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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
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.FOTOSYNTEZA

10.METABOLISMUS LIPIDU
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14. XENOBIOCHEMIE

O 0 1 O D K~ W N =




Zkouska z biochemie

I
[}

H3N—C— H

J"U’l I"

I
— e S Bt
i, ,-""-"-ui 5
.‘f’”“‘bf th'g;
—yy- Cys
AY 0
I
'-ill ﬁ.'H_. 0—C—Ry
Ry—C—0—CTl 0
|
}-.
C'H, H—P—(
or

1. Metody purifikace bilkovin
2. Kinetika jednosubstritové enzymové reakee
3. Biosyntéza mastnych Kyselin




Biochemie

* chemicka disciplina, ktera studuje chemicke
slozeni zivé hmoty a chemicke procesy, kter¢ v ni
probihaji

" je hrani¢ni védni disciplinou, na pomezi mezi
chemii a biologii, zkouma biologicke objekty
chemickymi metodami




Historicky uvod

fyziologie a lékafstvi
biochemie

organicka chemie

Synonyma : Biological Chemustry

Physiologishe Chenue

Hoppe Sevler 1903
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Dwvé obdobi : A obdobi staticke biochemie

B. obdobi dyvnamické biochemie

staticka - bioorganicka. bioanorganicka. biofyzikalni

chemie a chemie prirodnich latek

dynamicka - enzymologie, bioenergetika,
metabolismus
BIOCHEMIE

organizacni - regulace

funkéni - fyziologicka biocheme




obecna - zakladni vvzkum

BIOCHEMIE

aplikovana - lékafstvi - klimicka biochemue

- pathobiochemie

- xenobiochemie

- biotechnologie

Molekularni biologie - W.T. ASTBURY - 60.1eta

» Interpretace genetiky na zaklad¢ struktury NK
* Trojrozmérna struktura biomolekul
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Biochemické metody :

\‘ biochemie - organy

- tkané

E"'ll.]]E't‘llIlE'Iflh

- organely

- molekularni uroven

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




Problémy se vzorkem - prace s komplexnimu vzorky
- prace s labilnim biologickym matenalem

- prace s malvm mnoZstvim latek

P. Anzenbacher, J. Kovar - Metody chemického vyzkumu pro
biochemiky - Docasna vysokoskolska
ucebnice 1986
M. Ferencik, B. Skirka - Biochemické laboratorné metody, SNTL
1981
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* YYY dalsi makroprvky (mikrobiogenni)




Prvkove slozeni vesmiru, zemske
kury a Cloveka

100,000
10,000

1,000

100
10
|
11| I | ||

Atoms/100,000 atoms

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 All
H He Li Be B C N O F Ne Na Mg Al Si P S CI Ar K Ca other
Element and atomic number

I 2 3 4 5

Figure 1-4 Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons




Porovnani zastoupeni zakladnich biogennich prvki

v Z1Veé a nezivé hmoté

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




LATKOVE SLOZENi ORGANISMU

Latka clovék rostliny bakterie
voda al 13 70
bilkoviny 18 4 13
nukleove k. 1.5 1 7
sacharidy 0.3 16 3
lipidy 16 1 2
org. latky 1 1 2
anorg, latky 3 2 1




Anoreanicke latky

Organicke latky

- voia

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

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

- plyny - 04, N;, C0O,. NO

- vysokomolekularni - biopolymery

- bilkoviny
- nukleové kyseliny
- sacharidy

-lipdy 22
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van der Waals van der Waals

envelope radius of O
=LA O—H covalent
o bond distance
van der Waals = 0.958 A
radius of H B
=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 NH; CH,4 H>S
Molecular weight 18 17 16 34
Boiling point (°C) 100 —33 —161 —60.7
Freezing point (°C) 0 —78 —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
Ug¢astni se chemickych reakci

Udrzuje stalost vnitiniho prostiedi -1, pH, T




Anoreanicke latky

-Na, K. CI', S04, HCO:' HFDE]
Ca, Mg, Fe. Zn. Va. Cu, Mo, N1, Mn, Se - 5%
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u |
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Obecny princip vvstavby biopolvmerin :

1. Jsou tvoreny monomery

2. Monomery vvtvare)i linearni fetézce

3. Monomery jsou spojovany jedinym typem vazby

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

oligo < 10
poly =10
bilkoviny nukleove polysacharidy
kvseliny
monomery | aminokyseliny mukleotidy monosachardy
20 4 5
vazba peptidicka 3.5-diesterova elvkosidicka
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A protein

A nucleic acid * -

Amino acid residues

A

Alanine —

Tyrosine

Leucine

Serine

Proline

Nucleotides

-

A
A

L.
@tos&

Glucose




(E=H] Mncleotido Hucleatide Mucleic acid
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Sledovani rozdilu mezi biopolymery -
VyVvo] Z1vota
Fylogeneticky strom (rRNA)
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L Fungi
Bacteria Slime molds Plants
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o

Purple bacteria \
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_________________

Cyanobacteria

Flavobacteria

soucasnost

Biochemicka taxonomie Carl Woese
Srovnani molekul rRNA
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- nizkomolekulirni - produkty meziprodukty
metabolismu

- sekundarni metabolity

- regulacni latky




Prokaryontni bakterialni bunka

Ribosomes

Cell wall

Flagella
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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

Centrioles
_———Nucleus

——— Nucleolus apparatus

——Chromatin

Free
ribosomes

Vacuole
Endoplasmic
reticulum

Mitochondrion

Lysosome  Cell membrane

Rough endoplasmic
reticulum

Smooth endoplasmic reticulum




Eukaryontni rostlinna bunka

C A S
Courtesy of Hifton Mollenhauer, USDA

— Golgi apparatus

Nucleus
Nucleolus
N

Chloroplast %eﬁmﬁfﬁi%&ﬂ stter,
Erookhaven National Laboratory

Cell wall Plasma membrane

Biophoto




Table 1.2

Eukaryontni burika

Eukaryotic organelles, their constituent biomolecules, and biological 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,
nuirients, 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

Oxidative 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 bunck
Margulis — endosymbioticka teorie

mMadern cell
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Organizace biologickych struktur
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Glycoprotein

Phospholipid RNA

envelope

Capsomere
(b) Adenovirus (polyhedral)

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

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

e

Head
Capsomere

Tail filament

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

Figure 1-7¢ C ts in Biochemistry, 3
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Evoluce zivota na zemi

Chemicka evoluce — jednoduché anorganické molekuly davaji

vznik organickym polymeriim

Vznik usporadanych struktur biopolymeru - ty jsou
schopna autoreplikace- RNA

BlOlogICké evoluce — evoluce od jednobunéénych k mnohobunéénym

7zivo¢ichuim




Chemicka evoluce

Evoluce zivota na zemi




Evoluce zivota na zemi
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Evoluce zivota na zemi

Compound Yield (%)
Glycine® 2.1
Gilycolic acid 1.9
Sarcosine 0.25
Adanine” 1.7
Lactic acid 1.6
N-Methylalanine 0.07
o- A mino-mn-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-Methvlurea 0.051

“ Amino acid constituent of proteins.

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




Evoluce zivota na zemi

Sundight .

Chemicka evoluce

Vznik usporadanvych
struktur biopolymeru




Vedci spocitali, jak vznikal

Zivot na Zemi ?

31. ledna 2015 redakce

+ LASER — base RNA




Evoluce zivota na zemi

Sundight .

Chemicka evoluce

Vznik usporadanvych
struktur biopolymeru

Biologicka evoluce




BILKOVINY - PROTEINY

Protein - MULDER. BERZELIUS (1838)

TPOTEUM - Zawimajici prvni misto™




Bilkoviny

Jsou to biomakromolekuly s nejlepe poznanymi
a definovanymi vlastnostmi :

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

* Biologickymi - funkce




Bilkoviny

Proc:
» Zietelna biologicka funkce

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




BILKOVINY - PROTEINY

Protein - MULDER. BERZELIUS (1838)

TPOTEUM - Zawimajici prvni misto™

Funkce -  katalyza
transport
pohvb
podpora = Vykonna moc
HIunIta

regulace

vznik a prenos nervového vzuchu |

Pfenosgenetické-informace NK } 7 2konna moc




AMINOKYSELINY ( 20 AME)

|

2az 50 AMK  PEPTIDY— POLYPEPTIDY

> 30 AMK

|

BILKOVINY - PROTEINY

MW 50-200

MW < 10 000

MW > 10 000




Aminokyseliny :

chemicky - substitucni derrvaty karboxylovyeh kyseln
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I. Kodované aminokvselinv

Rozdéleni :

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

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

indolovou skupinu - Trv

CONH- skupinu - AspINH:. GlulNH-

C. Nabaté - kvselé COOH skupinu - Asp. Glu
- basické  NH,skupinu - Lys
gnamdinovou skupinu - Arg

imidazolovou skupinu - His




MName, Residue Average

Three-letter Symbol, Structural Mass Orccurrence Pk, PR PR
and One-letter Symbaol Formula® ()" in Proteins {26 )° - COOHY c-INH L9 Side Chain”
Aminoe acids with nonpolar side cliains
Glveine COO— 570 a8 2.35 QT8
Gly |
ey H—C—H
L& |

NH
Allanine CO0O T1.1 T.6 2.35 Q.87
Ala "
i~ H (|3 CH=x

NH4
WValine (FOO—(_;[;,% 99,1 6.6 2.29 9. 74
Wad H—C—CH
e l CH

N R
Leucine COO— CH 113.2 o.5 2.33 9. 74
Leu i
L H—(IB—CHz—CH
Isoleucine (lzoo— (]?H;ﬁ 113.2 5.8 2.32 9.76
Il £
i H—(lj- Cl‘ -CH,—CHg

NHz H
Methionine COO— 131.2 2.4 213 9.28
e H—C— CHy | CH, —S—CHy

MNHy
Proline Hs g7.1 3.0 1.95 10, 64
Pro ele]e) —/(5‘:(‘.1 1o
P -~z

HI \i..‘f,,:{*.]-l2
Hs
Phenvlalanine CllOCI' _ 147.2 4.1 2.20 9.31
P

e H—C—CHa— ( )
F [ > e o
Tryvptophan COO 186.2 1.2 246 .41
T.
Vo:"p H—(|3 -CHg |3—/|/ff‘::\xjg

NHZ ]\zﬁ/&:/‘s

H (continmed)

“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 [, 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://www.expasy.ch/sprot). Release 40.7.

“From Dawson, R.M.C.. Elliott. D.C., EHliott, 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 pRy is close to 7.0, The imidazole ring of histidine is numbered

here according to the biochemistry convention. In the IUPAC convention., N3 of the biochemistry convention is designated N1 and the numbering in-

creases clockwise around the ring.

The three- and one-letter symbols for asparagine or aspartic acid are Asx and B, whereas for glutamine or glutamic acid they are Gilx and Z. The
ine o1 “nonstandard™ amin -icd is




Name Residue Average
Three-letter Symbol, Structural Mass Occurrence pPK, pPK- PR
and One-letter Symbol Formula® (D))" in Proteins (26 ) -COOHY -NH LY Side Chain“
Amino acids with uncharged polar side chains
Serine CcCOO~ 87.1 7.1 2.19 921
;‘” H—C—CH,—OH
NHg4
Threonine (FOO" l]‘l 101.1 5.6 2.09 9.10
Thr 4
H—C- -C—CHg
T | I
NHE OH
Asparagine’ COO— O 114.1 4.3 2.14 8.72
Asn I - 7
H—C—CH,—C
N | “\
INHF NHa
Glutamine’ COO~ 128.1 3.9 2.17 9.13
Gin | 4
H—C—CH:;—CHs;—C
Q I
INHZ NH-
Tyrosine (?OO_ 163.2 3.2 2.20 9.21 10.46 (phenol)
- N
:tfr H—C—CH>—<(_ )>—OH
| N
NH3
Cysteine ?00" 103.1 1.6 1.92 10.70 8.37 (sulfhydryl)
:,}""’ H—cl;—(;uz—su
NHE
Amine acids with charged polar side chains
Lysine (iJOO_ 128.2 6.0 2.16 9.06 10.54 ( -NH3)
:f""’ H—(iﬁ—CI-I._,_.—(JI‘I-_E—CI--IE—CI-I-Z—N]-IQ
Arginine (|300+ NH.156.2 5.2 1.82 85.99 1248 (guanidino)
7 2
Arg H—C— CHs—CHys— CHs—NH—C
” | A
NH3 INH3
Histidine® COO 137.1 2.2 1.80 9.33 6.04 (imidazole)
His ' S NHT
H—C—CHs» = [l
H [ = v 2l
INHE H
Aspartic aciddd COO~ O 115.1 5.2 1.99 9.90 3.90 ( -COOH)
Asp | 4
H—C—CH;—C
D - N\
NHY _S
Glutamic acid” ?00_ 4 129.1 6.5 2.10 Q.47 4.07 ( -COOH)
5 4
Gilu H—C—CHy—CHg—C
E %

I
NH O




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

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




— Q0 NH
H—C— CH,— SH + HS—CH,—C—H
NH C—0
(O]
Cysteine ﬁ\ ~ H,O Cysteine
residue residue
Y
C=—=0 NH

H—C—CH;— S S— CH;,—C—H

NH C—




Selenocystein (UGA) skcis 60 Nukl)

C00"
Ihﬁ—?—H

e Prokaryota —za UGA CH2

* Eukaryota — netranslacni oblast mRNA ‘

Se

|
H

Selenocysteine

© 2006 John Wiley & Sons




Pyrrolysin (UAG) pyLis

Desulfitobacterium hafniense




Nazvoslovi

e Trivialni

— Glycin
— Tyrosin

— Asparagova kyselina

* Systématicke

— 2-aminoethanova kyselina




Pouzivané zkratloy

P
\

tripismenkové

jednopismenkoveé

AME Symboly AME Svmbaoly
zlycin Gly G | |methionin Met % |
alanin Ala A clutamova k. Glu E
valin Val Vv asparagin Asn N
leucin Leu L glutamun Gln Q
1izoleucin Ile 1 Ivsin Lys K
SEritl Ser S Arginin

threomn Thr T tyvrosin

cystein Cys C fenvlalanin Phe F
histidin His H trvptofan |
prolin Pro P asparagova k. Asp D




Esencialni AMK

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

Semiesencialni - mlad’ata




[1. Nekodovane aminokyseliny

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

fosfo-Ser




N(CHy),

E(T‘II.J
CH,
H OH %l =
: ?(|,Hz
5 3
CH,
N—CH J E
/2N
, COO™ —NH— CH—CO—
4-Hydroxyproline e-N,N,N-Trimethyllysine
| U(}L‘\ /,CD()
O0—POf LCH
5
CH,

—NH—CH—CO—

O-Phosphoserine

H{i:n3
—NH—CH—CO—

v-Carboxyglutamate

0
|

CHy—C—NH—CH—CO—

N-Acetvlserine

CH,—OH

(CH,),N—CH—CO —

N.N.N-Trimethvlalanine

ﬁjllz
—NH—CH—CO—
3-Methylhistidine

9)
]

ETTII—C

.CH,

U I[:i

CH,

&

,CH,

u(':ng

—NH—CH—CO—

IT“:’#

CH,

] I

CH—OH

CH,

q | *a

s
—NH—;CH—CO—

5-Hydroxylysine

CH,

CH,

CH,

—NH—CH—CO—

e-N-Acetyllysine w-N-Methylarginine
S—CHjg
CH,
CH,

CH ﬁ

HC—NH—CH—CO—

N-Formvlimethionine




B. volné s biologickou funkei

b alanin

ornitin a citrulin

¥ aminomaselna
anttbiotika - azaserin, cvklosenn, chloramfenikol
nervové mediatory - DOPA, dopamin, adrenalin

hormony - thyroxin, trijodthyronin




HO I
3——\
00 —CH,—(CH, < )—CH2 H @ -(‘:H2 HO O «O—CH,
- -
HN —YCH2 f HaN'_CHQ H;N —CH, I ;  HN—CH—C00
J-Aminobutyric acid (GABP1]I Histamine Dopamine Thyroxine
0 NH,
CH,—C=N CH,—CH,—SH )\/
C—NH,  NHj y | ;| N7 N\
HN—CH—C00" | HN—CH—C00" k \L )
B-Cyanoalanine Homocysteine | N
CH, CH, "S—CH,
0 N S ST | rm— H Yt H
HN—CH—C00" HN—CH—C00 liJﬂz O e CH, OH OH
+
HyN —CH—C00" HN—CH—C00°
Citrulline Ornithine Azaserine S-Adenosylmethionine







Flastnosti aminokyselin

ACIDOBAZICKE VLASTNOSTI

Amfoterni charakter - zwitterionty

R

+ -
HJ};_ C—CO0
+ -
HE!-D/ H \]H
R R

+ - ’ " 4 -
Hjh—[.—EDDH I—I:I'-,'—{j— COO0

H H




H

+
H3N—(|3—COOH
pKz =0.7 CH3 pKl =23

*

0.0 2.3 6.0 9.9 14
(pH))
H H H
5 + B | _
H3N—(|3 —COOH H3N—(|3—COO HZN—(’:—COO
CH; CH; CH;

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




[zoelektricky bod

_ pKcoor + pKym

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

Titracni kiivky




(00

HC:C‘—CHQ—C—H
.|.

HN\C NE g
H

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

00"
—— H(=(—CH,—C—H + H’
phe=060 | |
N\\\C /NH NH;’
H
Histidine (His)




12

TitraCni ki1vka glycinu

0.5 1.0 1.5
H™ ions dissociated/molecule

2.0




Henderson-Hasselbachova rovnice

HA —— H™+ A-

[H'][AT]
[HA]

K, =




Opticke vlastnosti

—
=
]
=)
=)

b
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OPTICKA AKTIVITA

C]E[3 {.’Hj
o o
Hih_{‘:_ H H —C—NH;3
C00 &"3’
L -alanm D-alanin
L R

enantiomery




L Analyzer + B

| (can be rotated) m ¢ o

+90°
Degree scale

(fixed)
Polarlmeter/\
(S

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

source MRS that of the entering

um | Optically active polarized light

Fixed
poiarizer

“““““ N g
% T A J substance in soiution
: ""um 1y in the tube causes
. :
¥ g Y the plane of the polarized

light to rotate




Thalidomid




Thalidomi







Thalidomid

w@- e

%e

Thymin




OPTICKA AKTIVITA

C]E[3 {.’Hj
o o
Hih_{‘:_ H H —C—NH;3
C00 &"3’
L -alanm D-alanin
L R

enantiomery




L AMK - CO-R-N

O )
4
HyN=—C —H

_IJRM
R L-isomer; D-isamer:




Diastomery threoninu (Ile)

COO~
+
H.N—C—H
H—C—OH
CH,

L-Threonine

Mirror

plane
COO
+
H.N—C—H
HO—C—H
CH,

COO™

H—C— NH,

HO C H
CH,

p-Threonine

CO0~
HC NH,
H—C—OH

CH,

L-allo-Threonine @ p-allo-Threonine




CHEMICKE VLASTNOSTI

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

B reakee vedlejsich skupm

reakee Sakaguchtho - guanidinova skupina
xanfoproteinova reakee - aromaticke ammokyseliny
Paulyho reakce - tyrosin

Adamktewiczova reakee - mndol




Ninhydrinova reakce

urple pigment

Figure 3-9a Concepts in Biochemistry, 3/e
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Reakce AMK s dansylchloridem

H3C CH3 H";C CH;
S N #* g " N e
H R
ol . R
+ H—N—L—C0O0 —*
. P
H n
SO,Cl O0=8=0
Dansyl chloride ]T
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 ionexova chromatografie

B reverzné fazova chromatoprafie




Papirova chromatogratic AMK

Martin Synge Nobelova cena za chemii 1952

Sobvent
Tank =

Solvent Solvent
Time Zero After Ten Minutes




Papirova chromatogratic AMK

Martin Synge Nobelova cena za chemii 1952




Kolonova chromatografie




Mikhail Semyonovich Tsvet
Chromatographia 1906

0 I Xanthophylle [3

Plant extract —=n /
wwms <— Chlorophylle [3
Glazz tube Dive &
- D;E ; “ ¥~ Chlorophylle o
ium carbonate

bye O = \ Xanthophylle o

Xanthophylle «




RP HPLC AMK

HPLLE Column
R Chromatagram
i ] B Pinals = VaBorw. v, B
- -~ "
==
Injector ; c
AutoSampler a O 5 & 2
Sample Manager 3 $ = < _Ew
] F k — =
— ) : a ! =
: i F L jus)
E i Computer Data Station ﬁ
Sobvent . :l )_‘— . zé
{Mobile Phase) Sample e
Aeseroir
Pump 5 - =
Saolvent Manager ” ) © g 02
Folvent Delivery System Q I 90 <f o =
= <C —
O
o
Waste § g
(= o
©
=
&
)
o

Lys
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1 L 1 |
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PEPTIDY

(EFISHER 1902)
R
~ ]I{1 x,?ﬂ + |: d?ﬂ
HN—C—C _ + EN—C—C =
] No | 0
H H
Ro R 4
+ |l | 7
HN—C—C—N—C—C_ _+ HO0
| | Mo '
H H H

Peptidicka vazba - amidova vazba




di, trn, tetra ... oligopeptidy..................polypeptidy

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

Biosyntéza peptidu - meziprodukty odbourdvani bilkovin

- jednoducha biosyntéza bez proteosyntézy




Piirodni peptidy:

Di - kamosin

Ve svalech
ANSET11

T - gluwathion GSH Ve vsech buiikach




(v Glu Cys Gly

——
e i i
~00C—CH—CH,—CH,—C—N—CH—C—N—CH,—COO0~

| |
H CH, H

|
SH

Glutathione (GSH)
(reduced)

v-Glu—Cys—Gly
S
S

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

Figure 3-11a Concepts in Biochemistry, 3/e
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Piirodni peptidy:

Di - kamosin

ANSETII

T - glutathion GSH

Peptidové hormony - oxytosin

VasOpIEslin

Zadni lalok hypotyzy




+
H;N —(|3ys—Tyr

? Gln

S
\Cys Asn

bo—{ag)-

Vasopressin

Figure 3-11c Concepts in Biochemistry, 3/e

I
+
H3N~—C|Jys—Tyr
? Gln
S\
Cys Asn

b (o)

Oxytocin

I
Gly—C—NH,




Piirodni peptidy:

Di - kamosin

ANSETII

T - glutathion GSH

Peptidové hormony - oxytosin

VasOpIEslin

inzulin
pankreas

elukagon




L 1.-.

Proinzulin 84 AMK

|




Inzulin — 51 AMK

_l_
4, C-Peptide




Geneticke mnzenyrstvi

Transfer of the Insulin gene Recombinant
plasmad
Restriction
STLEYTI l}e hm'nan -:DHPL ].1111{&1'
AT
"“"“do U @
Cloning the Insulin Gene Transfection

bacteria chromeosome




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, (H)

| |
H;N—CH—C—N—CH—C—OCH;

H

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




Peptidové neuromodulatory - enkefaliny

endorfiny

Peptidova antibiotika - penicilin
eramicicin
valinomicin

aktinomycin

Peptidoveé fvto a zootoxiny - neurotoxiny hadu &tim a véel

mikrocystiny
fallowdin
amanitin

Polvpetidy - protaminy




Amanitin

Falotoxiny

Faloidin

HO™




Amanita phalloides
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Microcystiny

8




Microcystiny

fa) 5

MIC-LE Lew ATE
MCO-RR Arg Arg | D-B-Me-Asp
3

MCOC-YR  Tyr Are

(b)

AR A

MMdhb

E EJ-I._'-.l y H

ATE B-Me-Asp

e
MM S,

Fig. 1. Zeneral chenvical somucre of (8} mucrocystins and (b)) nodilarins.




BILKOVINY :

Funkce




f—_-----------------N

,/

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

e T T T e _
7 S

’ \\
\

\

1

\

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
Tertiary structure: Quaternary structure: :
one complete protein chain the four separate chains :
(B chain of hemoglobin) of hemoglobin assembled 1
Secondary into an oligomeric protein :
structure I
. 1
(helix) /

IHlustration, Irving Geis/Geis Archives Trust. Copyright Howard Hughes Medical Institute . Reproduced with permission. ,l
\\\ ’/
-




Aminokyselinova analyza

1. Tzolace homogenni bilkoviny

). Uplna hydrolyza - kysela - 6 MECL, 100-120°C, 10- 100 hod
~bazcka-2 -4 M NaOH, 100°C.4- 8 hod
- B11Zymova - Pronasa

3. Ammnokyselinovd analyza -RP, [EX




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

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




AMK analyzator

ML (U danred &,
SMAL (sl B
] — B e




AMK analyzator




(@) —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)

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




Primarni struktura
Sekvence AMK
1953 - Sanger - mzulin (51 AMK), 100 g matenialu, 10 let
= aminokyselinovy sekvendtor

1978 - p- galaktosidasa (1028 AMK), jig materialu, dny

Stanoveni sekvence - Edmanove odbouravani

na zakladé sekvence nukleovych kvselin

MS — hmotnostni spektrometrie




Proc je nutné znat primarni
strukturu

* Pro objasnéni vySSich struktur
* Pro porozumeéni jejich funkce

e Taxonomické evolucCni studie




Taxonomicke evoluéni studie

Cytochrom C
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= e o =

=
Ed

<
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Hydrophilic, acidic: [B] Asp [IE] Glu

. Arg . TrimethylLys

.H.is .Lys

Hydrophilic, basic:

Polar, uncharged:

[Elcy [M]asn [@cin

. Asnoor Asp

[Blser [E]Thr [W]Tre [¥]Tyr [Z]GInorGlu
[A]ala [c]eys [F]Phe [1]me [L]Leu

Hydrophobic:

[M|Met [P|Pro [V]Val




o. Hemaoglobin family

Rhesus

Human  monkey

Cow

Primates

Platypus

Chicken

Carp

Shark

Hemoglobin a myoglobin

p Hemoglobin family

SUS Rhesus
Human onkey Human monkey
Human Human Y/
\/ Primates
Myoglobins
Platypus Human Cow
Mammais Whes
ale
Chicken Primat
Human
Land Platypus
vertebrates  Carp
¢ Mammals
Land

Chicken

Lamprey

~ Shark

Lamprey

Primordial
globin

2
1
|
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Proc je nutné znat primarni
strukturu

Pro objasnéni vySsich struktur
Pro porozumeni jejich funkce
Taxonomické evoluCni studie

Klinicky vyznam




Srpkovita anémie

HbA HbS

ppey
e

gt
i i il




Srpkovita anémie
Krvinky sprkovite, Spatn€ prochazeji kapilarami
Kiehci — snizené zivotnost z 7 na 3 mésice

Homozygot 100 % srpkovitost
Heterozygot 40% srpkovitost

Jedinci se nedozivaji dospélosti




Srpkovita anémie versus malarie

D Malaria
[ ] sicklecell gene

- Overlap area




Srpkovita anémie versus malarie

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

Plasmodium snizuje pH v erytrocytu o 0.4 — zvySeni prilnavosti ke
sténam cév — 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 AMK), 100 g matenialu, 10 let
= aminokyselinovy sekvendtor

1978 - p- galaktosidasa (1028 AMK), jig materialu, dny

Stanoveni sekvence - Edmanove odbouravani

na zakladé sekvence nukleovych kvselin

MS — hmotnostni spektrometrie




UrCovani primarni struktury

AMK sekvenatorem

A. Purifikace bilkoviny — ziskani homogenni bilkoviny

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

C. Poradi aminokyselin:

1.

W N

NOo oA

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 Stépy (peptidy)
Opakovat bod 3.

Sestavit primarni strukturu retézce

Urcit zpusob propojeni puvodnich fetézcu




Zjstovani N-koncovych AMK

e BDE




Zjstovani N-koncovych AMK
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Zjstovani N-koncovych AMK

NI (-J_I.:j]:?' Rl |(|) 1{2 (|-|) .R's
| | !

+ H,N—CH—C—NH—CH—C—NH—CH—

0=S8=0
|
Cl
1-Dimethylaminonaphthalene-
5-sulfonyl chloride (dansyl chloride)

Polypeptide

HCl

N(CHy),

I i oy
NH—CH—C—NH—CH—C—NH—CH—C— ++»

Dansyl polypeptide

Hzoﬂv s

0
l

N(CH3),
ST
@ @)

SO, R, O R, Ry

+ | +
H;N—CH—COOH + H3N—CH—COOH

Free amino acids

NH—CH—C—OH +

Dansylamino acid
(fluorescent)

(0]
Il
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Znstovani C-koncovych AMK

karboxypeptidaza
A-B-C —
+ X




Edmanovo sekvenovani




Edmanovo sekvenovani
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Moznosti Stépeni

Trypsin
cleavage

site
+

|

N_
Lol RO
C—C—

. +
TrypSIH H3;N — Start of polypeptide ]\|I | N—C—C— End of polypeptide — COO™
H H H
Arglnme (Arg) or lysine (Lys)
Figure 3-17a Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons
Chymotrypsin
cleavage
site
2l B
1 +
ChymOtryp S1n H3N— Start of polypeptide —1\|I—(|:—C—N—C—C— End of polypeptide — COO
H H H H

| Phenylalanine (Phe), tyrosine (Tyr), or tryptophan (Trp)
Figure 3-17b Conceptsin I{i i

© 2006 John Wiley & Sons

G

|
S

| CNBr
CHZ cleavage
| site

’0 R O
CNBr . RIS | )
_Co0

H3N — Start of polypeptide — N —C—C—N-—C—C—{ End of polypeptide

Methionine (Met)

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




Metoda prekryvajicich se Stépu

Ongral Pokppeplds
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Primarni struktura

Stanoveni na zakladé sekvenace NK

Neni snadn¢ 1dentifikovat gen kodujici dany protein (introny a
exony)

Nelze takto zjistit posttranslacni modifikace
V genetické, kodu mohou byt chyby

Geneticky kod neni universalni




Primarni struktura

Pomoci hmotnostni spektrometrie - MS

Hmotnostni spektrometr

Hmotnostni spektrometr je 1ontové-opticke
zafizeni, které separuje i1onty podle pomeéru
jejich m/z.




Blokové schéma MS

GC, SFC, LC, CE |«

|| | |

lontovy zdroj I:?;?;;;T —  Detektor

Prostor vysokého vakua

Cerpaci _
systém




MS — NC 2002 (Tanaka, Fen)

(a) Electrospray ionization (ESI)

5+
N2 6+
4+
l 3 Mass analyzer l |
Capillary : —* ok —a: .
Sample___ : : /..t Y+ g . o m/z
solution - o + G : Detector ESI mass spectrum
g | — | 7
4000V L
Atmospheric Low High vacuum

pressure vacuum




Electrospray (ESI) Tanaka

oxidace
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Zdroj vysokeho napeti

[M+H]"
[M+NH,]*
[M-H]
[M £ zH] 4

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

Ionizace za
atmosférickeho tlaku
Tékaveé prisady: octan amonny,
mravenci k.
Neteékaveé prisady: fosfatoveé
pufry




Ionizace
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Matrix Assisted Laser Desorption
Ionisation (MALDI) Fen

Laser

.
Analyte/Matrix

@ Mixture




Analyzator doby letu (TOF)

pulzni .

jontovy 0 detektor
2droj | @




Analyzator doby letu (TOF)




Kvadrupol

Hexapole, 9.5 mni ' Quadrupoles and 19 mm Quadrupoles




Relative abundance
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Matrix Assisted Laser Desorption
Ionisation (MALDI)




Analyzator doby letu (TOF)




Tandemova MS-MS

(a) Electrospray ionization tandem mass spectrometer

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




NH,—(

Tandemova MS-MS

? ' ¥

HR (— CO— NH+ CHR,— CO - NH == CHR; == CO~ NH = CHR,

CCMOH




Tandemova MS-MS
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Symtesa pepridi

1953 - axytostn (9 AMK) DE VIGNEAND




ProC synteéza peptidu

* Proteinove inzenyrstvi
» Pfiprava modifikovanych peptidi

» Priprava peptidovych leCiv 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 + xA-y + B-X
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NH—C— (‘)—{".Hﬁ@
| o

ﬁ) [C|3112}4
(CH4)3C —O0—C—NH—CH—COOH

Boe, N t-benzyloxycarbonyl-Lys

| ~—
0 CH,
Il |
(CHg);C— O0—C—NH— CH— COOH

Boe, S-benzyl-Cys
(‘|} .
c—o—cH, < )
0 (CHy),

I
(CH3)3C —0— C—NH— CH—COOH

Boc-Glu, 7-Benzyl ester

: , il

O— CH, {>

— <
o} CH,
Il

|
(CH3)3C—O—C—NH—CH—COOH

Boc, O-benzyl-Ser




Bruce Merrifield
1962

Imobilizovana AMK
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Syntetizator peptidu




Symtesa pepridi

1953 - axytosin (9 AMK) DE VIGNEAND
1961 - syntéza na pevaé fizi - MERRIFIELD

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




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

i

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)

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




peptidicka vazha - PAULING a COREY

Sekundarni struktura

Polypeptidovy skelet

30 3z 40 léta

L.P. NC chemie 1954
NC mir 1962




peptidicka vazha - PAULING a COREY

Sekundarni struktura

5

30 3z 40 léta

L.P. NC chemie 1954
NC mir 1962




Sekundarni struktura

peptidicka vazba - PAULING a COREY 30az 40 1éta

A Peptidickd vazba lezi v roving

0 & 0
|| |, |
A H;’ — /S, = /Ny

L




B. Peptidické vazby jsou v trans konfiguract

1.24

123.5°
‘\y Peptide bond .

‘/::23"\ 12‘1"\’

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
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D. Retézec musi umoziovat maximalni poéet vedikovvch vazeb mez

peptidickynu vazbami




Typy sekumdarnich struktur

A, Pravidelné - helikalni strukfory - 0 helx (-36, -47)

- struktury - skladany list - paralelni (-139, <135) 2

antiparalelni (-119, =113)
B. Oliybove - olyb

C. Nepravidelne




* Torzni uhly
e PocCet AMK na zavit

. , . 3,6 AMK na zavit
* Vyska zavitu

H mustek mezi C=0 n-té peptidicke
vazby a N-H n+4 peptidicke vazby

]
(o——

s 2

Optimalni vzdalenost 0,28 nm

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







(a) Antiparallel

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

(b) Parallel

S I

e U o ¢ @ ©

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




B - sheet




B - turn

(a) Typel 3 bend (b) Type ll 3 bend

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




School of Medicine




(@) —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)

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




Tercialni struktura

Polypeptidovy skelet + vedlejsi retézce AMK

1. Tontové mterakee

2. Dipolové nterakee
3. Vodikové mustky

4. Hydrofobni interakee

5, Bisulfidicke mustky




Hydrogen

sk Hydrophobic
peptide interactions

BRIONE AONpOTL Ionic linkages
el side chains

Metal ion
coordination

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

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




Strukturni motlvv

(1) (4) N C

0]l mn|

(d) N C Greek key




Strukturni motivy




Strukturni domény — NAD™







Strukturni domeény IgG




(@) —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)

INlustration, 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
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Myoglobin




Mb + 0, == MbO,

Hb versus Mb

Hb + 0: == HNO-)
HB(Oy) + O: == ENO:h
Hb(O,); + 02 == H0.%

Hb(0,); + 0 == HMO-k




Laktatdehydrogenaza

”ﬂEH NAD*
COO COO
CH- LOH CH-

$ N N MEHE
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Liver

Corriho cyklus

H LDH

e Wuscle
 Glucose }—— -
— - ", ~
P —— Ty
" ".. .-'- L
I, f, Glucose ) \
|
1 |
M LDH
— 2 Lactato
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Pyruvatdehydrogenaza

Pyruvate

Cco, )

Pyruvate
Dehydrogenase

Acyl-lipoate

Dihydrolipoyl
Transacetylase

Dihydrolipoyl
Dehydrogenass,

Acetyl-CoA

* 3 enzymy
* 5 kofaktora

copyright 1398 MW King




Svnthasa mastnvch kvselin




Svnthasa mastnvch kvselin
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Kvarterni struktura

Podjednotkové slozeni - nekovalentni spojeni - vodikové mustky

- kovalentni spojeni - bisulfidické mustky

Stanoveni podjednotkového slozeni - SDS PAGE




Studinm konformace bilkovin

RIG difrakce - studium krystali - BRAGG 1913

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




Rtg difrakce

Single protein

crystal

X-ray source ﬁ Detector

Beam of \ —

X rays

Diffracted
X rays

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




Rtg difrakce

a b _ c
¢ ( J &
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d1 d2
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- J
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Sitting drop after plate filling

Hanging drop after inversion




NMR podstata — 'H,3C,!”F,>’Na 3P
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Blokové schéma
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NMR spektrum

Fo zpracovani Founerovou transformaci dostaneme:

| - 1!'1. ]

.'L_r_' 4

| T




o

NMR spektrum

oo AL

C

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




Courtesy Stuart Schreiber, Harvard University

NMR




Stabilita konformace

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

detergenty, tézké kovv, mocovina,

reverzibalni - renaturace
Denaturace

ireverzibilni




Denaturace - renaturace

"\

_ Heat

Native protein
(active)

Denaturation Partially denatured
(may retain some activity)

>
CoS

Denatured

(inactive) Cooling under precisely

controlled conditions
Uncontrolled +

cooling 4 4’%9 chaperones
I(Q_a’j
0

Native protein

Kinetically trapped (active)

(inactive)

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




Vinik prostorove struktury - skladani, svinuti - . FOLDING®

primarni struktura

|

sekundarni struktura

|

supersekundarni struktury

|

strukturni domény

|

bilkovina




Skladani — folding bilkovin

» Bilkoviny se za fyziologickych podminek
skladaji do svych nativnich konformaci
spontann¢ — informace musi byt v primarni
struktute




[ evinthal Paradox
(Cyrus Levinthal)

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 [I00 amino|acid
residues, a total number of conformations is :

3100=515377520732011331036461129765621272702107522001
= 5x10%.

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

5x104x 1019 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.




Skladani — folding bilkovin

» Bilkoviny se za fyziologickych podminek
skladaji do svych nativnich konformaci
spontann¢ — informace musi byt v primarni
struktute

» Nativni konformace odpovida minimu
Gibsovy energie




Idealni L andscape the OI'y Hledani

Peter Wolynes

Pres intermediaty oo N




Enprgy gop

Transition
rEGIoN

Discrete folding
intermediates
Mative struciure




Energy

Entropy Unfolded

N
AN

Molten globule

o _‘

Native state

Representative starting structures

Transition state

Frao ancrdgy

Mumber of native
interactions

Mative structure
Mumbet of rosiduc comtacts




Skladani — folding bilkovin

* Neprobiha nahodnym zpusobem

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

— d. zavéreCn¢ upravy za ucasti enzymu




POSTUP SKLADANI BILKOVIN

prim@rni  strukhem —F— —id E—
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¥
/" Unfolded

(inactive) /
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Inactive

Inactive
L&

Biologically active
(native)

Increase in energy (joules) — 5

Folding pathway

Figure 4-13 Concepts in Biochemistry, 3/e
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Skladani — folding bilkovin

* Neprobiha nahodnym zpusobem

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

— d. zavéreCn¢ 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 ¢asti peptidoveho retézce

Vaze se na tyto ¢asti a ochranuje je dokud nedojde ke
spravnemu slozeni

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

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




Chaperony

Dresociation of
. GreES and ADP

Folding cycle
repaated until folding
Is complated

ATE hydrolysis
4

Properiy folded protain
is released into the cytosol.

ATPasa




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

Spontaneoss and PrEs: -
generation of Pris: F’f :
Conversion of
mutant PrP- to Prfss  —pp *
noculation of Pre=-

: CHTWET

Stanley B. Prusiner
PT 1982 NC 1997

C sron of Pri- to PrP=
 J
* * * accurmulation of Pris
*




CJD

Brain shrinkage and
deterioration occurs rapidly

Brain section showing

- spongiform pathology
, characteristic of

Creutzfeldt-Jakob




a-helix

normal prion

PrPC - Prp>c

conversion

abnormal prion

Odolny proteolyze

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

B-sheet




Alzheimer

tvorba [3-amyloidu, formace plaku




Alzheimer

tvorba 3-amyloidu, formace plaku




Alzheimer

tvorba 3-amyloidu, formace plaku

Normalni Patologicky

AR
&




Alzheimer

zanik acetylcholinergnich neuront, Tau proteiny

‘Stabilizujici
Tau molekuly

Rozpad podjednotek
mikrotubulu

Rozpadaijici se
mikrotubulus
Zasmodrchané shluky
Tau proteini

Rozpadajici se
mikrotubuly




Izolace bilkovin

vzkum - studium struktury, studium biologicke aktvity

1. Utel

/
\

prumyslové pouiti - farmakologte, ¢istici prostiedky,

2. Volba vstupniho materialu

3. Extrakce




4. Purifikace

Srazeci metody - srazeni neutralnimi solemt (NH,),50,

- sraZeni orgamckymi rozpoustédly
- pH srazen
Chromatografie - 10nexova

- hydrofobni

- gelova permeacni
- afimtni

Elektromigraéni metody - elektroforéza nattvni nebo SDS

- 1zoelektricka fokusace







[iteratura

Scopes : Protein Purification

Harris : Protein Purification Methods —
Practical Approach

Deutcher : Guide to Protein Purification
Janson : Protein Purification
Kastner : Protein Liqgiud Chromatography
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Metody separace proteinu

* Vychazi z klasickych metod chemicke
analyzy

» Uplatiuji se zde 1 specialni metody




Problémy se vzorkem

« Komplexnost

e Mala mnozstvi

o Labilita




Planovani separace bilkovin




Cil 1zolace

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

Zaver : ziskat vzorek o patrficné

Cistoté s vynalozenim

patificneho usili




Volba vstupniho materialu

* Preparat z dan¢ho organismu

* Preparat s nejvetSim obsahem dane
bilkoviny

* Preparat s neymensim 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

Metoda zalozena

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




Kjeldahlova metoda — stanoveni N,

* Mineralizace vzorku — prevedeni organického N na
NH,"

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




Kjeldahlova metoda — stanoveni N,

Kjeldahl's trap

Organic com prfun

+Conc. HZSC:I

4+ CusS

\: \elﬂah 5
~ fask




UV spektrofotometrie

¢ 280 nm — aromatické AMK

interference nukleotidu
* 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 mozn¢ spocist extinkCni
koeficient proteinu e,q,. Podminkou je pfitomnost tryptofanu nebo
tyrosinu v molekule.

€,g0 = NTrp.5500 + nTyr.1490 + nCys.125 (Ml.cm™)




VIS spektrofotometrie

» Pfidavek Cinidla — barevny derivat
* Destruktivni metoda

e Nutna kalibraéni zavislost

0.5

0,45 - y = 0,0054x + 0,0248

A 04 -
0.35 -

0,3 -

0.25 -

0.2 -

0,15 -

0,1

0 10 20 30 40 50 80 70 80 20

konc. proteinu [ug/ml]




Biuretova metoda

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

peptidicke vazby
\\Cu2+ ? 0
/ R‘a 1’,9” /
NH  /
Mé&feni : 540 — 560 nm i "'“tfuit‘
: ‘HN
310 nm b H&R %R




Folinova metoda

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

Meérent : 725 nm ‘13
OH

NH
HO 2

tyry Tyrosin




Lowryho metoda

Princip : kombinace Folinovy a Biuretove
metody

Meéreni : 600 nm




E
NH
NH
) HN
0 :

Lowryho metoda

R gurple or mauve:
biuret A\ posttive

fegative:
no change from blue

R Lowry¢

HO 2

tyr v Tyrosin




Metoda dle Bradfordove

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

Mereni : 595 nm

OCH5CHa S04




Metoda dle Bradfordove

CHy HyC

@ + OO0
Basic and Aromatic Na0,$§
Side Chains
- Coomassie G-250
0C,Hg

465 nm
«<
Protein-Dye Complex

Amax = 595 nm




BCA metoda

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

COOH COOH

OIS
|/\
N N

M¢éreni : 562 nm




BCA metoda

STEP 1.
Protein + Cu2+ - OH"_ cyt+

STEP 2.

Cu'+2BCA—~




Fluorescence

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

Meérenti : exc.340 nm

em.440 nm

- zhaSeni fluorescence pridavkem

bilkoviny




Polarografie

Princip : Brdi¢kova reakce — SH skupiny bilkoviny

vstupuji v pritomnosti Co*" kata
reakce na Hg elektrodé — proud

yticke

\




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
Bradfordove 0.01 - 0.05 sorpce barviva




Stanoveni biologicke aktivity

Enzymaticke,imuno]

ogicke, toxicke,

hormonalni rece;

btorove atdf.




Vlastni separace




Obecné schéma

Ziskani vstupniho materialu

|

Rozruseni bunék

|

Separace




Vstupni material




Mikroorganismy

Bakterie, kvasinky, plisné, fasy

Vvyhody - 1ze jej snadno ziskat v dostateCn¢ mnoZstvi
- selekce mutantu o pozadovanych vlastnostech
- geneticke inzenyrstvi

- termofilni organismy




Bezobratli

Hmyz, plzi, mlz1

Nevyhody - malo se pouziva, nesnadno se

ziskava




Z1vocisne tkané
» Laboratorni zvirata — mysi1, krysy, kralici
« JateCni zvirata — organy

e Clovék — téIni tekutiny




Rostlinné tkaneée

épenét, 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¢ sklenéne¢ kulicky pridany 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

bunck




French (X) press

Mechanical Press
mea

Pressure Cells




Ultrazvuk

Princip — ultrazvuk (> 20 kHz) v roztoku

vyvolava stfizni sily — nutno chladit




Lysozym + osmoticky Sok
(mirny osmoticky Sok)

Princip — lysozym rozrusi bunécénou sténu,
nasledné je bakteridlni suspenze zredéna
destilovanou H,O — bakterie popraskaji




Dalsi

* Alumina Al,O; —roztirani v tfeci misce

* Opakovan¢ zmrazovani a rozmrazovani




Yeast Cell Wall

Kvasinky

+~ Mannoprotein

R | — p-Glucan

i

E:.I . rh Ilr }
] ".||L AL ELAT

S M 1 p-Glucan + Chitr

~— Mannoprotein

— Membrane




Kvasinky

Toluenova autolyza

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

Balotina, French press,




Z1VO

* Bez bunédne stény
e Velmi krehké
« Tkanove kultury

W ® W

cisné tkané

Anatomy of the Animal Cell

Microfil Mitochondria
crofilaments =3 —
Lysosome "\ v | ¢ (] Endoplasmic
Peroxisome . . % " ULl 1" __ Reticulum

Centrln!es Nucleus

Muclear
~ Pores

Plasima
- =Membrane

— Nucleolus

Micro — .
Tutrules' : S MNuclear
= Envelope
e

Gﬂ'ﬂi ‘('f‘:'" P
Apparatus ',,,-fﬁf}

Cilia ﬁi/‘%

" Chromatin
‘-». {h

J \
£ { } h
ﬁ’ IR exditne

Ribosomes Figure 1

Smmth
Endnrplamnlc
Reticulum




Z1vocisné tkané

S¥

* Treci miska s piskem

* Rucéni homogenizatory — Potter —Elvehjemuv [

_—




* Mixery

Z1vocisné tkané

* Osmoticka lyse - erytrocyty

Hypertonic

Isotonic Hypotonic

0D
- @ P




Rostlinné tkaneée

e Silna bunécna sténa - celulosa
» Tkanov¢ kultury kiehkeé




Rostlinné tkaneée

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¢ 1ontove si

C

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

nanol,




Srazeci metody




Srazeni

Nezaménovat 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, iontova sila, org.
rozpoustédla, org. polymery, teplota




pH

10 — Isoelectric

Titracni krivka

point ———

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

H* ions dissociated/molecule




Izoelektricka precipitace

GG

rozpustnost

oo &




Srazeni neutralnimi solemi

| vsolovani vysolovani

rozpustnost




Vsolovani




ani

4

Vsolov




Vysolovani




Vysolovani

o @




(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




Srazeci krivka




Srazeci krivka

(NH,),S0,

0 10 20 30 40 50 60 70 90 100 %

)
Koncentrace bilkoviny <— %{_ " —  Aktivita bilkoviny




Srazeni - dvojstupnove

100
30
60
X
40

20

0

[.Stupen I1.Stupen

/

— Bilkovina
Aktivita

% saturace




Srazeni - dvojstupnove

[.Stupen II.Stupen

20 ml

4,52 0 (NHy)2804 1,169 (NFig}pS04

. . - peleta obsahujic]
v -~ hesnkinas:




Pridané mnozstvi

» Tabulky

Target percentage saturation

Initial percentage saturation | 20 | 25 | 30 | 35 | 40 | 45 | 50

0 106 | 134 164 | 194 | 226 | 258 | 201 326 | 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 a1 109 | 139 169 | 200 | 233 | 286 | 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 1] 83 113 143 175 | 207 | 241 276 | 312 | 349 | 387 | 427 | 469 | 512 | bb7
25 27 56 84 115 | 146 | 179 | 211 245 | 280 | 317 | 355 | 395 | 436 | 478 | 522
30 28 56 as 117 1 148 1 181 | 214 | 249 1 285 | 323 | 362 | 402 1 445 | 488
35 28 57 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 a0 123 | 156 | 190 | 226 | 263 | 302 | 342 | 383
50 30 60 82 125 159 | 194 | 230 | 268 | 308 | 348
55 30 61 93 127 | 161 197 | 235 | 273 | 313
60 31 g2 95 129 165 | 20 239 | 279
65 63 87 132 | 168 | 205 | 244
70 32 B5 99 134 171 209
75 32 66 101 137 174
80 33 67 103 | 139
85 34 &8 105
90 34 70
95 35




* Tabulky

e Vzorce

Pridané mnozstvi

_5330(S, - S))

/1=
S T 00-0318,




Provedeni
pevny (NH,),SO,

nebo
saturovany roztok

(NH,),S0,

uprava pH
NH,OH

El. michacka




Srazeni org.rozpoustédly
misitelnymi s vodou

» Rozpousteédla rusi solvatacni obal bilkoviny




Srazeni org.rozpoustédly
misitelnymi s vodou

COHN - separace plazmatickych bilkovin
EtOH

Nutno provadét pi1 T < 0 °C, pri1 vEtsi teploté
dochazi k denaturaci

Dvojstupnove

Pridavky z tabulky nebo podle vzorce




Srazeni selektivni denaturaci

P11 této metodé€ 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 +—F7—"7F—7F——T—T——T——

teplota




Chromatograficke metody




Mikhail Semyonovich Tsvet
Chromatographia 1906

0 I Xanthophylle [3

Plant extract —=n /
wwms <— Chlorophylle [3
Glazz tube Dive &
- D;E ; “ ¥~ Chlorophylle o
ium carbonate

bye O = \ Xanthophylle o

Xanthophylle «




Podstata

,, Pri chromatografii dochazi
k neustalemu vytvareni

rovnovaznych stavu separovane latky
mezi dve fdze — stacionarni a

mobilni.




Chromatografie

vzorek




Chromatografie

1zokraticka eluce

Mobilni faze
\

gradientova eluce

<€«——— Stacionarni faze




Zarizeni pro LPC

Gradient mixer

Buffer
Column | : E

(5)

Monitor i] Fraction collector

E‘p %‘ ﬂ’mrg;"_ni'l jjir"jﬂ




Zarizeni pro LPC




Vazba

Eluce

Ionexova chromatografie

_.<—>. _|_ 62

elektrostaticka interakce

- -

> _.«ec—) 4 .




lonexy

» Katexy - - vazba kationtu
silné - sulfo(S), sulfopropyl(SP) OSO;"
slabé - karboxy(C), karboxymetyl(CM) COO-

e Anexy - + vazba anionti
siln¢ - dietylaminoetyl(DEAE)
slab¢ — trietylaminoetyl(TEAE)




Volba podminek — pH + typ 1onexu

pl bilkoviny je znam

@ Ionex KMA
-1 +1

H,0" — > OH-

CRSERY

Bilkovina




Volba podminek — pH + typ 1onexu

pl bilkoviny neni znam

* Metoda pokusu a omylu

0.15
D.15 M = ] i =
- 10 20 30 40 50 60 70 80 90 100
A

pr;:'ntein

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 +

D

- Katex Ionex
-1 +1
H3 O—l— < | | |
+ "
0

> OH-

Bilkovina




Ionexova chromatografie

0.5 _— 100% B
-
A g0 P
= activity
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Fig. 2. Chromatography of partially purified G6P-DH on a Mono Q column. Buffers: (A) 0.05 M sodium
phosphate (pH 7.4); (B) same as A but with | M sodium chloride; [low-rate, | ml/min. Lines symbol asin Fig.
I. Approximately 10 mg of protein were applied to the column.




Hydrofobni chromatografie

 Stacionarni faze — - Cq, -fenyl

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

* Eluce — snizovanim i1ontove sily

Pouziti : purifikace bilkovin




Hydrofobni chromatografie

1.0

Aozgg

0.5

Ve [ mlL]

100 %8B
ac tivity

Pkatz‘ml]

413.0

41 1.0

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 ,4); dashed lines,
gradient; (O) G6P-DH activity; (@) LDH activity. Approximately 10 mg of protein were applied to the

column.




Gelova permeacni chromatografie




Gelova permeacni chromatografie

Princip - stéricka exkluse

- omezena difuse

Poradi eluce :
MrA>MrB>MrC




Gelova permeacni chromatografie

Log(hw)
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g
§'I' < Totalni exkluse
[ |

iy | _
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E.E ' \ | 2
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_________ S
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I o 10
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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




Sephadex
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Sephadex

Fractionation Fractionation range
Gel type Dry bead size range Dextrans Swelling
Lum Globular factor mlig
protemns

Sephadex G-10 40-120 - 700 - 700 2- 3
Sephadex G-13 40 =120 - 13500 - 1500 2.5=-3.5
Sephadex G-25 Coarse 100-300 1000- 5000 100 = 5000 4- b
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-235 Superfine 10- 40 1000- 5000 100 - 5000 4- 6
Sephadex G-50 Coarse 100-300 1500- 30000 SO0 = 10 000 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 = 10 000 9-11
Sephadex G-50 Superfine 10= 40 1500-= 30000 500 = 10 000 9-11
Sephadex G-75 40-120 3000-= BOO00  1000- 350000 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 4 000-100000 1000-100000 15-20
Sephadex G-150 40-120 5000-300000 1000-150000  20-30
Sephadex G-150 Superfine 10- 40  5000-150000 1000-150000 18-22
Sephadex G-200 40-120 5000-600000 1000-200000  30-40
Sephadex G-200 Superfine 10— 40  5000-250000 1000-150000  20-25




Sepharosa

- 45°C ageing
/\_..-. —~100°C rq'g'r ~100°C
_,., -

sol state initial gel

final gel structure




Sepharosa

Gel type Approx. % Beadsize  Fractionation range Fractionation range
agarose Lm Globular proteins. Dextrans
Sepharose 6B 6 45-165 10000- 4000000 10000~ 1000 000
Sepharose 4B 4 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 1 000- 300000 ND
Superose 12 §-12 1 000- 300000 ND
Superose 6 prep grade 20-40 5 000-5000 000 ND

Superose 6 11-15 5 000-5000 000 ND




Gelova permeacni chromatografie

* NanasSeni vzorku — objem vzorku < 2%
objemu kolony

 Eluce — 1zokraticka

Pouziti : stanoveni Mr, odsolovani, purifikace




Gelova permeacni chromatografie

L]
rrl

Figure 3

Chromatography of partially purified AD on TSH 3000 SWG co-
lumn. Buffer: 0.0 M potassium phosphate (pH 6.5) with 0.15 M so-
dium chloride; flow mate 5 ml/min. The sywbhbols are as in Fig. 1.
240 activity is indicated by 8an arrow. Approximately 100 ms of pro-
tein were applisd to the column.




Gelova permeacni chromatografie

0,2
ICDH activity

Leb]
L)
=
= 0,1
o
-]
=T

o 1 . | |

O 50 100 150 200

Elution volume [mil]

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:; (———) Aasga; (—) ICDH activity. Approximately 10 mg of protein was loaded
onto the column.




Gelova permeacni chromatografie

160

150

140

130

120

110

Elution volume [ml]

100

20

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
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Afinitni interakce

Afinitni interakce
specificky

stabilni ————» komplex bilkovina - ligand

e

reverzibilni




Afinitni chromatografie
naneseni vzorku




Afinitni chromatografie
vznik 1nterakce

SPECIFICITA
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Afinitni chromatografie
vymyti balastu

STABILITA
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Afinitni chromatografie
eluce

REVERZIBILITA




Afinitni pary

[Ligand Bilkovina K, (M)
antigen polyklonalni protilatka 1= 10®
antigen monoklonalni protilatka - 10
brotin avidin T
sacharid lektin o0 - 107
hormon, toxin vazebny protein 107 = 107"
substrat enzym 107 = 107
inhibitor enzym -0




Afinitni interakce

elekirostaticke

polarni S prostorové vlastnosti

hvdrofobni usporid:ini prostiredi

van der Wsalsovy sily




Predpoklady pro vznik komplexu

» Stericke — pouziti rameénka (spacer)

'y

Hy

* Optimalni pH, 1ontova sila




Afinitni chromatografie

__ﬂnﬁﬂr
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K L 3

li an[:i T *
4 spacer matrix




Predpoklady pro vznik komplexu

e Vazebné

e Konformacni




Ligandy

Monospecifické
*vazi pouze jedinou biomakromolekulu

*nutn¢ s1 pripravovat individualné

Skupinové specifické

*vazi biomakromolekuly s podobnymi
vlastnostmi

*komercné dostupne




Imobilizace ligandu

Immobilized Affinity
Ligand Technigques

/4

N

Greg T. Hermanson

A. krishna Mallia
Paul K. Smith




Skupinove specificke ligandy

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

hormony, steroidni receptory, nukleové kyseliny
vazajici enzymy

Streptavidin Biotin a biotinylovane iatky

Oligo (dT, dA, ...) MRNA, nukleasy

Kovoveé iontvy proteinv a peptidv obsahuiici dostupnv His




Provedeni

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

sily, polarity

Pouziti : analyticke (stanoveni Ky), purifikace




Eluce

* Eluce — selektivni - volnym ligandem

nebo kompeticnim Cinidlem




Eluce

* Eluce — neselektivni - zména pH,

iontove sily,

polarity




Skupinové¢ specificke ligandy
,.dye ligand*

Cibacron™ Blue F3G-A

(Blue Sepharosa)

Procion™ Red
(Red Sepharosa)

Sepharosa

NAD"
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Dependentni dehydrogenasy




Skupinov¢ specificke ligandy
Cibacron Blue F4G-A

A = . ~
230 activity .10
<
[mikat] Nadclt
Lol 0]
2
1
l i F e L
L00 500
Vﬁ[mll
FIGURE 1
AFFimity chromatosraphs o malate dehydrogenase from
P.denitrrafFficans o Matresx Gel Blue 5 (step 23 . Ve , elution woluune ;
e absorbance at 280 nmnm {(Azso ) 3 —_—-—, enz=ymece actisityy; ——mMm—— s MN=CTL
{pH 8.0); buffer BE.

.02 mols]l sodiuwum phosphate

sradient {(buffer A,
1.8 molys)l NaCl and 5% =sthiylene

buffexr e bat »ith
O.7 ml/mizx.

the Saune as

Zlzx—ok ) ; Fflow rmrmate, aAppPIroO3<.




Elektromigraéni metody




Reiner Westermaier
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Electrophoresis
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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

Vmax (| -=

Initial Reaction Rate (V)
fan
Nt

Km substrate concentration [S]




Elektroforéza

e Volna

e /Z0Onova




Volna elektroforéza

A+B+C

Ha~ Hp “Hc

*_

P+C

A+B+C

A+B




Volna elektroforéeza
Arne Tiselus (1902 —1971)

o -

Flektronfaores 1930

i




Volna elektroforéza
Arne Tiselius
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Volna elektroforéza

Arne Tiselus (1902 —1971)
Nobelova cenal948
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Z0nova elektroforéza




Uporadani

Horizontalni




Uporadani

Vertikalni
+

——







Skylab




Stabilizace

e Rotaci
» (Gradienty hustoty
e Poréznimi medu

« Kapilarou




Porézni media
* 1939 Papir
» 1950 Agarovy gel
» 1955 Skrobovy gel
* 1957 Acetat celulosy
* 1959 Polyacrylamidovy gel
* 1979 Agarosovy gel




Polyakrylamid

Slozeni — kopolymer akrylamidu a

N,N,- methylenbisakrylamidu

+ plné splnuje pozadavky

Pouziti : analyza bilkovin




Polyakrylamid

2

NH 15%
sacrylamide
> - Uulfate
|

L 250, sulfate free
radical

CONH,  CONH,
-—CHf—éH~CHf—éH—CH? CH
CONH
CH,
¢0$H
—CH;—CH—CH;—CH—CH,—CH—
CONH, CONH,




SDS PAGE

OSO3Na"

<7

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




SDS PAGE




Pouziti SDS PAGE

Stanoveni Mr

Analyza komplexnich smési

Sledovani purifikace bilkovin

Stanoveni podjednotkového sloZeni

+

+ - +




Stanoveni Mr pomoci SDS PAGE

Log
Mr Ry = skvirna

celo

Rm




Stanoveni Mr pomoci SDS PAGE -
standardy

1 2 34386 7 89310

-__-——._——‘__-




Stanoveni Mr pomoci SDS
redukujici x neredukujici




Kapilarni elektroforeza

Light
Capillary Electrophoresis @) source
Computer
Data |n Photocathode — —
(] | Data Out

Chart Recorder
Buffer

Anode
+

Cathode

Ab €280 um)

Time {ring




Kapilarni elektroforéza

1967 - Hjerten
3 mm kapilara




Kapilarni elektroforéza

1981 - Jorgenson Lukacsova

75 um kapilara

20

L
15

Time (minutas]

5
Fig. 1. Electropherogram of dansyl amino acids

L
10




Beckman 1987
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Bioanalyser Agilent 2100




Bioanalyser Agilent 2100

Whola Z ANA
Colls Y

AMA Integrity
AMA Quamiification
Small ANA Sing




Chipova chromatografie

struktury vyleptané do kiemikové (Si1) desticky

doprava MF: pumpa, odstiediva sila, el. staticky

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

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




Chipova chromatografie Agilent

RF Tag

Electric
contact

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




Izoelektricka fokusace

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




[zoelektricka fokusace
1961 Svensson — Rilbe (1968)




Tvorba gradientu

Anoda (+) H,0" 6H,0-0,+4H,0"+ 4e

Katoda(-) OH- 4H,0-2H,+40H -4 ¢

Ampholyty
—CH, —N—(CH,);—N—CH,— R CH,
(CH,), R - CH,COOH

| “H
NR;




Izoelektricka fokusace

H,0*

OH-

OH-




Izoelektricka fokusace

OH-




Izoelektricka fokusace

analyticka
* Provedeni - v gelech — PAGE, agarosa

* Pouziti - sledovani komplexnich smési

- 1zoenzymove 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 + [

T

100 v L

[.rozmeér IEF

II.rozmér SDS-PAGE




Dvojrozmérna elektroforéza
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Systemova biologie
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Systemova biologie

Biological System Analys is
And Model Formation

Prediction And
Hypothesis Refinement

“Dry” Experiments
{ Simulation)

r

Data and Hypothes is
Driven Modeling

Experimental
Design

{ Model }:\

-
v e

[Analjrsis ]

Data

. Dita Acop s fdfon
Synthesis

[ Experiment ]

Fehorme

Transchatome

Froteorms

Experimental
Data Analysis

Interactarme

Metabaolorme




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 aplné sady bilkovin
organely, bunécné linie, tkané nebo organismu
 kvantitativni a Kvalitativnl porovnani proteomu za ruznych
podminek




Introducing

Prntenrmcs
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Click to LOOK INSIDE!

INTRODUCTION T

NAWIN C. MISHRA
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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
lokalizaci jednotlivych bilkovin).




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

111! 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!







JEDEN GEN, MNOHO BLKOVIN

Proteol ysis

: Post-translational
gl

Transcription Processing Compartmentalization

— —
T T Proteolysis
Transcriptional Alternative Splicing T /

Regulation mRNA Editing > E_‘:::E;l:;il:;ls:ﬂﬂdl

Polyadenylation
Translational \

Regulation e
s L g Compartmentalization

Cca 25-30 000 genu > Nékolik set tisic bilkovin







Aplikace proteomiky v mediciné (proteomika nemoci)

Exprese proteinii u nemoci




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

2. Izolace J ednotlivé pro@

Ste‘W

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

@ence peptidi HmOtnOStlfl sopektra
peptidu
5. Porovnani s

databazi




targel
purification
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I _ e | Elcctrophosesis
|Peptide Mass Mapping 5 I?I_ Tandem mass spectrometry |
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Dvojrozmérna elektroforéza
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PEPTIDOVE MAPOVANI (PEPTIDE MASS FINGERPRINT)

Identifikace proteinii peptidovym mapovanim (MALDI TOF)

\
—P. —
— T+ + + ® — ‘ ‘ ‘

"
-

® 7% . Odetteni molekulové
hmotnosti peptida

10585 wyhledant

1059.5111 (K)KPAEDEWGK (T) e
::: '; v databazich @ 017232 (RIDDVALEGVSHFFR () FIELT,'"
‘ > 1607.8069 (R)LGGPEAGLGEYLFER (L) (lehka
1607.8 2359.0916 (R)TDPHLCDFLETHFLDEEVK (L) podjednotka)

2359.0

SSOIRONYSTDVEAAVNSLVNLYLOASYTY LSLGFYFDRDDVALEGVSHFFREIAFEERREG

YERLLEMONQRGGRALF QD IRAPAEDEWGRTPDAMEAA MALERRLNQALLDIHAL
GSARTDPHLCDFLETHFLDEEVEL IKEMGDHLTNLHRLGGPEAG LGEYLFER LTLEHD




FRAGMENTACE PEPTIDU

b, b, b
\ N ?

Ry lfz II{S 1}4
NH,-CH-CONH-CH-CO{NH-CH-CO{NH-CH-CO,H

N-konec C-konec

¥3 ¥, Y1




Databaze

* http:// www.expasy.org/




DIGE — DIFERENCNI GELOVA ELEKTROFORESA

Em En
A OO
i S

€
\

("1 ] meat of e sequence &

excitace 488 nm excitace 532 nm excitace 633 nm
emise 520 nm emise 580 nm emise 670 nm




pooled sample healthy diseased
= internal standard Cvy3l label Cwv5 label
Cy2 label \ +
mixiure

v

IPG sinp —_———

2-D electrophoresis B —_—

scan at different wavelenaths

; N o
image of Cy2 image of Cy3 image of Cy5
intemal standeard hoalthy ticsuao dicoacord fieciiea

B

Cye 3 channel Cye 5 channel

Cye 37 Cye 5 chamnel overiay







5. Charakterizace - stanovent pL, MW, UV VIS spekira, CD spekina

fluorescenchi spektra, AMK analyza a sekvenace, krystalizace -

RTG analyza, NMR spekira




Podle chemickeho slozeni

A Jednoduche

B.Slozené = prostheticka skupina + apoprotein

Kvantitativni pomér mezi obéma slozkami miuze byt ruzny !!

Fosfoprotemny - H:PO,

Glvkoprotemy - cukry

Metaloprotemy - kovy

Lipoproteiny - lipidy

Nukleoprotemny - nukleové kyseliny




Rozdéleni bilkovin

Podle celkovelo tvarn molekuly

A Viakenité - fibrilami bilkoviny - SKLEROPROTEINY  NEROZPUSTNE

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

globularni - katalyza, transport, pohyb, mmunita,

Bilkoviny < vzmch
fibrilimi - podpora




Kolagen (28 druhi)

Typ Molekularni slozeni Lokalizace
I [al(]),a2(D)] kost, klize, Slacha, ligamenta rohovka,
Cévy
I1 [a1(ID], chrupavka, sklivec, nukleus pulposus
111 [a1(TID)], klze, cévy, retikularni vlakna v mnoha
tkanich (plice, jatra, slezina, atd.)
\Y% a1(V)az2(V)az(V) plice, rohovka, kost, fetalni membrany,
doprovazi kolagen 1
X1 a1(XDa2(XI)a3(XI) chrupavka, sklivec

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




Collagen a-chain primary structure

e

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

-Gly-X-Y- triplet repeats




Molekularni struktura fibrilarnich kolagend

Procollagen

= -
HoN COOH

‘% Procollagen peptidase

MN-terminus end cleaved C-terminus end cleaved
- Tropocollagen 30004 |
-~z ot —

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




hydroxylace glykosylace tvorba bisulfidickych mustkia svinuti

YT

\ |

= = Rough endoplasmic
& & Y I ] oL v ... reticulum

sekrece

* Fibroblasty
e Chondroblasty
* Osteoblasty




Formation of collagen: intracellular processing

ﬁﬁm@e@

(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) lysyl oxidase peptidy

"g 6

A tropocollagen JLUL
(insoluble) W




dzd4
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1

Lysylox

residuse

oo
= @
H,O, + NHJ

syl oxidas

Iyvsine

a
5
0
o
30
2c
0n
25
L2
03

cross-linkage
(aldol condensation)




Formation of collagen: extracellular processing

N A BSOS C

tropocollagen 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 nm
o Ugquarter-staggered array”

collagen fibril

-




Formation of collagen: extracellular processing

;"l%'

collagen fibril

aggregation

collagen fiber

=S S
) )

J




Collagen molecule AN

Packing of molecules
| S |

TS I 20T

= DONKIE 2ONIOREEE 200NN

|
I
I
:
Hole zone :
0.6D

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