LIPIDI

Osnove biokemije
Boris Mildner

OSNOVNE KARAKTERISTIKE LIPIDA

Lipidi su raznolika grupa spojeva kojima je jedino zajednicko
svojstvo da su netopljivi u vodi a topljivi su u organskim
otapalima.

Masti i ulja su spojevi u kojima organizam pohranjuje energiju
(energetske rezerve).

Fosfolipidi, glikolipidi i steroli su glavni strukturni elementi
bioloskih membrana.




OSNOVNE KARAKTERISTIKE LIPIDA

* Druge vrste lipida iako prisutne u malim koli¢inama imaju uloge
kao: kofaktori, prijenosnici elektrona, spojevi koji vezu (“sidre”)
proteine za stani¢nu membranu, pigmenti koji apsorbiraju
svjetlost, emulgatori u probavnom traktu, hormoni i stani¢ni
glasnici...

» Lipidi ne stvaraju kovalentne polimere.

Masne kiseline

Gotovo sve masne kiseline u stanicama imaju parni broj ugljikovih atoma
(obiéno 12 — 24). Mogu biti zasi¢ene i nezasi¢ene, a dvostruka veza je
gotovo uvijek u cis-polozaju.
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Masne kiseline
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(a) 18:1(A?) cis-9-Octadecenoic acid (°ktadekaenoicna
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(b) 20:5(A32311:1417) Eicosapentaenoic acid (EPA),

an omega-3 fatty acid (eikozapentaenoié¢na kiselina (EPA) —
Figure 10-1 I omega-3 masna kiselina)
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Neke prirodne masne kiseline

Ugljikova okosnica

Struktura*

*pri pH = 7,0 karboksilne skupine
su ionizirane

Sistematsko
ime

Uobicajeno ime

Taliste (°C)

12:0 CH;(CH,),,COOH n-dodekanoi¢na laurinska kiselina 44,2
kiselina

14:0 CHjy(CH,),,COOH & Kiselina 53.9
kiselina

16:0 CHy(CH,),,COOH é Kiselina 63,1
kiselina

18:0 CH,(CH,),;COOH & Kiselina 69,6
kiselina

20:0 CH;,(CH,);,COOH & Kiselina 76,5
kiselina

24:0 CHjy(CH,),,COOH & g inska kiselina 86,0
kiselina

16:1(A9) CH3(CH,);CH=CH(CH,),COOH is-9-hek: 1,0 do-0,5
dekanoiéna kiselina | kiselina

18:1 (A?) CH;(CH,),CH=CH(CH,),COOH cis-9-okta- oleinska kiselina 13,4
dekaenoicna
kiselina

18 : 2 (A%12) CHy(CH,);CH=CHCH,CH= cis-,cis-9,12-okta- linolei&na kiselina 1,0-5,0

CH(CH,),COOH dekaenoiéna

kiselina

18 : 3 (A%1215) CH;CH,CH=CHCH,CH=CHCH,CH= cis-,cis-,cis-9,12,15- | a-linolenska kiselina -11,0

CH(CH,),COOH oktadekaenoiéna

kiselina

20 : 4 (AS81114) CH3(CH,),CH=CHCH,CH=CHCH,CH= cis-,cis-, cis-,cis-,5, arahidonska kiselina -49,5

CHCH,CH=CH(CH,);COOH

8,11,14-ikozatetra-
enoicna kiselina

Masne kiseline, zasicene |
nezasicene

(a) Carboxyl -0 o
group \c/

Hydrocarbon

chain

Figure 10-2ab

© 2008 W.H. Freeman and Comparsy.
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Struktura zasi¢enih i nezasic¢enih
masnih kiselina

©9@990 W0 290090 @ 9
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Saturated Mixture of saturated and
fatty acids unsaturated fatty acids

Figure 10-2ed
Lehninger Principles of Biochesiary, Fitth Edition
2008 W H. Famtrran and Comguany

Triacilgliceroli (masti i ulja)

+ Esteri masnih kiselina i glicerola su triacilgliceroli.
Triacilglicerole dijelimo na masti i ulja.

+ Triacilgliceroli su nepolarni hidrofobni spojevi
netopljivi u vodi.

* Imaju manju specificnu gustoc¢u od vode, pa se
mijeSanjem vode i triacilglicerola dobivaju dvije faze.




Struktura
triacilglicerola

*Triacilgliceroli su esteri
masnih kiselina i
hidroksilnih skupina
glicerola. Jednostavni
triacilgliceroli sadrze
= samo jednu vrstu masnih
=g kiselina, a mijesani tipovi
triacilglicerola sadrze
dvije do tri razli€ite
masne kiseline.
*U organizmu
triacilgliceroli sluze kao
energetska rezerva.

1-Stearoyl, 2-linoleoyl, 3-palmitoyl glycerol,
a mixed triacylglycerol
figure 10-3

© 2008 W, H, Freeman and Company

Presjek kroz €etiri stanice adipocita zamorca

8um

Triacilgliceroli se pohranjuju u masnom tkivu
gdje se €uvaju u nehidratiziranom obliku.

Figure 10-4a

ge 2
© 2008 W. H.Freeman and Compary




Presjek sjemenke Arabidopis

Biljke pohranjuju triacilglicerole u
svojim sjemenkama.

Triacilgliceroli

+ Dva su razloga zasto je prednost da se triacilgliceroli Guvaju
kao energetska rezerva a ne polisaharidi:

1) Ugljikov atom masnih kiselina je reduciraniji nego ugljikov
atom ugljikohidrata, pa oksidacijom triacilgliceroli
oslobadaju viSe energije nego Sto se dobiva oksidacijom
ugljikohidrata.

2) Triacilgliceroli su hidrofobni pa ne vezu vodu, dok npr. 2 g
polisaharida (glikogena) veze 1 g vode.




RASPODJELA MASNIH KISELINA U ULJU,
MASLACU | LOJU
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Figure 10-5
L

Butter,  Beeffat,
soft solid hard solid

Natural fats at 25 °C

Principte of Biec ety fifth Edition
© 7008 Y8 . Freerman sed Company

Triacilglicerole susre¢emo u
raznim namirnicama.

“TRANS” MASNE KISELINE U HRANI

French fries

Breaded fish burger

Breaded chicken
nuggets

Pizza

Corn tortilla chips

Doughnut

Muffin

Chocolate bar

Trans fatty acid content
In a typical As % of
serving(g)  total fatty acids
4.7-6.1 28-36
5.6 28
5.0 25
11 9
1.6 22
2.7 25
0.7 14
0.2 2

Source: Adapted from Table 1 in

D., Katan, M.B., Ascheri

PH,, Stampfer, M., & Willet, W.C. (2006) Trans fatty acids and cardiovas-
cular disease. N. Engl. J. Med. 354, 1604-1605.
Hote: All data for foods prepared with partially hydrogenated vegetable

oilin the United States in 2002.

Table 10-2
Eehninger Principhen of Siochemiatry, Fifth Edition
© 2008 W . Freeman sred Company

Djelomi¢nom hidrogenacijom
jestivih ulja tijekom priprave
hrane dolazi do promjena cis
polozaja dvostrukih veza u trans
polozaj. U prehrani trans masne
kiseline su rizi¢an faktor za
razliCite bolesti srca.




STANICNE MEMBRANE

PODJELA MEMBRANSKIH LIPIDA

Membranske lipide moZemo podijeliti:
Fosfolipide:

- glicerofosfolipide (fasfatidilkolin, fosfatidiletanolamin, fosfatidilserin,
fosfatidilinozitol, kardiolipin)

- sfingolipide (sfingomijelin)

Glikolipide:

- Cerebrozide (mosaharid (glukoza ili galaktoza)vezan za ceramid)
- Globozide (linearni di, tri ili tertra oligosaharidi vezani za ceramid)
- Gangliozide (razgranati oligosaharidi vezani za ceramid)
Sterole:

Kolesterol (sisavci)

Ergosterol (nizi eukarioti)

Bakterije nemaju sterole u plazmatskim membranama.




Membranski lipidi

» Lipidi s polarnim €eonim skupinama i nepolarnim “repovima”
sastojci su staniénih membrana.

* Najcesci sastojci u membranama su glicerofosfolipidi, kojima su na
dvije hidroksilne skupine glicerola esterski vezane dvije masne
kiseline, a na ¢eonu skupinu (tre¢u hidroksilnu skupinu glicerola)
putem fosfodiesterske veze vezan je alkohol.

+ Ceone skupine glicerofosfolipida se razlikuju. Najéesée
glicerofosfolipidi kao ¢eonu skupinu imaju ili fosfatidiletanolamin ili
fosfatidilkolin. Kod neutralnog pH, ¢eone skupine su nabijene.

GLICEROFOSFOLIPIDI
Acyl groups <R1\C/°\1§H2

with fatty acid || i

hydrocarbon cha o
R
Fatty ™7
acid

Phosphatidate

Fatt)" (Diacylglycerol 3-phosphate)

acid

Najjednostavniji
glicerofosfolipid je
fosfatidat koji nema
vezan alkohol na
fosfatnu (“Ceonu
skupinu”).
Zastupljenost
fosfatidata u
membranama je mala
iako je to preteCa
ostalih
glicerofosfolipida.

—Phosphate—{ Alcohol

—0 =m0 A< —0Q
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SPOJEVI KOJI SE VEZU NA FOSFATNU
SKUPINU FOSFATIDATA

“00C H
\ H, |-|0\c /c\ N/CH3
HO( € HO L
C NH;* C NH3* \ “CH;
H; Hy CH;
Serine Ethanolamine Choline
(serin) (etanolamin) (kolin)
HO H H oH PHH
HO \c/ OH HO H
N N HO H
H H
H; H> H H
Glycerol Inositol
mbcremes - o (glicerol) (inozitol)

2007 W.H. Freeman and Company

STRUKTURE GLICEROFOSFOLIPIDA

S
P, N

|t CHy
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OH
difosfatidil-glicerol (kardiolipin) ‘
Figure 12-5
Biachemtry, Sixth Edition

2007 W H Freemmasn and Compary
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NEUOBICAJENI GLICEROFOSFOLIPIDI
EUKARIOTA

’eterskom vezom vezani alken‘

H H
o AN E VAV AVAVAN

|
20— N NN AN NS
| Il

3<|:|-|2 o)

0

| +
=P—0—CH2—CH2—N (CH3)3
.

plazmalogen

Figure 10-10a
Lebninger Principles of Biochemistry, Fitth Edieion
2008 W H. Freeman and Company

NEUOBICAJENI GLICEROFOSFOLIPIDI
EUKARIOTA

’ eterskom vezom vezani alkan ‘
CH;—0—CHy—CHyY V" N\ NNV NN\

2cll-l —o—ﬁ—CHg,
3CH, o

’ acetilni ester ‘

0
I +
0=P—0—CH,—CH,—N (CH3)3
-
Platelet-activating factor
Figure 10-10b (aktivirajuci Eimbenik trombocita, PAF)

Lehninger Principles of Biachemistry, Fifth Edition
2008 W, M, Freeman and Company
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GLICEROFOSFOLIPIDI ARHEJA

*Arheje imaju jedinstvene membranske lipide koji su eterskim
vezama povezani s glicerolom. Ovi lipidi su stabilni u okoliSu u
kojem zive arheje.

H3
HsC HsC HsC HsC, o o
B Y B\ H WM Hy e ?/ N~ “SnH*
Y, ¥ 7N Ha
HsC o—C-H 0-0
ofCHz

HsC CH; CH; CHs

Membrane lipid from the archaeon Methanococcus jannaschii

Unnumbered figure pg 332
Biochemistry, Sixth Edition
2 2007 W, H. Freeman and Compary

SFINGOLIPIDI

«Sfingolipidi umjesto glicerola imaju sfingozin. Sfingozin je dugolancani alifatski
amino-alkohol.

«Sfingomijelin osim fosfatne kiseline i kolina ima dva dugolan€ana ugljikova
lanca, od kojih jedan potje€e od masne kiseline, a drugi od sfingozina.

(sfingozin)
‘H,N\ H
o c',\ _AOH
5 C
"O/H Ha
Sphingosine
Masna kiselina je vezana 2
T
f ~C~nn
amidnom vezom za Ri U -
sfingozn HICIH:CI“\\/\\/C“‘T/O?\/O\/\;,/C 3
H N o . I
J “ “' AN W (sfingomijelin)
phingomyelin
St

D el
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Strukture fosfatidilkolina i sfingomijelina

H

0 Y.
" 1 o:i—c M o
0_?_0/ \c‘"/l:u:\ojc 1"3 i"’ )Hf x}/
Hy CHy—0 A + H
‘ii‘i 3= ,g CH;—I'—CH; 0=C
CHy—N
|

Ha 0=C CH3
CHy

Phosphatidylcholine Sphingomyelin

Figure 10-14 part 3
b Pr gl o o ety 6678 b
2008 e e oy

PRIMJERI GLIKO(SFINGO)LIPIDA

Sphingosine
HO — CHe= CH — (CH,),;—CH, Fatty acid
Sphingolipid I
lgeneral 1CH—|
structure) I_ AV VA VAVAVAVAVAVAVA VAV AN
'CH,—0—X
Name of sphingolipid Name of X—0O Formula of X
Ceramide - —H
20H
Neutral glycolipids
Glucosylcerebroside Glucose
H
OH
H OH
Lactosylceramide Dl trk-, or
{a globoside) tetrasaccharide
Complex
Ganglioside GM2 oligosaccharide 4.5{1

Figure 10-13
L Fifth Edition

nge: lp
© 2008 W, H.Freeman and Company




GLIKOLIPIDI
CEREBROZID (GLIKOSFINGOLIPID)

masna kiselina ||

c
R1/ “SNH

H3C(H2C) 12 _A C\ /0\ glukoza
A C Ili
H H, galaktoza

Cerebrozid
(glikolipid)

Unnumbered figure pg 331a
Blochemisiry, Sixth Edition
© 2007 W.H.Freeman and Compary

Seceri su direktno vezani za ceramid, odnosno za
hidroksilnu skupinu sfingozina (nema fosfata!)

ANTIGENI KRVNIH GRUPA

GIcNac&

A Antigen

GalNac

B Antigen

~—Gal

Figure 10-15
Lekninger Prisciphes of Scchemitry. Fifth Edition
W Freema anc Company
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Neke nasljedne bolesti (gangliozidoze)

@cc [ camac
Ceramide OO O cal @ neusac
\'O{ial
m
Globosid
hexosaminidase A @... Tay-Sachs disease bue
\‘DGaIN.Il:
hexosaminidase Sandhofi's disease
AandB
[ camnc
[Ceramide |-@—() 6m3
.
wg_llesldo \
Ratkaminidae .".‘Js-ﬂ" a-galactosidase A ®—- Fabry's disease
Gal
® o
-galactosidase LO
Gal
Sphingomyelin
Ceramid
m Phosphochaoline
" brosidase (30— Gaucher’s disea:
P S8 sphingomyelinase (30 Niemann-Pick disease
Glec
E’

Box 10-2 figure 1 .

Fifth Edition

g
© 2008 W. H.Freeman and Company

Tri osnovne vrste lipida izgraduju membranu

Steroli
steroli CH,
HsC CHy H,C CH,
Hs CH, S CH;
CH CH

HO HO

Kolesterol Ergosterol

(Zivotinje) cH;  (kvascii gljive)

H,C CH,
CH
CH,
CH,
HO
Stigmasterol
bilike

16



*Steroli su
izgradeni od cetiri
povezana prstena i
jedan prsten ima

hidroksilnu

skupinu.

Kolesterol je glavni - (4 Alkyl
sterol u zivotinja, a J

ujedno je i preteéa : chain

razli€itih steroida.

Kolesterol

Polar
head

Figure 10-17
Lekninger Principées of Bicchemiatry, fifth Edtion
© J008YW I Freeman and Comparsy

nucleus

Osim u membranama, derivati kolesterola su vazni u
metabolizmu

CH;

Taurine

A

OH

N\

.
(Ii—NH —CH,—CH,—SO0;

HO OH Taurokolna kiselina
(zu€na kiselina)

Unnumbered 10 p357
Lehninger Principles of Biochemi:
© 2008 W, H. Freeman and Company
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Steroidni hormoni (derivati kolesterola)

oH oH
Hy€ H,C
H,C
o HO

Testosterone Estradiol
clu JOH
u
Lo, o~ 4=
|
OH
Ho. H,C HO. (4
H,C H,C
Cortisol Aldosterone
EH OH CI‘I OH
T o n, T ou
HO
H,C !
Brassinolide
Prednisolone Prednisone (a brassinosteroid)
Figure 10-19
rkninger Principhn of Siochemiatry. f¥th Edition

T —

Shematski prikaz membranskih lipida

Zajednicko svojstvo membranskih lipida je da su to amfipatske molekule koje
imaju jedan hidrofilni kraj a suprotni kraj je hidrofoban.
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Strukture (modeli) membranskih lipida

BioloSke membrane
Sastav lipida u nekim membranama

TABLE 10-1 Major Lipid Components of Selected Biomembranes

COMPOSITION (MOL %)

| SOURCE/LOCATION PC PE+PS SM CHOLESTEROL
Plasma b (human erythrocytes) 2 29 21 26
Myeli (hur 16 37 13 34
Plasma membrane (E. coli) L] 85 o [

(rat) 54 26 5 7

Golgi membrane (rat) 45 20 13 13
Inner mitochondrial membrane (rat) 45 45 2 7
Outer mitochondrial membrane (rat) 34 46 2 n
Primary leaflet location Exoplasmic Cytosolic Exoplasmic Both

PC = phesphatidyleholine; PE = phosp lamine; PS = phosp y SM = sphing

source: W. Dowhan and M. Bogdanov, 2002, in D. E.Vance and J. E. Vance, eds., Bioch of Lipids, Lipop and

Elsevier.

Table 1041

Malecular Cell Biology, Sixth Edition
© 2008 W.H. Freeman and Company
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Razliciti lipidi

Osim za potrebe Cuvanja energije i za potrebe stvaranja membrana,
u prirodi postoje razliciti spojevi koje ubrajamo u lipide.

VOSAK

Il
CH3(CH3)14—C—0—CH;—(CH3)2g —CH3

‘ palmitinska' kiselina ‘ ‘ 1-;riakonatol ‘

Figure 10-6
Lekninger Pricipbes of Sicchemiatry, fith Edisian
© J008W Freemun aed Company
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Razgradnjom membranskih lipida stanica
dobiva razli€ite signale

Phospholipase A,

i
Lipidi koji se H2—0=L A AN
koriste u (lili
signalizaciji sz —0—C —
(komunikaciji) 3CH,
stanica. Phospholipase A,

. L. 0 Phospholipase C
Fosfolipaze kidaju
specifiCne veze Ho o=@

glicerofosfolipida. o=||>—o
o H o—@

Phospholipase D

Figure 1016 .
Eikozanoidi
i
8 5 Ic—.
A Arachidonate
AT CH3
[} cmmmpsm=="" n ’14 _______ ﬁ
¢ g_cr /' = o Cc—0"
? NSAIDs )/ d
Hs < 0 CHs
12 ) - I —
OH OH o C“ED' Leukotriene A4
Prostaglandin Eq NS Ha
(PGE4) OH
Thromboxane A,

Figure 10-18
Letn "

© 2008 W, H. Freeman and Company

Pretvorbom arahidonata nastaju tkivni hormoni prostaglandini,
tromboksani i leukotrieni.

21



Izopren

Razli¢iti lipidi su derivati

izoprena.
CH,

I
CH,=C

—CH =CH,,

Isoprene

7-dehidrokolesterol

Figure 10-20a

Lehninger Iples of Biochemi cheh E

Primjeri prenola

UV light

$

—_—r—
2 steps (in skin)

—r—
1 step in the liver
1 step in the kidney

kolekalciferol
(vitamin D) 1,25-dihidroksikolekalciferol

» 2008 W. H. Freerman and Company

(1,25-dihidroksivitamin D)
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Primjeri prenola

(retinoi¢na
i Ha kiselina)
~CHy axidation
f aldel Retinoic acid —*
:o:a&' (d) hormon
i epitelnih
stanica
CH3 ]
CHy 'CHy
CHy CHy ;:Lblt CHy
iy —_— CHy l; L L
::::';:E ateriof W n neurotransmitor
CHy aldehyde 1’ 17
5 yd CHy cHy
T
CHy. H""o w0
Vitamin Ay 11-cis-Retinal all- trans -Retinal
s (retinol) (visual pigment)
CHy (b) (<) (e)
CHy
1
Tgure T0-
Lahninger Prncipesof Blnchemiviey, FRh ftan
2008 W H Freesnan and Company
CH3
(a) HO. S, CH3 , CH3 i CH3
Vitamin E, antioksidans CHz-+CHz—CHy—CH—CH 4 CHy—CHy—C H—CH3-4-CHy —CHy—CH—CH3
d CH3 CH3 ' : '
CH3
[+]
n q &l CH3 CH3 CH3 CH3
Vitamin K, kofaktor ! ' ( ) I
pri koagulaciji krvi CHz—CH=C—CH, 4.- CHz—CHz—CH—CHy z—f—cu;—cu;—cn-—cu;
[+]

Figure 10-22a-c
Lehninger Principles of Siochemistry, Fifth Editi

2008 W. H. Freeman and Compary

23



Primjeri prenola

[+]
- _{'" ) y CH30 CH3
Ublqumnne._a mitochondrial 5 CH3 CH CH3
electron carrier (coenzyme Q) é ! é ! |
(n=4t08) cH30 ™ CHy —CHe=C—CHa+-(CHa—CH==C—CH3 ) CHy— CH=C— CH3
1 1
o]
CH
(e} 3
CH CH CH
Plastoquinone: a chloroplast H o i . 1 :
electron carrier (n = 4 to 8) CH3 I CHa—CH=C—CHa+{CH2—CH=C—CHz )-CH ,— CH=C—CH3
] 1
® = CH3 CH3 CH3
Dolichol: a sugar carrier ' ' 1
(n=9t022) HO+CHy—CHy—C H—cn,-}-(cnz—cn-c—c nz),-{-crl;—cn—c—cn;
1 1 1

Figure 10-22d-f

© 2008 W. H. Freeman and Company

Primjeri prenola

o Canthaxanthin
(bright red)
OH
HO
Zeaxanthin
(bright yellow)
Figure 10-23
Lehninger Principles of Bloch ——

© 2008 W. H. Freeman and Compary
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Izolacija i karakterizacija lipida

homogem:ad in

chloroform/methanol/water
Tissue
t—wner
Methanol/water /
Chloroform

5

(b) (c)

Adsorption
chromatography | Py
Thin-layer
chromatography

|2345€?89

Neutral Polar Charged
lipids lipids lipids
Figure 10-24 part 1

Razdvajanje i identifikacija lipida

S A EREREE
Wi
23456789
Neutral Polar Charged
lipids lipids lipids

-

(d) | NaOH/methanol

Fatty acyl methyl esters

Gas-liquid High-

chromatography performan:e
liquid
chromatography
Fgum 10-24 part 2

of Bischemiatry, fifth Edition
© 7008 V8 M, Frisrman ancl Compuany
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Identifikacija lipida

(f)
ot |
Gas-liquid High-
chromatography| performance
liquid
chromatography

e

.g 14:0 18:0 16:1
8

E 16:0

@

v

5

(v}

Elution time
Figure 10-24 p.: 3 i

© 7008 ¥ M. Frisrman secl Company

Identifikacija lipida

20 0
H, .1 T o [ RN S B
80- C+O_Fc 1 1 1 L 1 — U ] L 1 1 1 1
92 O’a:: il e
1) 1 1 1 1 1 L] 1 1 1 " 1 L] 1
_T0F N 5108 i'l?s izzoi 260i 30053285356
Z B 92 164 206 234 274 314 342
@
(¥}
Eso- 108 164
[
=
£
=4

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

m/z
Figure 10-25
Lehninger Principles of Biochemistry, Fifth Edition
2008 W.H_ Freeman and Company
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