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Osnova prednasky

Anorganicke, organickeé latky vyskytujici se
v zivych organismech

Monosacharidy - polysacharidy
Mastné kyseliny = lipidy
Aminokyseliny = bilkoviny
Nukleotidy = nukleové kyseliny
Exprese genetické informace



Chemickeé slozeni bunky

= chemie zivota

e Zalozena na slouceninach uhliku = organicka
chemie

* Chemické reakce probihaji ve vodném roztoku
pri 37°C v uzkém rozmezi pH

e Slozité chemickeé reakce odehravajici se v
jedné bunce (biochemie)

* Rizeni pomoci makromolekul (bilkovin)
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Opakovani - chemie
* Vazby mezi atomy

* Organické latky — nasycené / nenasycené,
alifatické / aromatické

e Funkcni skupiny: -OH, -CHO, -COOH, -COOR,

H 2 atoms  atoms

o o o
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o
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covalent bond ionic bond

Figure 2-5 Molecular Biology of the Cell (© Garland Science 2008)



Prvkové slozeni zivych organismu

 Makrobiogenni prvky: C,H, O, N, S, P, K, Na,
Cl, Ca, Mg, Fe

* Oligobiogenni prvky: tezké kovy (katalyza) Cu,
Co, Mo

oxygen nitrogen carbon

Figure 2-8a Molecular Biology of the Cell (© Garland Science 2008)



Voda

* Tvori vetsSinu hmoty zivych soustav

* Elektricka asymetrie, schopnost tvorit
vodikové vazby

- 95,84pm .




Anorganicke latky

» Rozpustné soli (disociovany na ionty)

K* - hlavni nitrobunécny kationt

Na* - hlavni mimobunécny kationt (spolecné s CI)
Mg2+’ caZ+

e Udrzovani pH (pufrové systémy: fosforecnany,
hydrogenuhliCitany)

» Nerozpustné soli - kosti



Malé organicke molekuly

* Slouceniny uhliku s molekulovou hmotnosti
100-1000 — volné v cytoplazmé

* Funkce: monomerni jednotky pro stavbu
makromolekul, zdroj energie

* 4 hlavni tridy: sacharidy, mastne kyseliny
(MK), aminokyseliny (AK), nukleotidy



building blocks larger units
of the cell of the cell

SUGARS |» | POLYSACCHARIDES '
FATTY ACIDS |-| FATS, LIPIDS, MEMBRANES '
AMINO ACIDS |»| PROTEINS '
NUCLEOTIDES |»| NUCLEIC ACIDS I

Figure 2-17 Molecular Biology of the Cell (© Garland Science 2008)



SUBUNIT MACROMOLECULE

sugar polysaccharide
amino protein
acid

o
nucleotide nucleic acid

Figure 2-30 Molecular Biology of the Cell (© Garland Science 2008)




Makromolekuly

* Sekvence jednotek v polymernim retézci —
omezeny pocet stavebnich jednotek x
nekonecné mnoho moznosti slozeni
polymernich retézcu makromolekul
(protein 0 200 AK — 2129 kombinaci)

e Dulezity i tvar molekuly — konformace
(nekovalentni vazby - iontové, vodikove,
van der Waalsovy, hydrofobni interakce)



SUBUNITS

covalent bonds

e.g., sugars, amino acids,
and nucleotides

MACROMOLECULES - MACROMOLECULAR
noncovalent bonds ASSEMBLIES

> |
8* \ AN

w.)‘

e.g., globular proteins
and RNA

30 nm

e.g.,ribosome

Figure 2-32 Molecular Biology of the Cell (© Garland Science 2008)



(A) (B) | € ® (B

Usporadanost Zivych soustav na vSech urovnich: molekuly proteinu v plasti viru (A),
pravidelné usporadani mikrotubuld v pficném fezu ocasku spermie (B), povrchové
kontury pylového zrna (C), kfidlo motyla fotografované z bezprostredni blizkosti. Vzorek
je tvoren Supinkami, pricemz kazda Supinka je produktem jedné buriky (D). Spiralovité
pole semen utvorené miliony bunék v kvétu slunecnice (E).

Figure 2-33 Molecular Biology of the Cell (© Garland Science 2008)



“SPONTANEOUS” REACTION

as time elapses *

ORGANIZED EFFORT REQUIRING ENERGY INPUT

Figure 2-37 Molecular Biology of the Cell (© Garland Science 2008)



bacterial
cell

Figure 2-29 Molecular Biology of the Cell (© Garland Science 2008)

ions, small
molecules (4%)

phospholipids (2%)
DNA (1%)

RNA (6%)

proteins (15%)

polysaccharides (2%)
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Table 2-2 The Approximate Chemical Composition of a Bacterial Cell

Water 70 1
Inorganic ions 1 20
Sugars and precursors 1 250
Amino acids and precursors 0.4 100
Nucleotides and precursors 0.4 100
Fatty acids and precursors 1 50
Other small molecules 0.2 ~300
Macromolecules (proteins, 26 ~3000

nucleic acids, and

polysaccharides)

Table 2-2 Molecular Biology of the Cell (© Garland Science 2008)



Sacharidy

Nejjednodussi cukry = monosacharidy (CH,0),,
n obvykle 3-7 (nejcasteji 5-6)
Nejvyznamneéjsi monosacharid glukdza (Glc)

Monosacharidy se spojuji kovalentnimi vazbami
— oligosacharidy - polysacharidy (moznost
vetveni —OH skupiny)

Funkce: energeticky zdroj (G/c), zasobarna
energie (glykogen), mechanicka funkce (celuloza,
chitin), soucast glykoproteinu a glykolipidG
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Figure 2-18 Molecular Biology of the Cell (© Garland Science 2008)
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Polysacharidy

 Skrob — polysacharid ¢ oo e B

=
6666
sssss

tvofeny Glc jednotkami, Hgy oS LTI B
zdsobni latka rostlin tvofend  « 4w, 0 N L F Rl
amylézou (linearni) B et
a amylopektinem (vétvena)

* Glykogen - polysacharid
tvoreny Glc jednotkami
(vétvena molekula),
zasobni [atka zivocichu

Dostupné z: https://cs.wikipedia.org/wiki/Glykogen#/media/Soubor:Glycogen structure.svg,
13.2.2023



https://cs.wikipedia.org/wiki/Glykogen#/media/Soubor:Glycogen_structure.svg

Mastné kyseliny

e Tvorené dlouhym uhlovodikovym retézcem (C16-
24, hydrofobni, nasyceny / nenasyceny) a
karboxylovou kyselinou (hydrofilni)

* Kyselina palmitova (C16), stearova (C18), olejova
(C18:1), linolova (C18:2), a-linolenova (C18:3),
arachidonova (C20:4)

* Funkce: koncentrovana zasoba energie
(ve formeé triacylglycerolU=TAG), slozka
bunécnych membran (ve formé fosfolipidU=FL)
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Figure 2-21 Molecular Biology of the Cell (© Garland Science 2008)



Triacylglyceroly

* Slozené z molekuly glycerolu s molekulami
mastnych kyselin (substituce vsech 3 OH
skupin)

TRIACYLGLYCEROL
0 SFA = saturated fatty acid

HC—0 \ANANANANANAA s | (nasycens MK)
| O = monounsaturated
Hc—O)l\/\/\/\/?\/\/\/\/ WUFA | fatty acid (mononenasycend

0 double bond
| oo | MK)
H,C—O0 S W O = _
2 PUFA = polyunsaturated fatty
o Tireratiy acid (polynenasycena MK)
backbone acid chains

Guerrero: The dietary and thermoregulatory role of blubber as revealed by fatty acids. DOI:
10.13140/RG.2.2.16285.97765



http://dx.doi.org/10.13140/RG.2.2.16285.97765

Fosfolipidy

e Obsahuiji glycerol, mastné kyseliny a kyselinu
fosforecnou

 Amfipatické molekuly:
» hydrofilni ¢ast s obsahem fosfatové skupiny

» hydrofobni ¢ast (fetézce mastnych kyselin
spojené se zbytkem glycerolu)

* Priklady: fosfatidyl cholin (lecitin), fosfatidyl
serin, fosfatidyl ethanolamin
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Aminokyseliny

* Obsahuji karboxylovou (COOH) a aminovou
(NH,) skupinu pripojené na tzv. alfa uhlik

e Celkem cca 21 aminokyselin lisicich se
postrannim retézcem

* Staveni jednotky proteinu, AK spojeny
peptidovou vazbou



amino carboxyl

group group
H H
I T _
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Figure 2-23 Molecular Biology of the Cell (© Garland Science 2008)



A GUIDE TO THE TWENTY COMMON AMINO ACIDS

AMINO ACIDS ARE THE BUILDING BLOCKS OF PROTEINS IN LIVING ORGANISMS. THERE ARE OVER 500 AMINO ACIDS FOUND IN NATURE - HOWEVER, THE HUMAN GENETIC CODE
ONLY DIRECTLY ENCODES 20. ‘ESSENTIAL AMINO ACIDS MUST BE OBTAINED FROM THE DIET, WHILST NON-ESSENTIAL AMINO ACIDS CAN BE SYNTHESISED IN THE BODY.

Chart fey: . ALIPHATIC

Chemical
Structure

single letter
code

NAME

three letter code
DNA codons

OH

PHENYLALANINE
Phe

~

LYSINE D

Lys

AAA, AAG

ALANINE @)
Ala
GCT, GCC, GCA, GCG

TRYPTOPHAN

Trp
TGG

HO’%OH

NH,

SERINE

Ser
TCT, TCC, TCA, TCG, AGT, AGC

AROMATIC . ACIDIC . BASIC

GLYCINE )
Gly

GGT, GGC, GGA, GGG

HO

TYROSINE
Tyl’

OH O

AL,

NH,

THREONINE
Thr

HYDROXYLIC

-~
ISOLEUCNE D)
Ile

ATT, ATC, ATA

ASPARTIC AcID (1)

Asp
GAT, GAC

(o]

HS/YJ\OH

NH,

CYSTEINE
Cys

~ o

LEUCINE (B

Leu
CTT, CTC, CTA, CTG, TTA, TTG

GLUTAMIC ACID (3
Glu

METHIONINE
Met

PROLINE @)

Pro
CCT, €CC, CCA, CCG

ARGININE ()

Arg
CGT, CGC, CGA, CGG, AGA, AGG

ASPARAGINE ()

Asn
AAT, AAC

SULFUR-CONTAINING . AMIDIC O NON-ESSENTIAL l: :l ESSENTIAL

-~

VALINE (D

Val
GTT, GTC, GTA, GTG

-~
HISTIDINE )
His

GLUTAMINE ()
Gin

Note: This chart only shows those amino acids for which the human genetic code directly codes for. Selenocysteine is often referred to as the 21st amino acid, but is encoded in a special manner.
In some cases, distinguishing between asparagine/aspartic acid and glutamine/glutamic acid is difficult. In these cases, the codes asx (B) and glx (Z) are respectively used.

@ © COMPOUND INTEREST 2014 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem
Shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.

Dostupné z: https://www.compoundchem.com/2014/09/16/aminoacids/ 13.2.2023

SO0


https://www.compoundchem.com/2014/09/16/aminoacids/

Bilkoviny

Primary structure
amino acid sequence

Amino acid (1) Amino acid (2)
H
W o
H
R,
N-terminus C-terminus —
Peptide bond ' Secondary structure

regular sub-structures

hemoglobin

Dipeptide

Tertiary structure
\ three-dimensional structure

Quaternary structure
complex of protein molecules

©LadyofHats/ commons.wikimedia.org



Struktura bilkovin

e Primarni struktura —
poradi AK v retezci

e Sekundarni struktura —
geometrické usporadani
polypeptidového
retézce
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» [ skladany list
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amino acid
side chain

a helix

H-bond ' : % 0.54 nm

carbon

, (©)
nltrogen

(A) (B)

video

Figure 3-7a,b,c Molecular Biology of the Cell (© Garland Science 2008)



amino acid
side chain

H-bond
hydrogen
carbon

\
nitrogen

peptlde B
bond [ ‘ \ g R\,
W&

oxygen ,
Wer I

(D)

video

Figure 3-7d,e,f Molecular Biology of the Cell (© Garland Science 2008)

(F)



Struktura bilkovin

e Terciarni struktura —
3D usporadani
polypeptidového
retézce (globularni x
fibrilarni proteiny,
stabilizace kovalentnimi
vazbami: S-S mustky)

e Kvartérni struktura —
usporadani
podjednotek

Sybvia 5. M

red blood cell
B chain

helical shape of the
polypeptide molecule



Struktura bilkovin

 Podminuje jejich funkce:
» Stavebni (kolagen, elastin)

» Transportni a skladovaci (hemoglobin,
transferin)

» Zajistovani pohybu (vldkna aktinu, myosinu)

» Katalyza, regulacni funkce (enzymy, hormony,
receptory)

» Ochranné funkce (imunoglobuliny)



Enzymy

Katalyticka aktivita — fizeni biochemickych
procesu v bunkach, snizovani aktivacni energie

Proteiny (aktivni misto)+kofaktory
Enzym ¢aste¢né méni tvar Produkty

Substrat béhem vazby substratu ‘ ‘
[ Aktivni mlstOLJ\/ W r

:> =

=

Su bstrét vstupuje Enzym/substrat Enzym/produkty Produkty opousti
do aktivniho mista complex complex aktivni misto enzymi

Dostupné z: https://cs.wikipedia.org/wiki/Enzym#/media/Soubor:Induced fit diagram cs.svg,

19.2. 2023


https://cs.wikipedia.org/wiki/Enzym#/media/Soubor:Induced_fit_diagram_cs.svg

Denaturace bilkovin

e Ztrata sekundarni struktury - ztrata funkce

* Vysoka teplota, pH, pritomnost detergentd,

chemikalii (napf. alkoholy, soli)

1

\"-‘J




Nukleotidy

Slozené z kruhu obsahujiciho dusik (=baze:
pyrimidin / purin) a z 5C cukru (ribdza / 2-
deoxyriboza)

Pyrimidinové baze: cytosin (C), uracil (U),
thymin (T)

Purinové baze: adenin (A), guanin (G)
Komplementarita bazi (purinova+pyrimidinova
baze)



Pyrimidinové baze

NH-

XN cytosin
| JS

N O
H

O

| N uracil
-
O

| NH )
thymin
o

Purinové baze

NH

(Nﬁ\l adenin
N N/

H

0
X {NH
(N\ N/)\NH2 guanin
H



used in ribonucleic used in deoxyribonucleic
acid (RNA) acid (DNA)

Figure 6-4a Molecular Biology of the Cell (© Garland Science 2008)



Nukleotidy

* Funkce: kratkodobé prenasece energie
(adenosintrifosfat ATP), stavebni bloky pro
nukleové kyseliny — RNA, DNA



phosphoanhydride bonds

energy from
sunlight or
from food

(0

I
-p
I
(0

H'+ O-P-OH + -—O0-

inorganic
phosphate (P;)

ADP

Figure 2-27 Molecular Biology of the Cell (© Garland Science 2008)

ATP

energy available
for cellular work
and for chemical
synthesis



Nukleové kyseliny — RNA, DNA

Cytosin .

NH,

SN

LA

N 0
H

Guanin
0

@N\ N/ NH,
H
Adenin @

Uracil

nukleové baze
v RNA

“nukleové baze
/

par bazi

helix tvoreny
cukr-fosfatovou

kostrou

RNA

DNA

Cytosin .

Guanin .

0]
@N\ N,
H
Adeni
enin A IE
N =N
{30

H

Thymin .
0
chfl\NH
o

nukleové baze
v RNA

ribonukleové kyselina deoxyribonukleova kyselina

Dostupné z: https://cs.wikipedia.org/wiki/RNA#/media/Soubor:Difference DNA RNA-CS.svg,
14.2.2023



https://cs.wikipedia.org/wiki/RNA#/media/Soubor:Difference_DNA_RNA-CS.svg

Ribonukleova kyselina

Tvorena obvykle jednim vlaknem
polynukleotidu

Obsahuje cukr ribozu, dusikaté baze C, G, A, U
Vznika prepisem DNA — tzv. transkripci

3 typy: mediatorova (mRNA), transferova
(tRNA), ribozomalni (rRNA)

NizsSi stabilita nez DNA



Deoxyribonukleova kyselina

* Tvori pravotocivou dvousroubovici

* Obsahuje cukr deoxyribozu, dusikaté baze C,
G AT

* Primarni struktura — poradi nukleotidu

e Sekundarni struktura — dvousroubovice —
komplementarita bazi (G-C, A-T)

N B /H C H\ T
KN N N—H=Q  CHg
N Nt \> N—y N
W\ = N y N-------H—N
N—H-—C M N )‘* N
G / o },ﬁ



Funkce DNA

Nositelka genetické informace - vysoka
stabilita

V DNA je obsazena sekvence vsech bilkovin

Poradi bazi — 4" kombinaci (10 nukleotidu —
410=1 048 576 kombinaci)
Lidsky genom — 3,1 miliardy paru bazi

Gen = informace pro tvorbu RNA (transkripce)
— bilkovin (translace) = exprese genetickeé
informace

https://www.youtube.com/watch?v=fqWs1aM7BQs&t=16s




gene A gene B gene C
1 1 1

DNA
double
gene expression

Vo

— — p—
protein A proteinB proteinC

Figure 4-6 Molecular Biology of the Cell (© Garland Science 2008)



DNA replication
DNA repair
genetic recombination

DNA
5’ | . = H NN = =) N 3’
l:ll:l:lll:l::l:::ll: ’
3’ 5
RNA synthesis
(transcription)

\ RNA
S ST, 3
protein synthesis

(translation)

PROTEIN
COOH

amino acids

Figure 6-2 Molecular Biology of the Cell (© Garland Science 2008)



Transkripce

* Prepis z DNA do mRNA na zakladé
komplementarity bazi

template strand

l TRANSCRIPTION

5'2 3
RNA

Figure 6-7 Molecular Biology of the Cell (© Garland Science 2008)



Translace

* Prepis z mRNA do struktury proteinu — ¢teni

tzv. tripletu=kodonu (trojice nukleotidu)

AGA UUA AGC

AGG UuG AGU
GCA CGA GGA CUA CCA UCA ACA GUA
GCC CGC GGC AUA CUC CCC UCC ACC GUC UAA
GCG CGG GAC AAC UGC GAA CAA GGG CAC AUC CUG AAA UUC CCG UCG ACG UAC GUG UAG
GCU CGU GAU AAU UGU GAG CAG GGU CAU AUU CUU AAG AUG UUU CCU UCU ACU UGG UAU Guu UGA
Ala Arg Asp Asn Cys Glu GIn Gly His Ille Leu Lys Met Phe Pro Ser Thr Trp Tyr Val stop
A R D N C E Q G H [ L K M F P S T w Y Vv

Figure 6-50 Molecular Biology of the Cell (© Garland Science 2008)



Ukol

Urcete AK, které vzniknou prepisem sekvence
DNA:

AATGCCGATATGCAA



Opakovani

Jaké prvky se vyskytuji v zivych bunkach?
Jaké malé molekuly se vyskytuji v zivych
ounkach?

Jaké makromolekuly se vyskytuji v zivych
ounkach?




Opakovani

* Charakterizujte polysacharidy, lipidy, bilkoviny,
nukleové kyseliny z hlediska struktury a
funkce.

* Popiste vztah mezi nukleovymi kyselinami a
proteiny.



Shrnuti=zkouskové otazky

Prvkové slozeni zivych organismu, typy vazeb
mezi atomy

Lipidy
Bilkoviny
Nukleové kyseliny
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