Predmet;
KBB/BB1P; KBB/BUBIO



Chemickeé slozeni bunky

Cil prednasky: seznamit posluchace se slozenim
bunky po chemické strance

Klicova slova: biogenni prvky, chemickeé vazby
a interakce, uhlikaté slouceniny, biomakromolekuly




Obrazky v nasledujici prezentaci jsou prevzaty z nize uvedeneé
knihy vylucné k vyukovym uceltim.

The illustrations in following lecture are taken from Alberts et al.
Molecular Biology of the Cell, 5th Edition (Garland Science 2008)
only and exclusively for the educational purposes.

Alberts e Johnson e Lewis e Raff ¢ Roberts o Walter

Molecular Biology of the Cell
Fifth Edition

Copyright © Garland Science 2008




Chemické slozeni bunky

e vSechny bunky |ze velmi dobre popsat pomoci jejich
chemickeho slozeni a chemickych reakci tzv. organickych
nebo |lépe uhlikatych latek (cukry, tuky, bilkoviny, nukleovée
kyseliny)

e veskery znamy zivot ma velmi podobny chemicky zaklad,
napr. nukleové kyseliny (stejny geneticky kod) a bilkoviny
(stridani tychz 20-23 zakladnich aminokyselin)

e vSechny bunky se zrejmé vyvinuly ze , stejného predka®
ktery se objevil na planete asi pred 3-4 miliardami let

e v prubéhu evoluce dochazi na urovni DNA ke zménam a
pomoci selekce a preziti nejschopneéjsich dochazi ke vzniku
obrovské rozmanitosti biosféry



Biogenni prvky

atomic number

5 _ atomic weight
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neutron electron

carbon atom hydrogen atom

atomic number =6 atomic number =1
atomic weight =12 atomic weight = 1




Kovalentni a iontoveé vazby

SHARING OF TRANSFER OF
ELECTRONS ELECTRON

positive  negative
ion ion

molecule

covalent bond ionic bond




Kovalentni a iontoveé vazby

Nonpolar covalent bond

Bonding electrons shared
equally between two atoms.
No charges on atoms.

(A) ethane

Polar covalent bond lonic bond

Bonding electrons shared Complete transfer of one or more
unequally between two atoms. valence electrons.
Partial charges on atoms. Full charges on resulting ions. (B) ethene




70% hmotnosti bunky tvori voda

e cely chemismus bunky lze zjednodusit do teto véty:

(polarni/hydrofilni a nepolarni/hydrofobni)

(van der Waalsovy sily,
vodikové mustky, hydrofobni sily, elektrostatické sily)

(acidobazickeé pary, slabé zasady a kyseliny, )

Table 2-1 Covalent and Noncovalent Chemical Bonds

Covalent 0.15
Noncovalent: ionic* 0.25
hydrogen 0.30

van der Waals attraction 0.35
(per atom)

*An ionic bond is an electrostatic attraction between two fully charged atoms.



Voda — nejrozsireneéjsi polarni rozpoustédlo
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electronegative
region

5+
H

H
26" & l
e H * 286"
l |

hydrogen bond

H
&+




Hydrofilni a hydrofobni molekuly

HYDROPHILIC MOLECULES HYDROPHOBIC MOLECULES
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.y 2

lontoveé a polarni latky se ve vode rozpoustéji, protoze k sobe
pritahuji molekuly vody a jsou jimi obklopeny. To vysvétluje,

(80 vs. 3 kcal/mol).



Klicovy vyznam nekovalentnich interakci

Kovalentni vazby spojuji atomy jeden vedle druhého, jak se
ale makromolekula (nukleova kyselina, protein,
polysacharid) , 0 tom rozhoduiji

mezi atomy z ruznych casti
makromolekuly a mezi atomy makromolekuly a atomy
rozpoustédla (vody).

SUBUNITS —————- MACROMOLECULES ——————- MACROMOLECULAR
covalent bonds noncovalent bonds ASSEMBLIES

-5

.7—;’0\“.

e.g., sugars, amino acids, ‘ 9‘

and nucleotides

e.g., globular proteins 30 nm

and RNA e.g. ribosome




Vodikové mustky

vazaneém na elektronegativni

prvek muze byt Z jiné
molekuly (napr. vody) Ci z jiné casti makromolekuly.

(A)

hydrogen bond ~ 0.3 nm long O —H i O
1

donor acceptor O—H |||||||||||||0®

atom atom

O —H I N
:@—- H III||IIII|III
N —H [ o
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covalent bond N®H I o
~ 0.1 nm long
N —H i N

donor acceptor

atom atom




Amino acids in polypeptide chains hydrogen-bonded
together.
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Two bases, G and C, hydrogen-bonded in DNA or RNA.
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Any molecules that can form hydrogen bonds to each other
can alternatively form hydrogen bonds to water molecules.
Because of this competition with water molecules, the
hydrogen bonds formed between two molecules dissolved
in water are relatively weak.
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nebo . Vodikové mustky mezi atomy A a B
musi ovsem vzdy celit soutézi s molekulami vody, jez mohou
tvorit vodikové mustky s Ai s B.




Charged groups are shiglded by their
interactions with water molecules.
Electrostatic attractions are therefore
quite weak in water.

similarly, ions in solution can cluster around
charged groups and further weaken
these attractions.

a.
-

Ha Na
oy +)

Despite being weakened by water and salt,
electrostatic attractions are very important in
biological systems. For example, an enzyme that
binds a positively charged substrate will often
have a negatively charged amino acid side chain
at the appropriate place.
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Elektrostaticke sily

Kromé H-mustku, které jsou zalozeny
na pritazlivosti parcialniho kladného
naboje na vodiku a zapornych naboju
okolo, existuji i jiné

na
ruznych atomech, jez se obecné
nazyvaji . Tyto sily
stejné jako ostatni nekovalentni

interakce hraji klicovou roli v bunécn
chemii, napr. mohou umoznovat



Van der Waalsovy sily

Take

=

maji mezi
sebou optimalni vzdalenost,
V Nniz je

. Ke zméné této
vzdalenosti je treba na
atomy pusobit silou, ktera distance between the
prekona stav obou atomu nuclel of o atoms
zustat v optimalni pozici, tzv.
van der Waalsovu silu.
V/ 0.4 nm 0.15 nm 0.13 nm

Jedna se o
. 7 7 Ve 7 two non-bonded single-bonded double-bonded
ale C|te|ne a UC|nne carbon atoms carbons carbons
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Hydrofobni interakce

Nepolarni molekuly se ,citi
lépe” v nepolarnim
(hydrofobnim) prostredi nez
v polarni vode. Pri stretu
dvou nebo vic hydrofobnich
molekul se tyto orientuji

castmi a
casti jsou
orientovany
. Tuto silu muzeme
najit napt. v lipofilnim nitru




Hlavni uhlikaté slouceniny v bunce

(glukoza, riboza) - (sachardza) -
(glykogen, skrob, celuléza); sacharidy
predstavuji predevsim zdroj energie ale i stavebni material

(kyselina palmitova, olejova...) -
(tuky, zasoba energie) a
(fosfatidylcholin, lecithin, bunécné membrany)

(baze + cukr + fosfat) jsou soucasti nebo
nebo tvori makromolekuly, zvané
(koduji genetickou informaci)

— 20-23 zakladnich aminokyselin tvori
pomoci (proteiny)



Sacharidy
— (CH,0),,, kde n= 3-8

e 7z chemického hlediska jsou monosacharidy aldosy
(aldehydova skupina) nebo ketosy (ketonova skupina)

e mnoho monosacharidu se liSi pouze prostorovym
usporadanim atomu (napr. usporadani -OH skupiny) a
vytvareji tak

e kazdy z téechto monosacharidu muze existovat v jedné ze

dvou a , které jsou navzajem zrcadlovym
obrazem —

* spajeni dvou a vice monosacharidu prostrednictvim
vazby mezi -OH skupinami



3-carbon (TRIOSES) S-carbon (PENTOSES) 6-carbon (HEXOSES)

n
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glyceraldehyde glucose

KETOSES

H

dihydroxyacetone ribulose fructose




D-glyceraldehyd L-glyceraldehyd




RING FORMATION

In aqueous solution, the aldehyde or ketone group of a sugar
molecule tends to react with a hydroxyl group of the same
molecule, thereby closing the molecule into a ring.

CH,OH

glucose

ribose

OH
Note that each carbon atom
has a number.

oo AND B LINKS

The hydroxyl group on the carbon that carries the
aldehyde or ketone can rapidly change from one
position to the other. These two positions are
called o and B.

O 0
OH

B hydroxyl o hydroxyl
As soon as one sugar is linked to another, the o or
B form is frozen.

I
N-acetylglucosamine C=0

I
CH,

ISOMERS

Many monosaccharides differ only in the spatial arrangement
of atoms—that is, they are isomers. For example, glucose,
galactose, and mannose have the same formula (C;H,;04) but
differ in the arrangement of groups around one or two carbon
atoms.

CH,OH

glucose
mannose

These small differences make only minor changes in the
chemical properties of the sugars. But they are recognized by
enzymes and other proteins and therefore can have important
biclogical effects.

SUGAR DERIVATIVES

The hydroxyl groups of a simple
monosaccharide can be replaced
by other groups. For example,

CH,OH

@]
OH

OH H glucosamine

HO

NH
glucuronic acid




DISACCHARIDES o glucose CHOH
@)
The carbon that carries the aldehyde

or the ketone can react with any
hydroxyl group on a second sugar
molecule to form a disaccharide.
The linkage is called a glycosidic
bond.

Three common disaccharides are

maltose (glucose + glucose)
lactose (galactose + glucose)
sucrose (glucose + fructose)

The reaction forming sucrose is
OH
shown here.

OLIGOSACCHARIDES AND POLYSACCHARIDES

Large linear and branched molecules can be made from simple repeating sugar
subunits. Short chains are called oligosaccharides, while long chains are called
polysaccharides. Glycogen, for example, is a polysaccharide made entirely of
glucose units joined together.

branch points / glycogen

+

HO

OH
H,O

@)

sucrose

P fructose




Lipidy
obsahuji dve chemicky odlisné oblasti —

dlouhy nepolarni uhlovodikovy retézec a polarni
karboxylovou skupinu (-COOH)

e karboxylova skupina se v roztoku vyskytuje v iontovée
forme, je chemicky reaktivni, obvykle je vsak vazana s dalsimi
skupinami a tvori nebo

e vysokoenergeticke zasoby —

e hlavni komponenty bunécnych membran — )
které maji vlastnosti

e jiné lipidické slouceniny: — obsahuji polycyklickou
strukturu (napr. hormony), — obsahuji cukerné

zbytky



COMMON FATTY
ACIDS5

These are carboxylic acids
with long hydrocarbon tails.

"-l-"- YOH "-l- QOH "-l- QOH Hundreds of different kinds of fatty acids exist. Some have one or more double bonds in their
CH. CH. CH. hydrocarbon tail and are said to be unsaturated. Fatty acids with no double bonds are saturated.
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CARBOXYL GROUP

If free, the carboxyl group of a But more usually it is linked to or amides.
fatty acid will be ionized. other groups to form either esters

TRIACYLGLYCEROLS Fatty acids are stored as an energy reserve (fats and
oils) through an ester linkage to glycerol to form
triacylglycerols, also known as triglycerides.

glycerol




PHOSPHOLIPIDS

Phospholipids are the major constituents
of cell membranes.

o)
O—P—0
0
CIHQ—C|H—CH2

'| choline

‘\\\ hydrophobic
T fatty acid tails

space-filling model of
the phospholipid
phosphatidylcholine

In phospholipids two of the -OH groups in glycerol are
linked to fatty acids, while the third —OH group is linked

to phosphoric acid. The phosphate is further linked to
one of a variety of small polar groups (alcohols).

general structure
of a phospholipid

STEROIDS

WY OH

cholesterol—found in many membranes

Steroids have a common multiple-ring structure.

HO

testosterone—male steroid hormone

GLYCOLIPIDS

Like phospholipids, these compounds are composed of a hydrophobic
region, containing two long hydrocarbon tails, and a polar region,
which, however, contains one or more sugars and no phosphate.

a simple

hydrocarbon tails glycolipid




Lipidové agregaty

Fatty acids have a hydrophilic head //.
and a hydrophobic tail. —_

-micelle

In water they can form a surface film
or form small micelles.

Their derivatives can form larger aggregates held together by hydrophobic forces:

Triglycerides can form large spherical Phospholipids and glycolipids form self-sealing lipid
fat droplets in the cell cytoplasm. bilayers that are the basis for all cell membranes.

?

200 nm
or more

'




Nukleoveé kyseliny

e zakladni stavebni jednotkou je , ktery se sklada

| triphosphate I ribose adenine '

adenosine




e dusikaté baze:
- pyrimidinove:
(uracil nahrazuje thymin v molekule RNA)

- purinove:

The bases are nitrogen-containing ring
compounds, either pyrimidines or purines.

PYRIMIDINE PURINE

H



e cukernou slozku tvori péetiuhlikaty cukr (pentosa):

(RNA)
(DNA)

SUGARS

PENTOSE

: two kinds are used
a five-carbon sugar

Each numbered carbon on the sugar of a nucleotide is
followed by a prime mark; therefore, one speaks of the
“5-prime carbon,” etc.

B-p-ribose
used in ribonucleic acid

B-p-2-deoxyribose
used in deoxyribonucleic acid




e fosfatova slozka:

PHOSPHATES

The phosphates are normally joined to
the C5 hydroxyl of the ribose or
deoxyribose sugar (designated 5'). Mono-,
di-, and triphosphates are common.

|

_ as in
O IT @) ?Hz AMP

| CI:IJ I
_ as in
O IT O I|3' @] I|3' O (I“H;_. ATP
O~ O~ O~
The phosphate makes a nucleotide
negatively charged.




NUCLEOTIDES BASIC SUGAR
LINKAGE

A nucleotide consists of a nitrogen-containing
base, a five-carbon sugar, and one or more
phosphate groups.

N-glycosidic
BASE
bond

PHOSPHATE

Nucleotides The base is linked to
are the the same carbon (C1)
subunits of used in sugar-sugar
the nucleic acids. bonds.




Nomenklatura

e dusikata baze + cukr —

e dusikata baze + cukr + fosfatova skupina —

NOMENCLATURE A nucleoside or nucleotide is named according to its nitrogenous base.

Single letter abbreviations are used variously as
shorthand for (1) the base alone, (2) the
BASE NUCLEOSIDE nucleoside, or (3) the whole nucleotide— @
_ ) the context will usually make clear which of

adenine adenosine the three entities is meant. When the context

is not sufficient, we will add the terms “base”, BASE + SUGAR = NUCLEOSIDE

“nucleoside”, "nucleotide”, or—as in the Py

examples below—use the full 3-letter nucleotide F j

ase

guanine guanosine

cytosine cytidine code

-

uracil uridine AMP = adenosine monophosphate

dAMP = deoxyadenosine monophosphate
thymine thymidine UDP = uridine diphosphate

ATP = adenosine triphosphate

BASE + SUGAR + PHOSPHATE = NUCLEOTIDE



Spajeni nukleotidu

O 5’ end of chain
| 5
O— IT —0O—CH,

O

phosphodiester
linkage

example: DNA

3" OH

3" end of chain




building blocks of DNA DNA strand
phosphate

sugar
\”m\%fl'/f s o
. + — ‘."‘“ =
sugar base
phosphate nucleotide

double-stranded DNA DNA double helix

\
N—H o
thymine

N —HIlno
\

sugar-phosphate
backbone

O liH—N

guanine H cytosine
hydrogen

bond

hydrogen-bonded
base pairs




Hlavni druhy nukleovych kyselin

e 3-D-2-deoxyribosa, A, G, C, T

e dlouha dvouvlaknova molekula slozena ze dvou
polynukleotidovych retézcu (double strand DNA)

e v nekterych pripadech (nekteré viry) se muze vyskytovat
jako jednovlaknova molekula (single strand DNA)

e nese genetickou informaci



Hlavni druhy nukleovych kyselin

3-D-ribosa, A, G, C, U

kratsi polynukleotidoveé retézce, muze vytvaret

nlavni Ulohou je prenos genetické informace do proteind,

u nekterych viru slouzi jako nositelka geneticke informace

(mediatorova RNA) — prepis genu, templat pro

translaci

(transferova RNA) — nese aminokyseliny, pomoci

antikodonu naseda na specificky kodon mRNA

(ribozomalni RNA) — soucast ribozomu, podili se na

vzniku peptidove vazby (katalyticka funkce)



Dalsi funkce nukleotidu

AT P 1 They carry chemical energy in their easily hydrolyzed phosphoanhydride bonds.

phosphoanhydride bonds

2 They combine with other groups to form coenzymes.

Koenzym A
(CoA) RN S s O AP

i
L|. —L| —0—F
H

|’ —O0—P—0—CH,

O @]

1]

|
HO CH,

example: coenzyme A (CoA)

cykl i c kyl B M P 3 They are used as specific signaling molecules in the cell.
( E IVI P) example: cyclic AMP (cAMP)




