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Funcao

» Componentes de Membrana Celular
- Barreira de protecao para a célula
- Controlam o fluxo de materiais
» Estoque de Energia
- Armazenados no tecido adiposo
» Hormonios e Vitaminas
- Hormonios - comunicacao entre as células
- Vitaminas - reqgulacao de processos biologicos
» Protecao

- Choques mecanicos
- |solamento térmico




Acidos graxos
Digestao, mobilizacao e transporte

» Origem
> Dieta
- Armazenados
- Sintetizados em um orgao e transportados

» >50% da energia de alguns orgaos
- Figado, coracdao e musculatura esquelética (descanso)

» Unica fonte: animais que hibernam ou migram
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Metabolismo ruminal
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Transporte de Lipidios

» Lipoproteinas
- Complexos macromoleculares
- Associacao de lipidios e proteinas
- Sintetizados nos enterocitos e hepatocitos

- Transportar e regular o metabolismo de lipideos



Lipoproteinas

Apoprotein

CH,



Lipoproteinas

» Densidade variada
- proporcao lipidio/proteina
- Mais lipidios = menor densidade
- Mais proteina = maior densidade
» Classificacao: densidades e mobilidade
- Quilomicrons, VLDL, (IDL), LDL, HDL



Apolipoproteinas

Quilomicrons

» Lipoproteina menos densa «

» Transportador de triglicerideos

Colesterol

» Produzidos pelas células intestinais
85 a 95%: triglicerideos exogenos
3 a 14%: colesterol livre e fosfolipidios

1 a 2%: proteinas

» Transporte via linfa e sangue para tecido muscular
e adiposo



VLDL - Very Low Density Lipoproteins

» Transportam triglicerideos e colesterol

- Tecidos adiposo, muscular e glandula mamaria

» A medida que perdem triglicerideos coletam
mais colesterol - LDL

- triglicerideos sao hidrolisados a AGL e glicerol

Apoprotein C

Surface
s 1 ’ ApdpraisabEARY S TRIBERCN S Phospholipid
- 50% triglicerideos P s
- - Free
19%: colesterol livre e esterificado g e
,v- _
18% fosfolipideo e
7 \ ﬂ.(:'_,:
10%: proteinas _ A
Apoprotein E *'.
Tr:'gfyg;:';e and

cholesteryl esters



LDL - Low Density Lipoprotein

»  Produto final da degradacao da VLDL via IDL
» Distribuicao de colesterol nos tecidos

»  Composicao

48% ester de colesterol

(0]

Apoprotein B-1oo LI,

ini1A Cholestery! \ >
27% fosfolipidios

o

(0]

15% triglicerideos

10% colesterol livre

o




HDL - High Density Lipoprotein

Estrutura do HDL

»  Retira colesterol da circulacao

»  Particulas pequenas:

o 20% de colesterol

- 50% de proteina

- 30% de triglicerideos e tracos de fosfolipidio



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

Composition (wt 55)

Lipoprotein Density (gimlL) Protein Fhosphalipids Free cholesteral Chalesteryl esters Triacylgkycerals
Chylomicrons = 1.006 e G 1 3 a5
VLDL 0.95=1 005 10 18 7 12 Sl
LOL 1.006-1.063 23 20 2] ar 10
HIL 1.063-1.2140 1) 24 2 15 4

Source: Modified from Kritchevsky, D, (1986} Atherosclerosis and nutrition, Nodr int 2, 290 - 297,



TABLE 2. The biosynthetic origins, plasma distributions, and ascribed functions of the major apolipoproteins in the ruminants.!

Approximate Major
molecular biosynthetic Plasma Ascribed
Apolipoprotein weight sites distribution functions
AR 28,000 Intestine, liver Chylomicrons, HDL* Particle formation, receptor
binding, LCAT? activation
Al (D 8800 Intestine, liver HDL Hepatic lipase activator (7)
AV 42,000 Intestine Chylomicrons, heavy HDL LCAT Activation
B-100 550,000 Liver VLDL,5 LDLS Pasticle formation, receptor
bindi
B-48 265,000 Intestine (liver 7) Chylomicrons, VLDL, remnants Particle formation
ClI 8000 Liver Chylomicrons, VLDL, HDL LPLE Activator
CIz 10,000 Liver Chylomicrons, VLDL, HDL Lipid binding
cm? 9000 Liver Chylomicrons, VLDL, HDL LPL Inhibitor
CIv 10,000 Liver Chylomicrons, VLDL, HDL LPL Inhibitor (7
E® 34,000 Liver VLDL (7, HDL (9 Receptor binding (7),

LCAT activation (7)

IFrom references (6, 7, 9, 12, 27, 56, 70, 71, 93, 121).

?Primary structure has been fully determined [(6, 93, 121) for apo A-I; (i2) for apo CIII.
3n the bovine, the primary structure is only partially determined (12).

4High density lipoproteins.

5Very low density lipoproteins.

SLow density lipoproteins.

Lecithin:cholesterol acyl transferase.

SLipoprotein lipase.

(Bauchart, 1993)
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Absorcao hepatica de AGs

» O figado de ruminantes remove pouco ou
nenhum triacilglicerol das lipoproteinas

- baixa lipase lipoproteica ou triacilglicerol lipase
hepatica

- captacao de lipoproteinas deve ser via endocitose

- pequena concentracao em relacao ao sangue de
nao-ruminantes (50-200 vs 900-1200 mg/L)



Absorcao hepatica de AGs

» AGNE sao removidos do plasma em proporcao a
sua concentracao e fluxo de sangue para o
figado

- Fluxo sangliineo hepatico €& proporcional ao consumo
de energia metabolizavel

- Concentracao de AGNE aumenta com o balanco
energético negativo

- O fluxo sanglineo e concentracao trabalham
mutuamente para estabilizar absorcao de acidos graxos



Absorcao hepatica de AGs

» Figado tem 4 opcbes para remover os AGS

secretados na bile
oxidados a dioxido de carbono
oxidados a corpos cetonicos

armazenados no figado e secretados como
lipoproteinas
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w N
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Hormone
Receptor
Adenylyl evelase \< ._‘e

MObi | iza(;ao Adipocyte &

cAMP
i ATP
I I ~1.._|,_~":-,.:i-:;,,1r,¢_, Fatty acids
» Epinefrina e glucagon & " 0 d
- Segundo mensageiro 122 /
% tnacylglycero
- Fosforilacdo de proteina kinase Ipeine D E

- Efetor alostérico TAG lipase

Glyeeral

» Ligacao com albumina sérica
- Solubilidade
- Musculatura esquelética
- Coracao
- Cortex adrenal

Serum
albumin

Bloodstream

ATP

@
# oxudation, CO,
. citric acid cycle,
atty acid respiratory chain

transporter Myocyte (muscle)




Conteudo energético

» 5% no glicerol
» 95% nos AGCL
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Acidos graxos livres

» Aparato enzimatico para oxidacao esta na
mitocondria

1) Isoenzima na membrana externa da mitocondria
converte AG em Acil graxo-CoA

AG + CoA + ATP — Acil graxo-CoA + AMP + PP,
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2) Acil graxo-CoA se liga a carnitina
- Carnitina acil transferase |

CH,

|
CH;—N=-I-—C Hz—(fH—CHQ—C 00~

CoA-SH Carnitine

CH, OH
Carnitine
) Intermembrane o~ Carnitine
space / 4 acyltranaferase I1
A : > A 0
Bk [ =l - R—C[
o LI Carnitine .
! 3 Erkgh, Carnitine S-CoA
0
e r-d
- IU
| 1 Cimilie § R—C:: CoA-SH
o r.
Carnitine
acyltransferase [ ﬂ = ) ' Matrix

Difusao facilitada: transportador acil-carnitina/carnitina



3) Grupo Acil é transferido da carnitina para
grupo CoA mitocondrial
- Carnitina acil transferase Il
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i - R—EH ; rr" = = y R—E:
L_— S.CoA arnitine | _
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L{ | R_EM CoA-SH
A CoA-SH ‘ Carnitine
Carnitine I

acyltransferase [ Matrix




Oxidacao de acidos graxos

» Oxidacao de acidos graxos a acetil-coA

- Acetil-CoA oxidado no ciclo de Krebs
- Elétrons removidos passam por cadeia respiratoria

- Qutras alternativas
- Producao de corpos cetdnicos



B-oxidacao

1. Remocao oxidativa de
unidades de 2C dos AG na
forma de acetil-CoA

2. Oxidacao de acetil-CoA

3. Coenzimas reduzidas:
cadeia de transporte de
elétrons e fosforilacao
oxidativa

Stage 1 Stage 2
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£ CH, . 16C0;
C=0
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T
NADH, FADH;

Stage 3

£

. < 1
¥ 2H + 303
Respiratory :
(electron transfer) \
chain HsO)

ADP + P ATP



B-oxidacao

Dupla ligacao entre Cx e B

Especifica de acordo com o AG

Cadeia longa 12-18C
Cadeia média 4-14C
Cadeia curta 4-8C

B @
(C]ﬁ) R_CH2 _CHQ _‘CHz —'C"_S'COA
O Palmitoyl-CoA

acyl-CoA
dehydrogenase

trans-A%-

Configuracao trans

Enoyl-CoA
enoyl-CoA H0
hydratase
(|)H
R—CH;—C—CHy—C—S-CoA
| 0 L-B-Hydroxy-
acyl-CoA

t
B-hydroxyacyl-CoA NAD

debyirogensse NOvaD) H'—> Cadeia respiratoria

R—CH;—C—CHy—C—S-CoA
C”) 0 B-Ketoacyl-CoA

acyl-CoA CoA-SH
acetyltransferase
(thiolase)

{014) R—CHQ—(NJ—S-COA'F CHg—"?l}—S-COA

0]
(C14) Acyl-CoA
(myristoyl-CoA)
(a)

Acetyl -CoA



Glicerol 3-fosfato
b

glicerol 3-fosfato &)
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Cigq — Acetyl -CoA

Cio — Acetyl -CoA
Cio —— Acetyl -CoA
Cg —— Acetyl -CoA

Ce @ —— Acetyl -CoA

Cy p —— Acetyl -CoA

Acetyl -CoA



4 passos repetidos atée Acetil-CoA e A

EsalQ

PalmitoilCoA + 7 CoA + 7 FAD + 7 NAD + 7 H,0O
8 Acetil-CoA + 7 FADH, + 7 NADH* + 7 H*

A

x 1,5 ATP || x 2,5 ATP

\ J
|

X 4 ATP/ciclo de B oxidacao

PalmitoilCoA + 7CoA + 7 O, + 28 Pi + 28 ADP

8 Acetil-CoA + 28 ATP + 7 H,0

>



Oxidacao de AG insaturados

» Maior parte dos AGI tem

configuracao cis

» Nao sao substrato para

enoil-CoA hidratase

» Isomerase

3 1.4
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Oleoyl-CoA
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{three cycles) fu.. 3 Acetyl-CoA
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I - 8. CoA
cis-Al-
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)
¥ T8-CoA
H
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12
trans-A-
Dodecenoyl-CoA

B oxidation
{five cycles)

6 Acetyl-CoA



Oxidacao de AG polinsaturados

» Isomerase e redutase

Linoleoyl-CoA
S-CoA cis-A? cis-A'?

B oxidation
(three cycles) 3 Acetyl-CoA

B . .
12 o S-CoA cis-A3 cis-A®
enoyl-CoA
isomerase

Y A S-CoA

& 0
12 s o
O trans-AZ,cis-A®
3 oxidation
(one cycle, and
first oxidation Acetyl'COA
of second cycle)
51 4
/\/\/—\/\ =\ 2 1 /S-COA
Z Q0
10 3 \\Q‘

O trans-A%,cis-A*



10 3 X

O
4
2,4-dienoyl-CoA NADPH + H
reductase NADP*
5 3 1 Cé’fo
Wk Wi W SN e Tl
10 4 2 S-CoA
enoyl-CoA
isomerase
3 1 Crﬁo
/\/W\/ S~
10 4 2 S-CoA

3 oxidation
(four cycles)

5 Acetyl-CoA

trans-AZ,cis-A*

trans-A®

trans-A*




AG cadeia impar

» Ultimo passo:
- acetil-CoA
- propionil-CoA

H— | —H
H—C—H
| Propionyl-CoA
/C\
CoA-s O
|~ HCO;
propionyl-CoA ATP
carboxylase | hiotin
> ADP + Pj
i
O\H—(ll—H
C—(C—H
O/ p-Methylmalonyl-CoA
/N
CoA-S O
‘Ciclo de Krebs
methylmalonyl-CoA
epimerase
H H
H_Cl_H coer];zyme é—H
0 - CoA-S ‘
N\ methyl-
/C_(E_H maluny[—(foA H—C—H
CoA-S C mutase C’:
7 N 7N
o 0 b

L-Methylmalonyl-CoA

Succinyl-CoA



Regulacao

» Acil graxo-CoA
- B-oxidacao
- Conversao a TAG

depende da taxa de
==Y transferéncia de Acil graxo-CoA
pra dentro da mitocondria

i' :,# --3',.-:; Intermembrane § 1— e Carnitine
B 7 A o space / }ac?,fltmnsfemsn]]
= A r-c’ (== & R—c’
: -- ,.:..!“ \S-Cnh C(r_jrniti]m Ot i \S-Caﬁ Passo de
R_cj'] i comprometimento
. ; Carr}:nltir_le__\ R_Qj CoA-SH
N G coasn : %
Dieta com alto CHO: alta concentracao de malonil-CoA
que inibe Carnitina acil transferase

Carnitine

Carniting

acyltransferase 1 Matrix



Corpos cetonicos

Acetil-CoA

» Ciclo de Krebs

» Corpos cetdonicos — exportacao
- Acetona

- Acetoacetona
- B-hidroxibutirato

- Oxidacao no ciclo de Krebs em tec. extra-hepaticos

- Producdo e exportacao de corpos cetonicos permite
continua oxidacdao de AG quando acetil-CoA nao esta
sendo oxidado no figado
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» Condensacao de 2 acetil-CoA

,//O /0
CHg —C\ + CH3—C
S-CoA S-CoA

2 Acetyl-CoA

&* CoA-SH

O
i A2
CH; —C—CH, —C

thiolase

N\
S-CoA

Acetoacetyl-CoA

HMG-CoA Acetyl-CoA +H,0

synthase CoA-SH

OH
N | 0
C—CH; —C—CH;—C
i | %
0O CH, S-CoA

B-Hydroxy-B-methylglutaryl-CoA
(HMG-CoA)
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o a 2_|_ 5
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B-Hydroxy-B-methylglutaryl-CoA
(HMG-CoA)

HMG-CoA

Lysse Acetyl-CoA

O
% [
_C—CH, —C—CH
O
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p-g-hydroxybutyrate

acetoacetate NADH dehydrogenase

decarboxylase

+H*
N CO, NAD*
O 0 OH
I N |
CH; —C—CHj /C—CHz —CH—CH;
i

Acetone p-B-Hydroxybutyrate
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lizacao

Ciclo de Krebs
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- Intermediarios estao sendo utilizados para
producao de glicose

- Pool de Co-A ligado a acetil-CoA

Lipud droplets

Hepatooyte .
Jejum:
GluconeogeneSiS consome
i sl intermediarios de Krebs
-hydroxybutyrate,
acetone T Acetoncetate snd - Jaygndo o acetil-CoA a
A-hydroxybutyrate s
Coa— || Fetomebody o oy exported as enerry  fOrmacao de corpos
; formation " A source for heart, A .
r s skeletal muscle, cetonicos
| z 'i‘ kidney, angd brain
Fatty . ' Citrie
acids == Acetyl-CoA = M oy ooe
B oxidation i I
b #

&
"
Craloacetate \

eumnwgmmﬁls

Glucose s (i lcose exported
as el for brain
and other tissues



Biosintese

» Ahabolismo # catabolismo
» Acetil-CoA Carboxilase
» Malonil-CoA: papel central

L8] 0 i
(!H;,—!'.!'f i”j‘:ﬂ,—::ﬂ,z—c"P
? ? . S-CoA 0 S-Cod
C G, e :
HN “NH NI:]" i];-]lp + P HN “N—Cf .J"L-;.E*l.yll—ﬂu.-"n Malonyl-CoA
v {4+ oo s \ { N “‘|~ | +
biotin o transcarboxylaze
h"*'x carboxylase -'/ik‘_l':;"’ Ii':l
Biotin HT‘I-‘-[HNH
arm ) f
0=C O=C £
“NH “NH ‘5"5
; Ly=
side arm
e Chrm(
Biotin “NH
CATTIET

protein



Sintese: repeticao de

0 O
N I
Malonyl group .« C—CH;—C—S
e !
Acetyl group CHS_':”:_Bl
(first acyl group) O

condensation @
"m__? E{}g
|
CH;—C—CH,—C—S
B @ |

H“T“

sequéncia de reacodes

Lo
cHE—LL,—-:JHE— g s
.'3 iy
HS
|
Fatty acid
- synthase
- (NADFED +~ H'
reduction @
5 NADP

W

H 0
BHE,—(:J—CHE—J!J—S

OH

HS
L



HS

! -
H HS
I3 —
dehydration @ reinetion @
- N NADP*
H 0 "
| % O
CH;—C=C—C—58 CH;—CH, '—'CHQ—'!}’—S
| 1 ]
H 1
‘ -

|“ = Saturated acyl group, | :
' lengthened by two carbons
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i
X
0
=
=~
——C ot G et —C1—<)
430
3
T
L]

four more
additions 1.
e F CH,

Acido graxo sintase: complexo én,
enzimatico com diferentes sitios ativos [ CH,

HS CH,

0" o

Palmitate

8 Acetil-CoA + 7 ATP + 14 NADPH + 14 H+ >
Palmitato + 8CoA + 6 H,O + 7 ADP + 7 Pi + 14 NADP




Animal cells, yeast cells Plant cells

o -E"‘-.,_
. i ,ﬂ’ e
F e
f =

Mitochondria
* No fatty aciud
oxidation

. Ketc-ne bodv gynthesiz
* Fatty acid elongation

Endoplasmic reticulum

e Phospholipid synthesis
e Sterol synthesis (late stages)
* Fatly acid elongation

e Fatty acid desaturation

Cytosol Chloroplasts Peroxisomes
* NADFH pmductwn {pentcme phosphate * NADPH, ATP * Fatty acid
SETEENE| FRRSC TN production oxidation
WADPFUIINADP‘] h o [NADPH]/[NADP] (—>H,0;)
R e hesia high ¢ Catalase,
learly atages ¢ Fatty acid peroxidase;
synthesis Hi0) —>H,0

Anabolismo: NADPH é carregador de elétrons
Alta relacao NADPH/NADP~ no citosol



Origem de NADPH

» hepatocitos e adipocitos

COO~ NADP" NADPH + H™ COO~

| ' |
CHOH \ / . =0

| I + COy
{lez malic enzyme CHj4
COO~
Malate Pyruvate

(a)
NADP™ NADFPH NADP™ NADPH
\ ;
Glucose N : X \.%____f,,f“ ; Ribulose
6-phosphate pentose phosphate pathway H-phosphate

(b)



Transporte de Acetil-CoA

» Acetil-CoA é produzido na mitocondria
- Oxidacao de piruvato
- Catabolismo de esqueletos carbonicos de aa

Membrana interna da mitocondria é impermeavel a
acetil CoA
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Biossintese de acido graxos

L ™

“
Giu:ou-S-F’/ NADP* === -.
Pentose \ ('

Phosphate
Cycle /™ NaDPH---.._
Fructose-6-P ¥ J e
I

1) -
|

—= [-Clyceral-P

Triose-P — — — —

NAOM  pap?

Oxaipcatate [ERiiroie I
NADH Guiamale NADE! NADP*" |
e e[ S
NAB o Nm{-waqlumm: {-kerogiularate
MGIOIE\
?I.Il'l'quﬂlt /
\Su‘.cnrml
Mitochondria Cytosol

| scetyl ©A IR OH-Butyrate

l '

I I
Acetate |

Inverso da 3-Oxidacao

Van Soest (1994)



Regulacao

» Excesso € armazenado como TAG
» Ponto de regulacao: acetil-CoA carboxilase

—~——— Citrate

insulin triggers

citrate @ = activation
lyase

ttt'lfgwlfﬂj’i @ < _ _ glucagon, epinephrine
carboxylase trigger phosphorylation/inactivation

S~ Palmitoyl-CoA



Palmitato é precursor de outros AG

Palmitate
16:00

desaturation
EI ~ elongation
Palmitoleate
» £10Ngacdo R
18:0

’ RetI,CUIO endOplasma'.tICO rugoso desaturation \"Ii:”f—'?ili”-"'

Longer saturated

, Ole: fatty acids
- Processo semelhante a sintese vt
~ . desaturation
- doacao de 2 C do malonil-CoA (in plants
ondv)
- reducao Linoleate
18:2(A9.12)
- desidratacdo o T
only) ?-Ijiuln}"eamge
~ 18:3(A0,9,1.2)
redugao a=Linolenate l:=-uni=_.'1|i::||
18:3(A9.12,15) , :
Eicosatrienoate

20:3(A8,11,14)
lclr-ﬁsm; ration
Other pnl}'}m?;& turated Arachidonate
tatty acids a4 A5.8,11,14)



Dessaturacao

» Palmitico e estearico — palmitoleico (16:1) e oleico
(18:1)

- Dupla ligacao entre C9 e 10 (A?), introduzida por reacao
de oxidacao

0
&
CHy—(CHz), —CHz—CHy—(CHy),, —C, -0y + 2H"
Saturated S-CoA
fatty acyl-CoA
2 Cyt by g Cyt b reductase NADFH
(Fe®') (FAD)
+ H"'
fatiy ]
Cod desaturase .
= 2 Cyt by Cyt b, reductase . NADP'
(Fe™ ") {FADH;)
,ED 4
EH” _“:Hni .||| _EIhEII_i EHJ '|'_,I_I _n"\‘ - EHJD
Monounsaturated S-CoA

fatty acyl-CoA



Literatura

» LEHNINGER, A.L. Principios de Bioquimica.
Sao Paulo: Sarvier, 2002. 975 p.
- Capitulos 17 e 21

» Apostila prof. Gutierrez



