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Program seminare

« Uvod. SloZeni Zivé hmoty, hierarchie struktur. Biogenni prvky.

* Aminokyseliny a jejich vlastnosti. Peptidy, vznik, nazvoslovi.

e Bilkoviny: struktura, vlastnosti a funkce. Fibrilarni a transportni bilkoviny. Imunoglobuliny.

* Sacharidy: obecné vlastnosti a rozdéleni monosacharidd. Glykosidy, oligo- a polysacharidy.

* Lipidy: sloZeni, vlastnosti, rozdéleni a funkce.

*  Nukleové kyseliny: slozeni a struktura DNA a RNA, vlastnosti. Transkripce, translace.

* Enzymy: jejich struktura vlastnosti. Enzymova kinetika. Koenzymy.

*  Metabolismus: obecné rysy pfemény latek v Zivych systémech. Katabolismus a anabolismus.
* Metabolismus sacharidU: glykolyza a glukoneogeneze.

*  KrebsUv cyklus. Katabolismus bilkovin. Ketonické latky.

* Metabolismus lipid(: degradace a biosyntéza mastnych kyselin.

* Dychaci fetézec. Oxidacni fosforylace. Fotosyntéza, pigmenty, prenos elektrond a vznik ATP. Fixace CO,.

*  Membranovy transport. Bunécna signalizace. Regulace metabolismu.
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Slozeni zivé hmoty
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Kam patri BCH v ramci SS?
Clovéka pfiroda | > Chemie > Biochemie
Biologie > Genetika

BIOCHEMIE GENETIKA
Oéekavané wjstupy Ocekavané wstupy
zik sak
» objasni strukturu a funkci slou€enin nezbytnych pro dileZité chemické procesy ) ) ) L L.
probihajici v organismech » vyuFivé znalosti o genetickyjch zdkonitostech pro pochopeni rozmanitosti organismi
S charakterizuje zikladni metabolické procesy ajejich vjznam > analyzuje moznosti vwyuZiti znalosti z oblasti genetiky v bézném zivoté
lipidy - . .
. molekuldrni a bunééné ziklady dédicnosti
sacharidy
proteiny dédicnost a proménlivost
nukleové kyseliny genetika clovéka
enzymy, vitaminy a hormony genetika populac

biochemie




Zdroj energie

Figure 1-5

Kde organismy berou energii?

Reduced
fuel

|
Phototrophs
(energy from light)

Oxidized
fuel

Lithotrophs
(inorganic fuels)

Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H.Freeman and Company
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Zdroj energie

Zdroj uhliku

Examples

Figure 1-5

Kde organismy berou energii?

Reduced
' fuel
Phototrophs | Oxidized
(energy from light) fuel
Lithotrophs
(inorganic fuels)
uowophs | Mewrouronks
(carbon from CO,) e s oo
| compounds)
Cyanobacteria Purple bacteria Sulfur bacteria Most bacteria
Vascular plants Green bacteria Hydrogen bacteria All nonphototrophic
eukaryotes
o s i SR | ¥ e iy oo
N ! S 1N T
,°)\.\. et 'r\.' . W tl-q"" \° . te .
B 1.0 "~ e B

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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The cell Supramolecular Macromolecules Monomeric units
and its organelles complexes

o
P 0mp—0—CH,

Nucleotldes
f)

Amino acids

—_——
Protein

Figure 1-11
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company
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The cell Supramolecular Macromolecules Monomeric units

and its organelles complexes

[ Nucleotldes Jq
g® DNA
1 .‘ 2 ! Ui o—i—"": J\
3 \\ it
e Chromatin Yy
Amino acids

Protem

Sugars / SHio

Y,
Plasma membrane

Figure 1-11

L i Principles of Bi istry, Fifth Edition
© 2008 W.H.Freeman and Company
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organické slouceniny | | anorganicke slouceniny

bilkoviny

lipidy

sacharidy

nukleové
kyseliny

mocovina



SloZeni zivé hmoty na drovni prvku

1 2
H He

3 4 5 |6 7 8 9 10
Li | Be B| C| NJ| O| F | Ne

i 12 13 [14 |15 |16 |17 |18
Na | Mg Al Si| P| S | CI | Ar

19 |20 [21 |22 |23 |24 |25 |26 [27 |28 |29 |30 [31 (32 [33 [34 [35 |36
K |Ca|Sc| Ti|V |Cr|Mn| Fe| Co| Ni| Cu| Zn| Ga| Ge| As| Se| Br | Kr

37 |38 |39 |40 |41 |42 |43 |a4 |45 |46 |47 |48 |49 |50 |51 |52 |53 |54
Rb|Sr| Y | Zr | Nb| Mol Tc | Ru| Rh| Pd| Ag| Cd| In | Sn| Sb| Te | | [ Xe

55 56 72 73 74 75 76 77 |78 79 80 81 82 83 84 85 86

Cs | Ba \Hf Ta| W|Re| Os| Ir | Pt| Au| Hg| Tl | Pb| Bi | Po| At| Rn
L e '\\ Lanthanides
Actinides
Figure 1-12 [ hlavni prvky (je vyZzadovén pFijem v Fadu grami denné)

Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W. H. Freeman and Company [ stopové prvky (nutny pfijem v fadu miligram@ denné)
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SloZeni zivé hmoty na drovni prvku

» Makroelementy: 11 prvkd, které tvofi az 99,9% hmotnosti Zivych organism
= C,0,H, N (95 %)

= S,P, Mg, Ca, Na, K, Cl (4,9 %)

1l ,, 2
H He
3 4 5 6 | v/ : 8 : 9 10
> Mikroelementy neboli prvky stopové | Li | Be B|C|[N| O| F|[Ne
11 |12 13 |14 |15 |16 |17 |18
Na [ Mg afsifp|s|alar

= Fe, Co, Cu,Mn,V, 2Zn,l, ..

19 |20 |21 [22 |23 |24 [25 |26 |27 |28 |29 [30 [31 32 |33 [34 [35 |36
K |Ca|[Sc|Ti| V|[Cr|Mn|Fe|Co| Ni|Cu| Zn| Ga| Ge| As| Se| Br| Kr

37 38 [39 |40 [41 |42 [43 |44 [a5 |46 |47 |48 [49 |50 [51 [52 |53 |54
Rb|Sr| Y |Zr [ Nb| Mo| Tc | Ru| Rh| Pd| Ag| Cd| In [ Sn| Sb| Te | | | Xe

55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs | Ba \Hf Ta| W|Re|(Os|Ir | Pt| Au| Hg| Tl (| Pb| Bi | Po| At| Rn
8|7:r 8‘:“ N MLanthanides

Actinides 1 hlavni prvky (je vyzadovan pfijem v fddu gram@ denné)
Figure 1-12
Lel?ninger Principles of Biochemistry, Fifth Edition [ stopové prvky (nutny pfijem v fadu miligram@ denné)

© 2008 W.H.Freeman and Company
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SloZeni zivé hmoty na urovni prvkud

» Makroelementy: 11 prvkd, které tvofi az 99,9% hmotnosti Zivych organism

= C,0,H,N(95 %)

+ 5, P, Mg, Ca, Na, K, CI (4,9 %) (LLLTEET]  Molecuar Components ofan . col el

Percentage of Approximate
total weight of number of
+1cell different
. . i Water 70 1
» Mikroelementy neboli prvky stopové B otaine 15 3,000
Nucleic acids
= Fe, Co, Cu,Mn,V, 2Zn,l, .. DNA 1 1
RNA 6 >3,000
Polysaccharides 3 5
Lipids 2 20
Prvek I Obsah v Zivé bufice (%) \ Obsah v neZivé piirodé (%) | M g
, onomeric
Uhlik 19,37 0,18 .
Kyslik 62 80 5002 subunits and
Vodik 9,31 0,95 intermediates 2 500
Dusik 514 063 —
Fosfor 063 0.1 Inorganic ions 1 20
Sodik 0,26 2,36 Table 1-1
Draslik 0,22 2,28 prives: nfpbeasbbenic

IVI U N :)Jisz)tzl"t’emie
SCI




Nejbéznéjsi organickeé slozky bunécného materialu

o)
E
. _CH
0” w7
H

(o]
I NH,

HN/C\C/C“S Z CH
I I | I
C CH C CH
O’ \N/ of \N/
H H

Uracil Thymine Cytosine

NH,

I

C
NZ \C/N\ HN” \C/N\
- b G g

Adenine Guanine

Nitrogenous bases

OH OH OH H

a-p-Ribose 2-Deoxy-a-p-ribose
Five-carbon sugars

(['OO_ coo coo
+ + | + |
H3N—(IZ—H H3N—1—H H3N—(f—H
CHs CH,OH cIH2
Alanine Serine Co0™
Aspartate
C|OO_ CIOO_
+ + -
HN—C—H H:N—C—H I
CH, H, HsN—C—H
CH
4 SH
"'C\ﬁu .
Cysteine
OH Histidine
Tyrosine
Figure 1-10a

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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CH,

CH,OH
CHOH

CH,OH
Glycerol

CH,
CH, —N— CH,CH,OH

CH,
Choline

(d) The parent sugar

CH,OH

H OH

a-p-Glucose

Figure 1-10b-d
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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Metabolismus obecné it D]

Ingested Complex
foods biomolecules
Solar Mechanical
Adenosintrifosfat (ATP) AN photons work
N =N Osmotic
(ljl (PI (l)l Q \ /> work
O0—P—0—P—0—P—0 N N
| | B 0
o) o) o)
OH OH
Nikotinamidadenindinukleotid Nikotinamidadenindinukleotidfosfat
(NADY) (NADP*)

o o
o} ? OHOH  wn
OH OH i 2 Co I <
A NP4
N =N 0=P—0 </ | ) 3 3
</ | ) & o N Si H0
=pP— /
© & o N7 N Meproducts rec
OH O Figure 1-28

O=r‘_,_o- Lehninger Principles of Biochemistry, Fifth Edition

OH OH & © 2008 W.H.Freeman and Company
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Rozmanitost uhlikovych vazeb
a jejich geometrie

wCw o #H — : CiH —CI—H ‘C-+ N: —> C::N- >C=N—

. . - I / . .
C+N—>CN —(I;—N\ cC+-++C+ —> .C:::C- —C=C—
Figure 1-13

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company

Figure 1-14
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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Voda
(biochemické rozpoustéedl|o)

Hydrogen bond
0.177 nm

Covalent bond
0.0965 nm

5T "

(a) (b)

Figure 2-1

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Vodikova vazba

| [
C C
Hydrogen —"\ N/ N/ NN N/ N/

acceptor O N O O O N
Hydrogen H H H H H H
donor | | | | | |

1T ANANA

/N /7 \N / N\

Figure 2-3
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Aminokyseliny
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AMINOKYSELINY

Zakladnimi stavebnimi jednotkami vsech bilkovin.

Z chemickeho hlediska jsou to substitucni derivaty karboxylovych kyselin.

Proteinogennich aminokyselin je 22.
Jsou to chiralni molekuly (kromé glycinu).

V proteinech pouze v L-konfiguraci.

R—CIJH——COOH
NH-

Mirror
image of —
original
molecule

Original il

molecule

Figure 1-19a
Lehni Principles of Bioch
© 2008 W.H.Freeman and Company

istry, Fifth Edition

Chiral
molecule:
Rotated
molecule
cannot be
superimposed
on its mirror
image

Ustav
biochemie




AMINOKYSELINY

» Zakladnimi stavebnimi jednotkami vsech bilkovin.

» Z chemického hlediska jsou to substitu¢ni derivaty karboxylovych kyselin.

Mirror \ Achiral

molecule:

» Proteinogennich aminokyselin je 22. image of ——
& 4 J original Rotated
molecule molecule
> Jsou to chirdlni molekuly (kromé glycinu). can be
superimposed

_ || onits mirror
» 'V proteinech pouze v L-konfiguraci. Original | image
molecule -

R—CIJH——COOH
NH-

Figure 1-19b
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company

NI U N Eiitz:emie
SCI




Neutralni aminokyseliny s uhlovodikovym zbytkem R

COOH

|
H?N—C—H

|

H
glycin (Gly)
IEB=6,0

’

Neutralni aminokyseliny s atomy O, S a N ve zbytku R

C00H
HN—C—H
CH,—SH

c\rsteun [Cys]
IEB =5,0

COOH

I
HN—C—H

I

CH

3

alanin (Ala)
IEB=6,1

COOH

I
H,N—C—H

|

CH

/\
H,C CH,

valin (Val)*
IEB=6,0

prolin (Pro)
IEB=5,3

COOH
e o

CH,

CH,—S—CH,

methionin (Met)*
IEB=5,7

Kyselé aminokyseliny

GooH
—C—H
CH,—OH

(IIODH Ii‘.DOH
HN—C—H H,N—C—H
| |
CH, o
COOH CH2
|
COOH
kyselina asparagova (Asp) kyselina glutamova (Glu)
IEB=29 IEB=3,2

biochemie

=
HN—C—H
H—C—OH

|
CH,

threonin (Thr)*
IEB =5,6

C|O'DH ICOOH (I:OOH
H N— (l: H HzN—C—H HzN—?—H
CH HC—C— CH.
I 2 3 I 2
CH CH,
/' \ |
HC CH, CH]
leucin (Leu)* isoleucin (lle)* fenylalanin (Phe)*
IEB = 6,0 IEB=6,0 IEB=5,
?O'DH l'.l:OOH le-‘OH COOH
|
N—‘i'-—H H N—CI—H H N—Ii'.—H HzN_?_H
CH, cH cH, CH,
A Kee
NH, G0 N
OH NH,
tyrosin (Tyr) asparagin (Asn) glutamln (GIn tryptofan (Trp)*
IEB =5,6 IEB =5,4 IEB = 5,7 IEB=5,9

Bazické aminokyseliny

COOH

I
HN—C—H
T
CH,

arginin (Arg)
IEB = 10,8

COOH COOH
|
HzN (I:—H HN C H
‘i-’Hz 5
d :
| 2
CH, E
’ tI:H NH £
i i)
2 2 E
lysin (Lys)* histidin (His) 2
ka7 IEB =76

Esencia IniJ
* Valin

* Leucin

* [soleucin

* Fenylalanin
*  Methionin
* Threonin

* Tryptofan

* Lysin

*  Histidin®
* Arginin”

Selenocystein
(Sec)

HSe

Pyrolysin
(Pyl)




Transaminace

» Reakce, pfi niz dochazi k vyméné aminoskupiny a-aminokyseliny za oxoskupinu 2-oxokyseliny.

H b
| |

R—clz—cooH + R'—ﬁ—CDOH — R'—{IB—CDGH + R—ﬁ—CDDH
NH, o) NH,

O

NH>
|

00C—CH,— CH,— CH —C00~ + "00C—CH,—C —CO00"

Glutamat Oxaloacetat

Aspartataminotransferaza
(AST)

0 NH3
I
"00C—CHy— CH,— C —CO00~ + "00C_—CH,— CH—COO"

a-Ketoglutarat Aspartat
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Oxidacni deaminace

» Dulezitd reakce uplatiujici se v katabolismu aminokyselin.

» Dochazi ke vzniku 2-oxokyseliny za uvolnéni amoniaku (dusik je z téla dale vyloucen v podobé mocoviny).

R-CH-COOH . R-C-COOH
| ||

NH, FAD  FADH, NH
H,0
7 NH;
R-C-COOH
[
O
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Dekarboxylace

» DuleZita reakce vedouci ke vzniku biogennich aminu.

H H
R—(li-COOH = R—(|:-H + CO,
N, \H,
O | dopamin
serotonin
NH, J/\/ m
] histamin




Disociace aminokyselin

» Aminokyseliny se mohou chovat jako kyseliny ¢i zasady, jsou to amfoterni slouceniny. g
I ’ pK,
CIHz —
PKa1 PK,2 COOH
H H H 8
| | _ ‘ _ - Glycine
R—-LI'J-—COOH _— R—(T")—COO _— R—?—COO ¥
- + "
NH3 NH3 NHE N T AR AT
kation amfion anion ) 7.
p .
- pK,=2.34
> lIsoelektricky bod (pl): [
1
= QOdpovida hodnoté pH, pri které se aminokyselina jevi elektroneutralné. i
% 0.5 1 1.5 2
o pKal + pKa2 OH~ (equivalents)
p B 2 fil?‘.'lresl;.!o'l f Biochemi: Fifth Editi
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Disociace aminokyselin

Tabulka |. Disociatni konstanty aminokyselin
pKar  pKaz pKs bocni fetézec
protonovany —=> deprotonovany
Ala 2.3 9,9
Gly 24 9.8
Phe 1.8 9,1
Ser 21 9,2
Val 2.3 9,6
Asp 2,0 10,0 3,9 -CO0H —= —CO0
Glu 22 9,7 4,3 -CO0OH —= —-COO0Or
His 1,8 9,2 6.0 —imidazolium* —=> —midazol
Cys 1.8 10,8 8,3 -SH —= -5
Tyr 2,2 9,1 10,9 —fenyl-OH —= —fenyl-O
Lys 22 9.2 10,8 -NHsz* —= —NH:z
Arg 1.8 8,0 12,5 —guanidinium®* —=> —guanidin
Asn 20 8.8
Gin 2.2 9,1
Trp 24 9.4
Leu 24 9,6
lle 23 9,6
Met 2.3 9.2
Thr 22 9,1 : , ,
Pro Erﬂ '":I,'E V.Mikes: Ulohy z biochemie. Masarykova univerzita, Brno, 1993, revize P. Bouchal, 2017
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loniza€ni stavy aminokyselin jako funkce pH

|
R—C—COOH

J_—

NH3

kation
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R—?—coo' | R—(i:—coo'
NH; NHo

amfion anion

T \ Obeé skupiny
deprotonizovany
3
g
E Obé skupiny
S / protonizovany
I |
0 2 4 6 8 10 12 14



Alkalimetricka titrace glycinu

» Problém s amfoterni povahou aminokyselin.

» Blokace aminoskupiny formaldehydem. S /8
1 stojan
» Titrace aminokyseliny roztokem NaOH. \

byreta napinéna odmérnym
roztokem (NaOH)

/ regulaéni kohout
titracni barika s glycinem o neznamé
/ koncentraci a indikatorem

( ' _ )

Prevzato z (chemie.gjn.cz, 2022) a upraveno.
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Rozdélovaci chromatografie aminokyselin

glycin
alanin

valin
. leucin

kyselina asparagova

A W NN =

kyselina glutamova
. 8 fenylalanin

12 lysin

13 arginin
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