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TABLE 1-3The Approximate Chemical Composition of a Bacterial Cell

PERCENT OF TOTAL ~ NUMBER OF TYPES OF

CELLWHGHT EACH MOLECULE
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)




STRUCTURALNI ULOHA -
FOSFOPIDU v BUNKACH

MEMBRANOVE
SYSTEMY

a bunécné
kompartmenty

Protientropické
disledky

NEODMYSLITELNE od BUNECNYCH FUNKCI



Kompartmenty:

Funkné nebo prostorové oddélené soubory prvku (slozek)
(existence jednotlivych kompartmenti) prvky (napf.

latky nebo bu iiky) jsou nerovhomérné rozdéleny.

Priklady:
Vsechny membranami ohrakené struktury maji (z hlediska rozdéleni latek) ,,své vnitini
prostitedi“ “selektivné akumuluji nebo zadrZuji ur¢ité latky proti koncentraénimu

spadu.
UzZ timto prostym faktem jsou nékteré reakce umoznény, jinym miiZe byt zabranéno.
Tato protientropicka distribuce molekul v buiice sm&fujici proti neuspoiadanosti
ma velky vyznam pro buréény metabolismus a regulace.

Umoziiuje ji pravé
existence bUﬂéén}"Ch membran - jeden ze zaklad 1 pro existenci biologickych systémii



Phospholipid structure and the orientation of
phospholipids in membrane

hydrophilic
head : water
; 00000000000000
& phospholipid
8 - ' bilayer,
; % :§ - ‘ +. |or membrane
wo > |>
hydrophobic | | |8 00000000000000
tails

| & |
phospholipid molecule

Figure 2-22. Molecular Biology of the Cell, 4th Edition.



A fatty acid
hydrophilic carboxylic acid head 1

J 1

hydrophobic hydrocarbon tail—
(A) (B) (C)

Figure 2-21. Molecular Biology of the Cell, 4th Edition.



PANEL 2-5 Fatty Acids and Other Lipids

COMMON FATTY TRIACYLGLYCEROLS  Fatty acids are stored as an energy reserve (fats and
ACIDS oils) through an ester linkage to glycerol to form
Tiaasareoarbowyiicasids ‘") triacylglycerols, also known as triglycerides.
with long hydrocarbon tails. AN
) C=0
COOH COOH COOH 1
: I | NN NN DN g

CH;, CH, CH,

CH,  CH, CH, |

glycerol

CH, CH, CH,
CH, (I. H, (I’H‘.
CH, CH, CH, Hundreds of different kinds of fatty acids exist. Some have one or more double bonds in their
H i ci hydrocarbon tail and are said to be unsaturated. Fatty acids with no double bonds are saturated
T [* % o o o
CH, (ITHA, CH, N\ 7 N
CH, CH,
)
CH, CH, =z
|- . ; )
CH, Clis CH, This double bond 4
| - ) . is rigid and creates ‘\‘
CH, CH, oic kink in the chain. /
| :::; e rest of the chain \\, stearic
CHs CH, - free to rotate < e
CH, CH, about the other C-C )
"= 2 bonds. -4
» 3 )
I CH, CH, J
CH, CH, CH, )
CH, Ppalmitc  cpy S
"2 acid 2 .
cHy ©w CH, )
3 2 space-filling model carbon skeleton </
stearic oleic
acid (Cyg) acid (Cra) UNSATURATED SATURATED
Phospholipids are the major constituents
CARBOXYL GROUP PHOSPHOLIPIDS o ceji membranes

If free, the carboxyl group of a
fatty acid will be ionized.

O
7

C
INONSNININSNANGN,
O

But more usually it is linked to
other groups to form either esters

O
7
«
VA YA YA VA VA VA VA VAN 1
O—(
or amides.
O
Vs
«
N

P
@_hydwphlhc_ ,z| choline
group N

O

|
O=p—0
|
(l)
CIJ |z—?|—cnz

* hydrophobic
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).




LIPID AGGREGATES POLYISOPRENOIDS

long-chain polymers of isoprene
Fatty acids have a hydrophilic head =

and a hydrophobic tail, ————

o

A2 o
.?-‘é.____-—mmeue |

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

Their derivatives can form larger aggreg: held ther by hydrophobic forces:

Triglycatides can form large spherical Fhasphatiplds and glycokpeds form self-sealing lipid
fat droplets in the cell cytoplasm. bilayers that are the basis for all cell membranes.

T ——e

of more ’::7:"
4 o —®

Lipids are defined as the water-insoluble CH

OTHER LIPIDS molecules in cells that are soluble in organic 4
solvents. Two other common types of lipids ,C—CH—CHZ
are steroids and polyisoprenoids, Both are CH;, i

made from isoprene units.

STEROIDS Steroids have a common multiple-ring structure,

cholesterol—found in many membranes testosterone—male steroid hormone
GLYCOLIPIDS
Like phospholipids, these wds are composed of a hydrophobi

region, containing two long hydrocarbon tails, and a polar region,

which, however, contains one or more sugar residues and no phosphate. galactose

b

H 2 o
| H o
NN NN, /C\é/CHZ sy !

<l residue

| H dolichol phosphats—used

H to carry activated sugars
R PN NG P SR I in the membrane-associated
L ; C—NH a simple synthesis of glycoproteins

I glycodipid and some polysaccharides
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Cytoskeleton

ARAQ

§ g Lipids Glycosylphosphatidylinositol (GPI)
«

? Cholesterol

Carbohydrate

O 8 Proteins

Figure 2 | The Fluid-Mosaic-Model of the cell membrane. Like a mosaic, the cell membrane is a complex structure made up of
many different parts, such as proteins, phospholipids and cholesterol. The relative amounts of these components vary from
membrane to membrane, and the types of lipids in membranes can also vary.

Zajisténi vétsiny biologickych funkci se neobejde bez unikatnich interakci

lipidovych komponent D s dalSimi biologicky vyznamnymi molekulami.

Jejich modulace mohou vyznamné ménit intenzitu a také smér sign. transdukce

1) napf. tzv. lipidovych raftd — membranovych
cholesterol

obohacenych o glykosfingolipidy a

Pietzsch J et al.,
Nature Reviews,

October 2004
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,Uloha lipida ve fyziologii a patofyziologii bunék*

POTRAVA: Zakladni podminka existence, zdroj zivin (E),
zaklad veskerych regulaci

Vyznamné je
Slozeni (kvalita)
Mnozstvi

Casové rozlozen

Tyto faktory moduluji nejen metabolismus, ale |
rustové vlastnosti tkani.

FOSFOLIPIDY vs. NEUTRALNI TUKY

11
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Dynamicky charakter biologickych membran (model)

—

PC - fosfatidylcholin
diC 16 - k. palmitova
diC 18:2 - k. linoleova
chol - cholesterol

PNAS | November 11,2008 | vol. 105 | no.45 | 17367-17372




Dynamicky charakter biologickych membran (model)

PNAS
Fos

November 11,2008 | vol. 105 | no.45 | 17367-17372

“
s 5

I
0

[N

4 haas "
S

- -
o) (D
0000
Lipids Glycosylphosphatidylinositol (GP) Proteins Cholesterol
Carbohydrate

Zajisténi vétsiny biologickych funkci

se neobejde bez lipidovych
komponent jako jsou VNMK s dalSimi biologicky
vyznamnymi molekulami. *

- Cytoskeleton

I 4

VNMK jsou soucasti
lipidovych raftu:

membranovych mikrodomén obohacenych

PC - fosfatidylcholin Cervena — nenasycené lipidy . P
diC 16 - k. palmitova Zelend - nasycené lipidy o glykosfingolipidy a cholesterol
dic 18:2 - k. linoleova Jejich modulace mohou vyznamné ménit intenzitu
chol-cholesteral A - planarni rozlozeni a také smér signalové transdukce
C -liposom g

Pietzsch J et al., Nature Reviews, October 2004
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PROLIFERACE

n-=6
2 : 3 KONCENTRACE MASTNYCH KYSELIN

D.G.Cornwell and N.Morisaki, Free Radicals in Biology. Vol.6, 1984
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PROLIFERACE

= 3 3
[ T
SO L O

KONCENTRACE MASTNYCH KYSELIN

D.G.Cornwell and N.Morisaki, Free Radicals in Biology. Vol.6, 1984

>

PEROXIDACE LIPIDU
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PROLIFERACE

n-6
KONCENTRACE MASTNYCH KYSELIN

D.G.Cornwell and N.Morisaki, Free Radicals in Biology. Vol.6, 1984

PROSTAGLANDINY

17



ONCENTRACE NENASYQENYCH MASTNYCH KYSELIN
\ PROLIFERACI NADOROVYCH (leukemickych) BUNEK
(shrnuti do r. 1985)

(,FATTY ACID PARADOXES*)

PROLIFERACE
PROLIFERACE
PROSTAGLANDINY
PROLIFERACE

PEROXIDACE LIPIDU

N\ -6
L L -6 n
U ’ '3
KONCENTRACE MASTNYCH KYSELIN CJKON(ZENTRA(ZE MASTNYCH KYSELIN 2-9 KONCENTRACE MASTNYCH KYSELIN

O O

n-
n
n-

Il)gg Cornwell and N. Morisaki, Free Radicals in Biology. Vol.6,
4



Spektrum eikosanoisu



Efekty zavisi na koncentraci — dalsi zavéry z oblasti nadorové problematiky:

(,FATTY ACID PARADOXES")

PROLIFERACE
PROLIFERACE

PROSTAGLANDINY
PROLIFERACE

- - n-6
KONCENTRACE MASTNYCH KYSELIN KONCENTRACE MASTNYCH KYSELIN n-9 KONCENTRACE MASTNYCH KYSELIN

=1
won

(VNMK mohou generovat jak@, tak @signél na proliferaci)

PEROXIDACE LIPIDU
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Funkéni zmény vyvolané vnéjsSimi podnety

Membrane (alteration of the function of a biological system,
perturbation induced by external or internal mechanisms)
Pl\
MAFP U-73122
J— (ca2+} l
LPC + IP, + DAG

DAG lipase .J.THL

: MAG + FA
MAG lipase) |
o Lipidomics reveals membrane lipid remodelling and

| MAFP release of potential lipid mediators during early stress
responses in a murine melanoma cell line

prostaglandins
leukotrienes “——

Overview of the potential arachidonic acid releasing pathways, applied Gabor Balogh a, Maria Péter a, Gerhard Liebisch b, Ibolya
inhibitors - ; : Horvath a, Zsolt Térok a, Eniké Nagy a,

and detected lipid intermediates (underlined). Note that DAG, AA and Ca2+ are Andriy Maslyanko a, Sandor Benks c, Gerd Schmitz b,
known John L. Harwood d,, Laszlé Vigh a,Biochimica et

Hsp upregulators. Biophysica Acta xxx (2010) XXX—=XXX



Ctyfi cesty metabolické premény AA

Epoxyeicosatrienoic acids (EET)
Prostaglandins (PG) Hydroxyeicosatetraenoic acids (HETE)

non- .
enzymatic

Leukotrienes (LT) Isoprostanes (Iso)

Hepoxilins (HX) Hydroxyeicosatetraenoic acids (HETE)

Lipoxins (LX)
Hydroxyeicosatetraenoic acids (HETE)

J Lipid Res. 2009 June; 50(6): 1015-1038.



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2681385/

E—

CYCLOOXYGENASES

'TXAzl 'PGIzl 'PGDzl 'PGEzl

MEMBRANE PHOSPHOLIPIDS

PLA,

l

EPOXYGENASES
(P450)

EPOXYACIDS,
DIOLS, etc.

LIPOXYGENASES

CH CO NH CH, COOH
NH

COCH,CH,CHCOOH




12-oxoLTBy

<l 15-oxol. XAy s ] 7.;}\‘_\
dhk PGD 1y dinor PGyt b
dhk LXA, $ 2 tetranor PGFo0 D A
P dinor PGE, - ;
/3 tetranor PGE, QU7 _
-7 £ 4 h LTB.
= = =P=dinor PGD, /i }}d 2 4
tetranor PGD,  /
-
2 B
_ - - - P 200h PGD,
- = — i 200h PGE,
L - A — 200h PGF,at
12¢pi LTB,
LTB, cchants LXA, & LXB,
12epi LTB4
- HXA, TiXA;
y HXB, TiXB,
LTA¢
12-HpETE
5-HpETE
EXC, 12-HETE
5-HETE
EXD, LTD,—p= Al1-LTD,
12-0x0ETE
5-ox0ETE

Major eicosanoid biosynthetic pathways.
The metabolites of the major pathways
are indicated in color:

COX (purple),

5-LOX (orange),

15-LOX (green),

12-LOX ( ),

CYP epoxygenase (red),

CYP o-hydroxylase (cyan),

and nonenzymatic oxidation (gray)

J Lipid Res. 2009 June; 50(6): 1015-1038.
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Arachidonic Acid

COX

OH Prostaglandin H, (PGH,)

J Lipid Res. 2009 June; 50(6): 1015-1038.

12

PGJ
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OH OH [¢]

Cysteinyl Leukotrienes (LTC,)

= Z Se— OH
OH 0
™
Leukotrienes (LTB,) i o
% o
VAN H
HN
o
o
LTAH LTCS HN
OH

Leukotriene A,

Lipoxins (LXAy)

J Lipid Res. 2009 June; 50(6): 1015-1038.
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J Lipid Res. 2009 June; 50(6): 1015-1038.
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OH OH o}

OH

Leukotriene By

OH OH o}

OH

CYP o-hydrolase
(200h-LTBy)

OH OH o}

OH

CYP o-hydrolase
OH (20cooh-LTBy)

OH OH o}

B-oxidation
OH (18cooh-LTB,)

OH OH o}

Glucuronidation
0 (200h-LTB, glucuronide)

WOH

OH

Fig. 8. Examples of LTB,; metabolism by B-oxidation, CYP
w-hydrolases, and glucuronidation.

J Lipid Res. 2009 June; 50(6): 1015-1038.
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Hepoxilins (HXA ;)

12-LOX

HO

OH 12-HETE

0 12-HpETE

Structures of 12-lipoxygenase metabolites. 12-Lipoxygenase creates 12-HpETE, which can further isomerize to form HXA,.

J Lipid Res. 2009 June; 50(6): 1015-1038.
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Arachidonic Acid

CYP CYP
o-hydrolase epoxidase

o-Hydroxyeicosatetraenoic Acids Y Epoxyeicosatrienoic Acids
(20-HETE) (11,12-EET)

Fig. 7. Structures of cytochrome P450 metabolites. Cytochrome P450 enzymes can catalyze w-oxidation
(example: 20-HETE) and epoxidation (11,12-EET) reactions.

J Lipid Res. 2009 June; 50(6): 1015-1038.
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rastové signaly

Lipofilni regulatory hydrofilni povahy
(proteiny, katecholaminy, apod.)

Transdukce /_\‘—
4 * r 10 receptor
(prenos) signalu .

cykiiny molekuly
regulatory signalové

CDKs / transkripce transdukce

S

molekuly
zesilovaci
kaskady
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pinocytosis
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MOLEKULARNI MECHANISMY puisobeni w-3 a w-6 VNMK

(mediatory a modulatory bunééné signalizacni site)

SIGNAL
(napf. cytokiny)

signalni

L . kaskada
lipidové
rafty / vnitrobunécné sekrece
. funkce
membranova

fluidita

\

proteiny

zmény metabolismu,

jaderné receptory “\ inserce
transkripéni faktory

(NFkB, PPAR, AP-1...

membranové
fosfolipidy

— bunééného ristu
diferenciace a apoptozy

PUFA T .

5
>

ROS

\ lipidova
peroxidace
\ K

L
v
n-3 PUEA : membranové -

fosfolipidy ) kyselina arachidonova

L
J
1
a
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u
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Modulace cytokinetiky latkami tukové povahy

Lipidy a zejména jejich slozky vysoce nenasycené kyseliny (PUFA), v€etné
jejich metabolitli eikosanoidu,

patfi mezi vyznamné epigeneticky plsobici faktory schopné ovlivnit jak déleni
a zanik normalnich,

ale i transformovanych bunéénych populaci, tak proces maligni transformace.




Faktory, kterée mohou modulovat
rychlost deleni, diferenciaci
anebo zanik bunéek

Faktory, které mohou ovlivnit cytokinetiku zménami

1) exprese anebo funkce molekul zapojenych v pfenosu signald pfimo regulujicich
proliferaci, diferenciaci a bunéénou smrt (apoptézou),

vCetné exprese protoonkogenu a nadorové-supresorovych genu

2) signalu, které tyto funkce ovliviluji do urcité miry nepfimo,

jako jsou inhibice mezibunécnych spojeni, ovlivnéni funkce enzymu reparujicich
DNA, metylace DNA apod.



Hlavni mechanismy pusobeni PUFAS

1) primé ovlivnéni aktivity transkripénich faktoru regulujicich expresi
genll vyznamnych z hlediska cytokinetiky

2) produkce eikosanoidll pusobicich na prenos signall cytokinu a
imunitni systém

3) produkce reaktivnich kyslikovych metabolitu vznikajicich
peroxidaci lipida.




Vyznam rovnovahy v prisunu prekursorovych
PUFAs

a

v produkci jednotlivych jejich metaboliti



Efekty inhibitoru
metabolismu AA

vyznam rovnhovahy
v prisunu prekursorovych PUFAs
a
v produkci jednotlivych jejich metabolitli
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Arachidonic acid: metabolic pathways
and its possible modulations

abbreviations:

ETYA = 5,8,11,14 -eicosatetraynoic acid
MEMBRANE PHOSPHOLIPIDS ESC = esculetin
...... NDGA = nordihydroguaiaretic acid
I FLAP = 5-lipoxygenase activating protein
INDOMETHACIN -1 ETYA 9-HE = 9-hydroxyellipticin
DICLOPHENAC v HETEs = hydroxyeicosatetraenoic acids
HPETEs = hydroperoxyeicosatetraenoic acids
EETs = epoxyeicosatrienoic acids
ARACHIDONIC SKF525A = proadifen
ACID

CYCLOOXYGENASES <

.............. l 12-LIPOXYGENASE #&) -
SKF525A, BIDIER ESC
9-HE

5-LIPOXYGENASE #ﬁ)
P450-MONOOXYGENASES /

FLAP

/

MK - 886

/

(15-LIPOXYGENASE)
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According to: A. Sellmayer et al.:

Prostaglandins, Leukotrienes
and Essential Fatty Acids ;

57: 353 - 357, 1997.
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