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Estrutura das Proteinas pode ser descrita
em 4 niveis de organizacao

Primary Secondary Tertiary Quaternary
structure structure structure structure
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(a) Organism: human being

— im ;

PROTEINAS

(f) Supramolecular assembly:
inner mitochondrial membrane

(c) Tissue: epidermis
}100 um{

(d) Cell: basal cell

(e) Organelle: mitochondrion

DNA
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Level 4: Level 3: Level 2: Level 1:
The cell Supramolecular Macromolecules  Monomeric units
and its organelles complexes

Chromosome




Os organismos hecessitam de um
constante fornecimento de energia livre

Por que?

Biossintese de moléculas complexas;

Transporte ativo de moléculas e ions ¢ através
de membranas;

Realizacdo de Trabalho Mecanico: contracdo
muscular, movimentos celulares...

De onde vem essa energia??
Como a célula obtém essa energia??



Energy-
containing
nutrients

Carbohydrates
Fats
Proteins



Cell

macromolecules

Proteins
Polysaccharides
Lipids

Nucleic acids

Energy-
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Proteins
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Vias Metabolicas

Séries de reacoes consecutivas
catalisadas enzimaticamente, que
produzem produtos especificos
(metabdlitos).

Note que: as vias sao interconectadas
(pontos de cruzamento).

Pontos importantes:

-conhecer as principais avenidas
(vias),

-0S cruzamentos mais importantes
(intermedidrios comuns) e

-como o fluxo nessas vias sdo
controladas (regulagéo)..

Designed by Donald Nicholson. Published by BDH, Ltd., Poole 2, Dorset, England




CELULAS

- Toda células tem uma membrana celular

» Células eucariéticas também apresenta organelas
separadas por membranas

* As membranas separam as células do meio externo e
desempenha um papel importante no transporte e no
controle do fluxo de informagdo entre as células e o
meio externo

- Diversas enzimas encontram-se nas membranas
e dependem deste ambiente para o desenvolvimento
de suas fungoes
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LIPIDIOS

Compostos bioldgicos "soldveis” somente em solventes apolares
+Acidos Graxos, séo os blocos fundamentais de muitos lipidios
*A cadeia de hidrocarbonetos tem pouca afinidade com a dgua
*A parte polar associa-se com a dgua

As membranas de células animais contém proporgdes
significativas de esfingolipidios e colesterol (hidrofdbico)



Lipideos

Lipideos (Estrutura e Classificacao)
Lipoproteinas (Transporte)
Membranas Biologicas



Onde encontramos os lipideos??



Oleos e gorduras




Lipidios nos Alimentos

2 http:/fwww. bungealimentos.com.br - BUNGE ALIMENTO... [= |

Oleo de Milho Salada

Porcdo de 13ml (1 colher de sopa)

Quantidade por porcao %VYD*

Yalor energetico 108kcal = 454k] S%
Carboidratos 0g 0%
Proteinas g_g_ 0%
- Gorguras totals 120 22%
Gorduras saturadas 1,80 8%
Gorduras trans Nao contem s
Gorduras monoinsaturadas 4,49 .
Gorduras polinsaturadas 5,80 e
Colesterol Omg 0%
SrInTa gnnenear oo 0%
Sddio Orng 0%

*% Valores Diarios de referéncia com base em uma dieta de
2.000kcal ou 2.400k)., Seus valores didrios podem ser maiores ou
rmenores dependendo de suas necessidades energéticas,

*¥* 04 WD ndo estabelecidos.

v Facrhaw»

@] Concluido ® Internet




Tecido adiposo

Vénus de Willendorf
24.000 e 22.000 a.C.



Lipideos

« Classificados pela solubilidade (nao estrutura).

 Lipidios (grego “lipos”, gordura): compostos
soluveis em solventes organicos (metanol,
cloroférmio, etc).

« Sao moléculas apolares insoluveis em agua.
Algumas sao anfipaticas.



Lipidios: Funcoes Principais

Unidades que compde os triacilglicerdis e fosfolipidios
Acidos Graxos . Produgao de energia

I Precursores de eicosanoides

Triacilglicerdis —— Estoque de energia

Fosfolipidios __, Principal componente das membranas celulares

Componente de membrana celular

Esterois —» Precursor de acidos biliares, vitamina D
(Colesterol/

I Precursores de hormonios esteroidais
Esteres de Colesterol)



Vitaminas Lipossoluveis

Vitamina A — visao (retinal + opsin = rhodopsina)
Vitamina D — metabolismo do calcio
Vitamin E — antioxidante que protege as membranas

Vitamina K — importante para a coagulacao.



Acidos Graxos

Carboxyl _O\ 0]
group C

Hydrocarbon
chain

(a) (b)

v'Sao acidos carboxilicos com grupos laterais de hidrocarbonetos
de cadeia longa

v Encontram-se normalmente na forma esterificada

v'A maioria dos ac.graxos possui numero par de carbonos.



Carboxyl ()
group b

Hydrocarbon
chain

CIS versus Trans
(a) (b)



Mixture of saturated and
unsaturated fatty acids

(d)
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fatty acids



B o
Acidos Graxos H3C\( 73\2/\

| :
/\/\/\/\/\/\/\/\/J\OH C 16:0
WOH C 18:1 A®
oy € 1812 4912

C 18:3 A%1215



i
/\/\/\/\/\/I\OH C12:0 acido laurico
O
WOH C 14:0 acido miristico Saturados
@)

WOH C 16:0 acido palmitico

@)
/\/\/\/\/\/\/\/\/H\OH C 18:0 acido estearico

0
T oSS SNoh C181 acido oleico Monoinsaturados

O
Wk C 18:2 acido linoleico

OH B
Poliinsaturados
— — — OH C 18:3 acido y-linolenico
@)
O C18:3 acido a-linolenico
T T o OH
O
— — — — OH C 20:4 acido araquidonico
@)

— — — — _\/\)l\OH C 20:5 acido eicosapentaendico, EPA

- - — — — —WOH C 22:6 acido docosahexaenodico, DHA
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/\/\/\/\/\/]\OH C12:0 acido laurico

0
WOH C 14:0 acido miristico
0
WOH C 16:0 acido palmitico
0
/\/\/\/\/\/\/\/\/H\OH C 18:0 acido estearico
0
V\/\/\/—“/\/\/\)kcm C 18:1 acido oleico ®-9
0
/\/\/:\/—ﬂ/\/\/\)k C 18:2 acido linoleico ®-6
OH
o OH C18:3 acido y-linolenico (-6
0
O C 18:3 acido a-linolenico | (D=3
T T T OH
0
— — — — oy ©20:4 acido araquidonico -6
0

— — — — _\/\)l\OH C 20:5 acido eicosapentaendico, EPA (D-3

— — — — — —WOH C 22:6 acido docosahexaenodico, DHA (D'3



|
/\/\/\/\/\/J\OH C12:0 acido laurico

O
WOH C 14:0 acido miristico
O
WOH C 16:0 acido palmitico
O
/\/\/\/\/\/\/\/\/U\OH C 18:0 acido estearico
O

WOH C 18:1 acido oleico

O
/\/\/:\/—ﬂ/\/\/\)k C 18:2 acido linoleico
OH

— — _ OH €183 acido y-linolenico AC GraXOS
O . .
= Essenciais!!
C 18:3 acido a-linolenico
T T T OH
O
— — — — OH C 20:4 acido araquidonico
O

— — — — _\/\)l\OH C 20:5 acido eicosapentaendico, EPA

— — — — — —WOH C 22:6 acido docosahexaenodico, DHA



Fatty acid composition of three food fats

Fatty acids (% of total)

100

60

40

20

CIG and Cm clo and C]s 04 to 014
saturated unsaturated saturated

saturated

—

Olive oil, Butter, Beef fat,

hiqud soIt sohd  hard sohd
Natural fats at 25 °C

v




Triacilglicerois

“TG sdo excelentes reservas de energia”
-S40 menos oxidadas do que Carboidratos e Proteinas
-Sa0 estocadas de forma “anidra”
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Figura 12-2 (Voet)
Micrografia eletronica de varredura de adipdcitos. Cada
célula possui um glébulo de gordura que ocupa todo o
interior da célula.




Triacilglicerois

g
HO Cliﬁ OH
OH

Glycerol

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



cuz CH,
“cft “on Glicerol

Lipidios de b

Glycerol

armazenamento
(neutros)

Triacilglicerdis

/ C—O ﬁ
Glicerol esterificado oag
Acido graxo

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



Guinea pig adipocyted
Huge fat droplet




Cotyledon cell from a seed of the plant Arabidopsis

riacilglicerdis




18.000,00 kg, unsaturated fatty acids
37°C, liquid
31°C begins to crystallize

Triacilglicerdis

Spermaceti
organ

Biochemical adaptation



Oleos e gorduras

O estado liquido ou sdlido esta relacionado ao
ponto de fusao a temperatura ambiente



Acido Graxo

C4:0
C6:0
C8:0
C12:0
C14:0
C16:0
C16:1
C18:0

C18:1(cis) (oleic)
C18:1(trans) (elaidic)

C18:2
C18:3

Ponto de Fusao

7.9
1.0
16:0
48
58
64
0.5
69.6
14
43.7
-5.0
-11.0

Saturado x Insaturado

[\

Saturated
fatty acids

(c)

Mixture of saturated and
unsaturated fatty acids

(d)



Acido Graxo Ponto de Fusé&o
C4:0 -7.9

C6:0 -1.0

C8:0 16:0

C12:0 48

C14:0 58

C16:0 64

C16:1 0.5

C18:0 69.6

C18:1(cis) (oleic) 14
C18:1(trans) (elaidic)

Acidos Graxos Trans adquire caracteristicas similares a
sua forma saturada....

C18:2
C18:3

Qg}q

> 8

L

e*jza;

Cis-9-octadecenoic acid

(Oleic acid)

Trans-9-octadecenoic acid
(Elaidic acid)




Biological wax

O
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Palmitic acid 1-Triacontanol
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Alguns dcidos graxos de ocorréncia natural
table 11-1

Some Naturally Occurring Fatty Acids [
1 Solubility at 30 *C

Carbon Commeon name Melting

skeleton Structure* Systematic name' {derivation) point (°C) Water  Benzene
12:0 CH,(CH.},,COOH n-Dadecancic acid Lauric acwd 442 0.063 2600
/ (Latin lsurus,
“laurel plant™)
14:0 CH,(CH.),.COOH n-Tetradecanoic acxd Myristic acid 53.9 0.024 8/4
{Latin Myristica,
nutmeg genus)
16:0 CH,(CH.),,COOH n-Hexadecanoic acid Palmitic acxd 63.1 0.0083 348
{Latin paima,
“palm tree")
18:0 CH;(CH_),;,COOH n-Octadecanoic acid Stearw acwd 696  0.0034 124
(Greek stear, ~ . A .
*hard fat”) Iteracdes hidrofdbidas
20:0 CH3(CH;),,COOH n-Eicosanoic acid Arachidic acid 765 . . .
o (Latin Arachis Arranjos quase cristalinos
legume genus)
24:.0 CH3(CH;);.COOH n-Tetracosanoic acid Lignoceric acid 86.0
{Latin lignum,
“wood™ + cera, “wax")
16:1(a%) CH:(CH.);CH=CH(CH,);CO0H cis-9-Hexadecenoic acid Palmitoleic acid 0.5
18:1(a% CH3(CH;),CH=CHICH,),CO0OH cis-9-Octadecenoic acid Cleic acid 13.4
{Latin ofeum,
N | "ol R-C=C-R
/18-;(6' 12 CH.(CH,),CH=CHCH.CH= cis-,cis-9,12-Octadecadiencic  Linoleic acid 5 g
CH(CH;),CO0H acid (Greek finon, “flax")
18:3(a%121%)  CHLCH-CH=CHCH CH=— cis-,c18-,¢/89,12,15. a-Linolenic acid 11
CHCH,CH=CHI(CH,),COOH Octadecatrienocic acid
20:4(a%%51 5% CH,(CH,),CH=CHCH.CH=— cis-,Cis- cis-,¢is5,8,11,14- Arachidonic acid 495
CHCH,CH=CHCH.CH= lcosatetraencic acid
CHI(CH,):CO0H

“All acids are shown in their nonionized form. At pH 7, all free fatly acids have an ionized carboxylate. Note that numbering of carbon
atoms begins at the carboxyl carbon.

"The prefix n- indicates the “normal" unbranched structure. For instance, “dodecanoic” simply indicates 12 carbon atoms, which could
be arranged in a vanely of branched forms; “n-dodecanoic” specilies the linear, unbranched form. For unsaturated fatly acids, the
configuration of each Jouble bond s indicated; in biclogical fatty acids the configuration is almost always cis.



Fosfolipideos

Glicerofosfolipideos

Saturated fatty acid

cl_l) (e.g., palmitic acid)

1CH2—O—C\/\/\/\/\/\/\/\
o
Il

T AN ANNANS

(o)

i
iy—o—t—o-[3]

O~  Substituinte

Unsaturated fatty acid
(e.g., oleic acid)

Name of Net charge
glycerophospholipid Name of X Formula of X (at pH 7)
Phosphatidic acid —_ —H -1
+
Phosphatidylethanolamine Ethanolamine — CHz—CH2—NH3 0
+
Phosphatidylcholine Choline — CH2—CH2—N(CH3)3 0
+
Phosphatidylserine Serine —€ Hz—(ll H—NH3 -1
coo0~
Phosphatidylglycerol Glycerol —cC Hz—(l:H —CH2—OH -1
OH
H o—@®
G &
Phosphatidylinositol myo-Inositol 4,5- H -4
4,5-bisphosphate bisphosphate 1 a
H o—@
253
H H
Cardiolipin Phosphatidyl- —CHz -2
glycerol CHOH O
|
CH—0—P—O0—CH>
°' i
CH—0—C—R'
o
|,
CH—0—C—R




L-Glycerol 3-phosphate, the backbone of phospholipids
1 )
C H2 OH Fosfolipidios
— 20 =0H "
H=—+«C—=O0OH O

3CH2—O—I"—O‘

Un dos grupo alcool (OH) do glicerol é —_
Esterificado por dcido fosfadrico O



Os glicerofosfolipidios sao diacilglicerois unidos a grupos

cabegas alcodlicos através de ligacao fosfodiester

'CH~< )—(.\/\/\/\/\/\/\/\ Saturated futty acid
(o, pealimitic add)

O
Glyoerophospholipld | . .
(geoeral structurel SO HeOud® Unsaturated fistty acid
VNN T OV e oleic acd)
(l)
CHy—0—P—0—X
4} Head group
substituent
Name of Net charge
glycorophasphalipkd Name of X Formula of X tat pH 7)
Phesphaticic acid - - H ]
Phesphatidylethanokamine Ethanalamine - (‘-",—1‘,”!—&"3 Q
Phosphatidyleholine Choline — CHy=CH~N(CH;)y a
Pheaphatidylsorine Sarine (?Il,ﬂfll—ﬁil; 1
COO"
Phesphatidylglvenral Glyenral CHyCH~CH~OH 1
OH
H Oo—P
e o
Phesphatidylinesitn) myo-Inealtal 4,6- : - H 4
- . OH H
4. 5-baspbosphate bisphosphate 1 114
OH HO -
H [ ] O
A
H H
Cardiolipin Phosphatidyl- (I‘.II, 2
gtyeeral CHOH  ©
(&Il,—()— —O—CH,
(:II—(_)—E—R'
O
Cll-,—O—(!-—R'




Sphingosine

Fattyacid
Sphingolipid E
(general 2CH—N—
structure) Ji NN DN NN NN
'‘CH,—OX
D
Name of sphingolipid Name of X Formula of X
Ceramide — —H
Sphingomyelin Phosphocholine - P—O—CHg—CHz—ﬁ(CHsJ;,
H,OH
. Neutral glycolipids
Fosfoli pi deos Glucosyicerebroside Glucose
Cerebrosideos
Esfingolipideos

Lactosylceramide Di-, tri-, or
Glicoli P ideos (a globoside) tetrasaccharide

F % 2 Complex @
Ganglioside GM2 oligosaccharide
Gangliosideos




Fosfatidilcolina

glicerol
A - (”) N
/CHz\O/C

colina

Acido graxo -<

Phosphatidylcholine




| N
0=pP—0" \
| CH_ ‘/OH
CHy; CH,—O NT /(,
I } I / H
CHa—l]I—CH.z 0—C
CH, >

Sphingomyelin




\Ejs‘f/hgaﬂm + Acido graxo Esfingolipidios

Sphingosine
HO—" H—CH-CH—(CHg)m—CH;] Fatt_vacid
Sphingolipid j]} -~ amida
(general —N—C
structure) | \/\/\/\/\/\/\/\/\/\/\/\
H
'CH,—0—X
Nao Con'rem Name of sphingolipid Name of X Formula of X
Glicerol em sua P
, Jeramide - —H
molécula
| | , i o
Sphingomyelin Phosphocholine — P—0—CH.,—CH,—NI(CH;},
Neutral glyeolipids
| Membranas de Glucosylcerebroside Glucose

Celulas nervosas

Lactosylceramide Di-, tri-,or
(a globoside) tetrasaccharide

Ganglioside GM2 Complex

oligosaccharide




Cholesterol

Nucleo

Esteroidal
Esterois

(Colesterol/
Esteres de Colesterol)



Taurocholic acid
(a bile acid)

Act as detergents in the intestine, emulsifying dietary fats



As classes principais de lipidios de armazenamento e de membrana

bl de s o o

Storage Membrane lipids (polar)
lipids
(neutral) ‘
Phospholipids Glycolipids
l _
l I .
Triacylglycerols Glycerophospholipids Sphingolipids Sphingolipids
— Fatty acid —— Fatty acid
2| 2
: : z i
g Fatty acid g | Fatty acid %" ' i Fatty acid _5 Fatty acid
& CHE 2 =4
w oI
- . - Mono- or
—— Fatty acid —— POy —— Aleohol —— POy —— Choline oligosaccharide




Gangliosides = complex sphingolipids

00, gu o
H /1 CH—CH—CH,OH

OH H
H H

H HN (“3 CH,
O

N-Acetylneuraminic acid (sialic acid)
(NeubAc)




Glicoesfingoplipidios

Os grupos sanglineos humanos O, A, B sdo, em parte, determinados
Pela composigdo em aglcares dos grupos cabega polares destes Glicoesfingoplipidios

Sphingosine I
Ceramide

Fatty acid

(. >< HNM ..> O Antigen
(=

|
OO >§JQ

Lﬁ A >< >§ ><m.>



g Pathways for the breakdown of GM1

GM1
srazlactasidies | (Q— Ganaralized gangliosidosis

\—*O Disease, accumulation of the partial
Breakdown product

Cernmide

GM2

aminddase chs
| @O

md -
Globaside
bexosaminidas s l] m
Aand B disease
’ O

Cernmide
Ceramide
GM3 . .
ganghioside \M_’ rigalacto-
sidiase

e ramin i lnu

/

«

Sraalactosidase

Ceormmide - - -
(.cfnmulcl {l’hos.plndmhnu

Sphingomyalin

gl ucooore beasid s ®—' Gaucher’s disease

— @

m) {ml

®—° Niemann-Plek discase

Phosphocholine
[Phosphocholine @ o o
O Gal O NeuliAe

v

Ceramide




Electron micrograph of a portion of a brain cell from an infant with
Tay-Sachs disease, showing abnormal ganglioside deposits in the lysosomes




Wnked alkene

: H H

CH—0=C=C/ N/ /" NN\
2CH—O—(“/\./\/\/\/\/\/\/
N [
‘ (iJHz 0]
0

| i
O0=P—0—CH,—CH,—N(CHy),

Plasmalogen
ether-linked alkyl
'CH—0—CHy—CHy N\ N/ NN NN\
2(|:H_O_C_CH3 Released from leucocytes (basophils)
3(IJH2 0 Stimulates platelets aggregation

acetyl ester

| }
O=1|3_0_CH2—CH2—N(CH3)3

0O
Platelet-activating factor



Phosphatidylinositols act as intracellular signals

Phosphatidylinositol

in plasma
membrane > 2ADP
Phosphatidylinositol 4,5-bisphosphate
hormone-sensitive
phospholipase C }/ Hz0

in plasma

membrane /" \
.

phosphorylation J/— 2ATP

-
Inositol 1,4,5-trisphosphate Diacylglycerol
| I
Release of intracellular Ca?" > Activation of

protein kinase C

| |

| |

I |

v Y

Regulation of other enzymes Regulation of other enzymes
(by Ca2*) (by protein phosphorylation)




As especificidades das fosfolipases

Phospholipase A,
0

N VAV VAV VA VAN
O
|

‘CH—0—C —
‘i n \ \/\/\/\/_\/\/\/

~— Phospholipase A,
Phospholipase C O H 0—
O\ H 0—®
| H H

Phosphdlipase D



Arachidonic acid an some eicosanoid derivatives

O

|
CH—0—C \/\/\/\/\/\/\/\
Membrane

phospholipid CH 0 —C \/ / \/ /
CHZ | AN

Polar Phospholipase A,
head X ’\ .
group (response to hormonal signals)

(a)



Aspirin, acetaminophen, ....

Inhibiting the enzyme cyclooxygenase

A

8 o
=\ Arachidonic acid
y CHgs O

-=-11 14 -

’ -

0O ﬁ — Il
BT —0 " ® y -3 \('))\/\/C—O
“ J—

CHg
fz\f\(\/\/

OH OH $ —//\v/\({{,\ 0 Leukotriene A4 —
0 .
EE— Prostaglandin E1 (y’ﬁ\/\(\/\/(”ﬂ‘3
(PGE1) OH
— >  Thromboxane As
Eicosanoids

(b)



Steroid Hormones carry messages between tissues

OH
H,C

Steroids derived
from cholesterol

Cortisol

“H,0H

C=0
H,C \_OH

Prednisolone

~ OH
H.C

HO
Estradiol

CH,OH

H
0\\(‘ C=0

Prednisone



Vitamins D and A are hormone precursors

CH

|
CH,— C — CH=—CH,
Isoprene

3



H,C CH;,

H.,C (I'“‘:

nn.'“1 6T Sk'n, I|9hT

T Dehiydrocholesterol

UV light, P
e <

9 sepedin #Xin)

and metabolism e b,

, CH,
: Cholecaldterel (vitamin D)
HO :
1 2tep & taw liver L'Ver., kldney
v
1 2tep . e kxiney
H,C CHy
H,C “l'l.”‘.OH
CH,
1 Y

HO L OH

1,25-Dibyvdroxyeholecalviferal
CLaS-dibyvdroxyvitamdn D))

(&)



Vitamin A, its precursor, and derivatives

g?fl?l?l?:d e Retinoic acid » Hormonal

to am/v (d) signal to
epithelial
cells

visible CHs 7

light
— - iy CH, » Neuronal
point of Oxlld?n?n()f Slgbnal
Jleavage aleohol to to brain
CORTRER aldehyde P
12
CH,4
H,OH
0 1 N0
Vitamin A, 11-cis-Retinal all-trans-Retinal
(retinol) (visual pigment)
(b) (c) (e)

B-Carotene
(a)



A :

Before vitamin D) treatment After 14 months of vitamin D treatment

(b)



Vitamins E and K and the lipid Quinones are oxidation-reduction cofactors

(a)
Vitamin E: an antioxidant

(b)
Vitamin K,: a blood-clotting
cofactor Iph_v]]mlumnnm

()
Warfarin: a blood
anticoagulant

(d)
Ubiguinone: a mitochondrial
electron carner (cocenzyme Q)
(n = 4-8)

(e)

Plastoguinone: a chloroplast
electran carrier (n = 4-8)

4]
Dolichol: a sugar carrier
(n = 9-22)

H- CH- H'

|
“ll,—:( H,—CH,—CH—CH. —( H;,—CH,—CH—CH, —{ H,—CH,—CH—CH,
CH, '

?Hx (i‘Hl . ?Hl
(‘H—(H:(—(H—'(H—(H—(H—(H ly+—CH,—CH,;—CH—CH;

Some other biologically active

I Isoprenoid compounds or derivatives
o)
C —C—(‘H
0
CH.O CH;
] C llx C ll ‘ (|‘}!v
CH,0 FCH,—CH=C—CH, ' +!CH—CH=C—CH, ) ,+CH,—CH=C—CHj
| |
0
CH,
i HH, CH, ' ?H,
CH. FCH;—CH=C—CH, —.—l('H —C H—(I '—CH, ) ,+CH,—CH=C—CH,
|
CH, CH, CH,

| ’ 1 ’ 1
H()-{—(:H;,—(‘:H,—(l:H-{:H,—}-I](:H.‘.—(:H =(I:—(:H.,. ,',,—',—('IH,,—(?H:(II-—(.'H;;
| 1



Analise de Lipidios

® Extracao com solventes organicos

@® Separacao dos tipos de lipidios

® Deteccao e analise



Analise de Lipidios

® Extracao com solventes organicos

@® Separacao dos tipos de lipidios

® Deteccao e analise



Aumento da Poloridade

Solventes Organicos

Hexano <=

Benzeno

Tetracloreto de carbono
Cloroférmio
I?iclorometano G
Eter etilico

Acetato de Etila

Acetona
Acetonitrila
Etanol
Metanol

Agua

++APOLARES



Extracao de Lipidios

Tissue

homogenized in
chloroform/methanol/water

lr- Water

Methanol/water

Chloroform



Analise de Lipidios

® Extracao com solventes organicos

@® Separacao dos tipos de lipidios

® Deteccao e analise



Separacao dos Tipos de Lipidios

Tiasue
homogenized
5 chloroform'methanol'wator

(a) Water

Methanolwater
Chloroform

A

(b) (e)

Cromatografia de Adsorcao

Coluna

Placa ou TLC (Thin Layer Chromatography)




Cromatografia de Adsorcao

Principio: Separacao de mistura de compostos baseado nas diferencas
de afinidade dos varios componentes de uma mistura entre o solvente
utilizado (fase movel) e a substancia suporte (fase estacionaria)



Cromatografia de Adsorcao

Principio: Separacao de mistura de compostos baseado nas diferencas
de afinidade dos varios componentes de uma mistura entre o solvente
utilizado (fase movel) e a substancia suporte (fase estacionaria)

Fase Movel

Fase Estacionaria

—
_ > interagéo com e e eeseenre

—>
—>

—>
— > interagéo ome seemere




Cromatografia de Adsorcao

Tipos de cromatografia

—>
—>

- Ii | " Fase Movel

Fase Estacionaria

Liauida Placa ou TLC
q , P
(Cromatografia Liquida)
NG c

Fase Movel \
Gas

(Cromatografia Gasosa)

oluna



Cromatografia em Placa ou TLC

solvente

S1 §2 P

solvente



Cromatografia em Placa ou TLC

Amostra: Gema de ovo

Esteres de Colesterol

Triacilglicerois| <@ @D
Acidos Graxos @@

Colesterol| <> @D

Fosfolipidios -
@ L

Padrdo Amostra

LI

Hexano/lsopropanol/Acido Acético (90/10/1)




Cromatografia em Placa ou TLC

Amostra: Gema de ovo

Esteres de Colesterpl <=
Triacilglicerois| <@ @
Acidos Graxos @@

Colesterol| <@ @
Fosfolipidios -
L L

Padrdo Amostra

® ®
Padrdo Amostra

LI

LI

Colesterol+Triacilglicerodis

Fosfatidiletanolamina

Fosfatidilcolina

Hexano/lsopropanol/Acido Acético (90/10/1) Cloroférmio/Metanol/Agua (65/35/5)



Analise de Lipidios

® Extracao com solventes organicos

@® Separacao dos tipos de lipidios

® Deteccao e analise



Deteccao dos lipidios na TLC

Esteres de Colesterol

Triacilglicerois

Acidos Graxos

lodo ‘

Colesterol

Fosfolipidios

—
- -
-
- -
—
® ®
Padrdo Amostra

H,SO, q

Reagente

Dittmer

Esteres de Colesterol

Triacilglicerdis

Acidos Graxos

Colesterol

Fosfolipidios

Colesterol+Triacilglicerdis

Fosfatidiletanolamina

Fosfatidilcolina

Liso-fosfatidilcolina

Padrdao Amostra

Padrdao Amostra




Medida do Rf

6cm

3.4cm
2.2c
\ 4 v

S1

S2

Distancia Amostra

=
Distancia Total

2.2cm

R= = 0.37
6 cm
3.4 cm

R= = 0.57
6 cm
5.4 cm

R= = 0.90

6 cm



Separacao dos
Tipos de Lipidios

(TG, Colesterol, Fosfolipidio)

Analise de
Acidos Graxos

(saturados, monoinsaturados,

poliinsaturados)

by (e) ~

Adsorption
chromatography \c‘u‘:'/o
Thin-layer

o

1 2345867829

B —]
Neutral Polar Charged
lipids lipids lipids

|NOH.met}w nol

Fatty acyl methyl esters

Sl |

Gas—llquld H
chromatography performance
liquid
chromatography

180 16:1

Concentration

Elution time



Analise de acidos graxos metilados
por Cromatografia a Gas

——

e Fatty Acid Methyl Esters - Fish Oil
._L §
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Analise de acidos graxos por HPLC

free fatty acids in human plasma
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Analise de Lipidios - Resumo

Tissue
homogenized in
chbroform/methand water
’ (a) t Water
v

e “..,Q Extracao

—| | Separacgao dos tipos de lipidios

12345667809

Hidrdlise

Separacao e analise dos acidos graxos




Por que estudar os lipidios?



Doencas Cardiovasculares




Doencas Cardiovasculares

P

Fatores de Risco Protecao?
Colesterol — LDL Acidos Graxos ®-3
Acidos Graxos Saturados Antioxidantes

Acidos Graxos Trans



Fontes de Acidos Graxos

* Dieta
* Estoque de gorduras
e Sintese de outras fontes



Carboxyl ()
group b

Hydrocarbon
chain

(a) (b)



PRSI
Ho” “cfi “oH
H
Glycerol

O ICH, 3CH O
A\ 2 - W,
\C_O/C\ H/P\ :/

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



Como ocorre o transporte de Lipideos
na Circulagao Sanguinea “?



Acidos graxos livres s&o transportados no sangue
associados a albumina

Hormone Adenylyl

cyclase
. y/J\
R t
eceptor % @_’%\
ATP cAMP
]

. -

i
]
Fatty acid
’/ transporter
%/.% s 2 i /” T 3 oxidation,
Perilipin N 3 citric acid cycle,
o O® 1 respiratory chain
Ll
Lipid }>atp
droplet |
Serum
Fatty acids albumi
Triacyl- .
glycerol Adipocyte 0 Myocyte
I

Bloodstream




Triacilglicerol, Fosfolipideos e Colesterol e Esteres de Colesterol
sao transportados no sangue incorporados a lipoproteinas

Monocamada de

Apolipoproteina
Fosfolipideos ~polipop

Triacilglicerideos : Colesterol

Esteres de Colesterol




Lipoproteinas

Phospholipid
monolayer

Free (unesterified)
cholesterol

Triacylglycerols

Cholestery] esters
(a)

LDL

LDL (x180,000)

4 tipos principais

HDL ( x180,000)




Lipoproteinas

!

Phospholipid
monolayer

ApoB-100

Free (unesterified)
cholesterol

Triacylglycerols

Cholestery] esters
(a)

LDL (x180,000)

(b)

TABLE 21-2 Major Classes of Human Plasma Lipoproteins: Some Properties

Composition (wt %)

HDL ( x180,000)

Lipoprotein Density (g/mL) Protein Phospholipids Free cholesterol Cholesteryl esters Tnacylglycerols
Menos denso  chylomicrons <1.006 2 9 1 3 85
VLDL 0.95-1.006 10 18 7 12 50
LDL 1.006-1.063 23 20 8 2 10
HDL 1.063-1.210 55 24 2 15 4
| =———————

Mais denso

Source: Modified from Kritchevsky, D. (1986) Atherosclercsls and nutrition. Nutr int 2, 290-297.



Lipoproteinas

Quilomicrons — Sintetizados na mucosa intestinal. Transporta lipideos da
dieta do intestino para outros tecidos. TG sao hidrolisados
fornecendo acidos graxos para os tecidos.

VLDL — Sintetizados no figado. Transporta TG e colesterol do figado
para outros tecidos. Origina IDL e LDL.

LDL(mau) — Formado a partir da VLDL. Ricas em colesterol. Transporta
colesterol para os tecidos extra-hepaticos.

HDL(bom) — Sintetizado no figado e intestino. Sequestra o colesterol de
tecidos extra-hepaticos sob a forma de ésteres de colesterol e
leva até o figado.



Fats ingested
in diet

.‘ \ Fatty acids are oxidized
as fuel or reesterified
- for storage.

Gallbladder /

Myocyte or
adipocyte

\ Small | ‘) 3 . i ;
, intestine }r L " X @ Fatty acids enter cells.
@ Bile salts emulsify A -~ X ;
dietary fats in the .

small intestine, forming —— Lipoprotein lipase

mixed micelles. B

& (© Lipoprotein lipase,
activated by

apoC-II in the capillary,

releases fatty acids and

Gapilany glycerol

@ Intestinal lipases
degrade triacylglycerols. .
Intestinal

mucosa @ Chylomicrons move

through the lymphatic

system and

bloodstream

®) Fatty acids and other breakdown ' to tissues.
products are taken up by the Chylomicron

intestinal mucosa and converted f{

into triacylglycerols. ~ @ Triacylglycerols are incorporated,

with cholesterol and apolipoproteins,
into chylomicrons.



Liver

Reverse
cholesterol
transport

S ¢ VLDL Chylomicron () VLDL
7 remnants () remnants

(DL, 6/

HDL precursors
(from liver and
intestine)

Free fatty acids

Mammary, muscle, or adipose tissue
(a)



Blood plasma  Blood plasma
after fast after meal

(b)



Golgi

complex

L receptor

Endc:slamm

reticulum

Cholesterol



ATHEROSCLEROTIC
LESION



Monitoramento da Oxidacao de Lipidios

Formacgao de LOOH na peroxidagao lipidica

X*= *OH, RO*, ROO*, CO,*




FIG. 5. Oxidative modification hypothesis of atherosclerosis

Circulating monocytes
Native LDL
Resident
monocyte—macrophage—
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4
]
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Oxidized LDL
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Endothelial Endothelial
‘. o injury dysfunction
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Foam-cell necrosis
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.

Vessel lumen

Endothelial
cells
|

L

Subendothelial
space

Smooth musele

Stocker, R. et al. Physiol. Rev. 84: 1381-1478 2004;
doi:10.1152/physrev.00047.2003

Copyright ©2004 American Physiological Society

Physiological Reviews



Endothelial Leukocyte Endothelial  Leukocyte
permeability migration adhesion adhesion

Adherence and Adherence
Smooth-muscle Foam-cell T-cell aggregation of ~ and entry
migration  formation _activation platelets  of leukocytes

Macroﬁhage Formation of  Fibrous-cap formation
narcotic core
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Fibrous plaque
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complications
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RISK FACTORS

DISLIPIDEMIAS HYPERTENSION

TABAGISM DIABETES

OBESITY DIET

OXIDIZED LIPOPROTEINS



No Figado o Colesterol € Excretado por
meio de sua conversao a Sais Biliares



Nos organismos sadios 0s niveis de
colesterol sanguineo sao mantidos
pelo controle de sua sintese,
excrecao/utilizacao e captacao
(0 orgao central nesse processo € o
figado)




Defeitos Genéticos que afetam a captacao da LDL pelo figado
e/ou
Condic¢Oes que aumentam a sintese ou ingestao de Colesterol

Aumento de LDL (“mau colesterol”)



(a) Normal

Liver

Normal LDL
receptor
function

Capillary

- Fr.ee fatty
acids

lipoprotein

lipase

(a) Individuos Normais



(b) Familial hypercholesterolemia Defeito no receptor de LDL!!

Genetically defective
LDL receptor
synthesis

Free fatty
lipoprotein acids

lipase

(b) Hipercolesterolemia Familiar



(c) High cholesterol diet Repressao da sintese de

o2 o receptores para LDL!!
. ® o ® ® ©®o o®®
Dietary Cholesterol repression o®
holesterol ® T LDL
- ® of LDL receptor LDL
synthesis @
Free fatty
lipoprotein acids

lipase

(c) Dieta Prolongada Rica em Colesterol



TLDL

Consequéncias??



Infarto do Miocardio
Acidente Vascular Cerebral




TLDL

}

Terapias medicamentosas visando
reducao dos niveis de colesterol

-Reducao de sintese de colesterol
-Aumento da excrecao na forma de sais biliares

-Diminuicao de sua absorcao



Membranas



MEMBRANAS

* As membranas tem estruturas tdo diversas quanto fungoes

‘Entretanto, vdrias caracteristicas sdo comuns:

» Formam barreiras entre compartimentos

» Sdo constituidas principalmente de lipidios e proteinas
» Contém carboidratos

* Proteinas especificas desempenham fungdes distintas
em membranas



Membranas celulares

Nuclear membrane

Centrioles

———Nucleus Golgj

apparatus

ribosomes Vacuole

Endoplasmic
reticulum

Blophotio A tes/ Photo Researghers

Mitochondrion

Lysosome Cell membrane

Rough endoplasmic
reticulum

Smooth endoplasmic reticulum

Figure 1-55chematic diagram of an animal cell accompanied by electron micrographs of its organelles.

Voet Biochemistry 3e
© 2004 John Wiley & Sons, Inc.









experiments

Splitting of a membrane bilayer by the
freeze-fracture technique
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table 12-1

Major Components of Plasma Membranes in Various Organisms

Components (% by weight)
Protein Phospholipid Sterol Sterol type Other lipids

Human myelin sheath 30 30 19 Cholesterol Galactolipids, plasmalogens
Mouse liver 45 27 25 Cholesterol —

Maize leal 47 26 / Sitosterol Galactolipids

Yeast 52 7 4 Ergosterol Triacylglycerols, steryl esters
Pavamecium (ciliated protist) 56 40 ~ Stigmasterol -

E. coli 75 25 Q o -




Lipid composition of the plasma membrane and organelle membranes of
a rat hepatocyte

Plasma

Inner
mitochondrial

QOuter
mitochondrial

Lysosomal
Nuclear

Rough ER

Rat hepatocyte membrane type

Smooth ER

Golgi
1 1 | 1

0 20 40 60 80 100
Percent membrane lipid

[T Cholesterol [} Sphingolipids
B Cardiolipin [} Phosphatidylcholine
|| Minor lipids  [] Phosphatidylethanolamine




Phosphatidate ©
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JUSWUOIIAUS Snoanby

hydrophilic
“head”

Polar,

Nonpolar,
hydrophobic,
fatty acid "tails”

hydrophilic
“head”

Polar,

JUSWUOIIAUS snoanby
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Lipideos ANFIPATICOS podem
formar micelas ou bicamadas
lipidicas em solucdes aquosas

129



Amphipathic lipid aggregates that form in water

w"-i _f:? N . = Aqueous e
V= ?u inddual unitsare g
i BRI cylindrical (cross-section o
'd' {(s30e8 feckaon, o inad \l 1. head equals that of side chain)

"/ greater than that
~ of side chain)

.........................................
QQQQQQQQQQQQQQQQQQQ

e
DR R e
Qi

ey

.(“_
| —

e

Micelle Bilayer Liposome
(a) (b) (c)




As membranas sao fluidas...
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PLASMA
MEMBRANE

VESICLE




Difusao Lateral




Paracryuialline Motion of membrane lipids

stote (solid)

U !Hm‘lul I “‘r
i Jn i

Hemt prradoos thermal
motion of ney side chains
(eolid = fluid transition)

I

b
Lateral diffusson
in plane of bilayor

| [J [
.qu; ,f;mlr e

L‘S\JIV&"/‘U '-i""l' ( |.

'l Tromsbilayer diffusion (“flip flop™)
,' fye = hours to days {uncatalyzed)
|I = seconds (flippase cotalyned
Iv

M
'.J‘U’ ‘J ,' l'ﬂ ilt’“r’@ '1' l é’ﬂlnﬂ
(LA 9
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Que fatores que influenciam a fluidez da mb?

Temperatura
Composicao de acidos graxos

Colesterol

135



Temperatura de Transicao

(a) Above transition temperature (b) Below transition temperature

Fluidlike

Solidlike

Temperature —

Figure 12-32
Biochemistry, Sixth Edition
© 2007 W. H. Freeman and Company



Composicio de Acidos Graxos

TABLE 11-2 Fatty Acid Composition of E. coli Cells Cultured at Different
Temperatures

Percentage of total fatty acids”

10°C 20 °C 30 “C 40 °C
Myristic acid (14:0) 4 4 4 8
Palmitic acid (16:0) 18 25 29 48
Palmitoleic acid (16:1) 26 24 25 9
Oleic acid (18:1) 38 34 30 12
Hydroxymyristic acid 13 10 10 8
Ratio of unsaturated to saturated® 2.9 2.0 1.6 0.38




Colesterol

No cholesterol
Phospholipld cholesterol
head group Polae
hydrony!
Rroup

2
e
8
E_ -
g S 20% of lipids
5 2 = cholesterol

>
20
]
:
] e
o 50% of lipids

= cholesterol
T |
30

Temperature (°C)
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Membranas Bioldgicas
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Membranas Biologicas

Glycolipid Oligosaccharide Integral protein Hydrophobic
o helix

Phospholipid Cholesterol

Modelo do Mosaico Fluido (1972, Singer&Nicholson)

A teoria postula que as “Proteinas sao icebergs flutuando em um mar de lipideos”
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Proteina Integral

© Hydrophobic
© Polar
® Charged
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Proteina Periférica

Hydrophilic,
heme-containing,

u* S - N -terminal domain
g2 4

Hydrophobic
C-Terminal sequence domain
110 120
- - - Thr Asn Trp Val lle Pro Ala lle Ser Ala Val Val Val Ala Leu Met Tyr
130

Arg lle Tyr Thr Ala Glu Asp COO~
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Composicao de lipideos de uma membrana
varia bastante de acordo com o tipo de
organela e o tipo celular

144
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Rat hepatocyte membrane type

Plasma

Inner
mitochondrial

Quter
mitochondrial

Lysosomal
Nuclear
Rough ER

Smooth ER

Golgi

0 20 40 60 80
Percent membrane lipid

[ Cholesterol [} Sphingolipids
B Cardiolipin [ Phosphatidylcholine
[ | Minor lipids  [[}] Phosphatidylethanolamine




Human Beef Heart
Lipid Erythrocyte Human Myelin Mitochondria E. coli
Phosphatidic acid 13 0.5 0 0
Phosphatidylcholine 19 10 39 0
Phosphatidylethanolamine 18 20 27 65
Phosphatidylglycerol 0 0 0 18
Phosphatidylinositol 1 1 7 0
Phosphatidylserine 8.5 8.5 0.5 0
Cardiolipin 0 0 22.5 12
Sphingomyelin 17.5 8.5 0 0
Glycolipids 10 26 0 0
Cholesterol 235 26 3 0

“The values given are weight percent of total lipid.

Source: Tanford, C., The Hydrophobic Effect, p. 109, Wiley (1980).
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A distribuicao de fosfolipideos na bicamada
€ assimetrica

147
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Percent of

total
Membrane membrane Distribution in
phospholipid phospholipid membrane
Inner Outer
monolayer monolayer

100
I

0 100
1

Phosphatidyl- 30
ethanolamine

Phosphatidylcholine 27
Sphingomyelin 23
Phosphatidylserine 15
Phosphatidylinositol
Phosphatidylinositol

4-phosphate | &

Phosphatidylinositol
4,5-bisphosphate

Phosphatidic acid




Transporte através das Membranas

149



Membrane
bilayer

Permeabilidade Seletiva

150



Gases Hydrophobic Small polar Large polar Charged molecules
molecules molecules molecules

I fatty acid
}

Tamanho =pequenas molécula atravessam, mas grandes nao

EX: H,0O, O,, CO,, etanol (PM=46), & glicerol (PM=92) atravessa, mas glicose
(PM=180) ndo atravess

Polaridade=Moléculas hidrofobicas podem se "dissolver" na bicamada, e moléculas
polares nao.

Etanol € mais apolar que glicerol, e portanto atravessa mais rapidamente.

Carga= Membranas sdo impermeaveis a ions carregados.
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Transported Molecule
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Hydropathy index
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Membrane fusion

Budding of vesicles
from Golgi complex

Exocytosis
Endocytosis

Fusion of endosome
and lysosome

Viral infection

. -
Fusion ~
of sperm and egg

Fusion of small :
vacuoles (plants) }) O

Separation of two

plasma membranes P G

at cell division (



Sialic acid

Host cell

plasma
membrane.

Inﬂucuza virus

(a)

‘JP

HA protein

V§£__,,§' Viral membrane

Interaction of HA
protein with sialic acid
in host cell membrane
triggers endocytogis.

Low pH in endosome
causes extension

of HA protein’s fusion
peptide, which
penetrates the
endosome membrane.

Viral and endosomal
membranes fuse,
releasing viral

contents into host cell.

Influenza virus
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Cada tipo de membrana tem lipideos e proteinas
caracteristicos

Certos neuronios tem uma bainha de mielina, uma
extensdo da membrana plasmadtica que envolve a
célula e funciona como isolante elétrico. Tem grande
proporgdo em peso de lipideos.



Asymmeftric distribution of phospholipids between
the inner and outer monolayers of the erythrocyte plasma membrane

Percent of
total

membrane Distribution in

Membrane phospholipid phospholipid membrane
Inner Outer
100 monolayer 0 monolayer 100
T 1 |

Phosphatidylethanolamine 30 I |
Phosphatidylcholine 27 [ 1 |
Sphingomyelin 23 [ ] |
Phosphatidylserine 15 I |
Phosphatidylinositol [ I
Phosphatidylinositol 4-phosphate 5 ]
Phosphatidylinositol 4,5-bisphosphate I |
Phosphatidic acid I |
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Fatty Acid Composition of E. coli Cells Cultured
at Different Temperatures

Percentage of total fatty acids*
10 °C 20 °C 30°C 40 °C

Myristic acid (14:0) 4 4 4 8
Palmitic acid (16:0) 18 25 29 48
Palmitoleic acid (16:1) 26 24 23 9
Oleic acid (18:1) 38 34 30 12
Hydroxymyristic acid 13 10 10 8
Ratio of unsaturated to saturated’ 2.9 2.0 1.6 0.38

Source: Data from Marr, A.G. & Ingraham, J.L. (1962) Effect of temperature on the composition
of fatty acids in Escherichia coli. J. Bacteriol. 84, 1260.

*The exact fatty acid composition depends not only on growth temperature but on growth stage
and growth medium composition.

'Calculated as the total percentage of 16:1 plus 18:1 divided by the total percentage of 14:0
plus 16:0. Hydroxymyristic acid was omitted from this calculation.




Demonstration of lateral diffusion of membrane proteins

Human Mouse
cell cell

{: Cx /!f;.:g
22 0:% gs > S
L 000 ? e qa
%&_’00,?’ 298
Artificially

induced
cell fusion

of membrane

Lateral diffusion
proteins



Algumas proteinas de membranas estdo associadas

formando agregados que s6 se movem em conjunto.

Outras estdo ancoradas em estruturas que impedem
difusdo.

Na membrana do eritrécito algumas proteinas estdo
ligadas a proteina do citoesqueleto “"espectrina”. Isso
estabiliza a membrana
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experiments

Splitting of a membrane bilayer by the
freeze-fracture technique
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Erythrocyte membrane

Scanning electron microscopy



Erythrocvte membrane
containing three proteins
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x-ray film to gel
(autoradiography)




A orientagdo das proteinas na
bicamada é assimétrica conferindo
lados diferentes na membrana
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Proposed structure of

anhnexin V in association

with the lipid head groups

of a membrane

Ca++

phosphate groups
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Lipid-linked membrane proteins
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Integral membrane proteins




Bacteriorhodopsin, a membrane-spanning protein
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Three-dimensional structure of the photosynthetic reaction
center of Rhodoppseudomonas viridis, a purple bacterium

X-ray




