovin

* Bilkoviny se za fyziologickych podminek
skladaji do svych nativnich konformaci
spontann€ — informace musi byt v primarni
strukture




Levinthal Paradox
(Cyrus Levinthal)

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

3100=515377520732011331036461129765621272702107522001
= 5 x10%,

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

5x 104x 1019 sec =1.6 x 107" 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.




Skladéani — folding bilkovin

* Bilkoviny se za fyziologickych podminek
skladaji do svych nativnich konformaci
spontann€ — informace musi byt v primarni
strukture

* Nativni konformace odpovida minimu
Gibsovy energie
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Skladéani — folding bilkovin

* Neprobiha nahodnym zpusobem

* Probiha postupné:
— a. mal¢ doCasné periodicke struktury
— b. supersekundarni struktury
— ¢. strukturni domény a "roztavena" glubule

— d. zavérecné Upravy za ucasti enzymu




POSTUP SKLADANI BILKOVIN

primdrni =trukiom —EQ—G—E-J—G?—G—D—' T

globutarri  bilkovina &
{tercigrni  strukhuml
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Skladéani — folding bilkovin

* Neprobiha nahodnym zpusobem

* Probiha postupné:
— a. mal¢ doCasné periodicke struktury
— b. supersekundarni struktury
— ¢. strukturni domény a "roztavena" glubule

— d. zavérecné Upravy za ucasti enzymu

« Potrebuji bilkoviny ke svinovani pomocniky?




Chaperony (Heat shock proteins)

Proteiny jsou skladany do aktivni formy
molekularnimi chaperony a chaperoniny

Chaperony E. coli Hsp70, rozpoznava neslozené
hydrofobni Casti peptidového fetézce

Vaze se na tyto Casti a ochranuje je dokud nedojde ke
spravnému slozeni

GroES-GroEL komplex — hlavni chaperonin u E. coli -
GroEL 2 kruhy, kazdy 7 x 60 kDa podjednotek
(Hsp60)

NeslozZeny protein se vaze dovnitt komplexu a jeho
skladani je fizeno energii




Chaperony

Dissaciation of
14 arp GroES and ADP

GmES and ATE

Folding cycle
repeatad until folding
Is completed

14 P,

ATP hydrolysis

Property folded protein
I6 released ko the ml_
Mative protein

ATPasa




Scrapie - BSE — CJD — Kuru
Priony (Proteinaeous infectious particles)

Stanley B. Prusiner ) Z
PT 1982 NC 1997 B

o 9* interaction
betvwesn Priy-

Spontaneols and PrES:
sencralion of PriPsr

Comversion of

muitand Priet o PrPss *

Inoculstion of Pri=:

comversion af BrP© o Prise

* accurmulation of Pr®

™




CJD

Brain shrinkage and
deterioration occurs rapidly

Brain section showing
= spongiform pathology
| , characteristic of

Creutzfeldt-Jakob




a-helix

normal prion

PrP¢ - Prpsc

conversion

abnormal prion

Odolny proteolyze

D¢lal se pokus se spalenim mozku postizenych zvifat pi1 600 °C,
popelem se infikovala asi 1/3 exponovanych zvirat

B-sheet




Alzheimer (1906 Alois Alzheimer)

tvorba [(3-amyloidu, formace plaku




Alzheimer

tvorba [3-amyloidu, formace plaku

.
L™
B

Cell
I'u'le_.mhra




Alzheimer

tvorba [3-amyloidu, formace plaku

Normalni Patologicky

4 weors
&




Alzheimer

zanik acetylcholinergnich neuronu,
hyperfosforylace Tau proteinu

Stabilizujici

Tau molekuly

Rozpad podjednotek
mikrotubulu

Rozpadajici se
mikrotubulus

Zasmodrchané shluky
Tau protein(

- Rozpadajici se
mikrotubuly




Izolace bilkovin

vyzkum - studium struktury, studium biologicke aktivity

1. Utel

/
\

prumyslové pouditi - farmakologe, éistici prostfedky,

2. Volba vstupniho materialu

3. Extrakce




4. Purifikace

Srazeci mefody - sraZeni neutralnimi solemi (NH,),50,

- srazent orgamckymi rozpoustédly
- pH srazen
Chromatogratie - 10nexova

- hydrofobni

- gelova permeacni

- afinitni

Elektromieracni mefody - elektroforéza natrvni nebo SDS

- 1zoelektricka fokusace







[iteratura

Scopes : Protein Purification

Harris : Protein Purification Methods —
Practical Approach

Deutcher : Guide to Protein Purification
Janson : Protein Purification

Kastner : Protein Liqiud Chromatography




PROTEIN
PURIFICATION

Principles,

High Resolution
Methods, and
Applications

Jan-Christer Janson

[iteratura

n-Feraa‘.:? in Enzymology

GUIDE TO PROTEIN
PURIFICATION, 2'® EDITION

Robeart K. SCopes

Proteim:

Puriftication

Primcip]h&s and Practices.

Third Editions o
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Metody separace proteinu

» Vychazi z klasickych metod chemicke
analyzy

» Uplatnuji se zde 1 specialni metody




Problémy se vzorkem

« Komplexnost

e Mala mnozstvi

e Labilita




Planovani separace bilkovin




Cil 1zolace

« Ziskani homogenni bilkoviny
« Zachovani biologicke aktivity
« C(Cistota

Zaver . ziskat vzorek o patricne

Cistoté s vynalozenim

patiicneho usili




Volba vstupniho materialu

* Preparat z dan¢ho organismu

* Preparat s nejvetSim obsahem dane
bilkoviny

* Preparat s nejmensim obsahem necistot




Sledovani prubchu separace

Metoda Celkova Celkova Specificka | Precisténi Vytézek
bilkovina aktivita aktivita
extrakt | 100 100 1 - 100 %
HIC 50 99 1.99 1.99 99 %
IEX 25 75 3 1.5 75 Y%




SDS PAGE

Protein
Purification

50 kDa
40 kDa

30 kDa




Stanoveni koncentrace bilkoviny

Metoda zalozena

na stanoveni na zakladée na zakladée
koncetrace dusiku optickych vlastnosti elektrochemickych vlastnosti




Kjeldahlova metoda — stanoveni N,

* Mineralizace vzorku — prevedeni organick¢ého N na
NH,"

* Stanoveni NH," - titrace, fotometrie, 10notve
selektivni elektrody




Kjeldahlova metoda — stanoveni N,

Kjeldahl's trap

A
Organic mmpﬁumﬂ

+Conc. O
+ cusq:lzs #
\ _______ Kjeldahls
N5 nask Contents of _
£ Kjeldahl's flas
after digestion] ===
+MNaloH




UV spektrofotometrie

e 280 nm — aromatické AMK

interference nukleotidu
e 180 - 230 nm — peptidicka vazba

Vyhody - nedestruktivni metoda

- neni treba kalibrace




UV spektrofotometrie
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UV spektrofotometrie

Vzorce pro primé UV stanoveni:

¢ (mg/mL) = 1.55 A280 - 0.76 A260

¢ (mg/mL) = (A235 - A280)/2.51

¢ (mg/mL) = (A224 - A233)/5.01

¢ (mg/mL) = A205 [27 + 120 (A280/A205)]




UV spektrofotometrie

Edelhochova metoda

je mozné spocist extinkCni
koeficient proteinu e,q,. Podminkou je pritomnost tryptofanu nebo
tyrosinu v molekule.

€,q0 = NTrp.5500 + nTyr.1490 + nCys.125 (M-l.cm)




VIS spektrofotometrie

» Pfidavek Cinidla — barevny derivat
* Destruktivni metoda

e Nutna kalibracni zavislost

0,5 -
0.45 A y = 0,0054x + 0,0248

A 04 -
0,35 -

0,3
0,25
0,2 -
0,15 A

0,1 -

0,05 -

O T 1] T T T T T
0 10 20 30 40 50 60 70 80 90

konc. proteinu [pug/ml]




Biuretova metoda

Princip : Cu?* vytvari v alkalickém
prostiedi komplex se 4 N
peptidicke vazby

/

\Cu2+

/ R
"'.3

Meéfeni : 540 — 560 nm i _& |
310 nm 5




Folinova metoda

Princip : hydroxyfenolova skupina tyrosinu
redukuje fosfomolybdenany (Folin
Ciocalteovo reagens) na molybdenovou
modf

Meéreni : 725 nm ?
OH

NH
HO .

tyry Tyrosin




Lowryho metoda

Princip : kombinace Folinovy a Biuretove
metody

Meéreni : 600 nm




Lowryho metoda

positive

biuret AN

Lowry¢

HO 2

tyry Twrosin

fiegative:
no change from blue




Metoda dle Bradfordové

Princip : pi1 vazbé Coomassie Brilliant Blue G
250 na bilkovinu dochazi k posunu
absorpcniho maxima z 465 na 595 nm.

Mereni : 595 nm

OCH,CH3 SO5




Metoda dle Bradfordové

CHy HyC

< + O C}--wQ
Basic and Aromatic Na0;$
Side Chains
- Coomassie G-250
0C,Hg

465 nm
<
Protein-Dye Complex

Ar-m = 595 nm




BCA metoda

Princip : Na* sul k. bicinchoninové (BCA),
komplexuje Cu™tvoren¢ reakci peptidove
vazby s Cu?*

COOH COOH

pEQ P
O
N N

M¢éreni : 562 nm




STEP 1.

STEP 2.

Cu'+2BCA—~

BCA metoda

Protein + Cu2+ - OH™_ cyt+




Fluorescence

Princip : - vazba fluoroforu na
bilkovinu —» méfeni vzniklé
fluorescence (OPA)

Meéreni : exc.340 nm

em.440 nm

- zhasSeni fluorescence pridavkem

bilkoviny




Polarografie

Princip : Brdickova reakce — SH skupiny bilkoviny

vstupuji v pritomnosti Co?* kata!
reakce na Hg elektrodé¢ — proud

yticke

\

w //
;J
| r

/]




NejcCastéj1 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

Enzymaticke,imunologicke, toxicke,
hormonalni receptorove atd.




Vlastni separace




Obecné schéma

Ziskani vstupniho materialu

|

Rozruseni bunéek

|

Separace




Vstupni material




Mikroorganismy

Bakterie, kvasinky, plisn¢, fasy

Vvyhody - lze jej snadno ziskat v dostate¢né mnozstvi
- selekce mutantu o pozadovanych vlastnostech
- geneticke inZenyrstvi

- termofilni organismy




Bezobratli

Hmyz, plzi, mlz

Nevyhody - malo se pouziva, nesnadno se

ziskava




Z1vociSne tkang
« Laboratorni zvifata — mysi1, krysy, kralici
 JateCni zvirata — organy

» Clovék — télni tekutiny




Rostlinné tkané

§penét, fepa, hrach, tabak
husenicek (Arabidopsis)
Nevyhoda — problematicky rust za

definovanych podminek




Rozbiti a extrakce




Bakterie

e Zalezi na lokalizaci

— Extracelularni

— Intracelularni
» Cytoplasma
 Periplazma

cytoplasma

periplasma




Balotina

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




French (X) press

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

bunck




French (X) press

Pressure Cells




Ultrazvuk

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




Lysozym + osmoticky Sok
(mirny osmoticky Sok)

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




Dalsi

* Alumina Al,O;— roztirani v tfeci misce

* Opakovan¢ zmrazovani a rozmrazovani




Yeast Cell Wall

o] ™

Kvasinky

+ Mannoprotein

SRS R 1 . Glucan + Chitin

~— Mannoprotein

— Membrane




Kvasinky

Toluenova autolyza

Princip — toluen extrahuje pi1 35 —40 °C
fostfolipidy bunécne stény —
osmoticky Sok — enzymova autolyza

Balotina, French press,




Z1VO

* Bez bunélne stény
* Velmi kiehke
* Tkanove kultury

\YARA "/

C1S1C

4

tkan¢e

Anatomy of the Animal Cell

Mitochondria
Microfilaments .

Lysosome
Peroxisome

Golgl

Reticulum Ribosomes

Rough
Endoplasmic

} Reticulum

Rough
Endoplasmic
Reticulum

Figure 1




Z1vocCisne tkané

S

* Rucni homogenizatory — Potter —Elvehjemuv [

* Treci miska s piskem

L T 2 L A L.
.




* Mixery

Z1vocCisne tkané

* Osmoticka lyse - erytrocyty

Hypertonic

0D
B " P

Isotonic Hypotonic




Rostlinné tkané

e Silna bunécna sténa - celulosa

» Tkanove kultury kiehke




Rostlinné tkané

Rozruseni bunécne stény pomoci celulas,

Obsahuji hodné€ fenolickych latek, ktere
mohou byt oxidovany na chinony —
melaniny, kter¢ mohou modifikovat
bilkoviny




Optimalizace extrakce

Teplota — 4 - 6 °C chlazeni

pH — optimalni pro danou bilkovinu — prace v

pufrech

I — v prostiedi o definovan¢ iontove si

C

Ptidavky latek — EDTA, [3-merkaptoet.
kovove 1onty, inhibitory proteas

nanol,




Srazeci metody




Srazeni

Nezameénovat s denaturaci — bilkoviny
zustavaji v nativnim stavu

Prvni metody pouzivané 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




pH

10 — Isoelectric

Titracni krivka

point ———

I | | | |
0 5 10 15 20 25 30

H* ions dissociated/molecule




Izoelektricka precipitace

GG

rozpustnost

@@ ©-




Srazeni neutralnimi solemi

| vsolovani vysolovani

rozpustnost




Vsolovani




ani

4

Vsolov




Vysolovani




Vysolovani

Aggreg}A @




(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
* Relativng Cisty




Srazeci krivka




Srazeci krivka

(NH4),50,

0 10 20 30 40 50

)
, . Wi
Koncentrace bilkoviny <— T —
“— Tube
Pellet

I

T

90 100 %

Aktivita bilkoviny




Srazeni - dvojstupnove

100
80
60
S
40

20

0

[.Stupen

\

TR

I1.Stupen

— Bilkovina
Aktivita

% saturace




Srazeni - dvojstupnove

[.Stupent II.Stupen

20 ml

452¢ (NH4¥SO4 1,18¢g (NH4)2$O#
cenfrifugace centrifugace

; ' < -~ - peleta chsahujicl
A W hexokinas:




Pridané mnozstvi

« Tabulky

Target percentage saturation

Initial percentage saturation | 50 | 55 | 60 75 | 80 | 85 | 90 | 95 | 100
0 106 134 164 194 226 258 291 326 361 398 436 476 516 559 603 650 697
5 79 108 137 166 197 229 262 | 296 | 331 368 | 405 | 444 | 484 526 570 615 | 662
10 53 81 109 139 169 200 233 266 301 337 374 412 452 493 536 581 627
15 26 54 82 111 141 172 204 237 271 306 343 381 420 460 503 547 592
20 27 b5 83 113 143 175 207 241 276 312 349 387 427 469 512 557
25 27 56 84 115 146 179 211 245 280 317 355 395 436 478 522
30 28 56 86 117 148 181 214 249 285 323 362 402 445 488
35 28 a7 87 118 151 184 218 254 291 329 369 410 453
40 29 58 89 120 153 187 222 258 296 335 376 418
45 29 59 90 123 156 190 226 263 | 302 342 383
50 30 60 92 125 159 194 230 268 308 348
bb 30 61 93 127 161 197 235 273 313
60 31 62 95 129 164 201 239 279
65 31 63 97 132 168 205 244
70 32 65 99 134 171 209
75 32 66 101 137 174
80 33 67 103 139
85 34 68 105
90 34 70
95 35




« Tabulky

e Vzorce

Pridané mnozstvi

_5330(S, - S))

g/l

~ 100-0.3[85,




Provedeni
pevny (NH,),S0,

nebo
saturovany roztok

(NH,),SO,

uprava pH
NH,OH

El. michacka




Srazeni org.rozpoustédly
misitelnymi s vodou

* Rozpoustédla rusi solvatacni obal bilkoviny




Srazeni org.rozpoustédly
misitelnymi s vodou

COHN - separace plazmatickych bilkovin
EtOH

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

Dvojstupnove

Pridavky z tabulky nebo podle vzorce




Srazeni selektivni denaturaci

P11 této metod€ 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 — Bilkovina 1
NS \ Bilkovina 2
40 \
20
o+——+—7—F—7——F71

teplota




Chromatograficke metody




Mikhail Semyonovich Tsvet
Chromatographia 1906

{} {!r Xanthophylle [3

Flant extract —=
wamss <— Chlorophylle [3
Glazs tube Cwe & !
— ¥~ Chlorophylle «
Dve B
ium carbonate

oy G T \ Xanthophylle o

Xanthophylle o




Podstata

,, Pr'i chromatografii dochazi
k neustalemu vytvareni

rovnovaznych stavi separovane latky
mezi dveé faze — staciondrni a

mobilni.




Chromatografie

¢eluent
vzorek fiR%

N

sorbent

DET

analyt

luat




Chromatografie

Mobilni faze <3
v

1zokraticka eluce

gradientova eluce

<«—— Stacionarni faze




Zarizeni pro LPC

Gradient mixer

4
D |
(1) Pump g
Recorder
Buffer 3 |¥ . 0w
— = ﬁ
= | Column
o~ il ™
A s ' Monitor ™, Fraction collector

.H.




Zarizeni pro LPC

\ .lllllllllllllll“ll.lllllllllllll‘ _—




Vazba

Eluce

Ionexova chromatografie

elektrostaticka interakce

_.<—>. _I_ 92 > _.H@e _|_ .




lonexy

» Katexy - - vazba kationtu
silné - sulfo(S), sulfopropyl(SP) OSO;
slab¢ - karboxy(C), karboxymetyl(CM) COOr

e Anexy - T vazba aniontl
siln¢ - dietylaminoetyl(DEAE)
slab¢é — trietylaminoetyl(TEAE)




Volba podminek — pH + typ 1onexu

pl bilkoviny je znam

@ lonex @
-1 +1

H,0" — > OH-

CREERY

Bilkovina




Volba podminek — pH + typ 1onexu

pl bilkoviny neni znam

* Metoda pokusu a omylu

supernatant

ale
e & ﬂ& ﬂ& j& ﬂ &) &) &) &)\ &

50 55 60 65 7.0 75 80 85 90 95

o\elUdHEHY

005 010 015 020 025 030 035 040 045 0.50

pH=7
0.15M _ ! S ||| |||
NaCl ) &) \&) \&)) \&)) &)\
10 20 30 40

”‘rg;‘;‘lh 70 80 90 100
P Kapacita

e Metoda titracnich krivek




Ionexova chromatografie

e Nanaseni vzorku — nizka iontova sila

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

Pouziti — purifikace, zakoncentrovani, vymeéna
pufru




Anex +

- Katex lonex
-1 +1
H3 O—|— < | | |
+ "
0

Bilkovina

> OH-




Ionexova chromatografie

o5 } 100% B
A 280
activity
[pkot/m[]
; 4 2.0
/
/
025} 2
1%

i

|
x4 t'l 10

4 [

& Iy

i

/ ¥
P4 I
1

/S/‘_/—\_/\—/J] L

s o = -
0 10 20
Ve [ ml]
Fig. 2. Chromatography of partially purified G6P-DH on a Mono Q column. Buffers: (A) 0.05 M sodium

D hosphalu(pll 4); (B) same as A but with [ M sodium chloride; flow-rate, I ml/min. Lines symbol as in Fig,
[. Approximately 10 mg of protein were applied to the column.




Hydrofobni chromatografie

 Stacionarni faze — - Cg, -fenyl

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

» Eluce — snizovanim iontove sily

Pouziti : purifikace bilkovin




Hydrofobni chromatografie

1.0 } LDH —{100%8B
/ activity
A2zg0 o pkat/ml)
p |
/
13.0
0.5
|
i
|
1
1
t |10
1
\
L
1
»
20
Ve [ mL]

Fig. 1. Chromatography of crude enzyme preparation on a Phenyl-Superose column. Buffers: (A) 0.05
M sodium phosphate (pH 7.4) with 1.7 M sodium sulphate and 1 mM EDTA; (B) 0.05 M sodium phosphate
(pH 7.4); flow-rate, 0.5 ml/min. V', elution volume; solid line, absorbance at 280 nm (A4,g,); dashed lines,
gradient; (O) G6P-DH activity; (@) LDH activity. Approximately 10 mg of protein were applied to the
column,




Gelova permeacni chromatogratfie




Gelova permeacni chromatografie

Princip - stéricka exkluse

- omezena difuse

Poradi eluce :
MrA>MrB>MrC




Gelova permeacni chromatogratfie
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Gelova permeacni chromatografie

Pharmacia LPC

*Sephadex
*Sepharose
*Sephacryl
*Sephacel

Pharmacia FPLC

*Superose
*Superdex

dextran
agarosa
glukosa + akryamid

cellulosa

agarosa

sitovana agarosa a dextran
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Sephadex

Fractionation Fractionation range
Gel type Dry bead size range Dextrans Swelling
Lm Globular factor mlig
proteins

Sephadex G-10 40-120 E 700 - 700 2- 3
Sephadex G-15 40-120 - 13500 - 13500 2.5-3.5
Sephadex G-25 Coarse 100-300 1000- 5000 100- 5000 4- 6
Sephadex G-25 Medium 50-150 1000- 5000 100~ 5000 4- 6
Sephadex G-25 Fine 20- 80 1000- 5000 100~ 5000 4- 6
Sephadex G-25 Superfine 10- 40 1000- 5000 100- 5000 4- 6
Sephadex G-50 Coarse 100-300 1500~ 30000 500- 10000 9-11
Sephadex G-50 Medium 50-150 1 500-= 30000 500- 10 000 9-11
Sephadex G-50 Fine 20— 80 1500- 30000 500- 10000 9-11
Sephadex G-50 Superfine 10- 40 1500- 30000 500- 10000 9-11
Sephadex G-75 40-120 3000- 80000 1000- 50000 12-15
Sephadex G-75 Superfine 10- 40 3000- 70000 1000- 50000 12-15
Sephadex G-100 40-120 4000-150000 1000-100000 15-20
Sephadex G-100 Superfine 10- 40 4000-100000 1000-100000 15-20
Sephadex G-150 40-120 5000-300000 1000-150000 20-30
Sephadex G-150 Superfine 10- 40 S5000-150000 1000-150000 18-22
Sephadex G-200 40-120 5000 - 600 000 1 000 =200 000 30 =40
Sephadex G-200 Superfine 10- 40 5000-250000 1000-150000 20-25




Sepharosa

sol state initial gel final gel structure




Sepharosa

Gel type Approx. % Beadsize  Fractionation range Fractionation range
agarose um Globular proteins. Dextrans

Sepharose 6B 6 45-165 10000~ 4000000 10000~ 1000 000

Sepharose 4B . 45-165 60 000-20 000000 30000~ 5000000

Sepharose 2B 2 60-200 70 000-40 000000 100 000-20 000 000

Gel type Bead size um  Fractionation range  Fractionation range
Globular proteins Dextrans
Superose 12 prep grade 20 -40 1000- 300000 ND
Superose 12 §-12 1000- 300000 ND
Superose 6 prep grade 20-40 5 0005000000 ND

Superose 6 11-15 5000-5000000 ND




Gelova permeacni chromatografie

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

Pouziti : stanoveni Mr, odsolovani, purifikace




Gelova permeacni chromatogratfie

Figure 3

Chromatography of partially purified LAO on TSK 3000 SWG co-
lunn. Buffer: 0.05 M potassium phosphate (pH 6.5) with 0.15 M so-
dium chloride; flow rate 5 ml/min. The symbols are as in Fig. 1.
JAO activity is indicated by an arrow. Approximately 100 mg of pro-
tein were arplisd to the colum.




Gelova permeacni chromatogratfie

0,2
ICDH activity
O
(]
[ e
=S
s O,1
w2
=2
=<
1 | |
O

O 50 100 150 200

Elution volume [ml]

Figure 2. Chromatography of partially purified ICDH (after ammonium sulphate
fractionation and ion exchange chromatography) on an UltroPac TSK G3000 SWG
column. Buffer—20 mM sodium phosphate, pH 6.8; flow-rate S mL /min. (V_.) elution
volume:; (————) Asgo: (—) ICDH activity. Approximately 10 mg of protein was loaded
onto the column.




Gelova permeacni chromatogratfie

160

150

140

130

120

110

Elution volume [ml]

100

90

ICDH

4 4.5

log M

Figure 3. Determination of relative molecular weight (M) of ICDH (@) by gel per-
meation chromatography on an UltroPac TSK 3000 SWG column. V, elution volume;
standards (O): catalase (240,000), aldolase (146,000), bovine serum albumin (67,000),
ovoalbumin (43,000), chymotrypsinogen (25,000), and RNAse (13,700).




Afinitni chromatografie

e

ligand T matrix
spacer




Afinitni interakce

Afinitni interakcee
specificky

stabilni ——» komplex bilkovina - ligand

7

reverzibilni




Afinitni chromatografie
naneseni vzorku




Afinitni chromatografie
vznik interakce

SPECIFICITA




Afinitni chromatografie
vymyti balastu

STABILITA




Afinitni chromatografie
eluce

REVERZIBILITA




Afinitni pary

AB — A+B Kp = A8l

[Ligand Bilkovina Ky (M)
antigen polyklonalni protilatka 1= 10
antigen monoklonalni protilatka o= 10
biotin avidin 1o
sacharid lektin 10— 107
hormon, toxin vazebny protein 107 - 107"
substrat enzym 107 — 107
inhibitor enzym o™ _ 107




Afinitni interakce

elektrostaticke

polarni it prostorové vlastnosti

hvdrofobni usporad:ini prostredi

van der Wsalsovy sily




Predpoklady pro vznik komplexu

» Stericke — pouziti ramenka (spacer)

ly

Ny

* Optimalni pH, 1ontova sila




Afinitni chromatografie

e

ligand T matrix
spacer




Predpoklady pro vznik komplexu

e Vazebné e Bp
o Konformacni : :
L
Yy
a & 50,

"3




Ligandy

Monospecificke
*vazi pouze jedinou biomakromolekulu

*nutne si pripravovat individualné

Skupinové specifické

*vazi biomakromolekuly s podobnymi
vlastnostmi

*komercn¢ dostupneé




Imobilizace ligandu

Immobilized Affinity
Ligand Techniques

g

%

N

Greo T. Hermanson

A. krishna Mallia
_ Paul K. Smith




Skupinove specificke ligandy

skupinové specificky ligand specifita
Protein A Fc region IgG
Protein G Fc region I1gG
Lektiny glukopyranosylové a mannopyranosylové
skupiny
- Cibacron Blue siroka skupina enzymu, NAD* dependentni
enzymy, sérovy albumin
Procion Red NADP*
Lysin plasminogen, rRNA
Arginin serinové proteasy
Benzamidin serinoveé proteasy
Kalmodulin proteiny regulované kalmodulinem
Heparin kolagulacni faktory, lipoproteiny, lipasy,

hormony, steroidni receptory, nukleové kyseliny
vazajici enzymy

Streptavidin Biotin a biotinylovanée latky
Oligo (dT, dA, ...) MRNA, nukleasy

Kovové ionty proteiny a peptidy obsahuijici dostupny His




Provedeni

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

sily, polarity

Pouziti : analyticke (stanoveni K,), purifikace




* Eluce — selektivni - volnym ligand

nebo kompeticnim ¢inid!

Eluce

M

C1M




Eluce

* Eluce —neselektivni - zména pH,

iontove sily,

polarity

Ko 107 - 1072

v v




Skupinove specificke ligandy
,,dye ligand*

Cibacron™ Blue F3G-A
(Blue Sepharosa)

0 N} A</ \

Sepharose

Procion™ Red
(Red Sepharosa)

NAD"

) "‘.:2:-,_“_ —{
NADP*

Dependentni dehydrogenasy




Skupinove specificke ligandy
Cibacron Blue F4G-A

-2
AZBO activity .10
o
[Nnkat] NacCt
[ mol.~ L]
4
1
S f — .
4L00 500
VR [l ]
FIGURE 1
AFFfinity chromatographs of malate dehydrogenase from
(step 2) . Ve, elution volume;

on Matrex Gel Blue A

P.denitrificans
————— > NaCl

en=zyme activity;

—_——

at 280 rnm (Az2so0 ) 3

0.02 mol/1l1 sodium prhosphate
1.8 mol/1l NaCl and 5% ethylene

—_— , absorbance

Eradient (buffexr A, {(rH 8.0); buffexr B,
buffexr A but
O.7 ml/mizx.

the Ssame as with

Zlvcol ) ; flow Tate, approx.




Elektromigra¢ni metody




Reiner Westermeaier SWILEY-VCH

Electrophoresis
in Practice
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Gel Electrophoresis
of Proteins
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Podstata

., Pohyb elektricky nabitych castic

v elektrickem poli “




Frederic Reuss

(1807)
Katoforéza
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Elektrotoréza

(1909)
[Leonor Michaelis

Michaelis Menten Plot

v = Ymax - [S]
Km + [S]

asymtote

VMNaX ([ rreeererremmr e e

Initial Reaction Rate (V)
fan)

Km Substrate concentration [S]




Elektroforeza

e Volna

e /Z0Nnova




Volna elektroforéza

- I

-

A+B+C ‘ A+B+C

Ha = Hp ~Hc

A+B




Volna elektrotoreza
Arne Tiselius (1902 —1971)
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Volna elektrotoréza

Arne Tiselius (1902 —1971)
Nobelova cenal 948
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Zonova elektroforéza

_|_
+B+

C

A

| =—=—
—

Ha=Hp ~“Hc ~




Uporadani

Horizontalni

i




Uporadani

Vertikalni
_|_

—

|
v







Skylab




Stabilizace

e Rotaci
* Gradienty hustoty
e Poréznimi medii

« Kapilarou




Porézni media
* 1939 Papir
* 1950 Agarovy gel
» 1955 Skrobovy gel
* 1957 Acetat celulosy
* 19589 Polyacrylamidovy gel
* 1979 Agarosovy gel




Polyakrylamid

Slozeni — kopolymer akrylamidu a

N,N,- methylenbisakrylamidu

+ plné splnuje pozadavky

Pouziti : analyza bilkovin




Polyakrylamid

q 1
.—NH— /,CH,
sacrylamide
: —~— ulfate
!

\‘f 280, sulfate free
radical

CONH, CONH,
——CH,~éH~—CHf—éH——CH7 CH
CONH
CH,
CONH
—CH,—CH—CH,—CH—CH, CH—

| |
CONH, CONH,




SDS PAGE

OSO3Na"™

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




SDS PAGE




Pouziti SDS PAGE

e Stanoveni Mr
* Analyza komplexnich smési
e Sledovani purifikace bilkovin




Stanoveni Mr pomoci SDS PAGE

Log
My R = skvrna

celo




Stanoveni Mr pomoci SDS PAGE -
standardy

1 2 3453 86 7 89 10

___-_——_.—'_-“




Pouziti SDS PAGE

Stanoveni Mr

Analyza komplexnich smési

Sledovani purifikace bilkovin

Stanoveni podjednotkoveého slozeni

+

+ - +




Stanoveni Mr pomoci SDS
redukujici x neredukujici

+SD:> l g +SDS 2x k

,4"”+"S’D‘S/'§ l
w




Kapilarni elektroforeza

Light
Capillary Electrophoresis @) source
C t
omputer |
= Data In Photocathode —
® @ | Data Out

Chart Recorder
Buffer

Cathode Anode

Ab {280 um)

Time {min)




Kapilarni elektroforéza

1967 - Hjerten
3 mm kapilara




CczZda

lektrotforé¢

4

arni e

1l

Kap

a

1981 - Jorgenson Lukacsov

20

75 um kapilara

AB

15

.
10

Time (minutes)

t
Fig. 1. Electropherogram of dansyl amino acids




Beckman 1987




Vyhody CE

» AplikacCni diverzita
nabit¢ 1 neutralni latky
nizkomolekularni 1 vysokomolekularni latky
chiralni 1 achiralni latky

bakterie 1 viry




Vyhody CE

» AplikaCni diverzita

 Jednoducha instrumentace




Vyhody CE

» AplikaCni diverzita

 Jednoducha instrumentace




Vyhody CE

Aplikacni diverzita

Jednoducha instrumentace

Vysoke rozliSeni a u€innost separaci
Mala spotreba vzorku

Rychlost analyzy

Mala spotieba chemikalii a malé mnozstvi
odpadu




Quo vadis Glatz & CE ?

Metabolomika v systémove biologie

mikrobialni, rostlinna a zivo¢isna metabolomika

DNA

o

Gen

Genomika Transkriptomika U ﬂ

y

mRNA

Proteiny  Metabolity

Proteomika

[j) Fenotyp

Metabo!oy

il
1
A *DAD A, Sig=260 .4 Ref=off % oo
DADT B, Sig=2804 Ref=off g
*0AD1 C, Sig=304 Ref=off
o
= =
o =T
< =
= &

NADH
AcetylCoA

CMP

:

T
225 mi

,Metabolome Targeting®
(Nucleotides and coenzymes)




Quo vadis Glatz & CE ?

Metabolomika a biomarkery
v asistovan¢ reprodukci amino- a karboxylové kyseliny

Uptake

Glucose

Pyruvate

Production

Ammonium

t Amino acids

Enzymes, e.g. LDH
sHLA-G
HOXA10 regulator

PAF
Ubiquitin

Amino acids

Other sugars

Oxygen

Drop (1-10 pl) of defined
culture medium

Novel peptides
and proteins

U, mV
328
Cl
326
HCO, Lac
324+f Pyr
322+ /
320
; : * t, min
3.1 3.3 3.5 n
10 15 20
c,uM c,uM c,uM
l m! I 150
80! |
‘ 45: = _ ]
40‘ | = = " 100
: e
20| 201 50-
| W H
8, Sy Sy Sy 813 Sy Si5 57 Tz % & S 813 81a s Bur Tsz &0 8 S0 513 514 515 Si7!
Asparagine Glutamine Aspartic acid




1997 HCE %0 %o

S Sample i
ilﬁ:;llll:ln & B Separation

channel

Buffer Buffer waste
reservoir Sample reservoir
Rl Sample waste
|

reservolr
!
.
- @

. Substrate D Support material - Channel

@ Electrodes for electrophoresis in separation channel
@ Optional electrodes for electrokinetic sample injection
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Mars

2013 NASA




Bioanalyser Agilent 2100

1. Add sample 2. Start chip run 3. Watch real-time data




Bioanalyser Agilent 2100




Chipova chromatografie

struktury vyleptané do kiemikové (S1) desticky

doprava MF: pumpa, odsttediva sila, el. staticky

vyhody: rychlost analyzy, velikost,
mala spotieba vzorku (< nl !)

nevyhody: prace s malymi objemy
(povr. napéti, elektrostatické interakce)




Chipova chromatogratie Agilent

RF Tag

Electric
contact ¢

Inert Integrated Integrated Integrated Built-in
polyimide Sprayer-tip Nano LC Enrichment Microfilter
Column Column




Izoelektricka fokusace

wElektroforéeza v gradientu pH, castice
jsou separovany podle svych pI




[zoelektricka tokusace
1961 Svensson — Rilbe (1968)




Tvorba gradientu

Anoda (+) H;0" 6H,0-0O,+4H,0™+ 4¢

Katoda(-) OH- 4H,0-2H,+40H -4 ¢

Ampholyty
—CH, _IT_(CHz)n_ITI_CHz_ R - CH,
(CH,), R - CH,COOH

| “H
NR,




Izoelektricka fokusace

H,0*

OH-

OH-




Izoelektricka fokusace

H,0*

OH-




Izoelektricka fokusace

analyticka
* Provedeni - v gelech — PAGE, agarosa

» Pouziti - sledovani komplexnich smési

- 1Izoenzymove slozeni

- stanoveni pl — rozfezani a eluce
— UpH elektrody
— pl standardy




Izoelektricka fokusace
analyticka




Izoelektricka fokusace
preparativni

* Provedeni - rotaci — Rotofor (BioRad)

e Pouziti — 1zolace bilkovin




Dvojrozm¢erna
elektroftoreza

1975 O’Farrell




Dvojrozmérna elektroforéza

3.0¢ B

LR EL R

100 v L

[.rozmeéer IEF

[I.rozmér SDS-PAGE




Dvojrozmérna elektroforeza




Studium procesu probihajicich v
z1vych organismech
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Systems Biology
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Systemova biologie

Bicological System Analys is
And Mode! Formation

Prediction And
Hypothesis Refinement

“Dry” Experiments
{ Simulation)

f

Data and Hypothes is
Driven Modeling

Experimental
Design

[ Model }:-\

-y
g 1%

[Analj,rsis ]

Data

) ODiata Acopisition
Synthesis

[Eﬁpﬂl'i ment}

Fehome

Transciptorme

FProtearne

Experimental
Data Analysis

Interactome

Medabolarne




PROTEIN
J. J. Berzelius 1838

Proteios

PROTEOMIKA
Marc Wilkins 1994

PROTEOM
Kompletni sada bilkovin pritomnych v daném okamziku v bunce,
nebo tkani, zahrnujici veskeré jejich modifikace, vzajemné
interakce, lokalizaci a metabolicky obrat.

PROTEOMIKA
 kvantitativni a kvalitativni charakterizace uplné sady bilkovin
organely, bunécné linie, tkané nebo organismu
« kvantitativni a Kvalitativni porovnani proteomu za ruznych
podminek
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Cil proteomiky

* Cilem je nejen 1dentifikovat vSechny
bilkoviny, ale zaroven pochopit jejich funkci a
strukturu a vytvorit 3D mapu bunky (urCit
lokalizaci1 jednotlivych bilkovin).




ProC proteomika kdyz mame
genomiku ?
nelze urCit funkci proteinu na zaklade sekvence
DNA nebo mRNA

1111 Spatna korelace hladin mRNA a skutecnych
hladin bilkovin !!!

nelze popsat molekularni mechanismy pomoci
studia genomu

200 typu posttranslacnich modifikaci

existuje alternativni translace

PROTOZE PROTEINY A NIKOLIV GENY VYTVAREJI
FENOTYP!
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JEDEN GEN, MNOHO BLKOVIN

Protecolysis

¢ Post-translational
- s

Transcription Processing Compartmentalization

T T Proteolysis
Transcriptional Alternative Splicing T /

aamlonl " , Post-translational
VR Pase i m(odification

Polyadenylation
Translational \

Regulation T~
Altaruatiee Traidation Compartmentalization

Cca 25-30 000 genu > Nékolik set tisic bilkovin







Aplikace proteomiky v mediciné (proteomika nemoci)

Exprese proteinui u nemoci




Z.akladni schéma analyzy uzivané v proteomice
@s proteinD 1. Separace
2D-PAGE

2. Izolace J ednotlivé pro@

Ste‘pemtryy

Peptidy
4. Sekvencni analyza 3. Hmotnostni analyza
Fragmentace peptV Hmotnostni spekroskopie

@ence peptidii Hmotnostql sopektra
peptidu
5. Porovnani s

databazi

@fikace pr@




target

purification
Peptide fingerprinting Bl Prowis De novo sequencing
- | Elextrophoresis
Peptide Mass Mapping —_ Tandem mass spectrometry
A. B.
Digestion 'g'
* R
<4— |HPLC | —» y3 6
' y
I * l l | (optional) ” | yS y7
. mz mwz
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Dvojrozmérna elektroforeza
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PEPTIDOVE MAPOVANI (PEPTIDE MASS FINGERPRINT)

Identifikace protein( peptidovym mapovanim (MALDI TOF)
Laser
:»;" | f + - + % - ‘
>
+ =]I Odedéteni molekulové
hmotnosti peptidd
1059.5  wwyhiedani
1491.7 v databazich 1059-5111 RPAETNEwES (1) Ferritin
il 1491.7232 (R)DDVALEGVSHFFR (E) lohké
: ’ 1607.8069 (R)LGGPEAGLGEYLFER (L) (
1607.8 2359.0916 (R)TDPHLCDFLETHFLDEEVK (L) podjednotka)
2359.0

SSQIRONYSTDVEAAVNSLVNLYLOASYTYLSLGFYFDRDDVALEGVSHFFREIAEEKREG
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Databaze

 http:// www.expasy.org/




DIGE — DIFERENCNI GELOVA ELEKTROFORESA
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excitace 488 nm excitace 532 nm excitace 633 nm
emise 520 nm emise 580 nm emise 670 nm

500 600




pooled sample hcalthy diseased

= internal standard Cy3 label CyS5 label
Cy2 label \ +

mpcure

2-D electrophoresis -

v

scan at different wavelengths

IPG stnp

g % " | — - TE
- R | P & l i)' <
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image of Cy2 image of Cy3 image of Cy5
internal standerd heoalthy ticcuo dicoasori tiecne

B

Cve 3 channel Cye S channel

Cye 3/ Cye 5 channel overlay







Detekce po elektroforeze a
1zoelektricke fokusaci

pfimo v gelu

di:tuk::e< /utisk
po pfrenosu
\

"~ blotting




Nespecificka detekce

Reakce s barvickou

Postup: A. Fixace
B. Barveni

C. Odbarvovani

Pouzivané barvicky Amido Black 10 B
Coomassie Brilliant Blue R 250
Coomassie Brilliant Blue G 250
Fast Green

Panceau S




Nespecificka detekce

Barveni Agq

/

Ag “‘“\\
AgNO;

amoniakilni Ag"

Postup : A. Navdzani Ag' na bilkovinu
B. Redukce Ag' na Ag’




Nespecificka detekce

R250 A8 G 250
A B i D E

i —

—— e — ——

] = '-

SODS-FPAGE Standards prowide accurate moleclr-
Lar we dedterminations. A, High range SDS5-
PAGE Standards run on a 7.5% gel and stained
with Coomassie blue R-250 dye, B. Low ran
Silver Stain SODS-PAGE Standards run on a 12%
%cf and staimed with Bio-Rad's Silver Stain Kit,

. Broad range Biotinylated SDS5-PAGE stan-
dards rumn o a 4=20% gradient gel, blotted o
nitroceliuiose, and defecied with Avidin-AF D,

de SDE-PAGE Standards run on a
16.5% fricine gel and stained with Coomassie
blue G-250 . E. Broad range S0D5-FAGE stan-
dards for SYPRO Orange ﬂmnrgﬁmn o a
4=-20% gel and stained with SYPRO Crange.




Specificka detekce

Radioaktivni znaceni

specifické

o, B,y <

nespecifické
A. Autoradiografie 2p, 'B)
znaceny protein ——p rentgenovy film

B. Fluorografie 5H, 14C,H'S

znaceny protein —p fluorofor —®rentgenovy film




Autoradiografie




Specificka detekce

Detekce riaznych skupin bilkovin

glykoproteiny

lipoproteiny
hemoproteiny
Cu2+

Fe'

Schiffova reakce (oxidace s HIO,, reakce s Schiffovym
¢inidlem - bazicky fuchsin)

Sudan B

peroxidazova aktivita (hem + benzidin + H,O,)

alizarin

fenantrolin




Detekce na zakladée biologicke
aktivity

Detekce na zaklade enzymoveé aktivity

Rozdéleni A. bezbarvy substrat —barevny produkt
B. barevny substrit — bezbarvy produkt
C. bezbarvy substrat — bezbarvy produkt

—barevny produkt

D. auxiliarni enzymy —barevny produkt

Detekce primo v gelu
- pfimo v gelu se zapolymerovanymi substraty
- otisk - zymogram

- indikatorové gely




Detekce na zakladée biologicke
aktivity

Imunodetekce

ANTIGEN

PRIMARNI PROTILATKA

radioaktivni ("°I) fluorescenéni enzymové avidin-biotin koloidni Au
znaceni




Protein Blotting

A Practical Approach

Edited by
B. S. DUNBAR

Blotting

Springer Protocols

Protein Blotting

and Detection
Methods and Protocols

Biji Ty KuTien
R, HalS<ofield




Blotting

e Southern — DNA
e Nothern — RNA

* Western - bilkoviny




Side View:
Before Transfes:

(¥ dectrode

(=) electrode

bands m gel nirocelulose sheet

gel

A

Blotting

Direction of
Transfer
(electric field

Mote: All the layers are pressed tightly together.

After Transfes:
(¥ dectrode

H

(=) dectrode

bands on
niroceBulose




Vyhody blottingu

Dostupnost biomakromolekul
Zakoncentrovani biomakromolekul
Redukce doby a mnozstvi potfebnych
chemikalii

Imobilizace biomakromolekul — moznost
uchovavani

Moznost vicenasobné detekce

Mechanicka stabilita




Kapilarni blotting

Weight

Paper Towel Stack
Whatman Paper Stack
Membrane

Gel

Whatman Paper

Saran wrap
Platform

Transfer buffer




Tankovy elektroblotting

KATODA - + ANODA

1— NADOBAS
PRENOSOV
DRZAK YM PUFREM
AN
DRZAK
HOUBA ~__ -
HOUBA
J |~ HOU
\\
b FILTRACNI
FILTRAGNI d PAPIR
PAPIR N BLOTOVACI
1 - MEMBRANA
//
GEL ~ N B
///
\\




Tankovy elektroblotting

Gal holder cassatte

Super cooling cail and foam pads

Plate electrodes
Wira alactrodes

Trans-Blot cell.




Tankovy elektroblotting
Mini1 Protean Trans Blot Cell




,Semi dry* blotting

+ ANODA
FILTRACNI = | _ BLOTOVACI
PAPIR MEMBRANA
S N NN N NI NN NI NN SIS I NSNS NSNS NN NSNS NSNS NSNS,
FILTRACNI
! - | GEL
PAPIR

. _ KATODA




,Semi dry* blotting




Kapkovaci dot blotting

JAMKY PRO NANASENI .

SABLONA
L T

- BLOTOVACi
TESNEN MEMBRANA
= TESNENI

ZAKLADNA VYVEVA

POREZNI
PODLOZKA




,,Dott” blotting

[ s TM\Z}
.

Wy
0o
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Membrany

‘nitrocelulosa - nejbéznéjsi

polyviniliden difluorid — vysoka vazebna kapacita
«diazobenzyloxymethyl — chemicka aktivace
‘ilonexove membrany - preparativni

-aktivovana sklenéna vlakna — pro primou sekvenaci




Proteiny

Detekce

REAKCE SE SUBSTRATEM nativni enzym, nedifundujici substrat

‘IMUNOBLOTTING"

125]-protein A

enzymem znacena sekundarni protilatka — konjugace
s peroxidasou (tetrazoliova sul), alkalickou fosfatasou

Light
gmission

xide i n
pera d\jacndmlun, acridan
eslei/

substrate
/

5T
<1 streptavidin
secondary  J
antbedy-biotin |
conjugate ‘H

L complex

primary anlibody

\\_
A\
\
farget protein \

r1 4
L ) o horseradish peroxidase

zlatem znacena sekundarni protilatka (100 pg)

chemiluminiscence — nejcitlivéjsi




Detekce proteinu

sYg M <
Em:mrrul; : El. {E}'@{ﬁ} @Fmﬂwr

L E-.
;H;_ "8 — Primary antibody
Secondary ontibody - Elocking sgent

(enzyme|




Blotting

HC

Lane 1, human IgG standard; Lane M, profein molecular welght marker; Lane 2, crude extract; Lane 3, low throwgh fraction; Lane £, 1st wash fracion; Lane 5, 2nd wash fraction; Lane &, purifled
extract.

FIGURE 3
Affinity purification of 25612 with Protein A, where A shows the fractions of 212 taken during purification resoleed in a 12% SD5-PAGE gel with Coomassie blue staining
and B the western blot probed with anti-human light chain (LC) and heavy chain (HC) antibodies




5. Charakterizace - stanovend pL, MW, UV VIS spektra, CD spekira

fluoresceacat spekira, AMK analiza a sekvenace, krystalizace

RTG analyza, NMR spekia




Podle chemickeho slozeni

A Jednoduche

B.Slozené = prostheticka skupina + apoprotein

Kvantitativni pom&r mezi obéma sloZkami muize byt riizny !!

Fosfoprotemny - H:PO,

Glvkoprotemy - cukry

Metaloproteiny - kovy

Lipoproteiny - lipidy

Nukleoprotemny - nukleové kyseliny




Rozdéleni bilkovin

Podle celkoveho tvarn molekuly

A Vlaknité - fibrilarni bilkoviny - SKLEROPROTEINY  NEROZPUSTNE

kolagen. o + [ keratin, elastin

B. Kulovité - globulirni bilkoviny - SFEROPROTEINY ROZPUSTNE

globularni - katalyza, transport, pohyb, imunita.

Bilkoviny < vzmch
fibnlami - podpora




Kolagen (28 druhi)

Molekularni sloZeni Lokalizace

[al(1),a2(D)] kost, kiize, Slacha, ligamenta rohovka,
cévy
II [al(1D)], chrupavka, sklivec, nukleus pulposus
11| [a1(IID)], klze, cévy, retikularni vidkna v mnoha
tkanich (plice jatra_slezina _atd )

\Y% al(V)a2(V)a3(V) plice, rohovka, kost, fetalni membrany,
doprovazi kolagen I

XI al1(XDo2(XDa3(XI) chrupavka, sklivec

Délka molekuly je 300 nm, a-retézec obsahuje 1000 aminokyselin.




Collagen a-chain primary structure

Y

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

-Gly-X-Y - triplet repeats




Molekularni struktura fibrilarnich kolagenu

Procollagen

= -
HoN COOH

% Procollagen peptidase

M-terminus end cleaved C-terminus end cleaved
- Tropocollagen 3000A |
-— =t —

® pravotociva trojita sroubovice - 3 a-retézce (levotociva Sroubovice s
odstupem 18 aminokyselin na jednu otacku)




Posttransla¢ni modifikace

hydroxylace glykosylace tvorba bisulfidickych mistku svinuti

: - ; =il Rough endoplasmic
& & PFe TN ... reticulum
sekrece
« Fibroblasty

Bunky pojivovych tkani * Chondroblasty
« Osteoblasty




Formation of collagen: intracellular processing

ﬁﬁM@-ﬁQ

(1) synthesis

(2) post-transiational
modifications

(3) triple hellx formatiorr

procollagen
secretion
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Formation of collagen: extracellular processing

procollagen
{soluble)

(1) N- and C-terminal
peptide cleavage registracni
(2) Iysyl oxidase peptidy

’::; 6

A tropocollagen /LUL
(insoluble) (VA%




Lysyloxidaza

tropocollagen
strand
(==

MNHE MNHE lysine
residue

H (=] [e] carbonyl group
(allysine)

cross-linkage
(aldol condensation)




Formation of collagen: extracellular processing

N SSARSSOAAIERES BN C

trﬂpncnllagen length: 300 nm

fibril assembly
and cross-linking

covalent
cross-link

section of collagen fibril I




Formation of collagen: extracellular processing

fibril assembly

_ _ land cross-linking
section of collagen fibril ™

—» %— B4-67 hm

collagen fibril "quarter-staggered ammay

e




Formation of collagen: extracellular processing

*l%"

collagen fibril

aogreagation

collagen fiber

o) SN
) )

A




Collagen molecule 2XSIGEING

Packing of molecules
[ |
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Kolagen v kuzi




(EDS)

Ehlers—Danlos syndrom
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N-terminal
heads

Coiled
coil rod

C-terminal
tails

(a) Dimer

o - keratin

(b) Protofilament (c) Microfibril

j11glo3oid




o — keratin - vlas

keratin




Trvala ondulace

Keratin hair extension
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Peri

B-keratin krokodyl(l
B-keratin ptacich drépd
B-keratin ptaCich Supin

peri-podobny -keratin

pérovy B-keratin

B-keratin ptaCich keratinocytu




B - keratin




B - keratin




Hedvabi




Elastin

Figure 4-28 Essential Cell Biology, 2/e. (& 2004 Garland Science)

Desmasine Crosslink




