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Biochemie

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

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

f\ ziologie
E"'ll.]]E't‘llIlE'Iflh
\‘ biochemie - organy
- tkané
- organely

- molekularni uroven

Biochemické metody - metody anorganicke, organické, fvzikalni a
analvtické chemie

- biologickeé metody




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

- vysokomolekularni - biopolymery

- bilkoviny
- nukleové kyseliny
- sacharidy

- lipady
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Ma transportni funkci
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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 (13

“Units are centipoise.

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




Anoreanicke latky

Organicke latky

- voia
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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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- nizkomolekulirni - produkty meziprodukty
metabolismu

- sekundarni metabolity

- regulacni latky
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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
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Table 1.2

Eukaryontni burnika

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
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Evoluce zivota na zemi




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




Evoluce zivota na zemi

Tungsten electrodes

sparks
[ r=r—
L= == Ry
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Condenser
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— withdrawing
samples during run




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).




BILKOVINY - PROTEINY

Protein - MULDER. BERZELIUS (1838)

TPOTEUM - Zawimajici prvni misto™

Funkce -  katalyza
transport
pohvb
podpora
{1t
regulace

vznik a prenos nervového vzruchu
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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—CHy—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
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— 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

COO™

Ihﬁ—é—H
CH,
Se

|
H

Selenocysteine
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Pouzivané zkratloy

P
\

tripismenkové

jednopismenkove

AME Symboly AME Svmbaoly

zlycin Gly G |methionin et v
alanin Ala A clutamova k. Glu E
valin Wal A asparagin Asn N
leucin Leu L glutamun Gln Q
1izoleucin Ile I Ivsin Lvs K
SEritl Ser S Arginin Arg R
threomn Thr T tyvrosin Tyr Y
cystein Cws C fenvlalanin Phe F
histidin His H trvptofan Trp W
prolin Pro P asparagova k. Asp D




Esencialni AMK

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




Esencialni AMK

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




[1. Nekodovane aminokyseliny

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

fosfo-Ser




H OH

5 3

N—CH
RN
CO0™

4-Hydroxyproline

O—PO3~
{]?H._;_.

—NH—CH—CO—

O-Phosphoserine

0
|

CH;—C—NH—CH—CO—

N(CHy)g
CH.

f" -

CH,
4]

CH,
T | "

CH,

—NH—CH—CO—

e-N,N,N-Trimethyllysine

00C__ €00
CH
|
ﬁrTl-lg
—NH—CH—CO—

y-Carboxyglutamate

|

(CH,);N—CH—CO—

CH,

—NH—CH—CO—
3-Methylhistidine
O
]
NH—C —CHjy
CH,

sCH,

,CH,

CH,

—NH—,CH—CO—

e-N-Acetyllysine

CH; O
| |

NH}

CH,
Hl =

CH—OH

CH,

4 |
—NH—,CH—CO—
5-Hydroxylysine
HEN"“&[_"‘}G NH— (:H-'i

NH

CH.

CH,

CH,
=3 NH'—'(lJH —CO0—
®-N-Methylarginine
S—CHj

CH,

CH,

HC—NH—CH—CO—




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

&——\
000 —CH,—CH, < )—CH2 1 @ -(‘:H2 HO O «@fﬂﬂ,
+
H3N CH2 H3N CHQ H;N —CH, I ;  HN—CH—C00
J-Aminobutyric acid (GABA) ~ Histamine Dopamine Thyroxine
0 NH,
CH,—C=N CH,—CH,—SH )\/
HN—C—NH,  NHj ;| . | N
HN—CH—C00~  H;N—CH—C00"
B-Cyanoalanine Homocysteine i
CH, CH, - CH, 0
+ ; ST [y L mi
HN—CH—C00" HyN—CH—CO00" Lhy=0=L=0=N=N CH, OH OH
|
+
H,N —CH—00" HN—CH— 000"

1l d
Citrulline Ornithine Azaserine S-Adenosylmethionine







Flastnosti aminokyselin

ACIDOBAZICKE VLASTNOSTI

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"
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phe=060 | |
N\\\C /NH NH;’
H
Histidine (His)
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TitraCni ki1vka glycinu

0.5 1.0 1.5
H™ ions dissociated/molecule

2.0




OPTICKA AKTIVITA

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

enantiomery




Analyzer

(can be rotated) "'\

Plane of polarization
of the emerging light
is not the same as
that of the entering
Optically active polarized light
substance in soiution

in the tube causes

the plane of the polarized

light to rotate

Fixed
poiarizer
Light

source
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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 AMK - CO-R-N




Diastomery threoninu

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

T i

C OH CcOO HO C
N\ + | \ /
C + H3N—C—H +
/N | / G

(ﬁ OH R HO ”

O

Ninhydrin Amino acid Ninhydrin

H

CcCO, + R— C/
|| ’ N

O

Purple plgment

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




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




RP HPLC AMK

HPLLE Column
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Sample Manager 3 $ = < _Ew
] F k — =
— ) : a ! =
: i F L jus)
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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
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©
=
&
)
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

ANSETII

T - glutathion GSH

Peptidové hormony - oxytosin

Vasopresis
imnzulin

elukagon




Peptidové neuromodulatory - enkefaliny

endorfiny

Peptidova antibiotika - penicilin
eramicicin
valinomicin

aktinomycin

Peptidoveé fvto a zootoxiny - neurotoxiny hadu &tim a véel

mikrocystiny
fallowdin
amanitin

Polvpetidy - protaminy




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
© 2006 John Wiley & Sons




+
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,




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)




L 1.-.

Proinzulin 84 AMK

|




Inzulin — 51 AMK

_l_
4, C-Peptide




Amanitin

Falotoxiny

Faloidin

HO™




Amanita phalloides




mirka Wllaavita obsahuje nekolik jedovatich liter. Roku 1937 podatllo
se Lymenoel 8 Wielandow lolovad ¢ i v tryetalovant Frd of !.-:dn
vatou atky, zranen phalloldin Oby balalelé gisuli, 2 o nili
braiy tete latky wsmptl myd ve L2 hodinach, Y roce 194 iolovsl




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.
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BILKOVINY :

Struktura hilkovin

1. primarni - sekvence ammokyselin Konformace

2. sekundarni - usporadani polypeptidického fetézce
3. terctalni - uspofadani polypeptidického fetézce s vedlejéich fetézen
4. kvartetni struktura - podjednotkoveé slozen

sekundarni, tercialni, kvarterni struktura = konformace

—————————————————————————————————————————————————————————————————————————————

Rl T ———




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




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
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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 Hemoglobin family

B Hemoglobin family

Primordial
globin

Myoglobins




S|EUWIUE SA S1UE|d

51085U1
SA S31BIGALBN

faidwe| sa dien

sa|1idal sA sy

sjeLew sa sajiday

sajidas sA spilg

ﬂ/

SjewiueLu
Jo uoneipay
1

—

—

—

—

Cytochrome ¢
(20 million years)

(5.8 million years)

Hemoglobin

ibrinopeptides
{1.1 million years)

Histone H4

(600 million years)

o
o™
|

140 -

100

0
0
40 —‘

5811 00T /S98UBUD P18 OUIWIE 1O JBqUINy

1000 1200 1400

00

8

Millions of years since divergence

400

200

ugjuoiny

uejuod|y

ueuquied

UBIDJADDID
ueun|is
Ueuoaag
snossjuogies
uBIIB g

a|sseU |
o|sseinp

SNoadelal]

fienia]




Srpkovita anémie




Srpkovita anémie versus malarie

D Malaria
[ ] sicklecell gene

- Overlap area




URCOVANI PRIMARNI

STRUKTURY

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

X+ A-B-C=X-A+B+C




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
G




Edmanovo sekvenovani

X+ A-B-C..=X-A + B-C..

X+ B-C..=X-B+C..




Edmanovo sekvenovani
2N 00 S v

/—\\ iy
'\\/) —N=(C=8S + HN—CH—C—NH—CH—C—NH—CH—C— =+ +—

k)
Phenylisothiocyanate Polypeptide
(PITC)
[ on
\/
R, 0 R. O R, 0
W s W i 5 S 1°
- [\II—(“-—J\H—(,I [—C—NH—CH—C—NH—CH—C—---
8 PTC polypeptide
anhydrous
F,CCOOH
- T . :
HE— ’ B 0 By O
/ \ + H,;N —CH—C—NH—CH—C— ++¢ —J
N . S
R (-1/’ Original polypeptide less
[ ) its N-terminal residue
N —
Nk

R, 0
N '
Hg_:—(;t
u\é \ A
’ N\
N\

PTH-amino acid




Moznosti Stépeni

Trypsin
cleavage
1\|] +_51te
§ O l R O
5 |l _
H3;N — Start of polypeptide ]\|I C|: C —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
O l R O
+ | |l _
H3N— Start of polypeptide —1\|I—(|:—C—N—C— — End of polypeptide — COOQO
H H H H
Phenylalanine (Phe), tyrosine (Tyr), or tryptophan (Trp)
Figure 3-17b Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons
i
]
CNBr
CHZ cleavage
site
H,
‘ O l R O
+ I |l _
H3N — Start of polypeptide —1\|I —(|:—C lTI —(|:—C— End of polypeptide — COO
H H H H

Methionine (Met)

Figure 3-17c Concepts in Biochemistry, 3/e
© 2006 John Wiley & Sons
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(a) Electrospray ionization (ESI)

Capillary
Sample E@‘
—
solution i
4000V
Atmospheric
pressure

Low
vacuum

MS

5+

6+ 7
|

+ Mass analyzer
|

_// m/z
. Detector ESI mass spectrum

(b) Matrix-assisted laser desorption/ionization (MALDI)

=

—

Sample
in
matrix

/
/

30,000 V

2+

—=
i &
+ +
+
: +oNt
+% + 5
— [ ]
High vacuum
Laser
pulse
Mass analyzer
— I |

1+

+ S mlz
+

Detector MALDI mass spectrum

High vacuum




Relative abundance
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MS-MS

(a) Electrospray ionization tandem mass spectrometer

Electrospray MS-1 Collision Cell MS-2 Detector

ionization
source
(b)
p, ¥
P,
MS-1 P 5
P,
P u
Collision
* FiFaFaFy Fs
lon

Detector




MS-MS

NHy»—CHR— CO—NHTCHR,;— CO-+ NH T CHR

= 0=

NH = CHR,

CCMOH
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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




Symtesa pepridi

1953 - axytostn (9 AMK) DE VIGNEAND




ProC synteéza peptidu

* Proteinove inzenyrstvi

* Ptiprava 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%)




SYNTEZA PEPTIDU

R ,
A xc@qn +>z'nu|mn (1)

( fschranicl Shupiny

(2) e hbo N |00




V ROZTOKU
X-A- +B-X= X-A-B-X Jrl X-A-Y +B-X

7
r ro_rs °
X — chranici skupina \ . = = =
vzorek — gl
chromatografickd S | zlrjripi:tograﬁd(é
; oooooo napin
Aml "
2 Y ' pppppppppp ce
E‘ . frakei vzorku
o ] -

A-O + -B-X — X'B'A—O ¥ vopx

|

piivod
ini faze
E E E =
vvvvv — -
uuuuuu
0g - - I chromatograficke

oooooo

~ frakei vzorku

-l
<«
i
§




0]

| -
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| 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
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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 plivodni mnozZstvi valin)




(@) —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.




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

180 | I I | 180 [ I I |
90 — —
4 o —
— [45]
5 s
g o =
>
=90 = 1 =90 | ; . _
Lz IR L g, —— BN
-180 -90 0 90 18( -180 -90 0] 90 180

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




]
(o——

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

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

Optimalni vzdalenost 0,28 nm







(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




Tercialni struktura

1. Tontové mterakee

2. Dipolové nterakee
3. Vodikové mustky

4. Hydrofobni interakee

5, Bisulfidicke mustky

Strukturni motivy - domény




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







Strukturni domeny IgG

,;hinge” (otoéna) oblas!

i Fe
/Ch2

fetézec H
fatézec H

PePSIn L ista &tépeni
papain




Kvarterni struktura

Podjednotkové slozeni - nekovalentni spojeni - vodikové mustky

- kovalentni spojeni - bisulfidické mustky

Stanoveni podjednotkového slozeni - SDS PAGE




Hemoglobin




Alzheimer




Alzheimer




Alzheimer

‘Stabilizujici
Tau molekuly

Rozpad podjednotek
mikrotubulu

Rozpadaijici se
mikrotubulus

Zasmodrchané shluky
Tau proteini

Rozpadajici se
mikrotubuly




Scrapie - BSE — CJD
Priony

e ©
andogenous Pri© O D OO
o ©

mulant PrE” o Pres *
Ineculation of Pri=:

= C)* interaction
PR between Pri-
poniAncaus arud Pri
peneration of Prie:
Conversion of

THE

comversion of BriE- to PrP=




CJD

Brain shrinkage and
deterioration occurs rapidly

Brain section showing

- spongiform pathology
, characteristic of

Creutzfeldt-Jakob




narmal prion

PrPC - Prp>c

abnormal prion




Studinm konformace bilkovin

RIG difrakce - studium krystali - BRAGG 1913

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

Stabilita konformace
Denaturace - fyzikalni faktory - T, zafeni, tlak.
chemické faktorv - pH. organicka rozpoustédla,

detergenty, tézké kovv, mocovina,

reverzibalni - renaturace

Denaturace

ireverzibilni




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
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NMR podstata
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NMR spektrum

Fo zpracovani Founerovou transformaci dostaneme:

| - 1!'1. ]

.'L_r_' 4

| T




pocitac

elektronika

supra-
vodivy

magnet




o

NMR spektrum

oo AL

C

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




Courtesy Stuart Schreiber, Harvard University

NMR




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

* 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?




POSTUP SKLADANI BILKOVIN

prim@rni  strukhem —F— —id E—

l,.-]-meur'.-l:ler




[.evinthal Paradox

* We assume that there are three conformations for each amino acid(ex. a-
helix, B-sheet and random coil). If a protein 1s made up of 100 amino acid
residues, a total number of conformations 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.
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9\

S

¥
/" Unfolded

(inactive) /

Inactive U

Inactive

Inactive
L&

Biologically active
(native)

Increase in energy (joules) — 5

Folding pathway

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




Landscape theory




Enprgy gop

Transition
rEGIoN

Discrete folding
intermediates
Mative struciure




Representative starting structures

Transition state

Frao anargy
MNative structure
MNumbsed of residus contacts=

Mumber of notive
interactions




Chaperony

Proteiny jsou skladany do aktivni formy
molekularnimi chaperony a chaperoniny

Chaperony E. coli Hsp70, rozpoznava neslozene
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

Partially folded

polypeptide
i Dissociation of

14 are GroES and ADP manat

GroES and AT

14 ATF

Folding cycle
repeated unti folding
is completed

ATH hydrolysis

Properiy folded protain
is released into the cytosol.




pH

10 — Isoelectric

Titracni krivka

point ———

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

H* ions dissociated/molecule




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




[iteratura

Methads in Enzymalogy
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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 — pievedeni

organického dusiku
na NH,"

» Stanoveni NH, " - titrace, fotometrie,

selektivni elektrody




UV spektrofotometrie

¢ 280 nm — aromatické AMK

interference nukleotidu
» 180 - 230 nm — peptidicka vazba

Vyhody - nedestruktivni metoda

- neni treba kalibrace




VIS spektrofotometrie

Ptidavek Cinidla — barevny derivat
 Destruktivni metoda

 Nutna kalibrac¢ni zavislost




Biuretova metoda

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

/

Cu2t

/

Meéreni : 540 — 560 nm
310 nm




Folinova metoda

Princip : hydroxyfenolova skupina tyrosinu
redukuje fosfomolybdenany na
molybdenovou modf

M¢éreni : 725 nm




Lowryho metoda

Princip : kombinace Folinovy a Biuretove
metody

Meéreni : 600 nm




Metoda dle Bradfordoveé

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

Mereni : 595 nm




Nejcastéj1 pouzivane metody

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

Spenat, ie

Nevyhoda — problematic

pa, hrach

Ky rust za

definovanyc

1 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

Pressure Cells Mechanical Press




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

* Treci miska s piskem

* Rucni homogenizatory — Potter —

Elvehjemuv

ST




Z1vocisné tkané

* Mixery

* Osmoticka lyse - erytrocyty

Hypertonic Isotonic Hypotonic

P 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




Izoelektricka precipitace

GG

rozpustnost

oo &




Srazeni neutralnimi solemi

| vsolovani vysolovani

rozpustnost




Vsolovani




ani

4

Vsolov




Vysolovani




Vysolovani

Aggr&ga}‘ @




(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

(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

4529 (NHy)p804 1,160 (NHyJ2504

o - paleta obsahajic]
AN - heenkinas

odsiranit




» Tabulky

Pridané mnozstvi

164
137

1nn
U

82
55
27

194
166

1230
[ R v

111
83
56
28

Target percentage saturation

40 | 45 \ 50 | 55

226
197

1280
(R hw)

141
113
84
L1
28

291 326 | 361 398 | 436
262 | 296 | 331 368 | 405
233 | 286 | 301 3

204 | 237 | 271 306 | 343
175 | 207 | 241 276 | 312
146 179 | 211 245 | 280
117 148 181 214 249
87 118 151 184 218
58 89 120 153 | 187
29 59 90 123 | 156

30 60 82 125
30 B1 93

31 62

31

516
484

AETY
b LV S

420
387
355
323
291
258
226
194
161

190
v

g7
65
32




* 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

Pi1 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 «




Chromatografie




Zarizeni pro LPC

Gradient mixer

(1) '
Buffer (3) I t
2 K

{ Column
i e et | (5)

/ Monitor Fraction collector
g % tl B _[ collect

ﬂ N1 Il




Zarizeni pro LPC




Vazba

Eluce

Ionexova chromatografie

_.<—>. _|_ 62

elektrostaticka interakce

- -

> _.4-.»6@ 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)




Ionexova chromatografie

e Nanaseni vzorku — nizka iontova sila

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

Pouziti — purifikace, zakoncentrovani, vymeéna
pufru




Hydrofobni chromatografie

 Stacionarni faze — - Cq, -fenyl

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

* Eluce — snizovanim i1ontove sily

Pouziti : purifikace bilkovin




Afinitni chromatografie
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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

Kp=10"-10"M




Afinitni chromatografie
naneseni vzorku




Afinitni chromatografie
vznik 1nterakce




Afinitni chromatografie
vymyti balastu
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Afinitni chromatografie
eluce
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Provedeni

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

sily, polarity

Pouziti : analyticke (stanoveni K), purifikace




Gelova permeacni chromatografie




Gelova permeacni chromatografie

Princip - stéricka exkluse

- omezena difuse

Poradi eluce :
MrA>MrB>MrC




Gelova permeacni chromatografie
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Gelova permeacni chromatografie

* NanasSeni vzorku — objem vzorku < 2%
objemu kolony

e Eluce — 1zokraticka

Pouziti : stanoveni Mr, odsolovani, purifikace




Elektromigraéni metody




Podstata

., Pohyb elektricky nabitych castic

v elektrickem poli“




Z0nova elektroforéza




Uporadani

Horizontalni




Uporadani

Vertikalni
+

——




Polyakrylamid

Slozeni — kopolymer akrylamidu a

N,N,- methylenbisakrylamidu

+ plné splnuje pozadavky

Pouziti : analyza bilkovin




Polyakrylamid




SDS PAGE

OSO3Na"

<7

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




SDS PAGE




Stanoveni Mr pomoci SDS PAGE

Log
Mr Ry = skvirna

celo

Rm




Stanoveni Mr pomoci SDS PAGE -
standardy

1 2 34386 7 89310

-__-——._——‘__-




Izoelektricka fokusace

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




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




Dvojrozmérna elektroforéza
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Studium procesu probihajicich v
z1vych organismech
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Systemova biologie
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PROTEIN
J. J. Berzelius 1838

Proteios

PROTEOMIKA
Marc Wilkins 1994

PROTEOM
Kompletni sada bilkovin pritomnych v daném okamziku v buiice,
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
lokalizaci jednotlivych bilkovin).




ProC proteomika kdyz mame
genomiku ?

nelze urCit funkci proteinu na zaklade sekvence
DNA nebo mRNA

nelze popsat molekularni mechanismy pomoci
studia genomu

200 typu posttranslacnich modifikaci
existuje alternativni translace

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

PROTOZE PROTEINY A NIKOLIV GENY VYTVAREJI
FENOTYP!
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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 o s
s L g Compartmentalization

Cca 25-30 000 genu > Nékolik set tisic bilkovin




STRUKTURNI PROTEOMIKA
— vytvareni bunécnych nebo subcelularnich map, kompletni
informace o bilkovinach a jejich interakcich v dané organele
nebo viceproteinovém komplexu.

FUNKCNI PROTEOMIKA

cilena sub-proteomicka izolace a charakterizace
funkcnich celka nebo soubori bilkovin na zakladé
spolecneé funkce.( idenfifikace sub-proteomu na
zakladé interakce s néjakym ligandem.)

EXPRESNI PROTEOMIKA
kvantitativni studium porovnavajici expresi
mezi riznymi proteomy




Aplikace proteomiky v mediciné (proteomika nemoci)

Exprese proteinii u nemoci

Detekce proteini vznikajicich béhem
nemoci je vyuzita k diagnoze

Alzheimerova choroba (amyloid f3)

Srde¢ni onemocnéni (interleukin-6 a 8, sérovy
amyloid A, fibrinogen, troponiny)

Renalni bunééni karcinom (karbonanhydrasa 1X)

Informace o proteinech zpusobujici onemocnéni je

Vyvoj novych 1ékii vyuzita pro vyvoj novych léku

1. Znama 3D struktura proteinu-pocitacova simulace-hledani 1éku,
ktery inhibuje patologicky protein (HIV-1 proteasa)

2. Geneticke odlisnosti mezi lidmi-odliSny proteom-vyvoj
individualnich 1€kt




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 peptida mOt‘;‘;S;gtl;Pektl‘

5. Porovnani s
databazi




Dvojrozmérna elektroforéza
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DIGE — DIFERENCNI GELOVA ELEKTROFORESA

Em En
A OO
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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




Rozdéleni bilkovin

Podle celkovelo tvarn molekuly

A Viakenaté - fibrilami bilkoviny - SKLEROPROTEINY

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

globularni - katalyza, transport, pohyb, mmunita,

Bilkoviny < vzmch
fibrilimi - podpora




Podle chemickeho slozeni

A Jednoduche

B.Slozené = prostheticka skupina + apoprotein

Fosfoprotemny - H:PO,

Glvkoprotemy - cukry

Metaloprotemy - kovy

Lipoproteiny - lipidy

Nukleoprotemny - nukleové kyseliny




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




Rough endoplasmic
reticulum
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Formation of collagen: intracellular processing

ﬁﬁm@e@

(1) synthesis

(2) post-transiational
modifications

(3) triple hellx formatiorr

procollagen
secretion




Formation of collagen: extracellular processing

procollagen |
(soluble) (1) N- and C-terminal
peptide cleavage

(2) lysyl oxidase

" 6
" L
A tropocollagen

(insoluble) W




Lys Lys

ll_wi_?l oxidass ll}u@_wl oxidase

=0 t"= {"J O=0
CH— (CH,),—CH HC— (CH,),—CH
NH NH
Allysine Allysine
M =2t
| Y |
C=0 0=0

| |
CH— (CH,y— C=CH— (CH,, —CH
| |

NH CH MH
| L |
i

Allyvsine aldol

k His

0
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|
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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
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Collagen molecule AN

Packing of molecules
| S |
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Courtesy of Karl A. Piez, Callagen Corparation




Kolagen v kuzi




o - keratin

(Four a-keratins twisted into a left-handed superhelix

(C) Microfibril cach o-keratin is coiled into a right-handed o-helix)
r‘—‘h—\
N-terminal
heads .
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S Figure 4-25 Concepts in Biochemistry, 3/e
o © 2006 John Wiley & Sons
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o — keratin - vlas




B - keratin




B - keratin




Elastin

elastic fiber
r & %
] % K »
RELAX
STRETCH :
single

elastin molecule

i
%

\ cross-link

’M

(B)

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




