


The four families of small organic molecules in cells

building blocks larger units
of the cell of the cell

SUGARS )| POLYSACCHARIDES
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AMINO ACIDS | mmlp PROTEINS
NUCLEOTIDES | NUCLEIC ACIDS

Figure 2-17. Molecular Biology of the Cell, 4th Edition.



TABLE 2-3The 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 04 100
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)
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A fatty acid

hydrophilic carboxylic acid head

C-16

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

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



Phospholipid structure and the orientation of
phospholipids in membrane

hydrophilic
: water

head

phospholipid
bilayer,
or membrane

two

hydrophobic

fatty acid
tails

fatty acid
fatty acid

| &
phospholipid molecule

Figure 2-22. 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 gl

" . triacylglycerols, also known as triglycerides.
These are carboxylic acids 9 L

with long hydrocarbon tails.

COOH COOH COOH

CH, CH, CH,

CH, CH,  CH,
| |

glycerol

CH,
CH,
|

CH, Hundreds of different kinds of fatty acids exist. Some have one or more double bonds in their
| hydrocarbon tail and are said to be unsaturated. Fatty acids with no double bonds are saturated.
O

(¢]
N, 7

This double bond

i d and creates

a kink in the chain.

The rest of the chain stearic
is free to rotate

about the other C-C

bonds.

~ almitic
CH, F
€ acid
CH (Cre)
ey’ space-filling model carbon skeleton
stearic

acid (Cs acid (C1s UNSATURATED

CARBOXYL GROUP PHOSPHOLIPIDS Phospholipids are the major constituents

of cell membranes
If free, the carboxyl group of a Q hvr;rrgfx‘i;mc L iy dsling
fatty acid will be ionized.
g O‘v

(l)
CHy—CH—CH,
| |

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

O
Vi
C
/\/\/\/\/\/\/\/ N\ |
O
* hydrophobic
fatty acid tails
or amides. '; 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 hydrophi e
and a hydrophobic tail, ———

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

Their derivatives can form larger aggregates held together by hydrophobic forc
Triglycen can form large spheric Phosphatipids and gly
fat droplets in th ) ers that are the basis for all

le—— 4nm —=|

Lipids are defined as the water-insoluble

in cells that are soluble in organic
solvents. Two other common types of lipids
are steroids and polyisoprenoids. Both are T el
made from isoprene units.

OTHER LIPIDS

C—CH==CH,

STEROIDS Steroids have a common multiple-ring structure,

A

—found in many membranes male steroid hormone

GLYCOLIPIDS

Like phospholipids, these compounds are compo: of a hydrophobi
region, containing two long hydrocarbon tails, and a polar region,
which, however, contains one or more sugar residues and no phosphat

sugar
residue

to carry activated sugars
inthe membrane-associated
synthesis of glycoproteins
and some polysacchari

hydrocarbon tails calipld




Spektrum eikosanoisu



Efekty zavisi na koncentraci — dalSi dukazy z oblasti nadorové problematiky:

(,FATTY ACID PARADOXES")

PROLIFERACE

PROLIFERACE
PROSTAGLANDINY

PROLIFERACE

PEROXIDACE LIPIDU

- - n-6
KONCENTRACE MASTNYCH KYSELIN KONCENTRACE MASTNYCH KYSELIN

n-6 n-6
- n-3 ,
: - 3 n-9  KONCENTRACE MASTNYCH KYSELIN

(VNMK mohou generovat jak +, tak — signal na proliferaci)



Membrane
perturbation

PE
PC

\ : J_U-73122

Ca*

\

IP, + DAG

DAG lipase J.THL

Lipidomics reveals membrane lipid remodelling and
release of potential lipid
mediators during early stress responses in a murine

Overview of the potential arachidonic acid releasing pathways, applied melanoma cell line

inhibitors Gabor Balogh a, Maria Péter a, Gerhard Liebisch b, Ibolya
and detected lipid intermediates (underlined). Note that DAG, AA and Ca2+ are Horvath a, Zsolt T6r6k a, Eniké Nagy a,

known Andriy Maslyanko a, Sandor Benké ¢, Gerd Schmitz b,
Hsp upregulators. John L. Harwood d,[], Laszlé Vigh a,[ /Biochimica et

Biophysica Acta xxx (2010) XXX—XXX



Prostaglandins (PG)

Epoxyeicosatrienoic acids (EET)
Hydroxyeicosatetraenoic acids (HETE)

Leukotrienes (LT)
Hepoxilins (HX)
Lipoxins (LX)
Hydroxyeicosatetraenoic acids (HETE)

N-6 (CH3)

enzymatic

Isoprostanes (Iso)
Hydroxyeicosatetraenoic acids (HETE)

doi: 10. 1194/j|r R900004- JLRZOO



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

12-0x0LTB,

dhk PGF 0 ~e+++ ISk PGR 2 Major eicosanoid biosynthetic pathways. The metabolites
bk PGE, e+ ; Isk P(;[jl" ‘ s . of the major pathways are indicated in color:
& 15k PGD, 15-ox0LXA, :
dhm;mdhkm [ S PGE G \ COX (purple),
' ”4 — % 4 5-LOX (orange),
154 PGJ, 4 o s 15-LOX (green),
PGB, 5 - Pdinor PGD, 12-LOX (yellow),
e RG R, CYP epoxygenase (red),
PGA, 4 ‘ CYP w-hydroxylase (cyan),
and nonenzymatic oxidation (gray)

8-iso PGF,a 111

f<DE 5-iso PGF,a VI

6k PGF,at . v
> -

5,6-EET
89-EET 8,9-DHET

11,1287 EH 11,12-DHET

14,15-EET

5,6-DHET

14,15-DHET

AGt,12¢pi LTB; LXA, & LXB,
XA; & LXB4

12epi LTB; \
AAG( LTB, r B> HXA, TeiXAs
12-LOX HXEH 2
7 —— 3= HXB, > TiXB,
TA,~¢— \

\

12-HpETE

EN p== 8-HpETE
5-HpETE

15-HETE

—» Al1t-LTC;
Y 8-HETE
5-HETE

LTD,—3= Al1t-LTD, j
5-HEDH
Y

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

> LTE; —»= Al1t-LTE;
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MEMBRANE PHOSPHOLIPIDS

l PLA,
/ l

EPOXYGENASES
CYCLOOXYGENASES
(P450)

l

EPOXYACIDS,
DIOLS, etc.

M'S

LIPOXYGENASES

¥

COOH
LTD,

CH,

CHCONHCH,COOH [LTE,
NH

COCH,CH,CHCOOH

NH,




PGA HG  PGE J  PGJ

Arachidonic Acid

COX

OH Prostaglandin H, (PGH,)

J Lipid Res. 2009 June; 50(6): 1015-1038.
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OH OH e}
Cysteinyl Leukotrienes (LTC,)

Z N S—= oH
OH o]

Leukotrienes (LTB,)

AN

wlimne
I
O
\; T
o]

HN

o (cystein)

LTAH LTCS HN

Leukotriene A,

OH

12-LOX £
OH Lipoxins (LXA,)

or
15-LOX

Structures of 5-lipoxygenase metabolites. 5-Lipoxygenase creates the labile
epoxide LTA,, which can be enzymatically converted into LTB,, LTC,, and LXA,.

From:

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

doi: 10.1194/jlr.R900004-JLR200.
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OH

OH :
0 E
N]4A3 s
: o
£ o
S ”/\(
OH
HN
e}
Eoxins o Cysteinyl Leukotrienes
(EXCy) HoN (LTCy)

OH

Structure of eoxin C,. Eoxins are the 15-LOX analogs of the cysteinyl
leukotrienes, where the thiol attachment occurs at C-14.

J Lipid Res. 2009 June; 50(6): 1015-1038.
doi: 10.1194/jlr.R900004-JLR200.
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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)

\\\\\O H

OH

Fig. 8. Examples of LTB; metabolism by B-oxidation, CYP
w-hydrolases, and glucuronidation.
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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 HXAs.
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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.
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CSF-1

/\ G proteins
—_— ras/GAP?
tvr tyr-P C )

receptor substrates
e.g. PI-3 kinase

- o
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fibronectin R (B)
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Fluid-phase
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K+



Faktory, které mohou modulovat
rychlost deleni, diferenciaci
anebo zanik bunek

Faktory, které mohou ovlivnit cytokinetiku zmenami

1) exprese anebo funkce molekul zapojenych v prenosu signalt primo regulujicich
proliferaci, diferenciaci a bunecnou smrt (apoptozou),

vcetne exprese protoonkogenu a nadorove-supresorovych genu

2) signalti, které tyto funkce ovliviiuji do urcité miry neprimo,

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



Modulace cytokinetiky latkami tukovée povahy

Lipidy. a zejmena jejich slozky vysoce nenasycene Kyseliny (PUFA), vcetne
jejich metabolitt eikosanoid,

patri mezi. vyznamne epigeneticky pusobici faktory schopneé ovlivnitjak deleni
a zanik normalnich,

ale I transformovanych bunecnych populaci, tak proces maligni transformace.




Hlavni mechanismy pusobeni PUFAs

1) primé ovlivheni aktivity transkripcnich faktoru regulujicich expresi
genu vyznamnych z hlediska cytokinetiky

2) produkce eikosanoidul pusobicich na prenos signalltl cytokinu a
imunitni system

3) produkce reaktivnich kyslikovych metabolitu vznikajicich
peroxidaci lipidu.




Vyznam rovnovahy v prisunu prekursorovych
PUFAS

a

V. produkci jeanotlivych jejich metabolit
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According to: G.Powis: TiPS; 12: 188 -194,
1991




Efekty inhibitoru
metabolismu AA

vyznam rovnovahy
v prisunu prekursorovych PUFAs
a
v produkci jednotlivych jejich metabolitu




Arachidonic acid: metabolic pathways
and its possible modulations

abbreviations:
ETYA = 5,8,11,14 -eicosatetraynoic acid
MEMBRANE PHOSPHOLIPIDS ESC = esculetin
NDGA = nordihydroguaiaretic acid
_ FLAP 5-lipoxygenase activating protein
INDOMETHACIN ] 9-HE 9-hydroxyellipticin
DICLOPHENAC \ HETEs hydroxyeicosatetraenoic acids
HPETESs = hydroperoxyeicosatetraenoic acids
EETs = epoxyeicosatrienoic acids
SKF525A = proadifen

ARACHIDONIC
ACID

CYCLOOXYGENASES < l 12-LIPOXYGENASE #ﬁ)

SKF525A,
HE

t &
5-LIPOXYGENASE #“) KOTRIE
e P450-MONOOXYGENASES
ROMBOXANIE /

HETEs / (15-LIPOXYGENASE)




PRODUKTY _
. . VORE et al., J. Immunol. :
LIPOXYGENAZ A CYKLOOXYGENAZ 11, 435 - 442, 1989

Esculetin Indomethacin

% kontroly
% kontroly

3 10 30

1 3 10 30 100 03 1

koncentrace (uM) koncentrace (uM)

Ibuprofen

% kontroly
% kontroly

3 10 30 100 10 30

koncentrace (uM) koncentrace (uM)
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growth factors
hormones

N

According to: A. Sellmayer et al.:

:ecepto ﬁfUﬁfU\ﬁflﬁ Prostaglandins, Leukotrienes
PLA, _Jofloflﬂﬂoﬂflﬂo( and Essential Fatty Acids ;

57; 353 - 357, 1997.

cyclooxygenases -ion channel
lipoxygenases activity -
CP450 guanylate cyclase
monooxyggnases - adenylate cyclase
- protein kinase C
eicosanoid ; - protein kinase A
! - tyrosine kinase
- MAP kinase

(/G-pr—e%er'ms

transcription
faclors

gene
expression cell




Dekujeme za pozornost
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